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The •.Intenner iarchitectlll'e ·LH~s been SUbjected to
; modification in.oeder 't01 support vast emerging real-
tirneeervicesouad applications.: rrhe'cdbl;ditdlti11g
body. the Inttlm'e\'El'lgi~le-<:ltirig 'Ttlsk Force 'CIE1'F)I, in
its-recemmendmions has 'pF6[:lEYse~l\two -arcn'itectutes

. for achieving 0(llS in the .ever-growing networkrthe
Inte'gl'at1ed Services(I ntS~df) architecture [4 jand 'the
Differentiated Services (DiftServ) architecture'{Z].
These twoarchit'ectm~s Were designed because the
original Internet architecture could only provide best
effort services where all tratfic flows are given the

.Jr
J.

-'

1,1 ,pn:if! 1.:,U·:lilll'l -'·.Ii·;. I,'!' .!;' , ....,

S~h{e'~f~aWilfl'eWfltlr the routets" ·tlle 'emetlgenc~ dr-I
v~'i.b~;~:i~i;deb;J{ hiiti ('rritfftUrledia '. corrimunicaticn I

t9Cl-1nol6gY'.'htts 'warranted a new design If'dr 'the!'
Ilttel~h t, ihil,dstWt1dtlre': '1he 1ritS~rv ai'cJ-Wfe!efute:'

~

t1iTe~,aSS6C~\ited'Resource' '1:eS6~"\\'atio'nPrdtocol
P ,ovlk·i'o'hil.1g In~bttels' [51:" has" ;&een 'chhcized
b ·elMrse(~'f1fs":alttbitio·h.·to 'provide' differentiatioris

I , , . I'
btlsed':6'r1\PilneJgraihed granu tab'ty of traffic flows., .

Itl'l/afi~Ii1RtS\~to 'I-i\aintain a' '~uette and per-flow '
s~tBHcsfl-fbr"~acl'r traffic nbw emanating t~Oj11'a .
source 'to 'IT tles'tlnation. The result would' be a
composition of millions of flows in the Internet,
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requmng large overheads to ikeep each flow's. ';l1~~~I9'~~PJ'A~wJ \Q(\~e:I9iv..~\,\e~lJild\ Qc;I.~~Mli'~1?~(,?
statistics at Intxerv routers, network is achieving performance assurance. FIQ~~~;

i , . , " ' 'Ifi;t
Intserv's counterpart, Difffserv, seeks to.,uggregute! to satisfy the QoS requirements.ot cornpenng Hows,':'

flows into classes based .on their specificservice i ' 'Iil ~ipa'ck~t'~sw'NCl1~(r;\i(;itw6~[~"~i M:Cteciei1f~!~h~~~::,. '
level agreements. providing per-hop treatment as I rOl&r~,I" ($',' a njollg-'sta;ldi'rl~t'~~"t\b{~\~~1 "tli~t'Fl~~~;"
specified by' 'tl~~ 'U:afficj)~'6\lil'~~j 0/ 'P~'ovl(l~r:Jthisf ')a~G'acl~~I'1!~~i~~lde;'~lGl~"'r~~s~'~~'2[,;'>\;~':ti~KS;:ii~~ji~t;,?
per-class treatment gives DiffServ the edgeJn ' communityjz I]. Most of Hie "new evolvl,l1g'-re~lf "

, t I\t \\h\, '

implementing service differeI~ti~t~on ,,\nd\\90S atl, t,im~"apl~~~~~I,\i\?\ns,r~~~llir~ll:~~l)~1;1l1l:_~'}~70u~,:c\~~,\W,'

, the routers, " .\ \\ I , ',' \ " i ,\?perate, t~t;~c,t,i:~~tl'y'~~n7P\a~'~d,t'~i ,~,r~gi,J:\'~\)I,W~/;~;~~
Two issues are relevant ill a,po,S support network: , best-effort bulky data. "L.ist~d, b~low\, are tr~ffi~

i. '1\\\.\~·~·.' I \',; ,', ,\~q,'\" ,I \-~l\',\\ 'I~\\ '1\, \"\\"\\''..'\ . :,:\\ . .\ '1',1 Ii i",'j\j

how to, provide service differentiation and service; groups and their qualityexpectationsj S]:
\" '. I . Ii 1\ ' " ,', I \\\i, 1\. ,'\'\\\\ \" J\\ '\\';1,. . ····}\t;~

performance assurance. Since th<Intel:l1~t best i '- I'~ , ,,~hose J:~\q~l~~~~ng,,~1,stati,~\ ;~1:10,Ul~t)",,?,r,
effort model has limitations in addressing these " bandwidth that must be continuously
issues, solicitations in the forl11"bf\Reqli~~t 'j~or:' ' '\ ,,\ )'~i~allab](~'d~lrin),t c~~1;~~cti~'l~','\it'~~~~~'

, _, "~'" \. ,: . ; . \1' '\ ·.I\~ \ 'I;,:",,,Ji_ \. :\i\~~\ , :"1 ·.'.·li~\·f·.:,l

Comments (RFCs) by ,th~; IErl~\~.,h\,~v~,dl:~~'::'~th~J" ,Ii, 'I' \ ,\' ~10l\1g,~L1"ra~iOl;y~~~),~~:~hi~)~\~!~~ti~i~~?~\
attention of network designers and analysts, ~ho I .group are videoconferencing, interact! r~
have proposed models and J),'~,',o,\,t,O'~Oil,s,1

1

,01' 'f,h"t::',1 " \, )\~'~;'cI~p'c'te'lel;'i~'t)n~): 'A\l'li\io/JW~~/
\,' "'.\'\\1\)\\ J' 1\\ \" :\' \'.\ " .\\, "\'1" ;\ \\,")

Intern~ttorencteritalml,tl-servicen·etwork[6]. I ' ,distribl)tion (Television, Distance
To date.-many service differentiation &Pproritb~st ",,\ ' \\':' ieal:~l}~'g):''~'~ldi6';~id~~ r~'tl~;e~a'I"(Vrd~~

