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SErURITY CLASSIFICATION OF THIS PAGE'Wen Dare krirer -,,

One such mechanism, called Prioritized Carrier Sense Multiple
Access (P-CSMA), recently proposed and analyzed by Tobagi [10-12], is
studied here using simulation. The objective of this work is to extend
the results obtained by the stochastic analysis and evaluate more com-
pletely the performance of P-CSMA. Three variations of the operation of
the protocol are investigated, namely: nonpreemptive, semipreemptive
and preemptive disciplines. In particular, we study the effect on average
packet delay, packet loss and the variance of delay of several system
parameters that prove to be interesting, such as: the number of stations,
the number of buffers, the preemption discipline, etc.

It is shown that priority functions indeed reduce packet delay,
delay variance and packet loss for the high priority class.

In addition, we investigate the problem of transmitting
packetized voice on CSMA-CD local networks. Assuming P-CSMA and only
voice traffic on the channel, we define network performance as the maximum
number of voice sources accommodated for a given maximnum delay requirement
and a tolerable loss rate. We study the effect on this performance of
various system parameters such as channel bandwidth, vocoder rate, delay
requirement and packet loss rate.
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§1 InI~trodu lctionl

TheC lowV cost of' cillipillifig system [ifSl;i~vi ,!ivct rise to) eriviroiwols wlicre, wit liii

a1 bling or a siffill groupi of' liilingts, lfinI\' ifferenit compuiteitrs, ffiiiompiuft rs aii

ititi'lligenit. m[iroprocessor drivenl divs are fisfl. 'I'le iiii'i toi ifitiniiiirivi liefi ill a

uillorlm and~ rclialvl manneiitr ImiSli Icd to the deisi,,fi ol' local :ir(i nct ~vorks of' ifili-rijitl IN pus.

I nik et. raioi() I i~ fii I fgy also II; Is :tdi I ' d i Ioi 111ie poi fIIt NA I ori. I i, Vcsi i ( f It c n I cci I,

several comipfiters thIirffg-li a rmthio channeil. A locial ;irca fiti \irk, or Ioc~l iii virk , is

(iimplisc(t ofI t t) basic cilifits: (i) H ie t ranismission mcitimif, giriurall. 1 (,Icd f ail or

cia cablerifssf 11d iiiil ilt ilhh :1:ici toi tiths iw oi'rot Hi ioiil. o 1w c~c

cale it( oi's l, ti~he ifiti'rtiffiifif T iiIht i iidvcuilro I t lci 'irsii 1iiil t ilt,~V

I t i i i ;ii it it(,ii I' ifin i s I ;ie oi'wtr~ I i e s tl I r'ii p lit Iiil'i ovo .e ir

siv 'I ilis, u phithit'it ecoicc 1 liin' the 1fiml il hes nc\ ioih dru iii . i I hat%

Sevri I I oI) Iit l ov csrtt i Iii r I ci Iit'i i ;iht' iit r s ifi ;ii if ii I ihii if 'uI o aI i fh ( ii hI II I

tooo~,(ii) 'th sir topouluogy, iv) slt ot fi., fi topoloigiy. (tlih''t'l i it~I hh

(i) Iil; i ;t litf licnk.sii'iti'i Ioplit' i occll he~f Ito oco i'iiihto at n tiritiuhhu I fii fu

o irci nlt110c( sirtanh tffi'tuivkXork Tihhs toooI prieffi uhI'h ih ici I robiiiii >iifi gt wn, :iil'h

whverea la ~Isf'kifflffi (ilefiftel' Imaiks t an large niofider. o d riii, itf' tie1 rhiahhl

mut,e Iieewaise to it.;i iteluoutds iill Ieioirr'i 111rA iiif ;L d Ti itfit raitde

(iii) IiTe rilig tiplgy, consists [ful' ii iiii'idc toi le toi ;l:ifitr n015oc,

iie f suhel a all ha lle 111de. s lop tring is mu iif f;il ['o uh distit'it coloi iutiIi le kits,

uidiuirclionalhy through li it( i' nut, aund Ilici voinoittioit biirdi hlite il f a iioili i'; 111:0



it. be4 able to rcvognlii4 ml ss:lcs inltended 1'(For it.

(iv)h 0- Iit 14(45Is tllooI4vv :iI 1)14de art' co it illt'tt'd to1 a co it it I mit I ran1sni4s0ionmdi I'Iili

r'4'4gI4114' jl:1'k1ts intonv 1'I4I' or it-.

Thliii' i44s aS Imassiv4 t'lemi'11 that poe 1144 prali :41 rt-'IililitY Jpr441IlcmS. 'Ill',

p)roblemI4 ut '4F1roduce I\ Owit ringl and~ bus1 l44lo~gi4'5 :45, wetll :4 \0it Ii 4kl I?:4Ii, I'llVI r44r1-

mjertil , is t luit of' tontrolirig tit(' How of, i1(ss:g('5 :111d Ill' access'5 to thle 4'I4:1 (('Il ill :111

41ri:41I1/cd4 :Ili(] rc'Ii: l4 miT:1444r. Ili tIw'54 lopo4Io'gics t hcre is no4 c'lntri:ii Ill' m d , I they its4'

difrb ilr a :444455 (qIIlt o 4 co rl IlkiciI1 lou% o biil'ouaion.\'~~4I 441V'1i'll5hr'SIII

sc44 c5r:11 :t c 1444l~I I, 4151 I c I nimI lavt beri\deis I lo p (d it '(I dw iscu.,lIt r4] \I,4rl mm 4

ol4''4 I :li i tll .

lo4c1 :I p'l4':' , 1 4'4l I~i 'm- Ify lli l kl t su Ill ii i t r:I s csi !, o b\l:l it is rcatri'll , it. I' om

Owiiw~rk:tt( n~rkit on cs~, iferwhc i rincr.,flecmlrl o2i
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I. Iltr(,(Itftit) n

C~ont rol techni Iiques whfichI seitsv i'l chatmel bfo~re' taninit ting are (ilff'(l C arrier

Sense Nfilt ipl Access -( SNIA- tecfuuiywnisj3), and) t wo very imiporl ant vursions of' it. art,

IrIItt) i Iipersist enI. att-I ifersit (iit (SNIA p rot ocolIs. TIivy It 1i fresfr t I,(it :,, vait tge or

redulicinig I lie chianice of ao tollisionf at tie( fuegining of' a t ratisniis-l;ionb living stationis

sell du le t I I et TII f i I Ijin o f its t raiinsmiissioiis aeuirufirig t o somie scI u t iiifg poIivy , I r\ ring to

spread tit tinit' I huese stm ting ptuint .

lit nitipifrsisterjit ( SNl1 \ a sIttiou withI a iniessage reaffy for t rarisnniion operates :i. t'oiftws:

a. 11' tin lifi n c . iscist Irdcie fi sl:it ionii lranrsi I, itk fiafkef.

1). d, 111c vliiiel K i. if; buis\ a stilliui resche(dliles its I rainisiissioii to somen Litr point.

li tint' accordiing 1fo ;i ri'iruilsnT1iSifoilfl o\isl il lon, att \viicfi potiiit repearts tit('

lit I Iii p-pursi.i tnt pirotocol ai stli %%i n'i i: rr';rtf int'ss;igu fir;lIc. s i~lfolmi~s:

a. if' Hif fimifIh 'ie'l f- osdill tiii' slitiotii -~iosiits ils packet.

b. it' Ow 1ii1uiini fl isf sel.10 fd y Il iiStatioiil :ut until it becomenis idle ;iin(f Own %utfn

prfifuifiltv po I r~irsuits Ilire paclfltuiif %%ith pilrmobability I - p' dciii ti h e I ifrnliiunsisninl

fry ; f orrlld-, MW- Tir iS 111 ei(nd tio end prmp:ip.;;i n dielauy of tiii' oiarimerl. I f at,

11 his iifWpo fr)t ii t1 i Iit1 livic iluiiruiufA is 5fvn setl idflof, I Iie st atI ioi rffnf;Lt I if 11 VIrouf'ss. I f

anl vr i statiturit st nir I el I r:i listnit I irjig, I hec st atio it riaiv opera Ie i it oicil oI t\ o ftrsh i o is:

it muay rfstlififilt' tie( I ralrismrissioii of' f ie( packet ;uccomrmitg to a ret rarismirssiou li'ly

dfistribuiiton or rijueats step b.

If Ciff ll(irI i 1fll is :L;ivIvfri we calf thli protocol Carrier Seinse Mlult iple Access

with Collisioni lefertiolu, ('SNIA&I)D [8].

