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CHAPTER 1 

Introduction 

This thesis presents the detailed design speciticat1ons 

tor a mechanism to handle absentee (or background) computations 

in a multiple-access computer system, The aechanin operates 

as a package or salt-contained modules with a minimum of 
~ ! • -

dependencies upon the enTironment in which it resides. Thus, 

it may be inserted into 8J17 existing multiple-access computer 

system which has the proper env1ronaental 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 s7steaa, but several new 

teatures are proposed.. 

Second, the OYerall design tor a new t7)>8 ot absentee 

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

mechanism are discussed., and interfaces between this mechanism 

and other parts of the multiple-access computer s7stem are 

defined. 

Next, the detailed design ls presented tor the two major 

portions of the new absentee handling mechanism, This design 

is interesting tor several reasons1 
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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 turther subdivided. 8nd assigned 

to absentee computations of various "t)"Pes". 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 handl1ng 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 tJ" 1s uaet'Ul ia '))randing . the .· 

apport1otmeat rta1bH.1tF·aenttoned abo'n. 

P1na11;r~ an attempt 1• mad•· to -..0117 a ccnpact 

set of' e.aTFrll"s tor uaers am. m.tn1.-.t1n personnel. 

The cow91M'~?ere de~ tQ.·~ :amooth·1n.teract1on 

with the tac1~1t1es am .O&P8bU:1tt.es. ot tbe .:Pf!'OPOaed. 

abaentee.haad11119 ~... In pu't1cu1•• CClllllllMlllds 

are p~ded to per.tom: oerM1n ollftou .1Wlct1omt neh 

as oreatlng and ta:.i•ting abffnt•.·o.,.tat1ons, and 

certain tunotlona Wl1iJ.Ue to thta :applteatt•:auoh as 

converting an 1ntft'M,1ve ~icm CO ~-and vice 

. versa, and -spec1t71ng the apportioaaeni) cC)t . .,.te. usage 

between· 1nteraot1Ye aal. abllmltee :oeplbatlona. 

1,1 TmfDol.911 

A :»••!her\•·~ 8"t• np141.7 ~a its 

resource• aacmg 1l8DI' u... -to g1Ye aaob uae:1 .. the illunon 

that hi• ooapitation is coaetantl7· ~-~ · ·All iRMl'!Mve 
user controls the ope~t1oa- .or h1a CJOalftl-~OD v ls..uing 

cme!!d• (usuall7 1n the tora ~ •tateaenta tQ!l4·-at a remote 

telet7J>9 te1'!1nal) to the s7stem, observing the s7stem•s 

responst1t to each comaand, and 1sau1ng turther commands based 

on previous responses. An •b!tntee user does not have to be 

.lb 



present at a teninal to ooatrol hia ocmp&1lat1cm1 

he sulal ta a· tile ot O<ll 1 nl• 11h1oh apeolf'J' tlae operation 

ot hi• J,ob. The~....-. (t. .. : •• :..t.ntldlla.• ordei'ed 

li•t et.) ... or tun 4nor1ptor tll.e• .. ~- aaTi'.fte 

'nl• ooaoept ot a ,..,.r uma•• ... ttta• ., . 

pro'ftcllng aounlbl• oaap&tS.ag a,:dll11_. 1:o a lup -ber 

or u•l'lr (reteft'ell to - the um:· I cw> - a . .__._ 
r~. ~-,.._..•*1-1•~ '11)-h.amMl 

to expect, hft8ftr-, that .i.nam•.a ..,-~ that the 

qstea unilugo an ooowtanal ... , • 80 that th• ..itu,nct1on 

91' be re)llm11"*l. 'lo J'U\Dle" nOl'M2. opel'9t1dll, taMt. . .,.... 

un4el"gc)e8 a lt!arffp Pi'OMdla'ee 

Bach u ... or ·-the aptem _,. ·a'IGN · itrt.oamt:toa ta 

pri•te f11•• (uauall7 apaoe on aeo0llllar7 atonge aed.ia 

reeel'Ted tor th1a user). A potential utlta' of' tiled. 

intonation must 1dent1f7 h1a .. 1r to th• •P•·:Jar:mlDs 

a MOl'e~ m•gr4 tams pr9ftllt1tag:·-~nd ...-.. 

tram ua1ng the 1179te.. !hi·• 14-*1t1oat1cm -PNOeilure -t• · 

nfcrnct ;to u a-&• 'P• ·· Wha·-. u.er· 1• r.tnt.aea unng 
ttiie . .,..tea_ n lW wt to 1rlf'on -. .,..-. ..- lie 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 ocmputat1ona 

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

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

to his absentee complitat1on :f'l:taia a priTaile ~S:c tape 

in which case his cmputa1;1on .,- run onl.7 '11' a~ drift 

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

to u a d!d.igat«\ DlfttO! since 1t mut blapeo1tt.call7 

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

To assure that a required. 44d.1cated re•urc• 1s aft1labl.• 

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

system) to use th .. reaource during a speou·10· tiwe period. 

lfon-time-ahartng cCDputere genera;l.17 hUlll.e jobe in 

a l?atoh WOO!fliM t!IM\• the jobll are eui.t•ted 1n the form 

of card decks or magnetic tapes at a central ccmputer 

installation and are proceaaed aequentiallJ', either one 

at a time, or in the case or recent mult1-Pit00•881118 s7atems, 

se-ntral at a t1ae. 

'l'he mta lpr' on a t11let-ehar1ng ccapiwr qst• 

which services both interact1" and a'beentee ooapr.t&t1lllMI 

refers to the current demand• tor eern.oe. 'to a1l. ocmpatations 

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

m&1' be 1n1t1ated to push the load back up to peak ettioi•ncJ' 

3· 



operating le'9'8ls. At 8111' instant during 

the operaticm· at the qstem, requests for· serTioe are 

enqueued on a priorit7 basis (!19b!dpJad), and the request 

at the head or the queues 1 s the first to ht serrt·~ed• 

Priorities are generall~ aastgned to oomputations 

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

MJ!t !81Q1l pr1oz1t1es are used 'b7 the qstem to detend.ne. 

which ot atmmal computations attea~ing to log in should 

actuall7 be, allowed to 1og in to the qstem.· .. S!h'4Y11M 

b1.or1t1tt are uaecl b7 the qstem to determine 1rhioh· 

ot several logaed in computations sh0Ul.d.be·g1"9ft sernce 

b7 a prooeasor when that proceaaor becolletl P'ail&ble.· 

Mm1sa1on pr1ort.t1ea are genera.117 ttxecl whereas scheduling 

priorities are d.71181l1call.7 COJaPlted .. at ·.~utl~ 1;111.e• 

The concept of providing absentee usage facilities 

in a t1me•shar1ng errnronaent 'ts not new, m~ the general 

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

the earliftat succeastul attempts in this area arei 

4 



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

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

.Absentee capabilities were 1ncl1148d in the 

or1g1nal design of c. T. s. s.. '!he ab1li t7 for 

an interact1Te user to initiate ... absentee 

computation ·was added 1n 1965-1966. 

2 - Time Sharing S7stem/)60 (4,S) implemented by 

IBM on 1 ts J60/67. Absentee .. oapab111 t1ea 

were included. in the orig11183. deeign for which 

a prototype 1mplemeJitat1on became a~lable 

in 1967. some notable fea'b.lres of the 'l'SS/J60 

implementation includ.e the ab11i ty ror 

a user to interrupt his running interactive 

computation and convert it to absentee, and 

the ability for a user to in1t1•~ ~:~de range 

of bulk input/output operations v1a commands 

which may be issued bJ' 1nteraot:l:ft or absentee 

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

handled as standard absentee oomputatlcms and 

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

needed to sel"Vice the requests 'become.ava1lable. 

5 



The absentee handling aeehania 4ea1gne4 in this thesis 

18 being 1apleaented as an integral pat·ot" the •Multics• 

a7stem (bJ.S1P1•Zed ,lntcmnatton allll-~t1ng §.erYlce) under 

deYelopment at Project M&C at tlw x....m.-tu Institute 

ot T•clmo1Gs7~ lhaltiea 1a biting·~ llnd. 1apleaented 

as a gen.rat purpose t111e-Bho111g opel'li1Jing 878tem tor the 

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

further ahoul.d aGllSUlt a group ot JliaP«r• ·(S,,,,,8,9,10) 

wh1oh were preeentecl at the Fall J01nit·ccin~ Conference 

in 1965. Pt-oject MAC Techn1oal Report-30 (4) contains a 

d1scusa1on ·ot the organizat1oll·ot the OGllputer ut111t7 

and a deser1pt1on of the 1-aic deei~ dr- ·the1fultics s7stem. 

le l og•1 pt1on 

Chapter 2 dlacusaea those teeltures which are desirable 

1n a apt• tlb:!.oh support• absentee CoapDtationa, and the controls 

that users and qatem ad111.n1a~t1ft ]WftiOllllel should han 

oft!' absentee· computations. 

Chapter ) llt'•aents a blocl<-.t1agna O'f'el"l'lew of the 

absentee handling meoha!l1aa, and d1ScWl.1Ht8 ~ functions 

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

Chapter 4 develops the concept of a computation stream 

and then illustrates how several such streams ma7 be combined 

to form a versatile multiple-stream queueing mechanism for 

absentee computations. 

Chapter S considers the problems of regulating the 

s7stea load. in a 81'&tem which supports both interactive 

and absentee coaputationa. A aechanin for performing the 

load. control function 1s propoaecl which utilizes the 

flexibility o'f absentee computations to assure that the 

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

The mechanism allows the computing capab111t7 ot the system 

to be allocated in any p:rop0rtion between interactive 

and absentee computations, and provtdes the ability to 

quickly and smoothl7 adjust the system to a new load. 

reapportionment. 

Chapter 6 presents a set of command.a for users and 

administrative personnel to create, control, and terllinate 

absentee computations. 

7 



CHAPl'Bll 2 

Features ot Absentee Ccaputat1ona 

Th1• ohapter dettn••'·•b•entee. 1n'.teraot1n. and batoh 

oompatat1an8, and 418C)un•• t!M a.1111arttttt• betwen·abffntee 

and batoh oomP11tat1ona, the r-.ture• et-~ edllpatat1cme, and 

the tao111 ttea ot the absentee- hanllltllg lllltObmda. 

2.1 C•wte»QD lo4H 

A uaer ..,. ~ bi• ~cap11tat1on 1n either ~.two aoclea, 

naael7 1pttrad&J• or •'MMW• 
An 1&1itrM~1D .... ti"' Up) 1• oontrolled 1'7 a uaer 

who enters •~11114• at a reaote t~ui.. reoe1'N• 1'98JM'ftH8 

rro11 the BJ'•t• at that terlllnal, and eaten 11441 tlaeal · ~ oma 

based on prenoua reapml8••· The 1ntnMt1Te ao4e atforda the 

uaer preo1ae oontrol ewer hi• ocapatat1an and allows. the uer to 

make ma.1or ohangea ot atratea at nn tlae. '1'1Mt'tftte~t1n 

•od.e ls part1oularl7 uaetul tor progna 4ebaglng and tor 

1•pl-ent1ng prograa which •taJ.Jr• wt.th non-progr q er unra 

(adain1atrators, ao1ent1ata, fi1ght re1181'9at1on penom&el, eto.) 

8 



An •M•tu 9C11putation (AC) dOM not reqUiM 1n.teraot1on 

w1 th the uaer.. The u.er au1-1 ts an a'b•entee crcapitat1on aa 

a tile ot cr•unill• (•!m .... MUJ!t ttl.e)· 1'U1oall7 1den1;1cal 

to the comanda the uer WCNld mter 11" Nmtng taae:· nae 

cam.putatlon 1nteraot1vel7. The abltent ... _.., f're•• ti. uaer 

:troa h&Ti:ag to be p:resent. to oontl-ol bis: ocmtiUtation an4 

ls part1oularl7 uset'Ul tar %'\lml1Dg obeoked .. ou.t -~•and 

•produot1on•-l'llDS. 

A 9teh .,.,,,.Mgn 1• ~~al.17 14entlcal to: an abHntee 

coaputat1• -~ tor ..._ ....._ ·lft W.lch th• file ot oalll'e!IC!s 

1• aublltted. to the qstalh·' An ·abaentee &OU'Ott. t'll.• 1'• 

gene-Nl.17 INba.1 tted. "f'ia a :remot;e· ta!lllml, llhet'eas a batch 

caaputat1•: °" •I'd 1'1le 1• ~ nl:wttt-ed in the ron 
ot a .oard· deck at the centl'al ocapater 1n8talliat1en. 

2.2~·ret.pp ot-·•blaw c...ia»•· 
a abnat.9 o:mplRatlm. sq be tld.t1tlb4 tor • user ·b7 cme or 

the user•• 1nteraot1Te ocaputat1ons, ..U.r. ot·11he uaer'• 

absentee 009patatloae, n •. a..toa-r~.,b:ta1•·_..~ .. '*' tiae·:,uer, 

.l'·,uev~ ... abfflltn;~taa. ..,.-a,~<bl *.tr/ «it 

that user'• lllterutln or abllemee ~tatt.one. 

A user-., Qee1f7 (f'or his._ p:wtffotlon:) _,..~ng tlae 

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

•7•t- autollatlcal.17 saTea'tbe AC ao that partial re8Ul.ts are not loat. 

It the user does not apeclfJ' a t1ae 11a1t tor an .AC, then a detault 

value ls aaauaed. b7 the qst•, again tor the uer'• protection. 

9 



A oaapai;&t1cm (IC or AC) ~ • ~OU).ar uer,..,. obtain 

•tatu• lnf'Ol'llatlon &boat a117 at tllllt: UH!'' a ·oca~me (both 

IC'• and AC'a). 1)9talled 1n1'oz•tlait ..... t .._._.a 11...-a 

AC•• la al_,..a &'ftllable to. tlw.t uer, ·repzdl.9": o# ·wbnher 

hi• AC'•· are -1 ti;Jlg to be run or are 01U"JentlF rannlng •. 

An lnt.H"Utl.,. uaer 97 1ntentaP' hi• IC at aQ1' potnt and 

c011Tert 1t ·to an AC. · Thi• teanz. ta 4ea1rable ln t:M. cue 

that a uaer wish•• to start h1a program 1nt..ctln1,. to Mite 

are that 1 t 1• working properl7, and -.. ~; tile progra 

to abaentee ao that 1 t -.,. ocmtttme ·• ~"- wtthCMt ·the 

user•• attention. 

An lnteracttw uMr ~ 1ntenupt M7 one or hi• AC•• at 

~ point an4 CODTert 1t to bi• OU'l'ellt IC. '"'48 ~. 1• 

uHtul 1n tlM GaR tbat th•. uer ..na to· aOnt·tor ·the JJl'OP'8•• 
11-4• b7 h1• abaentee caaputatlon, or perb&P8 make some nn-t1ae 

change• 1n either the prograa or lta data. In ..a can•, the 

uaer _,. cOllTert a oaaputa1lj;on ~· ~!" . .-.• ,_.. .. ~o' :t,"",.,o~ye. t;:Q 

get a h1gber priori.tr tor 1me ccmpatat1ca ~ tdla-'~ 09putat1on 

..,. be ocmpl.ted. .... 

