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THE EFFECT OF QUEUEINC3 DISCIPLINES
ON RESPONSE TIMES IN DXSTRIEUTED SYSTEMS

Elizebeth Wtid
Depwtment of Computer Sciertca
‘NreUdvereity of Tex= xt Assti~

Aastie, Texm 73712

Abetract - A distributed progrem conskte of proceaeee,msey of
whkb con execute coaeunatly oa diUereW proceeeorcin s dietri.
buted eystem of proccccom. Whes eeverel prrxeeecefrom the same
or di~ereat dietribated programs hwe beemedgned to a proceeeo?
in s dictributi system, the proceeeormust select the naxt procese
OJ rem. The queetion inveetigMed is: what ixae sppropristc
method for eelccting the next PMCCGCto ma? St*dard proccwr
qrreaeieg dieciplin-, ouch u 6reMorne-9mt-eewe sod roand,
robiwnxedqu aatum, we studied. The remkc for low CbCCCWor
qneueiag dkciplisee teeted t~n three problems wre prewented.
There problems were run on s tmtbed, condctins Ot a compiler
sod simtrh.or uced to run distributed programs on aeer+ecihd
Irchiwturee.

1. Iatrodlwtlon

Whea eeverd proceeeec from the same or diUrrent dietri-
bnted ?rogrsrrw hsve been a.wignedto ● proceecorin s distributed
system, M importsn t deeign qaextion in bow a proceeeoreekcte
the next proceu to run, Thie problvm IIU ntit been considered in
● dictrihuted ●nvironment. An intereetin~ qwectiotrX&C: Hcw do
the procectce●t other proceecoreand communication delsyn in the
system impwct the eekction of the next proteus to run? As s
betinrting study we btve inveetigxted the standard queueing die.
ciplinec - Oflt-come-firct-serve, round-robin-flmdqunntum,
preemptive priority, and aonpreemptive priori:y - in v,di,tritvuted
environment, The study shows that tbe rmpoaoe time metric can
diifer by SO% with diUerent choices of queueing dicciplinec for
tbrce problems.

The queueing dicciplitree were otudied with eeversl problems
that wpreeent three importtut CIMOVCof problems, The psrtbl
ditYerentlsl quatlon solvm iI b~ on ● iterative grid tec!snique
that ir simikr to thoee uBed in multidimensional spplkations uuch
u weather prediction, atructursl mechanics, hydrodvasmka, best
trsnnport, aad radiation truraport The centrtlic?l monitor hne
the typiml tree otructure of bierwchicsllv decigned spplkatirmt.
The producer-coovrmer pxlm VVpreeent a multiprogrammkrg
mvironmcat in the dietrlbttted cyatem ●nd ●e rcpreeeotatlve ot s
large ckc of problem-,

la Section 2 ● mtxhl .; (ho dbtributed ●rcbitectur~ sad th~
distributed bxgutge sre deedbed. The metric for comparbg the
pdormsece of IhQ diderent queerela~dkclplinee md a deecdptkn
o: !he teetbvd we Shea {n !kth 3 h Seetloa 4 we give s
heurietk for eeeisaing prlorltlew for the pdorlty dependent queue-
bg dkclpllnem %ctio~ 5 dcuribcs the dictdbuted programo sod
uchhcturee nn which emch problem execut~~. The rrxulto m
sk4n b Section 6,

8, Modol of Dlstrlbuted Computln~

t. 1, DMrlbukod Arehltaiuro

Th@ dletrlbuted ●rchitecture lo chwtctwked by the ~umher
of processors,the -peed of etch procewor, th~ queudng dkclplbe
● meh procenor, aad the We that coamwt ‘+e proeeewx Tbo
lime may have dl~eroat cspecltko, Ieagtha, *ad error ratem Th@
proeemnre hsvo BOsbucd memory xsd th?y rommuoknte ohly by
meeoxgemW* utume tb-t MY proceeeorrse rommualrstc wkh
xey other pracenor by routbg mwagec thrcwh Intvrmvdlate
procveeoreover Orredpath,