Otiv adotlintaigt of, using ( SNIA is th lhigh rhnanururfc ritilizat ml 11fiat cfnil hoe ;fiirveul,

which canti be 'rirthlier icrea1sen if' collision olet~ectini is availafbfe; t ie( dlay, (rit I lie otlior

hiand, is fry rio Ineanis fixed nIie to te randoom nature of tOn access algorith n d ii~ it, has

biein Shown to grow imbilliiitt ais I lie totd chfanniel thirokighlup afortfofnfs chaicrnio capacity

[X.''lf rrfltitfr is iIffepifnhni. of I lie packet size, tin rolofre packets nof dhifferennt. lengt his
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I it I ro, I it v ( ion

V l [I be sen I i rotit-, I i I lic nel %% i irk . 11' %%1, ;irc r:il ()it Ih, :tllw

villatillel i s ll.)l I I I I I I., I I: d to fi lid low p w k cl I I I k I I r I I i s s I k r i i I I I t I : I F I i I I I i

are I\ pic:il oF h1v I r:m,-,I'crs, I*or ( viiiiplu, %% Itill, lim-I p:,clci s ir, ,,, iit1r:lIlY it, d ill

interactive applie.itions, voict, [!,I%% rr"'111:11illp"

control p:lckc(s, c1c. W 614, it i" ln;(, 111 111 lltt ,r pl:l c :1

lo:ld o il O w it is :11"o Irlic lh :ll lit '11. tl* !I1,:-c li.i%(' A 0 1111!io ll !,1!li(

cowfrainl. ()it Iliv other li iijtl, Ilic ir:titsmi-iwi t,(* lww, p:wli! , c:m I(ihmlv

lar.vc, rt rr:isowdile,

it apro:iclw it, (w di-crififirllioll

:Illd w , ca lilli'l rehA ll.\ "'11:11-:111tce :i lil:111 .1,+ l.% il, till !'ll:11 1,:id i'Ll ... is

Tllc ol, prim-il.\ I'kllwliml , pl,,fm ol %111

consiralid., to lim , prlirit.\ o\ ri. I ho- 11; :tl L:t '. "it ch

['or lll't jl pri(trik I-Llsst,., :I-, imw, :is !ht lwol d:l( 1 .1 till 111 r1l;1111i, I I ht

ilst1l' s111:111, ilid epcildt'llt 1\ ()I' I tit, (-\cn .," ( d 1 i%%

011v sllcl schi'llic. c:lllrd I 'ri, rll i/( d ( ':I rricr - ll ,, Mld I !ill(' tit A ll:k,

becii proposrd b. T(d):iiji 121, :md :m:d. I it ;d \w rk h;t, htm it 10111C I pt wlli ilw, rt ;ill

'I'lle S\ st 4,111 propo wll illcorpol-:111 (.-; pri.,rli) 1,11114 1 "lls ill I lit, .,Ill ( ' \l A

protocol. 'I'll(, dillictill.\ ol, t It(, I it. \%orl, 11(mo\ cr. 11:1, prr\ ( ill I'll I lo, ioll lit I lit-

v II'l, c I ol' sv\ ri-A s.\ sI cm p;ir:mwtcr.-; I li:il pro\ c I o h, ; [it cr l i ;is , I I i,, \ :16.o iolls tit'

t lit- operation ol' I he protocol. 'I'll(, pirt-ciii t, (irk :i I I ri i i Ill " I o t . crc( I lic. :1 ,i I I 111 Lit I, 1 11

I fle li filit at iolls ol, I he sis I it ck :I I 11;l I i it lic clIcc I I It n I , tr:d p:i ii : i ict r, ll k\ I, it it 1114,

syst (,Ili's porl'or in:i ncv. A I I i t s i i i i v I i t i i c i % t rilic, I lit, rc,,iill obt ;6 tictl ill I Ill, :iwll) ,i s.

which hirthrr vAidates the simul;i(ion mollcl ilstdf.

I j) Scc 1 ion 2 we drsc ri lic I he prw w(d ;u, ori,,J 11:11 It, prilposcd 1).\ Toll wj 121. Ili

Seclion 3 wv describi, the ahfract model iiscil Ili nlin-sufli 111c olkirorillicni :md ill-lin" I It('

pvrf*ormavicv measures. In Scction I %\e prv vnl the s1111111:11ion prot-,r;mi. Ill ,ri holl W,

discuss Ilic ntinwric:il rcsillis oill:1*111cil h-olil till, Ill ' ccllml G t.%c A till\ itice

I rmismiion on local m-11 worl, s :md 11 will i it Sc( I ion 7 \\r pr( Scill "ollic co it, 111 lolls :111d w,

Iest some idens I'or hi I u re \% ork .



§2 Thec p persistenit. I -C(SMA~ Protocol

Ne tI %%crI , e I,4,4 i r(4 I It:tit Itt t(, p rIlrIwot nc11 ' ' I I to st iti :i s s4't4i 1)4, o11l, a4'' I nc It ~ It

prittril% (-itss lot, titsvn'1tlI to he liiid c:( \4''tise( oit Ilici t'mitcIlt' 144 hiw4\4' ti4TiIN d I sst'.

I it(- rt:>i lit, 144:44 1'ro I o%% 144,r 45(+ >I1(41114I lolIo n Ilt detd I Itt' f414rl'11 :t nc ' I lii-Iti wr ri4)rily

k- I is>w'5. too 1.4, t,4\ 4r:tI i 4'5t:,' 44 I lit, .:1IlI pri41I1I\ 41:45 .4: , Ii '11 11tI 44l~ I Inp o'ci

il I lit ,\ Stcil :11dl o~ ' till-I4 14 :1141h lit 4'totli'14 I 14or 1 I 'l .41T4' \'.itIl 44IiI:il ri.,lil (I':tirtii'ss

th o tIli, \ rlw i r: I iiinr d lo li ip :it li I [I( pr ,i t 'I chI T . !iid I ic it~ m ipl ( I 41 t n l

;,n 44 1 ,4!111 4' li 4t t141 44o r('444'4 qittils h44 I l44i ',4 1, 1 1w14 kept

1,411 I-i111 :Ii t isfl 4I4414' 1144 111 oil~i'' s-\ t1411r411/:4141 ;i1 4 d ill 1<5 fit)

4,tI :5 4 \t4 ' II li j tiri 44 5515,1, ii not rtj ii' It:tt ".\ lit' 4'ht/ ltit~on : 11'\ll'u l Il'i re

t14fl5: 1441 hi. : t MI: (. he1 '4n ,>" por 14'4t44' o l''4114,4'5 1t4' shmdd I w 4'11' Til l"14 hli

thl -n4 r4t';4 i dt ltt> 4111 1 ton' 4t'4 :4>4 :114 iii- w n o. I lt4 (414 14' t w 1tS 14 I)t, !. %I iwl
t ('S-:l \

by 1t114:i k[ 121:

\\'ltIt Itt he '4444;5 it 1114, oI' I rnnstissjtin utsters -:ill mlt4lj tr Iii It(, ;j\ 1% it on1 Itiv
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mtrriw ri ri r A - - m - I. n. oi 1,r- m, 14n n,% t- di.-

Intl aI I n it ( vi lo ~ tIr, I I I ii..-- I I- T e i ,I II I cn ro .in 1/ , lIo o .,o I I I n (

:I11 ti ri r i i r c e l I l ei I t) r ' i :in. I I u- ri.-.i I I I n i~ hi : I ri r V h I i I ii

lilld. :t I.I i lu~I Ii, . I- rIl ;0~i l e~I I i .nhn'iimn Il 1'n . Vh it

fiilI('1 Ili esng iit'(i~ii I I IisI', n niur :4- I tn il JIl lny'ttjit jruuhu
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iiI', folomiiw, I ' , tio rvi' v Ir lion~ burst Ii (ht I I c I'i or K\ ron~sc I'It V rsivatiohl-

slots, \%here K\ is t he tot :d iiiiiiiho'i oh, priority c lassv4s :ivwihhiblei' ll tILI' sysI iii, I Ilio the~

chIuit l[ be'come's 1'rve to o be cccssed by -i user, wrig: rd h'ss oi' I hiir pi'ioritv ii ii I:I oew

IKO( is 1ht elt isl

4l'i4.44 is hy . Ilic m~m 4i it -I i, r ih bji iir, l il 1 sr\ll I~obin i 1-:0U I h, 11ii lmi>"4144

Vki3'411 lcwr41I ii' l >1T l i l-p risiit iiihtTi IA.N t r h:iui tlii' 414iim ~ ii n iitifii'

441ir - m k 114 ii iihl is ,11- e 4l,:ilii,4u :i i , i l'h c in aiiivit i ch rT :liuii tue 1 di\Iiii :', 4±4545i

not '4nit priti i'4i 1 t .4T tli i'ti Iii o thu1 i'i.- lh it~r i iii lll h~ili 4nli 4' f4Io hii i'A)('.

a I i%%4 \4 I Ti i ts rii ' nivtiiTr'4I i re-,,; i I I h acts h ii th A* il hil rV itir l n -,t i a111 he

J is I el( 11:11.11"1 ii c8441114' c 1 1145 1 " 4. I t 114411 S I i'(I'Ith -lti 1i' 51 ll lI di als I t hos t ' :%It (s the

pi-xIf) titi riI'relicd hroreI ti eao~ :isertiI its (h r.l ) lev l . le c w -; irrItdit ii seIe0(t'

NIS )14 ;iIiil H u ow I li t hn to -;ee rni i /v :s illt hoius, asi;Ig i liii ntcrne Byisos

rt '1:l5S d j 41 '4(1 f c t i t(1, rc svittionl 1 ro(itisii lisi t ii' phq5:'C ' (It o' lu t1c r Iis ii oI

svt, tim re'cen t beioritt ii ii unto' i reil rtesl'u i t ( hi;). Ii lei' 1 .'I'l lii(I c 1rz ' prcirmplirc oh eme

isolv % hc :1ow m' t prou t a c." rjiltocas , I.,lng :s o I ~sti8il



2.2 Pirvvitiptivv P' ('S~A

i I:kc plwvi after a t ran~smissionI period( 'is Ownt;teIii host b, waits miitil oiilf of ctrc

is i-tece(Id. Iloit Iiipilr('(Iitiv'$ ;md( scmi- jPIi1mt ive schoiriis art, :ihIicihjl( xk lthur

collisioni dii cctioii is ill offved or noC.

