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RESUMO

Este trpbalho trata do problema de glocggdo Gtima de
capa01daaes em’ rades de gomnugaqorgs com mepsaggns de prlorlda
des dlferentes.. Radg. que ‘ndo & paqg;vgl pbterﬂse uma solugao
:analltl¢a para égtq gmphlgma,_esne ¢rp; zo apresenta um algorlt‘
mo, que utlllza tegn;pas heqriﬁt}qas,‘@ f1m de qbter bélugoes
‘suboclmas nara 0 pnqblemg, q ant;gm qontem os calculps neces-
sarios para a qbpﬁngqp do atraso médip, Tp,. sofr;d¢ por " uma
mensagem de prxpriﬂadg p. .0 trabﬁlhp génclul pom a. - presen
tagao de divgrsoa e&emplpq nqmgricos da utml;zagaq do algornt-
mo, bem. como ‘uma awalxagaa das’ tecnlcﬁﬁ haurxsglcas propostas

Palayras-chave; redes de computadgres, mempagens com priorida
des, alocagaq dtima de ¢apacidades, atrvase mBdio, tBenicas heu

risticas.



ABSTRAGT

Thls p#per deglg w1th ghe prablgm oﬁ pptlmal capacity

:a551gmment 1n pompqper napworhs which 9arry messagﬁﬁ of dif
vferent priqplg;gs leen thau 1t is’ ngt pQSSLble tq qbtaln "a
¢losed form analynlcﬁl 501uti¢m to. tb%s problem, th% ~panes
presents an algprlthm* wh;ch usgs heunlst19 technmques,v}‘ in
order to obtam suboptimal solytipng to the problem, Tt ~ is

ahQWn here how tp derlve the avenagg dglay, Tp, @xpgrlqnced .by
‘a messaga qf prlqrmty R The papar ggncludgs wiﬁh the presenta
t;on of several numerical examples of the ptxlxzatiwn of . ‘the
algwrlthm, aﬁ wgll as "an” ﬁvaluaulam @ﬁ the effect1Vﬁnﬁss ¢of the
pmomosed hagrlstc cgchnlques.,-‘ ‘ : ‘

Keywords and phrasqs

qupqtev qqmmun*qan;pﬂ netwqus, mﬂssages thh prxprltles,
Qpcxmal ¢apacity assigpment, average delay, heuristic techniques.



1. Introduction

One. of tﬁe‘problems that must be faced during the design
of computer communicat;on networks is the asslgnment of capa-
c1gfe§ to the various communication channels that 1link the
different processors in the netﬁork. Two impcr;ant factors
must be taken into account in the selection of channel capa-
cities: the cost of the channels and the average delay expe-
rienced by a message or class of messages in eorder to tra=-
verse the network., The cosg of communications channeis'inw
creases with the channel capacity and also with ﬁhe_distance
between the two points to be linked by the channei. On the
other hand, the average delay Es'a decreasing function of the

channel capacities selected for the network.

In this papér,’we shown how.to select capacities in or-
der td achieve a minimun cost for th;.network under the cons—'
traint that the average delay for messages of each priority
class dois not 'exceed a giﬁen ppe—determined limit'fof_thaé
class. - - . e |

That are P priority classes forlmessages. For the case
in which there is'only one priority class, an optimal solu-
tion has been obta1ned for the capacxty 3531gnment problem,
by Kleinrock [KLEI 64 and KLEI 76]. Yor the case in whxch
there are - several priorities classes it is not possxble'to
. find a clbséd form éhalytical solutiép_té the problem.'Thepe_

:

fore, we present here an algorithm which resorts teo heuristic



techniques in order to find suboptimal solutions to the pro-

blem

;*Ihgabremaxndet of th1s paper . is organized as follows.
Section 2 derives the formula to. fznd ‘the average delay, Tp,
for each prior:ty class p, P=1, 2,...,?. Section 3 presente an
informal descr1pt1on of the algorxthm whxch is formally: des-

,crihed Lu section 4, Finally, in sectlon 5, several mumeériec
results obtained with ‘the algotithm are diseus:ed and the

proposed heuristics are compared as to their effectiveness;

2. Average Delay Amalysis -~ .

This gection defines a mathematical model for the net-
work and derives the formula ‘for the average delay experien-

ced by messages of each priority class.

