Copyright Warning & Restrictions

The copyright law of the United States (Title 17, United
States Code) governs the making of photocopies or other
reproductions of copyrighted material.

Under certain conditions specified in the law, libraries and
archives are authorized to furnish a photocopy or other
reproduction. One of these specified conditions is that the
photocopy or reproduction is not to be “used for any
purpose other than private study, scholarship, or research.”
If a, user makes a request for, or later uses, a photocopy or
reproduction for purposes in excess of “fair use” that user
may be liable for copyright infringement,

This institution reserves the right to refuse to accept a
copying order if, in its judgment, fulfillment of the order
would involve violation of copyright law.

Please Note: The author retains the copyright while the
New Jersey Institute of Technology reserves the right to
distribute this thesis or dissertation

Printing note: If you do not wish to print this page, then select
“Pages from: first page # to: last page #” on the print dialog screen






ABSTRACT

IMPLEMENTATION OF AN AUTOMATIC MAPPING TOOL
FOR MASSIVELY PARALLEL COMPUTING

by
Ajitha Gadangi

In this thesis, an implementation of a generic technique for fine grain mapping
of portable parallel algorithms onto multiprocessor architeclures is presented. The
implemented mapping algorithm is a component of Cluster-M. Cipst.er—M s a novel
parallel programming tool which facilitates the design and mapping of portable
softwares onto various parallel systems. The other components of Cluster-M are
the Specifications and the Representations. Using the Specifications, machine
independent parallel algorithms are presented in a “clustered” {ashion specilying the
concurrent computations and communications at every step of the overall execution.
The Representations, on the other hand, are a form of clusiering the underlying
architecture to simplify the mapping process. The mapping algorithm implemented
and tested in this thesis is an efficient meithod for matching the Specification clusters

to the Representation clusters.
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CHAPTER 1
INTRODUCTION AND BACKGROUND

1.1 Introduction

An efficient parallel algorithm designed for a parallel architecture includes a detailed
outline of the accurate assignments of the concurrent computations onto processors,
and the data transfers onto communication links, such that the overall execution
time is minimized. This process may be complex for many application tasks with
respect to the target multiprocessor architecture. Furthermore, this process is to
be repeated for every architecture even though the application task may be the
same. Consequently, this has a major impact on the ever increasing cost of software
development for multiprocessor systems. In this thesis, we concentrate on the design
of portable parallel algorithms and present a methodology for fine grain mapping of
these algorithms onto various parallel machines.

Cluster-M, a novel parallel programming tool introduced recently, facilitates
the design and mapping of portable softwares onto various multiprocessor systems
[7]. Portable algorithms are specified in Cluster-M format in a way that represent
concurrent computations and communications at every step of the overall execution.
To map the Cluster-M Specification onto the target architecture, the processors of
the underlying system are clustered in a hierarchical fashion such that all those in
the same cluster have efficient communication medium. The mapping methodology
outlined previously specifies a direction towards good matching of the concurrent
tasks (Specification clusters) and interconnected processors (Representation clusters)
[8]. In this thesis, we present an efficient algorithm for fine grain mapping of Speci-
fications onto Representations.

A number of other parallel programming tools have also been developed

recently, which provide an environment for design and automatic mapping of



portable algorithms [1, 2, 13, 17]. These tools can be classified into two groups. The
first group uses a library of pre-defined routines for mapping [1, 13}. In the second
category, the mapping is determined based on a graph matching technique. The
mapping problem here is the same as the classic one defined and studied by several
researchers over the years [15, 3, 12, 4, 6, 14]. The input to the mapping problem
is two graphs. The first graph is called the problem graph which is similar to the
data flow representation of the execution process, where each node is a computation
task and edges represent dependency and flow of data. The second graph is called
the system graph which is a trivial representation of the undevrlying architecture.
The mapping problem is defined as the matching of these two graphs such that the
overall execution time is minimized. This problem has been proven to be computa-
tionally equivalent to the graph isomorphism problem and hence is an NP-complete
optimization problem [3].

To reduce the complexity of the mapping problem, a number of approaches such
as graph contraction and clustering have been studied [5, 2, 11, 16, 17, 14]. In graph
contraction, a pair of connected nodes are merged into a supernode [2, 14], while in
clusteriqg, a set of connected nodes are merged into one new node [5, 11, 16, 17].
This process continues until a graph with desired order and pattern is reached. In
all these graph matching based techniques, the entire problem graph is considered
against the entire system graph. The important observation that can be made here,
is that it is not necessary to map all the steps of an algorithm which is present in a
problem graph, onto the system graph all at once. An algorithm represents a step
by step procedure for solving a problem. Therefore, it is sufficient to map one step
of an algorithm at a time onto available processors. However, this a.ssignnllent should
be made intelligently so that it minimizes the total execution time of the future
steps and the overall execution time. For this reason, in this thesis, we present

an implementation of a mapping algorithm which not only considers the problem



graph in a layered (clustered) fashion, but also layers the target system graph in
a clustered form. This Cluster-M based approach is the process of finding a good
matching between the two sets of clusters.

The rest of the thesis is organized as follows. In chapter 2, we introduce the
components of Cluster-M. The mapping algorithm being implemented is detailed in
chapter 3. An implementation of this algorithm and some experiment results are

shown in chapter 4. A brief conclusion is given in chapter 5.



CHAPTER 2
CLUSTER-M MODEL

2.1 Cluster-M Model
Cluster-M has three main components: Cluster-M Specifications.
Cluster-M Representations and Cluster-M mapping module [7. 8. 9]. In this chapuer.
we show how to generate a layered problem graph with Cluster-M Specifications
and a layered system graph with Cluster-M Representations. The mapping module
generates an efficient mapping of the Specification graph onto the Representation

graph.

2.1.1 Cluster-M Specifications

A Cluster-M Specification of a problem is a high level machine mdependent program
that specifies the computation and communication requirements of a solution to a
given problem. A Cluster-M Specification can be translated into a graph consisting of
multiple levels of clustering. In each level. there is a number of clusters representing
concurrent computations. Clusters are merged when there is a need for communi-
cation among concurrent tasks. For example. il all 2 elements of an array ave to be
squared, each element is placed in a cluster. then the Cluster-M specification would
state:

For all n clusters, square the contents.

99806

Figure 2.1 Cluster-M Specification graph of « unary operalion on array of size n



Note, that since no communication is necessary, there is only one level in the
Cluster-M Specification graph as shown in Figure 2.1. The mapping of this Specifi-
cation to any architecture having n processors would be identical.

The basic operations on the clusters and their contained elements are performed
by a set of constructs which form an integral part of the Cluster-M model. For a
complete listing and description of these constructs which are essential for writing
Cluster-M Specifications, refer to [8, 9]. All these constructs have been implemented
in PCN [9, 10]. Below we show an example for con'ybui,ing the associative binary
operation * of N elements of vector A, using the constructs mplemented in PON.
The resulting Cluster-M specification will be as follows. where CM AN CMERGE
and C BT are Cluster-M specification constructs. The Cluster-M Specification graph

of this example is shown in Figure 2.2.