\\\\-.\ "\ '\ , ~ 1\, .\t~\\\'I\\\' '. /' ",\\ '\'\\ \\ \"\', \,');\:) t\\'~l\\ ...' ,
have been postulated for' var'ious traffic! on Demand, audio library), ,.: ',_ ) \ .' .. I .l . • ... ' " \",\,._\~, .'~.\ .: \\ .. '\ \ \'~'\'~I.\ '(.\\1,\

managelpent functions, By tra±;~c ~11anafeq1entl I /~; \ ,,\~~'h~s,e r~,q)~~e~~~n¥;\,~~pl~tlYi\~Ol;Sg,~~'~l:~~
functions. we mean a set of network 'actions thatl " 'delay and 'delay variations and' fixed
monitor and control th~ tlowil 8i tl~a{ti'c i'~ '~li' ,,:',',',,:\tl:~~lSl~1,iss;i~~'1:,~t~."il~'thi~;gr~~;'~~!:t~~i~~':\

.' , ; . \ I '\ \ \ .j .' I . . I,! l I,\ \ '. . \ \ 1'.' " " " \ \. '; I: 'j 'I' \ I, ~ . i .\ i, .) \ \ ~ \ .~\ " ~. ,,'

network, Examples of such functions defined by, multimedia applications, \
, ITU;AT and the lETF are trat~ic C011diii'~ni11\g:: • ,j ','Thost J'equesdl~g '~~rvic/\~~;~\'ant~~~\

. .,'] r. \ \j I • i"\\)"\\ I

admission control, packet buffering, packet (assured bandwidth) from a network, In
scheduling, quality of service routing, rietwork ~ -fhis 'gi:OLip' are air! ine -~'e~~;~~tf~'~-:

billingand a l10sJP~'ot~e'~'i~'\,\~nl~1~\1!\y,ti,9,l\l~~iefi.qt;!(,lf systems. on-line trnnsaction- l~)1steln.".1

"inJn,~ef'vic~diJfeF~~fm~t?tIl.hOlildbe,q.chf~vedpy,~ ': ';\,):p/olcess "n1Oniitoril):g sYS!;,etH'\$J'Iand
mosligy:ing, so me of:),qtl~' ,nds~i,ng, \traffi~1 ! ':1" :,n~twOJ;1~Gfill1~l'plnwsl3.ngictS,':;:ii;il!iiltlii'

l11'~~W/:1el1t,ql1ff~l~GqpJ;1S;.rIFor )~,:}sWWA~r'd)ffenmri Th~m9,~!d~~h,n:qoulEh~\l~ml\tl;)g cht:, specifieneeds: I

me,te.~tn~ra.~e~I~C.u).~e \ISnli~p mw'!s dip:~(e!\t p-;am~,l 9;1;'8)') (jlWt9r C;~ClS?ef'flow are needed inlilil:: unrsmer. i

tyP~s: at ,t!1eq'gMlc,! Wll1:¥t'~io!~,meter ~\~"~;velj .as. Tb.!i; ,J115\Lc;>:r, ,c,o..nC1~llJ~),I;Ull0.o.¥>nH:;eAfcht;),/:a isuin.0/IY:tO) i

apply.\ngr ,dliiTeFen~~~l,QWrl~~'yY:Wi~'\(flHpcqti~WJ1,sipgIi manage, J,h~1,<1V,C)i lable resources; while :ft~npttilely i

C\iffe~'~ljlt~~),IVYF~g;hr~,,9;~'1~Jf.i~~~'itx(Ifi~~~ls:a,ql:pss: tb~ri a~vh!maxi n111I ly, 'i :>~\tjsJyj~~gj:,g>r.QW io,g L tlla41 GII
- - r

prQpqsyc,tmll,!ti-c,J,\I~\WS1: 1}i~,J?,~lierse~t~J?-R''''il' r~q\liJj<tm'tl),ti?:,,'! ',,,Iii:, :,,)I;lllln:.)]\;('

l1etwRrf~ r9mq;'s .perfounance., ~~n)jqe! ii\11prq~,'f~':' N~tY\(prl\ pC;;\wct~t1ingintends ,~1)",a,vinbJe"w,ijnpo!1-tti !

tl~rO\l¥h>l~nici~I\~ ~n1±~~FI~c;he.c;lL1~i~~.g;ilnec1~anisn1,); , '\ I'" /,', I'd;"" 11/1) '" ',I ,\;~;: 11,111:.j;[!'
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_ A.R~v;"eQ,1.0~iajor' Welg h!~~ \~O,1I0Qi~Rblnl.S~b~J1uleL!owards.
Imp,rovltfg .Nelwo r-k.ifb ro ug h-PI,M'i,a:;QoSllb ternet

I \, I, ,I .• • .

. sJst~~b' Q~'~I ill j die I~~tgi{r\It?([i{6'l!~l'~d'ifrHb1~ tiatioi1
I ,'1\," ~()'I"" ,. "<"""'''ltJrl' ,/. il' ' ,'if ., capability and 'a' l1iec,1at1i?l'N td'''pre'dic'r- 'tlie
'pg~~tillWty6ita'A~'ihlh~tCfj~'?[~'dqLJa1ItY'h,rbWi~s'.;fOl~
'. j',d)', lJJ~·)rI't:;V('~·'·id}ifl/ tif1'· >11>.1!,"'Af -r » i " , •
t lese tWo reasons, in rece It yeats: brolJts' hc'tve'been

d./i' ·I01·1J~I(t'!'l>i·JI· 1l!11~_;'j·I'·'·f :;·;\'I·I'J "l . ,: ,',.t1lrecred. to ways '01- DtlU(Jll1g \..,IDS per.iforn\l:tr'lct-
"'ti! ~rUl ~tJ~I:iilf' lill (It"re'\.lj') ""l' "V,: r !l '';_'1'1 ''')'oriented sC!1edulel's on the Ilite!·hel. Ex~slll1g '008

scl~e'8~11~}k,~WJ(I~~f(6 :ti,~tri/i'l:~'~s 'j)i di!rt~'(~nt ~ays.
~t<I:fl}a~W6/tf6\('<':s·c.~'sn-~ahl ofp~!Ci~e'tkth'at'travle\;~d the
r : ,".. .ii'··r·'" ;I ..l{/I.. ',~f'N i .: • !l'!" .,", '.sairie route rom source to the dest /-'h\tJ'o'h I a&1
';1. i'\I"; l' jli\(i·/,. '.' dl" .i ';"'i(j i" <"'1,1' ",jrequires the same gra: eof sel{Ylce'at'eacl1 r6ueei.1ol·
g'~te~'a/: il~1!~J~e lJhtli' t3lj: ITnI-. mls.l·!~;'~ttib1\(I(Wd