Chanﬁel Model

’

'v,v_Aioommunications chapnol, b: oimply'a chonnel, is going
to be--ﬁodeled‘as ankﬂlnll'queuoing system with 'P’priofitf
‘class;s of customers, numbeted,froﬁ 1 to P. Pfority class P
_ represents the hiéhest priority; It is also assumed that a
pree@ptive resume disciplioe ig‘ in effeot. In other woxds,
the arrival of a ﬁessage of priority i intérrupts.tbe trans—
mission of messages of piiority. less than i and seizes fhe

channel.

Let us define, initiaily, some parameters of the nodel:

1 ‘
= average message size (in bits).

M



cC = capacipylof‘thejchannel i (in bps).
A = a arrival rate ‘of messages of prlorlty p at the
i,p"rchannel i (1n messages/sec).
T. "ﬁ'average delay suffered by a message of class p at
i,p  the channel i, This time. includes wa1t1ng time and
’ transmission time.

The szze of a message is assumed to be eXpoﬁentiaIly
dlstrlbuted thh mean llu . Thé‘indépendence"aSsumptidn'is
used here (see KLEI 64 or KLEI 76) Let x be the random va-
Viable whlch represents the transmlss1on time of a message
through channel i. The probabllxty denslty funct1on of xi is

given by

~uC.x

£ (x) = uC e i (1)

1Y
e

~In"'this,way". the average. delaY T, ip‘sﬁffered by a tagged
L ’ ‘

message of class P in' channel i is given by its average

transmission tiwe ii’ plus the waltlng t:me Wl due ‘to messa-

ges of prlorlty not 1ess than g found in thé' syétem'by our
_tagged message, plus thP average delay WZ which fepréSents
the. total trunsmlu$10n tlme of all the messages of class gra-

ter than that arrive in the system whxle our tagged message
L ,

ig still in the system.

4W1 can be calculated as . the average unflnlshed work

~found by our tagged message upon . its arrival. For an MIGII



system this unfinished work is equal to the average waiting

time. Therefore,'

P 2
T A, ., x./2

) By . 1,] 1

1 - 0.

i,p
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%ip ¢ » oy s = I . ‘%ﬁl (3)
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Using (3) in the above equation we have that

W .1 sP (%)

Wz can be found as foilows. Our tagged message of pro-
rity 2 is going to be delayed by a time IIUC by each messa-
ge of priority jJ, strxctly greater than E' which arri§es at
the channel before our tagged megsage leaves the system. The
average nuqber of messages of przor;ty i > p) that arrive
in:gﬁg time interval Ti,p is equal to Ax,jTi,ﬁ' Each one of

theﬁ:rep;esents a delay of lluci’to our tagged message.

Therefore,
P 3 .
W, = I =~ "i,j T, = I s s L. 5
27 ipel THEY LoP jepel Pi,i Ti,p )

Finally, we have the following equation:



. T. o + 2 + 2 ) ‘ .« 2 T~ by : ‘ 6
1':1’.'.." HeC. ._‘_uc-‘(l"'ﬁo P) jEprl 91:3 i,P ' (6

Solving the above equation for Ti'p"vé'havé-"
]

1

i,p ¢, (1-% 1,2 y -2 2 1) (7)

p ' 1’2,“‘ P
where

4

LT & 3 Xi,i
' d=p ¥
A.

and ml p+1 0

Let us now calculate the average delay, Tp, suffered by
a measage of prlorxty 2. Let us follow a derivation analogous'
to the one given by Kleinrock in. [KLEI 761 for the one prio~-
rity case, 'Let Zj,k;p be the average delay experlenced by

messages of priority p,'whlch have a node j as a source node

and a node k as a destination node, Thus,

Z, .. = T . . T, 8
JIskiP g em OOF ®



Let Y be the external craffic of priority p ente-

Jkip. ,
ring the. network at node i and leavxng it at node k., Let

- N o
LR i
Yp f'j-i.kfi Yiksp (9)

where'Nlia the number of nodes in the network. Therefore we
can write
.| N Yigs

7= f  § KRz

' . (10)
P Cjwl kel _YpAv “jk3p

Since J IY is the fraction of the j-k traffic that

experiences a dalay ij . Subatitutiug (3) in (10) we have

that

(11)

Exchanging the order of the summations in the above e~

quation we get
- . _
T.p = .Z 23,P Ti P (12)
i=1 Yp :



where M is the number of links in the network.

