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ABSTARCT OF DISSERTATION

P e r f o r m a n c e  D r iv e n  G l o b a l  R o u t in g  f o r  L a r g e  S c a l e  M a c r o - C e l l

B a s e d  D e s ig n s

Technology scaling to the sub-micron feature sizes for complementary metal oxide silicon 

(CMOS) devices has led to decreased device cost and increased performance, but it has 

singled out interconnects which do not scale well. Such rapid scaling has introduced new 

challenges for CMOS interconnects. The main challenge is to support interconnect opti­

mization with minimum performance cost. Thus, new design methodologies, algorithms as 

well as the integration of new materials, are needed to achieve the design closure.

The ability to concurrently synthesize interconnects and logic to achieve the best overall 

solution is the key for next generation of very large scale integration (VLSI) designs. The 

traditional sequential design flow implies that block design be completed prior to routing. 

Routing and timing failures often require changes to the block design in the early stages of 

the design flow. Consequently, any change to the block design will have an impact on the 

routing. This expensive design loop may converge slowly or may not converge to a desired 

solution at all. To allow a net-centric design methodology, design of interconnects needs to 

be an integral part of the overall design flow. Routing-driven/aware design methodologies 

also contribute positively to the quality of the final solution.

As design rules scale further down to the deep sub-micron region, achieving the design 

closure will get harder due to a variety of emerging problems:

• Congestion management is critical since a detour around congested areas as well as 

the possible coupling in congested areas has a negative impact on delay.

• More accurate delay analysis is needed to adequately address the nanometer effects.

• Layer assignment has to be done with tighter integration of performance-driven 

routing-tree construction and buffer insertion to obtain an optimal routing.

iii
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• Faster and more efficient algorithms are needed to accomplish the required tasks in 

reasonable time.

Current methods attack the above issues separately in a sub-optimal fashion. A greedy 

sequential router or routing net-by-net suffers from slow convergence and does not scale 

well with design complexity. There is a certain degree of uncertainty and unpredictability 

to the final routing result since its result is net order dependent. A multi-commodity flow 

router attempts to solve this net ordering problem by routing all the nets concurrently, 

but often fails to minimize congestion. More importantly, it suffers from long run-time due 

to the size and complexity of the optimization model, routng-tree construction algorithms 

also suffer from sub-optimality by considering timing-driven Steiner-tree construction, layer 

assignment and buffer insertion separately.

Addressing these issues due to the complexity of the overall global routing problem 

requires careful planning of runtime-quality trade-offs. In this dissertation, a new global 

routing solution to address the forementioned issues is implemented and presented. The 

approach to the global routing problem was to construct a performance-driven routing- 

tree simultaneously considering layer assignment and buffer insertion, and then optimizing 

the congestion, within the bounding box of the net to meet the projected delay require­

ments, using a mixed-integer programming routing model and a novel network-flow model. 

The global routier utilizes a new performance-driven buffered routing-tree construction al­

gorithm, a mixed-integer programming pre-routing stage and a new network-flow routing 

model to complete the task.

In the first stage, we present a routing-tree construction algorithm that considers multi­

objectives of performance, power and congestion concurrently. In contrast to the traditional 

algorithms which assume underlying routing-tree already exists, a concurrent Steiner-tree 

construction, layer assignment and buffer insertion algorithm is used to obtain a better 

overall result in terms of delay violations and routing resources. As routing-trees are being

iv
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constructed, critical nets are assigned to the appropriate metal layers and/or buffers are 

inserted to achieve a positive slack at sinks. Congestion is measured with balanced usage of 

routing resources among layers. An accurate delay calculation engine using an asymptotic 

waveform evaluation model is used to obtain delay violations at sinks. Simultaneous buffer 

insertion and layer assignment tends to produce routing-trees with shorter overall length.

After synthsizing the rouitng-trees, We use a three-stage global-routing algorithm based 

on mixed-integer programming and a novel network-flow model. While the performance 

tuned routing-trees provided by our Steiner-tree construction algorithm are routed by 

mixed-integer programming model considering the congestion on global level, the network- 

flow model based router performs more localized congestion optimization. Furthermore, we 

introduced various methods to improve the routing quality sin terms of cross-talk and via 

count.

The second stage provides a rough two-bend routing and manages congestion at the 

global level. This is achieved by utilizing zero-slack values of mixed-integer programming 

to determine if a routing segment can be minimized further. Since routing and conges­

tion information was not known to the first stage, some nets might fail to route. A layer 

assignment algorithm based on quadratic programming is used to further tune the layer 

assignment.

In the third stage, we center on the congestionon optimization and via reduction by 

bisecting the layout hierarchically for each routing layer. A novel network-flow model, 

which can be solved hundreds of times faster than a mixed-integer programming model, is 

used to minimize the congestion through a cut line. Similar to the second stage, zero-slack 

flows are used to determine which routing segment can be further optimized. Via reduction 

is achieved by assigning cost values to the network arcs such that bends have higher cost.

In the fourth stage, a series of heuristics such as edge flipping, detour and a maze router

are used to clear the remaining overflows and via pad violations.
The results from various test cases including a subset of the routes on a commercial

v
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64-bit microprocessor core show that our method outperforms commercial CCT router. On 
average, we achieved 29% less delay violations, 40% less repeater usage on the resulting 
routing-trees, 20% less maximum delay violation and better congestion distribution.

Cengiz ALKAN
Electrical and Computer Engineering Departm ent

Colorado State University 
Fort Collins, CO 80523 

Fall, 2005
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C hapter 1

Introduction

1.1 B ackgr ound

1.1.1 G lobal R ou tin g

Laying out a very large scale integration (VLSI) chip is a process of placing and in­

terconnecting a set of modules and m ulti-terminal nets. After placement, the routing 

region is often partitioned into tiles by global routings (GRs) to  find a path  (a se­

quence of tiles) for each net. The detailed routing (DR) then finds an exact path  

dictated by the GR results. As seen from the chip layout process, VLSI chip routing 

is done in two stages, the GR and the DR. A GR focuses on optimizing the various 

aspects of interconnects toward a successful DR. The objectives of the GR mainly con­

sist of obtaining the tim ing closure, routability (congestion optimization), cross-talk 

minimization, power minimization, layer utilization and the buffer insertion. While 

achieving the timing requirements of a net for the projected clock frequency is a ma­

jor requirement for GR [1], the other aspects, such as congestion optimization, power

1
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minimization, repeater insertion and cross-talk, are im portant for the final routing 

quality.

GR is essentially an abstract routing stage before the actual routing. In general, 

it is achieved by partitioning the layout into smaller tiles and then assigning a path  

for each wire such th a t there is no overflow on the tile boundaries and projected 

net properties, such as delay, are still in acceptable limits. This loose wiring is then 

used to  guide the subsequent detailed wiring. To obtain the best overall result, 

various technologies are employed along the way. To reduce the delay and crosstalk, 

buffer insertion [2, 3, 4, 5, 6], layer assignment [7, 8, 9, 10, 11], and performance- 

driven routing-tree (RT) construction [12, 13, 14, 2, 15, 16, 17] are used. To improve 

the routabilty, congestion estimation [9, 7, 18, 19] is used in GR. Most of these 

technologies are inter-dependent; the result of one greatly impacts the success of 

another. For example, poor congestion optimization forces nets to  detour increasing 

the delay of the net in the final solution.

The following subsection provides an overview of the current technology challenges 

and their relation to  the GR.

1.1.2 Silicon T echnology C hallenges and G lobal R ou tin g

The scaling to  the deep sub-micron (DSM) feature sizes for the complementary metal 

oxide silicon (CMOS) VLSI has led to  decreased device cost and increased perfor­

mance. But, starting  from the 250n m  process technology node, the interconnect 

delay dominates the gate delay [7] due to  poor salability of interconnects as illus­

tra ted  in Figure 1.1. The reason behind this is th a t interconnects do not scale as well 

as gates [20, 21, 22], Calculations show th a t using the values from International Tech-

2
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Gate Delay (Fan out 4)

Metal 1 (Scaled)

 Global with Repeaters

>*<0«a Global w/o Repeaters

s

182 132 82 32232

Process Technology Node (nm)

Figure 1.1: Delay for M etal 1 and Global wiring versus feature size [1]

nology Road Map for Semiconductors (ITRS 2003) for technology generations from 

180 nm down to  15 nm, the delay of scaled wires increases by approximately 10 times 

while the delay of fixed length wires increases by 2000 times [1]. The performance of 

future VLSI chip is no longer determined by glogic ates but rather by interconnects. 

Consequently, such rapid scaling requires dram atic changes in the design flow and in 

routing tools. RT synthesis is an icreasingly im portant part of interconnect design. 

Although the integration of the new m aterials such as copper/low-k provides some 

relief, it is now widely accepted th a t technology itself cannot solve the interconnect 

problem, interconnect-centered architectures and tools must come together to  provide 

an optimized integrated system [1]. At the center of this integrated system, the GR 

plays an im portant role.

The m ajor challenge of GR is to  meet the delay requirements of critical nets 

[1]. Hence the tim ing closure requires performance-driven routing schemes employing

3
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timing-driven Steiner-tree (ST) construction, buffer insertion, and layer assignment 

[23, 6, 5, 24, 12, 25]. In addition to the delay optimization, today’s high density 

devices present an additional challenge to  the GR in terms of congestion optimization 

[18, 9, 7, 19, 26] due to  increased chip density. Congested areas are hard to  route and 

often cause detours for the critical nets. Congested areas are also more vulnerable to 

coupling between nets which in tu rn  has a negative impact on delay. Highly congested 

routes are detrim ental to  DFM since well known DFM schemes, such as double via 

and wire spreading, require additional space. Hence, one of the objectives of a good 

GR algorithm is to route more evenly among routing layers while trying to meet the 

performance requirement.

Efficient buffer insertion and layer assignment algorithms are also among the criti­

cal challenges. A typical VLSI chip requires tens of thousands of buffers to  be inserted 

to meet the timing requirements of critical nets. These buffers can greatly increase 

the power consumption by more than  30% [1], Yet, buffer insertion is a key technol­

ogy to  reduce the delay and crosstalk. Today’s macro-cell over-the-cell routing uses 

multiple routing layers. These routing layers vary in parasitic capacitance, resistance, 

width and height. The RC constant can be 10 times different between lower metal 

layers and upper metal layers. Therefore, efficient utilization of layers can also greatly 

improve the performance of the nets.

The forementioned issues are tightly inter-dependent. They compete for the lim­

ited routing resources. A GR has to  simultaneously optimize the competing require­

ments and objectives for the best overall result. Due to  the complexity of the overall 

problem, addressing these issues requires careful planning of runtime-quality trade­

offs in GR.

4
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1.2 Problem  D efinition

A GR problem can simply be defined as: a set of given nets and their pins and 

timing requirements for the nets, find a path  for each net such th a t all pins are 

connected. Furthermore, delay from any source pin to  sink pins for a net is less than 

the required arrival time (RAT) and there is no over use of any routing resource 

(overflow). A GR also inserts buffers along paths when the RAT or the required 

signal slew rate cannot be met. Furthermore, the metal layer assignment of the paths 

can be changed to  improve the delay for the critical nets. Hence, routing a high 

performance VLSI chip depends on the following tasks: routing-tree construction, 

buffer insertion, layer assignment and congestion optimization with the objectives of 

no delay violation, routability, lower power, less via and crosstalk.

The choice of RT construction algorithms directly impacts delay. The well known 

rectilinear ST [12] is usually employed as the RT. It is well suited for VLSI routing 

due to  the fact th a t routing a layer is usually restricted to one routing direction 

(M anhattan routing). The minimum length ST problem is known as NP-hard [12]. 

Therefore various heuristics are used [12, 14, 15, 17, 27, 16, 13]. Minimum length 

ST algorithms ignore the fact th a t the length from source to  sink is not necessarily 

minimal. ST algorithms minimizing the length from the source to  the sinks [16] still 

does not guarantee minimum load along the critical source-sink pair. Therefore, RT 

construction must consider minimizing the maximum delay violation (performance- 

driven) [13, 15, 14, 2, 17].

W hen a ne t’s required tim ing can not be obtained with a performance-driven RT 

construction, buffers are inserted [2, 3, 6] along paths to reduce the delay on the 

critical path. Buffer insertion helps reduce the delay in two ways:

5
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1. by breaking the path  into smaller isolated paths.

2. by reducing the load on the critical source-sink path.

The number of buffers and buffer locations are im portant to  keep the power consump­

tion within an acceptable level while still satisfying the RAT at the sinks.

In a multi-layer environment, routing layers can be used to improve the perfor­

mance of the critical nets by assigning those critical nets to the wider m etal layers. 

Since routing resources are limited on a particular layer, the layer usage among avail­

able layers has to  be optimized. This optimization also helps reduce the congestion 

by not crowding any m etal layer. There are usually two different approaches to layer 

assignment. The first approach is a post-process step with a constrained layer assign­

ment problem; where two-dimensional global paths are first defined, then wires are

assigned to  layers to  optimize the objectives such as delay, crosstalk, routability and 

via count [8, 10, 11]. The second approach is a pre-process step using interference 

analysis w ithout actual routing [7]. In this approach, interference [7] between a pair 

of nets is estimated and used towards an initial layer assignment.

Finally, the congestion optimization aims to  distribute interconnects homoge­

neously throughout the die. Possible detours and the coupling are reduced by the 

congestion optimization algorithms. Congestion optimization is usually bounded by 

delay; one can only minimize congestion on a routing resource if the affected nets will 

not violate the timing requirements.

The main challenge is to  implement the forementioned tasks, concurrently for the 

best overall result, with minimal impact on the performance and run-time.

6
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1.3 Research O bjectives

The objective of this research is to  develop new GR techniques for high performance 

VLSI chips th a t can optimize congestion and meet timing requirements. The ad­

vantages of the concurrent implementation of RT construction, layer assignment and 

buffer insertion algorithm is explored. Also, the result of an aggressive optimiza­

tion of the congestion is compared to  the traditional algorithms which only focus on 

eliminating overflows.

Our m ethod is as follows: first, a simultaneous performance-driven buffered RT 

construction with layer assignment algorithm is used to  obtain the underlying RT. An 

accurate delay calculation m ethod using asymptotic waveform evaluation (AWE) is 

integrated for better delay estimation. Second, a mixed integer problem (MIP) model 

is used to  optimize the congestion globally for given RTs. An aggressive optimization 

technique is used to  minimize the congestion for each tile boundary rather than  just 

eliminating the overflow. The rough two-bend routing provided by the M IP model is 

further optimized by bisecting the die and using a novel network-flow model in the 

third stage. A via minimization technique is also introduced for the network model. 

Since the routing and the congestion information was not available during the RT 

construction in the first stage, sub-optimal layer assignments are further tuned using 

a quadratic programming (QP) model integrated into the second and the th ird  stages. 

Finally, the last stage uses a series of heuristics (edge flipping, detour and maze router) 

to clear up the remaining routing failures.

Our contributions to  the GR are as follows:

•  A better performance-driven RT construction by simultaneously considering ST 

construction, layer assignment, and buffer insertion

7
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•  A pre-router based on a simplified MIP model to  optimize congestion globally 

and overcome the sub-optimality of hierarchical routing.

•  A hierarchical routing based on a novel network-flow model to  reduce run-time.

•  A new congestion optimization m ethod for the MIP model and network model 

based on zero-slack values in order to  homogeneously distribute the congestion 

throughout the die.

•  Introduction of via reduction m ethod in the network-flow routing model.

1.4 Organization of the D issertation

The organization of the dissertation is as follows: In Chapter 2, existing GR, layer 

assignment, delay modeling, buffer insertion and ST construction algorithms are re­

viewed. Chapter 3 first explains the three techniques, performance driven ST con­

struction, layer assignment, and buffer insertion, separately, and then combines them  

into one concurrent RT construction algorithm. Section 3.6 of Chapter 3 presents a 

new congestion optimization technique using the two-bend MIP modeling. Hierar­

chical bisection and further optim ization of the congestion by using the network-flow 

model is explained in Section 3.7. Section 3.9 presents heuristics for edge flipping, 

detour and maze router, used to clear the final routing failures. Experim ental results 

are given in Chapter 4. Finally, the concluding remarks and future work suggestions 

are given in Chapter 5.

8
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C hapter 2

E xisting  W ork

2.1 Introduction

This chapter reviews the existing works and their shortcomings on GRs. A GR algo­

rithm  employs a series of steps to complete the task. A layer assignment algorithm 

is used to  assign the tree edges to  the layers for performance improvement of the 

critical nets and for cross-talk minimization. Naturally, the delay modeling is neces­

sary for the timing-driven GRs to accurately calculate the delay and slack at sinks. 

A buffer insertion algorithm is also used to  meet the timing requirements for the 

projected clock. Finally, a GR algorithm itself lays the actual wires using congestion 

estimation in addition to  the mentioned steps.

The following sections categorize and overview the existing GR algorithms.

9
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2.2 D elay M odeling

In order to  adequately account for the nanometer effects in GRs, accurate delay mod­

els must be used during delay calculation. The lumped delay model [28] and Elmore 

delay model [29] are no longer sufficient due to  the resistance shielding and increased 

inductance effect for high speed VLSI circuits in nanometer feature sizes. Unfortu­

nately, many algorithms [30, 31, 32, 33, 16, 3] rely on the most popular Elmore delay 

model because of its simplicity. Some algorithms also use look-up tables [34] and 

simulation engines [35] to  accurately calculate the delay. An obvious drawback of 

the look-up tables is th a t they are technology dependent. The look-up table has to 

be regenerated to  accommodate different technology nodes. Moreover, the number 

of param eters needed to  accurately model the nanometer effects can significantly in­

crease the table size. A simulation engine such as SPICE provides great accuracy, 

but it is very costly in term s of run-time. Today’s complex routing algorithms need 

millions of delay calculations. Therefore, this many calls to a simulation engine can’t 

be afforded. The more accurate analytical models are based on moment matching 

[36, 37, 35]. Run-time and memory requirement of the moment matching techniques 

are considerably high due to  their computational complexity. Fortunately, various 

techniques have already been explored to improve both run tim e and memory re­

quirements of the moment matching techniques.

Elmore delay model is the only analytical delay model providing a closed form of 

the delay. Unfortunately, when resistance shielding and inductance are in effect, it is 

not accurate enough. Elmore delay can be easily calculated at an output node i for

10
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Figure 2.1: RC network for Elmore delay model

a given R C  network in Figure 2.1 using:

Ti — ^  RkCk (2 .1)

Where Rk is the resistance along the path  from input node to  the output node and Ck 

is the lumped down stream  capacitance from node k. Elmore model provides a simple 

closed form of delay calculation, bu t it overestimates the delay. Therefore, routing 

algorithms using Elmore model tends to  overuse routing resources. For example, A 

buffer insertion algorithm can insert more buffers than  necessary, thus increasing the 

overall power and possibly the routing area of the chip.

In order to  account for various param eters th a t affect delay and can’t  be calculated 

easily by analytical models, Look-up tables are used to  estimate the delay. A look-up 

table uses a simplified R L C  circuit to  model the various param eters used to  calculate 

the delay. Hu [34] proposed a compact tim ing and noise analysis model using the two- 

path  hybrid ladder model in Figure 2.2. The two-path hybrid ladder model includes

11
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Figure 2.3: a) The RL ladder circuit, b) The hybrid ladder model

components which compensate for higher and lower frequencies. The structure in 

Figure 2.3 (a) is known to be adequate for lower frequencies and the structure in 

Figure 2.3 (b) attem pts to  perform high-frequency compensation through R 2 and L 2, 

but Ro and L0 are required to  be involved in both  the high-frequency and the low- 

frequency. W ith a simplified approach, each entry in the table corresponds to  a set 

of the following values:

1. The metal layer on which the signal line lies.

12
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2. The width of the switching lines.

3. The length of the switching lines.

4. The distance to  the nearest supply grid line

5. Shielded and unshielded cases.

A look-up table can be a very quick and effective way to  calculate the delay but 

is not easily applicable to  RTs with more than  two pins. Moreover, the number of 

param eters needed in nanometer tim ing analysis can easily aggregate the table size.

Higher order delay calculation techniques are preferred for their accuracy by to ­

day’s chip design tools. Pillage [36, 37], proposed a moment matching technique, 

asymptotic waveform evaluation (AWE), to  accurately calculate the delay. The mo­

ments of a transfer function of a interconnect from expanding the transfer function 

into Taylor series around s = 0 is given by:

t 1 +  ays + a2s  b ams
H(s)  =   —---- ;--------——  =  m 0 +  m \s  +  m 2s -\-----  (2.2)

b0 + bis +  b2s H b bns

To illustrate the relation between moment and poles/residues, H(s)  can be written:

H(s)  = - A _  +  +  . . .  +  _ A _  (2.3)
s -  Pi s - p 2 s pn

By expanding each term, moment can be expressed as:

. k \  k 2 kji ,
m 0 =  -  -  +  -  +  ••• +  —

P i P2 P n
  /k \  k 2 | k^i. , ,

m i — —( - j  +  ~2 +  • • • H— o ) v^-4)
Pi Pi Pi

  / k \  k 2 kn
m 2„-1 -  + + +

P i P  2 P n
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Figure 2.4: a) An RLC example circuit, b) the dc equivalent, c) and the directed 
graph

Equation 2.4 stresses the dominant poles with smaller magnitudes. Therefore, these 

dominant poles are of most interest when evaluating timing. The moments around 

s = 0 can easily be calculated for tree structured interconnects. The basis of the 

AWE is to  estim ate a circuit’s time-domain response by matching the initial boundary 

conditions and first 2q—1 moments of the exact response to a lower order g-pole model. 

The moments of a circuit in Figure 2.4 (a) are computed in AWE by recursively solving 

an equivalent D C  circuit as illustrated in Figure 2.4 (b) with all capacitors replaced by 

current sources and all inductors replaced by voltage sources. Initially, all sources are

14
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set to  zero except the independent input voltage. This is used to  calculate the initial 

set of moments. For subsequent moment generations, each capacitor current source 

is set to  the product of its capacitance and its previous moment, while each inductor 

voltage source is set to  the product of its inductance and its previous moment.

AWE [36] technique’s efficiency can be improved by exploiting some structures. 

Curtis [35] introduced their rapid interconnect circuit evaluator (RICE) based on an 

improved AWEsim [32] technique. RICE exploits tree-like structures, which is the 

most common for interconnects, to  obtain linear speed-up and to  reduce the memory 

requirement. The most im portant aspect of RICE is th a t it uses the path-tracing 

technique to  analyze the equivalent D C  circuit. The path-tracing simply analyses 

the circuit by traversing a spanning tree in Figure 2.4 (c) of the circuit graph to  

compute currents and voltages as shown in Figure 2.4 (b).

Moment matching process by which moments are determined does not allow calcu­

lating the moments a t a few selected nodes of a circuit. Moments have to  be calculated 

at all nodes since (i +  l ) th  moment a t any node depends on the (i)th  moment a t all 

nodes. However, the AWE technique [36, 35] only uses the moments a t a single node 

at a time to  calculate the response a t th a t node, hence, called single-point moment 

matching (SMM). The SMM techniques calculate more moments to improve accu­

racy. Ismail [38] showed th a t accuracy can also be improved by using the information 

in the moments at different nodes simultaneously, hence, called m ulti-point moment 

matching (MMM). The reason MMM uses less moment is th a t it exploits the fact 

th a t there is a common set of poles at all the nodes of a circuit. By only considering 

a single node at a time, SMM requires 2q moments to  solve for 2q variables. However, 

by adding more nodes in MMM, the number of variables does not increase by 2q for 

each extra node. Since the q poles are common to  all the nodes, adding an extra node

15
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only adds q new variables. Hence, MMM need only to  match q(q + 1) moments which 

are q +  1 moments a t q nodes. Using q + 1 moments instead of 2q moments not only 

doesn’t  reduce accuracy, bu t also improves memory requirements of the algorithm. 

The advantages of MMM over SMM are as fallows:

•  Number of moments required for the same accuracy is significantly lower than 

SMM.

•  MMM has much better numerical stability compared to SMM.

•  MMM is highly suitable for parallel processing.

In conclusion, length, linear delay model and Elmore delay model based algo­

rithms are no longer sufficient to  construct the performance-driven RTs. Many GR 

algorithms [30, 31, 3, 6 , 39] use Elmore delay model for i t ’s simplicity and closed form 

to compute the delay which may differ greatly from the actual delay. Since DSM in­

terconnects are much thinner and longer, downstream capacitance is shielded by the 

interconnect resistance. Elmore delay does not take resistive shielding into account 

accurately, resulting in remarkably large overestimated errors. More accurate timing 

model such as AWE must be used to accurately calculate the delay in DSM VLSI 

chip routing.

2.3 Layer Assignm ent

In a multi-layer routing environment, layers have very different physical and electrical 

properties. These layers are not interchangeable, resulting in many wiring prediction 

problems. Thus, the layer assignment has a large impact on the interconnect delays. 

In multi-layer CMOS processes, the higher m etal layers (i.e., layers further away from

16
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Figure 2.5: Switching Graph

transistors) tend to  be wider and ticker. Signal transmissions on these layers will be 

faster than  those on the lower m etal layers. We, therefore, refer the higher metal 

layers as good layers. A layer assignment algorithm assigns critical nets to  the good 

layers while preventing excessive use of the good layers to reduce the congestion. This 

technology is also widely used to  reduce crosstalk between nets.

Thang [10] proposed a m ethod based on a genetic algorithm (GA) with application 

to the via minimization. The GA is used to  solve the switching graph model as 

shown in Figure 2.5, which in-flow and out-flow of a vertex equals to  the number of 

vias introduced in the corresponding layer assignment. Thang’s algorithm is designed 

as a post-processing algorithm to reduce the number of vias and does not consider 

routability or timing; the resulting RTs may not satisfy timing requirements and /or 

be routable due to congestion. Although the algorithm can be restricted to  only 

feasible layers, which satisfies routability and tim ing for the given tree, determining 

routabilty on the candidate layers can be costly and inaccurate.

Layer assignment is not only used for via reduction but also for performance 

improvement of the critical nets. Saxena [11] proposed a layer assignment algorithm to

17
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Figure 2.6: Performance-driven Routing of Interconnect Trees (PRIT)

minimize the peak interconnect delays during GR. Their algorithm can be integrated 

into any routing algorithm to iteratively assign the layers using area quotas on the 

routing layers. Saxena’s algorithm initially distributes all the nets proportionally 

among the layers (same area quota for each layer), then if routing fails or achieved 

delays are not acceptable, it transfers a certain area quota from one layer to  another. 

The flow of the Saxena’s algorithm is illustrated in Figure 2.6. A look-ahead key 

represented by Equation 2.5 is used to decide if the edge being routed should be 

routed in the current routing layer or should be postponed to  the next layer. The 

look-ahead key is simply derived from the difference between the contribution of the 

edge to  to tal tree delay when the edge is routed in the current layer and when the

18
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Figure 2.7: Routing cost with distance 

edge is routed in the next layer:

A ki(ei) = ek[(ei) -  0ki(ei) (2.5)

ki and k't in Equation 2.5 are the current and the next layer respectively; 0{et) is the 

contribution of edge e, to  the delay expression. As seen from the definition of the 

look-ahead key, the routing is done layer by layer and edge by edge. Thus, it is not 

suitable for the parallel routers bu t only for the sequential routers.

Yildiz [8] extended planar rectilinear ST heuristic [40] to  include the layer assign­

ment and via minimization. This algorithm uses layer specific costs to  calculate a cost 

vs. distance graph and then determines which layer is cost effective for the current 

edge. The upper layers become cost effective for long wires while the shorter wires 

are routed on lower layers due to  the additional cost of vias. As shown in Figure 

2.7, layer 3 becomes cost effective for routing edges of certain length after certain 

distance while layer 1 is preferred for shorter edges since via cost incurred in layer 3 

dominates the length cost. Although Yildiz’s algorithm assigns shorter nets to  the 

lower layers and longer nets to  the higher layers which is generally desirable, it is not
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Figure 2.8: Routing demand can vary widely depending on tree topology a) Higer 
horizontal layer demand b) higher vertial routing demand

really performance driven layer assignment, tight timing requirements may require 

shorter wires to  be assigned to  the upper layers and vice versa. It is conceivable th a t 

a short net can also be critical. Furthermore, it can result in over-crowded layers 

since it doesn’t consider congestion. Layer assignment should be done by performance 

requirements, not by length alone.

Preferred STs [8] can result in excessive use of certain layers creating congested

areas. Ameya [9] has combined the preferred STs [8] with ST construction [40] to

reduce the congestion by layer balancing. Ameya observed th a t the ratio of horizontal 

to vertical demand can be as much as 70:30. Thus, the algorithm focus on modifying 

the tree topology without increasing tree length for structures shown in Figure 2.8. 

The steps of the algorithm are as follows:

1. Routing cost for all layers is set to initial default values.

2. Preferred STs are constructed

3. Resource usage is examined; if a layer is over utilized, the cost of th a t layer is

increased slightly and step 2 is repeated.

Layer assignment is not only performance-driven but also cross-talk and conges­

tion driven. Cho [7] proposed a pre-routing process to  minimize the crosstalk. A 

potential crosstalk measure in Equation 2.6 is used to  model the problem as a net-
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work interference graph (NIG) as modeled in Equation 2.7. The potential cross-talk

measure is based on the assumption th a t a larger intersection area of two nets makes

it harder to  find non-intersecting routes for the nets:

_  (congi + congj +  n term sibox)areaibox /r>
Wij — (^.o)

areasbox

where congi is the number of nets who’s bounding boxes intersects w ith neti, ibox is 

the intersecting box and sbox is the bounding box as illustrated in Figure 2.9. The 

vertices of the NIG must be colored using the minimum number of colors, such th a t 

no two adjacent vertices receive the same color. This problem is known to be very 

hard and is impractical to  try  to  find a perfect solution. Since the edges in the NIG 

are the potential interference, a small number of bad edges can be tolerated. Thus, 

the NIG can be solved with max cut k-color partitioning where each color corresponds
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a routing layer.

Ci is a color

maximize ^  W i^A(C i,C j) (2.7)

where A (Q ,C j)  =  <
0 if q  =  c ,

1 i f q ^ q

The idea is to bipartition the graph into The delay calculation errors resulting from 

ignoring layer assignment and buffer insertion can also yield sub-optimal RT topolo­

gies. two sub-graphs recursively, at each step, producing a maximum cut between two 

sets (equivalently, minimizing interference inside each set). Although, the algorithm 

is efficient to  reduce the crosstalk, it is not performance-driven either. Critical nets 

being assigned to  the lower The delay calculation errors resulting from ignoring layer 

assignment and buffer insertion can also yield sub-optimal RT topologies, layers may 

greatly reduce the chance of obtaining the timing closure a t the GR stage.

In summary, the existing layer assignment algorithms are generally done without 

the knowledge of RT topology resulting in suboptim al layer assignment. This is due 

to the fact th a t critical sink RT construction algorithms [2, 23, 14] progressively builds 

the RT which, at each iteration, a node is connected to  the subtree (or modified if 

the starting tree is a sub-optimal tree) so th a t the maximum delay is minimized (or 

maximum delay violation or to ta l delay is minimized). Since the delay of a RT has 

to be calculated in order to  decide which connection is next in the suboptim al (or 

partially completed) tree, resistance and the capacitance of the tree edges should 

be known which is a function of the routing metal layer th a t tree is being routed.
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Therefore, layer assignment must be a integral part of the RT synthesis.

2.4 Buffer Insertion

Buffer insertion is widely recognized as a key technology for improving VLSI inter­

connect performance by converting quadratic R C  delay into linear delay by shielding 

the down-stream capacitance. This technique also improves interconnect integrity, 

noise immunity and lateral coupling capacitances. As design complexity increases, 

the number of buffers needed can be as much as 800, 000 buffers for the 50nm  tech­

nology node [41]. Thus, efficient buffer insertion algorithms are needed to process 

thousands of nets. The main challenge is to  determine the optimal number of buffers 

and their locations under delay and power constraints.

Ginneken’s classic dynamic programming based algorithm [3] uses Elmore delay 

to calculate the required departure time-load pairs for each node in a RT. The capac­

itance of each sink and the required arrival time are assumed given. Buffers are also 

characterized by the input capacitance and an internal delay. Using Elmore delay, 

recursive formulas can be used to  calculate all the possible time-load pairs a t node k:

Tk = rnin{Tn,T m}

Rk Rn V Rm

where n  and m  represents left and right sub-trees. This bottom -up process aims to 

have a departure tim e at the source as late as possible. A second top-bottom  search 

process actually places the buffers which led to  the latest departure tim e at the source.
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Figure 2.10: A lternate Steiner point to  avoid blockage, a) Steiner point in the blocked 
area b) Alternate Steiner point and buffer location

Later, Hu [4] improved on the Ginneken’s algorithm by introducing the buffer 

blockages to  avoid areas already occupied by macros or IP blocks. H u’s algorithm 

works exactly as Ginneken’s algorithm except when a Steiner point is in the blocked 

area. Then, the Steiner point is moved to  the closest candidate location outside of 

the blocked area. A simple axample process is shown in Figure 2.4. Hu proposed a 

heurustic to find and choose alternate Steiner points and buffer locations.

Both algorithms assume buffers a t Steiner points which may yield sub-optimal 

solutions if long edges exist requiring buffers in the middle. Although the long wires 

can be segmented into smaller wires, the optimal segmentation scheme is not clear.

Lillis [5] used a similar technique to  include wire sizing and signal slew rate with 

the focus on minimization of the dynamic power reduction. Lillis calculates two sets 

of solutions for each node using Elmore delay. Each solution for a node, depending 

on the chosen objective, may include down tree capacitance, wire size, slew rate 

and power. The first set (bottom  solutions) includes the possible sets of solutions
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Figure 2.11: Interconnect model for QP formulation

in the sub-tree of the current node. The second set (top solutions) is similar to 

the first set but includes solutions augmented by the wire from the parent of the 

current node. The bottom -top process calculates those set of solutions for each node 

and then the top-bottom  process tracks down the best solution. Although a prune 

operation is suggested to  reduce the search space, Lillis’ algorithm is exhaustive search 

in nature and the run-time is a concern. Lillis’ algorithm also assumes the underlying 

ST already exist and does not modify the tree topology. As shown in Figure 2.12, 

buffer insertion can greatly impact the optimal location of the Steiner points. Lillis’ 

algorithm later is improved [30] to  include real-word issues: handling of routing and 

buffer blockages, cost minimization, critical sink isolation and sink polarities.

Combinatorial optimization m ethods can also be applied to  the buffer insertion 

problem. A QP approach to  the buffer insertion and wire sizing is proposed by Chris 

[6]. The proposed algorithm minimizes the Elmore delay w ritten in the quadratic 

form using Equation 2.8 with pre-determined buffer locations and wire sizes as shown 

in Figure 2 .11 .
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minimize -^lT$ l  +  pTl

subject to  h  +  • • • +  ln — L

li > 0 for 1 <  i < n

(2.8)

li in Equation 2.8 is the length between segments and the objective calculates Elmore 

delay using $  and p coefficient matrices in Equation 2.9 and 2.10.

C l T o / h C2r0/ h x c3r 0/h i  •• • cnr0/h-

C2r0/ h i C2V0/ h 2 c3r 0/ h 2 •• cnr0/ h

CsTo /h i c3rQ/h2 c3r 0/ h 3 • ■• cnr0/ h :

\ c nr0/h  i cnr0/ h 2 cnr 0/ / i3 ••• cnrQ/h nJ

P =

^  R d c  i  +  C l T q / I i i ^  

R d c2 +  CiTo/h-i 

RdC3 +  CLro/ha

\ R l ) ('n “b CLr0/ h nJ

and I —

V
h

h

\ } n j

(2 .10)

The formulation in Equation 2.8 is given for the wire sizing only for simplicity, Chris 

expands this formulation to  include buffer locations and sizes, and shows th a t their 

QP formulation is convex which can be solved in polynomial time. However, the tight 

integration of the Elmore delay makes the delay calculation inaccurate. Use of higher 

order delay models for better accuracy is impossible since formulation would be no 

longer quadratic. Furthermore, it is not applicable to  RTs but only to  two-pin nets.
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a)

Figure 2.12: a) Steiner point is closer to  the driver to  reduce delay b)Buffer insertion 
can reduce wire cost further in Steiner-tree construction

The Elmore delay model is used in the mentioned algorithms to  compute the delay 

which may differ greatly from the actual delay. Since DSM interconnects are much 

thinner and longer, downstream capacitance is shielded by the interconnect resistance. 

Elmore delay does not take resistive shielding into account accurately, resulting in re­

markably large overestimated errors. Consequently, algorithms th a t rely on Elmore 

delay tend to  insert more buffers than  necessary, increasing the overall power con­

sumption. Spatnekar [2] suggested a greedy iterative buffer insertion algorithm under 

higher order delay model AWE. The buffer insertion non-Hanan optimization (BINO) 

algorithm proposed by Spatnekar tests all the buffer locations for the improvement 

on the cost function. Algorithm inserts a buffer to  each edge tentatively followed 

by a non-Hanan optimization algorithm. The improvement on the cost is saved and 

the buffer-edge pair with the largest improvement is chosen in the end. Then, the 

non-Hanan optimization algorithm tries to  improve the ST structure by disjoining 

and re-connecting each node in search of an improvement in the timing. This process 

repeats until there is no further improvement. Spatnekar’s buffer insertion algorithm 

integrates into ST construction as shown in Figure 2.12, hence it can further reduce 

the wire cost. BINO algorithm assumes fixed layer assignment for the RT and does
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not modify layer assignment which can greatly improve overall tim ing of the ST.

RTs generated without respect to  buffer insertion yield suboptim al star-like tree 

topologies. Q-Trees [17] attem pts to  further optimize the suboptim al buffered trees 

by hannan grafting with a possible buffer replacement. O ther algorithms such as 

P-Tree [39] and C-Tree [42] incorporate multi-objectives of wire sizing, delay/area 

tradeoff simultanesouly, but assume fixed layer asignment and ignore the impact of 

buffer insertion on RT topology.

As a summary, buffers are usually inserted last for any nets w ith delay violations. 

Therefore, RTs are constructed w ith incomplete information about buffer insertion. 

The resulting RTs are often suboptimal. Thus, performance-driven RT construction 

tends to  increase the length with star-like tree structures in order to  meet the timing 

requirements. This will greatly increase the routing resource demand and potentially 

increase the use of repeaters.

2.5 Steiner-Tree Construction

Global and detailed routers use STs to  define the routes. A ST algorithm connects all 

the nodes (net pins) such th a t the given objective is a t a minimum. The rectilinear 

ST has a special focus on routing since it is appropriate for VLSI routing due to 

the restricted routing directions on m etal layers. Thus, various algorithms have been 

proposed [12 , 14, 15, 17, 27, 16, 13] to  obtain rectilinear STs. Since ST construction 

problems is known to be NP-Hard [12], heuristics are usually employed involving iter­

ative modifications to  a sub-optimal ST. In high performance VLSI routing, naturally, 

the prim ary objective cannot be length minimization; delay is a be tter candidate for 

optimal ST construction.
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Figure 2.13: 1-Steiner algorithm a) Initial spanning tree b-e) A Steiner point is in­
serted a t each iteration

Robbins [12] was the first to  introduce 1-Steiner algorithm for construction of the 

minimum length rectilinear ST and later improved 1-Steiner algorithm with a faster 

implementation [25]. The 1-Steiner algorithm repeatedly modifies a spanning tree by 

reconnecting a node, each tim e introducing a new Steiner point a t the Hanan grid 

which maximizes the to ta l length improvement as illustrated in Figure 2.13. The 

process term inates when there is no edge th a t improves the to ta l length. Later, 

Robbins reduced the complexity from 0{nHogn) to  0 ( n 3) by restricting search space 

to the closest eight neighborhoods of a node, minimum length rectalinear Steiner- 

tree (MRST) minimizes the to tal tree length which is preferable in term s of routing 

resource demand. But, they won’t  necessarily satisfy the timing constraints due to  

the fact th a t minimum length RT doesn’t  necessarily mean the length from source 

to the critical sink node is minimized. In VLSI routing, delay minimization is more
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Figure 2.14: Decomposition and reconnect of sub-trees

desirable.

Further run-time improvement for the ST construction can be achieved by divid­

ing the problem into sub-problems. Xu [13] hierarchically decomposes the problem 

into sub-trees based on a dynamic programming technique. Then, the final-tree is 

constructed by reconnecting sub-trees a t each level with the objective of minimizing 

delay on the critical path. The algorithm decomposes a block of pins into a sub-block 

while constructing the minimum delay ST for each sub-block. Then, each sub-block is 

regarded as a single node at the center of gravity. These nodes are again connected by 

minimizing the delay from source node to  the critical sink node. The decomposition 

process is illustrated in Figure 2.14. X u’s algorithm can speedup the ST construction 

of nets with large numbers of pins, but can be sub-optimal since, during the sub-tree 

construction stage, the rest of ST is not known to the sub-tree construction algorithm. 

Furthermore, sub-trees are connected together using a virtual node at the center of 

gravity of each sub-tree which may again yield sub-optimal tree construction.
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a) b)

Figure 2.15: Sub-tree transform ation, the node in group is joined to  the group T3

A similar iterative tree transform ation m ethod is proposed by Tsujii [15]. Tsujii 

divides the initial tree into four sub-trees originating at the source. Then, a sink is 

moved from one sub-tree to  another while recording the improvement on the delay. 

The best move is chosen which maximizes the delay improvement. In Figure 2.15, the 

sink in the sub-tree group 7j is moved into sub-tree group T3 reducing the to ta l delay 

of the ST. The initial tree is also constructed from a spanning tree using the same 

method. In Tsujii’s algorithm, the choice of dividing the tree into exactly 4-subtree’s 

is not clear. The optimal number of sub-trees may depend on the tree topology.

Jaewon [16] approaches the problem with a linear programming (LP) model for 

delay bounded ST construction. LP minimizes the to ta l tree length of the ST shown in 

Figure 2.16 under Steiner and delay constraints. Figure 2.17 shows the corresponding 

LP formulation. The Steiner constraints in the LP formulation dictate th a t for every 

possible source-sink pair, the path  length should be bigger than  the distance of source- 

sink pair in order to  have a feasible solution. Linear delay constraints also place upper 

and/or lower bounds for each source-sink pair. Obviously, Jaewon’s algorithm can
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Figure 2.16: An Example Steiner-tree topology

only work with an already given ST topology which is the most im portant part of the 

ST construction problem. Furthermore, delay constrains have to  be linear in order for 

the LP model to  be linear. Linear delay model can only be achieved using the lengths 

as shown in the LP formulation in Figure 2.17. Thus, source-sink length is bounded 

rather than  actual delay as claimed in the paper. Even with the minimum critical 

source-sink path  length, the RT may not be suitable for VLSI routing since the delay 

at any sink is not only the function of source-sink length but also the topology of the 

rest of the tree.

Boese [14] addressed the critical sink routing-tree (CSRT) construction problem 

and improved on it with the proposal of global slack removal technique. The critical 

sink (CS) algorithm iteratively connects a node to  the existing tree with the shortest 

delay. Three variants for construction of the ST are proposed:

•  a direct connection from sink to  source.

•  a direct connection w ith the shortest path  to  the existing tree

•  a connection by trying all shortest connections from sink to existing tree, it
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Min ei +  e2 +  e3 +  e4 +  es +  e6 +  e7 +  eg 
Subject to 

Steiner Constraints

ei + e6 + GO + e2 > 12

ei + ee + e8 + e7 + e3
ei + e6 + eg + e7 + e4

ei + 65 > 5

e2 + 67 + e3 > 5

62 + e7 + e4 > 5

62 + eg + eg + es > 7

e3 + e4 > 2

e3 + e7 + eg + 66 + e5
e4 + e7 + eg + e 6 + es

Linear Delay Constraints
4 <  ei +  e6 <  6

4 < e2 +  e8 <  6

4 < e3 +  e7 +  e8 <  6
4 <  e4 +  e7 +  e8 <  6
4 < e5 +  e6 <  6

Figure 2.17: LP model for bounded Steiner-tree construction

performs timing analysis, and returns the tree with the shortest delay.

The latter is preferred since it is tim ing driven; however, the complexity is the highest. 

Global slack removal post-processor aims to  maximize monotonicity of all source-sink 

paths and reduces the Elmore delay w ithout increasing overall tree cost. As shown in 

Figure 2.18 and Figure 2.19, this is done by removing V  and U shapes and introducing 

new Steiner nodes. Removing V  and U shapes reduces the source-sink path  length to 

the current node and its descendants, and does not affect the source-sink path  lengths
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Figure 2.18: V Removal

O -
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V2 v3

Figure 2.19: U Removal

anywhere else. Hence, the resulting tree is guaranteed to  dominate the previous tree. 

These two operations can affect the Elmore delay in three ways:

1. changing the length of the path,

2 . changing the tree capacitance along the path

3. shifting the tree capacitances along the path.

V  and U operations will reduce the path  length, reduce the tree capacitance and shift 

the tree capacitance closer to  the source, thereby reducing the Elmore delay to  all 

pins. V  and U operations may also reduce the to ta l cost or leave it unchanged by 

the triangle inequality of removing a low-degree Steiner point. Global slack removal 

is an efficient post-processing step to  further optimize sub-optimal STs.

In an iterative ST construction algorithm, delay calculation can easily be replaced
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b) c)a)

d) e) f)

Figure 2.20: a-f) Progressive Steiner-tree construction

by more accurate moment matching techniques such as AWE. Spatnaker [2] proposed 

a greedy iterative algorithm using the AWE delay model, steiner AWE routing- 

tree (SART), starting with source node, grows a partial RT in a greedy fashion. 

A nine pin ST construction example is illustrated in Figure 2.20. In each step, a 

previously unconnected sink is selected and connected to  an edge in the partial tree 

such th a t the maximum delay under the AWE model is minimized. Spatnekar shows 

th a t optimal Steiner point for performance driven RTs is not at the Hannan grid but 

somewhere on the upstream  edge as shown in Figure 2.21. If a Steiner node is to  be 

inserted in the SART algorithm, a binary search is performed on the upstream  edge 

which minimize the delay violation on the critical sink, non-Hanan shifting. Spatnekar 

also integrated their buffer insertion algorithm [2] into SART for simultaneous RT
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Figure 2 .21 : Optimal delay non-Hanan Steiner point

construction and buffer insertion which can significantly improve overall performance 

of the ST.

Non-Hannan-sliding which shifts the Steiner point upstream  to reduce the delay 

does not modify the tree topology which may be required if buffers are inserted into 

the tree. Kahng [17] adapted the basic edge replacement operation, referred as Hanan- 

grafting [40], by allowing possible buffer insertion. The greedy Q-Tree algorithm 

iteratively replaces a tree edge, same as in [40], bu t now assumes a buffer inserted on 

the new edge. Grafting with the buffer insertion is illustrated in Figure 2.22. They 

observed th a t Hanan-grafting achieves the largest required arrival tim e improvement 

per unit extra wire length except th a t introduction of extra wire length makes a 

different sink critical. The proposed Q-tree algorithm first tests the performance 

improvement of the tree by the grafting process. If there is no improvement, it 

proceeds with the sliding.

In conclusion, RT synthesis must be performance-driven for VLSI routing. Length 

reduction is no longer the only objective of RT synthesis process. Moreover, accurate
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Figure 2.22: Grafting, W hen the edge uv is removed and edges u'v' is added, buffer 
b is considered in the delay calculation

delay modeling should be used in order to  take DSM effects into account. Thus, 

closed form of delay calculations (Lumped, Elmore) can not be used anymore. Buffer 

insertion and layer assignment must be the integral part of the RT synthesis since 

length, delay and the topology of the RT is greatly affected by those factors.

2.6 Global R outing A lgorithm s

GR algorithms use a collection of the above algorithms to  obtain a pa th  for each 

net. Although achieving the connectivity between pins without overflow on routing 

resources is the goal, a GR algorithm must also take into account delay, crosstalk and 

congestion. After all, a tim ing failure is considered as an unsuccessful routing even 

though all pins are connected successfully without overflow.

Various approaches have been proposed for the GR [19, 43, 27, 44, 31, 45, 46, 7, 

24, 2, 32, 18]. Although optimization m ethods vary greatly we can classify them  into 

two main categories: sequential and parallel routers. Sequential algorithms obtain
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routing net by net. Sequential routers provide good solutions for the first a few 

nets since they are able to  focus on one net at a time, bu t result in poor routing 

for later nets due to  their poor congestion management. It is very common th a t 

highly demanded routing regions exist in today’s chips. Sequential routers tend to  

consume the routing resources in high demand areas in the early stages, forcing later 

critical nets to  detour. Therefore, they usually perform a rip-up and reroute loop to  

handle the failing nets. Consequently, a sequential router’s result depends on the net 

ordering. A parallel router attem pts to  handle the net ordering problem by routing 

all the nets a t once. Although parallel routers yield better overall results, they suffer 

from long run-times due to the large size of the optimization problem used to  model 

the routing. Hierarchical approaches are usually employed to  divide the problem 

into smaller sub-problems to  improve the run-times and the memory requirements. 

Unfortunately, if not designed carefully, hierarchical approaches can yield sub-optimal 

solutions.

Well known maze router, also called D ijkstra’s shortest path  algorithm, finds the 

shortest path  between two nodes by propagating a wave front from the source node. 

W hen the wave front hits the destination point, the path  is tracked back to  the source 

revealing the shortest pa th  between two points. Maze router is very popular among 

net by net routers and has been modified extensively to  handle different situations.

Huang [32] modified the maze algorithm to simultaneously insert buffers while 

laying wires. It was dem onstrated in [33] th a t simultaneous routing and buffer inser­

tion can produce significantly better results. Instead of a routing grid graph, used 

in traditional maze routers, a buffer planning graph (BPG) shown in Figure 2.23 is 

used to construct the RT. The algorithm basically inserts a vertex into the graph for 

each possible buffer location, and then a maze router is applied to find the shortest
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Figure 2.23: A routing grid graph

1.5

Figure 2.24: Corresponding Buffer Planning Graph (BPG) of routing grid graph in 
Figure 2.23

path  from the source to  the sink while checking the transition time constraints from a 

look-up table for each step. Buffer-to-buffer shift times are assigned as edge weights 

in BPG. Therefore, the delay from the source node to  the sink node is the sum of 

the shift times along the path  plus 50% of the transition time at the last buffer. 

Shift tim e and transition tim e are illustrated on a signal in Figure 2.25. The shortest 

path returned by the maze router is the minimum delay path from the source to  the 

sink. Unfortunately, during the construction of a BPG, each possible path  has to 

be checked exhaustively for routability between buffers and for timing, which poses 

a problem for large complex chips with thousands of possible buffers. Furthermore,
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Figure 2.25: An arbitary signal is represented by a finite ram p with shift tim e S and 
transition time T

for long nets requiring many buffers, the number of nodes required for a buffer in the 

BPG increases geometrically by the number of possible paths from other buffers to  

tha t buffer as can be seen from the example in Figure 2.24, .

To better handle the rip-up and re-route problem, Hadsell [18] proposed a new 

congestion estimation method. Their algorithm extends the previous routing [47] by 

using an amplified congestion estim ate to  influence the rip-up and reroute approach. 

Their proposal of using an amplified congestion measure is based on the observation 

tha t routing becomes difficult when routing demand approaches its physical capacity. 

Therefore, the algorithm simply assigns unit cost to  an edge until it reaches 80% of 

the capacity, and increases the cost linearly until it reaches 40% above the capacity 

as illustrated in Figure 2.26. The intuition for the linear cost is th a t a maze router 

will utilize an un-congested routing graph without consideration for the demands of 

later routes. Later routes then will detour around congested areas, increasing overall
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Figure 2.26: a)Traditional congestion measure, b) Amplified congestion measure

routing demand and the net’s delay considerably. By amplifying routing cost in 

congested areas, a hint is generated for the GR where to expect congested areas in 

the later routings. Proposed congestion estimation measure can be efficient to prevent 

sequential routers from using excessive routing resources in the congested areas but 

impractical for parallel routers where accurate congestion information is not known 

before the routing.

Bao [19] proposed a similar approach to  the rip-up and re-route scheme to reduce 

the effects of net ordering. Bao simply uses a penalty function E t defined in Equation

2.11 for each net to determine if the net really needs routing resources in the con­

gested area. E t is proportional to  the number of bends, tree length and the penalty 

congestion value which measures congestion with a penalty similar to  [18].

E t = aw t/m a x xeTn(wx) +  f3lt /m a x yeTn(ly ) +  7  bt/m a x zeTn(bz) (2.11)

In Equation 2.11, wt is the to ta l penalty congestion of all the ST edges, lt is the 

total length and bt is the number of bends. Then, Bao randomly selects a sub-set of 

nets from the congested routing segment to  be re-routed simultaneously. However,
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the net ordering problem still exists between selected congested nets and non-selected 

congested nets. Bao proposes a set of six heuristics to further eliminate the net 

ordering problem in their algorithm. Although Bao suggests simultaneously route 

ripped nets, there is no m ethod provided for this simultaneous routing. Furthermore, 

despite the length th a t is used in the penalty function, the delay is not considered 

in the formulation. Thus, critical nets can be ripped (since they may have a lesser 

penalty value) and take detours further degrading the performance of the critical net.

Alti [43] proposed a neural network routing model to  avoid obstacles in the layout. 

The energy equation for parallel neural network model is modified to  handle the 

crowding problem for use of the rip up and reroute process.

Another different approach is based on genetic algorithm (GA)s by Esbensen [27]. 

This two phase algorithm first constructs a ST for each net using a GA. The cost is 

assumed as the length of the edge; hence it builds a rectilinear minimal ST. The result 

of the first GA is several RTs for each net. Then, a second GA selects solutions while 

minimizing the area and secondarily the interconnect length. Esbensen’s algorithm 

primarily focuses on area minimization but singles out delay.

The GR problem can be formulated as a MIP to route all the nets a t once. 

Albrecht’s algorithm [44] pre-calculates all the possible STs and lets the MIP model 

choose which one is the best by minimizing the maximum congestion. The M IP
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formulation is expressed in Equation 2.12.

min A

subject to

w^ x^t  ^  Ac(e) for e & E
i,T :eeT eT i

(2 .12)

= 1  for i =  1, . . . ,  k
TeTi

x i:t G 0,1 for i =  1 , . . . ,  k] T  E 7*

where the A is the maximum relative congestion, c(e) is the capacity (number of the

free channels on edge e), x itr  is a 0 — 1 variable each representing a pre-calculated 

ST and w^e is the with of the edge if wire sizing is different for each edge. In 

this formulation, the first constraint forces th a t the number of edges occupying each 

routing resource must be smaller than  its capacity while the second constraint forces 

the MIP to  choose only one ST for each net. As well known, solving the MIP model 

of a GR is difficult. Albrecht converts the original MIP formulation in Equation

2.12 to  a relaxed formulation of LP formulation of Equation 2.13 and solved it with 

randomized rounding [48, 49].

min A

subject to 

Wi<eXi,T ^  Ac(e) for e € E (2.13)
i ,T - .e e T e T i

for i =  1, . . . ,  k
TeTi
Xi,t > 0  for i = 1 , . . . ,  k; T  G
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1 Ve :=  ^e) for a11 e e  E
2 x itT '■= Ofor all i =  1 , . . . ,  k] T  G T*
3 Tf, =  cf) for i = 1 . . . . ,  k.
4 while (Eeefi c(e)^  < M )
5 begin
6 for i 1 to  k
7 begin
8 i f  Ti = (j) or YjeeTi Wi,eVe >  (1 +  7^)zi
s Find a minimal Steiner tree T, G Tt

10 for net i with respect to  length «,’,;iCye. e G E.
It ^  TiWieVe
12 X itT i : =  OTi.TV +  1

is ye :=  yee c<e> for all e G T)
end 

J5 end

Figure 2.27: Approximation algorithm for fractional global routing

The fractional GR problem is approximated to  the final solution using the dual of 

the LP shown in Equation 2.14 which provides the lower bound of the solution.

k
max Zi 

i=1
subject to

Y ^ c (e )y e = l  (2.14)
e € E

Y ,  eiteye > Zi for i = 1 . . .  k] T  G 7)
e e T

ye > 0 for e G E

Figure 2.27 shows the pseudo-code of the proposed algorithm. As seen from al­

gorithm, While Y li=i zii ^ ie objective of the dual problem is maximized, z, can be 

substituted by the minimum length of all STs and by rescaling ye such th a t the first 

inequality in Equation 2.14 holds. Albrecht claims th a t not only is the maximum

44

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



relative congestion minimized, bu t the congestion of the edges is distributed equally 

which is desirable for crosstalk minimization.

GR algorithms using the M IP model may have certain drawbacks:

•  Solution space is restricted since, when all the possible STs included in the MIP, 

the MIP size can greatly increase, certain degree of approximation to  reduce 

search space is unavoidable.

•  Timing calculation is difficult to  integrate into the MIP model since delay mod­

eling is not linear.

Hence, timing constrained models involving hierarchical simplified MIP models are 

used for routing. Spatnekar [2] proposed a timing-constrained network-flow based 

assignment algorithm. As shown in Figure 2.28, this algorithm hierarchically bisects 

the routing region and assigns soft edges to  the cell boundaries along the bisector line.

A soft edge is an edge th a t can be routed anywhere in the bounding box without 

increasing the edge length and the delay. First, initial routing is done through a 

timing-driven ST construction algorithm without regard to the congestion. Then, 

a node is inserted into the network as shown in Figure 2.30 for each edge. Arcs 

connecting soft edge nodes to the cell boundaries represent a possible assignment of 

the soft edges. Naturally, there might be no feasible solution to the network problem 

since routing demand (number of output arcs) may exceed routing resources (capacity 

of input arcs). Spatnekar introduced a min-cut based heuristic to  expand boundaries 

of soft edges such th a t the network is feasible. A min-cut algorithm is run to  see if 

the maximum feasible flow is less than  the number of soft edges to  be assigned to  a 

routing segment. In th a t case, the network might be unfeasible, with additional arcs 

being added from congested area (shaded area in Figure 2.30) to  un-congested areas.
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Figure 2.28: Bisection

This process is repeated until it is guaranteed th a t there is a feasible solution. The 

extended soft edges will obviously increase the delay of the RT, therefore, the cost of 

expanded edge arcs is set to  the cost(bk, e*7) =  (50w(T*) — Snew(T l) + \ ) 2 to  discourage 

the network solver to  assign extended soft edges. S m  and Snew are the slacks when 

the soft edge is routed inside and outside respectively. As seen from the network 

formulation, the algorithm focuses on eliminating overflows while minimizing delay 

separation from the initial performance driven RT. This can seriously hurt congestion 

optimization since it can result in congested areas while less congested areas are 

available for routing. Moreover, perhaps the main disadvantage of this algorithm  is 

th a t it is suboptim al due to  bisection. An available routing area in a certain cut line 

can force the same edge to  route through a congested or blocked area on both sides of 

the edge. The example in Figure 2.32 shows th a t the assignments of the wire on both 

bisect lines are feasible solutions for the network, bu t it fails to avoid the blockage
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Figure 2.29: An Assignment

in the middle, possibly causing an unnecessary detour. W hen bisection occurs in 

the blocked area, the net is forced to detour increasing delay while a better solution 

was available in the first place in the first cut. Spatnekar also introduced Slide-able 

Steiner Nodes (SSN) as illustrated in Figure 2.29 to  better utilize the Steiner points 

and then modified the network model accordingly with the introduction of a pseudo 

node for the Steiner point as shown in Figure 2.31. If slide-able Steiner points are 

involved, conventional network flow algorithms to solve the network model can not 

be applied. Fleischer-Wayne algorithm [49] is used as the optimization engine which 

is slower than  conventional network solvers.

Deguchi [31] also proposed a hierarchical routing scheme by dividing layout into 

4x4 regions. A three phase algorithm first partitions the routing area into 4x4 tiles 

as shown in Figure 2.33. Routing in this stage is similar to  [44] , An MIP is used 

to choose the best ST from a set of pre-calculated STs for each net. Then, in the
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Figure 2.30: Network Formulation of the example in Figure 2.28 w ithout SSN

second phase, each block is hierarchically decomposed into 4x4 block for the next 

hierarchical level. In this section, a pair of virtual source-sink pair is inserted a t slots 

(on block boundary) as illustrated in Figure 2.34. After repeating phase 1 and 2 

until the lowest level is reached, some net might cause timing violation due to the 

discrepancy of estimation of the interconnect delay. Phase 3 uses a weighted maze 

router to route the nets a t level I +  1 and level I. This obtained route is rerouted at 

level I +  1 again using the same procedure a t Phase 2 as shown in Figure 2.35.

2.7 Conclusions

In this chapter, we reviewed the existing work on technologies used for GR. Length, 

linear delay model, and Elmore delay model based algorithms are no longer suffi­

cient to  construct the performance-driven RTs. More accurate timing model such
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Figure 2.31: Network Formulation

as AWE must be used to  accurately calculate the delay in DSM VLSI chip routing. 

The delay calculation errors resulting from ignoring layer assignment and buffer inser­

tion can also yield sub-optimal RT topologies. The simultaneous implementation of 

performance-driven ST construction, layer assignment and buffer insertion algorithms 

will result in better overall result in term s of delay violation. The length minimiza­

tion and layer utilization are also im portant as the secondary objectives to prevent 

the overuse of the routing resources. Traditional routing flow first builds a RT topol­

ogy. Layer assignment is performed before or after the routing process. Buffers are 

usually inserted last for any nets with a delay violation. Some attem pts were made 

[8, 30, 2, 31, 32, 33, 17, 11, 6] to  incorporate buffer insertion or layer assignment 

into the routing process. But no attem pt has been made so far to  integrate both 

buffer insertion and layer assignment into the RT construction. Therefore, RTs are 

constructed with incomplete information about layer assignment or buffer insertion. 

The resulting RTs are often suboptimal. Thus, performance-driven RT construction
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Figure 2.32: Hierarchical bisection m ethod fails to  avoid blockage

tends to  increase the length with star-like tree structures in order to  meet the timing 

requirements. This will greatly increase the routing resource demand and potentially 

increase use of repeaters. Moreover, the resulting RT topology may also uneven layer 

resource usage due to  failed nets being reassigned to  other layers during the rip-up 

and reroute process.

Current methods address the GR problem in a sub-optimal fashion. A greedy 

sequential router or routing net-by-net [32, 9, 18] suffers from slow convergence and 

doesn’t  scale well with design complexity. Sequential routers provide good solutions 

at the beginning since they are able to  focus on one net at a time, but results in 

poor routing for later nets due to  their poor congestion management. Thus a rip-up 

and re-route scheme must be employed for the failing nets. Consequently, a sequen­

tial rou ter’s result depends on the net ordering. To better handle the rip-up and 

re-route problem to some degree, Hadsell [18] proposed an amplified congestion es­

tim ate to  influence the rip-up and reroute approach. Bao [19] proposed a similar 

approach using a penalty function for each net to  determine if the net really needs
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Figure 2.33: Hierarchical decomposition
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Figure 2.34: Slots and virtual terminals

routing sources in the congested areas. A parallel router employing multi-commodity 

flows attem pts to  solve this net ordering problem by routing all the nets concurrently, 

but it suffers from long run-time due to  the size and complexity of the optimization 

model. Albrech’s algorithm [44] pre-calculates the possible RTs and lets the MIP 

model minimize the maximum congestion. To cope with the issue of long run-time, 

Albrecht employs randomized rounding [48, 50]. MIP based algorithms can manage 

the congestion better, but the solution space is limited. Considering all the possible
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c) routing at upper level 1 d) the route after rerouting

Figure 2.35: Bottom-up rerouting

routes is deemed impractical for MIP. Hierarchical approaches are usually employed 

to divide the problem into smaller sub-problems to  improve the run-tim es and the 

memory requirements. Spatnekar [2] proposed a network-flow based assignment al­

gorithm. Spatnekar’s algorithm hierarchically bisects the routing region and assigns 

soft edges to  the cell boundaries along the bisector line. Network model reduces the 

problem size by dealing with a bisect line of the die one at a time and reduces the 

run-time greatly since network models can be solved much faster than  MIP. However, 

such a tradeoff often results in suboptimal solutions. Moreover, all multi-commodity 

based solutions minimize the maximum congestion. This effectively prevents them
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from achieving more homogeneous congestion distribution. This is because in prac­

tice, highly congested areas exist. However, it doesn’t  mean the rest of the chip can 

not be further optimized. This is illustrated in Figure 3.21 where the highly congested 

area on the top of should not prevent the router from optimizing the routes a t the 

bottom  in terms of congestion.
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C hapter 3 

G lobal R outing  (G R )

3.1 Introduction

This Chapter uses a new GR algorithm to address the following issues:

• Performance-driven routing: The RT construction, layer assignment and 

buffer insertion algorithms are performance-driven to obtain the timing closure 

for the projected clock speed. Congestion optimization is bound by the delay 

of the nets by performing the routing within the bounding box of the net as 

much as possible.

• M ulti-criteria RT construction: Existing GRs often construct the RT by 

ignoring the impact of the layer assignment and the buffer insertion on the final 

routing structure. Buffer insertion and layer assignment are generally carried 

out in isolation from RT construction [16, 13, 10, 11, 8, 7, 2, 6, 17, 5, 15, 30, 

14, 4], Thus, the RT is often under-optimized or over-optimized due to  the 

delay estimation errors incur from ignoring the layer assignment and the buffer
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insertion. Our algorithm performs RT construction, layer assignment and buffer 

insertion concurrently for better overall results.

•  U tilization  of routing layers: Routing resources are limited on each routing 

layer. Routing congestion on a layer can occur if layer assignment is sub-optimal. 

Thus, congested routing areas can be created resulting in detours of the critical 

nets and increased cross-talk in the congested areas. Our m ethod try  to dis­

tribute the nets equally among routing layers such th a t utilization is the same 

for each layer, while trying meet the delay requirements.

• Accuracy of delay modeling: Use of lumped or Elmore delay model in the 

DSM VLSI interconnect synthesis can yield erroneous solution. For example, 

Elmore delay tends to  overestimate the delay resulting in overuse of routing 

and buffer resources. The GR uses moment matching based delay calculation 

engine (AWE timing model [36]) in order to adequately calculate the delay.

• Performance of parallel routing: Sequential routers tends to  use high de­

mand routing areas in the early stages of the routing [24, 2, 46, 19, 44]. There­

fore, later nets fail to  route often requiring rip-up and reroute. The multi­

commodity flow based routers overcome this problem by routing all the nets 

a t once. However, the existing multi-commodity flow based routers suffer from 

extremely long run-time due to  the complexity of the optimization model. We 

use a hierarchical routing scheme using a novel network-flow model to simplify 

the optimization model. Our network-flow model avoids the MIP formulation 

often found in the conventional approaches, thus, achieving significant speedup 

over the conventional multi-commodity flow formulation.
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• Congestion optim ization: A hierarchical routing scheme often yields sub- 

optim al solution and fails to  optimize congestion globally since the optimiza­

tion occurs in a small portion of the routing area at each hierarchical level. Our 

m ethod overcomes this shortage by performing a pre-route using a simplified 

MIP model to  optimize the congestion globally. Then, the loose routing pro­

duced by the pre-router is further optimized by the hierarchical network-flow 

router. The MIP problem size is much smaller than traditional MIP problems. 

Hence, the impact on the run-tim e is minimal. Furthermore, our algorithm 

focuses on the congestion minimization even when there is no overflow on the 

routing resource. This will result in a more homogenous congestion distribu­

tion. W hen the routing demand is close to  the routing capacity of a routing 

area, DR is still hard even though the fact th a t routing demand hasn’t  exceeded 

the routing capacity.

• Blockage handling: Our algorithm takes into account the blockages and ex­

isting routes throughout the routing process. The routing resource consumed by 

the blockages and the existing routes (such as power and clock grid) is included 

in layer utilization. Moreover, optim ization models used in the MIP pre-router 

and the network-flow router are constructed by taking the existing blockages 

and routes into account.

• V ia minimization: Vias in the interconnect routing incur additional cost and 

potentially pose reliability problems. Via minimization is achieved by assigning 

a higher cost to  the bends (straight paths are preferred). Further via minimiza­

tion is also achieved by assigning the whole net to one layer-pair initially. W ith 

later routing stages not modifying the layer assignment of the net, the via usage
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can be minimized.

The GR process starts by constructing the RT for each net using the timing- 

driven rectilinear STs. As the RT being constructed, critical nets are assigned to 

the good layers and /o r buffers are inserted to  achieve the positive slack a t sinks. 

Layer assignment algorithm also prevents over-utilization of the good layers by equally 

distributing the layer usage (blockages +  existing wires +  estim ated net length in th a t 

layer).

Once the RT topology, layer assignment, and buffer locations for each net are 

known, a rough two-bend routing for each net (pre-route) is obtained from possible 

two-bend paths using a MIP routing model. W ith this step, congestion is optimized 

globally since the next hierarchical network-flow routing can only optimize the con­

gestion on the bisect line. The actual routing is done by hierarchically bisecting the 

routing area and using a network-flow routing model to  assign the nets to  the routing 

segments.

Finally, a series of heuristics (edge flipping, detour, maze routing, via pad violation 

elimination) are used to  clear up any remaining overflows.

Since accurate congestion knowledge was not available during tree construction 

for each net, the layer assignment obtained in the first step may be suboptim al and 

may result in overflows later in the routing stages. A QP model is used in both the 

MIP routing and the network-flow routing to further fine-tune the layer assignment.

Top level of the overall GR algorithm is illustrated in Figure 3.1.

The remaining of this chapter is as follows: Section 3.2 explains in detail the simul­

taneous performance-driven buffered RT construction with layer assignment. Section 

3.6 presents the MIP routing model and overviews the new congestion optimization 

method. Section 3.7 explains the hierarchical bisection process and constructs the
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Figure 3.1: Global Routing flow chart
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network-flow routing model. Section 3.8 presents the QP layer assignment model 

using an interference metric to minimize the congestion and the cross-talk. Section 

3.9 summarizes four post-processing heuristics to  clear up the remaining overflows.

3.2 Perform ance-Driven Buffered R outing-Tree w ith  

Layer Assignm ent

If a net has more than  two pins, a tree structure is needed to establish the connectivity 

of all the pins. We will call this tree structure a routing-tree (RT) in this dissertation.

It is often desired th a t the RT is not cycling due to  the complexity of the delay 

calculation and a certain level of unpredictability of the delay from one pin to  another 

on different paths of a cyclic tree. From now on, we assume a RT is a non-cyclic tree.

The RT algorithm incorporates buffer insertion and layer assignment as dual ob­

jective in RT construction to achieve delay and power improvement over existing 

methods. Each step of the RT construction takes advantage of partially constructed, 

but layer and buffer optimized, RT to construct the next routing segment.

While the primary objective of the mentioned algorithm is delay reduction, the 

secondary objectives may also exist:

•  RT construction may also minimize the tree length to  reduce the routing re­

source usage.

•  Layer assignment may also try  to  equally utilize the routing layers to  prevent 

the crowding.

In this section, performance-driven ST construction, layer assignment and buffer 

insertion algorithms are first discussed separately. Then, these three algorithms are
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Steiner node

b)

Figure 3.2: a) Spanning tree, b) Steiner tree 

combined to  obtain a simultaneous RT construction algorithm.

3.2.1 R outing-T ree C onstruction

To obtain the connectivity of a net with multiple pins, a tree-construction scheme is 

needed. If every edge in the tree connects only two pins, the tree is called a spanning 

tree [12] as illustrated in Figure 3.2 (a). But further cost reduction (mostly delay 

and length in VLSI routing) can be achieved using virtual pins, called Steiner nodes, 

which connects more than  two pins together, hence called a Steiner-tree (ST) [12] as 

shown in Figure 3.2 (b). The objective of a ST construction algorithm is generally 

to minimize the to ta l length of the tree to reduce the use of routing resources. But, 

high performance VLSI routing problem dictates constraints on the delay from source 

pin to  the sink pins. Therefore, the prim ary objective should be the positive delay 

slack (or negative delay violation) a t all sinks while the length becomes secondary 

objective. W hen the objective is related to  the delay, we call the RT construction 

Performance-Driven or Timing-Driven. Let tn be the actual delay from source pin 

to sink pin n; and ratn be the required arrival tim e from source pin to  sink n. The
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b)

Figure 3.3: a) Euclidian distance, b) M anhattan distance 

delay violation is defined as:

dvn = tn - r a t n (3.1)

In order to  meet the tim ing requirement, dvn <  0 or tn < ra tn must be true. The 

rat value is usually given in a database file for the projected clock frequency. But, 

the delay t is a function of RT structure, driver size and the capacitance/resistance 

of the ST edges.

Today’s over-the-cell VLSI routing uses multiple layers for the routing. Routing 

layers are usually restricted to  horizontal or vertical routing directions (M anhattan 

routing) and the wires with angles are not allowed due to  issues associated with 

sub-wavelength lithography. Consequently, the M anhattan distance is used rather 

than the Euclidian distance. Thus, ST with the edges restricted on horizontal or 

vertical direction (Rectilinear Steiner-Tree) has a special focus on VLSI routing. In 

this dissertation Steiner-Tree or Routing-Tree refers to a Rectilinear Steiner-Tree [12], 

Figure 3.3 illustrates the M anhattan distance versus Euclidian distance. M anhattan 

routing suggests th a t each edge has to  be assigned to  a layer-pair to  accommodate the 

route. Thus, in this dissertation, a layer assignment refers to  a layer-pair assignment 

(one vertical, one horizontal)

The algorithm of RT construction is shown in Figure 3.4. For a given netlist, the
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1 BuildPartialTree (T)
2 # one iteration
3 bestDV =  - I N F
4 bestLen =  IN F
5 foreach unconnected node n € T
6 bestDV Pin = IN F
7 bestLenPin = IN F
8 foreach edge e e T
9 JoinNodeAtEdge(T, n, e);

10 awe{T)\
11 i f  (DV(T ) < 0 & Len(T) < bestLenPin)
12 bestLenPin =  Len(T)
13 bestEdge = e
U e ls if  (DV{T) < bestDV)
15 bestDV Pin = DV{T)
16 bestEdge = e
17 DisjoinN ode{T, n)
18 if  (DV (T ) <  0 & bestLenPin < bestLen)
19 bestLen =  bestLenPin
20 bestNode =  n
21 e ls if  (besDVPin > bestDV)
22 bestDV =  bestDV Pin
23 bestNode = n
24 JoinNodeAtEdge(T, bestNode, bestEdge)

Figure 3.4: Performance driven progressive routing tree construction

algorithm starts  from the source node of each net and iterates through every sink 

node until the entire tree is constructed for every net in the netlist. At each iteration, 

BuildPartialTree chooses the most tim ing critical sink node from the unconnected 

sink nodes. If a net is a non critical net, i.e. there is no delay violation, BuildPartial­

Tree chooses the sink node which minimize the to tal tree length. The most critical 

sink node is decided by tentatively connecting every sink node to  the partial tree, 

and by calculating the maximum delay violation of the tree. BuildPartialTree joins 

the critical sink node to  the existing tree such th a t the maximum delay violation 

of the tree is minimized or the to ta l length of the tree is minimized if there is no 

delay violation. Althought any progressive RT construction can be adapted here, 

this scheme is similar to  the CSRT approach [14] with HBest variant and w ithout
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global Slack Removal (GSR) post processing. The major difference lies in the order 

of unconnected sinks to  be chosen to  connect to  the tree: We choose the most critical 

sink th a t minimize the delay violation whereas GSR chooses sink which minimizes 

the tree delay is chosen. Our preliminary experiments indicated slight improvement 

with our scheme.

For a partially constructed tree with i pins, the maximum number of edges is 

2i — 3 and the remaining number of pins is n — i where n  is the to ta l number of pins. 

The possible perm utations of tree to  connect the rest of the pins can be expressed as:

n

£ ( 2 i - 3 ) ( n - i )  (3.2)
%=1

Hence, the complexity of the RT construction algorithms is 0 ( n 3) due to  the inner 

search loop for the most critical pin.

The connection of a sink to  an existing tree edge is obtained using the hanan-point 

[12] to  achieve the secondary objective: length minimization. Hanan-point simply 

says th a t the optimal Steiner point location which minimizes the to tal tree length 

is the median of the three node coordinates as shown in Figure 3.6. Let euj  be an 

existing edge connecting up and down nodes; and and y, be the x and y coordinates 

of the node i, respectively. Let st = (m edian(xu, x n, Xd), m edian(yu, yn, y<i))\ be the 

Hanan point, i.e., the new Steiner location. The optimal connection minimizing the 

to tal length is the edges, e (u ,s t), e (s t ,n ) and e(st,d )  as illustrated in Figure 3.6. If 

the Steiner point is too close to  any of the nodes, it can be joined with th a t node to 

minimize the via count. The increase in the to ta l length and change in the delay will 

be negligible. The possible results are illustrated in Figure 3.7.

Hanan-point aims to  have a minimal length tree. However, hanan-point may not
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Figure 3.5: Progressive Steiner-tree construction,
a) sink 1,2,3 are tentatively connected to  the source and delay violation is calculated, 
eo,i is chosen for i t ’s minimum delay violation.
b) sink 2 and 3 are again tentatively connected to  the only edge in the tree eo,i, sink
3 is connected to  the eo,i with the Steiner sa
c) remaining sink 2 is tentatively connected to the existing edges e0il and e0i3. sink 2
is connected to  the eaj0 with the Steiner Sf,
d) final Steiner-tree topology
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Figure 3.6: Hanan point

be optimal in terms of delay. Further optimization can be achieved by shifting the 

Steiner point closer to  the upper node (shifting the sub-tree capacitance closer to the 

driver) as shown in Figure 3.8. Our experiments show th a t the search operation of 

the non-Hanan point increases the run-tim e substantially while the improvement on 

the delay is limited. Nevertheless, It can still be applied to critical nets.

In the RT synthesis method, the prim ary objective of delay violation minimization 

is achieved by connecting sinks such th a t the maximum delay violation is minimized; 

and the secondary objective of length minimization is achieved by choosing the hanan- 

point as the Steiner point. This progressive tree construction is particularly suitable 

for our purpose. It can easily be combined with layer assignment and buffer insertion 

algorithm in a concurrent fashion since it doesn’t  modify the partially constructed 

tree topology in each step while the algorithms iteratively modifying an existing sub- 

optimal tree (such as a spanning tree) may invalidate the current buffer insertion. A 

simple example is illustrated in Figure 3.9. The new edge introduced into the tree to 

improve the tree cost invalidates the already inserted buffer.
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Figure 3.7: Possible join strategies,
a) noded is a root node (Driver or buffer output), Then direct connection of the node 
n to  the down node will provide substantial delay improvement, node is joined to  the 
tree with e(d,n).  No Steiner point is inserted.
b) manh — distance(u, st) < e, node is too close to  the upper node, node is joined to  
the tree with the e(u,n). No Steiner point is inserted.
c) manh  — distance(st, d) < e, node is too close to  the down node, node is joined to 
the tree with e(d,n). No Steiner point is inserted.
d) manh — distance(st, n) < e, node is too close to  the Steiner node, node is joined 
to the tree with e(u,n) and e(n,d). No Steiner point is inserted.
e) otherwise, node is joined to  the tree with (u , s t ), (s t ,d ) and (s t , n ). Steiner node 
at Hanan-point.
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non- hanan point (for delay improvement)
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Figure 3.8: Non-Hanan optimization

V
Sub-Optimal new connection
Tree w /buffer

Figure 3.9: Iterative methods modifying the existing tree may invalidate the buffer 
insertion

3.3 Buffer Insertion and Removal

The buffer insertion problem is NP-hard [3], heuristics [17, 5] are often employed. 

