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Tr;ifIi( i i i i i i  i.i(-cs ar?  f i i i i (~ai~ie i i~  til fot nci \voi-k (it~sigii, 
cal~acit!. cspansion aii(1 i.raffic cnginrrriiig il TraRc  
i r i i ~ i  rix rloscrihrs t li(i ra te  or vnliime transferrd herweeri 
I I I r c s  r o  f 1 r r k  1rii.ri.nct 
I r;ifii<: is iIoiriiii;iiirl~~ TCP ti.i~fFic i ~ i i t l  i 1111s i i t l ap i  to  
r\i;ir:ginji nc,iwnrk <:ondir.ions likc roiii.ing or capariiy 
'1.1-,i.< ~ ( I ' , T I  IS  S > ~ S I ( ~ I ~ A I  i(,iiIly i i ( : g I l ~ ~  t ~ l  ~ I I ~ I I  i i s i i l ~  I I O I . -  

i i ~ ; i i  I i.al!ic riiai.rices. Thic papcr iiivest.ijiatcs r.he effcci 
ii,\ii:g i.1ii.t:~ arialy~ical rriodcls. 11 also sliows lrow [,CI iisv 
ria.51 I < .  i.rnffic iiiatrices for capacity expansiori prohlems 
i tiai d o  not neglrct. t.liis effect. 

.i\ 7'1-;ifi(, J la i  rix hl describcs i.he averaEe rare r,? for 

.I ci\.rii I imi! inrcrval betwcen tlie ingi,css riodes .I and 
r>grc.s i i ( 1 ( 1 1 ~ ~  3 of a iiet.work A .  

'I'raffic \lairicclr; a r r  fuiidairiciital Tor iior.work (Icsigri 
i i i i i !  , r;iltic: !,iigiiic~:i-iiig pi.ol)lciiis KCII-iiiiilly. 1.111:  ( . r t ~ f l i ( ,  
1 i i ; i t i i s  (-iit.r>. r „  is cixl~resseti s~iii.ically a.q a scalar (wc 
rnll a i I -afic rnatrix with s ta t ic  predic~ions  T , ,  a s/,atlc 

!rn,O:.r ~ r r n t r ? . . ~ ) .  How<:ver. Iriierriet traffic 1s dorriinaiitly 
-1'Cf' i raffic i liat adap t s  LO changing nct.work coiidirions 
liki. roiii iiig or i . 1 1 ~  liiik c:iipt~cit.y. 1.1iis c!lTc!r:i. is sysi.eiriitt.- 
i(:a:Iy iicglected wlien rising stat.ic t r a f i c  rnatrices. Thr 
r,fTc,ri O I  ciilxtciiy c l i~ i igcs  was p ro l~ab ly  ricglcctil~lc i i i  

1inic.s \vhr,ii t.he Interiiei was doiniriated by web traf- 
f i c  i tiar corisisted of huge nurnbcrs of shori. lived T C P  
roiiiic~ci.ioiis tioiniriat.cd by t h c  slow st.arL aiid rioi. L ~ I C  

rl:i.5i I(. coiigcstion avoidance phaqr Traffic mal rix en- 
! I  lC.5 ,+I 1 !11!.5(, i , l l i i~~s lllililll,v irlcl.(~iL5t!(I i f  Ill(> ~: l l s l~ol l l f~i~ 
ihi~sc or I)iowsiiig l~etiavior changed. 

Xou~a(lays, l iou~rvvr,  IIIOSI of I L ~ I ~ ,  i.i.;ifli(: 11,  21 is gl,ii[!~~- 
; i i c ~ i  1~ pcicr-in-pcer (P2P) apl~licaiioiis.  Tliese appli- 
rar inris are  firsi. of all rnore I~aiid\vidi I i  grecdy ; i r i t i  scc- 
r ~ i i c l  I iic>- geiicralc iiiore loiig-li\,r~l arid i.lirrrfore rixc- 
t i \ . ( \  7'CI' coiiiiectioiis ovcr whicti i lie doniinatiiig pari 
nf I riific is cxchanged: To suppori  i 111s clairn wc did 
son;<: inc;isiireinent.s in the  E<lorikry iicit.work. I i .  is wiili 
3 2 2  i Iic gcricriit.cd fil(:shtrririg i rxffic 11 I 1 . h ~  iiiosi 
ziir-c.rssfiil P2P filesharing iietwork in Gerrnariv. Oui- 