Igb.Jn~!~1tl!a\b·SA' \Vkl.tohe of t'ii~~(J~a.iWJr~·tHrihii:e
C~I'nll1b\1(Y\JI~~U I~iirttr10'; (.o'llt~r~:J'S'01H~r,., i,g11i:l\'d!'
scHl~l{tI111gNisci p:]:;~~s'~~\i'd~~t)ihj'~'d'lrl ?JJ6tVoi1'fWH.'·
w~It \J Jc.~l.~1e~~bl~jok ~;t~tl~~~jrdUHG'i "cAW~isbl~ecCt~l~I'
'[ ('( I [ ~ I \'1 r I['W I -)!.,b d,.i,17·1)::..{~J!;'i.f.C: ~;ll.: l11!~'!rb·j·'(J"l' I' 'IL.'·., -, 1 , 0, _L, L L'J. I,-oune ro In sC lemes
'guaral~t~e a mJml~;i.it~~·~·~fbLa.tg:t~f~'-VglY8acklbg;g&cI
"~Ut¥~ek6nl1\\~ill h~ti~bai'~'i~al or ~'~Ihi~tUt:~'tifl)'es' o~f
: i I., '\' '" , I ' " I.' 't I" 1( ,',q -.rll ' I" • • l'/ .;( ) I!,' ," r .' ., , .••..:' I . d't lose pack.ers. lt attains' lIS' faief'iess Dya~ss'i'gtlfrlg
v:,e'ights~B tile·tfaff16'~~'JL\g~/J11CCse·1·t~\ic~(!inll:·~tHH'a
)11luiiiber 'b'fHWtltlpiexe~l' 1~rit~~t~1YJt~~'t~t!"rl:o{{~llif~(1
. '~:)r"J'A'"i1>fd(J~ ')Nt :;ihJ~Wf {!.);1ii,l·:.1blHlittilf'l·ilJYi·ILJqueue. c'coralng 0 Ll'1'I, In a WJ:Z.K sCIi:eu er,'Cle

.t!1 .d1.~II:J1 -.JlwiJt-, 'l~::JJ't"';'rI(1'J 'rlf'r :D<'~·I;tI·1 1;(~ilJ''''~''maximum al1101l1lofservice 1aI a qt eue receive!:rrM.
. '~J~ch:;irBdiitf,.·ts·J\lWP~;·~~~l\rfd~el't"b/'ifs"i r~'se!li\;~d'

dllb~~t~~n: bMI~~~;'dtsW~·i·gI1Jt.~~"J{ldl{~~/JJh~s2dn
'bonJ6n;~I1{bn~ se't\;ic{H;~h *6'ar·iiaSr8~~\1·:hSHgH~CI.
; II' :~'; I 1;'( i 't' "( fb~rH''n° '( t-'··" .
In that case, weight 'res'ef enay n6't ~eapp!t'chble"to

')tl~~;'p'i~~~'t~'t''§,dl.'~·j'cel,{8lit-id!\Sdlfai1Jn~\:~'~aU~'~"f:H~~e
{l'om th~j lie~as'~f ~~J{(e~ l~n~f\Kr11~tl~~1~~~Uet'~fL'6:l11

'~'queu'J:Ji(1 t;~1ft!~\-1sl\{tttfdi:f.'8-~~gI1d/6n%e sl~6rbf
head ofque~le' packet. As'would b~ obse'rve'tfWt'blt!r

"lllu'str'~li'~"{il~llseiatoX 'tEPee',' l;~hil{\he\Jel'ghlsllt~)
"1/1 'i'ti(~11/ 'ANi 1, . I "i}'H }ilf,,·' "~ir''I''I'' I I. '1' '.,
distribute resources 1I1 tne 'wtZrt scheaiJlei' "oWen

. >' ! ,

I~~dkto 'pdl~f&n~a;1~e"'d:6g1:a~~tiUh.rl;1tl;t ftdY~i'of
I'" " I' l.exi~tillg·1 ~:et~~{{J:ces',ra~m:·5k·~kloggg8,c"f1bWS·.: 'TI,is

. pro bl~;~ , is" ~'n~~u'l~t~re~ . 'V;h~'i~'I'i'{;'atltb' d~is":1s
l;{·~~~l~t~;ff~·~·~n'tnlJ~sl{11s~1'oi~Jcttl{f6 rl;~:if~tnhkhl1e

1 ,.

packet rale-at the.head-of ...:qlleu~ exceeds.the.queue

'fGiir·shm:d.':Hertt; a.queuefair share-of rescueees lis

.defined. i~S' the .proportionof .available rresource,

cahtmkctett using weight that is:,.eshV'ed~.,a queue .

ill WRR 'bl' other multi-queue handling scheduling
1 1 .

environments. It is sometimes called the quantum
I I

in DRR schedulers [17, 23],!A,'qneu6 .isdeniediits

s 1Ul'~ i!ht 'Want!'! to takemore, than' its fair share. In
. .

tl is ,.pafp·er, "distinction Ii'S, made from runused .,
ia:.15tati.dJ.~illcallsad' «when. 'some -service l queues
tb~C;<1mle ~mpty'nnd,the ene'caused-by a backlogged

'qLelH~~i10 iSldbnieQl oftransrnission beoansecf'the
t 11l'st li1pht'lllte ·ofJi,ts top:packet-,- Some versions. of
'*:RR,i re~lalll'Q;c'ate, 'reiSo~nice ,b.efore·,· tire
ttbrhl11ei~'ceh1ei'lt"(jf nextrbund' to 'take, care-of the
tBrmer: unusetlaspace. I The 'latter unused space is

l~dtiCed after the 'FoLl1~di\Sche'duiing has' started
I . I I

. \'thich (is 'usually: courrteii 'rlsja~1l1n~llia:~Waste 'by- the

:'WRR' antltis negleutecl',l,tlteiae}(J1ll11ulati{Jitn'!oi':sl.lCh
i s jac'e'S'l1~£\.y,afi1tJlj,\j1Vtdi.g~m1eth1il\g'espe(}i<diy- 1'11 the

:f te 'n~!tfWI~'ef~V~H'd>l!lS{~a!ttcl<.ettlotditTdt:ntsizes-are

I 'l1lbpldxed 'into a-servicerqueue. ThtlS'!·i" the faoe
. I

'J. ~. bheklogged queue a:luJ menial g~ze>·'tl)fh~'sOlltce,
., I RR's I perforrnance 'l\~a~ J1'nt be' optimum. Onr
il~odel' describes what ellb be: -done. tID avert this, .

