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Decomposing the Non-Product Queueing
Lattice Through Genetic Algorithm

Electrical and Computer Engineering Department

Wei Han
Abstract

In this paper, a Genetic Algorithm technique is adapted to decompose
the state transition lattice of a class of non-product form queueing models.
Genetic Algorithms are search algorithms based upon the mechanics of nat-
ural genetics. They combine a surviva,l—.c')f—the—ﬁttest among string structures
with a structured, yet randomized, information exchange to form a search
algorithm with some of the innovative flair of human search. While random-
ized, genetic algorithms are no simple random walk. They efficiently exploit
historical information to speculate on new search points with inproved perfor-
mance. Here genetic algorithms is applied to a non-product queueing lattices
optimization problem. Ounly the lattice of type A structure are considered.
By applying this technique, the lattice is decomposed into solvable subsets

which can be solved sequentially and independently.
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Chapter 1

Introduction

1.1 Product and Non-Product Form

In studying the behavior of computer systems, queueing network models are a useful
tool for evaluating performance and studying the interaction of resources, software
and workload[1]. The product form s:)1ution of the balance equations, when it ex-
ists, plays an important role in analyzing such queueing network models. Product
form solutions are of great interest because the direct numerical solution of balance
equations is computationally expensive.

In [2] it is shown that specific structure in the state transition lattice leads to a
sequential method of solution. The method is sequential either in terms of individual
state or in terms of groups of states. In both cases, substantial computational savings
are possible. A great deal of research has been performed on the subject of product
form solutions. Originally, Jackson described the equilibrium state probabilities for
open networks of queues with a single class of jobs, Poisson arrival statistics, and
exponential service times[3]. These probabilities were of a characteristic "product

form”:

P(111, ng, -+, Nm = 91(111)132(112) ce pm(nm) (1-1)



Later, Gordon and Newell analyzed closed queueing networks with each station
having an exponential service time distribution[7]. The equilibrium states probability

as :

p(ni,nz,---,nm,) = ﬁ)-f[l fi(n;) (1.2)

where G(N) is a normalization constant chosen to make all the feasible state
probabilities sum to one. N is the total number of jobs. The f; are akin to the
marginal probabilities of (1.1).

Product form solutions are of great interest because the direct numerical solution
of balance equations is computa,ticznally expensive. While the calculation of G(N)
may not be trivial [5], the evaluation of product form solutions is still computationally
and analytically preferable to solvingsto very large systems of linear equations. In
[2] it was shown that the existence of the product form solution corresponds to a
decomposition of the state transition lattice (complex) into elementary geometric
building blocks (cells).

There is a similarity between the balance equation of queueing network state
transition lattices and current conservation equations of resistant circuits. Naturally,
the flow in the former involves probability flux[9] rather than current. Transition rates
are akin to conductance and equilibrium probabilities are akin to voltages. There are
three significant differences though. There is a scaling of equilibrium probabilities
to unity which induces probability flux flow in place of voltage sources. The flow
direction are predetermined from the transition direction:s. Finally, the transitién
rates are labeled in a patterned manner from the queueing schematic. The existence
of product form solutions has been characterized in terms of certain types of queueing

networks. That is the algebraic topology of the state transition lattice, shown in
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fig 1.1.

Non-product form queueing networks are far less likely to have a closed form
solution for the equilibrium probabilities. It is shown in fig 1.2. Direct solution tech-
niques are prohibitively expensive. Techniques analogous to that of the z-transform
can sometimes be used to determine distributions of interest [1,8]. In [1] the sequential

decomposition technique was described. Conclusions are given in Chapter 4.

1.2 Sequential Decomposition

This paper deals with the exact computation of the state probabilities of a class
of non-product form queueing netvgorks which is of interest for communication and
computation system. It is shown that specific structure in the state transition lattice
leads to a sequential method of solution. The method is sequential either in terms of
individual state or in terms of groups of states.

In [8] a class of non-product form networks is described whose state transition
lattices can be shown to be equivalent to a lattice tree of simplexes. In this "flow
redirection” method the lattice geometry is manipulated by equivalence transforma-
tions. Sequential decomposition refers to the related process of solving one subsets of
states at a time for the equilibrium probabilities:

Definition 1.1: a solvable subset of queueing network states is a subset of states
for which the equilibrium probabilities can be determined without regarding to the
equilibrium probabilities of the remaining unknown states. Here probabilities are
determined with respect to a reference probability.

A simple example is presented in Fig 1.3. States S1 and S2 form a solvable
subset. The equilibrium probabilities can be determined without regarding to the

values associated with the other states. This is done through the following global



K=
~ s .
a( .
Y Y y
> e >
v
v
—
‘/ y
> J
BN ey

Figure 1.2: Non-Product Form

Non-Product Form



'Y

Figure 1.3: A solvable subset
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balance equations:

(@ + 3)po = vp1 + Bp2 (1.3)

apz = 7p1 (1.4)

These equations can be solved for the probabilities p; and p; as a function of
reference probability pg. In fact. a more general principle can be established. The
method of sequential decomposition is applicable to queueing systems whose states
have the geometry shown in Fig 1.1. Here each circular cluster represents a state or
a group of states. Consider the tih cluster. the rule is that there must be only one
state. with unknown probability, external to the cluster from which a transition(s)

entering the cluster originates.



Figure 1.4: The basic structure of Type A

&

The clusters are solved sequentially, starting from the first cluster to the second
and so on. Note that there is no restriction on the number of transitions which may
leave the :th cluster for destination in the 7 =7+ 1,72+ 2,---, cluster. The solution
equations may not be unique.

Note also that the direct solution of linear equations takes time proportional to
the cube of the number of equations. If N states can be solved as M states then the
computational effort is proportional to (IN/M)® * M rather than V3.

Two types of the structure which allow the state transition lattice to be decom-
posed into solvable subsets was obtained in [2]. The first type of structure is illustrated
in Fig. 1.4 and F ig'. 1.6. Here each circular subset represi;nts a state or a group of
states. For the ith subset the rule is that there must be only one state. with unknown
probability, external to the subset from which a transition(s) entering the subset to

\the second and so on. There is no restriction on the number of transitiontwhich may



leave the ith subset for destinations in the j = ¢ + 1,2 + 2, -- subsets. This type of

‘structure is type A structure.