ASSOC_BIN(op, N, A, Z) /* op: operation, Z: return value */
int N, A J;
{1l =0,
make_tuple(N, cluster),
{;iover 0. N-1:
{ ; CMAKE(IvI, [A[i]], ¢),

clusterfi] = ¢

I

Binary _Op(cluster, N, op, Z)

Binary Op(X, N, op, B)
int N, n;
{"N>1->{;n:=N/2

make_tuple(n, Y),



{;iover 0. n-1:
{; BI.MERGE(op, X[2 *i], X[2 *i + 1], Z),
Y[i] =2

3
Binary_Op(Y, n, op, B)

1
default -> B = X

BI-MERGE(op, X1, X2, M)

int e;

{: CBI(op, X1, 1, X2, 1, e),
CMERGE(X1, X2, [e], M)

2.1.2 Cluster-M Representations

For every architecture, at least one corresponding Cluster-M Representation graph
can be constructed. Cluster-M Representation of an architecture is a multi-level
nested clustering of processors. To construct a Cluster-M Representation, initially,
every processor forms a cluster, then clusters which are completely connected are
merged to form a new cluster. This is continued until no more merging is possible.
In other words, at level LV L of clustering, there are multiple clusters such that each
cluster contains a collection of clusters from level LV L + 1 which form a clique. The
highest level consists of only one cluster, if there exists a connecting sequence of
communication channels between any two processors of the system. A Cluster-M
Representation is said to be complete if it contains all the communication channels
and all the processors of the underlying architecture. For example, the Cluster-M

Representation of the n-cube architecture is as follows: At the lowest level n + 1,
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Figure 2.2 Cluster-M Specificatlion of associalive binary operation.

every processor belongs to a cluster which contains just it selt. At level n, every two
processors (clusters) which are connected are merged into the same cluster. At level
n — 1, clusters of previous level which are connected belong to the same cluster. and
so on until level 1. The complete Cluster-M Representation of a 3-cube, and of a
system with arbitrary interconnections are shown in ligures 2.3 and 2.4, respectively.

An algorithm for generating a Cluster-M Representation for any given archi-
tecture has been presented and implemented in [9]. The algorithm has a running

complexity of O(N?) where /N is the number ol processors.
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Figure 2.3 Cluster-M Representation of n-cube of size 8.
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CHAPTER 3
CLUSTER-M MAPPING ALGORITHM

3.1 Cluster—M Mapping Algorithm
Given a Specification graph and a Representation graph as the mput to the mapping
module, the process continues as explained in this section. TThe mapping procedure
presented in this thesis has a niuch lower time complexity than the traditionai
mappings since it contains a graph matching procedure which considers the mput
graphs level by level. In this chapter , we first present a set of definitions and prelim-

inaries, Then in 3.2 we present a high level description ol the mapping algorithm.

3.1.1 Preliminaries
Definition 3.1
e Let a Specification cluster at level LV L be denoted by
kslty,r2, -, 2pvy], where iy is vhe cluster number au level L3 L oand 4 (1 <

[ < LV L —1)is the cluster number of its parent cluster au level /.

e [f a Specification cluster kgliy. 79, - 0] can nou be further decomposed ino
sub-clusters, i.e. if this cluster is corresponding 1o a iine grain sub-task 77,

let ksler, 22, epvn] = T

Definition 3.2

e Let a Representation cluster at level LV /. be denoted by

wkrlir, ta, -y ipvn], where ipy is Lhie cluster munber an level LV L and 2 (1 <

[ < LV L — 1) is the cluster number of its parent cluster av level /)

o I a Representation cluster xp(ty, 12, 7,1L) can not be further decomposed
into sub-clusters, i.e. if this cluster is corresponding to a processor p,. let

ksl te, - tLve] = pj

10
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Definition 3.3
Let the computation requirement of Specification cluster

ksltr, 2, -+, ipvy] be denoted by asliy s, i vL].

The computation requirement of any fine grain subtask 7. o5[7T%], is specified

” Y

in Problem Specifications.

For any cluster xglzy,20,-,10v] which contains sub-clusters at a lower level

LV L 41, 0s(ty,12, -, tpve] = 2 o5y ton - cigvr. 7).

Definition 3.4
Let the computation capacity of Representation clusier

Krltiy 2, -+, ipvy) be denoted by opliy o i)
The computation capacity of any processor p;. ap[p,l. is given.

For any cluster spliy, s, -, 1] which contains sub-clusters at a lower level

LV L -+ ], O’];'[?:hig,’ c aiL\/L} = Z,-O'];)[ﬂ. 7j~3. R .I.L\,'L.‘/'].

Definition 3.5

Let the clustering degree of Specification cluster
ksltr, 22, -, ipve) be denoted by ds{iy. s, 7] and defined to be the the

number of levels down to its

deepest sub-cluster xsley, 2o, - ipvn. - ipvps]s e Osliyie, o ipvn) =

LVL® — LVL, where for any sub-clusters ng(iy. o9 ipvi. i vLs):

LVIY < LVILS.

The clustering degree of a fine grain subtask 1s 0.



Definition 3.6
e Let the clustering degree of Representation cluster
krlt1, 22, -, tpve) be denoted by Sgliy, 29, -+ .1 1]. and defined o be the the
number of levels down to its
deepest sub-cluster wplt), io. - cipvp . ipvps]. hen Opliniia i) =
LVL® — LVL, where for any sub-clusters wpliy. oo - ipve, - ippe)

Y ; Y
LVIS < LV,
e The clustering degree of a processor is 0.

A cluster of less clustering degree has more communication requirement/capacity
shan a cluster with the same computation requirement/capacity.

According to the above definitions of clusters, we have the following propo-
sitions.

Proposition 3.1

e Specification clusters rsliy, 22, ¢, 1] and

ksli1,t2, ,irv, 7) have communication need.

o Representation clusters wpliy, 22, .27, (] and

kprlty, 22, ivp, 7] have communication links.

Proposition 3.2

e 65[7:177."27"'>7jl] > 55[7:1»?:?7”'7?:/:"'sil—i—v)}] + e
e 5]2[2:177:27 e ail] _>. 5R[7:],>Z.'27 e 77"[: T 1j/~1'-'m} + .

Definition 3.7

o Let S be the total computation requirement of the wholerask, ie. 5 = Y o).

e Let R be the total computation capacity of the whole system. i.e. B =Y, opfi].
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o Let [ be the reduction factor which indicates how much Specification compu-
tation is to be mapped onto a Representation processor. [ = [R/S. Therelore,
il f > 1, then the computation capacity of the systern is greater than what
is required to solve the problem as outlined in the Cluster-M Specification.
Otherwise, 1/ of the computations specified are to be mapped onto each of

the computational units represented.

Definition 3.8

The measure of mapping quality we use can be formulated as:

[ fo) = [ Z |f % osli) — orlfu(rsiD) + Fos > g(6si) — Sl fm(nse])))  (3.1)

i

where [y, is the mapping function for Specificavion cluster at top level, and g is a
function defined as g(z) =1 if © < 0 and ¢g(2) =0l + > 0. [, and Iy are the favor

factor for computation and communication matching respectively (1, > 0. [ > 0).

The best mapping is the one with the minimun | f,,].

3.1.2 Mapping Algorithm
Given a Specification graph to be mapped onto a Representation graph. the mapping
procedure starts at the top layer (level) of the Speafication graph. To map cvery
Specification cluster xsli] at the top level. onto a Representation cluster. we scarch
for the best matched Representation cluster with a computation capacity closest to
| x os[i] and a clustering degree equal to or less than ds[i].

When the mapping at top level is done, for cach pair of the mapped Specifi-
cation and Representation clusters, the same mapping procedure is continued (recur-
sively) at a lower level until the mapping is fine grained to the processor level. A

high level description of the mapping algorithm is given below.

1. Sort all xpléy, -, iLvy] in descending order ol the value of

oplty, -, tLvi).
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2. Sort xs[i] in descending order of the value of ogli].

