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CHAP'l'ER 1 

Introduction 

This thesis presents the detailed design speciticat1ons 

tor a mechanism to handle absentee (or background) cc:aputat1ons 

in a multiple-access computer system, The aechanin operates 

as a package or selt-contained modules with a minimum of 

dependencies upon the enTironaent in which it resides, Thus, 

it may be inserted into any existing multiple-access computer 

system which has the proper environmental features, 

The work or this thesis is concentrated in several areas. 

First, those features which are deairable in a system tor 

handling absentee computations are considered. Mall7 or these 

features exist in current working systems, but several new 

teatures are proposed.. 

Second, the OYerall design tor a new type ot absentee 

mechanism is considered.. "nle tunctlona ot each module in the 

mechanism are discussed., and interfaces between this mechanism 

and other parts or the multiple-acceas computer system are 

defined. 

Next, the detailed design 1s presented tor the two major 

portions of the new absentee hand.ling mechanism, This design 

is interesting tor several reasons, 
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1 - Absentee computations are supported 1n a system 

designed for time-sharing applications. 

2 - The amount of ~bsentee usage·on the system may 

be carefully regulated to comprise anywhere from 

0% to 100% of the total absentee and interactive 

system usage. 

) - The portion of system usage assigned to absentee 

computations may be further subdivided. and assigned 

to absentee computations of various "types". This 

provides for ease in implementation of priority 

schemes for determining which computations should 

~urrently be serviced ~Y the system. 

4 - The appo~tionment of system usage is made flexible 

by the absentee handltng mechanism to prevent waste 

of available computing capability. 

5 - Computations or a particular "type" are always 

guaranteed first claim to the portion of system 

usage assigned to them. 

6 - The mechanism may temporarily suspend and then 

automatically resume an absentee computation thus 

making such interruption.transparent t0 the computation. 

la 



'l'h1s .abt.11 ty 1s uaetul ia l)r-ondlng . the .· 

apport1otmeat rta1bH.1tF·aenttoned abo'n. 

P1na11;r~ an attempt 1• mad•- to -,.01r,- a ccnpact 

set of' cn-rarntds tor uaera am, adllttn1.-.t1n personnel. 

The i\ow81M\111?ere 4•~ tQ.-~ :tlll00th·1n.teract1on 

with the tac1~1t1es am .oapabU;ttt. ... ot tbe:.,propoaed. 

abaentee.haad11119 ~--• In pu't1cu1•• CCIIIIIIIMUlds 

are Prffl4ed to per.tom: ~ owl.OWi .1Wlct1ona neh 

as oreatlng and tan•ting abffnt•.·o-,utat1ons,. and 

certain tunotlon■ Wl1ij.Ue to thta :applteati:c»t:&UOh as 

converting an 1ntftoao1-1ve ~icm lo~- and vice 

. versa, and -spec1tying the apportioaM111) ,C)t . .,.tea usage 

between · 1nteraot1Ye and aballtee :oGIIJllba tlona. 

1, 1 ZH9\P9191l 

A· S,p•ebeJ1M ·~ 8"t• npidl.7 ~• its 

r•souro•• aacmg ..,- u... -to g1Ye aaob uae:r· the illunon 

that hie ooapitation 1• coaetantl7· ~-~ · ,All idarMMY! 
user controls the ope~t1oa- .or h1a CJoalftl~OD v ls..uing 

cm,?llf (usuall7 1n the tora ~ •taMINllta tJP!l4·-at a remote 

teletype te1'1l1nal) to the s7stem, observing the s7stem•s 

respons, to each coaaand, and 1sau1ng turther commands based 

on previous responses. An ab§1ntee user does not have to be 
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present at a tentnal to ooatrol hia OGIQll1lat1cm1 

he sulal ta a· tile ot cc 1 nl• 11h1oh apeolf'J' tile operation 

ot hi■ J,ob. The ayetea ......, (t.,.:. • :11111nta1Jla. • ordered 

li■t et.) 8Mh or tun 4nor1ptor tUe• • ~- MTi'.fte 

'nl• ooaoept ot a ,..,,r vma,. u ttsa• ., . 

pro'l'lcllng MUnlbl• oaap&tS.ag a;at1u.- 1:o a la:rp llilaber 

ot uNl'lr (retelNd to • the MBf I g)$Y\ • a ·twnty,­

r~. ~-,....••1-1•~ 'l1)-h·aona1 

to expect, bOIMftr-, that -1.nma1:1cma ...-~ that the 

qstea unitugo an ooowtanal """' a ao that the llaltu,nct1on 

11111' be re,atN4. 'lo J'U\Dle·.nonaa ~tldll, tlMt- . .,_.. 

un4el"g09■ a llfP'Sup Pi'OMdla'ee 

Bach u ... or ·-the aptea ..,- ·a'IGIN · itrt.oalldtcm ta 

pr1 ftte [11•• ( usually apace on aeoond.al7 ■tonge aedia 

reeened tor th1a user). A potential utNa" of' ttlllcl 

intonation must identity h1■Nlf to the qa ... ,Ja,:ffllng 

a NOJ'et w,a,1 tams prllftlltltag:·-~11'14 ..,. .. 

trca ua1ng the aptea. !hi-• 14..-t1oat1cm _,.___.. -t• · 

nfcrnct ;to u :len\¥ f P• ·· Vila·-. uaer· 1a t.111t.ae&1 unng 

tile . .,..tea_ n !Ml wt to 1rlf'on -. .,.. .. .._ 11e no 

lCl'IPr need.a 1 ta :reaouroea. 
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Unless otherw.ln spec1tied, tile■ are used to supply 

input to and reoe1n oatpat tram abaentee ocaputat1cma 

since such computa.t1ons are general.17 not at1'aohed to 

terminals~ Howenr, the user 11111' desire to rec.1"f'e input 

to h1s absentee computation :f'l:taia a priTaile agnetS:c tape 

in which case his 0011puta1;1on J1a7 run only '11' a~ 4r1.e 

18 amallable. The tape drift iD this ~· ,.,. rater.red 

to u a dedigat«l DIIM£0! since 1t 11Ut blapeo1tt.cally 

aN1gnecl to th1• uaer tor the duration or h1•• oaaputat1on. 

To assure that a required 44d.1cated re•urc• 1a lffll1l.abl.e 

when 1t 1s needed, the user places a {Tla the 

system) to use the- reaource during a speou•10, tiwe period. 

lfon-time-ahartng c011puten genera;l.17 handle jobe in 

a batoh P1911ffiM tfl'IM• the ,1obll are eul:allt•ted 1n the form 

of card decks or magnetic tapes at a central ccmputer 

installation and are proceaaed sequentiallJ', either one 

at a time, or in the case or recent multi-~•8'111118 systems, 

se-ntral at a t1••• 

'l'he v,tp lend on a tuae-ehar1ng c<ap11iser qst• 

which services both interact1" and a'beentee ooap,.t&t1GIUI 

refers to the current demands tor eern.oe. 'to a1l. ocapatations 

on the SJ'Btem. When the load decreases more computations 

11111' be initiated to push the load back up to peak ettioiencJ' 



operating le'9'8ls. At aD1' instant during 

the opera-ticm- at the system, requests for-sernoe are 

enqueued on a priority basis (!fb!dpJ:,d), and the request 

at the head or the queues 1 s the first to ht sern,~ed.. 

Priorities are generally aastaned to oomputat1ona 

to indicate some sort ot preferen1;1al .ordering .. tor service. 

Met ll81gn prlmj.t1es are used by the qstem to detend.ne. 

which ot atmmal computations attea~ing to log in should 

actually 1:)e, allowd. to 1og in to the qstem.· §!hedylM!I 

P11.or1tht are uaecl by the system to determine whioh· 

ot several logaed in computations shOUl.d.be·gt-..n sernce 

'by a prooeasor when that proceaaor IMtcolaetl P'ail&ble.· 

Mm1sa1on pr1ort.t1ea are generally ttxecl whereas scheduling 

priorities an d.ynamlcall.7 COlaJJllted .. at·.~utl~ t.1ae. 

1,2·1p1pqpgpl 
The concept of providing absentee usage rac1lit1es 

ln a time-sharing errn.ronaent 'ts not new, bit~ the general 

ctea1gn pi-1nclplea haw not 'Jet. been diaoussed. ·'l'Wo .or 

the earliftat succeastul attempts 1n this area are, 

4 



1 - The Co.lllpatible Time-Sharing System (1, 1.5) 

implemented on the IBM ?094 ·•by' K.I.T_. 1n 1962 • 

.Absentee capabilities were 1nclu4ed 1n the 

or1g1nal design of C. T. s. s.. '!he ab1li ty for 

an interact1Te user to initiate ... absentee 

computation ·was added 1n 1965-1966. 

2 - Time Sharing S:,stem/)60 (4,S) implemented by 

IBM on 1 ts 360/67. Absentee .. oapab111 t1ea 

were included. in the orig11183. deeign for which 

a prototype 1mplematat1on became aftilable 

in 1967. Some notable feat\lres of the 'l'SS/'.360 

implementation includ.e the ab1li ty ror 

a user to interrupt his running interactive 

computation and convert it to absentee, and 

the ability for a user to in1t1•~ ~:~derange 

of bulk input/output operations v1a commands 

which may be issued by' 1nteraot:lft or absentee 

computati~ns. ntese lml.k 1npit/output requests are 

handled as standard absentee oomputatlcms and 

are enqueued until the 1nput/ou.tput. dences 

needed to sel"Vice the requests become.ava1lable. 

5 



The absentee handling aeehania 4ea1gne4 in this thesis 

is being 1apleaented as an integral pat·ot" the •Mult1cs• 

system (!J&ls5lplezed ,intcmnatton allll.SC-,Ut1ng §.erYlce) under 

de'V'elopaent at Project M&C at tlw ,.__._.-tu Institute 

ot Teclmo1Gs7~ lhllt10-a 1a biting·~ and. 1apleaented 

as a gen.rat purpose t111e-Bho111g opel'li1Jing 97Stem tor the 

computer utility. The reader 1ntereeted: 1n ezpl.oring Multics 

further ahoul.d aGllSUlt a group ot ,a,-.a,(S,,,"l,8,9,10) 

wh1oh were preeentecl at the Fall J01nit·Ccin~ Conference 

in 1965. Pt-eject MAC Techn1oal Report-,0 (4) contains a 

d1scusa1on ·ot the orpnizat1oll·ot the OG11puter ut111ty 

and a deser1pt1on of the .-10 dnip '<# ·the11ultics system. 

1, l 0uea MY,on 

Chapter 2 dlacusaea those tee:tves which are desirable 

1n a apt• llhu:m. aupport11 absentee CQIIPlltationa, and the controls 

that users and qatem ad111n1a~t1ft )191N0111lel should have 

oft!' absentee· computations. 

Cha1)ter ) llt'•aents a blocl<-d1agna o..-el"l'lew of the 

absentee handling meoha!l1aa, and d1scW1.1Ht8 ffie functions 

6' 
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per1'ormed by each o-r the modules in the mechanism. 

Chapter 4 develops the concept of a computation stream 

and then illustrates how several such streams may be combined 

to form a versatile multiple-stream queueing mechanism for 

absentee computations. 

Chapter 5 considers the problems of regulating the 

s7stea load. in a system which supports both interactive 

and absentee coaputationa. A aechanin for performing the 

load. control function 1s propoaecl which utilizes the 

flexibility o-r absentee computations to assure that the 

load remains close to ita most e'f'ficient operating level. 

The mechanism allows the computing capab111ty ot the system 

to be allocated in any proportion between interactive 

and absentee computations, and l)l'OV1des the ability to 

quickly and smoothly ad.Just the system to a new load. 

reapportionment. 

Chapter 6 presents a set of commands for users and 

administrative personnel to create, control, and terllinate 

absentee computations. 
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Features ot Absentee Coaputat1ona 

Th1a ohapter dettne•,·ab•entee. 1n'.teraot1n. and batch 

oompatat1ana, and d1Nune■ the d.llllar1t1~• betwen•abffntee 

and batch ooaP11tat1ona, the t•ture• ot -~ edllpataticme, and 

the tao111ttea ot the abaente. llanllltllg lalltObmlta. 

2, 1 99FWa:9B , ... 
A u■er ..,. ~ bi■ ~oap11tat1on 1n either ~. two aoclea, 

naael7 1AAfJ'ld&D or •--•· 
An 1&1iVM"1Jt tAlfPIW3:"' {Ip)_ 1• controlled 1'7 a uaer 

who enters ocaalllld• at a reaote t~ul., reoe1fta reapcmaea 

rroa the BJ'•t• at that terlllnal, and eaten 11441 t1Clllal · ~ om• 
baaed on prenoua reaponaea. The 1ntft'Mt1Te aod.e afford• the 

uaer preo1ae oontrol ewer hi• ocapatatlan and allon_ the uaer to 

ll&ke aa.1or change• ot atratea at nn tlae. '1'he'1ftte~t1n 

•ode ls part1oularly uaetul tor progna debagglng and tor 

1•pl-ent1ng prograa• which •ta1.1r• w1 th non-progr , er unra 

(adJlim.atratora, aotentlata, filght re■er9at1on penomiel, etc.) 

8 



An·--- 991putation UC) dOM not reqUiM ln.te:raotlon 
with the uaer.. The uaer au1:a1ts an absentee CJCaPll'tat1on as 

a tile of "'i•••rw'l• (&M!!HI: :fPllDt ftl.e) lluloally 1dent;1cal 

to the coaanda the uer WCN14 •tar 11" l!Uimtng taae:· nae 

cam.putatlon 1nteraot1ve17. The abaent ... .-. f'Z'eea ti. uaer 

troll h&Ting to be p:resent.. to oontrol bis: ocat,Utatlon an4 

1s part1oularl7 usetul 'tor 1"Ulllllag abeakecl .. ou.t progn111a and 

•produot1cn• ~r,ms. 

A kMh · Offll1S!:b!;j.gp 1 s 1-n~ally 14entlcal to: an abHntee 

coaput.atl• u~ tor -. lllllmff 1ft which th• tile or •t1111nd• 

1 • aubll1 tted. to the qstah ·, An . ._entee aouroe. l"ll.• 1'• 

generally nbll.1 tted. "f'ia a :reaot;e· taa1nll1, wheJ-eas a batch 

c011putat1c,a: Oil MM 1'1le ls~ 1111bm.t#ed. 1n the ~ 

ot • .O&J'd· deck at the centl'lll oapater 1natalliat1en. 

£a abaeatM oaapaktlm aq be 1111 t141te4 tor • user ·b7 •• ot 

the user•• 1nteraot1Te oaaputatlons, ..-.r. ot,11he uaer•• 

absentee OClllpata.Uoae, n •. a..toar.-'~., :SJ:a1•-1dllltll~-' ·· _,. Ule·:,uer • 

.l'·,uev~• .abaentn :~taa. ..,, ..• ,~'" bl .., «if 

that user•• laterutln or~• 4"1!1M\a'1elle. 

A unr 11N' ,specif¥ (f'or hia .,_ i,19HOt1on:) -,.Jl'Qftftlng tlae 

limit tor each ot his AC'•• It the tiae llllit 1• exceeded. the 

sy■t- autoaatlcal.17 aTea·the AC so that partial results are not lost. 

It the user does not apeclty a tlae 11a1t tor an AC, then a 4etault 

value ls aaauaed. by the 117at•, aga1n tor the uaer•• protection. 

9 



A oaapa1;&t1cm (IC or AC) ~ a ..,.UoQJar uer . ..,. obtain 

atatua 1nf'on1atlon abollt a117 at tllllt: UN!''• ·oca~ene (both 

IC'• and AC'a). i;.talied 1nf'oz•tlait...,.t -NOia _. a 11...-■ 

AC•• 1a al_,..• lffllllable to. tlw.t uer, · repZ"lll ... : o# ·wbnher 

h1• AC'• are -1tt;Jtg to be run or are oan:en\lF ramlng •. 

An lnt.H"Utl.,. uaer 11117 1nteft'llP' M• IC at aQ1' potnt and 

c011Tert 1t •to an AC. · Th1• .teainDa ta 4ea1rable 111 t:M. cue 

that a uaer wish•• to start h1a prograa 1ntuact1n1y to Mite 

are that 1 t 18 working properlJ', and ._ iila,-:tk.._ progra 

to abaentee ao that 1 t 11117 ooatttme ·• OCIIQ>l,e"• wtthcMt ·the 

user•• attention. 