— breeesttddNVI CompwwRPIQW Wap, C-9,Let Al*metNMIQmlLa.
ber~mr;,t.+t ~lim ,, NOWMMICO9?s4$

x$. Dletrlbutad Lucguage

A program in the dbtribut.ed language consieti of proceeeee
thst communicate and share data by crsing mescagee. The
I-guage u similar to CSP, whkh m deecribwd in [21. The
lxngr$age wee eyacbronoas (blocki@g) communimtion primitive;
the oeuding proceee ceomot proceed until the receiving procem w
resdy to rereive the meeeage. For each meeqe tent at the pro.
gram level, them w two meeesgm cent ●t the protocol Ievcl that
impkmente the Iaagcrage. [n tbie Ie.oguage there ie s static
•~mlwr of procceeee. Qyaxcnic creation of proceeseeic simulated
by s proreee beginning execution only sfter eume other procem
~nds it s merwage.

s.3. Tormlrrol~

We desne vlrtud llnQ tlmo for s memagr betmcen two pr~
ceuore connected directly by a line M tbe product of the actual
time to move the mewnge over the line sod a eooa ●nt derived
from line reliability and the overheed of lower Ievd protocole, Tht
tctcml time to move the mcmage over the line ia the uwd function
of meemge length in mmsage units (peckets), number of bitb per
meccageunit, line capscity, and line length, Virtual Iins time doec
not include the time a mesmge wtits to uee the communication
rmbnet, Virtuul line limp for A mesmge between two procecsoreis
the sum of the *irtual line tlmee for tbe lime on the route,
Currently in local ~~ea networks, Iowa level protocolc e] ecuting in
the proceeeoreamrn!ly reduca the pb: ical line cspscity IIY ●t least
s factor of 10 for ●ny ,nemhge [1]. Virtuxl line time r~tlectn thin
●lfcctive line cspacity,

The maoaga delay of a promw !or s nynchronotwcommua.
katiorr u in CSP ie s funttion of virtual line time, queueiog M tbe
port queuec oa the rouks b a store ~od forward cctwork and the
processing, waitm~, snd queueiog time of tbe corresponding prm
ceM *L ite proceexrrr. Mexmge delays can be very Ixrge c >mpsred
tn B pvocem’sproceeebg timo hetweeo corrrmuolcstiorrs,

In the ~tbcd 1 un16 of tlma csa be thought of M 1 ~,
For Iocnl tires networkm wbwc proeeeoorewe 1 km spwt, tl~nsmi~

BiOCIr~k d 10 Mbit/@ ●C commom For s psrket of w mto it
tskec tpproximblely 29 K to eend s packet over the title, With
tbe fector of 10 or more for Iow?r kvel protocole, 200 tim P units is
s reexcmmbk number for virtual Ilne time In thb mod?l Of a local

*VV9 network.

For ●~b problem in this psp-r, wc xeoume●ll tlw procvntora
have th~ smmenpeed, IN Ibec are identical, aad ● meacr~~ unit in
266 bits, We ●IXOtxnunw tbst on any nimulstkm ruo ●ll proceo.
core bsve tbe stm~ queu?inn dbclpllne Thee xxnumntirrno ●e
meek to kobt? tbe +Uectcof th~ choice of qumteing dteclplitro ftom
other nyntcm vsrbbko.

8* ‘reetbed ad Motrlo

TtIo metrk tor comparktc v~rkrus quudmg dkcipllnex In
dedned m followt All the procexw of ● dbt~ibuted progrt.m ●re
eemmrd to otart ●t time Iero, I?ach procenxi tvrnllorntex M1sore*
time, l(i), Tbe melrlc h tbc sum over N praeveevcof tba twwrbs-
tba tlmet t(i) dhlded b; N, uxd lx termed the •vm~c of the pro.
cm twmbmtbg timee (APT’fI). API’T rc%e~ both th~ kvntruc.
tbn prormxbg rqukvm?sta of proeeeeeea.rd th mwago drbya,
Total tlm~, dellavd u thr rnuimum t(i), k riot ●lwtyn ● good
metric tor corrpmbg qumMrg dbcipllna, Amsuw wbm meenw:o



de~m am very small, total time b compambb for afl q~edag dk
Cipfiaea.

The teethedrmnsdietribated program coded ta the dbtcL
bu~d IaagaUe metrtkmed above, which h similac to CSP. Ia
additicm to the diatribated program, the teethed abo requires s
speciOcstion of the distributed arcbitectwe.The ketbed codate
of s compikr, interpreter, and drrmlator. The compiler prodcca
paeado-iastructiom for the hypothetical proceaaore ia tbe diatrL
buti system. The iak~rekr exscu&m the peertd-iastrwctions.
The drnubtor manages the irrkrpreter, proceaeorqaeacs, aod port
quewc aod executes protocol routines. Tbe simulator m baaed oa
tbe work preecnted in 14]sad wae validated extensively using corrr-
mercial saaiyticai aod simulatim packagm [3,5].