3. Calculate S, Rand . If f > 1,let [ = 1. Calculate the required computation

capacity of xs[i] to be [ x os[i].

4. TFind a virtual Representation layer consisting of non-overlapping clusters such
that when the Specification clusters at the current lavel are mapped onto these

clusters, the measure of quality [f,.| is mimmized.

For each pair of ks[k] and rgliy o iin,]

(@24

= fm(rslk]), il krlir,da, -+ 20ve,]) = p,. then stop. Otherwise

let Ks'[?;Q, s ,?:1] = Iig[??, 'I:Q, st ,i[}, and /ﬂ/g{f-_). coe -)ll.\'L;. RN 11} =

KR[11, 22, stnvi,, -, u) lor any existing 1. and go to step 2.

The total time complexity of this algorithm is analyvzed as follows. For cacli level
except step 4, the complexity of step 2 to 5 is dominated by the complexity of sorting
which can be done trivially in O(A?) time sequentially for A inputs. wheve A" s the
number of Specification clusters at current level. An optimal solution for step 4 can
have an exponential time complexity. However. since the nmmber of clusters being
mapped every level is usually constant, it leads to an average linear time performance.
The step 2 to 5 may be repeated for J iterations. wherve .J is the number of nested

levels in the Cluster-M Specification graph.



CHAPTER 4

IMPLEMENTATIONS AND EXPERIMENTAL RESULTS

We have implemented the algorithm described above in C language under UNIX
environment. In our implementation, we have used a heuristic for finding f,, in step
4, which has a time complexity of O(K N), where KA is the number of Specification
clusters at current level, and the total number of clusters in the Representation graph
is O(N), where N is the number of processors. The total time complexity of this
entire implementation, steps 1 to 5, is O(77?). where T is maa{Ad. N}. The pseudo

code of the implementation is shown in below.

program mapping;
var Spec: entire problem specification:
Rep: entire system representation;
{Spec and Rep are represented by a set of
multi-level lisis)
begin
sort all the clusters of Spec and Rep at cach level;
map(Spec, Rep)

end.

procedure map(Spec, Rep); {recursive mapping
procedure}
var
St integer; {total computation capacity of Spec}

R:integer; {total computation capacity of Rep}

15



f: real; {reduction factor}
begin
if Spec or Rep null then return
calculate S of Spec;
calculate R of Rep;
f:=R/S;
if {>1 then {i=1;
while (Spec not empty) do
begin
for each Spec cluster 7 at top level
begin
{calculate the required computation
capacity of the Rep cluster to be
mapped onto}
Ri =R — (212, Ry
X hmig os[k]):
{ This is a more accurate version of
R = [ xost] }
search for Rep cluster at top level of
computation capacity of R;:
if found such Rep cluster j then
begin
delete cluster « from Spec:
delete cluster j from Rep;
map(Spec cluster 7, Rep cluster j)
end {if}
end; {for}

16



{Now there is no best match between Spec
and Rep clusters at top level}
delete header cluster s;, from Spec list:
initialize Rep cluster & to be empty:
orlh] = 0;
repeal
delete header cluster v, from Rep lisi;
orlh] = orlh] + orlrl;
merge cluster r, nto cluster h;
until oglh] > Ry, ;
i oplh] = R,, then
map(Spec cluster s, Rep cluster h)
else
begin
extra:=oplh] — Ry,
delete the last cluster r, from h:
split(cluster vy, extra):
{returns the extra part and the
required part of cluster 1 }
merge extra part into Rep;
merge required part mto cluster h;
map(Spec cluster s;, Rep cluster h)
end {else}
end {while}

end; {map}

17



function split(cl:cluster, exira:integer);

{to split ¢l into two parts and return these two

clusters. One with computation capacity of exira.

The other one then has the required capacity.
This function is also a recursive one. }
begin
go to a lower level of ¢/;
search for a cluster of capacity ealra;
if found such a cluster ca then
begin
delete ca from cl;
cluster ¢b := ¢l — a;
return the extra part as ca
and the required part as cb
end
else
begin
initialize a Rep cluster /i to be empty:
or[h] := 0;
repeat
delete header cluster r;, from cl:
or[h] := or[h] + orlrul;
merge cluster 7, into cluster h;
until oplh] > extra;
if og[h] = eztra then

return h as extra part

18



19

and the rest of ¢/ as required part
else

begin
exiral ;= oplh] — exira;
delete the last cluster v, from h-
split(cluster ry,, extral);
{returns the extra part and the
required part of cluster 7}
merge extra part into ¢/;
merge required part into cluster h:
return A as extra part
and the rest of ¢/ as required part

end {else}

end {clse}

end; {split}

As shown in the pseudo code, to implement the step 1 ol the algorithm in
O(K N) time for every Specification cluster. we consider all Representation clusters
and select the best one which minimizes |[,,]. We do this {or all the Specilication
clusters at that level. Furthermore, in calculating | [, ). we onlyv consider maiching
the computation capacity by letting /s = 0. The resulis are good even though
I 1s forced to be 0 due to the effects of clustering. Clustering has two ceffects,
First, 1t partitions the problem graph verucally to indicate group of computations
which have data dependency. Second. 1t partitions the problem graph horizontally
to create independent layers such that all the computations i that laver are to be
computed concurrently. As a result of this. the concurrent computations (Specifi-

cation clusters) are mapped onto concurrent processors (Representation clusters),



such that the clustered data dependent computations are mapped onto group of
processors having efficient communication medium.
In the following, we show the results of our experiments in four categories

according to the structures of the input problem and svstem graphs.

Regular problem vs. regular system

The output of mapping of an associative binary operation problem onto a cube
architecture, whose Cluster-M specification and representation are illustrated in
Section 2, is shown in Figure 4.1. In this example. both the problem and the system
are regular, 1.e. the problem graph and system graph have uniform structures. Our
experiment results show that our algorithm is very efflicient in producing close to

optimal solutions for these regular mappings.

Irregular problem vs. regular system

Multiprocessor systems are usually constructed with a uniform structure. However
problems may have an irregular structure. This may make the mapping process
difficult. Figure 4.2 shows how an irregular problem is mapped onto a 2 x 2 mesh.
The problem contains 6 fine grain subtasks. Subtask a. b and ¢ have computation
requirement of 2, while the computation requirement of subtask  and [ are of 3,
and subtask ¢ of 4. The output ol our mapping algorithm shown here is actually an

optimal solution.

Regular problem vs. irregular system

Figure 4.3 illustrates the output of our algorithm in mapping an associative binary
operation onto an irregular system. The problen contains 8 subtasks of computation
requirement 1, while the system has 8 processors of computation capacity 1. except

processor A has capacity 2 (e.g. A is a master processor of the completely connected
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Cluster-M Specification : Cluster-M Representation
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Figure 4.1 Mapping associalive binary operalion onto cube.
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subsystem of A, B, C and D). In this particular example. the system provides
more computation capacity than the problem requirement while still maintaining

the problem communication needs. Therefore, processor D is not used.

Cluster-M Specification : Cluster-M Representation

bloe)o

S=8 [=98, Laf=1 R=9

1o be

mapped ontto

Step 1

Step 2 mi::ic @
= @O

Step3: () —2 — e ) O = Q)
le onto onto onte onto
@ mapped @ ~;>ec @ @ mapped @
onto onto onto

Figure 4.3 Mapping binary-associative operalion onlo an irregular syslem.

Irregular problem vs. irregular system

Such an example is given in Figure 4.4. In this example, all the fine grain subtasks
have the same computation requirement of 1, and all the processors have the compu-
tation capacity of 1. However, the total Specification computation requirement and

total Representation computation capacity are different. and the communication

patterns of the subtasks and processors are different too.
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Cluster-M Specification Cluster-M Representation :
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Figure 4.4 An example for irreqular mapping.