Equal distance buffer insertion generally yields good delay reduction-complexity trade­

off [23]. This is due to  the fact th a t if the distance between buffers dt is equal to  one 

other, is minimized provided th a t Y1 *s constant [51].

Interconnects in high speed VLSI circuits often fails to  meet the tim ing require­

ment even w ith the shortest distance between two pins. This is due to  the delay being 

not linear bu t quadratic with regard to  the wire length as shown in Figure 3.10. An
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Figure 3.10: a)Delay vs. Length, b) Delay vs. Length w/buffer insertion

optimal buffer insertion makes the delay linear by shielding the down stream  capaci­

tance from the driver. The buffer insertion also improves the interconnect integrity, 

noise immunity and lateral coupling capacitances. The algorithm assumes buffers 

at Steiner points and in the middle of an edge if both upper node and down node 

has already been occupied by a driver or a sink respectively. The candidate buffer 

locations on a net are illustrated in Figure 3.11. Long edges requiring more than  one

Candidate Buffer location 

already inserted buffer 

pin

steiner node

Figure 3.11: Candidate buffer locations

buffer is autom atically segmented into smaller edges once a buffer is inserted on the 

edge. Realize th a t, a t this stage, routing of the edges is not known; hence, the exact
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i I n s e r tB u f  fe r (N)
2 begin
3 bestDV = I N F
4 bestEdge — f
5 inserted — T  rue
6 while (DV(N)  > 0 and inserted)
7 foreach edge e E N
8 b = I n s e r tB u f  ferAtEdge(N, e)
9 awe(N)

10 if (DV(N)  < 0.9 * bestDV)
11 bestEdge = e
12 bestDV =  D V(N )
13 inserted = true;
14 RemoveBuf f e r ( N , b)
15 I n s e r tB u f  ferAtEdge(N, bestEdge)
16 end

Figure 3.12: Buffer Insertion

locations of the inserted buffers are unknown. Once the routing is done, exact buffer 

locations can be fixed.

The algorithm inserts a buffer which maximizes the delay violation reduction by 

evaluating delay reduction with respect to  possible buffer locations. The algorithm 

evaluates buffer locations a t Steiner points as well as on routing segments.

The overall combined buffer insertion algorithm consist of two phases. During 

the first phase, InsertBuffer, buffers are inserted for critical nets in the netlist. The 

second phase, where excessive buffers are removed as shown in Figure 3.18 (lines 25- 

29), re-optimizes the RTs by further trading off performance against power. At each 

iteration during the first phase, a buffer is tentatively inserted into each candidate 

buffer location. The buffer location with the best delay violation improvement is 

chosen. The iteration loop stops when the amount of delay improvement is below a 

preset threshold for all possible buffer locations, or the timing constraints for the net
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are met. W hen the first phase is completed, the second phase starts by re-visiting 

every net once to  perform further performane power and delay trade-off. This is a 

desirable step due to  the fact th a t inserted buffers on a partially built tree may be 

suboptimal after the rest of the tree is completed. The complexity of the overall 

buffer insertion algorithm is O(n).

3.4 Layer Assignm ent

Multiple layers are reserved for the routing in VLSI chips. The properties of the 

routing layers vary greatly layer by layer forcing GRs to  take the layers into account. 

Layer assignment of nets can be used to  improve routing quality in three ways:

•  Delay for the same length wires is better on the upper layers. Hence, critical 

nets can be assigned to the upper layers to  improve timing.

•  Coupling can be significantly less between layers. Therefore, crosstalk can be 

reduced by placing high-interference nets into separate layers.

•  If a routing area on a particular layer is congested, some nets can be assigned 

to  a different layer to  reduce the congestion.

Although the accurate timing, congestion and cross-talk information are not available 

prior to  routing, an estim ated metric can be used to  assign a net to  a layer to  improve 

the routing. Our algorithm uses estim ated layer usage to calculate the utilization of 

layer. Layer usage is defined as:

Ui = Y ,  b\/P itchl +  X  4
ieB j e N + s

(3.3)
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The layer usage incurred from blockages is calculated as the sum of the track lengths 

covered by the blockage. The b\ is the area of the blockage i a t layer I. The pitch1 is 

the distance between routing tracks a t layer I. The layer usage incurred from existing 

routing N  and current routing S  is calculated by adding the horizontal (or vertical) 

distance d) of the ST edges of each net.

1 Layer A ssignm en t(S )
2 do
3 x  =  S.endQ
4 y = x -  1
5 do
6 X  = x  — 1
7 y = y -  i
8 II

9 if DVX < DVy
10 swap(x, y)
11 elsif x  and v are on neighboring layers
12 i f  uix > i t * u iy
13

14 elsif Uix < 0.9 * Uiy
15 lX ly
16 elsif m ax(D V ri„,DVyir ) < m ax(D V x,DV„
17 swap(x, y)
18 while v S.beainO
19 while swavved

Figure 3.13: Performance-driven layer assignment

The algorithm in Figure 3.13 uses timing-driven bubble sort list as shown in Figure 

3.14 to assign the critical nets to  the upper layers. The layer usage is distributed 

among layers to prevent the crowding of one layer. Initially, all the nets are randomly 

inserted in a list. At each iteration of the bubble sort, two neighboring net is compared 

such that:

•  If the layer assignment of both net is the same, the net w ith the higher delay
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Figure 3.14: Layer assignment, a)Bubble sort list, b) Timing-Driven Swap operation 

violation bubbles-up and vice versa.

•  If the nets are in different layers, layer usages are first compared:

— if the upper layer’s usage is bigger than  lower layer’s usage, both net are 

assigned to  the lower layer and vice versa.

-  If the layer usage is similar, then swap is done tentatively to  compare the 

maximum delay violation. The best delay violation case is chosen for the 

perm anent assignment.
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Figure 3.15: DV sort list for layer assignment

Some possible swap cases for the bubble sort are illustrated in Figure 3.14 (b). The 

process is repeated until there is no legal swap left in the list. Realize th a t layer 

change of a net only occurs on one layer of the layer-pair assigned to  the net. For 

example, if neta is assigned to the METAL3-METAL4 and net/, is assigned to the 

METAL4-METAL5, after the swap neta is assigned to  the METAL4-METAL5 and 

netb is assigned to  the METAL3-METAL4. Thus, only METAL3 and METAL5 usage 

is compared since METAL4 is common on both net’s layer assignments.

Fig 3.13 gives the layer assignment algorithm. The resulting layer assignment 

moves critical nets to  the upper m etal layers. However, this is counter balanced by 

the requirement th a t the layer usage distribution be as homogeneously as possible 

among different layers to obtain less coupling and less congestion when the routing is 

actually performed. It is worth noting th a t nets in the list are swapped throughout 

the routing process in concurrent fashion with repeater insertion and RT construction.

Althgouht the worst case complexity of the sort algorithm is 0 ( n 2), sort is usually 

completed around O(n) except during the first iteration where nets are randomly 

inserted into the list since delay (hence criticality) is unknown initially. In the sub­

sequent iterations, list is mostly sorted and swap operation doesn’t  occur frequently.
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3.5 Sim ultaneous Perform ance-Driven

Buffered R outing-Tree C onstruction  

w ith Layer Assignm ent

To achieve the best overall result, three separate steps namely RT construction, layer 

assignment and buffer insertion, are combined to  achieve concurrency. Simultaneous 

RT construction, layer assignment and buffer insertion enables the algorithm better 

optimize the tree topology. A simple example is given in Figure 3.16. The buffer 

inserted into the partial tree in Figure 3.16 (b) enables the next connection to  better 

location reducing the tree cost. The intuition of simultaneous algorithm is th a t when 

the buffer insertion and layer assignment is applied to  the partial tree, It will update 

the tim ing of the partially constructed tree allowing the next sink to connect to  a 

better location. In other words, the performance-driven RT construction algorithm 

tends to  connect each sink closer to  the source in order to obtain the positive slack, 

possibly increasing the to tal tree length. By inserting buffers or improving the delay 

of the tree by layer assignment, sinks can now connect to  the lower edges in the tree 

topology (or a closer edge to  the sink), effectively reducing the to ta l tree length.

As shown in the flow chart of the combined algorithm in Figure 3.17, initially 

all the nets are distributed randomly among layers. At each iteration, only one 

unconnected sink is joined to  the partial tree and the delay violation is computed 

for each net. It is followed by layer assignment using the bubble sort to  assign the 

critical nets to the upper layers. During buffer insertion, only one buffer is inserted to  

each net with a delay violation after layer assignment. Layer assignment and buffer 

insertion are repeated until no buffer can be inserted. Next iteration starts the process
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^  O Sink

Driver side
 Q  Sink
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O  Sink 
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b)

Figure 3.16: a) RT construction followed by buffer insertion, b) Concurrent imple­
m entation enables further optimization

again with the next unconnected sink is joined to  the tree. Algorithm stops when all 

the sinks are connected and all the RTs are completed.

3.6 Tw o-Bend Global R outing w ith M IP, A Pre- 

R outer

The algorithm accepts pre-constructed STs as input and centers on optimizing con­

gestion with little deviation from original RTs as possible. In general, a MIP routing 

pre-calculates all possible RTs Xj: for net i, and a 0-1 variable x] represents each tree
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Figure 3.17: Simultaneous performance-driven buffered routing-tree with layer as­
signment

j  for the net in MIP model:

min W  

subject to:

^  x{ = 1, for each net i
jeTi

y~~] x{ < W ,  for each routing segment m

(3.4)

XT, € {0, 1}
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1 LABI(S)
2 b eg in
3 S  = All Nets
4 InitialLayerAssignment(S)
5 nnet = unconnectedSinks(net), net £ S
6 w hile (nnet\ = <j>, V net £ S)
7 #S tart BuildPartialTree
8 foreach net £ S
9 m net = partialTree(net)

10 nnet = unconnected,Sinks(net)
11 if  (net is critical)
12 s = criticalSink(mnet,nnet)
13 e lse
14 s = minLengthSink(mnet,n net)
15 n i n e t  — m n e t  T  55

tO  l ln e t  — S,

17 GrowTree(mnet, s)
18 #End BuildPartialTree
19 do
20 AdjustLayer Assignment{S)
21 foreach net 6 S
22 mnet — BldpartialTree(net)
23 InsertB u f fer(m net)
24 w hile (Buffer inserted for any net in S)
25 foreach net G S
2 6  foreach buf £ net
2 7  RemoveBu f  fer(net, bu f )

28  i f  (D V net >  0 )

29 ReinsertBuf fer(net, buf)
30  end

Figure 3.18: Simultaneous buffered routing tree construction with layer assignment

where Tj is the set of two-bend paths for net i, and S m is the set of RTs passes through 

routing segment m. The MIP optimization engine minimizes the maximum congestion 

W  (objective) such th a t only one RT is chosen for each net. A few drawbacks are 

observed:

•  The delay of the possible RTs is not accounted for in the MIP model, resulting 

in unpredictable RT delay.

•  The MIP size and the run-tim e increases dramatically when all possible routes
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are considered.

•  The MIP routing minimizes the maximum congestion which fails to  distribute 

the congestion homogenously. Thus, if there is a high demand area in the 

routing region, this high demand area will effectively set the lower limit of the 

objective; remaining routing areas will be left suboptimal.

To overcome the run-tim e bottle neck, divide-and-concur type hierarchic methodolo­

gies [2] are used. However, these heuristics yield suboptimal solutions and fail to  

optimize congestion adequately since optimization occurs only on a portion of the 

routing area. To overcome the sub-optimality of the hierarchical routing, we use a 

simplified MIP routing as a pre-router to  optimize the congestion globally. A new 

aggressive congestion optim ization m ethod using zero-slack values is also introduced 

to further optimize the congestion for each routing segment to  obtain the homogenous 

congestion distribution. Our m ethod also improves on the run-time by only modeling 

the flexibilities of the RT edges (up to  two-bend paths) rather than  all the possible 

RTs as in the traditional M IP routers. Two additional side benefits are include:

•  There is no need to  pre-calculate all the possible RTs. Only the most optimal 

RT generated by the RT construction algorithm is used in the routing, further 

reducing the runtime for the RT construction algorithm.

•  The resulting RT delay stays true to  the initial RT delay due to  the fact th a t 

the flexibilities are only used for the routing.

Moreover, since this is a pre-routing step, the tile size is much larger than  the tile 

size used for the actual routing to  provide the enough flexibility for the actual routing 

stage, reducing the MIP problem size further.
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Figure 3.19: Two-Bend routing flexibilities

3.6.1 M IP  R ou tin g  M odel

The algorithm takes the performance-driven buffered R T  with layer assignment output 

and models each edge in the RT using 2-bend flexibilities as shown in Figure 3.19. 

The MIP routing model is constructed as:

min W  

subject to:

x{ = 1. for each wire i (Wire Constraints) (3.5)
jeTi

x{ < W ,  for each routing segment m  (Routing Constraints)
tieS 'm

xj e  {0,1}

Where x{ is a 0-1 variable representing each 2-bend path  j  for wire i, T, is the set of 

2-bend paths for the same wire, S m is the set of 2-bend paths going throught routing 

segment m,  and W  is the maximum congestion (objective) . The wire constraints 

here allows only one path  per wire, while the routing constraints keeps the flow below
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Routing Segment 
Track Capacity=C

A/2

Tile

Figure 3.20: Effective capacity of routing segment is reduced by blockages

maximum congestion (objective). Left side of the routing constrains is called flow 

and represents the number of wires assigned to the tile boundary. Although the MIP 

model in Equation 3.5 looks similar to  the traditional MIP routing model in Equation 

3.4, each 0-1 variable at, in our model represents a 2-bend routing flexibility for a edge 

rather than  a pre-calculated whole RT.

3.6 .2  B lockage H andling

In a typical routing area, at each layer, some areas are blocked for global routes 

such as clock and power. The proposed m ethod incorporates these blockages into the 

routing constraints as existing flows in each tile.

In addition to the number of tracks occupied by the blockages and existing routing, 

a routing segment’s proximity to a blockage can also reduce the effective capacity of 

the routing segment. Let be the length of the intersection line of blockage i with the 

routing segment, and a* be the intersecting area of blockage i with the tile associated 

with the routing segment as illustrates in Figure 3.20. If blockage instersect with 

routing segment, the flow on a routing segment due to  the blockages can be calculated
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as:

(3.6)

Otherwise, the flow on a routing segment due to the blockages in the vicinity can be 

estimated from the size of blockage as:

where C  is the full capacity of the routing segment, L  is the length of the routing 

segment, A  is the to ta l area of the neighboring tiles, i and j  are the intersecting 

blockages with routing segment and the intersecting blockages with neighboring tiles 

respectively. This formulation calculates an estim ated virtual flow on the routing seg­

ments incurred from the blockages. The blockages right on top of the routing segment 

directly reduce the routing capacity while the near-by blockages reduce the routing 

capacity proportional to  their size. The flow of existing routes are also calculated in 

the same fashion by converting each existing route to rectangle like the blockages. 

Now, we can safely add the calculated flow bm for the routing segment m  consumed 

by the blockages into the MIP formulation as:

b = c ^ p -
A

(3.7)

min W

subject to:

x{ — 1, for each wire i
jeTi

x{ +  bm <  W ,  for each routing segment m

(3.8)

x> E { 0 ,1 }
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In the next section, we will expand our formulation for an aggressive congestion 

optimization m ethod which can minimize congestion at each routing segment rather 

than  minimizing the maximum congestion

3.6.3 M IP  O ptim ization

In a real word environment, highly congested areas are expected. It is even highly 

possible th a t maximum congestion can exceed the routing segment capacity. As seen 

from routing constraints, once a routing segment’s flow is below maximum congestion, 

MIP optimization does not further influence the actual flow of the segment. This 

yields over-utilization of some routing segments while the others are under-utilized. 

A simple example of this situation is illustrated in Figure 3.21. The routing segment 

36 is a high demand area in the routing region, thus the solution’s lower limit is set 

to five. However, the MIP solution in Figure 3.21 (b) is a optimal feasible solution 

but is also a sub-optimal solution in term s of congestion distribution. The routing 

segments 11 and 12 are over-utilized. A better solution exists as shown in Figure 

3.21 (d). To distribute the congestion homogenously and minimize the congestion for 

each routing segment, we propose an iterative optimization m ethod using zero-slack 

constraints to  determine which routing segments can be further optimized. This is 

achieved by substituting a variable W m for the objective variable W  in the routing
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on theiobjective

c)
over-utilized

m in :1V 

subject to : 

xO : x„ + x„ + x 02 =  1 

x l : jc,° =  1

x2 : x 2° + x\ + x 2 =  1

x 3 : x° = 1

x4 : x j  =  1

x5 : x 5° = 1

x6 : x “ = 1

x7 : x 7° =  1

0 :  x 0° < IV

1 :  x "  +  jCq <  W

5 : x „ ° < W

6 :  xl, < W

7 :Xg < W

11:  Xq + Xq + X® +  x 2 V %2 W

12 t Xq + Xq + x “ + x 2 +  x j  <  IV

1 3 : x “ < IV

16 : x 2 <1V

17 :x! <W

18 :x,° < W

22 : x,2 < IV

23 : x,1 + x,2 <  IV

34 : x j  <  IV

35 : x 4° +  x 5° <  IV

36 : x 3° + x 4° + x 5° + x 6° +  x 7° <  IV

37 : x" + x 5° <  IV

Figure 3.21: a) Routing Problem with possible 2-bend paths b) MIP model c) Optimal 
MIP solution, bu t congestion is not optimized on tile boundaries 11 and 12 d) Better 
Solution
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1 O p t im i z e M I P ( M I P )
2 do
3 Optimize MIP using CPLEX Optimization Engine
4 foreach zero-slack row in the MIP
5 Set Right Hand Side to  the objective value - 1
6 if Mip is infeasible
7 then
8 Set Right Hand Side to the Objective
9 else

10 Set Right Hand Side to the Objective Value
11 while Objective  >  0

Figure 3.22: Iterative MIP optimization 

constraints and moving the inequalities to the optimization constraints'.

min W  

subject to:

=  1, for each wire i (3.9)
jeTi

y~'j x{ + bm — W m, for each routing segment m
i,jeS,„

W m < W ,  optim ization constraints 

4  G {0,1}

A slack value for a MIP constrain is defined as the difference of the bound and the 

actual value of the constraint. Hence, slack of a general MIP constraint ^  X  < Y  is 

defined as Y  — X .  Realize th a t if the slack is zero, the constraint is bounded and 

any decrease on the bound value Y  can make the MIP problem unfeasible.

The m ethod exploits this zero-slack property to  determine which routing segments 

are full and can’t be optimized further. The optimization is performed as illustrated 

in Figure 3.22 using optimization constraints as follows: At each iteration, zero-slack
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optimization constraints are in focus: A zero-slack constraint simply says th a t flow 

in th a t routing segment is equal to  the objective value. There is a possibility th a t 

the routing segment with the zero-slack value is minimized to  its absolute minimum. 

It is further examined by testing for the feasibility of the problem by tentatively 

reducing the upper limit by one. If the new MIP problem is infeasible, then the 

routing segment can’t  be optimized further. The algorithm continues to  optimize the 

rest of the routing segments with the new MIP problem. W hen the upper limit of 

the all optimization constraints becomes constant, optimization is completed. The 

following example illustrates how the zero slack values is used to  modify the MIP

model in Figure 3.21 (b) to  obtain the optim al solution in Figure 3.21 (d).

Step 1 Values:

Objective : W  =  5,

* 1 O o f  (  T*“  /y » 0  ,-v»0 ^ v .0  a v .0  /y » 0VV 11 CD . -L OCl 3  ̂ 4 ? 51 6 ̂ ^ 7 J

Routing Segments : Wr = l ,W u  =  3, W \ 2 = 3 ,W u  =  I, Wig = 1 ,^ 3 4  =

lj W 35 = 2, W36 =  5, VF37 =  2 

Zero Slack Rows : IFje <  W  

M odifications to  the M IP Problem:

W 3e <  5 — 1 : Infeasible MIP 

Set W36 <  5

Step 2 Values:

Objective : W  = 3,

Wires : 1 set (xl, x®, x®, x®, x%, Xj)

Routing Segments : W i  =  l , W n  =  3 ,W i2  =  3 , 11^3 =  l ,W i8 — 1, TV34 =
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1) W35 — 2, VF36 =  5, W37 =  2

Zero Slack Rows :Wn <  W, W 12 <  II7

M odifications to  the M IP Problem:

W n < 3 -  1 : feasible MIP 

Wy2 <  3 — 1 : feasible MIP 

Set W \\  2, W \2  ^  2

Step 3 Values:

Objective : W  = 2 ,

W / l V O C  * 1 c1 rvt" (  /y»0 /yiO /y»0 /y»0 ,-v̂ O /y»0 /y»0 \
vv 11 co . x o c t  \* ô  ̂ 1) Jb2'> 3 > 4 5  5 f 6 ̂  7/

Routing Segments : Wo =  1, Wi =  R W 5 =  l ,W n  =  2, W12 =  2, W13 

1) W ^ =  1) R 34 =  1; W35 — 2, W36 =  5, VP37 =  2 

Zero Slack Rows : W n  < W, W12 <  IP, W35 <  W, W37 <  2 

M odifications to  the M IP Problem  :

W n  <  2 -  1 : feasible MIP 

W12 <  2 -  1 : feasible MIP 

[I735 <  2 — 1 : infeasible MIP 

H 37 <  2 — 1 : infeasible MIP 

Set W n  <  1, W 12 <  1

Step 4 Values:

Objective : W  =  1,

Wires : 1 set (xq,Xi,X2 , x ° ,x \ ,x ^ ,x ^ ,X j )

Routing Segments : W 0 = l ,W i  — 1,W 5 = 1 , W n  =  l ,W i2 — 1, I p  3
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l , W l6 = 1, W 22 = 1 , w 23 = 1, W34 -  1, ^35 =  2, Wm = 5, W 37 = 2

Zero Slack Rows : W0 <  W, W t < W, W 5 < W, W n  < W, W 12 < W, W i3 < 

W, W 16 < W, W 22 < W, W 23 < W, W34 <  W

M odifications to  the M IP Problem:

Wo <  1 — 1 : infeasible MIP 

W \ < 1 — 1 : infeasible MIP 

W 5 <  1 — 1 : infeasible MIP

infeasible MIP 

infeasible MIP 

infeasible MIP 

infeasible MIP 

infeasible MIP 

infeasible MIP 

infeasible MIP

Optimization Completed; the set (x^, x®, x%, x®, x^, x^, x®) is the optimal so­

lution in Figure 3.21 (d).

W u  < 1 -  

W\2 <  1 —

Wl3 <  1 —

kPi6 <  1 — 

W 22 <  1 -  

W 23 <  1 — 

W 34 < 1 —

3.7 Network-Flow R outing

A divide-and-concur m ethod hierarchically bisects the chip area and performs the 

routing on the bisect line [2]. Hence, the routing problem becomes an assignment 

problem and can be modeled with a network-flow model which can be solved hundreds 

of times faster than  equivalent MIP model due to  the special LP structure of the 

network-flow models. Two main drawbacks of this approach are:

•  Optimization occurs only on the bisect line, resulting suboptim al solution. It
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detour

b e tte r  so lu tion

T w o -B e n d  M IP  path

a) b)

Figure 3.23: a) Suboptimal result of a divide and concur method, fails to  avoid 
blockage b) Pre-Routing, MIP routing, helps optimize congestion globally

can cause overflows and /or unnecessary detours as shown in Figure 3.23 (a). It 

fails to  avoid the blockage.

•  In general, overflow is prevented by setting the arc capacity to  the routing 

segment capacity. Thus, there is no congestion optimization, resulting in over­

utilized and under-utilized routing segments. Figure 3.24 (a) shows a possible 

sub-optimal routing assignment by a hierarchical network-flow based router. 

Although the solution is feasible and there is no overflow, it is suboptim al in 

term s of routing segment utilization.

The two-bend MIP based pre-routing mostly overcomes the first problem by opti­

mizing the congestion globally as illustrated in Figure 3.23 (b). A new iterative con­

gestion optimization m ethod using zero-slack values addresses the second problem. 

Congestion is optimized throughout the bisect line rather than  focusing on overflow 

prevention. A simple example is illustrated in Figure 3.24 (b). Via minimization is 

also addressed in the network-flow router by assigning higher cost to  bends.
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U n d er-U tilized

O v e r-u tiliz ed

B ette r Solu tion

Figure 3.24: a) Suboptimal result of network-flow router, even when there is no 
overflow, b) Better solution

3.7.1 N etw ork-F low  R ou tin g  M odel

The network model hierarchically bisects the routing area and builds a network model 

for each bisect line as shown in Figure 3.25 (a) and (b), respectively. The wires 

crossing the bisect line can be routed by assigning the wire to  a routing segment on 

the bisect line.

The network is constructed as follows:

•  The source node s is placed as the starting point of the network-flow. The 

supply value is set to  the number of nets involved in the network.

•  A routing segment node for each routing segment is inserted into the network. 

The routing segment node is connected to  the source node with the capacity 

of the routing segment. The flow value of these arcs represents the number of 

tracks occupied by the wires.

•  A wire node for each wire crossing the bisect line is inserted. The wire node is
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rou ting  segm en t nodes

wO

capIk

b !4

b !5

b)wire nodes

wO

cap/0

■1

d)

)

Figure 3.25: a) Bisecting, b) Network-flow routing model

connected to  the routing segment nodes such th a t those routing segments are the 

candidate crossing points for th a t wire. These candidate locations are dictated 

by the two-bend MIP pre-routing and the tile size used in the M IP routing 

as illustrated by grayed tiles in Figure 3.26 (a). By doing so, the network-flow 

router follows the rough path  dictated by the output of the MIP router as shown 

in grayed path  in Figure 3.26 (c). It is worth to  mention th a t the tile size in 

the MIP stage should be kept several times larger than  network-flow stage to 

provide the enough flexibility in the network-flow routing. This is due to  the 

design th a t network-flow router’s input should be the routing in a coarser scale
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from the MIP stage. The capacity of the arcs set to  1 since each wire occupies 

a singe track in the routing segment. The demand value of the wire node is also 

set to  1 to  allow the wire to  be routed.

ro u tin g  seg m en t n o d es
w ire  n o d e

1/0,

b !5

c )

Figure 3.26: a) Two-bend guide for network routing, b) Network-flow routing model 
c) After network-flow routing

The advantage of using MIP pre-routing is illustrated in Figure 3.23. W ithout the 

MIP router, network-flow can fail to  avoid the blockage in the middle in Figure 3.23 

(a). In Figure 3.21 (b), MIP guides the network-flow router through less congested 

area.

The network-flow construction is similar to  the Spatnekar’s algorithm [2]. How­

ever, our m ethod determines the possible assignments of the soft-edges by the output 

of the MIP pre-router, while the conventional m ethod extends the possible assign-
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ments until the network becomes feasible. A network-flow routing without the pre­

router can result in severe suboptim al solutions as illustrated in Figure 3.23 and Figure 

3.24. Spatnekar also introduced slideable-Steiner points by inserting a dummy node 

to represent the location of a Steiner point to  determine which side of the bisect line 

the Steiner point is at. A gain value is assigned to  each input arc of the dummy node 

as shown in Figure 2.31 to  ensure only one location of the Steiner point is chosen 

in the solution. Although slideable Steiner points exploits the flexibility of the RT 

topology to  improve congestion, their network-model with slideable Steiner points 

can not be solved by traditional network solvers. It can only be solved by a M IP or 

Fleischer-Wayne algorithm [49] which is slower than  network solvers. Therefore, their 

formulation is more in line with the multi-commodity flow formulation [44]. The dif­

ficulties with the conventional multi-commodity flow formulation are its lim itation to 

handle large problem sizes and the lack of efficient methods to  solve large problems. 

One key advantage of the network-flow model over the multi-commodity models is 

th a t it can be solved hundreds of times faster [52]. Hence, we can afford an exact 

solution, there is no need of approximation algorithms such as randomized rounding 

[44] in order to  achieve faster run times. As explained in the following sections, our 

m ethod optimizes congestion by tightening the routing segment capacities iteratively, 

while the traditional m ethod settles with no overflow on the routing segments.

3.7 .2  V ia  M in im ization

Two pins connected by a routing segment defines a bounding box. The minimum 

number of vias are inserted if the wire is routed within the bounding box. Routing 

outside the bounding box requires additional vias. Via minimization can be achieved
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bounding box
A rc C o s t fo r th is  a ss ig n m en t

w ire  node

Figure 3.27: Via minimization, a) Possible assignment, b) The cost values in the 
network model for via minimization

by assigning a cost value to  the arcs in the network model. The cost value increases for 

arcs th a t are outside the bounding box. This cost setting encourages the network to 

choose straight paths if possible. Figure 3.27 illustrates the increasing cost associated 

with arcs th a t are outside the bounding box.

3.7 .3  B lockage H andling

The number of tracks occupied by the blockages and existing routing including clock 

and power is calculated as exactly in the previous section (MIP pre-routing). Since 

these blockages reduce the capacity of the routing segments and induce extra flow, 

we set the demand at routing segment nodes to  b as calculated in Section 3.6.2. By 

doing so, a constant flow is introduced into the arcs connecting the s ta rt node to 

the routing segment nodes, effectively reducing the routing segment’s capacity. The 

modified network-flow model is shown in Figure 3.28 with blockages included.

One can directly reduce the arc capacity instead of adding the demand values, 

but it is necessary to  separate the blockage flow and actual flow for the purpose of 

network optimization m ethod introduced in the next section.
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of the blockages
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induced on this arc

cap/(

cap/0

-b2

-b3
■cap/0

-b l5

Figure 3.28: Network-flow routing model w/blockage handling, a constant flow is 
introduced to  the routing-segment arcs by the demand on routing segment nodes

3.7 .4  N etw ork  O ptim ization

A network model as described above can only aim to have no overflow on routing 

segments with the same disadvantages of the MIP routing explained in the previous 

section. It fails to  distribute the congestion more homogeneously resulting in under­

utilized and over-utilized routing segments as illustrated in Figure 3.24.

The new network optimization m ethod aims to minimize the flow on each routing 

segment in a similar iterative fashion used in the MIP pre-routing. This can be 

achieved by slowly tightening the bound of the arcs connecting from the source node 

to the routing segment nodes. At each iteration, a binary search is performed for the
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arc bounds. W hen the final solution is reached, zero-slack values are again used to 

determine which routing segment is fully utilized. Similar to  th a t in the two-bend 

MIP pre-routing, the capacity on a zero-slack arc is tentatively reduced slightly to 

further examine the feasibility. If the network is still feasible, the routing segment can 

be optimized further. Otherwise, lower and upper bounds are fixed for th a t routing 

segment and optimization continues with the other routing segments. This process 

repeats until all the arc boundaries are fixed.

Both our algorithm and the algorithm in [2] use network flow as a model for GR. 

However, significant differences exist between two approaches:

•  The possible assignment of wire to  routing segments is determined by the MIP 

router in the algorithm rather than  being determined by the bounding box 

of the wire in [2], The algorithm tends to produce a more globally optimum 

assignment in terms of congestion.

•  The implementation of slideable Steiner point in [2] results in the use of pseudo 

nodes in the network flow model. Such a model is not suitable for conventional 

network solvers such as ILOG’s solver [53]. It can only be solved by a MIP 

solver or by Fleischer-Wayne algorithm [49]. The network-flow model is simpler 

and can be solved more effectively by conventional network solvers resulting in 

a much shorter run-time.

•  The formulation in [2] aims at a feasible solution whereas our algorithm uses 

the binary search and m anipulation of LP slack values to  further optimize con­

gestion on every routing segment even if the maximum feasible congestion can 

not be further reduced.
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1 O p t im ize N e t(N E T )
2 up = I N F
3 down = 0
4 do
5 do
6 foreach unmarked arc in the Network
7 Set arc capacaity to the (up +  down) / 2
8 if Network is infeasable
9 th en

10 down = (up +  down)/2
n  e lse
12 up = (up +  dow n)/2
13 w h ile  up — down > 0
14 foreach zero-slack arc in the Network
is Set arc capaciticy to  the Objective Value - 1
16 if  Network is infeasable
17 Mark the arc as done
is w h ile # arcs  unmarked > 0

Figure 3.29: Network-flow Congestion Optimization

•  The algorithm handles blockage by adding ’’demand” values on the associated 

arcs in the network flow model. This allows us to incorporate LP slack ma­

nipulation to  further optimize congestion with a minimum impact on timing. 

The model in [2] handles blockage by setting capacity to  the associated arcs. 

If the network is infeasible, additional arcs are added to  the network until it 

is feasible. Althought Spatnekar’s model considers the congestion during net­

work building process utilizing min-cut and arc expansion, congestion is not 

considered in the network solving process. However by incorporating LP slack 

m anipulation and layer assignment tuning (discussed in the next section), han­

dling route detours due to  blockages in our algorithm takes into account both 

congestion and timing.

Realize th a t the congestion minimization is the prim ary objective while the via
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minimization is the secondary objective. Too aggressive congestion optim ization will 

render via minimization ineffective. Hence, the algorithm should stop when current 

congestion value reaches a t a certain percentage of the full routing segment capacity. 

This value can be preset depending on the designer’s preference.

3.8 QP Layer A ssignm ent Tuning

3.8.1 In trod uction

The layer assignment algorithm used in the simultaneous performance-driven buffered 

RT construction with layer assignment in Section 3.2 is done w ithout the knowledge 

of congestion and routing. Hence it is suboptim al and can cause overflows. But, it 

still greatly improves the final routing quality. W hen both the MIP routing and the 

network routing is completed, more accurate congestion information is available and 

layer assignment can be fine tuned.

This section explains the construction of the QP model and the interference metric 

used to  measure congestion and cross-talk. After solving the both the MIP model 

and the network-flow model to  obtain the result of global routes, it is possible th a t 

overflow exists. For any routing segment with overflow, a layer assignment tuning 

step is performed reduce and eliminate the amount of overflow. The layer assignment 

tuning is carried out using a quadratic programming (QP) model to  determine which 

nets should be moved to  which layer.
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Figure 3.30: Potential Cross-talk

3.8 .2  Q P M odel

The QP model incorporates the existing routing, blockage and interference between 

nets. Given two nets shown in Figure 2.9, interference between the two nets is defined 

as the ratio of the intersection area (marked B B O X a) to the bounding box area 

(marked B B O X [i,  j]). The interference between two nets is a measure of potential 

cross-talk and congestion. Nets with high interference are likely to  have more cross 

talk and routing conflict, and, therefore, should be routed on different routing layers 

if possible. In order to  take the existing routing and blockages into account, we define 

a congestion metric for use in the QP model as the ratio of the to ta l flow to the to tal 

flow capacity. Notice th a t to ta l flow already includes the blockages as virtual flows 

as explained in Section 3.6.2 and 3.7.3. Let b[ be congestion in the bounding box of 

a net i when the net is assigned to  layer I. Thus, the congestion can be calculated 

from the routing segment flows inside the bounding box of the net as:

b , =  S , K B B o x m  ( 3 1 0 )

L^keBBOX(i) CaPk

where f lo w lk is the current flow value of segment k  a t layer I and caplk is the routing 

capacity of segment k  a t layer I. Let Wij be interference metric: wj measures the ratio
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of intersecting area to  the bounding box of net i and net j .  It is simply calculated as:

where x\ set to one if net i is assigned to  layer I.

Constrains in the QP model enable each wire to  be assigned only to  one layer. 

The first term  of the objective function in Equation 3.12 minimizes the to tal con­

gestion. Hence, it a ttem pts to  assign nets to  less congested layers. The second term  

minimizes the to tal interference between nets. Therefore, resulting assignment puts 

high interference nets into different layers.

Since solving the QP model is hard because of the size of the quadratic coefficients, 

only non-critical nets from congested areas can be afforded to  be included in the QP 

model. Moreover, if all the nets were included in the QP model, the result would 

invalidate the timing-driven layer assignment performed during RT construction. The 

QP model is not designed to  be timing-driven since incorporating delay into the QP 

model would be impractical, inaccurate, and costly. The purpose of the QP layer 

assignment is to  clean-up the overflows with a minimum impact on the performance- 

driven layer assignment and the net delay.

a re a (B B O X a)
(3.11)

a r e a (B B O X  [i , j ])

The QP layer assignment model can now be constructed as:

m i n i m i z e £ *  £ ;  b\x \ +  £ i  £ z

subject to: (3.12)

(3.13)
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Figure 3.31: L Flipping

3.9 Post Processing H euristics

3.9.1 In trod uction

One of the disadvantages of the network-flow based router is tha t, even though they 

perform better a t global level, they are not able to  focus on one net at a time, causing 

overflows in local routing areas. Most of those overflows can easily be cleared by a 

series of post-processing heuristics.

In this section, we use four post-processing schema: edge flipping, detour, via pad 

elimination and maze router.

3.9 .2  E dge F lipp ing

Sometimes an overflow can easily be cleared by simply flipping an L shaped edge 

as illustrated in Figure 3.31. Naturally, the flipped L shape path  is checked for any 

overflows. Since flipping will not change the RT length, we can assume delay is not 

changed. Still a small amount of change in the delay can be expected due to the 

different sheet resistance and capacitances of the layer-pair assigned to  the L shaped
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Deto

Congested Routing Segment

Figure 3.32: Detour 

edge (horizontal length of the L shape becomes vertical and vice versa).

3.9 .3  D etou r

If a straight wire is causing overflows on a small portion of the wire segment, the 

overflowing segment can detour around congested area. This is achieved by placing a 

U shaped path  around the congested area as shown in Figure 3.32 . Note th a t detour 

will increase the overall delay of the net.

3.9 .4  V ia  P ad E lim ination

The layer assignment algorithm can assign one wire to a certain layer while the 

connecting segments of the wire can be assigned to a non-neighboring layer. The 

connection between segments is achieved by inserting a via between the inner layers 

of the edge as shown in Figure 3.33

If the layers between assigned layers contains blockages or highly congested as 

shown in Figure 3.33 (a), Via insertion may not be possible. The involved wires have 

to be reassigned to  different layers or neighboring layers to eliminate the via pad

101

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Wire Layer 6 w ire , Wi r e Layer 6 
Via

Congested Layer
Layer 5 Layer 5 

Congested Layer

Layer 5 Layei 5 
V ia 3

Wire
Layer 4 Lay e r4

Layer i  Layer J 

a) b)

Figure 3.33: a) Via pad violation on Layer 5 b) the elimination of the violation

violation as shown in Figure 3.33 (b). Our heuristic walks through each wire and 

detects those via pad violations and reassigns wires to  different layers such th a t there 

is no via pad violation and no overflow is incurred in the new layers.

3.9.5 M aze R ou ter

If everything fails, we tu rn  to  a sequential router, maze router, to  clear up the rem ain­

ing overflows. A wire segment with overflow is ripped with a slightly larger than  the 

wire segment’s length as illustrated in Figure 3.34. The maze router is then applied 

to reroute the ripped wire segments.

The maze router algorithm simply finds the shortest path between two points by 

starting a wave-front from the source node. W hen the wave-front hits the destination 

point, shortest path  is traced back connecting the two points. The cost of moving 

from one tile to  the neighboring tile is set to  1 as the distance. However, a higher 

cost is incurred for layer change to minimize the via count. The maze router used in 

the post-processing is illustrated in Figure 3.35.
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ripped wire segment

Congested Routing Segments Reroute with maze router

Figure 3.34: Ripping scheme for the maze router

1 M azeR o u ter(fro m , to)
2 path.push{ fro m )
3 w h ile  path  /
4 n  =  path.popQ
5 i f ( n  == to) E X  I T
e fo reach  successor s of n
7 cost = C o stF ro m S ta rt  +  TravelC ost
s i f  n  € path  as m
9 if  Cost(n) < C ost(m )

to path.Rem ove(m )
11 path.push(n)
12 e lse
13 path.push(n)
14 #N o  P ath  Exists ’’from” to  ”to”

Figure 3.35: Maze Routing
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3.10 Conclusions

We use a complete GR algorithm to address the various issues related to  performance 

and congestion. Most conventional m ethods ignore the layer assignment and buffer 

insertion while constructing the RT. Ignoring the impact of the layer assignment and 

buffer insertion as well as the inaccurate delay modeling can result in suboptim al RTs. 

We simultaneously applied these algorithms to  obtain a better overall RT topology. 

Our m ethod also uses the layer assignment to  improve delay, congestion and crosstalk 

avoidance. A more accurate delay calculation m ethod based on AWE is used to  obtain 

the delay violations at sinks. This delay calculation engine is used in our performance- 

driven algorithms to adequately account the DSM effects.

Poor congestion optimization of hierarchical methods can result in detours, sig­

nificantly increasing the delay and the use of routing resources. We dealt with this 

problem by a pre-router based on a simplified 2-Bend MIP routing model. This loose 

routing helps the network-router avoid blockages and congested areas which are not 

in the focus of the current hierarch level. Traditional network-flow routing models 

only focus on eliminating the overflows. They fail to  optimize congestion and results 

in over-utilized and under-utilized routing areas. We use a new congestion optimiza­

tion m ethod based on slack values of both  the MIP and the network-flow routing to 

determine which routing area can be optimized further. By doing so, congestion can 

be distributed homogeneously through the routing area. Our m ethod also takes into 

account the blockages and existing routing for real word applications.
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C hapter 4

E xperim ental R esu lts

We implemented our algorithm in C + + . It accepts the file formats from both cct 

(a commercial router) and Lef/D ef (OpenEDA Library Exchange Format/Design 

Exchange Format). A custom technology file is also used for setting the various 

param eters used in the algorithm. The technology file contains the following infor­

mation:

•  Lef/Def file names

•  cct structure, library placement, net list and design file names

•  tim ing da ta  file

•  die size

•  tile size for MIP routing

•  tile size for network-flow routing

•  order of the AWE delay calculation
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•  lump, the length of the maximum segment used for delay calculation

•  driver param eters (output resistance and capacitance)

•  sink param eters (load capacitance)

•  buffer param eters (input capacitance, output resistance and capacitance)

•  selection of routing layers

•  overrides of routing layer param eters (direction, pitch, unit resistance, capaci­

tance and inductance)

•  maze router param eters (direction change cost, layer change cost, step cost and 

wrong direction cost)

•  any additional blockages

•  selection of the nets from netlist

ILOG’s CPLEX optimization suite [52] is used as the MIP, Network and QP solver. 

A Linux workstation with 2GHz Pentium  4 and 1GB memory is used as the compute 

platform. Both real world and randomly generated layouts are used as test cases.

The following sections present the preliminary experimental results. Section 4.1 

compares the results of the simultaneous buffered RT construction with layer assign­

ment and the traditional sequential RT construction methods. Section 4.2 presents 

the congestion achieved with the optimization method.

106

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4.1 Sim ultaneous Buffered Routing-Tree C onstruc­

tion  w ith Layer Assignm ent R esults

Our algorithm was applied to  construct RTs for a subset of the global nets in a 

64-bit microprocessor core. The subset has a to ta l of 13204 unconnected nets. In 

order to  understand the behavior of the RT construction algorithm, different types 

of multiple-pin nets, i.e. 2-pin nets and 3-pin nets, were extracted from the unrouted 

nets to  form different categories for comparison. There are a to ta l of 9938 2-pin nets 

and 1339 3-pin nets. Since there are not enough nets with more than  3 pins in the 

unrouted set, 1000 randomly generated 4 to 6-pin nets were used for comparison. 

For the nets in the microprocessor core, the timing constraints were extracted from 

a static tim ing database. For randomly generated nets, the timing constraints were 

generated based on tim ing of the corresponding minimum length ST plus a random 

perturbation. The routing uses five upper metal layers.

RT constructions were performed on each set of routes. The unrouted nets of the 

microprocessor core as a whole were also considered as a test case. Since the CSRT 

m ethod [14] is a typical sequental algorithm and is widely used for RT construction, 

we compare the results from the concurrent algorithm to those from CSRT. Because 

CSRT doesn’t  include buffer insertion and layer assignment, for the sake of fairness, 

the buffer insertion algorithm is applied to the nets with delay violation at the end. 

An initial layer assignment is performed based on estimation of timing criticality of 

the nets. This is a typical flow in a highly hierarchical custom design. The initial 

layer assignment is often performed manually.

The results were compared based on the following metrics:
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•  # B  : number of buffers inserted.

•  # D V  : number of nets with delay violation.

•  m a xD V  : maximum delay violation.

•  L  : to ta l length of the RTs.

•  C P U  : CPU time.

The results in Table 4.1 show th a t the number of delay violations are consistently 

better in each test case for our algorithm. The number of buffers required for achieving 

better delay violations are also consistently less for our algorithm, ranging from 9% 

less buffers for fiP  core to  around 29% for 6-pin nets. The RT algorithm also achieved 

around 1.5% shorter overall routing tree length. For 2-pin nets, our RT algorithm 

is reduced to the traditional m ethod since there is only one possible connection for 

2-pins nets. Our algorithm performs better overall as the pin count increases. This 

is due to fact th a t critical pins are optimized early in the routing process and less 

critical pins are connected to  better locations on the existing RT later in the routing 

process.

Table 4.2 shows how the wires are distributed among layers for the /iP  core test 

case. Our algorithm yields more homegenous layer utilization. This can potentially 

yield better congestion optimization for the global routing. Since the actual routing 

has not been performed at this stage, wire lengths are used as a congestion metric 

instead of overflows on routing tiles.
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Table 4.1: Sequential and simultaneous routing tree construction results

# B # D V  maxDV  

(ps)

L

(m)

CPU

(s)
CSRT 2339 277 205 22.6 27

9938/2-pins Our Alg. 2339 277 205 22.6 40

CSRT 1129 184 208 6.5 1.9
1339/3-pins Our Alg. 979 181 201 6.4 2.8

CSRT 685 63 348 16.5 2.2
1000/4-pins Our Alg. 490 53 214 16.5 3.8

CSRT 783 53 267 19.7 3.2
1000/5-pins Our Alg. 699 40 244 19.5 4.1

CSRT 1041 56 470 23.1 7.3
1000/6-pins Our Alg. 735 41 309 22.5 8.2

13204 nets CSRT 3690 535 221 32.1 69

fiP core Our Alg. 3335 533 201 31.7 159

4.2 GR R esults

A to tal of 20 test cases are randomly generated ranging from 1000 two-pin nets to 

25000 five-pin nets in addition to a subset of the nets in a 64-bit microprocessor core. 

The timing constraints for the 64-bit microprocessor core were extracted from a static 

timing database. We obtained the tim ing requirements for the randomly generated

Table 4.2: Wire distribution

M3 M4 M5 M6 M7

CSRT 

Our Alg.

12% 28% 23% 27% 10% 

17% 22% 24% 22% 15%
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test cases by randomly deviating the actual delay of the minimal length ST by ±40%. 

Metal layers 3-7 were used for the routing except for first twelve cases where only 3 

routing layers were used. The global routing is performed on each test case both by 

our GR algorithm and the commercial CCT router from Cadence. Detailed routing 

from both our algorithm and CCT is obtained using the same DR for consistency.

CCT GR is an industry leading global router for complex macro cell based designs. 

It employs the conventional sequential rip-up and re-route strategy. It has been widely 

used for global routing of large and high performance chips such as microprocessors. 

CCT GR does layer assignment and its prim ary objective is to  achieve short wire 

length. It has a single dial for congestion control. In our experiments, the congestion 

control is set in the middle to  balance congestion and overall wire length. CCT GR 

doesn’t  handle repeaters. Therefore, repeaters were inserted after routing is completed 

using the same repeater insertion algorithm used in the RT construction algorithm.

For each test case, the following metrics were obtained for comparison:

•  Total wire length.

•  Number of delay violations.

•  Maximum delay violation.

•  Number of repeaters used.

Table 4.3 lists the comparison results in all metrics collected. The first column shows 

the test cases ranging from 1000 2-pin nets (lk2) to  25000 5-pin nets (25k5). The 

last entry in the column is a subset of global routes from a 64-bit microprocessor 

design. For each testcase, the results from CCT GR (marked ”cct” ) and from our
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GR algorithm (marked ”gr” ) are listed for comparison. The meaning of the rest of 

the columns is as follows:

•  th e  c o lu m n  m a rk e d  ” # N ” : the to ta l number of nets in the best case;

•  th e  c o lu m n  m a rk e d  ’’m ax D V ” : the maximum delay violation (negative

timing slack) th a t still exist after the DR is completed;

•  th e  c o lu m n  m a rk e d  ” L ” : the to tal route length;

•  th e  c o lu m n  m a rk e d  ” # B ” : the to ta l number of repeaters used in a given 

test case; and

•  th e  c o lu m n  m a rk e d  ” # D V ” : the number of delay violation th a t still exist 

after the DR is completed.

For randomly generated test cases, our algorithm achieved, on average, 29% reduc­

tion in number of delay violations, 20% reduction in maximum delay violation, and 

40% reduction in number of repeaters compared to  CCT. Similarly, for the micropro­

cessor case, the our algorithm achieved 20% reduction in number of delay violations, 

8% reduction in maximum delay violation, and 18% reduction in number of repeaters 

compared to  CCT. The wire length tends to  be longer th a t those produced by CCT 

while delay and power consumption (i.e the number of repeaters used) are consis­

tently better than  those produced by CCT. This is because the our GR algorithm 

can spread the routes for those nets which have a lot of positive tim ing slack while 

keeping the timing critical nets short.

We also compared the congestion distribution among routing layers as illustrated 

in Table 4.5 and Figure 4.1. The conguestion data  in Table 4.5 is calculated using 

the extracted nets routed through the tile boundary. Our algorithm generated more
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Table 4.3: Comparison of our method with cct

Test # N L

(m)

#D V maxDV

(ps)

# B

cct 1000 6.564 21 54.204 254

lk2 gr 1000 6.612 15 33.023 156

cct 1000 10.962 15 48.464 210

lk3 gr 1000 13.466 10 34.160 134

cct 1000 14.491 7 66.170 209

lk4 gr 1000 19.063 7 57.781. 129

cct 1000 17.771 11 14.548 157

lk5 gr 1000 24.896 6 15.070 97

cct 5000 33.738 122 62.133 1225

5k2 gr 5000 33.745 73 41.642. 789

cct 5000 53.903 53 47.564 1202

5k3 gr 5000 65.830 31 34.821. 711

cct 5000 72.098 39 52.121 923

5k4 gr 5000 95.783 35 22.826. 539

cct 5000 88.954 27 44.741 942

5k5 gr 5000 125.051 23 41.011. 553

unified congestion distribution reducing congested hot-spots. This is due to  two 

reasons:

•  Our algorithm tends to  find global optimal routes with good congestion planning 

through the stage-I MIP routing.

•  QP-based layer assignment allows further adjustm ent of layer assignment, tak ­

ing into account routing artifacts not foreseen during RT construction.

Less congestion can often allow wire spreading to  achieve less coupling noise and better
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a) cct vertical b) cct horizontal

c) gr vertical d) gr horizontal

Figure 4.1: Congestion Distribution

DFM. The CPU run-tim e is not compared in Table 4.3 because two algorithms were 

running on different computing platforms. For the GR algorithm running on a 2GHz 

Pentium 4 computer with 1GB memory, the runtime ranges from 17 seconds for the 

lk2 test case to 150 minutes for the 25k5 test case, and 17 minutes for the 64-bit 

microprocessor case.
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Table 4.4: Comparison of our method with cct (cont.)

Test # N L

(m)

#D V maxDV

(ps)

# B

cct 10000 66.420 281 66.637 2448

10k2 gr 10000 66.436 169 56.459. 1544

cct 10000 108.547 54 48.207 919

10k3 gr 10000 131.802 47 40.001. 494

cct 10000 145.577 45 48.888 784

10k4 gr 10000 187.936 21 15.657. 405

cct 10000 177.581 25 26.375 569

10k5 gr 10000 246.418 28 25.598. 251

cct 25000 166.592 346 61.979 2972

25k2 gr 25000 166.582 190 52.131. 1520

cct 25000 273.891 171 61.882 2588

25k3 gr 25000 330.370 139 59.771. 1400

cct 24643 370.186 88 55.980 2111

25k4 gr 24701 471.958 71 42.059. 1133

cct 23731 456.510 80 21.113 1678

25k5 gr 23884 615.289 54 27.307. 920

cpu cct 11889 33.902 595 231.953 3733

core gr 12144 33.617 473 212.015. 3065

114

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 4.5: Congestion (number of flows) Distribution between layers

Test ML3 ML4 ML5 ML6 ML7

lk2

cct
gr

11

19k

33k

32k

34k

13k

N /A

N /A

N /A

N /A

5k3

cct
gr

48

178k

283k

332k

278k

147k

N /A

N /A

N /A

N /A

10k4

cct
gr

2k

273k

746k

584k

685k

435k

13k

358k

64k

227k

25k5

cct

gl­

791k

894k

1448k

1901k

1010k

1445k

865k

1181k

626k

729k

cpu core

eet

gr

2903k

2900k

2318k

2305k

2527k

2532k

2421k

2435k

919k

914k

115

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



C hapter 5

C oncluding R em arks and Future  

W ork

5.1 Concluding Remarks

W ith the ever shrinking feature sizes along the DSM generations, the performance 

of a VLSI chip is no longer determined by gates. Interconnect delay now dominates 

the gate delay. The complexity of the today’s large VLSI chips also aggregate the 

interconnect problem. Furthermore, the interconnect optimization becoming more 

difficult due to  the large number of param eters impacting the interconnects. GR 

tools must use every available resource to  achieve successful routing in term s of de­

sign convergence. Three most effective m ethods to obtain the timing closure are the 

RT construction, layer assignment and buffer insertion. Most existing work ignores 

layer assignment, buffer insertion or both  during the RT construction. This can yield 

sub-optimal results. We combined these algorithms to  achieve the best overall re­

sult. The experiments show th a t the number of violations can be approximately 40%
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better if these algorithm ’s are applied simultaneously compared to th a t with these 

algorithms applied separately. If one or both  of the algorithms are ignored, the dif­

ference on the number of violations is much greater. This will result in overuse of 

routing resources further degrading the final routing quality. The new multi-objective 

based RT construction technique considering performance, power and congestion con­

sistently produces shorter tree length, less number of buffers and less number of delay 

violations. The higher fanout of a net, the better improvement the algorithm can 

provide.

However, the benefit of the proposed RT construction m ethod seems to  diminish­

ing as the number of pins increases. In some cases, excessive amount of buffers were 

inserted resulting in increase in power consumption. The run-tim e is also a concern 

for nets with large number of pins. This is mostly due to  the fact th a t the layer 

assignment and buffer insertion is still applied to  all the already constructed nets 

during the construction of nets with large number of pins. Hence, the long run-times 

can be reduced further by not applying the simultaneous scheme after m ajority of the 

nets are constructed.

Hierarchical routing schemes are used to  cope with the longer runtim e associated 

with multi-commodity routing models. Unfortunately, this m ethod fails to avoid 

congested areas since it only focus on a certain part of the routing area a t a time. We 

use a 2-bend MIP based pre-routing stage to  optimize the congestion globally. This 

loose routing greatly improved the final routing quality as it dem onstrated with the 

congestion histogram in Chapter 4. In general, Network-flow based routers focus on 

eliminating overflows. Thus, some routing areas are under-utilized as long as there is 

no overflow. We eliminated this problem by iteratively tightening the upper bound of 

the routing capacity until only those nets th a t can’t be assigned elsewhere are left in
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the routing area. This results in more homogenous distribution of the congestion with 

the side benefit of reducing the crosstalk. The network flow formulation is key to  allow 

such and optimization. This is one of the key differences between the conventional 

multi-commodity flow formulation and our formulation.

In MIP routing, if the routing area is sparsely congested, MIP optimization en­

gine sometimes fails to  reach the optimal solution within an acceptable run-time 

even though the very similar problem was solved in the previous iteration in a few 

milliseconds. This issue will also be investigated with the help of ILOG CPLEX 

representative.

The results from the test cases including a subset of the routes on a commer­

cial 64-bit microprocessor core show th a t our m ethod outperforms commercial CCT 

router. On average, we achieved 29% less delay violations, 40% less repeater usage on 

the resulting routing-trees, 20% less maximum delay violation and better congestion 

distribution.

5.2 Future Work

The proposed algorithm can be further improved by addressing the following short­

comings:

•  Handling restricted buffer locations: The algorithm assumes th a t buffers can 

be inserted anywhere in the layout. This is not a realistic assumption. In 

general, only certain areas are reserved for buffers called buffer farms. The buffer 

insertion algorithm should take the restricted buffer locations into account.

•  Handling buses: The nets of a bus should be routed together, since they should
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be in the same length to  obtain the same signal arrival tim e at each bit of the 

bus.

•  Many pins are not in regular square shape: We assume th a t the connection 

point is in the middle of the pin. This sometimes hurt the routing especially 

with very long rectangular pins packed together side by side.

•  Further reduction of run-time of the RT construction algorithm: As seen from 

the flow chart in Figure 3.17 of the RT construction algorithm, the main loop 

adds a sink at each iteration to  the partially constructed tree of each net, and 

the layer assignment and the buffer insertion algorithms are then applied to  all 

nets a t each iteration. Thus, if there are high-pin-count nets, the loop does 

not term inate until those high-pin-count nets are completed. This dramatically 

increases the run-time due to  the fact th a t layer assignment and buffer inser­

tion algorithms are being run on already completed nets unnecessarily during 

th a t time. In fact, even one net with a very large number of pins will cause 

the algorithm keep iterating until this net is completed. Further run-tim e im­

provement can be achieved with a clever heuristic by stopping the simultaneous 

algorithm and then starting the sequential algorithm for the rest of the partially 

constructed high-pin-count nets.
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A ppend ix  A

A bbreviations and A cronym s

CMOS complementary m etal oxide silicon

VLSI very large scale integration

DSM  deep sub-micron

AWE asymptotic waveform evaluation

M IP mixed integer problem

QP quadratic programming

LP linear programming

GR global routing or global router

D R  detailed routing or detailed router

RT routing-tree

ST Steiner-tree
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SM M  single-point moment matching 

M M M  m ulti-point moment matching 

R IC E  rapid interconnect circuit evaluator 

N IG  network interference graph 

B IN O  buffer insertion non-Hanan optimization 

CS critical sink

M R S T  minimum length rectalinear Steiner-tree

C S R T  critical sink routing-tree

S A R T  steiner AWE routing-tree

B P G  buffer planning graph

G A  genetic algorithm

D V  delay violation

R A T  required arrival time
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A p p en d ix  B  

T echnology F ile Form at

#lef/def I/O 
read lef er.lef 
write lef test.lef 
read def strapped.def 
read def routed.def 
write def test.def

#cct I/O
read str test-1000-2.str 
read lib test-1000-2.lib 
read pla test-1000-2.pla 
read net test-1000-2.net 
read dsn test-1000-2.dsn 
read timing test-1000-2.tim 
read tim test-1000-2.tim 
read rte test-1000-2.cct.rte

#various paramaters
set diearea 0 -12834 13898 0
set gcell 100 100
set gtile 10 10
set order 1
set lump 100
set driver 40 0
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set load 0.1
set buffer 0.1 40 0

#report congestion on existing routing 
report cctcong test-1000-2.cct.cong.rpt

#layer selection 
unselect layer METAL1 
unselect layer METAL2 
select layer METAL3 
select layer METAL4 
select layer METAL5 
select layer METAL6 
select layer METAL7

#layer paramaters 
set layer METAL3 res 0.5625 
set layer METAL4 res 0.38387 
set layer METAL5 res 0.236752 
set layer METAL6 res 0.1064 
set layer METAL7 res 0.041334 
set layer METAL3 cap 0.00024 
set layer METAL4 cap 0.000249482 
set layer METAL5 cap 0.00024998 
set layer METAL6 cap 0.00026654 
set layer METAL7 cap 0.000363712

#maze router settings
set maze dir_change_cost 1
set maze layer_change_cost 1
set maze step_cost 3
set maze wrong_dir_cost 4

#net selection 
unselect net shift 
unselect net nshift 
unselect net VDD 
unselect net GND 
unselect net core_clk
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#misc. opertaions for reporting
include test-1000-2.blk
init
gen_rnd_tim
write timing test-1000-2.tim
report congcct test-1000-2.gr.cong.rpt
report ccttim test-1000-2.cct.tim.rpt

#global routing 
groute

#output files 
write test-1000-2.blk 
write rte test-1000-2.gr.rte 
write grte test.grte 
write flw test.flw

exit
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A p pend ix  C 

Source C ode
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• i f n d e f  CBUFFER.H 
# d e f i n e  CBUFFER.H

• i n c l u d e  " g l o b a l .h "
•include "cnode.h"

c l a s s  C B u f fe r  : p u b l i c  CNode

protected: 
double m.load; 
public:
double loadO const { return m.load; };

v o i d  l o a d ( c o n s t  d o u b le  l o a d )  { m _ lo a d = lo a d ;} ;  
v i r t u a l  d o u b le  c a p O  c o n s t  {  r e t u r n  m . lo a d  + m .c a p ;  } ;  
p u b l i c :
C B u f f e r ( c o n s t  C P o in t  p o i n t , c o n s t  d o u b le  l o a d ) ;  
v i r t u a l  " C B u f f e r O ;
>;
• e n d i f
• i f n d e f  CCCTCOMP.H 
• d e f i n e  CCCTCOMP.H

• i n c l u d e  " g l o b a l .h "

c l a s s  CCctComp 

{
p r i v a t e :
Q S t r in g  m .nam e;
Q S t r in g  m .im ag e ;
C P o in t  m .p la c e m e n t;  
p u b l i c : / / g e t
Q S tr in g  n a m e O  c o n s t  {  r e t u r n  m .nam e; } ;
Q S tr in g  im a g e 0  c o n s t  { r e t u r n  m .im ag e ; >;
C P o in t  p la c e m e n tO  c o n s t  {  r e t u r n  m .p la c e m e n t ;  } ;  
p u b l i c : / / s e t
v o id  p l a c e ( c o n s t  d o u b le  x ,  c o n s t  d o u b le  y )  {  m .p la c e m e n t  ■ C P o i n t ( x . y ) ;  

>;
p u b l i c :
C C c tC o m p (c o n s t Q S tr in g  n am e, c o n s t  Q S t r in g  im a g e ) ;  
v i r t u a l  *C C ctC o m p ();
>;
• e n d i f
• i f n d e f  CCCTIMAGE.H 
• d e f i n e  CCCTIMAGE.H

• i n c l u d e  " g l o b a l .h "

c l a s s  C C c tP in ; 
c l a s s  C C c tK e e p o u t;

c l a s 8 C C ctIm age  
{
p r i v a t e :
Q S t r in g  m .nam e;
C P o ly  m .p o ly jb o o l  m .h a s P o ly ;
C R ect m . r e c t ;  b o o l  m .h a s R e c t ;

Q D ic t< C C c tP in >  m . p i n s ;
Q P trL is t< C C c tK e e p o u t>  m .k e e p o u t s ; 
p u b l i c : / / g e t
Q S t r in g  n am eO  c o n s t  {  r e t u r n  m .n am e ; > ;
C C c tP in *  p i n ( c o n s t  Q S t r in g  nam e) c o n s t  { r e t u r n  m .p in s  [ n a m e ] ; ) ;  
Q D ic t< C C c tP in >  p i n s O  c o n s t  {  r e t u r n  m .p in s ;  ) ;
Q P trL is t< C C c tK e e p o U t>  k e e p o u t s O  c o n s t  {  r e t u r n  m .k e e p o u ts ;  } ;  
p u b l i c : / / s e t
v o i d  s e t P o l y ( c o n s t  C P o ly . p o l y )  { m _ h a s P o ly = tru e ;  m .p o ly  = p o ly ,; } ; 
v o i d  s e t R e c t ( c o n s t  C R ect r e c t )  { m _ h a s R e c t= tru e ;  m . r e c t  = r e c t ;  > ; 
v o i d  a d d P in (C C c tP in *  p i n ) ;
v o i d  a d d K e e p o u t(C C c tK e e p o u t*  k e e p o u t )  {  m .k e e p o u t s . a p p e n d ( k e e p o u t ) ; } ;  
p u b l i c :
C C c tIm a g e (c o n s t  Q S t r in g  n a m e ) ;  
v i r t u a l  'C C c t lm a g e O  ;
>;

• e n d i f
• i f n d e f  CCCTKEEPOUT.H 
• d e f i n e  CCCTKEEPOUT.H

• i n c l u d e  " g l o b a l .h "

c l a s s  C C c tK eep o u t 
{
p r i v a t e :
Q S tr in g  m . l a y e r ;
C R ect m . r e c t ;  
p u b l i c :
Q S tr in g  l a y e r O  c o n s t  {  r e t u r n  m . l a y e r ; ) ;
C R ect r e c t O  c o n s t  { r e t u r n  m . r e c t ;  ) ;  
p u b l i c :
C C c tK e e p o u t( c o n s t  Q S t r in g  l a y e r ,  c o n s t  C R ect r e c t ) ;  
v i r t u a l  " C C c tK e e p o u tO  ;
>;
• e n d i f
• i f n d e f  CCCTLAYER.H 
• d e f i n e  CCCTLAYER.H

• i n c l u d e  " g l o b a l .h "

c l a s s  C C c tL a y e r  
{
p r i v a t e :
Q S tr in g  m .nam e; 
la y e r T y p e  m . ty p e ;
l a y e r D i r e c t i o n T y p e  m _ d i r ;b o o l  m .h a s D i r e c t i o n ;
d o u b le  m _ v id th ;b o o l  m .h a s W id th ;
d o u b le  m _ c l e a r ; b o o l  m .h a s C le a r ;
i n t  m . in d e x ;
p u b l i c : / / g e t
b o o l  h a s D i r e c t i o n O  c o n s t  {  r e t u r n  m . h a s D i r e c t i o n ;  > ; 
b o o l  h a s W id th O  c o n s t  {  r e t u r n  m .h a s W id th ; ) ;  
b o o l  h a s P i t c h O  c o n s t  {  r e t u r n  m .h a s W id th  kk  m .h a s C le a r ;  ) ;  
p u b l i c : / / g e t
l a y e r D i r e c t i o n T y p e  d i r ( )  c o n s t  { r e t u r n  m . d i r ;  } ;  
d o u b le  p i t c h O  c o n s t  { r e t u r n  m .w id th  + m . c l e a r ;  > ; 
d o u b le  w id th O  c o n s t  { r e t u r n  m .w id th ;  > ;
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i n t  i n d e x O  c o n s t  { r e t u r n  m . in d e x ;  > ; 
p u b l i c : / / s e t
v o i d  s e t T y p e ( c o n s t  l a y e r T y p e  t y p e )  {  m _ ty p e = ty p e ;> ;  
v o i d  s e t D i r e c t i o n ( c o n s t  l a y e r D i r e c t i o n T y p e  d i r )  { m _ d ir  = 
d i r ; m _ h a s D i r e c t i o n = t r u e ;} ;
v o i d  s e t W i d t h ( c o n s t  d o u b le  w id th )  { m .w id th  ■ w id th ;m _ h a s W id th = t r u e ;} ;  
v o id  s e t C l e a r ( c o n s t  d o u b le  c l e a r )  { m _ c le a r=  c l e a r ; m _ h a s C l e a r - t r u e ; } ;  
p u b l i c : / / g e t
Q S tr in g  n am eO  c o n s t  {  r e t u r n  m .n am e; } ; 
p u b l i c :
C C c tL a y e r ( c o n s t  Q S tr in g  n am e, c o n s t  i n t  i n d e x ) ;
" C C c tL a y e r O ;
>;

# e n d i f
# i f n d e f  CCCTNET.H 
# d e f i n e  CCCTNET.H

# i n c l u d e  " g l o b a l .h "

c l a s s  C C c tW ire ;

c l a s s  C C ctN et 
{
p r i v a t e :
Q S t r in g  m .nam e;
Q S t r i n g L i s t  m .p in s ;
Q P trL is t< C C c tW ire >  m .w ire s ;  
p u b l i c : / / g e t
Q S t r in g  n am eO  c o n s t  { r e t u r n  m .n am e; } ;
Q S t r i n g L i s t  p i n s ( )  c o n s t  {  r e t u r n  m .p in s ;  >;
Q P trL is t< C C c tW ire >  v i r e s O  c o n s t  {  r e t u r n  m .w ire s ;  > ; 
p u b l i e : / / s e t
v o i d  a d d P in ( c o n s t  Q S t r in g  p i n )  {  m . p i n s . a p p e n d ( p i n ) ; } ; 
v o i d  a d d W ire (C C c tW ire *  w i r e )  { m . w i r e s . a p p e n d ( w i r e ) ; >; 
p u b l i c :
C C c tN e t ( c o n s t  Q S t r in g  n a m e ) ; 
v i r t u a l  " C C c tN e tO ;
>;

# e n d i f
♦ i f n d e f  CCCTPATH.H 
♦ d e f i n e  CCCTPATH.H

♦ i n c l u d e  " g l o b a l .h "

c l a s s  C C c tP a th  
{
p r i v a t e :
Q S tr in g  m . l a y e r ;  
i n t  m .w id th ;
i n t  m _ x l,m _ y l,m _ x 2 ,m _ y 2 ;
Q S tr in g  m . p i n i ;
Q S tr in g  m _ p in 2 ; 
p u b l i c :
b o o l  i n t e r s e c t s ( C C c t P a t h  p ) ;
s t a t i c  Q P trL is t< C C e tP a th >  n o n I n P a t h s ( c o n s t  C C c tP a th  p i ,  c o n s t  C C c tP a th  

p2> ;
Q S tr in g  l a y e r O  c o n s t  { r e t u r n  m . l a y e r ;  } ;

i n t  W id th O  c o n s t  {  r e t u r n  m .w id th ;  }•; 
v o i d  p i n l ( c o n s t  Q S tr in g  p i n l )  {  m .p in i  = p i n l ;  > ;
v o i d  p i n 2 ( c o n s t  Q S tr in g  p in 2 )  { m _ p in 2  = p i n 2 ;  > ;
Q S t r in g  p i n l O  c o n s t  {  r e t u r n  m . p i n i ;  > ;
Q S t r in g  p i n 2 ( )  c o n s t  {  r e t u r n  m _ p in 2 ; > ;
i n t  x l ( )  c o n s t  {  r e t u r n  m .x l ;  >;
i n t  y l ( )  c o n s t  {  r e t u r n  m . y l ;  } ;
i n t  x 2 ( )  c o n s t  ■( r e t u r n  m_x2; )•;
i n t  y 2 ( )  c o n s t  {  r e t u r n  m_y2; >;
i n t  w id th O  c o n s t  {  r e t u r n  m _ x 2 -m _ x l; > ;
i n t  h e i g h t O  c o n s t  {  r e t u r n  m _y 2 -m _ y l; } ;
int leftO const { return : :min(m_xl,m_x2); >;
i n t  r i g h t O  c o n s t  { r e t u r n  : :m a x (m _ x l,m _ x 2 ) ; > ;
i n t  b o t to m O  c o n s t  { r e t u r n  : :m in (m _ y l ,m _ y 2 ) ; > ;
i n t  t o p ( )  c o n s t  {  r e t u r n  : :m a x (m _ y l,m _ y 2 ) ; >;
public:
C C c tP a th ( c o n s t  Q S t r in g  l a y e r ,  c o n s t  i n t  w i d th ,  c o n s t  i n t  x l ,  c o n s t  i n t  
y i ,
c o n s t  i n t  x l ,  c o n s t  i n t  y 2 ) ; 
v i r t u a l  “ C C c tP a th O ;
>;
♦ e n d i f
♦ i f n d e f  CCCTPIN.H 
♦ d e f i n e  CCCTPIN.H

♦ i n c l u d e  " g l o b a l .h "

c l a s s  C C c tP in  
{
p r i v a t e :
Q S t r in g  m .nam e;
Q V a lu e L is t<  Q P a i r< Q S tr in g ,  C R ect>  > m .p o r t s ;  
p u b l i c :
Q S t r in g  n am eO  c o n s t  {  r e t u r n  m .nam e; } ;
Q V a lu e L is t<  Q P a i r< Q S tr in g ,  C R ect>  > p o r t s O  c o n s t  { r e t u r n  m . p o r t s ;  } ; 
p u b l i c :
v o i d  a d d P o r t ( c o n s t  Q S t r in g  l a y e r ,  c o n s t  C R ect r e c t )
{ m . p o r t s .a p p e n d (  Q P a i r< Q S tr in g ,  C R e c t > : : Q P a i r ( l a y e r , r e c t )  ) ;  >; 
p u b l i c :
C C c tP in ( c o n s t  Q S t r in g  n a m e ) ; 
v i r t u a l  " C C c tP in O ;
>;

♦ e n d i f
♦ i f n d e f  CCCTWIRE.H 
♦ d e f i n e  CCCTWIRE.H

♦ i n c l u d e  " g l o b a l .h "

c l a s s  C C c tP a th ;

c l a s s  C C ctW ire

p r i v a t e :
Q S t r in g  m . p i n i ;
Q S t r in g  m .p in 2 ;
Q P trL is t< C C c tP a th >  m .p a th s ;  
p u b l i c :
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v o i d  a d d P a th (C C c tP a th *  p a t h )  {  m . p a t h s . a p p e n d ( p a t h ) ; >; 
v o i d  p i n s ( c o n s t  Q S t r in g  p i n l , c o n s t  Q S t r in g  p i n 2 ) ;  
p u b l i c :
Q P trL is t< C C c tP a th >  p a t h s ( )  c o n s t  { r e t u r n  m .p a th s ;  } ; 
p u b l i c :
C C c tW ire ( ) ;  
v i r t u a l  " C C c tW ire ( ) ;
};

• e n d i f
• i f n d e f  COMPLEX.H 
# d e f i n e  COMPLEX.H

c l a s s  co m p lex  
{
p r i v a t e :

d o u b le  r e a l p ;  
d o u b le  im ag p ; 

p u b l i c :
c o n s t  co m p lex  ft o p e r a t o r  *  ( c o n s t  c o m p lex  ft v a l u e ) ; 
c o n s t  co m p lex  ft o p e r a t o r  +■ ( c o n s t  co m p lex  ft v a l u e ) ; 
d o u b le  g e t . r e a l O  c o n s t  {  r e t u r n  r e a l p ;  }
d o u b le  g e t . i m a g O  c o n s t  { r e t u r n  im ag p ; >
c o m p le x  g e t . c o n j O  c o n s t  {  r e t u r n  c o m p le x ( r e a lp ,  - im a g p ) ;  > 

p r i v a t e :
f r i e n d  co m p lex  o p e r a t o r  * ( c o n s t  co m p lex  f t, c o n s t  co m p lex  f t ) ;
f r i e n d  co m p lex  o p e r a t o r  /  ( c o n s t  co m p lex  f t, c o n s t  co m p lex  f t) ;
f r i e n d  co m p lex  o p e r a t o r  + ( c o n s t  co m p lex  ft A, c o n s t  co m p lex  ft B)

H 1 { r e t u r n  co m p le x  ( A . r e a l p  + B . r e a l p ,  A .im ag p  + B . im a g p ) ;  }
f r i e n d  co m p lex  o p e r a t o r  -  ( c o n s t  co m p lex  ft A, c o n s t  c o m p lex  ft B) 

{ . r e t u r n  co m p lex  ( A . r e a l p  -  B . r e a l p ,  A .im ag p  -  B . im a g p ) ;  > 
f r i e n d  c o m p lex  o p e r a t o r  -  ( c o n s t  co m p lex  ft A)

{ r e t u r n  co m p le x  ( - A . r e a l p ,  -A .im a g p ) ;  } 
f r i e n d  c o m p lex  e x p ( c o n s t  co m p lex  f t ) ; 
f r i e n d  c o m p lex  p o y ( c o n s t  co m p lex  f t,  i n t ) ;  
f r i e n d  d o u b le  f a b s ( c o n s t  co m p lex  ft A)

{ r e t u r n  s q r t ( A . r e a l p * A . r e a l p  + A .im a g p * A .im a g p ) ; > 
f r i e n d  d o u b le  a r g ( c o n s t  c o m p lex  f t ) ;  
f r i e n d  c o m p lex  s q r t ( c o n s t  c o m p lex  f t ) ;  
f r i e n d  c o m p lex  c b r t ( c o n s t  c o m p lex  f t ) ;  

p u b l i c :
c o m p le x (d o u b le  r p  = 0 . 0 ,  d o u b le  i p  * 0 . 0 ) :  r e a l p ( r p ) ,  im a g p ( ip )  {> 
c o m p le x ( c o n s t  c o m p lex  ft c ) : r e a l p ( c . r e a l p ) , im a g p (c .im a g p )  {> 
v i r t u a l  " c o m p le x O  O

>;
# e n d i f
# i f n d e f  CDEF.H 
• d e f i n e  CDEF.H

• i n c l u d e  " g l o b a l .h "
• i n c l u d e  < d e f r R e a d e r .h p p >
• i n c l u d e  < d e f v W r i te r .b p p >
• i n c l u d e  < d e f w V r i t e r C a l l s .h p p >
• i n c l u d e  " c d e f g c e l l . h "

c l a s s  CDefComp; 
c l a s s  C D efP in ; 
c l a s s  C D efB lo ck ; 
c l a s s  C D efN et;

c l a s s  C D e fP a th ;

/ / d e f  i n t e r f a c e  
c l a s s  CDef 
{
p r i v a t e :  r
Q S tr in g  m . v e r s i o n S t r ; d o u b l e  m _ v e r s io n ;b o o l  m .h a s V e r s io n ;  
b o o l  m . c a s e S e n s i t i v e ;  b o o l  m .h a s C a s e S e n s i t i v e ;

Q S t r i n g .m . d i v i d e r ; b o o l  m . h a s D i v i d e r ;
Q S t r in g  m . b u s B i t ; b o o l  m .h a s B u s B it ;
Q S tr in g  m _ d e s ig n N a m e ;b o o l m .h a s D e s ig n ;

