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CHAPTER 1 

Introduction 

This thesis presents the detailed design specifications 

tor a mechaniBII to handle absentee (or background) computations 

in a multiple-access coapu.ter system, The aechan1n operates 

as a package or self-contained modules w1 t.h a minimum or 
~ ! • -

dependencies upon the environment in Which it resides. Thus, 

1t may be inserted into any existing multiple-access computer 

system Which has the proper env1ronaental features, 

The work or this thesis 1s concentrated in several areas. 

Firat, those features which are desirable in a system tor 

handling absentee computations are considered. MaD7 or these 

features exist in current working systems, but several new 

features are proposed. 

Second, the overall design tor a new type ot absentee 

mechanism is considered. "nle tunctlons or each module in the 

meohanin are discussed, and interfaces betweeft this mechanin 

and other parts of the multiple-access computer system are 

defined. 

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

portions ot the new absentee handling mechanism, This design 

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

designed for time-sharing applications. 

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

be carefully regulated to comprise anywhere from 

O% to 100% of the total absentee and interactive 

system usage. 

) - The portion of system usage assigned to absentee 

computations may be further subdivided 8nd assigned 

to absentee computations of various •types". This 

provides for ease in implementation of priority 

schemes for determining which computations should 

~urrently be serviced ~Y the system. 

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

by the absentee handli-ng mechanism to prevent waste 

of available computing capability. 

5 - Computations of 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 tG the computation. 

la 



'l'h1s .abt.li tJ' 1s uaet'Ul ia 'J)r.ortdlft8 . the .· 

apport1-.at rta1b!il1t7·aellttoned abo'n. 

P1nall;r~ an atteapt 1a JWle. to: .,_,u.,. a cGipact 

set of' e.am rms tor uaera aDl adatn1.-.t1n peraonael. 

The cowaJ!d~?are de~ tQ.·~ :..aoth·1ateract1on 

with the tac1~1t1ea aDd .O&P8bU:ttt.ea. ot tile .rpJ!'OJJOaecl 

absentee. haadl1J18 ~... In pu't1cu1ar, CCIIIIIIIallds 

are p~ded to per1'ona: oerM1D ollftou .1Wlct101U1. neh 

as oreatlas and ta:P•tl.bg abHDt•.·o_,.tat1ons, and 

certain tunotlona UD1iJ.Ue to thta :applteati:c»t:&UOh as 

canvertins an 1ntft'Mt1 ve ~1«1 co ~· and nee 

. versa, and ·8pec1ty1ng the apportioaaellt cot ,.,.te. usase 
between ·1nteraot1Ye aal abiiBtee :oeplbl tl<ma. 

1 I 1 TN'!fDOl.oq 

A :»•-!her!• ·~ ..-t• zoap1tfi.7 ~· 1ts 

re~•• 8ac:lag 1l8ftl' u... -to slYe eaob uae:r· the illuaton 

that his ooapatation 1• coaataat17· ~-~ · ·All il1ianfMve 
user controls the ope~tloa- .or h1a G.Oalftl~OD v la...aing 

cmr!¥1• (usuall;r 1n the tora f:d •tateaenta tftl!l4··&t a remote 

telet;rpe ter!1nal) to the s;rstea, observing the s;rstem's 

responst~t to each coaaand, and 1siU1Dg turther oo.ands based 

on previous responses. An ab!tntee user does not have to be 
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present at a ten111al to ooatrol hia ...-tattcat 

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

ot hia lObe The~......, (t. .. :.,:-..1Jltldlla.• ordei'ed 

liat Cit.) 41Mb or tun 4noriptor fUea .. ~· an-1~. 

'!'he ooaoept ot a ,..,.r uwa•• ... ttta• ., . 

pro'ftcl1DS acunlble oaap&tS.ag a,:dlllU.- 1:o a la:rp -ber 

ot u•l'lr (reteft'ell to - the '"1:' I zw> - a ·---
r~. ~.,. .......... '-1•~ '11)-h -~ 

to expeot, bftaftr-, that -.ltwa1:1.a ..,-~ tllat the 

qatea UJidftBO a oooUBianal *"S M eo that the -.J.tu,Dot1on 

~ be J'8111dl"ell. '.ro J'U\Die" ftOI'M1 op-.tldll, tNt. . .,.... 

