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A COMPARATIVE STI]DY OF ENGLISH
AND ARABIC REDT]PLLCATWES

631,$ll db,El4ll llislt
il.l*l$IliilJlr*3
;r.htt &rilt:,g15 'r.- ll 'f -?

"A particular type of $ammatical formation , whereby a

part or the whoie of a root form is repeated in the same word ,

is found in a number of languages ; this is known as

REDUPLICATION and is describable either as a process or an

addition ." Ancient Greek , Maiayan sandenese (and Arabic)
provide iiiusuations of this linguistic phenomenon

(Roben .1966,p.212)
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Reduplication tbrms no part of any grammar course of
English as a foreign language ,simpiy because the process
belongs to the morphological pan of the grarnm€r ,and not to
syntax which normaily constitutes such courses. Consequently
elementary, intermediate and secondary school teachers and
other leamers of English as a Foreign Language know nothing
about the tbrms, the meanings and the uses of reduplicative
words.

This paper aims ai giving the iearners of Engiish as a
Foreign Language an explicit account of reduplicative words
in Eng.lish and A-rabic .

The paper wiil consist of three parts. Part one wiil deai with
English reduplicatives, Part Two with Arabic reduplicatives,
and Part Three will be a comparison between Engiish and
Arabic reduplicatives.

It is very important to say lhat Engiish grammars have very
little to say about English reduplicatives and that Arabic
gmmmars neglect Arabic reduplicatives completely.
This paper is thus a sort of held work in Engiish and Arabic
dictionaries rather than a survey of what has already been said
or written .

1 . ENGLI SH REDI,?LICATIVE S

l.DEFIMTION:
'' Reduplicatin is the process of forming a new word by
doubling a morpheme, usuaiiy with a change of vowel or
initial consonant ."
( Stageberg, 1977, p. 212): pooh- pooh, tiptop, hanky-
panky.
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The basic originating morpheme is most frequently the

second haif (dilly- dally ), but it may be the first haif (tick-
tock ), or both halves ( singsong),orneitherhaif(boogie-
woogie ) (Ibid )

Zandvoot (1962 , P.286 ) and Quirk and Greenbaum
(1979, P. 308 )cail reduplicatives.compound words , yet
Zandvoon states that many of these reduplicatives do not fully
agree with the deirnition of a compound because their
eiements are not used as free tbrms i tlim- tiam ,), or becatse
oniy one ofthem is used as a free form ( fiddle - faddle ). +

2. FORM
Reduplicatives can be divided into three types leavhg only
a small residue of irregular forms:

i-The base morpheme is repeated without change : clop - clop

, tick- tick. Such redupiicatives are often onomatopoetic
representing sounds such as ' goble- goble' , 'chung-
chung',' quack- quack'.

2-The base morpheme is repeated with a change of initial
consonant :

Fuddy- duddy, tootsie- wootsie, ra',zle- dazzle, roiy- poly,
teeny-weeny, hootchy- kootchy, hocus- pocus, boogie-
woogie.

3-The base morpheme is repeated with a change of middle
vowel : chit-chat, tip-top, criss-cross. The vowel change
lollows two pattems:
f .i i Zig- zag,chit-chat,fiddle-faddle.
2.tiqD (Srageberg,1979, P. 128 ).

B
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4.Zandvoort (1962,p.287) distinguishes a tburth type in which
the first element which begins with / h / may be repeated with
a different initial consonant, usually a stop, the resuit being
rhyme. Harum- scarum (reckless), helter- skelter ( in
disordered haste ), higgledy- piggledy (in utterconfusion ),
hob - nob (bring together), hocus - pocus ( heterogeneous
mixture), hotch- potch ( ditto ), hurly-burly (commotion ),
Mumbo- Jumbo(an object of superstition and fear), namby-
pamby (senrimentai), roly- poly ( pudding), walkie-talkie
(portable wireless transmitter- receiver).

3. ONOMATOPOEIA
A great many of Engiish redupiicatives are

ononatopoetic , imitating or suggesting various types of
repeated sounds:

chug- chug ( of engine), clank-clank(ofchains),drip-
drop (of rain, and Fig. of propaganda ), hush-hush (secret),
tap-tap (of a crutch or stick), thump- thump (ditto), ping-pong
(!of table tennis), pooh-pooh ! (the sound of blowing
something away used as an interjection ), tick-tack (of clock)

(Zandvoort, 1962,P.286 )
A good many reduplicatives are highly informai and derive

Aom the nursery . These are ofthen nonce -words : din- din (
dinner), tootsy- wootsies (feet ), Georgy- porgy, piggie-
wiggie .

o\
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.1. MEANING
The commonest meanings of reduplicatives are :

1.to imitate sounds: tick- tock, drip- drop , clank- clank.
2. to suggest altemating movements : see- saw .

3.to disparage by suggesting instability, nonsense, insincerity,
vacillation , etc:higgledy- piggiedy, wishy- washy.

4.To intensiff :tip- top. (Quick & Greenbaum, OP.cit., p.308)

5.PART OF SPEECH :

1. NOLTIttrS : A large number of English reduplicattves are

used as nouns: the drip- drip ofrain, the tick- tick ofa clock , the

chug-chug of an engine , a game of prng-ping, a set of walkie-
talkie.

In this function , they may take the verbal -ing:the clank-
clanking of chains.
2. VERBS: Some reduplicatives may be used as verbs and

take the norrnai verbal suffixes:
He snip - snipped with his scissors.
She dilly - dalleid in the city park.
He shilly - shailies before giving an answer.

3. ADJECTMS : Some redupiicatives are used as attributive
adj ectives
The govemment may be obliged to foilow a hush -hush

policy .( a policy ofkeeping everything secret ).
He is a namby-bamby sort of man .(weak)
She is a harum- scarum woman .(reckless)
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4.INTERIECTIONS: A few reduplicatives
interjections:
Pooh-poohl (used to express contempt)

Bye-bye.! (good bye )

used as

KEY TO ARABIC PHONETIC SYMBOLS
VOWELS

a

i

u

aa

ii
el
au

ai

Lrr

'itt

uu

CONSONANTS

I6
9

9

5

d

t
?C

0

j

h

ss

Y . . . (r) i-l+r oJ.i! !t( il4

I



A quick survey of ai-Munjid , an Arabic modem desk
dictionary, revealed about 150 reduplicatives , most ofwhich are

verbs .Each verb has its own paradigm of derivatives . The

Survey also revealed a few reduplicative nouns.

1. FORM :

Arabic reduplicatives foliow a fixed pattem of sounds:

CVC-CVC, where the C represent a constant and the V a vowel
,In case of the past tense verb, the pattem adds the vowel a and

becomes CVC-CVCV. Abstract nouns which derive from
reduplicative past tense verbs add N or /t/ (According to
whether the word is uttered alone or in a sequence ) and the
pattem becomes CVC-CVCVh or CVC-CVCVI:
C ommon pattern : CVC-CVC :karkar,waswas,rafr af
Past Tense Verb:CVC-CVCV:karkara,waswasa ralrafa
Abstract Noun: CVC-CVCVh or CVC-
CV CVt :karkarah,karkarat;waswasah, waswasat,ratiafah,rafr afat.

Al-Arsuzi (19-P.59) states that the root of arabic verbs is
biconsonantal . It was originaily either an imitation of external
natural sounds like xarra,Zamma,or an expression of human
t'eeling like ?axxa,?anna,qadda,wa99a.This biconsonantal
rooLwhich is neutral , is put to action to show the aspect of
continuiry by either repeating the root syllable or doubling the
second consona .

r . . . (Y) -.141 uJ,'Ul o.lt riJ
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CVC-CVC+a

CVC

CVCC+a

KarKara

Kar

Karra

Here are some more examples:

Bal
Dam
Jar
Raf

Balbala
Damdama
Jarj ara

Raiiafa

Zal
Saf
Fad
Kab
Hab

Zalzala
Safsafa
Fadfada
Kabkaba
Habhaba

It is important to notice that some neutral roots cannot be
tumed into reduplicative verbs of the pattem CVC- CVCV. They
have only the double consonant verb form, such as :daj,hak,
sak,bar,ban,ba6,and hab.
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In case of basic nouns which usually name animals ,

plants , and things ,the neutral pattern CVC is simply repeated to
become ,CVC-CVC ,as in. hudhud ,laqlaq ,buibul ,simsim
,miSmi5,flfi,zarnzatn,qumqum, etc

2.REDUPLICATIVE VERB S :

MEANING AND USE

2. The most common use of reduplicative verbs in arabic
is to imitate sounds; they are onomatopoeic representing extemal
naturai sounds or intemal human feelings :

Baxbaxa( with camel as subject ):roared .

Basbasa(with camei or sheep as object): called .

ar ara: spoke too much
jaryara(with camei as subject):repeated its sound inside its throat
.xarxara (with tiger or cat as subject): made a sound , mewed.
xaftafa ( with pig as subject) made a sound .

xanxana: spoke from the nose.
damdama : spoke angriiy.
Zamzama(with fire or thing as subj ect ):its sound was heard at a

distance .

Saxsaxa( with camel as subject ): roared repeatedly.
Fadfada: raised his voice .

karkara: laughed
harhara(with sheep or wind as subject ): made a sound .

halhala (with horse as object ): checked it.
mahmaha( with lion as object ):shouted at it to drive it away .

oV
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l.Agreat many redupiicative verbs are used to express
movement or violent action :

tartara (with a thing as object ): moved it .

ta9ta9a (with a thing as object ): shook violently and uprooted.
Ja9ja9a (with camei as object ): shook it to stand up or sit down

-----( with camel as subject ): sat down .

jalafa (with camels as object ): drove them so fast that one rode
on the other ).
hat haba (with water as subject ).ran a little .

hathata :walked quickiy >
xalaxla (with bone as object ): took off the meat sticking to it.
dabdaba (with baby as subject ): walked on the hands .

daxdaxa : waiked fast with short steps .

6ah6aha : same as daxdaxa .

zahzaha ( with thing as object ): pushed it from its place.
zafzafa: ran very fast .

zalzala: quaked, shook, trembled.
------ (with camels as object ):drove them ahead .

sabsaba (with water as object ) made it run.
:waiked tenderly .

samsama (with fox as subject ): ran away .

Salsaia (with water as subj ect) :dripped.
fadfada(with things as object): moved it.
------(with food as object):added pepper to it .
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3.Some reduplicative verbs are used to express an unusuai
action or state , such as .

Baxbaxa : slept deeply
Batbata : had his thought weakened.
a9 a9a: his speech became iilegable .

hajhaja : stopped talking , became silent
xarxama (with water as subject) : becam stagnant .

jaljaia (with man or clouds as subject): shouted,thundered
rakraka: became weak
taftafa:yielded to enemy.

3. REDTIPLICATry NoIINS:

Reduplicative nouns are either basic or derivative. Basic
Reduplicative nouns are all concrete. They are names of animals

,Plants or natural phonomena. Derivative reduplicative nouns
either concrete or abstact. Examples are :

2. Basic reduplicatives nouns :

Baba:father
Bulbul: a song bird, probabiy anightingale
Bu?bu?: Oregion. center ofthe thing,center ofthe eye.