An lnteracttw uNr ~ 1ntU'l'Upt ail7 one or bl• AC•• at 

~ point an4 COlffert lt to bia OU'l'ellt IC. ·,fld.a ~. le 

UHtul 1n tlM GaN tbat th•• uer -.na to• aont·tor ·the JJl'OP'8•• 
llade b7 h1• abaentee caaputatlon, or perb&pa llake sea• nn-tiae 

change• 1n either the or lta data. In__. oana, the 

uaer 11117 c011Tert a oaaputa1lton t:r,a· ~~ , .• ,-.. ~o, :S.~~Y•· t;:Q 

get a hlglle priori.tr tor 1me ccapatatica ~ ---,-.. oa11putat1on 

11117 be oatpl.ted. ---· 
~ .,.--. ■-Ud.atrat1n perllOIIMl. aay t.nd.:nate an,· AC 

(oz, IC) 111d.illl··appeua to be a •~j· 

The q■t• atatmstl'att.-. peNOlll!IAtl _,. .,_.1,.. an 

appoi,tiatmmrt or .,-ne11 re11011ro•• 1Matw ■1lil ••• allil tc•a 

10 



ln cmter to •phulze apartloular lilo4e d~ng .. rtalnperto4• 

or Q'■t• operation. In ett'eet, 'tld.• apport10IIIMllt- i,entt1-. 

the .,. • ._ into two 41atlnot_ nb-.,.._., one ~or 1'11111'd.ng AC'• 

an4 one fft l"llllll1ng IC'•• Th I.C•IC !fP!!'!1-mt NY nnge 

an,wbeN- t'NII ._1ooi to too~. 
A 1lNr ..,- haft any ftlm1ng AC' a (,and llaD1' IC' a) at one 

tlae, bu.t the maber oan be .i■ln1strati"f'e1Y 11■1 ted. In the oaae 

that a •ingle UNI' ha• ....-.ra1 IC'• at ftt'lOU.8 tfl'ld.nals, -.,h ·,or 

the IC-'• ha• -..i·eontrol OMr a1q ~ the uaer•• AC••• 

Inpat · to an AC 1• nomally talNn· ·1"rca 1'1le approprlate 

aba.ntett IIOIU'Oe rue. Outpit tNII • AC IIOl'lla111' ~to• 

UNr-apeoltied.,,,,,, ogtplt Qla., a.:__. .. Utel'natlftl7 

■peoit, 4e41ea.teo iitNlll'P• U,n flMe et MIN) ,or· ,&e-.,lafld;/output. 

A._ N'(aftt11B·4Mloaffll l'•eVIZON nr·••·i..anr or hi•· 

AC' ■ necal4 __.. __ ail'YIIIIH re..,..,. tor the reaOlll'Oee-. 

The e,.st• ~•• uHr requeata to lnltlaff new A'C • • 

ao that the•• AC'• 11117 be 1n1 t1a-ted in tile tutuN -•~ • t1ae 

which the .,..tea tnl■ 1• c,s;portmte. 

The .-t• my teapol'U'i17 ■upeld Nl"f'to• to• -•l' ot 

AC'• - that an lnonaaed load ot IC'•.., be .-.-ettee•1n17 

aernoed. Sla1larly, the ■7stea aq- •l!!!I• a maber or IC'• 

ao that an 1noreued load ~ AC'• my be n:r'rioed. -ping an IC 
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involves aanng the IC ta 1 ta· ol.'ll'l'ellt state -4· autoaatloally 

logging out tb• user. To oont1A.- a bt:lapecl IC .. i.. \lqr IIQ8t 

log, in apin. -4 apeeif7 that tb1' bullpe4 IC be reme4. After 

a uaer baa been buaped. •. he lllll often fiJJil tat . -. unnot log in 

again i-ecuately. Thi• oooura b!NauM the aottt t~._.t 

rea•on tor baapiag • user u to~~• 8J'•tell lo.4:and 

maintain the ltad at. 1 ta loni- leftl. 

The 87•• av.autoilatioalll' renae NrY1ce tp --.J)fmd.e4 

·.A.C's when the IC load deoff&Na. (11ote the. ..,_.1.r7 h~• A 

su•pended. AC ls al~• au~tioell.7 re---4 bJ 1ale a7atea 

while a bull~ IC OM only be reauu4 by th• 1nterat1n uer 

hluelt. Thi.a propert7 ia orit1&1&1. to,_~-- of.4paa.1o 

load bal.ano1ng d1IIOU8sed 1n Chaptei- 5,) 

Jobe uy. be 8111:altted. to the qat• 1-n, a batch-prooeH1ng 

tOl'll&t as a d,eck or cards. -Buoh jou, et~ ~- a 

procedure to 'ftlldau the identity ot their originators, are 

handled by the abaentee mechanl• in the ■-• marmer u .A.C's 

requested by IC'a or other AC'•• 

The n•tea aak•• ehutd.own tnnaPUM1t to AC.'•• 'b7 auepeming 

any AC' a NJm1ng at ahut4o,m ~ aa4.aut1,.:J.17 ~ng the 

suspended AC'•· at startup tin. An7 AC'• ldd.oh·. -.; altt1ng, ln 

ta queues 11!11t1ng to be .run ~t ~tclown, ~nn11•11.~•-- during 

shut;4own and -, be 1l'11t1ated by -tu •Vfltllll. atter .-.Z,t;v. 
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'Ph• appGl'tionaent or reBOUl"Oes between AC'• and IC•,a 1a 

nol'llal.1:,- clone f'or -rariotl'a long ]>M'iocl• or ._.t• operati.on 

called ■hitff• Hotre'fer, the"deauda 1111111• bJ' AC'• and IC'• 

upon the qstem over the short tel'II ~ Tal'7 s1gn1noantl7• 

and t'Nquentl:,. The ayat;ea oa.tare to __.t tam -..r1at1ons 

1n d-.m 11y MlBng aGdl-t1oat1ons to :the .T1Jaouoe· ap~-taa.ent 

over abort periods called. 1ntr,p;&tlog. ltl'hM•- !l'he. Load 

Control. •aollan1• (aee Chapter 5) . .._.. the ourren.t 4wnd:a 

upon 1Jhe .,..._ with the cUJ"l'8D4:,aht~•• Jl'8~•Pf0n1CD1111111t, 

and. makes Moeaaary a43V,81aenta U1 the AC ":and IC loads to 111,ftre 

that good qllAl.1 t, eerrtce 1• P'l'Ofld.ed -.-0 all 1"81111ng OGIIPl'bations 

regardl.e•• ot alQ' •n-tel"ll nrgu 1n '.4....t" Por exaaple, 1t 

the AC•IC apportionaent is 2.-.1.s• aM tile AC "411111nd• •eoreaae 

to only~- then Load Co~ro1 'aUOW eflOll8)l ... IC'• to be 

1n1 t1ated to bring the IC ueage :up to ~. When tile aen-ten. 
Yar1at1ona are or gNatff iugntttllle; Loa4 Control may. eleot 

not to -toh a 4eeio.eaae tn oae ao4e or ·UNge<-·wl.th a equal 

1noreaae 11'1 the ottter. Instead 1 1 t aay .. toh a• 2.,. deaNaN w1 th 

only a 10% 1ncrean, Thia prortdea a,du.ptag etteet. wbloh helps 

to prevent the ourrent u•ase ot qatea;. NltOU'OU t'rGII Yar,1ng too 

s1gn1r1cantl7 rrom. the desired shift resource apportionment. 

See chapter 5 for a aore precise discussion of the load 

balancing operations performed by Load Control. 
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The qat• keeps tnck ot all I.Q.~a: Nq11ir,\M: ·4-t2.o&ted 

re■ou.ro•• to be 1nlttate4. Whe!leftZ' .... naerw&U• .-4• tcw 

a part1oular AC bec•u due. tM •J'stell •+•at1~ 1n1.t1-~• 

that AC. 

In a 117atllll in ldd.oh IUIDY· 0011.Jllll1Jat1ou are ·amalt.-ou•lY 

ocapet1ng tor Arrtoe, 1t 1• 4ea1rabl• to Jll,l'OftM --·-aor-t of 

pr1or1tT MGhan1•· ~ allow a ~ to CIQNH the rela"Ye 

lapartaJloe of his oapatat!cn. The uer t. ~did with a 

otao1oe flt priOJ1.\I ftltMI 1n 11b1olt he IIQ' Nq'lleft -Id.• AC be run. 

Btgh priority •t~ proTtu Hffio. at ··il18UZ' ooat, ""11111• 

1ow prtari~ •tnaa 11Q' 'Jlll"Oft4• al011R •ff1,... ,., ai ~ coat. 

It the uer doea not apeo1f7 1n whlob pr1.e1 ~J' .;a .... 1- --.ta 

hi• OCIIIPltat.1an to run, the q•tea aut-.t.loal;J.7-.. ,~ •. ,tb4t. 

ooaJNtatlon into ta. •hP1ed •51 e,. aao•--..n• 
ocap1tatl011a do not neoeHarU.7 han ,to.,,N 1-1~"4 • 1-eeliatelJ', 

a ••r1 .. of al ting queue• 1e pzoonde4, oae tv , . ..,11. pnc:arttJ' 

■tr .... When LN4 eontrol 4ec14e• tt,at; ..,..~••.-o•JJ11tat1on• 

may run 1n a pc-t1o111.a.r •tr••• 1t l,at'01'119 the,:.-cban.1• wll!.oh 

handle• the absentee queue• to initiate an appropriate nuabel' 

ot·a'bNn+.e ooapitattona f'NII the~w.11s1ng q'Rfte tor tba.t et:Na11. 
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CBAP1"IR ) 

Ot'ern.ew ot the .lbaentee Jloautor 

The P•etee Monitor oon■1at■ :of a group ot related aodules 

and a ■er1e■ of queue■ whloh together ue re.,_.1fJla fC,r the 

enqueue1ng, 1n1t1at1on. oont»ol. and teninat.ton or ab■entee 

coapatat1on■• Th1• chapter 41acu■■e• the -.1or ■eot1one or the 

.lbaentee Konltor and the 1nte:rrelat1onah1p bet•en the Absentee 

Jlon1tor and other part■ of the ault1ple-accea■ ooaputer· •Y•t•. 

P1gure ).11llu■tratH the structure ot the OY9rall aechan1• 

t~ 1'andl.1ng abNntee coapata'tiona. Chapter■ 4, S, 6, and 7 

de■ori'be the part• ot the aeol\an1a in greater detail. 

J,111a,1or s,ot1w er th• MuRtu ftgp1tor 
Th• .lb■entee Monitor oon■lna ot three aodul .. and two 

■et■ or queue■, one queue ln each aet l>eing a■atgned to sernce 

each priority ■b-ea. Chapter 4 41--■•• tlle queueing aechania 

1n detail. 

J,1.1 '""'"' "IMM Coptrol 
•• new req_ue■t• to initiate abaentee 0011.putationa are 

entered by u■er■ into the ay■tea,.the nae■ ot the corresponding 
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absentee ■ouroe rne■ and ab■entee outpat tllH (~ otJier 

ad.di tlonal Ufftl11 1ntona1;1on) aN pl.MM lnto q-. •.... ~ 

the7 reuln $111t1l noh t1ae u the. -nt• -...14e• .,M 1JIS.ta..k: 

add.1t1onal abNnitee o•putati:.ou. t . ...., 1• the 

ay■t• llOdllle ru,onalble tw Mkilllt :&PPl'lOJIJl1_. ••" .in .the 

queues, Ntrlffing entn.e■ when tlw7 an .. ..,_ • of:lber. M"U 

or the abNntee aeohanl ■it, and A-1etat.ac •n• lfld.Oh- are no. 
1onger nee0.ec1. 

J, 1. 2 Abgnte• NHM ·nm• 
The MIIDW le! UM 9BIMI -. .. • . ..-S.• o_~ ,~~•• one 

P4lr prlorlt-7 at.,._, wht.ofl oOJ,lt.,ln ·tile per oaapra-.,Uoa Woraatton 
' tor abNntee ocapu.taltl~ -S.t1na to 1M -J.ftl~t.ect.. A~ 

reqwt to 1n1Uate a .MW -~--w. ,._,..,1-tlca ,. .. ,... ~tee 

Queue Control k llake an •fa7 tR tlbl• c .... tMa •. i'a the 

Appre>prlate .l'beentee lfait1ng QIM ... 

1,1,1 Abf!Bttt ""'• ewa 
The. tts..,,,,,..._,., .. •--'••-ora .... -. .... 

per pr1ortt;7 etrea, .1'111• ...-in Uae ,-. ••-•"1._ .J.Jat~t1on 

r.- eaoh ftllllng aNlltff o~oa. ._. • ••._111•• ocapa.tatlon 

la ln1t1ated;, .lbeOtlee ~ ~1 .-,...._ llie OOll'n90!_U,,. 

entl'J' troa ~ ~-- Ab...._ lfal:tl.11& Qaelle,..,_ 1~ 
• - • ' A• •' I ' • 

an ent17 ln the appropriate .lbaeat .. Rmm!ng Queue, 
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·11henfl'er a6rit &'bHlltN OCIIIJNlia-'111111 - M- 1111 W.."'1,. t.CNl4 

Cenl'Ol ( ... ·ChapMr S 11114 1189tlon ,-..2.3 Ml.ow) sm-..... tblf' · 

....... JR11i\tNer leNJie of . ._ IIIIIINI' ~-e-:a ·w Wl"ate• 

!'he Ab .. M••" lattS..tOlf Jklhle· 48014• tlll!hll··lil:" • N· llll'filate 

anl ....- ·~> •,,_lll'late Nll• to tlll..._ ..... lbe .Al,Nntee 

In1t1at1on llM.111• oal.1• Ab•anA•-~ COllffG1. w· .-. tu 

appropriate 1naert1ou (d.eletlona) 1n the Ab•ent. .,..ms (11a1t1ng) 

Queu••• 

J,t. S Abft!!tt MlJ\M MNl• 
·. a.Hafter,• the eol"t-tem n•,-.t• or ....._. ooapa~lona 

reterNd. to tn Chapter 2 u ~,-~CtlJIM" :a. aNll't• 
tiClllpiltatlfflae . !be· Gattmt1Gll Mtw•iilf a ·-.1..,_ ~toa 

and a o-,a-'1• llhloh hM MNtl,r-1aMIF .... ta ,..._. a .. ,...,_ 

caaputatton 1■ Glll.J' ..... •~ ••tu. wk ... u ._ 
■J'■tea d.eo14•• to ocmtUm• 1t, wherea■ a MTe4 ocaputat1on oan 

only be oontlnud tr the, u■u loCII •-;~~•--.- e4W• 
■ueh Mflfllh •---,,r · t•: -.:~••i.•"'ot'.W ti _$mg a llhelTecl 

MIIIPitla'lta MIil: ,,. ,-.rCIJMd ........ U.J' "" -tlle .Aw ,...._ 1lold. tor. 

Wh.-..w 1 t beoolle■ .., .. ..., tc ..,._. ._ ._lier of' 

nnnlng .t.e••• Load· ~1 1llfofta w.· ;p; NYMf Wn• Mil• 
ot how Mnt A.ct•• to llhel<n. · '!'he Ab.Nttltila ._.s_, lltCIII\• 'tteold.H 
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which AC'• to ahelYe and aaJcQ the. neo••aan 0-11• .to ~.,.. tha. 

Abeentee Qlleue Control 1• oall.ed to IIIIU· the.~• 

inaertlou (4elett.ona) 1n -.. ~t• • t.t.as- (.._111) 

Queue■• lfote ta.t ahelnnc • •c .. ~ ..... ,~1111 aa .•llt-r7 

'for it bull: into the appropriat• Abaentee Walttiw Qune ao that 

the AC again beoOIN■ a candidate tor 1112. tiat1on ~ th!. A'baentee 

Inlt1at1on Jlod.ule. 

l, 2 mr,~;~ other 
. . . ., ..... '.,.;;-;.·;. ~-,.· ·, 

Thia aeots.on 41■o'llaHa the enril'Ollllellt ot the abaentee 

aechani•• Load Control 1a dl■ouaaed. here instead. ot 1n 

section ,.1 'only becauae it■ tunotlone are related. to both 

IC'• and .AC'•• JIONYer, Load Control 1• a o:rt.tloal. portion 

ot the abaentee aechenl• and 1a cllaouNCI '.in detail ln Chapter 5. 