CHAPTER 5

CONCLUSION AND FUTURE RESEARCH

In this thesis we have implemented a novel algorithm for mapping fine grain compu-
tations of portable Cluster-M algorithms onto various miultiprocessor systems. The
mput to the mapping algorithm is a Cluster-M Specifications graph which corre-
sponds to a layered problem graph, and a Cluster-M Representations which corre-
sponds to a layered system graph. Unlike other mapping approaches, which map
the entire problem graph onto the entire system graph. this algorithm reduces the
complexity of the problem by only mapping the corresponding layers of the two
graphs. We presented our experimental results in using the implemented algorithm
for mapping various types of problems onto systems. Our implementation produces
fast and sub-optimal results. Furthermore, these results can be extended (or mapping
of application tasks onto heterogencous suite of processors.  Also the proposed
implementation can be improved by parallelizing various components of the original

algorithm.



APPENDIX A

SOURCE CODE MAP.C

#tinclude <stdio.h>
#include <ctype.h>
#include <stdlib.h>

int getnum();

struct
int
int
int
int
int

struct
struct
struct
struct

T

struct
struct
struct
struct
struct
struct
struct
struct
struct

int N,sernum_tag =1,ser_num_tag2,ser_num_tagl;

cluster

cluster_

pr_num;
ser_num;
req_rep;

{

num;

map_flag;

cluster
cluster
cluster
cluster
cluster
cluster
cluster
cluster
cluster

FILE *fp;

/* This function reads a whole number from the file fp and returns

/* it. If cflag is one character, ch is taken as part of the

/% number

cluster *save_ptr;
cluster *cl_ptr;

cluster  *sub_cl;
cluster  *par_ptr;

*rep_start,*spec_start;

*insert () ;
*st_cluster ;
*start_rep;
*start_spec;
¥spec_save;
*start_ins,;
xinsert_clptr();;
*map_ptr;

int getnum(cflag,ch)
int cflag,ch;
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int 1i;
char ch_array[10];

int c;

i = 0;

/% Retreiving already read character into ch_array */
if (cflag)

ch_array[i++] = ch;
c = fgetc(fp);
if (c == EQOF)

{
return(0);
}
/* Reading the whole number */
while (isdigit((char) c))
{
ch_array[i++] = (char) c;
c=fgetc(fp);
}

ch_arrayl[i] = "\0’;

c = atoi(ch_array);

/* Converting characters to number * /
return(atoi(ch_array));

This function creates and inserts in ascending order, the cluster */
of size '"size" in the recursive pointer structure given */
st_cluster */
ruct cluster *crt_cl(size)
t size;

struct cluster *cl,*cl_prev;
int ¢;
/* Searching for the position of the cluster * /
for (cl=st_cluster, cl_prev=NULL; ((cl) &&
(cl->cluster_num > size)); cl_prev=cl,cl=cl->cl_ptr)

/* Creating the cluster with the given size */
cl= (struct cluster *) malloc(sizeof(struct cluster));
cl->cluster_num = size;
cl->ser_num = sernum_tag++;
cl->map_flag =0;
cl->cl_ptr = (struct cluster *) NULL;



/%
/*

cl->sub_cl = (struct cluster *) NULL;
cl->save_ptr = NULL;
/* First cluster in the list st_cluster */
if (st_cluster == (struct cluster %) NULL )
{
st_cluster = cl;
return(cl);
T
/* To be inserted after cl_prev */
if (cl_prev)
{
cl->cl_ptr = cl_prev->cl_ptr;
cl_prev->cl_ptr = cl;
}
else
{
/* To be inserted after st_cluster * /
if (st_cluster->cluster_num > cl->cluster_num)
{
cl->cl_ptr= st_cluster->cl_ptr;
st_cluster->cl_ptr = cl;
ks
/* To be inserted before st_cluster */
else
{
cl->cl_ptr = st_cluster;
st_cluster = c1;
}
b
return{cl);

This function outputs the recursive pointer structure pointed */
by start to the output device

Write_Graph(start)
struct cluster *start;

{

struct cluster *cl;

if (start == NULL)
return;
else

{

*/

28



/* for all the clusters from start */
for (cl = start ; (cl != NULL) ; cl = cl->cl_ptr)
{
1f (cl->sub_cl == NULL)
printf ("Processor num : %d \n",cl->pr_num);
else
printf("cluster num : %d \n",cl->cluster_num);
}
printf("\n");
if (start->sub_cl == NULL)
{
/* Searching for next parent to start from */
while ((start->par_ptr '= NULL)&&
(start->par_ptr->cl_ptr == NULL))
start =start->par_ptr;
/* start has no parent */
if (start->par_ptr == NULL)
Write_Graph(start->cl_ptr);
else
Write_Graph(start->par_ptr->cl_ptr);
b
else
Write_Graph(start->sub_cl);

/* This function gives the serial number to each cluster in the
/* recursive pointer structure starting at start

giv_sernum(start)
struct cluster *start;

{

struct cluster *cl;

if (start == NULL)
return;
else

{

/* Giving serial number to all the clusters */
for (cl = start ; (e¢l != NULL) ; cl = cl->cl_ptr)

{

cl->ser_num = ser_num_tagl++;



/* Invoking recursion if necessary
if (start->sub_cl == NULL)

{
while ((start->par_ptr !'= NULL)&&
(start->par_ptr->cl_ptr == NULL))
start =start->par_ptr;
if (start->par_ptr == NULL)
giv_sernum(start->cl_ptr);
else
giv_sernum(start->par_ptr->cl_ptr);
+
else
giv_sernum(start->sub_cl);
b

30

This function gets the input representation clusters and */
specification clusters from the file fp and forms the

recursive pointer structure used for mapping

Input ()

int 1;

int c¢;

struct cluster *cl,*cur_cl;
struct cluster *start;
struct cluster *cur_par;
int open, closed;

int break_flag;

int num,k;

int rep_flag,j,1;

int save;

/* Reading the given input */
rep_flag = 1;
for (j =0; j<2;j++) /* for rep and spec input */
{
nun= getnum(0,0);
for (i=0;i<num;i++) /* Number of clusters times */
{
N= getnum(0,0);
st_cluster = start ; /* Initialising the start
cur_cl = crt_cl(N);

*/

*/
+/
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cur_cl->par_ptr = NULL;

start

= st_cluster;

c = fgetc(fp);
open =0;

closed =0;

break_

save
while
{
if
{

+

flag =0;
0;
((c '= EOF) &% (c '= ’\n’))

(¢ == ’[?) /*Sub cluster is read */

opent++;

N= getnum(0,0);

save = N;

st_cluster = cur_cl->sub_cl;
cur_par = cur_cl;

cur_cl = crt_cl(N);
cur_cl->par_ptr = cur_par;
cur_par->sub_cl = st_cluster;

else {
if( ¢ == ’(’) /* Processor Number is given/

{

N= getnum(0,0) ;
cur_cl->cluster_num = save;
cur_cl->pr_num = N;
cur_cl->sub_cl = NULL;

b
else {
if (¢ == 7))
{
c = fgetc(fp);
if (isdigit(c))
/* Another sub cluster is read */
{
N = getnum(1l,c);
save = N;
st_cluster = cur_par->sub_cl;
cur_cl = crt_cl(N);
cur_cl—>par_ptr = cur_par;
cur_par->sub_cl = st_cluster;
+
else