Ju?ju? : the breast ofabird or aship.

Zanzam: afamous well in mecca.
Simsim: aherb or its seeds which are used as asource of

oil, saseme.

Mismis: a tree or its fruit , apricot.
Surgur: cockroach.
Sarqar: strong constantly blowing wind
Laqlaq: stork.
9aq9aq: abird of the crow family.
Fiifil: pepper

Qumqum: a nerrow necked bottle or jar.

c1

Y. . . (r) i*l}l drtll Llt:14



l.Derived Redupiicative Nouns:
a.Concrete:

Himhim (humhum): a kind of bird, a kind of plant .

Xurxur: the noise of the wind .

Xurxaar: aiarge quantity of runnining water .

Xilaxaai: bracelet wom in the leg.
Bahbuuhat il- daar: the courfyard ofthe house

b. Abstract :

These are nouns derived directly lrom reduplicative verbs
by adding the feminine suffix / h/t/(according to whether the
word is uttered alone or in a sequence):

Balbala+ h(t) = baibaia (t)(*)
Karkara+ h(0 = karkara (t) ('")

Rafrafa +h(t) = rafrafah (t)(*)
Zalzala+ h(t) = zalzla (t)(un)

It is important to notice that every Arabic verb gives such a
derivative noun.

4.IDIOMS:
A few reduplicative nouns are found in idioms :

a- " ?asma9u ia9ia9atzn wa la? araa tahnan ":" much ado
about nothing . " literally : I hear noise but I see no
gnnding.

b- "qultu lahu 6eita deita ". I said to him " so and so ".
c- "huwa : He is rough and tough.
d. "baxin baxin !" an idiom used to express satisfaction and

praise.
e- " ?adbara qariirah wa ? kaqbala hariirah ": His good is gone
, and his evii is come .

1
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5.POLYMEANING
A reduplicative verb usually has more than one meaning .

Karkara is a good example :

Karkara (with thing as object ): performed the action
repeatedly

(with gdnding stone as object ): tumed it to grind
grains.

( with grains as object ):ground them .

(with human being as subject ): loughe<i .

(bil- dajaajah ): shouted at the hen .

(with thing as object ): coilected it .

(with man as object ): put him in prison .

takarkara (fiI - ? amr ): hesitated'iemaking a decision .

T\e lt/ at the beginning of the verb'i-sa-normal verb prefix that
can be added tq most verbs to exp ger passage of time .

CATIVE P

The Arabic reduplicative verb paradigm vary in the number
of its members Here is the paradigm of the verb qarqara
which is rather a large one :

l.qarqara : Vi . (with camei as subject ); roared
2.a1- qarqarah : n. (pi. qaraaqir ): loud laughter, the sound of

pigoen .

3.al- qarqaar: n. the roar of the camel .

4.al- qaraaqir : n. (or al-qaraaqiri ): the camel guid who sings
sweetly .
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5.al- qurqaarah : n. a skin bag in the camel's mouth .

6.a1- qurqur: n. (pl. qaraaqir ) a flat soft piace ofland
7.al- qarqarah : n. ( pl. qaraaqir - same as 2 above ) the skin of

the face .

.8.a1- qarqaarah : n. a long - necked cup made of glass .

.9.a1- qarquur : n. ( pl. qaraaqiir ): a long boat , young lamb .

NOTES
1-We notice that the rwo consonants of the verb which are

reduplicated into four are found in all nine nouns and in their
plurais with different distribution depending on the vowei
patterns involved in these derivitives .

2-The change of vowels frome /a./ into laal or / u I or /uu / or / i
I or I ii / is meaningful, as it is the only sigral of the change
of meaning or the change from singular into plural .

3-The vowei pattem (-V--V - V )ofthe pasttense verb is the
source of the paradigmatic changes in the following pattems
which represent the qarqara paradigm above .

2.-a - - a- a- h, (p1. - a-aa-i- )
3-a- - aa

4-a-aa- i- or-a-aa- i-i.
5-u--aa-a-h
6-u - - u -, (pl. -a - aa -i-)
7-a - - a-a-h, (pl. -a-aa- i - )
8-a- - aa-a- h
9-a- -uu- , (pl. -a-aa- ii - )
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3.COMPARISON
1-FORM:

Both Arabic and English reduplicatives are repetitions
of free morphemes . The Arabic free morpheme is a two-
consonant root such as : habbab, damdam, . The english free

morpheme may have two, three , four, or five consonants,

such as :ztg-zag, flip-flop, higgledy- piggledy, helter-
skelter .

The arabic reduplicatives have a common pattem of
CVCCVC which is the base for all redupiicatives - verbs and
nouns .

The English reduplicatives lack such a pattem , as seen

in the following examples i =:.:--
hob- nob, zig- zag:CV.d-leVC
flip- flop , drip- drop :,.CG[C {CVC
harum-scarum i. iffiCYC- CCVCVC
Mumbo - Jumbo : "tvCcv - CVCCV
helter- skelter: CVCCVC -CCVCCVC

Y. . . (Y) i-t4r ,J rill .,it ii4

2. An English reduplibative noun, verb, or adjective rarely
has derivatives which form a paradigm as in Arabic .

The English reduplicative noun may take the verbai - ing as in
the ciank- clanking of an engine . An Engiish reduplicative verb
may take the verbal - ed or the third person singular - s . But
these are only inflectional , not derivational suffixes An
Arabic noun usually has a plural . Al Arabic verb may be the
source often or more nouns as has been stated above .

3.Both languages have reduplicatives which are imitations of
naturai sounds or sounds which express human feelings :

English : chug - chug , tick- tock , pooh -pooh I

Arabic : xarxara , damdama , ja.jara , baxbaxa



1. USAGE AND MEANING

1-English reduplicatives are nouns , verbs, or adjectives
Arabic reduplicatives are aiso nouns, verbs , or adjectives .In
english , the noun prerails ; in arabic , the verb prevails .

2-In both languages , there are reduplicatives which are
onomatopoeic , expressing sounds ofone sort or another. ln
both languages there are reduplicative verbs which express
movemenl . The two languages differ in the other uses of
redupii catives .

3-An arabic reduplicative verb is pregnant with meaning.
Karkara , in 2.5._ above , has eight difflerent meaning . An

engiish reduplicative verb dose not have such a wide scope of
meanings

4- An arabic redupiicative verb is the sours of a large
number of derivatives . The verb qarqara , in 2.6. above , givs
9 derivative nouns ofvarious meanings . Each derivative verb
in arabic has its own paradigm of derivatives . Engiish
reduplicative verbs give no derivatives and have no paradigms
of their own in the real meaning of paradigm .

1i
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. ( \ Y J<r ) . \',r) l'"-Lt) *t-)l
; ,rrJ fy-lr dL, u9 u,-,;Yt rE *\)1.-,U'yl trr$ 6Jl IJLJI c=- a/, l-t

s--JtG; qid ,16: ieJlJ 
..4,rYl ,rJl i,)qr) iy ,;-:lrt.,)t I 7.t:JJ +ti g"s:

. .f.,;t-- .J.p .[
6,p giJl .7t-ll jn -*\)t wtJ){J r.otlt.1 o.-Yl "i^ Ol JA rbtLt ur.ae Q)

J5 lUr .5rr- ulc 1t 6;\, alj) u:.cjlf,tr J./, ;e !;!ji.or.:,,Ji;F .,Ie

.J.L+ O fruir v o.rl *-.1 - Vi.s r- irS, . ,a;tr if ,tr-,V 1+Ij!r ,-,U.rr

. .r!d,tlt Jt ,-,UYt -Lri r+.rrt lrr i-J iJll .,t jYl

t--j,ae A r..atzJl .:,t&LJtl .?U)J +t-.:-yl.; i/)r -i!l CiU:Jl 
dl + J-: Y tr1

n--.i !_rr*:Jl 6;t 6t\);, eL-r;Jl .17Y1 kirr CJI eil:jl ,^iJ rl-u.t Yt ur L. ptlt
. .ir.l!r .jtJl o, -S |rb ft t LLJI c/; €s..'y:St

i-j iJ.1'rlr.:Uyr.1- ,.)r *uj i;r.Jl .rriLJr-r.?,J.Jl + rta -,t €lj:f

2- Pausanias , Description of gleece voi. 2 Loeb Classical Library,
Harvard University Press .

3- Rose , Hj. , Religion in Greece and Rome , Harper and Row
Publishers New Yorlq 1959, PD. 110-i 13 .

4- Nilsson , M, P; Greek Folk Religion , Harper Torchbook New
York 1961, pp.93 ff.

5- Avery Catherine , B. ; The New Century Classical Handbook,
New York 196.2,p.444 .

-Ut l.iir . dYl r{.J4. &ll cujJl il- !.l,Ur! ,",==K-t r1- O srtiY! Ja;>l -l
. .r-nJiy G.S" ot r,- J".r.Jf Ju:-r lrA,JKJ . dyJ \r-l.;!r r.,6
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8- Lawrence, A , W, Greek and Roman Sculpture , p.L25-127 ,

Harper and Row, New Yorh 1972 .

9- Lang M., Cure and Cuit in Ancient Corinth , American Schooi
of Classical Studies at Athens , Princeton, New Jersey ,
t917.p.10 .
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as\rt^\t iaU= l+r irf+E3!t s Llr\i\-t \""t s '\\
t#\t U;l\\ lAgg .;*\\g

dUJl gdJt .t+ .t+e.r3,tjl
sr& lti*i

qrllt iiri#t irrle
€l9Jl1 :f:'t;l1 ;11111 ,*;

;Nlt ytr,1i114Sut

\oc-1 i, n.

J.c,lr,. :U{i
74.rrll :iri1"1ll :r.b

Aildll rrrri

:l."\i,o

i1(jrr: :l-uill }"t))t tt!t)-) rr-iy --! #'.:JlJ.j..?rj! i-lrJl .j.! JJL:j

L!_J|t lTravel) l--"Jt, lHospitality Industry) a--iqrr &lj., & l-'ujr

. lleisure; i.ur Ji i rll c-;yy lTourism;
Lr;_;:J rj:1i rr; ijl+jt +un li otS li ,r_1r:<Jr r*l+{ a;:.L J, t-t )it F f ,
,,Jr., aL-U rflt ;.-.lt .ri,*) t,;- )r ilrl r, q."L.lUl .ru)1.:il + c;y't

r-, . *5. r; Ot- r+7if ,K-y,;'Jr q-** J-('c,U"L:;Jt o.rg, .Lt/t 4ss
. ..<;<rJt .rU).,-!r ,r-,.i

j--+t i'+' ; k'-r' q> u.,U,- (i_s; ,K- ijr. 'ltj lJlja-I, li .rq,{l,j-l dl

..S-Jl ,eXl_, r,Jt ;r cJt ,i ;u-:,r ,i iLJl t;l

c,cL> .' . r c,[LL-.::ll o.u cJ.1U;Jl .:,qr!t .:,.r-i sll i-l-rJl .rr-rl ri;

-",.;rur 
i.r,r.bL:Jr ,--.r-l;, .",1 ; ,,;-rrr,-,,,-t,

. .:,t gt oi-! j. J.j.:-Jl ,t o-; ,:,r't avjt;-:.r, lUnifred System;

\.../t /6 )r-l
(.-/1,/\ Ad "-rnd.!