4. @touelttg Dladpllnea

Tbe queueing dbciplinee teakd were flretiome-tlrat-eerve
(FCFS), roarrd.robin-tlxcdquanturw (RRFQ), ❑onpreemptiv-
priority (NPP), aad preemptive-priority (PP) [41, Tbe two priority
dkipliaea NPP aad PP must aea~n priorities to the proccasca, lo
● PP dbcipline if aa expcckd message arrivea tor s bbcked pro-
ccaaof higher priority, tbe blocked proeeacpmempte tbe currentty
running proccea. la tbe tollowiag diecoeaionwe [ive a bearktic for
aaaigning prioritic4,

Generafly we have obeerved that acbedviliag ● dagb prm.+
w h ● distributed architecture must be aoalyxerf considering
both tbe eingk proceemr (local compone~t) sad the distributed
environment (global component). Our heurktk for aaalgaing
priorities Mgiven nafolloww

● Proceecea thst communicate acroae ● line me awi[nedbigb
priority (highest priority when meeaagedeb, J are large .inca
the global componmt b more important).

● A proewt on whkb ecveral other proceccec may wait (B
bottleneck proceea)& aacigned bigb priority (biSheot pr!ority
wbea meaa~e delays are smdi since tbe Ioc:ti component u
more important).

e Any other proceeem ●e aasigned Iuwer prioritize to Bpp oxi-
mste aborteet+emaiuirrg. time4rat (SRTF) [41,

Thu. s good priority di,dpline should generally give bighct prior-
ity to those proceeaewcommunicstlag aeroee ● line b order to
minimize tbe prwermor idle periods and thus to Oaiab executbg all
procemee at tbe proceaaor nooner. Tbe dbciplbe should be
preemptive co tbtt mewagea over the line can be rectived by the
correopooding proceee N quickly ae poadble. Choonlng priorltbc
USIOStbie hearietk ie d?monstmted la tbe probkms In tbe oext
Oeetioa,

A prlorlty dbelpllne wkb prlorkkc aadgned m deecribed
●bove ic denoted by PPg for preemptive prlorlty aad NPPg for
tronprvemptlve prlorlty A preemptive prlorlty dledplbe with
priorltks acdgned la vmb s way M aot to follow tie heurktk
glvet tbtvve b dmoted by PPP: proceaeeethat commudeme acroac
he md bottleneck p’ .ceaeeearc adgocd lowest priority, aad all
th~ other proeeacec●e mluoed hlghmt priorky, Wt htve fouad
that PPc umrdly dove bttter than FCFS, RRFQ, PPP, aad NPPg;
PPP dove the Pooreatt

5. Problerma

Tbo probkmo keted me ~ partial dlgcre-tbi quatb~ eolver
(PDE], ● c~mtralked mrnltor IW3NITOR), snd s tyotem of Ove
producorwossumtr Palm (PC’1), For Qach problem w. preaett a
brief dtecriptioo of the progmm aed s Ogure tht reprwmte the
dlatrlbuted protram, srdllleeture, -Igmmeht O! proceceeeto pm.
m.xore, mad prlorltke lor botb PPs and NPPR, Each procwc b
rtprewatvd by ● circle wkb the proeeee number b the circle; the
total Inctructlom proeveeing time rqulremmt p*r proceax ix givcm
bdow mcb *lrcle, The prkwky for a procexo b gkco tbove tacb

circk. The mamber aad ●verage sixe i= mceaage onita of meeaagea
em t at tbr program kvel between two coromunkatiag proceeaeek
gives shove ●ach Ii-e aa the Awed pair (rmmber,sixe). Vafuce
for eotomunicAoa aad proceaeiog time are obtskrcd by mndq
the prosraroM the teethed with aay amilpment aad architectvtrq
for tbeae progractta thece qaaotitim are iadepeudeut of the srchk
tectm aod amignmeat. Circke eacfoacd ia ● box mesa that the
eucloaed proceaaeeare aeaigsed to oae proeeseor. For each prd .’
km the procmrs are ideatkal aad the virtual lie time lo. a

memage umt ie the mute between p8ire of procmaee that must
commsdcate over ● lime.