The seconci type of structure is illustrated in Fig. 1.5. Here the first subset consists
of a single state. The remaining subsets each consist of a state or a group of states.
These are arranged in a tree type of configuration with the flow between subsets from
the top of the diagram to the bottom and a return flow from the bottom level back
to the top level. The subsets may be solved from the top to the bottom. Transitions
may traverse several levels as long as the direction of flow is downward. This type
referred to as Type B structure.

In this paper, only Type A structure is considered to be decomposed a state
transition lattice into a number of saolvable subsets, each of which can be solved inde-
pendently, by using Genetic Algorithm. The state transition of Type A is illustrated
in Fig. 1.6.



Figure 1.5: The basic structure of Type B
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Chapter 2
(zenetic Algorithm

2.1 Introduction

Upon previous discussion, the task becomes an optimization problem of objective
function. While the optimization problem itself is unremarkable (a straightforward
parameter optimization problem whicl has been solved by other methods), the ge-
netic algorithm approach we adopted is noteworthy because it draws from the most
successful and longest lived search algorithm. Further more, the GA approach is
provably efficient in its exploitation of important similarities, and thus connects to
our own notions of innovatative or creative search.

Genetic Algorithm, developed by John Holland, his colleagues and his students
at the University of Michigan, provides robust and efficient search in complex spaces.
Actually, Genetic Algorithms are search algorithms based upon the mechanics of
natural genetics. Survival of the fittest among string structures and structured yet
randomized information exchanges are the basic philosophifas behind these algorithm.
While randomized, genetic algorithm are no simple random walk. It is search proce-
dure that uses random choice as a tool to guide a highly exploitative search through
a coding of a parameter space. They have been applied to a variety of function opti-

mization problems, and also, combinational problems such as the Travelling Salesman

11



Problem.
GA are different from the normal search methods encountered in engineering op-

timization in ‘ghe following ways:
1. GA work with a coding of the parameter set not the parameters themselves.
2. GA search from a population of points.
3. GA use probabilistic not deterministic transition rules.

Genetic algorithm requires the natural parameter set of optimization problem to
be coded as a finite length string. A variety of coding schemes can and have been
used successfully. Because GAs wotk directly with the underlying code they are not
dependent upon continuity of the parameter space and derivative existence.

In many optimization methods, wej move gingerly from a single point in the de-
cision space to the next using some decision rule to tell us how to get to the next
point. This point-by-point method is dangerous because it often locates false peaks
in multimodel search spaces. GAs work from a database of points simultaneously (a
population of strings) climbing many peaks in parallel, thus reducing the probability
of finding a false peak.

Unlike many methods, GAs use probabilistic decision rules to guide their search.
The use of probability does not suggest that the method is simply a random search,

however. Genetic algorithms are quite rapid in locating improved performance.

A simple Genetic Algorithm consists of three operators:

e Reproduction
o Crossover

o Mutation



With our simple genetic algorithm we view reproduction as a process by which
individual strings are copied according to their fitness(fitness is defined as the non-
negative figure of merit we are minimizing, thus, the fitness in genetic algorithm
work corresponds to the objective function in normal optimization work). Highly fit
strings received higher numbers of copies in the mating pool. There are many ways
to do this; we simply give a proportionately higher probability of reproduction to
those strings with highér fitness (objective function value). Reproduction is thus the
survival-of-the-fittest or emphasis step of the genetic algorithm. The better strings
make more copies for mating than the worse.

The rapid convergence usually occurs when super individuals appear in the pop-
ulation. These super individuals will be rewarded with a large number of offspring in
the next generation. Since the popula,t'ion size is typically kept constant, the number
of offspring allocated to a super individual will prevent some other individuals from
contributing any offspring to next generation. These super individuals could be the
sub-optimal solutions for the problems, but when they dominate the reproduction
process, the search could no longer progress to reach the real optimal solution. Var-
ious methods have been proposed to control rapid convergence. One way to control
rapid convergence is to control the range of trials allocated to any single individual, so
that no individual receives many offspring. The ranking system is one such alterna-
tive selection algorithm. In this system, each individual receives an expected number
of offspring which is based on the rank of its performance and not on the magnitude.
In this paper, the ranking system where the amount of offspring reproduced depends
on its ranking of performance and not on the magnitude is adopted.

After reproduction, simple crossover may process in two steps. First, members of

the newly reproduced strings in the mating pool are mated at random. Second, each

13



pair of strings randomly select two positions in each string and swap all the characters
between these two positions to create two new strings. More sophisticated crossover
techniques are proposed in [10][11] for individual problems. The crossover similar
to the one developed in [10] is used in this paper. The process of reproduction and
crossover in a genetic algorithm is in this kind of exchange. High-performance notions
are repeatedly tested and exchanged in the search for better and better performance.

Mutation is the occasional random alteration of the value of a string position. It
is not frequently used in either the artificial or the natural genetic systems, thus it is
not adopted in this paper.

So, our implementation of genetic algorithm is as follow:
e Ranking
o Reproduction

e Crossover

2.2 Model Description

In previous sections, it is shown that Genetic Algorithms are mechanically quite
simple, involving nothing more than random number generation, string copies, and
partial string exchanges. However, together with the reproduction and the structure
randomized, information exchange of crossover give genetic algorithms much of their
power.

In the algorithm, a population of n strings is numerical coded so that each of them
is a complete IDEA or a prescription for performing a particular task. The population
contains not just a sample of n IDEAS, rather it contains a multitude of NOTIONS

and Ranking of these NOTIONS for task performance. Genetic Algorithms carefully

14



exploit this wealth of information about impor‘Eant NOTIONS by
e reproducing quality NOTIONS according to their performance

s crossing these NOTIONs with many other high performance NOTIONS from

other strings.

The format of the string in our decomposition problem is defined as follow: b

ay, G, a3, 1o+ 1o apr

Here, a; is the state id, M is the number of states in the lattice and ! marks the
subset boundary. In Fig. 2.1, as'an example, the state transition lattice consists
of nine states which are grouped into three subsets with the dash lines marking the

boundary. the corresponding string can be represented as

L

245!10136!78

The ranking of a certain string depends on the number of states in each subset
and the number of transitions between subsets in its corresponding lattice. Thus the

fitness or the object function of the string is defined as following:

objective function = ZT, + Zﬂ/[ *nd (2.1)

where M is the number of subsets in the string. The smaller value of fitness a string
has, the higher rank it is granted. If there is a tie on thé values of F’s of different
strings, then the size of subsets will assume the role of tiebreaker in the ranking
determination. Since the computation time for solving a set of linear equations is

proportional to the cube of the number of equations in that set, those strings with

15



lower transitions win higher ranks in the tiebreak. Here n; is the number of states in
‘the ith subset of the string.

