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(ABSTRACT)

Microprocessors have difficulties addressing the demands of today’'s high-performance
embedded applications. ASICs are a good solution to the speed concerns, but their cost and time
to market can make them impractical for some needs. Configurable Computing Machines
(CCMs) provide a cost-effective way of creating custom components; however, oftentimes it
would be better if there were a way to change the configuration of the CCM as a program is
executing. An efficient way of doing this is with Runtime Reconfigurable (RTR) computing
architectures.

In an RTR system, one challenging problem is the assignment of operators onto the array
of processing elements (PESs) in a way as to simultaneously minimize both the number of PEs used
and the number of interconnections between them for each configuration. This job is automated
through the use of a software program referred to as the Spatial Partitioner.

The design and implementation of the Spatial Partitioner is the subject of this work. The
Spatial Partitioner developed herein uses an iterative, recursive algorithm along with cluster
refinement to find a reasonably efficient allocation of operators onto the target platform in a
reasonable amount of time. Information about the topology of the target platform is used
throughout the execution of the algorithm to ensure that the resulting solution is legal in terms of

layout.
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1. Introduction

Microprocessors alone have severe difficulties addressing the needs of today's high-
performance embedded applications. Some of these applications, for example image processing,
Fast Fourier Transforms (FFTs) and cryptographic systems, function most effectively when they
include Application Specific Integrated Circuits (ASICs) as part of their implementation. ASICs
have, in general, a very short production life. Since ASICs are generally produced in relatively
small quantities, they are responsible for a disproportionately large percentage of the cost
associated with these systems.

In an effort to address this concern and to provide for future extensibility, some complex
systems now employ Configurable Computing Machine (CCM) architectures. These CCM
platforms are typically composed of Field-Programmable Gate Arrays (FPGAs), Field-
Programmable Interconnection Devices (FPIDs), and Static Random-Access Memories (SRAM).
An FPGA is a relatively inexpensive commodity device that can be reprogrammed very quickly

via machine instructions.

1.1 Configurable Computing Machines

CCMs capture the salient characteristics of microprocessor-based systems and ASIC
systems. A CCM, like a microprocessor, can be reconfigured for many different applications.

While CCMs are also typically faster than microprocessors, they are more rigid in their



configurability. On the other hand, CCMs are much more flexible than ASICs (which cannot be
reconfigured) but are significantly slower.

A CCM consists of four main parts:

1. Configurable Processing Elements (PEs) - PEs are the primary items in CCM
architectures. They are made of simple processors that can be reconfigured to fit a
programmer’s needs. PEs are usually implemented with FPGAs since FPGAs are both
reprogrammable (in terms of operation and interconnectivity) and readily available.

2. Memory - Some sort of static memory is needed to store the results of the calculations
and actions performed by the PEs.

3. Customizable Communication Networks - In CCMs that contain multiple PEs, a
customizable method of communicating between PEs is required.

4. Input/Output Blocks (IOBs) - These are the devices the CCM uses to communicate
with the outside world. 10Bs allow communication between the CCM and the host
processor and provide an interface for programming.

General-purpose microprocessors have the constraint of being static. Once their
architectures have been put into place, they are unchangeable. If a designer wants to include a
microprocessor as a part of their design, they must be able to work within the limitations of this
fixed architecture.

CCMs typically have no inherent architecture. This provides the designer with the
flexibility of choosing an architecture that is specifically tailored to their needs. In this respect,
CCMs can be used much like ASICs, but with the advantage of reprogrammability.

One of the problems associated with CCMs is partitioning an application in a way that
most efficiently utilizes the FPGA array. This is a difficult problem since both the PEs that need
to be programmed and the number of interconnections between these PEs need to be minimized
simultaneously. The tool completed as a part of this work not only provides an efficient solution
to this problem, but is also designed to be used as part of a Runtime Reconfiguration (RTR)

system.



1.2 Runtime Reconfiguration Systems

Traditional CCM platforms consist of an array of FPGAS that is programmed in unison to
execute a given task [http://www.i0.com/~guccione/index.html]. Many of today’s applications,
for example FFTs, can be scaled to an arbitrarily large size. This scaling property guarantees that
no matter how many FPGAs are included in a CCM system, there exists some problem that is too
large to fit completely onto that system. The predominately accepted solution to this issue is the
use of RTR systems.

One advantage of RTR systems is the concepirtuial hardware. Virtual hardware can
best be explained as using an RTR system to replace several ASICs. Instead of using a chain of
ASICs to perform a given task, the same CCM can be used, in different configurations, to
perform the same task. This is similar to a computer’s usgtaél memory, which consists of
pages of RAM that can be swapped in and out of the active memory on demand. Simply
reprogram the CCM to match the function of each ASIC in turn and tie the outputs from the
previous configuration to the inputs of the next. There is, of course, the problem of losing some
of the benefits associated with chaining ASICs together in a pipeline. That is, if a series of ASICs
were used, while one ASIC was performing its tasks, the previous ASIC in the pipeline could
already be processing the next set of inputs. This allows for a certain amount of parallelism.
Even though this pipeline loss may exist, the cost difference is usually enough to compensate for
this performance degradation (especially since a single CCM can usually be configured to behave
as the entire pipeline of ASICs).

RTR systems can also be reprogrammed in a number of ways. From very small, fine-
grain, adjustments, such reprogramming a single PE or IOB, to extensive, coarse-grain,
adjustments such as reprogramming the entire platform. This varying granularity of
reconfiguration makes RTR systems a flexible alternative to the general-purpose microprocessor
or ASIC.

There is, however, overhead associated with using an RTR system. For example, in an

RTR system, there is time overhead associated with reprogramming the platform that would not



be necessary if ASICs were used. Also, there is the need for a host that handles the
reprogramming efforts.

In an RTR system, a large problem is divided into several small pieces, each of which fits
onto the CCM platform. These partitions are then arranged in order of execution. The first
partition is loaded onto the array and executed. The necessary results of this execution are stored
and the second partition is loaded onto the array and executed. This process continues until al
partitions have been loaded and executed. From this explanation, there are clearly two distinct
types of partitioning that must occur: temporal and spatial.

The Temporal Partitioner divides the job into the time-based partitions mentioned above.
The Spatia Partitioner (which is the subject of this work) divides each tempora partition into
pieces that fit onto one FPGA in the CCM. It does this in a manner that minimizes both the
number of FPGAs needed for each temporal configuration and the number of interconnections

between these FPGAs. The high-level diagram shown inFigure 1-1 helps to explain this process.

Entire Problem

One tempord partition

A set of spatial partitions

Figure1-1: Flow of control for CCM programming.




1.3 Research Goal

The goal of the research associated with this thesis is to produce a spatial partitioner that

functions in concert with a temporal partitioner and a CCM programmer. Both the Temporal

Partitioner and the CCM programmer are being developed by other researchers in the Virginia

Tech Configurable Computing Team. The Spatia Partitioner is designed to be a stand-alone

executable that accepts as parameters two input files and an output file. The input files contain a

textual description of the graph representing the temporal partition to be divided (described in

Section 4.4.2) and a textual description of the topology of the target platform (described in

Section 4.4.1). The output file contains a smilar textual description (described in Section 4.4.3)

of a graph. The nodes of the graph contained in the output file represent clusters of operations

that fit onto one FPGA and the edges of the output graph represent the interconnections required

between these clusters.

The author’s specific contributions to this project are outlined below.

The design of the grammar for the input files

The design and implementation of the parser for reading the input files

The design and implementation of the data structure which stores the topology of the
target platform

The design and implementation of the data structure which stores the input graph

The design and implementation of the iterative, recursive spatial partitioning algorithm
The design of the grammar for the output file

The conjoining of all above contributions into a Spatial Partitioner class (implemented

in C++) which reads the inputs, partitions the input graph in such a way as to fit onto
the target platform in a manner which minimizes the number of interconnections

between PEs and writes the results into the output file



1.4 Thesis Organization

Chapter 2 contains information pertaining to the work that has been done related to spatial
partitioning. It isin this chapter that alternate implementation methods are discussed. Chapter 2
also provides important background information in the area of CCM technologies and the various
methods of spatial partitioning that are currently in use.

In Chapter 3, the approach chosen for this work is explained. The reasons for this
selection, as well as the benefits and drawbacks associated with this choice, are discussed in
detail. The closing sections of this chapter are dedicated to an outline of the modifications and
extensions to the foundation algorithms that were used as a part of this work.

The implementation details of the chosen approach are discussed in Chapter 4. In this
chapter, the algorithms used are explained via pseudocode, and the interfaces between the Spatial
Partitioner and both the Temporal Partitioner and the CCM programmer are defined. Also found
in this chapter is a discussion of some of the constant choices.

In Chapter 5, the development environment is discussed and the experimental results are
shown. In addition to the outputs of the Spatial Partitioner, Chapter 5 also contains timing
measurements associated with the test samples used for validation of the Spatial Partitioner.

Chapter 6 contains suggestions for areas where future contributions can be made to the
Spatial Partitioner and discusses the reasons why these contributions would be of benefit.

Chapter 7 contains the references.

Two Appendices, A and B, contains the source code and the files associated with an
MCNC circuit.



2. Background

The automated division of a nontrivial graph into a minimum number of like-sized sections
while simultaneously minimizing the number of edges between these sections is a sizable
undertaking. In fact, no polynomia-time algorithm has been found which guarantees the
discovery of the optimal grouping [8]. Due to the NP-complete nature of this problem, al
algorithms that propose to find this sort of grouping are, in reality, only finding the best grouping
that can be determined in a reasonable time. There are two main categories of algorithms for
partitioning a graph: those which include operator replication, and those which do not. The
algorithms of both types that were investigated as a part of the research associated with this work

are explained in the following sections.

2.1 Methods Which Employ Operator Replication

Operator Replication is the reproduction of an operator located on one FPGA onto
another FPGA in an effort to minimize the interconnections that occur between the two. This is

made most clear with a diagram.
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Figure2-1: An unpartitioned set of operators|[4].

Assuming that operators A, B and C fit nicely onto one FPGA and D, E and F fit onto a
second FPGA with some room left over, there are two possible partitions. The first of these, the

one without operator replication, is shown inFigure 2-2.

Figure2-2: Theoperators partitioned without operator replication [4].

It is easy to see that this choice of partition, while valid, creates three interconnections
between the top and bottom partition. It isimportant to minimize interconnections since decoding
logic is required to route the signal to the appropriate FPGA. In addition to this decoding logic,
logic within the FPGA to route the signal to the CLB containing the operator is also required. If
Operator B were replicated, the number of interconnections could be reduced significantly as is

shown in Figure 2-3.



Figure2-3: The operators partitioned using operator replication [4].

While this partitioning choice relies on Operator B being of a size that will fit into the
lower partition, it does reduce the number of interconnections by 67%. If each operator is small
(in terms of CLBs required) when compared to the number of CLBs available on each FPGA,
then this method can save on the number of interconnections required by a relatively large
amount.

The drawback associated with operator replication is not made obvious until it is time to
configure the CCM to the next temporal arrangement. At this time, if Operator B is no longer
needed, then two FPGAS must be reprogrammed as opposed to one. This increase in the number
of FPGAs that needs to be reprogrammed, coupled with the fact that FPGAs must currently be
programmed in serial, leads to more time spent programming the CCM and less time spent in
execution, which leads to larger overall run times.

Two agorithms that contained operator replication were investigated. The first,
developed in [4], uses “traditional’” operator replication. Traditional operator replication (as
described above) does not rely upon knowledge of the input/output dependencies of the operator
being replicated. The second, developed in [1], uses “functional’” replication. Functional
replication relies on some knowledge pertaining to the input/output dependencies of the operator

being replicated in order to impose some heuristics on the replication of that operator. In other



words, it uses this 1/0 dependency information to determine if there would be an increase or a
reduction in the number of interconnections achieved by replicating the operator under inspection.

Since the Spatia Partitioner is developed as a part of alarger RTR system, the choice was
made to use an algorithm that did not include operator replication as one of its partitioning
considerations. This choice was based upon the increase in the number of FPGASs that need to be
reprogrammed between temporal partitions and the resulting increase in run-times which was
discussed above. The relationship used to validate this choiceis:

r
ax+r:a(x+e)+a

Equation 2-1: The Break-Even Equation

In this equation, a represents the time required for a single reconfiguration, x is the
number of configurations required without operator replication, e is the additional number of
reconfigurations required due to the use of operator replication, r is the overall runtime of the
system with operator replication and d is the amount by which the runtime is reduced if operator
replication is allowed due to the ability to further lessen the number of interconnections between

the PEs. By collecting values and rearranging the above equation, Equation 2-2 can be reached.

_r(d-9
=
Equation 2-2: The Smplified Break-Even Equation
In this form, the number of additional reconfigurations forced by operator replication that

represents the break-even point for using versus not using operator replication can be easily seen.

Since it was assumed that the number of reconfigurations forced by operator replication would

10



exceed the value on the right-hand side of Equation 2-2, the decision to use an agorithm that

does not include operator replication is validated.

2.2 Methods Which do not Employ Operator Replication

As stated in Section 2.1, methods that do not include operator replication can result in an
increased number of interconnections between PEs. The primary advantage associated with using
such an agorithm is minimizing the number of PEs that need to be reprogrammed when the
temporal partition changes.

Given a network, N, consisting of a set of cells, C, and a set of interconnections, I, the
solution to the partitioning problem consists of finding a division of C into two sets such that the
number of interconnections in | which have cells in both setsis minimal [3]. This problem can be
extended from two-way partitioning (bipartitioning) to n-way partitioning smply by recursively
calling the two-way partitioning algorithm [7]. This approach will be discussed in greater detail in
Chapter 3. For now, we will discuss only bipartitioning algorithms.

In bipartitioning algorithms, the first step (and in a few, degenerate, cases the last) is
making sure that the entire tempora partition does not fit onto one PE. If it does, then the
partition is trivial, as only one set is needed, and the number of interconnections is therefore zero.
Assuming that a nontrivial case exists, the number of partitions, p, is greater than one. Also,
assuming that each partition needs to communicate with at least one other partition, the number
of interconnections, |, is at least p-1, and probably much larger.

The smplest solution to the partitioning problem would be to require the Temporal
Partitioner to create partitions that contain no more operators than there are PEs. The Spatia
Partitioner would then just put each operator onto its own PE (assuming that the communications
between operators matched the topology of the target CCM). Obvioudly, this is a waste of
processing resources, and would not be seriously considered. Therefore, the job of the Spatia
Partitioner becomes the process of determining the best division of the temporal partition that is
possible in a reasonable time. This is usually accomplished in an iterative fashion that moves

operators, one at atime, from their original partition to the other. For each operator, this move is

11



first smulated and a cell gain is computed. At the end of this pass, the operator with the highest
gain is moved and the process repeats until no operator has a positive gain. Gain is usualy a
function of both the number of interconnections and the size of the larger partition. The size of
the larger partition is considered because it is desirable for each partition to be of a similar size.
Thisbalance isimportant in order to maintain an even distribution of processing resources.

In a partitioning algorithm that utilizes the above process, the initia division is important.
Some initial conditions will provide better final results than others. However, it is not possible to
determine the absolute best starting point without knowing what the best result is (which is NP-
complete), and therefore, some agorithms (e.g. [6] and [7]) employ a startup sequence that
randomly partitions the operator space into various numbers of partitions of varying sizes. The
partitioning algorithm is then run on each of these starting partitions and the best result is saved.
This process takes longer, but results in a better final partition space [6].

The approach used in [6] also goes one step further in the cell gain area by using cluster
refinement. Cluster refinement is an investigation of the operators in cluster A that share an
interconnection with an operator in cluster B, determining a closeness factor and then moving the
“closest” pair of operators to the same cluster. This process is done before each pass of gain

computations. This cluster refinement method is illustratéidume 2-4.
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Cluster A CI”ijster B
Size=30 Size=10

Cluster Cluster B
Size=20 Size=20

Figure2-4: An exampleof cluster refinement.

In the process of cluster refinement, operators are only permitted to be moved to a less-
filled (smaller) cluster. This restriction isimposed in order to maintain balance among the cluster
sizes[6]. Cluster refinement continues until no further improvement is possible.

Since even the best clustering result may not produce the best final result, the algorithm
proposed in [6] partitions starting from severa different clustering results and chooses the best
solution. These clustering results are also repeasted from severa different random initial

partitions.

13



3. Approach

The approach selected is an extension of the Gradual, Constraint-Enforcing Partitioning
(GCEP) algorithm discussed in [6] which will perform n-way partitioning with additional
modifications to allow for target platform topology recognition. The addition of the closeness
factor used in the cluster refinement portion of this algorithm, coupled with the iterative,

hierarchical overall algorithm provided the most seamless and well-organized approach.

3.1 Explanation of M odifications

Several modifications were made to [6] in order to adapt the algorithm for use as a part of
the proposed RTR system. These modifications were considered, primarily, because the GCEP
algorithm made assumptions about the topology of the target platform. In [6], the author
assumed that all PEs were connected to all other PEs. This assumption is not very redlistic on the
majority of CCM platforms. Under this assumption, the number of interconnections with every
PE would be n-1 where n is the number of PEs on the board for a total of n(n-1). This can,

needless to say, be avery large number of interconnections on a board of nontrivial size.

3.1.1 Introduction of Topology Recognition

In a non-theoretical system, topology recognition is an important trait of any algorithm.
Many CCMs have a limited amount of interconnection logic available in their architectures. Not

all PEs have access to input/output pins, nor are all PEs able to communicate with all other PEs.

14



In fact, in many CCM architectures, the PEs are arranged such that only neighboring PEs are able
to communicate with one another and only the top and bottom rows of the array have access to
input/output pins (Figure 3-1). This imposes serious restrictions on the placement of operators

onto the array.

Figure3-1: An example PE configuration in a CCM.

The Spatial Partitioner that is the subject of this work begins with an legal initial operator
configuration that can be placed onto the topology of the target platform and makes all decisions
regarding relocation based upon that arrangement. It only allows operators to be moved if they
fit, in terms of available CLBs, available |IOBs and interconnection logic, onto the target PE. Asa
result, the output is guaranteed to be a configuration that minimizes both the number of
interconnections and the average operator density in such a way that the minimal arrangement
found can be placed onto the target platform.

An example of anillegal operator relocation is shown inFigure 3-2.

15



Cluster A CI"Ustef‘ B
Size=30 Size=10
/O Pins=5 /O Pins=5

Cluster Cluster

Size=20 Size=20
/O Pins=5 /O Pins=5

Figure3-2: An exampleof an illegal operator relocation.

As shown in Figure 3-2, even though the relocation of the size 10 operator reduces the
number of interconnections between Cluster A and Cluster B and also reduces the size difference,
it causes the number of 1/0 pins used by Cluster B (6) to exceed the number of 1/0 pins available
on Cluster B (5). This configuration is, therefore, illegal and would not be allowed by the Spatial

Partitioner.

16



3.1.2 Removal of Random Initial Configuration

The addition of target platform topology recognition added considerable constraints to the
positioning of the operators by the agorithm. As a result of these imposed restrictions, the
algorithm no longer generates a purely random starting arrangement. The number of valid
configurations is so much less than the number of invalid configurations that a large number of
random arrangements had to be created during each pass before one was found that fit the target
platform. It was determined through testing that the generation of legal random arrangements
added an unacceptable amount of time to the overall run time of the Spatial Partitioner for any
problem of nontrivial size. Asaresult, the generation of random initial configurations during each
pass was removed. However, in order to maintain the iterative nature of the algorithm, each pass

still generates starting arrangements of varying sizes (if possible).

3.1.3 Removal of the Flatten Clusters Step
The algorithm discussed in [6] has a step that is performed after the minimal arrangement
Is found that converts the internal representation of the operator clusters into a representation
suitable for output. The class used to represent a cluster in this work needed no such “flattening”;

hence, this step could be removed.

3.1.4 Extension to n-way Partitioning

In [6] and [7], the authors put forth an excellent algorithm for bipartitioning a graph.
However, since in an RTR system there are many more than two FPGAs, it would be much more
efficient to partition into multiple pieces. As a result, the algorithms put forth in [6] and [7] were
extended tan-way partitioning. This allows the Spatial Partitioner to make a more intelligent

decision regarding optimal operator placement.
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4. | mplementation

Following the approach outlined in Chapter 3, an algorithm for performing spatial
partitioning can be derived. This agorithm finds the best solution that can be found in a given
number of trials and initial conditions. The solution is minimized in terms of average operator
density per device and interconnections required between PEs. The solution is also a legal
configuration that will fit onto the topology of the target platform. The overall algorithm is put
forth in Section 4.1. Portions of this algorithm that require further discussion are detailed in
additional sections. The descriptions of the input and output files are also contained in sections

found in this chapter.

4.1 Overall Spatial Partitioning Algorithm

The first algorithm discussed is a high-level overview of the Spatial Partitioning algorithm.

It contains references to other algorithms that are described in subsequent sections.

1. Read the topology configuration from input file (Section4.4.1).
2. Read the temporal partition from input file (Section4.4.2).
3. If there are operatorsin the input graph then:
a. For someloop count:
I. Fit the input graph onto the topology of the target platform using a
different number of clusters than the last time Algorithm 4-2).