J,2,1 SUUI cgptro1 
SJIW Coptrol, 1■ the •o4'11le wh1oh prooe■Ha ocweeed. reque■ta 

troa the qeta MJl1111■trat1n per•~-. In ,artioulu:, S7■t• 

Control oaan7a the AC-IC apportlOl'lllllilllt 1ilt'o1'11&tion ··rrc. 
the S7atell Adalm.atrator to I.oll4 Control',' ·an4 tlie 48'Uoated. 

reaOUl'Oe apportloaent 1nt'onat1on to the: ·Renner. 

3,2,2 bEr9l'IM9• racnz,nt 
hrlo41o detel'lllnatlon ot ttie current -01111t■ ot intenct1Ye 
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and. ab•entee uage belng npported by the ~- 1• ••••ntial. 
to the o,aatlon or the load.•bal.all01ng IMIOJlenl••· "fRtfltP9! 
I · · obtal'M then uNge •tatttttlo• by o\'Mlt tlng ftiilou• 

a,-ste11 ,.,._.ten am eolffe7• the tllfo!Witlon to Load cmtro1. 

The .in tunot1ou ot the L9l4 £cm1irP1 ll«xlu1it are, 

1 - to •ee that the apportlOl'lllent ot reeources between 

· latUM'ttft an4· .._ .. ~--:r1ne}a. olose 
. . . . ·, ..... ·- .·. '···-' 

.· \-~- . 

to that apecit1ed, b,- the BJ•te. Maj n_t st111tor 
' : , " . . . ,- ~- ~ •' . . . _, .• - •. 

2 - to oater ~ abort-ten ~at1~ _111 tu demands 

upan the •1at• • • res_ouro•• bJ 4Jnaloall7 ft171ng 

the current reaouroe apportloaaent 

:, • to see that the qst• 1•. nelther. und.eiw not- OTer­

load.e4. 

Load. Control coai,area the apportlonaent lnto:rtaat1on it rece1Tes 
-,. ' i ,- ' . \\*'; ,. • ~ 

:rrca the S7ste Mldnt~ator wlth the ounent usage sta1i1st1ca 
• . • . ., •.. "' " c· ', .. 

nppllecl bJ' hrtOl'MDCe ~ent_. If· ..,, -~~oant d.1sorepanc1ea 

ez1•t between the_" aets or tJgurea, the Load Contl"ol -, aoct1t'7 

the s7ata lNCl 'b7 a117 ot the tollow.ing .,.._, 

1 - call the Absentee, In1 t1at1on llodUl.• to 1n1t1ate 

llOre AC'• 
2 - oall the .Absentee SltelYlng Nod.ule to .ahelTe •ca• AC'• 

:, - lno~ th•-lldlnli nuaber ot_IC•• ~lowed 

4 - deorNN the IIIIZlaa maber or IC'• allowed 

5 - autoaatloal.1,- log out·-· IC'• 
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J12 14 Load Control '1'able 

In th1• table, Load Control M1nta1ns a llat or all logged-1n 

IC'• and. oertaln ad41t1onal 1ntOl'llat1on auoh u the t61:al nat>er 

or ·1ogge4.1n IC'• and the IIU1a\1a nuaber or ic•• 11blch the 

•1•t• ourrentl7 allowe. During the loa4-belano1ng o,-.tlona, 

Load Control• obta.1na· 1nt~t1on aboat AC'• tZ'Clll the .DNntee 

Waiting QUeue■·and. tbe Abaentee 8Ulln1ng ~•·aliil,abcMlt IC'• 

from the Load Control Table. 

J,?,S D••tmt 
The lftMntt · 1■ rellpOD81ble tor ache4ul.1ng the u■-ge o:r 

dedicated reaouroea (tor both IC' ■ and .AC' ■). It a uaer•• 

AC requirea 4ecl1oated. reilourcea, the u.r·· auat pJ.aoe an llllftDCe 

resel'fttl-on tff the n■ouroe•• 'l'he Qatea au1;caet1.oallt 

1n1t1ate• the AC when the re•ff'Yat1on ~4ue. 

J,2,6 MD, BE§UXI, M4 oUIT 
'l'heae aechan1•• are pronded. in the llUltlple-aoceH ocaputer 

s7sta to facilitate certain un1pulat1ons ot ooaputatlons uaetul. 

to both AC' ■ and IC'•• QUIT la oalled to atop the exeoutlon 

o:r a computation and place the coaputation into a state in which 

it aay be easily preserved, lost, or continued., .!!!!· 1• Wied to 

preaerTetheooaputat1oa ln.Ua ,ouztelat:-.te _, ~t:tbe·ooaputat1cm 

aq be continued in the future. BB8tJIIB 1■ uaecl to oontlnue 

a SJ.VIM c011putatlon. 
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Shel Ting an AC iDTol Te■ tir■t QUI~ -~-- AC, then S&VB1ng 

1 t, deleting the .&baentee llmm1nc QlleUe •tw tor 1 t, OMatinc 

an absentee Nuroe tile oonta1n1ng a - cc m, ad plaoing 

an .nt17 tor this tile in the •~ .Ab.-tee Waiting queue. 

U-..lftfla an AC 1■ done by the AltnntM lrd.t~on Jlod.111• 1n the 

.... tallbl• u ln1t1at1Dg a new 11:. S.•••' a1noe the a1Mlentee 

■ourc• t11• tor tbla. :AO. OOIUllete ot ....i,- a ms -ow~aan4111. to 

renae a SlVBd. tile, the aa'Yed AC 1■ ~. 

U■-r■ are prort4.e4 w1 th a detailed.. aet ot I"· I _sr.4■ w1 th 11h1oh 

to control th• 1n1 t1atlcm, operatlOII, •- tei,d.nat1on ot abeentee 

o•pitat1-■ ( aee Chapter ·, • ) •.• ~ •.H a'1de oaUM oall■ to 

entne■ 1D tbe .&b"nt" Rom.tor anl. ■--a. •ild'--tlon 1• returned. 

to the u■er 1D ~ oa■e to 1n41oate 1t t11,e ..U• a-e 

auocea■tul. 
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Peatue• of the Quue1ng lleollall1• 

The 9s!99'!1 !!rW!• oonat.n• -~ ·U.. ~ Vaitlflg 

Queues, A'bNDtee Jbdmlng Qmnae•• aml tbe AINIIIII.._ QQe• :Donwol 

aodu.le •. Dd• ohapMr 4uorll•• tlbe nnot_... -ot the ftl'ioua 

quea• an11 the operatlan ot AbNlltee QHa- coawol. 

't, 1 ln:¥1 \t '91: I 9Mrt1m ffebenl• . 
DllrlJta the Gpffatl• ~, ._ . ._..... 11,8ft "'l·l&UU, to 

.tnt.tiate IMIW AC•• ~,~U'l"lv.t',ftitl• ....... ,..~, ... ,_~• 

oan be 1n1t1atect. One reaaon tor:cbl• ,..,..._. .-...tlmd. ... 

naber ot AC'• whloh 1181' run alaul.tanNual7..,. be lla1tect, thua 

neoeae1 ta ting the. plao•ent ot ..i Ung NCI,... ~ a • ting 

line or --• Aotull7. a que\ltd.ng- • .....,, • - lie ..,.tded 

it lt 1• i"elt ht the aptea d. .. qnu11 tba1t U' ._. o~ 1• 

DO roCIII tor 90l'e AC••· theft. the U8fl' .9bo1114,· re_w., M• ..,......., 

at a later '1-M. 'ftl1a, la etteot. l• ua. aethocl 1IM4 ,la tile 

oue of new 1ntenict1•• t1Nr._ I.t tba . ..., ·IC oannot lie 1n1t1atect 

.the·.UHr ■ut -1 t; uatu • late ti.. ..... ,NMtapt to log ln. 

flle,,nqoa .t".or,·tJd.a. obOtoe· l•. ebn... ·---•• 
an 1nteract1n u••r tries to log 1D and. that the q•tta ounot 

hand.le aD7 aore lnteraotln u••r• now. SUJlpoae that the qst• 
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then proceed• to enqueue thi• unr•a request in a waiting 

line "1th other requeate tor IC'•• Clearl:r, there 1a no wa:r 

to tell how long it will be bef'or• the new requeat ■a:r be 

■ernoed. Thua, tile uaer ■ipt att ~a1thtuu.r. •~ hi• console 

·tor aneral ■inutea or perhaps HflNl. hours before his requeat 

■a:r be aernoe4, Prall· the hu■aa f!aetk• ai.atpotnt-llhleh 1a 

80'- Witted .ln the 4••1sn oonat.4e-rets.:ON tor• ••t-s,te-aooeaa 

ooapuwr .-tea, noh an ooo\lJ'NIMte·1e not tOlfllllll1:e. 

HOWfl'e-r, ■inoe a u..-r 4oea ~ haft to bll p.rwent to-l"IUl 

hi■ absentee OC111putat1on, it 1• olear that reque■t• ror AC'• 

■a:r be enqueued tor future initiation without q:, inconvenience 

tor the u■er. Aa a matter or raot,. in this ~ the uer is 

assured t!lat hi• AC will be 1n1t1AM4 at. the ear-Ue■t Po•al:bl.• 

ti••• .&a wtll beoolle clear in Chap.t•r S, thie teature ot 

absentee o'capa1-tione ta ■oat on ttoal. to the dnlp and operation 

ot the 10ad.•'bll.lano1ng ■eollani•• 

4. 2 NM P1Fip\1ne 
'l'he order 1n 'llhl.oh req••t• to 1n1t1ate new AC'• ue ■eniced 

Aee4 -noi; -neeentlll'i"l.t1 be the ■-e •• the onler 1n wlatoh these 

req1Uta-t■ UTifl. The aethod or chooai.ng the nest AC to be ud.tiated. 

rrca the queue• 1■ referred- to ae the 9nM d1ftl.fl.1!f. aong the 

■ore coaaon queue di■oipl1DM are t1Ht-1ti-ft~· (t1fo) Which 

eeleou ·entH•• on a ttrist-o<lllewf'lrst-••necf bn1:a, -and laat-1n-rirat .. 

at;. (.Uto,) •s..i. M14Cl\9' --l"U• Oil & . ••• ~tl~HPte4 basis. 
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The queue d1aolpl1ne ·ohoeen tor the 4-a,u W-1Ufls ~u .. 

and Abeentee.Bunmng Queues utlllua l;loth 1't.to Ud. llto 41ao1pl1nea 

1n a ltl:lab~17 aod11'1ed tuh1on. 

4. J nr■t-ID::l1ut::9Jt ,p1191p11nea 
Th• c.T.s .. a. •1'•tea ua•• a t1to d1c1pl.1ne 111 whloh at 

most one abaentee ocaputat1on may_ run _at. a tlll•• once an AC 

has begun to run it au■t be run to OO!lplet1on 01' until it 1• 

autoaat1call7 logged out. No prc>T1a1on 1• llllde to allow the 

running 0011putat1on to be t•poranl.7 auapended alM,l the reawaed. 

Abaentee uuge 1a nner too e1gnit1oant a po~•,•t to'-1. 

e7etea usage elnce there 1 ■ ueual.ly a elngle rannlng abeentee 

coaputatlon and •• aan7 •• ,0 rumttng 1.nteraot1Te ocaputation■• 

Henoe, the auepenelon ot the a1agl.• .--tee oaapatatlon le not 

reallJ a nr•t1le tool ln teme-of·llllowlng ■on l~._..,tiTe 

u-.e to ooour. Figure 4.1 llluet:ratee the c.'1'.s.s. queueing 

mechan1• tor absentee computation■• 

WAITING 
ABSINTBE 
COIIPU'l'ATIORS 

~ - """ onbl•""4od at - ot quuo 

• • • c:S ._ next ~ to be ln1 tiated 
RtJllllING _________ _ 

ABSBJr.l'BB 
COMPUT.lTIOlf , ._ onl.7 one AC 1187 run at a t1ae 

Figure 4.1 
c.T.s.s. Abaentee queueing lleohanla 
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.An obnou• uten.ton· to the c. !-. s. s. q_ueat• 11.eohanl • 

1• to all" aany· AC' ■ to ran at one u... Thlat iri'fteCIU1M• Nile 

interesting load oona1derat1ona since it m.Cht' reft1l•f tti • .,.•t• 

with a poor 1nteract1Te re•pon•e it the nabe:r ot running AC'• 

beooae■-·1arge. This probl• 1• 41ahNe4 1n.4etaU :1'a QlaJter s. 
Figure 4. 2 1lluat'l'at•• a queueln, nohei• wlliob allON tor 

a,my running AC'• at one tille. 

VAI'fllG 

gr&Olrs 

IUDllfG 
ilSlftD 
COMPOTATio•s 

[ 

[ 

Figure 4,2 

• • ... 

2:::i-----◄ 
I 

... •trl•• .lld4ed .-t 
baok or queue 

nut entry to 1:le initiated 

aaa,·rmtn1nc.AC 1 a 
(preo1H nuaber ot 
AO•• 11-.1 Ml· bF the 
•J'n••• load control 
•eohaal•)·' 

Pito Meohaala w1th Multlpl.e Running AC' ■ 
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Rote that the atructure or the aeohani• ot Figure 4.) -

allon p-bl tl'U'f criteria to be uaed 1n deciding tti• ordering 

bt the lllltriea 1n the rwlld.-ng queue. 'l'he 11to 41ao1pUne is 

partioularl.7 usef'ul fo't' the extentldn ■ade to this structure 

in the nut ••t1on·. 

't, S Ccppgt:at19 ftnt1• 
llow let ,ui oont14ff the idea ot ahel Ting an absent••· 

caaJNtat1on. 81Me·av.ut 1• genei'ally not j,i,eaent to control 

hi• absentee ocillpatation, the.uNr d.0ttahQt·ntter aJl1' 

1ftQ.Oftftnlence 1t his coai,atation 1• teaporarll7 auspend.ed 

ad il11tcaattoa?lp ff ... at. As baa been mentioned. preT1oual7, 

·thla property of AC'w tao111tate■ the·4e■1gn ot the load 

balanctng ■eohanl• presented. in c&.pter S~ · In thi■ ••ctton, 

the ■eohml• ot Plpre 4.) 1■ ezt:enled. to allow the reaOftl 

ot an ent17 troll the runntng queue and.plaoaent ot thla 

ent17 back into the wa1 ting queue. 

Pigure 4.4 lllu■trate■ thi■ new ■eohanla whloh la 

referred. to a■ a PSBPHlttl91 ftl'!II• '!'he ■trea■ oonal■t■ of a 

t1r■t-in-t1Nt-olit queue of waiting AC' ■ and a la■t-1n-nrtt-out 

queue 'NhoH entrle• point to the Tar1cnas runnl~ .lC' •• t1aer 

requests tor new AC'a cause entries to be placed at the b&ok 

ot ·· the wa1 ting queue. 'The ent17 at ~ tront ot the wa1 ting 

queue 1 ■ next to be 1n1t1ated. The entry at the front (last-in) 
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ABSBN'l'BB 
WAITING 
QUBUB 

ABSJDl'1'BB 
RUDIIIG 
QUBUB 

0 

bottca or fifo waiting queue 

I 

O -◄..,__::=::s:..s~---+----l; .. ___ _.! ... ◄•' -•f- bottm'. or 11ro ·rtmn1ng queue 

pointers to 
l'Umllng AC'a 

F1gure4 0 4 
A CoaputatiOJ1 Stream 

. . 
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or the rwmlng queue 1a the rtr■t to be ■hel.Ted when U7 AC'• 

are to be ■helTed, il■o th1• entr,, 1lhen ■helTed., 1■ p].aoed 

1-ok onto the t:ront ot the al ting 1l1Nlle 11114 henoe lt beooae■ 

the tlr■t entr, to be 1n1t1ated ..in when aore AC'• de to lie 

1n1tlated, The entr, at the 1-ok ot tb• rumdng queue (t1rn-1n) 

1• the la■t entr, to be ■helyed wheneTer AC•• are to be ■helTed, 

'l'hl• ■tNIIII aeohanla glTe■ WI the ablllt:, to,t•l'NH 

and..~••reue the abMl'ltee lOIIILI, d'4lotate4 'bT tbe load 

bal.-1.ng··..,-._1 ••. lllt1le at 1:be .... tlae ~- ..... t1o 

oaapl.etloa of all AC' ■ regudle■■ ot llbetller tile:, are ner 

ehelTed tor an:, rea■on, 

4. §. n21 of , 9WEt1t1on saroMlb , rnn 
Plgure 4,S lllut:rate■, the now ot an AC tb:ro1lgh a 

OOllputatlon .. ■treaa. Sino• an AC ..,. be ■helTed IIDd Wl■hel.Ted 

~ t1ae■ ae it rune, the entr, tor the AC M1' ,aae baok and 

torth through the waiting and rwmlng queue■ uats.l lt·nentuall;r 

reaohee o011pletlon llhile realding 1n ~e runnlng queue. Rote 

that it 1■ possible tor ah AC to lMTe the ■tNIIII while lt la 

ln the wa1 ting queue, This happen■, tor ezaple, 1r .the u■er 

decides to tel'li1.nate the AC. Chapter 6 dlacu■N■ u■er oontrol 

or AC'• 1n detail. 
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il8D'l'BB 
WAITIIIG 
QU&UB 
(PIPO) 

ABSD'l'ZE 
RUDIHG 
QUBUB. 
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()~I I I I ~I (2)+111 s:1;:e:.-
--------- ~·,· ........... . ~ M !IP SJuau-DQ 

(4) · I .. '-----' I (3)♦(4) AC le 1D1t1ate4 

+ __ .____ · ( or 1D'l■helftd) 

CS 
(4)♦(3) AC .1■ llbelTed. 