A fully iru iiptiiv'(S\ sclicino is il1so dchiioi il thich ; hoit %with aiiih

gcnvirad :itmue ia% :liso) piucctii :mr ('11 .,oill!, 4~cIi~i~ of : l o prlwritv h

by iiitciiitjiii 1thh Ctiisili , :i d, ioll. ( lv('jll\ thIli. ,chtltlt- is oumd.\ o uit it' ohI~III' l

dihi 1 ii Is ini ciccII It v:uLi odIlr someiu bent(ijt if lo\wer prloiit.v chusses hua\ lonug iuess:itges.

On ) lm uue ' uua hui'T i6ioll :1 peultel preejuuptluull steluiii \vluuroh\ :ll liir01O :lniiiIissol Is,

Ipreeiihtlch uonlt it hu i l( ahv lpisuft*uud~ isuu timii hu;i- nolt l,\cc(lf(I s,uio I'r~touuu I'

fte t tott lrml~siissjlin t'i , %%hull tn iuik' IpiTiui.; ti siu 11 1,,-ll' i I h llu\ i

:is is thet vc~ \lh tix~h si/t :llkefs.
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P3 The M~odel

'llt' p~ro4tocol does not rtequ~ire' t hli ;ill sI :iii I414 s44y4414roiz14'4 1o a commoniiii cloc4(k,

buit raollict'ihat :dll staion-,4i 44144r4i1c icrdn, to Il4 tim4' epoch4 4'j4 ' 1144c ~S St'ii, wh~ich~ is

tl ri ll44 l111( bN4 th lit' 4'4 ., ' i t the 441 14'(1: i 4 . Ili o i rl '4,4441;. \' 4 ruq ir ()ill.\, that IV 111 l :;I ;il s be414

;Lwarc It lbint I li' sy'sh- t 'is ill Ili 1 i( ri41il v, :oj4s4li i i44, Ior \:141,\1i1'4Il C':4'44'4t I)V

lit' se'14'iI44ii ol' fit(- ri';;4rV:11ol l -1441 >1/4', hill %w,4 414) 14441 re421in I li44144 thiI 441io t :ir a. the4

sa I I Iv liii I 144cI 4 dI ; :IlI I I I js, This ;I 4p4144:i Il P'r':i I 14, 1I II p I it s1 I it,, 1ro b I4'i41 o4 I',il'I Ii44o ii t t)i

a:1i4ing i all 4 :is I 144 144 451 14 I 4 l ck ;; i4'4lui 44 . Ilo ~I I I I t I 44 4444 I 414if')>(d (ir ill rc it ii rvt ,

1444 pcirl'oi'liit4'4 4'\,iIi:tli1 \w44 conid' 4'1 Ilwl 1 s\ >14411 '4, nc4i411/cd4 it) :k 1111v4'r>:I 111114 clock.

TheiI tilict :I\is is I 4444l co4'44iderrIo4 144 AM4 cd114 :md 141 ( 1144' i/.c1 Ij4 o4 144- uq11:il I4 o, I14 (e4141 1to

c'it 4rop4::ilnioh4 4141:44; I14 r4iv 4' :111441 >144t is &4 >ji/c - 1elec iiig-11 eill ](-(ti'
1
1T4 414444'( to)

r4'liablYI 4141441 ;I short4 lur.>I 441 immoduh111ld 44 m-:iri(.r).

We 44444j44idc -I 14U44:4414':4 'I 414,1 \4,o4r4s %%it 11 . sIkitill ;lls I* 41' h 4,1iIlo1444i14r Ilit'

act i~t i l~44 1114 chll' 111d c:Ill 41411l1\% c44444v4'III: :m4 o4llp44ji4't, I I':iiisli~sitoi :1411 4 w'4441

441 41' I4E [1 :4 1y1,1 rill '.4,11 co 4 '41isi4414 411'1 cli41, \ liit 1 >lt:it 44 i ;'l i! , 414,411 Ill :I coll1iion, it

;Io il o14rt i I s ra:Jismioi>1i :ill cr :4 ri4444\'rf tiftit' T,

A sI:iioii has4 ao Iixt'tI 4411ltker 441 114111(4>; Witl 41:1> 41141 o)4llY 1 4144s :I 'Jivt'4i

p4rio4rity vkiss t';u occupi;y lI ii' lbliffers, :sg4'to 144~ 111:iss \145 lit kctI4 I Ii:id i.> '',( 144'r~tt cd 1))

a si iI iolt is placedt (oi4 Ow4 builfter, o4r 44441'(it' Ite hiilhrs. it) l~l4' l f 1:41 14rit,rilV cIhis. It,

wlu'cii :o c 1itkt'. i s ge I I-rn Ied h of ;Iii re :44o4I' 44 14i11'rs ;:i :11) 14 14o1 I I iIil1:i4'-p I o tr iI v tI iss

I iithn1,6s pat'kt' is cit'4iv14red4 lost,.

III O1w4 41t4i144'4'4414iv4 d1isc'ipline, 44411\ 1114454 mc4'ss:wrs :414i1rctd\ l I I ~ ifion44 builfir

w I i Ii 11Ih44 ' Iritotri Iy V\ ss i i Ii;Il I 'v ri44 ( I ,\ I ') bijI4' I it '.I I hc4 : 11 1 14o 1, 1 I : I44' .1 4 r 4 ,I I i. 11 'or

Ilivir c'44rr4'i.144r4i Ti , 1) ritorilI V c:1s-. ( ) 1ir' 111' v (114 111 i i 4 'I i;r i i it it I, I4o :%4 ,l I\ 44 141i4 I Iv

cIlass, :111 iess:44':4 t hl a iv ( i tiI Iut'ri u' tiii1' 114 t't4 ,n1ih4 n peri od tl -I) rrI444111 14 1 dI cru it I

luriturily t'lasst's I111 1114 t 4)4 '.'oj, wt ht 1114 cu irrviiI 4444'>;' ripji41 '.'ill 11:414 , t ;iI 4111 it llc 1 '4A4 P

ro)r a c4 tan:c v toacrI; nthvir1 cvII1- .T vIiicktI' It I444 I c c I li r44s'1'' I,444 r44k' n I411 I tit 1ir'4 44'>41.'" 444 rI' i i1
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(Iiii g I lhe clih f-I ne 4 5 lcces p riodf \Vil I r ;Litis tif i i i i i i t i 14, if'., i i i i lIr n :i I I i I I i

lH-st ( frafismi-siofit as5 iil liffl ill the4 4l4-urip1441f (1 Hi 1 )14 )(- ) I r I Ii : i i i soi I 11)1

1 lich iliil is 1rce oft cmfillict I, hll it i., :1 si~f 1 11:11 Ill(4 I r-:i[ I I I c. 1) 1 4 1, ,1 4.4.41 ;Ir 

siccessliilly ;It its flestilitii~ iri thus ifdleted 1'roii liec Iiill(r; it* :I i1114w dtw4> 44itr

I ie( pakuket rel iii it- ill I lie bi Her :idifl ir 1 :1( ion rcpe:i I s t': I I h fi t - 44 I4rIliv d o

4:irricr il ef.1 il 4I'd li I It( tll~illfi ~i lmr 11 cd14 (;fil r :1 r 4 o cr1 ( Iifit, T,

3.1 'Illi I -44K ftI -mW r,1 i i m JI444f5.

S o ';t f tI . 14t 44' I i I II III,- 44II( p11 : 1 , i r 1 I flii Ii I, I4 I I I :1,, 4 -I- I1 11 I I i h;i

bv'il '.w e 11v flt hmt I It(,\ s :tiI ri 1. I;'x to 4) 44iI '1:1 .Ii 1~:14 l41

tf Nfi c4irit i l i I 4 he f~i l m .4 o no I hi . -J: imil:014 (74 r(14 -,I 144 i-r II i I ;ir : ,I 1 rm c III 11:

hII i I lit- lc Itlifrk VmS i444ii il fi lift -.I,- III'i\- lhi 444114r44 4 11 , 112' iii Ih , -. 111

the c .rrivi f 1 )~I it xi,5 441-j 14454c .11 11 411c , 44) ' pi4 ci I44 :II r.f, , , _( 1 <. r i :I1 ' 1144fil

dlay is iniiflrcdf 41iil, I1wIi rist slot. Al ;Ili\ r:114 hK 1m., (w,4 li.i I . I I' i' :1111 I'1141I I il

I )iw fiVf'till ,' I eml perlt-I ililife.

3.2 D~escrjiptio 44 44' Vniribls

''llf, syst lii imis wscml era!1 :i:flifts thait if llfitct f I 4'-fillf74,ii414 4

hiave alreadly Ififl lmffltififff c:irlicri I lose are:

A 1,: lii liiiiilff 't- st~it ions i t he s\>I in I li~ut I~ft,,nc;iIIptck 14 ll' 44rlim1it\ 41:1.

n,~ I lit' pio~e t-,ciir:ion 4411 ri Ir prifority 4i v I~.-;i

I i( iilietr ol' hIm llirs fer st :it iofn f'or pfrioi-t I iss i.



pi: thel( p-Iml'rslstenIt. paralmletl'r used inl tild, ('olt.(It iln pe'r~i by st atlilus with1

me (sslg-cs o)1 p)rior)it.y class i.

pierio son lt a re as iall Ilic 1jair s.io lll t ie~ he5 1s ( i t is 5y1Sliii 111:11 iI' kc l'orli I

alo lo r it l-:~li(Il till prilk't liay ,, (I th last, r 11111 thalslis slot tisll'.d p:rIo' h

cxtrl' slt be'stliI t1rrsislotis ios ( r i nalil tl( i lr(.pljjjlit. )I III(, 1 ak 't . ioV lr .1 ) Il5

3.3 i 1111rc o' Svialll' omeay a(In ,Wlli ss'fl\jieia Iy il

willIll l ast il''1 l'tilI'lis Fll f all' tel' it ill ti'statk 1111 IliTss. ht.s 151 till' cojthrlil'in

I his wo12



p1 The Simuiilator

'I'll(, simla:tor its(( ill tis wocrk wis \'.it lii !i I'AS( A, 1c(r :t IWII 20 ~ 4 ~1

runiinig cunder tire 'OPS-2t) opcraltrig, systemri.