3.“Cap&tity[A§éignment Algoritﬁmv,égllnformal Descxiptioﬁ

We are now ready to define more precisely the capacity
assignment problem in a network which carries messages of

different priorities,
Given
1- the network topology

2~ the values of the rates X,
: 1,P

3- a set of available capacities, AVAIﬁCAP, out of which
the capqéities to be assigned to the various links must

be selected.

4~ the values for the external traffic rates YP

Assign
c&pacitigsl'selécted out of AVAILCAP, td“thé various communi-

cation links in order to

Minimize
- M S , N
the total cost D = I di(ci) where di(Ci) is the cost of lea~- -
Coi=1 ‘

sing a communicationm line of capacity C for the i-th link.

Under the restrictions

T, <= TMAX

1 1

T

p <= THAK) mmm=mmmme
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Tp (= TMAXp

Given that it is not possible to find an analytic solu~
tion to the above problem, we  are going. to look for subopti=-

mal solutions, resorting to hguristic'techniques.

The éapacity assignment algorithm, can .bé intuiti?ely
described as follows. The smallest capacitf of tﬁe set
AVAILCAP is jnitially assigned to all the channels iﬁ thé
natﬁork, Then, the avétage delays Ti’pgre caléulatéd an@_aif
multaneously the capacities of the some channels;are altered

acéording to the two following criteria:

cnt&naxnu Izvlfléhe'oﬁser?éé‘ihe formula for T; ,(formu-
la (7)5;~i€ can be seen that both of the termé.in pareniheaea
in the denominator have to be positivé. Therefore, - |
y - %0l O > 0 and |
1= % o1/ G 20 |
According ;he definition °fai;p',if

N IR R LRV

The meaning of this condition can be better underatood

if we notice that

o, D T Y
&= g
i ’ . j:p ~ -

i

which is therefore equal to the utilizéqion of channel i by
ﬁessages of priority equal or grater than p. This utilization
must be less tham 1 in order for the time Ti,p to be finite

-

and in order for the channelgi to be in 'a stable conditionm.
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Therefore, the initial capacity :in each channel is incremen=-
:ed-until
1 -0 1/C ) ‘0. Note that. 1f the above. cond1t1on is satis-

fied for messages of priority 1 it will be satlsfxed for mes-

sages of h;gher priorities.

CRITERIUM 2: According to formula (12) for Tp we have

MoA,
p i=1 Yp' i,p

but if Tp <= TPMAX then we have that

M 2 : = : :
¥y iR 7 <= TMAX
i=1 Yp i.p P
or
M .
z A T =
gE M Tap T 7 TMRX,

But if a summation has an upper bound and if all of its
terms are positive, then each term individually must be less

than or equal the upper bound,

Hence,

A <=y, * TMAX R a3

1,p Ti,p p

Therefgre, each time that a T  is calculated, the con-

dition expressed by equation (13)  is checked. 1f it is not



sat1sf1ed then ‘the channel caﬁacity is increased . until the
condltxon becomes valid. An increase in the capacxty of a gz-
ven channel 1mp1£es in the recalculatlon of the - values of

T,p already ‘¢alculated for that channel.-

At the end of this procé#s, we ha?é ;11 " the values for
Ii,p and " we chn;~§herefore, find all the valuesaof Tp for
p-1,2,....r. 1f one'éf the constraints on Tp are violated,
chen some channels are: selected to have their capaéities in-
creased to the next available capacity in AVAILCAP according
‘to -some heurlatlc techniques. The " values. of Ti P for the
¢hannel which ha@ theit capac1t1es increased are ;omputed a=
gain and new Valuéa‘fof Tp‘are-obtalned. These new values are
again checked with the constrdiuts. 1f neceésary more chan= -
nels will have their capacltles 1ncreased until all the cons~

traints are satisfied.

In qrdgrvto complete thisfdiscussion, we have to descri-
be the heuristic techniques  which are being probosed here,
The results obtained with each: of them are analyzed in sec~

tion 5.