~ .,.-.. mta1nlatrat1n perllOllMl.~t.nd.Mte .nr·AC 

(or IC) 111d.81l··appean to be a ·~j· 

Th• qat• atm.matl'att.-. pel"80Dl!lAtl ..,. .,_.1,.. an 

appol'tlatmmrt or .,..-. re110Dro•• 1*tu1lil &e•a allil tc•a 

10 
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•• ::;:. o; '- ,.· •. ::.:'~·:'">~.0::;~~~~~~:!~~-?:-!~~~-~~~1;'.,""~>'{.;!~,\~;.~.:;"-,,, ~-.:-~~., ... ,_.~ ~'·~· ,';.~·'.'·( · .. •,,:cJ~ 

ln Ol'der to •))hulze apartloular •o4• d~ng .. rtalnperloA• 

or Q'Bt• operation. In ett'eet, 'tilt• apportiom.nt- jfeftlt1-. 

the .,.. __ into two 41.tlnot_ n'b-8F~• -.. ~or ramd.ng AC'• 

and. one tor ramting IC'•· TM AC-IC aportt-!lllt..,. range 

anrwtsere--~ ._100• to too~. 

A 1lMr..,. haft~ rmmtng AC'• (-and. .... IC'•) at one 

tiae, bu.t the maber oan be 9daln-1atrat1"f'el~ llalted.• In the oue 

that a •lngl.e 'llMr ha• 89ftral IC'• at ftt'loa.• tend.nal.s, 894Sh "0t 

the IC-'• ha• ~..i-eontrol ewer Alli~ the u•er'• AC'•• 

Inpat ·to an AC i• nomall~ tam· ·'f"l"m 1'1le appropriate 

ab8.ntee 80U'Oe t'lle, Outplt trca m AC llOIWa111' ~ to a 

UMr-qeottied e!z"P'" ogtg&t G1f, a.:-.r ._ Uternatlftl7 

•PHifr 4e4le&te0 "~• U.n _.... er Mhe) ror· .&e-•llafU/output. 

Au-. 1"9flaftt.._·fi410a'-t·l'•awcczoea ._... ...... anr or hi•· 

A0'•-...r.l4 _...a •...m. reNnattcm t• the reaouJ"O .... 

2.1 SUtw P•twft 

The e,et• llllqUetil• uHr reque.ta to lnltlat. new A'C • • 

•o that the•• AC' a M7 be 1n1 t1ated 1n tile tutuft -a~ a ti•• 

Which the .,..i.a tHl• 1• opporlN*le. 

The apt• m7 ta]'Ol'U'1l7 napen4 ""1.o• to a -bel' ot 

AC'• •that an inonaNd 1084 ot IC'•..,- 'be ..-e ·ettee•lnl7 

•enloed. Slallarl,-, the llJ'•tea ..,- •l!lll!I• a nuaber or IC'• 

•o that an lnoZ'eUed loed ~ AC'• ..,- be nl"ri.oed. -ping an IC 
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involves •Ying th• IC ta 1 ta· Ol.UTellt state -4· auto.atloallJ' 

logging out tb• user. To oont1n1le a 1*apeci IC .·~· \INr llQ8t 

log, in a&aiil. tm4 apeeif7 tbat th1' ,,_.,_ IC be renaecl• After 

a user has been buaped. •. he lllll often nJJil that. a. unnot log in 

again i-ecliatel1. Thi• oooura beoauH the aottt .t~-..t 

rea•on tor baap1ag a user S.. to 6"r.... • Q'•t. lo.A; and 

ma1nta1n the lkd at 1 ta lowi- level. 

The •7•U. M1'.autoilat1oalll' renae H"1.ce t9 --~ 

·.A.C's when the IC load deorea.eea. (11ote the. ..,_.tr7 h~. A 

su•pended. AC ls al~• auta-.tioell.7 re---4 bJ tM a7.tea 

while a baa~ IC 0#1 onl.7 be nauu4 b7 th• 1ntez"'Mt1n uer 
hlaaelt. Thla propert7 is orit1&a&l, to ._ ~eN of. dpaa1o 

load balancing d1110uased 1n Chaptei- 5,) 

Jobe llQ. be 81lbaltted. to the qat• .1a a b&toh-prooeH1ag 

toru.t aa a d,eck ot ca!"da. auoh 3on, et~ ~-- a 

procedure to ..al.14"• the 1dent1t7 ot their originators, are 

handled b)' the abaentee mechanl• in the ._ • .armer as .A.C's 

requested b7 IC's or other AC'•• 

The n•tea aak•• ehutd.own tnna~t to AC.'•• 'b7 auepellding 

aD7 AC' a ND111ag at shut4o1m ~ &1Ke19at1..:117J"eaaill8 .the 

suspended AC••· at startup t1ae. AD7 AC• a *1oh·. -.; alt~lng ln 

th• qJaeues -1 ting to be run ~t ~tel.own, ~•••' n. ~u-..t during 

shut4own .m.-., be 1n1t1ated b7 ·tM·~. atter ~'1g>. 

12 



'Ph• appGl'tionaent or reBOUl"Oes' between AC'• and IC'• 1a 

nol'llal.l:r clone '!'or -Nriotl'S long ]>M'iocl• or ---t• operati.on 

called •hifH. Hotre'fer, the'd9lrallddl ... - AC'• and IC'• 

upon the qstem over the short tel'll ~ TaJ7 a1gn1fioantl7 , 

and h'equentl:r. The qat;ea oa.tere to __.t tem "Yar1at1ons 

in d-.n4 1IF ~ aGdl-t1oat1ons to :the Te.OUO. ap~i.aa.ent 

over al'IOrt periods called, 1"'6r&tM!J MJ'hM•, !l'he, Load 

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

upon 1Jhe .,...._ with the cU1"1'8D4:,ah1~,•• Jl'8~ •Pf0!"1<Dmllllt, 

and. makes Moe•a&r7 a43U81aenta U1 the AC "'.ad IC lama to 1n,9ure 

that good quali t1 eerrtce i• P'J'OYld.ed _ _, all N11111ng oom.pitations 

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

the AC•IC apportionment ls 2~'1.S• aM tile AC 441111111nde •eoreaae 

to onJ.:r ~. then Load Co~ro1 "allOW ~new IC'• to be 

in1 t1ated to bring the IC ueage :up to ~. When tile aen-ten. 
Yariationa are or gN&ter iuptttde; Loe Control 11a7, eleot 

not to -toh a 4eeio.eaae tn oae ao4e or 'UNS•"'·wl.th a equal 

increase 11'1 the ottter. Instead, 1 t aq .. toh a" 2.,. dearea .. w1 th 

only a 10% increase. Thia prortdea a:du.piag etteet, wbloh helps 

to prevent the ourrent u•age ot qatea;. HIJOU'OU traa •arr1ng too 

s1gn1t1cantl7 rrom. the desired shift resource apportionment. 

See chapter S for a aore precise d1acuas1on of the loed. 

balancing operations performed by Load Control. 
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'l'be Q".t• keeps tnck ot all AQ.':•: HqU:r,\M: ·441142.oated 

r••ou.ro•• to be inlttat.i. Wheneftl' ... reaert&UCID .. -4• tor 

a partioular AC beccau due. tM .,..-,. •t••*iotllil,.7 1n1 tu~• 

that AC. 

In a qatea in ldd.oh 11a1t7· 0011.Jlllltatiou are ·Gmllt.-ou•l1' 

ocapet1ng tor nrrtoe, 1t 1• 4ea1rabl• to Jl!,l'OftM -.·-.art of 

pr1or1tT MOhan1•· to allow a ~ to CIQftH the rela"Te 

laportalloe ot hi• ocapd:atton. The uer u )tl'.OTWM\ td. th a 

otaoioe flt Rior1tf ttrf8 1 in whiolt he 9Q' ftqueft •Jd• 6C be run. 

Btgb priority at~ proTitl• Hl'Tioe at h1CUt' 009t, "811• 

1ow prtari~ •tnaa mq ]lll"Ort4• alOWR .rn. .... ,llll\ a$ ~ cost. 

It the uer doea not apeo1f7 1n whlob pr1.v1 ~J' .,. .... 1- ,....\a 

hi• ooapatat.1an to run, the qatem aut-.~o&ltJ.7-.·,~•-'tb4t 

ooapgtat1c:m into tta. ,,,... '" •···. aao•--..n• 
oamp11tat1oa• do not neoeuarU.7 ha.Ye ·to.,,M s...i-.*44·1-eeliately, 

a ••r1•• of altlng queues 1• pzooftde4, oae tv ,,..,1'· pnc:art.tJ' 

strea. When L-4 eontrol 4"14•• tbat; ...-......... ee-o•J"iltat1ons 

~ :run in a part1o111.a.r •tr••• 1t l111'0l'ld the::.-cmnl• wll!.oh 

handle• the absentee queues to 1n1tiat. u apprOJJr1&te nuaber 

ot·abHntff o•pitattona rz.. the~w.11s1ng q'RR• tor tba.t etreaa. 
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OTel"Yiew ot the .lbaentee M~tor 

The Al?•entn ftmitor Oon11•t•:of a group ot related aodules 

and a aerie• of queu.1 whloh together ue reapOha1fJla f'C»r the 

enqueue1ng, 1n1t1at1on. oont2'o1. Md. teninat.ion ot ab1entee 

coapatationa. Thi• chapter 411Cuaae• the -.1or sections ot the 

.lbamtee llolU. tor and the inte:rrel.ationehlp bet .. en the Absentee 

Monitor and other parta of the aultlple-acceaa ooaputer· s7atem. 

Piguloe ).1 1lluatratH the structure ot the cw.rall aechan1• 

t~ 1'andl.1ng abHntee cmpata'tiona. Chapter• 4, 5, 6, and 1 

deaori'be the parts ot th• aeo1'an1• in greater detail. 

J,1 !l&Jsr Stot1w or th• Mwttl Mapitor 

Th• Absentee Monitor oonain• or three aodul .. and two 

set• or queuea, one queue ln each aet l>elng asalgned to serrtce 

each pr1or1t7 a'h'ea, Chapter 4 d1Mwl•• tlle qutueing aechania 

1n detail. 

).1.1 A.bee"• w• control 

.la new req_ueata to 1nit1ate abaentee caaputationa are 

entered b7 uaera into the 97atea,.the 111111•• ot the oorreaponding 
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absentee source file• and ab•entee outpat tllff (~ otJier 

ad.di t10Ml uHtul 1ntonaUon) are P1•e4. lnto q-.• · ... -.re 
the7 reuin '1ftt11 noh t1ae u the. IJJ'ft• 4Ml.4e• ,to lftS;ta..k: 

ad.di tlonal abaentee o•JNtat~ona. 

•7•t• llOdllle ruponelbl• tQr. MkillS :&PJl)OJD1._ •WI." .in .the 

queues, retr1e.Ting etr!.e• when tlw7 an .. ......,. • other. Pl!l"U 

ot the &beentee aeohanlllia, Md d.eloiag •rt .. wtd.Oh· are no _ 

1onger neeo.ec1. 

1.1.2 Abgntee NtJM·Qim• 

The Mtetu· "'HM 9!le•t ~ .. a . .-nu o_~ ·'~•·_one 
Pft prlorlt7 at~. wht.ob o~ta_ln ·the .per o«aPQ•.»oa Woraatlon 

' 
tor abaeatee ocapu.tlltt~ -S.l1118 to lile -"1-~tect.. A~ 

reque•t to 1n1Uate a .MW .~-.aw. . ...,.1-tlGD -..• ~tee 

QUeue Control k ..- an •V7 trw *• c.._..ta'l•- i'a the 

A.PP!'OPl'late A'beentee 1fa1 t1ng QQe•, 

1.1. J •bt!Btt• bm!• ill!•• 
The_.,? .... ,_. ........ ...S.•• .of ............ 

per pr1ortt7 etrea, .wb.l•..-S.n Uae _. • .-• .,.._.~OJ'IMlt1on 

tw eaoh ftllllng ab ... tee o_,....loa. .._ • rlr••111•• o•pa.tatlon 

1• ln1t1ated;t .lbeotlee ~ ~1 ..,. ...... OOl/'l'jl ... l .. 

ent17 troa ~ ~te Ab...._ lfaltl.11& .._,..,_ 1~ 
• - • ' A• •' I ' • 

an ent17 ln the appropriate Ab8eat .. Running Quue. 
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·~ a6rit abHllt .. ocmpate_l._. • a lid. W.."4; · L4M4 

ceRrol <Me ·~ S am 1189tlon ,-..2.3 Ml.ow) id ... tW · 

Alzf,sW JpUMMen 19"'1• or -. ..-. .. .,.._.:. w w"ate· 
!'he AbHllMe' 11dth*t• 11Ghle· 4Mi4• tllhll. ·Iii!"• N · tm·ttate 

aDI _... ·1:119> a~tate oall• to tlll..._ 411111a. Ille .lbnntee 

In1t1atton ll04'11l• Ml.la Ab•81lR•·Quae COllUG1. w· .a. the 

•J>PrOPl'l•t• 1uert1ou (d.eletlou) 1n the Ab•ent.li ._,tng (11a1t1ng) 

Queu••• 

·. Be~r, ··the abol"t-tem napeut• fit ....... ooapa~lou 

reterred. -w tn Chapter 2 u tMltw8il' ... C,.,.. :a. •Nlltee 
tici9patat1ona. · !be· aatt.mt1an Mt••• a W..r.t _.,.._toa 

and a oclllPa'*'l• ·tlhloh hail aerelfi'-~ .....a ta 'tlta'r· a· -.1..­
caaputat1on 1• anl.7 _... t...-a'l'11Y ·•tn. ._.. ..... ..- -. 
•J'•tea d.eo14•• to ocmtlnue 1t, whereas a aaTe4 o~tatlon oan 

onlJ' be oontUmed tr the, uu lop, ·ta;,~en1.1::.- _.. 

aueh ..Ufllh • ...,,,Dr · t•: --~••11•""of".'8 r o .$"8 a llhelTecl 

.-pitla'll.Oft Miil: 'l• ,_.,.CllM4 ---•-.u,. "" -tbe a. 11tee 1loll1 tor. 

~· 1t beooll•• .., .. ..., to ........ ·'*- -lier of' 
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which AC'• to ahelYe and .ice. th•. neo••-.n o.:Lla.to ~..,.. tha. 

Abeentee Qaeue Control i• oall.ed to ..U· the. ~· 

inaertlou (4elett.ona) 1n the ~t• .w.lt.t.ag. (.._1'g) 

Queue•. lfote ta.t ahelnnc aa •c .. ~ ..... P1-A1111 • .•zat.17 

'for it bull: into the appropriat• A'baentee Walttiw Queue ao that 

the AC again beooae• a candidate tor 1n2. tiat1on ~ th!. A'baentee 

Initiation Jlod.ule. 