( Y ) i,-r,]l a_.,.u] ilK aL-Y
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Urii r.ii ( Service Encounters) J=i-ll , i..rlt -rrr, a^r .ciru:ll c,6)Jt i/(V-l

i-r, ltj dtj irr..ilt i,.r, .:,Ldi. Cr4 ,Ji (5le OplJl c.+ ,:.=.( f.ilt it4 U

. ,q/t .:,tilt .i4 ;.lit: ibti .,le ./L!l r'r.rl! J-:,:

:arl-;Jl aJr,i..

,.ri o1-.-.(Jt 6).-? t iir:itt l_.,,ar.. J_; ..r:uJr .4lil,r 4 i-trJt {<r a/Jj
-1-tV 6-)t --t-.11.,| 

"l,r,6..111 
7!l r eb)lj ii-ujjl 'u\t- & ,,.:4 l#Il 1r,

JJ.-.jJl d ;,,Jt c;.tJ \fu's*) J.Ui ub;J), . iil: ^ll rr ia- d iIeU.rL:-ilr:-l

. 
7t /)1 ,:-i 11 iJlJ i-r. llj . {ir,:ll irL, ,je LfrU:Jl Lrtil Jo

: a-lr.tJl uil.rs I

L r-lrJl Lil-rAl jl-41 - <r-

,ti)) :;\,;>r: ili Ar: r.ll &L-, te a,...,UJl {lru:it Lt))t cP o/t-\
iLrL,.a ur Lri, ,:.1 tp" 0.,.^ ,li ,U.ri1 , 7 r;t

. r,,irJ.5;

i'r., r1 ,s{yl rllr j, i;,+Y1o;- tr;I::e! t+i,-.:-i GJI Ji.:ll iir.;Jl '.t\:.a.\h-et -\

,rrDr'r' jss ,-;]'s
\,! , (q,

. L+!l c,Ur' ll oi-r rt-;, ep*),rLt)t J,,) .rqt)!l .i.r-i ,;.9 iAl -Y

:Ltr.!t(j0aj)c9.,e

" i)J *.Jl ) uqJl.;:jr! ^ll rL-:", LJ sU)U ,-,.t-i 1 ;1i aP a-t )-ll o leil
r-;LrJl c.rt-tr.rJll cr;{l ,tr-) ;;-uX 4pt t* 4E ,+-s A-t)} 6t. L\ )l
.2Ui..l,:.-r -eJ,r. at \ s.a ) , u,r-$ ilili g ,Lil rl-LYl J...j .1,!, .-2Llr) r^J(

.ol) €)e )lbl A ^ril 4--c

r . . . (r) :-r4r ,rrtll o.tt al4



:Ailirl9 ar,r! rf

Lt 
j)l ' ;y iJlJ ( i,.1.-.lJ 

"f!t 
;;t ,.i_:*,Yl.,a iruJ ur, -ll r,j

,..-..c J;-,s $)r iru, Jl -,E:Jl d.L:! .nl.--Ar J, i,U,J,L!r '!,rbt .(lD
.-|.-Jl ,-.r -rlzt;ll rpr u";.;; r t.i e d\'.'..f-.:JU.r Oi glrlJ .1!t ,;;t

J.:.-, \*r.-,tlLJl ,j.si . (Alben-Pinole 1995)rl;)t1 (lD Llll '-i15 v)t 1

. -t est P,"", Li 47 \tlgr i/s-y.i.t-r1 an rl

"3, e-- ( 1-l-.-! (WTq iJUl a,-ri il i-L.,. t)-r ule )l-:ru qtAt ,t, s

: qr^ i:-Li !u; gti 3^z;..ri ,r,;, i.-r, tt Ji 
",1,,e 

L!,:fl

. ,pt r*-* 6tv r\ gr jt er. ,r, n$t !/ J, i't: rl 6r.Li -\
.rt-bt-:Jl ..- i ,tl, /i (Tourism Destinations; ..-L-Jl .i -;lt .:k* rt! -y

. (Facilities) .;.,)a;lt; (Experiences).rl;-llj (Activities )

C-rlJJl1 c-,l-*l}l oje rrlycl,eL:! , U-'' iL-U ;.&rfl illl; .rt-t.}'l dl -r
. (Social Impactllar.+, 6;i, ,.13LAr.4

;--; \*t j; .,rL,t,i,.:jr oia) t * At.,iJ,r-ll ;,L.r.o i,-r, ll &Ll, ;i:,J- t

IWTO ANNUAL REPORT,l9981.ol".,Jr ,r.a'lr '

.,.r rl ..ri u-, .-,.:lt t5 6 zo ;)t t,;zill rrti r a-!Jl tcua p 9"1 ;,' 1

,.rf ..,,)4---Jl1 .21+lJ c.,t!l-:Jl tGW;t;ar:.'r. 1l ! -iJl .ri{' d a/r'lrtl
, iJ{yr ,/-r J . :'-r: lt &L, rur Flr i! Li i ra* a .- }t; lr.JaJtJ ,rrYl 

^ii
ijl,.J4jiirgrll 41 .:>r, Jl ' ;rl i.-Jl ,,-Jl e\f,,i))r.,J,Ji:Jl :!..jdu

,.ri i) r..,i-ljl1 lr -Llll ,l.-rYl.,,-liJl .:.,r.b* tE J.eA,, - -t,'.,*",iS;lt
.(ciear --cut packagelS"Kat'^^;r1 ,? )V\ ,.) 1,;* .rl-.r!l oi-. ji; f$t
, Jt--;!t .rL{- jr4l jbt}\ ilt j-,a:,- Lr! rl Oi ^-t, \t -L),; J. ea. t

. ..,;ri!11 eu.&!l ;rqj) J,eljr ;t/(i JJlrtJ

r..'(r)i-Lfl ,rr,f! l!l' i.l4



j! (Demand) ., rL'tJ (Suppiy) ,."r-Jt,=.tsn,t ..,r,r- Lr., (\) rJr J6Jr
.rL-.dl; .r>t s-Jl ,J, .-LLJq i4.!1.1 r Lt. ll 1e\z 4 jb/l avtLi ue.-i

* r:,lAccommodation) sr_,cll CE <tl i, j3t 6-r{.r . ..rL-Jl

Timey - trtt 6)t-r,. jrr .;rt 
,_p.;il:;Jl irL:, rr.rt Jt a/. trt tr.-) Jt ,,4

.;--lty 1Cruise Linerg g,-*;t ,-liil .16; .iComping r..*:lr, (Share

.rr-etLi Jr olt u7 ,*t- J.CJ| U. 3+ ul .irrrr(Caravanning.:,UuF!

Jt .!t .:,,-L-=.:,r .r!i rr.r- * , lMarket SegmentatiOny

.'1WRy .?)u!ryu.!o!t ;rujr . (Leisure) (lt) ltlt .:jJr(Business)

lCcnferences; .Lr 

-all 
P , *lr iftJd.ll -.,r , :'t1 J. 4},t ,lr*i ,r(.Y!-.

.(Incentive Travel I q ttLt ;)t)
: ,lV nolt! 'lr)l .-ll, ,rU, J..oijl ^4- Jt, J)-tJt r.e)

. (:,1-b r-L:-).-ij r.lJl )J"1,. ot.Lj ., ijlL.i a/,jjl JJI !-:t- \

. (i,rlr .-l=-) J.Jl ., llj-Y
.1Peafce,1995; .-r '^ir:) :.,'r., .:J,"rr JlCl= Lr: rr /Jl .jji lul .jll dl

lTor:ristg Cr:....j! .rri.r-t .-1u fl . t-r, tt lrJr 4lr i. i;-'J,t \A)u)t oi' j,)
,r-l-,J)t cj--:l;t rr dri,L-Ju .lExcursionistl il', rilSl ,i .;:Iu r"rtr Jt;l
o)"A J'iJt ercji ijl- qyri .4;It ;JJJI + Ji(rl ,r!r;.sr, rr.( d -al. #Jl (visitors)

.:9 r-ll t i . Jy't :f r.r...,;fr!t ,rU;urr.! .rr"ir. r;lr J,jti a+ ( iJr-rr.:.,)>7

,ar-i\ ,;;\- 1. of * ;,Jll 1i t-t111 ejt)t ,t Jllr, r+, < .:.,)--J! dlUJl ji
jJr :!.a-,:J rLLijr Ji ;il.Jr J!;:.r,Jt J:,y y*ry li ar;r.l ,rpr+ #iJrJ ( i:Jr,rJ i^rir

'(r-U

*(VFR):Visiting Friends and Reiatlves

\ {f

r . . . (Y) :,r.l4i ,rJ.ill ut il4



i-.:i JUL! iru (WTq4Ul i-r! ll i-]i} Jj i/, ;J^!.Il i-r: ll .-lri rlr ,-iL- rJ"r_l

.rljt----Yl{ d-:Jl (JI.. J-i-r-::,iJl oj.r-, r (L€isue Tourism) iJlJ J{Il ;bt }\ a-t, \l

r-i. ::iu:,rj *t-)t.j,tflJ ia-a-Ir .-.,irrrlll . .-ru!rj ,6-r..1ll ;_,!j. (Holidays)

)J.--a'. \Jbt r---e\ .:;trL----.,,Jt (5j, J^:-:,... q,i, (professional Tourism) lli-Yl a'tJl
q-1.- c,l.:i.:jL,."J . JL.rll .:,-L:s. ila .rlj qjr-l .:.,t!Ur;;,art -lt., +lcUll; .:,llll
."..;j 6Jl .Lrrlrrr ,L J-r;j o-r.r-, (' ,LJt ti allt uet S'l Lr, 1l c,iii a,.., ^n'y 

d;/.i

. (Cooper,Gilben,Wanhill) taltJ ,)" s *sr"-r.j)1$ .Jpt/\

Y . . . (t):,uLll Jf'r,Ir Llt il4



(1) rrJ Js.ijl

,-r I ;rjlr rtr.LlloJI J tel I . iapl .ig b !$;)lotlxr

qs9-Jl OlrtbiJl

Jh.rto-tin-
G'e!l)€l-/t Jc-

".r. 
,ti!t9 'E.ull o-;Q_;-

lii,l

./+Jt .]bU"

. ->l tl
/aY.r,Jl q E;

,il| tW9

7l,&)llelu-Yl

V l-rrl9

;ta.o)ll6b*t

: l,a,iiY I

itt! tl U.lt

dt 4Jl lG;bll

Source:Bray,Rlreeq
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:djt*Jl ;4,1i.r9 &,lo rl g*r{.o li)/:ll
.-*i .-t,)1. nJiijl irL-, .rir (HospitalitD eir:.ill 