Th iii 111 ilat (iii (clibl ics Iccticl eviit l .1111w iic ri t i i liiiL~ ccii t c Iii

conisists i1' tihrci' rrimor jc~crts, c:lc icl* ccciih ,i I iukh ii mw icc' ill Ir p( I i i I !

protoc l 0 ( . ii cci)': f tc pii ly ;issc'ssim-ic pe'riod tcc It( c I:t Ill I - 1 , Ill *:. :c ; I, II !I

Illissiiii peidcc. T i o h rl i/ li io*O rwt: Illl 1114cc
1

l 1i~c cc1.c i lci 1c 1 1[,,1, 1

I he rrccI'ia itIismis isicdi ii c:c I i Iciric I %% I tilc I :c ci I c',(-I i ' cc jIi Ic i Ii I c h I .~ .c . r i i .

Ow. o 1ccl iii a l obI ijvcci% V':; cci tis~ kvcrk VcsIco c 'iIi i : I I i I

Iicl been olii i cii >cc cc'ri ;ci cc csiri1cc io s', Tilt, inii ii1 c l ilt M~Ii ji i . V - I

Ico liii ihi\, ;Is c Iccsc 'ic ;cS ~I s c ii l 4, 111 c c i i i c co i d (- cr44d i i I I i t :t i I, I t t ,I ci ;' '. i :c

rc'stricliccics circ: c'cisjidciic-c Ilcv tiiii' c\i', siccii di c1iii -wci,. i i'. 1i' '' 1 .

i'cilicic'iii. \Viil Ilwc' i cli of slot.

4.1 I);la; S ricci irc's

T hei prih i nr cc c i. . ~c c t ( i~c -c,'I I ct tirc ': :c Iin i I I ic ,c :mdc i 1 I I ' i.[ I!

array A J-\lt KI 1t) ccccccrc \1 is Ilic cii li c'icc' 1\:iic i* iK I It, wii ccc Ii -I ci r l K ,cK.

andcc It is Iic ncumbccr cid iciilirs icci slioi :d iricril. c TIc.' ic, .cic t\ 1-,c1~ ic .

scuppios dc Io ha) ii i -crive oiiir to) icc ',ciccr; I cc ;i Iti 01 :c ccc~l ill \llc loc'; Il 1\ I I ;c I' I. 11i.

tIcllut, is, :ct i 11i t iailiizut icoii pii' k cl s acre' % ic'rr I ci :ici'cocrd i i iiI o Ic ti rccl ic 1 1,Ic .\ I ci ' I I I I ("I

i nr ir rrici irci' I ci ii illv i cr ci i wti'r nc icir 'is ( ', iccr ;i sI I cccl : ici tcl wi , :, i icc1t111ci' ccc1c 11ciN

all tlrsc' stacliccrs. Vlccrmicrrrcr, dingii; i'\v'c'ii ccll Ilici t-iiciiiocii, %Ic'im \cr'i p.1 ccIc, I is

sti cc 's sicIl I rrisiiit Itcci I iicl t Iccvrciccrc rc'i iccc\'ci d roccic i icc '1'\".I i'i, tc i ic\ c cI > cI I -c '%I F c 1.1 11

i li fil i:1Iic'V, :cyuic ct isirc Il' ic c iiic I ri c list 'icc)ilic I iti I'i i i Icr:cirri\ i IIi iii :'. cc ic Ii' rc'

bldics I Ii i ri iccrr i on ccii i l t Ill' ici 's I lic~ct nr rc' ccit.icA I c di i :ci Ic 1 .111 'ic ' "ii iiim Ill." iIll

eiirr'spccrciiIm"p iicrs ic., f cc' tirt ic~ickcI cll -c c'r\ cpoillcc c I Iic ' \ J, mi. i-c' 1,,'cii

iriiccrniwiticn rccl,:iriini,, I Iii I'cic'liicr io iicme c ic i ic' ,~icl hc Ii I It( " 1 li 1" . cri''cIc
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1 . Simkii o(r

;flit I art, iirtlcrod I if I It v I ret' accorin g I o their geiierat ioni Iu i i stiv Ii a \%a I hat ,ati 'fi ord er

I ratvrs:u (it Il i-c [ p 1[1 will visit Ill nodes *11(1 in ks('tuding o~rde(r iif t,,ce ionm time. TI is

pn~i-I itifir tlrtiril it' t liida t:l. i urtil s all seircle If(, Ir pacukct I lint wiihi fI w I r:uiiii t I tuf

In fo' I ovt"i 6i If iiu turtlr. When'u ai tt'kl is slie'ssilfV tr~ii-.uilcdI lii uiifi' Miivi

rt'fintst-nits it isnwoc 1'o Irli f trvei :Ili(] a netw inof ' is itisvrltif ((fit;iiiuium, 11wn :Ifpprfiri:ult'

jifntr fi n li i 'ro u ici c lsji ooIdtj in ut , hen li':ii't c s t lb
tm a i'I ut i, in c tit1o

s'.stf Ii\u thif iis \ tc iljt ;u hl it s( i cy it'ssville lit t;u11111 il inw fiuimn' Ill lir ;>II lf

r110 il.tlill.u hidocfi it fltho ,nrit i o f: t5inii li' :I rt''. *i f, tri\,o l t rt~

i hiaf a Inli ;,ll if c Irre simlio Irnieit Own Ili iskc ;e~':t is or I \c fit -t it i Ow mu 51 ( i hi

film t; lti i uTf : f:uI (.fIritfi .1t firoliritv ef ,is s toii ttt sltiis il, cirif tffiritm tlo- it a raii

tuu'irre lsitili It)h d ' it., rio titil iutu utt I i ii'r itjs eiinutIifu f itii .s t

(til1 (irfli :ktrts 1 ' itr0 ss I ruu s I t t u d i v n o( Ic ei i -ci tu tui t,, itI is I cu f t 1'iti m i I lilt i tIi

I ( :ist -nix iw t , iii (dur 't'' ic stutuu piri t y I ht' i iia tjit tis t,,,w ~ v 'rI i it:iioniif If sltiicir hid

i ifIi Ii ru t vs m u iio . Aituk r 101 1e p if I is ofjiut't l I hd b 1,ii is :I r'w (c I ii r ift')Cli I litLs

mii c dtu r:wn Iurit or :uI pfo i ri (lIh is t rit''ssio %i'htt';lt'firaiuti (I, Nroi'sfiv I:iki Iso rn'rcfcii

:tf ihail tiui spood It licii jqlu~fi'u ime oft' irs piket j in us st frmm ldl'l iuliuOw uiti fit'

tliiss~tlt' I rve.

.. 3 Syst icm Sit ;ivs ;initI lrnutui-uhI cti'i rst Tranusmissionu
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4A Pvhod

empLy when theri, are no mv,--,:igcs preent in Ilic ,yslrm. Ili i ro:il III!,, will Iw

tit(, vase wilvil flo station 11:1,; :l, paclvl it) Iraiistoit ill tilt- iow, \1 d' ill,

is Ow c:isv when Ow goncir:ition 1*1111c" of ;111 Ilic jl;wkkl , [it 1h, -%,h Ill :,1*(' 111:111

k v cI I r I. vI it ,it 11111:0 io ill I i fite. fit ? ill Ill p IV 'f I I r f-, ,f it t d , I ! 1 1, It n i,,rt

stalions li:m , p:iA ck roady l'or [r:m mision: ill Ilic , iml, \1 I 11, Lll "ll. I Ill,,

corrvpoild", to I liv exist ence ol, p;lA t-I . t. it it it'll I Ill - -,it i , 1 1, Hl

tiniv. 0iii-itw, Ow \hvti thoru :irc no ill Oil t I'!,

is adv'.1fit-cd it) I he l"vill-1-:11 ion linic oI* I Ili, 1,41 im-1 nodt, 'lit t li, I r

Ow first jt:wkcI Ih.lI %ill :)fill ;m *11111lit-th:ih, hr'l lr:lll llii- '-!I 111 !, cd

act-oll to tilt protocol, I he w mld he wll-,Id 7!111,. :1( Is I I

, I'lle I rec k 1111,11 sl,:il ched l'or p:w I\cIs \%it It :irri :0 1*11111 I:i I i i Ii.ii Ill it It ii- I

flode, iII1114-:11in!" I 11;)t it, 'o. % ill hc I ftfl flolcd :11 1 Ill- cm -rcli! I il'', .- d Ill t .1 1

11' Fio ucli p:ickof Iwn Ilic t lock i., :iik:mccd li- :I 1wr'l-I o' iw - ri'll !I. !1, l !I .I

the lxausmis ,Ion period (it' tilt, p:wkct lwhit,, ( r:m>rlill h 1 ;11 %\ hi, 1, P"ll't I It, I

llodv is delcivil h-olli fill, I I-cv. I poll '-wilph I iwi of [iv, ( -- (Ill or 4' :1

coHision, a Priorit I As w,-,mvtil Period Iw1,,jm-;.