'wastage ...· . , "II :1' , . Ii!, " ,. J., .

i~h~s'pal.),e·t.~iv.es a report-of observation ~f traffic
sche;dullng' 'WIth respect to WRR; polICY' 'and

! .

d~ls'0\.~sseg a' Java siniulation of tt dynamic scheme

)r1i.~tlgoes on 'scheth),iil1.g!'fro m 'othe4 .queues lll1ti I
, tl'te-r~Is no-resource wastage it1Jil\lljar·tj~lllarr0l!:1I1·Cl:.' .

I '1tli~I"ijap'ef:Is; rbfbker\ lrito 'six 's~bt1ans.I't.hE}'f]iext~t.C~~~11d.iS.Clli~~s ~]hc!(~ft~l:~t;Y;tH;.·alsihbdtder ·ina
1,rfseh.H I network' ,lIte!' ;S{)11<j.~ : '"popular ..schemes

. distil gi\1\J'Htenlrt.lre: I$.etti'~l~"tl~tlte illl;lyses the
I

icgic: 61j:l'1WRR' while 'sec~ib1i1fO'l.\r l)ieScribtts ;a·new
Id~P'roClt!11thb't we Ewe'el1Vi~ag~11gto reduce.rdsource

i '
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wastage: .inherent. in';W.RJR.,r..hl>;seQ<.ti.(illl"JJ1'Y~',Jli~kA' 1

S.iIl'1l1,l;tJ..lliIOH ;ef J !the f!littrUP.o.~ ..cl,ocL)(a'Elll1J:1~4H~Wu
schedutill~}901ic..y:· iQp.t.'~slIDte.chwitil i1B'JP~J..1{;HlJjl(lru'Ui

hnprpv,.el1Jl~l'lt \-,hu'lS ct101111h'il~~;·!~J~d1~-Qnli>1.utsj.(j)Ji1ld~

dra;'+Vh~"L.:..;, ' '" .;fr ')I.I'.!iJp"l~lHdi'·I·,:II()'.1, : :>t'/i "i
'i,o/' .. " ,I' , ';. tl·,,)d:'~',i1'::'\nr,: » j\ .,i,,'dIUit' lil(':1

2.U,. ;;Related,\Yadq,' '.~II ,";.1." .: ... '!~l(! 1,1

Jil thiseectioru we ~p10li~!SQ111e ·tmpm;tallJ ~cJu:Hn~F

:thal3ahave' "beeJ1!IDJroPDst'lc.bfoI1, IQOS. "l~~~wqr~(f
.espe€;mlty.J tLl(: J011t:J!IlIl'Late(kto',IDmJL1ew.l11od..~ I; '1he~jr
efficiency- is /(H~8.l?~a~cl,.'by !:conSid(jr~j\.g,,'-.olfle.J"9r

Qo.lli]IDii1at~ol1 i '(j)'L "humt:.~8'.I' b.olcu1:oed" .Q~1y.1,'m1ti
COl'l'l!pllItatl.Ounl comple: Ityel Wer'la.s>'Hll:m:tli~'h.i1tIH'·

packets arrive. .they Lure I cleasitiee: in to I ditref~~t
qUeues.'as_uswlI1y.,done(b,yI'liftslJ~"11~Gm\:~:~;'ffi}~frh
·qUe.L1.e~me; ·id1teurdl.t<l!·Ai;jj·: il1:'d\iqilPi.U'Jj~JtlJ~r'j~:,IPi~~t~',

.Generalized- dh;~;~~'Ss~r bfSh.u,riogJ' ~~J:'H:'; tRefl~¥}f

.schedulen tha:USi101,ViWH'l11:lQ'WLPJ11,P~~NHYJ::Jn JIHRi.1
m\gl1all~lI~t<;t~.on: pt\~~t-:deJEly\:0J?;S.![210,]; l11~~~j1tal}~'$(la

, , I
queue "fO;t" 1:~14h'dl :~t..{!~m:l~~~lting!~m:lrt,\,~qp~C;~:.e'1f1
and: serves tJ1,Cl na bit ~¥)bWjl~1,to u.nd'Tro,~,mJ.E,l,sl:)'~Q:lt.

TJ:~ scheme.has a~'~~H)Sb~as~' ,d~l~Y,OQ\lHQ.Qt!~I1\;\<ir
with. O~ 1),(cQl't.1ipl~NH"it~st I~Jjo\jQd:Ifl [;2,~1,'unk, ,~& ~\1f
anaximurn ,p~cket ,~tz~ In:i#J.e·JlJ.~t:0((:w~'ic.J.f\d 'r"i$I1;l~e

. I
.total. .link '''D;auc.h•.yidth~ i1hough.•..GJ?8, ~s,.'J~i~ .J~9.).<t~1

Haws. itis difficult tt.'l.in1p.lemenl in the l~enJljWQr~1
1

waereunit of x I!(ll1&Jjl:ii's slen ~~J\ p.!.\Yk!O~~'"R~~e!fl'~J~~~s

.usually.use OP>S.'~s·.b~eiOr"cp,ceS~hfifilul...., l(itn:4l§,Ij~~S '

tbe.faimessand ClJda)t:pmmq~i,0i~Jl1qirr.,spJ\eq~lAlir~.
,Some, ~.,ti111~r3;~al1.1p~~~('S~h~c;J,tl!L~r$'-1~pjtt~ J u~,;"tlfl)i):*
GPSdela¥ibG1.indlbJ..lt;Qt~ftigh~J y§l),Ul!{J~~i~y·llYP,lHih