IYP1F 9YIYI PJ.OY 

I j , !m!Zl :::· .::=.:· 
.
1 
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( 6 1n1 t1aW befON 1 t 

, aN'ooaplettid. 

I 
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(5)•(4) t'J'ont ot the i,mning 

tune• otb•~'AC'• 
1D1 t1ated. atter 1 t 
are ahel:nd. 

(4) An AC ... be eoapJ.eted. 
( S) rep.rdl .. • ot1 ta 
(6) poaltloa 1D the ru:mung 

·· que\le~ '!'he AC'• entry 1• 
4-1.eted. and all otlaer 
AC 91nr1ff abtlllD their 
-• relatlfl J)0■1t1ona 

4 
1n the rmmtng q\Mue. 

PigUN . • 5 
Flow of a Ccaputatlon through a Stna. 
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4.7 MJ1t1:ll• ftnr Queuelpg M•9b1B1• 
It 1• apJ)8Nnt1'ran_ the d1aouaa1on o! section 4.S that 

a atNt111.-type q11._ing meohan1.• coupled w1 th a load. control 

••Ollanl• wtdoh orders ·the llb.elrtng and. umthQrtng ot AC.•• 

1s a uaehl ■Nll8 o-r ·cont:rb111nc ·the. ·IIIIOUllt ot abfflltee u-.se 

liupported bJ' the 87'8-tea. .An nen greater degree ~ control 

OTer the . abaentee usage 1 a made available \tt · ut111dng a 

multiple str-.i..queueit,g aeoham.aa. Thus, 1~ aq be ad.vantageoua 

toditt_..attata beheen "f'ariou• types ot.4~te,e 0011putat1ona 
. ' ·~ ·. 

(such as might be done.in the implementation ot • priority aoheae) 

.nd·euoh a differentiation c0'11d be ude 1'f aaaoola.ttng AC'• ot 

each type with a dlstinct stream. 'l'hen·, the 10114 control 

saechani• ooald oontrol the uuge in each stream 1n41v1dually. 

These openttona are d••cr1'bed 1n cle-t;a,11 "in Chapter s. 
Figure 4.6 tUuati-ates a mut1ple at,..._ queueing aeoharu.a. 

·Note that no reference has been 1184e so tar to a aeana or 

ordtting interactive COllPllt&tions or d1tterent1at1ng between 

various types ot 1c•a. This has been so because our primary 

ooncem has been 001\91.derations related to absentee. c0111putationa. 

Th~ d1acu.s1~ or· Chapter S lnolW\ea· several such considerations 

or IC'•• 
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CHAPTER 5 

Load Control 

When both interactive and absentee computations may 

run togethe~ in a mUltiple access ccaputer Q'stem. it beccnes 

necessary- to apportion system resources·az,4 computing capability 

between the two modes, This chapter discuaaea how suoh an 

apporti01111.-nt 1s made, adhered to, ain4 dynaa1call1 adjusted 

by the ayst• to u1nta1n itself at efficient operating levels, 

S,t Terp1noloq 

The sum total of the demands made upon the s1stem•s 

comput1ngcapab1lit1es by all computations on the system is 

referred.to as the szstp load, ~pending upon the capabilities 

of the particUlar computer system in questio~, the system 

may operate efficiently over a wide range of load situations, 

Generally, on a large-scale time-sharing system many 

computations mq run s1m.u.ltaneously., ,~t there is a limit 

34 



to·: ttaa·llllllbe1" ot. · ...... ta.-ttons, ·wld.olt• !lslle. ...-. :eidl. n.._,.t 

M~t ~-enr loai4e4. 

A■ a ••nr• ot q■t• loe4 • w tile n ~- of' rumd.118' 

ocap11-..i-.. '!he t111M 1914 ln a OClltllllt.attca --•• l• the 

nuaber of' :Nlllllag eoa,-taMan■ tn that iltls•~" ·'Ille- •·IBa1: 1.1_i...,Jr,ll!I.S.1kUmcP 

tn a 0Glpftat1on •tNla;1.e th4t ....,_.,-ot. o_,.ta~s.-.· tn the 

..i ting ,.._ tn- that ■treaa. · at, Uill bMbp -ie a aeMilN ·or 

potentld ■tl'Nll load~ fte 97■telfta·)w· ,-a....,,op · la a 

.. _,17 ot th• ■tl'Nlil'lCJM ··an4 ■ttta -~,~nr'liiliOb or the 

q■ta• • --,etaMon ■treaaa. 

Por any particular aultiple aoo- o--'-r -,.ua, the 

■o■t ett1o1ent load oant1prat1on (l.e., the load oantlpration 

which renlt• in the ■oat uetul OQIIPlltat1on) 1 ■ 41tt1oult to 

precliot wMle ..... tea la 11114ft -~-. :,·.-~··t11e 

.,_.. ...... .,..tt..i •. hoteNI, .rt'lc1.n lOlld oeaftprationa 

Nll411T .,__. -~~ ·A a111•1..-,aa.,n~·nilf(lte,-,11111• 18 

N1a,~to1t• YMt►!MdlA it 1.t, 1,, •~t-:·mu t-ta ■oet 

ett1o1wt lo■l o~lon, OftltCstoM lf' ... 1• 1••· 
uNf'lll ~- betng·pet,t-■ea lhaiil·••·t»--ta talfl 

!ta ••t •fft'OHnt load conttsvatttn,' _. -prrJ:er!9Wlt4 lt tire 

11441 tlon at 110N OGll,atatloila woul.4. Nlllt1 t' ta ·.a· lllO!'Nftd 

11110UM ot •~ ...,..tauon. ·.ftiNlt i.ma .-. a1• • uH4 to 

4eacr1be the loed in a pcapu.tation 8tftllll. lb;artlcoUl.ar, a 

■tl"Mll llhlet1;.....i1,- aerno ... ..,.. .. •~oa.-1a: •Oftr-loaded 
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it nine OGIIPlt.l'tlou are o~lT nmd.• 1ll ._.i •---• 
under-load.eel w1 th ti ve rmmlng ~Olla'# .. -~-ad 
wl,tb. _. •. 1 1 rtac .ecapat:at1ona •. 

Th• Jacd Wt;rfl p!Nl)l• 1• tc- ~8-~ll tile --- 111 
. a. ~-lWded:_..M. .Jt:a .... fff: .. , .... ,a. , 
a.--.N• ........ -., t•,1.- ~.,,,.._•1•"9:'-~ 
tiae Dlllbu': of ~--•----.1--• . 1t &: .... .14J- ... ~ 
1n an ~~~ee --. •. '.tJle-1-4 ~;,..,..·1• ~-

4-. ..... tilt,,~ 0, ~INiM .. Ql_.. .. lt'. • -•~.J.tl. 
ope:rat1ng ln a properlt-lO!ldecl ~ ... •• ~-~. Jll'ltb'IAa 

1ato ..a.ll1-latM.•eeta~. 

:s·,1 \#f·Sffltm1Ja• 1Pn1-1 Jeteneaia •nm~ ,. , 
· .. CclNll.4- ~- a.o.itoen.-,~•-•·••• ._..,_...:-. 

to --..1-~"'la .. -1;&. .. , .... 'GS.-•. , .. · ...... l_,·;L, 

1■ ...,.i w -...;..__ • z,IJIDlag ic,•-.-.,. ~-~ .,.._._.,. 
are _....1~_, . ._. ~~,JC:'•• J,.~:'-flllr,~-••.,..,_,_. 
U.'1t. - rt I 'bN- ot _.._ ff ~- ...... IP .-.,Jr'-"'' ~ ... t, "....,,_ 

qaha h'C:a .. ~ci,dllC. ~,-- Ult JC•~•~....,._.,.,,.~• 
to a ~~7-l..._M, ~). Tiles.Air,_,~ ... ~' ~Ul•• 

• Wtarl ·••.ot J1t •• ~P,'-'·-~(---lft M:.M7 
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APPORTIONMENT, 

administrator 
sets M1 at 
t u t • 

NEW IC ATTEMPI'S TO LOG IN1 

IC may 
lo in now 

no 

IC may not 
log in now 

RUNNING IC LOGS OUT, 

administrator sets 
:new Val\le ot M1 d.uring 
system operat1~ 

M1 ... maximum number of 
IC's allowed 

Ci,. current number o't 
running IC'a 

Figure 5.1 Load Control in a 
Pu.rely Interactive 
System 
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purely 1nteract1Te ayst•• When a new IC att•pta to log in 

Load Clontrol oheolta to see 1t the nuaber of IC'•• Cs,; 

ourrent1, on the ■yet• 1a lese than the all.owed ll&UllUll, 

It C1 la lee■ than "1 • the IC 18 allon4 to lag 111 . ...,_ 

c1 1• incremented. by one. It c1 ls greater than or eq'llal to 

111 • then the IC 1ta7 flot,,log 1n.-ncnr1 a.'ne,r atteapt to log in 

auat be 11114• at a later time, When a runnS.ng IC loge out 

c1 1a ·c1eareaentacl: by dne. 

The S,,ata .Adalnlstrator.1187 N!llet Ii ldl11•· the •t•:ta 
18 iii operaticm, Lotd Control oheoka to ■ee it 111 le le•• 

than c1• It not, then no adJuetaent• ln ·the o'lll'2"9Jlt IC 

load. are needed, HoweTer, it 111 1• lH■ than. C1 the Q'■tea 

automatloally a■a,aea an OTer-load.ed. state and C1..J11 

running IC'• llU■t be logged ou\ to bii.ns tile IC load 40irll to a 

properly-loaded etate. Deoreulng the maber ot runnt.ng 

oompgtat1ona 1• referred to aa 191A tr1r1¥-

5,J Load TJ:lP1¥ Strateg111 
The ao•t direct way- to trla the IC load la to.11DH41ately 

log out the neo•■8&1'7 number ot IC'•• (lto'- tllat tt 1• therefore 

desirable to.asaoo1ate some ordering With the IC'• 1,n order to 

ha'Ye a crlterl.on tor choosing whloh IC'• to log out tlrat, See 
' 

■ectton 5,'l tor a d180uaa1on ot 1nteraot1Te ocapu.tat1cm ■tre-a,) 

SUoh • strategy le referred to u a trut::P•(PDI and 18 

illustrated in Plgure 5,2, 
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In this example, the load. is to. be tr1111184 to P IC'•• 

If c1 is less than or equal to P then no adjustments in the 

load are needed. H01f8ver, if c1 1s greater than P, then 

IC's are automaticall7 logged out one-by-one until c1 equals P. 

From the system's viewpoint, the load tr1.,;.by-foroe is 

a quick and sure means of decre11.s1ng the IC load. However,. 

the trim-by-force results in 1nconven1enoe to the IC's which 

are logged out, since the7 cannot run to ocapletion now, and 

they. ·may· baT• to wa1 t quite a wh11• bet ore they may log in 

again to continue their work. From the human tac~ota 

standpoint it might be reasonable to adopt a continuous 

service pol1oy·t01111l'ds IC's. Thia policy would then require 

a more fla:ible load tr111111ling atrate17 which is referred to 

as load trlll-Ja-at;tvt1a and 1• 111ua•ted in Figure s. 3. 

In this example, tbe load 1• tobe tr1•ed.-by-attr1t1on 

to P IC'-s. If c1 is already leas than or equal to P, then no 

adjustments in the. 1oad are necessary. Rowever. if c1 is 

greater than P, then the load is decr ... ed to Pas C1-P IC•s 

voluntari17 log out. This is a gradual procesa, since the 

load decreases at the same rate•• Toluntary IC logouts, The 

IC's on the ayetem at the time the load tr111111ling begins do not 

undergo any inconvenience, they M7 r'llJ1 to c011)>let1on and log 

out when they are done. HoweTer, once an IC logs out, it may­

not log in again until C1 bec01ies leas than P. The 
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1· 

LOAD TRIM-BY-ATTRITION TOP IC's1 

wait for next IC 
to voluntarily log 
out 

• 
• 
• 

a running IC 
voluntarily 
logs out 

FigUre 5.3 Load Trim-by-Attrition 
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trim-b7-ttrlt1an atrategJ" ·40 ... ha.fl GIie s1gnlt1caat dnvbMk. 

If the IC'• on the a7stea do not log out in a abort td.iae, the7 

can remain · on the qatea a.a long u they IIOUl.4 11ke. to aD4 thua 

prevent the load rrca being trilllled. In auch a case 1t alght 

be reasonable to iapou soae till• 11111t on the T01.untm7 

logouta, and it the load haa not been trl-.t to P IC'• -

that tin, then a trim-\17-force could be used w i;!oaplete the 

load tr1u1ng. It it 1• required that the IC 1c,-1' betrillllecl 

to P b7 a, certain ti••• then the load ,,.,.,_ could be 

initiated in advance ot thia ti••• P1sure 5.4 1lluatrates 

the various load tr1n1ng strateglea liHaaed 1n thia section. 

5.4 LOfd control 1n a s1ng1e-st,... reni, ♦~t•• §z•te 
Row oonaider the load control probl• in a a7at• dedicated 

to aenicing onl.7 absentee coaP1tationa. The qat• 1~, L, 

1a equal to the nuaber of running AC'•• The SJ'ltt•· A4111n2.atrator 

apecifiea the aaxuum number of running AC'•• JI", at startup 

tiae and may alter Ma at a117 time during qat• opention. 

Figure 5.5 ahowa • loed oonti-ol iileoham•: tor a purely 

absentee system utilizing the 0011.putation atr4Nla conoept 

diacuaaed. in Chapter 4. When a user enters a requ•at tor an 

AC, Load Control checks to see U' the number ot running AC'•• Car, 
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Al'PORTI9ffllpT, 

adlilnistrator 
nts •• at at·startup 

·IM?!PIE19RP'l'• 

HEW &C 11 RliYHDP BJ , usp, 

· 1n1 tlate the 
AC 

plac- .· entry 
tor AC 1n 
l'WUling queu 

ry 
tor thia 
AC from 
running 
queue 

M._. uxlla\llll m-.ber or 
:rmming .tC•s allowed 

car·• currentnuaber or 
running AC• s 

caw. current number or 
· wa1 ting AC• s 

Figure 5.5 Load Control in a Single-Stream 
Purely Absentee System 
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is less than the al.loved IIU111U11. It Car 1a not leh than Ma 

then the AC cannot be initiated now and must wait 1n the 

c011putat1cn atreall•a waiting queue~ The number or AC's 

wa1t1ng to be 1n1t1ated, Caw• 1a incremented by·one. 

If Car la len than Ma then the- AC can be 1n1t1ated 111aed.1ately. 

car is incremented by one and an entry tor this AC is placed 

into the computation stream's running queue. 