UD4ei"CC88 a lt!ar:Wp Pi'OMdl'a'ee 

Baoh u ... or ·-tbe apta _,. ·a'IGN ·itrt.oa..ttoa u 
pr1 ftte filea ( uauall7 space on aeo0111lar7 stonse aeclia 

rese~ rar this user). A potential uaer or tiled 

illforaatlon IIUst iclentif7 hiaaelr to the ap-..:Jar:m!Ds 

a Beol'e~ m•gr4 tlma prewrdd:fW·-~nd ....-.. 

rro. ~ the apt.. !hi·• 14-*1t1oat1cm -JIII'008ilure .ta · 

r.fcrnct ;to u a-&• 'P• ·· Wha·-. uaer· 1a t.111t.ae4 unns 

tl'ie . .,..tea_ n lW wt to 1nton lM .,..._ ..- lie no 

lC~~Pr need.& 1 ta :reaouroea. 
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Unless otherw.ln specified, tiles are used to supply 

input to and receiw oatpat t.rom abaell'tee oa.putat1cma 

since such computations are generall7 not atilaohed to 

terminals~ HoweTer, the user mB7 desire to rec.i'f'e input 

to his absentee compatat1on :f'l:toia a pri"f"aile ~S:o tape 

in which case his computa1;1on .,- run 0Dl.7 '11' a -.pe drift 

is amallable. The tape drift iD tb1a ~· ,_s reterred, 

to u a d!d1gat«\ DIW£0! since it .ut bl speo1t1cally 

aas1pecl to this uaer tor the dU'Iltion ot b1•· oaaputat1on. 

To &SINH that a required 44d.1cated re.aurce 1s aftUabl.e 

when it is needed, the user places a {na the 

system) to use th• reaource durlng a speo1tic· tiwe period. 

lfcm-time-shart~~g cCDputen genera;l17 hUdle jobe 1n 

a l?atoh WOO!flliM t!IM\• the jobs are eulat*ted 1n the form 

ot card decks or magnetic tapes at a central computer 

installation aDd are processed sequentially, either one 

at a time, or in the case o:r recent mult1-~e881ng systems, 

seTeral at a tiae. 

'l'he mta lew' 011 a t11let-ebaring c<aPl'Mr qat• 

wh1oh services both 1nteract1" 11114 a'beeatee ooapr.t&t1GIUI 

refers to the current deaanda tor eern.oe. 'to all. oc:.patat1ons 

on the system. When the load decreases more computations 

m&7 be 1pitiated to push the load back up to peak etf1c1enoy 

J• 



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

the operaticm- at the qstem, requests 'tor· serTioe are 

enqueued on a priori t7 basis ( !!!b!d!!ad), aDd the request 

at the head or the queues is the first to 'bl serrt·~ed• 

Pr1or1t1es are generall~ asstsaed to computations 

to indicate some sort ot preferen1;1al .order1ns .. tor service. 

Mpt 881911 pr1mj.t1es are used 'b7 the qnem to detend.ne. 

which ot atmmal computations attea~'1.Dc to lOS in should 

actuall7 be, allowed to log 1n to the qstem.· .. Sqfte4yl1M 

Pr1or1t1tt are used b7 the qstem to 4aterm1ne 1rh1oh · 

or several losaed 1n computations shOUl.d .be· gt-..n sernce 

b7 a prooeasor when that processor becolletl lft'ail&ble.· 

Mm1sa1on priori. tiea are generall7 rtxe whereas scheduling 

priorities are d7naalcall7 OOJaPlted .. at ·.~utl~ 1;111e• 

The concept or providing absentee usage rac111t1es 

ln a t1me•shar1ng enTlronaent '1s not new, bll~ the general 

clea1p mut.plea haTe not 'Jet. been diaoussed. ·'l'Wo . of 

the ea:rllftst suocesstul attempts 1n this area are, 
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1 - The Co.lllpatible T1me-Shar1»a System (1, 1.5) 

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

.Absentee capa.b111 ties were inclUded in the 

original design of c. T. s. s.. '!he ability for 

an interactiYe user to initiate ._. absentee 

computation ·was added 1n 196.5-1966. 

2 - Time Sharing System/)60 (4,5) 1Jiip].emented by 

IBM on its )60/6?. Absentee .. oapab1li ties 

were included in the or1g11183. deetsn for which 

a prototype 1mplem~tat1on became a~lable 

in 196?. SOme notable features of the TSS/)60 

implementation inclucle the ab11i ty ror 
a user to interrupt his running interactive 

computation and convert 1 t to absentee, and 

the ab111 ty for a user to 1n1 t1•~ ~ :~de range 

of bulk input/output operations Via commands 

which may be issued b.Y 1nteraot:l:ft or absentee 

computati~ns. ntese lml.k in]Nt/output requests are 

handled as standard absentee oomputatlcms and 

are enqueued until the 1nput/~tput. devices 

needed to sel"Vice the requests 'become. available. 
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The absentee haDdltns aeehania 4ea1gne4 1n this thesis 

is being 1apleaented as an 1ft'tegr&l. part ·ot" the •Mul.t1cs• 

s7atem (!J&l.Slplezed ,lm'cmaatton allll,~t1DS §.errtce) UDder 

deYelo~llt at Project M&C at t1w x....-.-tu Ill8t1 tute 

ot Teclmo1Gis7~ 11\altio.a 1a bitt-·~ 11!14 1apleaented 

as a sen-rat purpose t1Jie-Bhall'1.118 opel'li1J1-s 878tem tor the 

computer ut111 t7. The reader 1fttereeted: 111 ezploring Mul tics 

further ahoul.d aGIUJUlt a group ot JliaP«rs ·(5,,,,,8,9,10) 

which were preeentecl at the Fall J01b't'Ccia~ Conference 

in 1965. Pt-oject ru.c Tectmioal Report-30 (4) contains a 

d1scusa1on ·of the orpnizat101l · ot the OGIIputer utility 

and a deser1pt1on Of the -..sc deaiea d.t ·the~t1cs system. 