The compﬂtati_on time for solving a set of linear equations is proportional to the
cube of the number of equations. This leads to the establishment of the second term of
objective function. The rule of constructing a Type A structure yields the first term.
Let T; denote the number of transitions, origin:iting from the states with unknown
probabilities and exterﬁal to the ith subset, going into the ith subset and m denote
the number of subsets in one particular decomposition structure. To emphasize the
significance of the structure which satisfies the type A rule, T; is set to 0 if there
is only one incoming transition originating from unknown states external to the ith
subset. Once a structure is formed, in other words, a string is generated, every subset
is inspected and the number of transitigms from all subsets which are positioned after
this subset is calculated. This grants T; with its value. T; is decreased by 1 if it equals
to 1 and remains its value otherwise.

According to the rank of the string, certain number of offsprings are generated for
each string on a predetermined basis in the reproduction procedure. The crossover is

conducted in a fashion that is shown in the following example:

Parent 1: 24580113167
Parent 2: 01312458!'76

Starting from the left end of the strings, copy characters from parent 1 and parent

2 to child 1 and child 2 until the first ! in both parents is met.

Child 1: 245
Child 2: 013!

Crossover all the succeeding characters prior to the second ! in both parents.

16
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Child 1: 2452
Child 2: 01 3!8!

Note that tl}e second ! is part of the crossover package. Repeat the above proce-
dure, i.e. alternatively copy and crossover the characters from parents to children, till
the right end of the strings is reached. Crossover is an operation in which two ”par-
ent” classifiers produce an offspring that is possibly important over both of them. But
the crossover points above must be chosen quite carefully, or otherwise the offspring

might have no improvement, or even a retrogression. The results are

Child1: 24520116/67
Child2: 013!8453'78

The side-effect of the crossover is that states 2 and 6 appear twice in child 1

*
but states 3 and 8§ are left out. Modifications have to be made to ensure that the
legitimacy of the lattice structure is maintained. Thus randomly choose one of the

left-outs to replace the second 2 and check

Child1: 245301!6!87
Child2: 01381452076

if the subsets is legitimate. If not, randomly pick up another left-out for replace-
ment. If none of them are satisfied, separate this state and become a single-state
subsets right after the above subset. Similar adjustments are made on the second 6

as well as child 2 and the final products in this example are shown in Fig. 2.2.

18
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Chapter 3

Algorithm

This algorithm is divided into five parts as follows:

Step 1: Initialization.

a

1. For each state of the transition lattice, the following information is included:

»

e the number of its neighbors
e cach neighbor’s ID
e the transition information between the node and its neighbors

2. Divide each string into several subsets randomly.

3. According to the subset lengths obtained above, we start to generate the string.
As discussed before, the next state is always picked up from the neighbor pool

of current state.
4. Repeat procedures 2,3 100 times to generate 100 strings randomly.
Step 2: Determining the number of transitions. -,

1. After initialization, we can calculate the number of transitions for each string.

Only the number of transitions initiated from the state whose subset is behind

20



the current subset is considered. Also, if the transition number is the same, we

- calculate the 3= M?. Here M; is the number of states in the itk subset.

2. Repéat the above step 100 times till all data are found. Each datum carries the

information of the number of transition and Y- M?.
Step 3: Rank the string according to its associated data.

1. Now we rank the 100 strings by the number of transitions. If there is a tie, we

break it by using the quantity of 3~ M?.

2. If any string has more than pne copies that are generated during initialization,

eliminate the extra copies to «avoid formation of super individuals.

Step 4: Reproduce. °

Pick up the higher ranked strings and duplicate according to their rankings. This
number can be adjustable upon the request. Remember that the higher ranking the
string stands, the more number of copies it will receive. In my program, I simply
selected the best 20 strings to be copied and discarded the rest of them.

Step 5: Crossover.

1. First we randomly pick up two strings from the population as the parents in

Ccrossover.

2. After crossover, two child-strings are generated. If either of them contains illegal

elements adjust it with the method mentioned above.

Step 6: Simulation
Repeat from step 2 through step 5 40 times.
Step 7: Adjustment



According to the result, adjust subset length and reproduction number in order

to obtain the better result.

[\]
8]
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Chapter 4

Conclusion and Further
Suggestion

4.1 Conclusion

Genetic algorithm has been selected to decompose the state transition lattice of Type
]
A strtucture. By dividing the lattice into several solvable subsets which can be solved

sequentially, a large amount of computation time can be saved.

4.2 Suggestion

‘The result from the first round of simulation is not satisfied enough, because the
initialized subset length is planned to obtain the zero transition. This results in large
subsets, such as in the 5*5 structure, 15 nodes are grouped in one subset. Thus, large
amount of computation is still needed. Therefore, I suggest further decomposition of

this 15 nodes with algorithm in a second round. The result is obviously better.



Appendix A

List of Program

This program is a simulation program for self-decomposition of algorithm for the state

transition lattices of certain non-product queueing protocols.