18



ii. cut = gcep() (Algorithm4-8).
li. If (cut < m ncut) thensavethisresultinpartiti on.
b. gcep(partition) (Algorithm4-8).
4. Savetheresultsin the output file (Section4.4.3).
5. Exit with EXI T_SUCCESS if a legal partition can be found, EXI T_FAI LURE if it

cannot.

Algorithm 4-1: Overall spatial partitioning algorithm.

4.2 Make Clusters Algorithm

One essential agorithm in the Spatial Partitioner is the algorithm responsible for mapping
the input graph to an initial, legal, configuration and performing cluster refinement on that
configuration. This agorithm, the Make Clusters Algorithm (Algorithm 4-2), is discussed in this
section. The Make Clusters Algorithm contains references to other algorithms that are discussed

in subsections of this section.

1. Initialize the cluster list Algorithm 4-3).
2. If(insertVertices() (Algorithm4-4)) then:
a. SetmaxAttenpts = 5andattenpts = 0.
b. While (# of non-empty clusters > desred # of clusters) and (# attempts <=
maxAttempts):
I.  Find candidates (Algorithm 4-5).
li. Merge closest (Algorithm4-6).
li. attenpts++
c. Find candidates (Algorithm4-5).
d. Refine clusters (Algorithm4-7).

Algorithm 4-2: Make clustersalgorithm.

19



4.2.1 Thelnitialize Cluster List Algorithm

Initializing the cluster list is the process of creating an underlying graph that matches the
topology of the target platform. Thisis done at this early stage so that the initial configuration of
the operators on the PEs can be compared to the topology. This simple algorithm (Algorithm 4-
3) is shown below.

1. For each cluster found in the topology:
a. Makeacopy of that cluster.
b. Remove the topology identifier from the copy.

c. Add the copy to the vertex list.

Algorithm 4-3: Theinitialize cluster list algorithm.

4.2.2 Thelnsert Vertices Algorithm

As can be seen in Algorithm 4-4, inserting the vertices is a recursive process. This

approach was chosen because if, at any point, it is not possible to fit a new vertex into the

arrangement due to the positioning of the previous vertices, it becomes necessary to “back out” of

the algorithm to the most recent, previous, placement decision and try a different placement.

Suffice it to say that the following, recursive, algorithm is performed for each vertex in turn until

either all vertices have been added, or it has been determined that no arrangement exists which

accommodates all the restrictions of placement. In this latter case, the Spatial Partitioner exits

with EXI T_FAI LURE and the Temporal Partitioner subdivides the graph into a smaller section

and reinvokes the Spatial Partitioner with this new partition.

1. Setadded = FALSE andcl uster Count = 1.
2. While (notadded and €Il ust er Count <=cl ust ers. Get Count ())):
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a. recipientCuster = clusters. Find(clusterCount).

o

Set fits = | egal ToAdd(vertex, recipientC uster).
c. If(fits)then:
I. Add vertex to list.
ii. If (not (added = i nsert Verti ces(thenext vertex))) then:
a) Remove vertex from list.
b) Setfits = FALSE.
d. If (notfits)then:
I. For each neighbor of r eci pi ent O uster:
a) Ifl egal ToAdd(vertex, neighboringC uster):
1) Add vertex to list.
i) If (not (added = i nsert Verti ces(the next vertex))) then:
(@) Remove vertex from list
e. If (not added) then:
I. clusterCount ++.
3. If (not added) then:
a Return FALSE.
4. Return TRUE.

Algorithm 4-4: Theinsert verticesalgorithm.

4.2.3 TheFind Candidates Algorithm

The Find Candidates Algorithm (Algorithm 4-5) iterates through the cluster list, evaluates

and sets the “closeness” of each pairing of clusters using the following equation:

a x numConns sizeof ¢ + sizeof d
min(numNets in ¢, numNetsin d) average cell size

closenessvVdue =
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Equation 4-1: The Closeness Equation

In the above equation, a is a constant that is used to weight the importance of the number
of interconnections over the change in cell sizes with respect to the average cell size in the cluster
list.

The overall Find Candidates Algorithm is presented below.

1. For each cluster in the cluster list, c:
a. For each cluster remaining in the cluster list,d:
I If the two are connected then:
a) If they are “more closely” connected than the other pairingscwith
I) Set the closeness of the two to their “closeness” value

i) Set thecl osest To field ofc to d and vice-versa.

Algorithm 4-5: Thefind candidates algorithm.

4.2.4 TheMerge Closest Algorithm

The Merge Closest Algorithm (Algorithm 4-6) is a simple algorithm that is used after the
Find Candidates Algorithm (Algorithm 4-6) to merge the two most closely connected clusters in
the cluster list. This step is necessary in order to reduce the number of clusters that are

investigated in the Refine Clusters AlgoritiAdgorithm 4-7).

1. Find the two most closely connected clusters in an iterative fashion.

2. Move all the operators from threm cluster to theo cluster.

Algorithm 4-6: The merge closest algorithm.
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4.2.5 TheRefine Clusters Algorithm

The Refine Clusters Algorithm (Algorithm 4-7) is used once the Merge Closest Algorithm
(Algorithm 4-6) has been run in order to “refine” the positioning of the operators within the
clusters. This repositioning is used to further reduce the number of interconnections and the
average size of the clusters. This algorithm is perhaps the most instrumental in creating a high-

quality final result [6].

1. For each cluster in the cluster lcst,
a. For each vertex in that cluster,
I. For each cluster remaining in the clusterdist,
a) If ( egal ToAdd(v, d) and ¢ andd are neighbors):
I) Calculate the gain achieved by mowirfigom c to d.
i) If this is the maximal gain so far, saye andd.

b) Move the vertex with the maximal gain froto d.

Algorithm 4-7: Therefine clustersalgorithm.

4.3 Gradual, Constraint-Enforcing Partitioning (GCEP) Algorithm

The GCEP algorithm is the main partitioning algorithm. The algorithms discussed prior to
this section (excluding Algorithm 4-1) are primarily supporting algorithms used for setup
purposes. The GCEP algorithm (Algorithm 4-8) is responsible for the main partitioning decisions
and for the primary relocation of operators and clusters. The GCEP algorithm used in this work
Is an extension of the algorithm put forth in [6] from a bipartitioning algorithm tm-asay
partitioner. This extension is accomplished simply bingaGCEP oneach pair of “closest”
clusters. Since the algorithm is called in an iterative fashion, it produces the best results at each
stage and then continues to the next pass. This provides the best output that can be obtained

using the above algorithms.
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1. For each cluster in the cluster list, ¢, and the cluster closest to c, d:
2. Setdone = FALSE.
3. While (notdone):
a SetnoMbreGain = FALSE.
b. cal cul at eGai ns(c,d).
c. While (hoMor eGai n):
I. SettoMove =vertex with largest gaininc, v.
ii. If szeofc>m nSi ze then:
a) Movevfromctod.
b) cal cul at eGai ns(c,d).
d. If bal <= gi venBAL thensetdone = TRUE.

e. Otherwise setbal = max(bal * reductionRatio, givenBAL).

Algorithm 4-8: GCEP algorithm.

The GCEP algorithm shown above uses some constants and variables that have not been

discussed. These expressions, and the values chosen are outlined in Table 4-1.

Constant/Variable Value or Expression Description of Constants

Name

m dSi ze Average size of ¢ and d.

gi venBAL m dSi ze/(size of ¢)

reductionRatio 0.9 The amount by which bal is
reduced during each pass.

m nSi ze m dSi ze - (m dSize * bal)

bal 2 * givenBAL

Table4-1: Explanation of constants and variables.
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4.4 Description of the Input and Output Files

The easiest way to explain the structure of the three files that are either read or written by
the Spatial Partitioner is by example. The next three subsections will detail the grammar used in

these three files by showing an example graph and then a listing of the file that represents each
graph.

4.4.1 Description of the Topology Input File

The format of the topology input file (pl at f or m t op) is a simple grammar. However,
it is best described by example. Figure 4-1 shows an example topology. In this diagram, the
number of external pins and interconnections between PES is not shown to scale. Please reference

the table associated with the figure for precise details.

External Pin Counts and Sizes

PENumber  Input Only ~ OQutput Only Bidirectional CLBs
1 5 5 10 10
2 0 0 0 10
3 5 5 10 10
4 0 0 0 10
5 0 0 0 10
6 5 5 10 10
7 5 5 10 10
8 0 0 0 10
9 0 0 0 10
10 5 5 10 10
11 5 5 10 10
12 0 0 0 10
13 0 0 0 10
14 5 5 10 10
15 0 0 0 10
16 5 5 10 10

Figure4-1: A sample platform topology.

In this topology, each PE has a size (in CLBs) of 10. Only the PEs along the top and

bottom rows have external pins. Each PE on these rows has 5 input-only pins, 5 output-only pins
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and 10 pins which can be used for ether input or output (bidirectional pins). The

pl at f or m t op which represents this topology is shown inFigure 4-2.

1:10:5:5:10: 2, 3;

3:10:5:5:10: 1,5, 6;
6:10: 5:5:10: 3, 10;
10:10: 5: 5:10: 6, 13;

2:10:0:0:0:1, 4,5;
5:10:0:0:0:2,3,8,9;
9:10:0:0:0:5,6, 12, 13;
13:10: 0: 0: 0: 9, 10, 15;

4:10:0:0:0:2,7,8;
8:10:0:0:0:4,5, 11, 12;
12:10:0:0:0: 8,9, 14, 15;
15:10:0:0:0: 12, 13, 16;

7:10:5:5:10: 4, 11;
11:10:5:5:10: 7, 8, 14,
14:10:5:5:10: 11, 12, 16;
16: 10: 5: 5: 10: 14, 15;

Figure4-2: Thepl at f or m t op filewhich representsthe sample topology.

Each semi-colon-delimited line in the pl at f or m t op file begins with the PE number.
After the colon signifying the end of the PE number comes the size, in CLBSs, of the PE. The next
three colon-separated entries are the number of input-only pins, the number of output-only pins
and the number of bidirectional pins, respectively. The final item on each line in the topology file
IS a comma-separated list of PE numbers which have a connection to this PE. The information

contained in this topology description file is used to determine the legality of operator placement
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and movement throughout the execution of the spatia partitioning algorithm. It is, therefore,

important that the information contained in thisfile is accurate.

4.4.2 Description of the Graph Input File
The format of the graph input file (gr aph. fil e) (which is created by the Tempora

Partitioner) is also a very simple grammar. Again, it is best described by example. Figure 4-3
shows an example input graph. This graph is a good example because it contains a large amount

of interconnection dependencies between the operators.

Figure4-3: An exampleinput graph.
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The numbers located to the side of the vertices represent the size, in CLBS, of each vertex.
The numbers located on each edge represent the corresponding edge weights. Findly, the arrows
are directed along the data flow. The contents of the text file which describes the above diagram

Is shown below inFigure 4-4.

"Test G aph”

{
A: ADD: 3: 2: 0,
B: ADDC: 4: 3: 0,
C. NOT: 1: 1: 0,
D: SUB: 3: 0: 0,
E: MULT: 4:0: 0,
F: SPLI T: 2: 0: 0,
G DI V: 4:0:0,
H MOD: 4:0: 1,
1:0OR 2:0:1,
J: AND: 2: 0: 1;

AD: A:
Al: A
BD: B: 0: D: O:
CE C 0:E: O:

0: D: O:
0
0
0
CH C: 0: H: 0:
0
0
0
0

:J: 0:

DE: D: 0: E: O:
DF: D: 0: F: O:
EG E:0: G O:
FG F: 0: G O:
FI :F:0:1:0:
GH G 0: H: 0:
H :H0:1:0:
1J:1:0:J3:0:

P PP PP PP PR PRPRPRPP

Figure4-4: Thecontentsof the samplegr aph.file.
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In the gr aph. fil e, the name of the graph, enclosed in quotation marks, is the first
thing recognized in the file. Next, the parser looks for an open brace, “{*, followed by the first
line of data. The first section of the data contains a comma-separated list of vertices. The
description for each vertex is as follows:

Vertex Name:Vertex Type:Size:Inputs Required:Outputs Required

Each vertex is separated from each other vertex by a comma and there is a semi-colon
following the final vertex entry.

After the vertices, the edges are listed. Again, each edge is separated from each other
edge by a comma and there is a semi-colon following the last edge. The information contained in
the edge area is as follows:

Edge Name:Source:Source Port:Sink:Sink Port:Edge Type:Weight

The final token which is recognized in gveaph. fi | e is the closing brace, “}", which

signifies the end of the input graph.

4.4.3 Description of the Output File

The output file ¢l usters. file) which is created when the program ends is very
similar in structure to the two input files. Below is an example of the output file generated by the

Spatial Partitioner when run using the above files as inputs.

1.ABCI;
2:D,E, F;
3:H, J;
5:G

Figure4-5: A samplecl usters.file.
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Inthe cl usters. fil e, each line shows the contents of a PE on the target platform.
The first number represents the PE number assigned in the pl at f or m t op file. After the first
colon delimiter, there is a comma-separated list of vertices, which map to the vertex names found

ingr aph. fil e, which areto be placed into each PE.
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5. Reaults

5.1 Development Environment

The Spatial Partitioner was implemented in C++ using MFC and Microsoft™ Visual
Developer Studio™ 5.0. The development platform was a Pentium Pro™ 200 with 32 MB of
RAM. While the Spatial Partitioner was developed to function as a stand-alone application, it is
entirely encapsulated into a series of C++ classes and can, therefore, be integrated into future

designs where it is not necessarily stand-alone.

5.2 Functional Testing

The Spatial Partitioner was testing using several input graphs of varying complexity in
concert with several different target platforms. In each case, the Spatial Partitioner found a
configuration which minimized the number of interconnections between PEs if such a
configuration existed. The table below shows a synopsis of this testing (using the

pl at f or m t op file found in Figure 4-4).
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# of Vertices # of Edges Minimum Cut | PEsRequired | Run Time (ms)
10 13 0 1 34
20 18 0 2 110
50 27 5 4 210
100 54 15 8 300

Table5-1: Summary of test results.

Below isthe pl at f or m t op file associated with the above timing measurements. It is

similar to the one shown inFigure 4-2, however the default size for all PEsis 50 instead of 10.

1: 50: 5:5:10: 2, 3;

3:50:5:5:10: 1,5, 6;
6: 50: 5:5:10: 3, 10;
10: 50: 5: 5:10: 6, 13;

2:50:0:0:0:1, 4,5;
5:50:0:0:0:2,3,8,9;
9:50:0:0:0:5,6, 12, 13;
13:50: 0: 0: 0: 9, 10, 15;

4:50:0:0:0:2,7,8;
8:50:0:0:0:4,5, 11, 12;
12:50: 0:0:0: 8,9, 14, 15;
15:50:0:0:0: 12, 13, 16;

7:50:5:5:10: 4, 11;
11:50:5:5:10:7,8, 14,
14:50:5:5:10: 11, 12, 16;
16: 50: 5: 5: 10: 14, 15;
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Figure5-1: pl atf orm t op fileused for above timing measur ements.

In addition to the above battery of testing, the Spatial Partitioner was run against one
“real-world” circuit. This is circuit c1355nr from the MCNC sample circuit listings. Using the
input files located in Appendix B, the Spatial Partitioner arrived at the result shown in Appendix

B.3 (3 PEs, 88 interconnections) in 313511 milliseconds (just over 5 minutes).
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6. Areasfor Future Work

There are several ways in which this Spatial Partitioner could be improved. The sections

below give some suggestions for future improvement.

6.1 Using Windows NT Overlapped 1/O for Filel/O

Windows NT provides a mechanism for allowing a program to continue executing during
alengthy read or write command. This allows the user to issue aread or a write request and then
continue processing until the operating system signals the program that the operation has
completed. At thistime, the program can pick up the data and processit. This would allow for
some pipelining in the reading of the input files and the writing of the output files which would

reduce the overall execution time.

6.2 Further Adjustment of the Closeness Equation and the Constants Therein

The closeness equation, Equation 4-1, could be adjusted to maximize efficiency for each
specific problem by alowing the user to include the constants and some other adjustment factors
as parameters to the program. This added flexibility would empower the user with the ability to

specifically tailor the closeness calculations to match their desired results.



6.3 Inclusion of a Netlist-to-Graph Converter

The existence of a program which converted standard netlists to the format readable by
the Spatial Partitioner would allow for a much-shortened setup time. During the functional
testing phase of this project, al input graphs were constructed by hand (with the exception of
circuit ¢1355nr, for which a smple MCNC-SP trandator was written). This was a very time-

consuming process, and a netlist-to-graph converter would greatly speed up this process.

6.4 The Addition of “Fixed” Operators

The Spatial Partitioner currently does not support the idea of partial reconfiguration. That
IS, reconfiguration of only a subset of the PEs. The inclusion of a fixed flag on certain operators
which are known to be present in at least two consecutive temporal partitions would enable the
Spatial Partitioner to group those operators together in such a way as to minimize the number of
PEs which need to be reconfigured between temporal sessions. Since PEs must currently be
programmed in a seria fashion, this has the potential of greatly reducing the reprogramming time
and, therefore, allowing the target to spend less of a percentage of its time in a program cycle and

alarger percentage in active execution.

6.5 Cost Functions for PEs

On the same target platform, there may be different generations of FPGASs or even FPGAs
which are better suited for some tasks than others on the same board. As a result, a valuable
addition to the Spatial Partitioning algorithm would be the inclusion of a “cost” function for each
PE. If this addition were made, the Spatial Partitioner could prefer certain types of PEs for
certain types of operators, and could utilize the most efficient (lowest cost function) PEs first in

order to increase overall performance of the application.
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Appendix A Spatial Partitioner Source Code

Spatial Partitioner
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Figure A-1: Object Relationship Diagram
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A.1TheToolsLibrary
A.1.1 RTRDefs.h

/*******************************************************************************************

* % * %
** RTRDefs.h *x
* % * %

** This file contains all of the constants which are used by the MFC library in order to **
** provide the user-defined classes with unique identifiers. *x

* % * %

*******************************************************************************************/

#i f ndef RTRDEFS_H
#defi ne RTRDEFS_H

#i ncl ude <af x. h>
const U NT GRAPH_BASE | D = 0x100;
const U NT EDGE_ID GRAPH BASE ID + 1;

const U NT GRAPH ID = GRAPH BASE |ID + 2;
const U NT VERTEX_ |ID = GRAPH BASE |ID + 3;

const Ul NT SPATI ALPARTI TI ONER_BASE_| D = 0x200;

const U NT SPATI ALPARTI TI ONER_| D = SPATI ALPARTI TI ONER BASE I D + 1,
const U NT CLUSTER I D SPATI ALPARTI TI ONER BASE | D + 2;

#endi f RTRDEFS_H
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A.1.2 osindent.h

/*******************************************************************************************

* %

** osindent.h

* %

** This file contains the wappers used in the various printOn() methods around iomanip.
** These wrappers provide a nuch nore efficient way to output a series of spaces of

** varying | ength.

* %

* %

* %

* %

* %

* %

* %

* %

*******************************************************************************************/

#i f ndef _OSI NDENT_H
#define _OSI NDENT_H

#i ncl ude <i ostream h>
#i ncl ude <i omani p. h>

/1 print the right nunmber of spaces, given by i
ostrean® i ndent (ostrean& os, int i);

#define omani p_int OVANI P(int)

inline omani p_int indent(int i)

{

return omani p_i nt (& ndent, i);

// indentation increment
const int INDENT_INC = 3;

/1 return the indentation for a given |evel
inline int inlevel (int i)
{

return i * | NDENT_I NG

#endi f _OSI NDENT_H
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A.1.3 osindent.cpp

/*******************************************************************************************

* %

* %

* %

* %

* %

* %

* %

osi ndent . cpp

This file contains the wappers used in the various printOn() nethods around ionanip.
These wrappers provide a much nore efficient way to output a series of spaces of

varying | ength.

* %

* %

* %

* %

* %

* %

* %

*******************************************************************************************/

#i ncl ude "osindent. h"

#i ncl ude <ostream h>

/1 print the right nunmber of spaces,
i)

ostrean& i ndent (ostream& os,

{

for (int j =
{

0s <<
}
return os;

0;

1

i

<

i nt

j++)
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A.2The Graph Library
A.2.1Vertex.h

/*******************************************************************************************

* %

** \ertex.h

* %

* %

* %

* %

* %

cont ai ners.