4A Thc Prioril.v Assc:;simol, Piriod

Wc considtr no % Ilic codc rorrv ,Ilondifw, to Ilic prtfjlil. :1, 1:, ill p,

pat-Ir 01' HIV Sirli(ILILtiOll is IiInt, drivii. Wc bc.,jii bV Iiii-, Ow I- lit It-

alld %%(, (-vifilifle Ille Irve sem-chifti,, for I , d' ill, , tirit Ili th.11 (-:111

ascvrlaiti Ilicir pre-wfico. As im-tilioncil c:trlicr, onlV It,),,- p:t, k- 1 41 k. I'm-r I Ill'

I I ( - I 'A I , 4%1 11 4 14 P -a ) . I I' : I I ) ) I ) ; I I I s I I ( I" I , I . I I i , I , , I I i , C, , r I I I ( ( I .

I I i lk t ( I I I I i ) I' I , t i i i i I i , r s o I I i ( - t ( i i i I i I , ) t , i t V I I I i I I' I I i t , i , ( I i I v ( -

c i i r re i i I :tccc, s priority trv prc.,4ent if I he ,Y t cm, I It,, pr1w I ii,, ,trd, Jlc

clock 1%%ro fill, :111,1 thc ;dioril hill repe.ord milif ;It'll. 1'wwd ,r dl

priority rlissvs lmvc bven c\amined.

11' ;ill priorit ivs h:ivv hven eviiiii nril :i fill ill, p it It I\ , I [I 1,., 11 Ild I Til 1,
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11' diiri gIii' vh senirch ol I hi' ioss~i,,,' I rtc %%wc lindi somii'v ie~t ol i' ( tiii-rcii ;Ieess

chiss, thii't Ilwi cli'h ie l is trmiritetl it this priorit\l i~ itoh ; I Owi iloik *is ;il ttllid tkit slots.

Iit :Iiitrc t s ali t k (-Isi'hji %w Is d r:i rtIsi ifIt itt -i tl--;t t'i I. I :i ti (it'I nun ii t: Iiir i t (it'

her 4 ttit'kdc'tsiricriti I rusltcoi-s podi nt- is ) '\; i i r pi' this iti ,.ultur i Ilii t, ili ias

ust w ricii it'il u t the p ir res ttrithi ig nottorc th-h il rli l iii' dmwi :Ii ill il lii (,l(rt' Ittii

Thiohilii pys i'u is n,' i i i titi d t t lii hIuII:]Iirit \ -siiiiit I IIl coini t ci "li.io si 1pe

filol' ;s a ili llk ilIll II~ it p im i c I - Fl- Im - 1: 1i I (I* m ss16Ii'



-1 .6 Staitcs C ( ,IectceI

41.6 Sta:titics ( tiiittv

sv'i I st i I ord re o %iito sNiii.lo m ~ c w o kl %t h tIl( M %.-hi,( t lc

sevora stisilict s t re vo ie t 'Iii i vtn rul 'ii s< us t I

tit t IStI ii t dti i s ob, 11111 it : i tt i sti I1:11t (jiI'~ I. i - -I , il. lc :i O il lid 0

(:itI ta i - and i.t O w 111 r it ,Iri% li O r , I h ,l i

Ill, I\ ctt..ti Ich perI al I >lw I 1 ir Ih li a. r iiiI I

Mtit c"11111 cit tIt holi trtiiiiwit .
1 
ris II'i '. ~Ii1 1 Is i s

ge ne r( It cu It :Sit it It Wir tvi lit i ii I) tii ,i r iip I Is It r II I I. Ill tp,

stch ;s (,t l mr % ir Ir n m -si ii d rn c , .Il III, li ,,:Ij.I 171



of, sliit'''ss. Idea'ully, it we haid :1 w:IV In ('Still it e Iieho l lubr of't users k i rit ilylu'>v ce

onl thle sYstehi.l SaiY \N :1 good Scileliol couldI be I / \7: ini pricv ti. uuweer, N i> dllliuult to

est i nat u so \\e use, ai tuxei 1ilwhr %%hich i lenel ul' othle wii i hr oIt users il tie Svt ill, Al,

anld t he load tHwy pLitc il I lie th:1iuuuil. Wc li1%c ie'il r init';I ot' Ihis %w\n ic rmt~i

1,= I/ Al, , W il. it no' ol0ut) 1MInI Iut keejpuIs th inuoIr IIIt,) iiiis Ihis%\ ;m Iit t In elirilc

access period sti Ia.I I soIt I hat I it ri sItIIs ere -1ts tos uuI II i in urn.li

4.7 0t her IDi:witlii s (~ iuc

of prl'on notl ihituruiiIn I ts \\ii t ic~ ue td lit tik Iil d :.uil pis iii rIivis

o Ittht lie t'n pr tocl Iri tc 1wl'or Mhotl : I.s li t, tili (IFIil lorii .tiritt thes tcliiti'

(.u1i1i1110 is st'iisuil idlte, t his is. nthievel lt set rthi it, t it' iluessuge t ret liii hinI1it s I hit tit

prt'tliplr t lit' vulrrelit. +iss, i.., hew\% ntrrivatls it1' I lit sanev ciuss iir unit' ot' lghitr pirity. :\ll

meltssatges %% ait Init i ll e'III (, a t-i r riir oiii I it' I, t itlitl ntI %% il hItIb k til' ii it I In rutc v IA 1-(

whtt'r a1 ritw P AP' will lttgiri.

which prt't'hhtiu is alltwt'i. Oncite a giJvui hau s ie i'igrtutu tiut'ss i to twhtaitiiul auth

duinhg I lut t'aitliitI ptes uriodu Ow ltranusmuisiti tit' I it', Wt-h ltriotritI, ths %~Ill ptrobluiy



4.7 Other D isciplines o nsidlured

be successhil (I icss anhot her slaioli ha;s also ictidto bin tInri s ill th is l

slot). On~ the oilior 11m, if thws tralismli.sio o' Ilie lo%% lprioritv c1:155 hii-s :ilri :id.% t:Lr'Ii

when'I the is' rLl'LltiLL occu~rs, tile psrt's'Lm tiiipg 1 iaikt' %%IiI ms ::I solIiimi i~I~

vaIlise a1 IiAsw P4AP to lbe~ill, Hill~s ;1fho\'inhl file hig pjriority IMIicss1!' to 1:1111 :IcC hi 0 iOW

chiaiiiisl l';1stsr thIanL in t he( 01 ller tw mI) Ile-SI il' o I4r:ilt i.

sve11vcrsionls oh 11hov si mulat or a re 1h:0 Ow1 fieIliiasA I >id ' % - oiois

with or wit~o L oll hiSOsion ~i d coIll il, mol ILh or wit 111)1 pri,)ilui I'icho toi) vxi :0 Ili

l'rm an;LI(i ol' thne I)- S\i.\ iirotoeil in comiui;iri~on i l IiwnpnijrI~i~/,I It 1111 i
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\\& (list, 11>5 i [I thi swt io(( till' ImillcItIII1 I TISlillIs iii liii \%Iil Ow si 4 t 11 11 i l and1

liv' jtirl iwiII ' riorriti/hi s\stllis to lillpltT lTii4'l >.\ Oriil oI i r to Ictc14riiTI iii'h

c 1i 111 p15,11111 I t i lle p'Ir IIlt TI I;rw 'IT i I Ii,. it Ill I,( I It/Il ill

CM Ip 1i l ', IIl TI1- Il dr (dT14 ' / 1 1 lT olltTTITt (Iii l i.I\ ll l I l is fi n S I 4.41 iITo, I'iV

siipi J cir ti t illc ISd lIt he S~ p ir m til' I1S4', %%,- it\ ti I~t'Thi :II ioII llt(h I l i - it r4's l Lills

Iic l~'os ilohi44 (dI t-, Illo it 41,1, 1 s clt' lT ts: I' o il'TI4 i! I lii S,(I -I \t ).i".. I(44.Vtk trI t
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('i;11114 p 4'-i-4 4I t V t ITTiii s \\vr Ii-IIS ihi4 14 :iprI~l i Iri !,wi4 oTm1414 . itIJI 4.4' >,t Il(,I 4i

d,.4 i ri4Iic IN 1 1 , Il i ll!dc (d*' A op i=ii r rI t 1wr ;Iil I hl' c ii 41111 Ic41' i ,i I4' 51:1141 r114 J ti'm

llo dt,:I d IIn'l 11;Iki,:1 rI~ I)% ( cr illc m :6 - til l, . i ,n ,d

T h I- l"'l ilI I w - c i ll (-c ll i cl w il ! 4 1,12/0,.