: sched u lers, p{tGke.ts"~;a);~; lHrSJI , ~AWt\!1d?~~l~~lQ.rd~11IPf
1 I

calculated, Hl11SJil ~jl~eij:.L1i·t(H: J ,;WU?~~~i.~rpq-p}t)~:'

example. Allt~(,:,ket-:bm)~"~Ml-~Q/~iPII~1»n1f1P1?r~ns
1 '

.by servtciug (.j1J~ueSli)~~~o~ ijj.~li'~f1cr4m~t:Hl}~~'llqd
I

'tim:es,,;r;h\:\~Wa~Qj¢~~idi<}f}9,ie.)1~rO~S:"qeJ.bf~\{e~ft~y
, bm:md.o1iG{ l'}1~\Vl·~?~t~)(!t-1.1:AlI~hN;1'<;'\!l~~~!l~lq:·~iWI';N¥:~;R

"I



'F.AI Ola~'eJh\te.Q. IJWadla.:IIll. Q. ~oUrie'tand 'M.G, Str,?uss. ~3~.2Ztfr,'11 ..J.IVi ons ~lilh '+ r.~..J .z/om •...u \.' i'f' I(S561d A.1 f'!:,?, "

i
:. (l( '\" ' : {'If. ! 1"1:..:..1\(1 , •• •

head-of •.queue is larger-than. tl1:e~:$lm'lmed'deficit- goeslGJ'Qmitli there is.no backlog queue.rand rn that

counter. The~~Mm\1(\then: res~t1df~F~:rl6·~~~~el~:~;~t g'~1~\~~~~ei~;~~t ~~~aybe reviewed or 1eft the same for

.. J 111P~CDii~~ll~)lti.l[lg·::! M.'WTh ~~Rcl'". ~~1IL~'.':rtt:"":t~.(<r-o\:th~lt .cheduling run ... WRR :mis behaves .When

,d_es~'01!~lg~~~~_q7ta'~!XQ~!2~ 'to JJep\\?e~lOJ,t S~l~;" I vavable-tsl eh!l?)ayJ~etsare' lJ1!some: queues. In such a

!thl~1f~ll~~4 .!d~~e<rl~~tFl-:r~ir1qiota 1~~~Y=-~O.~~ltto~j cirfltm~taJ ce. a '"?" is denied 'O~'transmission if its

'send~\lnth~TIexf+oLmd:-~l"l.cb. ~t~11atle'l'~llf·'~1~atrtIne, 1.' he~d 'Q1Jpa k~~r~7.ls greater than Itsgllaj'~nteed J:ate.
sum.of deficits.is used up in-the )a\11e rdl1nd~ hur· ,1 This may.: ersist lor rounds until there IS a weight

own model-is .straight forward to r~1~,,';r;cJ.i;;i.~:~·. - 'Jd t
~ ,< 1l~\' , ,... ).~

does not alter the normal sequence df" ".. ' 'the'
queue. The ' next. section descri bes how 'WRR

algorithm works.

,et walkthrough of a WRR scenario shown

in :;'ig, 1\;'!.llll the figure, the, status of the queues is

git·n atte' r3 successive time 'il1thv'~11s,\¥here it is
';"O!'.~'!-i'1( (' ./.1,. h k . duri 1; . . . ~S~.lllJliH,'r~)1}\1:imo,rurt er pac ets arrive urmg t .ie

3.0 . Logic ofWRR Scheduler pelio~ .un l~~i oon~iH~;~ti6rt')'lli;~re!are 4quelles

Weighted-Round Robin, simply WRR is a family of de igaated] QQ/QJ, .IQ2~-d'>Q4;-4;~v\ng bandwid~h

round-robin schedulersnotedwith a complexity_a~., sl~(~'e)8qQ (:iQ~;'400!;~liiOObyte-s: respectively and

low. asQ( J)' [2t J.i The.scheme seeks a±t~l(I~f.ajt''~j,~b~i1~!(~cii··~~.;~ctlla8:'~~,-:(o:_ 3~% 20% and .j 00;'0'

~Ilocati~n 'O.f,avaiIabkresourc. es amongclasses of --r~"eJ,;.~ ~~ 'fl":i"l ,••~'t~e output channel's

con.1petmg llows. In WRR. there IS a pre-assigned ?q,.g bYi1JeStSel[};~;~acltYrA~+1Jaui<.et~~~1all ~ueues are

vanable per queuecalled the weight, that specifies . ass imedt be,oHe" . st round,

the fair share of the resources due to each class. '2 p1aCl(\:ts't re"i·l1o:ve.. li' . t queue.

Various proposals have used different values to Thrls.lDec~use;its wei~hFal1owsfor a removal of no

ind~0~/~~,;,~~~t~I~~jJ<:;In.~, 3,]; th~'~eight '1-1sed 'is an' l11or~:than¥cOOQljll.~:?%'~ ·8.GObytes and 2 p.ack.ets

arbltl'Cll'Y30atm quanttty 1~~p~eS,~;ltn1gthe number of C~Istltl'te. r~,0.0" byte~, ~hllID ,;3 !acl~et~ constituting
cells that can be transJ~1~ttj,d Iwl~en the queue is 90 'b'ytesM<oitnldibecfoTQl;ddeniI" or similar reasons, 2,. ,t i I"
visited, As used in [1 L.·~2,129]..the weight relates to pa kets,'nt .retnoiVedfrotn Q 1 to the output-queue, as

'; I i I;" It' .
the perqJ..ltage,.-Qflipl~i bandwidth distributed to a we I,as-'h;~~eke1iJ}om Q2 and 0 packets from QJ. Q3
service.cffl~l. Ik\JJ.lrel~~sysjemcbat u~es the WRR paet;wa' aot seheduled-because.its first packet size

techniq\le11;9]~ the' wei~h~ rbph~se,nts the fractional of' ac)'.byt~;i'8more than its share of 200bytes, This

time, ca'll'eti,time-fran1e th.,1had~ . me ns that a total. of 1500 bytes have to. be
I !#J;. ~~.'( ~ :". .