HEURISTIC 1: the technique_used‘in'this case can be best

described by the following steps.

1- Evaluate the mean valﬂe,‘TMEAﬂ, of all T; P values' for

each priority.

for P.‘:l'-ﬂop
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2~ Increase the capacity of channel i to .the next-éaﬁaé{ty
in AVAILCAP if

Ti,p> TMEDP for any p=1,...P.

HEURISTIC 2: this4tééhnique tries to increase’ the capa-~
city of those channels for which one can obtain a larger re=-
duction in the value of Ti,p for the same increase in C .

This can be measured by the value of the partial derivative

of Tilp'relative to Ci evaluated at the current value of Ci.

: . 2
aTi,E . e - 1 1 ai,pailp+1 / i (15)
3C Y] o o ‘
i ¢, o2 (1___242)2 (1~ .i;Bil)2~
3 T

The vaiue of this partial derivative is alway§vnegative,
since the denominator kis positive; 'aihcelthe numerator is
alpo‘pogitive’bégaﬁge ai,p, C ‘< 1“f§r ﬁ#i,..;,P (see érite-
rium 1) and since the whole.exp:eﬁsibn-is-preceded of a minus

sign. In other words, decreases as C increases, as it

T,
1,p
could be expected., Therefore, the greatest is the reduction

of BTi’B ‘

3c;- lc.
»l
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the greatest is the reduction in T, P for an increase in C; .
. 4 .

The heuristic‘cgn now be described by the following steps:

1- evaluate the quantity h defined below
x. aTo ‘ s
i | T | s
hi,t? 15_ ‘ ¢ \c_ p=l,...P (16
i

where 1 is the distance covered by channel i. The

greatest the value of 1 the gratest is the cost of a

given channel for the same capacity.

Let»pl;pz,.,.,pn be the priorities for which the cons-
traints habe been violated, Let pl,pZ,...,pﬂ be ordered
in increasing Qrder. Iﬁcrease the capacity of ’the k
greatest vglues _fot hi,ﬁ"A bigger va}ue of hi,p im=-
plies in a greater reduction of Ti,p per unit of in-
qregsg in C; . This'value is muitipiied by xi,p’ since
this is the mqltiplying factor of Ti,p in Tp. Moreover,
ths greater the value of 1, the sﬁaller‘ fhe vaiue of
b 5 énd therefore there “is a Sma11e¥ probability that

a long channel will have its capacity increased. The

. value of k is a parameter that must be adjusted accor-

ding to the computationai effort that one desires to

spend in the execution of the algorithm; Best solutions
are obtained for values of k=1, ’
P for the channels which

had their capacities altered in step 2 and reevaluate

reevaluate the values of T;

the values of Tp for p=l,...,P.
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4- check whether there is any constraint not yet satis-

fied.fln.the affirﬁativejcase‘refurh_to'dtep 2.

4, Capacity Assignment Algorithm- Formal Description

This seétlon descrlbes formalry the capa;iiy a;%ignment
algnrithm. The algorxthm is described ;iﬁ ALGOL 60 ip the'Ap~.
pendix., The ptngram 'is composed of several routines which
rﬁifl be described .in what follows, In the main pragram; the
‘valﬁes of Ti,p are evaluated using criteria 1 and 2, Then the
‘values of Tp are evaluated and ohg of the heuristic techni- -
ques is applxed as many tiﬁe§ as nécessary, as deactibéd in

the prev1ous section. The main tout1nes of the program ares’

1~ iucreﬁentacap(channel)- éhisltbutine iqbréments the ca-
pacity of channel 'chanﬁel' and of its simplex pair.
All the channels are con51dered full dﬁplex but are:re-
pteagnted as a pair of sxmplex channels 1n opposlte d1—’

rections, -

5

2- evaltip(i,p)- this procedure evaluates T, p
o »

3- sort(a,b)~ this routine sorts the array a in increasing
" order and places in the array Bithe original indexes of -

the elements‘in 2.

b= evaltp(constraint;flag)- this routine,évéluates all-va-~
luesvbf Tp., If any of the'consifﬁin;s.
Tp < TMAXp
is v101ated flag returns th¢ 'vé1ue £i3g. If the cons-

»

traint
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Y < THMAX;
is violated then the constraint i  returns the value.

true,

5- heuristicl(constraint,modified)-  this routine applies
heuristic 1 degdribed in the previous section and as-
signs the value true to modifie&:£ if the capacity of

channel i was modified.