J,2 IMJ1:p~;l'l8dfilllif" otner 
. . . ., ..... •.:.;:-;.·~. ~.,.. ·, 

Thia eeots.on 41ao'llaHa the eftril'Ol*ellt ot the abaentee 

aechani•. Lo.4 control 1• dlaouaited. here instead. ot 1n 

section 3.1 'Onl.7 becauae it• tunotlone are related. to both 

IC'• and .AC'•• JloweYer, Lotl4 Control i• a o:r1.t1o.l. portion 

ot the a'baentee aechenl• and 1• cl1•uaecl '.1.n detail in Chapter s. 

J,2,1 SnW C9atrol 

SJltw Coptfoi la the •o4Ule wh1oh J>!'0098H8 oC--ftnd. requeata 

tram the q.t. Mat111atrat1n pera~·. In ,.rtioular·, S7•t• 

Control oaan7a the AC-IC apporttOnllilnt 1nt'o1'11&tion··rrc. 

the S7atea Adatmlitrator to t.Oll4 Control.'9' ·am tlte 4.Aioated. 

re•OUl'O• apportlotaeiit 1nt'oriiat1on to the: ·a • .eft.er. 

11 21 2 rert01MM• 'acm•t 
Jter1o41o detenalnation Of the current -cnmta ot intenctiYe 
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and. ab•entee uage belng npportedb7 the 97dt• 1• ••••ntial. 
to the opaatlon or the 10lld.-bal.ano1ng aHMnl••· "IRf•'!ft' 

J,2,J Lqtd Contfol 

The -.tn tunot1ou ot the Lre! £oAArp1 a«Xluiit ares 

1 - to •ee that the apport1oment ot reeources between 

·1ateno-t1ft a114·..--.:...,..ttGU:r111atu.olose 
. . . ·, ..... -- .- . '···-' 

to that specit1«l b7 the IJ'ste. Maj n.1.trator 
' : " . . . ,- ~- ~ •' . _, .• ,: . 

2 - to oater~ short-ten ~at1~ ,111 tu demands 

upan the •1st•'• res_ouroea 'bJ 4Juatoa117 ft171ng 

the current reaouroe apportloaaent 

3 • to see that the qst• 1•. neither. und.er- not- OTer­

lOlld.84. 

LOll4 Control coa)'ares the apportlonaent 1nto:rtaat1on ~t rece1Tes 
-. ' ~ .- ' • \'.*': '· • ~ 

:tram the S,ate MmnS..Vator with the ounent ~· stattat1ca 
' . ' . . ·: • • . ._·' ·, ~-· " c·. ', . . 

suppl.led. b7 hrtOl'llaDCe lleum'eaent_. If· ..,, -~~cant 41aorei-nc1es 

exist between the_Q .. t• or risure•, the LOll4 Cont!"ol _, aoct1t'7 

the •7•t9 1'*1 'b7 a117 ot the tollow.ing .,..., 

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

llOre AC'• 
2 - oal.l the .Absentee Sl1•1Ting llod.ule to .ahelT• acme AC'• 

3 - 1no~ the. lld1nli nua'ber or. IC' s ~lowed 

4 - deoneae the ..nm. mmber or IC'• allowed. 

5 - automatloal.11 log out ••• IC'• 
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J, 2, 4 Load Control Table 

In th1• table, Load ContJ'Ol Mtnta1ns a llat or all logged-in 

IC'• and. oertaln 1144it1onal 1ntOl'llat1on auoh u the t61:al nat>er 

or·1ogged-1n IC'• and the MZ1a\1a n•ber or ic•• 11blchthe 

•1•t• ourrentl7 allowe. During the loM-bel..no1ng o,_.tlona, 

Load Control· obta1118·1nr~t1on aboat AC'• trea the .DNntee 

Waiting QUeuea·and. tbe .Abaentee 8Ulln1ng ~a·adl,abcMlt IC'• 

from the Load Control Table, 

J,2,S Beaemt 

The aeunv · 1· rellpOD81ble tor scheduling the uage o:r 

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

AC requiree 4ed1oated. reilourcea, the u.r·· aust Pl.O. an .tftllCe 

resel'fttl-on t~ the n•ouroe•. 'l'he Q.tea aut;cmet1.oall1 

initiate• the AC when the re•ft'Yat1on ~due, 

J,2,6 MD, B18UJ!E. !Dd QUIT 

'l'h••• aechani•• are proTlded. in the llUltiple-aoce .. ocaputer 

s7stem to facilitate certain manipulations ot computations uaetul. 

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

ot a computation and place the computation into a state in which 

it ma1 be eas1l1 preserved, lost, or continued., .!!!!· 1• Wied to 

preaerTetheooaputat1oa ln.Ua,ouzterat:.ate «> ~t:tbe·ooaputat1cm 

aq be continued in the future. BB8tJ!IB 1• uaecl to oontinue 

a SJ.VIM C011putation, 
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Shel Ting an AC iDTol TH tir•t QUI~ ·~·. AC' then S&VB1ng 

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

an absentee Huroe tile oonta1n1ng a - cw m, ad. plaoing 

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

U8*1~ an AC 1• done ~ the AltnntM lrd;t~on Jlodvl.• 1n the 

w tallbl• u ln1t1at1ng a new 11:. llGtJ•a•' a1noe the alMtentee 

•ourc• t11• tor tbla.:.AO. OOIUllet• ot MNlF a ms ·GJO"~ma"4111. to 

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

Uaera are Pl'OY14e4 w1 th a d•ta1le4. aet ot o• 1 _a::;d.a w1 th 11h1oh 

to control th• 1n1t1atlcm, operatlOll, •- te31nat1on ot abeentee 

o•pitat1cma (aee Chapter .,. ) •.• ~ •= aDd• oaUM oall• to 

ent1"1•• 1D tbe .&b"nt" llon2.tor anl. atMu. ·ild'--tlcm 1• returned. 

to the user 1D ~ oaae to 1n41oate 1t 1*e ..U• a-e 

auoce••tul. 
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Clf.AP1'BJl 4 . 

The ._ •• "!!"!!'• oonaltt• -~ ·U.. ~ Vaitltlg 

Queues, Ai..tee Jbmnlns Qmnle•• an4 tbe • .._.._ Qlae• :GonU-01 

aodu.le. . Dd• oM.ptc 4eaorlbe• tlbe .uaot_... ot the Tal'iou• 

queue• Md. the operatlan of .AbHlltee ,...._. Coa'Rol. 

lf., 1 JntW \t C0r I 9pl»et m ho'=le . 

DllrlJta the operatl• ~, U..· _.._. 1l,8H "'l·l&UU, to 

.tnt.tiate !MW AC•• ~·~mrM.._,,,..., . ....._ .,..~,_.,_,~• 
oan be 1n1 tiatect. Ont rea90ll tor :Cbl• 1-..-... ..... ..a .. 
naber ot .lC'• whloh 1181' run •111ul.tan.oua17 817 be ll•1t94, thu 

neoeaa1 ta ting the. plao•ent ot -1 ting HQ,... ~ a •ting 

line or_.. Aotla117. a qlMN91ft&'•......,'• - ., ... tded 

it lt 1• i"elt ht th• •ptea d.tdtlneN tba1t U' .·tllaeft.. o~ 1• 

DO room tor aore AC·•· tha· th• U8a' .9bo1114.· re.W,, M• .......... , 

at a later '199. 'lhia, la etteot, l• ua. aethocl 1IM4 .la tile 

oue ot new 1Dtemat1•• • ..,.. If tba . ..., ·IC ounot tie 1n1t1atect 

the·.uHr aut -1 t; uatU a late ti.. -4 *Mn ·nM"9pt to log ln. 

Tbe•,nqon .t'bri·tJd.a obOtoe· l• · eb!ft-.. . ....... 
an 1nteract1n u••r trie• to log 1D and. that the q•tta ounot 

hand.le &n7 aore lnteraotln ua•r• now. SuJlpoM that the qst• 
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then pJ'OCeeds to enqueue this user's request in a waiting 

line with other request• ror IC'•• Clearl:r, there ia no wa:r 
to tell how long it will be bef'or• the new requeat ma:r be 

aer'fioed. Thus, tb• uaer aigbt sit ~a1tntu:u.r. •~ Ma console 

·ror aeTeral ainutes or perhaps ..... rai hours before his request 

ma:r be eer'f'1oe4, Praa· the haan f!aet•r• st.mpotnt·"'11eh is 

80'. Witted .ln the. 4••1sn oout4e-retS.:Oaf ror • 11.Ql;-:U·pl.e-eooeea 

o•piwr .-tea, noh an ooo\ll'ZmCe· 1e not toleN18:e. 

How.Yer, •1noe a u.-r does not haft to bll ~ent to run 

his absent.. oamputation, it 1• oleu" that requeat• ror AC'• 

ll&7 be enqueued tor future initiation without .n:r inconvenience 

tor the uaer. Aa a -tter or ract,. in this ~ the user is 

aanred that hh AC will be 1n1 t1atel at. the earUe•t pc>•Sl:ble 

ti••· .U wtll beoolle clear in Chaf.t•r s, thi• teature ot 

absentee 0·~1-tione ta aoat 01"1 ttoal. to the dfflP and operation 

ot the 10llll•balano1ng aeo1111111m1. 

4.2 Q9!ue J>1•1pl1ne 

'l'h• order 1n whloh requata to initiate new AC'• are aeniced 

Aee4 ·ll01;·neeuali."1t' be th• .... •• the onter in wld:oh theee 

requeat• &rr1ft. The aethod ot ohooai.ng the neft.·AC to be 1n1t1ated. 

rraa the queues 1• refer.red-to ae the 9!19! d1•1JP.1pt. aong the 

aore c~on queue d1ao1pl.1ne:. are tlnt-1-..n..~, (t1fo) Which 

eeleoiJe ·entH•• on a ttrat-ooee-nrst-••1¥64 -.1:a, "and laat-1n-rirst .. 

at:. <.u1o.> 1111lt..i. Ml•\• ._n.. oa • •ata+e ~n......,..-c basis. 
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The queue d1aolpl1ne ·ohoeen tor the '""1l1'ee W-.lUns ~u .. 

and Abeentee.Bunratng Queue• utlllse• 1:,loth 1't.to Ud. llto 41aoiplinea 

in a ltl:l8b~17 aod11'ied tuh1on. 

4. J nr1t-In-liMt::Olat P1191p11nee 

Th• c.T.s .. a. •1'•tea ue•• a t1to d1c1pl.in• 111 whloh at 

most one abaentee ocaputat1on lla7. run .at. a till•· once an AC 

has begun to run it auet be run to OO!lpletion 01' until it 1• 

aut011&ticall7 logged out. No prc>T1a1on i• llllde to allow the 

running ooaputation to be t•poraril.7 n•pended alM,l tha reawaed. 

Abeentee uuge ie nner too e1gnitioant a po~•.,ot to'-1. 

e7etea usage since there 1• ueual.l;r a elngle rannlng abeentee 

coaputatlon Mad a• aan7 ae 30 rumttng 1.nteraot1Te ocaputatione. 

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

reallJ a nr•t1le tool in teme·of·llllowlng •on l~._..,tiT• 

u-.e to ooour. Figure 4.1 1lluet:ratee the C.'1'.S.8. queueing 

mechan1• tor absentee computation•. 

WAITING 
ABSINTBE 
COllPU'l'ATIORS 

~ - now OAhl.•..idecl at -k ot queue 

• • • 
c:S ._ next~ to be initiated 

RtJllllING----------

ABSBJr.l'BB 
COMPUT.lTIOlf , ,..__ onl.7 one AC 987 run at a t1ae 

Figure 4.1 
c.T.s.s. AbHntee queueing lleohanla 
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.An obrtou• u:ten.ton.- to the c.-t.s.s. queut• 11.eohanl• 

i• to all" many· AC'• to ran at one u... Thlit 1rifte4Uff• -.. 

interesting load oonaiderationa since it naht' re..rl• tti • .,.•t• 

with a poor interact1T• re•pon•• it the nuabe:r ot rmm1ng AC'• 

beooaea·· 1arge. This pro bl• 1• 41a...-· 1n -dcltail. :1'a Qla,ter s. 
P1gtire 4, 2 1llu.t-rate• a queueln, ..Ob8181 wlliob allon tor 

IUm7 running AC' • at one the. 

IUDilfG 
ABSlftD 
COMPOTATIO•S 

[ 

• • ... 

I 

( 

..,. atrl•• ·lld4ed .-t 
baok or queue 

nut entr;r to 1:le initiated 

J 

.._, ruaniDC AC' a 
(preo1H nuaber ot 
AO•• 11-.lM«l-bF the 
•J'at•'• 1094 control 
•eohDI•). . 

Figure 4,2 
P1to lleohMi• with Multiple Running AC'• 
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~ .:.- : . . .· _:~;; ·. 

Rote that the atructure or the aeohani .. ot Figure 4.) -

allon p-bltl'U'f criteria to be uaed 1n deciding the ordering 

bt the lllltriea in the rudld.-ng queue. 'l'he 11to 41aoipline is 

partioularl7 uaef'ul fo'l' the extentloh ·-· to th1• structure 

in the nut ••tion·. 

lf;.S Capgtftlsltnt11 

llow let 1ui o0ntider the idea ot ahel Ting an absentee· 

ccm:p'1tat1on. 81Me·av.ut 1• generall7 not j,Naent to control 

hi• absentee ocillpatation, the.uHr d.04tallQt•ntter aD1' 

1nQ.OJmm1ence lt hl! COllJ'Qtatlon 18 tellporar1l7 au!pel14e4 

ad ~ttoa?lp ff .. ld. Aa baa been mentioned. preT1oual7, 

· th1• propert7 of AC'w tao111tate• the· 4 .. 1gn ot the load 

balanotng .. ohanl• presented. in cfaapter S~ . In thia aect1on, 

the aeohml• ot P1pre 4.) 1• ertenled. to ill.low the reaOTal. 

ot an ent17 troa the runntng queue and.plaoaent ot th1a 

ent17 back into the wa1 tiJtS queue. 

P1gure 4.4 llluatrate• th18 new •ohan1a wh1oh la 

referred. to a• a osanltHe atrw. '!'he atrea oonal•t• of a 

t1rat-in-t1rat-ot.tt queue of waiting AC'• and a laat-ln-f'lrtt-out 

queue whoH entrle• point to the Tarloua runn1~ .lC'•• t1eer 

requeete tor new AC'• oauee entries to be placed at the b&ck 

ot ·· the wa1 ting queue, 'The et17 at ~ tront ot the wa1 ting 

queue 1• next to be lnltlated. The ent17 at the front (last-in) 
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ABSD'l'BB 
WAITING 
QUEUE 

0 

I bottca of fifo waiting queue 
I 

I 
I 

0 ._. ~:s:s=----+--__J{ ... ___ _.I ...;. f bottm'. or 11ro ·running queue 

pointers to 
l'Uftn1ng AC'a 

F1gure4.4 
A CoaputatiOJ1 Stream . . 
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or the rwmlng queue 1a the rtr•t to be 8hel.Te4 when U7 AC'• 

are to be •helTed, il•o th1• entr'J', 1lhen 8he1Ted., i• pl.aoed 

back onto the t:ront ot the al ting ...._ llDll henoe lt beoOll .. 

the tir•t entr'J' to be initiated ..in when aore AC'• de to lie 

initiated, The entr'J' at the back ot tb• !'Ullldng queue (t1rH-in) 

i• the laet entr'J' to be 8helyed wheneTer AC'• are to be 8he1Ted. 