When a running AC logs out car 18 dao~ted ··_bJ' one 

and the running queue entry for the AC 1s deleted. If this 

causes Car to tall below Ma then more A.C's may be initiated. 

Load Control checks to see if any AC's are -1tlng to be initiated 

and if so 1n1t1atea enough AC•a to bring the AC lo-4 back 

up to Ma• 

The System Administrator may increase or decrease M
8 

llhile 

the system is in operation. It M. is decr••ed so that it - a 
becomes less than Car theri Load-Control orders Car-Ma AC's 

shelved. It 118 1a 1nci-e•sM to,a Value greater than Cflr then 

Load Control orders M
8
.:car AC'a unshelTed. Note that if' the 

AC load has to be decreased. ( 1.e., llfa la set to a value less 

than Car) then it 1a ~•onabl.e to 11111ed.1ately shel-ve the 

necesaary number of' AC•s. The method ot load tr111.by,..ttrition 

need not be used since the shel'rid AC'ado not undergo any 

inconvenience in the sense that a buJ!lped IC does. Thus the 

AC load is only tr111111ed by a load tru-bJ-torce. 

45 



,,1 I:9ed Control 1p t MH:119:l*RPN INt\l Ctss:asn .... 
low let u ·--.....-. u._..:,.~.r a,o~•,.5•' to 

1nolu4e the load. control probl• 111, a ll\111.iPl..,._.._: parel7 

abeentee q~. ln part1oular, oan,1UI! ., w,.t• o•pr1•ed. .. 
. - "t' - ~ ,., w 

ot n abaentff •tNau. 'l"he tollOld.lll, 4etl.llS,U~ .. -U be 

u•tul 111 ~ cU.eou■eton, 

lla(l) • --.:iala nuaber ot AC' ■ llhle>h _,. .~. tnat-.. 
1 at one ti.. 

car(1) • ourrent'nuaber ot·M:•• rinm1na in etreaa 1 

C awU) ~ OVNllt mmber. of AC•·· wa1 ting to be ran 1n 
•t~t . . 

II .~lla(l) • .~ ~-- ot·AC'•··• ~--,wi on i.i the e11t1N q■tea at oae tllle 

R • ~c ( ) • ovre11t 111111ber ot AC•• rmmlng on the· 
1..1 ar 1 eatlre _.._ . . 

w -~ c _, 1 > • ~\ll"ftJlt -'-' ~ ~ • .. -.iuns to, be .. 
1.1 -, ru on the 8J'■t4III · • · · 

The 87atea ~m.■trator appqn1,.. re■ovoea b7 

■peolt71ng Jla(t) tor each •~ 'l'h~: .... ~. tM-. •• 

theretOff·repruenta 1lbat th~_.._....,.~ OOUlf.•• to be 

the MZ1- --- ot 11:' a whlob -,: Z'Up.. at OM. '1a. -- at-111 

. keep. CM .. q•tea operating ta. a )lll'Ctper~lollud ••• ,- . la. effect 

the M■tatatmtor apeoU'te• tbat.a;._. ... ....u.••·tor 



use by .lC'•• At 87 time a ~101ll.N' dot 1-• either 

n_pt7 or tn uae. Since Ill rmtn1nc·.1.C 1 a NPN--• a properly­

loaded •78t•, the load control probl.• 1• to maintain the 

system so that either M or fewer dot• are lit 11••• lf'-·•a.re 

titan· II· .lC! • are l"UIID1ng Load control nst tr1• the load to 

M. It leu than JI AC'• are runntng Load; cantro1 ••t 
check to aee it &IQ' .lC'a are waiting and it ao initiate 

enough J.e•a to get tl\e load baok up to x. The tunotiou to 

be pertoraed eea clear, bat the taot that....- than one 

•tr~ 1• llffOl Ted introduce■ aaae coaplicationa. Por --pl•, 
1 t ta poen 'bl.e that one atreaa ooal.4 be J"•loaded 1111111 

all the other et!••• ooul.4 be elipt:,. It there are AC'• 

wa1 ting to be run in the properl:,-loaded • .,..., the:, ••t 

wait until l"lllmlng .I.C's 1n that streaa·log Gilt be~ore they 

IIQ be in1 tiated. Thie 1■ obn.oual.:, a waste or 117at• N80UNe■ 

· since the •ooapating power• 1• -.!labl.e to hallille aore .lC'a 

and 1 t 1a not being uaed. One •olutl011 to ~• probl.ea might 

be to allow the -.it1ng .I.C's to ran in otmer stl'eal6. !'his 

is •t1ataoto17 until 11110h t1•e aa new AC'• ILT'l'ift anct requaet 

to be 1nl tiated into ebreMie 11h1oh Id.gilt be tuU or .lC • • f'rca 

other atr-■•• Should theee new AC'• aleo be plaoc into streaae 

in 11h1oh they too 4o not ~loag? · In tbia aeotiona ■tzratea 
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1s developed to prevent this SOJ't ot chaos while at the same 

tiae assuring that a7st• computing power does 11ot go to 11aSte 

1f there are waiting AC's which could use that power. 

Recalling some det1n1t1ons given 1n Section. 5.1 a 

particular stream 1s properl7-loaded. 1t Caz,(1 ,.Ma( 1), Ulid.er­

loaded if car( 1 ,<Ma( i), and M:er..J.oaded. it cuO ,>Ma.( i). The 

load in a particular stream 1s said to be J?e]•DPH U·'tbe 

stream is properl7-loaded, or if the stream is undu-,;.loaded 

and no AC• s are wa1 ting to be run in that atreaa. 

One aol-utton. to ·the lCcld.. aontZ!ol:, Jll"c;>bl.•, 1n a·a\13.tiple ... 

stream SJ'Stea Jliight be to balance the load in each stream 

independently of any considerations i!Q'olnng the .other streams. 

This would result in a SJ'&tea in llhich 

for 1 •. 1, 2, •••• n 

and hence it would allfa)'s be true that 

n 
R • ~ C (i) ~ JII 1..,1 ar 

Thela.e.i situation 18 B • M, However, the $l>ove 9qmpon,at­

n1e-J?e]M9ed a7at9\ll_ may have R ( JI.even while there. are some 

waiting AC's (i.e., the situation preaen.ted 1n the beginning 

or this section). 

To see how the situation 1n which R<J! and w;.o <)an be 
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avoided, let us trace the bulldup of the load on a 

multlple-atreaa a7stea starting wlth no running or waiting 

AC'a. A8 req-.i••ts to initiate new AC~a arrive, Load Control 

obael"V'ea;. that the· current -load in •~h- stream ts l••• than 

the allowed maxiaua and therefore all'°"8 the AC'a to be 

initiated. After a 11h1le,-however. one or the streams will 

eventually become properly-loaded. Suppose that.another 

AC ,requests to be placed into the properly-lCNlded atrea. 

Load Control checks the load in this etreaa and discovers 

that the stream 1a full. Load Control can then ohec~ the 

loads 1n the other streams to see it there .are any available 

slots. It there 1a an -avaUabl.e slot, Lo.ad Coni.rol .:Llows 

this new AC to be initiated. Thia, of course, causes 

a p:t'O:J>&rl7-load.ed atrea to beooaeOT•r.loeded. BOiNWer, the 

system aa a whole 1a not over-loaded 8114. theretore b,r1n1t1ating 

this new AC into an already properl:r•l~ed stream we are 

preventing usable resources tJ:>011 go1ng to waste .• 

Load. Control ll&1' cont_inue · to allow new AC'a to be 

initiated untll B beooaea equal to M. Once this oooura the 

addition of another runru.ng AC wc,uld ~sea genuJ.ne OTer-loa.ded 

situation, lfow Load Control 11Uat first check to.••• if the 

new AC wishes to be 1n1 tlated into a atr._ tdlt,ch la el ther 

properly-loaded or over-loaded. If thia 18 the oaee then the 
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new AC ia i,laoed tnto the waiting ...- ,_ ...... •t.z••-,- &'1'014 

OTer-loalll1ng tlte qnea. It, hONffl, tile ab-.. lllto 

11h1oh th1a AC wlllhea to be plaoect 1■ 1U'dff-l-oa4eil, .then 

soae other atl'Nlt ll\lat be OTff•load.841 oawstng all •lota to 

be in 11... '!be onl7'reuoll tbat till• otllU' •v•• ... ailond 

to lift 110N tllan 1 ta .atw lhlltbft or 91-ot■ •• to preftllt 

aftllal>le N■Olll'Oe ■ f'roll being~. · SOIi, llOwHI', there 
1• legittaat. 4.-.nd. tar.-... N ...... tlll'l -~ tboal.4 be 

g1Ten bllok to tlle AC llbloh 1• -,.otf'1oallJ Nq11efflllg th•· 
Thia poaea no real probl.• to Loa4 ContJ'!Ol.. It· 1• MNlJ' 

neoe■_.,. to lhelft Oll8 AC troa the, ..,.._lOlllllticl atreaa ■o that 

the needed el.O't beo-• aftllable ln '11h1oh to ln1tla11e the 

new AC. '1'111• prooed.ure ·1• tollOINII u td411:tonlil .Mr• ·request 

to be 1nlt1ated antll t1na11J' -'tlie .,... r__.l ·• 10id 

oontlgmwt1on: ill 11111Gb ffe-17 ff!' ... ts properl,-lOlld.ed and 

theN MY or MY not be AC' ii 1lal Mng 'to be lllltlateil Us any . 

ot the atruae, •Thl•· .■1:wattoa 1• -rel'lrNd M i•. th• · . 

1dfll !W fllOIM8!1111 tar ot#l..- Na .... 

Boir oeutclw t1M ·1oa4 oontrol f'Ullo11lou 11111Gb nllt be 

,-rol'IN4 ..... • nm1ns AC loe• '"'• atnoe w now that 

B -■ alwap kept 1•• then or eq-1 to II • tile load ... 

ba1141ng up, it IIUat be tru.e tllat a ·el.et l• Mlle a'ftilable 

(t.e.; 1 t Ollli not be the oaH. that 1lbe -,.teat ·went rraa 

so 
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one OYer-loaded. state to a leH OYer-loaded. ■i,aM). Loe4 

Control IIU■t now deo1de llhioh w.1 tllig AC ( 1t there •• UT) 

to in1 t1ate into the newly aftllable 111.ot. -Plr■t pnf'AtJldQe 

_tor the ■lot goes ot oour■e to any AC'• w.lt1111 1Jl that 

particular ■treu. •ote t!Ylt.ltUM·._., lil'IJP•••ln th1• 

section tor initiating new AC'• 1• ued., then 1t l• __ not poa■lble 

tor an AC to be waiting ln a nrr• llh10h 1• tmder-loa4ed.. 

Therefore it no AC la w.1 t1ng 1n the ■tr ... 1n wlllch an 

AC Just logsed. out, then Load Control IIU8t · 1mt1a,e one ot the 

AC'• w.ltlng 1n &n1' ot the ~J'•load-4 or cwer-1~ 

streams. 

Thu■ we baTe ai'rlTed at a.: ■oh .. ,tor, 1mttat1nc, an4 

ahelT1ng AC'• 1duoh ...,are■ .that. uallable· ■lot• DeMr •o to 

waste it there 1■ deaand tor th•, while at the .... tlae 

we haTe dneloped. a aechan1a which gurant ... an :AC 1'lrat 

priority tn olailling. ■lots al.lOCNi~ to the att-Na ln 11hioh 

tbat AC wl■he■ to run. Pl&UN S.6 lllunn,te• the load. 

control operations diaou.Hed. in_ th1•. •eotlOD. The napport1oment 

tunot1on 18 treated •epuat.17 in the next aeotlOD bec&uae 

ot 1 ts ooaplenty 1n a IIUl tlple-1veara 97st•. 
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APPORTIOMIIBIT, 

-4m1n1strator 
specifies 
l'la(1) 0

••
11a(n) 

A usp RRlHF§ THAT AR§W AS BE PUCBD IM §'!'REAM 11 

place entrJ" 
for th1• AC 1n 

>--""atrmm1118 queue 
for •treae 1 

>----~shelTe one AC 
from one ot th 
OYer-loeded 
str-s 

plaoe entey for 
this AC 1n the 
wa1t1ng queue 
tor stream 1 

unllheln the 
AC 

place entey 
for this J.C 
in l"ll1U1Ulg 
queue tor 
stre- 1 

Figure 5.6 Load Control in a Multiple-Stream 
Purel7 Absentee S7stem 
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5.6 Jkeil::1:UUmaent in a Mult1ple-streaa _Pv•\z · 
In Seot1on s.s requests for~• AC'a an4 logouts of 

running AC'a were_handle4 in -anorc1.,r11' faah1on to prevent 

the OTerall SJ'Stem f'rom beootling OTerloade4 • . The BCheae 

presented never requires the •Y•tea to beooae tea~rtirlly 

overl-oad.e4 while in the proeess o't -4jua.lng to 1l:a.new 

load configuration. When the qatn load is reapportioned 

by the Syat• .Ad.Jlinlstrator, howeYer, each ■tr ... as well as 

the entire system alght become OTerload.ed and. thus it 1a 

necessary to provide a meohan1• tor quickly a4just1ng the 

overall system to a properly-loaded state. ·Besides 1;he:load 

tri1111lna. 'llfllch may· be necessary •. 1t ls alto po■Jible that 

the_ load. balance with~n tbe stre ... JIA7. become aeverely 
. . . ·~ 

distorted bT a reappo~iomaent. In this section -a strategy 

is J)reaented for quickly and aOC>thly read.Justing the system 

load contlgurat1on after a napportt~nt. >!'be load control 

operation• neee...-,:'·-tor:'.reapportt-.ent ue 1llptnte4 tn 

Figu:t-e·5.7.· 

To effect the reapportionaent •. the System M.alnlatrator 

specifies Mw values of Ma(l) thro~ "•<n)• Load Control 

first checks to see if the OTerall a7st• has aaauaed an 

overloaded state (R)M) •. If it has then R-M AC's ill'• 
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P,VPOBTIOHMQ'1'1 

Mll1n1atrator 
reaeta Yaluea or 
"•<1)••• 11a(n) 

initiate all 
waiting AC'a 

a elTe R•M AC 
troa the 
lowest pr1ortt:t1oo-a• 
Oft!t-loil4id 
• 

BALABCB 
TBB LOAD 

BILPCI 
THE LO.ID 

BALAJfCS 
TBB LO.ID 

1-(B+!.)_other -=·• .n"VII the 
hlat,.eat 
pr1or1t,-
at 

ahelTe one AC initiate one 
troa the AC into the 

,_____. lowest pr1orta--ae:1gbeat prtort 
ewer-loaded. un4er-1oa4ed. 
stream atreaa 

Figure 5.7 Load Beapport1onaent in a Mult1ple­
Str•- Purel7 Absentee S7ate■ 
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111Md1atw libel Teel tl'Ga acae ot the OTeNOllllle4- •~• 

Then Load.. Control prooee&l•. to 1-1 ............. NM,lJllller; d ~ 

1...s,. aa C!PU'atlon 1!1hlob 1& 41-,oUIMIC\ 1•'-• 111 th1.• ae,t1on, 

Tbe q1;1eatS.OD q1Ha •:re aa to._lao,rr.., •flh~ . .t~'• to be 

· ahelTed.. s..,..i on teria AN ~· ~ --. ... thia 4~1a1on, 

bat perhapa tile .aoat .atCDltloant u to ..... tbat ~:re 

1a ·aoae •enAg .... 1:be T&rlOU -~ (l.,e,, --e 

ooh a.a.ea c~·to a 41tt_..a•,,nl•q ~ a-prlorit7 

aoh ... ). S'hua the ,t1:i'ftt: A<: to • *el-4 1• -.. ot the 

.tc•a ill the .,.._loaiflecl atNaa ot lOIIMt ~it,.. s,..1larly, 

a atratea' to u" .tor aelectlng AC•.•"" be>taltlatad llight 

be to 1nlt1-t• an AC al ting 1n the- ·GNa .ot ~peat pnority. 

!lote that .S.tbln ~ atre• 1t..:U- .tltiilllil 1• nne7 av •1:t1S111ty 

- to .,.eh AC llhCNl.4 be Nleotell tor ••1~,~ J.Jd.t1•ts.on. 