{



/* All sub clusters of present
cluster are completely read*/

if(c == 1)
{
do{
cur_par = cur_par->par_ptr;
closed++;
if (open == closed )
{

break_flag = 1;
break;
+
c = fgetc(fp);
twhile (c==’]");
if (break_flag)
{
/* Complete cluster is read */
c = fgetc(fp);
while ((c!=’\n’)&&(c!=EQF))
c=fgetc(fp);

break;
b
/* Get next input * [
N = getnum(1,c);
save = N;

st_cluster = cur_par->sub_cl;
cur_cl = crt_cl(N);
cur_cl->par_ptr = cur_par;
cur_par->sub_cl = st_cluster;

+
b
¥
else {
if(c == "]")
{
do{
cur_par = cur_par->par_ptr;
closed++;
if (open == closed )
{
break_flag = 1;
break;
+
c = fgetc(fp);
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Ywhile (c=='17);
if (break_flag)

break;
N = getnum(1l,c);
save = N;

st_cluster = cur_par->sub_cl;
cur_cl = crt_cl(N);:
cur_cl->par_ptr = cur_par;
cur_par->sub_cl = st_cluster;

¥

= fgetc(£fp);

¥
if (rep_flag )

{ /* Assigning the Representation start

rep_flag = 0;

start_rep = start;
ser_num_tagl = sernum_tag;
ser_num_tag2 = sernum_tag;
start = NULL;

b
else
/* Assigning the Specification start

{

rep_flag = 0;

start_spec = start;
}
by

printf ("\n\n Representation clusters are
Write_Graph(start_rep);

printf("\n\nSpecification clusters are : \n");

Write_Graph(start_spec);
}

/* This function creates and initializes a given cluster and */

/%* returns it

struct cluster *initialise()
{

struct cluster *cl;
/* Creating and Initialising the cluster cl

*/
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cl= (struct cluster *) malloc(sizeof(struct cluster));
cl->cluster_num = 0;
cl->cl_ptr = (struct cluster *) NULL;
cl->sub_cl (struct cluster *) NULL;
cl->save_ptr = NULL;

cl->par_ptr = NULL;

return(cl);

i

/* This function returns the deepest sub cluster of the cluster cl */

struct cluster *cheksubcl(cl)
struct cluster *cl;

{
struct cluster *save,*savel;
/* Checks sub clusters of ¢l and returns the last */
/* subcluster of the cluster cl */
save = cl->sub_cl;
while (save)
{
savel = save;
save = save->sub_cl;
}
return(savel);
+

/* This function inserts a sub_cluster into par_cl cluster */

struct cluster *insert_sub(par_cl)
struct cluster *par_cl;
{
struct cluster *cl,*savel,*cll,*cll_prev;
for (cl = par_cl->sub_cl;cl; cl = cl->cl_ptr)
/* For all the subclusters of par_cl */
{
if (savel=cheksubcl(cl))
cl = savel;
/* 1f there are no subclusters to par_cl  */
if (par_cl->sub_cl == NULL)
{
par_cl->sub_cl = cl;
par_cl->sub_cl->cl_ptr = NULL;



b
else

{

/* Insert cl in the sub clusters of par_cl

for (cli_prev=NULL,cll = par_cl->sub_cl;cli;

cll_prev = cli,cli=cli->cl_ptr)

if (cli_prev)
cll_prev->cl_ptr = cl;
clil_prev->cl_ptr->cl_ptr = NULL;
+
cl->par_ptr = NULL;
par_cl->cluster_num = par_cl->cluster_num+
cl->cluster_num;

/* This function copies the sub clusters of pari into the

/* sub clusters of par2 and returns par?2

struct cluster *copy_cl(parl,par2)
struct cluster *paril,*par2;

{
struct cluster *cl,*cll,*clli_prev;

/* For all the subclusters of paril

for (cl = parl->sub_cl;cl;cl = cl->cl_ptr)
{

/* Insert into par2

if (par2->sub_cl == NULL)

{
par2->sub_cl = cl;
par2->sub_cl->cl_ptr = NULL;
¥
else
{

for (cli_prev = NULL,cll = par2->sub_cl;
cll;cll_prev=cll,cli=cli->cl_ptr)

cli_prev->cl_ptr = cl;

cli_prev->cl_ptr->cl_ptr = NULL;

*/
*/
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¥

cl->par_ptr = par2;

par2->cluster_num = par2->cluster_num + cl->cluster_num;
}

return(par2);

/* This function splits the cluster spt_cluster into two */
/* sub clusters of size num and total size num and returns */
/* them to the calling functions */

struct cluster *split(spt_cluster,num)

int num;

struct cluster *spt_cluster;

{
struct cluster *best_match();
struct cluster *remove();
int sum_rep,diff,req;
struct cluster *cl_prevl, *savel, *rep_save,*cl_prev,*cl;
struct cluster *sp_cl,*sp_cl_prev,*cll_prev,*cll,
struct cluster *save,*best_found,*map_save,*extra_save;
/* Creating and initialising the rep_save and map_save */
rep_save = initialise();
map_save = initialise();
extra_save = initialise();

/* Checking for the best match in sub clusters of the */
/* spt_cluster for the size of num */

if (best_found = best_match(spt_cluster,num))
{

/% Removing best size subcluster from spt_cluster */

spt_cluster->sub_cl =

remove (best_found->ser_num,spt_cluster->sub_cl);
spt_cluster->cluster_num = spt_cluster->cluster_num-

best_found->cluster_num;

if (spt_cluster->cluster_num == 1)
{

if (savel=cheksubcl(spt_cluster))

spt_cluster = savel;

/* Inserting extra size of spt_cluster into extra_savex/



by
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extra_save->sub_cl = spt_cluster;

spt_cluster->par_ptr = extra_save;

extra_save->cluster_num = extra_save->cluster_num +
spt_cluster->cluster_num;

/* Inserting best size subcluster into map_save */

map_save->sub_cl = best_found;

best_found->par_ptr = map_save;

map_save->cluster_num = map_save->cluster_num +
best_found->cluster_num;

/* Linking mapping part and extra part together */

map_save->save_ptr = extra_save;
return(map_save) ;

else

{

/* If subcluster size of spt_cluster is greater */
/* than required size num * /

if (spt_cluster->sub_cl->cluster_num > num)

{

/* Put all the subclusters other than first */
/* first subcluster 1n extra_save x/

for (cl = spt_cluster->sub_cl->cl_ptr;cl;
cl = cl->cl_ptr)

{

if (savel = cheksubcl(cl))
cl = savel;

if (extra_save->sub_cl == NULL)

{
extra_save->sub_cl = cl;
extra_save->sub_cl->cl_ptr = NULL;

¥

else

{

for (cli = extra_save->sub_cl;cli;
cli=cli->cl_ptr)

3



cli->cl_ptr = cl;
cli->cl_ptr->cl_ptr = NULL;

}

extra_save->cluster_num =
extra_save->cluster_num+cl->cluster_num;

cl->par_ptr = extra_save;

+

/* Trying to split the first subcluster of
/* the spt_cluster

*/
*/

if (re;x_save = split(spt_cluster->sub‘cl,num))

{

+
}
else
{

if (rep_save->cluster_num == num)

{

/* copying the extra_save part returned*/

/* into extra_save

extra_save =
copy_cl(rep_save~>save_ptr,extra_save);

/* Copying required size part into
/* map_save

map_save = copy_cl(rep_save,map_save);

*/

*/
*/

/* Linking extra and required together */

map_save->save_ptr = extra_save;
return(map_save) ;