THES25.C Page:

1: #include <stdio.h> /* 25 NODE strcture version */

2: #include <math.h>

3: #define DATA 100

43 #define DATAF 50

5:

6: int NODE;

7: int Tran{DATAl[2]; /* array of 50 data’s transition */
8: int min[DATAl; -

9: int a[DATA][50]1; /* 50 data */

10: int al[DATA][501;

11: int 1, j, jind, impo, LL, cn, nxn;

12: int p, z, cc, variety, seed=1;

13: int zpop, size, tnp, kin, .total, c¢2;

14: int flag[DATA];

15: double drand();

16: int neno(801;

17: int tneigl160];

18: int popl[251;

19: int B[80]1;
20:
21: struct neighbor{
22: int id;
23: int status;
24: };
25: struct node{
26: int id;
27: int no;
28: struct neighbor nb[253;
29: } nl251;
30: FILE *fp;
31:
32:
33:
34: main()
35: { °
36: /**********************************
37: * *
38: * 1. Initialize the fifty groups of data *
39: * & *
40: **********************************/
41:
42:
43:
44 /* 1) initialize the type A with node, neighbor and status */

45:
46: int nn, mn, im, L, ln, jd, in, x1, y1, in, ii, ij;
47: doubte drand();
48: srand(&seed);

49: variety =DATA;

50: NODE=25;

51: for(x1=0; Xx1<NODE; x1++)
52: nix1].no=0;

53: for(x1=0; x1<80; x1++)

54 nenofx11=-1;

55: i=j=0;
56: if ((fp=fopen("input25", virit))==NULL) {

57: printf(" input25 file reading error !\n");

58: exit(1);

59: b
60:

61: for(im=0; im<NODE; im++){
62: fscanf(fp, "%d", &nn);
63: mn =nn-nl{iml.no;

64: ln = ntiml .no-1;
65: for(l=1; l<=mn; l++){
66: fscanf(fp, "“%d %d", &nliml.nblln+l].id, &nliml.nblln+l].status);
67: /*printf("im=d nlim].id=%d nliml.status=%d\n", im, nliml.nb{ln+L].id, nliml.nblln+i1.status);*/
68: jd=nlim].nb{ln+l1.id;
69: jn = -nlim] .nbLln+l].status;
70: in = nljdl.no;

71: nljdl.nbiinl.id = im;

72: nljdl.nblinl.status = jn;

73: nljdl .no++;

Th: 3

75: nlim] .no=nn;

76: }

77: /*

78: for(x1=0; X1<NODE; x1++){

79: for(y1=0; yi<n[x11.no; yi++)

1
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80: printf("x1=%d n{x11.id=%d n[x1].stutas=%d\n", x1,nix11.nbly11.id, nIx1]1.nbly1].status);
81: }
82: */
83: nxn=0;
84: for(y1=0; y1<DATA; yl1++){
85: for(x1=NODE; X1<(2*NODE); X1++)
86: alyil1[x11 = 0;
87: > -
88: for(y1=0; y1<DATA; yl1++){
89: for(x1=0; x1<NODE; x1++)
90: { alytl x11=-1; >
91: >
92: for(x1=0; x1<DATA; x1++){
93: for (yi=0; yi1<2; yl++)
94 Tran[x1l (y1]l = O;
95: 3
96: for(x1=0; Xx1<DATA; x1++){
97: for(y1=0; y1<2*NODE; yl++)
98: allx1]1 [y11=0;
99: 3
100:
101:
102: /* 2) creat subset length for 50 groups of data */
103: i=j=0;
104 for(i=0; i<variety; i++){
105: while (Jj<=NODE){
106: j = j+(int) 16*drand();
107: alil [NODE-1+]1 = 1; /* if exceed the size? */
108: 3
109: j=0;
110: 3 /* for */
111:
112: Vad
113: for(y1=0; yi<variety; yl1++){ “
114: for(x1=NODE; x1<2*NODE; Xx1++)
115: printf(#ss length, x1=%d aly1] [x11=%d\n",x1, aly1][x11);
116: by
117: */ :
118: for(i=0; i<variety; i++)( ¥
119: j=0;
120: ce=c2=zpop=0;
121: size = NODE-1;
122: for(x1=0; x1<NODE; x1++) pop[x11=x1;
123: for(x1=0; x1<80; x1++) nenolx11=-1;
124
125+ alil[jl = p = crand();
126: while(j <(NODE-1) )
127: {
128: while((alil [j+NODE] ==0) && (j<(NODE-1)))
129: <
130: c2=nlpl.no; /* c2 is total No. of neig */
131: neig();
132: /* printf(Yreturn p=%d", p); */
133: while( (cc>0) && (repeat()==1) && (j<(NODE-1)))
134 {
135: /* printf("is¥d j=¥d alil[jl=%d\n", i, j, alil[jl); */
136: z=(int) cc*drand();
137: p=nenolzl;
138: if(z 1= Cce-1))¢ /* cc is the index of array neno */
139: neno{z] = nenolcc-11;
140: nenofcc-11=-1;
141: b
142: cc--;
143: 3
1442 if(repeat()!=1 && j<(NODE-1)){
145: g
146: alilljl = p;
147 /* printf(* check i,1=%d j=%d %d\n", i, j, alil[jl1); */
1482 inkill();
149: b
150: else
151: alil [NODE+]]1 = 1;
152: > /* while ==0 */
153:
154: if(j 1= (NODE-1)){
155: /* printf(U#HEREB\M); */
156: jt+;
157z alilljl=p=crand();
158: for(x1=0; x1<80; x1++) nenoix1l = -1;
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cc=c2=0;
3
b /* while j<NODE */
> /% for */

/*
for(ii=0; ii<variety; 1i++){
for(}j=0; jj<NODE; jj++)
printf("initial gene,1i1=%d jj=%d aliil[jjl=¥d\n®, 11, jJ, aliN1[jjl1);
b
*/

for(nxn=0; nxn<2; nxnt+){-

transition(); /* return array of value indicated transition of 50 group*/
/* pass a array of transition Tran{501 to the sort function */
sort(); /* return array of 50 data by order */
/* pass the min[50]1 which is by order */

kitlQy; /* kill the gene with same tr and cube n */

if(nxn==1)(
for(i=0; i<variety; i++){
for(j=0; j<50; j++)
alli1rji=0;
alilL[j1=0;
}
redo();
}

for(x1=0; x1<variety; x1++){
for(y1=0; yi1<2; y1++)
Tranx11[y11=0;
}

e

reproduce(); /* reproduce the best data, the most amount */
/* pass al100] which is the best first 30 data of al[50] */
variety=DATAF;
cross{); /* return two new generated legal’data */
printf(" A NEW LOOP START variety=%d nxn=%d\n", variety,nxn);
for(x1=0; xl1<variety; x1++){
for(y1=0; y1<2*NODE; y1++)
alx11{y11=alx11[y1l;
>
} /* for */
Y /* main */

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

* Varieties functions *
*********************************/

/* 1) creat random node between (-8 */
int crand()