niea.;iirrinciii.s 1.31 slrow r.hai aii avrragc: E(loiikey iiser 
is sliiiriiig 37 X filcs wii.11 ;Ln itvc:i.;igc' siz(5 or L1 7 kTI3. n 

large prol>ort,ioil of t.liosc files beiiig iiio\:ies. A n  a \ , -  
crilgc' ;~ct ivc  TC'P coiiiicct.ioii Iitii.wrcri [wo cliciiis is 
uii h aliriosi 30 1n in i~ t . e~  definitely loiig-lived. Duriiig 
1.1iis I iiiil! an avcrag(: 4 i\lB are  I rarisferrcd. t his vnlunir 
is iiiostly liinii.pd 114. t.hc ADSI, iililniirl capacit.! tliat 
is t).pically aliiiosi fiilly i~s r t i  I,! rhc P2P applica:ion. 
'I'liis siil~l)or-is i l i ( :  ;~~siliiipi.ioii i liis ~ I ~ L ~ I C T .  t l i i ~ t  1oii:- 
lived rract,ivc T C P  c:oniicct.ir~ns starr tiorninating i Iie 
Irii.ci-iict t.rafiic 

ßcsidcs P2P t.rafic. fiiture iniilririiedia Iiit.eriiei traf- 
fic likc si,rcaming vidcos cari also h r  cxpcctcd to  Iir 
T C P  friendly and therefore sliow siinilar I-eaccive rf- 
fecis a.5 loiig livcll T C P  conneccions [ h a t  we arc  lookiiig 
a i  i i i  this paper (/I]. 

Becaiise of this it is Lirnc t.o iri\:cstigatc tlie ciiclct o l  

t.11~ 1:last.icity of loiig-livc:d TCT' coiiiicctioris iri ilicir 
c:oiigest ioii iivoidaiice phase on t.rafic niai.rices iised ;i.. 
I I I I I I I I  lor 71.[:/,1i)o~,k dl:,si.!l~~. ; i r i ( I  (:ILJI(I(.~./.~ ~;:cpui~.s?oi~ ~ 1 7 ' 0 / ) ~  

lcrns. Nct.work dtsigii like 15, 61 is coiicerned aii 11 crcat- 
ing a iiew t.opcilogy wtiich typicall>* incliidcs a capacity 
assigrinic:iii siihprohleni. A cclpocl ly  nss7gnment r.)rni>- 
I ~ A I T I  clesrrihes ~ h e  prohlerii of a~ssigiiiiip, capacity - mohi 
I I I I ~ ) ( I I ~ ~ ; ~ I I I , ~ \ ~  Iiiik l ~ ~ ~ ~ ~ ~ l w i ~ l t l i  - t,o ;I iil:i\v(>i.k; ,i r[tpor- 
il,y c~pnrr.siori l~rol~lc i i i  is a special fni-rn of a c;ipacit>. 
i~~Tigiiiii~~ii1. r~rol~lc i i i .  atic.r(: t.li(: S I  riici.iii.c. of l / I ( .  iic:t- 
work aiiti tlie iriii.ia1 capaci1.y are givcn. thc  capacit!- 
cari oiil! I)(! iricreased iri lirnitcd u.ays (r .g .  doiibleci or 
in discrcte st.<:ps). All thest: problriris are  haseri o n  a 
traffic niaLrix and  risually usc si.atic traffic niatrices 
ii1111ii itri(1 igi~orl ,  i.11(, (bK(\ci. 1.11iri 1.111- II(:\Y cal)ii(:i~y [or 
capacity change) has on the  t.raffic niatrix icself. \!'C, 

iisc ilic tc,riri !:ln.qtzc / ~ « f j j c  rriat77.r for a traffic rriairis 
Af wit.ki entries r„ = j ( . . . )  t.liat capiure  I he eli-stic- 
ity of t.lic TCP traffic arid iiivest.igate the iisc of r.he.<r 
eiasiic rnaLriccs in tliis pape r .  