^!4..c, lrJ-,.i-l /d.ir!
i-J,i!t (Services) ct JirJ lProducts; .:,t*:ll :it' JJ e-l Ju CIJalu

,-tt; ll,odgrng 't ,--.r)l t{:lri j,J( ..rt yi .Jn ./, r+. p1 Ca:Il ,i .r.i-lt ..1r

rl-_.Jlr, (Eating & Drinking ,.'t)--l,t).r -Lrt J;L:l lTravei;
\ q l y).1,,,r1.t .r$L::Jl ;, tr,rJ (Recreation) 6u:.-Yt. (Entertainment )

lCcope.r Lcickwood,

Ji .. .- i,-r, lL dr.;rr J.,.,) J(Yt, J+,;titr cb c,, + c-y'r u.| dl

. .:,l1ily o)"{-Jl-, .:,,tLL:;Jt i.,, \iA |i Wi Uf! l.' i-', (1

r:i.--Jl lS 
"1, 

Sr- Gjl i.l,rl Ji +rl*;,1 .)l,el.Li,l tn J^.bri\ iir. ^ll arL..'J

;r 7 rJ.;Jr t.;,i iir:.all .rtj., .j--b. titJ . ;w Sia \* P dr .:,r,Jir .rur e+
ul,:Ir g!' j-l--rl e rldjr :jl-;/:lr!r --;1 ;tJr r-.rJl .jte,sb l,.],t ,i|,)l
( ,irr' -rl ue,_lrrr;,1 J L./ ,f ) erlJ . (Contact Catefing ) {riLiJr r:;lrYl,

,--5 j j.+L----n /,., 3Jl JL.rll .;,-L:; .:,tJ-; tiur ,rb J-J ijr. '-ll ieL-, dU

.,lr--:Jl e.l- j lL'Lll L"E !r"_, . lCOfe SefViCeSy ,rr ,z;ro-.r)U J,. iilj'

'l.;-i- r--;,,'^rt reu-,a ,"-oti r. r:.rr JlL.r ,.ri ,r- ri.o . 1Bray,1996y elr)l i-"rr-1

j5:.- '. ,. i.r r 
aJl a-Ul euLlrj a.or.Lll ..ll!,rlc if:.!r ;,_l , i-r, il ;p L,U il-4.i.:.

lrut --jAt j--,.J

irlr!:tt aru., c't LLi Ul' ef,- (t) dt Ji.lr

\ t1

Y. . . ( Y)ier-tl ,rr,'tll i=K {r.



(D r".ir,J[.:Jr

&t.a,f acur .^fl^c&i

jstl;Jl

agl.i\rl {.iLYl tqsUa'r-J I

rlg,r-Yl go 6fl 2tfl az\jt9 ftpt,59

a.il 'dl ac'U,
6th!i a;bYl 9s19*

7b9 ucLi
".,,U!t

nYxJlg ilelilll ,-iYLaJlg 6clgJl

,*.r1.tc,l19 pa,!r;Jl

Source:Bray,R (1996)
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aeq;Jl 1cl; j rill.rr< 19 Cl-tl .rol ln,-ilt-ill lj19.>

1t-.Llt J-.y C!-J ^- Jt -,*t 4-!I rrLJl ;r, r;- t), o" iil;Jl .rL-

,r-!, ,, C..,i l'J . ( LAjrJ r+iil ;r ....ilJ ful ,lr .):r; ..-,U.r:-., lclall; .7lll.2

!r- dl.rt ,rr lls (Hotel Produco n r '''tl L.!l ,i ;-uitt O*t ;r er.rlt r;uJt

. r--r.U .rriil i.JIr L.!( ;- l- Jfi:,lJU c i,.r:..1 l"t J"',At? $j

't>i 
.:,Yt --_; lProcesseq.:,u1-*y ,lDeedsyy'-r- t-JL ,-'t lLr .;'.c i 1

.:,-i--i J,',r b q;Y .:.,-.rtr .r(1 ;r,.$Jr ..,, e4) (Performances)

.l-.'#l C 6Jl .r-EJl J, +-i.iJ a-Ll ji,r- .rl-J.!l klj . .rgl JLrU

u4, l lntangibilitg ^-r"t >ttt u, Jv c;t ,)'A:b.:..,t "r!t ClJa..e.. 
rr!

+t,,L .l-riy "i 11 . lTangibilrtD l.rr-$ ;r" Jv csy ,)t Afu 4-tr

.p ):, gt-lJt ,-,[ Jr;i, .:,t .i]r, #1 .b C", "L r-.,r kij ,1PUfe SerViCeS;

. ri(", i.L ^:, ;St e.t; g 1Ur ,-!r ,ri;c i,.r.' a- ft tA-

.i999,dU.il ,.DUl)

ntod*!| €&i.+ i.i6ll i'-,lrl oJ-Ul nYt-r *f-$) dJ JKjJlg

\ tA

r . . . (\)ii.ttr .rr.'ltl ilt il,+
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a-5Ur .-,-Y g,Elr -,r-LYr .r.rti uJJl Jr-, Di ', 4t 

'^-4-.. 
p.,lt u Jc;J)

cJt:Jl J-.iJl Ll ( ;t.(L4r U:; '4s a(:It a;q-, op ),1 Otlt J.ai,t ct* ;e .3

. U a-rilr ov|t).ri-i=.Yl; ,,*,Lrrl 
eJL::jl i/--..:.,

r . . . (r) i-t.!l oJ'.ill .,1t alJ
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GJa.ijl )tbYl

a. 
,i-J +!, ; tr.S ;n* i ;tfur .- i-L ..1r(-tl ;t J-ui CrJj itU., Jl

i...-Ul j. -.U.1 ;l'tll Ct)t m4 CfFl rir e ^* )-Lr u2+ ;telr, C.;6Ul

.,j !.--jdlr qi ..- i.+ + Activity Persimuiation {.,u,L.rrl )r.4 ,il

Cont.olled var r+J, .4-^!r .--,rr;!t-, Relevout variable ux.lt

t-: Gt Jt duiYl i;,1 Uncontroiled var. 1* rit }' i.,rI,JlJ

,-i+r f'.iiir a:o '! 
q.Jjt Cjr-rr L," .!-r3 .. rL-;6..r,; Viodel design 6,,.rt

Tacticai desgn i-;;lr F.-!t l>r.ipt1 . a\..J rallr .:)r=Lull ii6-1

. *+.'+..;-}f - t+t Jr"a.Il;1 ;Jt

;-Jrj !;!J .1.:l-r. *Jl )t- -|-o1.-.-:-- -At JJ- Cll ;L ri. r:c a.1

-r4 Jt r.::ll .,l,r J)t, .,/., ^+rJt grsjr ,-;jt .:y-r- Ji,pJt .)u,.rtt ,3" r..-,'

. i . oi i j sr- so Li; . n-lill .J:t lt ,;r1 irdi .:.,rfl; .:,r *-f.i Lu, rrl.;

Modei 4' ..tt.;-a tJ Gr4 'Jt.-l CiLrJl F--.a,'Q,j;l; Jl oLr,:t1

,:,f--L,.Jt ilJlJ j?,r.r*r-L 3.!; o--: -i*t:;.t;r r-* ,tr y VaiidatiOn

4-.r Jr )) ,rl Jr q,,.t ,-.r G.lrl 
jr*r ui d Centrai limiting ab *.;l' ,-

)ij OJrj er,o,rl .$ r.;-^ol .rL,r -i-r rE V* tp,t)i,r&\,ii.rK tr .rr,;-

.,,.. c-;,;]t ril ( P.d.f ) iJt:-'!r dt(Jr t
2'(t - tt)

-co < x <co
f(x)==l--

I lIt o
)o

r . . . (Y) i-41 ,rJ.'lll ..j.f .4



i,;:- ilt.:-!l :i6l u'ti N(0,1) r.t)t 4v As
2

rtxr=Ie7
.l2ro - cc<cc

)
x N (p,o

x-p
Y - N(0,1)

o
o,+1t-N(1t,o2)

'.b (t)

(0,.....tn)
b(to), b(tr).... .(t")

. o[i:l ;::. Lf .J.rl,ll .i" ..rr* S.1

db.(t) _p
dt

.'. b(to) : 0.03

;r)t t : b ,.lt l-,"- ot ,rs jot
..djy-.+.j.--,r/ O .e.Jt r.r" J/U rit 1i

,rf- .:,LiiJr ,rti

a:i;l.,j rl:t-r. cc!.a ,*- ,|e\)t z lll (rl

3Yo 9 otlt g oKJt y Jr- ot e.t J,e J

Y . . . (Y) i-.l.ll JJ.'LU i.l' &

u-..3, .,,-llr kr,4(fl .:;Lr,:tr J]*,j, -.]ff*JJ-rll ryi-r:J.-]l .-ra cj
. +q,Jr .J,r.I ..]| Paremel"rs -, '-rt iE'fr.tt -,,r;! , )A\ ovr\.Lt ..:;s

'#tt' L:''ri i-ir "n ; ' "
+ri ;..Jr rr-.j ,4 ..r,- ,-.,ir ri, ,.,r1 L.^. irffi-rqr .rr(tr ;r .os J.s

' b (t) 'rt -i ,,)t ,) ,r' 1
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(t0, . .bn) .rLr,:rl J)-;z k ,t.r;It ,-+ -u-i '-1.Jrl,ll oj.. F J<t ;rs
Prameter el rJl ,"-.rii Jy-.f f" j$rjl lj.6j U)r J,.t-lrr lF (J[

. rlr.rJl d..LJl ,.9.r-! lrr,l .1'. ,)Ulq.l estimation

ilt'sjl {iq€
: dl Jl _cj!- qrLa-iYl ptiilj ft aJrL, erl

S = A(1+r)n . . . . (1)

n ;-,jl .u nJtlYr .-JrJIr ;rrtEJt uj .i:i
1-tJJt iruJ .u, ;r^Uajl i-ri 

"l:r
FJt c.;

J^:Jl ).lt

: ,.rii gt(Jt lr J.r- rra) u..Ulr 1J'.j1 ,,r.u.:-11 rJJjJ

S=Ab*........(2)
( i=1,...x)t-'.- i;rI+Jt<-Jl J:. S rl t-,-

JlYt iJt a1r.r, 4 ,j(.Jt :.r.c A

a.ltJl i.J- u"j (1+r) Js B

. 3r(-lt J..lt 'nt' J J")t rAJ Ji-jJ ri:Ir x
S ,L.i:! r.r 4$; ojS;- (2) .JrlrJ./-Yl irLjl .rii rirJ, !tr-...rJt ,rrf [_l

^4)\i) -i,4i rJ.)r- (2) ;rtJl ,urr 
"*".:tl;.1 

tl, y ,ro.r..r 1.rt(Jl I
S=A.en

1nS = lnA +rt
gr(.-Jr ;r J-u, 9, r = b-l .:r

. ,..,rtt ;.rl (t )

S ,rl e-=-

A

r

n

Y . . . (r) i-l.lr ,Jr.itt :lf ;&



{.,Lrrl JraJt rJJi aa- e--; .Jri,lt I t - _rJr;; .J q;..l.il .:-;,t-!l 1t.u-L.1
qp lr.L-- rr:*-.JJiJ ( /,,.i! e.aJr ,J k..a,,| ;ir ri=:>r J)r n eS Ut-..-)lJ

,A;!l oK r5f ,rr{)v.JJg a,_,b|f e-i: Least Square Method 6pt,2t-}l
,2t -t)t 1 1,;P..rL;;ujt i rr -t1 .,rr,Jl .ru^+t .; rrrj.= 

Orrir rl.:Ilj LL: J.i:-It

1t-2,!it \rru>Yl C;41 ,J (A,B) ll,-lJ BLUE ,rll-r.i,Ll'.!il PGPI
irn u .fr Q): <s,,)t qaui.u Minum Sum Square Residuals Jl .:.,r./t
r.t_,_t; r G__! \,,,_, 

llri'Jrr:#fl.: j_;:, ;

=14 Ix = 105

= 20811 S

= 1015

Zlogy =29.2510^
Zlogy X=222.48118

Year

(

ul,s-J Jr-+r
.-,ll )

-Jil
.r-G-l

t917 1 12000 r00.". . .

t978 Z t2386 103,:. . . .

t979 J t2821 101.. ....