{
double dd;
dd=0;

dd=drand();
zpop =(int) (size+1)*dd;
p = poplzpopl;
inkill();
return(p);
b

/*inkill */
inkitl()
{
int x1;
x1=0;

while(p != popl[zpopl)
{ zpop++;3
if(zpopl=size){
poplzpop]l = poplsizel; %
poplsize]l =-1;
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size-~;
zpop=0;
return;

/* 2) generate random number which less than 1 */

double drand()
{
double x, y;
X = (double) rand();
y = (double) rand();
if ( x==y )
++y; .
X =X > Y)? Y/X:X/Y;
return( x);

/* 3) check if new generated node is repeated ﬁreviously */

int repeat()
{
int ml;
mi=0;
L1=0;

while ((mi<=]) && (p != alilim11))
{ ml++; 3
if(p==alilim1l) Ll=1;
else L1=0;
return(il);
3

/* create a neighbor array to be ready to pick up b; ss selection */

int neig()
{
int x1, pp;
x1=pp=0;

for(pp=cc; pp<c2+cc; pp++){
nenoippl = nipl.nblpp-ccl.id;?

z=(int) (cc+c2)*drand();
cc=c2+cc-1;
p=neno(z];

if(z != cc)(
nenol[z] = nenolccl;
nenolccl=-1;

}

return(p);
3

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

/* &) caculate the transition */
transition()
{

int ss[251(251; /* ss is the array of ss No. and ID */

int ssno, x1, y1, d2, tm, sid;

int tk, tp, vary, tng, tran, t1;

for(y1=0; y1<NODE; yl++) <{
for(x1=0; x1<NODE; x1++)
ssiy1l[x11 = -1;

Y /* intialize the ss array of the Max size NODE */

if(nxn>=1) printf("is it did transition\n®);
for(i=0; i<variety; i++){
j=0;
for(x1=0; x1<=ssno; x1++){
for(y1=0; y1<=NODE-1; y1++)
ss{x11 [y11=-1;

} /* reinitialize the ss array before start a new germ */

for(x1=0; x1<=160; x1++) tneig[x11=-1;
X1=yl=ssno=sid=0;
while( j<NODE)
{

while(alil1[j+NODE] 1= 1 && j < NODE)

<
ss[x1] [y1l=alil[jl;
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317: yl++;

318: Ja+;

319: ssno=x1;

320: }

321: if(] 1= NODE){

322: ssIx11 [yll=alil[jl;

323: ssno=x1;

324: sid=sid+(y1+1)*(y1+1)*(y1+1); N
325: y1=0;

326: X1++;

327: sy

328: 3

329: } /* while j<NODE */ #* finish one gene Wwith ss */
330: J=NODE-1; .

331: while(ali] [J+NODE] ==0){

332: j=-:2

333: sid=sid+(NODE-1~J)*(NODE-1-j)*(NODE~1-j);

334: Tran[il [1]1=sid; /* finish cube of n as 2nd element in array of Tran */
335:

336:

337: tk=tran=0; /* start with the frist subset */
338: while(tk<ssno){ /* end with ssno-1 */

339: x1=tp=t1=tng=tran=0;

340: for({y1=0; y1<=160; yi1++) tneiglyll=-1;

341: while(ss[tkl [x11 1= -1){

342: tp=ss[tk] [x11;

343: t1=nitpl.no;

344: tm=0;

345: tneig[tng+801=tp; /* store source node ID in last 80 position */
346: while(tm<t1){ ’
347: tnp=n(tpl .nbltm].id;

348: tneigitngl=tnp;

349: thg++;

350: tm+; a
351: 3 /* store current neig of node in ssitkl in tneigltngl */
352: X1++;

353: 3

354: N
355: tng=0;

356: while(tneigltngl I=-1){

357: tnp=tneigltngl;

358: tm=tk+1;

359: while(tm<=ssno){

360: x1=0;

361: vary=79;

362: while(tnp!=ss[tm] [x1] && ss[tm] [x1]1!=-1)

363: { X1++; 3

364: if((tnp==ss[tm] [x1]1) && (tneigltng+80]1=-1))
365: {-

366: tp=tneig[tng+80];

367: 1f(nitpl.nb[0].status<=0)

368: trant+;

369: }

370: else if((tnp==ss[tm] {x11) && (tneigl[tng+80]1==-1))
371: {

372: d2=1;

373: while(tneigltng+varyl==-1)

374: { vary--;

375: d2++;

376: 3

377: tp=tneigltngtvaryl;

378: if(nltpl.nbid2].status<=0)

379: trant+;

380: 3

381: t+;

382: b /* while tm<=ssno */

383: tng++;

384: } /* while tng is out of supply */

385: if(tran==1)¢

386: tran=0;

387: }

388: else Tranl[i]l [0l=tran+Tran([il([01;

389: the+;

590: Y} /* big while tk<=ssno */

5912 > /* for loop */

392:

393: return;

394: } /* transition function */

305: /**************************************************************************[
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‘gig /*************************************/
98: /* 5) selection sorting */

99: sort() /* Tranlql is for calculate the transition from origial data */
.00: /* minftr] is sorted array of transition */

01: <

02: int templ, temp2, con, tr; .

03: for(con=0; con<DATA; cont+){

04: minlconl=0;

05: flaglconl=0;

06: 3

07: i=tr=templ=temp2=0;

.08:

09: flagltr] = i;

10: min{tr]l = Tran[il[01; /* initial the first element */

A1 for(i=1; i<variety; i++){

M2z if(Tranlil[01 < minitr] || Tran[i1I0] == min[trl){

13: con=tr;

bz /* printf(go into if loop tr=%d\n", tr);*/

+15: while(min(trl > Tran[il[0] && tr>=0){

v16: temp1 = minltrl;

M7 temp2 = flagltrl;

V183 minftr] = Tranfil([0]1;

v19: flagftrl = 1;

v20: minltr+1l = templ;

21z flagltr+1] = tempZ;

223 /*printf(Vgreat than tr=%d fl=%d min=%d i=%d\n%, tr,flagitrl,minitrl,i); */
123z tr--;

1243 } /* while loop */

25: if(Tran[i] [0l==min[tr] && tr>=0){

263 templ=flagitrl;