.'.1I 'If r -it-, u It ,t t va ( ' m I,4r 4 ist.ics

44 44cr 440>14fidt 4444io Il:,, colliion14 dl lion 4444m44 r(-( ovvr> Itr44 ;i colliion4 %Nit It :L r4'441\4rv

I lt'I.~islt2

11) iimi4 ' I w-' lirn-cit ii teI' 114'4lipt14i (li:4V li1'V4 'o'ir uch41 ;i '.s4-4:4, 44l \',1444'

144' 1l:4r:4414't4rs p,4,1 1.2, 44S4'4 l Ow4 414[444ii :,cs i44'i cr14 1 t;vlt ')I t144' di14W I I Ivs

I1 P il 0 . 1 0.2. 0..'). \\4 4)1 > rN (, I Iitl I lic~1-: I'mi is I' 11.444414 it( kit I40 41:1 h ifn

Ifr i r44lilI 11) 1 , 1 i l~l'1 414o4 % f I t(- I Ifro (!,,1I Iit I )o r ( ' 1 , s p) l4 ),-; I: i ,4 I :t ().1 I t 'A I4:II414 .;l

also not il, i':ict :h; I 14'lir i I'm ill)il. is 11" 44 -2rovlw' , 11Ii 4 i444 e :1141 Is

sc I11" :, Iit w l [i t . %Nl la er Il (;wl h e 4r144r14 l'r(I4 t ' %1 I t)44

IIt I :i ' r itIr ;k 1 11 i rv c I h sirct l:t I o , wic: I I I r:4 i t i 44 tI 1 r nit, ( 't

444'Ssl"4 -,444 :w" -14. 444 thehl' (11o4 14 istlc', J'4)444 1:4 ))J' 44l>4444I4'4'tI 4.1jl 4 ill (.1('4

N i I44 tl,it ltill 1:r;444)It4 1), , 44i I1 4ifcse' N\ 4444ii .1 is siwli 4:45 r:i! 114r lit I I 41144c 4144I t(

fit Li'. I ho, rqucl4 . 1 44' Al .4, IA ' 511;111 liw ' I)4 '.:il % 44> 1, 1 0.2 . t..I!c,- I I ' t, .r4-s I :r

1c141i141 i jm t o'.cr Ih!- 4-iltrI' r:4h4ti'cc it' hrout,1111t (Notc I I i: t I6ls% \:4c I III ~rcik.riu I/A!I

:t C llllfit d Il-o lill the' Imr4'.4414s S44'it4 t).

I i t i I4 r v 2 v II II t\14144 si >I iiI ; ir s~ sh, I I I I v 1 1 : i i I ii !4i14' c > i Ii iS l: i

14444 (i l . i to % ~ 1,A). ItI is 41:1.i4'4' l'w'' to4 441454r\4 I1)4' 4lc lo l*( sal4 imritio 414 Ow1114

c4I I:4444 i Ir iI I 1 *:1 c It I t I 4 4I I i l i c l 1,)r I I c' 14)1 1) ri44i o II S I Y c s.,r II :44 t I i I I c' i 1 i4 4 c 'lr 4':lts

:1> lit, 444444:4.. \1r crr4l note I41 t;it t,,~ c11l'~'4 ol p, is llllrt' and14r~i4 I44 itl' ic o'41j't(4

,)p i Iitit1 1 ), 4 bvol it iv44 it 4it) r4 c ri Ill:Ii I %%I v i AI is I: ir 1,4r. I I vrr v I1) 0. 1 s 1 44 '11444: I t I (1r p,.,

'.'I. 1i c I i ;ics i 4s tI I c Ir o 411 i II r c IilItIs. ThC14 10:14401 (i ('I oilI h144' ll IWi4 is SIIII Iid so1154 is

I he' 14rol14:ilility oll ai coillisiont; 4 el'rc, I It,, rcsults airt' noit 4t44 5t'44itivc4 to4 lt i44 I his vaste

(sSi:L , ) and4 w. us' -< 1). 1 lfiiv14 ,J ill g!ive's oo pel'llrivimice . We' 1:\ v, oilcT'ct,

(', -i-~'sap''s ;Is, liolig as 1114' loadt4 of' I his c('IsS sA :1\. s bc4'i4) i'414Il l':14:til Y.

I n lipi rc 3, 1 lIfroijph p4ill -4cwy ci v4vs :iri' shonll'i or : li v s :if 4io4 sysh'icm (l44'rea:l er

rt'veicd loi as 5410411 sytstiii) 4pijin 44, ill thei ti44441reemplive4 Vt'4I4t1, I'or SI -0.! t1 nd S -

0.2. Fo4r com~tirisiii \, int llIti, ill Iigii rt'3 .1 lit' IIf roujI4hpo iI *4hi: 44rllorml:444til o( 'SM\A

'I ) i4i limi4t 4iri44rilVy lIi'i( iw. We nol v Iit 44' t 41:4 4 14rt i'- ;t 4i1l'i-it ill uI'l:y For 4lie I w%)
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(':tit be seen ini ligitre 7, N% here we' plot. tOw avt'rag(' delay pvr packet vs. tii pri Ii on

as comoparetoI s'riniprevi'rpt lvi ystltms (T, 0). lirnilly n~otei that theuse ovraill iflicts

t':itsetl ii preiiptuitrt. rlaillely: a ri'tlucitiolt ol' tw lieillay fiti C( mt 11e55:gt. tireasci ii It'L

ltir C'., rllts:u'cs :ttti a retitti iol tl, thtarirtl vapacit v colist it utt' a tradvtltl iii %vciI s ta

we dllsire to iwtttliplli\ arn :ilttlivi-aolt withi ve'ry tipgt delaty cit tr~tits WNit i :mioh- v '1110

that tao t olcrt hi argi' dhIl\. Ili thiis ais' mi' atrt' on i itnjutrt'si ii mc 1111t lit 1 di I a,

Toi smllllu:rli/jtt thle diiisiisitissudi so~ far wi' pri-str it S :it i a-jpir i

ritirtiurit iiii (ttlviotttsly 1illirtetilivt') SYS~lt.

T, 2 slots, 1), --z 0.1 andti tilli'rii Valtti's 01' P2. Ili t ittse 5Wi'ltts \ (t ti.,r~lisivi t i w

thittijit' ip, gets lotcr. It. is vt'ry rut-rest iig tot noite tic ll' rtall svltsilt iv oIi' C'l tli:iV i lill(

chice' of*' p2 ill tw licase' li' a sci'iitii i'tl ivi' systv A~ c'i.r art i-\ pia ii silll S4ts i.i

I irnti ml we'e' Ow et ndl or* ai t rrsrissiort mtid thei text ('-arrival will iii lkir.%c. It', Itt Illei

will bie smatll. Hlltutl, tlie c itrr aiciess poriol arnd tit'tit i rt i'w lwTiort- : , rri\:l, aire

timies wirrv ('1 -pai'kets c'an lit I ratisrrm ilv, arid hlis totadlimern is tliiv r- i' lilis ol'

the' cicii of' Fo. In rottprt'irmptiu- S;Ysti'rs i' clhoicie ot' titr oplititritt p, litiirtu- more

critical as Cl jt;iiLuts rrtitt 1110t h i-'ill litt';tIt of' the co-t iitt-tit it-ril fi'r C. o-iritei' th
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5.4 A S I i n :t I F 'I I I i i I (,r% ;d,

m 1':ir ;ill I Ill, n ijl I s pr(, wii rd :i r(, 1'(,r -ill - i ii hi, h I Ili i Im, lin" c .

f'or bill h prioril ;t I i ic (11 1 r1hio iiff ,I* inicr:irri J i Inw,. )nt ill' I llo

W11, I jj:jj Illrl 111:1 _i pporl i (hijl'1/, (I o6t i i r:w nii , iwi, hi, h Ili-( to

I rallic clim-;ii li-ri dic, I Irit ;irc dilIcn ill from I lic (ill( , cwi ldt-rcd :,(i ki r. '11 h, 11(ly

()I, voicf. I rmlqlli iml i,. pretwillell ill I Ill- ill \ I ,vrl iwl , \%r pl ill 11, 1 1 m .1 pi'll, .11 '1,)fl

exorciso, :1 qwvj:jj c:l! c (:I' r;if itlil Ili,, 11 prilirif .\ l1w,
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Figure 38P. \';riL 1CI oF I'dua. lor C'I mvliii' in prcm ik sysivns
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T1-10. T2-'100 ,~uTp= 100

pj-0.2 , p2-0 .2

105-

~Tp 30
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-U -p

Cz
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102 --
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THROUGHPUT (31 - S2)
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5.A A Special 'av,: G ,icrailia it ixic Iritirvals

tI Ivse Iinessnpgesiare' geiiratv'i at. eatti stalion :i athei rafte oIi 6 1000) bil /sct. :I, it courldi hc I h

:1n c aia; tl 100V 1 iii p' Itita tvic' ftaiiiril t:rtioiii dei it Nit/se , ii':l i-eIs s,-i/i

Fro ri V e Im -s . tp .i 100 r i f~ (r f it s> i i L ii' ,i a' lim i~ s, t , e'I i' 'rc II.1I' h l i . h ' -% .1 it j1

so s, ic rI Ii t i rhp i'.lit., (4) b Si,tril 'V32 %Inruli rr's; Iri c ' etI",1 :tri I I

1)r r ; ~. I t t , IIi I' t r I t :IIr( )( *)r .( "(I I i It1 1i I

%0 1 plI-lIwf r 2 111 :1- 10 >~k o 69'



M1-50, M21 -5 0
T1-10, T2-1O00
pl-O.02, p2-0.02

500 SI-0.32

I-

00

50

0 0.2 0.4 0.6 0.8 1
THROUGHPUT (S1 - S2)

l,'iqyire, 7 I1'ackvt dfI.av for ( i wI,'S ;I e. n  I ifh ir wrir;at io ,iI i ,,(x'd nil 'rv, ls
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500 F 0: M2-50
Ti-10,T;?-10

5~ ~ ~ ~ 0 l00,P-.L

-LJ

~100NpC D--

---N N0 C D

50

THRTUGHFUIT l3



1 0 1 F I I I I f f I I I I I I I I

IO M-50, M2-50
TI-1O, T2 -100
pl- 0 .0 2 , P2-0.02
S1-O.32

z

0.4

0.0

0 . 04 0. .
THOUHPT S-- 2

Figur( ~ ~ ~ ~ pC 39 osA'roiie wliadwlotcliindtcin

andnon ririfzv syle s wthfix,( gecrtio o' C pIcko2
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S1 -O.32 7
105

LU 4  NpC 0

LL NpNoC D

LUI

z

102

0 0.2 10.4 0.6 0.8 1
THROUGHPUT (Si- S,'))