This class represents a single Vertex which is designed to have Edges connected to it
and to be contained in a Gaph for use in a Spatial Partitioner which uses Custers as

* %

* %

* %

* %

* %

* %

* %

*******************************************************************************************/

#i f ndef VERTEX_H
#defi ne VERTEX_H

#i ncl ude
#i ncl ude
#i ncl ude

#i ncl ude

class Vertex;

<af x. h>
<af xtenpl . h>
<i ostream h>

" Edge. h"

typedef CList<Vertex*, Vertex*> VertexList;

class Vertex :

{

public CObj ect

DECLARE_SERI AL( Ver t ex)

/1 Default ctor

Vertex(const CString& name_ = "", const CString& type_ ="", INT weight
U NT inputsRequired_ = 0U, U NT outputsRequired_ = 0U);

/| Copy ctor

inline Vertex(const Vertex& rval ue_);

/1 Default dtor

virtual ~Vertex();

BOOL addl nconi ngEdge( Edge* e );
BOOL addCut goi ngEdge( Edge* e_);

inline U NT getDegree() const;

inline U NT getlnDegree() const;
inline U NT getQutDegree() const;
inline U NT getlnputsRequired() const;
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Cl uster

anot her

inline U NT getQutputsRequired() const;

inl'ine Edgelist* getlncom ngEdgelLi st() const;

inl'i ne Edgelist* get Qutgoi ngEdgeli st() const;

inline const CString& getName() const;

inline const CString& getType() const;

inline I NT get\Wight() const;

inline BOOL isValid() const;

/1 These next two nethods tell whether or not this Vertex has been added to a

inline VO D set Added(BOOL val);

inline BOOL i sAdded() const;

inline VO D setd usterNurmber (U NT num);

inline U NT getd usterNumber() const;

/'l These next two methods set the gain associated with noving this Vertex to

/1 Cluster
inline VO D setGain(INT);
inline INT getGain() const;

VO D printOn(ostream& os_ = cout, size_t indentLevel = 5) const;
VO D Serialize(CArchive& ar_);

inline Vertex& operator=(const Vertex& rvalue_);
inline BOOL operator==(const Vertex& rvalue_) const;
inline BOOL operator!=(const Vertex& rvalue_) const;

pr ot ect ed:

private:

BOOL valid;

VO D deepCopy(const Vertex& rval ue_);
VO D print EdgeLi st (ostreanm& os_, size_t indentFiveMire_, const EdgeList* list_,
const CString& |istNane_) const;

BOOL added;

U NT cl ust er Nunber;
CString nane;

CString type;

Ul NT i nDegr ee;

U NT out Degr ee;

Ul NT i nput sRequi red;

Ul NT out put sRequi r ed;

I NT gai n;

I NT wei ght;

Edgeli st* i ncom ngEdges;
Edgeli st * out goi ngEdges;
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inline
Vertex:: Vertex(const Vertex& rval ue_ )
i ncom ngEdges(NULL), out goi ngEdges( NULL)

{
deepCopy(rval ue_);
}
inline
VO D
Vertex::setC usterNunmber (U NT val)
{
cl ust er Nunber = val;
}
inline
Ul NT
Vertex:: get d usterNurmber () const
{
return clusterNunber;
}
inline
Ul NT
Vertex::getDegree() const
{
return getlnDegree() + getCQutDegree();
}
inline
Ul NT
Vertex::getlnDegree() const
{
return inDegree;
}

Il sets whether or not this vertex is part of a cluster

inline
VO D
Vertex: : set Added(BOOL val)
{
added = val;
}

/] returns whether or not this vertex is part of a cluster
inline
BOOL



Vertex::isAdded() const

{
return added;
}
inline
Ul NT
Vert ex: : get Cut Degree() const
{
return out Degr ee;
}
inline
Ul NT
Vertex::getlnputsRequired() const
{
return inputsRequired;
}
inline
Ul NT
Vert ex: : get Cut put sRequi red() const
{
return out put sRequired;
}
inline
EdgelLi st *
Vertex: :getlncom ngEdgeli st() const
{
return i nconm ngEdges;
}

/1 sets the gain associated with nmoving this vertex fromone cluster to another

inline
va D
Vertex::setGain(INT gain_)
{
gain = gain_;
}

/1 returns the gain associated with noving this vertex fromone cluster to another
inline

I NT

Vertex::get Gain() const

{

return gain;



inline

EdgelLi st *

Vert ex: : get Qut goi ngEdgelLi st () const
{

return out goi ngEdges;

inline
const CString&
Vertex::get Nane() const

{

return nane;

inline
const CString&
Vertex::get Type() const

{
return type;
}
inline
I NT
Vertex::get Weight() const
{
return wei ght;
}
inline
BOOL
Vertex::isValid() const
{
return valid,;
}
inline
Vert ex&

Vertex::operator=(const Vertex& rvalue_)
{
deepCopy(rval ue_);

return *this;

inline
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BOOL
Vertex::operator==(const Vertex& rvalue_) const

{

return nane == rval ue_. nane;

inline
BOOL
Vertex::operator!=(const Vertex& rvalue_) const

{

return !operator==(rval ue_);

#endi f VERTEX_H
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A.2.2 Vertex.cpp

/*******************************************************************************************

* %

** Vertex.cpp

* %

* %

* %

* %

** This class represents a single Vertex which is designed to have Edges connected to it **

** and to be contained in a Graph for use in a SpatialPartitioner which uses Clusters as **

** cont ai ners.

* %

* %

* %

*******************************************************************************************/

#i ncl ude "osindent. h"
#i ncl ude "RTRDefs. h"
#i ncl ude "Vertex.h"

| MPLEMENT_SERI AL(Vertex, CObject, VERTEX_| D)

/] Default ctor
Vertex:: Vertex(const CString& name_, const CString& type_,
Ul NT out put sRequi red_)
nane(nane_), type(type_),
out put sRequi r ed( out put sRequired_),
i nDegree(0), outDegree(0), weight(weight_), gain(0),

val i d( FALSE)

{
i ncom ngEdges = new EdgelLi st ;
out goi ngEdges = new Edgeli st;
valid = TRUE;

}

/1 Default dtor
Vertex::~Vertex()
{

}

/1 copies everything

va D
Vertex: : deepCopy(const Vertex& rval ue_)
{

if (&value_ != this)

{

name = rval ue_. nane;

added = rval ue_. added;

cl ust er Nunmber = rval ue_. cl ust er Nunber;
type = rval ue_.type;

a7

INT wei ght_, U NT inputsRequired_,

i nput sRequi red(i nput sRequired_),

added( FALSE) ,

cl ust er Nunber (0),



const

const

BOOL
Vertex: :

{

BOOL
Vertex: :

{

va D
Vertex::

{

i nDegree = rval ue_. i nDegr ee;

out Degree = rval ue_. out Degree;

i nput sRequi red = rval ue_. i nput sRequi red;
out put sRequi red = rval ue_. out put sRequi r ed;
wei ght = rval ue_. wei ght ;

del et e i ncom ngEdges;
i ncom ngEdges = new Edgeli st;

i ncom ngEdges- >AddHead( ( EdgelLi st *) (rval ue_. i ncom ngEdges)) ;

del et e out goi ngEdges;
out goi ngEdges = new Edgeli st ;

out goi ngEdges- >AddHead( ( EdgeLi st *) (rval ue_. out goi ngEdges) ) ;

gain = rval ue_. gain;
valid = rvalue_.valid,;

addl ncom ngEdge( Edge* e_)

i ncom ngEdges- >AddHead(e_);
i nDegr ee++;

return TRUE;

addCQut goi ngEdge( Edge* e_)

out goi ngEdges- >AddHead(e_) ;
out Degr ee++;

return TRUE;

Serial i ze( CArchi ve& ar)
CObj ect:: Seri alize(ar);

i ncom ngEdges->Seri al i ze(ar);
out goi ngEdges- >Seri al i ze(ar);
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if (ar.lsStoring())

{
}
el se
{
}
}
va D

Vertex::printEdgelLi st (ostrean& os,

ar
ar
ar
ar
ar
ar
ar
ar
ar
ar
ar

ar
ar
ar
ar
ar
ar
ar
ar
ar
ar
ar

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

>>

>>

>>

>>

>>

>>

>>

>>

>>

>>

>>

name;
cl ust er Nunber;
added;

type;

i nDegr ee;

out Degr ee;

i nput sRequi r ed;
out put sRequi r ed;
wei ght ;

gai n;

val i d;

name;
cl ust er Nunber ;
added;

type;

i nDegr ee;

out Degr ee;

i nput sRequi r ed;
out put sRequi r ed;
wei ght ;

gai n;

val i d;

if (list->GetCount())

{

size_t indentFiveMre, const EdgeList* |ist,

const CString& |istName) const

Edge* e;
Edge* tail = list->CetTail ();
POSI TI ON pos = |ist->Cet HeadPosi tion();
U NT idx = 0;
do
{
e = |ist->Cet Next (pos);

0s << indent(indentFiveMre) << listNane << "[" << jidx++ << "]

e->print On(os,

i ndent Fi veMore) ;

} while ((e !=tail) &% (pos != NULL));
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}
VA D
Vertex::printOn(ostream& os, size_t indentLevel) const
{
U NT i ndent Fi veMore = indentLevel + 5
0s << "Vertex {" << endl
0s << indent(indentFiveMre) << "nane = " << name << endl|
0s << indent(indentFiveMre) << "added = " << added << endl
0s << indent(indentFiveMre) << "clusterNunber =" << clusterNunmber << endl
0s << indent(indentFiveMre) << "type = " << type << endl
0s << indent(indentFiveMre) << "inDegree = " << inDegree << endl
if (inDegree > 0)
{
pri nt EdgeLi st (os, indentFiveMre, incom ngEdges, "incom ngEdge");
}
0s << indent(indentFiveMore) << "outDegree =" << outDegree << endl
if (outDegree > 0)
{
pri nt EdgeLi st (os, indentFiveMre, outgoingEdges, "outgoi ngEdge");
}
0s << indent (indentFiveMre) << "inputsRequired = " << inputsRequired << endl
0s << indent (indentFiveMre) << "outputsRequired = " << outputsRequired << endl
0s << indent(indentFiveMre) << "weight =" << weight << endl
0s << indent(indentFiveMre) << "gain = " << gain << endl
0s << indent(indentFiveMre) << "valid = ";
if (valid)
{
0os << "TRUE";
}
el se
{
0s << "FALSE";
}
0s << endl
0s << indent(indentlLevel) << "}" << endl
}

/1 these three tenplated functions are for use by M-C during various calls made by CList or other
/1 container classes
tenpl ate <> void AFXAPI Construct El ement s<Vertex>(Vertex* newVertices, int nCount)

{
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for (int i =0; i < nCount; i++ newMertices++)

{

new newWertices) Vertex;

tenplate <> void AFXAPI Destruct El ement s<Vertex>(Vertex* newVertices, int nCount)

{

for (int i =0; i < nCount; i++ newertices++)

{

del et e(newVerti ces);

tenplate <> void AFXAPI SerializeEl ements<Vertex> (CArchive& ar, Vertex* newVertices, int nCount)

{

for (int i =0; i < nCount; i++ newertices++)

{

newVertices->Serialize(ar);
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A.2.3Edgeh

/*******************************************************************************************

* %

** Edge. h

* %

** This class represents a single Edge which is designed to have two attached Vertexes

** and to be contained in a Graph for use in a Spatial Partitioner which uses Clusters as

** cont ai ners.

* %

* %

* %

* %

* %

* %

* %

* %

*******************************************************************************************/

#i f ndef EDGE_H
#defi ne EDGE_H

#i ncl ude <afxtenpl . h>

#i ncl ude <i ostream h>

cl ass Edge;
cl ass Vertex;

typedef CList<Edge*, Edge*> Edgeli st;

cl ass Edge : public CObject

{

DECLARE_SERI AL( Edge)

public:

snkPort_ = 0U,

/1 Default ctor

Edge(\Vertex* source_ = NULL, U NT srcPort_ = 0U, Vertex*

const CString& nane_ = "", const CString& type_ = "",

/'l copy ctor

inline Edge(const Edge&);
/] Default dtor

virtual ~Edge();

inline Vertex* getSource() const;
inline Vertex* getSink() const;

inline U NT getSourcePort() const;
inline U NT getSinkPort() const;
inline const CString& getName() const;
inline const CString& getType() const;
inline I NT get\Wight() const;

inline BOOL isValid() const;
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sink_ =

I NT wei ght _

NULL,

0);

Ul NT



VO D printOn(ostream& os_ = cout, size_t indentLevel = 5) const;
VO D Serialize(CArchive& ar_);

inline Edge& operator=(const Edge& rvalue_);
inline BOOL operator==(const Edge& rvalue_) const;
inline BOOL operator!=(const Edge& rvalue_) const;

pr ot ect ed:
BOOL valid;

private:
VO D deepCopy(const Edge& rval ue_);

Vertex* source;
U NT sourcePort;
Vertex* sink;
Ul NT sinkPort;
CString nane;
CString type;
I NT wei ght;

H

/'l copy ctor

inline

Edge: : Edge(const Edge& rval ue_)
sour ce(NULL), sink(NULL)

{
deepCopy(rval ue_);
}
inline
Vert ex*

Edge: : get Sour ce() const

{

return source;

inline
Ul NT
Edge: : get SourcePort () const

{

return sourcePort;

inline
Vert ex*
Edge: : get Si nk() const
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return sink;

inline

Ul NT

Edge: : get Si nkPort () const
{

return sinkPort;

inline

const CString&

Edge: : get Name() const
{

return nane;

inline
const CString&
Edge: : get Type() const

{
return type;
}
inline
I NT
Edge: : get Wei ght () const
{
return wei ght;
}
inline
BOOL
Edge: :isValid() const
{
return valid,
}
inline
Edge&

Edge: : oper at or =(const Edge& rval ue_)

{
deepCopy(rval ue_);

return *this;



inline
BOOL
Edge: : oper at or ==(const Edge& rval ue_) const

{

return nane == rval ue_. naneg;

inline
BOOL
Edge: : operator! =(const Edge& rval ue_) const

{

return !operator==(rval ue_);

#endi f EDCE_H
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A.2.4 Edge.cpp

/*******************************************************************************************

* % * %
** Edge. cpp *H
* % * %
** This class represents a single Edge which is designed to have two attached Vertexes *x

** and to be contained in a Graph for use in a SpatialPartitioner which uses Clusters as **

** cont ai ners. * %
* % * %

*******************************************************************************************/

#i ncl ude "osindent.h"
#i ncl ude "RTRDefs. h"
#i ncl ude "Edge. h"

#i ncl ude "Vertex.h"

| MPLEMENT_SERI AL( Edge, CCbj ect, EDGE_I D)

/1 Default ctor
Edge: : Edge(Vertex* source_, U NT sourcePort_, Vertex* sink_, UNT sinkPort_, const CString&
name_,
const CString& type_, |INT weight_)
source(source_), sourcePort(sourcePort_), sink(sink_), sinkPort(sinkPort_), name(nane_),

type(type_), weight(weight_), valid(FALSE)

{
if (source)
{
sour ce- >addCQut goi ngEdge(t hi s);
}
if (sink)
{
si nk- >addl ncomi ngEdge(t hi s);
}
valid = TRUE;
}

/1 Default dtor
Edge: : ~Edge()

{

}

/] copi es EVERYTHI NG

VO D

Edge: : deepCopy(const Edge& rval ue_)
{
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Vva D

if (&value_ != this)

{
name = rval ue_. nane;
type = rval ue_.type;
source = rval ue_. source;
sourcePort = rval ue_. sourcePort;
sink = rval ue_. sink;
sinkPort = rval ue_. sinkPort;
wei ght = rval ue_. wei ght ;
valid = rvalue_.valid,;
}

Edge: : Seri al i ze( CArchi ve& ar)

{

va D

CObj ect:: Serialize(ar);

if (ar.IsStoring())
{
ar << source;
ar << sourcePort;
ar << sink;
ar << sinkPort;
ar << nane;
ar << type;
ar << weight;
ar << valid;

el se

ar >> source;

ar >> sourcePort;
ar >> sink;

ar >> sinkPort;
ar >> nane;

ar >> type;

ar >> weight;

ar >> valid;

Edge: : print On(ostrean® os, size_t indentLevel) const

{

U NT i ndent Fi veMbre = i ndent Level

+ 5;
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0s << "Edge {" << endl;

0s << indent(indentFiveMre) << "name = " << name << endl;
0s << indent(indentFiveMre) << "type = " << type << endl;
0s << indent(indentFiveMre) << "source = " << source->getName() << endl;
0s << indent(indentFiveMore) << "sourcePort =" << sourcePort << endl;
0s << indent(indentFiveMre) << "sink =" << sink->getNane() << endl;
0s << indent(indentFiveMre) << "sinkPort =" << sinkPort << endl;
0s << indent(indentFiveMre) << "weight =" << weight << endl;
0s << indent(indentFiveMre) << "valid = ";
if (valid)
{
0s << "TRUE";
}
el se
{
0s << "FALSE";
}
0s << endl;

0s << indent(indentlLevel) << "}" << endl;

/'l these three tenplated functions are for use by MC during various calls nade by CList or other
/1 container classes
tenplate <> void AFXAPI Construct El ement s<Edge>( Edge* newEdges, int nCount)
{
for (int i =0; i < nCount; i++, newEdges++)
{
new( newEdges) Edge;

tenplate <> voi d AFXAPI Destruct El ement s<Edge>( Edge* newEdges, int nCount)
{

for (int i =0; i < nCount; i++, newEdges++)

{
del et e( newEdges) ;

tenplate <> void AFXAPI Seri alizeEl ement s<Edge> (CArchive& ar, Edge* newkdges, int nCount)
{

for (int i =0; i < nCount; i++, newEdges++)

{

newEdges- >Seri al i ze(ar);
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A.25Graph.h

/*******************************************************************************************

* %

** Graph. h

* %

** This class represents a Graph which is designed to contain Edges and Vertexes and to
** used in a Spatial Partitioner which uses Custers as containers.

* %

* %

* %

* %

* %

* %

* %

*******************************************************************************************/

#i f ndef GRAPH_H
#define GRAPH_H

#i ncl ude <af x. h>

#i ncl ude <i ostream h>

#i ncl ude "Vertex.h"

cl ass Edge;

class Graph : public CObject

{

DECLARE_SERI AL( Gr aph)

public:

/1 Default ctor

Graph(const CString& nane_ = "");
/1 Copy ctor

inline Gaph(const G aph& rval ue_);
/1 Default dtor

virtual ~Gaph();

BOOL addVertex(\Vertex* v_);
BOOL addEdge( Edge* e_);

VA D cl ear EdgeLi st ();
VA D cl ear VertexList();

i nl'i ne doubl e get Aver ageVertexWi ght () const;
inline U NT getOrder() const;

inline U NT getSize() const;

inline VertexList* getVertices() const;

Vert ex* getVertexByName(const CString& nane_);
Edge* get EdgeByName(const CString& name_);

inline BOOL isValid() const;
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VO D Serialize(CArchive& ar_);

inline Gaph& operator=(const G aph& rvalue_);
inline BOOL operator==(const G aph& rval ue_);
inline BOOL operator!=(const G aph& rvalue_);

VO D printOn(ostream& os_ = cout, size_t indentLevel = 0) const;

/1 Reads the graph fromthe specified data file
VO D fronFil e(const CString& fil enane_);

pr ot ect ed:
BOOL valid;

private:
VO D deepCopy(const G aph& rvalue_);
VO D print EdgeLi st (ostream& os_, size_t indentFiveMire_, const EdgeList* list_,
const CString& nanme_) const;

VO D printVertexList(ostream& os_, size_t indentFiveMore_, const VertexList*
list_,
const CString& nane_) const;
CString nane;
EdgeLi st * edges;
doubl e avgVert exWei ght ;
U NT order;
U NT si ze;
VertexList* vertices;
H
/| Copy ctor
inline

Graph: : Gaph(const G aph& rval ue_)
edges(NULL), vertices(NULL)

{
deepCopy(rval ue_);
}
inline
Ul NT
Graph: : getOrder () const
{
return order;
}
inline
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Ul NT
Graph: : get Si ze() const

{
return size;
}
inline
doubl e

Graph: : get Aver ageVert ex\Wei ght () const
{

return avgVertex Wi ght;

inline
VertexList*
Graph: : get Vertices() const

{
return vertices;
}
inline
Graph&

Graph: : operat or=(const G aph& rval ue_)

{
deepCopy(rval ue_);

return *this;

inline
BOCOL
Graph: : oper at or==(const G aph& rval ue_)

{

return nane == rval ue_. nane;

inline
BOOL
Graph: : operator! =(const G aph& rval ue_)

{

return !operator==(rval ue_);

#endi f GRAPH_H
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A.2.6 Graph.cpp

/*******************************************************************************************

* % * %
** G aph. cpp *x
* % * %

** This class represents a Graph which is designed to contain Edges and Vertexes and to *x
** used in a Spatial Partitioner which uses Custers as containers. *x

* % * %
~k~k*****************************************************************************************/
#i ncl ude "G aph. h"

#i ncl ude "osindent. h"

#i ncl ude "RTRDefs. h"

| MPLEMENT_SERI AL( Gr aph, CQbj ect, GRAPH I D)
/1 Default ctor

Graph: : Graph(const CString& name_) : nane(name_), order(0), size(0), edges(NULL), vertices(NULL),
avgVert ex\Wei ght (0), val i d(FALSE)

{
edges = new Edgeli st;
vertices = new VertexList;
valid = !'nane. | sEmpty();

}

/] Default dtor
G aph: : ~Graph()

{
edges- >RenoveAl | ();
del et e edges;
vertices->RenpveAl |l ();
del ete vertices;

}

BOOL

Graph: : addEdge( Edge* e )

{

BOOL retval = FALSE;
if (!get EdgeByName(e_->get Nanme()))
{
i f (getVertexByName(e_->get Source()->get Nane())
&& get Vert exByNane(e_- >get Si nk() - >get Nane()))

edges->AddTai |l (e_);
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BOOL

Si ze++;

retval = TRUE;

return retval;

Graph: : addVert ex(Vertex* v_)

{

1);