Thi• etrea aeohanla glTee u the abllit;r to 't•:nM9 

and..'1••re&se the abMl'ltee lOllO. d 1 4lotate4 'bT tb9 lo.4 

bl19M1.ng··~••t ••. *11• at i:be .... tla• ~-~t1o 

ompl.etioa ot all AC'• recudl••• ot tlbeUMtr t1'e;r are n•r 

ehelTed tor an;r rea•on. 

4.6.npy ot a cwwtttion l»roMfb a stM" 
Pigure 4.s illut:rate•:the now ot an AC tb:ro1lgh a 

OOllputation .. •treaa. Sinoe an AC ..,. be 8he1Ted llDll WHthelTed 

~ tlae• •• 1t rune, the entr'J' tor the AC -:r paae 1-ok and 

torth through the waiting and rwmlng queue• uats.l it·nentual.l;r 

reaohe• ocapletion 11h1le residing in ~· running queue. Rote 

that it 1• possible tor ah AC to lMTe the atre.a whll• lt la 

ln the wa1t1ng queue, Thls happens, tor ezapl.e, 1r .the u .. r 

decides to tel'li1.nate the AC. Chapter 6 dlacu• .. a u•er oontrol 

or AC'• ln detail, 
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ilSBllTBB 
WAITillG 
QU&UB 
(PIPO) 

ABSD'l'BE 
RUDI HG 
QUBUB. 
(LIPO) 

Wil'l'l!i 9"'P' fLO¥ 
(1) AC •ter• the stre­

(1)•(2} AC JIOT•• tOtnll'd the 
(2>'•07 t~t or th• 11a1t1ng 

qu•ue u other• AC'• 
Mt'ere;itue · 
1D1t1atecl 

( 3)•(2) AC JIOTH toward the 

<l~l I ~ u>+<1> =::-~:::1ns 
- shelftd. 

----- ~ , .......... ~ +_1_p iuayes 

(6).CS) AC 1'0YH towards the 
(5)•(4) tront ot the "1U'ins 

41une • otber'AC'• 
1n1 t1ated. atter 1 t 
ae mel:nd. 

(4) An AC ... be eoapletecl 
CS) reprdl .. • ot1ta 
(6) poalt10ll 1D the ru:nniDS 

·· queue~ '!'he AC'• entrJ' 1• 
Qleted. met all otlaer 
AC eBrift ~talD their 
-• relatlft pos1t1ona 
in the rmmtng queue. 

P1gUre 4.5 
Flow of a Ccaputat1on through a Streu. 
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4, 7 MJltlJ&t ft0$ Q\leuelpg Mtcpnl• 

It 1• ai>Partmt1'ran. the d!aouaa1on o~ aeotlon 4,S that 

a stna.-tne q11._ing meohan1• coupled w1 th a 1094 control 

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

ls a usehl •ean8 o't ·oont:rblllnc ·the. ·..ouat ot abfflltee u-.se 

liupported bl' the eptea. .An nen greater degree ot control 

c>Ter the . abaentee usage 1 s made available '7-· ut111elng a 

multiple str-.i..queuei!)g aechaniaa. Thus, 1~ aq be ad.vantageoua 

todltt_..attata beheen "f'U'touil ttit88 ot.4~teie oomputat1ona 
. ' ·~ ·. 

(such as might be done.In the Implementation ot a pr1or1t7 soheae) 

.nd·euoh a dltterentlation c0'11d be ud.e 1'f aa.001.a.ttng .lC's ot 

each type Wtth a dlst!nct at:re-. 'l'hen·, the 1oe control 

mechani• ooald oontrol the uuge !n each streaa 1n41v1duall7, 

These openttona are d••cr1'bed ln cle'Wl "in Chapter s, 
Figure 4,61Uuati-ates a mutlple strea queueing aechanlsm, 

·Note that no reference has been made so tar to a aeans of 

ordttlng lnteractlve computations or d1tterent1at1ng between 

va!'ioustJ'P!s or IC•s, Thia has been so because our pr1marJ' 

ooncem has been oonnderatlona related to absentee. caaputatlona, 

Th~ d1acu.a1~ ot'Chapter S lnolW\ea· senral such oonslderatlona 

ot IC'a, 
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CHAPTER 5 

Load Control 

When both interactive and absentee computations 1181' 

run togethe~ in a mUltiple access coaputer 87stem. it beccnes 

necess&l7 to apportion s7stem resources·a!Ml computing oapabilit7 

between the two modes, This chapter discuaaea how suoh an 

apportiC11U1.-nt is made, adhered to, ain4 dJ'J*l1cal11 adjusted 

b7 the a7st• to u1nta1n itself at efficient operating levels, 

S•t Tem1no1ogy 

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

comput1ngoapab1lit1es by all cam:putat1ons on the system is 

referred.to as the szstp 1914, ~pending upon the capabilities 

of the particUlar computer system in questio~, the s7stem 

11187 operate efficiently over a wide range of load situations, 

Generally, on a large-scale time-sha:ring s7atem JDal11 

computations mq run s1m.u.ltaneousl7., ,~~ there is a limit 
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to·:t;taa·llllllbe1" flt ...... ta.'MOQ: 'Wld.Olt· !lslle. ...... :eidl ... .._.t 

MtNa-t ~.enr 1CMl4e4. 

A• a ••nr• ot q•t• loe4 • w tile n..,.. Of' rumd.118' 

ocmp11-..icm.. '!he ••M· 1914 · 1n a OGlqliu.attca ._., •. l• the 

ln a ~t1on •tftla;1.e th4t _.,..'l>t. 0Qal*ta~s.-.· 1n the 

*1 ting ,.._ tn- that •t~. , tltt Uill 1IMbp -ie a a....V. ·or 

potent1*1 •tream 1-4~ fte .Ptelf'•·)tM· e.b"'*'1• · 18 a 

r-•17 ot th• •tl'Nlil'loM ··and ati:t• -~:~f'W'liiliOb or the 

qata'• ...,etaMon •W...a. 

Por _,, pmotloular llultlple MO- oeapat.r .,IJtia, the 

ao•t ettlolent load oant1gurat1on (1.e., the loed. oantlpratlon 

which renlt• ln the aoat uetul oaapatat1on) 1• 41tt1oult to 

prectlot wtllle -. . _.tea 1• 1lll4U' .~·. :.· .. ~··.e 

·~ •--• ...-tt..i, hotaNll .mc1en 1Clllld oeattgurattona 

rell411T ~ -~~ ·A mll•l--'til••n~·nilflate• .. ••• te 

wa,~tod• •••:ll':lM'!I lt 1.t' t•' opa~tatt:·..ar t-ta aoet 

etttolwt 10lill4 o~lon, nlrtst'M tf' tf!ere 1• 1••• 

unf'Ql ~- being· PeWol'lle4 ...... tihea· tM _.tilll 1• lfl 

lt• .Oat •ttt'Olent load canttsvatten,, _. ·lrr!ee4\914t4 lt tire 

11441 tlon at llOl'e oallpatattou Woul.4. ntnt1 t' ta ·aa· tn0r8Ued 

aao\IM ot u~ ._,.tauon. · .ftiNilt i.ma MT al• • uH4 to 

4eacr1be the loed ln a pcapu.tatlon •~. lb ;artloUl.ar, a 

•tre.a 11blet1;~1,. aerno .......... ~_.·1•: ·ner-10.0.ed 
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it nine ompitatlou are o~tlT l"D.19d• 1ll .-.i ._,_. 
under-108484 with tlve running ~oaa# --<~-­
wt~. 9"ea.· 1 I tlas eca..-t:.tlon.a •. 

. Jt:a ... _.,B·•••••MlllJlll. , 
ananct..N.•.••·•t.ate1 ~.14114 ..--.,,....._ ..... ._~ 

tM -l:la',of l"Ql\'ltC·•---·1--.. u a;_..1 ....... ~ 

1n e ~~~- ~•'. the-1-4 ~;•,._• 1• ~-

4-.,..._ t,..,._..,.. of .J"JIJ'f.M.OCJll.ajlJW..·· J;t •. er•U..,3.4. 

ope:ratlng ln a pzioperlt-l-1ecl ~ ..... ~~-~lG.ea 

. '·, ' 

c..t4- ~- 3.0lllt·-----·~··•>...,._, . .__..:: 
to ..m..t•.0,,,cla..._U,._, ...... 'bl .... , .......... J.-..-.L, 

1• ..-i w -...;-.- • ~• ic ....... , ~;_-flll ....... ,. 
are ..,.1.~-.-- ~~,J~'•• J,~ .. ,...,'.'•~~t_,._.,t;o 
U.•lt. -·~ ot _.,._" ~---' .L•·Jl~"'·'-..-t:"....,'· 
n•tea h'C:lll_. ~GJlllllg ~,_.., (llt JC·~-~,...,.,,~• 

to a Jll'9~7-1...s.-..~). TM"Ar.._.~~~'~U'.~•• 

an Wtlal ~••.91 J1t •• ~P,~--~(-...lft M:.MI' 
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APPORTIOpENTa 

administrator 
sets Mi at 

t u t • 

NEW IC AT'l'EMPI'S TO LOG IN1 

IC may 
lo in now 

no 

IC may not 
lag in now 

RUNNING IC LOGS OUT1 

administrator sets 
:new Val\le ot M1 during 
system operati~ 

log out 
Ci-M1 
!C's 

Mi ... maximum number of 
IC's allowed 

Ci ,. current number o't 
running !C's 

Figure 5.1 Load Control in a 
Purely Interactive 
System 
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purel7 interactiTe a7stea, When a new IC atteapta to log in 

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

ourrentl1 on the qst• ie leH than the all.owed ll&UllUll, 

It Ci l• lees than "i ·the IC 18 allon4 to lag ill •dlJ. 

Ci is incremented. b)' one. It c1 ls greater tMll or equal to 

Iii. then the IC 1ta7 flot' ·log in:ncnrs •·,new atteapt to log in 

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

c1 1e ·e1eareaentac1: b)' dne. 

The SJ'atell .Adainistrator.1187 re!llet Ii 1dl11e· th• •t•:ta 

18 iii operati cm, Lotd Control oheoka to He if 111 ls leas 

than C1• It not, then no adJuetaenta ln 'the ourreJtt IC 

1084 are needed, HoweTer, it Iii 1• l••• than. C1 the Q"•tea 

automat1oall7 •• .,. .. an OTer-load.ed. state and Ct:...,.1 

running IC'• llUSt be logged ou\to bii.ns tile IC lo.4 40irll to a 

properl7-lOll4ed state. Deoreulng the maber of runnt.ng 

oomplitationa i• referred to aa 1914 t:J1•1•· 

5,J LOld Triw1ng StratMiH 

The •o•t direct 1fa1' to trla the IC lOlld. 1• to.111aecllatel7 

log out the neo••8&1'7 number ot IC' a. (lto'9 tMt tt 1• therefore 

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

ha'Ye a crl terlon tor choosing whloh IC' a to log out tlrst, See 
' 

section 5,'( tor a d180U88i0ft ot interaot1Te 0Gapu.tat1cm stre-a,) 

SUoh • atrateo is referred to u a tQa='br-ton• and 18 

illustrated in Plgure 5,2, 
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In this example, the load is to. be t1'1.mlrae4 to P IC'••. 

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

load are needed. However, if Ci is greater than P, then 

IC's are automaticall7 logged out one-b)r-one until Ci equals P. 

From the system's viewpoint, the load tri.,;.b)r-force is 

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

the trim-b7-force results in inconvenience to the IC's which 

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

they .. ..,.. baT• to wa1 t qu1 te a whil• before the7 11&7 log in 

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

standpoint it might be reasonable to adopt a continuous 

service policy towards IC' s. This policy would then require 

a more flexible load trillllll1ng strate17 which 18 referred to 

as load tr1a-ljr.r-attpt19 and 1• illua•ted in Figure s. ). 
In this ._ple, the load 18 tobt tr1mne4-b7-attr1tion 

to P IC'·•· If c1 is al.read.7 less than or equal to P, then no 

adjustments in the. 1oad are neoes&1al7. However. if Ci is 

greater than P, then the load is decr ... ed to P as ci-P !C's 

voluntaril7 log out. This is a gradual proceH, since the 

load decreases at the same rate •• ToluntarJ" IC log011ts, The 

IC's on the s;retem at the time the load tr111m1ng b9g1ns do not 

undergo aD.J' 1nconveniencee they M1' run to completion and log 

out when the7 are done. HoweTer, once an IC logs out, it m&7 

not log 1n again until C1 becmes leas ·than P. The 
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LOAD TRIM-BY-ATTRITION TO P 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 atratesJ" ·40 ... ha.ft one •1gnlt1caat 41'avbaok. 

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 th•J' 1'0Ul.4 11ke. to aD4 thua 

prevent the lo.d rrca being triaed. In 11Uch a case 1t alght 

be reasonable to iapou some till• 11111t on the T01.untaz7 

logouta, Mtd it the load haa not been trl.ud to P IC'• _. 

that tiae, then a trim-b7-rorce could be used w i:!O.:Plete the 

load tr11u11ng. It it i• required.that the IC l<*l' betrimaecl 

to P b7 a, certain tiae, then the load trt•ag could be 

initiated in lldvance or thia ti••• Pi&Qr'8 5.4 illuatrates 

the various load tr11u11ng strateglea UacaHd in thia section. 

5.4 Load control in a SiWe-8t1'!91 Ppr!lr A~tee Srste 

Row oonaider the load control probl• in a a7st• dedicated 

to Hrt'icing onJ.7 absentee coapitations. The qat• 1<*1, L, 

1 • equal to the nuaber of running AC••· The SJ'st•· Malm atrator 

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

ti•• and 1181' alter Ma at a117 time during qste opention. 

Figure 5.5 ah.owe• loedoont1"01 aeohan1i•:tor a purelJ' 

absentee system utilizing the computation at~ conoept 

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

AC, Load Control checks to see U' the number or running AC'•• Car, 
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adlilnistrator 
nts ••at 
at.startup 

· 1 Mf11Kloppl'• 

HEW .t.C I§ R&YHDP BI A uspa 

· 1n1 tlate the 
AC 

plac- .· entrr 
tor AC 1n 
nuUlins queu 

M._ • uxlla\llll maaber 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 S7stem 
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is less than the al.loved llU!aua. It car ia not l•h than Ma 

then the AC cannot be initiated noir 8nd. must wait in the 

computation streall•s waiting queue~ The number or AC's 

lnl1t1ng to be 1n1t1ated, Caw' is incremented by·one. 