272 /* printf("if equaltr=%d fl=%d min=%d i=%d\n®, tr, flagitrl,minltrl,i);*/
128: if((TranliT [11<Tranitemp1] [1]1 || Tran[il[11==Tran{temp11{11) && tr>=0){
29: @

+30: while((Tran[il [01==Tran{temp1] [01) && (Tran[il [11<Tranltempil (11 || TranLil[11==Tranl[temp11[131) && tr>
+31: {

+32: templ = min[trl;

+33: temp2 = flagltrl; »

1342 minltr]l = Tranl[il1[0];

+35: flagitrl = i;

1362 minltr+1l=temp1;

+37: flagltr+1] = temp2;

+38: templ=flag[--trl;

+39: /* printf("if Tranlil<Tran[tempili=%d", i);*/

1401 /*  printf("tr=id flag=%d min=%d\n", tr, flagltrl, minltrl);*/
AR } /* while */

442 b /* if loop */

4432 else(

1bb min[++tri=Tranlil [0];

2452 flagltrl=i;

AH /* printf("keep the same order put into min arrayi=%d", i);*/
W71 /*printf(vtr=%d minltrl=%d flagltrl=%d\n", tr, minltrl, flagltrl);(*/
448 3

YA*H b

+50: tr=cont1;

$51: } /* big if loop */

1523 else{

153: flag[++trl = i;

1541 min{trl = Tran[il[0];

:55: /*printf(*less than tr=¥d fl=%d min=%d i=%d\n", tr,flagltrl,minltrl,i); */
1562 b

4572 /*  printf("&&&I&E&RE&EAEEREE&&just before returntr=%d\n", tr);*/

1581 2} /* for */

+59:

+60: return;

161: 3 /* sorting function */

1621

1631

'*64: /********************** ************/
165 2 killQ)

1663 {

YA int vy, vi;

;681

169 impo=variety-1;

+70:

171z for(i=0; i<impo; i++){

1722 kin=1;

1732 while((min[il==minli+kin]) && (Tranlflagl(ill[11==Tran[flagl[i+kinl1[1]) && (i<impo))

174 {
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if(compare()==0){

/*printf("i=%d i+kin=%d fLil=%d fli+kinl=%d\n", i,i+kin,flaglil,flagli+kinl) */

for(yl=i+kin; yl<impo; y1++){
min[y1l=minlyi+1];
flaglyll=flaglyi+1]1;

3
/* printf(i=%d i+kin=%d impo=%d\n", i, i+kin, impo);*/ -
impo--;
Y /* if do compare */
else kin++;
} /* while */
Y /* for */

printf(*after kill same value,variety=%d impo=%d\n",variety,impo);
/*
if(nxn==0){
for{y1=0; yl<variety; yi++){
printf("after kill same, minly1l=%d flagly1l=%d\n", min(y1l,flagly11);>
for(y1=0; yl<variety; yl++){
for(yy=0; yy<2*NODE; yy++){
printf(tyl=%4d yy=%d aly1]l [yyl=%d\n", y1, yy,aly11lyyl); 2
¥
Y */

y1=flag[0];
printf("y1=%d Trly1]1 [01=%d Triy1l [11=%d\n*, y1,Tranly11[01,Tranly11[11);
printf("minf{01=%d flag[01=%d\n", min(0],flagl0]);
for(yy=0; yy<2*NODE; yy++)
printf("yy=%d aly1l lyyl=%d\n", yy,aly1l[yyl);

return;
} /* kill function */

/* compare two gene are they the same */
int compare()
¢

int cim, x1, xy, temp, x, cp;

int com(2] [25];

for(xy=0; Xy<NODE; xy++){
com[0]1 [xyl=-1;
com[1] [xyl=-1;
>
x1=flaglil;
/* printf("in compare, x1=%d i=Xd\n", x1, i); */
for(xy=0; xy<2; xy++){
cp=cim=j=temp=0;
com{xy] [01=alx11L[jl;
=1;

while((alx1]1 [J+NODE] I= 1) && (j<NODE))  j++;
/* printf("j=%d Node No. of each ss\n", j); */
if(j1=NODE)(
while(x<=j){
if(comixyl [cim] > alx1][x1){
cp=cim;
while((comixyl [cim]>a(x1] [x]) && (cim>=0)){
temp=com{xy] [ciml;
comixy] [ciml=alx1] [x];
com[xyl [cim+1]=temp;
cim-~;
}
cim=cp+1;
/* printf("it is great than cim=¥d x=%d\n", cim, x); */
}
else(
comixyl [++ciml=a[x1] [x];
}
Xt+5
} /* vhile loop */
> /% if loop */
x1=flagli+kinl;
Y} /* big for loop */
/*
if{nxn==1){
for(x=0; x<NODE; x++){
printf("com(0] [x1=%d com[1] [x1=%d\n", com{0]ix]1, com[11[x1); 2>
}
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for(x=0; x<NODE; x++){
1f(com[0] [x]!=com[1] [X]) return(1);
b
return(0);
}  /*compare function called from kill */

/* to control the size of population, reproduce from the best */
control ()
{

int fa, sin; i

fa=sin=0;
printf("go to control loop $$$$$53$35$5%%, i=%d variety=%d\n", i, variety);

while(i<DATAF){
sin=flagifal;
fat+;
for(j=0; j<2*NODE; j++)

A alilljl=allsinl [j1; 2
i++;

3

return;

} /* control function called from reproduce */

/* this function is for redecompose the best gene, set to 10 */
redo()
{
int re_a[501[501;
int re_a1[50] [30]1;
int nx;
/* int re_NODE, re_temp, act_j1, re_conl, i1, nx,, j1; */
/*
printf("This is the last turn in redo\n%);
re_conl=0;
i1=flagl0];
re_NODE=15; *
for(j=0; j<2*re NODE; j++){
re_al0][j1=0;
3
j1=j=0;
re_al0l[jI=alilll[]l;
for(j=1; j<re_NODE; j++){
if(re_af0l [j11>ali11[j1)¢
act_j1=j1;
while((re_al01Cj11 > afi11[j1) && (j1>=0)){
re_temp=re_al0][j11;
re_al0] [j11=alil1L]1;
re_al0] [j1+11=re_temp;