lel og•1 zatJ.on 
Chapter 2 dlacusses those teaturea which are desirable 

1n a apt• tlbum support• absentee Coaplltationa, aJid the controls 

that users aDd qstell ad111n1a~t1ft ]Wfti01Ulel should han 

oft!' abaeDtee· computations. 

Chapter ) llt'eaents a bloc:k-.t1agrea O'f'el"l'lew of the 

absentee handling meoha!l1aa, and 41scws.aes ~ functions 

6' 
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per1'omed by each o'f the modules in the meohan1sm. 

Chapter 4 develops the concept o'f a computation stream 

and then illustrates how several such streams ma~ be combined 

to 'form a versatile multiple-stream queueing mechanism 'for 

absentee computations. 

Chapter S considers the problems o'f regulating the 

s7stea load in a 87Stem which supports both interactive 

aDd absentee coaputations. A aecbanin 'for per1'ora1ng the 

load control fUDCtion 1s proposed ~1ch utilizes the 

'flexibility o'f absentee computations to assure that the 

load re .. 1ns close to ita most e'f'ficient operating level. 

The mechanism allows the computing capabllit7 ot the system 

to be allocated 1n aD¥ p:ropertion between interactive 

and absentee computations, and provides the ability to 

quickly and smoothly adjust the system to a new load 

reapportionment. 

Chapter 6 presents a set of commands for users and 

administrative personnel to create, control, aDd te~nate 

absentee computations. 
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CHAPrBll 2 

Features ot Abaefttee Ccaputat1011a 

Th1a ohapter dettnear·abaelltee, 11lteraot1Te• &114 batoh 

oa~~patattan8, and 418C)une• tiM allllarttttt• betweD·abHfttee 

a!ld batoh oca:P~~tat1ona, the r-.ture• ot -~ edllpatattoDa, aDd 

the tao111 ttea ot the abaellte. haBIU.lliS llllebata. 

2.1 cwwte»911 '"'' 
A uaer ..,. ~ b1a ~cap11tat1oa 1n either ~. $wo aoclea, 

uael7 1!lt!Ad&Je or •llJMW• 
All 1&1igM~1D .... t1"' np) 1a oontrolled b7 a u•r 

who utert ·~111141 at a reaote t~ul.. reoe1fta l'e8JM'ftH8 

ti'OII the .,at• at that terlllll&l, and eaten 11441 tlaeal · ~ ,.., a 

baaed on prenoua reapoll8ea. '!'be 11ltft'Mt1Ye aocle atforda the 

u•r preo1ae o011tro1 ewer h1a ocapatat1Gil ·AM allowa. the uaer to 

IlSke .a.1or ohanpa ot atrateQ at ftll ttae. 1'!le ·1ate~t1n 

aode 1a part1oularl7 uaetul tor J)I"'S2'a debaglac allll tor 

1apl•ent1ng prosraa whioh •tal,Jr• wt.th aoa-propo a er uaera 

(ada1111atrators, ao1ent1ata, tl1sht reiMI'9at101l peraom&el, eto.) 
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An •M•tu OC!Iwtatlon (Nt) doea not reqUiM lnteraotlon 

w1 th the uaer.. The u.er -~ ta 1ft a~ee CJCaP~tat1on aa 

a tile or or•••• (a!m .... MUJ!t ttl.e)· 1!1Uioall7 148111;1cal 

to the c~a the uer WCNld •ter 11" Nmtlli! taae:· nae 

c011.putat1ca 1nteraot1ve17. The abltellt.,. _.., f'reea t9 user 

:troa h&Ti:as to be p:reaent. to oontl-ol b1s: o..,.tat1011 and 

is part1oul.arl7 uset'Ul t'ar %'\IDISiJI& obeoked .. ou.t ~·aDd

•prod.uctioa•-l'llDB. 

A baBh .,.,.M9P is ~~all7 14entloal to: an abHntee 

coaputatl.aQ -~ tor -. .....w ·lft W.lch the tile ot oCIII'OC's 

1s subaitted. to the qstalh·' Aft ·abaentee SOU'O!. fil• t.a 

gen&Nl.l7 nbat tted. "f'1a a ~· ta!II1Dt1, lfhetoeaa a batch 

CCII)Rltat1Gil: 04 *M t1le ls ~ ft'twtt#ed 1ft the ron 
or a card deck at the o!lltl'al ocapater 1aatalliat1en. 