If Car ls len than M8 then the- AC can be 1n1tlated 1aed.1ately. 

car is incremented by one and an ent?'J' f'or this AC is placed 

into the computation stream's running queue. 

When a running AC logs out car 18 clao~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 UT be initiated. 

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

and if so 1n1t1atea enough AC•s to bring the AC 10$4 baek 

up to Ma• 

The System Administrator :inay increase or decrease M8 llhile 

the system is in operation. _If' Ma is decrf!l&sed so that it 

becomes less than Car theri Load-Control orders Car-Ma AC's 

shelved. It •a is 1ncioe•sM to, a Tal.ue greater than Car then 

Load Control orders M8 .;car AC'• unshelTed. Note that if' the 

AC load has to be decreased. (1.e., Ma ls set to avalue less 

than Car) then it 18 reaaonable to 11111ed.iatel7 shel.Ye the 

neceaaary nuaber of' AC•s. 

need not be used since the shel"rid AC'sdo 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. 
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s.1 Le' Coatrol. 1Jl t lhQHp11,aarsa "m!l tt7?15Mrsgte• 
low let u ·eDllll4 tile 41~~ I# e,o~oa, $., to 

1nolu4e the lo.4 control probl• in, a Ml~Pl..,._...: parel7 

abeentee .,._. ln part1oular, 0-,1~ f.·~¥• o•p.ri•ed. .. 

ot n abM11te• •tz.a•• The toll ... 4•f'l.nl'1~ .. •U 'be 

u•tul 111 ~ cU.eou••ion1 

lla(l) • -.tma nuaber ot AC'• 'llhle>h mq l'Wl tnatrea 1 at one tlM . ,, ' ' ' ' 

car(l) • ovrent.maa'ber ot.M:'• rinmlna in etrem 1 

Caw( 1 ) ~ o1U'Hllt D\Jllber · ot AC··· -1 ting to be .. ran 1n 
•t1'Nlll·1 

II -~lla(l) • ::1::1~=t!!·!~'t:'t~ .., .. ~on 
R • ~c ( ) • ov.rrent naber ot M: • • Nllll1ng on the· 

1.1 ar 1 •tlre qU. . . 

w -~ c-' 1 > • ~vrent ... .r ~·· -.iuns to, be 1.1 _, run on the Q'8te. · · · · ·. 

Th• 87•t. ~m•trator a~,cp reeovoe• b7 

speolt71ng Jla(t) tor each ·~ 'l'h~: .... ~- tM-. K, 

thereton·repnaenta 11bat th~_*1Qi ...... OOUlf.•• to be 

the •z1- ... ._. ~. AC'• 11h1Gb -.: ap. at ciae U... .a. at.111 

. keep. CM.· a7•tea operating ta. a )lll"Ctper~lol!Ud. Gale•,· . la. etteot 

the M•tmat;zstor QeOU't•• tbat.a;.._,..,....U.Mi•·tor 



use b7 .lC'•• At 87 time a ~101ll.N' dot 1• either 

em_pt7 or tn uae. Since Ill running· .I.C's 1'9PN--• a p:roper17-

loaded •78t•. the load control Pl'Obl.• i• to maintain the 

s7stem so that either M or fewer dot• are lit 11ee-1 If'- ·actre 

titan· II· .lC! a are runnlng Lo.d control net tri• the lo.t to 

M. It leu than JI .I.C's are runntng LoM; cantro1 •at 

check to see it &IQ' .lC'a are waiting alld it .O initiate 

enough J.e•a to get ttie 1094 baok up to x. The tunotiau to 

be pertoraed • ._clear, bat the t.ot thatllOH" than one 

•tr~ i• liwolTed introduce• aaae coaplicationa. Por -..ple, 

all the other etJ: ••• ooul.4 be elipt;r. It there are AC'• 

waiting to be run in the properl:r-lomed ._...., tlhe;r ••t 

wait until rmmlng .I.C's 1n that streaa.log cnat be~ore the7 

llQ be initiated. Thie i• obn.oual.:r a waste or 117st• H•om"C•• 
·since the •ooapating power• i• -.!labl.e to hallill• aore .I.C's 

and 1 t ia not being uaed. One •olutlozi to ~· probl.ea might 

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

is •tiataoto17 until eaoh ti•• aa new AC'• at'rin anct requaet 

to be 1nl tiated into ebreMB 11h1oh llight be hll or .lC' • f'rca 

other streaae. Should these new AC'e also be plao-1 into .W-e 

in 11h1oh thq too 4o not ~loag? ·In tbi• aeotiona etzratea 
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is developed to prevent this SOJ't ot chaos while at the same 

tiae assuring that s7st• computing power does 11ot go to waste 

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

Recalling some det1n1tions given 1n Section. 5.1 a 

particular stream is properl7-loaded. 1t Car(1).Ma( 1), Ulid.er­

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

load in a particular stream 1s said to be. rea.12'1 U·J;be 

stream is properl7-loaded, or if the stream is und~loaded 

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

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

stream SJ'Stell 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 

tori •. 1, 2, •••• n 

and hence it would alwa)'s be true that 

n 
R • ~ C (i) ~ Jll 

1•1 ar 

Thela.e.i situation is Bis M, However, the $l>ove 9amponeat­

!d.1e-beJfPCed a7at9\1l_ 1118.7 have R (JI.even while there. are some 

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

ot this section). 

To see how the situation 1n which R<J! and w;.o <Man be 

48 



avoided, let us trace the bulldup of the load on a 

multlple-atreaa a7stea starting wlth no running or waiting 

AC' a. A8 req'\l••te to initiate new AC~a arrive, Load Control 

obael"Yea;. that the· current -load in •~h· atrea is l••• than 

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

initiated. After a 11h1le,·however. one or the stream.a will 

eventuall7 become properly-loaded. Suppose that.another 

AC,requesta to be placed into the properly-loaded atret!UI• 

Load Control checks the load in this etreaa and discovers 

that the stream 18 full. Load Control can then ohec~ the 

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

slots. It there is an ·&Ya1labl.e slot, Lo.act COni;rol .:Llows 

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

a p::f'O:J>&rl7•load.ed atrea to beooaeO'VeNloeded• BoW9Ter, the 

s7stem as a whole is not over-loaded 8114. theretore b,r.1n1t1ating 

this new AC into an alrelidy properl:r-109ded stream we are 

preventing usable resources fJ:'Oll go1ng to waste .• 

Load. Control ll&1' cont.1nue ·to allow new A.C's to be 

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

addition of another running AC WC>Ul.d ~se a genuJ.ne over-loaded 

situation, lfow Load Control 11Uat tiret check to. see if the 

new AC Wishes to be int ttated into a atrea tdll·ch ts el ther 

properl7-loaded or over-loaded, If thia 18 the oaee then the 
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new AC ia itlaoed tnto the waiting ._.. tozi:·1J:ba•·ata1•-:1f» &'1'014 

OTer-lo.l1ng tit• qn.. It, h....ft, tile ab-.-1.llto 

11h1oh th1• AC wlllhe• to be plaoecl 1• 1U'dtr-l-oe49", ·then 

aoae other at~ 11Uat be onr-lolld.•l oawstng all alota to 

be in '1H. '!be onl.J"reuoll tbat till• otllU' •t:r•• ... ailond 

to UR llOl'e tan 1 ta .aiW mabft f¥r 91.0ta -· to preftllt 

aftlla1>1• M8CNl'Oe• f'roa being --"4. · "°"• llow,er, there 
i. lest tt .. t. 4...nd. tcir .-... re••••• • -~ tboal.4 be 

g1Ten bllok to tll• AC 'tlbloh 1• lrJIMlf'toallJ nquenlllig th•. 
Thi• PMe• DO r..i prob].• to L-4 ContJ'!Ol.. It· 1• aerel7 

neo••_.,. to lhelYe oae AC trc:m the, .....-l0114ti4 •tnml ao that 

the needed elot beo-• aftllable ln ·11h1oh to tn.1tt.a11e the 

new AC. 'l'hl• prooed.ure ·1a tollOwell d ail411:t0nal. .Mr• ·request 

to be 1nlt1ated antll t1na11)' 1'tie .,... r..-.1 ·a 10id 

oontlgmwtton: in 111l1Gh ne17 .tr .. 18 properlJ-lolld.ed and 

there M7 or MJ" not be AC' ii val Mng 'to be lnttt&teil Us U7 · 

ot th• atruae, ·'l'hl•· .al:wattoa 1• -reftrNd M !•.th• · . 

14Ml. lr9 !MOGD!l• tar ot#l...- l'M .... 

Boir HU1Clw t1M .load oontrol f'UlloillOIUI 11h1Gh nllt be 

perro1'1194 ..... a nmlns AC loe• ..-. atnoe w now t:hat 

B _. al-.p kept 1•• tbu or eq-1 toll• the lotd 1'u 

ba1141ng up, it aun be tru.e tllat a ·el.et l• Mlle a'ftil•bl.• 

(t.e.; it Ollli not be the HM.that 1lbe .,.tell·went tr. 

so 
i 



one OYer-loll4ed. state to a leH OY•r-loll4ed. state). Loe4 

Control aust now deo1de llhioh wa1 t18g AC ( 1t there S• UT) 

to in1 tiate into the newl7 aftllable 111.ot. · Plrst pre1-.noe 

_tor the •lot goes ot oour .. to _,.AC'• wa1t1111 1Jl that 

particular streu. •ote that .lt UM ·s--1. __,.••111 ln thls 

section tor initiating new AC'• 1• ued., then 1t 1• __ not posnble 

tor an AC to be waiting ln a nrt• tlhleh 1• tmder-lo.ted.. 

Therefore it no AC l• wa1 t1ng in the str ... tn wtl1ch an 

AC Just 10gsed. out, then Load Control llU8t · tmtla•e one ot the 

AC'• waitlng 1n aJl1' ot the ~7•loeit.4 or O'l'er-14*hd. 

streams. 

Thu• we baTe ai'r1Ted at a.: soheae ·tor. 1illtlatl11C· an4 

shelTing AC'• Which -...ure• .that. uallable· slot• DeMr •o to 

waste it there 1s deaand tor th•, while at the ..- t1ae 

we haTe dneloped. a aechan1a which gurimt ... an :AC 1'lrst 

priorit7 tn ola11l1ng.8lota al.lOCNI~ to the •tl"Mll ln Mlioh 

tbat AC wlshes to run. Plgve S.6 lllu.V.,te• the lotld. 

control operations disou.Hed. in. th1•. •.atlOD. The napportioment 

tunotion i• treated •epat"at.17 in the next notion bec&uae 

ot its ooapleX1t7 in a llUl tlple-1V... 97st•. 
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APPORTIO!!!BJ!T1 

-4la1n1strator 
specifies 
l'la(1 }° • • 11a(n) 

A USEB !lBigffl'B THAT ARIW AC BE PLACBP IM STREAM 11 

place entrJ" 
for th1• AC 1n 

~--91f ruftnirig queue 
for stream 1 

l">--1~ ahel Te one AC 
from one ot th 
OYer-loeded 

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

•tr-• 

unsheln the 
AC 

place entey 
for this J.C 
in l"\l1UWlg 
queue tor 
stre- 1 

Figure 5.6 Load Control in a Multiple-Stream 
Purel7 Absentee S7stem 
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5,6 i§in&rlft!;•ent in a Multiple-stny .Pvelz · 

In Seot1on s.s requests for ~· AC'a an4 logouts of 

running AC's were.handlecl in anord.•r11' ta8h1on to prevent 

the OTerall •Tatem from beootting OTerloade4. ·The acheae 

presented never requiree the sy•tea to beooae tea~rai-111 

overl'oad.ed. while in the process O't -4jua•lna to 1l:a,new 

load configuration, When the qatem lo-4 is reapJ,ort1oned 

by the S7atea .Ad.Jlinlstrator, ho...,.er, each atreaa as well as 

the entire s7stea a1ght become OTerlolld.ed and. thus it ls 

neces1Jar7 to provide a meohan1am tor quick17 .djusting the 

overall a78:tem to a properl7-loaded state. ·Besides i;he:load 

trimlnln&. 'llfllch ma1· be neces881'J',. 1t 1• alto poa,ible that 

th~ load. balance Wtth~n tbe stre ... mA7 become aeverel7 
, ' . '-'··:·. 

distorted bT a reappo~ionment. In this section astrat•SJ' 

is J>:reltellffd for quickly and •OC>thly read.Justing the system 

load contlgurat1on after a napporttona.nt. >!'be la.4 control 

operation•· nee•SU;rJ:'·-tor:'.reapporti-.ent · .. ue 1llptnte4 tn 

Figu:t>e. S• 7 • . 

To effect the reapport1onaent,.the<S7atem M.alnlatrator 

specifies !Maw values of Ma(l) thro\U!h "•(n)• Load Control 

first checks to see if the OTerall a7at4lill has aaauaed an 

overloaded state (R)M), . If it has then R-M AC's ill'• 
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RIAPPOBTIOi!grl'1 

Mm1n1 atrator 
reaeta Yaluea or 
"•(1)••• 11a(n) 

initiate all 
waiting AC's 

8 elTe R·M AC 
troa the 
lowest priortt:t1oo ... • 
~loilafid 

• 

BALABCB 
TBB LOAD 

B&LPCI 
THE LO.ID 

BALAJfCS 
TBB LO.ID 

1-(B+!.)_other -=·· .n"Vll the 
hlP.••t 
prlor1t,. 
at 

ahelTe one AC 1D1t1ate one 
troa the AC into the 

~.-. lowest priortl:i1fo-... ll:lgbeat pr1.ort 
cwer-loed.ed. mder-lo..ted. 
at ream at~ 

WP• V - 1. 

Figure 5.7 Load Reapportionment in a Mult1ple­
Stre.. Purel7 Absentee S7atea 
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1-.d.1atm llbel Ted tJtCm ecae ot the OYeJ'loolOlllU4- •• -..... 

Then Loe. Control ~··to 1-1 ..... ~ .~Jdn: d ~ 

lCNld.• aa C!PU'atlon 1!1hloh 1& 41.,oUMCt.. 1•'-• 11& th1.• ae,t1on, 

Tbe q1iMlltlOD q1Ha •:re aa to._..,.:r.,_, ·fih~.A~'• to be 

. ahelTed.e a..'..:i. criteria AM ~· ~ ...... th18 4ec1a1on, 

bat perhapa the .110at •1Plt1oant 1.9 to .. _. tba.t ~:re 

1• .... ••n•-.. 1:h• Tarlou ·~ U·•·· -. ... 
ooh a.a.. c~·to a 41tt.-..•,~l•10¥ ~a ·P!'lor1t7 

aoh .. ). S'hua the:t17ftt;-,l<: to '* ilhel-4 1• -.. ot tile 

AC'a 1n tbe ...r-loaihcl atl'Mll ot lOll'Mt Pl"tOl'ltJ.• 8'.Allar)J, 

a atratea' to u ... tor aelectlng AC'.•'""'° be>taltlated aight 

be to 1111 tt..t• an AC ..i. ting 1n the-· G"9 .ot ~&heat pr1or1t7. 