1980 | 4 t3239
i 981 ) 1 14r,',

t982 14110 u8

1983 7 14586 t22

1984 8 t5077 tto
1985 9 155 85 130

1986 10 16110 134

t987 11 16335 1i6

1988 12 16882 141

1989 t45t7428
1990 t4 17890 149

Y ' . . (Y) i-t4t ..,r'rlt alt il*

I

I

I

x

li0: . .
13669

6

13



llogy=na+blx
Iloqoi=aZx+b2,.K-

29.257491 = t4a+ l05b . . . .

222.48118 = I05a- I0l5 b. . .

_ - 42.7
h - _= 0.0134055

-3185
onti iog b = I .03 135 i

3.1.i35 : ,rr

27.849808
= 1.98927

l4
antilog = 97.560055
y = 4Ab*
y=(97.s6) ( 1.031351F
( 0.07) ( 0.02)

(1)
(2)

? r+ 1=b
? r= 1.031351- 1 = 0.031351

' 11 . - \ lv. ; ;.:il il -jr ,,(Jr Jr 4JrL-' )' =/ )

R=:0.992

: uYr ii-Jl -f ri ;1-C C;j ..i,-l ol

dl e-:"-

*)."J* lt Jr.. r(0

,* I '-trF cr

aiU.*i J:a k

o#'=*,*-n,

Y ' . . (Y) L-4r ,rr.'(l ilt tl.4



r(o) : cr (1-P) ..rui'it .l-/t .J

{:,-.r{,)r L=.Jr J--& * 0 e.*

\--:-4 i'...as B O,i a* 4ruJl ;L;: .r:r ,-;Jt J.rJ a(Jr .:,Yt-.=-'Jl tK fO

. .t-t )r 1 ,;)t a
r(t) = a, ( l-F" *t) p ;J -u.:Jr rr.tl oi.o,,i:. rrt

(0: cl ( t-pe -h) + n(t; ,.,r(,- riJtt i.j,r,-."

{---.1 UrFJt {.=.rtt 4t; ri.;-tr, N(O,P\) Ljt tLJ Ur*:Jr ; ,:tr J- n(t)

(a,BK) ,--.-.,t'a i$t..!+1;.r.1;ir ..-,u!.ill J>.;.4^;tr .:L!Jl ;l-ft= JujL.1

-, ..f\.:ii ( Math cad) ;pr-:rr !++r fr*i1l1ast square q) 6r.r..,-11

: 4!ill. .,Jnrjll ;; ; I o-\ )t , i *:Jr ia,
19.8 b =
0.03 . k:1

: r ;u/-ri:Jt i-..iJt ,L:i..:-J z'r.,p e ulll at(-'4Jl J* dr,rbl y J:' c--
. ( i-.=:Jl .J,6 :4 e rrtA\ ij.)t"it J=L- ; .r ) \ 1lq

,L-.r.,, ;LLJI 6u-,Yl ,.r!; q Llr r?rr;:Jl i-..iJl lui.i-l f ajr f )JL ptt j.J
r.{-u^.:rl ;r )t-.ai cJt c. i-jt Jl .ruqJl ll-rr.i-l rjj GJ ,L4>)J Sf fl ,Vl
;L--5,.il :.tijlj;r$lt ;-ijl iy :jrull ,ti>r 

^+- 
LL ir-r, c,UUl :/,.2ti r.U! i;i_y

.0-50 - .:,L!.ill :-.r-c; 0.1 = tp g)r ;,-ulr J. ,1,-)tl ,Sf )t )Wt .)

-: ;!K.:.,LuJJ ;lttli LJ lJr..:-!l t)}t -,J-t-, C,lt t -,- ()f Jljii
Exact solution of defferential equation LL.au:Jt .J,uJ ..1}r d.,i.- .rt- \

W(a,b,Q = a.exp (b.t)

v

Y . . . (y) i-l4r ,ir,'rtl ilt 4

Y\o



.rlt .rlJ-i:Jl iJrtrJ.t r.rt ;i ,rlr

Y = aeb*

.'. to=0
I= 1.... nm
ti =ti -1+tp
Nois = rnorm (nm+l,0.1)

(0,1) )t

(0,0.5) 
-!i

(0,i0) )i
Simuulation measunnents .:,Lr-ijt ;tlg rj.!I,.-y

j =o.... nm
wdj = (W(a,bq) + nois (0,0.1)

(0.0.5)
(0.1)

: .---Yt !2LU{l Ji,
nm=50 tp=0.1
a= 19.8 b=0.03

a-*|t o.t,;Jt Lr& J\;:L.:.U; (ab) ..-l- ,us- ,4t l;rS 1*',:-u1

-: Jyr .--,rL'Jr ,y: (qb ) ai!.I, nrtJl;!-r,J.r.i!
,a rrn

*g,P;@"-"qut Y2=s

*rl!'0,*o* - a.exp(b.t ;;2 = o

Find p=(a,b)

Y . . . (Y) i',t4r ,.rr'tit ilt it*



(\) dJ Jrr-
nm=50
a - 19.8
w(a,b,t) a.exp(b.t)

h=0
i = l.nm l..nm
ti =ti-, +p
Nois = morm (nm +1,0,0.5)
J : O.nm 0...nm
Wd;= (w(a,b,t))+ noisi

tp: 1

b:0.03 a

nmI
K=0

a=l
Given

nm
I (wd

K=0

b=1

t9.7 5374

0.030624

(*dK-a.exp(b.t6))=o

U - a.exp(b.tU )).exp(b.tU ).tU = 0

find(a,b) =

Y . . , (y) i.,t}l uJ,'Ul +lt il4



(Y) j, jj-*

nm=50
a:: 19.8

w(a,b,t) : = a.exp(bt)
to ::0
i ::1. nm
Lt. r Fl !p

tp =0. t
b::0.03

nois :: rnoril (n'n - 1.0,1)
j::0..nm
wd;:=(w(a,b,t1 )) + nois;

^.-t L--at.-l u.- 1

rlo(*dx - a.exp(b.t* )).exp(b. t* ) = 0

Given
nm

nm
s I

K=0
(wdk - a. exp(b. t )). exp(b. tk ).t 0

k

pind(a,b)- [1s'ss145l
10.0300811

Y . . . (f ) i-.r.| d).'tll llt i.lJ



(r , CJ Jrr+

mn::50
a::19.8

tp::1
b:=0.03

w(a,b,t):-a.exp(b.t)
to::0
i::1. . mn
t;::t ;-1+!p
nois:=rnorm(nm + 1,0, 1 0)
j::o.nm
w{::(w(a,b,ti)) + noist
a::i b:=1

Given

t
K=0

(*dK - a. exp(b. t* )). exp(b. t* ) = 0
nm

nm

flo 
(*dr. - a-exp(b- tp )).exp(b. tu ).tu = 0

f18.8867s21t-tnt(a,bl-l I

L 0.03724s l

Y . . ' (r) i-Llr or,'ill !5 ii,



nb0tL"JYlg e<jlIJl

j+-r-F.(\) Jy4r,.rr l.* (3,2,1).ir.:ir J!.t\r 4 -r 
r.l .:,Yt-.:,).i.:Jtr

Jy.rJr ur . N, ( 0,0.5) ^4j o& !-- ,,U,,t, iJ,r,. ,jir 0.5 rr,re:Jr ilrr
N(0,1) .*;y ,r.,i .-U+; (\ ) lr,rFJl illt ,9' ;e-i 1r;

C-.jlr d'5 rrJj,r (10) !-.-.! ,,,r*:Jl iLlr ru- J::--l (r; p., J14r ir.r,

N(0,10)

+Jr ,-r);aJl e+ .-}l .l ir,lr:.Jt ,i.:lt lE; u,V;.tsLr;r ,ra 10 .,ar+ -,1.:;r or

,---:.:,Y.r- jt 6r,1 dJl_, ,51?t * ll4r _rLJl .:SP,tl U iJl Ji ta,,i- F.
.'djB

Ji.:Jl -tlr..fl J ij).:jl JJIJ-lr eJU Cr;u (n v aP q j J

-: + L C.r.? o)tl -LLill j,
.L999 '-l i"-; orL 19.7 1;*;olL 18.8 ,y L ..,s' oly't u.,; or . \

.3.7o/o ; 3.0Yo ,rv u 900 -90 :r:itir..r-i!r 3r(Jr .rdjl Jr- rr4 . Y

e-2)r!t )V;t f .,' ..olt tsl Q) J)rtt..rt Jp ;t 6!-.;ruJt !.LJr ..r .Y

,rr_,..; d+ (19.59) 
"+;rJjlt 

drll o")n ,Je ot ":-, N(0,1) 
"a.Ult

. 3.00% J" -1"lr i+-
,\.--)J ,$, f )t jr-{}r ltirr ,,u uJ ;ltL}t v }-t ,ys ;rJ'ilr LriJr l.,1l t, qri Jt.! . t

()

6tr 3(-tr j.Jl J-l- Jttj- J- ,t r+,-, Gr r.,;-t,rL(;lt1-4r ..,.,Lr ..rt *;,,r .o

. UlFl.i r.-:- 6jl .rElJl jba. 1LV. J\ Cul

r . . . (Y) i-+r ,.)--'ur alt {4

\\.

d,zD-

t9.7 5347

19.59145

18.886752



ii,e>Lill

ilrjl 4 Ol<-Jr ---Jl JJ--.r,r .: J;KUt .J]-l Ji"J",- Jl i-Jt "jr.!
J-) . I J,r J.- ,r-4r i a:6'r-tl &\.e )J1 e-?1 1999-1990 iA

"-rp ;r ;l't--lJ 9,l.ll eir-jlLi lrLll .rur:,ll 4:/ F ui r-Jl (-,.b .jJ, J*l
ir-J.{r-- )r a; 190-1977 n;;;ts liry'r 9 rKJr lr JJg -l-tn-

. ,rrlll eJl ;i + .jltlJ r! eiFl li.a;/" 
e-uJl r(Jl j.,Jl

it.J {i 6lr "r(tr Fr JfL:- J- .l i..... tr.]-r J.,l ;l'Ur.7jLr rrr ;y-.r;.
L--:;.L.- J-----4 A-rll 6!LJt .i<-t 'e 

r,r .jl l-.f Uti:Jl, f.r- Jl .rl ,i,:!t !_;a

,eL--;{ ) 4s a-U Math cad ;;,rt-lt 1=;lr {L-r_" oP.yr Jtr Jr J,llJ
.<;

: r.: I,a.oJ I

. )rJ.! r,1+ , ,::LL-;,::l (1985) .=,r-/; + arj- -\
{-,.ri .:,ii.-.a:jt ;61.r 'j -,*L-i- oi;,." )t (1999 ) .:r': r*l-> -}.., -r

rra .-L- -;.- .:5 ..- .,: - _,

l-Chiang A-(1974) , "Fundemental Methods of Mathemtical
Economics" Second Edition Mc Crow-Hill Book
company-Newyork .