hl. hctld Dliheomtlaf M@iO?l

We solve Laplace’s partial diRere~tial qustioe (PDE) or, a
grid with tbe oukr migcoof tbe grid gives aa boaodary coaditkmrn.
The iterative method used & Gaoaa-Seidel. Tbe grid m psrtitiowd
into mrbgrids where ●ach mb~rid M some number of contiguous
rows, Each sabgrid k aofvcd by ● proceea in tbe same way ●

w.quential program wouyd coke tbe ●ntire grid. A gr~d value ic
computed ac tbe avera~e of its four adjacent ●eigbbora; tbrrs, to
compute ● row of vaiuea, the two adjacemt rows are required.
Hence, a proccu must rqueat tbe two rows contiguous to its
subgrid from ite two neigbboriag procceace.

Figure 1 sbowc tbe structure of the probkm that runs on
two proceaaora. The two proceaeom are connected by a Iioe with
virtual line time for a meeaageunit set at 592 time units. In previ.
ous work we foued that tbe aeaigameat indkated in Figure I N
beetfor thic arcbitectrvre [61.

All procm ●re comparable; there u ❑o bottleneck proceac
becsuae each proceee k logically quivslent and computes ●n quai
number of rows, Since ●ach proceaa must execute one time per
Gauce-Seidel step over tbe same ai;u .ubgrid, there N 00 need to
auigmpriorities to approximate SRTF, The two procceeee that
communicate over the line are given bigbest priority. For PPg
●nd NPPg, proceuee 3 ●nd 4 wme wignvd bigbeat priority at 1.0;
the others were awigned lower priority at 2.0, For PPp, procemec
3 and 4 were aadgaed Ioweet pr;ority at 2.0 sod the otbere were
eeaigned bigheat priority at 1.0.

5.S. Cemtrnhwd Monitor

Tbe centrallxed motritor coneiak or ● recource procmc and
three groups; each Sroup codatt of a rqucekr proeeaa ●nd itn
three uner proeeesea. Escb user proct~ cxecutre some givrn
amount of time snd then makee a request to use tbe resourcr
tbrougb itc requester prwcew Tbe rqueater procvm peaaes the
uoer rquect on to tbe rmource proceea. Tb& b repeated 20 tlmec
before ● uter termiastew Tbe procvdag tim~ per iteratioo were
chosen eo that (I) there k ● -mall, medium, ●nd large procexdng
ueer proeeec ● each processor ●nd (2) the aum of tbe procedng
time of the ueem at each proceaaor ic approximately the oame ●t
each proceeeor.

Figure 2 shows the otructure of tbe centralised monitor tbnt
rust on four procmsort Proceoaor 4 la connected dhctly to pr~
ceaaort 1, 2, aad 3, Each Ilnc haa a virtual line time of 6S time
uuka for B meeoage unit, ID previous worl we found that the
aaa@meat bdkatetf b Figure 2 b b-t for t) n ●rchitecture 161,

Tbe requestvr proeeaaee●re 10, 11, sat, lit A rque#ter pro.
ceoabsa high priority becauae It b s bottles ck and abo btcauee it
communkatee over a line, Tbc uem proceexee. 1 tbrousb 9. at
each processor are not Identleal bemuse of dlUerlng proceadog
rqakemeato, ‘l’be ueer promaee are aecigsed prbrlty usin~tbe
average procveaiag time bctwvem 1/9 statememk to eetlmate CPU
burete ud thus to approximate SRT’?, For PP# and NPPt,
requeekr proceeeec10, 11, ●ad 12 get prbrky 1,0; un?rprocvaaee1,
4, aad 7 get prlodty 20; wer procceaee2, 6, ●nd 8 g~t prlorlty 3,0;
user procvaeee3, 0, ●nd 9 ~~t priurky 4.0, For PPP, prrrc@eaee10,



11, -d 12 get priority 2.0, whife xIIaxe? proceeeex1-9 get prior-
ity LO. SRTF k xo importaW component of the priority diecip
I& became a mer proceeewith a smsll buret time caa tlaiah ear-
lier tbxs the otbere and thae decrexec APTT.