6~ heuristic2(constraint,modified)~ similar to the p#e—
vious routine except that heuristic2 described in the

previous section is applied.

Next, we give a list of the relationships between the
main variables of the prograﬁ and the mathematical symbols
defined in section 2,

M=w==- nlinks

Peme~ maxp .
Gi,p-,'alfa[i,p]

Ti,p~ tipli,pl ,
Ai,p- lambdali,p]
Yp~=+ gamalpl
Tp=== . tp iy

1;--- dist il

Ci=-- availcap{captill-
Me=e=  pu

In the algorithm, all the indeies in arrays of dimension
squal to nlinks are such that the pair of indexes that iden-~
tify a full-duplex channel is (j,j+nlinks/2) for

jﬂl,z,...,plinkslg;

5. Examples and results obtained ‘with the use of the Algo-

rithm
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In order to test the effectiveness of the two heuristic
cechﬁiques and in ordér to illusgpa;g,thefbehaviax“of.the ale
gofithm, we-‘rantthree numeiical examples _usingwthre; di££e~
rent toﬁ;iqgiéy, éallgd-A;B,qw,héreﬁbfdre.ATha“:opglogies are

‘iliustratéd in.figﬁresﬁl;i and 3 respectively,

In every case, the value of 1/u was made equal to 3200
bits. We considered the case of four priorities. For the e~
xamples, We-mdde‘ﬁhdﬁﬂsihmptidn,that Yp;is a percentaga_f@ of

the value of Y.

The peréentasés.uaed‘érei'

£1=29%; £2=45%; £3=25%; £4=12

The value of Y for the three cases is 7.5Kbps. The time
constraints for each priority are |

TMAX1=90s; TMAX2=45s; TMAX3=30s; TMAX4=15s

The values of’li;pare'by assumption a fraction £, of A .
The values of hi are given in figures 1,2 and 3.f§r each ca-

se.
The results obtained are summarized in the table 1.

Cost in the taﬁlell is givén'in tﬁou;énds of doliats per
.yeaf of operation. By imspection ‘of ‘the nﬁové table we can
see that heuristie 2 is better than‘heuristic 1in thevsepcé
that it yields cheaper networks. vﬁiie presgrvéng ghe;times
within the limits. This-reéult was somehow expected sinﬁé
heuristic Z:is based on a more'cunéisfentbargument that heu%

ristic 1. In the tests described‘ below, the value k=1 was u-
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T — “FOPOLOCY - =
T 2 T 51 G T

T WEORISTIC | WEURISTIC | WEURISTIC | -
T 1T T T 1T 17 2 T 11 % 1

T

3076 T 82,4 130.6 1 76.8 | 26.4 | 86.2 |
| T2 | 13.3 | 19.4 | 12,9 | 20.0 | 12.8 | 22.5 |
IT¢ | 6.9 | 8.1 1 6.6 8,21 7,01 9.3 b

Teost T 127,71 110,11 110.01 165 7T 120,71 105,11

sed in executing heuristic 2. In other words, omne channel ca-~

pacity was incremented at a time,

The costs obtained in thé table 1 were computed taking
into account the tariffs provided,by FMBRATEL, which is the

single brazilian common carrier, as of 1978.

Conc¢lusions

This paper presents a fofmul& which allows us to evalua-
te the average delay spent~by,;Amegsage of a given priority’
in a given neiwork. An algérithm to éssign qapaciyies to the
various channels of the network was also presented hefé. The
algoriéhm reso:ts‘fo heﬁfistié 'éechnidues'in order to obtain
suboptimal solutions to tﬁe problem§: 0new0f the two proposed .
heuristics has an excellent behavior as it can be éeeulinithe~
table 1, ' For the case, the timé‘ cbnstr;int'for’bhe bf the

priority classes is matched very closely by the actual time’
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obtained.
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APPENDIX: Algorithm in Alpolé0

PROCEDURE Alocap,
BEGIN

COMMENT
nlinks=# of channels in the net
availcapll:nl=array of the n available capacities;
capll:nlinksl=array of chammel capacities (contalns
indexed into availcap);