C R ec t m _ d ie A r e a ;b o o l  m .h a s D ie A re a ;  
d o u b le  m . u n i t s ;  b o o l  m .h a s U n i t s ;
C D efG C e ll m g C e l l : b o o l  m .h a s G C e ll ;
QDict<CDefCom p> m .com ps;
Q D ic t< C D efN et>  m . n e t s ;
Q D ic t< C D efN et>  m . s n e t s ;
Q D ic t< C D efP in >  m .p in s ;
Q P trL is t< C D e fB lo c k >  m .b lo c k s ;  
p u b l i c :  / / s e t
v o i d  b u s B i t ( c o n s t  Q S t r in g  b u s B i t )  {  m _ h a s B u s B i t= t r u e ; m .b u s B i t= b u s B i t ; 
v o i d  d e s i g n ( c o n s t  Q S t r in g  d e s i g n )  { 
m _ h a s D e s ig n = tru e ;m _ d e s ig n N a m e = d e s ig n ;  } ; 
v o i d  d i v i d e r ( c o n s t  Q S t r in g  d i v i d e r )  { 
m _ h a s D iv id e r = t r u e ;m _ d iv id e r = d iv id e r ; } ; 
v o i d  v e r s i o n ( c o n s t  d o u b le  v e r s i o n )  { 
m _ h a s V ? r s io n = t r u e ;m _ v e r s io n = v e r s io n ;  } ;  
v o i d  v e r s i o n S t r ( c o n s t  Q S tr in g  v e r s i o n )  { 
m _ h a s V e r s io n = t r u e ;m _ v e r s io n S t r = v e r s io n ;  } ;
v o i d  d i e A r e a ( c o n s t  d o u b le  x l ,  c o n s t  d o u b le  y l ,  c o n s t  d o u b le  x h ,  c o n s t  
d o u b le  y h )
{ m _ h a s D ie A r e a = t r u e ;m _ d ie A r e a = C R e c t ( x l ,y l , x h - x l , y h - y l ) ;
};
v o i d  c a s e S e n s i t i v e ( e o n s t  b o o l  c a s e S e n s i t i v e )
{  m _ h a s C a s e S e n s i t iv e s t r u e ; m _ c a s e S e n s i t i v e s c a s e S e n s i t i v e ; } ;
v o i d  u n i t s ( c o n s t  d o u b le  u n i t s )  {  m _ h a s U n i t s = t r u e ;m _ u n i t s = u n i t s ;  >;
v o i d  g C e l l ( c o n s t  C D efG C e ll g C e l l )  {  m _ h a s G C e ll= tru e ;m _ g C e ll= g C e ll ;  } ;
/ /  v o i d  a d d B lo c k a g e (C D e fB lo c k a g e *
p B lo c k a g e ) { m .b lo c k a g e s . a p p e n d ( p B lo c k a g e ) ; } ;
p u b l i c :  / / g e t
b o o l  h a s B u s B i tO  c o n s t  { r e t u r n  m .h a s B u s B i t ;  } ;
b o o l  h a s D e s ig n O  c o n s t  {  r e t u r n  m .h a s D e s ig n ;  } ;
b o o l  h a s D i v i d e r Q  c o n s t  {  r e t u r n  m .h a s D iv id e r ;  } ;
b o o l  h a s V e r s io n O  c o n s t  { r e t u r n  m .h a s V e r s io n ;  } ;
b o o l  h a s D ie A r e a O  c o n s t  { r e t u r n  m .h a s D ie A re a ;  } ;
b o o l  h a s C a s e S e n s i t i v e O  c o n s t  { r e t u r n  m . h a s C a s e S e n s i t i v e ;  } ;
b o o l  h a s U n i t s O  c o n s t  {  r e t u r n  m .h a s U n i t s ;  >;
b o o l  h a s G C e l lO  c o n s t  { r e t u r n  m .h a s G C e l l ;  >;
p u b l i c :  / / r e a d e r  c a l l b a c k s
f r i e n d  i n t  d e f r B lo c k a g e S ta r tC b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  i n t  n u m B lo c k a g e s , d e f iU s e r D a ta  d a t a  
);
f r i e n d  i n t  d e frB l.o c k a g e C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  d e f iB lo e k a g e *  b lo c k a g e ,  d e f iU s e r D a ta  
d a t a  ) ;
f r i e n d . i n t  d e frB lo c k a g e E n d C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  v o id *  p t r ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f rB u s B i tC b k  -
( d e f r C a l lb a c k T y p e .e  t y p e , c o n s t  c h a r *  b u s B i t ,  d e f iU s e r D a ta  d a t a
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);
f r i e n d  i n t  d e f rC o m p o n e n tS ta r tC b k
( d e f r C a l lb a c k T y p e .e  t y p e , i n t  numComps, d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e frC o m p o n e n tC b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  d e f iC o m p o n e n t*  com p, d e f iU s e r D a ta  
d a t a  ) ;
f r i e n d  i n t  defrC o m p o n en tE n d C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,v o i d *  p t r ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f r P a th C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  d e f i P a t h *  p a t h ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f r D e s ig n S ta r tC b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r *  d e s i g n ,  d e f i U s e r D a t a  d a t a  

);
f r i e n d  i n t  d e f rD e s ig n E n d C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  v o id *  p t r ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f rD ie A re a C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  d e f iB o x *  b o x ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f r D iv id e r C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r*  d i y i d e r ,  d e f iU s e r D a ta  
d a t a  ) ;
f r i e n d  i n t  d e frC o m p o n e n tE x tC b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r *  co m p E x t, d e f iU s e r D a ta  
d a t a  ) ;
f r i e n d  i n t  d e f rG ro u p E x tC b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r *  g ro u p E x t ,  d e f iU s e r D a ta  
d a t a  ) ;
f r i e n d  i n t  d e f rN e tE x tC b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r *  n e t E x t ,  d e f i U s e r D a t a  d a t a  
);
f r i e n d  i n t  d e f rN e tC o n n e c t io n E x tC b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r *  n e tC o n n E x t ,  d e f iU s e r D a ta  
d a t a  ) ;
f r i e n d  i n t  d e f rP in E x tC b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r *  p in E x t ,  d e f iU s e r D a ta  
d a t a k  ) ;
f r i e n d  i n t  d e frS c a n C h a in E x tC b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r *  s c a n C h a in ,  d e f iU s e r D a ta  
d a t a  ) ;
f r i e n d  i n t  d e f rV ia E x tC b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r *  v i a E x t , d e f iU s e r D a ta  d a t a  
);
f r i e n d  i n t  d e f r F i l l S t a r t C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  i n t  n u m F i l l s ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f r F i l l C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  d e f i F i l l *  f i l l ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f r F i l lE n d C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  v o id *  p t r ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f r G c e l lG r id C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  d e f i G c e l l G r i d *  g r i d ,  d e f iU s e r D a ta  
d a t a  ) ;
f r i e n d  i n t  d e f r G r o u p s S ta r tC b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  i n t  num G roups, d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  defrG roupN am eC bk
( d e f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r *  g r o u p ,  d e f iU s e r D a ta  d a t a  

);
f r i e n d  i n t  d e frG roupM em berC bk
( d e f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r *  g roupM em ber, d e f iU s e r D a ta  
d a t a  ) ;
f r i e n d  i n t  d e frG ro u p C b k

( d e f r C a l lb a c k T y p e .e  t y p e ,  d e f iG r o u p *  g r o u p ,  d e f iU s e r D a ta  d a t a  

f r i e n d  i n t  d e f rG ro u p sE n d C b k
( d e f r C a l l b a c k T y p e .e  t y p e ,  v o id *  . p t r ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  in t .  d e f r H i s to r y C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r *  h i s t o r y ,  d e f iU s e r D a ta  
d a t a  ) ;
f r i e n d  i n t  d e f r C a s e S e n s i t i v e C b k
( d e f r C a l l b a c k T y p e .e  t y p e ,  i n t  c a s e S e n s i t i v e ,  d e f iU s e r D a ta  d a t a  

f r i e n d  i n t  d e f r N e t S t a r t C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  i n t  n u m N ets , d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f rN e tC b k
( d e f r C a l l b a c k T y p e .e  t y p e ,  d e f i N e t *  n e t ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e frN e tE n d C b k
( d e f r C a l l b a c k T y p e .e  t y p e ,  v o id *  p t r ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f r S t a r t P i n s C b k
( d e f r C a l lb a c k T y p e .e  t y p e , i n t  n u m P in s , d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f r P in C b k
C d e f r C a l lb a c k T y p e .e  t y p e ,  d e f i P i n *  p i n ,  d e f iU s e r D a ta  d a t a  ) ;

f r i e n d  i n t  d e f rP in E n d C b k  
( d e f r C a l l b a c k T y p e .e  t y p e ,  v o id *  p t r , d e f i U s e r D a t a  d a t a  ) ;  
f r i e n d  i n t  d e f r P in P r o p S ta r tC b k
C - d e f r C a l lb a c k T y p e .e  t y p e ,  i n t  n u m P in P ro p s , d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f r P in P r o p C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  d e f iP in P r o p *  p in P r o p ,  d e f iU s e r D a ta  
d a t a  ) ;
f r i e n d  i n t  d e f rP in P ro p E n d C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  v o id *  p t r ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f r P r o p D e f S ta r tC b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  v o id *  p t r ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f rP ro p C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,d e f i P r o p *  p r o p ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f rP ro p D e fE n d C b k
( d e f r C a l l b a c k T y p e .e  t y p e ,v o i d *  p t r , d e f i U s e r D a t a  d a t a  ) ;  
f r i e n d  i n t  d e f r R e g io n S ta r tC b k
( d e f r C a l l b a c k T y p e .e  t y p e ,  i n t  n u m R e g io n s , d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f rR e g io n C b k  - '■
( d e f r C a l lb a c k T y p e .e  t y p e ,  d e f iR e g io n *  r e g i o n ,  d e f iU s e r D a ta  d a t a

f r i e n d  i n t  d e frR e g io n E n d C b k
( d e f r C a l l b a c k T y p e .e  t y p e ,v o i d *  p t r ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e frR o v C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  d e f iR o w *  ro w , d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f r S c a n c h a i n s S t a r t C b k
( d e f r C a l l b a c k T y p e . e  t y p e ,  i n t  n u m S c a n C h a in s , d e f iU s e r D a ta  d a t a  

f r i e n d  i n t  d e f rS c a n c h a in C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  d e f iS c a n c h a in *  s c a n C h a in ,
d e f iU s e r D a ta  d a t a  ) ;
f r i e n d  i n t  d e f rS c a n c h a in s E n d C b k
( d e f r C a l l b a c k T y p e .e  t y p e ,v o i d *  p t r ,  d e f iU s e r D a ta  d a t a ) ;  
f r i e n d  i n t  d e f r S l o t S t a r t C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  i n t  n u m S lo ts ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f r S lo tC b k
( d e f r C a l lb a c k T y p e .e  t y p e ,  d e f i S l o t *  s l o t ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f r S lo tE n d C b k
( d e f r C a l l b a c k T y p e .e  t y p e ,  v o id *  p t r ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f r S N e tS ta r tC b k
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( d e f r C a l lb a c k T y p e .e  t y p e , i n t  n u m S N e ts ,d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f rS N e tC b k
(  d e f r C a l lb a c k T y p e .e  t y p e ,  d e f iN e t*  s N e t ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e frS N e tE n d C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,v o i d *  p t r ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  defrT echN am eC bk
( d e f r C a l lb a c k T y p e .e  t y p e , c o n s t  c h a r *  t e c h ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f rT ra c k C b k
(  d e f r C a l lb a c k T y p e .e  t y p e ,  d e f iT r a c k *  t r a c k ,  d e f iU s e r D a ta  d a t a  
);
f r i e n d  i n t  d e f r U n i t s C b k
(  d e f r C a l lb a c k T y p e .e  t y p e ,d o u b l e  u n i t s ,  d e f i U s e r D a t a  d a t a  ) ;  
f r i e n d  i n t  d e f rV e r s io n C b k
( d e f r C a l lb a c k T y p e .e  t y p e ,d o u b l e  v e r s i o n ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f r V e r s io n S t r C b k
(  d e f r C a l lb a c k T y p e .e  t y p e , c o n s t  c h a r *  v e r s i o n ,  d e f i U s e r D a t a  d a t a
);
f r i e n d  i n t  d e f r V ia S ta r tC b k
(  d e f r C a l lb a c k T y p e .e  t y p e , i n t  n u m V ias , d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f rV ia C b k
( d e f r C a l lb a c k T y p e .e  t y p e .d e f i V i a *  v i a ,  d e f i U s e r D a t a  d a t a  ) ;  
f r i e n d  i n t  d e frV ia E n d C b k
(  d e f r C a l lb a c k T y p e .e  t y p e ,v o i d *  p t r ,  d e f iU s e r D a ta  d a t a  ) ;  

p u b l i c : / / w r i t e r  c a l l b a c k s
f r i e n d  i n t  d e fw B lo c k a g e C b k (d e fw C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e fw B u s B itC b k (d e fv C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e fw C a s e S e n s i t iv e C b k (d e fw C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  
d a t a  ) ;
f r i e n d  i n t  d e fw C o m p o n e n tC b k (d e fw C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  
);
f r i e n d  i n t  d e fw D e s ig n C b k (d e fw C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e fv D e s ig n E n d C b k (d e fw C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  
);
f r i e n d  i n t  d e f v D ie A re a C b k (d e fv C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;
f r i e n d  i n t  d e fw D iv id e rC b k (d e fw C a llb a c k T y p e .e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;
f r i e n d  i n t  d e fw E x tC b k (d e fv C a llb a c k T y p e _ e  t y p e ,  d e f i U s e r D a t a  d a t a  ) ;  
f r i e n d  i n t  d e f w G c e llG r id C b k (d e fw C a llb a c k 7 y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  

)5
f r i e n d  i n t  d e fw G ro u p C b k (d e fv C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e fw H is to ry C b k (d e fw C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e fv N e tC b k (d e fv C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e fw P in C b k (d e fv C a llb a c k T y p e _ e  t y p e ,  d e f i U s e r D a t a  d a t a  ) ;  
f r i e n d  i n t  d e fw P in P ro p C b k (d e fw C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;
f r i e n d  i n t  d e fw P ro p D e fC b k (d e fw C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;
f r i e n d  i n t  d e f v R e g io n C b k (d e fv C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e fw R o w C b k (d e fw C a llb ack T y p e_ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e fw S N e tC b k (d e fw C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e fv S c a n c h a in C b k (d e fw C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  
);
f r i e n d  i n t  d e f v T e c h C b k (d e fv C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e fv T ra c k C b k (d e fv C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f v U n i t s C b k ( d e f v C a l lb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f v V e r s io n C b k (d e fv C a llb a c k T y p e _ e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;  
f r i e n d  i n t  d e f v V ia C b k C d e fv C a llb a c k T y p e .e  t y p e ,  d e f iU s e r D a ta  d a t a  ) ;  
p r i v a t e : / / h e l p e r s  
Q P trL is t< C D e fP a th >  m .p a th s ;

p u b l i c : / / g e t

C R ect d i e A r e a O  c o n s t  { r e t u r n  m .d ie A r e a ;  } ;
d o u b le  u n i t s O  c o n s t  {  i f ( m .h a s U n i t s )  r e t u r n  m . u n i t s ;  e l s e  r e t u r n  
1000;>;
C D efG C e ll g C e l l O  c o n s t  {  r e t u r n  m _ g C e ll;  };
Q P trL is t< C D e fB lo c k >  b l o c k s O  c o n s t  {  r e t u r n  m .b lo c k s ;  } ;
Q D ie tC C D efP in>  p i n s O  c o n s t  {  r e t u r n  m .p in s ;  } ;
Q D ict<CD efCom p> co m p s ()  c o n s t  { r e t u r n  m .co m p s; >;
Q D ic t< C D efN et>  n e t s O  c o n s t  {  r e t u r n  m . n e t s ;  >;
Q D ic tcC D efN e t>  s n e t s O  c o n s t  { r e t u r n  m . s n e t s ;  } ;
CDefComp* c o m p (c o n s t  Q S t r in g  nam e) c o n s t  { r e t u r n  m .co m p s [n a m e ] ; } ; 
C D efN et*  n e t ( c o n s t  Q S t r i n g  nam e) c o n s t  { r e t u r n  m .n e t s [ n a m e ] ; } ;  
C D efN et*  s n e t ( c o n s t  Q S t r in g  nam e) c o n s t  { r e t u r n  m .s n e t s [ n a m e ] ; } ; 
C D e fP in *  p i n ( c o n s t  Q S t r in g  nam e) c o n s t  {  r e t u r n  m .p in s [ n a m e ] ; } ;  
p u b l i c :  / / i o
b o o l  l o a d ( c o n s t  Q S t r in g  f i le N a m e ) ;  
b o o l  s a v e ( c o n s t  Q S t r in g  f i le N a m e ) ;  
p u b l i c :
C D e fO ;
v i r t u a l  “ C D e fO ;

>•;
# e n d i f
# i f n d e f  CDEFBLOCK.H 
♦ d e f i n e  CDEFBLOCK.H

• i n c l u d e  " g l o b a l . h "  
c l a s s  d e f i& lo c k a g e ;

/ / d e f  b lo c k a g e  
c l a s s  C D efB lo ck

p r i v a t e :
Q S t r in g  m .la y e rN a m e ; b o o l  m .h a s L a y e r ;
Q S t r in g  m .lay e rC o m p o n e n tN a m e ;
Q S t r in g  m .p lacem en tC o m p o n en tN am e ;
Q V a lu e L is t< C R e c t>  m . r e c t s ;  
b o o l  m .h a s P la c e m e n t ;  
b o o l  m .h asC o m p o n en t;  
b o o l  m .h a s S l o t s ;  
b o o l  m . h a s F i l l s ;  
b o o l  m .h asP u sh d o w n ; 
p u b l i c : / / g e t
b o o l  h a s L a y e r O  c o n s t  {  r e t u r n  m .h a s L a y e r ;  } ; 
b o o l  h a s P la c e m e n tO  c o n s t  {  r e t u r n  m _ h a s P la c e m e n t; } ; 
b o o l  h a sC o m p o n e n tO  c o n s t  {  r e t u r n  m .h asC o m p o n en t; >; 
b o o l  h a s S l o t s O  c o n s t  { r e t u r n  m .h a s S l .o t s ;  } ; 
b o o l  h a s F i l l s O  c o n s t  { r e t u r n  m . h a s F i l l s ;  >; 
b o o l  h a s P u s h d o w n O  c o n s t  {  r e t u r n  m .h asP u sh d o w n ; >; 
i n t  n u m f te c ta n g le s O  c o n s t  {  r e t u r n  m . r e c t s . c o u n t 0 ;  ) ;  
Q V a iu e L is t< C R e c t>  r e c t a n g l e s O  c o n s t  {  r e t u r n  m . r e c t s ;  > ;
Q S t r in g  la y e rN a m e O  c o n s t  {  r e t u r n  m .la y e rN a m e ; ) ;
Q S t r in g  la y e rC o m p o n e n tN a m e O  c o n s t  {  r e t u r n  m .lay e rC o m p o n e n tN a m e ; } ;  
Q S t r in g  p lacem en tC o m p o n en tN am eO  c o n s t  {  r e t u r n  
m .p lac e m e n tC o m p o n e n tN a m e ; } ;  
p u b l i c : / / s e t
v o i d  l a y e r ( c o n s t  Q S t r in g  l a y e r )  {  m _ la y e rN a m e = la y e r ;m _ h a s L a y e r= tru e ;}  
v o id ' a d d R e c t ( c o n s t  C R ec t r )  {  m . r e c t s . a p p e n d (  r  ) ;  } ; 
v o id ' s e t F i l l s ( c o n s t  b o o l  f i l l s )  { m _ h a s F i l l s = f i l l s ;  >; 
p u b l i c :  / / i o
v o i d  d e f r ( d e f i B l o c k a g e *  b l o c k a g e ) ;
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v o id  d e f v ( ) ; 
p u b l i c :
C D e fB lo c k O ;
C D e fB lo c k (d e f iB lo c k a g e *  b l o c k a g e ) ; 
v i r t u a l  " C D e fB lo c k O ;
>;
# e n d i f
# i f n d e f  CDEFCOMP.H 
# d e f i n e  CDEFCOMP.H

• i n c l u d e  "g l o b a l . h "

c l a s s  d e f iC o m p o n e n t ;

/ /c o m p o n e n t  
c l a s s  CDefComp 
{
p r i v a t e :
Q S tr in g  m . id ;
Q S tr in g  m .nam e;
C P o in t  m .p la c e m e n t ;
p l a c e m e n tS ta tu s T y p e  m . p l a c e m e n t S t a t u s ; 
p la c e m e n tO r ie n tT y p e  m . p l a c e m e n tO r i e n t ; 
p u b l i c :  / / s e t
v o id  Id A n d N am e(co n s t Q S t r in g  i d ,  c o n s t  Q S t r in g  nam e) { m . id  -  i d ;  
m _nam e=nam e; )■;
v o id  s e t P l a c e m e n t S t a t u s ( c o n s t  p la c e m e n tS ta tu s T y p e  p l a c e m e n tS ta tu s  )

F—* { m _ p la c e m e n tS ta tu s = p la c e m e n tS ta tu s ;> ;
^  v o id  s e tP l a c e m e n t L o c a t i o n ( c o n s t  d o u b le  p la c e m e n tX ,

c o n s t  d o u b le  p la c e m e n tY , 
c o n s t  p la c e m e n tO r ie n tT y p e  p la c e m e n tO r i e n t )
{ m .p la c e m e n t .x ( p la c e m e n tX ) ;
m .p la c e m e n t .y ( p l a c e m e n tY ) ;m _ p la c e m e n tO r i e n t= p la c e m e r tO r i e n t ;> ; 
p u b l i c : / / g e t
Q S tr in g  i d ( )  c o n s t  {  r e t u r n  m . id ;  >;
Q S tr in g  n am eO  c o n s t  {  r e t u r n  m .nam e; > ;
p l a c e m e n tS ta tu s T y p e  p l a c e m e n t S t a t u s O  c o n s t  {  r e t u r n  m .p l a c e m e n tS ta tu s ;  
>;
p la c e m e n tO r ie n tT y p e  p l a c e m e n t O r i e n t 0  c o n s t  { r e t u r n  m .p l a c e m e n tO r i e n t ; 
>;
b o o l  i s U n p la c e d O  c o n s t  {  r e t u r n  m _placem entS tatus==U N PL A C E D ; } ; 
b o o l  i s P l a c e d O  c o n s t  {  r e t u r n  m _ p lacem en tS ta tu s= = P L A C E D ; } ; 
b o o l  i s F i x e d O  c o n s t  {  r e t u r n  m _ p la c e m e n tS ta tu s= * F IX E D ; } ; 
b o o l  i s C o v e r O  c o n s t  {  r e t u r n  m _ p lacem en tS ta tu s= = C Q V E R ; } ; 
d o u b le  p la c e m e n tX O  c o n s t  {  r e t u r n  m . p l a c e m e n t . x ( ) ; > ; 
d o u b le  p la c e m e n tY O  c o n s t  {  r e t u r n  m . p l a c e m e n t . y ( ) ; > ; 
p u b l i e : / / i o
v o id  d e f rC d e f iC o m p o n e n t*  com p); 
v o id  d e f v ( )  c o n s t ;  
p u b l i c :
C D efC om p(const Q S t r in g  i d ,  c o n s t  Q S t r in g  n am e);
C D efC om p(defiC om ponen t*  co m p ); 
v i r t u a l  "C D efC om pO ;
>;
# e n d i f
• i f n d e f  CDEFGCELL.H 
• d e f i n e  CDEFGCELL.H

• i n c l u d e  " g l o b a l . h ”

c l a s s  d e f i G c e l l G r i d ;

c l a s s  C D efG C e ll 
{
p r i v a t e : 
i n t  m .x ; 
i n t  m .n u m C o ls; 
d o u b le  m .x S te p ;  
i n t  m .y ; 
i n t  m .num R ovs; 
d o u b le  tn .y S te p ;  
p u b l i c : / / g e t
d o u b le  x O  c o n s t .  { r e t u r n  m .x ; 
d o u b le  y ( )  c o n s t  { r e t u r n  m .y ;  > ; 
d o u b le  x S te p O  c o n s t  {  r e t u r n  m .x S te p ;  } ; 
d o u b le  y S te p ( - )  c o n s t  {  r e t u r n  m .y S te p ;  >; 
i n t  n u m C o lsO  c o n s t  { r e t u r n  m .n u m C o ls; } ; 
i n t  num Row sO  c o n s t  {  r e t u r n  m .numRows; } ; 
p u b l i c : / / i o
v o i d  d e f r ( d e f l G c e l l G r i d *  d e f i G c e l l G r i d ) ;
v o i d  d e f v Q ;
p u b l i c :
C D e fG C e llO ;  
v i r t u a l  " C D e fG C e llO ;
>;
• e n d i f
• i f n d e f  CDEFNET.H 
• d e f i n e  CDEFNET.H

• i n c l u d e  " g l o b a l . h "  
c l a s s  d e f i N e t ;  
c l a s s  C N e tP in ; 
c l a s s  C D e fP a th ; 
c l a s s  C D efW ire ;

/ / n e t
c l a s s  C D efN et 
{
p r i v a t e :
Q S tr in g -  m .nam e;
Q S t r in g  m . n e t S t a t ;  
u se T y p e  m _ u s e ;b o o l  m .b a sU se ;
Q D ic t< C N etP in >  m .p in s ;
Q P trV e c to r< C D e fP a th >  m .p a th s ;
Q P trV e e to r< C D e fW ire>  m .w ire s ;  
p u b l i c : / / s e t
v o i d  s e tN a m e ( c o n s t  Q S t r in g  nam e) { m _name=name; } ; 
v o i d  s e t U s e ( c o n s t  u se T y p e  u s e )  {  m _ h a s U s e = tru e ; m .u s e = u s e ; } ;  
v o i d  a d d P i n ( c o n s t  Q S t r in g  i n s t a n c e ,  c o n s t  Q S t r in g  n a m e ); 
v o i d  a d d P a th (C D e fP a th *  p a t h ) ; 
p u b l i c : / / g e t
Q S t r in g  n a m e O  c o n s t  {  r e t u r n  m .nam e; } ;
u s e T y p e  u s e ( )  c o n s t  {  r e t u r n  m .u s e ;
i n t  n u m P in s O  c o n s t  {  r e t u r n  m . p i n s . c o u n t O ;  ) ;
Q D ic t< C N etP in >  p i n s ( )  c o n s t  {  r e t u r n  m .p in s ;  } ;
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C N etP in *  p i n ( c o n s t  Q S t r in g  p i n )  {  r e t u r n  m . p i n s [ p i n ] ; >; 
i n t  n u m P a th s O  c o n s t  {  r e t u r n  m . p a t h s . s i z e  0 ;  } ;
C D efP a th *  p a t h ( c o n s t  i n t  i )  c o n s t  {  r e t u r n  m . p a t h s [ i ] ; >; 
i n t  n u m W iresO  c o n s t  {  r e t u r n  m . w i r e s . s i z e O ; >;
C D efW ire*  w i r e ( c o n s t  i n t  i )  c o n s t  {  r e t u r n  m . w i r e s [ i ] ; } ;
b o o l  i s R o u te d O  c o n s t  {  r e t u r n  m _netS tat=="R O U T E D "; } ;
b o o l  i s F i x e d O  c o n s t  {  r e t u r n  m _ n e tS ta t= = " F IX E D " ; } ;
b o o l  i s C o v e r O  c o n s t  {  r e t u r n  m _ n etS ta t= ="C O V E R "; } ;
bool hasUseO const { return m.hasUse; >;
p u b l i c :  / / i o
v o i d  d e f r ( d e f i N e t *  n e t ) ;
v o id  d e fw O  c o n s t ;
p u b l i c :
C D e fN e t( c o n s t  Q S t r in g  n a m e );
C D e fN e t(d e f iN e t*  n e t ,  Q P trL is t< C D e fP a th >  p a t h s ) ;  
v i r t u a l  " C D e fN e tO ;
>;
♦ e n d if .
# i f n d e f  CDEFPATH.H 
# d e f i n e  CDEFPATH.H

♦ i n c l u d e  " g l o b a l .h "  
c l a s s  d e f i P a t h ;

/ / w i r i n g  o f  a  n e t  
c l a s s  C D e fP a th  
{
p r i v a t e :

F - 1 Q V a lu e L is t<  Q P a ir< p a th T y p e ,  v o id * >  > m .p a th ;
p u b l i c :
Q V a lu e L is t<  Q P a ir< p a tb T y p e ,  v o id * >  > ite s M  ( )  c o n s t  {  r e t u r n  m .p a th ;  >; 
p u b l i c : / / i o
v o id  d e f r ( d e f i P a t h *  p a t h ) ;  
v o id  d e f w ( )  c o n s t ;  
p u b l i c :
C D e f P a th ( d e f iP a th *  p a t h ) ;  .
v i r t u a l  'C D e f P a t h O ;
>;
♦ e n d i f
♦ i f n d e f  CDEFPIN.H 
♦ d e f i n e  CDEFPIN.H

♦ in c lu d e  " g l o b a l .h "  
c l a s s  d e f i P i n ;

/ / p i n
c l a s s  C D efP in  
{
p r i v a t e :
Q S t r in g  m .p inN am e;
Q S tr in g  m .n e tN am e ;
Q S tr in g  m _ l a y e r ; b o o l  m .h a s L a y e r ;
C R ect m .b o u n d ;
C P o in t  m .p l a c e m e n t ; b o o l  m .h a s P la c e m e n t ;  
u se T y p e  m .u s e ;  b o o l  m .h a s U s e ;
p in D i r e c t io n T y p e  m _ d i r e c t i o n ; b o o l  m .h a s D i r e c t io n ;  
p la c e m e n tS ta tu s T y p e  m . p l a c e m e n t S t a t u s ;

p la c e m e n tO r ie n tT y p e  m . o r i e n t ;  
p u b l i c : / / s e t
v o i d  S e t u p ( c o n s t  Q S t r in g  p in N am e , c o n s t  Q S t r in g  ne tN am e)
{m .pinN am e = p in N am e; m _netN am e=netN am e; } ;  
v o i d  s e t D i r e c t i o n ( c o n s t  p i n D i r e c t io n T y p e  d i r )
{ m _ h a s D ir e c t io n = t r u e  ; m _ d i r e c t i o n = d i r ; } ;
v o i d  s e t U s e ( c o n s t  u se T y p e  u s e )  { m _ h a s U s e = tru e ;m _ u s e = u s e ;} ;
v o i d  s e t L a y e r ( c o n s t  Q S t r in g  l a y e r , c o n s t  d o u b le  x l ,  c o n s t  d o u b le  y l ,
c o n s t  d o u b le  x h ,  c o n s t  d o u b le  yh )
{ m _ h a s L a y e r = t r u e ;m _ la y e r = la y e r ; m .b o u n d  =
C R e c t ( x l , y l , x h - x l , y h - y l ) ;> ;
v o i d  s e t P l a c e m e n t ( c o n s t  p la c e m e n tS ta tu s T y p e  p l a c e m e n t S t a t u s ,  
c o n s t  d o u b le  x ,  c o n s t  d o u b le  y ,  c o n s t  
p la c e m e n tO r ie n tT y p e  o r i e n t )
{ m _ h a sP la c e m e n ts t r u e ;m . p l a c e m e n tS ta tu s = p la c e m e n tS ta tu s ; 
m . p l a c e m e n t . x ( x ) ; m . p l a c e m e n t , y ( y ) ; m _ o r i e n t = o r i e n t ; } ;  
p u b l i c : / / g e t
Q S t r in g  p in N a m e O  c o n s t  { r e t u r n  m .p in N am e; } ;
Q S t r in g  n e tN a m e ()  c o n s t  { r e t u r n  m .n e tN am e ; > ;
Q S t r in g  l a y e r O  c o n s t  {  r e t u r n  m . l a y e r ;  }
d o u b le  p la c e m e n tX O  c o n s t  {  r e t u r n  m . p l a c e m e n t . x ( ) ;
d o u b le  p la c e m e n tY O  c o n s t  •( r e t u r n  m .p la c e m e n t  . y O ;

u se T y p e  u s e ( )  c o n s t  { r e t u r n  m .u s e ;  } ; 
p in D i r e c t io n T y p e  d i r e c t i o n O  c o n s t  { r e t u r n  m . d i r e c t i o n ;  >; 
p l a c e m e n tO r ie n tT y p e  o r i e n t O  c o n s t  {  r e t u r n  m . o r i e n t ;  } ; 
v o i d  b o u n d s ( d o u b le *  x l ,  d o u b le *  y l ,  d o u b le *  x h ,  d o u b le *  y h )  c o n s t  
{ * x l
= m _ b o u n d . l e f t ( ) ; * y l= m _ b o u n d .b o t to m ( ) ; * x h = m _ b o u n d .r ig h tO ; *yh= m _bound . t o p ( ) ; > ;  
p u b l i c : / / g e t
b o o l  h a s D i r e c t i o n O  c o n s t  {  r e t u r n  m . h a s D i r e c t i o n ;  } ;
b o o l  h a s U s e O  c o n s t  {  r e t u r n  m .h a s U s e ; ,} ;
b o o l  h a s P la c e m e n tO  c o n s t  { r e t u r n  m .h a s P la c e m e n t ;  } ;
b o o l  i s U n p la c e d O  c o n s t .  { r e t u r n  m .p l a c e m e n tS ta tu s  == UNPLACED; } ;
b o o l  i s P l a c e d O  c o n s t  { r e t u r n  m .p l a c e m e n tS ta tu s  == PLACED; } ;
b o o l  i s C o v e r O  c o n s t  { r e t u r n  m .p l a c e m e n tS ta tu s  == COVER;};
b o o l  i s F i x e d O  c o n s t  { r e t u r n  m .p l a c e m e n tS ta tu s  == FIXED; } ;
b o o l  h a s L a y e r O  c o n s t  { r e t u r n  m .h a s L a y e r ;  } ;
p u b l i c : / / i o
v o i d  d e f r ( d e f i P i n *  p i n ) ;  
v o i d  d e fw O  c o n s t ;  
p u b l i c :
C D e f P in ( d e f iP in *  p i n ) ;  
v i r t u a l  * 'C D e fP in ( ) ;
};
♦ e n d i f
♦ i f n d e f  CDEFWIRE.H 
♦ d e f i n e  CDEFWIRE.H

♦ i n c l u d e  " g l o b a l .h "  
c l a s s  C D e fP a th ; 
c l a s s  d e f iW i r e ;

/ / w i r i n g  o f  a  n e t  
c l a s s  C D efW ire 
{
p r i v a t e :
w ire T y p e  m .w ire T y p e ;
Q P trV e c to r<  C D e fP a th  > m .p a th s ;  
p u b l i c : / / i o
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v o id  g T i l e ( c o n s t  i n t  w i d th ,  c o n s t  i n t  h e i g h t )
{ m _ g T i l e . s e tW id th ( w id th ) ;m _ g T i l e . s e tH e ig h t ( h e ig h t ) ;m _ h a s G T i l e =  

t r u e ; } ;
v o id  o r d e r ( c o n s t  i n t  o r d e r )  {  m _ o r d e r = o r d e r ; m _ h a s O rd e r= o rd e r ; } ;  
v o id  lu m p ( c o n s t  d o u b le  lu m p ) {  m _ lu m p = lu m p ;m _ h asL u m p = tru e ;} ; 
v o id  d r i v e r ( c o n s t  d o u b le  r e s , c o n s t  d o u b le  c a p )
{ m _ d r iv e r R e s = r e s ;m _ d r iv e rC a p = c a p ;m _ h a s D r iv e r = t r u e ;> ;
v o i d  b u f f e r C c o n s t  d o u b le  l o a d . c o n s t  d o u b le  r e s , c o n s t  d o u b le  c a p )

{ m _ b u f fe rL o a d = lo a d ;m _ b u f f e r R e s = r e s ;m _ b u f f e r C a p = c a p ;m _ h a s B u f f e r = t r u e ;> ;
v o id  l o a d ( c o n s t  d o u b le  l o a d )  { m _ lo a d = lo a d ;m _ h a s L o a d = tru e ;} ;
b o o l  s e l e c t L a y e r ( c o n s t  Q S t r in g  l a y e r ) ;
b o o l  u n s e l e c t L a y e r ( c o n s t  Q S t r in g  l a y e r ) ;
v o id  a d d C e l lB lo c k ( c o n s t  Q S t r in g  l a y e r ,  c o n s t  Q S t r in g  b lk )
{ m . c e l l B l o c k s . a p p e n d ( Q P a i r < Q S tr in g ,Q S tr in g > : : Q P a i r ( l a y e r , b l k ) ) ;  
m .h a s B lo c k s  *  t r u e ; } ;
v o id  a d d T i l e B lo c k ( c o n s t  Q S t r in g  l a y e r ,  c o n s t  Q S t r in g  b lk )  
■ ( m _ t i le B lo c k s .a p p e n d ( Q P a i r < Q S tr in g ,Q S tr in g > : : Q P a i r ( l a y e r , b l k ) ) ; 
m .h a s B lo c k s  = t r u e ; } ;
v o id  u n s e l e c t N e t ( c o n s t  Q S t r in g  n e t )  {  m _ u n s e l e c t N e t s . a p p e n d ( n e t ) ; } ; 
/ /m a z e
v o i d  d i r C h a n g e C o s t ( c o n s t  i n t  c o s t )  {  m _ d i r C h a n g e C o s t= c o s t ;} ;  
v o id  la y e r C h a n g e C o s t ( c o n s t  i n t  c o s t )  {  m _ la y e rC h a n g e C o s t *  c o s t ; } ;  
v o id  s t e p C o s t ( c o n s t  i n t  c o s t )  {  m _ s te p C o s t  = c o s t ;  } ; 
v o id  w r o n g D ir C o s t ( c o n s t  i n t  c o s t )  {  m _ w ro n g D irC o s t * c o s t ;  } ;  
p u b l i c : / / g e t
C S iz e  g C e l l O  c o n s t  { r e t u r n  m .g C e l l ;  } ;
C R ect d i e A r e a O  c o n s t  { r e t u r n  m .d ie A r e a ;  } ;

H*1 C L ay e r*  l a y e r ( c o n s t  Q S t r in g  nam e) c o n s t ;
i n t  l a y e r I n d ( c o n s t  Q S t r in g  nam e) c o n s t ;  
i n t  n u m C e llO v e r f lo w s O  c o n s t ;  
i n t  n u m T ile O v e r f lo w s O  c o n s t ;  
i n t  n u m P a d V io la t io n s O  c o n s t ;
Q P o in t g p o i n t ( c o n s t  C P o in t  p )  c o n s t ;
Q R ect g r e e t ( c o n s t  C P o in t  p )  c o n s t ;
Q R ect g r e e t ( c o n s t  Q P o in t p )  c o n s t ;
Q R ect g r e c t ( c o n s t  i n t  x ,  c o n s t  i n t  y )  c o n s t ;
Q P o in t t p o i n t ( c o n s t  C P o in t  p ) c o n s t ;
Q P t r L i s t< g v i r e >  w i r e s ( )  c o n s t ;
Q D ic t< C N et>  n e t s Q  { r e t u r n  m . n e t s ;  } ;
p u b l i c :
b o o l  i n i t ( ) ;
b o o l  in i tF o r m L e f D e f 0 ;
b o o l  i n i t F r o m C c t O ;
b o o l  g e n . r n d . t i m O ;
b o o l  r o u t e O ;
v o i d  s l a b i O  ;
v o i d  r a n d t i m O ;
v o i d  b u b b le S o r t(Q V a lu e L ia t< C N e t* > f t  n e t s ) ;  
b o o l  i t e r a t e ( C N e t *  n e t ,  b o o l  m o d e ); 
b o o l  i n s e r tB u f f e r ( Q V a lu e L is t< C N e t* >  b u b b l e L i s t ) ;  
b o o l  i n s e r t B u f f e r ( C N e t *  n e t ,  b o o l  m o d e r = f a l s e ) ;

v o i d  re m o v e B u ffe rs (Q V a lu e L is t< C N e t* >  b u b b l e L i s t ) ;  
v o i d  r e m o v e B u f f e r s O ; 
d o u b le  aw e(C N et*  n e t ,  b o o l  l o g = f a l s e ) ; 
d o u b le  aw e(CN ode* n o d e ,  b o o l  l o g ) ;
d o u b le  s o lv e D e la y ( d o u b le  m omone, co m p lex  resid[M A X _O R D E R +l], 
c o m p le x  pole(M AX_ORDER+l], i n t  o r d ) ; 
p u b l i c : / / r o u t i n g  s t u f f

v o i d  i n i t ( C N e t *  n e t ) ;  
v o i d  g o ( ) ;
d o u b le *  g o m a in (Q P trL is t< g w ire > f t  w i r e s ,d o u b l e *  f i x e s ,  Q V a lu e L is t<
Q P a i r < in t ,d o u b le >  >* p o s F i x e s ) ;
v o i d  C PX buildgo(C PX E N V ptrft e n v ,  C PX L Pptr* l p ,
Q P tr L is t< g w ir e >  w i r e s ,  d o u b le *  f i x e s )  c o n s t ;  
d o u b le *  CPX optgo(C PX EN V ptrft e n v ,  CPX LPptrft l p )  c o n s t ;  
i n t  r i p u p w i r e s ( d o u b l e *  p i ,  Q P trL is t< g w ire > f t  w i r e s ) ; 
v o id  l a w i r e s O ;
v o id  l a w i r e s ( Q P t r L i s t < g w i r e >  w i r e s ) ;
Q V a lu e V e c to r<  Q V a lu e V e c to r< d o u b le >  >
g e tB lo c k a g e s g o (  Q V a lu e V e c to r<  Q P a i r < d o u b le ,d o u b le >  >4 r a t i o ,  
Q P t r L is t< g w ir e >  w i r e s )  c o n s t ;
QMap< Q P a i r < i n t , i n t > ,  d o u b le >  g e t I n t e r f e r e n c e g o ( Q P t r L i s t < g w i r e >  w i r e s )  
c o n s t ; 
v o id  n e t ( ) ; 
v o i d  n e t m a i n O ;
Q V a lu e L i s t< Q P a i r < la y e r D i r e c t io n T y p e , in t>  > c u t s O  c o n s t ;  
Q V a lu e L is t< C P a th C u t>
C P X b u ild n e t(C P X E N V p trft e n v ,  CPXNETptrft n e t ,
C L ay e r*  l a y e r ,  c o n s t  i n t  t r a c k )  ■ c o n s t ';
i n t *  C PX optnet(C PX E N V ptrft e n v ,  CPXNETptrft n e t ,
c o n s t  i n t  n u m E d g es, c o n s t  i n t  c e l lC a p )  c o n s t ;
i n t  C PX optnet(C PX E N V ptrft e n v ,  CPXNETptrft n e t ,
c o n s t  i n t  n u m E d g es , c o n s t  i n t  s t a r t ,  i n t * v a l ,  b o o l*  d o n e )
c o n s t ;
i n t  r i p u p p a t h s O ; 
v o i d  l a p a t h s O ;
v o i d  la p a th s ( Q V a lu e L i s t< Q P a i r < g w i r e * ,g p a th * >  > p a t h s ) ;
Q V a lu e V e c to r<  Q V a lu e V e c to r< d o u h le >  >
g e tB lo c k a g e s n e t ( Q V a lu e V e c to r <  Q P a ir< d o u b le ,d o u b le >  >ft r a t i o ,  
Q V a lu e L is t< Q P a i r< g w ire * ,g p a th * >  > p a t h s )  c o n s t ;
QMap< Q P a i r < i n t , i n t > ,  d o u b le >
g e t I n t e r f e r e n c e n e t ( Q V a lu e L i s t< Q P a i r < g w i r e * ,g p a th * >  > p a t h s )
c o n s t ;
v o i d  p p ( ) ;
v o i d  p p l ( ) ;
v o i d  p p 2 ( ) ;
v o i d  p p 3 ( ) ;
v o i d  p p 4 ( ) ;
v o i d  m a z e O ;
v o i d  m a z e (g w ire *  w i r e ) ;
p u b l i c : / / i o
b o o l  8 a v e B lk ( c o n s t  Q S t r in g  f i l e N a m e ) ;  
b o o l  s a v e F lo w ( c o n s t  Q S t r in g  f i le N a m e ) ;  
b o o l  r t e R e a d ( c o n s t  Q S t r in g  f i l e N a m e ) ;  
b o o l  r t e W r i t e ( c o n 8 t  Q S t r in g  f i l e N a m e )  c o n s t ;  
b o o l  g r t e W r i t e ( c o n s t  Q S t r in g  f i le N a m e )  c o n s t ;
b o o l  s a v e P i c ( c o n 8 t  Q S tr in g  f i l e N a m e ,  c o n s t  Q S t r in g  ne tN am e) c o n s t ;  
/ / b o o l  r p tC c tT im ( c o n s t  Q S t r in g  f i le N a m e )  c o n s t ;  
p u b l i c :
C G R o u te O ; 
v i r t u a l  "C G R o u te O ;
};
t e n d i f

# i f n d e f  CLAYER.H
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• d e f i n e  CLAYER.H

• i n c l u d e  " g l o b a l .h "  
• i n c l u d e  < q p a in t e r .b >

c l a s s  C L ayer 
{
p r i v a t e :
Q S t r in g  m .nam e; 
b o o l  m . s e l e c t e d ;  
i n t  m . in d e x ;
l a y e r D i r e c t io n T y p e  m _ d i r ;b o o l  m . h a s D i r e c t i o n ;  
d o u b le  m _ p i t c h ;b o o l  m . h a s P i t c h ;  
d o u b le  m _ v id th ;b o o l  m .h a s W id th ;  
d o u b le  m _ re 8 ;b o o l  m .h a s R e s ;  
d o u b le  m _ c a p ;b o o l  m .h asC ap ;
i n t m .n u m cT rack s
i n t m .n u m tT ra c k s
i n t m .n u m cE d g es ;
i n t m .n u m tE d g e s ;
i n t m .c w id th ;
i n t m . c h e i g h t ;
i n t m . tw id th ;
i n t m . t h e i g h t ;
i n t m .c e l lC a p ;
i n t m . t i l e C a p ;
C R ect m .d ie A re a ;
C S iz e  m .g C e l l ;
Q S ize  m .g T i l e ;
Q V a lu e V e c to r<  Q V a lu e V e c to r< in t>  > m .c e l l B l o c k ;  
Q V a lu e V e c to r<  Q V a lu e V e c to r< in t>  > m .c e l lF lo w ;
Q V alu e V e c to r<  Q V a lu e V e c to r< in t>  > m . t i l e B l o c k ;  
Q V a lu e V e c to r<  Q V a lu e V e c to r< in t>  > m . t i l e F l o w ;  
d o u b le  m . l e n ;  
d o u b le  m .b U sag e ; 
d o u b le  m .n U sag e ;
C L ay e r*  m .n e x t ;
C L ay e r*  m .sam eN ex t;
C L ay e r*  m .p re v ;
C L ay e r*  m .sam e P re v ; 
p u b l i c : / / g e t
b o o l  h a s D i r O  c o n s t  {  r e t u r n  m . h a s D i r e c t i o n ;  } ; 
b o o l  h a s P i t c h O  c o n s t  {  r e t u r n  m .h a s P i t c h ;  > ; 
b o o l  h a s W id th O  c o n s t  { r e t u r n  m .h a s W id th ; > ; 
b o o l  h a s R e s O  c o n s t  { r e t u r n  m .h a s R e s ;  } ;  
b o o l  h a s C a p O  c o n s t  {  r e t u r n  m .h a s C a p ;  } ; 
p u b l i c : / / g e t
Q S t r in g  n am eO  c o n s t  {  r e t u r n  m .n am e ; >;
b o o l  s e l e e t e d O  c o n s t  { r e t u r n  m . s e l e c t e d ;  > ;
i n t  i n d e x O  c o n s t  { r e t u r n  m . in d e x ;  >;
l a y e r D i r e c t io n T y p e  d i r ( )  c o n s t  { r e t u r n  m . d i r ;  > ;
d o u b le  p i t c h O  c o n s t  { r e t u r n  m . p i t c h ;  > ;
d o u b le  w id th O  c o n s t  { r e t u r n  m .w id th ;  >;
d o u b le  r e s ( )  c o n s t  { r e t u r n  m . r e s ;  } ;
d o u b le  c a p ( )  c o n s t  { r e t u r n  m .c a p ;  > ;
d o u b le  l e n O  c o n s t  {  r e t u r n  m . l e n ;  } ;
d o u b le  b U sa g e O  c o n s t  { r e t u r n  m .b U sag e ; > ;
d o u b le  n U sa g e O  c o n s t  { r e t u r n  m .n U sag e ; > ;
d o u b le  u s a g e  0  c o n s t  {  r e t u r n  m .n U s a g e / ( m . le n - m .b U s a g e ) ; >

C L a y e r*  n e x t ( c o n s t  b o o l  s a m e = f a ls e )
{ i f ( s a m e )  r e t u r n  m .sam e N e x t; e l s e  r e t u r n  m .n e x t ;  >;
C L a y e r*  p r e v ( c o n s t  b o o l  s a m e = f a ls e )
{ i f ( s a m e )  r e t u r n  m .s a m e P re v ; e l s e  r e t u r n  m .p re v ;  >;
C S iz e  g C e l l O  c o n s t  { r e t u r n  m _ g C e ll;  >;
C R ec t d ie A r e a O  c o n s t  {  r e t u r n  m .d ie A r e a ;  } ;
i n t  c e l l C a p O  c o n s t  {  r e t u r n  m .c e l lC a p ;  >;
i n t  t i l e C a p O  c o n s t  {  r e t u r n  m . t i l e C a p ;  } ;
i n t  n u m c T ra c k s ( )  c o n s t  {  r e t u r n  m .n u m cT ra c k s ; ) ;
i n t  n u m cE d g esO  c o n s t  { r e t u r n  m .n u m cE d g es; > ;
i n t  n u m tT ra c k s O  c o n s t  {  r e t u r n  m .n u m tT ra c k s ; } ;
i n t  n u m tE d g e sO  c o n s t  { r e t u r n  m .n u m tE d g e s ; }
i n t  c w id th O  c o n s t  { r e t u r n  m .c w id th ;  } ;
i n t  e h e i h t O  c o n s t  { r e t u r n  m . c h e i g h t ;  >;
i n t  c e l l B l o c k ( e o n s t  i n t  t r a c k , c o n s t  i n t  e d g e )  c o n s t
{  r e t u r n  m . c e l l B l o c k [ t r a c k ] [ e d g e ] ;
i n t  t i l e B l o c k ( c o n s t  i n t  t r a c k , c o n s t  i n t  e d g e )  c o n s t
{  r e t u r n  m . t i l e B l o c k  [ t r a c k ] [ e d g e ] ;
i n t  c e l l F l o w ( c o n s t  i n t  t r a c k , c o n s t  i n t  e d g e )  c o n s t
{  r e t u r n  m _ c e l l F l o w [ t r a c k ] [ e d g e ] ; > ;
i n t  t i l e F l o w ( c o n s t  i n t  t r a c k , c o n s t  i n t  e d g e )  c o n s t
{  r e t u r n  m _ t i l e F l o w [ t r a c k ] [ e d g e ] ; } ;
b o o l  c e l l O v e r f l o w s ( c o n s t  i n t  t r a c k ,  c o n s t  i n t  e d g e )  c o n s t  
{ r e t u r n  m . c e l l F l o w [ t r a c k ] [ e d g e ]  + m _ c e l l B l o c k [ t r a c k ] [ e d g e ]  > 
m .c e l lC a p ;  } ;
b o o l  c e l l F u l l ( c o n 8 t  i n t  t r a c k ,  c o n s t  i n t  e d g e )  c o n s t  
{  r e t u r n  m _ c e l l F l o w [ t r a c k ] [ e d g e ]  + m . c e l l B l o c k [ t r a c k ] [ e d g e ]  >= 
m .c e l lC a p ;  >;

b o o l  c e l l B l o c k e d ( c o n s t  i n t  t r a c k ,  c o n s t  i n t  e d g e )  c o n s t  
{ r e t u r n  m . c e l l B l o c k [ t r a c k ] [ e d g e ]  >= m .c e l lC a p ;  } ; 
b o o l  t i l e O v e r f l o w s ( c o n s t -  i n t  t r a c k ,  c o n s t  i n t  e d g e )  c o n s t  
{  r e t u r n  m . t i l e F l o w [ t r a c k ] [ e d g e ]  + m _ t i l e B l o c k [ t r a c k ] [ e d g e ]  > 
m . t i l e C a p ;  } ;
Q P a ir< Q R e c t,Q R e c t>  d iv id e A t T r a c k ( c o n s t  i n t  t r a c k )  c o n s t ;  
p u b l i c : / / s e t
v o i d  d i r ( c o n s t  l a y e r D i r e c t i o n T y p e  d i r )  { m _ d i r = d i r ;m _ h a s D i r e c t io n = t r u e ;} ;
v o i d  p i t c h ( c o n s t  d o u b le  p i t c h )  { m _ p i t c h = p i t c h ;m _ h a s P i t c h = t r u e ;} ;
v o i d  w i d t h ( c o h s t  d o u b le  w id th )  { m _ w id th = w id th ;m _ h a s W id th = tru e ;} ;
v o i d  r e s ( c o n s t  d o u b le  r e s )  {  m .r e s = r e s ;m _ h a s R e s = t r u e ;> ;
v o i d  c a p ( c o n s t  d o u b le  c a p )  { m _ c a p = c a p ;m _ h a sC a p = tru e ;> ;
v o i d  l e n ( c o n s t  d o u b le  l e n )  { m _ le n = le n ;} ;
v o i d  b U s a g e ( c o n s t ' d o u b le  u s g )  { m _ b U sag e= u sg ;} ;
v o i d  n U 8 a g e (c o n s t  d o u b le  u s g )  { m _ n U sag e= u sg ;> ;
v o i d  d e c n U s a g e ( c o n s t  d o u b le  u s g )  { m _ n U sa g e -= u sg ;} ;
v o i d  i n c n U s a g e ( c o n s t  d o u b le  u s g )  { m _ n U sag e+ = u sg ;} ;
v o i d  n e x t ( c o n s t  b o o l  s a m e , C L ayer*  n e x t )
{  i f ( s a m e )  m .sam eN ex t = n e x t ;  e l s e  m .n e x t= n e x t ;  >; 
v o i d  p r e v ( c o n s t  b o o l  s a m e , C L ayer*  p r e v )
{  i f ( s a m e )  m .sam e P re v  *  p r e v ;  e l s e  m _ p re v = p re v ; } ;
v o i d  c e l l B l o c k ( c o n s t  i n t  t r a c k ,  c o n s t  i n t  e d g e ,  c o n s t  i n t  b lk )
{  m _ c e l l B l o c k [ t r a c k ] [ e d g e ]  ■ b l k ;  ) ;
v o i d  t i l e B l o c k ( c o n s t  i n t  t r a c k ,  c o n s t  i n t  e d g e ,  c o n s t  i n t  b lk )
{  m _ t i l e B l o c k [ t r a c k ] [ e d g e ]  = b l k ;  } ;
v o i d  c e l l F l o w ( c o n s t  i n t  t r a c k ,  c o n s t  i n t  e d g e ,  c o n s t  i n t  f l u )
{  m _ c e l l F l o w [ t r a c k ] [ e d g e ]  *  f l w ;  > ;
v o i d  t i l e F l o w ( c o n s t  i n t  t r a c k ,  c o n s t  i n t  e d g e ,  c o n s t  i n t  f lw )
{  m _ t i l e F l o w [ t r a c k ] [ e d g e ]  -  f lw ;  } ;
v o i d  i n c C e l l F l o w ( c o n s t  i n t  t r a c k ,  c o n s t  i n t  e d g e )
{  m _ c e l lF lo w [ t r a c k ]  [ e d g e ]+ + ;  }■;



Reproduced 
with 

perm
ission 

of the 
copyright owner. 

Further reproduction 
prohibited 

without perm
ission.

v o i d  i n c T i l e F l o w ( c o n s t  i n t  t r a c k ,  c o n s t  i n t  e d g e )
{ m _ t i l e F l o w [ t r a c k H e d g e ] + + ;  > ;
v o id  d e c C e l lF lo w ( c o n s t  i n t  t r a c k ,  c o n s t  i n t  e d g e )
{ m . c e l l F l o w [ t r a c k ] [ e d g e ] — ; } ;
v o id  d e c T i l e F l o v ( c o n s t  i n t  t r a c k ,  c o n s t  i n t  e d g e )
{ m . t i l e F l o w t t r a c k ] [ e d g e ] — ; >; 
p u b l i c : / / u t i l
v o id  i n i t ( c o n s t  C R ect d i e A r e a ,  c o n s t  C S iz e  g C e l l ,  c o n s t  Q S ize  g T i l e ) ; 
v o i d  i n i t ( c o n s t  Q V a lu e L is t< C R e c t>  r e c t s ) ;  
v o i d  p a i n t ( Q P a i n t e r *  p ) ;  
p u b l i c :
f r i e n d  b o o l  o p e r a t o r ^ C c o n s t  C L a y e rk  1 1 ,  c o n s t  C L ay e rk  12 )
{ r e t u r n  1 1 .m _ in d e x ® * 1 2 .m .in d e x ; >}
f r i e n d  b o o l  o p e r a t o r < ( c o n s t  C L ay e rk  1 1 ,  c o n s t  C L ay e rk  1 2 )
{ r e t u r n  1 1 . m _ in d e x < 1 2 .m .in d e x ;  > ;
f r i e n d  b o o l  o p e r a t o r > ( c o n s t  C L ay e rk  1 1 ,  c o n s t  C L ay e rk  12)
{ r e t u r n  1 1 . m _ in d e x > 1 2 .m .in d e x ;  } ;
f r i e n d  b o o l  o p e r a t o r < = ( c o n s t  C L a y e rk  1 1 ,  c o n s t  C L ay e rk  12 )
{  r e t u r n  1 1 .m _ in d e x < = 1 2 .m .in d e x ;  ) ;
f r i e n d  b o o l  o p e r a t o r > = ( c o n s t  C L ay e rk  1 1 ,  c o n s t  C L ay e rk  12 )
{ r e t u r n  1 1 . m _ in d e x > « * 1 2 .m .in d e x ; >; 
p u b l i c :
C L a y e r ( c o n s t  Q S t r in g  n am e , c o n s t  i n t  i n d e x ,c o n s t  b o o l  s e l e c t e d ) ;  
v i r t u a l  ~ C L a y e r( ) ;
>;
# e n d i f
# i f n d e f  CLAYERPAIR.H 

I— * t d e f i n e  CLAYERPAIR.H

l̂ ’ # i n c l u d e  < s t d l i b . h >
• i n c l u d e  < q p a i r .h >  
c l a s s  C L a y e r;

c l a s s  C L a y e r P a i r  : p u b l i c  Q P a ir< C L a y e r* ,C L a y e r* >
{
p u b l i c :
C L ay e r*  1 1 ( )  c o n s t ;
C L ay e r*  u l ( )  c o n s t ;
C L ay e r*  v l O  c o n s t ;
C L ay e r*  h l ( )  c o n s t ;
C L a y e rP a irk  o p e r a t o r + + ( i n t ) ;
C L a y e rP a irk  o p e r a t o r — ( i n t ) ;
b o o l  i s N u l l O  c o n s t  {  r e t u r n  f irs t= = N U L L  kk  second==N U LL; ) ;  
f r i e n d  b o o l  o p e r a t o r = = ( c o n s t  C L a y e r P a i r k  l p l ,  c o n s t  C L a y e rP a irk  l p 2 ) ;  
p u b l i c :
C L a y e rP a ir (C L a y e r*  11=NULL, C L ay e r*  12=N U ^L);
C L a y e r P a i r ( c o n s t  C L a y e r P a i r k  l a y e r P a i r ) ;  
v i r t u a l  " C L a y e r P a i r O ;
>;
• e n d i f
• i f n d e f  CLEF.H 
• d e f i n e  CLEF.H

• i n c l u d e  " g l o b a l . h "
• i n c l u d e  < l e f r R e a d e r .h p p >
• i n c l u d e  < l e f v W r i t e r .b p p >
• i n c l u d e  < l e f v V r i t e r C a l l s .h p p >

c l a s s  C L e fL a y e r;  
c l a s s  C L efM acro ; 
c l a s s  C L e fV ia ;

c l a s s  CLef

p r i v a t e :
d o u b le  m . v e r s i o n ;  Q S t r in g  m . v e r s i o n S t r ;  b o o l  m .h a s V e r s io n ;  
b o o l  m . c a s e S e n s i t i v e ;  b o o l  m .h a s C a s e S e n s i t i v e ;
Q S t r in g  m . b u s B i tC h a r s jb o o l  m .h a s B u s B itC h a r s ;
Q S t r in g  m _ d iv id e r C h a r ;b o o l  m .h a s D iv id e r C h a r ;
Q D ic t< C L efL ay er>  m . l a y e r s ;
Q D ic t< C L efM acro>  m _m acros;
Q D ic t< C L efV ia>  m . v i a s ;  
p u b l i c :  / / s e t
v o i d  v e r s i o n ( c o n s t  d o u b le  v e r s i o n )  
{ m _ h a s V e r s io n = t r u e ;m _ v e r s io n = v e r s io n ;> ;  
v o i d  v e r s i o n S t r ( c o n s t  Q S t r in g  v e r s i o n )
{  m _ h a s V e r s io n = t r u e ;  m _ v e r s io n S t r ~ v e r s io n ;  } ; 
v o i d  c a s e S e n s i t i v e ( c o n s t  b o o l  c a s e S e n s i t i v e )  
{ m _ h a s C a s e S e n s i t iv e s t r u e ;  m _ c a s e S e n s i t i v e = c a s e S e n s i t i v e ; } ; 
v o i d  b u s B i tC h a r s ( c o n s t  Q S t r in g  b u s B i t )  
{ m _ h a s B u s B itC h a r s = tru e ;m _ b u s B itC h a r s = b u s B it  ; >; 
v o i d  d i v i d e r C h a r ( c o n s t  Q S t r in g  d i v i d e r )  
{ m _ h a s D iv id e r C h a r = t r u e ;m _ d iv id e r C h a r = d iv id e r ;  
p u b l i c :  / / g e t
b o o l  h a s V e r s io n O  c o n s t  { r e t u r n  m .h a s V e r s io n ;  } ;  
b o o l  h a s C a s e S e n s i t i v e O  c o n s t  {  r e t u r n  m . h a s C a s e S e n s i t i v e ;  } 
b o o l  h a s B u s B i tC h a r s O  c o n s t  {  r e t u r n  m .h a s B u s B i tC h a r s ;  
b o o l  h a s D iv id e r C h a r O  c o n s t  ■( r e t u r n  m .h a s D iv id e r C h a r ;  } ;  
p u b l i c :  / / r e a d e r  c a l l b a c k s
f r i e n d  i n t  l e f r A n te n n a I n o u tC b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,  
d o u b le  i n o u t ,  l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r A n te n n a I n p u tC b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,  
d o u b le  i n p u t ,  l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r A n te n n a O u tp u tC b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,  
d o u b le  o u t p u t ,  l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r B u s B i t C h a r s C b k d e f r C a l l b a c k T y p e .e  t y p e ,  
c o n s t  c h a r *  b u s B i t s ,  l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r C le a r a n c e M e a s u r e C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,
c o n s t  c h a r *  c l e a r a n c e ,  l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r D iv id e r C h a r C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,
c o n s t  c h a r *  d i v i d e r ,  l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r L ib r a r y E n d C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,
v o id *  p t r ,  l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r L a y e r C b k d e f r C a l lb a c k T y p e .e .  t y p e ,  .
l e f i L a y e r *  l a y e r ,  l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r M a c r o B e g in C b k ( le f r C a l lb a c k T y p e _ e  t y p e ,
c o n s t  c h a r *  m a c ro ,  l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r M a c r o C b k d e f r C a l lb a c k T y p e .e  t y p e ,
l.e f iM a c ro *  m a c ro ,  l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r M a c r o C la s s T y p e C b k ( le f r C a l lb a c k T y p e _ e  t y p e ,  
c o n s t  c h a r *  m a c r o C la s s ,  l e f i U s e r D a t a  d a t a ) ;  
f r i e n d  i n t  l e f r O b s t r u c t i o n C b k ( l e f r C a l l b a c k T y p e _ e  t y p e ,  

l e f i O b s t r u c t i o n *  o b s ,  l e f i U s e r D a t a  d a t a ) ;  
f r i e n d  i n t  l e f r P in C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,  
l e f i P i n *  p i n ,  l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r M a n u f a c t u r i n g C b k d e f r C a l l b a c k T y p e . e  t y p e .
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d o u b le  g r i d , l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r C a s e S e n s i t i v e C b k ( l e f r C a l l b a c k T y p e _ e  t y p e ,  
i n t  c a s e S e n s i t i v e , l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r N o W ir e E x te n s io n C b k ( le f r C a l lb a c k T y p e _ e  t y p e ,
c o n s t  c h a r *  w i r e E x t e n s i o n , l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r N o n D e f a u l tC b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,
l e f i N o n D e f a u l t *  d e f ,  l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r P r o p B e g in C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,
v o id *  p t r , l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r P r o p C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,
l e f i P r o p *  p r o p . l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r P r o p E n d C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,
v o id *  p t r , l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r S p a c in g B e g in C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,  
v o id *  p t r . l e f i U s e r D a t a d a t a ) ;
f r i e n d  i n t  l e f r S p a c in g C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,
l e f i S p a c i n g *  s p a c i n g ,  l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r S p a c in g E n d C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,
v o id *  p t r , l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r S i t e C b k ( l e f r C a l l b a c k T y p e _ e  t y p e ,
l e f i S i t e *  s i t e ,  l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r U n i t s C b k ( l e f r C a l l b a c k T y p e _ e  t y p e ,
l e f i U n i t s *  u n i t ,  l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  le f r U s e M in S p a c in g C b k ( le f r C a l lb a c k T y p e _ e  t y p e ,  
l e f iU s e M in S p a c in g *  m in s p a c in g ,  l e f i U s e r D a t a  d a t a ) ;  
f r i e n d  i n t  l e f r V e r s io n C b k ( l e f r C a l lb a c k T y p p _ e  t y p e ,  

d o u b le  v e r s i o n ,  l e f i U s e r D a t a  d a t a ) ;  
f r i e n d  i n t  l e f r V e r s i o n S t r C b k ( l e f r C a l l b a c k T y p e _ e  t y p e ,

1 c o n s t  c h a r *  v e r s i o n , l e f i U s e r D a t a  d a t a ) ;
f r i e n d  i n t  l e f r V ia C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,  
l e f i V i a *  v i a ,  l e f i U s e r D a t a  d a t a ) ;  
f r i e n d  i n t  l e f r V ia R u le C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,  
l e f i V i a R u l e *  v i a r u l e ,  l e f i U s e r D a t a  d a t a ) ;  
p u b l i c : / / w r i t e r  c a l l b a c k s
f r i e n d  i n t  le f v A n te n n a C b k ( le f v C a l lb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a ) ;  
f r i e n d  i n t  l e fw B u s B i tC h a r s C b k C le fv C a l lb a c k T y p e .e  t y p e ,  l e f i U s e r D a t a  
d a t a ) ;
f r i e n d  i n t  l e f v C le a r a n c e M e a s u r e C b k ( le f w C a l lb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  
d a t a ) ;
f r i e n d  i n t  le fv D iv id e r C h a r C b k ( le f v C a l lb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  
d a t a ) ;
f r i e n d  i n t  l e f v E x tC b k ( l e f w C a l lb a c k T y p e .e  t y p e ,  l e f i U s e r D a t a  d a t a ) ;  
/ / l a t e r
f r i e n d  i n t  le fw E n d L ib C b k ( le fw C a llb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a ) ;  
f r i e n d  i n t  l e f v L a y e r C b k ( le f v C a l lb a c k T y p e _ p  t y p e ,  l e f i U s e r D a t a  d a t a ) ;  
f r i e n d  i n t  l e fw M a c ro C b k ( le fw C a llb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a ) ;  
f r i e n d  i n t  l e f u M a n u f a c tu r in g G r id C b k ( le f v C a l lb a c k T y p e _ e  t y p e ,  
l e f i U s e r D a t a  d a t a ) ;

f r i e n d  i n t  le f w C a s e S e n s i t iv e C b k ( le f u C a l lb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  
d a t a ) ;
f r i e n d  i n t  le fw N o n D e fa u l tC b k ( le fw C a llb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  
d a t a ) ;
f r i e n d  i n t  le fw N o W ire E x te n s io n C b k ( le fw C a llb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  
d a t a ) ;
f r i e n d  i n t  l e f « P ro p D e fC b k ( le fw C a llb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a ) ;  
f r i e n d  i n t  l e f v S i t e C b k ( l e f u C a l lb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a ) ;  
f r i e n d  i n t  l e f v S p a c in g C b k d e f v C a l lb a c k T y p e .e  t y p e ,  l e f i U s e r D a t a  d a t a ) ;  
f r i e n d  i n t  l e f v U n i t s C b k ( l e f v C a l lb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a ) ;  
f r i e n d  i n t  le fw U se K in S p a c in g C b k C le fw C a llb a c k T y p e .e  t y p e ,  l e f i U s e r D a t a

d a t a ) ;
f r i e n d  i n t  l e f w V e rs io n C b k ( le fw C a llb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a ) ;  
f r i e n d  i n t  le fw V ia C b k d e fw C a llb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a ) ;  
f r i e n d  i n t  l e fw V ia R u le C b k d e fw C a llb a c k T y p e ^ e  t y p e ,  l e f i U s e r D a t a  d a t a ) ;

p r i v a t e :  / / h e l p e r s  
Q S tr in g  m _ c u rrM a c ro ; 
u n s ig n e d  i n t  m . l a y e r ln d e x ;

p u b l i c : / / g e t
C L e fL a y e r*  l a y e r ( c o n s t  Q S t r in g  n am e) c o n s t ;
Q P trV e c to r< C L e fL a y e r>  r o u t i n g L a y e r s O  c o n s t ;
C L efM acro*  m a c r o ( c o n s t  Q S t r in g  nam e) c o n s t  {  r e t u r n  m _ m a c ro s [n a m e ] ; } ; 
C L efV ia*  v i a ( c o n s t  Q S t r in g  nam e) c o n s t  { r e t u r n  m _ v ia s [ n a m e ] ; >;

p u b l i c :  / / u t i l i t y  f u n c t i o n s  
b o o l  l o a d ( c o n s t  Q S t r in g  f i l e N a m e ) ;  
b o o l  s a v e C c o n s t  Q S t r in g  f i le N a m e ) ; .

p u b l i c :
C L ef 0 ;
v i r t u a l  " C L e f O ;
>;
# e n d i f
• i f n d e f  CLEFGEOM.H 
# d e f i n e  CLEFGEOH.H

# i n c l u d e  " g l o b a l .h "  
c l a s s  l e f i G e o m e t r i e s ;

/ / g e m o t r i e s  
c l a s s  CLefGeom 
{
p r o t e c t e d :
Q V a lu e L is t<  Q Pair<geom T yp.e, v o id * >  > m . i te m s ;
p u b l i c : / / s e t  ;
v o i d  a d d L a y e r ( c o n s t  Q S t r in g  l a y e r ) ;
v o i d  a d d R e c t ( e o n s t  Q S t r in g  l a y e r ,  c o n s t  C R ect r e c t ) ;
p u b l i c :  / / g e t
i n t  n u m lte m s O  c o n s t  {  r e t u r n  m _ i t e m s .c o u n t ( ) ; } ;
Q V a lu e L is t<  Q P air< g eo m T y p e , v o id * >  > i t e m s 0  .c o n s t  
{  r e t u r n  m . i t e m s ; ) ;  
p u b l i c : / / i o
v o i d  l e f r C l e f i G e o m e t r i e s *  l e f i G e o ) ; 
p u b l i c :  •
C L efG eom O ;
C L e fG e o m ( le f iG e o m e tr ie s *  l e f i G e o ) ; 
v i r t u a l  "C L efG eom O ;
>;

# e n d i f
# i f n d e f  CLEFLAYER_H 
• d e f i n e  CLEFLAYER.H

• i n c l u d e  " g l o b a l .h "  
c l a s s  l e f i L a y e r ;
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p u b l i c :
b o o l  l o a d ( c o n s t  Q S t r in g  f i l e N a m e ) ;  
b o o l  s a v e ( c o n s t  Q S t r in g  f i l e N a m e ) ;  
p u b l i c :
C L ib O ;
v i r t u a l  " C L ib O ;
);
# e n d i f

# i f n d e f  CMAZE.H 
t t d e f i n e  CMAZE.H

# i n c l u d e  " g l o b a l .h "
# i n c l u d e  " c o o r d .h "
• i n c l u d e  " c m t i l e .h "

c l a s s  CMNode; 
c l a s s  C L ay e r; 
c l a s s  g w ir e ;

c l a s s  CMaze 
{
p r i v a t e :  
g w ir e *  m .w ire ;
C T i le  m .fro m ;
C T i le  m . to ;
Q P trV e c to r< C L a y e r>  m _ la y e r s ;

1 i n t  m . la y e rC h a n g e C o s t ;

0 0  p u b l i c :
v o id  la y e r C h a n g e C o s t ( c o n s t  i n t  c o s t )
{ m _ la y e rC h a n g e C o s t = c o s t ; } ;
p u b l i c :
b o o l  r o u t e  O ;
i n t  c o s tE s t im a te ( C M T ile *  f r o m ) ;
i n t  t r a v e lC o s t ( C M T i le  * fro m N o d e , CM Tile * to N o d e ) ;
b o o l  is L a s t ( C M T ile *  t i l e ) ;
Q P trL is t< C M T ile >  su c c (C M T ile *  n o d e ) ;
C M T ile* f in d (Q P trL is t< C M T ile >  s e t ,C M T ile *  n o d e ) ;  
p u b l i c :
C M aze (C T ile  f ro m , C T ile  t o ,  Q P trV e c to r< C L a y e r>  l a y e r s ,  g w ire *  w i r e ) ;  
"C M azeO  ;
>;
# e n d i f

# i f n d e f  CMNODE.H 
• d e f i n e  CMNODE.H

c l a s s  CMNode 
{
p u b l i c :  
C M N odeO ; 
"CM N odeO ;

>;
• e n d i f

• i f n d e f  CMTILE.H 
• d e f i n e  CMTILE.H

• i n c l u d e  " c t i l e . h "

c l a s s  C M T ile  : p u b l i c  C T i le  
{
p r i v a t e :
C M T ile*  m . p a r e n t ;  
i n t  m . c o s tF r o m S ta r t ;  
i n t  m .c .o s tT o G o a l;  
p u b l i c :
v o i d  p a re n t ( C M T ile *  p a r e n t )  { m _ p a r e n t= p a r e n t ;} ;  
v o i d  c o s t F r o m S t a r t ( c o n s t  i n t  c o s t )  { m .c o s tF r o m S ta r t  = c o s t ; } ;  
v o i d  c o s tT o G o a M c o n s t  i n t  c o s t )  { m .c o s tT o G o a l^ c o s t ;} ;  
p u b l i c :
C M Tile* p a r e n t O  { r e t u r n  m . p a r e n t ;  } ; 
i n t  c o s t F r o m S t a r t ( )  c o n s t  { r e t u r n  m .c o s tF r o m S ta r t ;  } ;  
i n t  c o s tT o G o a lO  c o n s t  {  r e t u r n  m .c o s tT o G o a l ;  } ;  
p u b l i c :
C M T ile ( ) ;
C M T ile ( c o n s t  CM Tilefc t i l e ) ;
C M T ile (C T ile *  t i l e ,  C M T ile*  p a re n t= N U L L );
C M T ile (C L a y e r*  l a y e r ,  i n t  x ,  i n t  y ) ;
-C M T ile O ;
h
• i n c l u d e  < q p t r l i s t . h >

c l a s s  C S o r t e d P t r L i s t  : p u b l i c  Q P trL is t< C M T ile >
{•
p r o t e c t e d :  
v i r t u a l  i n t
c o m p a r e I t e m s ( Q P t r C o l l e c t i o n : : I t e m  i t e m l ,  Q P t r C o l l e c t i o n : : I te m  
i t e m 2 ) ;
/ /  v i r t u a l  i n t
c o m p a r e I t e m s ( Q P t r C o l l e c t i o n : : I t e m  i t e m l ,  Q P t r C o l l e c t i o n : : I te m
ite m 2  ) ;
p u b l i c :
C S o r t e d P t . r L i s t O ;
" C S o r t e d P t r L i s t ( ) ;
} ; . - . - •

• e n d i f .
• i f n d e f  CNET.H 
• d e f i n e  CNET.H

• i n c l u d e  " g l o b a l . h "
• i n c l u d e  " c e d g e .h "
• i n c l u d e  " c l a y e r p a i r . h "  
c l a s s  g w i r e ;  
c l a s s  CNode; 
c l a s s  C B u f f e r ;  
c l a s s  C C c tP a th ;

c l a s s  CN et : p u b l i c  Q S t r in g ,  p u b l i c  Q P trL is t< g w ire >
{
p r i v a t e :
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CNode* m . r o o t ;
Q P trL is t< C N o d e >  m .n o d e s ;  
d o u b le  m.maxDV;
C L a y e r P a i r  m . l a y e r ;  
p u b l i c : / / g e t
C L a y e r P a i r  l a y e r <) c o n s t  { r e t u r n  m . l a y e r ;  > ;
CNode* r o o t O  c o n s t  { r e t u r n  m . r o o t ;  } ;
CNode* p i n ( Q S t r i n g  p i n )  c o n s t ;
Q P trL ist< C N ode> &  n o d e s ( )  { r e t u r n  m .n o d e s ;  } ;
Q V a lu eL ist< C E d g e>  e d g e s ( )  c o n s t ;  
d o u b le  maxDVO c o n s t  { r e t u r n  m.maxDV; };

d o u b le  DVImpO c o n s t ;  
d o u b le  l e n g t b O  c o n s t ;
i n t  num N odesO  c o n s t  {  r e t u r n  m . n o d e s . c o u n t ( ) ;  } ;  
i n t  n u m B u f fe r s O  c o n s t ;  
p u b l i c : / / s e t
v o id  l a y e r ( C L a y e r P a i r  l a y e r ) ;  
v o id  ro o t(C N o d e *  r o o t ) ;
v o i d  m a k e R o o t( c o n s t  d o u b le  r e s ,  c o n s t  d o u b le  c a p ) ;  
v o id  a d d S in k (C N o d e *  s i n k )  { m .n o d e s .a p p e n d ( s i n k  ) ;  } ;  
v o id  re m o v eS in k (C N o d e*  s i n k )  {  m .n o d e s . r e m o v e (  s i n k  ) ;  } ;  
v o id  rem oveN ode(C N ode* n o d e )  {  m .n o d e s . r e m o v e ( n o d e  ) ;  } ;  
v o id  m axD V (const d o u b le  maxDV) {  m_maxDV=maxDV; ) ;

v o i d  sa v e D V O ; 
p u b l i c : / / u t i l
v o id  jo in N o d eA tE d g e (C N o d e*  n o d e ,  c o n s t  CEdge e d g e ) ;
v o id  jo in N o d e A tP o in t(C N o d e *  n o d e ,  c o n s t  CEdge e d g e ,  c o n s t  C P o in t  p ) ;
v o i d  d is jo in N o d e F ro m E d g e (C N o d e *  n o d e ,  c o n s t  CEdge e d g e ) ;