The ent17 at tbe trCNlt Qt the n,.t,111g-qv.eue 18 alWW.• the 
• • • • ◄- ~ '· 

nut to be 1111 tlated, the entry lut-1n to the rann1ng queue 

1a nen to be ahelTed, 

lt- tlM reapport101111.entoauaea the OTe~l ayat• to 
' 

beooae properl7-load.ed (B.N) then it 18 at111 poaa1ble that 

••• adjuataenta haTe to be made and the balancing mechanism 

la 1Jffok-4, 

It reapportlmment oauaea the OTenll ·97ate11 w beoc:ae 

under-loaded (a.<x> then the a1tuat1on bto .... Hft.,cGll])lex 
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depending upon,how 118117 A.C's arewa1t1ng to be 1n1t1ated 

aJld. whether or not these AC' a are wa1 t1Jtg' 1n '1ftder-loaded 

atreaa. It the total mmber ot ila1t1ng &<:•a 1n all streaas 

1a less than or equal to the under-load (II'!'"!!) then all the 

wa1 ting AC'• mq be 1n1 t1ated and the. _reappc,rnomaent 

operation• are ccaplete. It the muaber ot ltla1.tlng AC'a 1a 

greater than the under-load then we nat consider juat how 

aany of' then waiting A.C's are really entitled to~ 1'U!l 1n 

their reapect1n streaaa. llore apeo11'1oall7, we ·al"e tntereated. 

1n the.number ot·1.c•a whioh are ..S.tt,ng to.be~ in 

under-loaded atreaaa, am ot these • are onl.7 interested ln the 

t.h-a,,x.,tf f..c:afU)-,ral-'tliJgl.C's in eaoh stream (s11'108 

tn1:t1al:1ng aon· than' this". aaount 'irOlll.4 ..... the stream to 

beoaae OYer-loaded). Ve reter to the ·l'lmlber ot AC'a at1aty1ng 

these cond1t1ona as the proper-4-- , am· det1ne 

proper-d.emand • WP • L [m.1n1mum(Ma(1) - car{i) , Caw(i) J 
all 
under-loaded 
streams 

It the proper-d.emand is less than the under-load Load Control 

1Jaed1ately initiates all or the proper-4eaanrl -1t1ng AC's. 

:Row R ta 11t111 len than M, but ffffY one or the A.C's entitled 
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to be runn1ng 1 • r,mn1:ng~ Load CoaUo1 •now 1Jd..t~• 

Pl - . (B + WP) llllld1t1onal. .&e•• to br1ng tb• lNI 1ip .to .w 

the reapJ,O'l't1onaent 1• oeapl•~•. If' •p· s.a paater than 

the UDl•r-1.084 Loe Control. s.-■t1a'M1J' 1111ttates.W or. 

the prope~mnd 1la1 tl- ACPa, 1Nt'c11be · Nqcport1G11118Dt '1■ 

not yet •4'•P1•t• dace aon ~ :ac••· ~ at1l.1 

wJ. t1ng, a4 hence tbe load. ll&l.allo11!llg ~--t · 

be 1Mokecl. 

P2:!Gla:r1she Ja!•oe41ns t1t11011Baton·~~ •U .ol~-••1k.:the 

load balancing ·•ohan1• 1• called upon 1'hellff_. Leid. Control 

.has aacertalned that a.ll, but 1aleN ._ .dlll.. ·be .... 

proper-clellllld wa1t1ns AC•• wh1oh ... t rep'l.aoe ·AO•·• :rmmtrig 

in over-lo.tell •tx em. 'J.'he . b&l.-blg INkl!IIM1 .. eb._,k• to 

see 11' there u,e 1m"4 #17 proper,,,,4-....i •nd.lls Ml'•• It 

not the r•pportlonaent · 1• ocapl..te«· 1t theN 11N then 

Load -Control a1fel'ft8 one AC troa -- lOliN1l·J11'l.Ol'l- OYer­

loaded •ta• and 1111 tiatu one AC 111to· the Jd.ahat-pz1.or1 t7 

underloaded etreaa. '.l'b1• · proeet.ae · oelll'11111e• .mnt1 .there 

are no add.1t1onal J)J'Opez-deaanl -.ttlns AC'•• 

To • 1Jr1a• -.,1 .. s.s and 5,6, a MOhaill•·haa been 

presented to ptfl'fd!a.et"ticlentl.7 the lOIIII OClllw.o1 epe:ra:t1ona 

req111re4 in a 11111 t1pl..,.n!'1MIII :Pu-elJ' abemu. •.apMII. 'l'he 
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mecham. .. baa the tollowlng 111.pltioant oharaoteristioa, 

1 - '!'he Bystea .Adllinlatziator oan atlllilrol tJlle. aa,qnt 

of abNntee usage in 9Mh ocapataU• et~ by 

apeo1tytng the IIIIXi .... maber or. AC'• 1lb1Gh N7 

2'Dl11n tbat •treaa at on4tt1M. 

2 - The •o1W11• prnent;a waa'9 ot M'ailabl.e alota 

b7 allcndng properly~laad.ed: · a . . to beoaie 

over-loaded u long u there 1a no deaand. tor these 

111.Gta t2'al AC'• 1n the •tz-• to llbtoh·tbe alota 

belong. 

J - 'l'he aeohan1a guarantee• lin AC tint pl-U.:'.to 

alota in lta OWii atreaa. It iLl.l data on tbe 

qatea al'e in UN ....... AC ntt1Ht• OJN.of its 

r1ghtral lll.ot:a then• 4C 1• ahel.ftd troa one ~ 

the over-loa4ed atreaa. 

4 - 'l'he ·8Yat.- .ldJd.nt9trator 1a pron.4ed ·wltb ·the ability 

to reapportion the lOlllle la.the 'f'U'1ou • at 

any t1ae 4\lrl.ng qn• operation. 

S - The ·1iechanin :18 .aoila~ell 1n ·noh a ~ u t.o 

oc:111pl;7 quickly and et1'1otcten1Jl:7 ·111 th NIQPOrt1cmaent 

req_ueata traa the SJ'•t• Mldnletntor. It a 

reapport1cmaent eaaes the qatea to aaaaae an O'ffr­

load.ed state, the over-load 1a oorreoted qUiokl.7 
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.,, 

so that the qatea operates w1 th an. :.onr-lOlld. tor 

the aborteat possible t1ae. an4then an:, balancing 

wh1ch s■t be done to a■■ure AC'• t1ret ol.aia to their 

Oldl- ■treaa•• ■J.ota 1e done on ·a: •~h,;,ion.-1Mtlat:e-one• 

bu1a to keep the Q'■tea ol)ffat1ng with al.1 aliota in 

uae. 

S, 2 L9M Coptrol in f bl tiple-§trpp fm:el,J- I~t@Mtitt · 4Utp 
Bow ooulder a 979tam 4.eTotc to Mffieiag oal7. 

interaot1Te 0Q11p11t.tiona. Oflel•JIINY-t wht,eh ld.cht be 

1184e to the sob... 1D Seoti-on S• 2 la -to .OOM14er that there 

la aoae wd.enng u•ooiatecl with the runn1ng IC'• llbloh 1nll1oates 

the nex_t IC to be. loggtMj wt in ~ .,..1;' that 8'INl" action 

1• indeed lle08"&17• By ...-i.oa to .the ..... ol' uaentee 

computation. n 4et1ae h.ere the notton .r • inteftl0t1Te 

coaputat1on atreaa. ~ring. th• .-logy • ...... that it 

h dealrabl• tor ■-e r-..on (woh aa·apr1o:rl• -•••> to 

d1tterent1ate .between Tarioua tn>ea· or· IC'•• 'l'llll• • arrin 

at a lllllt1ple-atnaa aeobani:a ~or- han411ng tnteraoti,re 

coapatatlona a1iallar to the abNDtee aeohui• 4eaoribed in 

Seoi1oaa s.s .ad. s.6. In thla aeotion •.comilder th• 
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mod.1f1catlona 11h1oh aust be made to adapt the absentee 

aeohan1• to th.e handling or 1nterect1ff . .OCIIPlltatton.. 

llote Ullle41atel7 that there-&1'9 no waltl'ng queues 1n 

the 1ntttnet1n atreaa. 'l'h1a t■ the oaee beoaUH a uar. 

1• only prennt f'or a.a long as 1t take• for h1a lasg1ng 1n 

atteapt. 'l'hua 1 t 18 not aean1.ngtul. to. consider 1nten.ot1Te 

deaand at th1a leYel. 

Nut consider the probl• or attapt1ng to fill all 

1nteraot1 ft ·111.ota 1t the 4.-nd tR thM .. utata. . lt the 

■7at~ loal operates-at a level noh·tllatno ■tl"Nlll eTer 

became■ p:roperl7•10ll4e4 then the load ocmtMl o,erattona 

are 14entioal to tboae in the absentee aee11an1-.. · However, 

. suppose :tut· one atNaa dOM beoae ]ll'OPer1:,-loade4 while 

ac:ae other stNaaa reaaln umer-loa4-1.· If a ·netr XC should 

requeat to 1,e· 1n1ttated tnto the )lll"OJMtt>l7-lM&lel •8tl'eMI, Load. 

Cori.t:rol ha• onl.7 two oholoea. &lther · l t ee · lnl t1ate the 

1C and' onr-load th• atND,, . or 1 t Na ftfU .. to lmtiate . · 

the IC o ... ., th• IC oennot -be- placed into a walt1ngque\1e 

for an 1ndef1nlte period until a 111.ot woaaee Mat.table). 

If lnltlat1on la retuae4 then 1IMte ooove bNauN an ••Uabl.e 

■lots«-• 'IIIIIIH4. It the IC 1• 1nlt1ate4 then thte .ate 1' 

:prevented, bllt another probl• art.Ha. . What· happen.a 'llhen 

the _o..-el'llll qatea beooaea properl7-loaded (1. •• , no more 
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available 1nteract1ve Blots), am a user atteapta to log 

into an Wider-load.eel streaf. In the ...... or the abaentee 

mechania .1 t ,.. posaible to ll&ke a ·s1ot aailable 1waed1ately 

by shelrtng one AC from an over-loaded sti-eam. In the 

1nteract1ve cue, howeTel", making a 81.ot aftilable WOUld 

neoeasi tate logging out an IC trca · an -oTer-1011494 •~re•• 

This 1• contrary to the continuoua Nffln polte,- diacuaaed 

in Section s.,2. SeTfl'lll. al.tunattftll are a'l'aliabl• here, but 

untortunatel7 none. ot th• 1• as neat ae the abelT1Bg ot an 

AC1 

1 - Do not allow any streams to beccne O'Nlr-l0114ed.. 

Control the 1084 1n · each atre.m 1n4epeDl'llltl7 ot 

the load 1n any other strMa. 1.'bta reaul ta· tn a 

coaponent-w1se-balanoed. SJ'8t•• 'l'he obn.ous 

disadvantage is that slots a'Mll&bl.e tn 'IIDller-loaded. 

stre•• can neYer be used by IC•s troll OVft'itla.led. 

streams thus .causing .waste ·or aftllable slots. 

2 - Allow overtlow in all streaaa. lid. t1ate new IC' s 

into.wh1ohffer streaa ~hey request as long &a· slots 

are aftilabl• 1n any ot the atreaa. once .i.1 slots 

are 1n use allow no a44lt1onal IC'• until slots 

again bec011e ava1lable. Th.ls aethocl UftNS that 
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available alot•n.-rer go to..,.te, bllt hae the 

.41Nd:nntaa• that 1c•,a· do:·JaOt pt- tint .OW. to 

alota in the atreaa 1n llb1oh the IC'• apeoit7 the:, 

1IOU1.d like to l'Wl, 

'.3 - .Allow OYertlow 1n all atreeas. Guran,tee ooapl.etion 

to all IC•• .once 1n1t1at,d... It. a~ IC requata to 

be initiated. 1ntQ an Wl4er-10llllled. at!'tlllll then 

1nlt1ate the IC into that•~ tlnd t1'1• the load 

1n an overlO-,.ed streaa bJ' attrition. Thia •thod 

prevents waste or available alota and. aanres IC'• 

nret ola1• to alota 1n the atrealu 1n 11il1oh the IC'• 

apeo1t17 they wul.d 11n to ran. ·'l'h• ~tage 

la that the trta-1>7-attntlon Id.silt r,eaul t ln a alow 

tr1• and henoe the o"t'el'al.l 117at• lligbt be forced 

to ope~• 1n. en o,-erloa4e4 atate tor •-- ti••• 
Baab_ of th••• •thoda haa· 1 ta- ad.'.NDtasu aal 41N4Tantages, 

but none ot thea 1• a •pertect" ~ut1,on. Our lnablllt:, to 

arrive at suoh a eolutlon. here ia attriwtabl• to the tact 

that therela·no aotlon .tlioh aa, be pert....- on IC'a to 

oolT8apon4 to ·the shel nag ot AC'•• 'l'bua•· a pu-tteular 

Load Control 1apl•entat1on 111sht choose one or theae schemes 

( or pel'bapa others) . depending upon the ~oular probl•s 

at that installation. It we assume that the moat desirable 
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propert1eaare prennt1ng .... te ot aftllabl.e alote and 

guaranteeing IC'• first ola1m to the 111.ota in the ■treas 

in mioh theae IC_'• wish to run, 'then we UT1."f'8 a't another 

schae (which is still, 1notdet1tall7, not a petteot·aolut1on) 

which 1s.a1m1lar to the third achae abeYe, wt" ~•t• 

the OTerall qstM rroa beoom1ng OYefl.oa!.ed • 

4 ... ill ow OTerf'l.OW in all nnaaa, · hOlrfrYff, . 1r an IC 

1s 1n1 t1ated into a :properl,-.l:Clalltd. ar ~l-494 

atl'"eilll then the IC 18 gi'fta aee~lan at.tu and 

18 ame4 that· hia:.ca11P111'a1:lan:-i.s 1111:el.)''. to be 

-logged out u· the cweral.1- qatea ~• properl7-

loaded and an IC dellanlla a •lot 111 an ~r-loaded 

atNaa. ~1s ae1;hod. doee not -~·IC•• oont1nuo,i-a 

serrtce, l:111tirt111 aliQ'lftl an.IC to get on and u■e 

a slot for as long as the slot ls not 1h demand. 

Slnbe the IC· 19 warned ot i'tat second~ status 

lt knOfl that it 1s 1:1k•l1 to be logged out and hence 

lt can take advantage or betng'l--4 in·to get a 

small job done. or course, aa other IC' ■ log out 

of th18 OYer-loed.ed. streaa, the IC we are oonalderlng 

may .-nntual.17 be able to be r811lONCl·hOII· the OT~loed. 
··• 

portion or the 8treu. At this tlile the qst• could 

1nfo:ra the IC that it is no long~r of seocmd-olaaa statua. 
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We w111 · asBW1e th4at this last method 1s uaed for the purpose 

or 8117. turther discussions. ln this thesis. · Again, other 

methods 111ght 'be JIC>N. deaira'l;>le 1n pu-ticUlar installations. 

Now cona1der the reapportio:naent problft in a 

11111.tiple-atrea purel7 interactive a:,st•••, Since we are 

allowing atreaaa to become OTer•l·oaded as long . as the overall 

s7atea do•• not becoae OTe;r;.loa4ecl, reapportionment can 

be handled rather atrai&httornrdl.7. It the total nwnber 

of rwm1'18 IC'a 1a less than or equal to the maxiawn allowed, 

then no action need be .taken (note that there are no waiting 

IC'a to be.considered as in the absentee· case). lt the 

total. number or running IC•a 1a greater than the allowed. 

IMIXlllUll_then Load Control logs out IC•a from the lowest 

priorit7 over-loaded streams ~til the nuaber ot. running IC's 

is equal to the maxiJllWR .i,1owed.. To a14 the IC'a :llhioh• 

are to·be logged out.Load:control Jld.ght ~ thea a rew 

lllinutes in adYaDCe to allow. them to "cl84111 up• aDY. details 

before being toroed ort the a7atem. 

In this section we combine the mechanisms developed 
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td~ handling multiple-atre&111 absentee 8J'Stell8 and 11\lltip].e­

stream interactiTe systems to tol'll a mecham.am tor h-.nd].1ng 

mixed interactive/absentee syataa. ( see Figures s. 10 and .5.-11). 

Figure .5.8 illustrates a multiple-atreaa queueing 

meohani• tor· handling a llllxed inteJOact1T•/~baeat" qatea. 