§6voice rranismtission in I -CSM A Networks

Revently, tit( dlesire toi inlt,,igri \'iii' comuiicii:d lull Oi liiiil L iii \orks ha~s

bteeni apparent. Ili I.hs sectio~livs ile tii prliirimiti ol'oti Y,,t eiis wit suoort-

piin~clers sucihll isiatill Iimirtl voe 1 o iil\tli dl rii-iiriici-ie ii \~iii siui

loss rate, etc. [or compilarison pulrpoises, wi also iiiii iihir ;III iui;iI1 (iilu o'11l Tii tl\ :

G.1 Il)I(-ketI ( ,efI(rat iol nProvsus

i lit ergiiiiraionIi tire is a r itIiiii v;iri;i h %%ItII I ;i iiiitir\ le, s (11, r!Ili it i (disi(retiv I ifIIt'

fI olt' rii , %%it 11 I ll' 611 O l jt. it il to T SCC.). W iil dculil t. %is 11 iiiph Vii:11 lotlls, SilchI

:uli ;issillit pioisi nou t IuueqI Mtt 4 A' Is t(e pLkvI gvriiiat iont iruici ; i t :t h I ;i l i I iI jiruvi I !, lul

ihiterrinristic (see bvlo\ ). Moreover, uh(litto iew readl iii( itst 1%ill, icitit urtiil icuiu

(,() ii I I I I l i l n, r ;i iage 1ierl'orii I )iiii is nout stit I Iiit i i h u I tici i Io lu 1i r IvI Iw d t i Ii rd )I IIIon

of* delay or ihilay pirceiile s. IV pic:ily I t. IIlle ii iiil is tuu Tik U uJi i i i (1:1i la ii W i

osu e t-' rtvIir );t hle pioi thed s i e woiltu-ul beu~u mrc ipii iil I. nth iui :I Ii it jiiii1!,,

hirisirity Ito viil uackits ii'.r i&d a iackit s, Iihe sillillic \%11 iljiii~tl i Iii ao ;I ce uni

(et, thle dclay conistraint lor viciie paikils evl il on Ow' jurisii 01' d1:11 aIr~utic. Not v

however, Ithit. ill I Iew pri senit sect it)it, We i-oil,; IIfur I II I lI ire 4\ (hi vil e ol' 1 t-:i 11o.

Ila 1i1 ('1y Voii'i, :1id tha1 ut it1 is Igi ven ii I i g I i ', st 1, i)rio rtIy.

6.2 (liaracheristics oh' Voice 'lilic :uiil VOiCC Suiirces

It is assuileid that, viiuiiirs uigJizv voic at suot vo-iiutul ratl' it V bits pwr

svecori. Ifits are groouped if) l'orn paicls wliirh irc lien I i:iiiiiiilu %Iat lilt niiirk( tio
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hc d IIIIO clicclx-u Ill, utld I w~ lI jihil' iir llio Ii hI . lw t!uIII' h) V, n )I 1l: i kl~ I, /f , is

'I, i I pi ) ii k~ Iiii I I i' i! I p w I: I I I I I I Iii d 1i 1 % I'W I I - I I - d

(tilt~ ~ rII ix ' i'ti F II I iii ' i i ii i I I i i Ift I I I I I' Ii I~ I~ 'I t' I I I v

(1 I ." F( 1. 6 1 i ic . :( ,4 i : ciil : I l, llI I76



6.2 C'h;Lact-rid ics of VoivvTr IrkI iv awiiI V,'icv Simirct-M

simuila;tioni ol* lP-(SN1., wt, undlertakie here noi idcie/d awlilysis iich Iroii\tlts anT Upp-lr

Iuitd ott t lie, terl'ormitnite. Ili essence it coie-ts ol' :1>511 lung i lihti iii rk dlI;kY I),L Is

idea'lly uietcrliltistic ;Lti euIl:dto i only (tut iutiiiit u hirlt ill w u cimii'! (WIrhi jltl 1

It' With ii tins suilitionu, 0)" -- ?/It' andi tOw condition~ Ij 1- 0" __ 0) ... hals to)

Hi,

(i ve II that \l1 \(i i so u rc ,ts re w ci~. i r 1 hi: 1ilii I %1 h )i i t I iml i i t rIItit :is

/IV~

Fl's. (2) m~ll (3) IClI 10 a ;1 n AII (11 %1 \ vii biy

Thtis idel ahnaisi in 1' hic ur rt( s Iuiiioi i i TlI)I A\ t Iih 1 t'eI A rlhh ir (it i iti :ii I iis

;-wititvtt; ix-. I lit voiit paickut iior a user is [*ii o ir I r:hnhntiiit:ti , lt 1 i\i i t Ow I"iilll

oi lIic sIt 1,ssiitl l I tl ( o IIi: itI i sicr. TIt is is, si t i )' ; i Ii vciI i v I i: ti iha I li c\% ocoihir s\ nhtririizi

tow rormlitiolim u iil' Imik(it ~tIic hu ouiitlry of its (isgIti shit. 'Iliiefl'oro \Oh Al

Users will TD)\A 'ratnies ol' Al slot,, 1),, is iqutal to oit, ,Al (i.e.. (I?1, Ii 11Il), whlhe Tf

is i ptial to A/ slots; Ilotti cIqitat iols (I1) ;ttid (3).

I~jai ol (I1) iltist rat is tlie ilhuct ol' Iliv iverltial 1 1h ott AU.- 11' 1,~ -0, 11(1

A/* = W/I', indiueendch:t of* I) I~.li Ilt ct:e iw v Ili optitii itauket ,ize is :

I'llrchol of'1),"PiI),, b

(I I)

The sf ialler /),, is, t lhe sim Illecr Ow ito jukit si ze is. \it hI It, 0, A I i , : t'l iIioit of, 1),

a niu dlecreascs 1s /P, dv ltrvast-s. I m I ccl, \%i I i I ?;, / 0, 1hli c p~ktt i /11 11 en ott ie ; rb;I riu rily

dlev rasvd, as I It 4 tiTel I of' ovtr ii du livoticns innorv stvtrv. I ii li Ini res 13 :1 lit II I t Ili,' dtshcd
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Ii. Truimi-imi lit P CSIA Not",trk,

curtrs relircsciit Al' as :t. I'miclion oI' I' I'or It' I VIWS ;tIld It' - 10 \MPS I-( ,Iji clj vj.ti,

/?;, -- 200 hP.s :md :irioiis valucs ol' /),,, 200 insec. corrc ,pmid., rowjil. It) Ille

C:IsC / ,, 0 or /),,, - A,. I-'or /) ... 2 iw cc_ lilt, clicri (d' /I,, i -o Inilmi-1:iiii tll:Lt Af* il

limiled h) rr.% stwill t,:ilijr, and i., r:i1her ins(,niiivv lo V.

6.3 N".11-ioll id, Virlirri..:'I 16-Sull,

Wc i oiildrr :i P CSNIA iwl% ork. I kiii. lww, .%it It ;Ili , nd it, ( rl l pr"j, 11":lt* '.11

10/1:4(4-. \\I- ;1, llfllw P , 'N O 1,11, %Ilii It :I, , w illf !,,I- I G II 161

jjrc:imhIc, t :;2 hil ( IA' :md 101 hil, fm- iddn ,Ild ()III( r , wII I-,,I

IIII. t.m h :lljk id tll: I Ili, 2 1, ')2 :m -i G 1 I Ij,-: :1!1(1

:dll- I'm. III, ch;lIllitl h:IIId%%idIII: II I tlld 10 \MPS.

m I hif, (1( p, Ild , (Ili III(- I.\Iw (d, (6-

Ilic hic:d rii\ lrm jrm ill (i.c.. :ill :irc ill Ill( I(j(-:il llll :I- H it( r-:It li (.

CoIli Hll Hit ;It it'll (.:ill Iw I ;Iuvwitpli lwd il' /),,, is wt Ilw m-d(-r o1*200 lit (()r u\ I it

T ll( t_ p c i. t 11:0 ill, 1-4-:11 1 iffir oIcc c()IlIIIIIIIIi(.:tI i'm \ i;I I lic I ill I)li( ! % it ched

TvIeldimi. ' t I w)rl ( c., % 1wre :dl p;irl ir., :trv iwl \%i I It: ii I Ito 1(),-:il iwt wrl, ); lit I hi, caso 0 ...

musl Iw rv d rict cd ) ;i t,;dtw (,it I It(- order 1& 20 iircc. ViwillY %\c dil i ii,,,tjish :i hird 1) pe

wich v. lirli I'mir %%ir, I ormi wil ions Ind rclio c i m-cilim-, proc( lit r(-s :irc 114,11 ;I\ ;tihIde;

ill t his I lic vch(p proldtii c:m be so (- cre a., I o rc(l(iii- /),,, I o lic Ii mil 4 41 1 o (-r\ m;tIl

valtics, (,it Ilic ordcr oI' 2 iwec. As prciow l.% nictilimicd %%ith ti6cr conimunic;klion. p;tckef.

loss *I, lolcrable :is :is Iliv 1(,:,s r:il(, /. i , limitcd lo a small :iltw. Ili Ihis w. ,Il;kll

;Isslillic 111:0 /, 0.02 i, ;i-It-qual v.

Wt, lir.,f vviminc Ilw clIccl ol' p:wket sile Ht, I /I,, till Ilw It( IT4,1-111:111ce.