,\IPJOw\..9.r<\~i.9X>fDtlO,'1d;·Once .:~ ;tdH ~H~itted ~am.'1the ~200(;h bytes, per second. 'output

queuesare. baelclogged.. ci·circular scan is made to i' cha me!lwiuh•.$,OQby.tes unused after the fi-rst round, ln
f

.all the.queuesii n a round." .. the eoond round, the :s.eie~ti'Ol'lI(Dfpackets from QU,
Ul ';~R!s<tttlt1mt3.lactiv&- tt-lJi{i.t\b llif\\1i -setv1t'ed',Jh)\ Q 11, ~~~jS'\~i€fP,Ka,te.G~jas.J~~t~re.')ilf~~em n~at.now

rd1[T.II1q\1 tr(tr\!ji'nJfashi11riJMeV tID~!h~m~~e1:1"(!J'f<tY~clq~SJto.}\.' thei ~)~~M?l~'~Hl\flpa.c,:i~e~~'i~r).·NQ),rJPj'lr,e I~Pf"-'TJ~~8a,J.J.WI

stlhed'lq~eJ,(h~]!>eh8.Blorlthtl sah',ke !tzlass's W'eigilt\ ,Nrti'<peq Jt}f·d'~'pp.tl~~f1t~':J~i :.I~·.J:~h,~rttnA:tof; !1io.imQrI4,,(

queue! t ;MbmMoti't0Isel1e\lipErakdti it;tHeil'ertgtl1:'O!ftl;j~1J:", thr~1.'lMl~~\h9~~,q~11~"!~WH?~~t:;~irlfil1:\,d,.,C1! rryv~~te iQti
p~~ke.tlat tl1~ tt;)~t}f tl~'riqfJ~t1,~·ts'lItGl~Igl''r!at~'tlt~hl1thl~I,) ,800 )Y.tes.I.Hinally, i~.~lelt~1j~<;LJP~ln(J'{'((JuliY'd,p~q!t~U*i
band-vJ..itMhreserved'for that qd~ue/:Pheis61~cldl:l1h1gl!ll !av?-:ktl?#m;tAr')1~~t~~$l9n t~~lI.11qlfnme?IJN) q~l1d'l$i!~}

. .' '

respectively making (J 600 bytes throughput.
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When-all the othei; ttueu-Gs 'me ;ei'ill'lty; ti3 .j)~~~(et:;)
1 '

p'l'ay be g1VI;:t1 pei:'t'Y~i's$~QL'l!t<l:rtlsejthe;el1rir~~haJjI1~t'S" ,';
bandwidth Si~1C&i1djd*•••.l~4fed.l!hiefa~nie~sl(J:h·(,t~kY,{;
indexJ'of9thel~.e:6il11P.etihgiti~eueS'h'¥t~)p~n~ltyi~~l;\yl::!

pel'si~1!u1i.tll tt~eV~\s,aJ\~i'g~ihe~ei,l\(i "I ' :.,.\((! :I( IX
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_'~ '4'j I I ., 1 '! )'j! .I~"':}t:

)iI, W 111:)PP1!ld •..•,,!
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,'U')t )\I:!. 't"lg.~ui,{~~b'pll~~cl\\1Rk(iJi
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te~q1~:.:pJl(W~ it{~1t ,~h.~~~oQJ'J .rGU}Pli;.lJi.Hg !)Jj!l1i\Se~J
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l1~~G 1,J11Q,\f.;'.)W~t¥V~ Lm·.Ql.~(~11~ttr~ll:t~~11ifi{U~~,~ll,~~l~\;:~lryJ~lJ!i:~,

a,r(iL~!~;gti~~'.fQl!J11~r'i$~1f\U(_ ,Opt) .lupl~~d;!~O~!i>;~lllllf}i:lW~

Sll'~L~~%ljl~n~Ht~i ~.I~);!j,U5ll)'£l~ijy,.I~W0)i ~J1'y!1.\at w.~gl qJlI1J

Qq,l§ s: IIIJiH.Fll;t»Jj.~'U)J(\I,~~&~n:g~p,,4;1:.. ,~(\w~n6,~) lQlb A\lill !

b~~,~pgWf~L,t1~):ws.. ;rh~.,tjdJst Qn~),(10Ql.1rSllwb.elildll



,bl.lc.k,.J:Qgg~d.ql'~Llt;,9Itr8q[Jl~~I~nlp~~i'llHisl~~11,?l cR~iei,a also. usep to hold the number of packets to be
j(t'LY1Wljnj<;,; iW.I~R,: ~f:m~~t;SlFi;i,pst,i ,t~ltj\l'RfI:d~i~IW l~iGI~~cIiil~c~se 'h servide' 6r~~~i~ '~litHol·b:~tVtb· s-end
lali(iW~1iiops"Wbi\~,,CQJ:J.fl,putine,IIW, JairIlshare far the t~;;~.l'~th4~1 a'n~i~~bl(~t.~:As 'patl<'ets rlHivtt6 'e'tt8h

t ' .;, ,I . . .1:?.J t " I. I j !; I : I If rill) I " , \' ,I· I

next round. The second "means af ban,dWi,dth~<i'l·~;i~~'¢l~~s.n~··i~ldd~;!I~);~a~ei:l tchh0 tall'of''the
:!wZt5tag€";1 !4-1th;Cl,ug~}lJiltill'illlal.'I,may. occut cI~~"i~l~'aA!~ti~~dst.'x 'r~{l~l'li~\ dWRtz'l~lidetined ~s\ otie

I'll ,T;"11 ! " 'I' II",' 1!t",1' " t' "
's,ervi.c,e,rQUIML In; 9-, serviceround. tb,e;lHaxinf1fl~~:~ ~~'~,~~~cI>{ilb,i,l;I iterati~~~' 'alil:in~t'which' tl~e cWRR.