2.2~·ret.pp pt.·AbiRW CWB1&t1•· 

a abllellte. oc.pR&tlaa 11a7 be lld.t1tlb4 t'or a user ·b7 one or 

the user• a 1nteraotiTe ocapt~-tat1ona, ..U.r. ofc ~ 11Br's 

absentee a.patatloae, u •. a..tcll-r~-tl:"':al•·_..'" .. '*' tiae·:,uer, 

A'·. user~ ... abHiltae;~taa. ..,.-.a,~<bl *.trl «it· 

that user'• lllt!rutlve or ab!Nm*ee ~taH.one. 

A user-., Qee1f7 (tor his._ p:wtHotlon:) _,..~liS tlae 

lia1 t tor eaoh ot his AC' a. It the tille lllll t 1a exceeded, the 

s7st• autoll&ticall7 .. Tea ·the A.C ao that partial re8Ul.ts are not lost. 

It the user does not specif'7 a tlae 11ait tor an AC, then a 4etault 

value is aaauaed. b7 the q.t•• ..s.n tor the user's protection, 

9 



A oaapai;at1GD (IC or AC) ~ a ..,.UoU).ar uer. IIU' obta1Jl 

atatua 1Df'OI'IIat10J1 &boat aliT at tllllt: 'UU'' a ·oca~-. (both 

IC'a aid AC'a). ~ed 1n1'oz•tlait...,.t .._._.a u...-a 

AC•a 1a al_,.a &ftllable to. tlw.t uer, ·repzo41U.: o# ·wbnher 

h1a AC • • · are .t ti;Jis to be rua or are ourJentlF ftlllllDC• . 

AJ1llltRUtl"N uaer U7 1Dteft'tlP' Me 10 at aiV' potDt 11114 

o~rt 1t ·to an .&C. · 'ftl1a te&t'Da ta 4ea1rable lJ1 t:M. oue 

that a uaer w1ahea to start h1a prosraa 1nt..ctln1F to Mite 

nre tlw.t 1 t 1a worJd.DS properlJ', and -.. ~;tJaa )lll'OSl'a 

to abaentee ao that 1 t M7 ocmttse ·• ~"- wttbCMt ·the 

user• a atteDt1oe. 

AJ1 lllteracttw unr ~ 1Dterzupt M7 011e or lila AC•a at 

~ polJlt aJ1Il OOI!n'ert 1t to bia OU'I'8Jlt IC, ·~ ~. 18 

uaetul. 111 tiM GaR tbat the. uer ..ne to· aOat·tor ·the JJI'OP'8•• 
liMe b7 h1e abaentee oaaputatlon, or perb&pe -.Jte ea.e nn-t1ae 

oha!lgea 111 either the PJ'OCNII or lta data. 111 ..a oaeea, the 

ueer aq oOI'Iftrt a oaaputa1lt;on ~· ~!" . .-.• ,_... ,~O' :t,"",.,o~ye. t;:Q 

pt a h1cbez' prtori.tr tor 1me cc.patat1ca ~ tdlat'~ ~putat1on 

..,. be oc.pl.ted. .... 

'I'M q-.. lia11llatrat1ft per~~G~~Ml.~ t.nd.Mte e:r· .&C 

(or IC) 111d.ell··appea.n to be a ·~j· 

The qat• atldmatrattw. pei'8CJIII!lAtl ..,. .,_.1,.. a11 

appol'tlalliiMI't or .,..-. re11011:roea tMatwaalil &e•e allil tc•a 

10 



' .- ::::.-. ·" ··· .. ::.:·~·:·..,~_::::~~~~~~:!~~-?:"!~~~-~~~~i~~>'{.;!~·~;.~.:;"-,,. ~-.:-~~_..,_.~ ~'·~· .';.~.:,_,;; · .. ·,:cJ~ 

111 cmter to •))bulze a partloular •o&e d~Jtg .. rtalll perlo48 

or Q'at• operat1011. 111 erreet, 'th18 apportt~t- Jteftltt-. 

the .,.. __ 1Dto two 418t1110t_ n'b-8F~t -.e ~or 1'8111'1111C AC 1 8 

aa4 011e t'or rallltliiS IC1 8. 'tM AC·IC !f90!!1-!Jl'!: ~ 1'11DP 

anrwtsere-· rr. ._100• to too~. 