L& Peoduc.r-CeruUtnor P*

Them em the predacer-consumer paim. Fuum 3 aho~ the
atructare of the probfero thst ram os two proceeeom. The two
proeeexorxare connected by a hue with virtrmf tine time for a mex-
mge unit eet xt 346 time unite. Procexeee 1 @ 5 we prodacere;
proceeGcx6 to kOme consumer% E8ch pair - (1,6) (2,7) nod (3,8) -
hae orw+thirdthe proceeding rquimment of ●ach pair - (4,9) xod
(5,10). Excb producer xends 40 mmeagee to ite corresponding con-
sumer.

Oee pair of procesmmcommurricstex over the line and both
we given higheet priority, There are no bottkceck proceeeeein
thie example, The two paire with the large proceeding requb
mente should get lower priority to ●pproximate SRTF. Priorities
for PPg are esxigned ax rollows: proceeeee3 xad 8 get priority 1.0;
proceeeee1, 6, 2, sad 7 get priorit} 2.0; proceeetw4, 9, 5, xad 10
get priority 3.o. For PPP, promeeee 3 and 8 get prkrity 2JI the
other procceaexget priority 1.0. The producer-consumer paire that
uc not split acroex two processorsarc independent of each other.
Theee pirc can terminate independently of the other paire; one
proceex waitin8 on s Iiite csnnot cause all the proceeecxon that
proceecorto block ex can happen in the other two problemn,

6. Readke

The recultri for each program and ite architecture are given
i~ Table 1. Of the dieciplinee teeted, PPg ie the beet while PPp u
tbe pooreet. RRFQ always doee better thrna FCFS; tbie ix prob-
ably due to its preemptive cbmctedc.tic. The norrpreemptive
pri~rity discipline, NPPg, is poorer than RRFQ for botb tbe PDE
and MONITOR probleme, The percentage increese in APTT from
PPB to PP~ xx computed by (mmx APTT . min APTT) / (rein
APTT) b 32% for PDE, 49% for MONITOR, ●nd S7% for PC’S,

7. Cottrlltrmtort

We hmve preeented tbe reeulte for tlve queueing dkciplinee
tested on three problem., Tbe dkciplinex teet.cd ●re Ifret-come.
first.eerve, round. robin. tlxedquantum, nonpreemptive-priority,
sod preemptivepriority with two sets of priorities. A beuristlc k
liven to uelgn prioritke. We found that the preemptive priority
discipline with priorkiee aecigned bccordiag to our heurietic wu
tbe bent discipline Meted,

0. AckttowlXmmt4x

Tbe ●uthor wiebee to thank Prohxeor K. Maoi Cbsndy for
mcggeetin~tltic problem ●nd provldihg vdusbb @Jance durla~
thle reeesrch, Thk reeesrch wxx supported io part by Air Force
Offlco of Sckntlllc Remwcb under graot AFOSR 814MOS, Thb
properwee prepwed under tbe NOPICCCof tbe U, S, Depsrtmeut of
Eomu,

@jii!i!lFw,—......——..——.—
Pn6iRin 2

Figure 1, Structure of POE Prcrble!m

Rdwcormex

[11 E. E. Balkovich, Digitxl Equipment Corporation; David
Wood, Mitre Corporation; Dieter Baum, Hxkn-Mcitner-
Institute, Germsay; Private Commuaicatimn, 1983.

[21 C. A. R. HoaM, “Communicating %quentixl Procceece,”
Corrrm.ACM, August 1978,pp. 666-677.

[3] PAWS Uwr’c Manual, CADS User’e Manual, Information
Reeexrch Aeeocistee, Austin, TX, 1981.

{41 C. H. Sauer snd K. M. Chaody, Computer Sydema PcrJor-
nmrce Afodding, Preotice-Hafl, 1981, Ch ~pbr 7.

[51 E. A. Williama, Deaigrr, Analysi#, and fmpkrnentation oj
Distributed Syaterne Jrom a Per!ornrance Perepcctivc, Ph.D.
Thecio, Tbe University of Texse st Austin, 1083.

r 6 1

&
k

MOcfmOn 4
ml

-w 11 ,

4- ‘6
mc

*I ~“

5

pi?ocsssm 2

Figure 2. Stucture of Centralized Monitor

L—
PRcasw ~ “—
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Queucing PDE Centralked Produc~r.
Dlscipkne Monitor Conoumem
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