,AI.\e4lW can trpJ1;?,plit,j" Lfm:~~-,9,?lU:~€,cIby ,th~~f~l?Y~m '!hf~~~(;f)~,~~e!ts: (~!b'l~~(~}.It.i,~e.~~~\~iCe,~l~s,~e~:',W~1d,S~
'0.t~r~sQ\lLlc.eithM,llc,,\slbeen q:perY~CI;tPl:~Jt.()p f,~IC*"ll,S, indices ,t'e present 111the ActlveLtst iintll there ts no

!'U: >i~·fN ')ti' irl,fWl\O'''' ,,: '" " III ('
, queue CBI1;co.nSLll11emore se~",ic\e;~lw.nY{lt~tlws ,8~m ,I lore bandwidth to use: 'To assess the performance
assigned, .Il? j s is the, usual a lgori thm of W}~,t}j~)S~1~S11I,.' ' 'f ~)«tfZMI.It i~lll~tbd thatthe Ii;erfoh~hllce t~ait<{es

"r;~ W,I)tRu;lV'a;Ytl:ell:S·ftll'!'l''('I~lJlrati1"n,ttl,'a'l"11i'e'J:J''['11:c'W'"R'R·." T'l'l'ein [2J3,24]!" It.isour coruribution.in this paper, that the" ~ 1'( II, ' ' " , I ,->1"'1" I(ln 'J uk] 'I 1 I '
, unused resource created qv~ing a,r,qwd.}~!WM,Yr;YR,W 'cilllPll¥ctA~;l afti~~ I~ti~{i'~t~W ~h'cl1:~ioccl\'r's ~t the
be .used up by.hjgher ,pa.n~ 'Ni(H!llrHIB1~~i~~l~,!I"llf ¥,~~;:~bGl~'6iih~r'';u~ri1';s~o;"e for the ,WiJl\b· '/'61

i round without affecting tlw n,qmlffis1r\'~~rY.i~~tarelal '~~le~l~~J?a~~~tlt i'J 'l~o't"16r,'r~1f'phcket. Ais6. the
lower elasses.Th« q~~t~1\Sltiq~Ji,~~Sri,~~~p,Yrr~i1919,d. ! ~'01~;p'ari~~1~!t~dgte~'11jL~6?~i~~til~p~qbel't~:~ill be

'·~j.·,~·J(i·/J\·,.J·)Jiq }!!'~;"":'(IIPI't("", i'll" 11

: .QUI,) !a'p,Ij)ra9\<PLli:~yttl~~l~l*\~JIH~r.!r7;~qRo/PtHHlj~~tio,n,.of 'allowed to transmit is also done per queue 'El11d [16t

I the·~v4\:d~bJ~resourch;;~M~ everj; rOllpq" ,r! i' :,~~l:~~,~~i~~~.:Th~,F~r~~is~i8:nt~ c6~ti~~~le.ta 's~'I~eJc~tlle

It tl:e~·~,. [S, o!~~lll,'I~m:~~~dt~/: ,reql~lres , :[i~~~,~,~e
,f0mpar~so~l a~Y:~,~I:~I'~~JI:~.rn:~~ ~'~und,al~d ,l~,~.\~o

ne operation as 111normal WRR. thus. cv1:RR IS
(s'o a ~~I!i~n't' o~\WtuZl ~ch~Ji~ewitli c~l\~I),ieiity

I: ;' l 1 • '1 ;I} " t,:! "I I,A I ~ . JI' J 1.1 ',j I I .,1,! i I i I ..,'! i .' ..I I

, (l,).The \)1LtmtIve to transrrut mare packets froln
, " "I ,J' ,( "(f .J( I, , If i' ", I', I' " I '

righer-bandwidth 'classes. may reduce' th~ ,delay

h'~l~~clS:af ~?~~l~l!~~cl~~:s.i~;~dl;npro,~;e' tl;e' :~ti'~'A¥th
pf WRIZ scheme if this higher-bandwidth' 'class lis
I ". I'.." :.!,', .. 1, . I

,~,~?n7o,ft\le de[~y-CO~1~,t.r~il~~cI'~Il~sse,s.Thus, ~,~~R
; 1:,af, bF: 1 iLIse,d ,;,1;ere \ lhl,~ll~r~b~ndv.:ic1'tl: ' class
, onsists of delay-sensitive traffic classes. '

,/ I.: I, . i ,'" :1·' I : ,. II.: ,Ir;' ' '; (I:, . ;

,/

A;R.e,vl~.eq, kQ9JS Jf!r~~~IQ'lteq\~~QR'ftR~IJl,§-fQ~~~!~{!9J'(far~~
!mpr:q~l~g,Net,VfQr.~J,hr.o~g,bPU.~!IM')9~~IIQ~,~r~r

J .. ' ., ; '.1"
t' ')\;

4.0 /:I,c;oWRI~i-,\.n~~iYl\is:,.-1'. "/' ;1,/

.In this section. We describe the revised l1109-e1called
• • J I ". I, . I '.::) dJql 1!i1;',: I.!

carry~anWRR (c~RI~l ~he r~~i~pn,~Itt~~PBBSrd
i) illtP.l;ti:lt\l.e}}is,tihW WrR~ia~g9.I;i~V.ll)Pi~~Wt"Jr!~nrr'
.servieing' Fll!J ItJ~e~w~iy~,gW~u~~.:t,~~e:~ch~~,yl~ri~I)~f:l$.s
if the total .transmitted ,P,ytes,rrf: less 1 ql~I\;,t!le
.indicated channel's bandwidth. If there, is' excess

-: ' , . { ..' I: ': . I

" baadwidth. j t gpe~'P/'i'~r, tile, raLI1,lldagain ~HerE}Hn~,fls
;)·no~111al(asper.the rules fqr WRR);tq l~.ick~;~~k~fs for
r. dispatch to the ;OlJtp,~~t.channel ±);~Ut; th~ ,b~YN.,ogg~cl
" queues, .starting w,~thlthe 1jirst!,B.a~l1jext~·ftpicking is

; , noted I~$ bQnus"a):"\d(iabbr~~I~atfV~)Jasp'!in tA1e;:m~~11t
!tablespresented in th~neN~/sec,tjo~l, In eacA Fas.~.J~le

,"«scheduler keeps watch-of whether ;thy batt4 wj:4~b.of
j ";th:¢',I0tltgoing::~hann,ciL:, h~-$i q:~,a9hti9" p.la~~!n~lTl

capacity or whether mare packets-may bql;0,(;ICf~',to
l
it.