A 1lMr 1laJ' haft ~ l'QJm111fB AC'a (·&1111. llalll' IC'a) at Ol'le 

tlae, bu.t the maber oan be -.laill18tl'at1"f'e1~ 11a1ted.e Ill the oue 

that a 81Dgl.e uaer baa H"f'eral IC1 8 at ftt'loa.e tend.Dal.a, ~h ··or 
the IC'8 ha8 ~11&1 ·eoatrol ewer Alfl or the uaer•a AC'•• 

Iapat ·to a AC la 110ma11:r --.- --rrc. "the approprlate 

abaatee aoaroe t'lle. Outplt rrca • AC ....-..111' ~ to a 

UMr-apeott'led. ""'P'" ogtg&t G1f, a.:-.r ._ Uteraat1ft1;r 

apeolfr 4e41D&te0 "~· u.a _... .r tithe) ror· .&e-.olllfld;/ou.tput. 

Au-. "'taftt.._·fi41ea'-l-~••wcttoea ftr·••·~Jr a~~r ot hl•· 

*C'a-.....r44 _...a_...._ reNrYa'ttca r• the reacNl'Oee-. 

2,1 Slftw PMtWf8 

'ftle e,et• llllqUetil• uHr reque.ta to lld.tlat. lleW AC • • 

80 that thee• .&C• • M7 be 1111 t1ate4 111 the tutuft ·at a tlae 

Whloh tbe a;rata tee18 18 oppor~Nfte. 

!'be e:rat• -:r ta]M)rarll:r ftltPeld aen1.oe to a -bel' ot 

AC 1 8 • that all lDOnaNd 10114 ot rc•a ..,-'be .-re ·etreetln1:r 

aentoed. Sla1lar1:r, the a:r•tea ..,- •l!lll!l• a maber or IC'a 

80 that all lDoZ'eUed loed Ot' AC' 8 aqo be nrri.oed, -PillS an IC 
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involves •nag the IC ttl 1 ta· Ol.UTellt state --'· auto.atloallJ' 

lossin£ out tb• user. To OODt1n1le a ~ IC .·~· \INr IIQ8t 

1oc· in a&alil. td'4 apeeit7 tbat th1t 't:!t.-l*l IC be renaecl• .Uter 

a uaer has been buaped., . he llill often nJJil that. a. uamot los in 

apin i-ecuately. Th1a oooura beoauH the aottt .t~-..t 

reaacm tor baap1aa a user S.. to ~reap • Qat. lo.d; aDd 

JU1nta1n the lkd at 1 ts lower level. 

The •7•U. IIV. autoilatloalll' renae aen1.ce t9 ._pPd.e4 

·AC's when the IC 1084 decreases. (Bote the. ..,_.1or7 h~. A 

8\lapeaded. AC ls al~s auta-.t1oell7 re-.e4 bJ tM a7.tea 

while a baa~ IC ew1 onl7 be reauu4 b7 th• 11ltez"'Mt1n uer 

hlaaelt. This property 1a orit1&a&1, to ._ ~ ... of. 4paalo 

10114 bal.lll101ng d1aouaaed 1n Chapter 5•) 

Jobs IIQ. be 81lbaltted. to the qat• .1a a b&tch-PI'C)Oeaa1aa 

toru.t u a d,eok ot oaJ"'b. auoh jon, et~ ~-- a 

procedure to ..ali~• the 1dent1t7 or their or181Datora, are 

handled b)" the absentee aeobarl1• in the ._. aarmer u AC'a 

requested b.J IC'a or other AC'a. 

The natea aak•• ahut4011D t1"8D8~t to AC.' •• 'b7 8\18pelld1ng 

a117 AC'a NDI11aa at shut4o111l ~ AIK-t1,.:J.l.7J>..-1118 .the 

suspended AC • s· at startup t1u. AD7 AC • a whlch·. -.; ait~lng ln 

th• qJaelles ..s. tins to be run ~t ~tclown, ~•••' n. ~\1-..4 during 

shut4otm aDd.-., be 1D1 t1ated b7 ·tM ·~. atter ~~. 

12 



'Phe appc:Jrtlonaeat or reBOUl"'es' betweera AC's aad IC'• 1s 

nol'llal.ly clone f'or 'ftlrl.otl'S long pM'iocl• or ,_.t• operati.on 

called shitH. Hotre'fer, ttua d~ liMe bJ' A'C' • aDil IC's 

upon the qstea over the short tel'll ~ Tal7 s18ftit1oantly · 

aDil h'equeatly. The qstea oa.tere to __.t tem ..r1at1ons 

1n d-.n4 1IF MlWI8 a0dl-t1oat10118 to :tbe Te.OUO. ap~i.aa.ent 

over abOrt periods called_ 1111p!sr&t\og. MJ'hM•- !l'be. Load 

Contro1_ aeHafti• (see Chapter ,S) . ..._.. tbe current 4...ads 

upon 1Jhe .,..._ wtth the cU1"1'8D4:,8l1~'• ll'S~ •Pf0rt1~t, 

and. !lakes Moes8ar7 a43U81aents 111 the AC "~ad IC loes to 11'l,8ure 

tbat soo4 qual.i t1 eerrtce is P'J'OYlcled -- an NIII11Jis o-.pJ.tations 

resarcne•• or aiQ' •n-tel"'l nrau 111 ~4...-t" Por exaaple, 1t 

the AC•IC apportiODBent 18 2~?S. aJkl tile AC chllllands •eor..,. 
to only~. then Load Colttro1 "aUOW ~ ll8W lC's to be 

in1 t1ated to br1Jig the IC usase :up to ~. 1R1eD tlae aon-teDI. 