==
>
J1=act_j1+1;
b
else re_al0][++j11=ali1lLj1;
“

for(i=0; i<variety; i++){
for(j=0; j<30; j++)
re_allil([jl1=0;
3
for(i=0; i<variety; i++){
for(j=0; j<15; j++)
alilljl=};

for(i=0; i<variety; i++){
j=0;
while (j<=15)(
j = j+(int) 12*drand();
re allil[15-1+j1 = 1; /* if exceed the size? */
3
} /* generate the ss length for 15 node */

af0][151=19;
a[0]1[161=18;
al[0] [171=22;
a[0]1[181=21;
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al0] [191=16;
a[0] [201=15;
al0] [211=20;
al0] [221=17;
al[0] [231=23;
al[0] [241=24;

for(i=0; i<variety; i++){
for(j=15; j<25; j++)
alilljl=al01Lji;
} -
for(i=0; i<variety; i++){
for(j=15; j<30; j++)
alil[j+101=re_al[il[]jl;
b
a[01[401=1;
al[011411=1;
al[0] [421=0;
a[01 [43]=0;
al0] [441=0;
al[0] [451=0;
al0] [461=0;
al01[471=1;
al0]l[481=1;
al[0] [491=1;

for(i=0; i<variety; i++){
for(j=40; j<50; j++)
alil[jl=al01L(jl1;
3
for(i=0; i<variety; i++){
for(j=0; j<15; j++)
re_allilljl=];
3

for(i=0; i<variety; i++){
for(j=0; j<50; j++)
re_alil[jl=alill]l;

}

for(i=0; i<variety; i++){
for(j=0; j<50; j++)
alillji=0;
}

for(i=0; i<variety; i++){
for(j=0; j<30; j++)
alilljl=re_all[il[jl;

for(nx=0; nx<20; nx++){
NODE=15;
cross();
for(i=0; i<variety; i++){
for(j=0; j<30; j++)
re allil[jl=al[il[jI1;
3
for(i=0; i<variety; i++){
for(j=0; j<50; j++)
alilfji=0;
s
for(i=0; i<variety; i++)(
for(j=0; j<15; j++)
alilljl=re_al[ilL[jl;
}

for(i=0; i<variety; i++){
for(j=15; j<30; j++)
alil[j+101=re_a1[il[]j1;

for(i=0; i<variety; i++){

for(j=15; j<25; j++)
alilljl=re_alil(jl;

3

for(i=0; i<variety; i++){
for(j=40; j<50; j++)
alill(jl=re_alilljl;

3

THES25.C
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712:

713:-

714
715:
716:
717:
718:
719:
720:
721:
722:
723:
724:
725:
726:
727:
728:
729:

731:
732:
7335:
734:
735:
736:
737:
738:
739:
740:
741z
742z
743:
Tht:

745

746:
747 :
748:
749
750+
751:
7523
753:
754 ¢
755:
756
757 :
758
759:
7602
761z
7622
7632
764 2
765 ¢
7662
767 :
7682
769:
’70:
71
72:
73:
T4
75:
76
77
78
79:
’80:
81:
82:
'83:
84z
'85:
86
87 :
88
89:
90

NODE=25;
for(i=0; i<variety; i++){
for(j=0; j<2; j++)
Tranlil[j1=0;
3
transition();
printf(“this is after transition\n¥);
sort();
kiltQ);
for(1=0; i<variety; i++){
for(j=0; j<50; j++)
alilL[j1=0;
} -
for(i=0; i<variety; i++){
for(j=0; j<30; j++)
alilljl=re_allil[jI;
3}
NODE=15;
reproduce();
printf("nx=%d\n"*, nx);
¥

return;
} /* function of redo */

/* reproduce the best data according to the best transition */

reproduce( )

int ind1, ind, y1, con, copy;
for(i=0; i<variety /*50%/; j++){
for(j=0; j<2*NODE; j++)
al[il[j]l = alilljl;
3

for(i=0; i<variety; i++){
for(j=0; j<2*NODE; j++)
alil(j1=-1;
3

i=con=yi=ind=ind1=0;
copy=7;

while(i<DATAF)

{/* reproduce the first 15 data from 16--1 copies by decr */

ind1=flagiindil;
con=con+copy;
for(i=y1; i<con; i++){
for(j=0; j<2*NODE; j++)
alilljI=allind11j1;
} /* for */
yl=i;
ind++;

if((copy 1=1) && (copy>0)) copy--;

if((impo<49) && (ind==impo+1)){
control();
>
b

for(i=0; i<variety; i++){
for(j=0; j<2*NODE; j++)
allil[j1=-1;
3

return;

3 /*reproduce function */

re_cal()
{
int xx, re_m, re_id;
re_id=15;
re_m=0;

for(xx=0; xx<5; xx++){

THES25.C

while((re_id 1= Blre ml) & (Blre_ml 1= -1))

if(re_id==Blre_ml){
Blre_ml=B[total-11;
Bltotal-11=-1;

/* this function serve the purpose of inhibiting the node which geat tan 14 */

re_m+;
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791: total--;

792: cn--;

793: 3

79%4: re_id++;

795: 3

796: return;

797: 3

798: -
799: /*********************************************************************/
800: /* 6) cross over to generate new data */

801: cross()

802: {

803: struct repeat{

804: int no;

805: int position[301;

806: Yo[251;

807: int x1, y1, np, nc, nd, z1, f, temp, m,nz;

808: int L, k, n2, r,t, q, YY, re, g;

809: int napp(25];

810: yy=0;

811: g=variety-1;

812:

813: while(g>=0){

814: re=1;

815:

816: for(y1=0; y1<NODE; y1++){

817: olytl.no = 0;

818: for(x1=0; x1<30; x1++)

819: olyll.positionix1]l = -1;

820: }

821: while((re==1) && (g>1))<

822: z=(q+1)*drand();

B23: z1=g*drand(); /* DATAF substitute by 70 */
8241 if((z==z1) || ((21+1)==q) || (z==q) || ((z+1)==q)) _ re=1;
825: else re=0;

826: >

827: if(q==1){

828: z=1;

829 21=0; s
830: 3

331:

832: /*1f{nxn==0)¢

333: printf("next gene cross z=%d zi=%d g=¥d\n", z, z1, q);
334: ¥*/

335: j=f=0;

336: while( j<NODE)

337: ¢

338: if¢f 1= -1)