!lot• that within ~ atre• itMu .tltiilllil 1• nne7 av •lt18111t7 

- to •1eh AC llhOQJ.4: be MlMtell tor •·1~,~ 1Jd.t1•ts.on. 

The ent17 at tbe troat Qt th• wU;i:. · ca•ue 1• alWW.• th• . . . . .. ~ '· 

nut to be in1 tlated a the ent17 laat-in to the ranning queue 

ia nen to be ahelTed. 

tr. tlM reapportionaentoauaea the e>Te~l qat• to 
' 

become properl7-la.ded (&.II) then it ia at111 poaaible that 

aoae adjuataenta haTe to be made and the balancing mechanism 

1• 11wo1t.i. 

It :reapportlmment oauaea the OTenll ·97ate11 to beQome 

under-la.dad (a.<x> then the situation 1*> .... .,.. 4GllP].ex 
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depending upon:how mB1J7 A.C's arewa1ting to be 1n1t1ated 

~whether or not these A.C's are wa1t1-1n '1ftde:r-lomed 

stre••· It the total l1Ullb8r ot "81t1ng &<:•a 1n all streams 

ia less than or equal to the under-lOlld. (ll'!'"fl) then all the 

wa1 ting AC'• mq be 1n1 t1ated and the· .reappcrtiomaent 

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

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

mJi7 of' then Waiting AC' a are really entitled to ~ 1'U!l 1n 

their reapect1Te streaaa. llore apeo11'1oall7, ... al"e interested. 

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

under-loaded: atre.aa, am ot these • are onJ.7 interested ln the 

t.h"••,xe.~1 f..c:&ful,,ai.•tqr1.c•s in eaoh stream (a11'108 

tn1:t1&1:1ng aon· tball' this·. aaount 'irOal.4 ..... the atreaa to 

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

these cond1t1ona as the proper-dszM, am· det1ne 

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

It the proper-demand is less than the undar•load Load Control 

iJ1111ediatel7 initiates all or the proper-4..mrl 11ait1ng AC's. 

:Row R 1• still len than M, but n~ one ot the A.C's entitled 
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to be runn1ng 1• runi:ng~ Lo-4 ColaUol· ·now 1Jd..t~• 

Pl - . (B + WP) add1t1onal. .&e•• to bring tb• lGllll ap .to -R 

the r8ai>Pftt1onaent 1• .-ple~.. If' •p· 1• ~ than 

the und•r-1.084 I.oM Control. s.-1ts.&'be1J' 1111ttates.W or. 

the prope~mnd 1la1 tins ACPa, 1Nt'~111Mt reQIOrtiwnt '1• 

not ;vet ·4'•P1•te 8'.ace more ~ M:'•· 9"- at1l.1 

wJ. t1ng, am hence tbe 1-4 ~ 119C1-t.1• -t · 

be 1Mokecl. 

P2:!Gla:r1she Ja!•oe41ns tltaouaaton·~~ "ll .cl~- taua1k:the 

lo&d ba.lanoins -•ohan1• 1• oalled. upon 1'henner Leid. control 

.has aacertalned that B.iill, but 1aleN ._ .dlll..·be ._. 

proper-clemand -1t1ns AC•• 1m1oh llUt rep'l.ao• ·AO··· :rmmtrig 

in C>Ver-10ll4e4 •tx am. '!'he · 1*1.-llfg M!Dl!Md .. eb..,k• to 

see 11' there _... 1m"4 #17 proper-4...._. :•ftd.lls M:t• •· It 

not the r•pportlonaent · 1a ocapl..te«· 1t theN llft then 

Load -Control *'91VH one AC trom u.. i-..·Jll'l.ort- OYer­

loaded •tu• and 1111 tiatu one AC 111to· the ld.Bhat-pz1.or1t7 

underloaded etreaa. '.l'b1• · proeet.ae · ccatillllea .untt1 .there 

are no add1t1onal. PJ'Opez-d..nt -.ttlns AC'•• 

To • Ada• -.t1ciiae S.S and 5,6, a MOJMlil1•·haa been 

presented to :peft'fd!a et"ticlentl.7 the lOAlll ··ooaw.ol·· epe:ra:t1ona 

req111re4 in a mlt1pl..,.n~ :PvelJ' abe--. • ...._ 'l'he 
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mechani. .. bas the tollowlng 111.p!tioant oharaoteristioas 

1 - '!'he BJ'stea .Ad.llinlatrator oan GGMro1 tJlle. UDQZlt 

ot abalntee uage 1n 9Mh ocapataU• et~ b7 

apeo1f71ng the ..Una maber or. AC'• 1lb1Gh ~ 

2'Dl11n tbat au- at on4tt1M. 

2 .. Th• lleohan1a irrnenta waa'9 ot M.ilabl.• alota 

over-lOllded u long u there ia no demand tor these 

Ill.Gt• t2'al AC'• 1n the •tz-• to mtoh·tbe alota 

belong. 

J - 'l'he aeohani• guarantee• lin AC tint pl'*111:'. to 

.iota in 1 ta omi atrema. It illl dot. on the 

qatea al'e 1n UN ....... AC reittaHt• OJM.ot its 

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

the over-la.4ed atreaa. 

4 - '!'he·~ .ldJd.nHtrator 1• Pl'OY14ed·wltb·the ability 

&Jl7 t1ae 4\lrl.ng qn• operation. 

S - The '1lechMin :1a .aoila~ell 1n ·noh a 'IM1' .. t.o 

oClllpl.7 qalckl7 and ett1otcten1Jl:7·1l1th napport1cmaent 

requeata tram the SJ'•t• MJdnlstntor. It a 

reapport1cmaent ea\la•• the qatea to ...... an O'ffr­

load.ed. state, the over-lOtld 1a oorreoted qU1okl.7 
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so that the qatea operates w1 th an. :.onr-lo.4 tor 

the aborte.t possible t1ae. an4then an:, balancing 

wh1ch sat be done to uaure AC'• t1ret ol.&1• to their 

Oldl· •tr...'• 111.ota 1e done on ·s: ·~ft.;.;Oft6'oio1ftitl&t:e-one• 

bu1a to keep the Q'&tea OJMQ.'at1ng with al.1 aliota in 

use. 

s. z LoM control 1n a bl tipl.e-Strnr fm:W. I~t@Mtitt . 8.u• 

Bow oouider a 979t.em 4.eTotc to MrYi.81- oal7. 

interaot1Te oGllput.tiona. Oflel•JllNY.._t wht,eh ld.cht be 

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

la aoae wd.enng u•oolatecl w1 th the runn1ng IC' .a 'llbloh 1n41oates 

the nex.t IC to be. loggtMj wt in ~ .,..t' that .... action 

i• indeed llfl0ft.-i7• B7 an.1.oa to .the.oue ~-uaentee 

computation. n 4•t1ae h.ere the notton .r an intez.ot1Te 

coaputat1on atreaa. ~ring.. th• .-1.087 n .. ~ that 1t 

h desirable tor aoae r-..on (woh aa· a. pr1o:rl• 9'ob••> to 

d1tterent1ate .between Tari.oua tn>u· or· IC'•• 'l'bA• • arriTe 

at a aaJ. t1ple-atnaa aeoban!:• ~or- han411ng tnteraoti•• 

coapatatlona aiiallar to the abHDtee aeohu.1•4•aribed. in 

Seo~1oaa 5,5 .ad. 5,6. In this meotion n_COD814er th• 
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modifications 11hioh aust be made to adapt the absentee 

aeohard. • to th.e handling or 1nterect1Te· eemputatton.. 

llote 1De41atel7 that there-&1'9 no waltl'ng queues in 

the intttnetln atreaa. 'l'h1a 1• the oaee beoaun a uar. 

i• onl.7 prennt f'or a.a long as 1t take• for hi• 10gging in 

attempt. 'l'hus 1 t i8 not aean1.ngtul. to. consider inten.otiTe 

4...nd at th1a leYel. 

Nut consider the probl• or attapting to fill all 

interaoti n ·111.ota it the 4.-nd tR th• .. utata. . lt the 

•J'•t~ 1084 operates-at a level noh·thatno •t~ eTer 

beoamea p:roperl7•lOll4e4 then the load ocmtioel operattona 

are identioal to tboae in the absentee aeehant-.. · However, 

. suppose :t1i1at· one atreaa dOM beome )ll'OPel"lr•lo94e4 while 

some other .treas remaln umer-1~•· If a ·netr XC ahOUld 

requeat to be" in1ttated tnto the )lll"OJMtt>l7-lM&lel •8tl'eMI, Load. 

Cori.t:rol ha• onl.7 two oholoea. &lther · l t ..n · lnl t1ate the 

1c and' OTer-lotld th• au..-, . or 1 t ..a fttU .. to lmtiate . · 

the IC o ... ,; th• IC cannot -be- plaoed into a walt1ng que\le 

for u 1mhf1nlte period until a slot becMaee a'Yat.lable). 

If lnl tlat1on la retuae4 then waete ooove beeauft an M•Uabl.e 

•lot s~• mmH4. It the IC 1• 1nlt1a"4 then th1• .ate 1' 

:prevented, mt another probl• art.ff••· Vhat·happen.e 'llhen 

the _OTel'lll.l qatea beooaea properl7-lo-4ed (1, e. , no more 
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available 1nteract1ve 81.ota), am a user attempts to log 

into an Wider-load.eel strealif. In the MH .. or the abaentee 

mechania .1 t ,.. possible to ll&ke a ·slot &'failable 1Wled.1atel7 

by shelrtng one AC from an over-loaded st!'eall. In the 

1nteract1ve cue, howeTe1"1 making a 81.ot aftilable WOUld 

neoeasi tate logging out an IC f'rcm · an -0Yer-loed.e4 •~re-. 

This is contNl"J' to the continuoua Ht'Tin pollOJ' diacuased 

in Section s.2.. SeTend al.tunattft8 are aTaliabl• here, but 

untortunatel7 none. of' th• 1• as neat ae the abelTing ot an 

AC1 

1 - Do not allow 8117 streams to beccae Oftr-load.ecl. 

Control the 1084 1n · each atrema 1n4epenl:entl7 ot 

the load 1n &n7 other strMll;. l'bl• reaul ta· tn a 

coaponent-w1se-balanoecl SJ'8t•. 'l'he obn.ous 

disadvantage is that slots ....all&bl.e 111 'tlDller-.loadecl 

stre•s can neYer be used by IC'& troll C>Vft'itloed.ed 

streams thus .causing _waste ·or aftllable slots. 

2 - Allow overtlow in all streaaa. Illi t1ate new IC' a 

into.wh1oheYer streaa ~h•J request as long &s· slots 

are aftilabl• 111 8117 of' the at~ once .i.1 slots 

are 1n use al.low no addltlonal IC'• until slote 

again beca11e available. Th.ls aethocl Uftres that 
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available aJ.ot8neTer go to-.te, ~t hae the 

.41ud:nint-ae that IC •,9 · 40: ·•t pt tint . ow. to 

alota in the atreaa ln 'llb1oh the IC'• apeoit7 the:r 

1IOU1.d like to l'Wl. 

3 - .Allow OYert'low 1n all atreeas. Guraintee ooapl.etion 

to all IC'• .once 1n1t1at'4.. It. a~ IC requ•ta to 

be initiated. 1ntQ an Wl4er-10llllled. atre.a then 

1nlt1ate the IC into that •~ tlnd tl'i• the load 

11i u overlot¥Led str._ bJ' attrition. Thi• •thod 

prevents waste or available alota and. unres. IC• a 

tint olaia to alota 1n the atrema 1n 11il1oh the IC'• 

apeo1t17 the7 wul.d 11n to ran. ·'l'h• u...4Tantage 

la that the trta-1>7-attatlon al.silt r,eaul. t ln a alow 

tr1a and henoe the o"t'el'al.l 8J'•t• lligbt be forced 

to ope~e 1n. en OTerloa4e4 atate tor ._. ti••· 
Baab of th••••thoda hu· 1ta-a4'.NDtasu aa:l 41-4Tantages, 

but none ot thea 1a a •pertect" ~uti,on. Our lnablllt:r to 

arrive at suoh a eolutlon. here 1a attrtwtabl• to the tact 

that there ls· no aotlon .tl1oh aq be pert_..._ on IC'a to 

ool'l"8spon4 to ·the shelTiag ot AC'•• 'l'bua··• partteular 

Load Control iapl•entat1on 111sht choose one or the8e schemes 

(or pe~ others) . depending upon the ~oular problem.a 

at that lnstallatton. It we assume that the moat desirable 
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propert1eaare pre'ftnting ... te or aYallabl.e alote and 

guaranteeing IC'• first ola1m to the 111.ota in the etremu 

in .tlioh theae IC.'• wish to run, 'then n *2'r1.ft a't .noth•r 

acheae (which is still, 1notdetttall7, not a pert.et· solution) 

whloh 1s.a1m1lar to the third 8chae abGYe, mt ~t· 
the onrall 87•1*1 rroa b8ooll1.ng oftri-.led. • 

4 ... Allow cwei"t'lo1r in all st2'eald, · hoWftl', . 1r an IC 

1s 1n1 tiated into a· properl,..1-0C9d · 01' ~lOiillled. 

atH. then the IC 1• giftl'l ne~lan stat.a and 

18 wame4 that· hifll:.C011j11111*1:1Cft:.i,9 1111:el.'J'; to be 

·logged out u· the· cweral.1- qetea .~• properl7-

lotlded and an IC dellaDlla a •lot 11l an ~r-lOllded 

atreaa. 4l'h1s ae1;hod. doee not PMIN ·IC•• oont1mlo\ia 

service, bltt irt111 aliQWis an .IC to get on and uae 

a slot for as long as the slot ls not 1n demand. 

Slnbe the IC·ls Warned of 1'tlt second~ status 

lt knowa that it 1s 1:1k•l1 to be logger out and hence 

lt can take advantage or betng'1*84 in· to get a 

small job done. or course, as other IC'• log out 

of th18 ewer-loaded streaa, the IC we are oonalderlng 

111117 eTentual.17 be able to be remonct·hOll· the ~load 
... 

portion or the streu. At this tlile the qst• could 

1nfo:ra the IC that lt is no l~r or seocmd-olaas status. 
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we m.11 · asSWBe tb4it this last method 1s uaed for the purpose 

or 8ft7. turther discussions. j.n this thesis. · Again, otber 

methods llight be more deaira'l;lle in particuJ.ar installations. 