Yariations are or SN&ter -.ptttde; Leal Control -.y. elect 

DOt to -toh a 4eeto.ease tn oae ao4e or ·uease.,·wl.th a equal 

increase 11'1 the otlter. IJlsteed, 1 t aq .. toh a, 2_,. cteorea• w1 th 

only a tO% increase. This prOTtcles a:4u.p1q effect. wbloh helps 

to preveDt the oUI"l'ellt usase or qatea;. HIJOU'OU traa YU71DC too 

s1gn1t1cantl7 rrom the desired sh1tt resource apportionment. 

See chapter S for a aore precise d1souas1on or the load 

balancing operations performed by Load Control. 
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'l'be Q".t• keepa tnck ot all AC.':a: HqU:r,\M: ·441!42.oated 

reaou.ro•• to be 11llttatecl. Whe!leftZ' a·reaert&UCID .. -.4• tt:w 

a part1oular AC beccau due, tM .,..-,. •t••*1011il,.7 1111 tu~• 

that AC. 

In a qat. 1n ldd.ch Jlalt7· 0011JIIIlt&t1ou are ·a..lt.-oual;r 

ocapet1118 tor Al"rtce. 1t 11 dea1rabl• to )II.I'OY1M -.--.ar-t ot 

pr1or1tT MGhan1•· ~ allow a ~ to C~XPn•• the rela"" 
laportalloe ot h1s ccapd:attOD. The uer u )ti'.CrrWM\ td. tb a 

otaoioe fit Rior1\f 8t!f•l 1n which he~ ftqueft •Jd• 6C be run. 

Btsb pr1or1tJ' at~ prcwttle Hl"ri.oe at h1CUt' ._t, -.,.le 

1ow prtari~ •treaa ~ ]lll"CW14• slOWR .rn. .... ,llllt at ~ coat. 

It the user does not apeo1f7 1a whlob pr1.v1 ~J' .,---.. ~ 111DY 

h.1a ooapatat.1GD to l"UD, the .,..-. aut-.~o&ltl,7-.·,~•-'tb4t. 

ooa)Ntatloa tato tta. ,,,... '" ••... aao• -----
Oa.plltatloas do DOt IMOOH&ril.J' han •tO._,M s..t-..tl4d·s..ecl1atel;r, 

a ae:r1ea ot attlnc queues 11 pzooft4e4, oae tv .. ._b. pnc:art.t:r 

atrea. Whoa LGII4 eontrol 4eo14ea tbat; aoft .......... -o•patattona 

11a7 :rua tn a parttc11la.r atr••• 1t l111'0l'ld the::.-otu.nl• wll1oh 

handle• the abaeDtee queue• to 1n1t1ate u appropriate nuaber 

or · a'bHnt-. c•JNtattona trca the ~w.l ttlt8 q'UUe tor tbat etreaa. 
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OTerTiew ot the Abaentee Xon1tor 

The A1j!aetn IC!l1 tor OOD!l!t! :of a croup ot related aodules 

and a aer1ea ot queuea whloh tocether ue reapOhalfJla t'C»r the 

eDqueuetaa, 1111 t1at1DD, oGDtlrol • .iad teniaat.ion or abatmtee 

ooapatat101'la. 'l'h1a chapter 41aouaae! the -.1or aeot1ona ot the 

Aba•tee 110111 tor and the 1nterrel.at101U1h1p bet .. an the Absentee 

Monitor and other parta ot the aultlple-aoceaa caapater· a7atea. 

P1sul'e ).1 1lluatratea the structure of the cw.rall aechan1• 

t~ 11and11ng abHDtee oaapata't1oaa. Chapter• 4, 5, 6, aDd 1 

deaor1'be the part! of tht aeol\all1• 1n sre&ter detallo 

J, 1 !laJsr hot1N ot th' Mwttl Mgpi tor 
Tbt .lbaentee KOI'l1 tor o01l!1na ot three aodult! and two 

aeta ot qaeuea, ODe queue ln each aet belng aaalped to serrtoe 

eaoh pr1or1t7 atrua, Chapter 4 d1._,,., tiM qutuetns aeohanla 

1n detail. 

).1.1 t.b!ette IMU! coatrol 

Aa new requeata to 1n1t1ate abaentee oaaputattona are 

entered b7 aaera into the f78tea,.the n.aea ot the oorreapond1ng 
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absentee source rnee and abaentee outptlt tn .. (~ otJser 

add1 tlonal uaef'\11 1Dtonai;ioa) are p1Me4. lato q-.a · ... -.re 
the7 reu1a "--ltll noh t1ae u the. ~~Ht• 4MJ.4ea ,to lftS;ta..k: 

add1 tlonal abHDtee o•JNtat~oaa. 