1 v o i d  co n n e c tN o d e s(C N o d e *  u p ,  CNode* do w n );
v o id  s e g m e n t ( c o n s t  d o u b le  lu m p ) ; 
v o id  d e s e g m e n tO ;
b o o l  i n s e r t B u f f e r A t E d g e ( c o n s t  CEdge e d g e ,
c o n s t  d o u b le  l o a d ,  c o n s t  d o u b le  r e s ,  c o n s t  d o u b le  c a p ) ;

b o o l  i n s e r tB u f f e r A tN o d e ( c o n s t  CEdge e d g e ,  
c o n s t  d o u b le  l o a d ,  c o n s t  d o u b le  r e s ,  c o n s t  d o u b le  c a p ) ;  
v o id  re m o v e B u ffe rF ro m E d g e (c o n s t  CEdge e d g e ) ;

v o i d  r e m o v e B u ffe rF ro m N o d e (c o n s t  CEdge e d g e ) ;  
v o i d  r e m o v e B u f f e r s O ;

v o id  re m o v e B u ffe r(C N o d e *  n ,  b o o l  p e rm ) ;
v o i d  r e ln s e r tB u f f e r ( C N o d e *  n ,  c o n s t  d o u b le  l o a d ,  c o n s t  d o u b le  r e s ,  

c o n s t  d o u b le  c a p ) ; 
v o id  co m p u teC ap A n d R O ;
v o i d  b u i ld T re e (C N o d e *  r o o tN ,  Q S t r in g  r o o t ,  i n t  x ,  i n t  y ,
c o n s t  Q P trL is t< C C c tP a th >  T , Q P trL is t< C C c tP a th > *  P , Q T ex tS tream ft
f ) ;
p u b l i c : / / i o
v o id  r te W r i te ( Q T e x tS t r e a m f t  f ) ;  
v o i d  g r te W r i te ( Q T e x tS t r e a m k  f ) ;  
v o id  p a i n t ( Q P a i n t e r *  p ) ;

v o i d  d u m p (Q S tr in g  m s g ) ; 
p u b l i c :
C N e t ( c o n s t  Q S t r in g  n am e); 
v i r t u a l  " C N e tO ;
>;
# e n d i f
# i f n d e f  CNETLIST.H 
• d e f i n e  CNETLIST.H

• i n c l u d e  " g l o b a l . h ”

c l a s s  C C c tN e t;  

c l a s s  C N e tL is t
i
p r i v a t e :
Q D ic t< C C c tN e t>  m . n e t s ;  
p u b l i c :
Q D ic t< C C c tN e t>  n e t s ( )  c o n s t  
{  r e t u r n  m . n e t s ;  } ;
C C c tN e t*  n e t ( c o n s t  Q S t r in g  nam e) c o n s t  
{ r e t u r n .m _ n e t s [ n a m e ] ; } ;  
p u b l i c : / / i o
b o o l  l o a d ( Q S t r i n g  f i l e N a m e ) ;  
b o o l  s a v e ( Q S t r i n g  f i l e N a m e ) ;  
p u b l i c :
C N e tL i s t ( ) ;  
v i r t u a l  " C N e t L i s t O ;
>;
• e n d i f
• i f n d e f  CNETPIN.H 
• d e f i n e  CNETPIN.H

• i n c l u d e  " g l o b a l . h "

/ / n e t  p i n  
c l a s s  C N e tP in  
{
p r i v a t e :
Q S t r in g  m . i n s t a n c e ;
Q S t r in g  m .nam e; 
i n t  m . s y n t h e s i z e d ;  
p u b l i c :  / / g e t  
Q S t r in g  i n s t a n c e O  c o n s t  
{  r e t u r n  m . i n s t a n c e ;  } ;
Q S t r in g  n am eO  c o n s t .{  r e t u r n  m .nam e; } ;
p u b l i c ;  / / i o
v o i d  d e f w ( )  c o n s t ;
p u b l i c :
C N e tP in ( c o n s t  Q S t r in g  i n s t a n c e , c o n s t  Q S t r in g  n a m e ,c o n s t  i n t  
s y n t h e s i z e d ) ; 
v i r t u a l  " C N e tP in O ;
>;
• e n d i f
• i f n d e f  CNODE.H 
• d e f i n e  CNODE.H

• i n c l u d e  " g l o b a l . h "
• i n c l u d e  " c e d g e .h "

c l a s s  CNode : p u b l i c  C P o in t
•C
p r o t e c t e d :  
n o d eT y p e  m . ty p e ;
CEdge m .e d g e ;
CNode* m . p a r e n t ;
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f o r ( t y p e *  i* b e g in ; i != N U L L  k k  * i < = * e n d ; i = i - > n e x t ( ) )  a p p e n d ( i ) ;  
e l s e  i f ( * _ f r o m > * _ to )
f o r ( t y p e *  i= b e g in ;i!= N U L L  i t  * i> = * e n d ; i = i - > p r e v ( ) ) 
a p p e n d ( i ) ;
>;
C P t r L i s t ( ) : Q P t r l i s t < t y p e > : : Q P t r L i s t ( )
{};
v i r t u a l  " C P t r L i s t O  
{
Q P t r L i s t < t y p e > : : c l e a r ( ) ;
>; >;
# e n d i f
• i f n d e f  CRECT.H 
• d e f i n e  CRECT.H

• i n c l u d e  < q r e c t .h >
• i n c l u d e  " c p o i n t .h "

/ / r e c t a n g l e  u t i l i t y  c l a s s  f o r  d o u b le  n um bers  
c l a s s  C R ect 
{
p r i v a t e :  
d o u b le  m . l e f t ;  
d o u b le  m .b o t to m ; 
d o u b le  m . r i g h t ;  
d o u b le  m . to p ;

F—4 p u b l i c :  / / s e t
v o id  l e f t ( c o n s t  d o u b le  l e f t )  { m . l e f t  = l e f t ;  } ; 
v o id  r i g b t ( c o n s t  d o u b le  r i g h t )  { m _ r i g h t = r i g h t ;  
v o id  bo tto m C  c o n s t  d o u b le  b o t to m )  { m _ b o tto m = b o tto m ;} ; 
v o id  to p C c o n s t  d o u b le  t o p )  { m _ to p = to p ; >; 
p u b l i c : / / g e t
d o u b le  l e f t O  c o n s t  {  r e t u r n  m . l e f t ;  > ; 
d o u b le  b o tto m C ) c o n s t  { r e t u r n  m .b o t to m ; >; 
d o u b le  r i g h t O  c o n s t  {  r e t u r n  m . r i g h t ;  } ;  
d o u b le  t o p ( )  c o n s t  { r e t u r n  m . to p ;  )•; 
d o u b le  w id th O  c o n s t  {  r e t u r n  m . r i g h t - m . l e f t ;  } ;  
d o u b le  h e l g h t O  c o n s t  { r e t u r n  m . to p -m .b o t to m ;  > ;
C P o in t  b o t to m L e f tO  c o n s t  {  r e t u r n  C P o i n t ( m . l e f t . m . b o t t o m ) ; } ;  
C P o in t  b o t to m R ig h tO  c o n s t  {  r e t u r n  C P o i n t ( m . r i g h t .m . b o t t o m ) ; } ; 
C P o in t  t o p L e f t O  c o n s t  {  r e t u r n  C P o i n t ( m . l e f t , m . t o p ) ; > ;
C P o in t  t o p R i g h t O  c o n s t  { r e t u r n  C P o i n t ( m . r i g h t ,m . t o p ) ; } ;  
d o u b le  a r e a O  c o n s t  {  r e t u r n  w i d t h ( ) * h e i g h t ( ) ; > ;
C P o in t  c e n t e r O  c o n s t
{ r e t u r n  C P o in t (  ( m _ l e f t + m _ r i g h t ) / 2 .0 ,  (m _ b o tto m + m _ to p ) /2 .0  ) ; } ;  
p u b l i c : / / u t i l

Q R ect to Q R e c tO  c o n s t ;
C R ect o r i e n t D e f P i n ( c o n s t  C P o in t  p la c e m e n t ,  c o n s t  i n t  o r i e n t )  c o n s t ;  
C R ect o r i e n t L e f P i n ( c o n s t  C R ect r e c ,  c o n s t  i n t  o r i e n t )  c o n s t ;
C R ec t s c a l e ( c o n s t  d o u b le  s )  c o n s t ;
C R ect t r a n s l a t e ( c o n s t  d o u b le  d x ,  c o n s t  d o u b le  d y ) c o n s t ;
C R ect t r a n s l a t e ( C P o i n t  p )  c o n s t ;
b o o l  i n t e r s e c t s ( c o n s t  C R ect r e c t )  c o n s t ;
C R ect i n t e r s e c t ( c o n s t  C R ect r e c t )  c o n s t ;
C R ect u n i t e ( c o n s t  C R ect r e c t )  c o n s t ;
C R ect n o r m a l i z e O  c o n s t ;  
p u b l i c : / / o p e r a t o r s

C R ect o p e r a t o r / ( c o n s t  d o u b le  s )  c o n s t  {  r e t u r n  s c a l e d . 0 / s )  
C R ect o p e r a t o r * ( c o n s t  d o u b le  s )  c o n s t  { r e t u r n  s c a l e (  s  ) ;  
C R ec t o p e r a to r + ( G P o in t  p )  c o n s t  {  r e t u r n  t r a n s l a t e ( p ) ; } ;  
C R ect o p e ra to r f t ( C R e c t  r )  c o n s t  { r e t u r n  i n t e r s e c t ( r ) ; > ; 
C R ec t o p e r a t o r !  (C R ec t r )  c o n s t  { r e t u r n  u n i t e d ) ;  >; 
p u b l i c :  '
C R e c t ( c o n s t  d o u b le  l e f t = 0 . 0 ,  c o n s t  d o u b le  b o t to m = 0 .0 ,  
c o n s t  d o u b le  w id th = 0 .0 ,  c o n s t  d o u b le  h e i g h t = 0 .0 ) ;
C R e c t ( c o n s t  C P o in t  b o t to m L e f t ,  c o n s t  C P o in t  t o p R i g h t ) ;
C R e c t ( c o n s t  Q R ect r ) ;  
v i r t u a l  * C R ect 0 ;
>;

• e n d i f
• i f n d e f  CRTE.H 
• d e f i n e  CRTE.H

• i n c l u d e  " g l o b a l .h "

c l a s s  C C c tN e t;

c l a s s  CRte 
{
p u b l i c :  
i n t  m . r e s ;
Q D ic t< C C ctN et>  m . n e t s ;  
p u b l i c :
C C c tN e t*  n e t ( c o n s t  Q S t r in g  n e t )  c o n s t  
{ r e t u r n  m . n e t s [ n e t ] ;  > ;
Q D ic t< C C ctN et>  n e t s O  c o n s t  {  r e t u r n  m . n e t s ;  } ; 
i n t  r e s ( )  c o n s t  { r e t u r n  m . r e s ;  } ; 
p u b l i c :
b o o l  l o a d ( c o n s t  Q S t r in g  f i l e N a m e ) ;  
b o o l  s a v e ( c o n s t  Q S t r in g  f i l e N a m e ) ;  
p u b l i c :
C R te O ;  - 
v i r t u a l  " C R te O ;
>;
• e n d i f
• i f n d e f  CSINK.H 
• d e f i n e  CSINK.H

• i n c l u d e  " g l o b a l .h "
• i n c l u d e  " c n o d e .h "

c l a s s  C S in k  : p u b l i c  Q S t r in g ,  p u b l i c  CNode 
{
p r i v a t e :
Q S tr in g  m . l a y e r ;  
d o u b le  m . lo a d ;  
d o u b le  m . r a t ;

d o u b le  m .sD V ; 
p u b l i c :
v o i d  r a t ( c o n s t  d o u b le  r a t )  { m _ r a t = r a t ; > ;

v o id  saveD V O  {  m.sDV = j n . d e l a y - m . r a t ; >; 
p u b l i c :
d o u b le  l o a d O  c o n s t  { r e t u r n  m . lo a d ;
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d o u b le  r a t ( )  c o n s t  { r e t u r n  m . r a t ;  > ; 
v i r t u a l  d o u b le  c a p O  c o n s t  { r e t u r n  m _ load+ m _cap ; >; 
v i r t u a l  Q S t r in g  l a y e r ( )  c o n s t  {  r e t u r n  m _ la y e r ;  } ;  
v i r t u a l  Q S t r in g  n am eO  c o n s t  { r e t u r n  * t h i s ;  }.; 
d o u b le  d v ( )  c o n s t  { r e t u r n  m . d e l a y - m . r a t ; } ;

d o u b le  DVImpO c o n s t ;  
p u b l i c :
C S in k (  c o n s t  Q S t r in g  n am e, 
c o n s t  Q S t r in g  l a y e r ,  
c o n s t  C P o in t  p o i n t ,  
c o n s t  d o u b le  l o a d ,  
c o n s t  d o u b le  r a t ) ; 
v i r t u a l  " C S in k O ;
>;
• e n d i f
# i f n d e f  CSIZE .H  
# d e f i n e  CSIZE.H

/ / s i z e  u t i l i t y  c l a s s  
c l a s s  C S iz e  
{
p r i v a t e :  
d o u b le  m . v i d t b ;  
d o u b le  m . h e i g h t ; 
p u b l i c : / / s e t
v o id  w i d t h ( c o n s t  d o u b le  w id th )  { m _ v id th = w id th ;  } ; 
v o id  h e i g h t ( c o n s t  d o u b le  h e i g h t )  {  m _ h e ig h t= h e ig h t ; > ; 

H -1 p u b l i c :  / / g e t
d o u b le  w id th O  c o n s t  {  r e t u r n  m .w id th ;  } ; 
d o u b le  h e i g h t O  c o n s t  { r e t u r n  m . h e ig h t ;  } ;  
p u b l i c :
C S iz e ( c o n s t  d o u b le  w id th = 0 .0 ,  c o n s t  d o u b le  h e ig h t= O .D  ) ;  
v i r t u a l  " C S iz e O ;
};
# e n d i f
• i f n d e f  CSOURCE.H 
• d e f i n e  CSOURCE.H

• i n c l u d e  " g l o b a l .h "
• i n c l u d e  " c n o d e .h "

c l a s s  C S o u rce  : p u b l i c  Q S t r in g ,  p u b l i c  CNode 

p r i v a t e :
Q S tr in g  m . l a y e r ;  
d o u b le  m .o u tR e s ;  
d o u b le  m .o u tC a p ; 
p u b l i c :
d o u b le  o u tR e s O  c o n s t  {  r e t u r n  m .o u tR e s ;  >; 
d o u b le  o u tC a p O  c o n s t  {  r e t u r n  m .o u tC a p ; >; 
v i r t u a l  d o u b le  c a p O  c o n s t  {  r e t u r n  m .c a p  + m .o u tC a p ; 
v i r t u a l  Q S t r in g  l a y e r O  c o n s t  { r e t u r n  m . l a y e r ;  ) ;  
v i r t u a l  Q S t r in g  n am eO  c o n s t  { r e t u r n  * t h i s ;  ) ;  
p u b l i c :
C S o u rc e C c o n s t Q S t r in g  n am e, 
c o n s t  Q S tr in g  l a y e r ,  
c o n s t  C P o in t  p o i n t ,

c o n s t  d o u b le  r e s ,  
c o n s t  d o u b le  c a p ) ; 
v i r t u a l  " C S o u r c e O ;
};
• e n d i f
• i f n d e f  CSTR.H 
• d e f i n e  CSTR.H

• i n c l u d e  " g l o b a l .h "

c l a s s  C C c tL a y e r ;  
c l a s s  C C c tK e e p o u t;

c l a s s  G S tr  
<
p r i v a t e :
C P o ly  m .d i e P o l y j b o o l  m .h a s D ie P o ly ;
Q D ic t< C C c tL ay e r>  m . l a y e r s ;
Q P trL is t< C C c tK e e p o u t>  m .k e e p o u t s ; 
p u b l i c ; / / g e t
b o o l  h a s D ie P o ly O  c o n s t  {  r e t u r n  m .h a s D ie P o ly ;  >; 
p u b l i c : / / g e t
C P o ly  d i e P o l y O  c o n s t  {  r e t u r n  m .d i e P o ly ;  >;
C C c tL a y e r*  l a y e r ( c o n s t  Q S t r in g  n am e) c o n s t ;  
Q P trL is t< C C c tK e e p o u t>  k e e p o u t s O  c o n s t  
{ r e t u r n  m .k e e p o u t s ;  } ;
Q D ic t< C C c tL ay e r>  l a y e r s O  c o n s t  { r e t u r n  m . l a y e r s ;  > ; 
p u b l i c : / / i o  .
b o o l  l o a d ( c o n s t  Q S t r in g  f i l e N a m e ) ;  
b o o l  s a v e ( c o n s t  Q S t r in g  f i l e N a m e ) ;  
p u b l i c :
C S t r O ;
v i r t u a l  “ C S t r O ;
>; -
• e n d i f
• i f n d e f  CSUBROOT.H 
• d e f i n e  CSUBROOT.H

• i n d u d e  " g l o b a l . h "
• i n c l u d e  " c n o d e .h "

c l a s s  C SubR oot : p u b l i c  CNode 
{
p r o t e c t e d :  
d o u b le  m .o u tR e s ; 
d o u b le  m .o u tC a p ;

b o o l  m .d o n e ; 
p u b l i c :

b o o l  d o n e ( )  c o n s t  {  r e t u r n  m .d o n e ;  >; 
v o id  d o n e C c o n s t  b o o l  d o n e )  { m .d o n e  = d o n e ;  } ; 

d o u b le  o u tR e s O  c o n s t  {  r e t u r n  m .o u tR e s ;  } ;
v o id  o u t R e s ( c o n s t  d o u b le  o u tR e s )  {  m .o u tR e s  * o u tR e s ;  } ;  

d o u b le  o u tC a p O  c o n s t  {  r e t u r n  m .o u tC a p ; > ;
v o id  o u tC a p ( c o n s t  d o u b le  o u tC a p )  {  m .o u tC a p  = o u tC a p ; } ; 

v i r t u a l  d o u b le  c a p O  c o n s t  
■( r e t u r n  m .o u tC a p  +  m .c a p ;  } ; 
p u b l i c :
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PATHPOINT=DEFIPATH.POINT,
PATHFLUSHPOINT*DEFIPATH_FLUSHPOINT,
PATHTAPER-DEFIPATH.TAPER,
PATHSHAPE=DEFIPATH_SHAPE,
PATHTAPERRULE-DEFIPATH.TAPERRULE,
PATHVIADATA*DEFIPATH_VIADATA,
UNKNOVNPATH};

enum w ire T y p e  {  WIRECOVER, WIREFIXED, WIREROUTED, WIRENOSHIELD, UNKNOVNWIRETYPE 
};
em us no d eT y p e  {DRIVER, ROOT, SINK, BUFFER, SUBROOT, STEINER, AWE>;

l a y e r T y p e  l a y e r (  c o n s t  Q S t r in g  l a y e r  ) ;
Q S t r in g  l a y e r ( c o n s t  l a y e r T y p e  l a y e r ) ;
l a y e r D i r e c t io n T y p e  l a y e r D i r e c t i o n ( c o n s t  Q S t r in g  l a y e r D i r e c t i o n ) ; 
Q S t r in g  l a y e r D i r e c t i o n ( c o n s t  l a y e r D i r e c t i o n T y p e  l a y e r D i r e c t i o n ) ;  
geom Type g e o m (c o n s t  i n t  g e o m T y p e );
p i n D i r e c t io n T y p e  p i n D i r e c t i o n ( c o n s t  Q S t r in g  p i n D i r e c t i o n ) ;
Q S tr in g  p i n D i r e c t i o n ( c o n s t  p i n D i r e c t io n T y p e  p i n D i r e c t i o n ) ;  
u se T y p e  u s e ( c o n s t  Q S t r in g  u s e ) ;
Q S t r in g  u s e ( c o n s t  u se T y p e  u s e ) ;
Q S tr in g  n o d e T y p e S t r ( c o n s t  n o d eT y p e  t y p e ) ;

p l a c e m e n tS ta tu s T y p e  p l a c e m e n t S t a t u s ( c o n s t  i n t  p l a c e m e n tS ta tu s  ) ;  
Q S t r in g  p l a c e m e n t S t a t u s ( c o n s t  p l a c e m e n tS ta tu s T y p e  p l a c e m e n t S t a t u s ) ;  
p la c e m e n tO r ie n tT y p e  p l a c e m e n t O r i e n t ( c o n s t ' i n t  p la c e m e n tO r i e n t  ) ;  
i n t  p l a c e m e n t O r i e n t ( c o n s t  p la c e m e n tO r ie n tT y p e  p la c e m e n tO r i e n t  ) ;  
p a th T y p e  p a t h ( c o n s t  i n t  t y p e ) ;
Q S tr in g  p a t h S t r ( c o n s t  p a th T y p e  t y p e ) ;  
w ire T y p e  w i r e ( c o n s t  Q S t r in g  t y p e ) ;
Q S tr in g  w i r e ( c o n s t  w ire T y p e  t y p e ) ;

/ / c o n s t a n t s  
# d e f i n e  INF le 9  
• d e f i n e  IIN F  lOOOOO 
• d e f i n e  MAX.ORDER 4 
• d e f i n e  TINY l .O e - 7  
• d e f i n e  SHALL 0 .0 1  
• d e f i n e  P I  3 .1 4 1 5 9 2 6 5 3 5 8 9 7 9 3  
• d e f i n e  RES 1 0 0 .0

/ / u t i l i t y  f u n c t i o n s
Q V a lu e L is t< Q R e c t>  c l i p R e c t ( Q R e c t  r l ,  c o n s t  Q R ect r 2 ) ;
v o i d  g a u s s ( i n t ,  co m p lex  sys[M AX_ORDER+l][MAX.ORDER+l], co m p lex  * ,  co m p lex  * ) ;  
b o o l  c u b ic (c o m p le x  * ) ;  
b o o l  q u a r t i c ( c o m p le x  * ) ;
b o o l  c o m p u te P o le s ( c o m p le x * ,  c o m p le x * , i n t ) ;  
v o id  p o l i s h ( c o m p le x * ,  c o m p le x * ,  i n t  A, b o o l  A );

/ /  t e m p l a t e  f u n c t i o n s  
//m ax im um  o f  two 
t e m p l a t e  < c l a s s  ty p e >
ty p e  m a x ( ty p e  x ,  t y p e  y ) { i f ( x > y )  r e t u r n  x ;  e l s e  r e t u r n  y ;>

t e m p l a t e < c l a s s  ty p e >
t y p e  m a x (Q V a lu e L is t< ty p e >  x )
{ . •
i f C x . i s E m p t y O )  r e t u r n  - 1 ;  
t y p e  max = - x . f i r s t ( ) ;
Q V a l u e L i s t I t e r a t o r < t y p e >  i t ;  
f o r ( i t = x . b e g i n ( ) ; i t ! * x . e n d ( ) ; i t+ + )  
i f ( * i t > m a x )  max ■ * i t ;  
r e t u r n  m ax;
>

//m in im u m  o f  tw o 
t e m p l a t e  < c l a s s  ty p e >
t y p e  m in ( ty p e  x ,  t y p e  y ) { i f ( x < y )  r e t u r n  x ;  e l s e  r e t u r n  y ;}

t e m p l a t e < c l a s s  ty p e >
t y p e  m in (Q V a lu e L is t< ty p e >  x )
{
i f ( x . i s E m p t y O )  . r e t u r n  - 1 ; 
t y p e  m in  * x . f i r s t O ;
Q V a l u e L i s t I t e r a t o r < t y p e >  i t ;  
f o r ( i t = x . b e g i n ( ) ; i t ! = x . e n d ( ) ; i t+ + )  
i f ( * i t < m i n )  m in  = * i t ;  
r e t u r n  m in ;
>

/ /m e d i a n  v a l u e  o f  t h r e e
t e m p l a t e  < c l a s s  ty p e >
t y p e  m e d ia n ( ty p e  x ,  t y p e  y ,  t y p e  z )
{

i f  (x  < y )  { i f  (x  > z  ) r e t u r n  x ; e l s e { i f  (y  > z )  
r e t u r n  z ;  e l s e  r e t u r n  y ;  }} 

e l s e { i f  (y  > z )  r e t u r n  y ; 
e l s e { i f  (x  > z )  r e t u r n  z ;  e l s e  r e t u r n  x ;} }
>

• e n d i f

• i f n d e f  GPATH.H 
• d e f i n e  GPATH.H

• i n c l u d e  " g l o b a l .h "  
• i n c l u d e  " c l a y e r p a i r . h "  
• i n c l u d e  " c t i l e . h "  
c l a s s  C L a y e r;

c l a s s  g p a t h  : p u b l i c  Q Rect 
{
p r i v a t e :
C L a y e r P a i r  m . l a y e r ;
Q R ect m .fro m ;
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Q R ect m . to ;  
b o o l  m _ ro u te d ;  
p u b l i c :
C L a y e rP a ir  l a y e r ( )  c o n s t  {  r e t u r n  m . l a y e r ;  } ;
Q R ect f r o m ( )  c o n s t  {  r e t u r n  m .fro m ; } ;
Q R ect t o ( )  c o n s t  {  r e t u r n  m . to ;  } ; 
l a y e r D i r e c t i o n T y p e  d i r ( )  c o n s t  
{  i f ( w i d t h O  > h e i g h t ( ) )  r e t u r n  HORIZONTAL; 
e l s e  i f ( h e i g h t  0  > w i d t h ( ) ) r e t u r n  VERTICAL; 
e l s e  r e t u r n  UNKNOWNLAYERDIRECTION; >; 
b o o l  r o u t e d O  c o n s t  {  r e t u r n  m . r o u t e d ;  } ;
b o o l  c u tsA n d B o u n d s (C L a y e r*  l a y e r , c o n s t  i n t  t r a c k , i n t f t  l b , i n t f t  u b )  c o n s t ;  
p u b l i c :
Q V a lu e L is t< C T ile >  t i l e s ( Q S i z e  t i l e S i z e  = Q S i z e ( l , l ) )  c o n s t ;  
Q V a lu e L is t< C T ile E d g e >  e d g e s ( Q S iz e  t i l e S i z e  -  Q S i z e ( l , l ) )  c o n s t ;  
p u b l i c :
v o i d  f r o m ( c o n s t  Q R ect f ro m )
{
m _from = from ;
Q R ect r  = m .fro m  I m . to ;  
s e t L e f t ( r . l e f t O )  ; s e t R i g h t ( r . r i g h t  0 ) ;  
s e t T o p ( r . t o p O )  ; s e t B o t t o m ( r .b o t t o m ( ) )  ;
>;
v o i d  t o ( c o n s t  Q R ect t o )  ‘

m . to  = t o ;
Q R ect r  *  m .fro m  I m . to ;  
s e t L e f t ( r . l e f t O )  ; s e t R i g h t ( r . r i g h t O ) ;

I- 1  s e t T o p ( r . t o p O )  ; s e t B o t t o m ( r . b o t t o m ( ) ) ;

v o i d  l a y e r ( c o n s t  C L a y e r P a i r  l a y e r )  {  m . l a y e r  = l a y e r ;  > ;
v o id  r o u t e d ( c o n s t  b o o l  r o u t e d )  {  m . r o u t e d  *  r o u t e d ;  } ;
v o i d  i n c T i l e F l o w s ( c o n s t  Q S ize  t i l e S i z e )  c o n s t ;
v o id  d e c T i l e F lo w s ( c o n s t  Q S iz e  t i l e S i z e )  c o n s t ;
v o id  i n c C e l l F l o v s Q  c o n s t ;
v o i d  d e c C e l lF lo w s O  c o n s t ;
p u b l i c :
v o id  r te W r i te ( Q T e x tS t r e a m f t  f ) ;  
v o id  g r te W r i te ( Q T e x tS t r e a m f t  f ) ;  
v o i d  p a i n t ( Q P a i n t e r *  p ) ; 
p u b l i c :
g p a t h ( c o n s t  C L a y e r P a i r  l a y e r ,  c o n s t  Q Rect! f ro m , 
c o n s t  Q R ect t o ,  c o n s t  b o o l  r o u t e d - f a l s e ) ; 
g p a t h ( c o n s t  g p a th f t  p a t h ) ;  
g p a t h O ;
virtual “gpathO;
>;

# e n d i f

• i f n d e f  GWIRE.H 
• d e f i n e  GWIRE.H

• i n c l u d e  " g l o b a l .b "
• i n c l u d e  " c t i i e . h "
• i n c l u d e  " c p a t b c u t .b "
• i n c l u d e  " c l a y e r p a i r . h "  
c l a s s  C N ode; 
c l a s s  g p a tb ;

c l a s s  g w i r e  : p u b l i c  Q P tr L is t< g p a th >
{
p r i v a t e :
CNode* m .fro m ;
CNode* m . to ;  
b o o l  m . r o u te d ;  
p u b l i c :
b o o l  r o u t e d O  c o n s t  { r e t u r n  m .r o u te d ;  } ;
CNode* f r o m O  c o n s t  { r e t u r n  m .fro m ;
CNode* t o ( )  c o n s t  •( r e t u r n  m . to ;  } ; 
p u b l i c :
Q V a lu e L is t< C T ile >  t i l e s ( c o n s t  Q S ize  t i l e S i z e  = Q S i z e ( l , l )  )  c o n s t ;  
Q V a lu e L is t< C T ile E d g e >  e d g e s ( c o n s t  Q S ize  t i l e S i z e 3 Q S i z e ( l , l )  ) c o n s t ;  
b o o l  c u tP a tb s A n d B o u n d s (C L a y e r*  l a y e r ,  c o n s t  i n t  t r a c k ,  
Q V a lu e L is t< C P a th C u t> ft c u t p a t h s ) ;
Q R ect f a r f r o m ( g p a th * .  p a t h ,  g p a th f t  f a r f r o m ) ;
Q R ect f a r t o ( g p a t h *  p a t h ,  g p a th f t  f a r t o ) ;  
p u b l i c :
v o i d  r o u t e d ( c o n s t  b o o l  r o u t e d )  {  m _ ro u te d = r o u te d ;  )■;
/ /  v o i d  a p p e n d ( g p a th *  p a t h ) ;
/ /  v o i d  p r e p e n d ( g p a th *  p a th ) .;  
g w ire f t  o p e r a to r + * ( g w i r e f t  w i r e ) ;
v o i d  m o v e P a th (g p a th *  p a t h ,  C L a y e rP a ir  l a y e r = C L a y e r P a i r ( ) ,
c o n s t  i n t  dx=0> c o n s t  i n t  d y = 0 ) ;
v o i d  in c T i l e F lo w s C c o n s t  Q S iz e  t i l e S i z e )  c o n s t ;
v o i d  d e c T i l e F lo w s ( c o n s t  Q S ize  t i l e S i z e )  c o n s t ;
v o i d  i n c C e l lF lo w s O  c o n s t ; .
v o i d  d e c C e l lF lo w s O  c o n s t ;
v o i d  r e w i r e ( Q P t r L i s t< g p a th >  p a t h s ,  C L ayer*  l a y e r ,  
c o n s t  i n t  t r a c k ,  c o n s t  i n t  e d g e ) ;  
v o i d  m e r g e S t r a i g h t P a t h s Q ;
v o i d  m e r g e E x p a n d U n ro u te d P a th s (c o n s t  Q S ize  g T i l e ) ; 
b o o l  p p l ( g p a t h *  p a t h ) ;
b o o l  p p l ( g p a t h *  p a t h ,  C L a y e r P a i r  l a y e r p ) ;

b o o l  p p 2 ( g p a th *  p a t h ) ;  
b o o l  p p 2 ( g p a th *  p a t h ,  C L a y e r P a i r  l a y e r p ) ;  
v o i d  p p 3 ( ) ;
v o i d  p p 3 ( g p a th *  p r e v ,  g p a th *  n e x t ) ;  
v o i d  p p 4 ( ) ;
v o i d  p p 4 f ro m (C P trL is t< C L a y e r>  l i s t ) ;  
v o i d  p p 4 to ( C P tr L is t< C L a y e r >  l i s t ) ;  
p u b l i c :
v o i d  r te W r i te ( Q T e x tS t r e a m f t  f ) ;  
v o i d  g r te W r i te ( Q T e x tS t r e a m f t  f ) ;  
i n t  n u m P a d V io la t i o n s ( ) ; 
v o i d  p a i n t ( Q P a i n t e r *  p ) ;
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p u b l i c :
g w ire (C N o d e *  f ro m , CNode* t o ) ;  
g w i r e ( c o n s t  g v i r e f t  w i r e ) ;  
g w i r e ( ) ;
v i r t u a l  'g w i r e O ;
>;

# e n d i f
• i f n d e f  OPENSET_H 
# d e f i n e  OPENSET.H

# i n c l u d e  " g l o b a l .h "

t e m p l a t e  < c l a s s  K, c l a s s  T> 
c l a s s  O p en S e t 
{
p r i v a t e :
Q V a lu eV ec to r< T >  t h e V e c t o r ;
QMap<K,T> theM ap ; 
p u b l i c :
v o id  i n s e r t ( c o n s t  K k ,  T  t )
{
t h e V e c t o r . p u s b _ b a s k ( t ) ;
p u s h _ h e a p ( t h e V e e t o r .b e g i n ( ) , t h e V e c t o r . e n d ( ) ) ; 
th e M a p [k  j  = t ;
>;
v o id  e r a 8 e ( c o n s t  K ) ;

H -1 v o id  u p d a t e OCl {
QO m a k e _ h e a p ( t h e V e c t o r .b e g i n ( ) , t h e V e c t o r . e n d ( ) ) ;  

>;
T p o p . b e s t O  
{
T r e t V a l  = t h e V e c t o r . f r o n t O  ;
p o p _ h e a p ( t h e V e c t o r .b e g i n ( ) , t h e V e c t o r . e n d ( ) ) ;
t h e V e c t o r .p o p _ b a c k ( ) ;
th e M a p . e r a s e ( r e t V a l - > c o o r d ( ) ) ;
r e t u r n  r e t V a l ;
>;
T f i n d ( c o n 8 t  K k)
{
i f ( t h e M a p . f i n d ( k )  !■  th e M a p .e n d ( ) )  
r e t u r n  th e M a p [ k ] ; 
r e t u r n  NULL;
>;
i n t  s i z e ( )  c o n s t  {  t h e V e c t o r . s i z e ( ) ;  >; 
p u b l i c :
O p e n S e t( ) ;
'O p e n S e t ( ) ;
>;

# e n d i f
• i f n d e f  U TIL .H  
# d e f i n e  U TIL.H

• i n c l u d e  " g l o b a l .h "

v o id  i n i t ( ) ;

v o i d  d i s p o s e O ;
b o o l  l o a d ( c o n s t  Q S t r in g  f i l e N a m e ) ;  
b o o l  p a r s e C m d (c o n s t  Q S t r in g  c m d );

• e n d i f

• i n c l u d e  " c b u f f e r . h "

C B u f f e r : - :C B u f f e r ( c o n s t  C P o in t  p o i n t ,  c o n s t  d o u b le  l o a d )
:C N o d e(B U F F E R ,p o in t)
,m _ lo a d ( lo a d )
{
> ■
C B u f f e r : : 'C B u f f e r ( ){ .

>
• i n c l u d e  " e c c tc o m p .h "

C C ctC o m p ::C C c tC o m p (co n s t Q S t r in g  n am e, c o n s t  Q S t r in g  im a g e )  
:m _nam e(nam e)
, m _ im ag e( im a g e )
<
>
C C ctC om p:: "C C ctC om pO  
{
>
• i n c l u d e  " c c c t im a g e .h "
• i n c l u d e  " c c c t p i n . h "
• i n c l u d e  " c c c t k e e p o u t . h "

C C c t lm a g e : :C C c t Im a g e (c o n s t  Q S t r in g  nam e)
:m _nam e(nam e)
. m .h a s P o l y ( f a l s e )
. m .h a s R e c t ( f a l s e )
{
m . p i n s . s e t A u t o D e l e t e ( t r u e ) ; 
m . k e e p o u t s . s e t A u t o D e l e t e ( t r u e ) ;

>
C C c tlm a g e : : "C C c tlm a g e O  
<
m . p i n s . c l e a r O ; 
m . k e e p o u t s . c l e a r ( ) ;
>

v o i d  C C c tlm a g e : :a d d P in (C C c tP in *  p in )
{
m . p i n s . i n s e r t ( p i n - > n a m e ( ) , p i n ) ;
>
• i n c l u d e  " c c c t k e e p o u t . h "

C C c tK e e p o u t: :C C c tK e e p o u t( c o n s t  Q S t r in g  l a y e r ,  c o n s t  C R ect r e c t )  
: m _ l a y e r ( l a y e r )
, m _ r e c t ( r e c t )

>
C C c tK e e p o u t : : 'C C c tK e e p o u t ( ) {
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>
• i n c l u d e  " c c c t l a y e r . h "

C C c tL a y e r : : C C c tL a y e r ( c o n s t  Q S t r in g  n am e, c o n s t  i n t  in d e x )  
m .n a m e  (nam e)
, m _ h a s D i r e c t i o n ( f a l s e )
,m _ h a s W id th ( f a l s e )
. m .h a s C l e a r ( f a l s e )
,m _ in d e x ( in d e x )

>
C C c tL a y e r  : : " C C c tL a y e rO  
{>
• i n c l u d e  " c c c t n e t . h ”
• i n c l u d e  " c c c t w i r e . h "

C C c tN e t : :C C c tN e t ( c o n s t  Q S t r in g  nam e)
:m _nam e(nam e)
{
m . w i r e s . s e t A u t o D e l e t e ( t r u e ) ;

>
C C c tN e t : : " C C c tN e t ( )
{
m . p i n s .  c l e a r O ; 
m . w i r e s . c l e a r ( ) ;
>
• i n c l u d e  " c c c t p a t h . h "

C C c tP a th : : C C c tP a th ( c o n s t  Q S t r in g  l a y e r ,  c o n s t  i n t  w id th ,  
c o n s t  i n t  x i ,  c o n s t  i n t  y l ,  c o n s t  i n t  x 2 ,  c o n s t  i n t  y2 ) 
:m _ l a y e r ( l a y e r )
,m _ w id th (w id th )
,m_xl(xl)
,«_yl(yl)
,m _ x 2 (x 2 )
,m _ y 2 (y 2 )

/ /  m . p i n i  -  Q S t r i n g ( ) . s e t N u m ( x l ) + " ," + Q S t r i n g ( ) . s e t N u m ( y l ) ;  
/ /  m _ p in 2  = Q S t r in g ( ) .s e tN u m ( x 2 ) + ,‘ , " + Q S t r in g ( ) .s e tN u m ( y 2 ) ;  
m . p i n i  = " " ;  
m _ p in 2  ■
>
C C c tP a th : : " C C c tP a th ( )

{>

b o o l  C C c t P a t h : : i n t e r s e c t s ( C C c t P a t h  p )

{
r e t u r n  ( h e i g h t ( ) = * 0  4 4  p . h e i g h t ( ) = = 0  44  

( b o t t o m ( ) “ p . b o t t o m ( ) )  kk  
( t o p ( ) = = p . t o p ( ) )  kk
( : : j a a x ( l e f t ( ) , p . l e f t ( ) )  < : : m i n (  r i g h t O ,  p . r i g h t O  ) ) )  | |  
( w id th ( ) = = 0  kk  p .w i d t h ( ) = * 0  kk  

( l e f t ( ) * = p . l e f t O )  4*
(right()**p.rightO) kk
(: :max(bottom() .p.bottomO) < ::min(top(), p.topO )));

>
Q P trL is t< C C c tP a th >  C C c tP a t h : : n o n I n P a t h s ( c o n s t  C C c tP a th  p i ,  c o n s t  C C c tP a th  p 2 )  
{
a s s e r t  ( p i . l a y e r ( ) = * p 2 . l a y e r  O ) ;
/ / a s s e r t ( p i . i n t e r s e c t s ( p 2 ) ) ;

Q P trL is t< C C c tP a th >  p a t h s ;
i f ( p i . h e i g h t ( ) ® = 0  4 4  p 2 .b e ig h t ( ) ® = 0 )
{
i n t  y , x l , y l , x 2 , y 2 , w i d t h ;  
b o o l  p i n l i p i n 2 , p i n 3 , p i n 4 ;
Q S t r in g  l a y e r , p i n ;
C C c tP a th *  p a t h ; :

a S s e r t ( p l . y l ( ) = = p l . y 2 ( ) ) ;  
a s s e r t  ( p 2 . y  1 0  " p 2 . y2  ( ) ) ;  
a s s e r t ( p i . y l ( ) = = p 2 . y l ( ) ) ; 
a s s e r t ( p i . l a y e r ( ) = * p 2 . l a y e r ( ) ) ;  
y  =  p l . y l O ;  
l a y e r  = p i .  l a y e r  O ;  
w id th  - p i .  W id th O ;  
p in i= p in 2 = p in 3 * p in 4 = f a l s e ;

x l  *  : : m i n (  p l . l e f t O ,  p 2 ; l e f t ( )  ) ;  
y l  -  y ;
x 2  *  : :m a x (  p l . l e f t O ,  p 2 . 1 e f t ( )  ) ;
y 2  = y ;
p a t h  »  new C C c t P a t h ( l a y e r , w i d t h , x l , y l , x 2 , y 2 ) ;
i f (  x l = = p l . x l ( )  )  { p a t h - > p i n l (  p l . p i n l O  ) ; p i n l = t r u e ; }
e l s e  i f  (  x l = = p l .x 2 ( )  )
< p a t h - > p i n l (  p i . p i n 2 ( )  ) ; p i n 2 = t r u e ; >  
e l s e  i f  ( x l = = p 2 . x l ( )  )
{ p a th - > p in l . (  p 2 . p i n l ( )  )  ; p i n 3 = t r u e ; >  
e l s e  i f  ( x l= = p 2 .x 2 ( )  )
{ p a t h - > p i n l (  p 2 . p i n 2 ( )  ) ; p i n 4 = t r u e ; > 
i f (  x 2 * » p l . x 'lO  4 4  I p i n l )
{ p a t h - > p i n 2 (  p l . p i n l O  
) ; p i n l = t r u e ; p i n 2 = p i n 3 = p i n 4 = f a l s e ; } 
e l s e  i f  ( x 2 = = p l .x 2 ( )  4 4  ! p in 2 )
{ p a t h - > p i n 2 (  p l . p i n 2 ( )
) ; p i n 2 = t r u e ; p i n l = p i n 3 * p i n 4 = f a l s e ; >  
e l s e  i f  (  x 2 = p 2 . x l ( )  4 4  ! p in 3 )
< p a th - > p in 2 (  p 2 . p i n l O  
) ; p i n 3 = t r u e ; p i n l = p i n 2 = p i n 4 = f a l s e ; } 
e l s e  i f  (  x 2 = = p 2 .x 2 ( )  4 4  ! p in 4 )
{ p a th - > p in 2 (  p 2 . p i n 2 ( )
) ; p i n 4 = t r u e ; p i n l = p i n 2 = p i n 3 = f a l s e ;>  
i f ( p a t h - > p i n l ( ) ! = " "  44 
p a t h - > p i n 2 ( ) != ""  44
p a t h - > p i n l ( ) = = p a t h - > p i n 2 0 )  p a t h - > p i n 2 ( " " ) ;
p a t h s . a p p e n d ( p a t h  ) ;

p i n  = p a t h - > p i n 2 ( ) ;
X l = x 2 ;
y i  *  y ;
x2  *  : :m in (  p i . r i g h t O ,  p 2 . r i g h t O  ) ;  
y 2  *  y ;
p a t h  * new  C C c t P a t h ( l a y e r , w i d t h , x l , y l , x 2 , y 2 ) ;
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r e t u r n  p a t h s ;
>
• i n c l u d e  " c c c t p i n .h "

C C c tP in : :C C c tP in ( c o n s t  Q S t r in g  nam e)
:m _nam e(nam e)

>
C C c t P i n : : ”C C c tP in ( )
{
m . p o r t s . c l e a r ( ) ;
>
• i n c l u d e  " c c c t v i r e . h "
• i n c l u d e  " c c c t p a t h .h "

C C c tW ire : :C C c tW ire ( )

m . p a t h s . s e t A u t o D e l e t e ( t r u e ) ;
>
C C c tW ire : :  " C C c tW ire O

m _ p a t h s . c l e a r ( ) ;
>
v o id  C C c tW i r e : :p in s ( c o n s t  Q S t r in g  p i n l , c o n s t  Q S tr in g  p in 2 )  
{
m _ p in l= p in l ,m . .p in 2 = p in 2 ;

I— 1 m . p a t h s . g e t F i r s t ( ) - > p i n l ( p i n l ) ;
2  m . p a t h s . g e t L a s t ( ) - > p i n 2 ( p i n 2 ) ;
^  >

• i n c l u d e  " g l o b a l .h "
• i n c l u d e  " c c o m p le x .h "

/* * * # * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * # * * * * * * * * * * * * * * * * * * * # * * * * * *  
* o p e r a t i o n s  on  c l a s s  co m p lex  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /

c o n s t  co m p lex  ft c o m p l e x : : o p e r a t o r = ( c o n s t  co m p lex  ft v a lu e )
{

i f  ( t h i s  != ft v a l u e )  { 
r e a l p  •  v a l u e . r e a l p ;  
im ag p  = v a lu e . im a g p ;

>
r e t u r n  * t h i s ;

>

c o n s t  co m p lex  ft c o m p l e x : : o p e r a t o r + = ( c o n s t  co m p le x  ft v a lu e )  

{
r e a l p  += v a l u e . r e a l p ;  
im ag p  += v a l u e . im a g p ; 
r e t u r n  * t h i s ;

>

co m p le x  o p e r a t o r  * ( c o n s t  co m p lex  ft A, c o n s t  c o m p lex  ft B)

r e t u r n  co m p le x  ( A .r e a lp ,* B .r e a lp  - . A .im ag p * B .im a g p , 
A .r e a lp * B . im a g p  + A . i m a g p * B . r e a lp ) ;

co m p le x  o p e r a t o r  /  ( c o n s t  co m p lex  ft A, c o n s t  co m p lex  ft B)

d o u b le  modu = B . r e a l p * B . r e a l p  + B . im agp*B . im a g p ; 
c o m p le x  tm p ( B . r e a lp /m o d u ,  -B .im a g p /m o d u ) ; 
r e t u r n  A *tm p;

co m p le x  e x p  ( c o n s t  co m p le x  ft A)

r e t u r n  co m p le x  ( e x p ( A .r e a l p ) * c o s ( A . i m a g p ) , e x p ( A . r e a l p ) * s i n ( A . i m a g p ) ) ;

co m p le x  p o v  ( c o n s t  c o m p lex  ft A, i n t  n ) 

co m p lex  tm p  = A;
f o r  ( i n t  i  = 1 ;. i< n ;  i+ + )  tm p  = tm p*A; 
r e t u r n  tm p ;

d o u b le  a r g  ( c o n s t  co m p lex  ft A) 

d o u b le  a n g ;

i f  ( A . r e a l p  > 0 )  a n g  *  a t a n ( A . i m a g p / A . r e a l p ) ; 
e l s e  i f  ( A . r e a l p  < 0 )  {

i f  (A .im a g p  >= 0 )  a n g  =  a t a n ( A . im a g p /A . r e a lp )  + P I ;  
. e l s e  a n g  *  a t a n ( A . i m a g p / A . r e a l p )  -  P I ;

■>. . 
e l s e  {

i f  (A .im a g p  > 0 )  a n g  = P I / 2 ;  
e l s e  i f  (A .im a g p  < 0 )  a n g  = - P I / 2 ;  
e l s e  a n g  = 0 ;

>
r e t u r n  a n g ;

>

co m p le x  s q r t  ( c o n s t  co m p lex  ft A)

d o u b le  modu =  s q r t ( f a b s ( A ) ) ;  
d o u b le  a n g  = a r g ( A ) / 2 . ;
r e t u r n  c o m p le x (m o d u * c o s (a n g ) , m o d u * s in ( a n g ) ) ;

c o m p lex  c b r t  ( c o n s t  co m p lex  ft A) 

d o u b le  p  ■ p o w ( f a b s ( A ) ,  1 . / 3 . ) ;
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i f  ( ! c u b i c ( c e ) )  
r e t u r n  f a l s e ;

co m p le x  z ( c e [ 0 ] ) ;

i f  ( f a b s ( z  -  g )  < TINY*TINY) 
r e t u r n  f a l s e ;

s q  = s q r t ( z  -  g ) ; 
h  = h / s q ;
co m p le x  r ( s q r t ( ( z  -  g )  -  2 * ( z  -  h ) ) ) ;  
co m p le x  t ( s q r t ( ( z  -  g )  -  2 * ( z  + h ) ) ) ;  
k  *  c r [ 3 ] / 4 ;

c r t l j  * 0 . 5 * ( - s q  + r )  -  k ;  
c r [ 2 ]  ■ 0 . 5 * ( - s q  -  r )  -  k ;  
c r [ 3 ]  *  0 . 5 * ( s q  + t )  - k ;  
c r [ 4 ]  ■ 0 . 5 * ( s q  -  t )  -  k ;

r e t u r n  t r u e ;

b o o l  c o m p u te P o le s ( c o m p le x  deno[MAX_ORDER+l], 
c o m p le x  pole[M A X _O RD ER+l], i n t  o d r )

{
d o u b le  d e l t a ;

s w i t c h  ( o d r )  { 
c a s e  4 :

i f  O q u a r t i c ( d e n o ) )  r e t u r n  f a l s e ;  
f o r  ( i n t  i  * 1 ;  i  <= 4 ;  i+ + )  

p o l e [ i ]  * d e n o [ i ] ;  
b r e a k ;

c a s e  3 ;
i f  ( ! c u b i c ( d e n o ) )  r e t u r n  f a l s e ;
p o l e [ l ]  *  d e n o [ 0 ] ;
p o l e  [2 ] = d e n o [ l ] ;
p o l e [3 ] -  d e n o [ 2 ] ;
b r e a k ;

c a s e  2 :
d e l t a  »  d e n o [ l ]  . g e t _ r e a l ( ) * d e n o [ l ] . g e t _ r e a l ( )  -  4 * d e n o [ 0 ] . g e t . r e a l ( ) ;  
i f  ( d e l t a  >* 0 )  {

p o l e [ 2 j  •  ( - d e n o t l ] . g e t _ r e a l ( )  + s q r t ( d e l t a ) ) / 2 ;  
p o l e [ l ]  * ( - d e n o [ l ] . g e t _ r e a l ( )  -  s q r t ( d e l t a ) ) / 2 ;

>
e l s e  {

p o l e [ 2 ]  *  c o m p le x ( - d e n o [ 1 ] . g e t _ r e a l ( ) , s q r t ( - d e l t a ) ) / 2 ;  
p o l e [ i ]  *  p o l e [ 2 ] . g e t _ c o n j ( ) ;

>
b r e a k ;

c a s e  1 :
p o l e f l ]  = - d e n o f O j ;  
b r e a k ;

>

o
CO

r e t u r n  t r u e ;
>
v o i d  p o l i s h ( c o m p le x  resid[M A X _O R D ER +l],
co m p le x  pole[M A X _0R D ER +l], i n t  i o d r ,  b o o l  f t r e d u c e )

{
r e d u c e  ~ f a l s e ;

f o r  ( i n t  i  = 1 ; i  <- o d r ;  i+ + )  {
i f  ( f a b s ( r e s i d [ i ] . g e t _ i m a g ( ) )  < TINY) 

r e s i d [ i ]  «  r e s i d [ i ]  . g e t . r e a l O  ; 
i f  ( f a b s ( p o l e [ i ] . g e t _ i m a g ( ) )  < TINY) 

p o l e [ i ]  *  p o l e [ i ] . g e t _ r e a l ( ) ;

i f  ( p o l e t i ] . g e t _ r e a l ( )  > TINY) {
/ /  i f  p o s i t i v e  p o l e  e x i s t s

i f  ( f a b s ( r e s i d [ i ] ) < TINY) {
I I  i f  i t s  r e s i d u e  t r i v i a l ,  n e g e l e c t  i t  
r e s i d [ i ]  * 0 ; 
p o l e [ i ]  = 0 ;

>
e l s e  {

/ /  i f  p o s i t i v e  p o l e  i s  s i g n i f i c a n t ,  r e d u c e  o r d e r  
o d r — ;
r e d u c e  = t r u e ;

>>>>

♦ i n c l u d e  " c d e f .h "
♦ in c lu d e - " c d e f c o m p .h "
♦ i n c l u d e  " c d e f p i n . h '1 
♦ i n c l u d e  " e d e f b l o c k .h "
♦ i n c l u d e  " c d e f n e t .h "
♦ i n c l u d e  " c d e f p a t h .h "

C D ef: :C D e f( )  
: m _ h a s V e r s io n ( f a l s e )  
, m _ h a s C a s e S e n s i t i v e ( f a l s e )  
,m _ h a s D i v i d e r ( f a l s e )
, m . h a s B u s B i t ( f a l s e )  
,m _ h a s D e s ig n ( f a l s e )  
,m _ h a s D ie A r e a ( f a l s e )  
,m _ h a s U n i t s ( f a l s e )
,m _ h a s G C e l l ( f a l s e )
{
m _ c o m p s .s e tA u to D e le te (  t r u e  ) ;  
m _ n e t s .8 e tA u to D e le t e (  t r u e  ) ;  
m _ p in s . s e tA u to D e le t e (  t r u e  ) ;  
m _ b lo c k s .s e tA u to D e le t e (  t r u e  ) ;  
>
C D ef: :" C D e f( )
{
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m _ c o m p s .c l e a r ( ) ; 
m _ n e t s . c l e a r O  ; 
m _ p i n s . c l e a r ( ) ; 
m _ b l o c k s .c l e a r ( ) ;
>
b o o l  C D ef: : l o a d ( c o n s t  Q S t r in g  f i le N a m e )
<
FILE* d e f F i l e ;  
d e f r l n i t O ;
d e f r S e tB lo c k a g e S ta r tC b k (  d e f r B lo c k a g e S ta r tC b k  ) ;  
d e f r S e tB lo c k a g e C b k (  d e f rB lo c k a g e C b k  ) ;  
d e frS e tB lo c k a g e E n d C b k C  d e f rB lo c k a g e E n d C b k  ) ;  
d e f r S e tB u s B i tC b k (  d e f rB u s B itC b k  ) ;  
d e f rS e tC o m p o n e n tS ta r tC b k (  d e f rC o m p o n e n tS ta r tC b k  ) ;  
d e f rS e tC o m p o n e n tC b k (  d e frC o m p o n e n tC b k  ) ;  
d e frS e tC o m p o n e n tE n d C b k ( d e frC o m p o n en tE n d C b k  ) ;  
d e f r S e tP a th C b k (  d e f r P a th C b k  ) ;  
d e frS e tD e s ig n C b k C  d e f r D e s ig n S ta r tC b k  ) ;  
d e f rS e tD e s ig n E n d C b k (  d e f rD e s ig n E n d C b k  ) ;  
d e f r S e tD ie A r e a C b k (  d e f rD ie A re a C b k  ) ;  
d e f r S e tD iv id e r C b k ( d e f r D iv id e r C b k  ) ;  
d e f rS e tC o m p o n e n tE x tC b k (  d e frC o m p o n e n tE x tC b k  ) ;  
d e f rS e tG ro u p E x tC b k (  d e f rG ro u p E x tC b k  ) ;  
d e f r S e tN e tE x tC b k (  d e f rN e tE x tC b k  ) ;
d e f r S e tN e tC o n n e c t io n E x tC b k (  d e f rN e tC o n n e c t io n E x tC b k  ) ;  
d e f r S e tP in E x tC b k (  d e f rP in E x tC b k  ) ;  
d e f rS e tS c a n C h a in E x tC b k (  d e f rS c a n C h a in E x tC b k  ) ;

H -1 d e f r S e tV ia E x tC b k (  d e f rV ia E x tC b k  ) ;
^  d e f r S e t F i l l S t a r t C b k (  d e f r F i l l S t a r t C b k  ) ;
^  d e f r S e t F i l l C b k (  d e f r F i l l C b k  ) ;

d e f r S e tF i l lE n d C b k (  d e f r F i l lE n d C b k  ) ;  
d e f r S e tG c e l lG r id C b k (  d e f r G c e l lG r id C b k  ) ;  
d e f r S e tG r o u p s S ta r tC b k (  d e f r G r o u p s S ta r tC b k  ) ;  
d e frS e tG ro u p N a m e C b k ( d efrG roupN am eC bk  ) ;  
d e frS e tG ro u p M e m b e rC b k ( d e frG roupM em berC bk  ) ;  
d e f rS e tG ro u p C b k (  d e frG ro u p C b k  ) ;  
d e frS e tG ro u p s E n d C b k (  d e f rG ro u p sE n d C b k  ) ;  
d e f r S e tH i s to r y C b k (  d e f r H i s to r y C b k  ) ;  
d e f r S e tC a s e S e n s i t i v e C b k (  d e f r C a s e S e n s i t i v e C b k  );  
d e f r S e tN e tS ta r tC b k C  d e f r N e tS ta r tC b k  ) ;  
d e f r S e tN e tC b k (  d e f rN e tC b k  ) ;  
d e f rS e tN e tE n d C b k (  d e frN e tE n d C b k  ) ;  
d e f r S e t S t a r t P i n s C b k (  d e f r S t a r t P i n s C b k  ) ;  
d e f r S e tP in C b k (  d e f r P in C b k  ) ;

d e f rS e tP in E n d C b k (  d e f rP in E n d C b k  ) ;  
d e f r S e t P i n P r o p S t a r t C b k (  d e f r P in P r o p S ta r tC b k  ) ;  
d e f r S e tP in P r o p C b k (  d e f rP in P ro p C b k  ) ;  
d e f rS e tP in P ro p E n d C b k (  d e f rP in P ro p E n d C b k  ) ;  
d e f r S e tP r o p D e f S ta r tC b k (  d e f r P r o p D e f S ta r tC b k  ) ;  
d e f r S e tP r o p C b k (  d e f rP ro p C b k  ) ;  
d e f rS e tP ro p D e fE n d C b k (  d e frP ro p D e fE n d C b k  ) ;  
d e f r S e tR e g io n S ta r tC b k (  d e f r R e g io n S ta r tC b k  ) ;  
d e f rS e tR e g io n C b k (  d e f rR e g io n C b k  ) ;  
d e f rS e tR e g io n £ n d C b k (  d e frR e g io n E n d C b k  ) ;  
d e frS e tR o w C b k ( defrR ow C bk ) ;
d e f r S e t S c a n c h a i n s S t a r t C b k (  d e f r S c a n c h a in s S ta r tC b k  ) ;
d e f r S e tS c a n c b a in C b k (  d e f r S c a n c h a in C b k  ) ;
d e f r S e tS c a n c h a in s E n d C b k (  d e f rS c a n c h a in s E n d C b k ) ;

d e f r S e t S l o t S t a r t C b k (  d e f r S l o t S t a r t C b k  ) ;  
d e f r S e t S l o t C b k (  d e f r S lo tC b k  ) i  
d e f rS e tS lo tE n d C b k C  d e f r S lo tE n d C b k  ) ;  
d e f r S e tS N e tS ta r tC b k (  d e f r S N e tS ta r tC b k  ) ;  
d e f rS e tS N e tC b k (  d e f rS N e tC b k  ) ;  
d e f rS e tS N e tE n d C b k (  d e frS N e tE n d C b k  ) ;  
d e f rS e tT e c h n o lo g y C b k (  defrT ech N am eC b k  ) ;  
d e f r S e tT r a c k C b k (  d e f rT ra c k C b k  ) ;  
d e f r S e tU n i t s C b k (  d e f r U n i t s C b k  ) ;  
d e f r S e tV e r s io n C b k (  d e f r V e r s io n C b k  ) ;  
d e f E S e tV e r s io n S t r C b k (  d e f r V e r s io n S t r C b k  ) ;  
d e f r S e t V i a S t a r t C b k (  d e f r V i a S t a r t C b k  ) ;  
d e f r S e tV ia C b k (  d e f rV ia C b k  ) ;  
d e f rS e tV ia E n d C b k (  d e f rV ia E n d C b k  ) ;  
d e f F i l e  = f o p e n ( f i l e N a m e , " r " ) ; 
i f (  d efF ile= = N U L L  )
{
s t d : : c o u t  «  "ERROR : c o u l d n ’ t  o p e n  " «  f i le N a m e  «  " \ n " ;  
r e t u r n  f a l s e ;
>

d e f r R e a d ( d e f F i l e , f i l e N a m e ,  ( v o i d * ) t h i s , 1 ) ;

r e t u r n  t r u e ;
>
b o o l  C D ef: : s a v e ( c o n s t  Q S t r in g  f i l e N a m e )
{
FILE* d e f F i l e ;
d e f F i l e  *  f o p e n ( f i l e N a m e ," w " ) ; 
i f (  d e fF ile= * N U L L ) .
{
s t d : ; c o u t  «  "ERROR : c o u l d n ’ t  o p e n  " «  f i le N a m e  «  " \ n " ;  
r e t u r n  f a l s e ;
}
d e f w I n i t C b k ( d e f F i l e ) ; 
d e f v S e tB lo c k a g e C b k (d e fv B lo c k a g e C b k  ) ;  
d e fu S e tB u s B i tC b k (  d e fw B u sB itC b k  ) ;  
d e f w S e tC a s e S e n s l t iv e C b k (  d e f v C a s e S e n s i t iv e C b k  ) ;  
de fv S e tC o m p o n en tC b k C  d efv C o m p o n en tC b k  ) ;  
d e fv S e tD e s ig n C b k (  d e fw D e sig n C b k  ) ;  
d e fw S e tD e s ig n E n d C b k ( d e fw D esig n E n d C b k  ) ;  
d e f« S e tD ie A re a C b k (  d e fv D ie A re a C b k  ) ;  
d e fw S e tD iv id e rC b k (  d e fv D iv id e r C b k  ) ;  
d e fw S e tE x tC b k (  d e fv E x tC b k  ) ;  
d e fw S e tG c e llG r id C b k C  d e fw G e e l lG r id C b k  ) ;  
d e fw S e tG ro u p C b k ( d e fu G ro u p C b k  ) ;  
d e f v S e tH i s to r y C b k (  d e fw H is to ry C b k  ) ;  
d e fu S e tN e tC b k (  d e fv N e tC b k  ) ;  
d e fv S e tP in C b k (d e fv P in C b k  ) ;  
d e f v S e tP in P r o p C b k (  d e fw P in P ro p C b k  ) ;  
d e fv S e tP ro p D e fC b k (  d efw P ro p D efC b k  ) ;  
d e f v S e tR e g io n C b k (d e fv R e g io n C b k ) ; 
defw S etR ow C bk( defwRowCbk ) ;  
d e fw S e tS N e tC b k (  d e fv S N e tC b k  ) ;  
d e fv S e tS c a n c h a in C b k (  d e fw S c a n c h a in C b k  ) ;  
d e fw S e tT e c h n o lo g y C b k (  d efw T ecbC bk  ) ;  
d e fw S e tT ra c k C b k (  d e fw T ra c k C b k  ) ;  
d e f u S e tU n i t s C b k (  d e fw U n its C b k  ) ;  
d e fw S e tV e r s io n C b k (  d e fv V e r s io n C b k  ) ;
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i f (  i s U n p la c e d O  )  p l a c e m e n t S t a t u s  ■ UNPLACED; 
i f  C i s P l a c e d O  ) p l a c e m e n tS ta tu s  * PLACED; 
i f  ( i s C o v e r O  ) p l a c e m e n t S t a t u s  = COVER; 
i f (  i s F i x e d O  ) p l a c e m e n t S t a t u s  = FIXED; 
x  = ( i n t ) p l a c e m e n t X O ; 
y  * ( i n t ) p l a c e m e n t Y O ; 
p la c e m e n tO r i e n t  = o r i e n t  O ;  
d e fw P in (  p in N a m e O , n e tN a m e O  , 0 , d i r , u s e s ,
: : p l a c e m e n t S t a t u s ( p l a c e m e n t S t a t u s ) ,x , y ,
: : p l a c e m e n t O r i e n t ( p l a c e m e n t O r i e n t ) , 
l a y e r s , ( i n t ) x l , ( i n t ) y l , ( i n t ) x h , ( i n t ) y b ) ;

>
e l s e  d e fw P in (  p in N a m e O , n e tN am eO  , 0 ,  d i r ,  u s e s ,
0 , 0 , 0 , 0 ,
l a y e r s ,  ( i n t ) x l ,  ( i n t ) . y l ,  ( i n t ) x h ,  ( i n t ) y h ) ;
>
♦ i n c l u d e  " c d e f .h "
♦ i n c l u d e  " c d e fc o m p .h "
♦ i n c l u d e  " c d e f p i n .h "
♦ i n c l u d e  " c d e f b l o c k .h "
♦ i n c l u d e  " c d e f n e t .h "
♦ i n c l u d e  " c d e f p a t h .h "

i n t  d e f r B lo c k a g e S ta r tC b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  
i n t  n u m B lo c k a g e s , d e f iU s e r D a ta  d a t a  )

a s s e r t ( t y p e = = d e f r B lo c k a g e S ta r tC b k T y p e ) ;
F—1 s t d : : c o u t  «  " d e f r B lo c k a g e S ta r tC b k  " «  n u m B lo c k a g e s  «  d a t a  «  " \ n ' ' ;
^  r e t u r n  0 ;

i n t  d e f rB lo c k a g e C b k (  d e f r C a l lb a c k T y p e _ e  t y p e ,  
d e f iB lo c k a g e *  b lo c k a g e ,  d e f iU s e r D a ta  d a t a  )

{
a s s e r t ( t y p e = = d e f r B lo c k a g e C b k T y p e ) ;
C D ef* d e f  = (C D e f* )d a ta ;

d e f - > m _ b lo c k s .a p p e n d (  new  C D e fB lo c k (b lo c k a g e )  ) ;  
r e t u r n  0 ;
>

i n t  d e frB lo c k a g e E n d C b k (  d e f r C a l lb a c k T y p e .a  t y p e ,  
v o id *  p t r ,  d e f iU s e r D a ta  d a t a  )  1

{ .
a s s e r t ( ty p e = = d e f r B lo c k a g e E n d C b k T y p e ) ;
s t d : : c o u t  «  "d e f rB lo c k a g e E n d C b k  " «  p t r  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>

i n t  d e f r B u s B i tC b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  
c o n s t  c h a r *  b u s B i t ,  d e f iU s e r D a ta  d a t a  )

{
a s s e r t ( t y p e = = d e f r B u s B i tC b k T y p e ) ;
CD ef* d e f  = ( C D e f* )d a ta ;

d e f - > b u s B i t (  b u s B i t  ) ;  
r e t u r n  0 ;

>

i n t  d e f rC o m p o n e n tS ta r tC b k (  d e f r C a l lb a c k T y p e _ e  t y p e ,  
i n t  numGomps, d e f i U s e r D a t a  d a t a  )
{•
a s s e r t ( t y p e = * d e f r C o m p o n e n tS ta r tC b k T y p e ) ;
s t d : : c o u t  «  " d e f rC o m p o n e n tS ta r tC b k  " «  numComps «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>

i n t  d e f rC o m p o n e n tC b k (  d e f r C a l l b a c k T y p e .e  t y p e ,  
d e f iC o m p o n e n t*  com p , d e f iU s e r D a ta  d a t a  )
{
a s s e r t ( ty p e = * d e f rC o m p o n e n tC b k T y p e ) ;
C D ef* d e f  =  (C D e f * ) d a ta ;

d e f - > m _ c o m p s . in s e r t (  c o m p - > id ( ) ,  new  CDefComp( comp ) ) ;  
r e t u r n  0 ;
>
i n t  d e frC o m p o n e n tE n d C b k ( d e f r C a l lb a c k T y p e .e  t y p e ,v o i d *  p t r ,  

d e f iU s e r D a ta  d a t a  )

{ .
a s s e r t( ty p e * * d e f r C o m p o n e n tE n d C b k T y p e ) ;
s t d : : c o u t  «  "d e frC o m p o n e n tE n d C b k  " «  p t r  «  d a t a  «  11 \ n " ; 
r e t u r n  0 ;
>.

i n t  d e f r P a th C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  d e f i P a t h *  p a t h ,  
d e f iU s e r D a ta  d a t a  )

{
a s s e r t ( t y p e = * d e f r P a t h C b k T y p e ) ;
CD ef* d e f  *  (C D e f * ) d a ta ;

d e f - > m _ p a th s ,a p p e n d (  new  C D e fP a th (  p a t h  )  ) ;  
r e t u r n  0 ;
> .
i n t  d e f r D e s i g n S t a r t C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r *  d e s i g n ,  

d e f iU s e r D a ta  d a t a  )
■c
a s s e r t ( t y p e = * d e f r D e s i g n S t a r t C b k T y p e ) ;
CD ef* d e f  «  (C D e f * ) d a ta ;

d e f - > d e s i g n (  d e s i g n  ) ;  
r e t u r n  0 ;
>

i n t  d e f rD e s ig n E n d C b k ( d e f r C a l lb a c k T y p e _ e  t y p e ,  v o id *  p t r ,  
d e f iU s e r D a ta  d a t a  )

{
a s s e r t ( ty p e = = d e f r D e s ig n E n d C b k T y p e ) ;
s t d : : c o u t  «  " d e f rD e s ig n E n d C b k  " «  p t r  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f rD ie A re a C b k (  d e f r C a l lb a c k T y p e _ e  t y p e ,  d e f iB o x *  b o x ,  

d e f iU s e r D a ta  d a t a  )

<
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a s s e r t ( t y p e = = d e f r D ie A r e a C b k T y p e ) ;
CD ef* d e f  *  (C D e f* )d a ta ;

d e f - > d ie A r e a (  b o x - > x l ( ) ,  b o x - > y l ( ) ,  b o x - > x h ( ) ,  b o x -> y h ( )  ) ;  
r e t u r n  0 ;
>
i n t  d e f r D iv id e r C b k (  d e f r C a l lb a c k T y p e _ e  t y p e ,  c o n s t  c h a r *  d i v i d e r ,  
d e f iU s e r D a ta  d a t a  )

{
a s s e r t ( t y p e = = d e f r D iv id e r C b k T y p e ) ;
CD ef* d e f  ■ (C D e f* )d a ta ;

d e f - > d i v i d e r (  d i v i d e r  ) ;  
r e t u r n  0 ;
>
i n t  d e frC o m p o n e n tE x tC b k ( d e f r C a l lb a c k T y p e _ e  t y p e ,  c o n s t  c h a r *  com pE xt, 

d e f iU s e r D a ta  d a t a  )

{
a s s e r t ( ty p e ~ * d e f r C o m p o n e n tE x tC b k T y p e ) ;
s t d : : c o u t  «  "d e frC o m p o n e n tE x tC b k  " «  com pExt «  d a t a  «  " \ n M; 
r e t u r n  0 ;
>
i n t  d e f rG ro u p E x tC b k (  d e f r C a l l b a c k T y p e .e  t y p e ,  c o n s t  c h a r *  g ro u p E x t ,  
d e f iU s e r D a ta  d a t a  )t—i
{
a s s e r t ( ty p e = = d e f r G r o u p E x tC b k T y p e ) ;
s t d : : e o u t  «  " d e f rG ro u p E x tC b k  " «  g ro u p E x t  << d a t a  << " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f rN e tE x tC b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r*  n e t E x t ,  

d e f iU s e r D a ta  d a t a  )

{
a s s e r t ( t y p e = = d e f r N e tE x tC b k T y p e ) ;
s t d : : c o u t  «  " d e f rN e tE x tC b k  " << n e tE x t  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f r N e tC o n n e c t io n E x tC b k (  d e f r C a l l b a c k T y p e .e  t y p e ,  c o n s t  c h a r *  n e tC o n n E x t ,  

d e f iU s e r D a ta  d a t a  )
{
a s s e r t ( t y p e = = d e f r N e tC o n n e c t io n E x tC b k T y p e ) ;
s t d : : c o u t  «  " d e f rN e tC o n n e c t io n E x tC b k  " «  n e tC o n n E x t «  d a t a  << " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f r P in E x tC b k (  d e f r C a l lb a c k T y p e _ e  t y p e ,  c o n s t  c h a r*  p in E x t ,  
d e f iU s e r D a ta  d a t a  )
{
a s s e r t ( t y p e = = d e f r P in E x tC b k T y p e ) ;
s t d : : c o u t  «  " d e f rP in E x tC b k  " «  p in E x t  << d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f rS c a n C h a in E x tC b k (  d e f r C a l l b a c k T y p e .e  t y p e ,  c o n s t  c h a r *  s c a n C h a in E x t ,

d e f i U s e r D a t a  d a t a  )
{ •
a s s e r t ( t y p e * » d e f r S c a n C h a in E x tC b k T y p e ) ;
s t d : : c o u t  «  " d e f rS c a n C h a in E x tC b k  " «  s c a n C h a in E x t  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f r V ia E x tC b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r*  v i a E x t ,  
d e f i U s e r D a t a  d a t a  )
{
a s s e r t ( t y p e = = d e f r V ia E x tC b k T y p e ) ;
s t d : : c o u t  «  " d e f rV ia E x tC b k  " «  v i a E x t  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f r F i l l S t a r t C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  i n t  n u m F i l l s ,  
d e f i U s e r D a t a  d a t a  )
{
a s s e r t ( t y p e = = d e f r F i l l S t a r t C b k T y p e ) ;
s t d : : c o u t  «  " d e f r F i l l S t a r t C b k  " «  n u m F i l l s  << d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f r F i l l C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  d e f i F i l l *  f i l l ,  
d e f i U s e r D a t a  d a t a  )
{
a s s e r t  ( t y p e = d e f  r F i l l C b k T y p e ) ;
s t d : : c o u t  «  " d e f r F i l l C b k  " << f i l l  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
> ■
i n t  d e f r F i l lE n d C b k (  d e f r C a l lb a c k T y p e _ e  t y p e ,  v o id *  p t r ,  
d e f iU s e r D a ta  d a t a  )
<
a s s e r t ( t y p e = = d e f r F i l l E n d C b k T y p e ) ;
s t d : : c o u t  «  " d e f r F i l lE n d C b k  " «  p t r  «  d a t a  «  " \ n " ; 
r e t u r n  0 ;
>
i n t  d e f rG c e l lG r id C b k C  d e f r C a l lb a c k T y p e .e  t y p e ,  d e f i G c e l l G r i d *  g r i d ,  

d e f iU s e r D a ta  d a t a  )
{
a s s e r t ( t y p e = = d e f r G c e l lG r id C b k T y p e ) ;
CD ef* d e f  *  ( C D e f * ) d a ta ;

d e f - > m _ g C e l l . d e f r ( g r i d ) ; 
d e f -> m _ h a s G C e ll  *  t r u e ;  
r e t u r n  0 ;
>
i n t  d e f r G r o u p s S ta r tC b k C  d e f r C a l lb a c k T y p e .e  t y p e ,  i n t  n um G roups, 
d e f iU s e r D a ta  d a t a  )

a s s e r t ( t y p e = = d e f r G r o u p s S ta r tC b k T y p e ) ;
s t d : : c o u t  «  " d e f r G r o u p s S ta r tC b k  " «  num G roups «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e frG ro u p N am eC b k ( d e f r G a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r *  g r o u p ,
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d e f iU s e r D a ta  d a t a  )
{
a s se r t ( ty p e = = d e f rG r© u p N a m e C b k T y p e ) ;
s t d : : c o u t  «  "defrG ro u p N am eC b k  " «  g ro u p  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  de frG ro u p M em b erC b k ( d e f r C a l l b a c k T y p e .e  t y p e ,  c o n s t  c h a r *  g roupM em ber, 
d e f iU s e r D a ta  d a t a  )
{
a s s e r t ( ty p e = = d e f rG ro u p M e m b e rC b k T y p e ) ;
s t d : : e o u t  «  " d e frG ro u p M e o b e rC b k  " «  groupM em ber «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f rG ro u p C b k (  d e f r C a l l b a c k T y p e .e  t y p e ,  d e f iG ro u p *  g ro u p ,  
d e f iU s e r D a ta  d a t a  )
{
a s s e r t  ( t y p e — d e frG ro u p C b k T y p e ) ;
s t d : : c o u t  «  "d e f rG ro u p C b k  " «  g ro u p  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e frG ro u p sE n d C b k (  d e f r C a l l b a c k T y p e .e  t y p e ,  v o id *  p t r ,  
d e f iU s e r D a ta  d a t a  )
{
a s s e r t ( ty p e = = d e f r G r o u p s E n d C b k T y p e ) ;
s t d : : c o u t  «  " d e f rG ro u p sE n d C b k  " «  p t r  «  d a t a  «  " Y n";

* r e t u r n  0 ;-a >
i n t  d e f r H i s to r y C b k (  d e f r C a l l b a c k T y p e .e  t y p e ,  c o n s t  c h a r*  h i s t o r y ,  
d e f iU s e r D a ta  d a t a  )
{
a s s e r t ( t y p e = = d e f r H i s t o r y C b k T y p e ) ;
s t d : : c o u t  «  " d e f r H i s to r y C b k  " «  h i s t o r y  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f r C a s e S e n s i t i v e C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  i n t  c a s e S e n s i t i v e ,  
d e f iU s e r D a ta  d a t a  )
{
a s s e r t ( t y p e “ d e f r C a s e S e n s i t i v e C b k T y p e ) ;
CD ef* d e f  = ( C D e f* )d a ta ;

d e f - > c a s e S e n s i t i v e (  c a s e S e n s i t i v e = = l  ) ;  
r e t u r n  0 ;
>
i n t  d e f r N e t S t a r t C b k (  d e f r C a l l b a c k T y p e .e  t y p e ,  i n t  nu m N ets , 
d e f iU s e r D a ta  d a t a  )
{
a s s e r t ( t y p e = = d e f r N e t S t a r t C b k T y p e ) ;
/ /  s t d : : c o u t  «  " d e f r N e t S t a r t C b k  " «  num N ets «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f rN e tC b k (  d e f r C a l l b a c k T y p e .e  t y p e ,  d e f iN e t*  n e t ,  
d e f iU s e r D a ta  d a t a  )

a s s e r t ( t y p e = = d e f r N e tC b k T y p e ) ;
CD ef* d e f  *  ( C D e f* )d a ta ;