INTEGER i,p, J,nlinks,pmax,n,

REAL ARRAY. alfa[nllnks,pmax*ll,tmprnllnks,pmax},
lambda{nlinks,pmax],gamalpmax],
tp[pmax],tmax[pmaxj,availcap[n],
distfnlinksJ;

INTEGER ARRAY capinlinks];

REAL c,t,mu;

BOOLEAN flag;

BOOLEAN ARRAY constraint[pmax]),modified[nlinks];

PROCEDURE incrementcap(channel);
BEGIN

COMMENT this procedure jpcrements the capacity
of channel ‘channel’ and of its simplex pair;

INTEGER channel;

cap{channell:=caplchannel] + 1;
IF channel > nlinks/2
THEN cap{channel - n11nk3123--captchanne1},
ELSE caplchannel + nllnksIZJ'-cap[channel],_
END;
END incremen:cap,

PROCEDURE evaltip(i,p);.
BEGIN

COMMENT this procedure'evaluates tipfi,pl:

REAL templ,temp2;
INTEGER i,p;

templ:-1~- (alfa[i,p]/availcaf[tap[i3]):
temp2:=1 - (alfali,p+1)/availcaplcaplill);
tipli,pl:=1/(mu*availcaplcaplill*templ*temp2);
END;
END evaltip;:



PROCEDURE sort{a,b);

BEGIN
COMMENT this procedure sorts in decreasing order

the array a and places in b the original
indexes of qha‘elements”ih aj S

END

END sort;
_PROCEDURE evaltp(constraint,flag);
BEGIN

COMMENT this procedure evaluates Tp for all

values of p, checks the constraints
and returns the value true in flag if

any of them was violated. It returns
the value true in constraintsfp]

if the constraint for priority p was
violated; ' ’

BOOLEAN flag; 3 ,
BOOLEAN ARRAY constraint[pmax];

flag:~fa1$e; : -
FOR p:=1 STEP 1 UNTIL pmax DO
BEGIN

' COMMENT evaluate Tp's;

tplpJ:=0;

CFOR i:= 1 STEP 1 UNTIL nlinks DO

ENﬁ;
END;

tp[p]:-tp[p}+(1ambda[i,p]*tip[iyp]);
tplpli=tplpl/gamalpl;

COMMENT check the constraints;

constraintlpl:=false;

IF tplpl > tmax(p]

THEN BEGCIN )
flag:=true; :
constraintlpli=true;

END; '

END evaltp;



-PROCEDURE heurlstlcl(canstralnt mod1f1ed),
BEGIN

CUMMENT this procedure zncrements the capaclty
0f thoge channels for wh1ch Tlp exceeds
the mean value;

INTEGER 1,9,3,

BOOLEAN ARRAY constraint[pmax], modified[nlinks];
BOOLEAN flag;

"REAL tmean;

FOR i:=1 STEP 1 UNTIL nlinks DO
: ‘modified[i)i=false;
flags:=true; ji=1l;
FOR p:=j WHILE flag DO
IF constraintlp]
THEN BEGIN
flag:=false;

COMMENT mean value'eéaidaﬁion;»

‘tmeani=0;

FOR i:=1 STEP 1 UNTIL nlinks DO
tmean:=tmean+tipli,pl:

tmean:=tmean/nlinks;

‘COMMENT -comparision with the meant

‘FOR is=1 STEP 1 UNTIL alinks DO
IF tipli,pl:>=:tmean.
THEN BEGIN. .
' 1ncrementcap(1),
modified[ils=true:
IF i>nlinks/2. ..
THEN meodified[i-nlinks/2]:=true:
‘ELSE- mod1£1edf1+n11nks/2]'-true'
END'
END
 ELSE ji=j +‘1;v;
END;
END heuristiclg
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PROCEDURE heuristic2(constraint,modified);
BEGIN S

CQMMENT this procedure‘épplies heuristic 2 and
" jndicates in the array modified whether
the capacity of a given:-channel was altered;

INTEGER i,p,Ji.k3

BOOLEAN ARRAY constraintipmax],
‘ modified[nlinks]s

BOOLEAN flag;