¥

else

{

printf ("can’t split acurately\n');

exit(1);

¥

/* If first subcluster size is less than the

/* required size

*/
*/
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sum_rep = 0;
/* Create sum_rep cluster and initialise it
rep_save = initialise();

/* Accumulate subcluster until their total
/* size is greater than or equal to num
/* into rep_save cluster

for (cl_prev = NULL,cl=spt_cluster->sub_cl;
((cl) && (sum_rep < num));
cl_prev = cl,cl=cl->cl_ptr)

sum_rep = sum_rep+tcl->cluster_num;
if (rep_save->sub_cl)
{
for (sp_cl = rep_save->sub_cl,
sp_cl_prev = NULL;sp_cl;
sp_cl_prev = sp_cl,
sp_cl=sp_cl->save_ptr)
sp_cl_prev->save_ptr = cl;
sp_cl_prev->save_ptr->save_ptr = NULL;
+
else
{
rep_save->sub_cl = cl;
rep_save->sub_cl->save_ptr = NULL;
¥
cl->par_ptr = rep_save;
spt_cluster->sub_cl =
remove (cl->ser_num,spt_cluster->sub_cl);
+
for (cl=rep_save->sub_cl;cl;cl=cl->cl_ptr)
cl->cl_ptr = cl->save_ptr;
rep_save->cluster_num = sum_rep;
if (sum_rep == num)

/* If the rep_save cluster is of required size#*/

*/
*/
*/

39



¥

40

/* Link extra and required parts and */
/*  return %/

map_save = rep_save;
extra_save = spt_cluster;
map_save->save_ptr = extra_save;
return(map_save);

else

{

/* If rep_save is not of exact size * /

diff = sum_rep - num;
if (diff <0)
return;

/* Find the last subcluster of rep_save * /
for (cl_previ=NULL,cl_prev=NULL,

cl=rep_save->sub_cl;cl;cl_prevl =
cl_prev,cl_prev=cl,cl=cl->save_ptr)

/* Delete the last cluster from rep_save */
if (cl_previl)
cl_previ->save_ptr = NULL;
else
rep_save->sub_cl = NULL;
/*save contains the last cluster of rep_savex/
save = cl_prev;
/* Calculate the required size for num * /

req = save->cluster_num - diff;

/* Updating the rep_save as to the removal */
/* of save %/

rep_save->cluster_num =
rep_save->cluster_num-save->cluster_num;
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/% Call split with save for new required */
/* size */

map_save = split(save,req);
/* Take the results of split and merge thems/

extra_save = map_save->save_ptr;
rep_save = copy_cl(map_save,rep_save);

map_save = rep_save;
map_save->save_ptr = extra_save;
return(map_save) ;

/* This function works for cluster size of "size" in sub clusters */
/* of start cluster and returns it if found */

struct cluster *best_match(start,size)
struct cluster *start;

int size;

{

struct cluster *xcl;
/* Searching for the given size in subclusters of start */

for (cl = start->sub_cl;cl;cl = cl->cl_ptr)

{
if (cl->cluster_num == size)
return(cl);
}
return(0);

b
/* This function removes the cluster with serial number */
/¥ sernum from the cluster pointed by start */

struct cluster *remove(sernum,start)
int sernum;
struct cluster *start;

{
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struct cluster *sp_cl,*sp_cl_prev;
/* Searching for the cluster of sernum to be removed */
for (sp_cl=start,sp_cl_prev=NULL;sp_cl;

sp_cl_prev = sp_cl, sp_cl=sp_cl->cl_ptr)
if (sp_cl->ser_num==sernum)

{
/* Removing the cluster with given sernum from start */
if (sp_cl_prev)
sp_cl_prev->cl_ptr = sp_cl->cl_ptr;
else
start= sp_cl->cl_ptr;
break;
}
return{start);
b
/* This function maps the specification cluster pointed by */
/* spec to the representation cluster pointed by rep */
map(rep,spec)

struct cluster *rep;
struct cluster *spec;
{
struct cluster *sp,*sp_prev,*cl,*cur_cl,*cl_prev,*cl_found;
struct cluster *cl_prevl,*search();
struct cluster *spl,*sp_cl,*sp_cl_prev;
struct cluster *save,*cll,*cll_prev,*spl_prev,*rep_save;
struct cluster *extra_save,*best_found;
int inttemp,req,diff,flag,sum_rep;
float fldiff,R,5,f,sum_req_rep,sunm;

/* Condition for breaking the Recursion */

if ((spec== NULL) || (rep== NULL ))
{

start _rep = rep;

start_spec = spec;

return;



/* Calculating the total Representation size */

R=0.0;
for (cl=rep;cl;cl=cl->cl_ptr)
R = R + cl->cluster_num;

/* Calculating the total Specification size */
S=0.0;
for (cl=spec;cl;cl=cl->cl_ptr)
S = S + cl->cluster_num;
/* Calculating f value */

if ((S) && (R))
f = R/S;
else

{
printf("Check R and S values \n");
exit(1);

¥

/*If there are more Processors than the Specification requires*/

if (f >1 )
f = 1.0;
ser_num_tagl = ser_num_tag?2;
/* Give serial number to all the clusters for identifying */
giv_sernum(spec);

/* For all the clusters in the Specification */

for (cur_cl = spec; cur_cl;cur_cl = cur_cl—>c1_ptr)

{

if (£f==1.0)

cur_cl->req_rep = cur_cl->cluster_numn;
else
{

sum = 0.0; sum_req_rep = 0.0;

/* Finding the required size of Representation to bex/
/* searched for the specification mapping */

43



for (cl = spec;cl;cl=cl->cl_ptr)

{
if (cl->ser_num < cur_cl->ser_num)
sum_req_rep = sum_req_rep * cl->req_rep;
else {
if (cl->ser_num > cur_cl->ser_num)
{
sum = sum + cl->cluster_num;
}
ks
ks
if ()

sum = sum * f;
sum = sum + sum_reg_rep;
sum = R - sum;
inttemp = sum;
fldiff = sum - inttemp;
if (fl1diff >= 0.4)

sum = inttemp+1;

else
sum = inttemp;
if (cur_cl->req_rep == 0)
cur_cl->req_rep = sum;
}
Y

/* For all the specification clusters

for (spl = spec;spl; spl = spl->cl_ptr)
{

/* For all the specification clusters */

for (sp = spec;sp; sp = sp->cl_ptr)

{

/* Searching for the cluster size equal to

required size of specification */
if (cl_found = search(rep,sp->req_rep))

{

/* Removing sp from spec * /
spec = remove(sp->ser_num,spec);

spl = spec;

flag = 1;



rep = remove(cl_found->ser_num,rep);

/* Invoking recursion if necessary */
if (cl_found->sub_cl==NULL)
{
if (sp->sub_cl==NULL)
{
/#* if there are no subclusters*/
/* to both sp and cl_found */
printf("%d mapped to %d \n",sp->pr_num,
cl_found->pr_num);
if ((lrep) || (!spec))
{
start_rep = rep;
start_spec = spec;
return;
}
+
else
{
/* If Processor is reached and */
/* Specification has subclusters*/
printf("/d cluster is mapped to pr %d\n",
sp->cluster_num,cl_found->pr_num);
printf("The cluster matched is \n");
Write_Graph(sp);
if ((trep) || (!spec))
{
start_rep = rep;
start_spec = spec;
return;
+
by
}
else
{
if (cl_prev)
{

if (sp->sub_cl '=NULL)
{
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/* If both have subclusters */