Now cona1der the reapportio:naent problem in a 

llUltiple-streaa purel7 interactive s:rstea. - Sinee we are 

allOlring streams to become OTer-loaded as long.as the overall 

s7stea does not becoae OTe;r;.loa484, reapportionment can 

be handled rather atraighttonardl.7. It the total nWDber 

of rwm1'18 IC• a 1 a less than or equal to the maxiswn al.lowed, 

then no action need be .taken (note that there are no waiting 

IC'• to be.oOZU114ered as in the absentee· case). lt the 

total. nWDber or running IC•a is greater than the allowed. 

maxiBlua.then Load Control logs out IC'a from the lowest 

priorit7 over-loaded atreaaa ~til the nua'ber ot. running IC's 

is equal to the 118XiJllWR .i,1owed. To aid the IC'a :11hioh• 

are to· be logged out.Load:control Jld.ght ~ thea a rew 

minutes in advance to a1low.thea to "clean up• aJl1.' details 

before being toroed ott the s7stem. 

In this section we combine the mechanisms developed 
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td~ handling multiple-atre&111 absentee 8J'Stell8 and 11\lltiple­

stream interactiTe s7stems to tol'll a mecham.am tor h..U.1ng 

mixed interactive/absentee s7ataa. (see Figures S.10 and .5.· 11). 

Figure 5.8 illustrates a multiple-atreaa queueing 

meohanim tor· handling a llllxed inteJOact1'f'•/~baeat" qatea. 

For the purpoaea of this d1aoun1on we aa-. that ·there 

are n absentee streams and m ittteracti'f'e atre.aa. ·Note that 

there are no waiting queues tor IC'a. Thia is ooneiatent 

with our preTioua discussion of interac~1n atreaa. 

Figure 5.9 8}1mmarizea the P&nmeter• uaed bJ'· Load Control 

in making its various load. bal.AJiotng deol•lona. !'he.~•t 

i:s·-urged. to, f'aaUtarize·::·blmselt Mth·thtt 4tdt:altJ~iae ·et •llese 

paraaet:•r• !*ft>rtti .pi"&&eidlflg .... wttb · tlll tDl!l:ow11Jg.:4ttouutoa. 

Previousl7, we have considered a)'steaa 'Whloh aupported 

el ther IC·'•'. or ACJ: ac, but ·not both. . In these _._. . the' 

apportionment made by the S7a.tea .Ada1n1atrator •Ii aald to 

divide the syst• into a certain number ot •lot•, each. :ot 

which was capable ot handling one running· ooaputatlon. It 

is worth'Whlle to note here that we un: ·*8eb.a·,1a tflt8·,,Atfls1on 

that each •lot 11 1 ln acme sense, ot eqWtl alze, !bu n haft alao 

asatlaed that: ·regud.leas of :the· obar.eartQtl:t1r'.·bf th~ 

omputattona using the slots, -tile· -.Otual dtlliimda placed upon 

the system b,v theae coaputat1on• 1"• dlreotl7 propertlonal to 
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the number ·of' slots in use. This ls ·ol#ioual7 a alapl1t'71ng 

aslltlllpt1on.11h1oh oanbe aYoided. bJ' prO'f'141ng a•ocl'Ul• 0&Jl'lbl• 

of' d.aoid.i:ng just how •btg• the alot-neltd ·1:1e·to·.neettnl7 

aerT1oe apartloularooaputat1on. Vith'8beh a liOillfl.1• avallable 

we ooull..prooeect to define an·•teilfre~a1ot·ae the ·md:t. ot 

computation si~e 11easur811ent~ Computation streams coUld 

then be eDT1s1oned to consist ot atOllic•slots, and each. 

coaputati0n_ requesting to be run in a part1cUlar stre--would 

be g811ted ·an· appropH•te number ot atOllic-slots 1n that 

stream. ,.A. str ... would then be_oons1d•;t'94 p;operl7-l08ded 

1t *11 ot· 1ta•.atOll1.c-slots were ln "-use• 

'l'h1s problem was diacu,sed.here ~use we Jl\Ult .g&ln 

make a simpl.1t'71ng aaaumptlon, nmael7 that absentee •lot. 

are the same •atze• as 1ntere.ct1ve slots. From the d1ticUss1on. 

abOTe we .can envision 11&1'S of' aT014ing this aaRaptiort, too. 

'l'he S7•t• Administrator apJ>Qrt1on•. qstea oamput1~ 

power ~ specif'J'iM the UXllDUll number ot computations which 

U1' run in each or the abaen~ee and in.tel*Otift ~ .. 

Reapport1.onaent . ._,. ·aJ.•o be done and ta diso~ssed later 

in this section. 

When an IC attempts to log in to atreail J C:n+l1'3~) Load. Contrdl 

checks to see·· it the total nuaber ot runnln;; oocputatlans . . 
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8T 19 1Dd"4 le .. than "T then the IC 1• 1n2.t1aW 

1.aecliatel.7. Sot• that LoM. Control p,roe.-ia to ~· " 

whether iltre.a j 1• now cwer-lolld.ed. .'and. tt 1 t.ji• ~-1M4.ecl 

th• uer·1• wm4 ~ 111tere 1• a poaalbllltJ' h1._Ie . 

UT be 1°'*94 oat (at.DH ·the •lot.~ • ·bts.· IC real.l.1 
,.;., " '• . ,;, 

belong• to mother·~>· It the 8J'et• 1•· now tull. (1.e., 

~ 1• ~ to--11.r> th•Loid canwo1 -.a i'f:-tlle'~,la~1Te 
•portion• or tM ._.. i-• t'1111.- · It •'- •· -~ •m• . . . . . "'~. -

abamtee atnm i• Oftl"oelolld.e4 "'d· -~: ~IMMl llbel:w1s:· one 
. . . ~ . 

o.,.itattan·trOe. ta.. lowiUt prl8fttJ' Oftit-1094,ed av.. ml 

l~ t1aM9 the IC into :atre.a. ~ ...,_. ~··it .1 la 
Oftr-1 ..... ;.t---.. tile ·ua.r 1r 1t 1-•• ·It the 1ntetut1n 

portion of' the ~te._1• tullt- I,olld. CCID~· tait)••t,,~ .1 
' to •• 1r it ti Nl• It •tnm ·3· 1• JiOt full then olear1;r •, . 

on• ot the 1ntenot1.,. •tluaa 1• Oftr-l.ollill.e4 ...-~ Otetnl 

las• •t OP IC trca •• lowst prlorl tJ' ~i~e4 1nteraot1n 

•treea anil ill1t1atee the new IC 1~ atx H"- j, ft IJ.:tn.ii . .1 
' . ~ ' . . . . . 

1• tun tlMiai IAllid. control 1ntorm tlae ue,s"·· that h• . aq llOt 

log 1n .-t till• tl•• Sok tbat-.-9 ,._ • .Z. .. fl.-.tl• .1• 
~. . •' 

at111 aftll.ahl•· to Lo.d. control :tbr ·~ to ln.S. tat• 

th1a IC Bow~. LoM. ~J'Ol. ootal.4 obeek 41: ._ .,.... wlitb . 

1.wft prlOl'1 ti' than liv..a .1 1• .owia~~~ a.· it M oOlp.4 
' . 

then log one IO out or th1• atrea 8DI tm.tlat• ttw·Mw IC. . . .,. __ -,~ - .... · . 
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Th1• alterbat1n.1a aT014ecl here aoatl7 beoa1l8e of our 

effort• to pronde oont1nuoua aernoe (11' at all posaible) 

to rwmins IC'•• 
When a new AC.requests to be run 1n streu j (~~) 

Load .Control oheoka to .. e 1f the •7•t• 1• hll.and., 1.f not, 

initiate• the AC 1mae41atel7. Rote ~t no -,aaznlng need· 

be ginn to an AC if atreaa .1 i• onrlo.ted. It the 

11711tea 1• f'Ull Load Control oheou if· the abaeate• · portlo~ 

ot the •1•tea la full., If. not; thtm ole&rlJ' ·~ 

interactive atrea la onr•load.ecl and Load, Control loS•·Ollt 

an IC troa the loweet pr1or1t7 cmit:r-loM.ed. 1nteraot1n atrea 

and initiate• the AC into •-rem j. .If the alleeatM portion 

ot the qatea 1.• full Load Control ohMk• 1f atre .. j. 1• 

full. It not. then olearlJ aoae other alleentee •tl"Mll 1• 

over-la.led and Lotld.Control *81n• om AC frca the 1owat 

priorit7 onr-1o.ld.e4 etreaa.ud 1n1t1atu. the MW AC 111:to 

atreaa j. Ir stream j 1a tul.1,. then ~ AC ~ aot be 

in1t1ated now and Load Control place• the AC.1n th• wa1t1ng 

queue tor atreaa j. 

Rote that th1a d1aolu1a1on and the d.1..-• ot P~ 5.10 

have been •1mpl1f1ed. b7 the 0111 .. 1on of •ame .ot the queue 

man1pulat1on details pre'98l.ent ln preTiou d1nuaa1ana. Thus 

when a coaputat1on is aid to be initiated or ahel"ftld. 1n 

thla d1souas1on 1t 1a -.nt to be 1aplioit here that these 

manipulation• 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 one AC. 

When an AC logl!I out or streaa j Load.Control oheoks tr 

any AC's a:re waiting in stream j. Itthe:re are. then Load 

Control initiates one AC into stream .1. It noAC's are 

wa1 ting in streaa j Load control oheok• lf Ac•·a are· al ting 

·in any other absentee. streams. It there are then one AC is 

initiated. 

Note that in a system in whioh the load. 'bll114• up 

under the control ot the above meehanlaathe oV.rall 117atem 

never becomes OTermlotMled. and ·no ·AC' .. ·la e're:r f»l&oM lnto a tra1 ting 

queue if slots are available in the stream iil 1ih1ch the 

AC wishes to run. R&apporttonaent,: howeni-,. oan ca\J&e bbth 

b't tbe•e· cond1t1otta.,to::ocour>and: the ··methods oe:· a1le'r1.ating 

these problems will n~ be disous8ed. 

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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aeohania 1a d .. 1gned to provide oont1nuoua eernoe to tb9• 

ocaputat1on• llh1oh are entitled t·o ocmt1nu• rmmlng Ulller the 

new· apport1anaent, while, at the 8liM thle, .qutoki7 

el111l1nating (1.e., shelving AC's and logging out .IC'a) those 

oa.putatim• llh1oh 8h9'11d no longer be al.lowed to rmi. The 

•tratea .. PloJ*l 1nTolT8a:· first.· tnoft•lfti·'.or .deoi'eall1,1g 

the aurrent 1084 until the proper mbe:r ot·alot~ a:N 1n uae. 

'l'h1a. reaul.t• in the a7stea beoolll1ng JllNM:rl.7 ... lolld.ed un4er 

the nn apportlonaent. 1'hen.:Loed c~tzol .prooeeds to l~te 

aD7 AC' a whioh llhoul.d be rumU.ng. ?~ the' ·oftrall •7sta · iii 

still UD4er-le>a411d when this· procedure begins then Load. 

Control 1n.1t1atea e.nough of.these AC'• to b:r1ne the a7stem 

up to a J>1'0perl7-loaded state. once the 117.tea i• proper17 .. 

loaded 1t: ~ mbre wa1 ting- AC.'• should r.ai11 'be rwmlng then 

olearl7 sa.e stre-• are onr-loaded. I.om. .Control 

el111l1natea one compitat1on trom an -ove-loaded stream an4 

1n1t1atee oae ot theM AC'•• 'l'hls procedure continues Wltil 

no aore or.· the waitlas AC's ah~d be ~., The 

following d180uss1on considers these operations in aore 

detail. 

The Adllin1atn.tor. etteota • re.PJortlcaae.»t b7 

re•pec1r171ng the B9T1m number ot ~taUou wtiioh.9&7 
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run in each atreaa in the s7stem• Lo-4 · CoatrOl r1rat obeoka 

it the total nuaber or running ocaputat1oaa i• greater than 

the mu:illua allowed um.er the new apporttmment. lt ~ 1• 

greater titan·Jl..r then Load Coa1'rol mat 8lta1nate o~tationa 

tram oTer-load.ed at:reau to get the l~ 4- to tf..r• It·. the 

iraaber or rw:ming AC's,. llA' ts l-."11baa or·~· to·.tl'.l* 

maim ... ber or AC•• allowed, •., th• ·th•,,tot&l onr-1.oad 

i• Mde or IC·•· ·I.Oad Control 10ga on ~"'"11.r ot th• IC'• in 

over-loaded tnteraott w atr.-a ( beglim!JIS w1 th ~ lowest 

priorit7 streaa). • ... Onbe these IC'• haT• ..,._ logged out the 

a7stn 1• proPft'l.7-loaded., ROWftl', it la .n111 pmratble that 

the reapporttonaent caused aome or tbe ..ittng.Ac•a·tobecoae 

. the balanotng aechan.1• to 1n1 t1a'te all Jlll"OPn-4--4 -1 ting 

AC• 8 an4 log out enough ~lard· .. o.,...~:::~te··-MP·'.'the· 

8P'-. tMa- .Mo-1.D& ovv-loade4. 

It RA i'S greater than M.A. then 8011e AC' a Jlll•t be ahel ved. 

In pa:rttoUl.ar, 1t the abaentee OTeS'i-l.Ollid 18 greater than the. 

total qatea Oftr-1094 then B.r-11.r AC'a are ahelTed.. It the 

absent" anr-load 18 not greater than the total e;rsta 

over-lo-4 then all cwer-1084 AC'• are ahelftd and then 

enough ~l·oed IC' a are l~ out to br1.ng the total 

87atea lo.d down to M.r• In each ot the abon two· oases 

the.1084-balanctng mechanism 18 invoked after the eliminations. 
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Up to this point w ·haft been ~aila14eJ'l&ts·oa• i:n 

11h1Ch the onrall . "78tea 18 erfui;..lCMded. 11' :after 1lll4' 

reapporttanaent the ·ahr.u ·llJ'R-· beo•H ~7· 1-oadecl 

(JL.t-11.:r) then 1t 1• et111 poaa1ldi• that ._. £••·1-ft. 

beccme proper""4srm1 watt1ng AC'• and. lltitlllM ··t1a 14114 

bal.anotag ..ahaai-a 1• 11noJtecl. 