•7•t• llOdllle rupoaalble tQr. MkiJW. :&PJI)OJD1-. ..... _1a ,the 

queuea, retr1e.T1118 etrtea whell tlw7 an .. ......_. • of:lber. PI!I"U 

or the abeentee aeohaa111ia, Md 4elot.ac •r1 .. wb!Oh- are ao . 

1cmaer aeedecl. 

1.1. 2 Abf!lltet Nt!M ·Qim• 

The Mtetu· "' UM 9!le•t ~--a_ .-n• o_~ -~~··_one 
Pft prlorlt-7 at.,._, wht.ob o~ta,la -the .per ocapa._N.oa Woraatlon 

' 
ror abaellt!t ocapu.tllt1~ ..S.t1118 to lile -J.ftl~tect.. A :aiR' 

requeat to 1111Uatt a .MW -~-.nw. . ...,..laD -..• ~tee 
QUeue Coatzool k ..- aa •V7 trw *• ·~•••- i'a the 

Approprlate Abaelltee 1la1 t1Jts QQe ... 

1.1. J Abtel\tt• Bum!• illl'l 
The_.,? .... ,_. ........ ...S.•• .of ............ 

per pr1orlt7 etrea, .wb.l • ..US.a u. ,.. • ...,. • .,.._.~OJ'liMlt1oa 
rw eaoh RllllDS ab ... tee o_,....l-. .._ • rJri•III*'M o•pa.tatloa 

1• lll1t1ated;t ..... ~ ~1 ..,. ...... 00~/'J'j~ ... l .. 

eat17 troa tbe ~-- Ab..-., lfaltJ.II& .._,..,_ 1UU"Y 
• - • ' A • •' I ' • 
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-~ a6rit abHilt .. oc.pate_l._. • a 1111 W..hd.; · L4M4 

ce.Rrol ( _. -~ s a111t 118etl011 ,.a. 3 MI. ow) !Ill' ... tw · 
Abf.sHt JpttMMen Ja"''• or -. ...__._,.._.:. w Mdtlate. 

!'he Aba.awe, 11dth*t•11Ghl•· 4eot4• tllhll. ·Ill!" • u · tm·ttate 

aDI _... ·1:W> ·~tate oalla to till..._ -.... llle AbHirtee 

I111tlat1011liOII.'IIl• Mlla AbaillllRe·Quae COilUG1. w· .a. ttte 

approPJ'late 1uert1ou (cltletlou) ln the AbBtllt.li -- (11a1t1DS) 

J, t, 5 ,..,.. 8b!l,DM lq!I1Q.t 

·. Bereafter, ··the abol"t-tem INBpeutOil fit ....... ooapa~lou 

retft'Hcl w tn Chapter 2 u tMitw8il' ... C,.,.. :a. •liellte. 
tiC*patatt ... · !be- aatt.tl0t1Gil Mtw•• a ~..rd _.,.._toa 

aDd a ociiiPa'*'l• ·tlhloh hail aerelfi'-~ llliiiNil 1a 'tlta'r· a· ..... ..

caaputatlOD 1• Glll.7 ..,..... -.....-~ ·•tn ._.. ..... ..-.., 
BJ'Btta cleclclee to cODtlnut lt, whereae a BaTe4 o~tatlon oan 

oD17 'b! coiltUmecl tr the, uu 10111 ·ta;,~ • ..._. .- _.. 

•ueh ..Ufllh •!laee1J!Jr · te: --~-·11."'0t'B t t .$ .... a llhel•ecl 

..,eta'II.Oft Mill,,. ,_.,.Cil'IMcl ---•-.u,. "" -tbe a. tltee1lold. tor. 

~- 1t beooll•• .., .. ..., to ........ ·'*- -ller of' 
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which AC'• to ahelYe aDd -.JcQ the. Deoaa-.n o.:l,la .to~..,.. tha. 

Abaentee Qaeue Control 1a oall.ed to ..U· the. ~e 

1nurtloaa (4elett.ou) 1n -.. ~t- .w.lt.t.as. (.._.) 

Queuea. lfote ta.t ahelY1DC a •c. -~YU p~1111 aa .ezat.r7 

'for it bull: into the appropriate Abaentee Wa1 tu.w Queue ao that 

the AC apin beoaaea a ~1clate tor llll tiat1oa ~ th!. A'baentee 

ID1t1at1on Kolule. 