3393 <

340 while((alz1]1 [j+NODE] ==0) && (alz] [j+NODEI==0))
361 : {j++:2

3422 temp=alz] [++j1;

3432 alzl[ji=alz11L[]j1;

B4 alz1]1 [j1=temp;

345 /*  printf("first cross j=%d\n", j); */

3462 B

347 : if((alz] [j+NODE1==0) &% (alz1] [j+NODE1==0))
348 <

349+ temp=a{z] [++j];

350 alzl [(jI=alz11LjI;

3511 alz11 [j1=temp;

352 /* printf("continue j=%d\n", j); */

353 f=-1;

3542 >

355

3562 else{

357 ¢ temp=a{z] [j+NODE];

358+ alz] [j+NODEl=al[z1] [j+NODEI;

359 alz1] [j+NODE]=temp;

360: f=0;

361 : J++;

362 3

363: 3

364 2 /* check if new generated data repeated or not */
365

366 for(n2=0; n2<NODE; n2++){

67 nappin2)=-1;

682 }

69 nz=z;
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870: for(y1=0; yl<=1; yi++)

871: €

872: for(x1=0; x1<NODE; x1++){

873: nappx1}=-1;

874: 0[x1] .no=0;

875: for(np=0;np<30; npt+) olx1].positioninpl=-1;
876: } /* init structure and other para */

877: .
878: J=m=0;

879: l=-1;

880: whiledj < NODE)

881: {

882: n2=ainzl [jl1;

883: o[n2] .no++;

884: jt;

885: } /* record the number of nodes appear */

886:

887: for(j=0; j<NODE; j++){

888: n2=alnzl [ji;

889: if(oln2] .no==1) on2].position[0]=];

890: } /* record the position of node which appear once */
891:

892: for(n2=0; n2<NODE; n2++){

893: if(oln2].no>1)<

894 : k=j=0;

895: for(x1=0; x1<oln2].no; x1++){

896: while(n2 1= alnzl[]1)

897: € j++; 2

898: o[n2l.positionlkl=j;

899: ket

900: j+es

901: >

902: }

903: } /* record the position of the node which appear more than once */
904 : a
905: n2=0;

906: while(n2<NODE)

907 : {

908: if(on2].no==0) e
909: <

910: L+;

911: nappfll=n2;

912: >

913: n2++;

9142 } /* record the node which not appear in the gene */
915:

916: /* for(n2=0; n2<l; n2++) printf("n2=%d napp[n2]=%d\n", n2, nappin2l); */
917: for(n2=0; n2<NODE; n2++)

918: {

919: k=1;

920: while(oln21.no >1)

921 {

322 m=o0[n2] .positionlkl;

923: r=(l+1)*drand();

9242 afnzl (ml=napplrl;

925: /* printf("n2=%d r=%d m=%d nappiri=%d l=%d\n", n2,r,m,napplrl, L);*/
926 if(r 1= 1)(

9272 napplrl=napplll;

9283 nappfll=-1;

929: 2}

930: l--;

931: o[n2] .no--;

932 k++;

933 } /* while */

934 : Y /* for loop, replace the node with non-appear node */
935 -

936: nz=z1;

9372 /*printf("z=id z1=4d nz=%d\n*, z, z1, nz);*/

338: Y /% for (yl) ¥/

9392

240+ /* check the new generated data illegality */

47 2 nz=z;

42 : for(n2=0; n2<80; n2++) BIn21=~1;

43 :

44 for(x1=0; x1<=1; x1++){

452 Jj=k=t=cn=1=nd=0;

46 while(j<(NODE-1))

47 2 {

482 1=0;



949
950:
951:

953:
954:
955:
956:
957:
958:
959:
960:
961:
962:
963:
964 :
965:
966:
967:
968:
969:
970:
971:
972:
973:
974:
975:
976:
977:
978:
979:
980:
981:
982:
983:
984 :
985:
986:
987:
988:
989:
990:
991:
992
993:
994«
995:
996:
997:
998:
999:
000:
001:
002:

005:

THES25.C
g=alnzl []1;
n2=n{gl.no;
ch=cn+n2;
t=j;
/* printf("A NEW g=%d n2=%d j=¥d\n®, g, n2, j); */
whileCafnz] [J+NODE] !=1 && j < NODE-1)
¢
ifcl 1= -1
{
k=nd=0;
while(nd< cn)
L4
BIndl=n[gl .nblkl,id;
k++;
nd++; /* nd is the total no of neig */
3
3
if(nxn==41)
<
total=nd;
re_cal();
nd=total;
b

if((alnz] [J+NODEI) != 1)
g=alnz] [++]]1;
m=0;

/¥*printf("next g=%d j=%d t=%d altl=%d\n", g, j, t, alnzl [t]);
for(y1=0; yl<nd; y1++) printf("yi=%d BLy11=%d\n", y1, BLy11);*/

while((g != BIml) && (BIm] I= -1))
¢ m+; )
if(g==BIml)
¢
if(m 1= (nd-1))C
BIml=BInd-11; > @
BInd-11=-1;
nd=nd-1;
cn=cn-1;
temp = alnzl[j];
alnzl [J1=alnz] [++t1;
alnz] [t1=temp;
n2=n[temp] .no;
cn = cn+ng;
i=t;
1=0;

/* printf("find g=¥d t=%d alnzl (tl1=%d cn=¥d nd=%d\n", g, t, alnzl[tl, cn, nd); */

3
else 1=-1;
3 /* 1f this ss is finish */
} /* while a new germ begins */
/* printf("t=%d j=¥d\n", t, ]); */
alnz] [t+NODEI=1;
j=t+1;
for(nd=0; nd<80; nd++)
BIndl=-1;
k=l=cn=nd=0;
} /* while j<NODE */

for(j=0; j<2*NODE; j++){
allyyl [jl=alnzl[j1;
>

yyr;
nz=z1;
} /* for a new germ */
for(x1=0; x1<2; x1++){
for(yl=nz; yli<q; yl++){
for(j=0; j<2*NODE; j++) alyll[jl=alyl+11[jl1;
>
q--;
nz=z;
3
/* printf(ibefore return yy=%d g=%d\n", yy, q); */
Y /* while */

for(i=0; i<variety; i++){
for(j=0; j<2*NODE; j++)
alilljl=-1;
3
return;
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1282 } /*cross over function */
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