BOOL retval = FALSE;

if (!getVertexByNane(v_->getNane()))

{

vertices->AddTail (v_);
if (order)
{

avgVertexWei ght = (avgVertexWei ght

el se

avgVert ex\Wei ght = v_->get Wi ght ();
}
or der ++;

retval = TRUE;

return retval;

/| copi es EVERYTHI NG

va D

Graph: : deepCopy( const

{

Graph& rval ue_)

if (&value_ != this)

{

name = rval ue_. naneg;

edges- >RenoveAl | ();

edges- >AddHead( ( EdgelLi st *) (rval ue_. edges));
order = rval ue_. order;

avgVert ex\Wei ght = rval ue_. avgVert ex\i ght ;
size = rval ue_.si ze;

vertices->RenoveAl | ();

*

order

vertices->AddHead( (VertexList*)(rvalue_.verti ces));

+ v_->getWeight()) / (order

/1l have to cast away const

/'l have to cast away const

+



VA D
Graph:: Serialize(CArchive& ar_)
{
edges->Seri al i ze(ar_);
vertices->Serialize(ar_);
if (ar_.I1sStoring())
{
ar_ << nane;
ar_ << avgVertexWei ght;
ar_ << order;
ar_ << size;
}
el se
{
ar_ >> nane;
ar_ >> avgVert exWei ght;
ar_ >> order;
ar_ >> size;
}
}
VA D

Graph: : printVertexList(ostream& os, si

{
if (list->GetCount())
{
Vertex* v,
Vertex* tail = list->GetTail();
PCSI TI ON pos = |ist->Get HeadPosi tion();
U NT idx = 0;
do
{
v = |ist->Cet Next (pos);
0s << indent(indentlLevel) << listName << "[" << idx++ << "]
v->printOn(os, indentlLevel);
} while ((v !=tail) &% (pos != NULL));
}
}
VA D

Graph: : print EdgeLi st (ostream& os,

size_t

ze_t indentLevel, const VertexList* |ist,

const CString& |istNanme) const

const

i ndent Level , const Edgelist* Iist,

CString& |istName) const
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if (list->GetCount())

{
Edge* e;
Edge* tail = list->CetTail ();
POSI TI ON pos = |ist->Cet HeadPosi tion();
U NT idx = 0;
do
{
e = |ist->Cet Next (pos);
0s << indent(indentlLevel) << |istName << "[" << jidx++ << "] ="
e->printOn(os, indentlLevel);
} while ((e !=tail) &% (pos != NULL));
}
}
VA D
Graph::printOn(ostream& os, size_t indentlLevel) const
{

U NT i ndent Fi veMbre = indentLevel + 5;

0s << "Graph {" << endl;

0s << indent(indentFiveMre) << "nanme = " << name << endl;
0s << indent(indentFiveMre) << "order =" << order << endl;
0s << indent(indentFiveMre) << "avgVertexWeight = " << avgVertexWi ght << endl;
if (order > 0)
{
printVertexList(os, indentFiveMre, vertices, "vertex");
}
0s << indent(indentFiveMre) << "size = " << size << endl;
if (size > 0)
{
print EdgeLi st (os, indentFiveMre, edges, "edge");
}
0s << indent(indentFiveMre) << "valid = ";
if (valid)
{
0s << "TRUE";
}
el se
{
0s << "FALSE";
}
0s << endl;
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0s << indent(indentlLevel) << "}" << endl;

Vert ex*
Graph: : get Vert exByNane(const CString& nanme_)

{
Vertex* retval = NULL;
if (vertices->GetCount())
{
Vertex* v;
Vertex* tail = vertices->CetTail ();
POSI TI ON pos = vertices->Get HeadPosi tion();
U NT idx = 0;
do
{
v = vertices->Cet Next (pos);
if (v->getName() == nane_ )
{
retval = v;
}
} while (((v !=tail) &% (pos != NULL)) && (!'retval));
}
return retval;
}
Edge*
G aph: : get EdgeByNane(const CString& nane_)
{

Edge* retval = NULL;

if (edges->Get Count())

{
Edge* e;
Edge* tail = edges->CetTail ();
POSI TI ON pos = edges->Cet HeadPosi tion();
U NT idx = 0;
do
{
e = edges- >Get Next (pos);
if (e->getName() == name_)
{
retval = e;
}
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} while (((e !=tail) & (pos != NULL)) && (!retval));

return retval;

/1 The nane of the graph (enclosed in "s is the first thing not ignored in the file)

/1 after the name, the reader scans for the rest of the info (enclosed in {})

Il Vertices are listed first and they |ook |ike:

/1 Name: Type: Wi ght : | nputs Requi red: Qut puts Required

/] They are ,-separated and the |last one has a ; after it.
/| Edges cone next and they |ook Iike:

/1 Name: Sour ce: Source Port: Sink:Sink Port: Type: wei ght

// They are ,-separated and the |last one has a ; after it.

Vva D

Graph::fronFil e(const CString& fil enane)

{

const size_t bufSize = 1024;

enum St at eType { GETTI NG GRAPH NAME = 0, GETTI NG VERTI CES = 1, GETTING EDGES = 2,
FINSHING = 3 };

CFile file;

CHAR buffer;

StateType state = GETTI NG_GRAPH_NAME;
CHAR string[ buf Si ze];

INT strlidx = 0;

CString graphNane;

file.Open(filename, CFile::nodeRead);
/1 Read the graph name

while (buffer 1=""")

{
file. Read(&buffer, 1);

file. Read(&buffer, 1);

do

{
string[strldx++] = buffer;
file. Read(&uffer, 1);

} while (buffer I=""");

graphNane = CString(string, strldx);
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/1 go to the first {
while (buffer !'="{")

{
file. Read(&uffer, 1);

file. Read(&buffer, 1);

/1 read all of the vertices

while (buffer !=";")
{
/1 skip |eading whitespace
while (buffer == "\t’ || buffer == "\f’
|| buffer =="' ")
{
file.Read(&buffer, 1);
}
stridx = 0;
while (buffer !'=":")
{
string[strldx++] = buffer;
file. Read(&uffer, 1);
}

CHAR* vertexName = new CHAR[strldx + 1];
strncpy(vertexName, string, strldx);

vertexNang[strldx] = "\0";

file. Read(&buffer, 1);

strldx = 0;
while (buffer '=":")
{

string[strldx++] = buffer;
file. Read(&buffer, 1);

CHAR* vertexType = new CHAR[strldx + 1];
strldx);

strncpy(vertexType, string,
vertexType[strlidx] = "\0";

file. Read(&buffer, 1);

U NT clbs = 0;
while (buffer '=":")
{

buf f er

"\

buf fer

"\



clbs = clbs * 10 + buffer - '0";
file. Read(&uffer, 1);

file. Read(&uffer, 1);

U NT ins = 0;

while (buffer '=":")

{
ins =ins * 10 + buffer - '0';
file.Read(&buffer, 1);

file. Read(&buffer, 1);

U NT outs = 0;
while ((buffer !'=";") && (buffer !=","))
{
outs = outs * 10 + buffer - '0';
file. Read(&buffer, 1);

}
if (buffer ==",")
{
file. Read(&buffer, 1);
}

addVert ex(new Vertex(vertexNane, vertexType, clbs, ins, outs));

file. Read(&buffer, 1);

Il read all of the edges

while (buffer !'=";")
{
/'l skip |eading whitespace
while (buffer == '"\t’ || buffer == "\f’ || buffer == "\r’ || buffer =="\n’
|| buffer =="' ")
{
file. Read(&uffer, 1);
}
strldx = 0;
while (buffer '=":")
{

string[strldx++] = buffer;
file.Read(&buffer, 1);

70



CHAR* edgeNanme = new CHAR[strldx + 1];
strncpy(edgeNane, string, strldx);
edgeNang[strldx] = '\0";

file. Read(&uffer, 1);

strlidx = 0;
while (buffer !=":")
{

string[strldx++] = buffer;
file. Read(&buffer, 1);

CHAR* sourceName = new CHAR[strldx + 1];
strncpy(sourceName, string, strldx);
sourceNanme[strldx] = '\0";

Vertex* source = getVertexByNane(sourceNane);

file. Read(&buffer, 1);

U NT sourcePort = 0;
while (buffer '=":")
{
sourcePort = sourcePort * 10 + buffer - '0’;
file. Read(&buffer, 1);

file. Read(&buffer, 1);

strldx = 0;
while (buffer !'=":")
{

string[strldx++] = buffer;
file.Read(&buffer, 1);

CHAR* sinkName = new CHAR[strldx + 1];
strncpy(sinkNarme, string, strldx);

si nkNane[strldx] = '\0";

Vertex* sink = getVertexByNane(si nkNane);

file. Read(&buffer, 1);

U NT sinkPort = 0;
while (buffer '=":")
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sinkPort = sinkPort * 10 + buffer - '0';
file. Read(&uffer, 1);

file. Read(&buffer, 1);

strldx = 0;
while (buffer '=":")
{

string[strldx++] = buffer;
file. Read(&buffer, 1);

CHAR* edgeType = new CHAR[strldx + 1];
strncpy(edgeType, string, strldx);
edgeType[strldx] = "'\0";

file. Read(&buffer, 1);

U NT size = 0;
while ((buffer '=";") && (buffer !'=","))
{
size = size * 10 + buffer - '0';
file. Read(&uffer, 1);

}
if (buffer ==",")
{
file. Read(&buffer, 1);
}

if (source && sink)

{
addEdge(new Edge(source, sourcePort, sink, sinkPort, edgeNane, edgeType,
size));
}
}
/1 There's nothing inportant after the edges, so just bail out
file.dose();
}

/'l these three tenplated functions are for use by MC during various calls nade by CList or other
/1 container classes

tenplate <> void AFXAPI Construct El ement s<G aph>( Graph* newG aphs, int nCount)

{
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for (int i =0; i < nCount; i++ newG aphs++)

{
new new& aphs) G aph;

tenpl ate <> voi d AFXAPI Destruct El ement s<G aph>( G aph* newG aphs, int nCount)
{

for (int i =0; i < nCount; i++ newG aphs++)

{
del et e( newG aphs) ;

tenplate <> void AFXAPI Seri alizeEl ement s<G aph> (CArchive& ar, G aph* newG aphs, int nCount)
{

for (int i =0; i < nCount; i++ newG aphs++)

{

new& aphs->Seri al i ze(ar);
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A.3 The Spatial Partitioner Library
A.3.1 Cluster.h

/*******************************************************************************************

* %

* %

* %

* %

* %

* %

* %

Cluster.h

This class represents a Cluster which is designed to contain Vertexes and to be used

in a SpatialPartitioner as the sem atonic structures which represent one processing

el ement .

* %

* %

* %

* %

* %

* %

*******************************************************************************************/

#i f ndef CLUSTER H
#define CLUSTER H

#i ncl ude
#i ncl ude
#i ncl ude

#i ncl ude

class duster;

<af x. h>
<af xt enpl . h>
<i ostream h>

"Vertex.h"

typedef CList<Custer*, Custer*> Custerlist;
typedef CList<U NT, U NT> Ul NTLi st;

class Custer

{

public COpj ect

DECLARE_SERI AL(Cl uster);

/1 Constant used in the closeness calcul ation
enum { ALPHA = 60};

public:

/1 Default ctor

Cluster(VertexList* vertices_ = NULL, U NT number_ = OU, U NT clbs_ = 0U,
UNT inPins_ = OU, UNT outPins_ = OU, U NT biPins_ = 0U,
Ul NTLi st* nei ghbors_ = NULL);

/] ctor which takes a single vertex instead of a VertexList

Cluster(Vertex* v_, U NT nunber_ = 0U, UNT clbs_ = 0U, UNT inPins_ = 0U,
U NT outPins_ = 0U, UNT biPins_ = 0U, Ul NTList* neighbors_ = NULL)

/| Copy ctor

inline Custer(const duster& rvalue_);

/1 Default dtor

virtual ~Cluster();
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VO D addVertex(Vertex* v);
VO D renoveVertex(Vertex* v);
VO D addVertexLi st (VertexList* list);

VO D findCandi date(Cl usterList* clustersLeft, POSITION pos, double avgCellSize);
inline INT getC oseness() const;

inline Cluster* getd osestTo() const;

inline U NT getNunber() const;

inline VertexList* getVertices() const;

/1 Returns the nunber of interconnections between <this> and d.
U NT isConnected(const Cluster* d) const;

inline U NT getSize() const;

/1 Returns what the size would be if v were added

inline U NT getPotential Si ze(const Vertex* v) const;

inline BOOL contains(const Vertex* v) const;

inline VO D setC oseness(INT cl oseness_);

inline VO D setC osest To(Cl uster* closestTo_);

inline U NT getlnPinsUsed() const;

inline U NT getCQutPinsUsed() const;

inline U NT getBi PinsUsed() const;

/1 Returns TRUE iff <this> has roomto add v_

BOOL hasRoonfor (const Vertex* v_) const;

/1 Returns TRUE iff <this> has roomto add every vertex in c_
BOOL hasRoonfor (const Cluster* c_) const;

inline BOOL isValid() const;

inline const U NTList* getNei ghbors() const;

inline Custer& operator=(const Custer& rvalue_);
inline BOOL operator==(const Cluster& rvalue_);

inline BOOL operator!=(const Custer& rval ue_);

VO D Serialize(CArchive& ar_);

VO D printVertexList(ostream& os_ = cout, size_t indentLevel = 0) c onst;
VO D print Nei ghbor Li st (ostream& os_ = cout, size_t indentLevel = 0) const;
VO D printOn(ostream& os_ = cout, size_t indentLevel = 0) const;

pr ot ect ed:
BOOL valid;

private:

INT cl osenessTo(const Cluster* d, U NT nunConns, double avgCell Size) const;
U NT count Nets();

inline U NT get NunNets() const;

U NT getListSize(const VertexList* list) const;

VO D deepCopy(const C usteré& rval ue_);
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U NT nunber ;

U NT cl bs;

U NT inPins;

Ul NT i nPi nsUsed;

Ul NT out Pi ns;

Ul NT out Pi nsUsed;

U NT bi Pi ns;

Ul NT bi Pi nsUsed;

Ul NTLi st* nei ghbors;

BOOL dirty;
VertexList* vertices;
Cluster* closest To;
INT cl oseness;
U NT numConnecti ons;
U NT numNet s;
U NT si ze;

H

/| Copy ctor
inline
Cluster::Custer(const Cluster& rvalue_)
nei ghbor s(NULL), vertices(NULL), closestTo(NULL)

{
deepCopy(rval ue_);
}
inline
BOOL
Cluster::contains(const Vertex* v) const
{
return vertices->Find((Vertex*)v) != NULL;
}
inline
I NT
Cluster::getd oseness() const
{
return cl oseness;
}
inline

const Ul NTLi st*
Cl uster:: get Nei ghbors() const
{

return nei ghbors;
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inline
Ul NT
Cl uster::get Number () const
{
return nunber;
}
inline
va D

Cluster::setC oseness(|NT cl oseness_)

{

cl oseness = cl oseness_;

inline
va D
Cluster::setC osest To(Cluster* closestTo_ )

{

cl osest To = cl osest To_;

inline
Cluster*
Cluster::getd osestTo() const

{
return cl osest To;
}
inline
Ul NT
Cluster::getlnPinsUsed() const
{
return inPinsUsed;
}
inline
Ul NT
Cluster::getQutPinsUsed() const
{
return out Pi nsUsed;
}
inline
Ul NT

Cluster::getBi Pi nsUsed() const
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return bi Pi nsUsed;

inline

Ul NT

Cluster::getNumNets() const
{

return nuniNets;

inline
Ul NT
Cluster::getSize() const

{

return size;

/1 Returns what the size would be if v were added
inline

Ul NT

Cluster::getPotential Size(const Vertex* v) const

{

return size + v->get Wi ght();

inline
VertexList*
Cluster::getVertices() const

{

return vertices;

inline
Cluster::isValid() const

{
return valid,
}
inline
Clusteré&

Cluster::operator=(const Custer& rvalue_ )
{
deepCopy(rval ue_);

return *this;
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inline
BOOL
Cluster::operator==(const Custeré& rvalue_)

{

return nunber == rval ue_. nunber;

inline
BOOL
Cluster::operator!=(const Custer& rvalue_)

{

return !operator==(rval ue_);

#endi f CLUSTER H
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A.3.2 Cluster.cpp

/~k******************************************************************************************
* % * %
** (Custer.cpp **
* % * %
** This class represents a Cluster which is designed to contain Vertexes and to be used *x
** in a SpatialPartitioner as the sem atonic structures which represent one processing *x

** el ement .

* % * %

*******************************************************************************************/

#i nclude "d uster.h"
#i ncl ude "osindent. h"
#i ncl ude "RTRDefs. h"

| MPLEMENT_SERI AL(Cl ust er, CCbject, CLUSTER ID)

/1 Default ctor
Cluster::Custer(VertexList* vertices_, U NT nunber_, UNT clbs_, UNT inPins_, U NT outPins_,
U NT bi Pins_, U NTList* neighbors_)
nunber (nunber ), clbs(clbs_), inPins(inPins_), outPins(outPins_), biPins(biPins_),
nei ghbor s(nei ghbors_), vertices(vertices_), closestTo(NULL), closeness(INT_MN),
nunConnections(0), nunNets(0), size(0), dirty(TRUE), inPinsUsed(0), outPinsUsed(0),
bi Pi nsUsed(0), valid(TRUE)

{
if (!vertices)
{
vertices = new VertexList;
}
i f (!neighbors)
{
nei ghbors = new Ul NTLi st ;
}
nunNets = count Nets();
size = getListSize(vertices);
}

/1 ctor which takes a single vertex as opposed to a VertexList
Cluster::Custer(Vertex* v, U NT nunber_, UNT clbs_, UNT inPins_, UNT outPins_, U NT biPins_,
Ul NTLi st* nei ghbors_)
nunber (nunber ), clbs(clbs_), inPins(inPins_), outPins(outPins_), biPins(biPins_),
nei ghbor s( nei ghbors_), vertices(NULL), cl osest To( NULL) , cl oseness(INT_MN),
nunConnect i ons(0),
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numNet s(0), size(0), dirty(TRUE),

val i d( TRUE)

{

Cl uster:

{

Ul NT
Cl uster:

{

i f (!nei ghbors)

{
nei ghbors = new Ul NTLi st ;

vertices = new VertexList;

vertices->AddHead(v);

nunNets = count Nets();

size = v->get Wi ght ();

:~Cluster()

del et e nei ghbors;
del ete vertices;

: count Net s()
U NT count = 0;
if (vertices->GetCount())

{

Vert ex* v;

i nPi nsUsed(0),

Vertex* tail = vertices->CetTail();
PCSI TI ON pos = vertices->Get HeadPosition();

do
{

v = vertices->Cet Next (pos);

EdgeList* list = v->getlncom ngEdgeList();

if (list->GetCount())

{
Edge* e;

Edge* eTail = list->CetTail ();

POSI TI ON ePos

do
{

e = |ist->Get Next (ePos);
if (vertices->Find(e->getSource()) ==
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l'i st->Cet HeadPosi tion();

NULL)

bi Pi nsUsed(0),



VA D
Cluster:

{

count ++;

}
} while ((e != eTail) && (ePos !'= NULL));

list = v->get Qut goi ngEdgeLi st ();
if (list->GetCount())

{
Edge* e;
Edge* eTail = list->CetTail ();
POSI TI ON ePos = |i st->Cet HeadPosi tion();
do
{
e = |list->Cet Next (ePos);
if (vertices->Find(e->getSink()) == NULL)
{
count ++;
}
} while ((e != eTail) && (ePos != NULL));
}

} while ((v !=tail) &% (pos != NULL));

return count;

caddVertex(Vertex* v)

U NT inPinsAvailable = inPins - inPinsUsed;

U NT input sTaken = inPinsAvail abl e > v->get|nputsRequired() ? v->getlnputsRequired()
i nPi nsAvai | abl e;

U NT inPinsStill Needed = v->getlnputs Required() - inputsTaken;

i nPi nsUsed += i nput sTaken;

U NT out Pi nsAvai |l abl e = outPins - out Pi nsUsed;

U NT out put sTaken = out Pi nsAvai | abl e > v->get Qut put sRequi red() ? v->get Qut put sRequired()
out Pi nsAvai | abl e;

U NT outPinsStill Needed = v->get Qut put sRequired() - outputsTaken;

out Pi nsUsed += out put sTaken;

U NT bi Pi nsTaken = inPinsStill Needed + outPinsStill Needed;
bi Pi nsUsed += bi Pi nsTaken;
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va D
Cl uster:

{

VA D
Cluster:

{

vertices->AddTail (v);

v->set Added( TRUE) ;

v->set Cl ust er Nunber ( nunber) ;
nunNets = count Nets();

size += v->get Wei ght ();
dirty = TRUE;

:addVertexLi st (VertexList* list)

if (list->GetCount())

{
Vertex* v,
Vertex* tail = list->CGetTail();
POSI TI ON pos = |ist->Cet HeadPosi tion();
do
{
v = |ist->Cet Next (pos);
addVertex(v);
} while ((v !=tail) && (pos != NULL));
dirty = TRUE;
}

:renmoveVertex(\Vertex* v)