11', the r1appwttamamt MU .. • -1dt• ......i.i J1J1111ea 1:o 

beo<89 under-l-494 th• I,-4 C~-~-- ·tlratl • lir'llig ale 

a7atea up to :a-~ •tat. lf tthee ta··~ .AC 

demnd. lt ·the 1'111Per ot wattins MJ-' a i.a lu•c tls8D 01' · 

eqJl&l to 'bbe ...... 'ID!ler-1084•. -- .u . .s.:--. ""' •. 1U'9 

1n1t1atecl ..i we an d.one9 It thw• _... aare-1~1-·Ml's 

than the -..W. Ulle:r...-lOld tlhera W ''°'81'1-olt olae*941a 

ll8l17' ot thea M's aze p:ro~ -4t1Ds _.a•a •. It"' the 

muaber ot propeto-4._,,., -.t.tlng .t.e•• 1• p1a:tn· ua.t tile 

under-load thera Load Control lni:btatQ'>~ ot 1*eM to get 

the :QSte• up M a Pl'OJMtr3.7-10.0.e4 staR 8111 ·.tba; 1rpokes 

tm la.d. balaao1ng •oMni• to ~tiatle all ·or tlacr a'nln1ng 

pro~ *1-tlng AC•e, If' the __ .._..flt· ·Jll'O,...llkIW 

wa1 ting l.C'a 1a 1 .. a than or .equal· to the ~· tMll ·. 
. . \ 

Load Control. 1n1tlatee.·all ot the ~ . .ttlng AC'a 

and then .1Jl1U.atea ...,..., of. the r1r t•ns M!'• tO··Biea th• 

oftrall 878tea up to a pr0Pftl7-loal84 •ta'8 a4 W>;an clone• 
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The load ba.lano1ng aeehanJ.811 1• onl7 invoked when 

the overall s7atem load is equal to the ma:d.llWI load allowed 

under ·the new apport10Jllllent. The meohani• oheoks 1f there 

are 07 proper-demand wa1t1ng AC's. It not then we are 

done. If :there are proper-demand waiting .A.C's then olearl7 

some stre• 1s over-lo&ded. We know at th1s J:M)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 ot the modes 1s using more than.its allocated number 

ot slots. If both modes are using their allocated alots and 

there are proper-demand. wa1 ting AC• s then clearl7 SCllle 

AC's are ~ng·' in ·over-loaded etre-.s. Load Control 

shelves one ot these over-load AC'I and in1tiates one proper­

demand. waiting AC and repeats this process until all proper­

d8mand waiting AC• a have been 1n1 t1ated. If AC• s lµ"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 I.om Control log11· ·out ·one OTehload. IC and initiates 

one proper-demand waiting AC. Th1s process cont1nu19s until 

either the ?lUllber of rwmtng IC's is equal to the maxiauin 

number ot IC's allowed or all proper-demand 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 

Commallds tor use with Absentee Computations 

Users or the computer system communicate with the 

system by issuing cODlllanda (usually in the rol'll or 

typewritten statements) at remote term1.nala. This chapter 

discuaae• a set or command.a used b7 a7stem. usera and 

administrative personnel to create, m~ltor, and te~inate 

absentee computations. The d1acusa1on here 1a less detailed 

than in Chapters 4 and 51 it is lnclUd.ed to illustrate 

what tunctions·m1ght·usetull7 be ~~ntrolled at the command 

level. 

6. 1 Cz:Mting IQ AC 

Creating an J.C involves two functions. First, the 

1dent1t1cat1on ot the uaer JUI.St be ..U.dated to prevent 

unauthorized access to the a1stem.. Seoond,.the uaermuat 

inform the qatem ot the abnntee source :t11• 11b1ch 1s to 

be used to.r input to the o•putation, and theab.-ntee output. 

tile which is to receS.ve output trClll the 01*11Ntat1on. 

Additional paraaetera are supplied to apec1t7 1n which 

stream the user wishes his AC to be run, the time limit 

to be placed on the running AC to prevent ••te 1:t the AC 

79 



develops problems while the user i-s not present, and 

perhaps the user J11A7 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 tliat 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 the. computation. must 

alread.7 be logged in there is no illentit7 validation necessary. 

CBE&TE-ABS reaul.ts in a call to :to.dControl which eithet­

in1tiates the computation i•ed.1atel7.or places it into the 

waiting queue·ror the specified. streaa depending upon the 

current s7atem load. 

6.2 Term1nat1• an AC 

Ever7 computation, upon completion :amst undergo an 

orderly logging out proced1,1?'e to raon the COl\Plt&tion 

from the qsta and take care or certain "cleamlp•~pro'bl.Uul. 

In addition~ it is sometimes desirable to be able to bring 

a computation to an ea:rl7 end tnoh-aal!lhlln the userdisOOTers 

he ha8 left an AC rmmtng w1 th bad 1nJMt data). 

The TERM-ABS comum is provided. to )'ert",oa both 

the ~ormal-end and earl7-en4 tun.otiona for AC• .s. The user 

specifies the can.putation-1dent1f1cat1on of the AC to be 
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terminated. Load Control is called upon toseat'CJh thct 

queueing mechani.Sll to.see it the AC is waiting to be run, 

running, or no longer on the system (e1the:t' it ta done or 

the cc>mputation.;.14entitioation waa incorrect). If the 

AC is widt1ng to be. run then the entr7 tor the AC tn the 

waiting queue is deleted. If the Ac 18 currentl7 running 

then tt is stopped immediately and logged out, It the 

AC is not on the a7steui. theit the us.er is so .intormed. 

6,J Chang1ns the Strep 0'rio[itz) or an AC 

When .the s7stem is heav1l7 loaded the user ll81' find 

that his· AC's take longer to ·run:~ ~~can· '!o speed 

up the processing the uaer _,.. willh to J>1•• the AO lnto 

a higher pr1orlt7 atream·{tor wtt1oh he Jlil1' be charged. more 

but will get better service). 

The CHANGE-STBEAM command i.s proV1ded. to remove an 

· AC from one stream and place it into another. The user 

specifies the computation-identification or his IC, the 

stream it is currently in, and the stream into whio~ 1t 1• 

to be placed. Note that the CHANGE-~ ooimam 1• ·also 

useful for sw1toh1ngIC's trom one interactive stream to 

another. 
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6,4 Cpntt;t• an IC to p AC 

A user U7 w1ilb.-to run a large computat1on aa absentee 

'but in order to be sure that he baa aet ~· ooap11qt1oii up 

properl;r he _,. want to run it interaot~~l.1' tor a wh1le, 

Once the computation gets going auoceaafull7 (perhaps the 

user notes that the proper output i• being generated} then the 

user Dl81' convert this running computation to abllentee. 

The COKVBRT cOl!llaDi ls proTided to· enable a user to 

switch a running IC to an AC. The unr tirat preilaea the 

•QUIT• button at his terminal to stop the compitation so 

that the CONVERT command may be t1J>8d9 

6, S Conyert1J¥ an .lC to an l.C 

The user m¥· nah to aon1 tor ~ progr ... of one 

or hi• AC• a tor a llhil• to Mk• INl:8 that .1 t 1•. 1'1Qlld.:ag 

saoothl7, or perhaps to user would l~ke to .... aoae change• 

in the absentee source fil~ or other data auP:J>l1ed. to the 

AC, 

The CAPTURE command is provided to allow the user to 

capture control of one of h1 s AC• a so that it can be controlled 

from the user• s terminal, Note that the user J11117 wish to 

finish the computation interactivel7 or he mq wish to issue 

a CONVERT command to allow the computat1cm to t1ftiah aa absentee, 

82 



Note th$t by using CAProBE am CO!fVP;!T .the user mq 

actuall7 control several. COJIP'ltations at one time tram a 

single terminal. This is :parttcularly ceftftntent tor 

computations which mq need only mtnor tntenentton. 

6.6 Obta1nipg Status Information tor a.User•scomwtat10ns 

.&··,user 111&7.· haTe. ·Jian7 camJ>Utat1oila.· rfdmiJtg!:·at one· ti:llle 

and: Jll8T.".have ma117· absentee ~om.pu.tattona in: 'the. waiting queues 

waiting to be run. The user aB1' want to monitor the progress 

of these COllputations and f'ind out 1f 1t might be necessary 

to intervene (Tia CAPTURE and eotlV'ERT) with some of them 

to oorreot any error oond.ittons which Jllight exist. Also 

the user may find that some cOJllpUtations 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 ts.returned to the user 

indicating how· much ttme each computation has used, what 

dedicated resOU.rces are being used by each computation, when 

each computation was 1nit1ated, etc. 

83 



f'"'..· 

6,z Reguest1M·Intemp.:1on bl ap IC 

)Jonl&ll.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 in the absence 

ot its owner, However, it a user who submits an AC h$ppens 

to also be running interactively -when such trouble occurs 

then it is possible that the user .,,11 be able.to supply 

the neces&ar7 1.-ormation (or correot1ona) to the AC so 

that it may run to completion, 

The INTBllVENE command is pro'Vided to aid an interactive 

user_ 1n specifJ'ing tlua.t he ta available to a14 his A.C's 1f 

trouble develops. Soiaetimas...the natu~ .ot the 1JJ.terac~ive 

uaer•s.·work would make it UDl,les1rable to be J.llt•1TU~ed by 

a oall tor help b7 an AC.am. in suoh a cue IN'J.'JRVBNE would 

not be issued by the IC. An_1nteract1ve user uses CAPTURE 

and CONVERT to effect an intervention. 

6.8 Spec1(11pg the AC-IC Load. Apport1opmeat 

The S7stea .Admlnlstrator must apectt7 the apportionment 

or system coaputlng power 'between the var1oqa ooaputat1on 

streams on the s7stam, 

The LOAD-SPEC cC>lllllaDd ls provided to allow the 
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System Administrator to make a 1080. .. aPPt>rtiomaent or 

reapportionment. The initial load aJ)porttonment is 

pertormed at system startup time and reapport1onaents 

mq be done whemnr ne~••aarJ"• It tor a particular 

application the apportionments should be the .... for 

cert&in regular periods (shifts) then th• 87stem Administrator 

Jlla1'. 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 s7stem 1n the manner discussed. 1n 

Chapter s. 

619 Otber C9'W'0g tor M•1n1stm}1n f!ncpmel 
. . . ' .. ,. . ' 

Ad.minlstratin lktraonnel - flnd the sT.&.TUS ~ 
. . . 

TEBM-ABS comanda uaetul. S'!'.&.TUS -.:s be u8e4 to obtain 

status 1ftrormation tor~ ooaputat1on on -the.eu.t1re .,-stem 

and TERM-ABS ~ be used to terminate an AC which 

appears to be causing problems (such as tJ1ng up certain 

resources)~ 
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The work described in this thea1s -8·.'concentratecl in 

two areas 1 a· .general diaaussion about the'.'Oharactertatics 

bt absentee computations, am ·the ·detlign or a:mechaflism ··tor 

handling absentee computations in a mul.tiple-accea• computer 

system. 

Perhaps the moat significant contribution• or the 

thesis are. the concepts or shelving and unahelving absentee 

c.omputations, the concepts of' absentee and interactive 

computation.streuis, the design of the multi:Ple-atream 

queueing mechanism, 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 

mechanisms has the following aign1t1cant character1atics1 

1 - The System M.min1atrator.11a7 apportion the computing 

capability or the.stst•·between·1nteractlve·an4 

absentee· oompatationa ·in aJ17 proportion whatever. 

This allows the system to be 100" 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 d1fterent1atfoil:aight'be'a·pt"iorit7 schem~ 

in which eaoh·•~·oontas.U.all ·the computations 

of a particular priorit7 • 

.) - Absentee streaas haTe the propert1 that running 

ooaputations JDQ be t411\porar11J suapended and 

restarted (shel'f'ed and unaflelTed) HTeral times 

as the7 flow through the stream. This propert7 

is one of the keys to the .Ueceaa or the load control 

aechan1 Sile 

4 - The Jlultip1e-atreaii. mechanin has the propert7 that 

the load in each stream ta .. indi'Hduallr" controlled. 

5 - The nmlti~le-stream mechanimn malntatns a precise 

ordering among 811 computations whether the:r be 

interactive or absentee and waiting or running. 

For example, in a prior! t1 acheme the· computation 

atreas are ordered bJ.· their respectiTe priorities. 

Within.each computation stream waiting computations 

are ordered bJ' T1rtue of their Poai ti.on w1 thin the 

waiting queue (first-in-first-out discipiine is 

used in this work tor choosing the next entr;r), and 
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.... 

running computations '&re. o~ered. b;y virtue 

of their position within·the J;'UJU11.ng queue (last-in­

first-out·-d.1so1pline is .. uaed ~n this work) • 

. Thua, it a't" ailT 1:1•.•· the loe control mechanism· 

wishes to eliminate. or 1n1 t1ate. a c•put!.£tion, the 

choice or wh1oh. computation ~o eliainate or which 

to initiate is determ1ned,'bJ the ordering described 

above. Thu111. th• load ·ccm,t:r-ol mecban1• ia made 

aore efficient than· it lf()uJ.d.~ if the abOTe choice 

... not alwqa predeterained. 

6 - The load control meohanJ.am prevtt.nta ...,ate of available 

compu~tion slots b;y a.1.lowiq. ·~ to become 

overloaded ·lf slots ln other at~• are unused. 

At·the·1aile .ti.., ~ -~- ••inare• computatlons 

tn a ·pu-tlcillar atr-. ·tirat.·ol~• ~ alota which 

have ·been speo1t1call7 ~le>Qated.to tha~ stream. 

'l'hue· stream 1 can·· becoa• ·over-:J,Qad.ed b7 using 

available slots in streaa. J. Howe~r, if the 

deMnd bl1ld• up again 1n J ,. then the over-load 

atre• 1 OOll,p!ltat1on USt t'8ll:Qq'118h the usurped 

slot and 18 either shelved it it ia •baentee or· is 

logpd GUt 1r it 1• 1nte~t1ve. 
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7 - Fina11J, the load control .aechaniam 

effects load reappor~10l!Jleftts quioklJ 

and •oothl7. · It a G011P11tatioa:.ftllntng 

bef".ore·-.the · reappertl~ abould also 

run after the reapport1oraaent. lOll4 control 

caretullJ avo1ds'e1ther 8httl.V1ng or logtng 

ou~ the caapvt•Uon. I'11tiat1on ot waiting 

coaputat1~na. ·an4 · e11a1•tioa ·ot r1Um1ng 

ooaputationa 18 done ql11cki7 because the ordering 

described in {5) •lK>•• llakea the 0aelect1on 

such computations trivial-. 

It is worthwhile to note h•r• that ther• :are two,,ob'rtoua 

level.a at Which load oonti'ol.deo1a1qu cea be~, 1Mel7 

the adm1saio'-level and the schecbtling .level. At the*4Jais•ion 

level 4ec1s1ons are Jilll4e regud.1ng whiclll AC'a and IC'a s!'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 &1v.a. a prooeasor when one 

becomes available. The mechanism designed. in thls WOl'k 

operates at the admission level onl7. 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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17, J •· .. 

competition tor processors. J.t this higher level decisions. 

must be _;aade on the besia or leas apeott1c ·information and 

must be intended. to be enforced over longer periods or time. 

The apportionment we apeak of. woUld probllbl7 be in force 

tor at leaat several hours at a time, and the load control 

mechanism we propose might be rea.aonablJ' eertain to assure 

that actual usage closel7 appro~matea the apportionment 

in the average OTer such a long period.. 

Recalling the simplif7ing assuaptiona Jilade in Ch~pt~r 

5, namel1 that each slot is the same size regard.less of the 

particular traits of the computation using the slot, we see 

that perhaps it would be useful to haYe our. load. control 

mechani$1! receive information ~-the· acbl9c1Ul1n@r' level• such 

lntormat1on combined with an atomic-slot aecftaniaa .. 

discussed in Chapter 5 would help to proYide llUCh ii.Ore 

precise control over the system load than the meohaniam 

proposed in this work. The dengn_ot:.iruOh a meohani• 1• 

suggested for those interested in pur8\ling research in 

this area. 
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