/ /  s t d : ^ c o u t  «  "NET : " «  n e t - > n a m e ( )  «  " \ n " ;  
d e f - > m _ n e t s . i n s e r t (  n e t - > n a m e ( ) , new  CDefNetC n e t ,  
d e f -> m _ p a th s  )  ) ;  
d e f - > m _ p a th s . c l e a r O ; 
r e t u r n  0 ;
>
i n t  d e f rN e tE n d C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  v o id *  p t r ,  
d e f iU s e r D a ta  d a t a  )
{
a s s e r t ( ty p e = = d e f r N e tE n d C b k T y p e ) ;
/ /  s t d : : c o u t  «  " d e f rN e tE n d C b k  " «  p t r  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;>
i n t  d e f r S t a r t P i n s C b k (  d e f r C a l lb a c k T y p e .e  t y p e , i n t  n u m P in s , 

d e f iU s e r D a ta  d a t a  )
{
a s s e r t ( t y p e = = d e f r S t a r t P i n s C b k T y p e ) ;
/ /  s t d : : c o u t  «  " d e f r S t a r t P i n s C b k  " «  n u m P in s «  d a t a  «  " \ n " ; 
r e t u r n  0 ;
>
i n t  d e f r P in C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  d e f i P i n *  p i n ,  
d e f iU s e r D a ta  d a t a  )

{
a s s e r t  ( t y p e =iad e f r P in C b k T y p e ) ;
C D ef* d e f  * ( C D e f* )d a ta ;

d e f - > m _ p i n s . i n s e r t (  p in - > p in N a m e ( ) , new C D e fP in (  p i n  ) ) ;  
r e t u r n  0 ;
>
i n t  d e f rP in E n d C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  v o id *  p t r ,  
d e f i U s e r D a t a  d a t a  )
{
a s s e r t ( t y p e — d e f rP in E n d C b k T y p e ) ;
/ /  s t d n c o u t  «  " d e f rP in E n d C b k  " «  p t r  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
> -
i n t  d e f r P i n P r o p S t a r t C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  i n t  n u m P in P ro p s , 
d e f i U s e r D a t a  d a t a  )
{
a s s e r t ( t y p e = = d e f r P i n P r o p S t a r t C b k T y p e ) ;
s t d : : c o u t  «  " d e f r P in P r o p S ta r tC b k  " «  n u m P in P ro p s  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f r P in P r o p C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  d e f i P i n P r o p *  p in P r o p ,  
d e f iU s e r D a ta  d a t a  )
{
a s s e r t ( t y p e * * d e f r P in P r o p C b k T y p e ) ;
s t d : : c o u t  «  " d e f rP in P ro p C b k  " «  p in P r o p  «  d a t a  «  " \ n " ;
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r e t u r n  0 ;
>
i n t  d e f rP in P ro p E n d C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  v o id *  p t r ,  
d e f i U s e r D a t a  d a t a  )
{
a s s e r t  ( t y p e — d e f rP in P ro p E n d C b k T y p e ) ;
s t d : : e o u t  «  " d e f rP in P ro p E n d C b k  " «  p t r  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f r P r o p D e f S ta r tC b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  v o id *  p t r ,  

d e f i U s e r D a t a  d a t a  )
{
a s s e r t ( t y p e = = d e f r P r o p D e f S t a r t C b k T y p e ) ;
s t d : : c o u t  «  " d e f r P r o p D e f S ta r tC b k  " «  p t p  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f r P r o p C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,d e f i P r o p *  p r o p ,  
d e f i U s e r D a t a  d a t a  )
{
a s s e r t ( t y p e = = d e f r P r o p C b k T y p e ) ;
s t d : : c o u t  «  " d e f rP ro p C b k  " «  p r o p  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e frP ro p D e fE n d C b k C  d e f r C a l lb a c k T y p e .e  t y p e ,v o i d *  p t r ,

F - 1 d e f iU s e r D a ta  d a t a  )
*<I {
^  a s s e r t ( ty p e = = d e f rP ro p D e fE n d C b k T y p e ) ;

s t d : : c o u t  «  " d e f rP ro p D e fE n d C b k  " «  p t r  «  d a t a  «  " \ n " ;
r e t u r n  0 ;
>
i n t  d e f r R e g io n S ta r tC b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  i n t  n u m R eg io n s , 
d e f iU s e r D a ta  d a t a  )
{
a s s e r t ( t y p e = = d e f r R e g i o n S t a r t C b k T y p e ) ;
s t d : : c o u t  «  " d e f r R e g io n S ta r tC b k  " «  num R eg ions «  d a t a  «  " \n "  
r e t u r n  0 ;
>
i n t  d e f rR e g io n C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  d e f iR e g io n *  r e g i o n ,  
d e f i U s e r D a t a  d a t a  )
{
a s s e r t ( t y p e = = d e f r R e g io n C b k T y p e ) ;
s t d : : c o u t  «  " d e f rR e g io n C b k  " << r e g i o n  «  d a t a  «  " \ n " ; 
r e t u r n  0 ;
>
i n t  d e f rR e g io n E n d C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,v o i d *  p t r ,  
d e f iU s e r D a ta  d a t a  )

<
a s s e r t ( t y p e = = d e f r R e g io n E n d C b k T y p e ) ;
s t d : : c o u t  «  " d e f rR e g io n E n d C b k  " «  p t r  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>

i n t  defrR ovC bkC  d e f r C a l lb a c k T y p e .e  t y p e ,  d e f iR o w *  ro w , 
d e f iU s e r D a ta  d a t a  )
{
a s s e r t  ( ty p e= = d e .frR o w C b k T y p e);
s t d : : c o u t  «  "d efrR ow C bk  " «  row  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>

i n t  d e f r S c a n c b a i n s S t a r t C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  i n t  n u m S c a n C h a in s , 
d e f iU s e r D a ta  d a t a  )

{
a s s e r t ( t y p e = = d e f r S c a n c h a i n s S t a r t C b k T y p e ) ;
s t d : . : c o u t  «  " d e f r S c a n c h a in s S ta r tC b k  " «  n u m S can C h a in s  «  d a t a  «  " \ n " ; 
r e t u r n  0 ;
>
i n t  d e f r S c a n c h a in C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  d e f iS c a n c h a in *  s c a n C h a in ,  
d e f iU s e r D a ta  d a t a  )

{
a s s e r t ( t y p e = = d e f r S c a n c h a in C b k T y p e ) ;
s t d : : c o u t  «  " d e f r S c a n c h a in C b k  " «  s c a n C h a in  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e frS c a n e h a in sE n d C b k C  d e f r C a l l b a c k T y p e .e  t y p e ,v o i d *  p t r ,  

d e f iU s e r D a ta  d a t a )

{
a s s e r t ( t y p e = = d e f r S c a n c h a in s E n d C b k T y p e ) ;
s t d : : c o u t  «  " d e f rS c a n c h a in s E n d C b k  " «  p t r  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f r S l o t S t a r t C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  i n t  n u m S lo ts ,  
d e f iU s e r D a ta  d a t a  )

{
a s s e r t ( t y p e = = d e f r S l o t S t a r t C b k T y p e ) ;
s t d : : c o u t  «  " d e f r S l o t S t a r t C b k  " «  n u m S lo ts  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;

>
i n t  d e f rS lo tC b k C  d e f r C a l lb a c k T y p e .e  t y p e ,  d e f i S l o t *  s l o t ,  

d e f iU s e r D a ta  d a t a  )

{
a s s e r t  C t y p e ^ d e f r S lo tC b k T y p e ) ;
8 t d : : c o u t  «  “d e f r S l o t C b k  " << s l o t  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  d e f r S lo tE n d C b k (  d e f r C a l lb a c k T y p e .e  t y p e ,  v o id *  p t r ,  
d e f iU s e r D a ta  d a t a  )

■c
a s s e r t ( t y p e * = d e f r S lo tE n d C b k T y p e ) ;
s t d : : c o u t  «  " d e f rS lo tE n d C b k  " «  p t r  «  d a t a  «  " \ n " ; 
r e t u r n  0 ;
>
i n t  d e f r S N e tS ta r tC b k (  d e f r C a l lb a c k T y p e .e  t y p e , i n t  nu m S N ets , 
d e f iU s e r D a ta  d a t a  )
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p L a y e r - > v id th (  p L e f L a y e r - > w id th ( )  ) ;  
s t d : : c o u t  «  " s e t t i n g  " «  p L a y e r -> n a m e ()
«  " w id th  t o  " «  p L a y e r - > w id th ( )  «  " u \ n " ;
>
i f  < !p L a y e r - > h a s R e s ( ) )
{
C L efL ay e r*  p L e fL a y e r  * l e f  . l a y e r ( p L a y e r - > n a m e O ) ; 
if(p L e fL ay e r= = N U L L  kk  p L a y e r - > s e l e c t e d ( ) )
{
s t d : : c o u t  «  " E r r o r  : s e l e c t e d  l a y e r  "
«  p L a y e r -> n a m e ()  «  " c o u l d n ’t  b e  fo u n d  i n  l i b r a r y \ n " ;  
r e t u r n  f a l s e ;
}
i f ( ! p L e f L a y e r - > h a s R e s i s t a n c e ( )  kk  p L a y e r - > s e l e c t e d ( ) )
i
s t d : : c o u t  «  " E r r o r  : s e l e c t e d  l a y e r  
r e s i s t a n c e "
«  p L a y e r -> n a m e ()  «  " c o u l d n ’t  b e  fo u n d  i n  l i b r a r y \ n " ;  
r e t u r n  f a l s e ;
>
p L a y e r - > r e s (  p L e f L a y e r - > u n i tR e s ( )  ) ;  
s t d : : c o u t  «  " s e t t i n g  " «  p L a y e r -> n a m e ()
«  " r e s i s t a n c e  t o  " «  p L a y e r - > r e s ( )  «  "o h m \n ";
>
i f ( ! p L a y e r -> h a s C a p ( ) )

t- 1 C L efL ay e r*  p L e fL a y e r  = l e f . l a y e r ( p L a y e r - > n a m e ( ) ) ;
ifC pL efL ayer== N U L L  kk  p L a y e r - > s e l e c t e d ( ) )

s t d : : c o u t  «  " E r r o r  : s e l e c t e d  l a y e r  "
«  p L a y e r -> n a m e ()  «  " c o u l d n ’ t  b e  fo u n d  i n  l i b r a r y \ n " ;  
r e t u r n  f a l s e ;
>
i f ( ! p L e f L a y e r - > h a s C a p a c i t a n c e ( )  k k  p L a y e r - > s e l e c t e d ( ) )

{
s t d : : c o u t  «  " E r r o r  : s e l e c t e d  l a y e r  
c a p a c i t a n c e "
«  p L a y e r -> n a m e ()  «  " c o u l d n ’ t  b e  fo u n d  i n  l i b r a r y \ n " ;  
r e t u r n  f a l s e ;
>
p L a y e r - > c a p (  p L e f L a y e r - > u n i tC a p ( )  ) ;  
s t d : : c o u t  «  " s e t t i n g  " << p L a y e r -> n a m e ()
«  " c a p a c i t a n c e  t o  " «  p L a y e r - > c a p ( )  «  " u \ n " ;
}
>
s t d : : c o u t  «  " c a l c u l a t i n g  g c e l l  c a p a c i t i e s \ n " ; 
f o r C u n s ig n e d  i n t  i = 0 ; i < m _ l a y e r s . s i z e ( ) ; i + + )
{
C L ay e r*  p L a y e r  = m _ l a y e r s [ i ] ;  
p L a y e r - > in i t ( o _ d ie A r e a , m _ g C e l l ,m _ g T i l e ) ; 
i f ( ! p L a y e r - > s e l e c t e d ( ) )  c o n t i n u e ;
/ / r e a d  b lo c k a g e s  t h a t  r e d  f ro m  f i l e  
i f ( m .h a s B lo c k s )
{
Q V a l u e L i s t I t e r a t o r <  Q P a i r < Q S tr in g ,Q S tr in g >  > b l k l t ;

f o r ( b l k I t = m _ c e l l 8 i o c k s . b e g i n ( ) ; b l k l t != m _ c e l lB lo e k s . e n d ( ) ; b l k l t + + )  
{
i f ( ( * b l k l t ) . f i r s t l = p L a y e r - > n a m e ( ) )  c o n t in u e ;
Q S tr in g  b lk S  = ( * b l k l t ) . s e c o n d ;
Q S t r i n g L i s t  p a ra m s  = Q S t r i n g L i s t : : s p l i t ( "  " ,  
b l k S . s i m p l l f y W h i t e S p a c e O ) ; 
i n t  t r a c k  = p a ra m s [0 ]  . t o I n t O ; 
i n t  e d g e  s  p a r a m s [1 ]  . t o I n t O  ; 
i n t  b l k  = p a ra m s  [2] . t o I n t O  ; 
i f ( b l k > p L a y e r - > c e l l C a p ( ) )  b l k  = 
p L a y e r - > c e l l C a p ( ) ; 
p L a y e r - > c e l l B l o c k ( t r a c k , e d g e , b l k ) ;
>
f o r C b l k I t = m _ t i l e B l o c k s . b e g i n ( ) ; b l k l t ! = m _ t i l e B l o c k s . e n d ( ) ; 
b l k l t + + )
■C
i f ( ( * b l k l t ) . f i r s t ! = p L a y e r -> n a m e ( ) )  c o n t i n u e ;
Q S tr in g  b lk S  *  ( * b l k l t ) . s e c o n d ;
Q S t r i n g L i s t  p a ra m s  = Q S t r i n g L i s t : : s p l i t ( "  " ,  
b l k S . s i m p l i f y W h i t e S p a c e O ) ; 
i n t  t r a c k  = p a ra m s [0 ]  . t o I n t - 0  
i n t  e d g e  =  p a r a m s [ l ]  . t o I n t O  ; 
i n t  b l k  ■ p a ra m s [2 ]  . t o I n t O  ; 
i f ( b l k > p L a y e r - > t i l e C a p ( ) )  b l k  = 
p L a y e r - > t i l e C a p ( ) ; 
p L a y e r - > t i l e B l o c k ( t r a c k , e d g e , b l k ) ;
>

c o n t i n u e ;
>•■
Q V a lu e L is t< C R e c t>  a l l r e c t s ;

/ / a d d  d e f  b lo c k a g e s  
Q P trL is t< C D e fB lo c k >  b l o c k s  * d e f . b l o c k s ( ) ; 
Q P t r L i s t I t e r a to r < C D e f B lo c k >  b l o c k l t ( b l o c k s ) ; 
f o r ( b l o c k l t . t o F i r s t ( ) ; b l o c k l t . c u r r e n t ( ) ; + + b lo c k I t )
{

C D efB lo ck *  p B lo c k  *  * b l o c k I t ;  
i f ( ! p B lo c k - > h a s L a y e r ( ) )  c o n t i n u e ; 
i f ( p B lo c k - > la y e r N a m e ( ) ! = p L a y e r - > n a m e ( ) )  c o n t in u e ;  
Q V a lu e L is t< C R e c t>  r e c t s  = p B l o c k - > r e c t a n g l e s ( ) ; 
Q V a lu e L i s t I t e r a to r < C R e c t>  r e c t l t ;
f o r ( r e c t l t * r e c t s . b e g i n ( ) ; r e c t l t ! = r e c t s . e n d ( ) ; r e c t l t + + )  
a l l r e c t s  +* ( * r e c t l t ) / d e f  . u n i t s O  ;
>
/ /  s t d : : c o u t  «  " \n \n n u m  B lk  " «  a l l r e c t s . c o u n t O  «  " \ n " ;
/ / a d d  d e f  p i n s
Q D ic t< C D efP in >  d e f p i n s  = d e f . p i n s O ;
Q D ic t I te r a to r < C D e f P in >  d e f p i n l t ( d e f p i n s ) ; 
f o r ( d e f p i n l t . t o F i r s t ( ) ; d e f p i n l t . c u r r e n t ( ) ; + + d e f p i n l t )
{
C D e fP in *  p D e fP in  = * d e f p i n l t ;
i f ( ! p D e f P in - > h a s L a y e r ( ) )  c o n t i n u e ;
i f ( p D e f P i n - > l a y e r ( ) ! = p L a y e r - > n a m e ( ) ) c o n t in u e ;
d o u b le  x l , y l , x 2 , y 2 ;
p D e f P in - > b o u n d 8 ( tx l ,& y l , k x 2 ,k y 2 ) ;
C R ect r  *  C R e c t ( x l , y l , ( x 2 - x l )  , ( y 2 - y l ) )  /  d e f . u n i t s O ;
r  m

r . o r i e n t D e f P i n ( C P o i n t ( p D e f P i n - > p l a c e m e n t X ( ) / d e f . u n i t s ( ) ,  
p D e f P in - > p la c e m e n tY ( ) /d e f  . u n i t s O )  , p D e f P i n - > o r i e n t ( ) )  ;
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a l l r e c t s  +* r ;
>
/ /  s t d : : c o u t  «  "num d e f  p i n s  a d d e d  " «  a l l r e c t s . c o u n t O  «  " \ n " ;
/ / a d d  comp p i n s  a n d  o b s t r u c t i o n s  
QDict<CDefCom p> com ps -  d e f .c o m p s O ;
Q D ic tI te ra to r< C D efC o m p >  c o m p l t ( c o m p s ) ; 
f o r ( c o m p I t . t o F i r s t ( ) ; c o m p I t . c u r r e n t ( ) ; + + c o m p I t )
{
CDefComp* pComp = * c o m p I t ;
C L efM acro*  pM aero  «  l e f .m a c ro (p C o m p -> n a m e()) ;  
if ( p M a c r o * “ NULL) c o n t i n u e ;

/ / o b s t r u c t i o n s  
Q P trL is t< C L e fO b s>  o b s  * p M a c r o - > o b s ( ) ;
Q P tr L i s t I t e r a to r < C L e f O b s >  o b s l t ( o b s ) j  
f o r ( o b s l t . t o F i r s t ( ) j o b s l t . c u r r e n t ( ) ; + + o b s ! t )
{
Q V a lu e L is t<  Q P a ir< g eo m T y p e , v o id * >  > 
i t e m s  = ( * o b s I t ) - > i t e m s ( ) ;

Q V a l u e L i s t I t e r a t o r <  Q P a ir< g eo m T y p e , v o id * >  > 
i t e m l t ;
Q S tr in g  la y e rN a m e ;
C R ect r e c t ;

f o r ( i t e m l t * i t e m s . b e g i n ( ) ; i t e m l t ! = i t e m s . e n d ( ) ; i t e m l t+ + )

s w i t c h ( ( * i t e m l t ) . f i r s t )

{
c a s e  GEOMLAYER:

F—1 la y e rN a m e  =
O P  * ( Q S t r i n g * ) C * i t e m l t ) . s e c o n d ;
0  b r e a k ;

c a s e  GEOMRECT: 
r e c t  *

* ( C R e c t * ) ( * i t e m l t ) . s e c o n d ;
i f (  p M a c r o - > h a s O r ig in ( )  )  r e c t  =

r e c t  +
C P o in t (  p M a c r o - > o r ig in X ( ) , p M a c r o - > o r ig in Y ( )  ) ;

■ r e c t  *  r e c t . o r i e n t L e f P i n (
C R ec t(p C o m p -> p lacem en tX ( ) / d e f . u n i t s ( ) ,  

p C om p-> p lacem en tY  0 / d e f . u n i t s ( ) ,
p M a c r o -> s iz e X ( ) ,p M a c ro -> s iz e Y ()

).
p C o m p -> p la c e m e n tO r ie n t( )  ) ;

if ( la y e rN a m e = * p L a y e r -> n a m e ( ) )  
a l l r e c t s  +* r e c t ;

b r e a k ;
d e f a u l t :  s t d : : c o u t  

«  "C G R o u te :: in i tF o r m L e f D e f ( )  n o t  im p le m e n te d  c a s e \ n " ;
>

>>
/ / p i n s
Q D ic t< C L efP in >  p i n s  = p M a c r o - > p in s ( ) ;
Q D ic t I te r a to r < C L e f P in >  p i n l t ( p i n s ) ;
f o r ( p i n l t . t o F i r s t ( ) ; p i n l t . c u r r e n t ( ) ; + + p i n l t )
{
C L e fP in *  p P in  ■ * p i n l t ;
Q P t r L is t< C L e f P o r t> p o r t s  *  p P i n - > p o r t s ( ) ;

Q P t r L i s t I t e r a t o r < C L e f P o r t >  p o r t l t ( p o r t s ) ;
f o r ( p o r t I t . t o F i r s t O ; p o r t I t . c u r r e n t ( ) ; + + p o r t I t )

. •{
Q V a lu e L is t<  Q P a ir< g eo m T y p e , v o id * >  > 

i t e m s  = ( * p o r t I t ) - > i t e m s ( ) ;
Q V a l u e L i s t I t e r a t o r <  Q P a ir< g eo m T y p e ,

v o id * >  > i t e m l t ;
Q S tr in g  l a y e r ;
C R ec t r ;

f o r ( i t e m l t = i t e m s . b e g i n 0 ; i t e m l t != i t e m s . e n d O ; i t e m l t+ + )
•(
s v i t c h ( ( * i t e m l t ) . f i r s t )

■C.
c a s e  GEOMLAYER : 
l a y e r  =

♦ ( Q S t r i n g * ) ( * i t e m l t ) . s e c o n d ;
b r e a k ;  . .

c a s e  GEOMRECT : 
r  =

* ( C R e c t * ) ( * i t e m l t ) . s e c o n d ;
i f (  p M a c ro -> b a s O r ig in ( )

)
r  = r  + C P o in t (
p M a c r o - > o r ig in X ( ) , p M a c ro -> o r ig in Y ( )  ) ;

r  = r . o r i e n t L e f P i n (
C R e c t ( p C o m p - > p la c e m e n tX ( ) /d e f .u n i t s O  
p C o m p -> p lacem en tY ( ) / d e f . u n i t s O  ,

p M a c r o - > s iz e X ( ) ,p M a c r o - > s iz e Y ( )  ) ,
p C o m p -> p la c e m e n tO r ie n t( )

);
i f ( l a y e r = = p L a y e r - > n a m e 0  
) a l l r e c t s  += r ;

b r e a k ; 
d e f a u l t :  s t d : : c o u t  

«  " C G R o u te : : in i tF o r m L e f D e f ( )  n o t  im p le m e n te d  c a s e \ n " ;
>

> >
>■>
/ /  s t d : : c o u t  «  "com p p i n s  a n d  o b s  "
«  a l l r e c t s . c o u n t O  «  " \ n " ;
/ / a d d  s p e c i a l  n e t s  
{Q D ic t< C D efN et>  n e t s  = d e f . s n e t s O ;
Q D ic tI t - e r a to r< C D e fN e t>  n e t  I t  ( n e t s ) . ;
f o r  ( n e t  I t  . t o F i r s t O  j n e t l t .  c u r r e n t  ( )  ; + + n e t I t )
{
C D efN et*  n e t  *  * n e t l t ;
i n t  n u m P a th s  = n e t - > n u m P a th s ( ) ;
f o r ( i n t  i * 0 ; i< n u m P a th 8 ; i+ + )

C L e fL a y e r*  o l d l a y e r ;
C L e fL a y e r*  n e w la y e r  = NULL;
C P o in t  o l d p o i n t . n e w p o i n t ;  
b o o l  f i r s t p o i n t  *  t r u e ;  
d o u b le  x l , x 2 , y l , y 2 >w i th ;  

w i t h  = - 1 ;
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C D efN et*  n e t  *  * n e t l t ;
i n t  n u m P a th s  = n e t - > n u m P a th s ( ) ;
f o r C i n t  i= 0 ; i< n u m P a th s ; i+ + )
{
C L e fL a y e r*  o l d l a y e r ;
C L e fL a y e r*  n e v l a y e r  = NULL;
C P o in t  o l d p o i n t . n e u p o i n t ;  
d o u b le  x l , x 2 , y l , y 2 , w i t h ;  
w i t h = - l ;
b o o l  f i r s t p o i n t = t r u e ;
C D e fP a th *  p a t h  = n e t - > p a t h ( i ) ;
Q V a lu e L is t<  Q P a ir< p a th T y p e ,  v o id * >  > i te m s  = 
p a t h - > i t e m s ( ) ;
Q V a l u e L i s t I t e r a t o r <  Q P a ir< p a th T y p e , v o id * >  > 
i t e m l t ;

f o r ( i t e m I t = i t e m s . b e g i n ( ) ; i t e m l t ! = i t e m s . e n d ( ) ; i t e m l t+ + )

{
p a th T y p e  t y p e  = ( * i t e m l t ) . f i r s t ;  
v o id *  i te m  = ( * i t e m l t ) . s e c o n d ;  
s w i t c h ( t y p e )
{
c a s e  PATHLAYER :
{ n e w la y e r  = l e f . l a y e r (
* ( ( Q S t r in g * ) i t e m )  ) ;
b r e a k ; }
c a s e  PATHVIA :
{ o l d l a y e r  *  n e w la y e r ;  

t- *1 C L efV ia*  v i a  *  l e f . v i a C
0 0  * ( ( Q S t r in g * ) i t e m )  ) ;

Q V a lu e L is t< Q P a i r < Q S tr in g ,
Q V a lu e L is t< C R e c t>  > > d a t a ;  
d a t a  = v i a - > d a t a ( ) ;

Q V a lu e L i s t I t e r a to r < Q P a i r < Q S t r in g ,  Q V a lu e L is t< C R e c t>  > > d a t a l t ;

f o r ( d a t a l t = d a t a . b e g i n ( ) ; d a t a l t ! = d a t a . e n d ( ) ; d a t a l t + + )
{
C L e fL a y e r*  c a n l a y e r  = 
l e f . l a y e r (  ( * d a t a l t ) . f i r s t  ) ;  
i f  (
c a n la y e r -> ty p e ( ) != R O U T IN C  ) c o n t i n u e ;  
i f  (
c a n la y e r - > n a m e ( ) = = o ld la y e r - > n a m e ( )  )  c o n t in u e ;  
n e w la y e r  ■ c a n l a y e r ;
}
b r e a k ; }
c a s e  PATHPOINT :
{ o l d p o i n t  “  n e w p o in t ;  
n e w p o in t  ■ * ( ( C P o i n t * ) i t e m ) ; 
i f ( f i r s t p o i n t )
{ f i r s t p o i n t = f a l s e ; b r e a k ; }

i f ( n e w l a y e r - > d i r e c t i o n ( ) — VERTICAL)
{
x l  =
o l d p o i n t . x ( ) / d e f . u n i t s ( ) - n e w l a y e r - > w i d t h ( ) / 2 ;  
y l  =
o ld p o  i n t . y ( ) / d e f . u n i t s ( ) ;

n e w p o in t . x ( ) / d e f . u n i t s ( ) + n e w la y e r - > w id th ( ) / 2 ; 
y2  =
n e w p o in t  . y ( ) / d e f  . u n i t s O ;
} e l s e  i f (
n e w la y e r-> d irec tio n Q = = H O R IZ O N T A L )
{
x i  =
o l d p o i n t . x ( ) / d e f  . u n i t s O ; 
y l  *
o l d p o i n t . y O / d e f . u n i t s ( ) - n e w l a y e r - > w i d t h ( ) / 2 ; 
x 2  =
n e w p o i n t . x ( ) / d e f . u n i t s O ;
y 2 -
n e w p o i n t . y ( ) / d e f . u n i t s ( ) + n e w l a y e r - > w i d t h ( ) / 2 ;  
} e l s e  b r e a k ;
C R e c t r ( x l , y l , x 2 - x l , y 2 - y l ) ; 
r  = r . n o r m a l i z e Q ;

i f ( n e w la y e r - > n a m e ( ) = = p L a y e r - > n a m e ( ) ) a l l r e c t s  
b r e a k ; }
c a s e  PATHFLUSHPOINT :
{ o l d p o i n t  = n e w p o in t ;  
n e w p o in t  *  * ( ( C P o i n t * ) i t e m ) ; 
i f ( f i r s t p o i n t )
{ f i r s t p o i n t = f a l s e ; b r e a k ; }

i f (n e w la y e r - > d i r e c t io n ( ) * = V E R T I C A L )
{
x l  =
o l d p o i n t . x ( ) / d e f . u n i t s ( ) - n e w l a y e r - > w i d t h ( ) / 2 ;  
y l  =
o l d p o i n t  . y ( ) / d e f  . u n i t s O ; 
x 2  =
n e w p o in t . x  O / d e f . u n i t s ( ) + n e w l a y e r - > w i d t h ( ) / 2 ;
y 2  -
n e w p o in t  . y  ( ) / d e f  . u n i t s O  ;
} e l s e  i f (
n e w l a y e r - > d i r e c t i o n ( ) ==HORIZQNTAL)
{
x l  =
o l d p o i n t . x O / d e f  . u n i t s O ;

y i  *
o l d p o i n t . y { ) / d e f . u n i t s ( ) - n e w l a y e r - > w i d t h ( ) / 2 ; 
x 2  =
n e w p o in t  . x ( } / d e f  . u n i t s O ; 
y 2  =
n e w p o i n t . y ( ) / d e f . u n i t s ( ) + n e w l a y e r - > w i d t h ( ) / 2 ;  
} e l s e  b r e a k ;
C R ect r ( x l , y l , x 2 - x l , y 2 - y l ) ;  
r  = r . n o r m a l i z e O ;

i f ( n e w la y e r - > n a m e ( ) = = p L a y e r - > n a m e ( ) )  a l l r e c t s  
b r e a k ; }
c a s e  PATHWIDTH :
{ w i th  *  * ( ( i n t * ) i t e m ) ; 
w i t h  ■ w i t h / d e f . u n i t s O ;  
b r e a k ; }  
d e f a u l t : b r e a k ;
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{
s t d : : c o u t  «  "W arn in g  : " «  p i n s t a n c e  
«  «  pnam e «  " o f  " «  n nam e;
3 t d : : c o u t  «  " m ac ro  h a s  n o  s i z e ,
s k i p p i n g  p i n \ n " ;
c o n t i n u e ;
>
C L e fP in *  p L e f P in  ■ p L e fM a c ro -> p in (  pnam e ) ;  

i f (  pLefPin==N U LL)
{
s t d : : c o u t  «  "W arn in g  : " «  p i n s t a n c e  
«  «  pnam e «  " o f "  «  nnam e;
s t d : : c o u t  «  " r e f e r e n c e  t o  p i n  c o u l d n ’t  
f o u n d ,  s k i p p i n g  p i n \ n " ; 
c o n t i n u e ;
>
i f  C p L e fP in -> n u m P o r ts ( )= = 0  )
{
s t d : : c o u t  «  "W arn in g  : " «  p i n s t a n c e  
«  «  pnam e «  " o f  " «  n nam e;
s t d : : c o u t  «  " p i n  h a s  no  p o r t s ,  
s k i p p i n g  p i n \ n " ; 
c o n t i n u e ;
>
i f ( p L e f P i n - > h a s D i r e c t i o n ( )  )
{
i f ( p L e f P in - > d i r e c t i o n ( ) = = O U T  ) d i r O U T ;  
e l s e  d i r = I N ;
> e l s e  

00 s
, r \  

d̂ i r  *  t i m . d i r (  nnam e, p i n s t a n c e  ) ;
>
Q P trL is t< C L e fP o r t>  p o r t s  * p L e f P i n - > p o r t s ( ) ; 
Q P t r L i s t I t e r a t o r < C L e f P o r t >  p o r t l t ( p o r t s ) ; 
f o r ( p o r t l t . t o F i r s t ( ) ; p o r t I t . c u r r e n t ( ) ; + + p o r t I t )
{
Q V a lu e L is t<  Q P a ir< g eo m T y p e , v o id * >  > 
i t e m s  = ( * p o r t I t ) - > i t e m s ( ) ;
Q V a l u e L i s t I t e r a t o r <  Q P a ir< g eo m T y p e , 
v o id * >  > i t e m l t ;

f o r ( i t e m l t = i t e m s . b e g i n 0 ; i t e m l t ! “ i t e m s . e n d ( ) ; i t e m l t+ + )  
{
s w i t c h ( ( * i t e m l t ) . f i r s t )
•C
c a s e  GEOMLAYER : 
l a y e r  *
• ( Q S t r i n g * ) ( * i t e m l t ) . s e c o n d ;  
b r e a k ;
c a s e  GEOMRECT : 
r  =
• ( C R e c t * ) ( * i t e m l t ) . s e c o n d ;  
i f  (
p L e f M a c r o - > h a s O r ig in ( )  ) 
r  = r  + C P o in t (
p L e f M a c r o - > o r ig in X ( ) , p L e f M a c ro -> o r ig in Y ( )  ) ;  
r  = r . o r i e n t L e f P i n (
C R e c t(  p D e f C o m p - > p la c e m e n tX ( ) /d e f .u n i t s O ,

p D e fC o m p -> p la c e m en tY ( ) / d e f . u n i t s  0 ,

p L e f M a c r o - > s iz e X ( ) ,p L e f M a c r o - > s iz e Y ( )  ) ,p D e f C o m p -> p la c e m e n tO r ie n t( )  ) ;  
p i n P o i n t s  «
Q P a i r < Q S t r i n g , C P o i n t > : : Q P a i r ( l a y e r , r . c e n t e r ( ) ) ;
b r e a k ;
d e f a u l t :
s t d : : c o u t  «
" C G R o u te :: in i tF o r m L e f D e f 0  n o t  im p le m e n te d  c a s e \ n " ;

i f  ( p i n p o i n t s .  i s E m p ty O )

s t .d :  : c o u t  «  " W a rn in g  : " «  p i n s t a n c e  «
«  pnam e «  " o f  " «  nnam e;
s t d : : c © u t  << " h a s  no  p o r t s ,  s k i p p i n g  p i n \ n " ;
c o n t i n u e ;

> . 
i f (d ir= = O U T )

i f ( p N e t - > r o o t ( ) ! “ NULL)

s t d : : c o u t  «  " W a rn in g  : " «  p i n s t a n c e  
«
«  pnam e «  " o f  " << nnam e; 
s t d ; : c o u t  «  " t h e  n e t  a l r e a d y  h a v e  a 
s o u r c e ,
c o n v e r t i n g  o u t p u t  p i n  t o  i n p u t  p i n \ n " ; 
d i r * I N ;
} e l s e
{
C S o u rc e *  p S o u rc e  ■ new 
C S o u r c e ( p in s ta n c e + " - " + p n a m e ,  
p i n P o i n t s . f r o n t O  . f i r s t ,  
p i n p o i n t s . f r o n t ( ) . s e c o n d ,  
m _ d r iv e r R e s ,m _ d r iv e r C a p ) ; 
p N e t - > r o o t ( p S o u r c e ) ;
>
>
i f  ( d i r “ IN )
{
C S in k *  p S in k  *  new C S in k (p in s ta n e e + " - " + p n a m e ,
p i n P o i n t s . f r o n t O  . f i r s t ,
p i n P o i n t s . f r o n t ( ) . s e c o n d ,
m _ lo a d ,  t i m . r a t ( n n a m e , p i n s t a n c e ) ) ;
p N e t - > a d d S in k (  p S in k  ) ;
>
>
i f ( p N e t-> n u m N o d es( )= = 0 )
{
s t d : : c o u t  «  " W a rn in g  : ” «  (Q S tr in g ) * p N e t  «  " h a s  no
p i n s \ n " ;
c o n t i n u e ;
>
i f  (p N e t-> ro o t.()= = N U L L )
{ ■
s t d : : c o u t  «  " W a rn in g  : no  s o u r c e  p i n  d e t e c t e d  f o r  " «
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>
/ /  / / a d d  comp p i n s  a n d  k e e p o u t s  
Q D ict<CCctCom p> com ps = p l a .c o m p s O ;
Q D ic tI te ra to r< C C c tC o m p >  c o m p l t ( c o m p s ) ; 
f o r C c o m p I t . t o F i r s t ( ) ; c o m p l t . c u r r e n t ( ) ;+ + co m p It)
•C
CCctComp* pComp *  * c o m p I t;
C C c tlm ag e*  p lm a g e  ■ l i b . im a g e ( p C o m p - > im a g e O ) ;
•if(pIm age==N U L L ) c o n t i n u e ;
/ / k e e p o u t s
Q P trL is t< C C c tK e e p o u t>  k e e p o u t s  *  p I m a g e - > k e e p o u t s ( ) ; 
Q P t r L i s t I t e r a to r < C C c tK e e p o u t>  k e e p o u t l t ( k e e p o u t s ) ; 
f o r ( k e e p o u t I t . t o F i r s t ( ) j k e e p o u t l t . c u r r e n t ( ) ;+ + k e e p o u t I t )
{
C C ctK e e p o u t*  p K e e p o u t = * k e e p o u t I t ;  
i f ( p K e e p o u t - > la y e r ( ) ! = p L a y e r - > n a m e ( ) )  c o n t in u e ;  
a l l r e c t s  +* ( p K e e p o u t - > r e c t ( )  + 
p C o m p -> p la c e m e n t( ) ) ;
>

/ / p i n s
Q D ic t< C C c tP in >  p i n s  » p l m a g e - > p i n s ( ) ;
Q D ic t I t e r a to r < C C c tP in >  p i n l t ( p i n s ) ;
f o r ( p i n l t . t o F i r s t ( ) ; p i n l t . c u r r e n t ( ) ; + + p i n I t )

C C c tP in *  p P in  = * p i n l t ;
Q V a lu e L is t<  Q P a i r < Q S tr in g ,  C R ect>  > p o r t s  = 
p P i n - > p o r t s ( ) ;
Q V a l u e L i s t I t e r a t o r <  Q P a i r< Q S tr in g ,  C R ect>  > 
p o r t l t ;

f o r  ( p o r t  I t = p o r t s .  b e g i n O ; p o r t I t ! = p o r t s . e n d O ; p o r t I t + + )
{
i f ( ( * p o r t I t ) . f i r s t ! = p L a y e r - > n a m e ( ) ) c o n t i n u e ;  
a l l r e c t s  +=* ( ( * p o r t I t )  . s e c o n d  + 
p C o m p - > p la c e m e n t ( ) ) ;
>
>>
p L a y e r - > i n i t ( a l l r e c t s ) ;
>

/ / i n t i a l i z e  n e t s
Q O ic t< C C c tN e t>  n e t s  * n e t l i s t  . n e t s O  ;
Q D ic t I te r a to r < C C c tN e t>  n e t l t ( n e t s ) ;
Q S t r i n g L i s t  s e l e c t N e t s ;
/ / s e l e c t  a l l  n e t s
f o r ( n e t I t . t o F i r s t ( ) ; n e t I t . c u r r e n t ( ) ; + + n e t I t )
{
C C ctN e t*  p C c tN e t *  * n e t l t ;  
s e l e c tN e t s .a p p e n d ( p C c t N e t - > n a m e ( ) ) ;

}
/ / r e m o v e  n e t s  t h a t  m a tc h e s  u n s e l e c t e d  n e t  p a t t e r n s  
Q V a lu e L i s t I t e r a to r < Q S t r in g >  u n s N e t P I t ;
f o r ( u n s N e tP I t= m _ u n s e l e c tN e t s . b e g i n O ; u n s N e t P I t != m _ u n s e le c tN e ts . e n d O ; u n s N e tP I t*  

+)
{
Q S t r in g  p a t t e r n  *  * u n s N e tP I t ;
Q S t r i n g L i s t  u n s e l e c t N e t s  = s e l e c t N e t s . g r e p (

Q R e g E x p ( p a t t e r n , t r u e , t r u e )  ) ;
Q V a l u e L i s t I t e r a t o r < Q S t r i n g >  u n s N e t l t ;

f o r ( u n s N e t I t = u n s e l e c t N e t s . b e g i n O j u n s N e t l t ! = u n s e l e c t N e t s . e n d ( ) ; u n s N e t ! t -  
{
Q S tr in g  u n s N e t = t u n s N e t l t ;
s t d : : c o u t  «  " u n s e l e c t  n e t  " «  u n s N e t «  " \ n ” ; 
s e l e c t N e t s . r e m o v e ( u n s N e t ) ;
>
>

/ / i n i t i a l i z e  s e l e c t e d  n e t s  
Q V a lu e L i s t I t e r a to r < Q S t r in g >  s e l N e t l t ;
f o r ( s e l N e t I t = s e l e c t N e t s . b e g i n O  j s e l N e t l t ! = s e l e c t N e t s . e n d O ; s e l N e t I t + + )
{
Q S t r in g  nnam e = * s e l N e t I t ;
C C c tN e t*  p C c tN e t *  n e t l i s t . n e t ( n n a m e ) ;
C N et*  p N e t = new C N e t(n n a m e ) ;
Q S t r i n g L i s t  p i n s  = p C c t N e t - > p i n s ( ) ;
Q V a lu e L i s t I t e r a t o r < Q S t r i n g >  p i n l t ;
f o r ( p i n l t = p i h s . b e g i n O  ; p i n l t ! = p i n s . e n d O  ; + + p i n l t )
{
Q S t r in g  p i n s t a n c e  = Q S t r i n g L i s t : : s p l i t ( " - " , * p i n l t ) [ 0 ] ;
Q S t r in g  pnam e = Q S t r i n g L i s t : : s p l i t ( " - " , * p i n l t ) [ 1 ] ;

p i n D i r e c t io n T y p e  d i r ;
C R ect r ;
Q S t r in g  l a y e r ;
Q V a lu e L is t<  Q P a i r < Q S tr in g ,  C P o in t>  > p i n p o i n t s ;

CCctComp* pCctCom p *  p l a . c o m p ( p i n s t a n c e ) ; 
if(pC ctC om p==N U LL)

{ s t d : : c o u t  «  " W a rn in g  .: " «  p i n s t a n c e  << «  pnam e
«  " o f  " «  n n am e;

s t d : : c o u t  «  " r e f e r e n c e  t o  co m p o n en t c o u ld n ’t  
f o u n d ,  s k i p p i n g  p i n \ n " ; c o n t i n u e ; }

C C c tlm ag e*  p C c tlm a g e  = l i b . i m a g e (  p C c tC o m p -> im ag e ()  ) ;  
i f (  pCctIm age==N U LL)
{ s t d : : c o u t  «  " W a rn in g  : " «  p i n s t a n c e  «  «  pnam e

«  " o f  " «  n n am e ;
s t d : : c o u t ;  «  " r e f e r e n c e  t o  m a c ro  c o u l d n ’t  

f o u n d , s k i p p i n g  p i n \ n " ; c o n t  i n u e ;}
C C c tP in *  p C c tP in  *  p C c t I m a g e - > p in (  pnam e ) ;

i f (  p C e tP in “ NULL)
{ s t d : : c o U t  «  "W aurning : " «  p i n s t a n c e  «  «  pname

«  " o f  " «  n n am e ;
s t d : : c o u t  «  " r e f e r e n c e  t o  p i n  c o u l d n ’t  f o u n d ,  

s k i p p i n g  p i n \ n " ; c o n t i n u e ; }

d i r  = ( h a s T im in g )?
t i m i n g . d i r (  n n am e, p in s ta n c e + " - " + p n a m e  ) : t i m . d i r (  n n am e, p i n s t a n c e  ) ;

Q V a lu e L is t<  Q P a ir< Q S tr in g ,C R e c t>  > p o r t s  = 
p C c t P i n - > p o r t s ( ) ;

Q V a l u e L i s t I t e r a t o r <  Q P a ir< Q S tr in g ,C R e c t>  > p o r t l t ;  
f o r ( p o r t I t » p o r t s . b e g i n O ; p o r t I t ! = p o r t s . e n d ( ) ; p o r t I t + + )

l a y e r  = ( * p o r t I t ) . f i r s t ;  
r  *  ( * p o r t I t ) . s e c o n d ;
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l o t  num Bnds -  0 ;
f o r ( i n t  i= 0 ; i< n u m L a y e r s ; i+ + )
i f ( m . l a y e r s [ i ] - > s e l e c t e d ( ) )
num Bnds += m _ la y e r s [ i ] - > n u m t T r a c k s ( )  *
m _ l a y e r s [ i ] - > n u m t E d g e s ( ) ;

/ / i n i t i a l i z e  c p l e x  e n v  
i n t  s t a t u s ;
e n v  = C P X o p e n C P L E X (is ta tu s ) ;
i f ( s t a t u s ! = 0 ) {  s t d : : c o u t  «  " E r r o r  : f a i l e d  t o  i n i t i a l i z e  C PL E X \n"; 
r e t u r n ;  >
/ /  CPX setintparam (env,C PX _PA R A M _SC R IN D ,C PX _O N );
C P X s e td b lp a ra m (e n v »CPX.PARAM.EPGAP, 0 . 1 ) ;
C P X s e td b lp a ra m (e n v , CPX_PARAH_EPAGAP, 0 . 0 1 ) ;
C P X s e td b lp a ra m (e n v , CPX_PARAM_TILIM,5 * 6 0 ) ;

l p  * C P X c r e a t e p r o b ( e n v ,& s t a t u s , " g o . l p " ) ;
C P X c h g p ro b ty p e (e n v , l p , CPXPROB.MILP); 
s t d : : c o u t  «  "num W ire s  : " «  num W ires «  " \ n " ;
/ / i n i t a l i z e  r i g h t  h a n d  s i d e
i n t  numRovs = num W ires + 2 * num B nds;
{
d o u b le *  r h s  = new d o u b le [n u m R o v s ] ; 
c h a r *  s e n s e  -  new c h a r [n u m R o v s ] ; 
f o r ( i n t  i= 0 ; i< n u m W ire s ; i+ + )
{
r h s [ i ]  ■ 1; 
s e n s e C i ] »* E , ;
>
f o r ( i n t  i= 0 ; i< n u m B n d s ; i+ + )

rh s [n u m W ire s + i]  =  0 ;  
s e n s e  [n u m W ires+ i] -  ’E ’ ;

/ /  rh s [n u m W ire s+ n u m B n d s+ i]  = ( f i x e s [ i ] < 0 ) ?  0  : f i x e s t i ] ;  
rh s [n u m W ire s+ n u m B n d s+ i]  * 0 ; 
s e n s e  [num W ires+ num B nds+ i] = ’ L ’ ;
/ /  i f ( f i x e 8 [ i ] < 0 ) ; e l s e  s t d : : c o u t  «  " f i x i n g  "
«  i  «  " " «  f i x e s [ i ]  «  " \ n " ;
>
C P X n e v ro v s( e n v , l p , num R ovs, r h s . s e n s e , NULL, NULL); 
d e l e t e []  r h s ;  
d e l e t e [ ]  s e n s e ;
>
/ / f i l l  i n  v i r e  m a t r i x  
i n t  c o l  ■ 0 ;  i n t  r o v  = 0 ;  
d o u b le  z e r o  *  0 ; 
d o u b le  o n e  = 1 ; 
c h a r  b i n a r y  = ’ B ’ ; 
c h a r  i n t e g e r  * ’ I * ;  
c h a r  c o n t in u o u s  *  ’C ’ ;
Q P t r L i s t I t e r a t o r < g v i r e >  v l t ( v i r e s ) ;
Q V a l u e L i s t I t e r a t o r < i n t >  i t ;
Q V a lu e L is t< C T ile E d g e >  e d g e s ;
Q V a lu e L i s t I t e r a to r < C T i l e E d g e >  e l t ;  
l a y e r D i r e c t i o n T y p e  d i r ;  
i n t  t r a c k ,e d g e , b n d ;  
b n d  *  - 1 ;

f o r ( v l t . t o F i r s t ( ) ; v l t . c u r r e n t ( ) ;+ + v I t )
{
g v i r e *  v i r e  = * v l t ;
CNode* u p  = v i r e - > f r o m ( ) ;
CNode* down = v i r e - > t o ( ) ;
Q P o in t f ro m  *  t p o i n t ( * u p ) ;
Q P o in t t o  *  t p o i n t ( * d o v n ) ;
C L a y e r P a i r  l a y e r p  =  d o v m -> e d g e ( ) . l a y e r ( ) ;

i n t  v l  *  l a y e r p .  v l O - M n d e x O ; 
i n t  h i  = l a y e r p . h l ( ) - > i n d e x ( ) ; 
i n t  num hE dges *• m _ la y e r s [ h l ] - > n u m tE d g e s ( ) ; 
i n t  h B a se  = 0 ;
f o r ( i n t  i = 0 ; i < h l ; i + + )  i f ( m _ l a y e r s [ i ] - > s e l e c t e d ( )  )  h B ase  
+* m _ la y e r s [ i ] - > n u m tT r a c k s ( )  * m :_ la y e r s [ i ] - > n u m tE d g e s ( )  ; 
i n t  num vE dges = m _ la y e r s [ v l ] - > n u m tE d g e s ( ) ; 
i n t  v B a se  *  0 ;
f o r ( i n t  i = 0 ; i < v l ; i + + )  i f ( m _ l a y e r s [ i ] - > s e l e c t e d ( )  )  v B ase  
+= m _ la y e r s [ i ] - > n u m tT r a c k s ( )  * m _ la y e r s [ i ] - > n u m t E d g e s ( ) ;

/ / t e m p o r a r l y  l a y  t h e  v i r e
v i r e - > a p p e n d ( n e v  g p a th ( C L a y e r P a i r ( l a y e r ( u p - > la y e r ( ) ) .N U L L )  
, g r e c t ( * u p ) , g r e c t ( * u p ) ) ) ;
/ / f i r s t  s e t  o f  p a t h s
C V a lu e L is t< in t>  p a t h l ( f r o m . x O , t o . x ( ) , f a l s e , t r u e ) ; 
f  o r  ( i t = p a t h l .  b e g i n O  ; i t  ! = p a t h l . e n d O  ; i t+ + )
{
C P X n e v c o l s ( e n v ,lp , l . f e z e r o ,& z e r o ,& o n e ,£ b in a r y .N U L L ) ; 
C P X c h g c o e f ( e n v , l p , r o v ,c o l , 1 ) ;  
i f  ( f r o m .y O  ! = t o . y ( ) )
{
/ / v i r e - > a p p e n d ( n e v
g p a t h ( l a y e r p , g r e c t ( g p o i n t ( * u p ) ) . g r e e t ( * i t , f r o m . y ( ) ) ) ) ; 
w i r e - > a p p e n d ( n e v
g p a t h ( l a y e r p , g r e c t ( * u p ) , g r e e t ( * i t , f r o m . y ( ) ) ) ) ; 
i f ( * i t ! = t o . x ( ) )  v i r e - > a p p e n d ( n e v
g p a t h ( l a y e r p , g r e e t ( * i t  . f r o m . y O )  . g r e e t ( * i t , t o . y ( ) ) ) )  ; 
e l s e  v ir e - > a p p e n d ( n e w
g p a t h ( l a y e r p , g r e e t ( * i t  . f r o m . y O )  , g r e e t ( * d o v n ) ) )  ;
/ / i f ( * i t ! * t o . x ( )  )  v i r e - > a p p e n d ( n e v
g p a t h d a y e r p , g r e e t ( * i t  , t o  .y  ( ) )  . g r e e t ( g p o i n t ( * d o v n ) ) ) )  ; 
i f ( * i t ! = t o . x ( )  )  v i r e - > a p p e n d ( n e v  
g p a t h d a y e r p , g r e e t ( * i t , t o . y ( ) ) , g r e e t ( * d o v n ) ) ) ;
} e l s e  v i r e - > a p p e n d ( n e w
g p a t h d a y e r p , g r e e t  (* u p )  . g r e e t  (* d o w n )) ) ;
e d g e s  -  v i r e - > e d g e s ( m _ g T i l e ) ;
f o r ( e l t = e d g e s . b e g i n O ; e l t ! = e d g e s . e n d ( ) ; e l t + + ){
C T ile E d g e  e  =  * e l t ;  
d i r  *  e d a y e r ( ) - > d i r ( ) ; 
t r a c k  ~ e . t r a c k ( ) ;  
e d g e  = e . e d g e O ;
if(d ir= = H 0 R IZ 0 N T A L ) b n d  = b n d ^ =  h B a se  + t r a c k  * 
num hE dges + e d g e ;
e l s e  if(d ir= = V E R T IC A L ) b n d  *  v B ase  + t r a c k  * 
n u m v E d g es’* : e d g e ;
C P X c h g c o e f ( e n v ,lp ,n u m W ir e s + b n d ,c o l ,1) ;
>
v i r e - > c l e a r ( ) ;
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i n t  q  =0 ;
f o r ( i n t  i* 0 ; i< n u m B n d s ; i+ + )  i f ( d o n e [ i ] ) q + + ;
s t d : : c o u t  «  q  «  " s e g m e n t  h a s  b e e n  o p t im iz e d  o u t  o f  "
«  numBnds «  " \ n " ;
i f (  o b jv a l< « 0 .1  )  { op tim um  * t r u e ; b r e a k ; >  
z e r o L i s t . c l e a r 0 ;  
n o t Z e r o L i s t . c l e a r ( ) ;
/ / g e t  z e r o - s l a c k  ro w s 
/ / o r  minimum s l a c s k  
d o u b le  m in S la c k  = 2* IN F ; 
f o r ( i n t  i= 0 ; i< n u m B n d s ; i+ + )
{
i f (  d o n e [ i ]  )  c o n t in u e ;  
i f  C s l a c k [ i ]  < m in S la c k  ) 
m in S la c k  = s l a c k [ i ] ;
>
i f (m in S la c k > = IN F )  s t d : : c o u t  
«  " E r r o r ,  c a n ’t  f i n d  m inim um  s l a c k \ n " ;  
a s s e r t ( m in S la c k < I N F ) ; 
f o r ( i n t  i= 0 ;  K n u m B n d s; i+ + )
{
i fC  d o n e [ i ]  )  c o n t in u e ;
i f C  s l a c k [ i ]  > m in S la c k  +  0 . 5  ) c o n t i n u e ;
d o u b le  m axCap;
C P X g e tc o e f (e n v ,lp ,n u m W ire s + n u m B n d s + i , c o lIn d e x .& m a x C a p ) ; 
maxCap *  -m axC ap;
z e r o L i s t  «  Q P a i r < in t  , d o u b l e > : : Q P a i r ( i , m a x C a p ) ;

/ / s a v e  t h e  r o v  a n d  c a p a c i t y  
I— 1 d o n e f i ]  = t r u e ;CO >oo s t d : : c o u t  «  z e r o L i s t . c o u n t ( )

«  " s e g m e n ts  h a s  z e r o  s l a c k  ( "  «  m in S la c k  «  " )  : " ; s t d : : c o u t . f l u s h O ; 
i f (  z e r o L i s t . c o u n t ( ) < = 0 )  { s t d : : c o u t
«  ” E r r o r  t h e r e  i s  no  z e r o  s l a c k  s e g m e n ts  : " ; s t d : : c o u t . f l u s h O ;>  
a s s e r t ( z e r o L i s t . c o u n t ( ) > 0  ) ;
/ / f i x  t h e  z e r o  s l a c k  f l o w s
f o r ( i t = z e r o L i s t  . b e g i n O  ; i t  ! ® z e r o L i s t . e n d O  ; i t+ + )
{
i n t  r i g h t  = num W ires +num Bnds+ ( * i t ) . f i r s t ;

C P X ch g co e f( e n v , l p , num W ires+num B nds+(*  i t ) . f  i r s t , c o l I n d e x , 0 ) ;  
d o u b le  r o b j v a l  = c e i l ( o b j v a l  * ( * i t ) . s e c o n d - 0 . 5 ) ;
C P X ch g rh s( e n v , l p , 1 , A r i g h t , ftro b  j  v a l ) ;
>
/ / p u s h  e a c h  z e r o  s l a c k  r o v  down a  l i t t l e
f o r ( i t = z e r o L i s t  . b e g i n O  ; i t  ! = z e r o L i s t .  e n d O  ; i t+ + )
{
i n t  r i g h t  ■ num W ires +num Bnds+ ( * i t ) . f i r s t ; 
t r y o b j v a l  = c e i l ( o b j v a l  * ( * i t ) . s e c o n d - 0 . 5 )  -  1 ;
C P X c h g rh s (e n v , I p , 1 , b r i g h t , t t r y o b j v a l ) ;
C P X m ip o p t ( e n v , lp ) ;

if(C P X g e ts ta t(en v ,lp )= = C P X M IP _ O P T IM A L )
{ / / n o t  d o n e ,  s t i l l  c a n  g o  dow n, rem o v e  fro m  l i s t  i f  
o b j e c t i v  e v  b e t t e r  
C P X g e tm ip o b jv a l ( e n v , lp , f c n e v o b jv a l ) ; 
i f (  c e i l ( ( * i t ) . s e c o n d * n e v o b j v a l - 0 . 5 )
< c e i l ( ( * i t ) . s e c o n d * o b j v a l - 0 . 5 )  )
{
n o t Z e r o L i s t  «  * i t ;

8 t d : : c o u t  « • " * " ;
>
e l s e  s t d : : e o u t  «
} e l s e  s t d : : c o u t  «  ; s t d : : c o u t .  f l u s h O  ;
/ / p u t  b a c k  o r i g i n a l
d o u b le  r o b j v a l  *  c e i l ( o b j v a l  * ( * i t ) . s e c o n d - 0 . 5 ) ;
C P X c h g r h s ( e n v , l p , l , k r i g h t , f c r o b j v a l ) ;
>
i f ( n o t Z e r o L i s t . c o u n t ( ) = = z e r o L i s t . c o u n t ( ) )
{
/ / a l l  z e r o  s l a c k s  f a k e ,  a c c e p t  a l l  
n o t Z e r o L i s t . c l e a r O ; 
s t d : : c o u t  «  " a l l  a c c e p te d " ;
>
s t d : : c o u t  «  "V n” ;
f o r ( i t = n o t Z e r o L i s t . b e g i n O  ; i t  ! = n o tZ e r o L i s t  . e n d O  ; i t+ + )
{ / /  p u t  b a c k  o r i g i n a l  f o r  f a k e  z e r o  s l a c k  
i n t  r i g h t  * n u m W ir e s + n u m B n d s + ( * i t ) . f i r s t ;  
d o n e [ ( * i t ) . f i r s t ]  = f a l s e ;

C P X c h g c o e f ( e n v ,lp ,n u m W ire s + n u m B n d s + (* i t ) . f i r s t , c o l I n d e x , - ( * i t ) . s e c o n d ) ; 
C P X ch g rh s( e n v , l p , 1 , A r i g h t , f t z e r o ) ;
>
) -w h ile ( !o p t im u m )  ; * /
C P X m ip o p t ( e n v , lp ) ;
d o u b le *  x  =  n e v  d o u b le [ C P X g e tn u m c o l s ( e n v ,lp ) ] ;
C P X g e tm ip x (e n v , l p , x , 0 , C P X g e tn u m c o ls (e n v , l p ) - 1 ) ;

d e l e t e d  s l a c k ;  
d e l e t e []  d o n e ;  
r e t u r n  x ;
>

• i n c l u d e  < q p ix m a p .h >  
• i n c l u d e  < q p a i n t e r .h >  
• i n c l u d e  " c g r o u t e .h "  
• i n c l u d e  " c l a y e r . h "  
• i n c l u d e  " c n e t . h "

b o o l  C G R ou te : : s a v e B l k ( c o n s t  Q S t r in g  f i le N a m e )  
{
Q F i le  b l k F i l e ( f i l e N a m e ) ;
i f ( I b l k F i l e .o p e n ( I O _ W r i t e O n ly ) )
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>
f «  " A n " ;

f  «  " ( n e t w o r k _ o u t \ n " ;
Q D ic t I te r a to r < C N e t>  i t ( m _ n e t s ) ;
f  o r  ( i t  . t o F i r s t O  ; i t  . c u r r e n t  ( ) ; + + i t )  ( * i t ) - > r t e W r i t e ( f ) ;  
f  «  " ) \ n ) \ n " ;  
f i l e . c l o s e O ; 
r e t u r n  t r u e ;
>

b o o l  C G R o u te : :g r t e W r i t e ( c o n s t  Q S tr in g  f i le N a m e )  c o n s t  

{
Q F ile  f i l e ( f i l e N a m e ) ; 
i f ( ! f i l e .o p e n ( I O _ W r i t e O n l y  I IO .R aw ))
{
s t d : : c o u t  «  " E r r o r  : c o u ld n ’ t  o p e n e d  " «  f i le N a m e  «  " \ n " ;  
r e t u r n  f a l s e ;
}

Q T e x tS tre a m  f ( f t f i l e ) ;
Q D ic t I te r a to r < C N e t>  i t ( m _ n e t s ) ;
f o r ( i t . t o F i r s t O ; i t . c u r r e n t ( ) ; + + i t )  ( * i t ) - > g r t e W r i t e ( f ) ;  
f i l e . c l o s e O ; 
r e t u r n  t r u e ;
>
b o o l  C G R ou te : : s a v e P i c ( c o n s t  Q S t r in g  f i le N a m e ,  c o n s t  Q S t r in g  n e tN am e) c o n s t  
{

t O  QPixm ap p i c ( i n t  (m .d ie A r e a .  w i d t h 0 / 1 0 )  , i n t  (m _ d ie A re a . h e i g h t  0 / 1 0 ) )  ;
^  Q P a in t e r  p ;

p . b e g i n ( t p i e ) ;
p . s e t B a c k g r o u n d C o l o r ( " w h i t e " ) ;
p . e r a s e R e c t  ( 0 , 0 ,  i n t  (m _d i e A re a .  w i d t h O / 1 0 )  , i n t  ( m .d ie A r e a .  h e i g h t  0 / 1 0 ) )  ;
f o r ( i n t  i = 0 ; i < p i c . w i d t h O  ; i+ + )
p . d r a v T e x t ( i * 1 0 , 1 0 , Q S t r i n g ( ) . s e tN u m ( i% 1 0 ) ) ;
f o r ( i n t  i = 0 ; i < p i c . h e i g h t ( ) ; i + + )
p . d r a w T e x t ( 0 , i * 1 0 + 1 0 ,Q S t r i n g ( ) . se tN u m (i% 1 0 )) ;
/ / l a y e r  now
f o r ( u n s i g n e d  i n t  i = 0 ; i < m _ l a y e r s . s i z e ( ) ; i + + )  i f ( m _ l a y e r s [ i ] - > s e l e c t e d ( ) )  
m _ l a y e r s [ i ] - > p a i n t ( f c p ) ;
I I I  n e t  now
m . n e t s  [n e tN am e] - > p a i n t « t p ) ; 
p . e n d O ;
p i c . s a v e ( f i l e N a m e , "BMP” ) ; 
r e t u r n  t r u e ;
>

• i n c l u d e  " c g r o u t e .h "
• i n c l u d e  " c n o d e .h "
• i n c l u d e  " g w i r e .h "
• i n c l u d e  " c l a y e r . h "
• i n c l u d e  " c t i l e . h "

i n t  C G R o u te : : r i p u p w i r e s ( d o u b le *  p i ,  Q P trL is t< g w ire > f t  w i r e s )  
{
i n t  n um R ipups *  0 ;

s t a t i c  i n t  c *  0 ;
/ / Q F i l e  F ( " " + Q S t r i n g ( ) . s e t N u m ( c + + ) + " . t x t " ) ; 
/ /F . o p e n ( I O _ W r i t e O n ly ) ;
/ /Q T e x tS t r e a m  f ( & F ) ;

/ / f  «  "num W ire s  : " << w i r e s . c o u n t ( )  «  " \ n ” ; 
Q P t r L i s t I t e r a t o r < g w i r e >  w i t ( w i r e s ) ; 
i n t  in d x  * 0 ;
f o r  ( w i t  . t o F i r s t O ; w i t  . c u r r e n t  0  ;+ + w It)
{
i f (  p i [ i n d x + + ]  *=  0  )  c o n t i n u e ;
/ / f  «  i n d x - 1  « .  " \ t "  «  p i [ i n d x - l ]  «  " \ n " ;  
g w ire *  w ir e  = * w l t ;  
a s s e r t ( w i r e - > r o u t e d ( ) ) ;

w i r e - > d e c T i l e F l o w s ( m _ g T i l e ) • 
w i r e - > c l e a r ( ) ; 
w i r e - > r o u t e d ( f a l s e ) ; 
nu m R ip u p s+ + ;
/*
Q V a lu e L is t< C T ile E d g e >  e d g e s  = w i r e - > e d g e s ( m _ g T i l e ) ;
Q V a lu e L i s t I t e r a to r < C T i l e E d g e >  i t ;
f o r ( i t = e d g e s . b e g i n O ; i t  ! = e d g e s . e n d O  ; i t + + )

< ■ • •
/ / a n y  o v e r f lo w in g
i f (
( * i t )  . l a y e r  ( ) - > t i l e O v e r f  lo w s (  ( * i t )  . t r a c k O  , ( * i t )  . e d g e O )  ) 
{
w ir e - > d e c T i l e F lo w s ( m _ g T i l e ) ; 
w i r e - > c l e a r ( ) ; 
w i r e - > r o u t e d ( f a l s e ) ; 
n u m R ip u p s+ + ; 
b r e a k ;
}>*/>
/ / F . c l o s e O ;
s t d : : c o u t  «  "Num R ip u p  : "  «  num R ipups << " \ n " ; 
r e t u r n  n u m R ip u p s ;
>/*
i n t  C G R o u te : : r i p u p w i r e s ( )
{
i n t  n um R ipups s  0 ;
Q P tr L is t< g w ir e >  w i r e s  = t h i s - > w i r e s ( ) ;

Q P t r L i s t I t e r a t o r < g w i r e >  w l t ( w i r e s ) ;  * 
f o r  ( w i t  . t o F i r s t O  ; w i t  . c u r r e n t  ( )  ;+ + w It)
{
g w ire *  w i r e  * * w l t ; 
a s s e r t  ( w i r e - > r o u t e d O ) ;
Q V a lu e L is t< C T ile E d g e >  e d g e s  = w i r e - > e d g e s ( m _ g T i l e ) ; 
Q V a lu e L i s t I t e r a to r < C T i l e E d g e >  i t ;  
f o r ( i t = e d g e s . b e g i n O ; i t ! = e d g e s . e n d ( ) ; i t+ + )
{
/ / a n y  o v e r f lo w in g  
i f  (
( * i t )  . l a y e r ( ) - > t i l e Q v e r f l o w s ( ( * i t )  . t r a c k O  , ( * i t )  . e d g e O )  )
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e l s e  i fC  v . c o n t a i n s (  Q P a i r < i n t , i n t > : : Q P a i r ( k , i )
) )  v c  = v [  Q P a i r < i n t , i n t > : : Q P a i r ( k , i )  ] ;  
e l s e  i f C  i ! * k )  c o n t in u e ;  
f o r ( i n t  l= 0 ; l< n u m L a y e r s ; l+ + )
{
r o v ln d e x  -  ro v In d e x B a s e  + 1 ; 
i f ( i= = k  )
{
i f ( j = = l  )

q m a t in d [  in d e x  ]  = r o v ln d e x ;  
q m a tv a l [  in d e x  ] *

2 .0 /d o u b le ( n u m E d g e s ) ;
in d e x + + ;
c n t+ + ;
>
} e l s e  i f (  j = = l  )

{
q m a t in d [  in d e x  ] = r o v ln d e x ;

q m a tv a l [  in d e x  ]  * v c /d o u b le ( n u m E d g e s ) ; 
in d e x + + ; 
c n t+ + ;
> e l s e  i f (  a b s ( j - l ) = = l  )
{

q m a t in d [  in d e x  ] = r o v ln d e x ;  
q m a tv a l [  in d e x  ] » 

v c /d o u b le (2 * n u m E d g e s ) ; 
i n d e x + + ; 

t O  c n t+ + ;O >
>>
q m a t c n t [ c o l l n d e x ]  = c n t ;
>}
v .  c l e a r O ;
C PX copyquad  ( e n v , l p . q r a a t b e g ,q m a t c n t , q m a t i n d .q m a t v a l ) ; 
d e l e t e d  q m a tb e g ; 
d e l e t e d  q m a tc n t;  
d e l e t e d  q m a tin d  
d e l e t e d  q m a tv a l ;

/ /  C P X v r i t e p r o b ( e n v , l p , " l a n e t . lp " .N U L L ); 
C P X m ip o p t ( e n v . lp ) ;
C P X getm ipx ( e n v , l p , x , 0 , n u m C o ls -1 ) ;

f o r ( i n t  i= 0 ;  K n u m R o v s; i+ + )

c o l I n d e x B a s e  = i* n u m L a y e rs ;

f o r ( i n t  j= 0 ; j< n u m L a y e r s ; j+ + )

{
c o l l n d e x  = j  + c o l I n d e x B a s e ;  
i f (  x [ c o l l n d e x ]  > 0 . 5  ) ;  
p a t h s [ i ] . f i r s t - > m o v e P a t h (  p a t h s [ i ] . s e c o n d ,  
C L a y e r P a i r (  m _ l a y e r s [ j ] , m _ l a y e r s [ j ] - > n e x t ( f a l s e )  ) ) ;  

>
>
C P X f r e e p r o b ( e n v .k lp ) ;

Cn

C PX closeC PL E X (fcenv); 
>
Q V a lu e V e c to r<  Q V a lu e V e c to r< d o u b le >  > C G R o u te : :g e tB lo c k a g e s n e t (  Q V a lu eV ec to r<  
Q P a ir< d o u b le ,d o u b le >  >t  r a t i o ,

Q V a lu e L is t<  Q P a i r < g v i r e * ,g p a th * >  > p a t h s )  c o n s t  

{
i n t  num W ires *  p a t h s . c o u n t ( ) ;  
i n t  nu m L ay e rs  ■ 0 ;
f o r ( u n s i g n e d  i n t  i = 0 ; i < m _ l a y e r s . s i z e O ; i+ + )  n u m L ay ers+ + ; 

Q V a lu e V e c to r<  Q V a lu e V e c to r< d o u b le >  > b lo c k a g e s ;

b l o c k a g e s . r e s i z e ( n u m W i r e s ) ;
f o r ( i n t .  i= 0 ; i< n u m W ir e s ; i+ + )  b l o c k a g e s [ i ] . r e s i z e ( n u m L a y e r s , 0 ) ;  
r a t i o . r e s . i z e ( n u m W i r e s ) ;

i n t  in d e x = 0 ;
C R ect bB ox;
C L ay e r*  l a y e r ?  .
Q V a l u e L i s t I t e r a t o r <  Q P a i r < g v i r e * ,g p a th * >  > v l t ;  
i n t  t o t C a p , t o t B l o c k , h a l f P e r i m e t e r ;

f o r ( v l t = p a t h s . b e g i n O ; w l t ! = p a t h s . e n d ( ) ; v l t + + )

<
U  g v i r e *  v i r e  *  ( * v l t ) . f i r s t ;  
g p a th *  p a t h  = ( * v l . t )  . s e c o n d ;
Q R ect r  = * p a th ;
f o r ( i n t  i= 0 ; i< n u m L a y e r s ; i+ + )
{ .

l a y e r  ■ m . l a y e r s [ i ] ; 
t o tC a p  = 0 ;  
t o t B l o c k  =  0 ;  
s v i t c h ( l a y e r - > d i r 0 )

c a s e  VERTICAL : 
f o r ( i n t
i - r  . t© p ( )  + l ;  i < = r  . b o t to m O  ; i+ + )  
f o r ( i n t
j * r . l e f t ( )  ; j < = r . r i g h t O  ; j+ + )
{
to tC a p  +* 
l a y e r - > c e l l C a p ( ) ; 
t o t B l o c k
+ * l a y e r - > c e l l B l o c k (  i ,  j  )  + l a y e r - > c e l l F l o v (  i ,  j  ) ;
>
b r e a k ;
c a s e  HORIZONTAL :

f o r  ( i n t  i = r . l e f t  0 + 1  ; i < = r .  r i g h t O  ; i ++)
f o r d n t
j = r  . t o p ( )  ; j < = r .  b o t to m O  ; j+ + )

to tC a p  +■ 
l a y e r - > c e l l C a p ( ) ; 
t o t B l o c k  +*
l a y e r - > c e l l B l o c k (  i ,  j  )  + l a y e r - > c e l l F l o v (  i ,  j ) ;
>
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b r e a k ;
d e f a u l t :  s t d : : c o u t  «  " C G R o u te : :g e tB lo c k a g e s n e t ( )  n o t  
im p le m e n te d  c a s e \ n " ;
>
i f (  ( to tC a p * * 0 )  II  ( t o tB lo c k * = 0 )  )  b l o c k a g e s [ i n d e x ] [ i ]  ■
0 . 0 ;

e l s e  b l o c k a g e s [ i n d e x ] [ i ]  » d o u b l e ( t o t B l o c k ) / d o u b l e ( t o t C a p ) ;
>
h a l f P e r i m e t e r  * r . r i g h t ( ) - r . l e f t ( ) +r . b o t t o m ( ) - r . t o p ( ) ; 
i f (  h a lfP e r im e te r® * ©  )

r a t i o [ i n d e x ] . f i r s t  3  0 . 0 ;  
r a t i o [ i n d e x ] . s e c o n d  = 0 . 0 ;
} e l s e
{

r a t i o [ i n d e x ] . f i r s t  * 
d o u b l e ( r . r i g h t ( ) - r . l e f t ( ) ) / d o u b l e ( r . r i g h t ( ) - r . l e f t ( ) + r .  b o t t o m O - r .  t o p  ( ) ) ;  
r a t i o [ i n d e x ] . s e c o n d  =
d o u b l e ( r . b o t t o m ( ) - r . t o p ( ) ) / d o u b l e ( r . r i g h t ( ) - r . l e f t ( ) + r . b o t t o m ( ) - r . t o p ( ) ) ;

>
in d e x + + ;
>
r e t u r n  b lo c k a g e s ;
>
QMap< Q P a i r < i n t , i n t > ,  d o u b le >
C G R o u te : :g e t I n t e r f e r e n c e n e t ( Q V a lu e L i s t< Q P a i r < g w i r e * ,g p a th * >  > p a t h s )  c o n s t  

{
t O  QMap< Q P a i r < i n t , i n t > ,  d o u b le >  i n t e r ;

i n t  in d e x l= 0 , in d e x 2 * 0 ;
C R ect b l , b 2 ;
Q V a l u e L i s t I t e r a t o r <  Q P a ir< g w ir e * ,g p a th * >  > w l t l , w l t 2 ;  
f o r ( w i t l = p a t h s . b e g i n O ; u l t l ! = p a t h s . e n d ( ) ; w l t l + + )
{
in d e x 2  = i n d e x l ;  
b l  = * ( * w l t l ) . s e c o n d ;
f o r  ( w l t 2 = p a t h s . b e g in O  ; v l t 2 ! “ p a t h s . e n d O  ; w lt2 + + )
{
b2 = * ( * w l t 2 ) . s e c o n d ;
i f ( i n d e x l ! = i n d e x 2  ftft b l . i n t e r s e c t s ( b 2 )  ) 
i n t e r [  Q P a i r < i n t , i n t > : : Q P a i r ( i n d e x l , i n d e x 2 )  ]  *
( b l  ft b2  ) . a r e a ( )  /  ( b l  I b 2 ) . a r e a ( ) ;  
in d e x 2 + + ;
>
in d e x l+ + ;
>
r e t u r n  i n t e r ;
>

• i n c l u d e  " c g r o u t e .h "  
• i n c l u d e  “g w i r e .h "  
• i n c l u d e  " g p a th .h "  
• i n c l u d e  " c l a y e r . h "  
• i n c l u d e  " c p a t h c u t .h "

v o id  C G R o u te : :n e t ( )

/ / Q F i l e  f i l e C ’d i a g .  l o g " ) ;
/ / f i l e . o p e n (  I O .W r ite O n ly  ) ;
/ /Q T e x tS t r e a m  f ( f t f i l e ) ;

i n t  p a s s  ~ 1 ;
s t d : : c o u t  «  " n e tw o r k  o p t i m i z a t i o n \ n " ; 
s t d : : c o u t  «  " p a s s  " «  p a s s + +  « " \ n " ;  
n e tm a in Q  ; / / r e t u r n ;
/ / f  «  n u m C e llO v e r f lo w s O  «  " \ n " ;  
p p ( ) i
/ / f  «  n u m C e llO v e r f lo w s O  «  ” \ n " ;  
i n t  p revN um O ver;
i n t  num O ver = n u m C e l lO v e r f lo w s O ;  
s t d : : c o u t  «  num O ver « • "  o v e r f l o w s \ n " ; 
do 
{
p revN um O ver = num O ver;
i f ( r i p u p p a t h s ( ) < = 0 )  b r e a k ;
s t d : : c o u t  «  " p a s s  " «  p a s s + +  «  " \ n " ;

l a p a t h s O ;
n e t m a i n O ;
/ / <  «  n u m C e llO v e r f lo w s O  «  " \ n " ;  
p p ( ) ;
/ / f  «  n u m C e llO v e r f lo w s O  << " \ n " ;  
n u m O v e r®  n u m C e llO v e r f lo w s O ; 
s t d : : c o u t  «  num O ver «  " o v e r f l o w s \ n " ;
} w h ile (n u m 0 v e r> 0  ftft n um O ver< prevN um O ver);

/ / f i l e . c l o 8 e ( ) ;
>
v o i d  C G R o u te : : n e tm a in O  
{
/ / g e t  u n r o u te d  p a t h s
i n t  n u m L a y e rs  * m . l a y e r s . s i z e  0 ;
Q P tr L is t< g w ir e >  w i r e s  = t h i s - > w i r e s ( ) ;
Q P t r L i s t I t e r a t o r < g w i r e >  w i t ( w i r e s ) ; 
i n t  num W ires ® 0 ;
f o r ( w i t . t o F i r s t ( ) ; w i t . c u r r e n t ( ) ; + + w lt)
■C
Q P t r L i s t I t e r a t o r < g p a t h >  p l t ( * * w l t ) ; 
f o r  ( p i t  . t o F i r s t O  ; p i t .  c u r r e n t  ( )  ;+ + p I t )
{
g p a th *  p a t h  -  * p l t ;  
i f ( p a t h - > r o u t e d ( ) )  c o n t i n u e ;
i f  ( p a th - > f r o m ( )  . c e n t e r ( ) * * p a t h - > t o ( )  . c e n t e r O  ftft 
p a t h - > f r o m ( ) . s i z e ( ) * * Q S i z e ( l , 1 )  ftft 
p a t h - > t o ( ) . s i z e ( ) ® = Q S ize( 1 , 1 ) )
{
p a t h - > r o u t e d ( t r u e ) ; 
c o n t i n u e ;
>
num W ires+ + ;
>>
s t d : : c o u t  «  " r o u t i n g  " «  num W ires «  " w i r e s \ n " ;

Q V a lu e L i s t< Q P a i r < la y e r D i r e c t io n T y p e , in t>  > c u t s  ■ t h i s - > c u t s ( ) ; 
w h i l e ( ! c u t s . i s E m p t y ( ) )
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d o u b le *  o b j  -  new d o u b le [ n u m A r c s ] ;

//supplys at segment layer, blockage + previous flow
supply[0] * 0;
f o r ( i n t  i= 0 ; i< n u m S e g s ; i+ + )
{
s u p p l y [ i + l ]  = -  l a y e r - > c e l l F l o w ( t r a c k , i )  -  
l a y e r - > c e l l B l o c k ( t r a c k , i ) ;
8upply[0] +■ - supply[i+l];
>
//set supply at net layer
Q P air< Q R ect. ,Q R ec t>  l a y e r R e c t s  * l a y e r - > d i v i d e A t T r a c k ( t r a c k ) ;
Q R ect l e f t  *  l a y e r R e c t s . f i r s t ;
Q R ect r i g h t  = l a y e r R e c t s . s e c o n d ;