INT diff = inPinsUsed - v->getlnputsRequired();
U NT pinsFreed = diff >0 ? diff : inPinsUsed;

i f (pinsFreed > inPinsUsed)

{
i nPi nsUsed = 0;
diff = pinsFreed - inPinsUsed,
bi Pi nsUsed -= diff;
}
el se
{
i nPi nsUsed -= pinsFreed;
}

di ff = outPinsUsed - v->getQutputsRequired();
pinsFreed = diff >0 ? diff : outPinsUsed;

83



if (pinsFreed > outPinsUsed)

{
out Pi nsUsed = 0;
di ff = pinsFreed - outPinsUsed;
out PinsUsed -= diff;
}
el se
{
out Pi nsUsed -= pi nsFreed;
}

vertices->RenoveAt (vertices->Find(v));
v- >set Added( FALSE) ;

v->set Cl ust er Nunber (0) ;

nunNets = count Nets();

size -= v->get Wi ght ();

dirty = TRUE;

/1 Returns the nunmber of interconnections between <this> and d
Ul NT
Cluster::isConnected(const Cluster* d) const

{
U NT retval = 0;

if (vertices->GetCount())
{
Vertex* v;
Vertex* tail = vertices->CetTail ();
PCSI TI ON pos = vertices->Get HeadPosition();
VertexList* list = d->getVertices();

do
{
v = vertices->Cet Next (pos);
Edge* e;
EdgeLi st* elList = v->getlncom ngEdgeList();

if (eList->GetCount())
{
Edge* eTail = elist->GetTail ();
POSI TI ON ePos = elLi st->Cet HeadPosi tion();

do

{
e = eLi st->Cet Next (ePos) ;
if (d->contains(e->getSource()))



Ul NT

elLi st

retval ++;

}
} while (e != eTail);

= v->get Qut goi ngEdgeLi st ();

if (eList->GetCount())

{

Edge* eTail = elist->GetTail ();
POSI TI ON ePos = elLi st->Cet HeadPosi tion();

do
{
e = elist->Get Next (ePos);
if (d->contains(e->getSink()))
{
retval ++;

}
} while (e !'= eTail);

} while ((v !=tail) &% (pos != NULL));

return retval;

Cluster::getlListSize(const VertexList* list) const

{

U NT listSize = 0;

if (list->GetCount())

{

Vert ex* v;
Vertex* tail
PCSI TI ON pos

do
{

= vertices->CGetTail ();
= vertices->Cet HeadPosi tion();

v = vertices->Cet Next (pos);
listSize += v->get Wi ght();
} while ((v !=tail) &% (pos != NULL));

return listSize;
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/'l Conmputes the cl oseness between <this> and d.
I NT
Cluster::closenessTo(const Cluster* d, U NT nunConns, double avgCell Size) const

{

I NT cl osenessVal ue = 0;

i f (d->get Nei ghbors()->Fi nd(nunber) && avgCell Size && numNets && d->get NumNet s()
&& (size <= d->getSize()) && hasRoonfor(d))

cl osenessVal ue = ALPHA * nunConns / __mi n(numNets, d->getNumNets())
- ((size + d->getSize()) / (INT)avgCell Size);

return cl osenessVal ue;

va D
Cluster::findCandidate(C usterList* clustersLeft, PCSITION pos, double avgCell Size)
{
if (dirty)
{
Cluster* d;
Cluster* tail;

do
{
d = clustersLeft->Get Next (pos);

U NT nunmConns = i sConnected(d);

i f (numConns > 0)

{
I NT newC oseness = cl osenessTo(d, nunConns, avgCell Size);
i f (newCl oseness > cl oseness)
{
cl oseness = newCl oseness;
cl osest To = d;
cl osest To- >set O oseness( cl oseness) ;
cl osest To- >set G osest To(t hi s);
}
}

} while ((d !=tail) & (pos !'= NULL));
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Vva D

dirty

= FALSE;

Cluster::Serialize(CArchive& ar)

{

CObj ect:: Serialize(ar);

vertices->Serialize(ar);

nei ghbors->Serialize(ar);

cl osest To->Serial i ze(ar);

if (ar.lsStoring())

{

ar
ar
ar
ar
ar
ar
ar
ar
ar
ar
ar
ar
ar

el se

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

<<

nunber ;

cl bs;

i nPi ns;

i nPi nsUsed;
out Pi ns;
out Pi nsUsed;
bi Pi ns;

bi Pi nsUsed;
cl oseness;
dirty;
numet s;

si ze;

val i d;

U NT theType;

ar
ar
ar
ar
ar
ar
ar
ar
ar
ar
ar
ar
ar
ar

>>

>>

>>

>>

>>

>>

>>

>>

>>

>>

>>

>>

>>

>>

nunber ;

cl bs;

i nPi ns;

i nPi nsUsed;
out Pi ns;
out Pi nsUsed;
bi Pi ns;

bi Pi nsUsed;
cl oseness;
dirty;
numet s;

si ze;

t heType;
val i d;
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/'l Copi es EVERYTH NG

Cluster::deepCopy(const Custer& rval ue_)

if (this != &value)

VO D
{
{
}
}
va D

nunber = rval ue_. nunber;

cl bs = rval ue_. cl bs;

i nPins = rval ue_.inPins;

i nPi nsUsed = rval ue_. i nPi nsUsed;
out Pins = rval ue_. out Pi ns;

out Pi nsUsed = rval ue_. out Pi nsUsed;
bi Pins = rval ue_. bi Pi ns;

bi Pi nsUsed = rval ue_. bi Pi nsUsed;
cl osest To = rval ue_. cl osest To;

cl oseness = rval ue_. cl oseness;
numNet s = rval ue_. nunNet s;

dirty = rvalue_.dirty;

size = rval ue_. si ze;

del ete vertices;
vertices = new VertexList;
vertices->AddHead( (VertexList*)(rvalue_.vertices));

del et e nei ghbors;
nei ghbors = new Ul NTLi st ;

nei ghbor s- >AddHead( (Ul NTLi st *) (rval ue_. nei ghbors));

valid = rvalue_.valid;

Cluster::printVertexList(ostream& os, size_t indentlLevel) const

{

if (vertices->GetCount())

{

Vertex* v,

Vertex* tail = vertices->CetTail ();

PCSI TI ON pos = vertices->Get HeadPosition();
UNT idx = 0;

do
{
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Vva D

Vv =

0s << indent(indentLevel) << "vertex[" << idx++ << "] =

v->print On( os,

vertices->CGet Next (pos);

i ndent Level ) ;
} while ((v !=tail) &% (pos != NULL));

Cluster:: printNei ghborList(ostream& os,

{

va D

{

Cluster::printOn(ostream& os, size_t indentLevel) const
static printing = FALSE;
size_t indentFiveMire = indentLevel + 5;
0s << "Custer {" << endl;
0s << indent(indentFiveMre) << "nunber ="
0s << indent(indentFiveMre) << "clbs ="
0s << indent(indentFiveMre) << "inPins ="
0s << indent(indentFiveMre) << "inPinsUsed ="
0s << indent(indentFiveMre) << "outPins ="
0s << indent (indentFiveMre) << "outPinsUsed ="
0s << indent(indentFiveMre) << "biPins ="
0s << indent(indentFiveMre) << "biPinsUsed ="
pri nt Nei ghbor Li st (os, indentFi veMre);
print VertexLi st(os, indentFiveMre);

i f (nei ghbors->Get Count())

size_t

nei ghbors->Get Tai | ();
nei ghbor s- >Get HeadPosi ti on();

nei ghbor s- >Get Next ( pos) ;

i ndent Level ) const

0s << indent(indentLevel) << "neighbor[" << idx++ << "] =

{
U NT i;
UNT tail =
PCSI TI ON pos =
U NT idx = 0;
do
{
i =
} while ((i
}

if (!printing)

= tail) & (pos != NULL));
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<< nunber

<< endl ;

<< ¢l bs << endl;
<< inPins << endl;

<< inPinsUsed << endl;

<< outPins << endl;

<< out Pi nsUsed << endl;

<< bi Pins << endl;

<< bi PinsUsed << endl;

<<

<< endl ;



printing = TRUE;

0s << indent(indentFiveMire) << "closestTo = ";
if (closestTo)

{
cl osest To->pri nt On(os, indentFiveMore);
}
el se
{
0s << "NULL" << endl;
}
0s << indent(indentFiveMre) << "closeness = " << closeness << endl;

printing = FALSE;

}
0s << indent(indentFiveMre) << "numNets = " << numNets << endl;
0s << indent(indentFiveMre) << "size = " << size << endl;
0s << indent(indentFiveMre) << "dirty =";
if (dirty)
{
0s << "TRUE";
}
el se
{
0s << "FALSE";
}
0s << endl;
0s << indent(indentFiveMre) << "valid = ";
if (valid)
{
0s << "TRUE";
}
el se
{
0s << "FALSE";
}
0s << endl;
0s << indent(indentlLevel) << "}" << endl;

/!l Returns true iff <this> has roomfor v.

BOOL

Cl uster:: hasRoonfor (const Vertex* v) const

0



BOOL retval = FALSE;

if (size + v->getWight() <= clbs)

{
if (inPins - inPinsUsed >= v->get|nputsRequired())
{
if (outPins - outPinsUsed >= v->get Qut put sRequired())
{
retval = TRUE;
}
else if (outPins - outPinsUsed + biPins - bi PinsUsed >=
>get Qut put sRequi red())
{
retval = TRUE;
}
}
else if (inPins - inPinsUsed + bi Pins - biPinsUsed >= v->get| nputsRequired())
{
U NT bi Pi nsTaken = v->get|nputsRequired() - (inPins - inPinsUsed);
if (outPins - outPinsUsed >= v->get Qut put sRequired())
{
retval = TRUE;
}
else if (outPins - outPinsUsed + biPins - biPinsUsed - bi Pi nsTaken
>= v->get Qut put sRequi red())
{
retval = TRUE;
}
}

return retval;

/] Returns true iff <this> has roomfor all vertices in c.
BOOL
Cl uster: : hasRoonfor (const Cluster* c) const

{
BOOL retval = FALSE;

if (size + c->getSize() < clbs)
{
if (inPins - inPinsUsed >= c->getlnPinsUsed())

{
if (outPins - outPinsUsed >= c->get Qut Pi nsUsed())
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if (biPins - biPinsUsed >= c->getBi Pi nsUs ed())

{
retval = TRUE;
}
}
else if (outPins - outPinsUsed + biPins - bi PinsUsed >= c¢-
>get Qut Pi nsUsed())
{
U NT bi Pi nsTaken = c->get Qut Pi nsUsed() - (outPins - outPinsUsed);
if (biPins - biPinsUsed - biPinsTaken >= c->getBi Pi nsUsed())
{
retval = TRUE;
}
}
}
else if (inPins - inPinsUsed + biPins - biPinsUsed >= c->get|nPinsUsed())
{

U NT bi Pi nsTaken = c->getl|nPinsUsed() - (inPins - inPinsUsed);

if (outPins - outPinsUsed >= c->get Qut Pi nsUsed())

{
if (biPins - biPinsUsed - bi PinsTaken >= c->get Bi Pi nsUsed())
{
retval = TRUE;
}
}
el se
{
bi Pi nsTaken += c->get Qut Pi nsUsed() - (outPins - outPinsUsed);
if (outPins - outPinsUsed + biPins - biPinsUsed - bi PinsTaken >= c-
>get Qut Pi nsUsed())
{
if (biPins - biPinsUsed - bi PinsTaken >= c->get Bi Pi nsUsed())
{
retval = TRUE;
}
}
}

return retval;
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/'l these three tenplated functions are for use by MC during various calls nade by CList or other
/1 container classes
tenplate <> void AFXAPI Construct El ement s<C uster>(C uster* newC usters, int nCount)

{

for (int i = 0; i < nCount; i++, newCl usters++)

{

new( newCl usters) C uster;

tenplate <> void AFXAPI DestructEl ements<Cd uster>(C uster* newC usters, int nCount)

{

for (int i =0; i < nCount; i++, newCl usters++)
{
del et e(newd usters);
}
}
tenmplate <> void AFXAPlI SerializeEl ements<Cluster> (CArchive& ar, Cluster* newClusters, int
nCount )
{
for (int i =0; i < nCount; i++, newCl usters++)
{
newCl ust ers->Seri al i ze(ar);
}
}
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A.3.3 SpatialPartitioner.h

/*******************************************************************************************

* % * %
** Spatial Partitioner.h *x
* % * %

** This class represents a Spatial Partitioner whose job it is to determ ne the best way *x
** to subdivide a Graph consiting of Vertices and Edges into a group of Clusters in the *x

** shortest time possible. It does so by sinultaneously mininzing the nunber of PEs *x
** required (Clusters) and the number of interconnections between those PEs. It finds *x
** the best solution possible in the time allowed and then saves the result. *x
* % * %

*******************************************************************************************/

#i f ndef SPATI ALPARTI ONER_H
#defi ne SPATI ALPARTI ONER_H

#i ncl ude <af x. h>
#i ncl ude <i ostream h>

#include "duster.h"
#i ncl ude "G aph. h"

class Spatial Partitioner : public CObject

{
DECLARE_SERI AL( Spati al Partitioner)

public:
/] Default ctor
Spatial Partitioner(const CString& filenane_ = "", const Graph* g_ = NULL);
/| Copy ctor
inline SpatialPartitioner(const SpatialPartitioneré& rvalue_);
/1 Default dtor
virtual ~SpatialPartitioner();

BOCOL run();

inline BOOL isValid() const;
VO D Serialize(CArchive& ar_);

inline Spatial Partitioner& operator=(const Spatial Partitioner& rvalue_);
inline BOOL operator==(const Spatial Partitioner& rvalue_);
inline BOOL operator!=(const Spatial Partitioner& rvalue_);

VO D printCusterlList(ostrean& os = cout, size_t indentLevel = 0) const;
VO D print Topol ogy(ostrean& os = cout, size_t indentLevel = 0) const;
VO D printNonenptyPartitions(ost ream& os = cout, size_t indentLevel = 0) const;
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VO D printOn(ostream& os_ = cout, size_t indentLevel = 0) const;
U NT count | nterconnections(const ClusterList* = NULL) const;
inline U NT count PEs() const;

pr ot ect ed:
BOOL valid;

private:
static const CString outfile;

U NT count NonenptyCl ust ers(const ClusterList& |ist) const;

/1 Saves the result to an output file

VO D toFile() const;

Il Inserts a single vertex

BOOL recursel nsertion(Vertex* inV, POSITION inPos);

VOD initializeQusterList();

BOCOL insertVertices();

/1 Returns TRUE iff it is legal to add v_ to toC uster_.

BOCOL | egal ToAdd(const Vertex* v_, const Cluster* toC uster_);

// Calculates the gains associated with noving each vertex from fronCluster_ to
toC uster_

VA D cal cul at eGai ns(const Cluster* fronCluster, const Cluster* toC uster);

VO D deepCopy(const Spatial Partitioner& rvalue_);

VO D findCandi dates();

Cluster* findC uster(U NT clusterNunber_, CusterList& clusterList_);

Vertex* findVertexWthLargestGain(const Custer* c);

/1 the main partitioning nethod

U NT gcep(d usterlList*);

// called iterativel by gcep() to acconplish n-way partitioning

VO D gcep_2way(Cd uster* fromCluster, Cluster* toC uster);

/1 calls gcep()

BOOL hgcep();

BOOL meked usters(U NT nunCl usters);

VO D nerged osest ();

VO D out put Resul ts();

VO D parseTopol ogyFil e();

VO D refined usters();

VO D saveResul t ();

VO D updat eGai n(Vertex* v, const Cluster* fronCuster, const Cluster* toC uster);

ClusterlList clusters;
Cstring fil enane;

const G aph* g;
ClusterList* partition;
ClusterlList topology;
U NT pl atfornSi ze;
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/1 Copy ctor

inline

Spatial Partitioner::Spatial Partitioner(const Spatial Partitioner& rvalue_)
g(NULL), partition(NULL)

{
deepCopy(rval ue_);
}
inline
BOOL
Spatial Partitioner::isValid() const
{
return valid,;
}
inline
Ul NT
Spati al Partitioner::count PEs() const
{
U NT retval = 0;
if (partition)
{
retval = count NonenptyC usters(*partition);
}
return retval;
}
inline

Spatial Partitioneré&
Spati al Partitioner::operator=(const Spatial Partitioner& rvalue_)

{
deepCopy(rval ue_);

return *this;
inline
BOOL

Spati al Partitioner::operator==(const Spatial Partitioner& rvalue_)

{

return this == &value_;

inline
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BOOL
Spatial Partitioner::operator!=(const Spatial Partitioner& rval ue_)

{

return !operator==(rval ue_);

#endi f SPATI ALPARTI ONER_H
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A.3.4 SpatialPartitioner.cpp

/*******************************************************************************************

* % * %
** Spatial Partitioner.h *x
* % * %

** This class represents a Spatial Partitioner whose job it is to determ ne the best way *x
** to subdivide a Graph consiting of Vertices and Edges into a group of Clusters in the *x

** shortest time possible. It does so by sinultaneously mininzing the nunber of PEs *x
** required (Clusters) and the number of interconnections between those PEs. It finds *x
** the best solution possible in the time allowed and then saves the result. *x
* % * %

*******************************************************************************************/

#i ncl ude <afxtenpl . h>
#include <limts. h>

#i ncl ude "osindent.h"

#i ncl ude "RTRDefs. h"

#include "Spatial Partitioner.h"
#i ncl ude "Vertex.h"

| MPLEMENT_SERI AL( Spati al Partitioner, CObject, SPATI ALPARTI TI ONER | D)
const CString Spatial Partitioner::outfile = "clusters.file";

/1 Default ctor
Spatial Partitioner:: Spatial Partitioner(const CString& filename_, const G aph* g_)
g(g_), filename(filenane_), partition(NULL), platfornSize(0OU), valid(FALSE)

par seTopol ogyFi |l e();

/1 Default dtor
Spatial Partitioner::~Spatial Partitioner()

{

del ete partition;

/] Topology file |ooks like:
/1 PE #:# CLBs:# of Input Only Pins:# of Qutput Only Pins:# of Bidirectional Pins:neighbor 1,2,3;
va D
Spati al Partitioner::parseTopol ogyFil e()
{
Crile file(filename, CFile::nodeRead);
size_t bufSize = 1024,
CHAR* buffer = new CHAR buf Si ze] ;
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U NT bytesRead = file.Read(buffer, bufSize);

enum { GETTING PE_ NUM = 0, GETTING CLBS = 1, GETTING IN PINS = 2, GETTING OUT_PINS = 4,

GETTING Bl _PINS = 5, GETTI NG _NEI GHBORS = 6 };
U NT state = GETTI NG_PE_NUM
INT val ue;
CString val String;

i f (bytesRead)

{
do
{
CString nane;
U NT peNunber;
U NT cl bs;
U NT i nPins;
U NT out Pi ns;
U NT bi Pins;
Ul NTLi st* nei ghbors = new Ul NTLi st;
for (UNT x = 0; x < bytesRead; x++)
{
U NT strLen = 0;
while (!(buffer[x] == '0" || buffer[x]
|| buffer[x] =="'3
|| buffer[x] == "4 || buffer[x]
"6' || buffer[x] =="7
|| buffer[x] =="8" || buffer[x]
{
X++;
}
while (buffer[x] == '0" || buffer[x] ==
buffer[x] =="'3
|| buffer[x] == "4 || buffer[x]
"6' || buffer[x] =="7
|| buffer[x] == "8 || buffer[x]
{
X++;
strlLen++;
}

val String = CString(buffer + x - strlLen,
val ue = atoi(val String. GetBuffer(0));

switch (state)

{
case CETTI NG _PE_NuM
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"Topol ogy", 0),

bi Pi ns, nei ghbors));

}

name = val String;
peNunber = val ue;
state = GETTI NG_CLBS;
br eak;

case GETTI NG CLBS:
cl bs = val ue;
state = GETTI NG_I N_PI NS;
br eak;

case CGETTI NG I N_PI NS:
i nPins = val ue;
state = GETTI NG_QUT_PI NS;
br eak;

case CETTI NG QUT_PINS:
out Pi ns = val ue;
state = GETTI NG_BI _PI NS;
br eak;

case CGETTI NG Bl _PINS:
bi Pi ns = val ue;
state = GETTI NG_NEI GHBCRS;
br eak;

case GETTI NG_NEI GHBORS:
nei ghbor s- >AddTai | (val ue) ;
if (buffer[x] ==";")

{
t opol ogy. AddTai | (new Cl ust er (new Vertex(nane,
peNunber, cl bs, i nPi ns, out Pi ns,
nei ghbors = new Ul NTLi st ;
state = GETTI NG_PE_NUM
pl atfornfi ze += cl bs;
}
br eak;

} while ((bytesRead = file.Read(buffer, bufSize)) == bufSize);

delete [] buffer;

va D
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Spatial Partitioner::printCusterList(ostream& os, size_t indentlLevel) const

{
if (clusters. GetCount())

{
Cluster* c;
Cluster* tail = clusters.GetTail ();
POSI TI ON pos = clusters. Get HeadPosi tion();
U NT idx = 0;
do
{
¢ = clusters. Get Next (pos);
0s << indent(indentlLevel) << "cluster[" << idx++ << "] =",
c->printOn(os, indentlLevel);
} while ((c !'=tail) &% (pos != NULL));
}
}
VA D