I, A service queue ~nl,cWtRR ,i~considered active
I:' -during a round.if it has: packets awaiting.service.An
I: active list is maintained to ~WJldtJ~~~ndyX;ofal] ~cti ve

service classes (Activel.ist) and ,\11(trl'qy!variable is

'F.A.Olapejl, 'C,O. Uwadla. 'D. G;'Kourie and'M,C, Strauss' 121.5
:J -Ii';' .' •. I '1. \ ;).0 !"1:\'".,1..: ii.' I; l:, :,': ::.. -i \ t·

I" 'J, ' , , ',"

5.0 Simulation ofthe carry-on WRIt· ~
. : I' ' I. ! . ",,:'t' I 't; ),1 . .:' I .,i,I. J

[n .this simulation just as in Fig' '1. Ial~ove: four ,
~e';vice 'cla;s~~ a~'~mai~lt~lned and' th~ 's~~~1~a1tian
,. ! ~; I. I ..: I '. •. I • I I I I •I· I - : ~ I •./ ~

" !yOn~l:J~pces, by gener~tll1g~ I~ ,~:~~1~i~m,n~1I,11ber,01
,\packets that arrive at each queue (Poisson in
~lat1.l!~)',!T'I~~-'we;igbtperque'u~ i~'h~e'd a~'4d-30~20-

':lOr~' ~;."sil;lpl; 4_3'_2~1'.'i" :.eNe·'~~{1~lilatian was
I· :},~, t > • I· ., ,'", j r ' I: 1 I' I I I I ,'! '\ I! " , . ,

~carriecl out for the' cW'RR and WRR for

IC~~11P~1:~tive~,~~'P~~~;~"~<pr'e,~'el1ted ~11el:·:~d1.{I~of

r-

t
"
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that cWRR outperform WRR even 100% in some" , -takes WRR, eight rounds to service while cWRR

cases, We also observed a reduction in resource bec<}q;5~Qt'itisperl11iss~Qn,t9,allow more transmission

wastage vjh~'11using ~W{zfz compared to 'WiZR, COJf~l}}~~,i.!+drrourrf~~iiti;~s, we can say based 011

On average. thereJas j drop from 80% to l2'ro thef';v}'~T'~c~ aboveJ~1~~"'u~1ng:Qur proposed and
when variable packets were "used to test the des: '~~i€cl...c~'{vRR wo~l.d~g& along way for a better

simulatio .. ::his is shown· iI~the' aver'W,,!:o.w III serl :;e?1ljJft·elrtiatio~~hl~:better'!l1aXimllm resource
C01Ul1111'2, ! r ' " :'\" ; lIS~ ,/:! :~.\1e[ cb111pa~cl.fI,.)O:;!models that employed

In: Fi[!. 3, tile weakness hi WRR whei~;J:(''l~~eefS' orcfiai,~'~'V,R/ ' (J' f~"i
~ , i, ' ;,w . ;", ) II!i" ",, 1 I 1\'1 \' ;",:<

queues with variable packets iS1 well ~;1?1~~~?.'It , ;":i,:"':"~\ I, ;V!!~. :? '
': ,.f-; , , f "'j "; I: ;"", " I

Table 1.Run session Scheduling Sccnario:,F'j~d Packet, Weig it)F-?'~2~1;J;3ancl\,\t~'~!~0~?OO;~Llmber of packer=IS

i .. :
: :i'oJ )' ,j

No.
Cia of Pack
5S Arri el
fair ved Sizer T'Round' "1,
sha Pac bytes Olp

Clas s Colour re ket ) , (bytes)

QO(Green\ aoo 5 300 '600 -

Q1(Yellow) 600 3, 300 600
Q2(Pink) 400 3 300 300

R Q3(Blue\ 200 -I 300 0/23sec8
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,
- ,.--'
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c Q2(Pink) 40:0 13 300 300
VI I..: !
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6.0 CO CLUSION
in most of the specifications and designs for

achieving differentiated services in .the Internet.
priority weighted round robin and deficitweighted
round robin schemes are largely considered to De
the core router scheduling basically because of
their implementation simplicity at both .hardware
.and software level. A statically configured packet-

based ·WRR schedulermay not work efficiently

where. the .queue packets are not .of the same size,

andjs .., e,y~n ,worseq~~d .VY!1eq, there: is input rate
, '. '" I.

burstiness. The approach-tevsolve these problems
',I '" ,j'l'

led to. introducjion of PW.l\R. DWRR is found
useful In supporting. both responsive and

unresponsive now in' a work-conserving router.
" , .', \ I 1 "

This paper confirms ~\Wfacti that both WRR and
DWRR may- cause ll'Igerfotmance degradation

, j '. ~ t: : I,).

because.oftheir static nature and inflexible rules of
": .

r
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.b:'R'evls'M-l!.'O~I~ft?rW~lgMe(f'R6J'nC1'k~1)'~ ·S2h~auleh'dwards'.
lifirrrt>vlhgNMwor' Ifl\Y6ugn'puim 'aitJ'bSilrW! flefl

sdsp~hciJJ\g r{ill1s'lm:1~fl;t<if{.~Til8~21~W;ggl~diqueues

(f rt~fall' sli',lre is 'jes'~ithlll~th~jh'tbd61.'qu~t\~ packet
length. We desi'gr1eej-'al'i.d \esteo '~~1adjusteti'scherne
uaHed,[dd];l;if~Oll WiRIR,and.·cMuy-on .DWRR. Our

Si1l111J.l:1~edr' l'~,S\l,'!l\S:sh o w ·I-~e,tl~.r\\'throughput

perfQrr~i,c~M:e,\S, Wen a~ p ryq,llc,\i,«,l? of resource
wastage.cqruparcd to nO~l1lal :w',RR a~!l'q~\~~R.
As a firststep in om future work, the simulation

(Id In"/ ,.-'(1 11\11(1 I, •• )1 .. ~ :

s'ce'narios testedaL~()'f'~ will .he expanded.

t I i ; :

:

'~ll'hlll~t~6;1~\bikelo11' 6G'~i~fOlllC~e'sliIA{lllaiti~)ntoo I'.
'11S'wi 11\'bJ'de\te'lcipect to"\~'x'(lhlid~ the idl~XH~t or
cWRR land/ cbWRR' -across (1 '1110ch wider

,"- spectrum of scenarios. i Our.duture work would

C(lell:l,~U)~l~ha~l~heweight.whioh dererminesrhe fair

<;Iistr.i,bLl~jq)16)1' ayai[able resol-lr'1es b,e.d Yln~lllically
reg~l!(lter based on tr~tl\f statistics along the

t1011te.
" ,

i
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