2-Hamdy A.TAIIA , [1989] Operation Rasearch An
Introduction "Forth Edition Macrridlan publisty
company Newyork.
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\r\\r\r\r r\-c.,-]s ir"Slf,..,.

i lf tal Cl.o f ,+ #-<-J! !ri{Y r

,i

: clrJr CJ,(JI :r.rri d o=+J.r:r €rt*,j,h 1;r : a*.rril

( r-A)url r:jl , t;)t 6,1t .,r-r.r,i 3 .r,-'[t 43 t:t e : it- Jf Jl ;F

,:riij .:r-ri J , Jiil *1.:il -,r *,; -:-\!; :,..1--'l .:,*jlt ,1.: jl 'j.,,i ---:; it a--4-

,$ q 
C+-'r-;-Jl .,L+il ri - r.,-,.11 

ri-^ .-:,! .:-,- .:,t z-.a^Jl 'i!t j iLUl !'rnl

AJi";,-t sfc "iS" tt "tt ,s, d a:.IJl tl, Cf4 ,J! L-t lji i:,rYl .i,l :lrjy t ..:,1*-;Il

L:,r +..'.re Yl. ( J;,j.:.il c-it..il,_; :-ijt; ;UL ti;er)Alt rliYl - (,t-dr j.ll-
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J J;!1 
"r1, 

Lii Yl(c,L*jtl -., {J-jl L+l .-i-' .; 3t ll -i,:jt .-,1*j. I;Liy
1),----:)t 6Fl )rrrl ..-il - ,5 J- Jl ;J+rl i+r l.rY iJJiJ L i.,t.t)t f 7

;t--i," A!,.t..rlr.,.r _i,i( k. r r;rl:i; F, e,r, fa J,e 
",Jt 

r.r,.-.a-Jt gJUt

6r r; il ri. ( 
C----.4-lJ 6;ijl .>;.Jl rl d,:iu . .lr-c i.*ui, jouil < i.irta:,

J i-----.-u'yl O J' ;t ui JJl4;.rl rul -.-!J : :ill -l.lJl si ," (r-J,rt

;,-;:;j1 u.r r tgr,;i ..,lX-i .,ir :...lr:jl -,r ill oF JXjJ r .|:_2!Jt .r.Yl

ii :l-:Y; ( ;J-jJl :!.j:lr -a!- -,r*l} Gi_r.rLJr !*L4.!' t,,!t dlr jr.rl

:,tj i---.j-Ul 6/t , i,l q+ ir.i GJI !,^ i.a.--il .jt*,r. Li',,Jr r.i.jr iij,
& r.Url . ir ... J;JIJ rli,Yly ;a-.q111 eLlJl ,. tJ,* ;r 

"L:lL 
iJliil ;eU-<l

sle J.LUl ,s /t tj Jt* J- i'EYl ;rlrj rJ ,1,\l..!U clr;!, lL- I -t .tr

..J 
"----r*i 

r, lil "j, 'r;i1 i1joun, e66, pp,350-i54)) li!r*. .!>i-i

,L..'jr gr+J , Ql, iJt ;,\.,r,.:-,i I L-r-a , ).g> JUI FJ-:jJ -:-j li-.-:,1 iii
.+ il.,tll .,lJ;ul '.-eJ- ) ,a)1.-,!.;,:.i, ,sLJ c A1i J-za r..il5 ;JJ,.4 r.L,.u,

Ai\'V t ,-Li).;t)y',) a>b\' fl; .:=- ( )_r+ll .j-6 .ft:i a*l
L---J .rj|.>i-. dl-rL- J,' rl^- ;-r J.rj ( , x.Ut 1,;*Ui ,-w; ;rj "rL-

/-lr,jt .. .,-j:Jl !,qt+i ,ii .rl" -r.rjt .- -L-jJl ri-a;.,r., rJ r!.Yl r+_, ui Jr

r-----, )L-rYt Jj.) J;a Ji J3-! :rJjjr .ir Ji Jp ii -rl Uii tA i,j!r {l/:Jl

.. t-----,i ( iil., i-i-i> .:,U! ,-5Ir Yl !.n,Y ijtr)lJ itJlJ r;y,,Jt;.;.!"!t .ti;;ll
Jr .JlrL-Jl ..f*. ,'r.i ) +LLJI ;_; ,l q-'i" (Jl, )i-..:rYl --C- L-]' -,lLL
L.rrilJ rJl dll J,tL- j-iu -r=t,Fir & u'i ..:,r-r]L it;jjl .i..t (JJ.9 .i=lujl

j.--, )L---:i ri.1 r-jLll l-ir::; eUr,,ll sl- * ( )i-i:--J lr,E tApl
lJrJr g+)tj $;:1t ,j eirl ..J,J-yl ,,ri ; .Jp :.r,-j|i.^ i ( jr1i) ,KiJt
J i .'--"jt '! J. fr, g* irL,. +LJ1 jJJr j; r -t-;'!t -'f g uj: ;
, -t 

e,Jl 6rr --i'il j.,L:U !-L\l irl-;ri)l ,ti U-l (' Uj: .r_"c-, r..tl r.-,Ut*

I . . . (t) .{,.,-rr ,r,-'[l 4t "14
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( ,r J- Jr kJ, -r.i,r! iLUt gJr)tj r-t.lr ; iar: .,i-bLa-l .,L: (J t+&
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Anew load Balancer for
Ileterogeneous Distribut Systems
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Abstract
Distributed system can be either homogeneous or

heterogeneous . Heterogeneous distributed system itself can be
divided into two types ; type-a , means same operating system with
different powers , and type - b means different operating system .

Implementing load balancing in type-b , a conversioh mechanism
may be needed , requires software development aud normally an

overhead is also incurred . In this paper , a distributed aigorithm
( Manager ) for load balancing in heterogeneous distributed
systems type-a is proposed . The algorithm attempts , among
othen, to increase the number of successful jobs-by using the
advantages of centrai algorithms and implementing them in a

distributed manner . The aigorithm uses the Token - Passing
(TP)policy; where the token is a special message that taveis among
the nodes in a predefined path . Thus , it solves aiso other main
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problems in load balancing, particularly host overloading andjob
thrashing An event- driven simulator was constructed , two
representative algorithm were studies and simulated to be compared
with the proposed algorithm : Central, and Distributed ( Distd )
as well as one boundary case , No Load Balancing ( NoLB )

The experiments conducted reveals that the Manager algorithm
outperforms the other two policies .

1- Introduction
Almost all proposed solutions lor the load balancing problem

il distributed systems, assumed that the systems are homogeneous

,but in real distributed systems , it may be lound hosts with
different rypes , namely heterogeneous systems. Heterogeneous
distributed systems have two lypes ; r,vpe-a . means same operating
system with different powers .and type-b a conversion mechanism
rray be needed, requires software deveiopment and normally an
overhead is also incurred . The increased overhead usually can not
offser the gain ol load balancing .

Load balancing attempts to improve the performance of a

distributed system by using the processing power oi the entire
system to smooth out periods of high congestion at individual
nodes [ 11,12 ] . This is done by transferring some of the workload
of heavily loaded nodes to other nodes to be processed . Decisions
on how to balance loads among the nodes are either static | 1,2,5,7 I
or dynamic [ 3,4,6,8,9 ] . A static decision is independent ofthe
cuFent system state . Static load balancrng can also be viewed as a

deterministic allocation of jobs in a system. where an overloaded
node Ni will transfer some of its jobs to node Nj with probability
Pij , which is independent of the current system state . Although
static load balancing is simple and easy to analyze with queuing
models , but its potential benefits are limited , since it does not
adapt itself to time - varying system state [4] . On the other hand,

Y . . . (r) i.,L!r .rr.itl 4t {4



a dynamic decision is depending on the system stare at rhe time of
the decision When a dynamic load balancing is used , an over
loaded node can transfer its jobs to other nodes using the
iniormation on the current system state The dynamic policy is
inherently more complex than any static policy because it Requires
that each node have to know the loading state of the other nodes .

The load balancing algorithms are funher divided into several
ciusters according to the amount of information required for them

[51. T_v-picaliy a ]oad ba.lancirrg algorith'n lras three tvpes of
processes:

1- A load information process: this determines the system states
information ( processor load, lengh of queues , history of
system workload) .

2-A transfer process: this determines whether ajobshouldbe
executed locallv or remotely based on the local load conditions

3- A location process : this determines the method to ilnd a

suirable node for remote execution.
Many solutions were propose to balance the load in distributed

systems . lrom them we choose two intemational algorithm ,

Cenral [3] and Distd [14] . rve choose the cenrral algorithm
because it has the best response time (after comparing and
rnalyzing the pertbrmance of seven algorithm, Zhou [10] found
lhat the Central algorithm produces the bast iesponse time ) . The
Distd algorithm represents a fully distributed algorithm . The main
drawback of the Central algorithm is reliability; the entire load
balancing system is highly vulnerabie to the iaiiure oi the host
holdirg the Central algorithm. The Distd algorirhm dpsp not have a
centrai point of faiiure. but it has'a very high overhead costs . and
wlnerable to the host overioading . The proposed algorithm takes
the advantages of both already mentioned algonthms by using the
central policy in a distributed marmer The rest of this paper is
organized as follows: Section 2 discusses the model structure. The
proposed algorithm is detailed in Section 3 . Simulation results in
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Section 4

Section 5

finally , conclusion and future rvork are contained in

2- Model Structure :

We represent the heterogeneous distributed systems as a

collection of nodes, each node consists of a single processor, the
processing power of the processors are different ( table 1- shows

tbr example 8 differet powers ) . From table l, we can see that the

speed of the nodes are ranComly distributed. i.e.. we have 4 nodes
with the maximum speed, while only one node olthe speed 165 .

The nodes are comected to each other by a local area broadcasting
channel A1l nodes are subject to the same average arrival rate of
obs .