Spati al Partitioner::printTopol ogy(ostrean& os, size_t indentlLevel) const
{
i f (topol ogy. Get Count())

{
Cluster* c;
Cluster* tail = topology.GetTail ();
PCsSI TI ON pos = topol ogy. Get HeadPosi tion();
U NT idx = 0;
do
{
¢ = topol ogy. Get Next ( pos);
0s << indent(indentlLevel) << "topology[" << idx++ << "] =";
c->printOn(os, indentlLevel);
} while ((c !=tail) && (pos != NULL));
}
}
VO D

Spatial Partitioner::printNonenptyPartitions(ostream& os, size_t indentlLevel) const

{
if (partition & partition->GetCount())

{
Cluster* c;
Cluster* tail = partition->CetTail ();
POSI TI ON pos = partition->Get HeadPosition();
U NT idx = 0;
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do

c = partition->Get Next (pos);
if (c->getSize())

{
0s << indent(indentLevel) << "partition[" << idx++ << "] =",
c->printOn(os, indentlevel);
}
} while ((c !'=tail) &% (pos != NULL));
}
}
VO D
Spatial Partitioner::findCandi dates()
{
if (clusters. GetCount())
{
Cluster* c;
Cluster* tail = clusters.GetTail ();
PCSI TI ON pos = cl usters. Get HeadPosi tion();
do
{
¢ = clusters. Get Next (pos);
if (pos && c->getSize())
{
c->findCandi dat e( &l usters, pos, g->getAverageVertexWei ght());
}
} while ((c !'=tail) &% (pos != NULL));
}
}
VO D
Spatial Partitioner::merged osest()
{
if (clusters. GetCount())
{
Cluster* c;
Cluster* tail = clusters.GetTail ();

POSI TI ON pos = clusters. Get HeadPosi tion();
Cluster* toMerge = NULL;
I NT maxCl oseness = O;

do
{

¢ = clusters. Get Next (pos);
I NT newC oseness = c->get Cl oseness();
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i f (newd oseness > naxCl oseness)

{

maxC oseness = newCl oseness;
toMerge = c;
}
} while ((c !'=tail) &% (pos != NULL));

if (toMerge)
{

Cluster* renoving = toMerge->getC osest To();

const Ul NTLi st* ol dNei ghbors = renovi ng- >get Nei ghbors();
const Ul NTLi st* newNei ghbors = toMerge->get Nei ghbors();
unsi gned | egal = 1U,

i f (ol dNei ghbors->Get Count ())

{
U NT n;
U NT nTail = ol dNei ghbors->GetTail ();
POSI TI ON nPos = ol dNei ghbor s- >Get HeadPosi ti on();
do
{
n = ol dNei ghbor s- >Get Next ( nPos) ;
Cluster* check = findQuster(n, clusters);
i f (renovi ng->i sConnect ed( check))
{
| egal = (newNei ghbors->Find(n) != NULL);
}
} while (legal && (n !'= nTail) && (nPos != NULL));
}
if (legal)
{
t oMer ge- >addVer t exLi st (renovi ng- >get Vertices());
renovi ng- >get Verti ces()->RenmoveAl | ();
}
}
}
}
VO D
Spatial Partitioner::refined usters()
{

BOOL i mproved = TRUE;
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whi l e (i nproved)
{
i nproved = FALSE;

if (clusters. GetCount())
{

Cluster* c;
Cluster* tail = clusters.GetTail ();
POSI TI ON pos = clusters. Get HeadPosi tion();

while ((c = clusters. GetNext(pos)) != tail)
{

VertexList* list = c->getVertices();

if (list->GetCount())

{
Vertex* v;
Vertex* vTail = list->CGetTail();
POSI TI ON vPos = |i st->Cet HeadPosi tion();
do
{
v = |ist->Cet Next (vPos);

Cluster* cl;
PCSI TI ON cPos = pos;

do
{

Cluster* toC uster;
INT maxGin = 0;

cl = clusters. Get Next (cPos);
if (legal ToAdd(v, cl))
{
i f (c->get Nei ghbor s()->Fi nd(cl -
>get Nunber ()))
{

if (c->isConnected(cl) && (c-
>get Si ze() >= cl->getSize()))

{
INT sizeGin = c-
>get Si ze() - cl->getPotential Size(v);
INT ol dNets = 0;
I NT newNets = 0;
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>get | ncom ngEdgeLi st ();

eList->CetTail ();

eli st ->Cet HeadPosi tion();

eli st - >Cet Next (ePos) ;

source = e->get Source();

>cont ai ns(source))

ol dNets += e->get Wei ght ();

(c->contai ns(source))

newNets += e->get Wi ght ();

eTail);

>get Qut goi ngEdgelLi st ();

eList->CetTail ();

eli st - >Cet HeadPosi tion();
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EdgeLi st* eList =

V-

if (eList->GetCount())

{

elLi st

Edge* e;
Edge* eTail

POSI TI ON ePos

do

Vert ex*

if (c

el se

}
} while (e

if

| =

i f (eList->GetCount())

{

Edge* e;
Edge* eTail

POSI TI ON ePos

do



elLi st - >Get Next (ePos) ;

sink = e->get Sink();

>cont ai ns(si nk))

ol dNets += e->get Wei ght ();

(c->cont ai ns(sink))

newNets += e->get Wei ght();

eTail);

- newNet s;
/1
net Gai n;

Vert ex*

if (cl-

else if

}
} while (e !=

INT netGain = ol dNets
INT gain = sizeGin +
INT gain = netGain;

if (gain > maxGain)

{

toCluster = cl;
maxCGin = gain;

if (maxGain > 0)

{
i nproved = TRUE;
c->renoveVertex(v);
t oCl ust er - >addVert ex(v);
}
}
} while (cl !'=tail);

} while (v = vTail);
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Cluster*
Spatial Partitioner::findC uster(U NT clusterNunber, CusterList& clusterlList)

{

Cluster* retval = NULL;

if (clusterlList.GetCount())

{
Cluster* c;
Cluster* tail = clusterList.CGetTail();
POSI TI ON pos = cl usterlList. Get HeadPosi tion();
do
{
¢ = clusterlList. Get Next (pos);
i f (c->getNunmber() == clusterNunber)
{
retval = c;
br eak;
}
} while ((c !'=tail) &% (pos != NULL));
}

return retval;

BOCOL
Spatial Partitioner::|egal ToAdd(const Vertex* v, const Cluster* toCl uster)

{
BOOL retval = toC uster->hasRoonfor(v);

if (retval)
{

EdgeList* list = v->getlncom ngEdgeList();

if (list->GetCount())

{
Edge* e;
Edge* tail = list->CetTail ();
POSI TI ON pos = |ist->Cet HeadPosition();
do
{
e = |ist->Cet Next (pos);

Vertex* src = e->get Source();
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{
clusters);
if (srcCluster)
{
>get Nunber ())
&% (toC uster->get Nunber ()
>get Nunber ()))
{
retval = FALSE;
}
}
}
} while ((e !'=tail) &% (pos != NULL) && retval);
}
if (retval)
{

>get C ust er Nunber (),

if (src->isAdded())

Cluster* srcCluster = findC uster(src->getC usterNunber(),

i f (!'toC uster->get Nei ghbors()->Find(srcCl uster-

l'ist = v->get Qut goi ngEdgeLi st ();

if (list->GetCount())

{
Edge* e;
Edge* tail = list->CetTail ();
PCSI TI ON pos = |ist->Get HeadPosi tion();
do
{
e = |ist->Get Next (pos);
Vertex* snk = e->get Sink();
i f (snk->i sAdded())
{
Cluster* snkCl uster
clusters);

if (snkQ uster)

{
if

>Fi nd(snkd ust er - >get Nunber ())

= srcCluster-

findC uster(snk-

(!'toC uster->get Nei ghbors() -

&& (toC uster->get Nunber () I =

snkC ust er - >get Nurber () ))
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retval = FALSE;

}
}
}
} while ((e !=tail) &% (pos != NULL) && retval);
}
}
}
return retval;
}
VO D
Spatial Partitioner::initializeC usterList()
{
clusters. RemoveAl | ();
for (INT clusterCount = 1; clusterCount <= topol ogy. Get Count (); clusterCount++)
{
Cluster* toAdd;
if (toAdd = findd ust er(clusterCount, topology))
{
Cluster* newC uster = new O uster(*toAdd);
newCl ust er - >r enoveVert ex(newd ust er - >get Verti ces()->Get Head());
clusters. AddTai | (newd uster);
}
}
}
BOCOL
Spatial Partitioner::recurselnsertion(Vertex* inV, PCSITION inPos)
{

BOOL added = FALSE;
I NT clusterCount = 1;

while (!added && (clusterCount <= clusters. GetCount()))
{

Cluster* recipientCuster = findC uster(clusterCount, clusters);
BOOL fits = | egal ToAdd(inV, recipientCuster);

if (fits)
{

reci pi ent C ust er->addVertex(inV);

if (inPos)
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Vertex* v = g->getVertices()->GetNext (inPos);

if (!(added = recurselnsertion(v, inPos)))

{
/1 this if/else resets inPos to the previous val ue
if (inV == g->getVertices()->CetHead())
{
i nPos = g->get Vertices()->Get HeadPosi tion();
Vertex* dummy = g->getVertices()->Cet Next (i nPos);
}
el se
{
if (inPos)
{
Vert ex* dumy = g- >get Vertices()-
>Cet Prev(inPos);
}
}
reci pi ent Gl ust er->removeVertex(inV);
fits = FALSE;
}
}
el se
{
return TRUE;
}
}
if (!fits)
{

const Ul NTLi st* nei ghbors = recipi ent d ust er->get Nei ghbors();

i f (nei ghbors->Get Count ())
{
U NT n;
U NT tail = neighbors->CetTail ();
PCSI TI ON nPos = nei ghbor s- >Get HeadPosi ti on();

do

{
n = nei ghbor s- >Get Next (nPos) ;
if (n > recipientd uster->getNunber())
{

Cluster* newRecipient = findduster(n, clusters);

110



>Cet Next (i nPos) ;

i nPos)))

to the previous val ue

>Get Head() )

if (legal ToAdd(inV,

{

>get Vertices()->CGet HeadPosi tion();

>get Vertices()->Get Next (i nPos);

g- >get Vertices()->Cet Prev(i nPos);

>renpveVertex(inV);

}

newReci pi ent))

newReci pi ent - >addVertex(i nV);

v = g- >get Vertices()-

(!(added = recurselnsertion(v,

/1 this if/else resets inPos

if (inv == g->getVertices()-
{
i nPos = g-
Vertex* dummy = g-
}
el se
{
if (inPos)
{

Vertex* dummy =

newReci pi ent -

return TRUE;

} while ((n!=tail) &% (nPos != NULL) && !added);

if (!added)
{

cl ust er Count ++;
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}
}
if (!added)
{
return FALSE;
}

return TRUE;

}
BOCOL
Spatial Partitioner::insertVertices()
{
VertexList* vertices = g->getVertices();
if (vertices->GetCount())
{
POSI TI ON pos = vertices->Get HeadPosi tion() ;
Vertex* v = vertices->Cet Next (pos);
return recurselnsertion(v, pos);
}
return TRUE;
}
BOOL
Spati al Partitioner:: maked usters(U NT nunCl usters)
{

BOOL retval = FALSE;

initializeCusterList();

if (insertVertices())

{
const U NT maxAttenpts = 5;

U NT attenpts = 0;

whi | e ((count Nonenpt yCl ust ers(cl usters) > nunCl ust ers) &% (attenpts <=
maxAtt enpts))

{
findCandi dat es() ;
mer ged osest () ;
att enpt s++;

}
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fi ndCandi dat es();
refined usters();

retval = TRUE;

return retval;

Ul NT
Spati al Partitioner::count NonenptyC usters(const ClusterList& |ist) const

{
U NT retval = 0;

if (1ist.GetCount())

{
Cluster* c;
Cluster* tail = list.CetTail();
POSI TI ON pos = |ist. CGet HeadPosition();
do
{
¢ = list.GetNext(pos);
if (c->getVertices()->GetCount())
{
retval ++;
}
} while ((c !'=tail) &% (pos != NULL));
}

return retval;

Ul NT
Spati al Partitioner::countlnterconnections(const ClusterList* |ist) const

{
if (!ist)

{

list = partition;

U NT count = O;
if (list->GetCount())

{

Cluster* c;
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Cluster* tail
PCSI TI ON pos

do
{

¢ = list->Cet Next (pos);

VertexList* vertices

if (vertices->Get Count (

{

Vert ex* v;

Vertex* vTail =
PCSI TI ON vPos

do
{

\

EdgeLi st* edges

= list->GetTail ();
l'i st->CGet HeadPosi tion();

c->get Vertices();

))

vertices->CetTail ();
vertices->Cet HeadPosi tion();

vertices->Cet Next (vPos) ;

v->get | ncom ngEdgeLi st () ;

if (edges->Get Count())

{

edges

Edge* e;
Edge* eTail
PCSI TI ON ePos

edges->CetTail ();
edges- >Cet HeadPosi tion();

do
{
e = edges- >Get Next (ePos);
if (! c->contains(e->getSource()))
{
count ++;
}

} while ((e != eTail) && (ePos != NULL));

v- >get Qut goi ngEdgeLi st ();

i f (edges->Get Count())

{

Edge* e;
Edge* eTail
PCSI TI ON ePos

edges->Cet Tail ();
edges- >Cet HeadPosi tion();

do
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Vva D

Spati al Partitioner::updateGai n(Vertex* v,

{

e = edges- >Get Next (ePos) ;

if (!
{

c->contains(e->getSink()))

count ++;

} while ((e != eTail) && (ePos != NULL));

} while ((v != vTail) & (vPos != NULL));

} while ((c !'=tail) &% (pos != NULL));

return count / 2;

EdgeLi st* 1ist

U NT ol dNet s
U NT newNet s

= v->get | ncom ngEdgelLi st ();

oy,
oy,

if (legal ToAdd(v, tod uster))

{

if (list->GetCount())

{

Edge* e;
Edge* tail = list->CetTail ();
PCSI TI ON pos = |ist->Get HeadPosi tion();
do
{
e = |ist->Cet Next (pos);
if (tod uster->contains(e->getSource()))
{
ol dNet s++;
}
if (fromCl uster->contains(e->getSink()))
{
newNet s++;
}

} while (e !'=tail);
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list = v->get Qut goi ngEdgeLi st();

if (list->GetCount())

{
Edge* e;
Edge* tail = list->CGetTail ();
POSI TI ON pos = |ist->Cet HeadPosi tion();
do
{
e = |ist->Cet Next (pos);
if (tod uster->contains(e->getSink()))
{
ol dNet s++;
}
if (fronC uster->contains(e->getSource()))
{
newNet s++;
}
} while (e !'=tail);
}

v->set Gai n(ol dNets - newNets);

va D
Spatial Partitioner::cal cul ateGai ns(const Custer* fronCluster, const Cluster* toCd uster)

{

VertexList* vertices = fronCl uster->getVertices();

if (vertices->GetCount())

{
Vertex* v,
Vertex* tail = vertices->CetTail();
PCSI TI ON pos = vertices->Get HeadPosition();
do
{
v = vertices->Cet Next (pos);
updat eGai n(v, fronCluster, toC uster);
} while (v !'=tail);
}
}
Vert ex*
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Spatial Partitioner::findVertexWthLargestGain(const Custer* c)

{

Vertex* retval = NULL;
INT maxGain = INT_MN;
VertexList* list = c->getVertices();

if (list->GetCount())

{
Vertex* v;
Vertex* tail;
POSI TI ON pos = |ist->Cet HeadPosi tion();
do
{
v = |ist->CGet Next (pos);
INT gain = v->getGain();
if (gain > maxGain)
{
maxGin = gain;
retval = v;
}
} while (v !'=tail);
}

if (maxGain <= 0)
{
retval = NULL;

return retval;

VO D
Spatial Partitioner::gcep_2way(C uster* fronC uster, Cluster* toC uster)
{
if (fromCluster & tod uster && fronC uster->getSize())
{
BOOL done = FALSE;
INT mi dSize = (fronC uster->getSize() + toCuster->getSize()) / 2;
doubl e givenBal = midSize / fronCl uster->getSize();
doubl e bal = (double)2 * givenBal;
INT minSize = mdSize - (INT)((double)m dSize * bal);
doubl e reductionRatio = 0.9;

while (!done)
{

117



BOOL noMbreGai n = FALSE;

cal cul ateGains(fronCl uster, toCd uster);

whil e (! noMoreGain)

{
Vertex* toMove = findVertexWthLargestGai n(fronC uster);
if (toMove)
{
if ((INT)fronCluster->getSize() - toMve->getWight() >=
m nSi ze)
{
fronCl ust er->renoveVertex(toMve);
t oCl ust er - >addVert ex(t oMove) ;
cal cul ateGai ns(fronCl uster, toC uster);
}
el se
{
noMoreGai n = TRUE;
}
}
el se
{
noMoreGai n = TRUE;
}
}
if (bal <= givenBal)
{
done = TRUE;
}
el se
{
bal = _ _max(bal * reductionRatio, givenBal);
}
}
}
}

/] saves the results to outFile
va D
Spatial Partitioner::toFile() const

{
CFile file(outfile, CFile::npdeCreate | CFile::mbdeWite);

if (partition & partition->GetCount())
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Cluster* c;

Cluster* tail = partition->CGetTail ();

POSI TI ON pos = partition->Get HeadPosi tion();
U NT idx = 0;

do

{

c = partition->Get Next (pos);

if (c->getSize())

{
U NT num = c->get Nunber () ;
char buf[20];

sprintf(buf, "%", nunm;
Cstring line = CString(buf) + ":";

VertexList* list = c->getVertices();

if (list->GetCount())

{
Vertex* tail = list->GetTail();
POSI TI ON vPos = |i st->Cet HeadPosi tion();
Vertex* v = |ist->Get Next (vPos);

l'ine += v->get Name();

while ((v !'=tail) && (vPos != NULL))
{
v = |ist->Cet Next (vPos);
line += " " + v->get Name();

line += ";\n";
fileeWite(line, line.GetLength());

}
} while ((c !'=tail) &% (pos != NULL));

Ul NT
Spatial Partitioner::gcep(d usterList* originallList)

{
if (originallList->GetCount())

{

Cluster* c;
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Cluster* tail = originallList->GetTail();
PCSI TI ON pos = ori gi nal Li st ->Get HeadPosi ti on();

do

{
c = original Li st->Get Next (pos);
gcep_2way(c, c->getC osestTo());
} while (c !'=tail);

return countlnterconnections(originallList);

VA D
Spati al Partitioner:: output Resul ts()

{
toFile();

BOCOL
Spati al Partitioner::hgcep()

{
BOOL retval = FALSE

if (g & (g->get AverageVertexWeight() * g->getOrder() <= platfornSfize))

{
const U NT | oopCount = 5U;

const UINT |argeCutoff = 8U,

U NT nunCells = g->getOrder();

U NT m ncut = | NT_MNAX;

U NT cut = | NT_MAX;

for (UNT i = 0; i < loopCount; i++)
{

if (makeClusters(nunCells < i + largeCutoff ? numCells : nunCells / (i +
| argeCutoff)))

ClusterList* working = new C usterlList;
wor ki ng- >AddHead( &cl ust ers) ;

if ((cut = gcep(working)) < mncut)
{

m ncut = mincut;

del ete partition;

partition = working;

retval = TRUE;
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el se
{
del et e wor ki ng;
}
}
}
gcep(partition);
}
return retval;
}
BOCOL
Spati al Partitioner::run()
{
if (valid = hgcep())
{
out put Resul ts();
}
return valid,
}
/| Copi es EVERYTHI NG
VO D
Spati al Partitioner::deepCopy(const Spatial Partitioner& rval ue_)
{
if (this != &value))
{
filename = rvalue_.fil enane;
g = rvalue_.g;
valid = rvalue_.valid;
del ete partition;
partition = new O usterlList;
partition->AddHead((C uster*)rval ue_. partition);
clusters. RemoveAll ();
clusters. AddHead( (Cl uster*)&(rvalue_.clusters)); // have to cast away const
t opol ogy. RemoveAl | ();
t opol ogy. AddHead( (Cl uster*) &(rval ue_.topol ogy)); // have to cast away const
}
}
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VA D
Spatial Partitioner::Serialize(CArchive& ar_)

{
CObj ect::Serialize(ar_);
((Graph*)g)->Serialize(ar_); // have to cast away const
clusters. Serialize(ar_);
t opol ogy. Serialize(ar_);
partition->Serialize(ar_);
if (ar_.IsStoring())
{
ar_ << filenane;
ar_ << valid;
}
el se
{
ar_ >> filenane;
ar_ >> valid;
}
}
VA D

Spatial Partitioner::printOn(ostream& os, size_t indentlLevel) const

{
U NT i ndent Fi veMbre = indentlLevel + 5;

0s << "Spatial Partitioner {" << endl;

0s << indent(indentFiveMre) << "g =";
g->printOn(os, indentFiveMore);

print Topol ogy(o0s, indentFiveMore);

printC usterlList(os, indentFiveMre);

print NonenptyPartitions(os, indentFiveMbre);
0s << indent(indentFiveMre) << "valid = ";

if (valid)
{
0s << "TRUE";
}
el se
{
0s << "FALSE';
}
0s << endl;

0s << indent(indentlLevel) << "}" << endl;
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/'l these three tenplated functions are for use by M-C during various calls nade by CList or other
/1 container classes

tenpl ate <> voi d AFXAPI Construct El ement s<Spatial Partitioner>(Spatial Partitioner*
newSpati al Partitioners, int nCount)
{
for (int i =0; i < nCount; i++ newSpatial Partitioners++)
{
new( newSpati al Partitioners) Spatial Partitioner;
}
}
tenpl ate <> voi d AFXAPI Destruct El enent s<Spatial Partitioner>(Spatial Partitioner*
newSpati al Partitioners, int nCount)
{
for (int i =0; i < nCount; i++ newSpatial Partitioners++)
{
del et e(newSpati al Partitioners);
}
}

tenplate <> void AFXAPI SerializeEl ements<Spatial Partitioner> (CArchive& ar, SpatialPartitioner*
newSpati al Partitioners, int nCount)

{
for (int i =0; i < nCount; i++ newSpatial Partitioners++)
{
newSpati al Partitioners->Serialize(ar);
}
}

123



A.4 SPMain.cpp

/*******************************************************************************************

* %

** SPMai n. cpp

* %

** This file is the main() function which sets up the Graph and calls the
** Spatial Partitioner. It also shows timng results, the nunber

* %

** nunber of interconnections in the resulting solution. This information can easily be
** renpved once the Spatial Partitioner

* %

of

is beyond the | aboratory state.