For the purpose■ of this d1aoun1on we aaaae that ·there 

are n absentee streams and m interact1Te ■treua. ·Note that 

there are no waiting queues tor IC'•• Thia is ooneiatent 

with our preTioua discussion of interac~1n atreaa. 

Figure .5.9 8}11111&1"izea the p&flllleter• uaed by'· toed Control 

in making its various 10114 balaJtcing deolalona. fll•-~•t 

i:s·-urged. to, f'aalltarlze,::-blmselt Mth · thtt 4tdt:al1'~iae ·-et tllese 

paraaet:•r• btltt>rtti .pr&&eidlflg .... wttb. tlll tDU:owl11g.:dttouutoa. 

Previously, we have considered aysteaa 'Nhloh aupported 

el ther IC·'•'. or AC': ac, but ·not both. . In these _._. . the' 

apportionment made 1)y the Sys.tea .Ada1n1atrator •• aald to 

di Tide the syst• into a certain number ot •lot•, each. :ot 

which was capable ot handling one running· ooaputatlon. It 

is worth'Nhlle to note here that we han: ·Mebe4",1a tlta·,,a.wiston 

that each ■lot 11, ln acme sense, ot equal alze, !bu n haft alao 

asstmled that: ·regud.leas of ,the· obar.-artQtoar0.·bf th~ 

0011putat1ona uaing the slots, -tile· ,aotual d-.nda p].aoed upon 

the system by theae coaputat1Qn■ 1"• dlreotl7 propertlonal to 
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, 'Plgure S.8 Queueing hobani• tor a -•tea 'iiUh 
ltultlp:J.e Interact1Te and Abnntee Streu• 
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the number ·of slots in use. This ls ·ol#ioual7 a a1apl1t'y1ng 

aslltlllpt1on.llh1oh oanbe a-voided by' pro'f'141ng a•oclUle oa,-bl.e 

of decid.i:ng ,lust how •btg• the alot-neltd ·1:1e·to·.rteettnl7 

aernoe apartloularo011.putat1on. Vith'abeh a liOillfll.e avallable 

we ooull._prooeect to define an·•teilfre~a1ot·ae the -md:t. ot 

computation •1~e measureaent~ C011.p,itation streams could 

then be eDTisloned to consist ot atOllic•slots, and each. 

coaputation_ requeat1ng to be run in a particular atre--would 

be g811ted ·an· appropH•te number ot atOllic-slota 1n that 

stream. ,A. strNll would then be_oonsJd•;i-ed p,;operl7-loaded 

1t Ul ot- its· atOllic-slots nre ln ·-use. 

'l'h1s problem was diacu,aed here ~use we JI\Ult again 

make a s111pl1t'7lng aaaumptlon, namely that absentee slot-II 

are the sue •atze• as 1ntera.ct1ve slots. From the d1ticuaa1on. 

abc:>Te we .can envision 11111'• of' aT014ing this aaat111ptiort, too. 

'l'he Syat• Ada1:n1strator apJ>Qrt1on■. aystea oamput1~ 

power by spec1t7iM the max11DU1l DU11ber ot computations which 

may run in each or the abaen~•• and in.teftQtift ~ .. 

Reapport1.onaent . .-,. ·aJ.•o be done and ta diso~ssed later 

1n this section. 

When an IC attempts to log in to atreail J (~l,'3-....) Load Contrdl 

checks to see-· 11" the total nuaber or 1"1111111.;; oocputatlans 
, . 

on the a,.ata J• 1••• than the 11&%1:tnm·aaber tallowed. If 
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APPORTIONNpl1 

Administrator 
s_pec1t1ea 
Ma(t)•••!!a(n) 
Un+U• ••."i<n+at 

. . . IC A.T"""l'DPl' ___ -s TO LOG INTO STWM j, 

in1 tiate the· 
>-_.i-1 new IC into 

atreaa j 

'1181"11 user of 
)U••·•eoonct­
claaa status 

AC LOCS OY'f 9P ffi§!M j I 

\In Te 
one AC from ---­queue for 

• stNaa j 

unehelTe 
one J..C 

USER 8 ,411 AC · TO BE BUN IN fJ'PftM j • 

1 tiate 
·'>-I~ thtt .AC 1nto 

stream l 

initiate 
one AC 

P1gure s. 10 Load Control in a S:,atea w1 th Multiple 
InteraotiTe an4 Absentee Coiaputation Streams 
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11.r h 1Dd"4 1••· than "T then the IC 1• 1m.t1.W 

111119Cl1atel.y. ht• that Load. Control Pl'06.-i■ to ~· " 

whether ■treaa j 1■ now cwer-load.ed. .,and. It 1 t.ji• ~-laa4ecl 

the uer-1■ W'D84 ~ 111lft'9 18 a poa■lblllt,- h1._Ie . 

aq be logpl oat ( ■lDH -the •lot -~ b¥ ·bta.· IC reall,J 
,.;., " ,. . ,;, 

belong■ to another•~>• It the ■7at• 1■· now tull. (1.e., 

~ 1■ ~ to-- 11.r> th• Loai1 canwo1 ~ i'f:- tile'~ ,la~1 Te 

•port1on• or tlN ._... t.-• '1111.- · It •'- •· •~ ■c:a• . . . . . "'~. . 

abNlltee ■tna 1■ OTffoelOlld.-,. "'tllll· -"-t · ~DMl\'IOl llbel:was:· one 
. . . ~ . 

o-,.itattan·troe ta.. lowut pii.81"1t,- Oftrwloa4,e4 atrNa ml 

l~ t1a'- the IC into ,■treaa _' ..,_. ~. -it .1 la 
ner-loahlt ,.i 1lllftlUIII tile 'uaei' 1t 1t 1-•• . It the 1nteiut1n 

porttan of' the ~t.11_1■ tullt- I,oa4 CCID~· lall)■-4t"~ .1 
' to -· 1t it 1i Nl. It ■tNall -,- la Jiot Ml then olear1y •. . 

on• or tu 1ntenot1.,. ■tnaaa 1• Oftr--l.Olld.e4 ...- Lo-4 O.tnl 

log■ -.t OP IC trca •• lowst pri.orl tJ' ~i~e4 1nteraot1n 

■treaa anil 1D1t1atee the new IC 1__, atx ••- j, :tt iJ.:tnali -.1 
' . ~ ' . . . . . .. ., . ~ .. ,. -

1• tun tlMiai Lead. Control 1nt01'IIII tlae ..... that he ,M.7 llOt 

log 1n .-t till• tl•• Sote- that- . .- nr••-.fl---tl• .1■ ~. . ,' 

■till aftllahl•· to Load. Control :tbr •~ to ln.S.tate 

th1■ IC now~ . LOM. ~J'Ol ootal.4 obNk 41: ._ .,... wlith . 

19"1' prlOl1. ti' than litnaa .1 ta .owi.~~!14. a4 · it M o-.i4 
' . 

then log one IO out or t:h1 ■ ■treaa ... itll-tlat• t!w·Mw IC. . . ,,. __ -,~ - .... · . 
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Th1a altel'tlatin.1■ aT014ed here ao■tl7 beoa1l8e of our 

effort■ to pronde oont1nuou■ aernoe (11' at all po■■ible) 

to rwmins IC'•• 
When a new AC . requests to be run 1n streu j ( ~~) 

Load . Control oheok■ to .. e 1f the a7•t• 1• hll.. and., 1.f not, 

initiate■ the AC 1maecllatel7. Rote '11at no ,-ming need· 

be ginn to an AC if atreaa .1 1• Oftrloaded. It the 

ayatea 1• f'Ull Load Control oheou if· the abaeate• · portlo~ 

of the ayatea la full., If. not, thtm olearlJ' ■aa.e 

interactive ■trea la onr•loaded and Load, Control loS■ ·O\lt 

an IC troa the lowet pr1or1t7 Oftr-load.ed. 1nteraot1n ■trea 

and initiate• the AC into ■-rua j. .If the allaeawe portion 

ot the qatea 1_• full Load Control OhMk• 1f •tre- j. 1• 

full. It not. then olearlJ •- other abeentee ■tNtaa 1a 

over-la.led and Load.Control ■heln■ om AC fraa the low■t 

priority onr-load.ed etreaa.ud 1n1t1atu. the MW AC 111:to 

atreaa j. Ir atrea j 1a tul.l, then~ AC~ aot be 

1n1t1ated now and Load Control place• the Ac·1n th• wa1t1ng 

queue tor atreaa j. 

Rote that th1a d1ao,u1a1on and the 41_...• of P~ 5.10 

have been ■1mpl1f1ed. b7 the 0111 .. 1on of•-- .of the queue 

man1pulat1on details pre'98l.ent ln prenoua d1aoua■lana. Thus 

when a coaputat1on is aid to be initiated or ahel"NCl 1n 

thla d1aou■s1on 1t 1a -.nt to be 1aplioit here that these 

man1pulat1on• au:e .:gertormed when appropriate. 

7l 



When an IC logs QUt or stream j Load Control·cheoks if 

any AC's are waiting. Ir there are none then no operations 

are performed. Ir there are AC's waiting then Load Control 

initiates Ol'le AC. 

When an AC logs out or streaa J Load.Control oheoks 1r 

any AC's a:re waiting in stream j. IttheN are. then Load 

Control initiates one AC into stream .1. It noAC 1 s are 

wa1 ting in streaa j Load control oheoka lf Ac•·• are · wa1 ting 

· in any other absentee. streams. It there are then Ol'1e AC is 

initiated. 

Note that in a syatem in whioh the load. 'bll114• up 

under the control ot the above meehanlaa the overall 117atem 

never becomes OTer-lotld.ed. and ·no ·AC0 
•. ·la e're:r t,l&oed. lnto a tra1 ting 

queue if slots are available in the st:reail iil 1ih1ch the 

AC wishes to run, R&apporttonaent,: hOW8Tel",- oan ca\Jlle bb'bh 

b't tbe•e· condltiotta.,to::ocour>ant:1.: the ·-methods oe:· al.leT.1.ating 

these problems will n~ be disousaed. 

Figure .5.11 illustrates the operations which must be 

performed by Load Control to smoothly effect a load 

reapportionment ordered by the System Administrator. The 
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■eohania 1• d .. igned to provide oontinuoua .. mo• to tb9• 

ocaputat1on■ llhioh are entitled t·o ocmt1nue rmming Wild.er the 

new· apportianaent, while, at the 8liM thle, _quiokiy 

el111l1nat1ng (i.e., shelving AC's and logging out .IC•a) those 

oa.putatiaa.a llh1oh ah9'11-d no longer be allowed to rmi. The 

■tratea .. PloJ'8Cl inTol.,.•· tit-st.· tnoft•Uli·'·or .deoi'eaa11,1g 

the aurrent 10114 until the proper mmbe:r ot·alot; a:N 1n uae. 

'l'h1a. reaul.ta in the a7atea beoolll1ng JIINM:rly ... loaded un4er 

the nn apportlonaent. 1'hen.:Loed c~tzol · prooeeds to l~t• 

aD7 AC'e whloh ahoul.d be rumu.ng. ?~ the'·ffiftll ■7at•·1il 

still UD4er-le>a41Nl when this· procedure begins then Load. 

Control 1n.1t1atea e.nough ot-these AC'• to b:r1ng the system 

up to a J)l'Operl7-loaded state. once the 117.tea 1• properl7-

loadad it: ~ mb:re wa1 ting. Ac·•• should kal.11 'be rwmlng then 

clearly sa.e atre-• are onr-loaded. Load .Control 

el111l1natea one compitat1on trom an -ove-loaded stream an4 

1n1t1atee ae ot theN AC'•• 'l'h1• procedure continues etil 

no aore or.· the wai tlas AC' a ah~d be rwal•, The 

ro11ow1ng d1aouss1on considers these operations in ■ore 

detail. 

The Adllintatn.tor. etteote a reano:rtl .... llt by 

re■pec1t17ing th• wn:1m number ot ~taUou whioh·.-y 
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run in each 8trMII in the system. Load · Control r1rat obeoka 

1t the.total nuaber or running ocaputat1oaa 1• greater than 

the mu:ilnm allowed under the new apporttaament. lt Jt.r 1■ 
greater tilan·lf..r then Load Control ... t elta1nate oaapitationa 

tram oTer-load.ed ■t:reau to get the 1~ dam to tf..r• It·. the 

Dflllber ot rw:ming AC's,. llA' ts 1 ... ...._ or·~ to-.ui. 

maim -ber ot AC•• allowed, ••• ·then ·the,,total onr-1.oad 

1• made ot IC••· ·1.0ad Control lags on ~--11.r ot the IC'• 1n 

over-loaded tnteraottw atr--• (begl,ml11g with ttt. lowest 

priority streaa). • ... Once these IC'• haTe ..,._ logged out the 

a7ste11 ta proPffly-loaded, ROWftl', it la .n111 pcMatble that 

the reapporttonaent caused ■ome or tbe ..ittng.AC•a·tobecoae 

prope 1lil1 tttrg .AC'• :and ;!1.noe Load. CCllltro1 lm'Oke• 

. the balanotng aechan.1 • to 1n1 t1a'te all Jlll"Opu.d.ellalld -1 ting 

A.C's an4 log out enough .onr.-lard-.. o..,...~::~te·--MP'·'.'the· 

ep'-.t'MII-.Neaai.D& ovv-loade4. 

It RA 1'8 greater than MA then aoae AC'a J111•t be shelved. 

In pa:rtto\llar, 1t the abaentee OTeS'i-l.Ollid t■ greater than the. 

total qatea Oftr-loa4 then B.r-M.r AC'• are ahel..-ed.. It the 

absent" anr-load ts not greater than the total e7sta 

over-load then all OT81"-loa4 AC'• are ahelftd and then 

enough over,;.1·oa4 IC• a are 1~ out to br1.ng the total 

s7atea lotld 401111 to M.r• In each or the abon two· oases 

the.10&4-balanctng mechanism 1s invoked arter the eliminations. 
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Up to this potat w ·haft been ~aila14en&IS·oaa• 1.:n 

11h1Ch the onrall -"78tea 1a crf'Uliotload.e4. 11':aftff a. 
reapporttanaent the ·anrall. ·IIJ'R•· bea>•H ~7- 1-oadecl 

(JL.t-11.:r) then 1t 1• et111 poaaUil• that ._. £••·.._._ 
beccme propcr-4srm1 11111t1ng AC'• anti lltitllN ·•tile- 1-4 

balanotag ..allaai-aa 1• 11noJtecl. 