P ower
Table I .processing porver of nodes

2.1 Job generator :

Two types of jobs were chosen for the job generator , to
estimate the execution time of the jobs, we monitored 1500 jobs in
a TINIX machine over two weeks The monitoring results were
used as input to the job generator to make the simulation process
more reasonable . The second rype use Poisson distribution to
generate the number oljobs for each period, and use lhe negative
exponentral distribution for inter arrival time .

1.2 Load Indices :

In order to describe the load quantitatively, a load index must
be determined. A wide variefy ofload indices have been explicitly
or implicitly used in the literature. Mostly in load balancing
schemes , for example , in most of the studies using oueuing
network analysis , as well as some in other studies, the CPU queue
lengh was used as a load index .

(l) i..L!l .r_-'l.lr .=lli ^l-t

1 ) 1 I# nodes 3 I 2 1

33 99 132 165 198 29',7 330 396
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2.3 Load Balancing Overheads :

There are basically two types of overhead costs involved in
dynamic load balancing, communication and computation
overheads In our simulation , the lollowing assumptionsr were
used:

r 20 milliseconds of CPU time to compute the current load and
sending the value to other hosts .

o l0 milliseconds ol CPU time for receiving load information
and processing it .

. 50 milliseconds of CPU time lor transferring ( sending or
receiving ) .

2..1 Performance Comparisons :

To implement our policy in heterogeneous system , we ran a
certain sample over each node in the system independently to figure
out the processing power ofeach node, i.e. , the execution time of
the sample at each node determines the processing power tbr that
node .

Our objective is to compare the performance ol three load
balancing poiicies . the proposed algorithm , Central and Distd , as

well as one boundary case NoLB, where in NoLB all arriving jobs
are processed Iocally Our measures of performance are the
number of successful jobs, average queue lengths , average

response time . and average waiting time.

3. The Proposed Algorithm :

The proposed algorithm is a token-passiizg algorithm , where the
token travels among the nodes in a predefined path .

1 
The above cost assumptions are approximate . and they depend on the
underlying system .
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To synchronize the process of load balancilg, we assume that
there is only one token in the system . In this algorithm the site
which possesses the token acts as a manager ofthe load balancing
system in the following way (figure i ):
1- Broadcasting a message to all other sites asking them about

their loadhg states .

2- Depending in their processing power and loading states, the
sites in the systems will be sorted in an array .

i- For each site, the algorithm chooses a partner from the aheady
ordered array by pairing the maximum loaded site with the
second minimum load and so on .

,i- Each pair decides how many jobs wiil be transferred to baiance
the load between them, many approaches were used , one of
them : Number of transfened jobs = integer ( high -low)/2

5- The token will be passed to the next site in the network.
6- The execution ofthe algorithm will be stopped lor prseconds

if the different between the maximum load and the minimum
load is not greater than s2 ,

5- Main Result:
The result of simulation are shown in figures 2,3.4.. Figure 2,

shows the response time of the three simulated algorithm
Figure 3, shows the gain of implementing the proposed policy
respecting to the system work.load . Figure 4 shows the number of
successful jobs in both cases : NoLB , the difulte case, and using
the proposed algorithm From simularion results ( fig.3 ), the
proposed algorithm ( Manager ) , have the best results when the
system workload is medium .

lp 
depends on thr job arrivals in the system , usuaiiy take the value from
the range 5-5 seconds .

2 
s depends on the workload of the system , in our simularion 2 was

the bast value for s .

Y . . . (y) i-l4r ,JJ.'th 4t al4



The system amves at a steady state (fig 4 ) when it approaches a
workload over 80 % . From tig 2 , we can see that, the response
time of Manager is better than by Central , and that is because of
step 6 in the Manager algorithm ( i.e., stopping for a while when
the load is balanced , and that decrease the overhead ) .

5- Conclusion & Future Work :

Implementing the proposed algorithm on a heterogeneous system

rype-a soles one part of heteroseneousiqv , br:t it is srill in need for
further work to be implemented in a fully hererogeneous system .
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Re-Routing and Admission Control in
ATM Networks
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Abstract :

In this paper, a reai _time rearrangement policy for virtuai path
(VPs)in a robust [ogical network layer built on top ofthe physical
layer of a general network is introduced. This policy tends to
recover seryices in case of failure, in the sense that ,a VP could be
enlarged or decreased depending on its usage over time.
End _to_ end separated VPs are established beforehand, and a
set of non ordered aiternative paths can be used in case of
unavailabiiity of resources resources, in order to meet the
required Quaiity of Service (QoS) for each class .A new
dynamic. bandwidth reallocation scheme is investigated, in
which a reassignment of bandwidth happens to be on demand.
To realize this scheme, a bandwidth pool is proposed to react a
high blocking probabiliry of new incoming cails. A service
separation and a route separation scheme have been chosen.the
high percentage of biocking which characterizes service
separation is subjected to be decreased in the proposed mechanism
the performance of service separation with the proposed bandwidth
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Pool, which is used to enlarge direct virtual paths, positively alfects
the blocking rate. A rtree level adaptive routing strategy is
proposed: choose the direct path first , indirect path if necessary, or
enlarge the direct path otherwise (if possible).

1. Introductiotr

The availabiiity ofhigh_ speed frber optics together with the ATM
technology allows to have htegated B_ ISDN multi_ class, multi_
rate networks. However. two main policies lor transferring the
classes of seryice over carriers have been adopted in the literature.
The first is multiplexing over paths, in which different classes of
traffic could be camed over the path. The 

'advantage of this
approach is to reduce the number of blocked calls. A maia limit of
this multiplexing scheme, to some degree, is its analyical
intractability. The second approach is service and path separation.
in rvhich different services are carried over different paths. The
main advantage of this approach is its simpliciry. on the other hand,
a disadvantage is the quite hrgh wasre of bandwidth. The robustness
of the network is a rather important issue: the network should be
resilient to any singie failure that could appear. In this sense.a
network desigrer not only should be aware of the tailures, but also
should perform the necessary actions to give the network the
reliabiliry it needs to satisry the user's need. The latter problem
received a great attention in previous works. {n{l],for example,
strategy of tracing back to the least loaded node down the stream
was adopted in order to have some degree of robustness; one
disadvantage of that scheme is the length of the reallocation period,
i.e., the reallocation poiicy used here remains fixed over a certain
interval of time, which entaiis some loss of the bandwidth. Dinghe
et al ([2]) proposed a trunk reservation strategy; a weak point of

r . . . (r) i-ill Jr.iLl i=lt ;.]-4
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That policy is, however, the waste of the reserved bandwidth which
is to be used oniy in case of failure: this reduces the avaiiable
resources of the network. Murakami et ai ([4])introduced a two_
layer strategy, which consists of a fast and a iong run restoration:
this does not guarantee the stabilit-v of the network.
In the proposed approach. a new adaptive routing strategy and a
dynamrc reallocation scheme are inuoduced. A Virtual path logical
nenvork has been merge don the top ofthe physical network (fig.
1).The robusmess of this poiicy lies on route separalion (no tow end

_to_ end paths use the same physical links, whenever possible),and
on its capabiiity of responding to traffic changes in real _ time. A
part of the total capacity of any singie physical link is kept in a

"bandwidth pool" and used only in case of necessity. Route
separation is achieved by transfbrming the physical network into a
logically completeiy connected nenvork. and the "bandwidth pool"
couid be used to enlarge virtual paths if biocking exceeds some
threshoid. To guarantee the QoS a trunk reservation methodology
is used. A reconfiguration option, in case oftopological changes,
on demand is also included.

Fig.l (a)physical network fig.l (b) logical network
Fig.1 . the transformation from a physical network to a logical

network
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The paper is organized as follows, in section 2 the system model,
The bandwidth strategy and the routing poiicy are introduced; in
section 3 the optimization algorithm is stated; section 4 describes
some simulation results, and section 5 contains the conclusions.

2.The System Model
The network we are considering in this paper consists ofa set of
nodes connected with physicai links. On top of this physical
structure a set of virtual paths, which represent a logical view ofthe
system, is set up. In this framework, vimral paths are generated by
setting a number of constraints. The first one virtual path, for each
particular source-destination pair, built over the same physical link.
ln other words, two virnral paths that connect the same source-
destination pair, do not share, if possible, the same physical link.
The second constraint is that all the pairs have to be connected with
at least one direct virnral path (i.e., no virtual path intermediate
switching ) plus a number of alternative paths. The set o(
alternative paths consist ofall the paths that could link the original.
node with its intended destination in tow hops only, the other
alternative path which involve more that tow hops are excluded for
the sake of not excessively using the network resources. Notice
that, since we adopt the service separation schemei we consider the
sefting up of virn:al paths benveen any pair of nodes will
correspond to the number ofservices being considered. The usage

of the dfuect VPs allows new incoming cails to be handled without
undergoing any control processing in the intermediate nodes (cross-

connects). In case of altemative path. on the other hand, some
control action would have to be applied at the intefmEdiate switch.

2.1 The bandwidth 'pool' strateg;i
The choice of a service separation policy may imply a waste of
bandwidth, since calis from different services cannot share the
same vimral path and, for a given service, the portion of bandwidth
p*-*.tgrr"d t" th. rfu
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the calls of such a serv'ice. In other words , what might happen is

that the sum olthe bandwidth of the maximum number calls that
can be carried over a virnral path is less than the total capacity of
that virnral path. That bandwidth gap tums out to be wasted.
The solution we propose is to keep, for all physical links, a

portionof bandwidth which is not assigned to any virtual path,

which we cali "bandwidth pool" (see for example figure 2). In a
first phase, all the VPs of iaterest are identified and this allows to
identi& the needed VPs; afterwards the physical bandwidth of all
the involved physical links is partitioned among all VPs. This may
result in a different bandwidth assignment to the VPs that compose
a VPC and theretbre a further step is needed in which each VPC is
assigned the minimum bandwidth of its VPs set. During this
process, the unassigned bandwidth is added to the pool. In other
words, in the case of dedicating different amounts of bandwidth to
different \rPs that forms a compiete VPC. rhe bandwidth that will
be considered lor that particular VPC is the one of its smallest \?.
In figure 2 (consider lhat this sample nenvork is composed ofjust a

single VPC), the VPC is composed by three \?s having 100.70,110
bandwidth units. respectiveiy: hence the bandwidth assigned to the

\?C is 70, which corresponds to the smallest one the rest of the
bandwidth is added to the pool.