PEs

* %

* %

* %

* %

required and the **

* %

* %

* %

*******************************************************************************************/

#i ncl ude <i ostream h>

#i nclude <tinme. h>
#i ncl ude <sys/tineb. h>

“
“
“
“

voi d
mai n()

{

ncl ude "G aph. h"

ncl ude "Edge. h"

ncl ude "Spatial Partitioner.h"
ncl ude "Vertex. h"

Graph* g = new G aph();
g->fronFile("graph.file");

Spati al Partitioner sp("platformtop", 9g);
struct _timeb tinebuffer;

_ftime( & inmebuffer );

unsigned long start = tinmebuffer.ting;
unsigned long startns = tinmebuffer.mllitm
BOOL success = sp.run();

_ftime( &inebuffer );

cout << ((unsi gned long)tinebuffer.tine - start)

long)timebuffer.mllitm- startns;

cout << " mlliseconds" << endl;

*

cout << sp.countlnterconnections() << " interconnections" << endl;

cout << sp.countPEs() << " PEs" << endl;
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if (!success)

{
cout << "FAILED' << endl;
exit (EXI T_FAI LURE) ;
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Appendix B Files Associated With MCNC Circuit c1355nr

B.1pl at f or m t op file associated with circuit c1355nr.
1:425: 35: 35:40: 2, 3;

3:100: 20: 5: 20: 1, 5, 6;

6: 100: 20: 5: 20: 3, 10;

10: 425: 35: 35: 40: 6, 13;

2:425:35:35:40: 1, 4, 5;
5:100:0:0:0:2,3,8,9;
9:100:0:0:0:5,6, 12, 13;
13:425: 35: 35: 40: 9, 10, 15;

4:.425: 35: 35:40: 2,7, 8,
8:100:0:0:0:4,5, 11, 12;
12:100: 0: 0: 0: 8,9, 14, 15;
15:425: 35: 35:40: 12, 13, 16;

7:425:35:35:40: 4, 11,
11:100:0:0:0: 7, 8, 14,
14:100:0:0:0: 11, 12, 16;
16: 425: 35: 35: 40: 14, 15;
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B.2 graph. fi | e associated with circuit c1355nr.
" C1355NR"
{

gat 0: and:
gat 1: and:

gat 2: and:

gat 3: and:

gat 4: and:

gat 5: and:

gat 6: and:

NN NN DNDR
NN DNDR
O OO0 o o o o

gat 7: and:
gat 8: nand: 2: 2: 0,
gat 9: nand: 2: 2: 0,
gat 10: nand:

gat 11: nand:

gat 12: nand:

gat 13: nand:

gat 14: nand:

gat 15: nand:

gat 16: nand:

gat 17: nand:

gat 18: nand:
gat 19: nand:

gat 20: nand:

gat 21: nand:

gat 22: nand:

gat 23: nand:

gat 24: nand:

gat 25: nand:

gat 26: nand:

NN NMRNMRRDDDDNMDDRDDNDDNDDD
NN NMRMRRDMDDDMDDRDDNDDNDDD
O 0O 0O 0O OO OO0 00O O OO0 OO0 o o o

gat 27: nand:
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gat 28: nand:

gat 29: nand:

gat 30: nand:

gat 31: nand:

gat 32: nand:

gat 33: nand:
gat 34: nand:

gat 35: nand:

gat 36: nand:

gat 37: nand:

gat 38: nand:

gat 39: nand:

gat 40: nand:

gat 41: nand:

gat 42: nand:
gat 43: nand:
gat 44: nand:

gat 45: nand:

gat 46: nand:

gat 47: nand:

gat 48: nand:

gat 49: nand:

gat 50: nand:

gat 51: nand:
gat 52: nand:

gat 53: nand:

gat 54: nand:

gat 55: nand:

gat 56: nand:

gat 57: nand:

SN N - D S N - - S SR - - S S -
s s s o S s o e e e U - S D A
O OO0 0O 0O 0000000000 00000000 OO0 0 OO0 O O O

gat 58: nand:
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gat 59: nand:

gat 60: nand:

gat 61: nand:

gat 62: nand:

gat 63: nand:

gat 64: nand:
gat 65: nand:

gat 66: nand:

gat 67: nand:

gat 68: nand:

gat 69: nand:

gat 70: nand:

gat 71: nand:

gat 72: nand:

gat 73: nand:
gat 74: nand:
gat 75: nand:

gat 76: nand:

gat 77: nand:

gat 78: nand:

gat 79: nand:

gat 80: nand:

gat 81: nand:

gat 82: nand:
gat 83: nand:

gat 84: nand:

gat 85: nand:

gat 86: nand:

gat 87: nand:

gat 88: nand:

SN N - D S N - - S SR - - S S -
S s S o S S e ot s o s e S S s
O OO0 0O 0O 0000000000 00000000 OO0 0 OO0 O O O

gat 89: nand:
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gat 90: nand:

gat 91: nand:

gat 92: nand:

gat 93: nand:

gat 94: nand:

gat 95: nand:
gat 96: nand:

gat 97: nand:

gat 98: nand:

NN NMDNMDDNDD
PR REERRRRRR
O OO OO oo o o o

gat 99: nand:
gat 100: nand:
gat 101: nand:
gat 102: nand:
gat 103: nand:
gat 104: nand:
gat 105: nand:
gat 106: nand:
gat 107: nand:
gat 108: nand:
gat 109: nand:
gat 110: nand:
gat 111: nand:
gat 112: nand:
gat 113: nand:
gat 114: nand:
gat 115: nand:
gat 116: nand:
gat 117: nand:
gat 118: nand:
gat 119: nand:
gat 120: nand:

NN RNDNNDNNNDNDRNDNDNDNNDNDRNDDNDD
QL QQ Q0 Q0 Q0 Q000000 RrRRR
O 0O 00000000000 0 0 0 O O O O O
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gat 121: nand:
gat 122: nand:
gat 123: nand:
gat 124: nand:
gat 125: nand:
gat 126: nand:
gat 127: nand:
gat 128: nand:
gat 129: nand:
gat 130: nand:
gat 131: nand:
gat 132: nand:
gat 133: nand:
gat 134: nand:
gat 135: nand:
gat 136: nand:
gat 137: nand:
gat 138: nand:
gat 139: nand:
gat 140: nand:
gat 141: nand:
gat 142: nand:
gat 143: nand:
gat 144: nand:
gat 145: nand:
gat 146: nand:
gat 147: nand:
gat 148: nand:
gat 149: nand:
gat 150: nand:
gat 151: nand:

M NN NNNNNRNDNDNDNDRNDNDNNDNDNDNDRNDNDDDDNDDNDNDDNDNDD
QL QO QO Q0 Q0 Q0 Q0000000000000 00Q0Q0O0Q
O OO0 000000000 00000000000 0 0 O O O O O
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gat 152: nand:
gat 153: nand:
gat 154: nand:
gat 155: nand:
gat 156: nand:
gat 157: nand:
gat 158: nand:
gat 159: nand:
gat 160: nand:
gat 161: nand:
gat 162: nand:
gat 163: nand:
gat 164: nand:
gat 165: nand:
gat 166: nand:
gat 167: nand:
gat 168: nand:
gat 169: nand:
gat 170: nand:
gat 171: nand:
gat 172: nand:
gat 173: nand:
gat 174: nand:
gat 175: nand:
gat 176: nand:
gat 177: nand:
gat 178: nand:
gat 179: nand:
gat 180: nand:
gat 181: nand:
gat 182: nand:

M NN NNNNNRNDNDNDNDRNDNDNNDNDNDNDRNDNDDDDNDDNDNDDNDNDD
QL QO QO Q0 Q0 Q0 Q0000000000000 00Q0Q0O0Q
O OO0 000000000 00000000000 0 0 O O O O O
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gat 183: nand:
gat 184: nand:
gat 185: nand:
gat 186: nand:
gat 187: nand:
gat 188: nand:
gat 189: nand:
gat 190: nand:
gat 191: nand:
gat 192: nand:
gat 193: nand:
gat 194: nand:
gat 195: nand:
gat 196: nand:
gat 197: nand:
gat 198: nand:
gat 199: nand:
gat 200: nand:
gat 201: nand:
gat 202: nand:
gat 203: nand:
gat 204: nand:
gat 205: nand:
gat 206: nand:
gat 207: nand:
gat 208: nand:
gat 209: nand:
gat 210: nand:
gat 211: nand:
gat 212: nand:
gat 213: nand:

M NN NNNNNRNDNDNDNDRNDNDNNDNDNDNDRNDNDDDDNDDNDNDDNDNDD
QL QO QO Q0 Q0 Q0 Q0000000000000 00Q0Q0O0Q
O OO0 000000000 00000000000 0 0 O O O O O
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gat 214:
gat 215:
gat 216:
gat 217:
gat 218:
gat 219:
gat 220:
gat 221:
gat 222:
gat 223:
gat 224:
gat 225:
gat 226:
gat 227:
gat 228:
gat 229:
gat 230:
gat 231:
gat 232:
gat 233:
gat 234:
gat 235:
gat 236:
gat 237:
gat 238:
gat 239:
gat 240:
gat 241:
gat 242:
gat 243:
gat 244:

nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:
nand:

M NN NNNNNRNDNDNDNDRNDNDNNDNDNDNDRNDNDDDDNDDNDNDDNDNDD
QL QO QO Q0 Q0 Q0 Q0000000000000 00Q0Q0O0Q
O OO 0O OO OO0 OO0 0000000000000 OO0 OO0 OO0 O o o



gat 245: nand:
gat 246: nand:
gat 247: nand:
gat 248: nand:
gat 249: nand:
gat 250: nand:
gat 251: nand:
gat 252: nand:
gat 253: nand:
gat 254: nand:
gat 255: nand:
gat 256: nand:
gat 257: nand:
gat 258: nand:
gat 259: nand:
gat 260: nand:
gat 261: nand:
gat 262: nand:
gat 263: nand:
gat 264: nand:
gat 265: nand:
gat 266: nand:
gat 267: nand:
gat 268: nand:
gat 269: nand:
gat 270: nand:
gat 271: nand:
gat 272: nand:
gat 273: nand:
gat 274: nand:
gat 275: nand:

M NN NNNNNRNDNDNDNDRNDNDNNDNDNDNDRNDNDDDDNDDNDNDDNDNDD
QL QO QO Q0 Q0 Q0 Q0000000000000 00Q0Q0O0Q
O OO0 000000000 00000000000 0 0 O O O O O
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gat 276: nand:
gat 277: nand:
gat 278: nand:
gat 279: nand:
gat 280: nand:
gat 281: nand:
gat 282: nand:
gat 283: nand:
gat 284: nand:
gat 285: nand:
gat 286: nand:
gat 287: nand:
gat 288: nand:
gat 289: nand:
gat 290: nand:
gat 291: nand:
gat 292: nand:
gat 293: nand:
gat 294: nand:
gat 295: nand:
gat 296: not :
gat 297: not :
gat 298: not :
gat 299: not :
gat 300: not :
gat 301: not :
gat 302: not :
gat 303: not :
gat 304: not :
gat 305: not :
gat 306: not :

NN NNNMDNNMDNDNDMRNDDRNDDDDNDDNDDNDDDNDD
QL Q QO Q0 Q0 Q000000000
O 0O 0O OO OO0 OO0 OO0 OO0 OO0 o0 O o o

PEREERRRRRRR
QL Qe Qo0 Qo0 Q09
O OO0 OO0 OO0 o0 O O O
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gat 307: not :
gat 308: not :
gat 309: not :
gat 310: not :
gat 311: not :
gat 312: not :
gat 313: not :
gat 314: not :
gat 315: not :
gat 316: not :
gat 317: not :
gat 318: not :
gat 319: not :
gat 320: not :
gat 321: not :
gat 322: not :
gat 323: not :
gat 324: not :
gat 325: not :
gat 326: not :
gat 327: not :
gat 328: not :
gat 329: not :
gat 330: not :
gat 331: not :
gat 332: not :
gat 333: not :
gat 334: not :
gat 335: not : 1:
gat 336: and: 3:
gat 337: and: 3:

S S s o e o S e S o o o S e S

QL QO QO Q 0 Q0 Q0 Q0000000000000 0Q0Q0OQ
O OO0 0000000000000 0000000 0 0 O O O O O
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gat 338:
gat 339:
gat 340:
gat 341:
gat 342:
gat 343:
gat 344:
gat 345:
gat 346:
gat 347:
gat 348:
gat 349:
gat 350:
gat 351:
gat 352:
gat 353:
gat 354:
gat 355:
gat 356:
gat 357:
gat 358:
gat 359:
gat 360:
gat 361:
gat 362:
gat 363:
gat 364:
gat 365:
gat 366:
gat 367:
gat 368:

and:
and:

and:

and:

and:

W wwwww
Qe e Qo
O 0O 0o oo o

and:
or:4:0:0,
or:4:0:0,
and:

and:

and:

and:

and:

and:

and:

and:

and:

and:

and:

and:
and:

and:

and:

and:

and:

and:

and:

and:

and:

and:

NN NN aoa o
QL Q0 Q0 Q0 Q00000000 Q000
O 0O 0O 00000000000 0 0 0 0 O O O O O

and:
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gat 369: and:
gat 370: and:
gat 371: and:
gat 372: and:
gat 373: and:
gat 374: and:
gat 375: and:
gat 376: and:
gat 377: and:
gat 378: and:
gat 379: and:
gat 380: and:
gat 381: and:
gat 382: and:
gat 383: and:
gat 384: and:
gat 385: and:
gat 386: nand:
gat 387: nand:
gat 388: nand:
gat 389: nand:
gat 390: nand:
gat 391: nand:
gat 392: nand:
gat 393: nand:
gat 394: nand:
gat 395: nand:
gat 396: nand:
gat 397: nand:
gat 398: nand:
gat 399: nand:

N - L R B -
QL QQ Q0 Q0 Q0 Q000000
OO0 0000000 OO0 O O O O O

SN D S A A - - S 4
S s e o S S S e S
O OO OO OO OO0 oo o o o

139



gat 400: nand:
gat 401: nand:
gat 402: nand:
gat 403: nand:
gat 404: nand:
gat 405: nand:
gat 406: nand:
gat 407: nand:
gat 408: nand:
gat 409: nand:
gat 410: nand:
gat 411: nand:
gat 412: nand:
gat 413: nand:
gat 414: nand:
gat 415: nand:
gat 416: nand:
gat 417: nand:
gat 418: nand:
gat 419: nand:
gat 420: nand:
gat 421: nand:
gat 422: nand:
gat 423: nand:
gat 424: nand:
gat 425: nand:
gat 426: nand:
gat 427: nand:
gat 428: nand:
gat 429: nand:
gat 430: nand:

M NN NNNNNRNDNDNDNDRNDNDNNDNDNDNDRNDNDDDDNDDNDNDDNDNDD
PR OQORORORORPORERRERERRERRERERERERERRRRRRR
O OO0 000000000 00000000000 0 0 O O O O O
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gat 431: nand:
gat 432: nand:
gat 433: nand:
gat 434: nand:
gat 435: nand:
gat 436: nand:
gat 437: nand:
gat 438: nand:
gat 439: nand:
gat 440: nand:
gat 441: nand:
gat 442: nand:
gat 443: nand:
gat 444: nand:
gat 445: nand:
gat 446: nand:
gat 447: nand:
gat 448: nand:
gat 449: nand:
gat 450: nand:
gat 451: nand:
gat 452: nand:
gat 453: nand:
gat 454: nand:
gat 455: nand:
gat 456: nand:
gat 457: nand:
gat 458: nand:
gat 459: nand:
gat 460: nand:
gat 461: nand:
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gat 462: nand:
gat 463: nand:
gat 464: nand:
gat 465: nand:
gat 466: nand:
gat 467: nand:
gat 468: nand:
gat 469: nand:
gat 470: nand:
gat 471: nand:
gat 472: nand:
gat 473: nand:
gat 474: nand:
gat 475: nand:
gat 476: nand:
gat 477: nand:
gat 478: nand:
gat 479: nand:
gat 480: nand:
gat 481: nand:
gat 482: nand:
gat 483: nand:
gat 484: nand:
gat 485: nand:
gat 486: nand:
gat 487: nand:
gat 488: nand:
gat 489: nand:
gat 490: nand:
gat 491: nand:
gat 492: nand:
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gat 493:
gat 494:
gat 495:
gat 496:
gat 497:
gat 498:
gat 499:
gat 500:
gat 501:
gat 502:
gat 503:
gat 504:
gat 505:
gat 506:
gat 507:
gat 508:
gat 509:
gat 510:
gat 511:
gat 512:
gat 513:
gat 514:
gat 515:
gat 516:
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gat 519:
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buf f :
buf f :
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gat 524:
gat 525:
gat 526:
gat 527:
gat 528:
gat 529:
gat 530:
gat 531:
gat 532:
gat 533:
gat 534:
gat 535:
gat 536:
gat 537:
gat 538:
gat 539:
gat 540:
gat 541:
gat 542:
gat 543:
gat 544:
gat 545:

net 0: gat O:
net 1: gat 1:
net 2: gat 2:
net 3: gat 3:
net 4: gat 4:
net 5: gat 5:
net 6: gat 6:
net/:gat7:

buf f:
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buff:
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buf f:
buf f:
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: gat 232:
: gat 233:
: gat 234:
: gat 235:
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: gat 237:
: gat 238:
: gat 239:
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net 8: gat 8: 0: gat 40: 0: Edge: 1,
net 9: gat 9: 0: gat 42: 0: Edge: 1,

net 10: gat 10: O0: gat 44: 0: Edge: 1,
net 11: gat 11: 0: gat 46: O0: Edge: 1,
net 12: gat 12: 0: gat 48: 0: Edge: 1,
net 13: gat 13: 0: gat 50: 0: Edge: 1,
net 14: gat 14: 0: gat 52: 0: Edge: 1,
net 15: gat 15: 0: gat 54: 0: Edge: 1,
net 16: gat 16: 0: gat 56: 0: Edge: 1,
net 17: gat 17: 0: gat 58: 0: Edge: 1,
net 18: gat 18: 0: gat 60: 0: Edge: 1,
net 19: gat 19: 0: gat 62: 0: Edge: 1,
net 20: gat 20: 0: gat 64: 0: Edge: 1,
net 21: gat 21: 0: gat 66: 0: Edge: 1,
net 22: gat 22: 0: gat 68: 0: Edge: 1,
net 23: gat 23: 0: gat 70: 0: Edge: 1,
net 24: gat 24: 0: gat 72: 0: Edge: 1,
net 25: gat 25: 0: gat 74: 0: Edge: 1,
net 26: gat 26: 0: gat 76: 0: Edge: 1,
net 27: gat 27: 0: gat 78: 0: Edge: 1,
net 28: gat 28: 0: gat 80: 0: Edge: 1,
net 29: gat 29: 0: gat 82: 0: Edge: 1,
net 30: gat 30: 0: gat 84: 0: Edge: 1,
net 31: gat 31: 0: gat 86: 0: Edge: 1,
net 32: gat 32: 0: gat 88: 0: Edge: 1,
net 33: gat 33: 0: gat 90: 0: Edge: 1,
net 34: gat 34: 0: gat 92: 0: Edge: 1,
net 35: gat 35: 0: gat 94: 0: Edge: 1,
net 36: gat 36: 0: gat 96: 0: Edge: 1,
net 37: gat 37: 0: gat 98: 0: Edge: 1,
net 38: gat 38: 0: gat 100: O: Edge: 1,