Our  papr r  is st.riicturc(1 a.s follows. After this ini.rcs- 
tiuct.ioii wr discuss rclatcd werk \Vr i.hcn prcsciit t h r c ~  
dilT(?rcint riei.work niotlels i i i  Seci.ioii 3 tliat n'e iise as an 
iliiiilyt i(:iil foti~idiii ioii for (111:. r111.i I I ( , I  a i i i i ly~is 111  ;I sist 
of ~ X I ) P ~ ~ I ~ I C I I I S  wc I ISC our ii~'t\\:orl( I I I ( I ~ C I S  tn aii;il!.z(> 
t t i l i  c+ifect o f  i.lie iietivork caj~iiciiy oii tlie traffic r~ ia t r i s  
c.iir.ricis r I 7 .  Tlic resiilts show tliai i i i  inany cases rlic 
rli~st.it:11! of tlie t r a f i c  matrix should riot bc neglccied. 
Thei-crorr. in Scction 3 \vc rx icnd r tie typical capacit!, 
rspaiisioii pro1,leiri t o  a(:coiiiit foi- tlie e1as~it:ity oT I titr 

r i f  I i L l I X  I I I !  1 1  I 1 s r i i a i  o \C'(. 
coiicli~dc wit.11 ii sliort. sumrnary. 
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I one can See. the different topologies lead to sirnilar re- 
siilis While most of the rate incrcaies are very sinall 
jrnorc r.han 50% of the t,imes t.he rate increase was br- 

i low i0%),  i.iiere are a signific:arii. niimbcr oT ~.inir^; wlic-i.c. 
~ i i c  rate increase was very high. Because of t.he differ- 

the rate increase can be higher r.han 100% iI a series oT 
links is doubled in capac i~y  for a flow. 

Figurc 3: Ratc lncrease for Different Topologies 

Conclusion II a traflic niatrix is used ii i  tlie coiiLexi 
of rictwork tlesign or capücitv expaiision tlie elasticiry of 
t.he traffic caii be quite important. as our results show 
'Tiic claiticity of i.he trafiic can only bc negleci.ed u l ~ i  

to a certain threshold of the ut.ilizat,ion of a link. Oncc, 
t,iiat thresliold is pnssed, tlie error cari be quit.e sigriifi- 
Cant. 

5 Capacity Expansion 

Capaciiy expansion of an existing network topology arv 
an important problem for ISPs. In this section. u.e 
focus on a special type of capacity expansion problem 
with e la t i c  traffic: 

The provider nieasures 2nd eva1iiat.e~ I he link i i r  iliza- 
tiori (as available e.g. froin SNMP d a ~ a )  every periocl. 
If tlie utilization pr exceeds a certain tl-ireshold < on ;I 

link i the capacity expansion for that link is triggered. 
The motivation for this approach is that the quality oi 
service of a best-effort net.work is only good i f  certain 
iii.ilizilt.iciii i.hres\ioltfs arc- not cxcc<ed(:d 1391 

T h r  capaci t .~ «I ii link is cxpandcd 11. doiibling I hc, 
bandwidth of that link as new line cards are added to 
tlie routers connected hy t.he link. The expansion will 
~ a k e  soine time, we assume that the link capacity iz 
effectively doubled to the beginning of the next period 
after the one that triggercd the expansion. 

TrafFic is given in form of thc paraineter t,, of cqua- 
tion 1. The actual traffic volume passed through the 
network is elastic and will react to  the capacity expaii- 
sioii. 

In  "cl;tssic:aI" nei.work design and capacity expansioii 
algorithms the elasticity of the trafiic is ignorcd. The  
problem is tha t  by increasing the capacity of a link the 
traffic flows through that link will iiicrease their rate 
aiid therefore tlie utilizatiori also of the other liriks i t i e~ .  
are flowing through. This can lead to the situation ( a )  
t.hal immediately after the expansion the threshold < 
oii oi.irc.r liriks will IN: cixcerdcd wiiich is iioi ~)redic:i.ccl 
by the classical niodel with static i.raffic rnatrices and 
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