'onsidvir It', V :i nd A I I o 1w li\(,( I . I o K ( 1(.ii oI c I It I, it it lit b( -r ol' li w k o ..MIpIcd ill

IJIV SiIIIIII31iOll, :1111d 11-1 1), , ... , Ok be the dcl:i. im iirri-d I ).\ I It(, 1% p:icI\uI , rv, prc-

tivcly. 1 '41 0" 0, ., -- ... - , J)" Ili L 1 Ili- or( h ru I ,c( picn-, ( d' 1 11 .1;1. ;:IIIIpI( ". W , let

111:1\ 01ti'l is Ilw \:ihic (,I' p;t( kt I dch t, \%Iiich L, cv-rcil(d 1).\ evictIv
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If +-i m4:\I)I.. It'I, is, ar I)'11I rari I I: ir!,,(', he'll If is liit I) vt () ii444l4it I44444. Il14I4'4'41.1 vi

I I I i II 144' ' I J.44'c'Is -oil 4I ( ,I i.sIII >41 :11 141 dU % i 1 I he palol 't >/v ' I il, L I';',', hit I'orh:444'4

(41 P4-(Y :\A ( w11i is :1 l1,1j404io of* I W/I?) is re4':lt i vl !%oo. I ll I Ili., i':i'ill4:[\{j /)I .} is 1s

Ilrge'r, on Ill nitic' o4rder 441 ii4 i d ~e :1s /?,/t I lI/It. A, /?,, 1144'r4:i54's, TI' I'4 r;tscs

:tit impo44rtan4t delt'r:s' 441' iC:\{)I}.(v:l'!, Iiir lr dccr':i.4 ill /;,. Ili' (, PA 1.

ch' w h41 44it) s:it I '1ir and44 441:xII)J I.} -- *40)(' IN Ikilj)4prhobability o,'4114. Tii thc14r4' 4'\4'd? :t III -

tilitiiii v':41444 144!' H.~ whicl41 44444414441'/'s Wc:\l)I} 1'4 1111-1t i ll(",' lIi 11, ', '.Ill I .14I ill

xIich w 'lot 11(4 4444\{)JI. \44>44$~ /?,, 4'r tlic c~s I -- '21 I\ I tI'S, it I \It I , \ I t 10 ;tl1

va1rious valucis of1 L, 11 is i~i~t(rv4sliiIg Io4 liotc4 1141 ',141i %1, Ilii 44liiIIlmi p;tek( I ' /1?,, i"

rou4ghly thc4 s:444n 1441' all v~u,ils LII. S4'Itil7). I, 11.12,4,' w.~~ ii Pll ' 12 lltK\{,0t.t2

a4 givv4'4 va:4I 44' L I, I144'4'o 4'5ts "1 1 1141 'i(p'41 I)til44441I14d III i ?, li :1 4i\Illl ': I'

A! M~iic'I s:4tisIV Oiw4 4'44451 riiit li:1/j. i ),, illi> nl:ti1114144 \:J1il I A!, A,,,

rc I) r'5'444. Is 4 I I pr I' rmne I* It-( 'S\1 \ %%,It4en 544i ppor I'i iI. \ iol'r cm414411111,-:t;4io 44.

Fri'444I Vipitrl ' 1' II md44 12 :45 \%cll1 :r i' rctill .' t 4114j11 I 1.44 :4!! 40wi'r (-:t>, 1, ~ 4

Wc 44)lo, i Ord \{)~(. :t11 tiln4444tl is :4';V i'rior' 4 Io f, m i it 4444 i' 44;\j 01/u

2 7J'f, r4'g:r(114ss of' 0... and14 L. This5 c'(lI'Iy jdilic4' th:Il:4t 144 ' l I44 ;ldopht d! 4'l il44r '.444'41'

Iran~smil bl~ir (single4 I4:tc'kvI buffer'4 and4( I . 'S) is not4 ri-,'I riclk'44. Ili I'i''41 3 w'4 plot.' 411

Almax4. a4s a4 14mic4('io ol tIll' voc(odv(14r ra:te V 4'o L 2'' :1444 It I \1111's :t1441 Ill(' 11444'

V,1111"' I' O)m,: 2 l1454'(., 20 44454'4. and( 2001 444>44. Tho4 O4i15i44'I C'1*i (Ml~444'. lo'~ the144

While11 it' 0I1 -, 24454'(., 1144'4 Alnd : 141 *Xfr1 444  :ir4' r:it1w4r iw44>4'lkctI4 it IThisi> , fi> 444

Ill Ilic 4'~istv'444 f' a4 : tiotir4'' 4v4'r144':l4 11h, 4.4144>4 411441 i' 44444 itoiljrlr4 ;i> 1114' i4':y

r((irv('nvi'ii is mo4(re v'rilit':4. 1To best. 4'44441:ir4 Ilii 44'rI'.rm44:441 d' P C4 "\1 \ to1 1h141 (it' til

ieal;4 I'I)1., w.,' v'4o4i;4'!' 1144' (':4114 W\414, . lii r4:4101 Il'' till Owp4 r1 4l\ 441' i '41.tiliw, the4

4'Irl(I. of' conl'1ion~ 45s oppo44sed It Olaf 1144 44' :4444 It,, ;11111 I i44'r4'44'4 ilhm4/' 44:-. fit 4'4.dir4:4
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- 4
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3' V=24KBPS
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G. Voice Iran~smris-sioI in P-CSMA Nvtwork.4

theC relative, ierloriiaioi' ol, Pd SMiA wII(il suipJort.iIng voice. Wei plot. in Iigtircs 15 and 16

jmaVIxu./ Al' vvrsus Vlor t' I andl 10( NIM'S reMsctlively. M. I~otA t hat, I he (h.1I:Llh:t 'ill

inl perl'orI;Iance due to conitention is mollre sig1Iiicait as t Iii' (IoIay rcquiiremniiit i-N molre scver(

an/oIs tiw chai:II4 1)IL[Ididlh hi, iS rger. I~tli thiisi trn- ;iiih re (IIIe to Owli hiyheu degre

Snni~iler ;i nd thierehioro- IV/ I is Li rt-er. Viiuwilly i it Fli , 17 % c (hi-khh I:I lit, (pt ilit i II1:(k t

aiv1,;s ;iI'iiie l V 1 br If -- 0.2 awli ), 2, 20 :mo 200 Ilsee.
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§7 (Coijcliisijorts and Sutggestionis f'or [uture Work

Thlied 1((1or piourity l'iiitiois ini M tiltj iaccss ( oiiiutiir (oiiiiiijttoi Nvtt .rks

a~rise's 1root appl~icttions ill witich wi' liv' ist rct lois oil tilt, la th t lliikit s can1 inculr.

One :lttriative is to havc a dculiicitet ch~lititl >iipiort ii, %ery\ low load,~ to Ilsir&' sliiil

dd itys I tnlitti :' L im s ill lroit' .~t'l ic pit rl tc h os ic ~ k ta

;iv invco si-Lr~d ('il l~~t p !)rl ()c t wcwhc :r88i(



7. (Cmichsions andt Sutggestitti for Itiire Work

numbet)(r of' voice sourc(5. As long s I, I w ( l It llay' n-(Iit ir( i it -it I isrot 11m) it 200( tiscls.)

aind tlhe (frl bI'Ifallwidf 1,1is not, too) lirge (; ~I lt ,.) I io Owt 1wltrmt nct )I' P-( 'S\A

is coiiprirriflv 10t 11:11 f 01t ofIt al Tl')X1A. li oWU\Pi' -i it f r 0)_, i> - ii II 201 ot . or \% is

tfii' (t~i~i > rA 10i or bothioilI Ow n t li IA liecoIlie iVt I ri tal tot p I -i, r( ) i ~ k I*

I~ fi I t re uitt i - t is lotw , iki i i-ast, i t1:11r ic i t ll v I1 \0: It I I li- \ ill . t il to

inerca:si the iwiixittim numbeilr (il Voii> stitrct' , it \ro til k.\ -ipil Ihit propIrti il

implovernet.

( -nc rally I pritrit\, j'r-ictort, rire S(Ilt to :tt-rtiA 1 ' ;1 tin I \ i re it,-

ttitr lIv lt- tsasignedilitarit w: :t i.-ili I o f, p lkc t h l ittIV l i I iri~c m l1, -im . ft' t-. . t olr

chigh tIttr l is .e s:11ttllift- Hwy t :lit~\t t l -\-\ ttni. il a-j,.j loll, , 1 il, It lrrtljtii

Io v f its ptorriio-e a l ltigftilc ciriririt v t ) is ig ms1:1 Ic~. It ir I :1 \ l- , (t d( ditt I Ire ItItItI

gvripr Itty iirfttiitoft-itt of litnlot \t ititl' ch iVw It~t rj its J

reclar er sonicifo o f t'I :ts-- titti *11 wi i-- itf ltlill tm -[lt],1 1, r;1t14-111rI-, Ilr t i m *rit\ :I~v d

\\'jtf io rrti r rclh ft issesr s ,lll Itt; ftitt il I' bc it-t r r , :i t r.% t ll Ic;t is

rio rtOl sipriiirul r ol) (d' hth ap t-rrtge cl;Itlfet tjlfow- iy. I(i-j~jIj,1(IlI o l '11

C l iieed Tfi - ir)- til % r h)t Irtrt-;ritis i ll crt ;i 1 
-1ttl Ittr Ill, w Iort t I. cl ()F i P \%t Iti

t h ali irgictr ttmi i f hi-ch I fuis jjtrl\ i f ilt. ;,(, (
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the numbIIIer ol' users (d' au ;iveuu pritorit v (-1 s andut ;dj list, 1) toeriug\i redure Ow hg!

of' Ifiv tiiiiliitimi periomi ijic i!iii!(eas liii problibiiit oil' a stwvui-s.t ili ru~Iui~(I
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