145



net 39:
net 40:
net41:
net 42:
net 43:
net 44:
net 45:
net 46:
net4v:
net 48:
net 49:
net 50:
net 51:
net 52:
net 53:
net 54:
net 55:
net 56:
net s7:
net 58:
net 59:
net 60:
net 61:
net 62:
net 63:
net 64:
net 65:
net 66:
nete67:
net 68:
net 69:

gat 39:
gat 40:
gat 41:
gat 42:
gat 43:
gat 44:
gat 45:
gat 46:
gat4r:
gat 48:
gat 49:
gat 50:
gat 51:
gat 52:
gat 53:
gat 54:
gat 55:
gat 56:
gat57:
gat 58:
gat 59:
gat 60:
gat 61:
gat 62:
gat 63:
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gat 65:
gat 66:
gat 67:
gat 68:
gat 69:
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:gat 102:
: gat 104:
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: gat 105:
: gat 105:
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: gat 106:
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: gat 108:
: gat 108:
: gat 109:
: gat 109:
:gat 110:
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sgat 111:
sgat 111:
rgat 112:
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:gat 113:
:gat 113:
s gat 114:
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»gat 115:
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: gat 116:
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cgat 117:
cgat 117:
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net 70:
net 71:
net 72:
net 73:
net 74:
net 75:
net 76:
net77:
net 78:
net 79:
net 80:
net 81:
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net 83:
net 84:
net 85:
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net 87:
net 88:
net 89:
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net 94:
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gat 70:
gat 71:
gat 72:
gat 73:
gat 74:
gat 75:
gat 76:
gat 77:
gat 78:
gat 79:
gat 80:
gat 81:
gat 82:
gat 83:
gat 84:
gat 85:
gat 86:
gat 87:
gat 88:
gat 89:
gat 90:
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gat 99:

O O O O O O OO OO O O O O O OO OO0 OO0 oo oo o o o o o

net 100: gat 100
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: gat 133:
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net 101:
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gat 101:
gat 102:
gat 103:
gat 104:
gat 105:
gat 106:
gat 107:
gat 108:
gat 109:
gat 110:
gat 111:
gat 112:
gat 113:
gat 114:
gat 115:
gat 116:
gat 117:
gat 118:
gat 119:
gat 120:
gat 121:
gat 122:
gat 123:
gat 124:
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gat 127:
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gat 129:
gat 130:
gat 131:
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: gat 134:
: gat 135:
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: gat 138:
: gat 138:
: gat 139:
: gat 139:
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:gat 141:
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:gat 142:
: gat 142:
: gat 143:
: gat 143:
: gat 144:
: gat 144:
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. gat 146:
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s gat 147:
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. gat 148:
: gat 149:
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net 132:
net 133:
net 134:
net 135:
net 136:
net 137:
net 138:
net 139:
net 140:
net 141.:
net 142:
net 143:
net 144.
net 145:
net 146:
net 147
net 148:
net 149:
net 150:
net 151:
net 152:
net 153:
net 154
net 155:
net 156:
net 157:
net 158:
net 159:
net 160:
net 161:
net 162:

gat 132:
gat 133:
gat 134:
gat 135:
gat 136:
gat 137:
gat 138:
gat 139:
gat 140:
gat 141:
gat 142:
gat 143:
gat 144:
gat 145:
gat 146:
gat 147:
gat 148:
gat 149:
gat 150:
gat 151:
gat 152:
gat 153:
gat 154:
gat 155:
gat 156:
gat 157:
gat 158:
gat 159:
gat 160:
gat 161:
gat 162:

O O O O O O OO OO O OO OO0 O O 0O OO0 oo oo oo o o o o o

: gat 150:
: gat 150:
: gat 151;
: gat 151;
: gat 152:
: gat 154;
: gat 156:
: gat 158:
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:gat 162:
: gat 164:
: gat 166:
: gat 168:
:gat 170:
rgat172:
cgat 174:
:gat 176:
s gat 178:
: gat 180:
: gat 182:
: gat 184:
: gat 184:
: gat 185:
: gat 185:
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: gat 187:
: gat 187:
: gat 188:
: gat 188:
: gat 189:
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net 163:
net 164:
net 165:
net 166:
net 167:
net 168:
net 169:
net 170:
net171:
net 172:
net 173:
net 174.
net 175:
net 176:
netl77:
net 178:
net 179:
net 180:
net 181:
net 182:
net 183:
net 184:
net 185:
net 186:
net 187:
net 188:
net 189:
net 190:
net 191:
net 192:
net 193:

gat 163:
gat 164:
gat 165:
gat 166:
gat 167:
gat 168:
gat 169:
gat 170:
gat 171:
gat 172:
gat 173:
gat 174:
gat175:
gat 176:
gat 177:
gat 178:
gat 179:
gat 180:
gat 181:
gat 182:
gat 183:
gat 184:
gat 185:
gat 186:
gat 187:
gat 188:
gat 189:
gat 190:
gat 191:
gat 192:
gat 193:
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: gat 189:
: gat 190:
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:gat 191:
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:gat 192:
:gat 192:
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: gat 194:
: gat 194:
: gat 195:
: gat 195:
: gat 196:
: gat 196:
s gat 197:
:gat 197:
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: gat 199:
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. gat 204:
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: gat 266:
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cgat 271:
: gat 208:
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s gat 227:
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net 225:
net 226:
net 227:
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net 231:
net 232:
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net 249:
net 250:
net 251:
net 252:
net 253:
net 254:
net 255:
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: gat 237:
: gat 238:
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net 256:
net 257:
net 258:
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: gat 264:
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: gat 267:
: gat 268:
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sgat 271:
s gat 272:
gat 274:
: gat 276:
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: gat 280:
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: gat 284:
: gat 286:
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: gat 293:
: gat 296:
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:gat 311:
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: gat 336:
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: gat 340:
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net 318:
net 319:
net 320:
net 321:
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net 323:
net 324:
net 325:
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net 334:
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net 339:
net 340:
net 341:
net 342:
net 343:
net 344:
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net 346:
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net 348:

gat 318:
gat 319:
gat 320:
gat 321:
gat 322:
gat 323:
gat 324:
gat 325:
gat 326:
gat 327:
gat 328:
gat 329:
gat 330:
gat 331:
gat 332:
gat 333:
gat 334:
gat 335:
gat 336:
gat 337:
gat 338:
gat 339:
gat 340:
gat 341:
gat 342:
gat 343:
gat 344:
gat 345:
gat 346:
gat 347:
gat 348:
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: gat 340:
gat 341:
gat 341:
gat 341:
: gat 342:
: gat 342:
: gat 342:
: gat 343:
: gat 343:
: gat 343:
: gat 350:
: gat 350:
: gat 351:
: gat 351:
: gat 352:
: gat 352:
: gat 353:
: gat 353:
: gat 344:
: gat 344:
: gat 344:
: gat 344:
: gat 345:
: gat 345:
: gat 345:
: gat 345:
: gat 346:
: gat 350:
: gat 354:
: gat 358:
: gat 362:
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Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
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Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:

155

P PP P PPPPPRPPRPRPPPPRPPRPRPPRPPRPRPPRPRERPREPPREPRPEPRPPESP



net 349:
net 350:
net 351:
net 352:
net 353:
net 354:
net 355:
net 356:
net 357:
net 358:
net 359:
net 360:
net 361:
net 362:
net 363:
net 364:
net 365:
net 366:
net 367:
net 368:
net 369:
net 370:
net 371:
net 372:
net 373:
net 374:
net 375:
net 376:
net 377:
net 378:
net 379:

gat 349:
gat 350:
gat 351:
gat 352:
gat 353:
gat 354:
gat 355:
gat 356:
gat 357:
gat 358:
gat 359:
gat 360:
gat 361:
gat 362:
gat 363:
gat 364:
gat 365:
gat 366:
gat 367:
gat 368:
gat 369:
gat 370:
gat 371:
gat 372:
gat 373:
gat 374:
gat 375:
gat 376:
gat 377:
gat 378:
gat 379:
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: gat 366:
: gat 370:
: gat 374:
: gat 378:
: gat 382:
: gat 386:
: gat 387:
: gat 388:
: gat 389:
: gat 390:
: gat 391:
: gat 392:
: gat 393:
: gat 394:
: gat 395:
: gat 396:
: gat 397:
: gat 398:
: gat 399:
: gat 400:
s gat 401:
: gat 402:
: gat 403:
: gat 404:
: gat 405:
: gat 406:
:gat 407:
: gat 408:
: gat 4009:
1 gat 410:
sgat411:
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net 380:
net 381:
net 382:
net 383:
net 384:
net 385:
net 386:
net 387:
net 388:
net 389:
net 390:
net 391:
net 392:
net 393:
net 394:
net 395:
net 396:
net 397:
net 398:
net 399:
net 400:
net 401:
net 402:
net 403:
net 404:
net 405:
net 406:
net 407:
net 408:
net 409:
net 410:

gat 380:
gat 381:
gat 382:
gat 383:
gat 384:
gat 385:
gat 386:
gat 387:
gat 388:
gat 389:
gat 390:
gat 391:
gat 392:
gat 393:
gat 394:
gat 395:
gat 396:
gat 397:
gat 398:
gat 399:
gat 400:
gat 401:
gat 402:
gat 403:
gat 404:
gat 405:
gat 406:
gat 407:
gat 408:
gat 409:
gat 410:
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rgat412:
1 gat 413:
s gat 414:
: gat 415:
: gat 416:
cgat4lv:
:gat 418:
1 gat 420:
s gat422:
 gat 424:
: gat 426:
gat 428:
: gat 430:
gat 432:
: gat 434:
: gat 436:
: gat 438:
: gat 440:
1 gat 442:
. gat 444:
: gat 446:
: gat 448:
: gat 450:
: gat 452:
: gat 454:
: gat 456:
: gat 458:
: gat 460:
gat 462:
: gat 464:
: gat 466:
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net 411:
net 412:
net 413:
net 414.
net 415:
net 416:
net 417:
net 418:
net 419:
net 420:
net 421:
net 422:
net 423:
net 424:
net 425:
net 426:
net 427:
net 428:
net 429:
net 430:
net 431:
net 432:
net 433:
net 434:
net 435:
net 436:
net 437:
net 438:
net 439:
net 440:
net 441.:

gat 411:
gat 412:
gat 413:
gat 414:
gat 415:
gat 416:
gat 417:
gat 418:
gat 419:
gat 420:
gat 421:
gat 422:
gat 423:
gat 424:
gat 425:
gat 426:
gat 427:
gat 428:
gat 429:
gat 430:
gat 431:
gat 432:
gat 433:
gat 434:
gat 435:
gat 436:
gat 437:
gat 438:
gat 439:
gat 440:
gat 441:
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: gat 468:
1 gat470:
rgat472:
cgat474:
s gat 476:
1 gat 478:
: gat 480:
: gat 482:
: gat 482:
: gat 483:
: gat 483:
: gat 484:
: gat 484:
: gat 485:
: gat 485:
: gat 486:
: gat 486:
gat 487:
gat 487:
: gat 488:
: gat 488:
: gat 489:
: gat 489:
: gat 490:
: gat 490:
s gat 491:
s gat 491:
gat 492:
gat 492:
: gat 493:
: gat 493:

L QLLLeLQLLELEeEELELReLELEeEReLEeEELLELeeeee

Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:

158

P PP P PPPPPRPPRPRPPPPRPPRPRPPRPPRPRPPRPRERPREPPREPRPEPRPPESP



net 442:
net 443:
net 444.
net 445:
net 446:
net 447
net 448:
net 449:
net 450:
net 451.:
net 452:
net 453:
net 454
net 455:
net 456:
net 457:
net 458:
net 459:
net 460:
net 461:
net 462:
net 463:
net 464:
net 465:
net 466:
net 467:
net 468:
net 469:
net 470:
net471:
net472:

gat 442:
gat 443:
gat 444:
gat 445:
gat 446:
gat 447:
gat 448:
gat 449:
gat 450:
gat 451:
gat 452:
gat 453:
gat 454:
gat 455:
gat 456:
gat 457:
gat 458:
gat 459:
gat 460:
gat 461:
gat 462:
gat 463:
gat 464:
gat 465:
gat 466:
gat 467:
gat 468:
gat 469:
gat 470:
gat471:
gat 472:
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: gat 494:
: gat 494:
: gat 495:
: gat 495:
: gat 496:
: gat 496:
s gat 497:
:gat 497:
: gat 498:
: gat 498:
: gat 499:
: gat 499:
: gat 500:
: gat 500:
: gat 501:
: gat 501:
: gat 502:
: gat 502:
: gat 503:
: gat 503:
: gat 504:
: gat 504:
: gat 505:
: gat 505:
: gat 506:
: gat 506:
: gat 507:
: gat 507:
: gat 508:
: gat 508:
: gat 5009:
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net 473:
net 474.
net 475:
net 476:
net477.
net 478:
net 479:
net 480:
net 481:
net 482:
net 483:
net 484:
net 485:
net 486:
net 487:
net 488:
net 489:
net 490:
net 491:
net 492:
net 493:
net 494:
net 495:
net 496:
net 497:
net 498:
net 499:
net 500:
net 501:
net 502:
net 503:

gat 473:
gat 474:
gat 475:
gat 476:
gat 477:
gat 478:
gat 479:
gat 480:
gat 481:
gat 482:
gat 483:
gat 484:
gat 485:
gat 486:
gat 487:
gat 488:
gat 489:
gat 490:
gat 491:
gat 492:
gat 493:
gat 494:
gat 495:
gat 496:
gat 497:
gat 498:
gat 499:
gat 500:
gat 501:
gat 502:
gat 503:
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: gat 509:
: gat 510:
: gat 510:
: gat 511;
: gat 511;
rgat 512:
»gat 512:
: gat 513:
: gat 513:
: gat 514:
: gat 515:
: gat 516:
: gat 517:
: gat 518:
: gat 519:
: gat 520:
s gat 521:
s gat 522:
: gat 523:
: gat 524:
: gat 525:
: gat 526:
s gat 527:
: gat 528:
: gat 529:
: gat 530:
: gat 531:
: gat 532:
: gat 533:
: gat 534:
: gat 535:
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net 504:
net 505:
net 506:
net 507:
net 508:
net 509:
net 510:
net 511.:
net 512:
net 513:

gat 504:
gat 505:
gat 506:
gat 507:
gat 508:
gat 509:
gat 510:
gat 511:
gat 512:
gat 513:
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: gat 536:
: gat 537:
: gat 538:
: gat 539:
: gat 540:
. gat 541:
gat 542:
: gat 543:
: gat 544:
: gat 545:

eeeeeeeeeee

Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
Edge:
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B.3cl usters.fil e associated with circuit c1355nr.

1: gat O, gat 1, gat 2, gat 3, gat 4, gat 5, gat 6, gat 7, gat 8, gat 27, gat 28, gat 29,
gat 30, gat 31, gat 32, gat 33, gat 34, gat 35, gat 36, gat 40, gat 104, gat 115, gat
116, gat 117, gat 118, gat 119, gat 120, gat 121, gat 122, gat 123, gat 124, gat 12
5, gat 126, gat 127, gat 128, gat 129, gat 130, gat 131, gat 132, gat 133, gat 134,
gat 135, gat 136, gat 137, gat 138, gat 139, gat 140, gat 141, gat 142, gat 143, ga
t 144, gat 145, gat 146, gat 147, gat 148, gat 149, gat 150, gat 151, gat 152, gat 1
53, gat 154, gat 155, gat 156, gat 157, gat 158, gat 159, gat 160, gat 161, gat 162
, gat 163, gat 164, gat 165, gat 166, gat 167, gat 168, gat 169, gat 170, gat 171, g
at172,gat 173, gat 174, gat 175, gat 176, gat 177, gat 178, gat 179, gat 180, gat
181, gat 182, gat 183, gat 184, gat 185, gat 186, gat 187, gat 188, gat 189, gat 19
0, gat 191, gat 192, gat 193, gat 194, gat 195, gat 196, gat 197, gat 198, gat 199,
gat 200, gat 201, gat 202, gat 203, gat 204, gat 205, gat 206, gat 207, gat 208, ga
t 209, gat 210, gat 211, gat 212, gat 213, gat 214, gat 215, gat 216, gat 217, gat 2
18, gat 219, gat 220, gat 221, gat 222, gat 223, gat 224, gat 225, gat 226, gat 227
, gat 228, gat 229, gat 230, gat 231, gat 232, gat 233, gat 234, gat 235, gat 236, g
at 237, gat 238, gat 239, gat 240, gat 241, gat 242, gat 243, gat 244, gat 245, gat
246, gat 247, gat 248, gat 249, gat 250, gat 251, gat 252, gat 253, gat 254, gat 25
5, gat 256, gat 257, gat 258, gat 259, gat 260, gat 261, gat 262, gat 263, gat 264,
gat 265, gat 266, gat 267, gat 268, gat 269, gat 270, gat 271, gat 272, gat 273, ga
t 274, gat 275, gat 276, gat 277, gat 296;

2:gat 37, gat 38, gat 39, gat 41, gat 42, gat 43, gat 44, gat 45, gat 46, gat 47, gat
48, gat 49, gat 50, gat 51, gat 52, gat 53, gat 54, gat 55, gat 56, gat 57, gat 58, ga
t 59, gat 60, gat 61, gat 62, gat 63, gat 64, gat 65, gat 66, gat 67, gat 68, gat 69, g
at 70, gat 71, gat 72, gat 73, gat 74, gat 75, gat 76, gat 77, gat 78, gat 79, gat 80,
gat 81, gat 82, gat 83, gat 84, gat 85, gat 86, gat 87, gat 88, gat 89, gat 90, gat 91
, gat 92, gat 93, gat 94, gat 95, gat 96, gat 97, gat 98, gat 99, gat 100, gat 101, ga
t 102, gat 103, gat 278, gat 279, gat 280, gat 281, gat 282, gat 283, gat 284, gat 2
85, gat 286, gat 287, gat 288, gat 289, gat 290, gat 291, gat 292, gat 293, gat 294
, gat 295, gat 297, gat 298, gat 299, gat 300, gat 301, gat 302, gat 303, gat 304, g
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at 305, gat 306, gat 307, gat 308, gat 309, gat 310, gat 311, gat 312, gat 313, gat
314, gat 315, gat 316, gat 317, gat 318, gat 319, gat 320, gat 321, gat 322, gat 32
3, gat 324, gat 325, gat 326, gat 327, gat 328, gat 329, gat 330, gat 331, gat 332,
gat 333, gat 334, gat 335, gat 336, gat 337, gat 338, gat 339, gat 340, gat 341, ga
t 342, gat 343, gat 344, gat 345, gat 346, gat 347, gat 348, gat 349, gat 350, gat 3
51, gat 352, gat 353, gat 354, gat 355, gat 356, gat 357, gat 358, gat 359, gat 362
, gat 366, gat 370, gat 374, gat 378, gat 382, gat 386, gat 387, gat 388, gat 389, g
at 390, gat 391, gat 9, gat 10, gat 11, gat 12, gat 13, gat 14, gat 15, gat 16, gat 17
, gat 18, gat 19, gat 20, gat 21, gat 22, gat 23, gat 24, gat 25, gat 105, gat 106, ga
t 107, gat 108, gat 109, gat 110, gat 111, gat 112, gat 113, gat 114, gat 26;

4: gat 392, gat 393, gat 394, gat 395, gat 396, gat 397, gat 398, gat 399, gat 400,
gat 401, gat 402, gat 403, gat 404, gat 405, gat 406, gat 407, gat 408, gat 409, ga
t 410, gat 411, gat 412, gat 413, gat 414, gat 415, gat 416, gat 417, gat 418, gat 4
20, gat 422, gat 424, gat 426, gat 428, gat 430, gat 432, gat 434, gat 436, gat 438
, gat 440, gat 442, gat 444, gat 446, gat 448, gat 450, gat 452, gat 454, gat 456, g
at 458, gat 460, gat 462, gat 464, gat 466, gat 468, gat 470, gat 472, gat 474, gat
476, gat 478, gat 480, gat 485, gat 486, gat 487, gat 488, gat 489, gat 490, gat 49
1, gat 492, gat 493, gat 494, gat 495, gat 496, gat 497, gat 498, gat 499, gat 500,
gat 501, gat 502, gat 503, gat 504, gat 505, gat 506, gat 507, gat 508, gat 509, ga
t 510, gat 511, gat 512, gat 513, gat 514, gat 515, gat 516, gat 517, gat 518, gat 5
19, gat 520, gat 521, gat 522, gat 523, gat 524, gat 525, gat 526, gat 527, gat 528
, gat 529, gat 530, gat 531, gat 532, gat 533, gat 534, gat 535, gat 536, gat 537, g
at 538, gat 539, gat 540, gat 541, gat 542, gat 543, gat 544, gat 545, gat 360, gat
361, gat 363, gat 364, gat 365, gat 367, gat 368, gat 369, gat 371, gat 372, gat 37
3, gat 375, gat 376, gat 377, gat 379, gat 380, gat 381, gat 383, gat 384, gat 385,
gat 425, gat 427, gat 429, gat 431, gat 433, gat 435, gat 437, gat 439, gat 441, ga
t 443, gat 445, gat 447, gat 449, gat 451, gat 453, gat 455, gat 457, gat 459, gat 4
61, gat 463, gat 465, gat 467, gat 469, gat 471, gat 473, gat 475, gat 477, gat 479
, gat 481, gat 482, gat 483, gat 484, gat 419, gat 421, gat 423,
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