//std::cout « "left" « left.leftO « " " « left.topO « « left.rightO
« " " « left .bottomO << "\n";
//std::cout « "right" « right.leftO « " " « right.topO « «
right.rightO « " " « right .bottomO « "\n";

i n t  i  * num Segs+1;
for (it*list .beginO ;it !*list.end();it++)
{
C P a th C u t p a t h c u t  *  * i t ;  
g w ir e *  w i r e  *  p a t h c u t . v i r e O ; 
g p a th  tm p ;

t O  Q R ect f a r f r o m  * w i r e - > f a r f r o m ( p a t h c u t . p a t h s 0  . f i r s t O  , t m p ) ;
Q Rect f a r t o  *  w i r e - > f a r t o ( p a t h c u t . p a t h s ( )  . l a s t O  , t m p ) ;

/*{
Q P t r L i s t I t e r a t o r < g p a t h >  i t ( * w i r e ) ; 
s t d : : c o u t  «  " \ n w i r e \ n " ;  
f o r ( i t . t o F i r s t 0 ; i t . c u r r e n t  O ; + + i t )
{
gpath* path * *it;
Q Rect fro m  ■ p a t h - > f r o m ( ) ;
Q R ect t o  = p a t h - > t o ( ) ;
std::cout « "from\t" « from.leftO « " " « from.topO « «
from.rightO « " " « from.bottomO « "\n";
std::cout « "to\t" « to.leftO « " " « to.topO « « to.rightO
« " " « to.bottomO « "\n";
>
std::cout « layer->name() « " " « track « "\n";
std::cout « "left\t" « left.leftO « " " « left.topO « « left.rightO
« " " « left.bottomO « "\n";
std::cout « "right\t" « right.leftO « " " « right.topO « «
right.rightO « " " « right .bottomO « "\n";
std::cout « "farfrom\t" « farfrom.leftO << " " « farfrom.topO « «
farfrom.rightO « " " « farfrom.bottomO « "\n";
std::cout « "farto\t" « farto.leftO « " " « farto.topO « «
farto.rightO « " " « farto.bottomO « "\n";
>*/
Q R ect f r o m s i d e . t o s i d e ;
if(left.contains(farfrom)) fromside=left; 
else if(right.contains(farfrom)) fromside=right; 
else assert(false); 
if(left.contains(farto)) toside=left;

e l s e  i f ( r i g h t . c o n t a i n s ( f a r t o ) ) t o s i d e = r i g h t ;  
e l s e  a s s e r t ( f a l s e ) ;  
i f ( f r o m s i d e ! s t o s i d e )
{
s u p p l y [ i ]  ■ - 1 ;  
s u p p l y [0 ] += 1;
> e l s e  s u p p ly C i]  = 0 ;  / / i f  o u t  o f  b o x ,  w i l l  n o t  b e  c u t t i n g  t h e
c u t
i+ + ;
}
/ / w i r e  f r o m .s o u r c e  n o d e  t o  t h e  se g m e n t n o d e  
f o r ( i n t  i= 0 ; i< n u m S e g s ; i+ + )
{
f r o m [ i ]  *  0 ;  
t o [ i ]  = i+ 1 ;  
l b [ i ]  = 0 ;
u b [ i ]  = CPX_INFBOUND; 
o b j  [ i ]  *  0 ;
}
/ / w i r e  fo rm  s e g m e n t n o d e s  t o  n e t  n o d e s  
i n t  a r c l n d e x  -  num S egs; 
i  =  num Segs + 1 ;
f o r ( i t * l i s t . b e g i n O  ; i t N l i s t . e n d O  ; i t + + )
{
C P a th C u t p a t h c u t  * * i t ;  
g w ir e *  w i r e - =  p a t h c u t . w i r e ( ) ;

g p a t h  f a r f r o m p a t h . f a r t o p a t h ;

Q R ect f a r f r o m  =
w i r e - > f a r f r o m ( p a t h c u t . p a t h s  0 . f i r s t O . f a r f r o m p a t h ) ;
Q R ect f a r t o  =  w i r e - > f a r t o ( p a t h c u t  . p a t h s O  . l a s t O  , f a r t o p a t h )  ;
i n t  m in ,m ax ;
m in  = 0 ;  max *  0 ;
l a y e r D i r e c t i o n T y p e  d i r m in ,d i r m a x ;
d i r m i n  = d irm a x  = UNKNOWNLAYERDIRECTION;

i f ( la y e r -> d ir ( )= * V E R T IC A L )
{
min * ::min(farfrom.centerO.x(),farto.centerO.x()); 
max ■ :: max(farfrom.centerO .x(),farto.centerO .xO); 
if( min »■ farfrom. centerO .x() ) dirmin = 
farfrompath.dirO ; else dirmin = fartopath.dirO ; 
if (max == farfrom.centerO .x() ) dirmax = 
farfrompath.dirO; else dirmax = fartopath.dirO;
> e l s e  if(la y e r-> d ir()= = H D R IZ Q N T A L )
■C
min * : :min(farfrom.centerO .y(),farto.centerO .yO) ; 
max = :: max(farfrom. centerO .y() .farto. center 0 .yO) ; 
if( min farfrom.centerO .y() ) dirmin » 
farfrompath.dirO; else dirmin ■ fartopath.dirO; 
if( max *= farfrom.center0.y() ) dirmax = 
farfrompath.dirO; else dirmax * fartopath.dirO;
>
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b o o l  a l l  =
f a l s e ; f o r ( i t = z e r o L i s t . b e g i n ( ) ; i t ! = z e r o L i s t . e n d ( ) ; i t + + )  i f ( d o n e [ * i t ] ) a l l  = t r u e ;
i f (  t a l l  )  f o r ( i t = z e r o L i s t . b e g i n ( ) ; i t ! “ z e r o L i s t . e n d ( ) ; i t + + )
d o n e [ * i t ]  * t r u e ;
o b j  •  r e s ;
o p tim um  -  t r u e ;
i n t  q  *  0 ;
f o r ( i n t  i= 0 ; i< n u m S e g s ; i+ + )  {op tim um  = op tim um  kk  
d o n e [ i ] ; i f ( d o n e [ i ] )  q+ + ;>
/ /  s t d : : c o u t  «  " \ t  " «  q  «  " / "  «  num Segs «  " \ n " ;
} w h i l e ( ! o p tim u m );

C P X o p tn e t ( e n v ,n e t , n u m S e g s , o b j ,v a l ,d o n e ) ;
//C P X N E T w rite p ro b ( e n v , n e t , " o u t . n e t " , NULL);

i n t  num A rcs = C P X N E T g e tn u m a rc s (e n v ,n e t) ; 
d o u b le *  x  = new d o u b le [ n u m A r c s ] ;
C P X N E T getx(env , n e t , x , 0 , n u m A rc s -1 ) ;
i n t  num N ets *  C P X N E T g e tn u m n o d e s (e n v ,n e t) -n u m S e g s - l;
i n t *  a s s i g n  = new i n t  [ n u m N e ts ] ;
f o r ( i n t  i= 0 ; i< n u m N e ts ; i+ + )
{
i n t  n e t I n d e x  * num Segs + i  + 1 ;
i n t  n u m A rcs , a r c b e g , tm p , s u r p l u s , f r o m , t o ;

C P X N E T getnodeares  ( e n v , n e t ,  4 n u m A rc s ,l ta r c b e g , f t tm p ,0 ,
& s u r p l u s , n e t l n d e x , n e t l n d e x ) ; 
i n t *  a r c  ■ new i n t [ - s u r p l u s ] ; 

t O  C P X N E T getnodeares  ( e n v . n e t ,
jTT* i n u m A r c s .f c a r c b e g ,a r c , - s u r p l u s . f t s u r p l u s , n e t I n d e x , n e t I n d e x ) ;

a s s e r t  ( s u r p l u s ^ 55© ) ; 
b o o l  a s s i g n e d  *  f a l s e ;  
f o r ( i n t  j= 0 ; j< n u m A rc s ; j+ + )
{
i f (  x [  a r c [ j ]  ]  < 0 . 5  )  c o n t i n u e ;
C P X N E T getarcnodes ( e n v . n e t ,  f t f r o m .f t to ,  a r c [ j ] ,  a r c [ j ]  ) ;
a s s e r t ( t o = = n e t I n d e x ) ;
a s s e r t ( f r o m < = n u m S e g s ) ;
a s 8 i g n [ i ]  *  f ro m -1 ;
a s s i g n e d  = t r u e ;
>
i f ( { a s s i g n e d )  a s s i g n [ i ]  *  - 1 ;  
d e l e t e []  a r c ;

>
C P X N E T fre e p ro b (e n v , fc n e t) ;
C P X closeC P L E X (ftenv ); 
d e l e t e d  d o n e ; 
d e l e t e [ ]  v a l ;  
d e l e t e  [ ]  x ;  
r e t u r n  a s s i g n ;
>

i n t  C G R ou te ::C P X o p tn e t(C P X E N V p tr4  e n v ,  CPXNETptrft n e t , c o n s t  i n t  n u m S e g s ,c o n s t  
i n t  s t a r t ,  i n t *  v a l ,  b o o l*  d o n e )  c o n s t  
{
i n t *  in d e x  -  new in t [ n u m S e g s ] ; 
c h a r *  l u  = new c h a r [ n u m S e g s ] ; 
c h a r *  11 = new c h a r [ n u m S e g s ] ;

d o u b le *  u b  *  new  d o u b le [ n u m S e g s ] ; 
d o u b le *  l b  = new  d o u b le [ n u m S e g s ] ;

d o u b le  u p  *  s t a r t ;  
d o u b le  down = 0 ;

f o r ( i n t  i= 0 ; i< n u m S e g s ; i+ + )
{
i n d e x [ i ]  *  i ;  
l u C i ]  * *U*;
U [ i ]  = »L»;
i f ( d o n e [ i ] ) { u b [ i ]  = v a l [ i ] ; l b [ i ]  = v a l [ i ] ; > e l s e {  u b [ i ]  = 
s t a r t ; l b [ i ]  =’ 0 ; }  
u p  = s t a r t ;  
down *  0 ;
>
C P X N E T c h g b d s (e n v ,n e t ,n u m S e g s ,in d e x , lu ,  u b  ) ;
C P X N E T c h g b d s (e n v ,n e t .n u m S e g s ,in d e x ,1 1 , l b  ) ;
/ /  C P X N E T w r ite p ro b (e n v ,n e t , " o u t . n e t " , NULL);
C P X N E T p r im o p t( e n v .n e t) ;
i f (  C P X N E T g e ts ta t( e n v . n e t ) !=CPX_STAT_OPTIMAL) r e t u r n  (int)CPX .INFBO U N D ; 
do 
{
f o r ( i n t  i= 0 ; i< n u m S e g s ; i+ + )  i f ( d o n e [ i ] ) {  u b [ i ]  = v a l [ i ] ; l b [ i ]  = 
v a l [ i ] ; } e l s e  { u b [ i ]  * f l o o r ( ( u p + d o w n ) / 2 . 0 ) ; l b [ i ]  * 0 ;}  
C P X N E T c h g b d s (e n v ,n e t ,n u m S e g s ,in d e x , lu ,  ub  ) ;
C P X N E T c h g b d s (e n v ,n e t, n u m S e g s , in d e x ,1 1 ,  l b  ) ;
/ /C P X N E T w r i te p r o b ( e n v ,n e t , " o u t .n e t " .N U L L ) ;
C P X N E T p r im o p t( e n v ,n e t) ;
i f (  C P X N E T g e ts ta t(e n v , n e t ) !*CPX_STAT_OPTIMAL)
down = f l o o r ( ( u p + d o w n ) / 2 .0 ) ;
e l s e
u p  = f l o o r ( ( u p + d o w n ) / 2 .0 ) ;
} w h i l e (  u p -d o w n  > 1 ) ;  
f o r ( i n t  i= 0 ; i< n u m S e g 8 ;i+ + )  
i f ( d o n e [ i ] )
{ u b [ i ]  *  v a l [ i ] ; l b [ i ]  ■ v a l [ i ] ; ) -  
e l s e { u b [ i ]  *  u p ; l b [ i ]  ■' 0 ;>

C P X N E T c h g b d s (e n v ,n e t ,n u m S e g s ,in d e x , lu ,  u b  ) ;
C P X N E T c h g b d s (e n v ,n e t ,n u m S e g s ,in d e x ,1 1 , l b  ) ;
/ /C P X N E T w r i t e p r o b ( e n v ,n e t , " " .NU LL);
C P X N E T p r im o p t( e n v .n e t) ; 
d o u b le *  x  = new  d o u b le [ n u m S e g s ] ;
CPXNETgetx( e n v , n e t , x , 0 , n u m S e g s -1 ) ;
a s s e r t ( C P X N E T g e ts ta t( e n v . n e t ) ==CPX_STAT_OPTIMAL);

d o u b le  m ax = 0 ; •  
f o r ( i n t  i= 0 ; i< n u m S e g s ; i+ + )
{
i f (  d o n e [ i ]  )  c o n t i n u e ;
v a l [ i ]  = ( i n t ) x [ i ] ;
i f (  x [ i ]  > m ax ) max *  x [ i ] ;
>
d e l e t e [ ]  x ;  
d e l e t e [ ]  i n d e x ;  
d e l e t e  [ ]  l u ;  
d e l e t e  [ ]  1 1 ; 
d e l e t e [ ]  u b ;
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d e l e t e f ]  l b ;

r e t u r n  ( i n t ) m a x ;  
>

• i n c l u d e  " c g r o u t e .h "
• i n c l u d e  " g w i r e .h "
• i n c l u d e  " g p a th .h "
• i n c l u d e  " c l a y e r . h "

v o i d  C G R oute: :p p ( )
{

e x t e r n  Q T e x tS tre a m  l g ;
l g  «  " S t a r t  P o s t  P r o c e s s i n g \ n " ;
i n t  p a s s  *  1 ;
s t d : : c o u t  «  " Y tp o s t  p r o c e s s i n g \ n " ; 
s t d : : c o u t  «  " \ t p a s s  " «  p a s s + +  « " \ n " ;
s t d : : c o u t  «  " \ t o v e r  : "  << n u m C e l lO v e r f lo w s O ; p p l ( ) ; s t d : : c o u t  «  " \ t p p l  

t O  f i x e d  " «  n u m C e llO v e r f lo w s O  << " \ n " ;
s t d : : c o u t  «  " \ t o v e r  «  n u m C e l lO v e r f lo w s O ; pp2  ( )  ; s t d :  : c o u t  «  " \ t p p 2  
f i x e d  " «  n u m C e llO v e r f lo w s O  «  " \ n " ;
/ /  s t d : : c o u t  «  " \ t p a d s  : "  «  n u m P a d V io la t i o n s O ;  p p 3 ( ) ; s t d : : c o u t  «  " \ t p p 3  
f i x e d  "  «  n u m P a d V io la t io n s O  «  " \ n " ;
/ /  8 t d : : c o u t  «  " \ t p a d s  «  n u m P a d V io la t i o n s O ;  p p 4 ( ) ; s t d : : c o u t  «  " \ t p p 4  
f i x e d  " «  n u m P a d V io la t io n s O  << " \ n " ;  
i n t  p rev N u m O v er;
i n t  num O ver = n u m C e l lO v e r f lo w s O ;  
i n t  p revN um Pad;
i n t  num Pad = n u m P a d V io la t io n s O  ; 
s t d : : c o u t  «  " \ t o v e r f l o w s  " «  num O ver «  " \ n " ;  
s t d : : c o u t  «  n\ t p a d  v i o l a t i o n s  " «  num Pad << " \ n " ;  
if (n u m O v e r< * 0  k k  num Pad<=0) r e t u r n ;

do
{
s t d : : c o u t  «  ” \ t p a s s  " «  p a s s + +  «  " \ n ” ; 
prevN um O ver *  num O ver; 
prevN um Pad = num Pad;
s t d : : c o u t  «  " \ t o v e r  «  n u m C e l lO v e r f lo w s O ;  p p l  0  ; s t d :  : c o u t  
«  " \ t p p l  f i x e d  ” «  n u m C e llO v e r f lo w s O  «  " \ n " ;  
s t d : :  c o u t  «  " \ t o v e r  << n u m C e l lO v e r f lo w s O ;  p p 2 ( ) ; s t d : : c o u t  
«  " \ t p p 2  f i x e d  " «  n u m C e llO v e r f lo w s O  «  " \ n " ;
/ /  8 t d : : c o u t  «  " \ t p a d s  «  n u m P a d V io la t i o n s O ;  p p 3 ( )  ; s t d :  : c o u t  
«  " \ t p p 3  f i x e d  ” «  n u m P a d V io la t io n s O  «  " \ n " ;
/ /  s t d : : c o u t  «  " Y tp a d s  «  n u m P a d V io la t i o n s O ;  p p 4 ( ) ; s t d : : c o u t  
«  " \ t p p 4  f i x e d  ” «  n u m P a d V io la t io n s O  «  " \ n M; 
num O ver *  n u m C e llO v e r f lo w s O ; 
num Pad = n u m P a d V io la t io n s O ;
s t d : : c o u t  «  " \ t o v e r f l o w s  " «  num O ver «  " \ n " ;

s t d : : c o u t  «  " \ t p a d  v i o l a t i o n s  " «  num Pad «  " \ n " ;
} v h i le ( (n u m 0 v e r> 0 & fc  num O ver<prevN um O ver) II (num Pad>0 kk
num P adcprevN um P ad)) ;
l g  «  "E nd  P o s t  P r o c e 8 8 \ n \ n " ;
> ' ‘
v o i d  C G R o u te : :p p l ( )
{
b o o l  o v e r f lo w s ;
Q V a lu e L i s t I t e r a to r < C T i l e E d g e >  e l t ;
Q P t r L is t< g w ir e >  w i r e s  * t h i s - > w i r e s ( ) ;
w i r e s . f i r s t O ;
w h i l e ( w i r e s . c u r r e n t  O )
{
g w ir e *  w i r e  m w i r e s . c u r r e n t  0 ;
w i r e - > f  i r s t O ;
w h i l e ( w i r e - > c u r r e n t  0 )
{
g p a th *  p a t h  = w i r e - > c u r r e n t 0 ;
Q V a lu e L is t< C T ile E d g e >  e d g e s  = p a t h - > e d g e s ( ) ; 
o v e r f lo w s  = f a l s e ;
f o r ( e I t = e d g e 8 . b e g i n ( ) ; e l t ! = e d g e s . e n d ( ) ; e l t + + )
{
C T ile E d g e  e d g e  *  * e l t ;  
i f  (
e d g e . l a y e r  O - > c e l l O v e r f l o w s ( e d g e . t r a c k ( ) , e d g e . e d g e ( ) ) ) { o v e r f lo w s  = t r u e ; 
b r e a k ;  }
>
i f ( o v e r f l o w s )
{ i f ( w i r e - > p p l ( p a t h ) ) { c o n t i n u e ; } } / / w i r e - > f  i r s t ( ) ; c o n t i n u e ;>} 
w i r e - > n e x t ( ) ;
>
w i r e s ,  n e x t  0 ;
>>
v o i d  C G R o u te : :p p 2 ( )
{
b o o l  o v e r f lo w s ;
Q V a lu e L l s t I t e r a to r < C T i l e E d g e >  e l t ;
Q P t r L is t< g w ir e >  w i r e s  = t h i s - > w i r e s ( ) ;
w i r e s . f i r s t ( ) ;
w h i l e ( w i r e s . c u r r e n t ( ) )
{ -
g w ire *  w i r e  = w i r e s . c u r r e n t ( ) ;  
w i r e - > f i r s t ( ) ; 
w h i l e ( w i r e - > c u r r e n t ( ) )
{
g p a th *  p a t h  »  w i r e - > c u r r e n t ( ) ;
Q V a lu e L is t< C T ile E d g e >  e d g e s  s  p a t h - > e d g e s ( ) ; 
o v e r f lo w s  = f a l s e ;
f o r ( e ! t = e d g e s . b e g i n ( ) ; e l t ! = e d g e s . e n d ( ) ; e l t+ + )
{
C T ile E d g e  e d g e  ■= * e l t ;  
i f  (
e d g e ,  l a y e r  0 - > c e l l O v e r f  lo w s  ( e d g e . t r a c k O  , e d g e . e d g e ( ) ) )  { o v e r f lo w s  »  t r u e ;  
b r e a k ;  }
>
i f ( o v e r f l o w s )
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{ i f ( w i r e - > p p 2 ( p a t h ) ) { c o n t i n u e ; » / / v i r e - > f i r s t ( ) ; c o n t i n u e ; »  
w i r e - > n e x t ( ) ;
>
v i r e s  . n e x t O ;
>>
v o id  C G R o u te : :p p 3 ( )
{
/ /  b o o l  o v e r f lo w s ;
/ /  Q V a lu e L i s t I t e r a to r < C T i l e E d g e >  e l t ;
Q P t r L i s t< g v i r e >  w i r e s  *  t h i s - > w i r e s ( ) ;
w i r e s . f i r s t O ;
w h i l e ( w i r e s . c u r r e n t ( ) )
{
g w ire *  w ir e  = w i r e s . c u r r e n t ( ) ;
v i r e - > p p 3 ( ) ;
w i r e s .  n e x t O ;
>
>
v o i d  C G R o u te : :p p 4 ( )
{
/ /  b o o l  o v e r f lo w s ;
/ /  Q V a lu e L i s t I t e r a to r < C T i l e E d g e >  e l t ;
Q P t r L i s t< g v i r e >  w i r e s  *  t h i s - > w i r e s ( ) ; 
w i r e s . f i r s t O ; 

t O  w h i l e  ( w i r e s . c u r r e n t  ( ) ) .I-1 {
^  g w ire *  w ir e  *  w i r e s . c u r r e n t 0 ;

w i r e - > p p 4 ( ) ; 
w i r e s  . n e x t O ;
>
>

/ / v o i d  C G R o u te ::e m ()
/ /{
/ /  Q P t r L is t< g w ir e >  w i r e s  »  t h i s - > w i r e s ( ) ;
/ /  w i r e s . f i r s t O ;
/ /  w h i l e ( w i r e s . c u r r e n t O )
/ /  {
/ /  g w ir e *  w ir e  = w i r e s . c u r r e n t ( ) ;
/ /  w i r e - > f i r s t ( ) ;
/ /  w h i l e ( w i r e - > c u r r e n t ( ) )
/ /  {
/ /  g p a th *  p a t h  *  w i r e - > c u r r e n t ( ) ;
/ /  Q V a lu e L is t< C T ile E d g e >  e d g e s  = p a t h - > e d g e s ( ) ;
/ /  b o o l  o v e r f lo w s  = f a l s e ;
/ /  f o r ( e l t - e d g e s . b e g i n O ; e l t !- e d g e s . e n d ( )  kk  
! o v e r f l o w s ; e l t+ + )
11 i
/ /  C T ile E d g e  t i l e E d g e  = * e l t ;
11 i f  (
t i l e E d g e - > l a y e r ( ) - > c e l l O v e r f l o w s ( t i l e E d g e - > t r a c k ( ) , t i l e E d g e - > e d g e ( ) )  i 
= t r u e ;
/ /  >

o v e r f lo w s

11 i f ( o v e r f l o w s )  e m ( w i r e .p a t h ) ;
11 w i r e - > n e x t ( ) ;
11 >
11 w i r e s .  n e x t O  ;
/ / }
//>

/ / v o i d  C G R o u te :e m (g v ire *  w ir e )
/ /{
/ /  g p a t h  p a t h  = * w i r e - > c u r r e n t ( ) ;
/ /  g p a t h  p r e v  = * w i r e - > p r e v ( ) ;
/ /  v i r e - > n e x t ( ) ; g p a t h  n e x t  = * v i r e - > n e x t ( ) ;
/ /
/ /  s w i t c h ( p a t h . d i r O )
/ /  {
/ /  c a s e  VERTICAL:
/ /  C L a y e r P a i r  n e x tL a y e r  *  l a y e r ; :
/ /  d o
H i
N  if (p re v -> d ir()= = H O R IZ O N T A L )
H i
/ /
/ /  >
/ / . w h i l e (
I f  b r e a k ;
/ /  c a s e  HORIZONTAL:
/ /  b r e a k ;
/ /  d e f a u l t :
/ /  >
//>

/ / v o i d  C P r j : :e m ()
H i
l l l l  Q F i le  f i l e ( " s h i f t . l o g " ) ; f i l e . o p e n ( I O _ W r i t e O n l y ) ; Q T e x tS tre a m  f ( f t f i l e ) ;  
11 b o o l  im p ro v e d ;
/ /  do
H i
11 im p ro v e d  *  f a l s e ;
11 u n s ig n e d  lo n g  i n t  c o u n t ;
11 c o u n t  = 0 ;
/ /  : f o r ( u n s i g n e d  i n t  l = 0 ; l < m _ l a y e r s . s i z e ( ) ; 1 + + )
H i .
11 C L ay e r*  p L a y e r  »  m _ l a y e r s [ 1 ] ;
/ /  f o x ( u n 8 ig n e d  i n t  i = 0 ; i< p L a y e r - > s m a l lS i z e X ( ) ; i+ + )
H i .
H  f o r ( u n s i g n e d  i n t  j= 0 ; j < p L a y e r - > s m a l l S i z e Y ( ) ; j+ + )
H i
H  Q V a lu e L is t<  Q P a ir< C T ree* ,C N o d e* >  > 
o v e r f lo w s  = p L a y e r - > s m a l lA s g n e d E d g e s ( i , j ) ;
/ /  i n t  n u m O v erflo w s  *
p L a y e r - > s m a l l S e g B l o c k a g e ( i , j ) + o v e r f l o w s .c o u n t 0 - p L a y e r - > s m a l l S e g C a p ( i , j ) ;
11  i f (  n u m O v erflo w s> 0 ) c o u n t  += 
n u m O v e rf lo w s ;
11 w h ile (n u m O v e rf lo w s> 0 )
H i
H  i f ( o v e r f l o w s . c o u n t ( ) <=0) 
b r e a k ;
/ /  Q P a ir< C T ree* ,C N o d e* >  o v e r f lo w  =
o v e r f l o w s . f r o n t O ;
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////
/ / / /  i f (p P a re n t-> ty p e ()!= D U M M Y ) 
//// {
/ / / /  
/ / / /  > 
/ / / />  
//

• i n c l u d e  " c g r o u t e .h "
• i n c l u d e  " c l a y e r . h "
• i n c l u d e  " c n e t .h "
• i n c l u d e  " c l a y e r p a i r . h "
• i n c l u d e  < q d a te t im e .h >
• i n c l u d e  " c n o d e .h "
• i n c l u d e  " c s i n k .h "
• i n c l u d e  < q p ix o a p .b >

v o i d  C G R o u te : : r a n d t im ( )
{
s t d : : c o u t  «  " G e n e r a t in g  ran d o m  t i m i n g  f ro m  m in im a l  t r e e s \ n " ; 
i n t  num N ets *  m _ n e t s .c o u n t  0 ;  
i n t  n u m L ay e rs  *  m _ l a y e r s . s i z e ( ) ; 
i n t  nu m S L ay e rs  = 0 ;  
i n t  l a y e r l  -  - 1 ;  

t O  i n t  l a y e r 2  = - 1 ;
t o

^  / / t e m p ,  a l l  l a y e r  1 a n d  b u i l d  t r e e
{
Q D ic t I te r a to r < C N e t>  n e t l t ( m _ n e t s ) ;
Q V a lu e L is t< C N e t* >  b u b b l e L i s t ;
/ / a s s i g n  a l l o c  n e t s  t o  e a c h  l a y e r  
C L a y e r P a i r  l a y e r ( m _ l a y e r s [ 2 ] . D e l a y e r s [ 3 ] ) ;  
f o r C n e t l t . t o F i r s t O ; n e t l t . c u r r e n t  0 ; + + n e t I t )
{
C N et*  p N e t = * n e t l t ;

b u b b l e L i s t . a p p e n d ( p N e t ) ;  
p N e t - > l a y e r (  l a y e r  ) ;
Q P trL is t< C N o d e >  n o d e s  = p N e t - > n o d e s ( ) ; 
Q P t r L i s t I t e r a to r < C N o d e >  i t ( n o d e s ) ; 
f o r  ( i t  . t o F i r s t O  ; i t . c u r r e n t  ( )  ; + + i t )

{
CNode* n o d e  = * i t ;
i f ( n o d e -> ty p e ( )= = R 0 0 T  1 I n o d e -> ty p e ()* = D R IV E R  ) 
c o n t i n u e ;
i f (  n o d e -> ty p e ( ) !» S IN K )  c o n t i n u e ;
C S in k *  s i n k  *  (C S in k * )n o d e ;  
s i n k - > r a t (  1 0 0 0 .0  ) ;
>
>
Q V a lu e L is t< C N e t* >  tm p L i s t  = b u b b l e L i s t ;  
w h i l e (  ! t m p L i s t . i s E m p ty ( )  )
{
Q V a lu e L is t I te r a to r < C N e t* >  i t  * t m p L i s t . b e g i n ( ) ; 
v h i l e ( i t ! * t m p L i s t . e n d ( ) )  { i f (  ! i t e r a t e ( * i t , f a l s e )  ) 
i t * t m p L i s t . r e m o v e ( i t ) ; e l s e  i t + + ; }

/ / s o r t  i n  d e l a y  v i o l a t i o n  a n d  i n s e r t  b u f f e r s  t h o s e  w i th  
v i o l a t i o n s  
/ /
d o { i f ( l e v e l + + < 6 ) b u b b l e S o r t ( b u b b l e L i s t ) ; J w h i l e ( i n s e r t B u f f e r ( b u b b l e L i s t ) ) ;  
■}
f o r ( n e t  I t  . t o F i r s t O  ; n e t  I t . c u r r e n t  ( )  ; + + n e t I t )

{
C N et*  p N e t = * n e t l t ;
a v e ( p N e t ) ;
a g a i n :
Q P trL is t< C N o d e >  n o d e s  = p N e t - > n o d e s 0 ;
Q P tr L i s t I t e r a to r < C N o d e >  i t ( n o d e s ) ; 
f o r ( i t . t o F i r s t O  ; i t . c u r r e n t ( )  ; + + i t )
{
CNode* n o d e  -  * i t ;
i f (  n o d e - > t y p e ( ) “ =R00T II  n o d e -> ty p e ()= = D R IV E R  ) 
c o n t i n u e ;
n o d e - > e d g e ( )  . d i s c o n n e c t O ; 
i f (  n o d e -> ty p e ( )= = S IN K )

{
C S in k *  s i n k  -  (C S in k * )n o d e ;  ■ • 
d o u b le  d e l t a  *
s i n k - > d e l a y ( ) * ( d o u b l e ( r a n d ( ) % 5 0 ) / 1 0 0 .0 ) ; 
i f ( r a n d ( )* / ,1 0 0 > 3 0 )  s i n k - > r a t (
s i n k - > d e l a y ( )  + d e l t a  ) ;  e l s e  s i n k - > r a t (  s i n k - > d e l a y ( )  -  d e l t a  ) ;
/ /  s i n k - > r a t (  s i n k - > d e l a y ( ) * 2  ) ;
} e l s e  i f (  n o d e -> ty p e ()= = S T E IN E R  )
{'
p N e t-> re m o v e N o d e(  n o d e  ) ;  
g o to  a g a in ;
} e lB e  c o n t i n u e ;'
>

>}
>
v o i d  C G R o u te : : s l a b i ( )
{
/ / r a n d t i m O ;
s t d : : c o u t  «  " a p p ly in g  s im u l t a n e o u s  s t e i n e r  t r e e  a n d  l a y e r  a s s ig n m e n t  
a l g o r i t h m \ n " ;
i n t  num N ets = m _ n e ts . c o u n t  0 ;  
i n t  nu m L ay e rs  = m _ l a y e r s . s i z e ( ) ; 
i n t  n um S L ayers  = 0 ; 
i n t  l a y e r l  *  - 1 ;  
i n t  l a y e r 2  *  - 1 ;

f o r ( i n t  i= 0 ; i< n u m L a y e r s ; i+ + )
{
i f ( m _ l a y e r s [ i ] - > s e l e c t e d ( ) )  nu m S L ay ers+ + ; 
i f ( l a y e r l = = - l  • •  m _ l a y e r s [ i ] - > s e l e c t e d ( )  ) l a y e r l  = i ;  
i f ( l a y e r l ! * - l  k k  l a y e r 2 = = - l  k k  m _ l a y e r s [ i ] - > s e l e c t e d ( )  kk  
( m _ l a y e r s [ l a y e r l ] - > d i r ( )  != m _ l a y e r s [ i ] - > d i r ( ) )  ) l a y e r 2 = i ;

>■

C L a y e rP a ir  l a y e r ( m . l a y e r s [ l a y e r l ] , m _ l a y e r s [ l a y e r 2 ] ) ; 
i n t  c o u n t  *  0 ;
i n t  a l l o c  *  n u m N e ts /(n u m S L a y e r s -1 ) ; / / i n i t i a l  num n e t s  p e r  l a y e r  p a i r  
Q D ic t I te r a to r < C N e t>  n e t I t ( m _ n e t s ) ;
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i n t  x  *  ( i n t ) f l o o r ( ( p . x ( ) - m _ d i e A r e a . l e f t ( ) ) / m _ g C e l l . w i d t h O ) ; 
i n t  y  *  ( i n t ) f l o o r ( ( p . y ( ) - m _ d i e A r e a . b o t t o m ( ) ) / m _ g C e l l . h e i g h t O ) ; 
r e t u r n  Q P o i n t ( x . y ) ;
}
/ / g e t  t i l e  p o i n t
Q P o ln t C G R o u t e : : t p o l n t ( c o n s t  C P o in t  p )  c o n s t  
{
i n t  x  *  ( i n t ) f l o o r ( ( p . x ( ) - m _ d i e A r e a . l e f t ( ) ) / ( n i _ g C e l l . w i d t h O  *

m _ g T i l e . w i d t h O ) ) ;
i n t  y  = ( i n t ) f l o o r ( ( p . y ( ) - m _ d i e A r e a . b o t t o m ( ) ) / ( m _ g C e l l . h e i g h t ( )  * 
m _ g T i l e .h e i g h t ( ) ) ) ;  
r e t u r n  Q P o i n t ( x . y ) ;
}

• i n c l u d e  " c n o d e .h "
Q P t r L is t< g w ir e >  C G R o u te : :w i r e s ( )  c o n s t  
{

Q P tr L is t< g w ir e >  w i r e s ;
Q D ic t I te r a to r < C N e t>  n l t ( m . n e t s ) ;  
f o r ( n I t . t o F i r s t O  ; n i t . c u r r e n t ( )  ;+ + n I t )
{
C N et*  n e t  * * n l t ;
Q P t r L i s t I t e r a t o r < g w i r e >  w l t ( * n e t ) ;
f o r C w I t . t o F i r s t O ; w i t . c u r r e n t ( ) ;+ + w It)  w i r e s . a p p e n d ( * w l t ) ; 
}
r e t u r n  w i r e s ;
>

• i n c l u d e  < q w m a tr ix .h >
• i n c l u d e  < q c a n v a s .h >
• i n c l u d e  < q p ix m a p .h >
• i n c l u d e  " c l a y e r . h "

C L a y e r : :C L a y e r ( c o n s t  Q S t r in g  nam e, c o n s t  i n t  i n d e x ,  c o n s t  b o o l  s e l e c t e d )  
:m _nam e(nam e)
, m . s e l e c t e d ( s e l e c t e d )
, m _ in d e x ( in d e x )
, m _ h a s D i r e c t i o n ( f a l s e )
, m _ h a s P i t c h ( f a l s e )
,m _ h a s W id th ( f a l s e )
,m _ h a s R e s ( f a l s e )
,m _ h a s C a p ( f a l s e )
,m _next(N U LL)
.m .sam eN ext(N U L L )
,m _prev(N U LL)
,m _sam ePrev(N U LL)
{>
C L a y e r : : " C L a y e r ( )
{

to
t o
00

m . c e l l B l o c k . c l e a r O ; 
m . c e l l F l o w . c l e a r ( ) ;  
m _ t i l e B l o c k . c l e a r ( ) ; 
m _ t i l e F l o w . c l e a r ( ) ;
>
Q P a ir< Q R e c t,Q R e c t>  C L a y e r : : d i v i d e A t T r a c k ( c o n s t  i n t  t r a c k )  c o n s t  
{
Q P a ir< Q R e c t,Q R e c t>  d i v ;
if(m _d ir**V E R T IC A L ) { d i v . f i r s t  = Q R e c t ( 0 ,0 , m . c w i d t h , t r a c k ) ; d i v . s e c o n d  
= Q R e c t( 0 , t r a c k ,m _ c w i d t h , m _ c h e i g h t - t r a c k ) ;>
e l s e  if(m _dir==H O RIZO N TA L) { d i v . f i r s t  = Q R e c t ( 0 ,0 , t r a c k , m . c h e i g h t ) ; 
d i v . s e c o n d  *  Q R e c t ( t r a c k , 0 , m . c w i d t h - t r a c k , m . c h e i g h t ) ;}  
r e t u r n  d i v ;
>
v o id  C L a y e r : : i n i t ( c o n s t  C R ect d i e A r e a ,  c o n s t  C S iz e  g C e l l ,  c o n s t  Q S ize  g T i l e )  
{
m .d ie A r e a  -  d i e A r e a ;  
m _ g T ile  =• g T i l e ;  
m _ g C e ll = g C e l l ;  
m . tw id th  *
( i n t )  c e i l  ( m .d i e A r e a . w id th O  /  ( m .g T i l e . w i d t h 0  * m _ g C e ll . w i d t h O ) ) ;  
m . t h e i g h t  =
( i n t ) c e i l ( m _ d ie A r e a .b e i g h t ( ) / ( m _ g T i l e . h e i g h t ( ) * m _ g C e l l . h e i g h t ( ) ) ) ;  
m .c w id th  *  m . tw id th  * m . g T i l e . w i d t h O ; 
m .c h e ig h t  = m . t h e i g h t  * m _ g T i l e .h e i g h t 0 ;  
s w i t c h ( m .d i r )
{
c a s e  VERTICAL:
m .n u m tT ra c k s  = m . t h e i g h t  + 1 ; 
m .n u m cT ra c k s  *  m .c h e ig h t  + 1 ; 
m .n u m tE d g es  = m _ tw id th ;  
m .num cE dges = m .c w id th ;
m .c e l lC a p  * ( i n t ) f l o o r ( m _ g C e l l . w i d t h ( ) / m _ p i t c h ) ; 
m . t i l e C a p  -  m .c e l lC a p  * m _ g T i l e .w i d t h O ; 
b r e a k ;
c a s e  HORIZONTAL: 
m .n u m tT ra c k s  *  m . tw id th  + 1 ; 
m .n u m cT ra c k s  = m .c w id th  + 1 ; 
m .n u m tE d g es  = m . t h e i g h t ;  
m .num cE dges = m . c h e i g h t ;
m .c e l lC a p  = ( i n t ) f l o o r ( m _ g C e l l . h e i g h t ( ) / m . p i t c h ) ; 
m . t i l e C a p  = m .c e l lC a p  * m _ g T i l e . h e i g h t ( ) ; 
b r e a k ;
d e f a u l t :  s t d : : c o u t  «  " C L a y e r : : i n i t ( )  n o t  im p le m e n te d  c a s e \ n " ;
>
m _ c e l lB lo c k . r e s i z e ( m _ n u o c T r a c k s ) ; 
m . c e l l F l o w . r e s i z e ( m .n u m c T r a c k s ) ; 
f o r ( i n t  i» 0 ; i< m _ n u m c T ra c k s ; i+ + )
{ m _ c e l lB lo c k [ i ] . r e s i z e ( m .n u m c E d g e s ,  0 ) ;m _ c e l lF lo w [ i ] . r e s i z e ( m .n u m c E d g e s ,
0) ; >
m . t i l e B l o c k . r e s i z e ( m .n u m t T r a c k s ) ; 
m . t i l e F l o w . r e s i z e ( m .n u m t T r a c k s ) ; 
f o r ( i n t  i * 0 ; i< m .n u m tT r a c k s ; i+ + )
{ m _ t i l e B l o c k [ i ] . r e s i z e ( m . n u m t E d g e s ,  0 ) ;m _ t i l e F l o w [ i ] . r e s i z e ( m . n u m t E d g e s ,
0 )  ;>
>/*
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/ /  Q C a n v a s I te m L is t  i t e m s  *  c a n v a s - > a l l l t e m s ( ) ;
/ /  f o r ( i t * i t e m s . b e g i n ( ) ; i t ! = i t e m s . e n d ( ) ; i t + + )

// {
/ /  Q C a n v a sR e c ta n g le *  c r  = ( Q C a n v a s R e c ta n g le * ) * i t ;
/ /  Q R ect r  = c r - > r e c t ( ) ;
11 f  «  " ( k e e p o u t  ( r e c t  m e t a l 8 " ;
/ /  f  «  " -  «  r . l e f t ( ) / 1 0 0 . 0  «  " " «  r . t o p ( ) / 1 0 0 . 0  + 
m .d ie A r e a .b o t to m O  ;
/ /  f  «  " " «  r . r i g h t ( ) / 1 0 0 . 0  «  " " «  r . b o t t o m Q / 1 0 0 . 0  + 
m .d ie A r e a .b o t to m O  ;
/ /  f  «  " ) ) \ n " ;
// >
/ /  f i l e .  c l o s e O ;
//>
/ / c a l c u l a t e  u s a g e  b y  b lo c k a g e s  
Q C a n v a s I te m L is t  i t e m s  ■ c a n v a s - > a l l l t e m s ( ) ; 
Q V a lu e L is t I te r a to r < Q C a n v a s I te m * >  i t ;
Q R ect d i e ( 0 , 0 , i n t ( m .d i e A r e a . w i d t h O * R E S ) , i n t ( m .d i e A r e a . h e i g h t ( ) * R E S ) ) ; 
m . l e n  = m . d i e A r e a . h e i g h t ( )  * m . d i e A r e a .w id th O  /  m . p i t c h ;  
m .b U sag e  = 0 ;  
m .n U sag e  = 0 ;
f o r ( i t = i t e m s . b e g i n 0 ; i t ! “ i t e m s . e n d O ; i t + + )
{
Q R ect r e c t  * ( ( Q C a n v a s R e c t a n g l e * ) * i t ) - > r e c t ( ) ; 
r e c t  4=  d i e ;
m .b U sag e  +* ( d o u b l e ) r e c t . w i d t h O  * ( d o u b l e ) r e c t . h e i g h t O  /
(RES*RES) /  m . p i t c h ;
}
/ / c a l c u l a t e  g c e l l  b lo c k a g e s  
f  o r ( i n t  t r a c k = 0 ; tr a c k < m _ n u m c T ra c k s ; t r a c k + + )

{
f o r ( i n t  e d g e = 0 ; edge< m _num cE dges; e d g e+ + )

{
/ / s e t  a l l  b lo c k e d  f o r  d i e  A re a  b o u n d a r i e s  
i f ( t r a c k = = 0  I I t ra c k = = m _ n u m c T ra c k s - l )
{
m . c e l l B l o c k [ t r a c k ]  [e d g e ]  = m .c e l iC a p ;  
m . c e l l F l o w [ t r a c k ] [ e d g e ]  = 0 ; 
c o n t in u e ;
}
/ / c a l c u l a t e  i t  h e r e  f ro m  b l o c k e d  a r e a  
d o u b le  l e f t , b o t t o m , w i d t h , h e i g h t ;  
l e f t  = b o t to m  = w id th  = h e i g h t  = - 1 ;
Q R ect q R e c t ,q R e c tL o ,q R e c tH i ;  
s w i t c h ( m .d i r )
{
c a s e  VERTICAL:
l e f t  *  e d g e  * m _ g C e l l .w i d t h O ; 
w id th  = m .g C e l l .  w id th O  ; 
b o t to m  *  ( t r a c k - 1 )  * m . g C e l l . h e i g h t O ; 
h e i g h t  *  2 * m _ g C e l l .h e i g h t ( ) ;
q R e c t  *  ( C R e c t ( l e f t , b o t t o m , w i d t h , h e i g h t )  * RES 
) .  to Q R e c tO  ;
q R ec tL o  *  ( C R e c t ( l e f t . b o t t o m , w i d t h , h e i g h t / 2 )  *
RES ) . t o Q R e c t O ; 
q R e c tH i *
( C R e c t ( l e f t , b o t t o m + h e i g h t / 2 , w i d t h , h e i g h t / 2 )  * RES ) . to Q R e c tO ;

b r e a k ;
c a s e  HORIZONTAL:
l e f t  *  ( t r a c k - 1 )  * m _ g C e l l .w i d t h O ; 
w i d th  *  2 * m ^ g C e l l . w i d t h O ; 
b o t to m  » e d g e  * m . g C e l l . h e i g h t 0 ;  
h e i g h t  “  m . g C e l l . h e i g h t ( ) ;
q R e c t  = ( C R e c t ( l e f t , b o t t o m , w i d t h , h e i g h t )  *  RES 
) . t o Q R e c t O ;
q R e c tL o  = ( C R e c t ( l e f t , b o t t o m , w i d t h / 2 , h e i g h t )  *
RES ) . to Q R e c tO ;  
q R e c tH i ■
(C R e c t ( l e f t + w i d t h / 2 ,  b o t to m ,  w i d t h / 2 ,  h e i g h t )  * RES ) . to Q R e c tO ;  - 
b r e a k ;
d e f a u l t :  s t d : : c o u t  «  " C L a y e r : : i n i t ( )  n o t  im p le m e n te d  
c a s e \ n " ;
} / / t v o  c e l l  r e c t a n g l e
d o u b le  t o t A r e a  = ( d o u b l e ) q R e c t . w id th O  *
( d o u b l e ) q R e c t .h e i g h t O  /  2 . 0 ;  
d o u b le  b lk A reed .0  = 0 ; 
d o u b le  b lk A re a H i = 0 ;
Q C a n v a s R e c ta n g le *  c R e c t  = new  Q C a n v a s R e c ta n g le ( q R e c t ,  
c a n v a s  ) ;
c R e c t - > s e t V i s i b l e (  t r u e  ) ;
Q C a n v a s I te m L is t  c o l l i d e d R e c t s  = c R e c t - > c o l l i s i o n s (  t r u e  
)■;
w h i l e (  I c o l l i d e d R e c t s . i s E m p t y O  )

<
Q C a n v a s R e c ta n g le *  c o l l i d e d c R e c t  =
( Q C a n v a s R e c te u ig l e * ) c o l l i d e d R e c t s . f r o n t  0 ;  
c o l l i d e d R e c t s . p o p . f r o n t O ;
i f (  ! q R e c t . i n t e r s e c t s ( c o l l i d e d c R e c t - > r e c t ( ) ) )  
c o n t i n u e ;
i f (  q R e c t L o . i n t e r s e c t s ( c o l l i d e d c R e c t - > r e c t ( ) ) )
{
Q R ect b R e c t  = q R ec tL o  &
c o l l i d e d c R e c t - > r e c t ( ) ;
b lk A re a L o  += ( d o u b l e ) b R e c t . w id th O  *
( d o u b l e ) b R e c t . h e i g h t O ;

•>
i f (  q R e c tH i . i n t e r s e c t s ( c o l l i d e d c R e c t - > r e c t ( ) ) )
<
Q R ect b R e c t  “  q R e c tH i &
c o l l i d e d c R e c t - > r e c t ( ) ;
b lk A re a H i +■ ( d o u b l e ) b R e c t .w i d t h O  *
( d o u b l e ) b R e c t . h e i g h t O ;
>>
d e l e t e  c R e c t ;
i n t  b lk L o  ■ : :m i n ( i n t ( m .c e l l C a p  * (b lk A re a L o  /  
t o t A r e a ) ) ,  m . c e l l C a p ) ;
i n t  b lk H i  =  : :m i n ( i n t ( m .c e l l C a p  *  (b lk A re a H i /
t o t A r e a ) ) ,  m . c e l l C a p ) ;
i n t  b l k l  = : : m a x ( b lk L o ,b lk H i ) ;
/ / c a l c u l a t e  h e r e  f ro m  b lo c k e d  l i n e  
s w i t c h ( m .d i r )
{
c a s e  VERTICAL:
l e f t  *  e d g e  * m . g C e l l . w i d t h O ; 
w id th  s  m . g C e l l . w i d t h ( ) ;
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b o tto m  = t r a c k  * m . g C e l l . h e i g h t O  -  1 ;
h e i g h t  » 2 ;
b r e a k ;
c a s e  HORIZONTAL:
l e f t  *  t r a c k  * m . g C e l l . w i d t h O  -  1 ; 
w id th  *  2 ;
b o t to m  = e d g e  * m . g C e l l . h e i g h t ( ) ;  
h e i g h t  = m _ g C e l l .h e ig h tO  ; 
b r e a k ;
d e f a u l t :  s t d : : c o u t  «  " C L a y e r : : i n i t ( )  n o t  im p le m e n te d  
c a s e \ n " ;
} / / t w o  c e l l  r e c t a n g l e
q R e c t = ( C R e c t ( l e f t , b o t t o m , w i d t h , h e i g h t )  *
RES) . to Q R e c tO  ;
d o u b le  t o t L i n e  = (m _dir*® VERTICAL)? q R e c t .w i d t h O  : 
q R e c t . h e i g h t O ; 
d o u b le  b lk L in e  *  0 ;
c R e c t = new  Q C a n v a s R e c ta n g le ( q R e c t ,  c a n v a s  ) ;  
c R e c t - > s e t V i s i b l e (  t r u e - ) ;  
c o l l i d e d R e c t s  = c R e c t - > c o l l i s i o n s (  t r u e  ) ;  
w h i l e ( ! c o l l i d e d R e c t s . i s E m p t y O  )
{
Q C a n v a sR e c ta n g le *  c o l l i d e d c R e c t  =
( Q C a n v a s R e c ta n g le * ) c o l l i d e d R e c t s . f r o n t  0 ;  
c o l l i d e d R e c t s . p o p . f r o n t ( ) ;
i f ( ! q R e c t . i n t e r s e c t s ( c o l l i d e d c R e c t - > r e c t ( ) ) )  
c o n t in u e ;
Q R ect b R e c t * q R e c t  A c o l l i d e d c R e c t - > r e c t ( ) ; 

t O  b lk L in e  -  (m _dir==V ERTICA L)? b lk L in e  +
b R e c t .w i d t h O  : b lk L in e  + b R e c t  . h e i g h t O  ;

^  }
d e l e t e  c R e c t ;
i n t  b lk 2  * : :m in ( in t ( m _ c e l lC a p  * ( b lk L in e  /  t o t L i n e ) ) ,  
m . c e l l C a p ) ;
m . c e l l B l o c k [ t r a c k ] [ e d g e ]  ® : : m a x ( b l k l , b l k 2 ) ; 
i f ( m . c e l l B l o c k [ t r a c k ] [ e d g e ] > = m . c e l l C a p * 0 .9 9 )  
m . c e l l B l o c k [ t r a c k ] [ e d g e ]  “ m .c e l lC a p ;  
m _ c e l lF lo w [ t r a c k ] [ e d g e ]  = 0 ;
/ / s t d : : c o u t  «  "gCELL " ;
/ / s t d : : c o u t  «  tra c k * m _ n u m c E d g e s  + e d g e  «  " /  " ;  
/ / s t d : : c o u t  «  m _num cE dges*m _num cT racks «  " \ n " ;

>>
/ /  s t d : : c o u t  «  " d o n e  g c e l l  \ n " ;
/ / c a l c u l a t e  g t i l e  b lo c k a g e s
f o r ( i n t  t r a e k = 0 ; tra c k < m _ n u m tT ra c k s ; t r a c k + + )
{
f o r ( i n t  ed g e = 0 ;e d g e < m _ n u m tE d g e s ; ed g e+ + )
{
/ / s e t  a l l  b l o c k e d  f o r  d i e  A re a  b o u n d a r i e s  
i f ( t r a c k = = 0  II  t r a c k * * m _ n u m tT r a c k s - l )
{
m . t i l e B l o c k  [ t r a c k ] [ e d g e ]  *  m . t i l e C a p ;  
m _ t i l e F l o w [ t r a c k ] [ e d g e ]  = 0 ; 
c o n t in u e ;
>
/ / c a l c u l a t e  i t  h e r e  f ro m  b lo c k e d  a r e a  
d o u b le  l e f t . b o t t o m , w i d t h , h e i g h t ;  
l e f t  = b o t to m  *  w id th  *  h e i g h t  = - 1 ;

Q R ect q R e c t ,q R e c tL o ,q R e c tH i ;  
s w i t c h ( m .d i r )
{
c a s e  VERTICAL:
l e f t  *  e d g e  * m _ g T i l e .w id th O  * m _ g C e l l .w id th O ;
w i d th  =  m . g T i l e .  w id th O  * m _ g C e l l .w id th O  ;
b o t to m ®  ( t r a c k - 1 )  * m . g T i l e . h e i g h t O  *
m . g C e l l . h e i g h t O ;
h e i g h t  *  2  * m . g T i l e . h e i g h t O  *
m . g C e l l . h e i g h t O ;
q R e c t  = ( C R e e t d e f t j b o t t o m , w i d t h , h e i g h t )  * RES 
) . to Q R e c tO ;
q R e c tL o  ® ( C R e c t ( l e f t , b o t t o m , w i d t h , h e i g h t / 2 )  *
RES ) . t o Q R e c t ( ) ;  
q R e c tH i  =
( C R e e t d e f t , b o t t o m + h e i g h t / 2 , w i d t h , h e i g h t / 2 )  * RES ) . to Q R e c tO ;  
b r e a k ;
c a s e  HORIZONTAL:
l e f t  = ( t r a c k - 1 )  * m . g T i l e . w i d t h O  * 
r a _ g C e l l .w i d t h O ;
w i d th  ■ 2  * m _ g T i l e .w id th O  * m _ g C e l l .h e ig h tO  ; 
b o t to m  *  e d g e  * m _ g T i l e .h e i g h t 0  * 
m . g C e l l . h e i g h t O  ;
h e i g h t  = m _ g T ile  . h e i g h t O  * m . g C e l l . h e i g h t  0  ; 
q R e c t  *  ( C R e e t d e f t , b o t t o m , w i d t h , h e i g h t )  * RES 
) . t o Q R e c t O ;
q R e c tL o  = ( C R e e t d e f t ,  b o t to m ,  w i d t h / 2 ,  h e i g h t )  *
RES ) . to Q R e c tO ;  
q R e c tH i  *
( C R e c t ( l e f t + w i d t h / 2 ,b o t t o m , w i d t h / 2 ,h e i g h t )  * RES ) . to Q R e c tO ;  
b r e a k ;
d e f a u l t :  s t d : : c o u t  «  " C L a y e r : : i n i t ( )  n o t  im p le m e n te d  
c a s e \ n " ;
} - // tw o  c e l l  r e c t a n g l e
d o u b le  t o t A r e a ®  ( d o u b le ) q R e c t .w id th O  *
( d o u b l e ) q R e c t .h e i g h t O  /  2 . 0 ;  
d o u b le  b lk A re a L o  = 0 ;  
d o u b le  b lk A re a H i = 0 ;
Q C a n v a s R e c ta n g le *  c R e c t ® new Q C a n v a s R e c ta n g le ( q R e c t ,  
c a n v a s  ) ;
c R e e t - > s e t V i e i b l e (  t r u e  ) ;
Q C a n v a s I te m L is t  c o l l i d e d R e c t s  = c R e c t - > c o l l i s i o n s (  t r u e  
) 5
w h i l e (  ! c o l l i d e d R e c t s . i s E m p t y O  )

Q C a n v a s R e c ta n g le *  c o l l i d e d c R e c t  =
( Q C a n v a s R e c ta n g le * ) c o l l i d e d R e c t s . f r o n t  0 ;  
c o l l i d e d R e c t s . p o p . f r o n t 0 ;
i f ( !q R e c t . i n t e r s e c t s ( c o l l i d e d c R e c t - > r e c t ( ) ) )  
c o n t i n u e ;
i f (  q R e c t L o . i n t e r s e c t s (  c o l l i d e d c R e c t - > r e c t ( ) ) )
{
Q R ect b R e c t  ® q R e c tL o  A
c o l l i d e d c R e c t - > r e c t ( ) ;
b lk A re a L o  +® ( d o u b l e ) b R e c t .w i d t h O  *
( d o u b le ) b R e c t  . h e i g h t O ;
>
i f (  q R e c t H i . i n t e r s e c t s (  c o l l i d e d c R e c t - > r e c t ( ) ) )
{
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C L ay er*  C L a y e r P a i r : : v l ( )  c o n s t  
{
i f ( f i r s t  !»NULL k k  f i r s t - > d i r ( ) “ VERTICAL ) r e t u r n  f i r s t ;  
e l s e  i f (s e c o n d !* N U L L  k k  s e c o n d - > d i r ( ) “ VERTICAL ) r e t u r n  s e c o n d ;  
e l s e  r e t u r n  NULL;
>
C L ay e r*  C L a y e r P a i r : : h i ( )  c o n s t  
{
i f  ( f i r s t  !=NULL k k  f i r s t - > d i r ( ) “ HORIZONTAL ) r e t u r n  f i r s t ;
e l s e  i f (s e c o n d != N U L L  k k  s e e o n d - > d i r ( ) “ HORIZONTAL ) r e t u r n  s e c o n d ;
e l s e  r e t u r n  NULL;
>

# i n c l u d e  " c l e f . h "
# i n c l u d e  " c l e f l a y e r . h "
• i n c l u d e  " c l e f m a c r o .h "
• i n c l u d e  " c l e f v i a . h "

C L e f : :C L e f( )
: m _ h a s V e r s io n ( f a l s e )
, m _ h a s C a s e S e n s i t i v e ( f a l s e )
,m _ h a s B u s B i tC h a r s ( f a l s e )
. m .h a s D i v i d e r C h a r ( f a l s e )  

t O  ,m _ la y e r ln d e x ( 0 )
00 {

m . l a y e r s . s e t A u t o D e l e t e ( t r u e ) ; 
m _ m a c ro s . s e t A u t o D e l e t e ( t r u e ) ; 
m . v i a s . s e t A u t o D e l e t e ( t r u e ) ;
}
C L e f : : " C L e f ( )
{
m . l a y e r s . c l e a r O ; 
m . m a c r o s . c l e a r O ; 
m . v i a s . c l e a r O ;
>
b o o l  C L e f : : l o a d ( c o n s t  Q S t r in g  f i le N a m e )
{
FILE* l e f F i l e ;  
l e f r l n i t O ;
l e f r S e tA n te n n a I n o u tC b k (  le f r A n te n n a ln o u tC b k  ) ;  
l e f r S e tA n te n n a I n p u tC b k (  l e f r A n te n n a ln p u tC b k  ) ;  
l e f r S e tA n te n n a O u tp u tC b k (  l e f rA n te n n a O u tp u tC b k  ) ;  
l e f r S e tB u s B i tC h a r s C b k (  l e f r B u s B i tC h a r s C b k  ) ;  
l e f r S e tC le a r a n c e M e a s u r e C b k (  le f r C le a r a n c e M e a s u r e C b k  ) ;  
l e f r S e tD iv id e r C h a r C b k (  l e f r D iv id e r C h a r C b k  ) ;  
l e f r S e tL ib r a r y E n d C b k (  le f r L ib r a r y E n d C b k  ) ;  
l e f r S e tL a y e r C b k (  l e f r L a y e r C b k  ) ;  
l e f rS e tM a c ro B e g in C b k (  le frM a c ro B e g in C b k  ) ;  
l e f r S e tM a c r o C b k (  le f rM a c ro C b k  ) ;  
l e f r S e tM a c ro C la s s T y p e C b k (  le f rM a c ro C la s s T y p e C b k  ) ;  
l e f r S e t O b s t r u c t i o n C b k (  l e f r O b s t r u c t i o n C b k  ) ;  
l e f r S e t P i n C b k (  l e f r P in C b k  ) ;

l e f r S e tM a n u f a c tu r in g C b k (  le f r M a n u f a c tu r in g C b k  ) ;  
l e f r S e tC a s e S e n s i t i v e C b k C  l e f r C a s e S e n s i t i v e C b k  ) ;  
l e f r S e tN o W ir e E x te n s io n C b k (  le f rN o W ire E x te n s 'io n C b k  ) ;  
l e f r S e tN o n D e f a u l tC b k (  le f r N o n D e f a u l tC b k  ) ;  
l e f r S e tP r o p B e g in C b k (  l e f r P r o p B e g in C b k  ) ;  
l e f r S e t P r o p C b k (  le f r P r o p C b k  ) ;  
l e f r S e tP r o p E n d C b k (  le f rP ro p E n d C b k  ) ;  
l e f r S e tS p a c in g B e g in C b k (  le f r S p a c in g B e g in C b k  ) ;  
l e f r S e t S p a c i n g C b k (  l e f r S p a c in g C b k  ) ;  
le f r S e tS p a c in g E n d C b k (  le f rS p a c in g E n d C b k  ) ;  
l e f r S e t S i t e C b k (  l e f r S i t e C b k  ) ;  
l e f r S e t U n i t s C b k (  l e f r U n i t s C b k  ) ;  
l e f rS e tU s e M in S p a c in g C b k (  le f rU s e M in S p a c in g C b k  ) ;  
l e f r S e t V e r s i o n C b k (  l e f r V e r s io n C b k  ) ;  
l e f r S e t V e r s i o n S t r C b k (  l e f r V e r s i o n S t r C b k  ) ;  
l e f r S e tV ia C b k (  le f r V ia C b k  ) ;  
l e f r S e tV ia R u le C b k (  l e f r V ia R u le C b k  ) ;

l e f F i l e  = f o p e n ( f i l e N a m e ," r ” ) ; 
i f ( le fF ile * = N U L L )
{
s t d : : c o u t  «  "ERROR : c o u ld n ’ t  o p e n  " «  f i le N a m e  «  " \ n "  
r e t u r n  f a l s e ;
>

l e f r R e a d ( l e f F i l e . f i l e N a m e , ( v o i d * ) t h i s ) ; 
f c l o s e ( l e f F i l e ) ; 

r e t u r n  t r u e ;
>

b o o l  C L e f : : s a v e ( c o n s t  Q S tr in g  f i le N a m e )
{
FILE* l e f F i l e ;
l e f F i l e  *  f o p e n ( f i l e N a m e , " w " ) ; 
i fC  le fF ile = = N U L L )
{
s t d : : c o u t  «  "ERROR : c o u l d n ’ t  o p e n  " «  f i le N a m e  «  " \n "  
r e t u r n  f a l s e ;
>
i e f v I n i t C b k ( l e f F i l e ) ;
le fw S e tA n te n n a C b k (  le fv A n te n n a C b k  ) ;
l e f w S e tB u s B i iC h a r s C b k (  le fw B u s B itC h a rs C b k  ) ;
l e f v S e tC le a r a n c e M e a s u r e C b k (  le fw C le a ra n c e M e a s u re C b k  ) ;
l e f v S e tD iv id e r C h a r C b k (  le fw D iv id e rC h a rC b k  ) ;
l e fw S e tE x tC b k (  le fw E x tC b k  ) ;
l e f v S e tE n d L ib C b k (  le fv E n d L ib C b k  ) ;
l e f v S e tL a y e r C b k (  l e fv L a y e rC b k  ) ;
le fw S e tM a c ro C b k (  le fv M a c ro C b k  ) ;
l e f v S e tM a n u f a c tu r in g G r id C b k (  le fv M a n u f a c tu r in g G r id C b k  ) ;
l e f w S e tC a s e S e n s i t i v e C b k (  le f v C a s e S e n s i t i v e C b k  ) ;
l e fw S e tN o n D e fa u l tC b k (  le fw N o n D e fa u ltC b k  ) ;
le f u S e tN o W ire E x te n s io n C b k (  le fv N o V ire E x te n s io n C b k  ) ;
le fw S e tP ro p D e fC b k C  le 'fw P ro p D efC b k  ) ;
l e f v S e t S i t e C b k (  l e f v S i t e C b k  ) ;
le fw S e tS p a c in g C b k (  le fv S p a c in g C b k  ) ;
l e f w S e tU n i t s C b k (  le f v U n i t s C b k  ) ;
le fw S e tU se M in S p a c in g C b k C  le fu U se M in S p a c in g C b k  ) ;
l e f w S e tV e r s io n C b k (  l e f v V e r s io n C b k  ) ;
l e f v S e tV ia C b k (  le fw V ia C b k  ) ;
l e f v S e tV ia R u le C b k (  le fv V ia R u le C b k  ) ;
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l e f - > d i v i d e r C h a r (  d i v i d e r  ) ;  
r e t u r n  0 ;
>

i n t  l e f r L ib r a r y E n d C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,  v o id *  p t r ,  l e f i U s e r D a t a  d a t a )
{
a s s e r t ( t y p e = = le f r L ib r a r y E n d C b k T y p e ) ;
s t d : : c o u t  «  " l e f r L ib r a ry E n d C b k  " «  p t r  «  d a t a  << " \ n " ; 
r e t u r n  0 ;
>
i n t  l e f r L a y e r C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,  l e f i L a y e r *  l a y e r ,  l e f i U s e r D a t a  d a t a )  
{
a s s e r tC ty p e = = le f r L a y e r C b k T y p e ) ;
C L ef*  l e f  = (C L e f * ) d a ta ;

l e f - > m _ l a y e r s . i n s e r t (  l a y e r - > n a m e ( ) , new  C L e fL a y e r (  l a y e r ,  
l e f - > m _ la y e r ln d e x  ) ) ;
( l e f - > m _ la y e r ln d e x ) + + ;  

r e t u r n  0 ;
>

i n t  l e f r M a c r o B e g in C b k ( le f r C a l lb a c k T y p e _ e  t y p e ,  c o n s t  c h a r *  m a c ro ,  l e f i U s e r D a t a  
d a t a )
{
a s s e r t ( ty p e = = le f r M a c r o B e g in C b k T y p e ) ;
C L ef*  l e f  = (C L e f * ) d a ta ;

t O  l e f - > m _ m a c r o s . i n s e r t ( m a c ro ,  new C L efM acro ( m ac ro  )  ) ;
^  le f -> m _ c u r rM a c ro  = m a c ro ;

r e t u r n  0 ;
>

i n t  l e f r M a c r o C b k ( le f r C a l lb a c k T y p e _ e  t y p e ,  l e f iM a c r o *  m a c ro ,  l e f i U s e r D a t a  d a t a )  
{
a s s e r t ( t y p e = * le f r M a c r o C b k T y p e ) ;
C L ef*  l e f  = (C L e f * ) d a ta ;

l e f - > m _ m a c r o s [ l e f - > m _ c u r r M a c r o ] - > le f r (  m ac ro  ) ;  
r e t u r n  0 ;
>

i n t  le f rM a c r o C la s s T y p e C b k C le f r C a l lb a c k T y p e .e  t y p e ,  c o n s t  c h a r *  m a c ro C la s s ,  
l e f i U s e r D a t a  d a t a )
{
a s s e r t ( ty p e = = le f r M a c r o C la s s T y p e C b k T y p e ) ;
s t d : : c o u t  «  " le f rM a c ro C la s s T y p e C b k  " «  m a c ro C la s s  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  l e f r O b s t r u c t i o n C b k ( l e f r C a l l b a c k T y p e _ e  t y p e ,  l e f i Q b s t r u c t i o n *  p O b s, 
l e f i U s e r D a t a  d a t a )
{
a s s e r t ( t y p e = = l e f r O b s t r u c t i o n C b k T y p e ) ;
C L ef*  l e f  = (C L e f * ) d a ta ;

le f - > m _ m a c ro s [ le f -> m _ c u r rM a c ro ] -> a d d O b s (  n e v  C L e fO b s (p O b s -> g e o m e tr ie s 0 )

r e t u r n  0 ;

i n t  l e f r P i n C b k ( l e f r C a l l b a c k T y p e _ e  t y p e ,  l e f i P i n *  p i n ,  l e f i U s e r D a t a  d a t a )

a s s e r t  ( t y p e — l e f  r P in C b k T y p e ) ;
C L ef*  l e f  s  (C L e f * ) d a ta ;

l e f - > m _ m a c r o s [ le f - > m _ c u r r M a c r o ] - > a d d P in (  n e v  C L efP in <  p i n  )  ) ;  
r e t u r n  0 ;

i n t  l e f r M a n u f a e tu r in g C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,d o u b l e  g r i d , l e f i U s e r D a t a  d a t a )  

a s s e r t  ( t y p e ~ l e f  rM amuf a c tu r in g C b k T y p e ) ;
s t d : : c o u t  «  " l e f r M a n u f a c tu r in g C b k  ” «  g r i d  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;

i n t  l e f r C a s e S e n s i t i v e C b k ( l e f r C a l l b a c k T y p e _ e  t y p e , i n t  c a s e S e n s i t i v e , l e f i U s e r D a t a  
d a t a )

a s s e r t ( t y p e = = l e f r C a s e S e n s i t i v e C b k T y p e ) ;
s t d : : c o u t  «  " l e f r C a s e S e n s i t i v e C b k  " «  c a s e S e n s i t i v e  «  d a t a  «  " \ n " ;
C L ef*  l e f  = (C L e f * ) d a ta ;

l e f - > c a s e S e n s i t i v e (  c a s e S e n s i t i v e s s l  ) ;  
r e t u r n  0 ;

i n t  le f r N o W ir e E x te n s io n C b k ( le f r C a l lb a c k T y p e _ e  t y p e , c o n s t  c h a r*  
w i r e E x t e n s i o n , l e f i U s e r D a t a  d a t a )

a s s e r t ( t y p e = = le f r N o W ir e E x te n s io n C b k T y p e ) ;
s t d : ' ; c o u t «  " le f rN o W ire E x te n s io n C b k  " «  w i r e E x te n s io n  << d a t a  << " \ n " ; 
r e t u r n  0 ;

i n t  l e f r N o n D e f a u l t C b k d e f r C a l l b a c k T y p e . e  t y p e ,  l e f iN o n D e f a u l t*  d e f ,  l e f i U s e r D a t a  
d a t a )

a s s e r t ( t y p e = = le f r N o n D e f a u l tC b k T y p e ) ;
s t d : : c o u t  «  " le f r N o n D e f a u l tC b k  " << d e f  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;

i n t  l e f r P r o p B e g in C b k ( l e f r C a l lb a c k T y p e _ e  t y p e ,v o i d *  p t r , l e f i U s e r D a t a  d a t a )  

a s s e r t ( t y p e — le f r P r o p B e g in C b k T y p e ) ;
s t d : : c o u t  «  " l e f r P r o p B e g in C b k  " «  p t r  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;

i n t  l e f r P r o p C b k ( l e f r C a l lb a c k T y p e _ e  t y p e , l e f i P r o p *  p r o p , l e f i U s e r D a t a  d a t a )  

a s s e r t ( t y p e * * l e f r P r o p C b k T y p e ) ;
s t d : : c o u t  «  " le f r P r o p C b k  " << p ro p  «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
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>
m _dat a . a p p e n d ( Q P a i r < Q S tr in g , Q V a lu e L is t< C R e c t>
> : : Q P a i r ( l a y e r N a m e ,r e c t s )  ) ;
>
>

v o id  C L e f V ia : : l e f w ( )
{
Q V a l u e L i s t I t e r a t o r <  Q P a i r < Q S tr in g ,  Q V a lu e L is t< C R e c t>  > > l a y e r l t ;  
Q V a lu e L i8 t I te r a to r < C R e c t>  r e c t l t ; 
l e f w S ta r tV ia ( m _ n a m e ," " ) ;
f o r ( l a y e r l t = m _ d a t a . b e g i n ( ) ; l a y e r l t ! = m _ d a t a . e n d ( ) ; l a y e r I t + + )  

l e f w V ia L a y e r (  ( * l a y e r I t ) . f i r s t  ) ;

f o r ( r e c t l t ® ( ♦ l a y e r l t ) . s e c o n d . b e g i n O ; r e c t l t ! ® ( ♦ l a y e r l t ) . s e c o n d .e n d ( ) ; r e c t l t + + )  
{
l e f w V i a L a y e r R e c t ( ( ♦ r e c t l t ) . l e f t  0 , ( * r e c t l t ) . b o t to m ( ) , ( ♦ r e c t l t ) . r i g h t O , 
( ♦ r e c t l t )  . t o p O ) ;
>

>
le fw E n d V ia (m _ n a m e );
>
• i n c l u d e  " c l e f . h "
• i n c l u d e  " c l e f l a y e r . h "
• i n c l u d e  " c l e f m a c r o . h "
• i n c l u d e  " c l e f v i a . h "

i n t  l e f v A n te n n a C b k ( le f v C a l lb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )
{
a s s e r t ( t y p e * * le f w A n te n n a C b k T y p e ) ;
s t d : : c o u t  «  " le fw A n te n n a C b k  " «  d a t a  «  " \ n " ;
r e t u r n  0 ;
>
i n t  l e f u B u s B i tC h a r s C b k d e f v C a l lb a c k T y p e .e  t y p e ,  l e f i U s e r D a t a  d a t a )
{
a s s e r t ( ty p e = = le f w B u s B i tC b a r s C b k T y p e ) ;
C L ef^  l e f  ® ( C L e f ^ ) d a ta ;

i f ( l e f - > h a s B u s B i t C h a r s ( )  )  l e f v B u s B i tC b a r s (  le f - > r a _ b u s B i tC h a r s  ) ;  
r e t u r n  0 ;
>
i n t  l e f u C le a r a n c e M e a s u r e C b k d e f w C a l lb a c k T y p e .e  t y p e ,  l e f i U s e r D a t a  d a t a )

{
a s s e r t ( t y p e = = le f v C le a r a n c e M e a s u r e C b k T y p e ) ;
s t d : : c o u t  «  " l e f v C le a ra n e e M e a s u re C b k  " «  d a t a  «  " \ n " ;
r e t u r n  0 ;
>
i n t  l e f w D iv id e r C b a r C b k ( le f t tC a l lb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )

{
a s s e r t ( t y p e = ® le f w D iv id e r C h a r C b k T y p e ) ;
C L ef^  l e f  = ( C L e f ^ ) d a t a ;

i f (  l e f - > b a s D i v i d e r C b a r ( )  )  le f w D iv id e r C b a r (  le f - > m _ d iv id e r C h a r  ) ;  
r e t u r n  0 ;

>
i n t  le fw E x tC b k ( le fw C a llb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )
<
a s s e r t  ( ty p e ® » le fw E x tC b k T y p e ) ;
s t d : : c o u t  «  " le fw E x tC b k  " «  d a t a  << " \ n " ;
r e t u r n  0 ;
>
i n t  l e fv E n d L ib C b k ( le fw C a llb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )
{
a s s e r t ( ty p e = = le f w E n d L ib C b k T y p e ) ;
s t d : : c o u t  «  " le fu E n d L ib C b k  " «  d a t a  «  " \ n " ;
l e f w E n d O ;
r e t u r n  0 ;
>
i n t  le fw L a y e rC b k ( le fw C a llb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a - d a t a )

a s s e r t ( t y p e = = le f w L a y e r C b k T y p e ) ;
C L ef^  l e f  = ( C L e f e ) d a t a ;

Q D ic t I te r a to r < C L e f L a y e r >  l a y e r l t ( l e f - > m _ l a y e r s ) ;
f o r ( u n s i g n e d  i n t  i * 0 ; i < l a y e r l t . c o u n t ( ) ; i + + )
f o r  ( l a y e r l t .  t o F i r s t O ; l a y e r l t . c u r r e n t ( ) ; + + l a y e r I t )
i f (  ( ♦ l a y e r l t ) - > i n d e x ( ) ® = i  )  { ( ♦ l a y e r l t ) - > l e f v ( ) ; b r e a k ; }
r e t u r n  0 ;
>
i n t  l e f w H a c ro C b k ( le fw C a llb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )
{
a s s e r t ( ty p e = = le f w M a c r o C b k T y p e ) ;
C L ef^  l e f  = ( C L e f e ) d a t a ;
Q D ic tI te r a to r< C L e fM a c ro >  m a c r o l t ( l e f - > f f l_ m a c r o s ) ;

f o r ( m a c r o l t . t o F i r s t O  ; m a c r o l t . c u r r e n t ( ) ;+ + m a c r o I t )  ( ♦ m a c r o l t ) - > l e f w ( ) ;  
r e t u r n  0 ;
>
i n t  le fw M a n u f a c tu r in g G r id C b k ( le f v C a l lb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )

a s s e r t ( t y p e = = le f w M a n u f a c tu r in g G r id C b k T y p e ) ;
s t d : : c o u t .< <  " le fw M a n u fa c tu r in g G r id C b k  " «  d a t a  . «  " \ a " ;
r e t u r n  0 ;
>
i n t  l e f v C a s e S e n s i t i v e C b k ( l e f v C a l lb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )
{
a s s e r t ( t y p e = = le f w C a s e S e n s i t i v e C b k T y p e ) ;
C L ef^  l e f  *  ( C L e f ^ ) d a ta ;

i f (  l e f - > h a s C a s e S e n s i t i v e ( )  )
{
i f (  l e f - > m _ c a s e S e n s i t i v e  ) l e f w C a s e S e n s i t i v e (  "ON" ) ;  
e l s e  l e f w C a s e S e n s i t i v e (  "OFF" ) ;
>
r e t u r n  0 ;
>
i n t  l e fw N o n D e fa u l tC b k d e fw C a llb a c k T y p e  e  t y p e ,  l e f i U s e r D a t a  d a t a ){
a s s e r t ( t y p e = = le f v N o n D e f a u l tC b k T y p e ) ;
s t d : : c o u t  «  " le fw N o n D e fa u ltO b k  " «  d a t a «  " \ n " ;
r e t u r n  0 ;
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>
i n t  le fw N o W ire E x te n s io n C b k ( le fv C a l lb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )  

{
a s s e r t ( t y p e = = le f v N o W ir e E x te n s io n C b k T y p e ) ;
s t d : : c o u t  «  " le fv N o W ire E x te n s io n C b k  " «  d a t a  «  " \ n " ;
r e t u r n  0 ;
>
i n t  l e f v P ro p D e fC b k ( le fw C a llb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )
{
a s s e r t ( ty p e = = le f v P r o p D e f C b k T y p e ) ;
s t d : : c o u t  «  " le fw P ro p D e fC b k  " «  d a t a  «  ' ' \ n " ;
r e t u r n  0 ;
>
i n t  l e f v S i t e C b k ( l e f w C a l lb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )

{
a s s e r t ( t y p e “ = le f v S i t e C b k T y p e ) ;
s t d : : c o u t  «  " le f w S i te C b k  " «  d a t a  «  " \ n " ;
r e t u r n  0 ;
>
i n t  le fw S p a c in g C b k ( le f v C a l lb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )
<
a s s e r t ( t y p e = = le f u S p a c in g C b k T y p e ) ; -
s t d : : c o u t  «  " l e f v S p a c in g C b k  " «  d a t a  «  " \ n " ;  
r e t u r n  0 ;
>
i n t  le fw U n it s C b k ( le f w C a l lb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )

a s s e r t ( t y p e s s le f v U n i t s C b k T y p e ) ; 
b O  s t d : : c o u t  «  " le fw U n its C b k  " «  d a t a  << " \ n " ;

r e t u r n  0 :to }
i n t  le fw U s e M in S p a c in g C b k ( le fw C a llb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )

a s s e r t ( ty p e = = le f w U s e M in S p a c in g C b k T y p e ) ;
s t d : : c o u t  «  " le fw U se M in S p a c in g C b k  " «  d a t a  «  " \ n " ;
r e t u r n  0 ;
>
i n t  l e f v V e r s io n C b k ( le f w C a l lb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )
{
a s s e r t ( t y p e = = le f w V e r s io n C b k T y p e ) ;
C L ef*  l e f  *  ( C L e f * ) d a ta ;

i f (  l e f - > b a s V e r s i o n ( )  )
•{
i n t  v e r l  = ( i n t ) f l o o r ( l e f - > m _ v e r s i o n S t r . t o D o u b l e ( ) ) ;  
i n t  v e r 2  =
( i n t ) ( 1 0 .0 * ( l e f - > m _ v e r s i o n S t r . t o D o u b l e ( ) - ( d o u b l e ) v e r l ) ) ;  
l e f w V e r s io n (  v e r l ,  v e r 2  ) ;
}
r e t u r n  0 ;
>
i n t  le fw V ia C b k ( le fw C a llb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )
{
a s s e r t ( ty p e = = le f w V ia C b k T y p e ) ;
C L ef*  l e f  = ( C L e f * ) d a ta ;

Q D ic t I te r a to r < C L e f V ia >  v i a l t ( l e f - > m _ v i a s ) ;
f o r ( v i a I t . t o F i r s t O ; v i a l t . c u r r e n t ( ) ; + + v i a I t )  ( * v i a l t ) - > l e f w ( ) ; 
r e t u r n  0 ;

>
i n t  le fw V ia R u le C b k ( le fw C a llb a c k T y p e _ e  t y p e ,  l e f i U s e r D a t a  d a t a )  
{
a s s e r t ( ty p e = = le f w V ia J lu le C b k T y p e ) ;
s t d : : c o u t  «  " le fv V ia R u le C b k  " «  d a t a  «  " \ n " ;
r e t u r n  0 ;
>
# i n c l u d e  " c l i b . h "
♦ i n c l u d e  " c c c t i m a g e . b ”
♦ i n c l u d e  " c c c t p i n . h "
♦ i n c l u d e  ' 'c c c t k e e p o u t . h "

C L ib : :C L ib ( )
{
m _ i m a g e s . s e t A u t o D e l e t e ( t r u e ) ;
>
C L i b : : ” C L ib 0  

m _ im a g e s . c l e a r ( ) ;

b o o l  C L i b : : l o a d ( c o n s t  Q S t r in g  f i le N a m e )

Q F i le  l i b F i l e ( f i l e N a m e ) ;
i f (  ! l i b F i l e .o p e n ( I 0 _ R e a d 0 n l y )  )

s t d : : c o u t  «  "ERROR : C o u ld n ’ t  o p e n  " «  f i le N a m e  «  " \ n " ;  
r e t u r n  f a l s e ;
>
Q T e x tS tre a m  l i b ( f c l i b F i l e ) ;

Q S t r in g  v a r , v a l , v a l l , v a l 2 ;
Q S t r in g  im ageN am e;
Q S t r in g  p in N am e , l a y e r ; 
d o u b le  x l , x 2 , y l , y 2 ;
C P o ly  p o ly ;
C R ect m a c ro R e c t ;
C C c tlm ag e*  p lm a g e  = NULL;
C C c tP in *  p P in ;

w h i l e (  ! l i b . a t E n d ( )  )
{
l i b  »  v a r ;
v a r  *  v a r . r e p l a c e ( Q R e g E x p ( " \ \ ( I \ \ ) " ) , " "  ) ;  
i f (  v a r= = " im a g e "  )
{
l i b  »  im ageN am e;
p lm a g e  = new  C C c tIm a g e ( im ag eN am e); 
m . i m a g e s . i n s e r t (  p lm a g e - > n a m e () , p lm ag e  ) ;
>
e l s e  i f  (  v a r= = ,,o u t l i n e "  )
■C
l i b  »  v a l ;
v a l  *  v a l . r e p l a c e d  Q R e g E x p ( " \ \ ( I \ \ ) " ) , " " ) ;  
i f  (  v a l= = " p o ly g o n "  )
{
p o l y . c l e a r O ; 
l i b  »  v a l  »  v a l ;
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>
C S o r t e d P t r L i s t : : " C S o r t e d P t r L i s t ( )
{>
i n t  C S o r t e d P t r L i s t : : c o m p a r e I t e m s ( Q P t r C o l l e c t i o n : : I te m  i t e m l ,  
Q P t r C o l l e c t i o n : : I te m  i te m 2 )
{
i n t  c l  *  ( ( C M T i le * ) i t e m l ) - > c o s tF r o m S ta r t ( )  +
( ( C M T i le * ) i t e m l ) - > c o s tT o G o a l ( ) ;
i n t  c 2  »  ( ( C M T i le * ) i t e m 2 ) - > c o s tF r o m S ta r t ( )  +
( ( C M T i le * ) i t e m 2 ) - > c o s tT o G o a l ( ) ;
i f ( c l = = c 2 )  r e t u r n  0 ;
i f ( c l  > c2  )  r e t u r n  + 1;
i f ( c l  < c 2  )  r e t u r n  - 1 ;
a s s e r t ( f a l s e ) ;
>

t o

# i n c l u d e
# i n c l u d e
# i n c lu d e
# i n c lu d e
f i n c l u d e
# i n c lu d e
# i n c lu d e
# i n c lu d e
# i n c lu d e
# i n c lu d e
# i n c lu d e

" c n e t .h "
" c l a y e r . h "
" c n o d e .h "
" c s o u r c e .h "
" c b u f f e r .h "
" c s u b r o o t - h "
" c s i n k .b "
" g w i r e .h "
" c c c t p a t h .h "
" c g r o u t e .h "
" c r t e . h "

C N e t : :C N e t ( c o n s t  Q S t r in g  nam e) 
:Q S tr in g (n a m e )
,m _roo t(N U L L )

m .n o d e s . s e t A u t o D e l e t e ( t r u e ) ; 
s e t A u t o D e l e t e ( t r u e ) ;
>
C N e t : : "C N e t( )

m . n o d e s . c l e a r ( ) ;  
c l e a r ( ) ;

v o i d  C N e t : : ro o t(C N o d e *  r o o t )

m . r o o t  = r o o t ;
CNode* d r i v e r  -  new  C N o d e(D R IV E R ,* ro o t);

c o n n e c t N o d e s ( d r i v e r , r o o t ) ; 
m .n o d e s . a p p e n d ( r o o t ) ; 
m .n o d e s . a p p e n d ( d r i v e r ) ;
>

v o i d  C N e t : :m a k e R o o t ( c o n s t  d o u b le  r e s ,  c o n s t  d o u b le  c a p )
{
C S in k *  s i n k  = ( C S i n k * ) m _ n o d e s . f i r s t ( ) ;
C S o u rc e *  s r c  = new
C S o u rc e ( ( Q S t r i n g ) * s i n k , s i n k - > l a y e r ( ) , ( C P o i n t ) * s i n k , r e s , c a p ) ; 
m .n o d e s . r e m o v e ( s in k ) ; 
r o o t ( s r c ) ;
>
v o i d  C N e t : : l a y e r ( c o n s t  C L a y e r P a i r  l a y e r )

Q V a lu eL ist< C E d g e>  e d g e s  s  t h i s - > e d g e s ( ) ; 
Q V a lu e L is t I te r a to r < C E d g e >  e l t ;

f o r ( e I t = e d g e s . b e g i n ( ) ; e l t !“ e d g e s . e n d O ; e l t+ + )
{• ■
i f  ( m . l a y e r . v l O  !=NULL) m _ l a y e r .v l ( ) - > d e c n U s a g e (  ( * e l t )  . y D i s t O  
);
l a y e r .v l ( ) - > i n c n U s a g e (  ( * e l t )  . y D i s t O  ) ;
i f  ( m . l a y e r . h l O  !=NULL) m _ l a y e r .h l ( ) - > d e c n U s a g e (  ( * e l t )  . x D i s t O  
);
l a y e r .h l ( ) - > i n c n U s a g e (  ( * e l t )  . x D i s t O  ) ;
( * e l t ) . d o w n ( ) - > e d g e ( ) . l a y e r (  l a y e r  ) ;
>
m . l a y e r  » l a y e r ;
>
CNode* C N e t : : p i n ( c o n s t  Q S t r in g  p i n )  c o n s t  
{
C S in k *  s i n k ;
Q P tr L i s t I t e r a to r < C N o d e >  i t ( m . n o d e s ) ; 
f o r  ( i t . t o F i r s t ( ) ; i t . c u r r e n t ( ) ; + + i t )
{
CNode* n  =  * i t ;  
i f ( n - > ty p e ( ) = = S I N K )
<
s i n k  = (C S in k * )n ;  
i f ( s i n k - > n a m e ( ) “ * p in )  r e t u r n  n ;
>>
r e t u r n  NULL;
>

Q V alu eL ist< C E d g e>  C N e t : : e d g e s ( )  c o n s t  
{
Q V alu eL ist< C E d g e>  e d g e s ;
Q P tr L i8 t I te r a to r < C N o d e >  n l t ( m . n o d e s ) ; 
f o r ( n i t . t o F i r s t ( ) ; n i t . c u r r e n t ( ) ; + + n l t )
i f (  ( * n l t ) - > p a r e n t ( ) ! = N U L L  ) e d g e s .a p p e n d (  C E d g e ( ( * n I t ) - > e d g e ( ) )  
);
r e t u r n  e d g e s ;
>
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d o u b le  C N e t : : l e n g t h ( )  c o a s t  
{
d o u b le  1 * 0 ;
Q P t r L is t I te r a to r < C N o d e >  n i t ( m . n o d e s ) ; 
f o r C n l t . t o F i r s t O ; n i t . c u r r e n t ( ) ;+ + n I t )
i f ( ( * n l t ) - > p a r e n t ( ) ! = N U L L  ) 1 +* ( * n l t ) - > e d g e ( ) . m a n h D i s t O ; 
r e t u r n  1 ;
>
v o id  C N e t : : jo in N o d eA tE d g e (C N o d e*  n o d e ,  c o n s t  CEdge e d g e )
{
CNode* u p  *  e d g e .u p O ;
CNode* down *  e d g e .d o w n O ;

C P o in t  m id (  : :m e d ia n ( u p - > x ( ) ,n o d e - > x ( ) ,d o w n - > x ( ) ) ,

: : m e d i a n ( u p - > y ( ) ,n o d e - > y ( ) ,d o w n - > y ( ) ) ) ;

no d eT y p e  t p d  *  d o w n - > ty p e ( ) ;
/ /n o d e T y p e  t b u  * u p - > t y p e ( ) ;

i f  ( t p d  == ROOT I |  t p d  == SUBROOT) 
co n n ec tN o d esC d o w n , n o d e ) ;
/ / i f  e d g e  i s  b u f f e r  o r  d r i v e r ,  c o n n e c t  d i r e c t l y  t o  t h e  o u t p u t  o f
t h e  g a t e
e l s e

J o in N o d e A tP o in t ( n o d e ,  e d g e ,  m id ) ;
/ / s t e i n e r  p o i n t  a t  b a n n a n  g r i d ,  m e d ia n  o f  t h e  p o i n t s

}
v o i d  C N e t : : jo in N o d e A tP o in t(C N o d e *  n o d e ,  c o n s t  CEdge e d g e ,  c o n s t  C P o in t  p ) 
{
CNode* down *  e d g e .d o w n O ;
CNode* u p  *  e d g e .u p O ;

i f  (* u p * * p )
{ / / c l o s e  t o  u p p e r  n o d e ,  c o n n e c t  d i r e c t l y  t o  u p p e r  no d e  

c o n n e c tN o d e s (u p ,  n o d e ) ;
>

e l s e  if (* d o w n = = p  )
{ / / c l o s e  t o  donw n o d e ,  c o n n e c t  d i r e c t l y  down no d e  

c o n n e c tN o d e s (d o w n , n o d e ) ;
>
e l s e

{
e d g e .d i s c o n n e c t  O ; 

i f ( * n o d e = = p )
{ / / s t e i n e r  c l o s e  t o  n o d e ,  c o n n e c t  u p p e r  t o  n o d e  a n d  n o d e  t o  down 
c o n n e c tN o d e s (u p ,  n o d e ) ;  
c o n n e c tN o d e s (n o d e ,  do w n );

>
e l s e
{ / / c r e a t e  t h e  s t e i n e r  
CNode* s t e i n e r  *  new  C N ode(S T E IN E R .p ); 
m .n o d e s . a p p e n d ( s t e i n e r ) ; 
c o n n e c tN o d e s (u p ,  s t e i n e r ) ;  
c o n n e c t N o d e s ( s t e i n e r ,  d o w n );

bO

c o n n e c t N o d e s ( s t e i n e r ,  n o d e ) ;
>>>

v o i d  C N et: :d is jo in N o d e F ro m E d g e (C N o d e *  n o d e ,  c o n s t  CEdge e d g e )  
{
CNode* s t e i n e r  = NULL;
i f (  n o d e - > p a r e n t ( ) 1 * e d g e . u p ( )  ftft n o d e - > p a r e n t ( ) ! = e d g e .d o w h ( ) ) 
{ / / t h e r e  i s  s t e i n e r  
s t e i n e r  = n o d e - > p a r e n t 0 ;  
s t e i n e r - > e d g e ( ) . d i s c o n n e c t O ;
>
n o d e - > e d g e ( )  . d i s c o n n e c t O ; 
e d g e .d o w n ( ) - > e d g e ( ) - d i s c o n n e c t O ; 
e d g e .c o n n e c t ( ) ;
i f ( s t e in e r ! = N U L L )  m . n o d e s . r e m o v e ( s t e i n e r )  ;
>
v o i d  C N e t : : co n n e c tN o d e s (C N o d e *  u p ,  CNode* down)
{
/ /  s t d : : c o u t  «  " c o n n e c t N o d e s l \ n " ; 
u p - > a d d C h i ld (  dow n ) ;
/ /  s t d : : c o u t  «  " c o n n e c tN o d e s 2 \n " ;  
d o w n - > p a r e n t (  u p  ) ;
/ /  s t d : : c o u t  «  " c o n n e c tN o d e s 3 \n " ; 
d o w n -> e d g e (  C E d g e (u p ,d o w n , m . l a y e r )  ) ;
/ /  s t d : : c o u t  «  " c o n n e c tN o d e s 4 \n " ; 
i f (d o w n -> ty p e ( ) != R O O T  Aft do w n -> ty p e ()!= S U B R 0 0 T )
{
/ /  s t d : : c o u t  «  " c o n n e c tN o d e s 5 \n " ;
/ /  s t d : : c o u t  «  m . l a y e r . h l ( ) - > n a m e ( )  «  " \ n " ;  
m . l a y e r . v l ( ) - > i n c n U s a g e (  d o w n - > e d g e ( ) .y D i s tO  )  ;
/ /  s t d : : c o u t  «  " c o n n e c tN o d e s 6 \n " ;
m . l a y e r . h l ( ) - > i n c n U s a g e (  d o w n -> e d g e ( )  . x D i s t O  ) ;
>
/ /  s t d : : c o u t  «  " c o n n e c tN o d e s 7 \n " ;
> '•

b o o l  C N e t : : i n s e r t B u f f e r A t E d g e ( c o n s t  CEdge e d g e ,  c o n s t  d o u b le  l o a d ,  c o n s t  d o u b le  
r e s ,  c o n s t  d o u b le  c a p )
{
/ / i n s e r  b u f f e r  a t  ed g e
/ /  i f  down n o d e  i s  s t e i n e r ,  i n s e r t  b u f f e r  a t  s t e i n e r  p i o i n t
/ /  o t h e r w i s e  i n s e r  b u f f e r  i n  t h e  m id d le
/ / i n p  : p E dge  e d g e  t o  i n s e r t  b u f f e r
/ / i n p  : b u f f e r  p a r a m a te r s
CNode* dow n *  e d g e .d o w n O ;
CNode* u p  s  e d g e .u p O ;
C B u f fe r  * b u f f e r  -  NULL;
C SubR oot * s u b r o o t  *  NULL;
C P o in t  m id ;

i f (  d o w n -> ty p e ( )  — ROOT II d o w n -> ty p e ( )  == SUBROOT )  r e t u r n  f a l s e ;
/ /  i f (  d o w n -> ty p e ( )  **SINK II  d o w n -> ty p e ( ) ==BUFFER) 
m id  = C P o in t (  ( u p - > x ( ) + d o w n - > x ( ) ) / 2 . 0 ,  ( u p - > y ( ) + d o w n - > y ( ) ) /2 .0  
);
/ /  e l s e  m id**dow n;
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b u f f e r  = new  C B u f f e r ( m i d . l o a d ) ; 
s u b r o o t  = new  C S u b R o o t ( m id , r e s ,c a p ) ; 
m .n o d e s .a p p e n d (  b u f f e r  ) ;  
m .n o d e s .a p p e n d (  s u b r o o t  ) ;  
e d g e . d i s c o n n e c t ( ) ;  
c o n n e c t N o d e s ( u p ,b u f f e r ) ; 
c o n n e c t N o d e s ( b u f f e r , s u b r o o t ) ; 
c o n n e c tN o d e s ( s u b r o o t ,d o w n ) ; 

r e t u r n  t r u e ;
>
b o o l  C N e t : : i n s e r tB u f f e r A tN o d e ( c o n s t  CEdge e d g e ,  c o n s t  d o u b le  l o a d ,  c o n s t  d o u b le  
r e s ,  c o n s t  d o u b le  c a p )
<
/ / i n s e r  b u f f e r  a t  ed g e
/ /  i f  down n o d e  i s  s t e i n e r ,  i n s e r t  b u f f e r  a t  s t e i n e r  p i o i n t
/ /  o th e r w i s e  i n s e r  b u f f e r  i n  t h e  m id d le
/ / i n p  : pE dge e d g e  t o  i n s e r t  b u f f e r
/ / i n p  : b u f f e r  p a r a m a te r s
CNode* down *  e d g e .d o w n O ;
CNode* u p  * e d g e .u p O ;
C B u f fe r  * b u f f e r  = NULL;
C SubR oot * s u b r o o t  = NULL;
C P o in t  m id ;

i f (  d o w n -> ty p e ( )  ==ROOT II  d o w n -> ty p e ( )  == SUBROOT )  r e t u r n  f a l s e ;
i f ( d o w n -> ty p e ( )  ==SINK II  d o v n -> ty p e ()= = B U F F E R ) r e t u r n  f a l s e ;

t O  i f ( d o w n -> ty p e ()!= S T E IN E R  ) r e t u r n  f a l s e ;
^  m id=*dow n;

b u f f e r  ■ new C B u f f e r ( m i d . l o a d ) ; 
s u b r o o t  = new C S u b R o o t ( m id , r e s ,c a p ) ; 
m .n o d e s .a p p e n d (  b u f f e r  ) ;  
m .n o d e s .a p p e n d (  s u b r o o t  ) ;  
e d g e . d i s c o n n e c t O ; 
c o n n e c t N o d e s ( u p ,b u f f e r ) ; 
c o n n e c tN o d e s ( b u f f e r , s u b r o o t ) ; 
c o n n e c tN o d e s ( s u b r o o t ,d o w n ) ; 

r e t u r n  t r u e ;
>
/ / r e m o v e s  b u f f e r  f ro m  ed g e
/ / i n p  : ed g e  h a s  t h e  b u f f e r  t o  re m o v e ,
v o id  C N e t:ire m o v e B u ffe rF ro m E d g e (C E d g e  e d g e )
{
CNode* s u b r o o t  * e d g e .d o w n ( ) - > p a r e n t ( ) ;
CNode* b u f f e r  = s u b r o o t - > p a r e n t 0 ;

e d g e .d o w n ( ) - > e d g e ( )  . d i s c o n n e c t O ; 
s u b r o o t - > e d g e ( )  . d i s c o n n e c t O ; 
b u f f e r - > e d g e ( )  . d i s c o n n e c t O ; 
m .n o d e s . r e m o v e ( s u b r o o t ) ;  
m .n o d e s . r e m o v e ( b u f f e r ) ;

e d g e . c o n n e c t  0 ;
>
v o i d  C N e t:ire m o v e B u ffe rF ro m N o d e (C E d g e  e d g e )

< ■
CNode* s u b r o o t  =  e d g e .d o w n ( ) - > p a r e n t ( ) ;
CNode* b u f f e r  *  s u b r o o t - > p a r e n t ( ) ;

e d g e .d o w n ( ) - > e d g e ( )  . d i s c o n n e c t O ; 
s u b r o o t - > e d g e ( )  . d i s c o n n e c t O ; 
b u f  f e r - > e d g e ( )  . d i s c o n n e c t O ; 
m . n o d e s . r e m o v e ( s u b r o o t ) ; 
m .n o d e s . r e m o v e ( b u f f e r ) ;

e d g e . c o n n e c t  0 ;
>
v o i d  C N e t: : re m o v e B u ffe r (C N o d e *  n ,  b o o l  p erm )

i f ( p e r m )  .

' CNode* d  =  n ;
CNode* u  *  n - > p a r e n t ( ) ;  
d - > e d g e ( )  . d i s c o n n e c t O ;
Q P trL is t< C N o d e >  c h i l d r e n  * d - > c h i l d r e n ( ) ; 
w h i l e ( ! c h i l d r e n . i s E m p ty ( ) )

CNode* c h i l d  * c h i l d r e n . t a k e ( O ) ; 
c h i l d - > e d g e ( ) . d i s c o n n e c t O ; 
c o n n e c t N o d e s ( u ,c h i l d ) ;

>
. m .n o d e s . r e m o v e (  d  ) ;

i f ( u - > c h i l d r e n ( ) . c o u n t ( ) = = 1 )
{ .

CNode* u u  = u - > p a r e n t ( ) ;
CNode* d d  = u - > c h i l d r e n ( )  . f i r s t O  ; 
u - > e d g e ( )  . d i s c o n n e c t O ; 
d d - > e d g e ( )  . d i s c o n n e c t O ; 
c o n n e c tN o d e s ( u u ,d d ) ; 
m .n o d e s . r e m o v e ( u  ) ;

}
>
e l s e

C S ubR oo t*  s  » (C S u b R o o t* )n ;
C B u f fe r*  b  *  ( C B u f f e r * ) n - > p a r e n t ( ) ;
s - > e d g e ( )  . d i s c o n n e c t O ;
b - > t y p e (  STEINER ) ;
s - > t y p e (  STEINER ) ;
b - > l o a d ( 0 ) ;
c o n n e c tN o d e s (  b ,  s  ) ;

>>
v o i d  C N e t : : r e I n s e r tB u f f e r ( C N o d e *  n ,  c o n s t  d o u b le  l o a d ,  c o n s t  d o u b le  r e s ,  c o n s t  
d o u b le  c a p )
■c

C SubR oo t*  s  * (C S u b R o o t* )n ;
C B u f fe r*  b  *  ( C B u f f e r * ) n - > p a r e n t ( ) ; 
s - > e d g e ( )  . d i s c o n n e c t O ; 
s - >t y p e (  SUBROOT ) ;
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• i n c l u d e  " c c c t p i n . h "
• i n c l u d e  " c p l a .h "
• i n c l u d e  " c l i b . h "

C N e t L i s t : : C N e t L i s t ( )
{
m _ n e t s . s e t A u t o D e l e t e ( t r u e ) ;
>
C N e t L i s t : : 'C N e t L i s t ( )
{
m _ n e tS iC le a r ( ) ;
>
b o o l  C N e t L i s t : : l o a d ( Q S t r i n g  f i le N a m e )
{
e x t e r n  C P la  p l a ;  
e x t e r n  C L ib  l i b ;

Q F i le  n e t F i l e ( f i l e N a m e ) ;
i f (  ! n e tF i l e .o p e n ( I O _ R e a d O n ly )  )
{
s t d : : c o u t  «  "ERROR : C o u l d n 't  o p e n  " «  f i le N a m e  «  " \ n " ;  
r e t u r n  f a l s e ;
>
Q T e x tS tre a m  n e t ( f c n e t F i l e ) ;

Q S tr in g  v a l , v a r ;
Q S tr in g  n e tN a m e ,p in ;c o m p ,p in N a m e ; 

t O  C C e tN e t*  p N e t = NULL;
O l  CCctComp* pComp;

C C c tlm ag e*  p lm a g e ;
C C c tP in *  p P in ;

v h i l e (  I n e t . a t E n d O  )
■C
n e t  »  v a r ;
i f (  v a r . c o n t a i n s C ’) " )  ) c o n t i n u e ;
v a r  = v a r . r e p l a c e (  Q R e g E x p ( " \ \ ( I \ \ ) " ) ,  " "  ) ;
i f (  v a r = = " n e t "  )
i
n e t  >> ne tN am e;
pN e t = new C C c tN e t( ne tN am e ) ;  
m . n e t s . i n s e r t ( p N e t - > n a m e ( ) , p N e t ) ;
>
e l s e  i f (  v a r “ " p i n s "  )
{
Q V a lu e L is t< Q S tr in g >  p i n s ;  
do 
{
n e t  >> p i n ;
i f (  p in = = " ) "  )  b r e a k ;
comp *  Q S t r i n g L i s t : : s p l i t ( " - " ,  p i n  ) . f r o n t ( ) ;  
p inN arae *  Q S t r i n g L i s t : : s p l i t ( " - " , p i n  ) . b a c k ( ) ;

p inN am e = p in N am e . r e p l a c e ( Q R e g E x p ( " \ \ ) " ) ,  " "  ) ;  
p N e t - > a d d P in (  co m p+ "-"+ p inN am e ) ;  
pComp = p l a .c o m p ( c o m p ) ; 
if(pCom p==NULL)
{

s t d : : c o u t  «  "W arn in g  : " «
C om p+"-"+pinN am e «  " o f  " «  n e tN am e;
s t d : : c o u t  «  %  r e f e r e n c e  t o  t h e
co m p o n en t c o u ld  n o t  b e  fo u n d  i n  p l a c e m e n t \n ” ;
} e l s e
{
p lm a g e  = l ib . im a g e ( p C o m p - > im a g e ( ) ) ; 
if(p Im ag e= * N U L L )
{
s t d : : c o u t  «  "W arn in g  : " «  
co m p+ "-"+ p inN am e «  " o f  " «  n e tN am e; 
s t d : : c o u t  «  " ,  r e f e r e n c e  t o  t h e  

co m p o n en t im ag e  c o u ld  n o t  b e  fo u n d  i n  l i b r a r y \ n " ;
} e l s e

{
p P in  = p Im a g e -> p in (p in N a m e ) ; 
i f  (p P in = N U L L )
{
s t d : : c o u t  «  " W a rn in g  :
" << co m p + "- ,,+pinN am e «  " o f  " «  n e tN am e; 
s t d : : c o u t  «  " ,
r e f e r e n c e  t o  t h e  im ag e  p i n  c o u ld  n o t  b e  fo u n d  i n  l i b r a r y \ n " ;
>
>>
} w h i l e (  ! p i n . c o n t a i n s ( " ) " )  ) ;
}>
n e t F i l e . c l o s e O ; 
r e t u r n  t r u e ;
>
b o o l  C N e t L i s t : : s a v e ( Q S t r in g  f i le N a m e )
•C
s t d : : . c o u t  << " C N e t L i s t : : s a v e 0  n o t  im p le m e n te d  y e t  " «  f i le N a m e  «  
" \ n " r
r e t u r n  t r u e ;
1
t i n c l u d e  < d e fw W rite r .h p p >
• i n c l u d e  < d e f w W r i te r C a l l s .h p p >
• i n c l u d e  " c n e t p i n . h "

C N e tP in : :C N e tP in (  c o n s t  Q S t r in g  i n s t a n c e , c o n s t  Q S t r in g  n am e, c o n s t  i n t  
s y n t h e s i z e d )
: m _ i n s t a n c e ( i n s t a n c e )
,m _nam e(nam e)
, m _ s y n t h e s i z e d ( s y n t h e s i z e d )

C N e tP in : : 'C N e tP in ( )

v o i d  C N e tP in : :d e f w ( )  c o n s t

d e fw N e tC o n n e c t io n ( m _ in s ta n c e ,  m _nam e, m . s y n t h e s i z e d ) ;
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

t i n c i u d e  " c o o r d .h "

toOrOi

C o o r d : : C o o r d ( i n t  x ,  i n t  y ,  i n t  z )  
:m _ x (x )
,m _ y (y )
,m _ z (z )

C o o r d : : " C o o r d ( )

b o o l  C o o r d : : o p e r a t o r < ( c o n s t  C o o rd  fee) c o n s t

f (m _ x  < c 
f (m _ x  > c 
f (m _ y  < c 
f (m _ y  > c 
f (m _ z  < c 
f (m _ z  > c

m .x )  r e t u r n  t r u e ;  
m _x) r e t u r n  f a l s e ;  
m _y) r e t u r n  t r u e ;  
m_y) r e t u r n  f a l s e ;  
m .z )  r e t u r n  t r u e ;  
m .z )  r e t u r n  f a l s e ;

r e t u r n  f a l s e ;  / /  sam e no d e

b o o l  C o o r d : : o p e r a t o r = = ( c o n s t  C o o rd  fee) c o n s t  

r e t u r n  (m_x == c .m .x )  tfe (m .y  == c .m .y )  fefe (m_

# i n c l u d e  " c p a t b c u t .b "  
# i n c l u d e  " g v i r e .h "  
t i n c i u d e  " g p a th .h "

C P a th C u t : : C P a th C u t(g w ire *  w i r e ,  c o n s t  i n t  l b ,  c o n s t  i n t  u b ,  g p a th *  p a th )  
: m . v i r e ( v i r e )
{
f i r s t . f i r s t  = l b ;  
f i r s t . s e c o n d  *  u b ; 
s e c o n d . s e t A u t o D e l e t e ( f a l s e ) ; 
s e c o n d .a p p e n d ( p a t h ) ;
>
C P a th C u t : : C P a th C u t( )  
:m _v ire (N U L L )
{
f i r s t . f i r s t  * -1 ;  
f i r s t . s e c o n d  * -1 ;  
s e c o n d . c l e a r O ;
>
C P a th C u t : : " C P a th C u t( )  
{
s e c o n d . c l e a r O ;
>
# i n c l u d e  " c p l a .h "  
t i n c i u d e  " c l i b . h "  
t i n c i u d e  " c c c tc o m p .h "

t i n c i u d e  " c c c t im a g e ,  h "

C P la : :C P la < ){
m _ c o m p s .s e tA u to D e le t e ( t r u e ) ;
>
C P l a : : " C P la ( )

m .co m p s . c l e a r ( ) ;
>
b o o l  C P l a : : l o a d ( c o n s t  Q S t r in g  f i le N a m e )
{
e x t e r n  C L ib  l i b ;

Q F i le  p l a F i l e ( f i l e N a m e ) ;
i f (. I p la F i le .o p e n ( I O _ R e a d O n ly )  )
{
s t d : : c o u t  «  "ERROR : C o u l d n 't  o p e n  " «  f i le N a m e  «  " \ n " ;  
r e t u r n  f a l s e ;
}
Q T e x tS tre a m  p l a ( S p l a F i l e ) ;

Q S tr in g  v a l,v a r ,im a g e N a m e ,c o m p N a m e ;
CCctComp* pComp;
C C c tlm ag e*  p lm a g e ; 
d o u b le  x , y ;

w h i l e ( ! p l a . a t E n d ( )  )

p l a  »  v a r ;
v a r  *  v a r . r e p l a c e (  Q R e g E x p ( " \ \ ( I \ \ ) " ) ,  " "  ) ;  
i f (  v a r= * " c o m p o n e n t"  )
{
p l a  »  im ageN am e;
>
e l s e  i f (  v a r = = " p la c e "  )
{
p l a  »  compName;
pComp ~ n e v  C CctCom p( compName, im ageN am e ) ;  
p lm a g e  s  l i b . i m a g e (  im ageN am e ) ;  
i f (  pImage==NULL )
{
s t d : : c o u t  «  " W a rn in g  : " «  " ,  I n s t a n c e  o f  " «  
compName << " : " «  im ageN am e;
8 t d : : c o u t  «  " ,  c o u l d  n o t  b e  fo u n d  i n  
l i b r a r y \ n " ;
>
p l a  »  x »  y ; 
p C o m p - > p la c e ( x ,y ) ;
m .co m p s . i n s e r t (  p C o m p -> n a m e () , pComp ) ;
>>
p l a F i l e . c l o s e O ; 
r e t u r n  t r u e ;
>
b o o l  C P l a : : s a v e ( c o n s t  Q S t r in g  f i le N a m e )

s t d : : c o u t  «  " C P l a : : s a v e ( )  n o t  im p le m e n te d  y e t  " «  f i le N a m e  «  " \ n " ;
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>
C U t i l : :  " C U t i lO  
<>
b o o l  C U t i l : : l e f d e f C o n g W r i t e ( c o n s t  Q S t r in g  nam e)

e x t e r n  CLef l e f ;  
e x t e r n  CD ef d e f ;

Q F ile  F (n a m e ) ; 
F .o p e n ( I O _ W r i te O n ly ) ; 
Q T e x tS tre a m  f  ( fc F );

Q P trV e c to r< C L e fL a y e r>  l a y e r s  = l e f . r o u t i n g L a y e r s O ; 
i n t  n u m L ay e rs  = l a y e r s . c o u n t Q ;

C D efG C e ll g C e l l  *  d e f . g C e l l O ;  
i n t  num C ols = g C e l l .n u m C o l s O ; 
i n t  num Rovs *  g C e l l . num RowsO ;

/ /  i n t  (* m a p )[n u m C o ls+ l][n u m R o w s+ 1 ] = new 
b O  in t[ n u m L a y e r s ] [ n u m C o ls + l ]  [num R ow s+1];
^  i n t  ***m ap;

map s  new in t* * [ n u m L a y e r s ] ; 
f o r C i n t  i= 0 ; i< n u m L a y e r s ; i+ + )

m a p [ i]  = new in t* [ n u m C o l s + l ] ; 
f o r d n t  j “ 0 ; j< = n u m C o ls ; j+ + )
{
m a p [ i ] [ j ]  *  new i n t  [numRows+1] ; 
f o r ( i n t  k = 0 ; k<=numRows; k++)
{
m a p [ i ] [ j ] [ k ]  = 0 ;
>
>>
/ / a d d  d e f  b lo c a k g e s
{
Q P trL is t< C D e fB lo c k >  b l o c k s  *  d e f  . b l o c k s O ; 
w h i l e ( ! b l o c k s . i s E m p t y 0 )
{
C D efB lo ck *  b l k  = b l o c k s . t a k e ( ) ; 
i f ( ! b l k - > h a s L a y e r O )  c o n t i n u e ;
C L e fL a y e r*  l a y e r  “  l e f . l a y e r (  b lk -> la y e r N a m e ( )  ) ;  
i f (  l a y e r - > t y p e ( ) ! “ ROUTING )  c o n t i n u e ;  
Q V a lu e L is t< C R e c t>  r e c t s  *  b l k - > r e c t a n g l e s ( ) ; 
w h i l e  ( t r a c t s . i s B n p ty O  )
{
C R ect r  = r e c t s . f r o n t O  ; r e c t s  . p o p _ f r o n t ( )  ; 
a d d R e c t(m a p ,  b l k - > la y e r N a m e ( ) , r ,  l a y e r s ) ;
>
>

>
/ / a d d  p d e f  p i n s

Q D ic t< C D efP in >  d e f p i n s  *  d e f . p i n s O ;
Q D ic t I te r a to r < C D e f P in >  d e f p i n l t ( d e f p i n s ) ; 

f o r ( d e f p i n l t . t o F i r s t ( ) ; d e f p i n l t . c u r r e n t ( ) ; + + d e f p i n l t )
{
C D e fP in *  p D e fP in  = * d e f p i n l t ;  
i f ( ! p D e f P in - > h a s L a y e r ( ) )  c o n t i n u e ;
C L e fL a y e r*  l a y e r  = l e f . l a y e r ( p D e f P i n - > l a y e r ( )  ) ;  
i f (  la y e r -> ty p e ( )!* R O U T IN G  ) c o n t i n u e ;  
d o u b le  x l , y l , x 2 , y 2 ;  
p D e f P in - > b o u n d s ( k x l , A y l ,A x 2 ,A y 2 ) ;
C R ec t r  = C R e c t ( x l . y l , ( x 2 - x l ) , ( y 2 - y l ) ) ; 
r  “  r .o r i e n t D e f P i n ( C P o i n t ( p D e f P i n - > p l a c e m e n t X ( ) , 
p D e fP in - > p la c e m e n tY ( ) ) ,  
p D e f P i n - > o r i e n t ( ) ) ;
a d d R e c t(m a p ,  p D e f P i n - > l a y e r ( ) , r ,  l a y e r s  ) ;
>>
<
/ / a d d  comp p i n s  a n d  o b s t r u c t i o n s  
QDict<CDefCom p> com ps = d e f .c o m p s ( ) ;  
Q D ic tI te ra to r< C D e fC o m p >  c o m p l t ( c o m p s ) ; 
f o r ( c o m p l t . t o F i r s t ( ) ; c o m p l t . c u r r e n t  0 ;+ + co m p It)

CDefComp* pComp = * c o m p I t;
C L efM aero*  pM acro  ■ le f .m a c r o ( p C o m p - > n a m e ( ) ) ; 
i f ( p H a c r o “ “ NULL) c o n t i n u e ;

/ / o b s t r u c t i o n s  
Q P trL is t< C L e fO b s>  o b s  “  p M a c r o - > o b s ( ) ; 
Q P t r L i s t I t e r a to r < C L e f O b s >  o b s l t ( o b s ) ; 
f o r ( o b s l t . t o F i r s t ( ) j o b s l t . c u r r e n t ( ) ;+ + o b s I t )

Q V a lu e L is t<  Q P a ir< g eo m T y p e , v o id * >  > i t e m s  s  
( * o b s I t ) - > i t e m s ( ) ;

Q V a l u e L i s t I t e r a t o r <  Q P a ir< g eo m T y p e , v o id * >  > 
i t e m l t ;
Q S tr in g  la y e rN a m e ;
C R ect r e c t ;

f o r ( i t e m I t “ i t e m s . b e g i n ( ) ; i t e m l t !“ i t e m s . e n d ( ) ; i t e m l t+ + )

s w i t c h ( ( * i t e m l t ) . f i r s t )
{
c a s e  GEOMLAYER: 
la y e rN a m e  =

♦ ( Q S t r i n g * ) ( * i t e m l t ) . s e c o n d ;  
b r e a k ;

c a s e  GEOMRECT: 
r e c t  “

* ( C R e c t * ) ( * i t e m l t ) . s e c o n d ;
i f (  p M a c r o - > h a s O r ig in ( )  )

r e c t  *  r e c t  +
C P o in t (
p M a c r o - > o r ig in X ( ) ,

p M a c ro -> o r ig in Y ( )  ) ;
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{
C L e fL a y e r*  c a n l a y e r  -  
l e f . l a y e r (  ( * d a t a l t ) . f i r s t  ) ;  
i f  (
c a n la y e r -> ty p e ( ) != R 0 U T IN G  ) c o n t i n u e ;  
i f  (
c a n l a y e r - > n a m e ( ) = = o ld la y e r - > n a m e ( )  ) c o n t i n u e ;  
n e w la y e r  = c a n l a y e r ;
>
b r e a k ; }
c a s e  PATHPOINT :
{ o l d p o i n t  = n e w p o in t ;  
n e w p o in t  = * ( ( C P o i n t * ) i t e m ) ; 
i f ( f i r s t p o i n t )
{ f i r s t p o i n t = f a l s e ; b r e a k ;}

i f ( n e w l a y e r - > d i r e c t i o n ( )  “ VERTICAL)
<*1 =
o l d p o i n t . x ( ) - d e f . u n i t s ( ) * n e w la y e r - > w id th ( ) / 2 ; 
y l  = o l d p o i n t . y ( ) ; 
x2  =
new po i n t .x ( ) + d e f . u n i t s ( ) * n e w la y e r - > w id th 0 / 2 ;  
y2  * n e w p o in t .y ( ) . ;
} e l s e  i f (
n e w l a y e r - > d i r e c t i o n ( )  “ HORIZONTAL)
{
x i  = o l d p o i n t . x ( ) ; 

t o  y l  -
o l d p o i n t  - y ( )  - d e f . u n i t s  0 * n e w l a y e r - > w i d t h ( ) / 2 ;  
x2  = n e w p o i n t . x ( ) ; 
y2  »
n e w p o in t  . y O + d e f  . u n i t s O  * n e w la y e r - > w id th ( ) /2 ;  
} e l s e  b r e a k ;
C R ect r ( x l , y l , x 2 - x l , y 2 - y l ) ; 
r  = r . n o r m a l i z e O  ; 
a d d R e c t(m a p ,  n e w la y e r -> n a m e ( )  , 
r ,  l a y e r s ) ;  
b r e a k ; }
c a s e  PATHFLUSHPOINT :
{ o l d p o i n t  *  n e w p o in t ;  
n e w p o in t  = * ( ( C P o i n t * ) i t e m ) ; 
i f ( f i r s t p o i n t )
{ f i r s t p o i n t = f a l s e ; b r e a k ; }

i f ( n e w l a y e r - > d i r e c t i o n 0  “ VERTICAL)
{
x l  =
o l d p o i n t  . x  ( )  - d e f . u n i t s O  * n e w la y e r - > w id th ( )  / 2 ; 
y l  = o l d p o i n t . y ( ) ; 
x2  =
n e w p o in t . x ( ) + d e f . u n i t s ( ) * n e w la y e r - > w id th ( ) / 2 ; 
y2  » n e w p o i n t . y ( ) ;
} e l s e  i f (
n e w l a y e r - > d i r e c t i o n ( )  “ HORIZONTAL)
{
x l  = o l d p o i n t . x ( ) ; 
y l  =
o ld p o  i n t . y ( ) - d e f . u n i t s ( ) * n e w l a y e r - > w i d t h ( ) / 2 ;

x 2  = n e w p o i n t . x ( ) ; 
y'2 =
n e w p o in t . y  0  + d e f . u n i t s ( ) * n e w la y e r -> w id th  0 / 2 ;  
} e l s e  b r e a k ;
C R ec t r ( x l , y l , x 2 - x l , y 2 - y l ) ; 
r  *  r  . n o r m a l i z e O  ; 
a d d R e c t ( m a p ,n e w la y e r - > n a m e ( ) , r  
, l a y e r s  ) ;  
b r e a k ; }
c a s e  PATHWIDTH :
{ w i th  ■ * ( ( i n t * ) i t e m ) ;  
b r e a k ; } 
d e f a u l t : b r e a k ;
}}}}}}

i n t  tn u m O v e r = 0 ;  
i n t  t f l o w  *  0 ; 
i n t  t c a p  »  0 ;
f  «  " \ t  | # 0 v e r  \ t \ t  T .F lo w  \ t \ t  T _ C a p \n " ; 
f  «
M-------------------------------------------------------------------------------------------------------------------------------------------------------------\ n .1 .

f o r  ( I n t  i = 0 ; K n u m L a y e r s ; i+ + )
{
i n t  num O ver = 0 ;  
i n t  f lo w  » '0 ;  
i n t  c a p  * 0 ;

i n t  s c a p  = ( la y e r s [ i ] - > d i r e c t io n ( ) * = V E R T I C A L ) ?  
i n t  ( g C e l l . x S t e p O / d e f . u n i t s O  / l a y e r s  [ i ]  - > p i t c h ( ) )  : 
i n t  ( g C e l l .  y S t e p O / d e f . u n i t s O / l a y e r s  [ i ]  - > p i t c h ( ) )  ; 
f o r ( i n t  j= 0 ; j< * n u m C o ls ; j+ + )
{
f o r ( i n t  k= 0;k< =num R ow s;k+ + )
{
f lo w  += m a p [ i ]  [ j ]  [k ]  ; 
c a p  +* s c a p ;
i f ( m a p [ i ] [ j ] [ k ] > s c a p )  num O ver++;
}
}
f  «  l a y e r s [ i ] - > n a m e ( ) ;
f  «  " \ t  I " «  num Over «  " \ t \ t  " «  f lo w  «  " \ t \ t  " «  c a p  
«  " \ n " ;
tn u m O v er += num O ver; 
t f l o w  +* f lo w ;  
t c a p  +* c a p ;
}
f  «
••  —  \ n '<;

f  «  ^TOTAL";
f  «  ” \ t  I ” « ' tn u m O v er «  " \ t \ t  " «  t f l o w  «  " \ t \ t  " «  t c a p  «
" \ n H; 
f  «
•i---------------------------------------------------------------------------------------------------------------------------------------------\ n \ n \ n " ;
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Q P trL is t< C D e fB lo c k >  b l o c k s  = d e f . b l o c k s ( ) ;  
w h i l e ( !  b l o c k s .  i s E m p ty O )
{
C D efB lo ck *  b l k  = b l o c k s . t a k e Q  ; 
i f ( ! b l k - > h a s L a y e r O )  c o n t i n u e ;
C L e fL a y e r*  l a y e r  *  l e f . l a y e r (  b lk - > la y e r N a m e ( )  ) ;  
i f (  l a y e r - > t y p e ( ) ! “ ROUTING )  c o n t i n u e ;  
Q V a lu e L is t< C R e c t>  r e c t s  = b l k - > r e c t a n g l e s ( ) ; 
w h i l e ( i r e c t s . i s E m p ty ( ) )
{
C R ect r  = r e c t s . f r o n t ( ) ; r e c t s . p o p _ f r o n t ( ) ; 
a d d R e c t(m a p ,  b l k - > la y e r N a m e ( ) , r ,  l a y e r s ) ;
>
>>
{ / / a d d  p d e f  p i n s
Q D ie t< C D efP in >  d e f p i n s  = d e f . p i n s O ;

Q D ic t I te r a to r < C D e f P in >  d e f p i n l t ( d e f p i n s ) ; 
f o r ( d e f p i n l t . t o F i r s t ( ) ; d e f p i n l t . c u r r e n t ( ) ; + + d e f p i n l t )
{
C D efP in *  p D e fP in  = * d e f p i n l t ;  
i f ( ! p D e f P in - > h a s L a y e r ( ) )  c o n t i n u e ;
C L e fL a y e r*  l a y e r  *  l e f . l a y e r (  p D e f P i n - > l a y e r ( )  ) ;  
i f (  l a y e r - > t y p e ( ) ! “ ROUTING ) c o n t i n u e ;  
d o u b le  x l , y l , x 2 , y 2 ;  
p D e f P in -> b o u n d s ( f c x l ,A y l , 4 x 2 , & y 2 );
C R ect r  = C R e c t ( x l , y l , ( x 2 - x l ) , ( y 2 - y l ) ) ;  

t O  r  -  r .o r i e n t D e f P i n ( C P o i n t ( p D e f P i n - > p l a c e m e n t X ( ) ,
p D e f P in - > p la c e m e n tY ( ) ) , 
p D e f P i n - > o r i e n t ( ) ) ;
a d d R e c t(m a p ,  p D e f P i n - > l a y e r ( ) , r ,  l a y e r s  ) ;
>

>
{ / / a d d  comp p i n s  a n d  o b s t r u c t i o n s  
QDict<CDefComp> com ps “  d e f .c o m p s O ;  
Q D ic tI te ra to r< C D efC o m p >  c o m p l t ( c o m p s ) ; 
f o r ( c o m p l t . t o F i r s t ( ) ; c o m p l t . c u r r e n t ( ) ; + + co m p It)
{
CDefComp* pComp = * c o m p I t;
C L efH ac ro *  pM acro  »  le f .m a c r o ( p C o m p - > n a m e ( ) ) ; 
i f ( p M a c r o “ =NULL) c o n t i n u e ;

/ / o b s t r u c t i o n s  
Q P trL is t< C L e fO b s>  o b s  * p M a c r o - > o b s ( ) ; 
Q P t r L i s t I t e r a to r < C L e f O b s >  o b s l t ( o b s ) ; 
f o r ( o b s l t . t o F i r s t ( ) ; o b s I t . c u r r e n t ( ) ; + + o b s I t )
{
Q V a lu e L is t<  Q P a ir< g eo m T y p e , v o id * >  > i t e m s  = 
( * o b s I t ) - > i t e m s ( ) ;

Q V a l u e L i s t I t e r a t o r <  Q P a ir< g eo m T y p e , v o id * >  > 
i t e m l t ;
Q S t r in g  la y e rN a m e ;
C R ect r e c t ;

f o r ( i t e m I t = i t e m s . b e g i n ( ) ; i t e m l t !“ i t e m s .e n d ( ) ; i t e m l t+ + )  
{
s w i t c h ( ( * i t e m l t ) . f i r s t )

{

c a s e  GEOMLAYER: 
la y e rN a m e  =

• ( Q S t r i n g * ) ( * i t e m l t ) . s e c o n d ;  
b r e a k ;

c a s e  GEOMRECT: 
r e c t  =

• ( C R e c t * ) ( * i t e m l t ) . s e c o n d ;
i f (  p M a c r o - > h a s O r ig in ( )  )

r e c t  *  r e c t  +
C P o in t (
p M a c r o - > o r ig in X ( ) , 

p M a c ro - > o r ig in Y ( )  ) ;
r e c t  ■ r e c t . o r i e n t L e f P i n (

C R e c t(
p C o m p -> p la c e m e n tX ( ) /d e f  . u n i t s O »

p C o m p -> p la c e m e n tY ( ) /d e f  . u n i t s O »

p M a c r o - > s iz e X ( ) ,p M a c r o - > s iz e Y ( )  ) ,

p C o m p -> p la c e m e n tO r ie n t( )  ) ;  
a d d R e c t(m a p ,  la y e rN a m e , 
r e c t * d e f  . u n i t s O  , l a y e r s  ) ;

b r e a k ;
d e f a u l t :  s t d : : c o u t  «  " n o t  im p le m e n te d

o b s t r u c t i o n  s h a p e \ n " ;
>

- >>
/ / p i n s
Q D ic t< C L efP in >  p i n s  = p M a c r o - > p in s ( ) ;
Q D ic t I t e r a to r < C L e f P in >  p i n l t ( p i n s ) ;
f o r ( p i n l t . t o F i r s t  0 ; p i n l t . c u r r e n t  0 ; + + p i n l t )
{
C L e fP in *  p P in  »  * p i n l t ;
Q P t r L is t< C L e f P o r t>  p o r t s  = p P i n - > p o r t s ( ) ; 
Q P t r L i s t I t e r a t o r < C L e f P o r t >  p o r t l t ( p o r t s ) ;

f o r ( p o r t I t . t o F i r s t O i p o r t l t . c u r r e n t  0 ; + + p o r t I t )
{
Q V a lu e L is t<  Q P air< g eo m T y p e , v o id * >  > 

i t e m s  -  ( * p o r t I t ) - > i t e m s ( ) ;
Q V a l u e L i s t I t e r a t o r <  Q P a ir< g eo m T y p e ,

v o id * >  > i t e m l t ;
Q S t r in g  l a y e r ;
C R ect r ;

f o r ( i t e m I t = i t e m 8 . b e g i n O ; i t e m l t !“ i t e m s . e n d ( ) ; i t e m l t+ + )
{
s w i t c h ( ( * i t e m l t ) . f i r s t ){

c a s e  GEOMLAYER : 
l a y e r  »

• ( Q S t r i n g * ) ( * i t e m l t ) . s e c o n d ;
b r e a k ;  

c a s e  GEOMRECT : 
r  =

• ( C R e c t * ) ( * i t e m l t ) . s e c o n d ;
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x l  =
o ld p o  i n t . x ( ) - w i t h / 2 ; 
y l  = o l d p o i n t . y ( ) ; 
x 2  =
n e w p o in t . x ( ) + w i t h / 2 ; 
y 2  = n e w p o i n t .y ( ) ;
} e l s e  i f  (
n e w l a y e r - > d i r e c t i o n ( )  “ HORIZONTAL)
{
x l  = o l d p o i n t . x ( ) ; 
y l  =
o l d p o i n t . y ( ) - w i t h / 2 ; 
x 2  = n e w p o i n t . x ( ) ;

y2  =
n e w p o i n t .y ( ) + w i t b / 2 ;
} e l s e  b r e a k ;
C R ect r ( x l , y l , x 2 - x l , y 2 - y l ) ; 
r  = r . n o r m a l i z e O  ; 
a d d R e c t(m a p ,  n e w la y e r - > n a m e ( ) , 
r ,  l a y e r s ) ;  
b r e a k ; }
c a s e  PATHWIDTH :
{ w i th  *  * ( ( i n t * ) i t e m ) ;
b r e a k ; }
d e f a u l t : b r e a k ;
}>
>»
/ / a d d  n e t s
{ Q D ic t< C D efN et>  n e t s  = d e f . n e t s O ;
Q D ic t I te r a to r < C D e f N e t>  n e t l t ( n e t s ) ;
f o r ( n e t I t . t o F i r s t ( ) ; n e t I t . c u r r e n t ( ) ; + + n e t I t )
{
C D efN et*  n e t  = * n e t l t ;
i n t  n u m P a th s  = n e t - > n u m P a th s ( ) ;
f o r ( i n t  i= 0 ; i< n u m P a th s ; i+ + )
{
C L e fL a y e r*  o l d l a y e r ;
C L e fL a y e r*  n e w la y e r  ■ NULL ;
C P o in t  o ld p o i n t , n e w p o i n t ;  
d o u b le  x l , x 2 , y l , y 2 , w i t h ;  
w i t h  =  - 1 ;
b o o l  f i r s t p o i n t = t r u e ;
C D e fP a th *  p a t h  *  n e t - > p a t h ( i ) ;
Q V a lu e L is t<  Q P a ir< p a th T y p e ,  v o id * >  > i t e m s  * 
p a t h - > i t e m s ( ) ;
Q V a l u e L i s t I t e r a t o r <  Q P a ir< p a th T y p e ,  v o id * >  > 
i t e m l t ;

f o r ( i t e m l t = i t e m s . b e g i n ( ) ; i t e m l t ! “ i t e m s . e n d ( ) ; i t e m l t+ + )  
{
p a th T y p e  ty p e  = ( * i t e m l t ) . f i r s t ;  
v o id *  i te m  *  ( * i t e m l t ) . s e c o n d ;  
s w i t c h ( t y p e )
{
c a s e  PATHLAYER :
{ n e w la y e r  *  l e f . l a y e r (
* ( ( Q S t r in g * ) i t e m )  ) ;

b r e a k ; }  
c a s e  PATHVIA :
{ o l d l a y e r  = n e w la y e r ;
C L efV ia*  v i a  *  l e f . v i a (
* ( ( Q S t r i n g * ) i t e m )  ) ;
Q V a lu e L is t< Q P a ir< Q S tr in g ,
Q V a lu e L is t< C R e c t>  > > d a t a ;  
d a t a  = v i a - > d a t a ( ) ;

Q V a lu e L i s t I t e r a to r < Q P a i r < Q S t r in g ,  Q V a lu e L is t< C R e c t>  > > d a t a l t ;

f o r ( d a t a I t * d a t a . b e g i n ( ) ; d a t a l t ! = d a t a . e n d ( ) ; d a t a l t + + )
{
C L e fL a y e r*  c a n l a y e r  = 
l e f . l a y e r (  ( * d a t a l t ) . f i r s t  ) ;  
i f  (
c a n la y e r -> ty p e ( ) != R 0 U T IN G  ) c o n t i n u e ;  
i f (
c a n la y e r - > n a m e ( ) = = o ld la y e r - > n a m e ( )  )  c o n t in u e ;  
n e w la y e r  »  c a n l a y e r ;
}
b r e a k ; }
c a s e  PATHPOINT :
{ o l d p o i n t  *  n e w p o in t ;  
n e w p o in t  * * ( ( C P o i n t * ) i t e m ) ; 
i f ( f i r s t p o i n t )
{ f i r s t p o i n t * f a l s e ; b r e a k ; }

i f ( n e w l a y e r - > d i r e c t i o n ( )  “ VERTICAL)
{
x l  =
o l d p o i n t . x ( ) - d e f . u n i t s ( ) * n e w la y e r - > w id tb ( ) / 2 ; 
y l  = o l d p o i n t . y ( ) ; 
x 2  =
n e w p o in t  . x O f d e f  . u n i t s  ( ) * n e w l a y e r - > w i d t h ( ) / 2 ;  
y2  *  n e w p o i n t . y ( ) ;
} e l s e  i f (
n e w la y e r-> d irec tio n ()= = H O R IZ O N T A L )
{
x l  •  o l d p o i n t . x ( ) ;  
y l  =
o l d p o i n t . y ( )  - d e f . u n i t s  0  * n e w la y e r - > w id th  0 / 2 ;  
x 2  “  n e w p o i n t . x ( ) ; 
y 2  =
n e w p o in t . y ( ) + d e f . u n i t s ( ) * n e w la y e r - > w id th  0 / 2 ;
} e l s e  b r e a k ;
C R ec t r ( x l , y l , x 2 - x l , y 2 - y l ) ; 
r  *  r . n o r m a l i z e ( ) ;  
a d d R e c t(m a p ,  n e w la y e r -> n a m e O  , 
r ,  l a y e r s ) ;  
b r e a k ; }
c a s e  PATHFLUSHPOINT :
{ o l d p o i n t  = n e w p o in t ;  
n e w p o in t  * * ( ( C P o i n t * ) i t e m ) ; 
i f ( f i r s t p o i n t )
{ f  i r s t  p o i n t  s f  a l s  e ; b r e  a k ;}

i f ( n e w la y e r -> d ir e c t io n ( )= = V E R T IC A L )
{
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* 1  *
o l d p o i n t . x ( ) - d e f . u n i t s ( ) * n e w la y e r -> w id th  0 / 2 ;  
y l  = o l d p o i n t . y O ;  
x2  *
n e v p o  i n t . x ( ) + d e f . u n i t s ( ) * n e w la y e r -> w id th  0 / 2 ;  
y2  = n e w p o i n t . y ( ) ;
} e . ls e  i f (
n e w la y e r-> d irec tio n ()= = H O R IZ O N T A L )
{
x l  *  o l d p o i n t . x O ;  
y l  *
o l d p o i n t  . y ( ) - d e f .  u n i t s O  * n e w la y e r -> w id th  0 / 2 ;  
x 2  = n e w p o i n t . x ( ) ; 
y 2  »
n e w p o in t . y  0  + d e f . u n i t s ( ) * n e w la y e r -> w id th  0 / 2 ;  
} e l s e  b r e a k ;
C R ect r ( x i , y l , x 2 - x l , y 2 - y l ) ; 
r  = r . n o r m a l i z e O  ; 
a d d R e c t( m a p ,n e w la y e r - > n a m e ( ) , r  
, l a y e r s  ) ;  
b r e a k ; }
c a s e  PATHVIDTH :
■(w ith = * ( ( i n t * ) i t e m ) ;
b r e a k ; }
d e f a u l t : b r e a k ;
}
}
}»

{ / / a d d  r o u t e d  n e t s  
Q D ic t< C N et>  n e t s  * r o u t e . n e t s O ;  
Q D ic t I te r a to r < C N e t>  i t ( n e t s ) ;  
f o r ( i t . t o F i r s t ( ) ; i t . c u r r e n t  0 ; + + i t )
{
C N et*  n e t  * * i t ;
Q P t r L i s t I t e r a t o r < g w i r e >  w l t ( * n e t ) ; 
f o r ( w i t . t o F i r s t O ; w i t . c u r r e n t ( ) ;+ + w It)
{
g w ir e *  w ir e  * * w l t ;
Q V a lu e L is t< C T ile E d g e >  e d g e s  = w i r e - > e d g e s ( ) ; 
Q V a lu e L i s t I t e r a to r < C T i l e E d g e >  e l t ;  
f o r ( e I t = e d g e s . b e g i n ( ) ; e l t ! = e d g e s . e n d ( ) ; e l t + + )  
{
C T ile E d g e  e  = * e l t ;
C L ay e r*  l a y e r  * e . l a y e r O ;  
i n t  t r a c k  * e . t r a c k O ;  
i n t  e d g e  «  e . e d g e ( ) ;
i n t  c o l  = ( l a y e r - > d i r ( ) “ “ VERTICAL)?  ed g e  
: t r a c k ;
i n t  row  = (la y e r-> d ir()= = H O R IZ O N T A L )?  
e d g e  : t r a c k ;
i f ( c o l > “ nu m C o ls) c o n t i n u e ;  
if(row > = num R ow s) c o n t i n u e ;  
m a p [ l a y e r - > i n d e x ( ) ] [ c o l ] [ r o w ]  + •  1 ;

}
}

}

}

i n t  tn u m O v er =  0 ;  
i n t  t f l o w  * 0 ; 
i n t  t c a p  *  0 ;
f  «  " \ t  I # 0 v e r  \ t \ t  T _F low  \ t \ t  T _ C a p \n " ; 
f  «
m---------------------------------------------------------------------------------------------------------------------------------------------\ n " ;
f o r ( i n t  i = 0 ; ic n u m L a y e r s ; i+ + )
{
i n t  num O ver *  0 ; .  
i n t  f lo w  *  0 ; 
i n t  c a p  = 0 ;

i n t  s c a p  = ( la y e r s [ i ] - > d i r e c t io n ( ) = = V E R T I C A L ) ?  
i n t  (gC el-1 . x S t e p O / d e f  . u n i t s ( > / l a y e r s [ i ] - > p i t c h ( ) ) : 
i n t  ( g C e l l . y S t e p O / d e f . u n i t s O / l a y e r s  [ i ] - > p i t c b ( ) )  ; 
f o r ( i n t  j= 0 ; j< = n u m C o ls ; j+ + )
{
f o r ( i n t  k “ 0 ;k<=num R ow 8; k++)
{
f lo w  += m a p [ i ]  [ j ]  [k ] ; 
c a p  +» s c a p ;
i f  (m a p [ i]  [ j ]  [ k ]> 8 c a p ) 'n u m O v e r+ + ;
}
}
f  «  l a y e r s [ i ] - > n a m e ( ) ;
f  «  " \ t  I " «  num O ver «  " \ t \ t  ” «  f lo w  «  " \ t \ t  " «  c a p  
«  " \ n " ;
tn u m O v er +■ num O ver; 
t f l o w  +* f lo w ;  
t c a p  +■ c a p ;  .
}
f  «

  ----------- ----------------- ---------------------------------- -------------------- --------------------------------------------- \ n " ;
f  «  "TOTAL";
f  «  " \ t  I " «  tn u m O v er «  " \ t \ t  " «  t f l o w  «  " \ t \ t  " «  t c a p  «
" \ n " ;  
f  «
m  --------- ------------------------------------------------------------------------------------------------------------------------- \ n \ n \ n "  ;

f o r ( i n t  i * 0 ; i< n u m L a y e r s ; i+ + )
{ ,  .. .
i n t  s c a p  = ( l a y e r s [ i ] - > d i r e c t io n ( ) = = V E R T I C A L ) ? 
i n t  ( g C e l l . x S t e p O  / d e f . u n i t s  0  / l a y e r s  [ i ]  - > p i t c h ( ) ) :  
i n t  ( g C e l l  . y S t e p O  / d e f . u n i t s  0  / l a y e r s  [ i ]  - > p i t c h ( ) ) ;  
f o r ( i n t -  j = 0 ; j< = n u m C o ls ; j+ + )
{ .
f o r ( i n t  k = 0 ; k<=num Rows; k++)
{ -
f  «  l a y e r s [ i ] - > n a m e ( )  «  " " << j  << " " «  k ;
f  «  " " «  m a p [ i ]  [ j ]  [ k ] ;
i f ( m a p [ i ] [ j ] [ k ] > s c a p )  f  «  " * " ; f  «  ”\ n " ;
}
}
}
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/ /
F . c l o s e ( ) ;
f o r . ( i n t  i = 0 ; K n u m L a y e r s ; i+ + )

f o r ( i n t  j* 0 ; j< = n u m C o ls ; j+ + )

d e l e t e [ ]  m a p [ i ] [ j ] ;
>
d e l e t e  [ ]  m a p [ i ] ;
>
d e l e t e []  m ap;

r e t u r n  t r u e ;
>

b o o l  C U t i l : : c o n g c c t W r i t e ( c o n s t  Q S t r in g  nam e)
{
e x t e r n  C S t r  s t r ;  
e x t e r n  COsn d s n ;  
e x t e r n  C P la  p l a ;  
e x t e r n  C L ib  l i b ;  
e x t e r n  C N e tL is t  n e t l i s t ;  
e x t e r n  CTim t im ;  
e x t e r n  C R te r t e ;  
e x t e r n  CGRoute r o u t e ;

Q F i le  F (n a m e ) ;
F .o p e n ( I O _ W r i te O n ly ) ;
Q T e x tS tre a m  f ( f tF ) ;

/ / l a y e r s
Q D ic t< C C c tL ay e r>  l a y e r s . h e l p e r  *  s t r . l a y e r s O ; 
Q P trV e c to r< C C c tL a y e r>  l a y e r s ( l a y e r s _ h e l p e r . c o u n t ( > ) ; 
Q D ic t I te r a to r < C C c tL a y e r >  i t ( l a y e r s . h e l p e r ) ; 
f o r ( i t . t o F i r s t ( ) ; i t . c u r r e n t ( ) ; + + i t )
{
C C c tL a y e r*  l a y e r  * * i t ;
l a y e r s . i n s e r t ( l a y e r - > i n d e x ( ) , l a y e r ) ;
}
i n t  n u m L ay e rs  = l a y e r s . c o u n t O ;

/ / g c e l l
C S iz e  g C e l l  = r o u t e . g C e l l O ;
C R ec t d ie A r e a  = s t r . d i e P o l y O  .b o u n d in g R e c tO  ;
i n t  num C ols = ( i n t ) c e i l ( d i e A r e a .  w i d t h ( ) / g C e l l . w i d t h ( ) ) ;
i n t  numRows = ( i n t ) c e i l ( d i e A r e a . h e i g h t ( ) / g C e l l . h e i g h t ( ) ) ;

/ /  i n t  (* m ap )[n u m C o ls+ l][n u m R o w s+ 1 ] -  new 
in t[n u m L a y e r s ] [n u m C o ls + l] [n u m R o w s + 1 ] ; 
i n t  ***m ap;
map -  new  in t* * [ n u m L a y e r s ] ; 
f o r ( i n t  i * 0 ; i< n u m L a y e r s ; i+ + )
{
m a p [ i ]  -  new  i n t* [ n u m C o ls + l ] ; 
f o r ( i n t  j= 0 ; j< = n u m C o ls ; j+ + )
<

m a p [ i]  [ j ]  = new  i n t  [num R ow s+1]; 
f o r ( i n t  k - 0 ; k O n u m R o w s; k++)
{
m a p [ i]  [ j ]  [k ]  * 0 ; '
>>
}
/ / a d d  s t r  k e e p o u t s  
{
Q P trL is t< C C c tK e e p o u t>  k e e p o u t s  *  s t r . k e e p o u t s O ; 
w h i l e ( ! k e e p o u t s .  i s E m p ty O )
{
C C c tK e e p o u t*  b l k  = k e e p o u t s . t a k e ( ) ; 
a d d R e c t ( m a p , b l k - > l a y e r ( ) , b l k - > r e c t ( ) . l a y e r s ) ;
y 
y •
/ / a d d  w i r i n g
i
Q V a lu e L is t<  Q P a ir< Q S tr in g ,C R e c t>  > w i r e s  = d s n . w i r i n g O ; 
w h i l e ( ! w i r e s . i s E m p ty ( ) )
{
Q P a ir< Q S tr in g ,C R e c t>  w i r e  = w i r e s . f r o n t ( ) ;  
w i r e s . p o p . f r o n t O ;
a d d R e c t ( m a p ,w i r e . f i r s t . w i r e . s e c o n d , l a y e r s ) ;
}  ,

>{
/ / a d d  comp p i n s  a n d  k e e p o u ts  
Q D iet<C C ctC om p> com ps •  p l a .c o m p s O ;
Q D ic tI te ra to r< C C c tC o m p >  i tC o m p (c o m p s ) ;
f o r ( i t C o m p . t o F i r s t ( ) ; i t C o m p . c u r r e n t ( ) ;+ + itC o m p )
{
CCctComp* pComp = * itC o m p ;
C C c tlm ag e*  p lm a g e  ~ l ib . im a g e ( p C o m p - > im a g e ( ) ) ; 
if(p Im age= = N U L L ) c o n t i n u e ;
/ / k e e p o u t s
Q P trL i8 t< C C c tK e e p o u t>  k e e p o u t s  s  p I m a g e - > k e e p o u t s ( ) ; 
w h i l e ( ! k e e p o u t s .  i s E m p ty O )

C C c tK e e p o u t*  p K e e p o u t * k e e p o u t s . t a k e ( ) ;

a d d R e c t ( m a p ,p K e e p o u t - > la y e r ( ) ,p K e e p o u t - > r e c t ( ) + p C o m p - > p la c e m e n t ( ) . l a y e r s ) ; 
>

/ / p i n s
Q D ic t< C C c tP in >  p i n s  = p l m a g e - > p i n s ( ) ;
Q D ic t I t e r a to r < C C c tP in >  i t P i n ( p i n s ) ; 
f o r ( i t P i n . t o F i r s t ( ) ; i t P i n . c u r r e n t ( ) ; + + i tP in )
<
C C c tP in *  p P in  = * i tP in - ;
Q V a lu e L is t<  Q P a i r < Q S tr in g ,  C R ect>  > p o r t s  =
p P i n - > p o r t s ( ) ;
w h i l e  ( !  p o r t s . is E m p ty O  )
{
Q P a ir < Q S tr in g ,  C R ec t>  p o r t  = 
p o r t s . f r o n t ( ) ; 
p o r t s . p o p . f r o n t O ;
a d d R e c t(m a p , p o r t . f  i r s t , p o r t . s e c o n d  + 
p C o m p -> p la c e m e n t( ) , l a y e r s ) ;
>
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>
11 s t d : : c o u t  «  "A dded  " «  m nt «  " \ n " ;

>
t i n c l u d e  " g l o b a l .h "

la y e r T y p e  l a y e r (  c o n s t  Q S t r in g  l a y e r T y p e  )
{
i f (  lay e rT y p e= = "C U T " )  r e t u r n  CUT; 
i f (  layerType=="M A STERSLICE" ) r e t u r n  MASTERSLICE; 
i f  (  l a y e r T y p e — "OVERLAP" )  r e t u r n  OVERLAP; 
i f (  layerT ype=="R O U T IN G " )  r e t u r n  ROUTING; 
r e t u r n  UNKNOWNLAYERTYPE;
>

Q S tr in g  l a y e r ( c o n s t  l a y e r T y p e  l a y e r )
{
i f (  layer= =C U T  ) r e t u r n  "CUT"; 
i f (  layer*=M ASTERSLICE )  r e t u r n  "MASTERSLICE"; 
i f ( layer*=OVERLAP ) r e t u r n  "OVERLAP"; 
i f (  layer==ROUTING ) r e t u r n  "ROUTING"; 
r e t u r n  "UNKNQWLAYERTPE";
>

l a y e r D i r e c t i o n T y p e  l a y e r D i r e c t i o n ( c o n s t  Q S t r in g  l a y e r D i r e c t i o n )

i f (  l a y e r D i r e c t i o n — "VERTICAL" ) r e t u r n  VERTICAL; 
i f (  lay erD irec tio n = = "H O R IZ O N T A L " )  r e t u r n  HORIZONTAL; 

b O  r e t u r n  UNKNOVNLAYERDIRECTION;

Q S t r in g  l a y e r D i r e c t i o n ( c o n s t  l a y e r D i r e c t i o n T y p e  l a y e r D i r e c t i o n )  
{
i f (  lay e rD ire c tio n = = V E R T IC A L  ) r e t u r n  "VERTICAL"; 
i f (  l a y e r D i r e c t i o n  “ HORIZONTAL ) r e t u r n  "HORIZONTAL"; 
r e t u r n  "UNKNOWNLAYERDIR";
>

geom Type g e o m T y p e (c o n s t i n t  geom T ype)

if (g e o m T y p e = * le f iG e o m L a y e rE )  r e t u r n  GEOMLAYER; 
if (g e o m T y p e = = le f iG e o m R e c tE )  r e t u r n  GEOMRECT; 
r e t u r n  UNKNOWNGEGM;
>

p i n D i r e c t io n T y p e  p i n D i r e c t i o n ( c o n s t  Q S t r in g  p in D i r )

•C
i f (  p in D ir= = "IN P U T " ) r e t u r n  IN ;
i f (  pinD ir=="O U TPU T" )  r e t u r n  OUT;
i f (  p in D ir = = " INOUT" ) r e t u r n  INOUT;
i f  (  p i n D i r — "FEEDTHRU" )  r e t u r n  FEEDTHRU;
r e t u r n  UNKNOWNPINDIR;
>

Q S t r in g  p i n D i r e c t i o n ( c o n s t  p in D i r e c t io n T y p e  p in D i r )
{

i f (  p in D ir* * IN  ) r e t u r n  "IN PU T"; 
i f (  p inD ir==O U T  )  r e t u r n  "OUTPUT"; 
i f (  p inD ir==IN O U T  )  r e t u r n  "INOUT";

i f ( pinDir==FEEDTHRU )  r e t u r n  "FEEDTHRU"; 
r e t u r n  "UNKNOWNPINDIR";
}

u s e T y p e  u s e ( c o n s t  Q S t r in g  u s e )
{
i f (  use=="ANALOG" ) r e t u r n  ANALOG; 
i f (  use*-"C LO C K " ) r e t u r n  CLOCK; 
i f (  u a e “ "GROUND" ) r e t u r n  GROUND; 
i fC  use=="P0W ER" ) r e t u r n  POWER; 
i f  C use=="R ESET" ) r e t u r n  RESET; 
i f  C use=="SCAN" ) r e t u r n  SCAN; 
i f (  use=="SIG N A L" ) r e t u r n  SIGNAL; 
i f (  u se= -"T IE O F F "  ) r e t u r n  TIEOFF; 
r e t u r n  UNKNOWNUSE;
y
Q S t r in g  u s e ( c o n s t  u se T y p e  u s e )
■C
i f (  use==ANALOG )  r e t u r n  "ANALOG";
i f (  use==CL0CK ) r e t u r n  "CLOCK";
i f (  u s e = “GROUND ) r e t u r n  "GROUND";
i f (  use==P0WER ) r e t u r n  "POWER";
i f (  use==RESET ) r e t u r n  "RESET";
i f (  u s e ” SCAN ) r e t u r n  "SCAN";- -
i f (  use==SIGNAL ), r e t u r n  "SIGNAL";
i f (  use*=T IE O FF )  r e t u r n  "T IE O FF";
r e t u r n  "UNKNOWNUSE";
>
p la c e m e n tS ta tu s T y p e  p l a c e m e n t S t a t u s ( c o n s t ' i n t  p l a c e m e n t S t a t u s )
•C
s w i t c h ( p l a c e m e n t S t a t u s )
{
c a s e  DEFI.COMPONENT.UNPLACED : r e t u r n  UNPLACED;

c a s e  DEFI.COMPONENT.PLACED : r e t u r n  PLACED; 
c a s e  DEFI_COMPONENT_FIXED : r e t u r n  FIXED; 
c a s e  DEFI COMPONENT.COVER : r e t u r n  COVER;
>
r e t u r n  UNKNOWNPLACEMENTSTATUS;>■•••.
Q S t r in g  p l a c e m e n t S t a t u s ( c o n s t  p la c e m e n tS ta tu s T y p e  p l a c e m e n t S t a t u s  ) 
{
s v i t c h ( p l a c e m e n t S t a t u s )
{
c a s e  UNPLACED : r e t u r n  "UNPLACED";
c a s e  PLACED : r e t u r n  "PLACED";
c a s e  FIXED : r e t u r n  "FIX ED ";
c a s e  COVER : r e t u r n  "COVER";
d e f a u l t  : r e t u r n  "UNKNOWNPLACEMENTSTATUS";
>
r e t u r n  "UNKNOWNPLACEMENTSTATUS";

p - la e e m e u ltG tib c c T y p e  p la c e m e n t  O r i e n t  ( c o n s t  i n t  p la c e m e n tO r i e n t )
< * te
s w i t c h ( p l a c e m e n tO r i e n t )
{nt numLayers = la y e r s .  c.<_un:.();
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c a s e  0  : r e t u r n  N;
c a s e  1 : r e t u r n  V; 

c a s e  2 : r e t u r n  S ; 
c a s e  3 : r e t u r n  £ ;  
c a s e  4  : r e t u r n  FN; 
c a s e  5 : r e t u r n  FW; 
c a s e  6  : r e t u r n  FS ; 
c a s e  7 : r e t u r n  FE;
>
r e t u r n  UNKNOWNORIENT;
>

i n t  p l a c e m e n t O r i e n t ( c o n s t  p l a c e m e n tO r ie n tT y p e  p la c e m e n tO r ie n t  
{
s w i t c h ( p l a c e m e n t O r i e n t )
{
c a s e  N : r e t u r n  0 ;

c a s e  W : r e t u r n  1 ; 
c a s e  S : r e t u r n  2 ; 
c a s e  E : r e t u r n  3 ;  
c a s e  FN : r e t u r n  4 ;  
c a s e  FV : r e t u r n  5 ; 
c a s e  FS : r e t u r n  6 ; 
c a s e  FE : r e t u r n  7 ;  
d e f a u l t  : r e t u r n  UNKNOWNORIENT;
>
r e t u r n  UNKNOWNORIENT;
>

p a th T y p e  p a t h ( c o n s t  i n t  t y p e )

{
if(type*=D EFIPA TH _D O N E) r e t u r n  PATHDONE; 
if(type==D EFIPA TH _LA Y ER ) r e t u r n  PATHLAYER; 
if(type«= D E F IP A T H _V IA ) r e t u r n  PATHVIA; 
i f  (type==DEFIPATH_VIAROTATION) r e t u r n  PATHVIAROTATION; 
if(type==D EFIPA TH _W ID TH ) r e t u r n  PATHWIDTH; 
if(type= =D E FIPA T H _PO IN T ) r e t u r n  PATHPOINT; 
if(type**D EFIPA TH _FLU SH PO IN T) r e t u r n  PATHFLUSHPOINT; 
i f  (type«D E FIPA T H _T A PE R ) r e t u r n  PATHTAPER; 
if(type==D EFIPA TH _SH A PE) r e t u r n  PATHSHAPE; 
if(type=*DEFIPATH_TAPERRULE) r e t u r n  PATHTAPERRULE; 
i f  ( t y p e “ DEFIPATH_VIADATA) r e t u r n  PATHVIADATA; 
r e t u r n  UNKNOWNPATH;
>

Q S t r in g  p a t h S t r ( c o n s t  p a th T y p e  t y p e )

s w i t c h ( t y p e )
{
c a s e  PATHDONE : r e t u r n  "PATHDONE";
c a s e  PATHLAYER : r e t u r n  "PATHLAYER";
c a s e  PATHVIA : r e t u r n  "PATHVIA";
c a s e  PATHVIAROTATION : r e t u r n  "PATHVIAROTATION";
c a s e  PATHWIDTH : r e t u r n  "PATHWIDTH";
c a s e  PATHPOINT : r e t u r n  "PATHPOINT";
c a s e  PATHFLUSHPOINT : r e t u r n  "PATHFLUSHPOINT";
c a s e  PATHTAPER : r e t u r n  "PATHTAPER";
c a s e  PATHSHAPE : r e t u r n  "PATHSHAPE";

c a s e  PATHTAPERRULE: r e t u r n  "PATHTAPERRULE"; 
c a s e  PATHVIADATA : r e t u r n  "PATHVIADATA"; 
c a s e  UNKNOWNPATH : r e t u r n  "UNKNOWNPATH"; 
d e f a u l t :  r e t u r n  ''UNKNOWNPATH";
>
r e t u r n  "UNKNOWNPATH";
>

w ire T y p e  w i r e (  c o n s t  Q S tr in g  t y p e  )

{
i f (  type=="COVER" ) r e t u r n  WIRECOVER;
i f (  type= = "F IX E D " ) r e t u r n  WIREFIXED;
i f (  type**"ROUTED" )  r e t u r n  WIREROUTED;
i f ( t y p e =  "NOSHIELD" ) r e t u r n  WIRENOSHIELD;
i f ( type=="UNKNOWNWIRETYPE" ) r e t u r n  UNKNOWNWIRETYPE;
r e t u r n .UNKNOWNWIRETYPE;
>

Q S t r in g  w i r e ( c o n s t  w ire T y p e  t y p e )

i f (  type==WIRECOVER ) r e t u r n  "COVER";
i f (  type**W IREFIXED ) r e t u r n  "FIX ED ";
i f (  type==WIREROUTED ) r e t u r n  "ROUTED";
i f ( type==W IRENOSHIELD.)  r e t u r n  "NOSHIELD";
i f ( type*=*UNKNOWNWIRETYPE ) r e t u r n  "UNKNOWNWIRETYPE";
r e t u r n  "UNKNOWNWIRETYPE";
>

Q S t r in g  n o d e T y p e S t r ( c o n s t  n o d eT y p e  ty p e )
{ .  enum  n o d eT y p e  {DRIVER,ROOT.SINK,BUFFER,SUBROOT,STEINER,AWE};
s w i t c h ( t y p e )

{
c a s e  DRIVER : r e t u r n  "DRIVER"; 
c a s e  ROOT : r e t u r n  "ROOT"; 
c a s e  SINK : r e t u r n  "S IN K "; 
c a s e  BUFFER : r e t u r n  "BUFFER"; 
c a s e  SUBROOT : r e t u r n  "SUBROOT"; 
c a s e  STEINER :. r e t u r n  "STEINER"; 
c a s e  AWE : r e t u r n  "AWE"; 
d e f a u l t  : r e t u r n  "UNKNOWN";
>
r e t u r n  "UNKNOWN";
>

/ / c l i p s  r l  a g a i n s t  r 2 ,
/ / r 2  s t a y s  sam e c l i p p e d  p o r t i o n s  o f  t h e  r l  i s  r e t u r n e d  i n  t h e  l i s t
/ / c l i p p e d  r e c t a n g l e s  d o e s n ’ t, t o u c h  t h e  m a in  r e c t a n g l e
/ / i n p  : r l ,  r e c t a n g l e  t o  c l i p
/ / i n p  : r 2 ,  r e c t a n n g e l  t o  c l i p  a g a i n s t
/ / o u t  : l i s t  o f  c l i p p e d  p o r t i o n s  o f  t h e  r l
Q V a lu e L is t< Q R e c t>  c l i p R e c t ( Q R e c t  r l ,  c o n s t  Q R ect r 2 )
{
Q V a lu e L is t< Q R e c t>  r e c t s ;
Q R ect r e c t ;
/ / i f  t h e y  d o n ’t  i n t e r s e c s ,  n o t i n g  t o  c l i p  r l  i s  t h e  r e s u l t
/ / i f  r 2  i s  i n s i d e  r l ,  n o t i n g  t o  c l i p  r l  i s  t h e  r e s u l t
i f (  ! r l . i n t e r s e c t s ( r 2 )  II r l  . c o n t a i n s  ( r 2 )  )  { r e c t s « r l ;  r e t u r n  r e c t s ; }
/ / i f  r l  i s  i n s i d e  r 2 ,  n o  r e s u l t ,  em p ty  l i s t  r e t u r n e d
i f (  r l . b o t t o m O  > r 2 .b o t t o m ( )  )
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f o r ( i t . t o F i r s t O ; i t . c u r r a n t ( ) ; + + i t )  t i l e s  += ( * i t ) - > t i l e s ( t i l e S i z e ) ; 
r e t u r n  t i l e s ;
>

Q V a lu e L is t< C T ile E d g e >  g w i r e : : e d g e s ( c o n s t  Q S iz e  t i l e S i z e )  c o n s t  
{
Q V a lu e L is t< C T ile E d g e >  e d g e s ;
Q P t r L i s t I t e r a t o r < g p a t h >  i t ( * t h i s ) ;
f o r  ( i t  . t o F i r s t O  ; i t . c u r r e n t O  ; + + i t )  e d g e s  += ( * i t ) - > e d g e s ( t i l e S i z e ) ; 
r e t u r n  e d g e s ;
>

v o i d  g w i r e : : i n c T i l e F l o v s ( c o n s t  Q S ize  t i l e S i z e )  c o n s t  
{
i f  ( U n .r o u te d )  r e t u r n ;
Q V a lu e L is t< C T ile E d g e >  e d g e s  = t h i s - > e d g e s ( t i l e S i z e ) ; 
Q V a lu e L is t I te r a to r < C T i le E d g e >  e l t ;  
f o r ( e l t = e d g e s . b e g i n 0 ; e l t ( - e d g e s . e n d ( ) ; e l t + + )
( * e l t )  . l a y e r ( ) - > i n c T i l e F l o w ( ( * e I t )  . t r a c k O  ,  ( * e l t ) . e d g e O  )  ;
>

v o id  g w i r e : : d e c T i l e F l o w s ( c o n s t  Q S ize  t i l e S i z e )  c o n s t  
{
i f ( ! m _ r o u t e d )  r e t u r n ;
Q V a lu e L is t< C T ile E d g e >  e d g e s  ■ t h i s - > e d g e s ( t i l e S i z e ) ; 
Q V a lu e L is t I te r a to r < C T i le E d g e >  e l t ;  
f o r ( e I t = e d g e s . b e g i n ( ) ; e l t ! * e d g e s . e n d ( ) ; e l t + + )
( * e l t ) . l a y e r ( ) - > d e c T i l e F l o w ( ( * e I t )  . t r a c k O  , ( * e l t )  . e d g e O ) ;
>

v o id  g w i r e : : in c C e l lF lo w s O  c o n s t  
{
Q V a lu e L is t< C T ile E d g e >  e d g e s  = t h i s - > e d g e s ( ) ;
Q V a lu e L is t I te r a to r < C T i le E d g e >  e l t ;
f o r ( e l t = e d g e s . b e g i n ( ) ; e l t !“ e d g e s . e n d ( ) ; e l t + + )
( * e l t ) . l a y e r 0 - > i n c C e l l F l o w ( ( * e I t )  . t r a c k O  , ( * e l t )  . e d g e O ) ;
>

v o id  g w i r e : : d e c C e l l F l o w s ( )  c o n s t  
(
Q V a lu e L is t< C T ile E d g e >  e d g e s  ■ t h i s - > e d g e s ( ) ; 
Q V a lu e L is t I te r a to r < C T i le E d g e >  e l t ;  
f o r ( e I t * e d g e s . b e g i n ( ) ; e l t ! = e d g e s . e n d ( ) ; e l t + + )
( * e l t )  . l a y e r  0 - > d e c C e l l F l o w ( ( * e I t )  . t r a c k O  , ( * e l t )  . e d g e O )  ;
>

b o o l  g w i r e : : c u tP a th sA n d B o u n d s (C L a y e r*  l a y e r ,  c o n s t  i n t  t r a c k ,  
Q V a lu eL is t< C P a th C u t> &  c u t p a t h s )
(
Q V a lu e L is t< C P a th C u t>  n e w c u tp a th s ;
Q V a lu e L is t I te r a to r < C P a t h C u t>  i t ;
Q P t r L i s t I t e r a t o r < g p a t h >  p l t ( * t h i s ) ; 
f  o r  ( p i t .  t o F i r s t  O ; p i t  . c u r r e n t O  ;+ + p I t )
(
g p a th *  p a t h  *  * p l t ;  
i f ( p a t h - > r o u t e d ( ) )
{
i f ( ! n e w c u tp a th s . i s E m p ty O )  c u t p a t h s  += n e w c u tp a th s ;  
n e w c u tp a th s . c l e a r O ;

t o
00
C n

c o n t in u e ;
>
i n t  l b , u b ;
i f (  p a t h - > c u t s A n d B o u n d s ( l a y e r , t r a c k , l b , u b )  )

{
b o o l  e x i s t  s  f a l s e ;
f o r ( i t s n e w c u t p a t h s . b e g i n ( ) ; i t ! “ n e w c u tp a th s . e n d O ; i t+ + )
(
i n t  l b o l d  = ( * i t ) . l b ( ) ;  
i n t  u b o ld  *  ( * i t ) . u b ( ) ;
i f ( ( l b > = l b o l d  k k  lb < = u b o ld )  I I (u b > = lb o ld  
kk  u b < = u b o ld )  I |
( l b o ld > = lb  f t f t lb o ld < * u b )  II  ( u b o ld > = lb  
kk  u b o ld < = u b )  )
(
( * i t ) . a p p e n d (  p a t h  ) ;
( * i t ) . l b (  : : m i n ( l b o l d , l b )  ) ;
( * i t ) . u b (  : : m a x ( u b o ld ,u b )  ) ;  
e x i s t  s  t r u e ; b r e a k ;
>
>
i f ( ! e x i s t )  n e w c u tp a th s  «  C P a t h C u t ( t h i a , l b , u b , p a t h ) ;
> .
> ,

. i f  ( ! n e w c u t p a t h s . i s E m p t y O )  c u t p a t h s  += n e w c u tp a th s ;  
n e w c u tp a th s . c l e a r 0 ;  
r e t u r n  i c u t p a t h s . i s E m p t y O ;
} .