11', the r111PPOJ,"t1amamt MUN• .t.lt• ......i.i. J1J11N111:o 

beooae under-1..Se&l- th• X.. c~.:-- ·tlratl • 1:lr'11ig aie 

ayatea up to :a-~ atat. lf tthee ta-~ .AC 

deaand.. lt ·the Jlllllber ot 11111t1DS MJ-' a i.a lua0 tll8D 01' . 

eqJl&l to 'bbe Qfl411l ,aniter-1-oad., · tben .U · Wllll:'&ac MJ' a .11n 

1n1 t1atecl --1 we an done. It thwe _... .aare wal~ltlll-Ml' s 

than the ._... 'Qll4e:r-.l«.l tlhera w-,c,m1&ro1 ._._,._ 

aany ot thue AC:•s _. pro~ 11dt1Ds _.a••• . It"' the 

muaber or propet--4....,,., 'N1tlng .t.e•• 1• pleC;n ua.i tile 

under-load thera Load Control ln1:btatQ'>__... ot taM to get 

the :sJSte• up M a Pl'O]Ntr1,-1o.de4 staR alll ·.tba; 1rpokes 

tba load 1-laaoing •ohant• to ~tiate .-n ·or .taa·- r •·••t• 
pro~ -.1-tlng AC••• If' the __ .._._ 'et· ·Jl,l'O~HldW 

wa1 ting AC' a 1a 1Na than or .equal· to the ~. tlllllll -. 
. . \ 

Load Control· 1n1tlatee--all at the ~ .-..ttlng &e•a 

and then .1m.U.atea ...., ot- the r1r 1-'IIS AC•• to-·Biea the 

oftrall 878tea up to- a proPffl7-10lltticl ••• a4 w:c;.an clone. 
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The load balano1ng aecham.B1D 1• onl7 invoked when 

the overall s7atem load is equal to the maillWI load allowed 

under ·the new apport10Jllllent. The meohanl• oheoks 1f there 

are 07 proper-demand waiting AC'•• It not then we are 

done. If there are proper-d.emand waiting A.C's then olearl7 

s0J1e stre• 1s over-loaded. We know at th1s J?C)i_nt that 

all slots are in use. Thus 1t imat be true that· either 

.I.C's, are U:s1ng:··all AC:alots ~ IC!'a are us1ng all IC slots, 

or one of the modes 1s using more than its allocated number 

of slots. If both modes are using their allocated alots and 

there are proper-d.emand. waiting A.C's then clearly- SCllle 

AC's we ~ng-' in ·over-loaded etre&lls. Load Control 

shelves one of these over-load AC'I and in1tiates one proper­

demand waiting AC and repeats this process until all proper­

demand waiting AC• a have been 1n1 t1atecl. If AC• a ,µ-e using 

more than their allocated number or slots then the balancing 

procedure is the same as if both modes are using their allocated 

slots. However, if IC's are using more_ than their allocated 

slots then Load Control 1og11· ·out ·one OTehload. IC and initiates 

one proper-d.emand waiting AC. Th1s process cont1nu19s until 

either the ?lUllber of rwmtng IC's is equal to the maxiJllUJI 

number of IC's allowed or all proper-d.emand waiting AC's are 

initiated. If the f'irst condition is satisfied first then 
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there may still be some proper-demand waiting AC's. Load 

Control handles this by shelving one over-load AC and 

initiating one proper-demand waiting AC and continuing 

this process until all proper-demand waiting AC's have 

been initiated. 
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CHAPJ.'ER 6 

COJlllll8llds tor use with Absentee Computations 

Users or the computer system. comaunicate with the 

system by issuing commands (usually in the rol'll or 

typewritten statements) at remote tel"lll1nala. This chapter 

discuaae• a set or cOIIUland.s used b7 a7st• usera and 

adminiatrative personnel to create, •~1tor, and tei,ninate 

absentee computations. The d1acuss1on here 1s less detailed 

than in Chapters 4 and 51 it 1a included to illustrate 

what tunctiotls·might·usetully be ~«-ntrolled at the command 

level. 

6, 1 creatw IP: A£ 
Creating an J.C involves two functions. First, the 

1dent1t1cat1on ot the u■er 1111.at be ..Udated to prevent 

unauthorized access to the ayst•• Second,. the user must 

inform the qatem ot the abaentee source :t11♦ 11b1ch 1s to 

be used to.r input to the ocaputation, and theab.-ntee output_ 

tile which is to receS.ve output trCIII the o-.i,utat1on. 

Ad.d1t1o:nal parameters are supplied to apec1t7 1n which 

stream the uaer wishes his AC to be run, the time limit 

to be placed on the running AC to pre-vent -.ate 1:t the AC 
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develops problems while the user i-s not present, and 

perhaps the user may wish to give a date and time before 

which his AC- should not be run (userul if it is known that 

data needed by the AC will not be' available until that time). 

Ttte CBE&TE-ABS command is·,prOV1ded for users to create 

AC' s. CBEA.TE-ABS may be used by an IC or an AC belonging to 

the user creating the new AC. Since th•- computation. must 

alread.7 be logged in there is no illent1t7 validation necessary. 

CBE&TE-ABS reaul. ts 1n a call to :toad Control which ei thet-

in1 tiates the computation i•ed.iate1y·or places it into the 

waiting queue·ror the specified. streall depending upon the 

current s7atem load. 

6,2 Term1nat1pg an AC 

Ever7 computation, upon completion :amst undergo an 

orderly logging out proced1,1?'e to reaon the COllJNt&tion 

from the qsta and take care or certain "cleamtp•:pro'blm. 

In addition~ it 1s aoaetimes desirable to be able to bring 

a computation to an ea:rl7 end tnoh-ul!lhan the userdisOOTers 

he ha8 left an AC runm,ng w1 th bad 1nJMt data). 

The TERM-ABS cOIIIIIIJ14 is provtded. to 1'9«.oa both 

the ~ormal-em and earlJ-en4 tun.otiona for AC•·•• The user 

speo1f'1es the can.putat1on-1dent1f1cat1on of the AC to be 
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terminated. Load Control is called upon to sea1!'Gh th$ 

queueing mechanilllll to.see if the AC is wait1ilg to be run, 

running, or no longer on the system (e1the:t- it ta done or 

the cc>mputation.;.1dentitioation waa incorrect). If the 

AC is waiting to be. run then the entry tor the AC 1n the 

waiting queue is deleted. If the AC 1a currently rurm1ng 

then tt is stopped immediately and logged out, It the 
' . ·, ::· 

AC 1s not on the system theit the .us.er is so .informed. 

6. J Changing the Stream ·c Pr1or1tz> or an AC 
When the a7stem is heavily loaded the user ll81' find 

that his· AC's take longer to ·ran:~ ~~can. '!o speed 

up the proceaaing the uaer ._.. w111h to J>1•• the AO lnto 

a higher priority atream·{tor wttioh he JIiiy' be charged more 

but will get better service). 

The CHANGE-STBEAH command i.s proV1ded. to remove an 

· AC from one stream and place 1 t into another. The user 

specifies the computation-identiticat1on ot his IC, the 

stream it is currently- 1n, and the stream into whio~ it 1s 

to be placed. Note that the CHAJIGB-STBBAII oommam 1s·a1ao 

useful for aw1toh1uIC's trom one 1nteract1ve stream to 

another. 
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6.4 con,-n1,m an Ic to e Ac 
A user J11117 w1ilh· to run a large computat1on aa abaentee 

but in order to be sure that he baa aet ~• ooapllqtioii up 

properl;r he_,. want to run it 1nteraot~~l1' ror a wh1le. 

Once the computation gets going auoceaafully (perhaps the 

user notes that the proper output 1• being generated} then the 

user may convert this running computation to abllentee. 

The COKVBRT cOllllaDi ls proTided to· enable a user to 

switch a running IC to an AC. The unr tirat preaNa the 

•QUIT• button at his terminal to stop the compitation so 

that the CONVERT command may be t1J)8d. 

6 1 5 ConJV11J¥ an .lC to an l.C 

The user mq. nah to IIOll1 tor ~ progr ... of one 

or his A.C's tor a llhile to Mk• INl:8 that .it 1a.1'1Qlld.:ag 

smoothly, or perhaps to user would l~k• to•• aoae changes 

in the absentee source fil~ or other data auP:J>l.1e4 to the 

AC. 

The CAPTURE comm•m is provided to allow the user to 

capture control of one of his AC•a so that it can be controlled 

from the user• s terminal. Note that the user J11117 wish to 

finish the computation interactively or he 11117 wish to issue 

a CONVERT command to allow the c011.putat1cm to t'1niah aa absentee. 
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Note th$t by using CAProBE am COl'VP;!tT .the user Dl&1' 

actually control several c011P11tations at one time tram a 

single terminal. This is :parttcularly cOllftntent tor 

computations which Jll&1' need only minor tntenentton. 

616 Obta1nipg Status Information tor a.User•s·comwtattons 

.&··,user may ha.Te. ·JianY cmputat1oila.· rfdmiJlg!:-at one· ti111e 

and: DUIT:havemany·absentee ~Clllpa.tattcna in''thewaiting queues 

waiting to be run. The user aay want to monitor the progress 

of these computations and f'ind out 1f 1t might be necessary 

to intervene (Tia CAP'l'URE and eo!IVERT) with some of them 

to oorreot any error oond.ittons which might exist. Also 

the user may find that some cOJIQ)Utations are running too 

slowly and thus it may be desirable to issue a CHANGE-S'l'REAM 

command. 

The STATUS command is proTided to give the user 

information about his various computations on the system. 

STATUS may be used either to find out about a specific 

computation, a group of computations, or about all of th1s 

user's computations. Intorniation 1s·returned to the user 

indicating ho1r much ttme each computation has used, what 

dedicated resources are being used by each computation, when 

each computation was 1nit1ated, etc. 
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6.z Reguest1pg·InterJeP::1on bJ N! IC 
)Tormll.7. 1r an AC de'Yelopa probleu wh1l• 1t 1s 

running it cannot be run to c.0mpletion be~use it needs 

1ntorniat1on which is unavailabl.• to it 111 the absence 

or its owner. However, it a user who submits an AC rua.ppens 

to also be running interactively -when such trouble occurs 

then it is possible that the user -,.11 be able_to supply 

the necessary 1.-ormation (or correot1ona) to the AC so 

that it may run to completion. 

The llffBllVEN'E cOIIID8,Dd is pro'Vided to aid an interactive 

user_ 1n specifying that he ta available to a14 his A.C's 1f 

trouble develops. Soiaetimas...the natun .ot the Ulterac~ive 

uaer•s.-work would make it un,,tes1rable to be J.llt•lTU~ed by 

a oall tor help by an AC.am. in au.oh a cue IN'J.'JRVBNE would 

not be issued by the IC. A.n_1nteract1ve user uses CAPTURE 

and CONVERT to effect an intervention. 

6.a spec1(71pg the Ac-1c Load Apport1opp,.ent 
The System .Admlnlstrator must apectty the apportionment 

or system cdllputlng power between the var1oqa ooaputat1on 

streams on the system. 

The LOAD-SPEC cOllDl,aDd 1s provided to allow the 

84 



System Administrator to make a 10-.,. .. appbrtiomaent or 

reapportionment. The initial load apportionment is 

performed at system startup time and reapport1onaents 

mq be done whemnr ne~••aarJ"• It tor a particular 

application the apportionments should be the .... for 

certain regular periods (shifts) then th.- S7stem Administrator 

may· specify apportioDJ1enta tor each ot these shifts and 

Load Control will keep these &Tallable~' Whentner the 

time tor a new shitt ar1aes then Load Control will d,Jnam1oally 

reapportion the system 1n the manner discussed· 1n 

Chapters. 

6.9 Other C2DfPdn tor Mf1n1stw1n f!Hcpmel 
. . . ' .. ,. . ' 

Ad.m1n1stratin ,eraonnel • flnd the ST.&.TUS ad 
. . . 

TEBM-ABS comanda uaetul. S'l'.&.TUS 111&:1 be used to obtain 

status information tor aD1' OOllputat1on on -the.eu.t1re a,-stem 

and TERM-ABS may be used to terminate an AC which 

appears to be causing problems (such•• t11ng up certain 

resources)~ 
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CHAPTER 7 

SWmDar7 

The work described in this thea1s :na·.'concentratecl in 

two areas 1 •· .genend diaaussion about the'. 0aharactertatics 

bt absentee computations, am ·the·detlign or a:Hchaflism··tor 

handling absentee computations in a mul.tiple-accea■ computer 

system. 

Perhaps the most significant contribution■ or the 

thesis are. the concepts or shelving and un■helving absentee 

c.omputations, the concepts of' absentee and interactive 

computation.streams, the design of the multiple-stream 

queueing mechanin, and the design of the load control 

mechan.1■- tbr hybrid multiple-stream interactive/absentee 

systems. 

The design of the combined queueing and.load. control 

mecham.mna has the following aign1t1cant character1atics, 

1 - The System Ad.min1atrator.11a7 apportion the computing 

capability or the.atat•·between·1nteractlve·and 

absentee· oompiltationa ·in any proportion whatever. 

This allows the system to be 100,C interactive, 
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100% absentee, or at'l7 interiled.1a~e combination 

Of the two modes. 

2 - The computation stream concept allows computations 

of different ".'types• to run 1n different streams. 

one such d1fterent1at1oil:aight·bit·a·J)t"iority schem~ 

in which eaoh·•ti-Ma·oonta1u.a11 ·the computations 

of a pe.rticular priority • 

.) - Abaentee streas haTe the propert1 that running 

ooaputations may be t411\porar11J suapended and 

restarted (shel'f'ed and unallelTed) HTeral times 

as the7 flow through the atreaa. This property 

1s one of the keys to the sueceaa or the load control 

mechanism. 

4 - The Jlultip1e-atreail mechanin haa the propert7 that 

the load in each stream ta .. ind1<Hdually· controlled. 

5 - The nmlti~le-stream mechanimn maintains a precise 

ordering among all computations whether tl'ley be 

interactive or absentee and waiting or running. 

For example, in a priority actieme the· computation 

atreas are ordered l;J_· their respect1Te priorities. 

Within.each computation stream waiting computations 

are ordered bJ' T1rtue of their Poaiti'on within the 

waiting queue (first-in-first-out 41scipi1ne is 

used in this work for chooa1ng the next entry), and 
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... 

running computations '&re. o~ered. b7 virtue 

of their position w1th1n·the J;'WU11ng queue (last-1n­

f1rst-out--d.1so1pl1ne is. _uaed in this work) • 

. Thua, 1t a-t.,a:ny 1:1•.•· the lac control mechanism· 

wishes to eliminate. or 1n1 t1ate. a c•put,.Ation, the 

choice or whioh. computation ~o eliainate or which 

to 1n1t1ate is determined,bJ the ordering described 

above. Thu,. th• load ·ccm,t:r-ol mecban1SJD 1a made 

aore efficient than· it WOuJ.d.~ if the abOTe choice 

... not al1f&7& J)J"edeterained. 

6 - The load control meohanln prevtt.nta ••te or available 

c011pu~tion slots by- allowing-.•~ to become 

overloaded ·lf slots ln other at~• are unused. 

At·the·1aile -ti.Ile,~-~• ••inare.• computatlons 

tn a -partlcillar atr_., ·t1rat.·ol~• ~ alota which 

have ·been speo1t1cally ~le>Qated.to tha,: stream. 

'l'hue· stream 1 can·· becoa• ·over-:J,Qad.ed b7 using 

available slots in atreaa. J. Howe~r, if the 

demand milds up again 1n J ,. then the over-load 

atrea 1 oc:a,p!ltat1on ust x-el1:nq,i18h the usurped 

slot and ta either shelved it it ia •baentee or·1s 

logpd GUt 1r it 1a 1nte~t1-v:e. 
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7 - Finally, the load control -•echaniam 

effects load reappor~10l!Jleftts quioklJ 

and •oothly. · It a G011P11tat1oa:.nJU11ng 

bef"-ore·-.the · reappertlGllllent abould also 

run after the reapport1oraaent. 10114 control 

carefully avo1ds'e1ther shttlnng or logtng 

ou~ the caapvt•Uon. I'11t1at1on ot waiting 

coaputat1~na-·an4 -e11111•ttoa ·ot r1UUl1ng 

ooaputationa 18 done qllickl.y because the ordering 

described in {5) alK>•• llakea the ,aelect1on 

such computations tri T1al-. 

It 1a worthwhile to note h•r• that ther«.:are two/ob'rtoua 

level.a at irh1ch load oontt-ol.deo1a1qu cea be~, rMely 

the adm1aaio'- level and the schecbtling .level. At thetutJaiseion 

level 4ec1s1ons are ma4e regarding whiclll AC•a and IC'a a!'lall 

be allowed to log in to· the •1•t•• At the aohe4ul1ng level 

decisions are made regarding wh1oh of the loaged 1n AC'• and 

IC'a shall be the next to be g1YQ_ a prooessor when one 

becomes available. The mechanism designed. 1n thls WOl'k 

operates at the admission level only. Once this load 

control mechanism allows a computation to log into the 

system, the computation must then tend for itaelt in the 
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competition tor processors. J.t this higher level decisions· 

must be;aade on the besia or leas apeott1c·1ntormation and 

must be intended. to be enforced over longer periods or time. 

The apportionment we apeak of. would probably be in force 

tor at leut several hours at a time, and the load control 

mechanism we propose might be rea.aonablJ' eerta1n to assure 

that actual usage closely appro~matea the apportionment 

in the average OTer such a long period.. 

Recalling the simplifying aasuaptiona Jilade 1n Ch~pt~r 

5, namely that each slot 1s the same size regard.less of the 

particular traits of the computation using the slot, we see 

that perhaps 1t would be useful to haYe our. load. control 

mechani$11t receive information ~ -the· acbl9c1Ul1n@r' level. such 

lntormat1on combined with an atomic-slot aecftania u 

discussed in Chapter 5 would help to pronde IIUCh ii.Ore 

precise control over the system load than the meohani• 

proposed in this work. The dengn-_ot:.iruOh a meohan1• la 

suggested for those interested in purning research in 

this area. 
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