1f (sp->cl_ptr)
{
/* 1f spl’s cluster pointer has required */
/* rep zero */
if (sp->cl_ptr->req_rep == 0)
{
for(cl_prev = NULL,cl = cl_found;cl;
cl_prev = cl,cl = cl->sub_cl)
printf("%d cluster is mapped to pr %d\n",
sp->cl_ptr->cluster_num,cl_prev->pr_num) ;
printf("The cluster matched is \n");
Write_Graph(sp->cl_ptr);
spec = remove(sp->cl_ptr->ser_num,spec);

map(cl_found->sub_cl,sp->sub_cl);
if ((rep == NULL) || (spec == NULL))
{
start_rep = rep;
start_spec = spec;
return;

¥

else

{

/* sp has no subclusters but */
/* ¢l _found has subclusters*/

printf("%d mapped to %d\n",sp->pr_num,
cl_found->sub_cl->pr_num);
if ((‘rep) || (!spec))
{
start_rep = rep;
start_spec = spec;
return;

¥



=

47

((rep==NULL) || (spec==NULL))
return;

If first cluster in Representation has greater =/
size than required size of present sp */

(rep->cluster_num > spl->req_rep)

{

/* If Rep cannot be spilt * /

if (rep->sub_cl == NULL)

{
if (spil->cl_ptr)
{
if (spl->cl_ptr->req_rep == 0)
{
for(cl_prev = NULL,cl = rep;cl;
cl_prev = cl,cl = cl->sub_cl)
printf("%d cluster is mapped to pr %d\n",
spl->cl_ptr->cluster_num,cl_prev->pr_num);
printf("The cluster matched 1s \n');
Write_Graph(spl->cl_ptr);
spec = remove(spl—>c1_ptr—>ser_num,spec);
i
b

printf ("%d cluster is mapped to pr %d\n",

spl->cluster_num,rep->pr_num) ;
printf("The cluster matched is \n");
Write_Graph(spl);

/* Removing spl from spec * /
spec = remove(spl->ser_num,spec);

/* Reducing the size of rep */
rep~>cluster_num = rep->cluster_num -

spl->cluster_num,;
map_ptr = rep;



rep = rep->cl_ptr;

/*Insertng map_ptr into rep in right position#¥/

start_ins = rep;
start_ins = insert_clptr(map_ptr);
rep = start_ins;

ks

else

{

/* First cluster in Rep has to be split */

map_ptr = rep;
rep = rep->cl_ptr;
for (cl = map_ptr->sub_cl;cl;cl=cl->cl_ptr)
cl->save_ptr = cl->cl_ptr;
save=NULL;

/* Searching for the required size in the */
/* subclusters of first cluster in Rep */

for (cll = map_ptr->sub_cl;cli;
cli=cli->save_ptr)

{
if (cli->cluster_num==spl->req_rep)
{
if (save == NULL)
save = cli;
else
{
start_ins = rep;
start_ins = insert_clptr(cli);
rep = start_ins;
}
¥
else
{
cli->cl_ptr = NULL;
start_ins = rep;
start_ins = insert_clptr(cli);
rep = start_ins;
+
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/* If required size is in the subclusters */
1f (save!=NULL)
{
spec = remove(spi->ser_num,spec);
save->cl_ptr = NULL;
if (spl->cl_ptr)

{
/* If spil’s cluster pointer has required */
/* rep zero */
if (spi->cl_ptr->req_rep == 0)
{
for(cl_prev = NULL,cl = save;cl;
cl_prev = cl,cl = ¢l->sub_cl)
printf(‘'%d cluster is mapped to pr %4d\n",
spi->cl_ptr->cluster_num,cl_prev->pr_num);
printf ("The cluster matched is \n");
Write_Graph(spl->cl_ptr);
spec = remove(sp1—>c1_ptr->ser_num,spec);
+
}

map (save,spl);
if ((rep == NULL) || (spec == NULL))

{
start_rep = rep;
start_spec = spec;
return;
}
}
}
¥
else
{
/* If first cluster in Rep is less than spl */

sum_rep = 0;
rep_save = initialise();

/* Accumulate clusters in Representation */
/% until their size is greater than or equal*/
/% to spl size */

for (cl_prev = NULL,cl=rep;((cl) && (sum_rep <



spl->req_rep)); cl_prev = cl,cl=cl->cl_ptr)
{

sum_rep = sum_rep+cl->cluster_num;

if (rep_save->sub_cl)

{

for (sp_cl = rep_save->sub_cl,
sp_cl_prev = NULL;sp_cl;

sp.cl_prev = sp_cl,
sp_cl=sp_cl->save_ptr)

sp_cl_prev->save_ptr = cl;

sp_cl_prev->save_ptr->save_ptr = NULL;
}
else
{
/* Accumulate into rep_save */

rep_save->sub_cl = cl;
rep_save->sub_cl->save_ptr = NULL;
}
rep = remove(cl->ser_num,rep);

b

rep_save->cluster_num = sum_rep;
/* If exact match between rep_save and spl */

if (sum_rep == spl->req_rep)
{
for (cl=rep_save—>sub_c1;cl;c1=c1->save_ptr)
{
cl->par_ptr = rep_save;
cl->cl_ptr = cl->save_ptr;
¥
spec = remove(spl->ser_num,spec);
rep_save->cl_ptr = NULL;
if (spl->cl_ptr)
{
/* If spl’s cluster pointer has required */
/* rep zero */
if (spi->cl_ptr->req_rep == 0)
{
for(cl_prev = NULL,cl = rep_save;cl;
cl_prev = cl,cl = cl->sub_cl)
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printf(")d cluster is mapped to pr %d\n",
spl->cl_ptr->cluster_num,cl_prev->pr_num) ;

printf("The cluster matched is \n");

Write_Graph(spi->cl_ptr);

spec = remove(spl->c1_ptr—>ser_num,spec);

3
b

map(rep_save,spl);
if ((trep) || (!spec))

{
start_rep = rep,
start_spec = spec;
return;
¥
}
else
{
/* If sum_rep is greater than spl */

di1ff = sum_rep - spl->req_rep;
if (diff <0)
return;

/* Remove last cluster in rep_save * /

for (cl_previ=NULL,cl_prev=NULL,
cl=rep_save->sub_cl;cl;cl_prevl =
cl_prev,cl_prev=cl,cl=cl->save_ptr)

if (cl_previ)
cl_previ->save_ptr = NULL;
else
rep_save->sub_cl = NULL;
/* Last cluster 1s in save */

save = cl_prev;

req = save->cluster_num - diff;
rep_save->cluster_num =
rep_save->cluster_num-save—>c1uster_num;

for (cl=rep_save—>sub_cl;cl;cl=cl—>save_ptr)

cl->cl_ptr = cl->save_ptr;
/% If best match is found in sub clusters#*/



/* of save with size req */
if (best_found = best_match(save,req))
{
/* remove the best found from save */
save->sub_cl =
remove(best_found->ser_num,
save->sub_cl):
save->cluster_num = save->cluster_num
-best_found->cluster_num;
best_found->cl_ptr = NULL;
/* Inserting best found into rep_save */
for (cl_prev = NULL, cl =
rep_save->sub_cl;cl;cl_prev = cl,
cl= cl->cl_ptr)

if (cl_prev)

{
cl_prev->cl_ptr = best_found;
cl_prev->cl_ptr->cl_ptr =NULL;
}
else
{
rep_save->sub_cl = best_found;
rep_save->sub_cl->cl_ptr = NULL;
}

best_found->par_ptr = rep_save;
rep_save->cluster_num =
rep_save->cluster_num +
best_found->cluster_num,;

rep_save->cl_ptr = NULL;

save->cl_ptr = NULL;

save->par_ptr = NULL;

spec = remove(spl->ser_num,spec);
/* Inserting the remaining part of #/
/* save into rep */