Q R ect g w i r e : : f a r f r o m ( g p a t h *  p a t h ,  g p a th f t  f a r f r o m p ^ th )
i
i f ( f i n d R e f ( p a t h ) = = - l )  r e t u r n  Q R e c tO ;  
w h i l e ( ! p r e v ( ) - > r o u t e d ( ) ) ;  
f a r f r o m p a f h  =  * c u r r e n t ( ) ;  
r e t u r n  c u r r e n t ( ) - > t o ( ) ;
>

Q R ect g w i r e : : f a r t o ( g p a t h *  p a t h ,  g p a th fc  f a r t o p a t h )

{  i
i f  ( f i n d R e f  ( p a t h ) = = - l )  r e t u r n  Q R e c tO ;  

w h i l e ( ! n e x t ( ) - > r o u t e d ( ) ) ;  
f a r t o p a t h  = e c u r r e n t O ;  
r e t u r n  c u r r e n t ( ) - > f r o m ( ) ;
>

v o i d  g w i r e : : r e w i r e ( Q P t r L i s t < g p a t h >  p a t h s ,  C L ayer*  l a y e r ,  c o n s t  i n t  t r a c k ,  c o n s t  
i n t  e d g e )
{

/ /  e x t e r n  Q T e x tS tre a m  l g ;
/ /  l g  «  " Y tb e f o r e  r e w i r e  w i r e  " «  t h i s  «  " \ n " ;
/ /  l g  «  l a y e r - > n a o e ( )  «  " ,  " «  t r a c k  «  " ,  " «  e d g e  «  " \ n " ;
/ /  l g  «  m _ fro m -> n a m e ()  «  " — > " «  m _ to -> n a m e ()  «  " \ n " ;
/ /  f i r s t O ;
/ /  w h i l e ( c u r r e n t O )
/ /  {
/ /  g p a th *  p a t h  ■ c u r r e n t O ;
/ /  i n t  f x l , f y l , f x 2 , f y 2 , t x l , t y l , t x 2 , t y 2 ;
/ /  p a t h - > f r o m ( ) . c o o r d s ( 4 f x l , 4 f y l , t f x 2 , & f y 2 ) ;
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/ /  p a t h - > t o ( ) . c o o r d s ( * t x l , f t t y l , f t t x 2 , f t t y 2 ) ;
/ /  i f ( p a t h - > r o u t e d ( ) )  l g  «  " r o u t e d " ;  e l s e  l g  «  " n o t r o u t e d '
/ /  l g  «  "  u «  p a t h  «  " \ t " ;
/ /  l g  «  f x l  «  " " «  f y l  «  " " «  fx 2  «  " " «  fy 2  «  ’
/ /  l g  «  t x l  «  " " «  t y l  «  " " «  t x 2  «  " " «  t y 2  «  '
/ /  n e x t ( ) ;
/ /  >
/ /
/ /  l g  «  " \ t c u t s \ n " ;
/ /  p a t h s . f i r s t O ;
/ /  w h i le  ( p a t h s .  c u r r e n t O )
/ / {
U  g p a th *  p a t h  = p a t h s . c u r r e n t O ;
/ /  i n t  f x l , f y l , f x 2 , f y 2 , t x l , t y l , t x 2 , t y 2 ;
11 p a t h - > f r o m ( ) . c o o r d s ( t f x l . f t f y l , f t f x 2 , f t f y 2 ) ;
/ /  p a t h - > t o O . c o o r d s ( f t t x l , f t t y l , f t t x 2 , f t t y 2 ) ;
/ /  i f ( p a t h - > r o u t e d ( ) )  l g  «  " r o u t e d " ;  e l s e  l g  «  " n o t r o u t e d '
/ /  l g  «  " " «  p a t h  «  " \ t " ;
/ /  l g  «  f x l  «  " " «  f y l  «  '• " «  fx 2  «  " " «  fy 2  «  '
/ /  l g  «  t x l  «  " " «  t y l  «  " " «  t x 2  «  " " «  t y 2  «  '
/ /  p a t h s . n e x t ( ) ;
/ /  >

— > 
\ n " ;

t o
00

Q P a ir< Q R e c t,Q R e c t>  l a y e r R e c t s  *  l a y e r - > d i v i d e A t T r a c k ( t r a c k ) ; 
Q Rect l e f t  = l a y e r R e c t s . f i r s t ;
Q R ect r i g h t  ■ l a y e r R e c t s . s e c o n d ;  
g p a th  tm p ;

Q R ect f a r f r o m  * t h i s - > f a r f r o m ( p a t h s .  f i r s t O  , t m p ) ;
Q R ect f a r t o  = t h i s - > f a r t o ( p a t h s . l a s t O , tm p ) ;

Q R ect f r o m s i d e , t o s i d e ;
i f ( l e f t . c o n t a i n s ( f a r f r o m ) ) f r o m s i d e ^ l e f t ;
e l s e  i f ( r i g h t . c o n t a i n s ( f a r f r o m ) ) f r o m s i d e = r i g h t ;
e l s e  a s s e r t ( f a l s e ) ;
i f ( l e f t . c o n t a i n s ( f a r t o ) )  t o s i d e = l e f t ;
e l s e  i f ( r i g h t . c o n t a i n s ( f a r t o ) )  t o s i d e = r i g h t ;
e l s e  a s s e r t ( f a l s e ) ;

/  {
/  i n t  f x l , f y l , f x 2 , f y 2 , t x l , t y l , t x 2 , t y 2 ;
/  f a r f r o m . c o o r d s ( f t f x l . f t f y l , f t f x 2 , f t f y 2 ) ;
/  f a r t o . c o o r d s ( f t t x l , f t t y l , f t t x 2 , f t t y 2 ) ;
/  l g  «  " f a r f r o m  t o  f a r t o \ n " ;
/  l g  «  f x l  «  " " «  f y l  «  " " «  f x 2  «  " " «  fy 2  «  '
/  l g  «  t x l  «  " " «  t y l  «  " " «  t x 2  «  " " «  t y 2  «  '
/  >
/
/
/  {
/  i n t  f x l , f y l , f x 2 , f y 2 , t x l , t y l , t x 2 , t y 2 ;
/  f r o m s i d e . c o o r d s ( t f x l , f t f y l , 4 f x 2 , f t f y 2 ) ;
/  t o s i d e . c o o r d s ( & t x l >& ty l , J c tx 2 ,& ty 2 ) ;
/  l g  «  " f ro m  t o  t o \ n " ;
/  l g  «  f x l  «  " " «  f y l  «  " " «  f x 2  «  " " «  fy 2  «  '
/  l g  «  t x l  «  " " «  t y l  «  " " «  t x 2  «  " " «  t y 2  «  '
/  >

— > 
\ n " ;

g p a th *  n e w p a th  s  NULL; 
i f ( e d g e ! = - l )
{
a s s e r t ( f r o m s i d e ! = t o s i d e ) ; 
i f ( la y e r -> d ir ( )= = V E R T IC A L )  
n e w p a th  s  new
g p a t h ( C L a y e r P a i r ( ) , Q R e c t ( e d g e , t r a c k - 1 , 1 , 2 ) A f r o m s i d e ,Q R e c t ( e d g e . t r a c k - 1 , 1 ,  
2 ) f t t o s i d e ) ;
e l s e  i f ( l a y e r - > d i r ( )  “ HORIZONTAL) 
n e w p a th  * new
g p a t h ( C L a y e r P a i r ( ) , Q R e c t ( t r a c k - 1 , e d g e , 2 , D k f r o m s i d e ,Q R e c t ( t r a c k - 1 , e d g e , 2 ,  
D f e t o s i d e ) ;
} e l s e  a s s e r t ( f r o m s i d e s s t o s i d e ) ;

Q P t r L i s t I t e r a t o r < g p a t h >  i t ( p a t h s ) ; 
f o r  ( i t  . t o F i r s t O  ; i t . c u r r e n t O  ; + + i t )

g p a th *  p a t h  -  * i t ;  
a s s e r t ( ! p a t h - > r o u t e d ( ) ) ;
Q R ec t f ro m  * p a th - > f r o m ( ) ;
Q R ect t o  -  p a t h - > t o ( ) ;
C L a y e r P a l r  l a y e r P  = p a t h - > l a y e r ( ) ; 
a s s e r t ( l a y e r P . v K )  !=KULL kk  l a y e r P . h l ( )  !=NULL) ;

i f ( e d g e =* - l )
■C
p h th - > f r o m (  f ro m  ft f r o m s id e  ) ;  
p a t h - > t o (  t o  ft t o s i d e  ) ;  
i f ( p a t h - > f r o m ( ) = = p a t h - > t o ( )  ftft
p a t h - > f r o m ( ) - s i z e ( ) = = Q S i z e ( l , l )  )  r e m o v e R e f ( p a th ) ;
} e l s e  i f ( n e w p a t h - > r o u t e d ( ) )

p a th - > f r o m (  f r o m f t to s id e  ) ;  
p a t h - > t o (  t o f t t o s i d e  ) ;

i f ( p a t h - > f r o m ( ) = = p a t h - > t o ( )  ftft p a t h - > f r o m ( ) . s i z e ( ) = = Q S i z e ( l , l )  ) 
r e m o v e R e f ( p a t h ) ;
} e l s e  i f ( p a t h - > c o n t a i n s ( * n e w p a t h ) )

i n t  p o s  * f i n d R e f ( p a t h ) ; 
r e m o v e ( p o s ) ;
i f ( ( f r o m f t f r o m s id e ) ! = n e w p a th -> f ro m () )
{ i n s e r t ( p o s , n e w
g p a t h ( l a y e r P , f r o m tf r o m s id e ,n e w p a th - > f r o m ( ) ) )  ;p o s + + ;>  
i n s e r t ( p o s ,n e w p a t h ) ; p o s + + ;  
i f ( n e w p a t h - > t o ( ) 1 = ( t o f t t o s i d e ) )
{ i n s e r t ( p o s , new
g p a t h ( l a y e r P ,n e w p a t h - > t o ( ) . t o f t t o s i d e ) ) ; p o s + + ; >  
n e w p a t h - > l a y e r ( l a y e r P ) ; 
n e w p a t h - > r o u t e d ( t r u e ) ; 
n e w p a t h - > i n e C e l l F l o w s ( ) ;
} e l s e
{
p a t h - > f r o m (  f ro m f tf ro m s id e  ) ;  
p a t h - > t o (  to f t f r o m s id e  ) ;  
i f ( p a t h - > f r o m ( ) * * p a t h - > t o ( )  ftft
p a t h - > f r o m ( ) . 8 i z e ( ) = * Q S i z e ( l , l )  )  r e m o v e R e f ( p a th ) ;
>
>
i f ( e d g e ! * - 1 )  a s s e r t ( n e w p a t h - > r o u t e d ( ) ) ;
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/ /  i f ( p a t h - > r o u t e d ( ) )  l g  «  " r o u t e d " ;  e l s e  l g  «  " n o t r o u t e d " ;
/ /  l g  «  " " «  p a t h  «  " \ t " ;
/ /  l g  «  f x l  «  " " «  f y l  «  " " «  fx 2  «  " " «  fy 2  «  " — > " ;
/ /  l g  «  t x l  «  " " «  t y l  «  " " «  t x 2  «  " " «  t y 2  «  " \ n " ;
/ /  n e x t ( ) ;
/ /  >

/ / e x p a n d
g p a th *  p  -  f i r s t O ; 
w h i l e  ( c u r r e n t O )
{
p  = c u r r e n t O ;
i f (  p - > r o u t e d ( )  | |  p = = g e t F i r s t ( )  4 4  p = = g e tL a s t ( )  )
{ n e x t ( ) ; c o n t i n u e ;}
i f (  ( i n t ) f a b s ( p - > f r o m ( )  . c e n t e r O  . x ( )  - p - > t o ( )  . c e n t e r O  . x ( ) )  < 
g T i l e . w i d t h O  44

( i n t ) f a b s ( p - > f r o m ( )  . c e n t e r O  . y ( ) - p - > t o ( )  . c e n t e r O  . y O )  < g T i l e . h e i g h t O  ) 
{
i n t  p o s  *  a t ( ) ;  
b o o l  m e rg e d  “  f a l s e ;  
i f ( a t ( p o s - 1 ) ! “ g e t F i r s t ( ) )  

i
a t ( p o s - l ) - > d e c C e l l F l o w s ( ) ; 
p - > f ro m (  a t ( p o s - l ) - > f r o m ( )  ) ;  
re m o v e (  p o s - 1  ) ;  
p o s — ;
m e rg e d  “  t r u e ;

b O  >

i f  ( a t ( p o s + l )  ! * g e tL .a s t ( ) )

a t ( p o s + l ) - > d e c C e l l F l o w s ( ) ; 
p - > t o (  a t ( p o s + l ) - > t o ( )  ) ;  
r e m o v e ( p o s+ 1  ) ;  
m e rg e d  ■ t r u e ;
>
p  = a t ( p o 8 ) ; 
i f ( m e r g e d )  c o n t i n u e ;
>
n e x t  (  ) ;
>

/ /m e r g e  a g a i n  ( f o r  m e rg in g  p a t h s  t h a t  e x p a n d e d  a n d  becam e n e ig h b o r s )
p i  *  f i r s t O ;
p 2  *  n e x t O ;
i f ( p 2 = = 0 )  r e t u r n ;
w h i l e ( c u r r e n t ( ) )
{
i f ( ! p l - > r o u t e d ( )  4 4  ! p 2 - > r o u t e d ( ) )
{
p 2 -> f ro m (  p l - > f r o m ( )  ) ;  
r e m o v e R e f ( p i ) ;
}
p l= p 2 ;
p 2  •  n e x t ( ) ;
>
/ /
/ /  l g  «  " \ t a f t e r  e x p a n d  w ir e  " «  t h i s  «  " \ n " ;
/ /  f i r s t O ;

/ /  w h i l e ( c u r r e n t O )
/ /  {
/ /  g p a th *  p a t h  = c u r r e n t O ;
/ /  i n t  f x l , f y l , f x 2 , f y 2 , t x l , t y l , t x 2 , t y 2 ;
/ /  p a t h - > f r o m ( ) . c o o r d s ( 4 f x l , 4 f y l , 4 f x 2 , 4 f y 2 ) ;
/ /  p a th - > to ( - )  . c o o r d s ( 4 t x l  , 4 t y l  , 4 t x 2 , 4 t y 2 ) ;
/ /  i f . ( p a t h - > r o u t e d ( ) ) l g  «  " r o u t e d " ;  e l s e  l g  «  " n o t r o u te d "
/ / • l g  «  " " «  p a t h  «  " \ t " ;
/ /  l g  «  f x l  «  " " «  f y l  «  " " «  fx 2  «  " " «  f y 2  «  "
/ /  l g  «  t x l  «  " " «  t y l  «  " " «  t x 2  «  " " «  t y 2  «  "
/ /  n e x t O ;
/ /  >

>

g w i r e 4  g w i r e : : o p e r a t o r + = ( g w i r e 4  w ir e )
{
i f ( I m . r o u t e d  4 4  m_from==NULL 44  m_to==NULL)
{
m _from  = w i r e . f r o m O ;  
m _ to  »  w i r e . t o O ;
>
i f  (m _ fro m -> ty p e ()= = S T E IN E R  4 4  J is E m p ty O )  r e m o v e F i r s t O ;

w i r e . l a s t O ;  
i f ( w i r e . t o ( ) - > t y p e ( ) “ “ STEINER) w i r e . p r e v O ; 
do  -

{■
p re p e n d (n e w  g p a t h ( * w i r e . c u r r e n t  0 ) ) ;  
w i r e . p r e v O ;
> w h i l e ( w i r e . c u r r e n t O ) ; 
m _from  ■ w i r e . f r o m O ;  
r e t u r n  * t h i s ;
>

b o o l  g w i r e : : p p l ( g p a t h *  p a t h )
{
G L a y e r P a i r  o ld p p  =  p a t h - > l a y e r ( ) ; 
C L a y e r P a i r  new pp *  o ld p p ;  
b o o l  d o n e p  = f a l s e ;
C L a y e r P a i r  o ldpm  = p a t h - > l a y e r ( ) ; 
C L a y e r P a i r  newpm *  o ld p m ; 
b o o l  donem  .“  f a l s e ;  
d o  
{■
i f O d o n e p  4 4  p p K p a t h ,  n e w p p ))  r e t u r n  t r u e ;  
i f O d o n e m  4 4  .p p l  ( p a t h ,  new pm )) r e t u r n  t r u e ;

o l d p p  s  new pp;
i f ( l d o n e p )  new pp++;
if ( o ld p p = = n e w p p )  d o n e p  “ t r u e ;

o ldpm  = newpm; 
i f ( l d o n e m )  new p m --; 
i f ( o l d p m — newpm) donem  “  t r u e ;

} w h i l e ( ! d o n e p  II  ! do n em ); 
r e t u r n  f a l s e ;
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>

b o o l  g w i r e : : p p l ( g p a t h *  p a t h ,  C L a y e r P a i r  l a y e r p )
{
i n t  p o s  *  f i n d R e f ( p a t h ) ; 
g p a th *  p r e v  = a t ( p o s - l ) ;  
g p a th *  n e x t  * a t ( p o s + l ) ;
QPoint from * prev->from() .centerO ;
QPoint to = next->to(). centerO ;
/ / t e m p o r a r l y  l a y  t h e  w i r e  
/ / f i r s t  s e t  o f  p a t h s
C V a lu e L is t< in t>  p a t h l ( f r o m . x ( ) , t o . x ( ) . f a l s e , t r u e ) ;
Q V a l u e L i s t I t e r a t o r < i n t >  i t ;
f o r ( i t * p a t h l . b e g i n ( ) ; i t ! = p a t h l . e n d ( ) ; i t+ + )
{
gwire* wire * new gvireO; 
if(from.y() !*to.y())
{
/ /w i r e - > a p p e n d ( n e w
gpath (layerp, greet (gpoint (*up)) .greet (*it .from.yO))); 
wire->append(new
g p a t h ( l a y e r p ,Q R e c t ( f r o m , Q S i z e ( 1 , 1 ) ) , Q R e c t ( * i t , f r o m . y O , 1 , 1 ) ) ) ;  
i f ( * i t ! = t o . x ( ) )  w lre^ -> a p p e n d (n e w
g p a t h ( l a y e r p , Q R e c t ( * i t , f r o m . y O , 1 , 1 ) , Q R e c t ( * i t , t o . y ( ) , 1 , 1 ) ) ) ;  
e l s e  w ir e -> a p p e n d (n e w
g p a t h ( l a y e r p , Q R e c t ( * i t , f r o m . y O , 1 , 1 ) , Q R e c t ( t o , Q S i z e ( l , l ) ) ) ) ;
/ / i f ( * i t ! * t o . x ( )  ) w i r e - > a p p e n d ( n e v
g p a t h ( l a y e r p , g r e e t ( * i t , t o . y ( ) ) . g r e e t ( g p o i n t ( * d o w n ) ) ) ) ; 

t O  i f ( * i t ! = t o . x ( )  )  w ir e -> a p p e n d (n e w
g p a t h ( l a y e r p , Q R e c t ( * i t , t o . y O , 1 , 1 ) , Q R e c t ( to ,Q S iz e ( 1 , 1 ) ) ) ) ;
} e l s e  w ir e -> a p p e n d (n e w
g p a t h ( l a y e r p ,Q R e c t ( f r o m , Q S i z e ( 1 , 1 ) ) , Q R e c t ( t o ,Q S i z e ( l , 1 ) ) ) )  ; . 
Q V a lu e L is t< C T ile E d g e >  e d g e s  * w i r e - > e d g e s ( ) ;
Q V a lu e L i s t I t e r a to r < C T i l e E d g e >  e l t ;  
b o o l  f u l l  =  f a l s e ;
f o r ( e l t = e d g e s . b e g i n O ; e l t ! s e d g e s . e n d ( ) ; e l t + + )
{

if ((*elt) . layer()->cellFull( (*elt) .trackO , (*elt) .edgeO )){full=true; break; } 
>
i f O f u l l )
{
w i r e - > s e t A u t o D e l e t e ( f a l s e ) ;
path->decCellFlows();
r e m o v e ( p a t h ) ; 
w i r e - > f i r s t ( ) ; 
w h i l e ( w i r e - > c u r r e n t  0 )
<
w i r e - > c u r r e n t ( ) - > r o u t e d ( t r u e ) ; 
w i r e - > c u r r e n t ( ) - > i n c C e l l F l o w s ( ) ; 
i n s e r t ( p o s , w i r e - > c u r r e n t ( ) ) ;  
p o s+ + ;
w i r e - > n e x t ( ) ;
>
i f ( p r e v ! = f i r s t ( ) )  { p r e v - > d e c C e l lF lo w s ( ) ; r e m o v e ( p r e v )  ;)• 
i f ( n e x t ! = l a s t ( ) )  { n e x t - > d e c C e l l F l o w s ( ) ; r e m o v e ( n e x t ) ;>  
a t ( p o s ) ;

d e l e t e  w i r e ;
r e t u r n  t r u e ;

>
d e l e t e  w i r e ;
i f ( f r o m . y ( ) » = t o . y ( ) )  b r e a k ; / / d o n ’ t  l e t  m o re  t h a n  o ne  
>

/ / s e c o n d  s e t  o f  p a t h s
C V a lu e L is t< in t>  p a t h 2 ( f r o m . y ( ) , t o . y ( ) , f a l s e , t r u e ) ; 
f o r ( i t * p a t h 2 . b e g i n ( ) ; i t ! = p a t h 2 . e n d ( ) ; i t ++)
{  .
g w ir e *  w i r e  ■ new  g w i r e O ;  
i f  ( f r o m .x O  f = t o . x ( ) )
<
/ /w i r e - > a p p e n d ( n e w
g p a t h ( l a y e r p , g r e e t ( g p o i n t ( * u p ) ) . g r e e t ( f r o m . x ( ) , * i t ) ) ) ; 
v i r e - > a p p e n d ( n e w
g p a th ( l a y e r p ,Q R e c t ( f r o m , Q S i z e ( 1 , 1 ) ) . Q R e c t ( f r o m . x O , * i t , 1 , 1 ) ) )  ; 
i f ( * i t ! = t o . y O )  w ire -> a p p e n d (n e w
g p a t h ( l a y e r p , Q R e c t ( f r o m . x O i * i t , 1 , 1 ) , Q R e c t ( t o . x ( ) , * i t , 1 , 1 ) ) ) ;  
e l s e  w ire -> a p p e n d (n e w
g p a t h ( l a y e r p ,Q R e c t ( f r o m . x O . * i t , l , 1 ) . Q R e c t ( to ,Q S iz e ( 1 , 1 ) ) ) ) ;
/ / i f ( * i t ! = t o . y ( ) )  w ire -> a p p e n d (n e w
g p a t h ( l a y e r p , g r e e t ( t o . x ( ) , * i t ) , g r e e t ( g p o i n t ( * d o w n ) ) ) ) ; 
i f ( * i t ! * t o . y ( ) )  w ir e -> a p p e n d (n e w
g p a t h ( l a y e r p , Q R e c t ( t o . x ( ) , * i t , 1 , 1 ) . Q R e c t ( t o , Q S iz e ( 1 , 1 ) ) ) ) ;
} e l s e  w ire -> a p p e n d (n e w
g p a th ( l a y e r p ,Q R e c t ( f r o m , Q S i z e ( 1 , 1 ) ) . Q R e c t ( t o , Q S i z e ( l , l ) ) ) ) ; 
Q V a lu e L is t< C T ile E d g e >  e d g e s  -  w i r e - > e d g e s ( ) ;
Q V a lu e L i s t I t e r a to r < C T i l e E d g e >  e l t ; 
b o o l  f u l l  > f a l s e ;
f o r ( e l t * e d g e s . b e g i n ( ) ; e l t ! = e d g e s . e n d ( ) ; e l t + + )
{

i f  (  ( * e l t ) . l a y e r ( ) - > c e l l F u l l (  ( * e l t )  . t r a c k O  , ( * e l t )  . e d g e O ) ) { f u l l = t r u e ; b r e a k ; } 
>
i f ( ' f u l l )
{
w i r e - > s e t A u t o D e l e t e ( f a l s e ) ; 
p a t h - > d e c C e l l F l o w s ( ) ; 
r e m o v e ( p a t h ) ; 
w i r e - > f i r s t  0 ;  
w h i l e ( w i r e - > c u r r e n t  0 )
{
w i r e - > c u r r e n t ( ) - > r o u t e d ( t r u e ) ; 
w i r e - > c u r r e n t ( ) - > i n c C e l l F l o w s ( ) ; 
i n s e r t ( p o s , w i r e - > c u r r e n t ( ) ) ;  
p o s+ + ;
w i r e - > n e x t ( ) ;
> •
i f ( p r e v ! « f i r s t ( ) )  { p r e v - > d e c C e l lF lo w s ( ) ; r e m o v e ( p r e v ) ;}  
i f ( n e x t !“ l a s t ( ) )  { n e x t - > d e c C e l l F l o w s ( ) ; r e m o v e ( n e x t ) ;}  
a t ( p o s ) ;

d e l e t e  w i r e ;
r e t u r n  t r u e ;
> •
d e l e t e  w i r e ;
i f ( f r o m . x ( ) “ t o . x ( ) )  b r e a k ; / / d o n ’ t  l e t  m o re  t h a n  o ne  sam e p a t h  
>
a t ( p o s ) ;  
r e t u r n  f a l s e ;
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>

b o o l  g w i r e : : p p 2 ( g p a t h *  p a th )
{
C L a y e r P a i r  o ld p p  ■ p a t h - > l a y e r < ) ;
C L a y e r P a i r  new pp 3  o ld p p ;  
b o o l  d o n ep  3  f a l s e ;
C L a y e r P a i r  o ldpm  * p a t h - > l a y e r ( ) ;
C L a y e r P a i r  newpm ~ o ld p m ; 
b o o l  donem  3  f a l s e ; 
do 
{
i f O d o n e p  kk  p p 2 < p a th ,  n e w p p ))  r e t u r n  t r u e ;  
i f ( ! donem  k k  p p 2 ( p a t h ,  new pm )) r e t u r n  t r u e ;

o ld p p  = new pp;
i f ( ! d o n e p )  new pp++;
if (o ld p p = = n e w p p )  d o n e p  “ t r u e ;

o ldpm  3 newpm; 
i f ( ! donem ) newpm— ; 
if(o ld p m = = n ew p m ) donem  *  t r u e ;

} w h i l e ( f d o n e p  II Id o n em ); 
r e t u r n  f a l s e ;
>

b o o l  g w i r e : : p p 2 ( g p a th *  p a t h ,  C L a y e rP a ir  l a y e r p )
{

/ / e x t e r n  Q T e x tS tre a m  l g ;
/ / l g  «  " t r y i n g  " ;
/ / l g  «  p a th - > f r o m ( )  . c e n t e r O  . x ( )  «  " " «  p a t h - > f r o m ( ) . c e n t e r O  . y ( )  ;
/ / l g  «  " : " «  p a t h - > t o ( )  . c e n t e r O  . x ( )  «  " " «  p a t h - > t o ( )  . c e n t e r O  . y ( ) ;
/ / l g  «  " a t  " «  l a y e r p . l l ( ) - > n a m e ( )  «  " " «  l a y e r p . u lO - > n a m e 0  «  " \ n " ;

i n t  p o s  * f i n d R e f ( p a t h ) ;

Q V a lu e L is t< C T ile E d g e >  e d g e s  ■ p a t h - > e d g e s ( ) ; 
Q V a lu e L is t I te r a to r < C T i le E d g e >  e l t ;  
b o o l  h a s L e f t  s  f a l s e ;  
b o o l  h a s R ig h t  3  f a l s e ;
C T ile E d g e  l e f t , r i g h t ;

f o r ( e I t = e d g e s . b e g i n ( ) ; e l t ! = e d g e s . e n d ( )  k k  ! h a s L e f t ; e I t + + )

C T ile E d g e  ed g e  3  * e l t ;
/ / l g  «  e d g e . l a y e r ( ) - > n a m e ( )  «  " " «  e d g e . t r a c k O  «  " "  << e d g e .e d g e O ;  

i f ( e d g e . l a y e r ( ) - > c e l l O v e r f l o w s ( e d g e . t r a c k O , e d g e . e d g e ( ) ) )
<

/ / l g  «  " o v e r f lo w s " ;
l e f t 3 e d g e ;  
h a s L e f t  3  t r u e ;

>
/ / l g  «  " \ n " ;

>

e l t 3 e d g e s . e n d ( ) ; 
do

e l t — ;
C T ile E d g e  e d g e  3  * e l t ;

//lg « edge.layer()->name() « " « edge.trackO « " " « edge.edgeO;
if (edge, layer 0->cellOverf lows (edge, track (), edge. edgeO))

//lg « " overflows";
r i g h t = e d g e ;  
h a s R ig h t  3  t r u e ;

>
/ / l g  «  " \ n " ;

} w h i l e ( e l t ! 3 e d g e s .b e g i n ( )  k k  ( h a s R ig h t ) ;  
a s s e r t ( h a s L e f t  k k  h a s R i g h t ) ;

Q P o in t f r o m , t o ;  
i f ( p a t h - > d i r ( ) ==VERTICAL)
{

f r o m .s e t X (  l e f t . e d g e O  ) ;  
f r o m .s e t Y (  l e f t . t r a c k O  ) ;  
t o . s e t X (  r i g h t . e d g e O  ) ;  
t o . s e t Y (  r i g h t . t r a c k O  ) ;
i f  ( p a th - > f r o m O  . c e n t e r O  . y ( ) < p a t h - > t o ( )  . c e n t e r O  . y O )  

f r o m .s e tY (  f r o m . y ( ) - l  ) ;  
e l s e  i f  ( p a t h - > t o ( )  . c e n t e r O  . y ( ) < p a th - > f r o m ( )  . c e n t e r O - y ( ) ) 

t o . s e t Y (  t o . y ( ) - l  ) ;  
e l s e  a s s e r t ( f a l s e ) ;

>
e l s e  i f ( p a t h - > d i r ( ) 3 3 HORIZONTAL)
{

f r o m .s e tX C  l e f t . t r a c k O  ) ;  
f r o m .s e tY (  l e f t . e d g e O  ) ;  
t o . s e t X (  r i g h t . t r a c k O  ) ;  
t o . s e t Y (  r i g h t . e d g e O  ) ;
i f  ( p a th - > f r o m ( )  . c e n t e r O  . x ( ) < p a t h - > t o ( )  . c e n t e r O  . x ( ) ) 

f r o m .s e t X (  f r o m . x O - l  ) ;  
e l s e  i f  ( p a t h - > t o ( )  . c e n t e r O  .x ( ) < p a th - > f r o m ( )  . c e n t e r O  . x ( ) )  

t o . s e t X C  t o . x ( ) - l  ) ;  
e l s e  a s s e r t ( f a l s e ) ;

}
e l s e  a s s e r t ( f a l s e ) ;

/ / l g  «  " f ro m  : " «  f r o m .x O  «  " " «  f r o m .y O  «  " \ n " ;
//lg « "to : " « to.xO « " " « to.yO « "\n";

i f ( p a t h - > d i r ( )  “ VERTICAL)
{

i n t  d =0 ;
i n t  m axd 3 ( i n t ) f a b s ( f r o m . y O - t o . y O ) ;
do
{

g w ir e *  w ire  3  new g w i r e O ;  
i f ( d ! 30 )  w i r e - > a p p e n d (  new 

g p a t h ( l a y e r p ,  Q R ect ( f r o m ,  Q S ize  ( 1 , 1 ) ) ,  Q R ect ( f r o m .x O + d ,  f r o m .y O  , 1 , 1 ) ) )  ; 
w i r e - > a p p e n d (  new

g p a t h ( l a y e r p ,  Q R ect ( f r o m .x ( ) + d ,  f r o m .y O  , 1 , 1 )  , Q R ect ( t o .  x ( ) + d ,  t o . y O  , 1 , 1 ) ) ) ;
i f ( d ! 3 0 )  w i r e - > a p p e n d (  new 

g p a t h ( l a y e r p , Q R e c t ( t o . x ( ) + d , t o . y O , 1 , 1 ) . Q R e c t ( to ,Q S iz e ( 1 , 1 ) ) ) ) ;  
Q V a lu e L is t< C T ile E d g e >  e d g e s  3 w i r e - > e d g e s ( ) ; 

Q V a lu e L i s t I t e r a to r < C T i l e E d g e >  e l t ;
/ / l g  «  " d e l t a  " «  d  «  " \ n " ;
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b o o l  f u l l  *  f a l s e ;
f o r ( e I t = e d g e s . b e g i n ( ) ; e l t ! “ e d g e s . e n d ( ) ; e l t+ + )
{

/ / l g  «  ( * e l t ) . l a y e r ( ) - > n a m e O  «  H " «  ( * e l t )  . t r a c k O  «  " " «
( * e l t )  . e d g e O ;

i f ( ( * e l t )  . l a y e r ( ) - > e e l l F u l l ( ( * e I t )  . t r a c k O  , ( * e l t ) . e d g e O  ) ) { / * l g  <<
" f u l l \ n " ; * / f u l l = t r u e ; b r e a k ; }
/ / l g  «  " \ n " ;

>
i f ( ! f u l l )
{

/ / l g  «  " i n s e r t i n g \ n " ;
u i r e - > s e t A u t o D e l e t e ( f a l s e ) ; 
p a t h - > d e c C e l l F l o w s ( ) ;
i f ( p a t h - > f r o m ( ) . c e n t e r O !“ f ro m ) w ir e -> p re p e n d (n e w  

g p a t h ( p a t h - > l a y e r ( ) , p a t h - > f r o m ( ) . Q R e c t ( f r o m ,Q S i z e ( 1 , 1 ) ) ) )  ;
i f ( p a t h - > t o ( ) - c e n t e r O ! = t o )  w i re -> a p p e n d (n e w  

g p a t h ( p a t h - > l a y e r ( ) , Q R e c t ( to ,Q S iz e ( 1 , 1 ) ) , p a t h - > t o O ) ) ;  
r e m o v e ( p a t h ) ; 

w i r e - > f i r s t ( ) ; 
w h i l e ( w i r e - > c u r r e n t  0 )

/ / l g  «  " " «  w i r e - > c u r r e n t ( ) - > f r o m ( ) . c e n t e r O . x ( )  «  " " «  
w i r e - > c u r r e n t ( ) - > f r o m ( )  . c e n t e r O  . y ( )  ;
/ / l g  «  " " «  v i r e - > c u r r e n t ( ) - > t o ( ) . c e n t e r O . x ( )  «  " " «  
w i r e - > c u r r e n t ( ) - > t o ( )  . c e n t e r O  . y ( )  «  " \ n " ; 

w i r e - > c u r r e n t 0 - > r o u t e d ( t r u e ) ; 
l O  w i r e - > c u r r e n t  0 - > i n c C e l l F l o w s ( ) ;

i n s e r t ( p o s , w i r e - > c u r r e n t ( ) ) ; 
p o s+ + ;
w i r e - > n e x t ( ) ;
>
a t ( p o s ) ;

d e l e t e  w i r e ;
r e t u r n  t r u e ;

>
d e l e t e  w i r e ;

w i r e  = new  g w i r e O ;  
i f ( d ! = 0 ) w i r e - > a p p e n d (  new 

g p a t h ( l a y e r p ,Q R e c t ( f r o m , Q S i z e ( 1 , 1 ) ) . Q R e c t ( f r o m . x ( ) - d , f r o m . y O , 1 , 1 ) ) ) ;  
w i r e - > a p p e n d (  new

g p a th  ( l a y e r p ,  Q R ect ( f r o m . z O - d ,  f r o m .y O  , 1 , 1 ) ,  Q R ect ( t o .  x ( ) - d ,  t o . y O  , 1 , 1 ) ) ) ;
i f ( d ! = 0 ) w i r e - > a p p e n d (  new 

g p a t h ( l a y e r p , Q R e c t ( t o . x ( ) - d , t o . y O , 1 , 1 ) .Q R e c t ( to ,Q S iz e ( 1 , 1 ) ) ) ) ;  
e d g e s  *  w i r e - > e d g e s ( ) ; 

f u l l  *  f a l s e ;
/ / l g  «  " d e l t a  " << d  «  " \ n " ;

f o r  ( e l t = e d g e s . b e g i n O  ; e l t  *- e d g e s . e n d O ; e l t+ + )
{

/ / l g  «  ( * e l t ) . l a y e r ( ) -> n a m e 0  «  H " «  ( * e l t )  . t r a c k O  «  ” " «
( * e l t )  - e d g e O ;

i f  ( ( * e l t )  . l a y e r 0 - > c e l l F u l l ( ( * e I t )  . t r a c k O  , ( * e l t )  . e d g e O ) )  { / * l g  «
" f u l l \ n " ; * / f u l l - t r u e ;b r e a k ;}
/ / l g  «  " \ n " ;

>
i f ( ! f u l l )

{
/ / l g  «  " i n s e r t i n g \ n " ;

w i r e - > s e t A u t o D e l e t e ( f a l s e ) ; 
p a t h - > d e c C e l l F l o w s ( ) ;
i f ( p a t h - > f r o m ( ) . c e n t e r O ! = f r o m )  w i r e - > p r e p e n d (n e w  

g p a t h ( p a t h - > l a y e r ( ) , p a t h - > f r o m ( ) , Q R e c t ( f r o m , Q S i z e ( l , 1 ) ) ) ) ;
i f ( p a t h - > t o ( ) . c e n t e r O ! * t o )  w ir e -> a p p e n d (n e w  

g p a t h ( p a t h - > l a y e r ( ) , Q R e c t ( t o , Q S i z e ( l , l ) ) , p a t h - > t o ( ) ) ) ; 
r e m o v e ( p a th ) ; 

w i r e - > f i r s t ( ) ;  
w h i l e ( w i r e - > c u r r e n t ( ) )

/ / l g  «  " " «  w i r e - > c u r r e n t ( ) - > f r o m ( )  . c e n t e r O  . x ( )  «  " " «  
w i r e - > c u r r e n t ( ) - > f r o m ( )  . c e n t e r O  .yX);
/ / l g  «  " " «  W i r e - > c u r r e n t ( ) - > t o ( ) . c e n t e r O . x ( )  «  " " «  
w i r e - > c u r r e n t O - > t o ( )  . c e n t e r O  . y ( )  << " \ n " ;  

w i r e - > c u r r e n t ( ) - > r o u t e d ( t r u e ) ; 
w i r e - > c .u r r e n t ( ) - > i n c C e l l F l o w s ( ) ; 
i n s e r t ( p o 8 , w i r e - > c u r r e n t ( ) ) ; 
p o s+ + ;
w i r e - > n e x t ( ) ;
>
a t  ( p o s ) ;

d e l e t e  w i r e ;
r e t u r n  t r u e ;

d e l e t e  w i r e ;
}w h ile (d + + < S n a x d );

} e l s e  if (p a th -> d ir()= = H O R IZ O N T A L )
{

i n t  d= 0 ;
i n t  m axd = ( i n t ) f a b s ( f r o m . x ( ) - t o . x ( ) ) ; 
do  
{

g w ire *  w ir e  -  new g w i r e O ;  
i f ( d ! = 0 ) w i r e - > a p p e n d (  new 

g p a t h ( l a y e r p ,Q R e c t ( f r o m , Q S i z e ( 1 , 1 ) ) , Q R e c t ( f r o m .x O , f r o m .y ( ) + d , 1 , 1 ) ) ) ;  
w i te - > a p p e n d (  new

g p a t h ( l a y e r p ,  Q R ect ( f r o m .x O  . f r o m . y O  + d , l ,  1 ) , Q R ect ( t o .  x O  , t o . y  O + d ,  1 , 1 ) ) ) ;
i f ( d ! = 0 ) w i r e - > a p p e n d (  new 

g p a t h ( l a y e r p , Q R e c t ( t o . x ( ) , t o . y ( ) + d , l , l ) , Q R e c t ( t o , Q S i z e ( l , l ) ) ) ) ;  
Q V a lu e L is t< C T ile E d g e >  e d g e s  = w i r e - > e d g e s ( ) ; 

Q V a lu e L i8 t I te r a to r < C T i le E d g e >  e l t ;  
b o o l  f u l l  = f a l s e ;  ■

/ / l g  «  " d e l t a  " «  d  «  " \ n " ;
f o r ( e l t - e d g e s  . b e g i n O  ; e l t ! - e d g e s . e n d O  ; e l t+ + )
{

/ / l g  «  ( * e l t )  . l a y e r O - > n 2u n e ()  «  " " «  ( * e l t )  . t r a c k O  «  " " «
( * e l t )  . e d g e O ;

i f  ( ( * e l t )  . l a y e r 0 - > c e l l F u l l ( ( * e l t )  . t r a c k O  , ( * e l t )  . e d g e O ) ) { / * l g  «
" f u l l \ n " ; * / f u l l - t r u e ; b r e a k ;>
/ / l g  «  " \ n " ;

>
i f ( ! f u l l )

/ / l g  «  " i n s e r t i n g X n " ;
w i r e - > 8 e t A u t o D e l e t e ( f a l s e ) ; 
p a t h - > d e c C e l l F l o w s ( ) ;
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i f ( p a t h - > f r o m ( ) . c e n t e r O ! = f r o m )  w i r e - > p r e p e n d (n e w  
g p a t h ( p a t h - > l a y e r ( ) , p a th - > f r o m ( ) , Q R e c t( f ro m , Q S iz e ( 1 , 1 ) ) ) ) ;

i f ( p a t h - > t o ( ) . c e n t e r O ! = t o )  v i r e - > a p p e n d ( n e w  
g p a t h ( p a t h - > l a y e r ( ) . Q R e c t ( t o , Q S i z e ( l . l ) ) , p a t h - > t o ( ) ) ) ; 

r e m o v e ( p a t h ) ; 
w i r e - > f i r s t ( ) ; 
w h i l e ( w i r e - > c u r r e n t ( ) )

/ / l g  «  " " «  v i r e - > c u r r e n t ( ) - > f r o m ( ) - c e n t e r O - x ( )  «  " " «  
w i r e - > c u r r e n t ( ) - > f r o m ( )  . c e n t e r O  . y ( ) ;
/ / l g  «  " " «  w i r e - > c u r r e n t  ( ) - > t o ( ) . c e n t e r O  . x ( )  «  " " «  
v i r e - > c u r r e n t ( ) - > t o ( )  . c e n t e r O  . y ( )  «  " \ n " ;  

w i r e - > c u r r e n t ( ) - > r o u t e d ( t r u e ) ; 
w i r e - > c u r r e n t ( ) - > i n c C e l l F l o w s ( ) ; 
i n s e r t ( p o s , w i r e - > c u r r e n t ( ) ) ; 
p o s+ + ;
w i r e - > n e x t  0 ;
>
a t ( p o s ) ;

d e l e t e  w i r e ;
r e t u r n  t r u e ;

>
d e l e t e  w i r e ;

w i r e  = new  g w i r e O  ; 
i f ( d ! = 0 ) w i r e - > a p p e n d (  new 

g p a t h ( l a y e r p ,Q R e c t ( f r o m , Q S i z e ( 1 , 1 ) ) , Q R e c t ( f r o m .x O . f r o m .y ( ) - d , 1 , 1 ) ) ) ;  
t O  w ir e - > a p p e n d (  new
^  g p a t h ( l a y e r p ,Q R e c t ( f r o m . x O . f r o m . y ( ) —d , 1 , 1 ) . Q R e c t ( t o . x ( ) , t o . y ( ) - d , l , l ) ) ) ;

i f ( d ! - 0 ) w i r e - > a p p e n d (  new 
g p a t h ( l a y e r p , Q R e c t ( t o . x O , t o . y ( ) - d , 1 , 1 ) , Q R e c t ( to ,Q S iz e ( 1 , 1 ) ) ) ) ;  

e d g e s  = w i r e - > e d g e s ( ) ; 
f u l l  -  f a l s e ;

/ / l g  «  " d e l t a  " «  d  «  " \ n " ;
f o r ( e I t = e d g e s . b e g i n ( ) ; e l t ! - e d g e s . e n d ( ) ; e l t+ + )

/ / l g  «  ( * e l t ) . l a y e r ( ) - > n a m e ( )  «  " " «  ( * e l t )  . t r a c k O  «  " " «
( * e l t ) . e d g e O ;

i f  ( ( * e l t )  . l a y e r ( ) - > c e l l F u l l ( ( * e I t )  . t r a c k O  , ( * e l t )  . e d g e ( ) ) ) { / * l g  «
" f u l l \ n " ; * / f u l l - t r u e ; b r e a k ;>
/ / l g  «  " \ n " ;

>
i f  ( I f u l l )
{

/ / l g  «  " i n s e r t i n g \ n " ;
w i r e - > s e t A u t o D e l e t e ( f a l s e ) ; 
p a t h - > d e c C e l l F l o w s ( ) ;
i f ( p a t h - > f r o m ( ) . c e n t e r O ‘ - f r o m )  w ire -> p re p e n d (n e w  

g p a t h ( p a t h - > l a y e r ( ) , p a t h - > f r o m O , Q R e c t ( f r o m ,Q S iz e ( l , 1 ) ) ) ) ;
i f ( p a t h - > t o ( ) . c e n t e r O ! * t o )  w ir e -> a p p e n d (n e w  

g p a t h ( p a t h - > l a y e r ( ) ,.Q R e c t ( t o ,Q S i z e ( l , 1 ) ) , p a t h - > t o ( ) ) )  ; 
r e m o v e ( p a th ) ; 

w i r e - > f i r s t ( ) ; 
w h i l e ( w i r e - > c u r r e n t  O )
{

/ / l g  «  " " «  w i r e - > c u r r e n t ( ) - > f r o m ( ) . c e n t e r O . x ( )  «  " " «  
w i r e - > c u r r e n t ( ) - > f r o m ( )  . c e n t e r O  . y ( ) ;

/ / l g  «  " " «  w i r e - > c u r r e n t ( ) - > t o ( ) . c e n t e r O . x ( )  «  " " «  
w i r e - > c u r r e n t ( ) - > t o ( )  . c e n t e r O  . y ( )  «  " \ n " ;  

w i r e - > c u r r e n t ( ) - > r o u t e d ( t r u e ) ; 
w i r e - > c u r r e n t ( ) - > i n c C e l l F l o w s ( ) ;  
i n s e r t ( p o s , w i r e - > c u r r e n t ( ) ) ;  
p o s+ + ;
w i r e - > n e x t ( ) ;
>
a t ( p o s ) ;

d e l e t e  w i r e ;
r e t u r n  t r u e ;

}
d e l e t e  w i r e ;

} w h ile (d + + < m a x d ) ;
>
e l s e  a s 8 e r t ( f a l s e ) ; 
r e t u r n  f a l s e ;

>

v o id  g w i r e : : p p 3 ( )
{
f i r s t O ;  . . 
g p a th *  p a t h  -  NULL; 
w h i l e ( c u r r e n t  0 )
{
i f ( c u r r e n t ( ) ! - g e t F i r s t  0 )
{
i f  ( ! p a t h - > l a y e r ( )  . i s N u l l O  fcfc 
! c u r r e n t ( ) - > l a y e r ( ) . i s N u l l ( ) )
{
b o o l  v i o l  -  f a l s e ;
Q R ect r  = p a t h - > t o ( )  t  c u r r e n t ( ) - > f r o m ( ) ;

i f  ( * p a t h - > l a y e r ( ) . u l O < = * c u r r e n t  0 - > l a y e r  ( ) .  1 1 0  )
{
b o o l  i n c l u d e l , i n c l u d e 2 ;

i f  ( p a t h - > d i r ( )  ! - p a t h - > l a y e r ( )  . u l ( ) - > d i r O )  i n c l u d e l  = t r u e ;  e l s e  i n c l u d e l  = 
f a l s e ;
if(path->dlr()»=UNKNOW NLAYERDIRECTION) 
i n c l u d e l  -  f a l s e ;

i f ( c u r r e n t ( ) - > d i r ( ) ! = c u r r e n t ( ) - > l a y e r ( ) . l l ( ) - > d i r ( )  ) i n c lu d e 2  = t r u e ;  e l s e  
i n c lu d e 2  -  f a l s e ;

i f ( c u r r e n t ( ) - > d i r ( ) — UNKNOWNLAYERDIRECTION) i n c lu d e 2  -  f a l s e ;  
C P trL is t< C L a y e r>
l i s t ( p a t h - > l a y e r 0 - u l ( ) , c u r r e n t ( ) - > l a y e r ( ) . 1 1 0 , i n c l u d e l , i n c l u d e 2 ) ;
l i s t . f i r s t O ;
w h i l e ( l i s t . c u r r e n t  0 )
{
C L ay e r*  1 *  l i s t . c u r r e n t O  ; 
i f  ( l - > d i r  0 — VERTICAL)
{

i f  ( l - > c e l l B l o c k e d ( r .  c e n t e r O  . y ( )  , r .  c e n t e r O  . x ( ) )  kk  
l - > c e l l B l o c k e d ( r . c e n t e r O  . y ( ) + l , r . c e n t e r O  . x ( ) ) )
<
v i o l  *
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w h i l e ( l i s t . c u r r e n t ( ) )
{
C L ay e r*  1 = l i s t . c u r r e n t ( ) ;  
i f  ( l - > d i r  (  VERTICAL)
{
i f  (
l - > c e l l B l o c k e d ( t i l e . y ( )  , t i l e . x O )  kk

l - > c e l l B l o c k e d ( t i l e . y  0 + 1 ,  t i l e . x O ) )

f u l l = t r u e ; b r e a k ;
}
> e l s e  i f  ( l - > d i r ( ) — HORIZONTAL)
<
i f  (
l - > c e l l B l o c k e d ( t i l e . x ( )  . t i l e . y O )  A t

l - > c e l l B l o c k e d ( t l i e . x ( ) + i , t i l e . y ( ) ) )
{
f u l l = t r u e ; b r e a k ;
>
>
l i s t . n e x t ( ) ;
>
i f ( ! f u l l )
{
n e x t - > d e c C e l l F l o w s ( ) ; 
n e x t - > f  rom  ( t i l e  . r e c t O ) ;

C L ay e r*  11 *  f i r s t  ( ) - > l a y e r ( )  . 1 1 0  ;
C L ay e r*  12 = l i s t . f i r s t O  ; 
g p a th *  p a t h  = new
g p a th ( C L a y e r P a i r ( 1 1 , 1 2 ) , f i r s t ( ) - > t o ( ) , t i l e . r e c t ( ) . t r u e ) ;
i n s e r t ( l . p a t h ) ;
p a t h - > i n c C e l l F l o w s ( ) ;
n e x t - > i n c C e l l F l o w s ( ) ;
do n e  = t r u e ;
b r e a k ;
>
>
i f ( i t t ! = t i l e s . e n d ( ) )  i t t + + ;  
i f ( i t t * = t i l e s . e n d ( ) )  d o n e  *  t r u e ;
} v h i l e ( ! d o n e ) ;
>

v o id  g w i r e : : p p 4 to ( C P t r L i s t< C L a y e r >  l i s t )  
{
l a s t O ;
g p a th *  p r e v  «  t h i s - > p r e v ( ) ; 
Q V a lu e L is t< C T ile >  t i l e s  *  p r e v - > t i l e s ( ) ; 
Q V a lu e L i s t I t e r a to r < C T i l e >  i t t ;  
i t t  = t i l e s . e n d ( ) ;  
b o o l  d o n e  = f a l s e ;  
do 
{
i f ( i t t ! = t i l e s . b e g i n ( ) )  i t t — ;
C T i le  t i l e  »  * i t t ;  
i f ( ! d o n e  k k  ( l i s t . i s E m p t y O )

<
b o o l  f u l l  = f a l s e ;  
l i s t .  f i r s t O . ;  
w h i l e ( l i s t . c u r r e n t  0 )

{ '
C L ay e r*  1 *  l i s t . c u r r e n t O  ; 
i f  ( l - > d i r  ( )  — VERTICAL)
{
i f  (
l - > c e l l B l o c k e d ( t i l e . y ( )  , t i l e . x O )  kk  

l - > c e l l B l o c k e d ( t i l e . y  0 + 1 ,  t i l e . x O ) )

i
1u l l = t r u e ; b r e a k ;

J e l s e  i f ( l - > d i r ( ) — HORIZONTAL)
i
i f (
l - > c e l l B l o c k e d ( t i l e . x ( )  . t i l e . y O )  kk

l - > c e l l B l o c k e d ( t i l e . x ( ) + l , t i l e . y ( ) ) )
<
f u l l ^ t r u e ; b r e a k ;
>
>
l i s t . n e x t O ;
>
i f ( l f u l l )
{
p r e v - > d e c C e l l F l o w s ( ) ; 
p r e v - > t o ( t i l e . r e c t O ) ;

C L a y e r*  11 = l a s t ( ) - > l a y e r ( ) . 1 1 0  ;
C L a y e r*  12 = l i s t . l a s t O ;  
g p a th *  p a t h  =  new
g p a t h ( C L a y e r P a i r ( 1 1 , 1 2 ) , t i l e . r e c t O , l a s t ( ) - > f r o m 0 . t r u e ) ;
i n s e r t ( c o u n t ( ) - l , p a t h ) ;
p a t h - > i n c C e l l F l o w s ( ) ;
p r e v - > i n c C e l l F l o w s ( ) ;
d o n e  = t r u e ;
b r e a k ;
>
>
i f ( i t t — t i l e s . b e g i n O )  d o n e  = t r u e ;
} w h i l e ( ! d o n e ) ;
>

v o i d  g w i r e : :m o v e P a th ( g p a th *  p a t h ,  C L a y e rP a ir  l a y e r ,  c o n s t  i n t  d x ,  c o n s t  i n t  dy ) 
{
i f ( ! l a y e r . i s N u l l ( ) )
{
i n t  p o s  * f i n d R e f ( p a t h ) ; a s s e r t ( p o s > 0 ) ; 

p a t h - > l a y e r (  l a y e r  ) ;
>

i f ( d x ! = 0  I I d y != 0 )
{
i n t  p o s  *  f i n d R e f ( p a t h ) ; a s s e r t ( p o s > 0 ) ;
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e x t e r n  CTim t im ;  
e x t e r n  C T im ing  t i m i n g ;  
e x t e r n  C R te  r t e ;  
e x t e r n  C G Route r o u t e ;  
e x t e r n  b o o l  h a s L e fD e f ;  
e x t e r n  b o o l  h a s C c t ;  
e x t e r n  b o o l  ha sT im ; 
e x t e r n  b o o l  h a s T im in g ;  
e x t e r n  C U t i l  u t i l ;

i f  ( c m d . i s N u l l O  II c m d .is E m p ty O  II  cm d[0 ] — ’t ’ ) r e t u r n  t r u e ;  
Q S t r i n g L i s t  p a ra m s •  Q S t r i n g L i s t : : s p l i t ( "  " . c m d .s im p l i f y W h i t e S p a c e Q )  ; 
s t d : : c o u t  «  cmd «  " \ n " ;  
b o o l  s u e c = f a l s e ;  
i f  (p a ra m s  [ 0 ] — " e x i t " )
{
e x i t ( O ) ;
/ / a p p . q u i t O ; 
r e t u r n  t r u e ;
} e l s e  i f  ( p a r a m s [ 0 ] “ " i n c l u d e " )
{
s u c c  = lo a d ( p a r a m s [ 1 ] ) ;
} e l s e  i f ( p a r a m s [ 0 ] = = " r e a d " )

Q S tr in g  w h a t = p a r a m s [ 1 ] ;
i f  ( w h a t— " l e f  " M s u c c  *  l e f . l o a d ( p a r a m s [ 2 ] ) ; i f  ( s u c c )  h a s L e fD e f  = 
t r u e ; }
e l s e  i f ( w h a t — " d e f " ) { s u c c  = d e f . lo a d ( p a r a m s [ 2 ] ) ; i f ( s u c c )

C O  h a s L e fD e f  * t r u e ; }
e l s e  i f ( w h a t — " s t r "  H s u c c  ■ s t r . lo a d ( p a r a m s [ 2 ] ) ; i f ( s u c c )  h a s C c t  
= t r u e ; }
e l s e  i f  ( w h a t— " l i b " ) { s u c c  = l i b . l o a d ( p a r a jn s [ 2 ]  )  ; i f  ( s u c c )  h a s C c t  
= t r u e ; }
e l s e  i f ( w h a t — " p l a " ) { s u c c  «* p l a . l o a d ( p a r a m s [ 2 ] ) ; i f ( s u c c )  h a s C c t  
=  t r u e ; }
e l s e  i f  ( w h a t— " n e t " H s u c c  =  n e t l i s t . l o a d ( p a r a m s  [2] )  ; i f  ( s u c c )  
h a s C c t  -  t r u e ; }
e l s e  i f  ( w h a t— " d s n " ) { s u c c  *  d s n .  l o a d ( p a r a m s  [ 2 ] )  ; i f  ( s u c c )  h a s C c t  
= t r u e ; }
e l s e  i f ( w h a t — " t i m " )  { s u c c  -  t i m . l o a d ( p a r a m s [ 2 ] ) ; i f ( s u c c )  h a sT im  
= t r u e ; }
e l s e  i f  ( w h a t— " t i m i n g " ) { s u c c  »  t i m i n g . l o a d ( p a r a m s [ 2 ] ) ; i f  ( s u c c )  
h a s T im in g  = t r u e ; }
e l s e  i f  ( w h a t— " r t e " ) {  s u c c  = r t e . l o a d ( p a r a m s  [2] )  ;}
} e l s e  i f  ( p a r a m s [ 0 ] — " w r i t e " )
{
Q S tr in g  w h a t = p a r a m s [ 1 ] ;
i f  (w h a t— " l e f " )  s u c c  * l e f  . s a v e  (p a ra m s  [2 ] ) ;
e l s e  i f ( w h a t — " d e f " )  s u c c  = d e f . s a v e ( p a r a m s [ 2 ] )  ;
e l s e  i f ( w h a t — " s t r " )  s u c c  = s t r . s a v e ( p a r a m s [ 2 ] ) ;
e l s e  i f  (w h a t— " l i b " )  s u c c  *  l i b .  s a v e  (p a ra m s  [ 2 ] )  ;
e l s e  i f  ( w h a t— " p l a " )  s u c c  «  p l a .  s a v e  (p a ra m s  [ 2 ] )  ;
e l s e  i f  (w h a t— " n e t " )  s u c c  ~  n e t l i s t . s a v e ( p a r a m s [2] ) ;
e l s e  i f ( w h a t= = " d s n " )  s u c c  ~  d s n . s a v e ( p a r a m s [ 2 ] ) ;
e l s e  i f ( w h a t= = " t im " )  s u c c  *  t i m . s a v e ( p a r a m s [ 2 ] ) ;
e l s e  i f  ( w h a t— " t i m i n g " )  s u c c  * t i m i n g ,  s a v e  (p a ra m s  [2 ] )  ;
e l s e  i f  ( w h a t— " b l o c k " )  s u c c  »  r o u t e .  s a v e B lk (p a ra m s  [2 ] )  ;
e l s e  i f  ( w h a t— " r t e " )  s u c c  *  r o u t e . r t e W r i t e ( p a r a m s  [2 ] )  ;
e l s e  i f  ( w h a t— " g r t e " )  s u c c  * r o u t e .g r t e W r i t e ( p a r a m s  [2 ]  )  ;

e l s e  i f  ( w h a t— " f l w " )  s u c c  *  r o u t e .  s a v e F lo w  (p a ra m s  [ 2 ] ) ;
e l s e  i f  ( w h a t— " p i c " )  s u c c  *  r o u t e .  s a v e P ic  (p a ra m s  [ 2 ] ,  p a r a m s [ 3 ] ) ;
} e l s e  i f ( p a r a m s [ 0 ] — " r e p o r t " )
{
Q S t r in g  w h a t = p a r a m s [ 1 ] ;
i f ( w h a t — " l e f d e f c o n g " )  s u c c  = u t i l . l e f d e f C o n g W r i t e ( p a r a m s [ 2 ] ) ;  
e l s e  i f ( w h a t — " c c tc o n g " )  s u c c  ■ u t i l . c c tC o n g W r i te ( p a r a m s [ 2 ] ) ;  
e l s e  i f  ( w h a t— " c o n g l e f d e f " )  s u c c  = 
u t i l . c o n g le f d e f W r i t e ( p a r a m s [ 2 ] ) ;
e l s e  i f ( w h a t — " c o n g c c t " )  s u c c  = u t i l . c o n g c c t W r i t e ( p a r a m s [ 2 ] ) ;  
e l s e  i f ( w h a t — " l e n g t h " )  s u c c  = u t i l . l e n g th W r i t e ( p a r a m s  [ 2 ] ) ;  
e l s e  i f ( w h a t — " c c t t i m " )  s u c c  = u t i l . c c t T i m W r i t e ( p a r a m s [ 2 ] ) ;
} e l s e  i f ( p a r a m s [ 0 ] — " s e t " )
i
Q S t r in g  w h a t -  p a r a m s [ 1 ] ;  
i f  ( w h a t— " d i e a r e a " )
{
d o u b le  x l  = p a r a m s [2 ] . t o D o u b le O  ; 
d o u b le  y l  * -p a r a m s [3 ] . t o D o u b le O  ; 
d o u b le  x2  = p a ra m s [4 ]  . t o D o u b le O  ; 
d o u b le  y2  = p a ra m s [5 ]  . t o D o u b l e O ; 
r o u t e . d i e A r e a ( x l , y l , x 2 , y 2 ) ; 
s u c c  ® t r u e ;
} e l s e  i f ( w h a t * = " g c e l l " )

<
d o u b le  w i d t h  = p a r a m s [2 ]  . t o D o u b le O  ; 
d o u b le  h e i g h t  -  p a r a m s [3 ] . t o D o u b le O  ; 
r o u t e . g C e l l ( w i d t h , h e i g h t ) ; 
s u c c  *  t r u e ;
} e l s e  i f  (w h a t— " g t i l e " )
{
i n t  w i d th  ■ p a ra m s  [2 ] . t o I n t O  ; 
i n t  h e i g h t  = p a r a m s [3 ]  . t o I n t O  ; 
r o u t e . g T i l e ( w i d t h , h e i g h t ) ; 
s u c c  *  t r u e ;
} e l s e  i f  (w h a t— " o r d e r " )
{
i n t  o r d e r  s  p a r a m s [2 ] . t o I n t O  ; 
r o u t e . o r d e r ( o r d e r ) ; 
s u c c  = t r u e ;
} e l s e  i f  (w h a t— "lu m p ")
{
d o u b le  lum p s  p a r a m s [2 ] . t o D o u b le O  ;
r o u t e . lu m p ( lu m p ) ;
s u c c = t r u e ;
} e l s e  i f ( w h a t * = " d r i v e r " )
<
d o u b le  r e s  = p a ra m s [2 ]  . t o D o u b le O  ; 
d o u b le  c a p  » p a ra m s [3 ]  . t o D o u b l e O ; 
r o u t e . d r i v e r ( r e s , c a p ) ; 
s u c c  = t r u e ;
} e l s e  i f ( w h a t = = " b u f f e r " )
{
d o u b le  l o a d  s  p a r a m s [2 ] . t o D o u b le O  ; 
d o u b le  r e s  *  p a r a m s [3 ]  . t o D o u b le O  ; 
d o u b le  c a p  * p a r a m s [4 ]  . t o D o u b le O  ; 
r o u t e . b u f f e r ( l o a d , r e s , c a p ) ; 
s u c c  = t r u e ;
} e l s e  i f  (w h a t— " l o a d " )
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{
d o u b le  l o a d  = p a r a m s [ 2 j  . t o D o u b le O  ; 
r o u t e . l o a d ( l o a d ) ; 
s u c c  = t r u e ;
} e l s e  i f ( w h a t * = " l a y e r " )
{
Q S t r in g  l a y e r  * p a r a m s [ 2 ] ;
Q S t r in g  p a ram  * p a r a m s [ 3 ] ;
C L ay e r*  p L a y e r  *  r o u t e . l a y e r ( l a y e r ) ; 
i f ( p L a y e r !=NULL)
{
i f ( p a r a m = = " d i r " )
p L a y e r - > d i r ( : : l a y e r D i r e c t i o n ( p a r a m s [ 4 ] ) ) ;  
e l s e  i f ( p a r a m = = " p i t e h " )  
p L a y e r - > p i t c h (p a r a m s  [4 ] . t o D o u b l e O ) ; 
e l s e  i f ( p a r a m = * " r e s " )  
p L a y e r - > r e s (p a r a m s  [4 ]  . t o D o u b l e O ) ;  
e l s e  i f ( p a r a m = * " c a p " )  
p L a y e r - > c a p ( p a r a m s [4 ]  . t o D o u b l e O ) ; 
e l s e  i f (p a ra m ® * " u s a g e " )
<
p L a y e r - > le n ( p a r a m s [ 4 ] . t o D o u b le ( ) ) ;  
p L a y e r -> b U s a g e (p a ra m s [5 ]  . to D o u b le O )  ; 
p L a y e r -> n U s a g e ( 0 ) ;
} e l s e  i f ( p a r a m * * " c e l lB lo c k " )
r o u t e . a d d C e l l B l o c k ( l a y e r ,  p a ra m s [4 ]  + " " + p a r a m s [5 ] + " 
e l s e  i f ( p a r a m = = " t i l e B l o c k " )
r o u t e . a d d T i l e B l o c k ( l a y e r ,  p a ra m s [4 ]  + "  " + p a ra m s [5 ]  + " 

CO s u c c  = t r u e ;
} e l s e  s u c c  *  f a l s e ;
} e l s e  i f (w h a t= * " m a z e " )
{
Q S tr in g  p a ra m  = p a r a m s [ 2 ] ;  
i f ( p a r a m « * " d i r _ c h a n g e _ c o s t " )  
r o u t e . d i r C h a n g e C o s t ( p a r a m s [3 ]  . t o l n t  0 ) ;  
e l s e  i f ( p a r a m * = " la y e r _ c h a n g e _ c o s t " )  
r o u t e . l a y e r C h a n g e C o s t ( p a r a m s [ 3 ] . t o l n t ( ) ) ;  
e l s e  i f ( p a r a m = * " s t e p _ c o s t " )  
r o u t e . s t e p C o s t ( p a r a m s [3 ]  . t o I n t O )  ; 
e l s e  i f ( p a r a m = * " v r o n g _ d i r _ c o s t " ) 
r o u t e .w r o n g D i r C o s t ( p a r a m s [3 ] . t o I n t O ) ;
}

" + p a r a m s [ 6 ] ) ;  

" + p a r a m s [ 6 ] ) ;

> e l s e  i f ( p a r a m s [ 0 ] * = " s e l e c t " )
<
Q S t r in g  v b a t  *  p a r a m s [ l ] ; 
i f ( w h a t * * " l a y e r " )
{
Q S t r in g  l a y e r  *  p a r a m s [ 2 ] ;  
r o u t e . s e l e c t L a y e r ( l a y e r ) ; 
s u c c  *  t r u e ;
>
} e l s e  i f ( p a r a m s [ 0 ] = * " u n s e l e c t " )

{
Q S t r in g  w h a t  *  p a r a m s [ l ] ;  
i f ( w h a t = * " n e t ” )
{
Q S t r in g  n e t  *  p a r a m s [ 2 ] ;  
r o u t e . u n s e l e c t N e t ( n e t ) ; 
s u c c  *  t r u e ;
} e l s e  i f (  w h a t= = " la y e r " )
{
Q S t r in g  l a y e r  *  p a r a m s [ 2 ] ;  
r o u t e . u n s e l e c t L a y e r d a y e r )  ; 
s u c c * t r u e ;
>
J e l s e  i f ( p a a - J u n s [ Q ] = = " in i t " )
{
s u c c  * r o u t e .  i n i t O  ;

} e l s e  i f ( p a r a m s [ 0 ] = = " g e n _ r n d _ t im " )

s u c c  » r o u t e . g e n _ r n d _ t i m ( ) ;
} e l s e  i f ( p a r a m s [ 0 ] * * " g r o u t e " )
{
s u c c  = t r u e ;
i n t  n u m l t e r  * l ; i f ( p a r a m s . c o u n t ( ) > l )  n u m l t e r  * 
p a r a m s [ 1 ] . t o l n t O ;
f o r ( i n t  i® 0 ; i< n u m l t e r ; i + + )  i f ( ! r o u t e . r o u t e ( ) )  { s u c c  = 
f a l s e ; b r e a k ; )
>
i f ( ! s u c c )  s t d : : c o u t  «  "WARNING : F a i l e d  t o  e x e c u t e ,  " «  cmd << " \ n " ;  
r e t u r n  s u c c ;
>