.--==

VPC

@

Fig.2 (pag.a)
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2.2 The Routing policy

The routing poiicy has a huge effect both on the pertbrmance and
on the robustness of a networking system and. theretbr. in
establishing a routing policy one has to take into account both these

characteristics. In ATM networks virnral paths can be used either

r . . . (\) i-l.!r arrilt qlt i14
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This bandwidth pool is useful tbr tow purposes: the hrst is to
enhance the performance ol the service separation policy, and the
second is to give the network the necessary robustness in front of
lailures (e.g., congestion, physical). More in particular, this
''bandwidth pooi" is used as follows. Whenever it appears that a

portion of bandwidth of a vimrai path can not be utilized, for the
reason explained above, then such portion will be added to the set

of pools of all the physical links involved in that virual path. In this
wav the remaining bandwidtn assigned to the virnrat parh will oniy
be the necessary one to suppon the Quality of Service over that
vimral path. This turns into an overall enhancement of the
utiiization of the system resources. Moreover, if for a long period
of time it tums out that a virnral path is oniy partiaily used, or not
used ar ail, then rhe capaciry assigned to that a virnral path will be
gradually decreased and pur into the pool. If it appears thar a certain
virmal path is highly used and the probability of cail rejection
increases over a given threshold, then, in real time, bandwidth can
be taken irom the physical link pools to enlarge the overloaded '

virn:al path (bearing in mind rhat the enlargement cannot exceed
the minimum amount of ''pooi bandwidth" allowable over all the
involved physical link). The above scheme solves.the problem of
waste of the bandwidth which may appear immediately after a

given initial assignmenl: whatever initial amount of bandwidth is
given to a certain W, this amount will be dynamically adjusted
over time depending upon the actual use ofsuch a path.



directly or indirectly. In the lormer case, a source-destiaation
virnral path is directly utiiized: rhis is usuaily ref,erred as the "one-
hop" solution; in the latter case, ATM cells flow through at least
tow virhral path. In this case the nodes which connect the involved
vimral paths will have to perform switching. Shce switching
degrades the network performance, the number ofhops should be
kept as low as possible. In our case we set a maximum of tow hops
as a constraint. More specifically the routing algorithm works as

tbllows. Whenever a new call comes up, the system will try to
utilize the direct path. If it happens that the direct path cannot carr_v

the call. then a set of tow-hop virh.ral paths will be considered and.

by tbllowing an optimization algorithm described later, the "best"
alternative hvo-hop route will be chosen. if there is not enough
room over all the set ofthe altemative paths. then a higher level of
control wiil be activated in real time, which r.vill try to enlarge the
direct vim:al path by taking the minimum amount of bandwidth
necessary to suppon the new incoming call from rhe pool, 3s

descnbed above. If it nrrns out that there is not anymore bandwidth
Left even from the pools, the cali will be rejected. Fig.3 shows the
overail routing strategy.
By follorving this scheme, both performance and robustness
requrements are met. In fact, considering the pool in the case cf
exhausting direct and alternative paths, instead of rejecting the cails
at that moment. a higher level of control can be used in real time to
satisry the required Qualit_v of Service and keeping the rejection
rate low. This "three level" control mechanism (i.e.. direct.
alternative, pool) increases the overail robustness of the system.
It is wonh noting that whenever altemate routing takes place, rhere

is the risk that all the connections, in the iong run, are set up with
alternate paths. This would dramatically decrease the network
pertbrmance since the resources used for any connection are almost
rwice the ones that would have been needed in normal conditions
(over direct paths). A quite old solution to this problem is to
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reserve a minimum bandwidth (i cail is enough)in every virtual
path for direct calls only. For the time being, in the foilowing
analysis, for the sake of computational simplicity, we will by-pasi
this problem.

Level l

Levei i

O\.rilo$ I {No.oom u !'PC)

previous one but, this time, the set ofthe alternative paths is
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3.The Optimizafion Algorithm

The optimization mechanism takes place whenever an aitemative
two-hop path has to be chosen. Generally speaking tfuee routing
poiicies can be identified: load shanng, alternate rouring ana
adaptive rouring [7]. The first is the simplest one ard. is the one for
which the largest coilection of theoretical resulb iJ available. In its
simplest form. the traffic stream between a source-destination pair
is partitioned among a set of predefined paths. When an incoming
call comes up. one of the predefined paths (namely, the one with
Iargest residual capacity) is selected: if it is busy. then the call is
rejected. The second one (i.e., aiternate)is quite similar to the



Ordered and the system look lor the first available path among
them. The third strategy (i.e., adaptive) does not order the list of
alternative paths but, in real-time, it chooses the "best" one

according to some criteria. In our case, as regards the second step

of the routing mechanism (the choice of the altemative path), we

adopt the first scheme (i.e., load sharing) because it is tractable and

meets the requirements of dividing the load over a subset of
alternative paths. Since this is just a part of a more complex routing
scheme (the three levels) and it is not adopted aione. ils simpliqity
represents a point of strengttrness.

In performing the load sharing mechanism, the offered load matrix
to the nerwork (i.e., externai incoming traffic) is supposed to be

known. Given also a set of alternative paths, the optimization
algorithm identifies the share of flow for each path. for example,
suppose that tbr a given source-destination pair and lor a given
service, the total external flow is known to be. say, 30 calls/sec.
And suppose that 3 different paths are available for that service.
suppose aiso that the algorithm computes a value for each of them
oi say 10 calls/sec, 5calls/sec. And l5 calls/sec. Hence 10/30 ofthe
total incoming calls will be routed over the tirst alternative path.

5i30 will be routed over the second and 15i30 over the third. This
could be done either with a weighted round- robin mechanism or by
employing some random mechanism with an appropriare
distnbution. Notice that the offered extemal faff1c we consider
here, represents, in effect, the amount oftraffic which exceeds the
one sent tkough the direct paths (i.e., the "overflow" trattc).
We model the call arrival statistics with poisson processes and,
therefore, the input matrix will contain the poisson rate for each

service and for each source-destination pair. For the sake of
notational simplicity, let us concentrate, for the time being, on one

rype of service, since all that follows can be separately applied to
each service class. let us call I the extemai input tlow matrix and

Aii the element which describes the flow from node i to node j. let
us , furthermore. suppose to have K aitemative paths and let us call
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I the extemal input flow marnx and l'r the element which
describes the flow lrom node i to node j. let us, furthermore,

suppose to have K alternative paths and let us calllil the share of

the t'low routed through path. (k: I ... k). we denote with Z';r the

blocking probabiiity over the entire path ij through path ,( we will
then have:

t-'i,=t- flO -,s,t (1)

Where B, is the blockrng probabiiity over the vimrai path s. Notice

that an alternative path is composed of two virnral paths. hence s

denotes either the first or the second vimral path involved. B, Is
the solution of the Eriang Fixed Point Equation [7], which. by
using the Eriang B function. invoives the offered traffic to virtual
path s, and the maximum number of vimral circuits which can be.
opened on that v'irhral path.
The optimizarion task takes piace by minimizing the tbllowing:

mlnz=
1"'

Ztl e;'' (2)

subjected to

Y,rl ,=.r',.
/)'-k

ai'' >-0

The Erlang Fixed Point Equation, used to find B,, car. be

summarized as the solution to the following:
B,=Erlang (Q,.w,:
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Where N, represents the number of"services" over VPCs, and can

be though the total number of calls that can be t'itted over the VPC.
Notice that Q, means the "offered load" to the VPCs, (1-8,)

represens rhe probabiliqv of not being blocked ana f ;;'(r-f;')
represen6 the ''carried load", the one whrch. in effect. passes

ttrough the \?Cs.
Whiie .f i is given. the minimization algorirhm gives, lor a given

source-destination pair U the vector I i/ , which gives the sharing

values lor each alternative path K(K= I ... K). Moreover, since we

only consider tow- hop paths, the maximum number of alternative
paths (I.e., K) will be equal to the maximum number of nodes,

minus rwo (i.e.. source and destination),of the nerwork. This
dramatically decreases the computational effort of the optimization
task.

It is worth noting that the flow matrix ,1' r , as regards the

optimization aigorithm, is considered as constant. This fact is

acceptable ifthe connection dynamics of the system change slowly.
If the offered load is subject to a dramatic change the values of li'l
have to be recomputed.

.1. Simulation results
The simulation. which has been conducted here. is merely an

indication of what could happen when a physicai network is

transtbrmed into a logical network. So, the effect of using VPs
instead of vim:ai comections mtluences the overall performance of
the network; in terms of number of blocked calls. usage of the

available bandwidth, and amount ofcontroi necessary to handle a
caii. In VPs. almost all the necessary controls are applied at the
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End points, except the case when alternative paths are used, where
some control action should be exerted at the intermediate switch for
the sake of admission control purposes.
In our simulations we considered a physical network having the
topology as in figure 4, where each link has a total capacity of 150

Mbps.

Fig.4: The physical node topology of the testbed.
We then computed the vimral network by iteratirlg the following
procedure over all VPCs:

l) fix a sbe for the VPC,
2) for all the source-destination pairs. repeat 2a, 2b, 2c, and 2d

a) among all the outgoing linl<s choose the one with the largest
residual capacity;

b) set a VP on the link and update the physical link capacity;
c) do the same for the next node along the physical path;
d) f the next node does not bring to the destination,

then backtrack to the previous one and choose another link
Aitemative paths for all the source-destination pairs are chosen
among all the 'two-hops" altematives, which do not share the same
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Physical Iinks (if possible).
As it regards the traffic, we considered one type oftraffic for the
sake of simplicity (it is very easy to extend it multi-class traffic),
namely CBR calls of 64 kps, which are generated according to a
poisson, model and which lasts 1 second. The arrival call rate is
given for every source-destination pair by the load matrix A.
In figure 5, one can see the int'luence on the load that could be
assigrred to a VP. It is evident here. that the total load that could be

assigned tc a VP far exceeds the value of I (the value 1 is a
relerence ioad representing the totai amount of traffic immediately
betbre the first blocking appears ): without using "smart"
altemative patis the percentage ofblocking rapidiy increases as the
load approaches the value of 1. On the other hand using altemative
VPs, the network begins to reject new arriving calls when the
amount oi offered load almost doubles the reference one (in our
case): the use of alternative paths is rather appreciated and very
useful.

Fig,5. -Blocking probability vs. offered load
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Figure 6 shows the effect ofthe amount ofbandwidth that could be

dedicated to VP and its influence on the percentage ofbiocked
calls. Its evident here that the bandwidth allocated to a VP is
inversely proportional lo rhe number ofbiocked calls. For the sake
oi simplicitv here, just one traffic class is used, but it is obvious
that with tralfic separation, it is not difficult at all to extend the
experiments to a multi-class tratfic.

li i

Pig. 6. Probabilify of blocking calls vs v:rriation of VPs widths

It is woith noting that using a reliable simulator is very important
tbr this kind of studies. To this aim we tested our simulator against

the minimization process that w'as conducted in [7]. Sigure 7 shows
the (enor) margin of difference between the simulator results and
the mathematicai results obtained. Even the Iargest dilferences 1in
the order of0.008)can be considered as negligible for our purposes.

Other similar comparison results are available but we did nol report
them here for the lack of space.
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Fig. 7. Minimization difference calculated by rule and by
simulatiou vs origin nodes

,{ logical network srrucrure ro be buiit on rhe top of a physical
network has been proposed. A ..pooi" mechanism has been
introduced to enhance the performance and robustness of the
nerworking system, leading to a three level rouring control policv.
By adooting the proposed scheme, the resuiting framwork allows
to easily reailocate bandwidth in real rime. Simuration results show
the elfect of the use of the bandwidth dedicated to the Vps as well
as the reaction of the nenvork to a number of different overloading
conditions. The reliabiiiry of the simulator was also tested and
shown.
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