1

start_ins
start_ins

rep;
insert_clptr(save);

rep = start_ins ;
rep_save->cl_ptr = NULL;
if(spi->cl_ptr)
{
/* If spl’s cluster pointer has required */
/* rep zero */
if (spil->cl_ptr->req_rep == 0)
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for(cl_prev = NULL,cl = rep_save;cl;
cl_prev = cl,cl = cl->sub_cl)

printf("%d cluster is mapped to pr %d\n",
spl->cl_ptr->cluster_num,cl_prev->pr_num);
printf("The cluster matched is \n");
Write_Graph(spi->cl_ptr);
spec = remove(spl->cl_ptr->ser_num,spec);
}
+
map (rep_save,spi);
if ((rep== NULL) || (spec == NULL))
{
start_rep = rep;
start_spec = spec;

return;
¥
}
else
{
/* Spilting the last cluster of */
/* rep_save for size of rep */
if (map_ptr = split(save,req))
{

/* Inserting extra part into rep */

start_ins = rep;
start_ins = insert_clptr(
map_ptr->save_ptr);
rep = start_ins;
map_ptr->cl_ptr = NULL;
/* Inserting cluster of size req */
/* into rep_save x/
for (cl_prev = NULL,cl =
rep_save->sub_cl;cl;
cl_prev = cl, cl= cl->cl_ptr)

if (cl_prev)
cl_prev->cl_ptr = map_ptr; .
else
rep_save->sub_cl = map_ptr;
map_ptr->par_ptr = rep_save;
rep_save->cluster_num =
rep._save->cluster_num +
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map_ptr->cluster_num;
/* mapping spl and rep_save */
spec = remove(spl->ser_num,spec);
if(spl->cl_ptr)

{
/* If spl’s cluster pointer has required */
/* rep zero */
if (spl->cl_ptr->req_rep == 0)
{
for(cl_prev = NULL,cl = rep_save;cl;
cl_prev = cl,cl = cl->sub_cl)
printf("%d cluster is mapped to pr %d\n",
spl->cl_ptr->cluster_num,cl_prev->pr_num);
printf("The cluster matched is \n");
Write_Graph(spl->cl_ptr);
spec = remove(spl->cl_ptr->ser_num,spec);
}
by
map (rep_save,spl);
if ((lrep) || (!spec))
{
start_rep = rep;
start_spec = spec;
return;
¥
}
else
{
printf("spliting not done properly\n');
¥
b
}
+
}
if ((rep) && (spec))
{
if (spec->cl_ptr)
{ .
/* If spl’s cluster pointer has required */
/* rep zero * /
if (spec->cl_ptr->req_rep == 0)
{

for(cl_prev = NULL,cl = rep;cl;



cl_prev = cl,cl = cl->sub_cl)

printf("Ad cluster is mapped to pr %d\n",
spec->cl_ptr->cluster_num,cl_prev->pr_num);

printf("The cluster matched is \n');

Write_Graph(spec->cl_ptr);

spec = remove(spec->cl_ptr->ser_num,spec);

by
by
map{rep,spec) ;
by
if ((trep) || ('spec))
{
start_rep = rep;
start_spec = spec;
return;
X
/* Assigning the values of start_rep and start_spec */

/* This function inserts the cluster cl_ins into the clusters
/* pointed by start_ins in the ascending order using save_ptr

struct cluster *insert(cl_ins)
struct cluster *cl_ins;

{

struct cluster *cl_prev,*cl;
/* Searching for the appropriate position in start_ins */
for (cl_prev = NULL,cl=start_ins;((cl)
&& (cl->cluster_num>=cl_ins->cluster_num));
cl_prev = cl,cl = cl->save_ptr)

)

/* Starting cluster in the list start_ins * /
if (start_ins == (struct cluster *) NULL )
{

start_ins = cl_ins;
start_ins->par_ptr = NULL;
start_ins->save_ptr = NULL;
return(start_ins);

}

else

{

/* To be inserted after cl_prev * /

*/
*/



if (cl_prev)

{
cl_prev->save_ptr = cl_ins;
cl_ins->save_ptr = cl;
cl_ins~->par_ptr = NULL;

ks

else

{

/* To be inserted after start_ins */
if (start_ins->cluster_num > cl->cluster_num)

{

cl_ins->save_ptr= (struct cluster *) start_ins->save_ptr;

start_ins->save_ptr = cl_ins;
cl_ins->par_ptr = NULL;
}

/* To be inserted before start_ins */
else

{
cl_ins->save_ptr = start_ins;
start_ins = cl_ins;
start_ins->par_ptr = NULL;
cl_ins->par_ptr = NULL;

3
+

return{(start_ins);

/* This function inserts the cluster cl_ins i1nto the clusters
/* pointed by start_ins in the ascending order using cl_ptr

struct cluster *insert_clptr(cl_ins)
struct cluster *cl_ins;

{

struct cluster *cl_prev,*cl;
/% Searching for the position in the start_ins for cl_ins x/
for (cl_prev = NULL,cl=start_ins;((cl)
%% (cl->cluster_num>=cl_ins->cluster_num));
cl_prev = cl,cl = cl->cl_ptr)
/* cl_ins is the first cluster in start_ins list %/
if (start_ins == (struct cluster *) NULL )

56

x/
x/



start_ins = cl_ins;
start_ins->par_ptr = NULL;
start_ins->cl_ptr = NULL;
return(start_ins);

¥
else
{
/* To be inserted after cl_prev */
if (cl_prev)
{
cl_prev->cl_ptr = cl_ins;
cl_ins->cl_ptr = cl;
cl_ins->par_ptr = NULL;
}
else
{
/* To be inserted after start_ins */
if (start_ins->cluster_num > cl->cluster_num)
{
cl_ins->cl_ptr= (struct cluster *) start_ins->cl_ptr;
start_ins->cl_ptr = cl_ins;
cl_ins->par_ptr = NULL;
}
else
/* To be inserted before start_ins */
{
cl_ins->cl_ptr = start_ins;
start_ins = cl_ins;
start_ins->par_ptr = NULL;
cl_ins->par_ptr = NULL;
}
)
}

return(start_ins);

¥

/* This function searches for the cluster of size ''size" in the */
/* clusters pointed by start and returns it

struct cluster *search(start,size)

int size;

struct cluster *start;

{

*/



struct cluster *v;

/* Searching the cluster with its size equal to ’size’ */
for (v = start; ((v) && (v->cluster_num != size));

v = v->cl_ptr)
return(v);

X

/* This function opens the input file, calls Input() to read */
/* the input from the file and calls the map() function to  */
/* map the clusters and then outputs the result by calling  */
/* the Write_Graph() function */

main(argc,argv)
int argc;
char *argvl[];

{

struct cluster *v;

int size;

if (arge !'= 2)

{
printf("\n error : Input file expected.. \n");
exit(1);

+

/* Trying to open the Input File */

if (( fp=fopen(*(argv+t),"r")) == NULL )

{
printf ("\nCan’t open Input File.. \n");
exit(1);

/* Reading the input */
Input();

/* Mapping */
map (start_rep,start_spec);

/* Outputs the result of mapping */
printf("After Mapping\n");
printf (""\nRepresentation Clusters are : \n\n");
Write_Graph(start_rep); i
printf ("\nSpecification Clusters are : \n\n");
Write_Graph(start_spec);
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