REAL h[nlinks],templ,temp2,templ

INTEGER ARRAY channels{mFinksly

FOR i:=1 STEP 1 UNTIL nlinks DO
modified[il:=false;
flag:=true; ji=lj;
FOR p:=j WHILE f£lag DO
IF constraintlpl
THEN BEGIN -
flag:=false;

COMMENT evaluation of hj

FOR i:=1 STEP 1 UNTIL nlinks Do
BEGIN A R |
templ:-a{fafigp]*alﬁafi,p*l];
templ:ftempll(availcap[cap[i})**z
tempZ:ilé(alfa[i,p]/availcap[cap{
.temp3:ul-(alfa[i,p+1]/availcapfca
.temp2:*temp2#tampB*availcapfcap[i
hlil:=(l-templ)/temp2; :
hlid:=(lambdali,pl+h(il)/diseli];
END; ’ : '

LI Pl N
e ]
>
Ll Vs
S 8
et
s

COMMENT "sort the array h;
sort (h,channels);

COMMENT increment the capacity of the k
channels with the greatest hj

FOR j:=1 STEP 1 UNTIL k DO
BEGIN
I? modifiedlchannels[jll:=false
THEN BEGIN .
" incrementcap{channelsl j1;
 modifiedlchannéls[jll:=true;
. END3 - _
IF channellj] > nlinks/2 - v
THEN modifiedlchannelljl-nlinks/Z}:=trune;
ELSE modifiedl chan-ell jl+nlinks/2]s=true;
END; ' :
END;
' ELSE j:=j + 13
- ERDg - S
END heuristic2;
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COMMENT initialize capacitie§ with the smallest
capacity in AVAILCAP; ’

FOR i:=1 STEP 1 UNTIL nlinks DO caplili=l;
COMHENT‘evaiuation,pf.alfa[i,pj f9: p$pmax;

FOR i:=1 STEP 1 UNTIL nlinks DO
FOR.p:=l STEP 1 UNTIL pmax DO
BEGIN -
alfali,pli=0;
FOR je:=p STEP 1 UNTIL pmax DO
alfali,pli=alfali,pl+lambdali,jl;
alfali,pli:=alfali,pl/mu;
END; ‘

COMMENT evaluation of alfali,pmax+l];

FOR i:=1 STEP 1 UNTIL nlinks DO
alfafi,pmax+1]:=0;

COMMENT evaluation of tipli,pl;

For i:=1 STEP 1 UNTIL nlinks DO
' BEGIN

COMMENT evaluation of initial capacity
(criterium 1)

IF i <= nlinks/2 ‘ A
THEN FOR ci:=availcaplcaplil] ™
WHILE(l-alfali,1]/c < O
' | 1-alfali+nlinks/2,11/c<0) DO
incrementcap(i); ' o )

ﬁOR pi=1 STEP 1 UNTIL pmax DO
© BEGIN .

evaltip{i,p);

flag:s=false}

COMMENT check condition given by criterium 23

FOR te=tipli,p] WHILE(lambdali,pl®t
d>m=gamalpi*tmax[pl) DO
_ BEGIN

COMMENT 4increment capacity and reevaluate
' tip;
incrementcap{i}; )
evaltip{i,p); flag:=false;
END:
IF flag
THEN BEGIN



R6

COMMENT reevaluate tip . for the
‘priorities < p and for the
simplex pair;

FOR j:=1 STEP 1 UNTIL p-1 DO
evaltip(i,j);
IF i > nlinks/2
THEN FOR j:=1 STEP 1 UNTILmeax Do
_— evaltip(i-nlinks/2,i);

o - END3;. '

" ENDj
END; '

COMMENT evaluation of “p, constraint checking and
use of one of the heuristics to increase the
capacity on some channels;’

evaltip(constraint,flag);
FOR ji=1 WHILE £lag DO
BEGIN T AT
heuristic (constraint,modified);
FOR. i:=1 STEP 1 UNTIL nlinks DO
IF modified[il R
THEN FPOR p:=1 STEP 1 UNTIL pmax DO
; evaltip(i,p);
evaltp(constraint,flag);
END; ' '
END3;
END alocap;
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TOPOLOGY C

411 lines represent full-duplei channels.

Values are indicated in msg/day.