• 
.. ' ·C ..... •.:.;:-;.·~. ~.,.. ·, 

This aeots.oa 41aotaaaea the eftril'OI*ellt ot the absentee 

aeohaD1•. Lo..t control 1a dlaouaited. here 1natead. ot 1n 

aeot1on ).t 'Onl.,. beoauae ita tunotlois8 are related. to both 

IC' • and .AC'•• JloweYer, Lotl4 Control 1a a o:r1.t1o.l. portion 

ot the abaentee aeohen1• and 1• d1.ouaecl ~in detail 1n Chapter s. 

J,2,1 SUW C9Ptrol 

St•tw eopksq. 1• the •od11le wh1oh prooea ... oc-e•nc~ reqtaeata 

tro. the qat- Mat111atrat1n pera~·. In ,.rtioular·, S7ata 

Control oaanya the AC-IC apportlemiliiDt 1ilto1'11&tion··rrc. 

the S7atea Adatllll.trator to I.0114 Coatrol.''' U4 tlte 4.4ioated. 

resource apportloaa.nt 1iltorilat1cm to the: ·aenft.er. 

3,2,2 hrt91'11Me 'a=ma•t 
Jter1o41o detenaln&tlOD Of the OtarreBt -Ounta Ot iDteract1Ye 
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aDd. absentee uase bebtg npported 1>7 the ~- 1a essential. 

to the opftatlon or the 10114-bal.ano1ng llHMil1••· "IRf•'!ft' 

J,2,J Lqt4 Coptrol 

The -.tn tunot1ou or the L'ft' £oAArp1 a«Xluiit are t 

1 - to see that the apportlm.ent or reeources between 

·latUM-tlft &114·..--.:...,...ttGU:raaatuolose 
. . . ·, ..... ·. .·. '···-' 

to that specir1ecl b7 the IJ'•te. MaJ n.t atrator 
' : " . . . .. ~- ~ •' . _, .• -'. 

2 - to c•ter ~ short-ten ~at1~ .111 t¥ 4-.aDds 

upan the &Jst• 1 a rea_ouroea 'bJ' 4Jualoal.l7 ftl'711l8 

the current resource apport1oaaent 

3 • to see that the qat• 1&_ neither UDler- not- OTer-

1011484. 

Load. Control coapares the apportlonaent 1nto~t1on ~t receives 
-. ' ~ .-' • \'.*': '· • ~ 

:rra. the STat. MldaS..Vator with the ounent ~e ata1ilat1ca 
' . ' . . ·: • • . ._·' ·, ~-· " c·. '. . . 

nppllecl bJ' hrtOl'llaDCe lleanreaent_. If· .., -~~oant 41aore)*lc1es 

ez1st between the_Q aet• ot r'-sure•, then Load. Cont!"ol _, aoct1r, 

the •T•te. lMCl 'b7 a117 or the rollow.iJIS .,..., 

1 - call the Absentee, I Ill t1at10D llodUl.e to 1nlt1ate 

110re At;'s 

2 - oal.l the Absentee Sltel Y1Jtc llod.ule to .abel Te acae AC 1 • 

3 - lno~ the.lldlnli nuaber or. IC 1 a ~lowed 

4 - deoreeae the ..na. m.ber ot IC 1 a allowed 

5 - auto.at1oal.l7 lOS out aa.e IC' a 
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J, 2,4 Load Control '!'able 

In th1a table, Load ContrOl Mtnta1ns a llat or all losged-1n 

IC'a and oertaln 11441t1cmal Ud'OI'Ilatlon auoh u the t61:al Baber 

ot 'loaed•in IC' • and the MZ1a\1a n•ber or ic•a llblch the 

•T•t• ourrentl7 allowa. During the loM-bel..ao111C o,_.tlOIY, 

Load Control· obte.1118. 1nt~t1oa aboat .c• • tzoea the .&bMDtee 

Va1t1ns QUeues· ata4 tbe Abaentee BUIID1DS ~· --. _abcMlt IC'a 

trom the Load eoatrol Table, 

J.?.S Be•emt 
The aeunar ·la rellpOil81ble tor sohe4ul.1DS the uase or 

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

A.C requiree dedloated. reilourcea, the u.r·· aust Pl.O. an .tftllee 

reael'fttl-on r~ the naouroea, 'l'he Qat. autc.etioa1lt 

1111 tlatea the A.C when the re•erY&t1on ~ due, 

J,?,6 MD, B18UJ!E. NJ4 QUIT 

These aeohan1•• are pronded. in the llUltlple-aoceaa oo.puter 

•Tstea to tacilltate certain aanipulat1ona or oo.putatlona uaetul 

to both A.C'a aDd IC's, QUIT 1a oalled to atop the exeoutlon 

ot a COIIlputatlon and place the o011putat1on into a state 1n whloh 

1t .a7 be eas1l7 preserved, lost, or continued., .!!!!· 18 uaed to 

preseiTe the ooaputatloD ln. Us 'Duztelat :.ate .o ~t: tbe · ooaputatlon 

aq be continued 1n the future, BB8tlJIB is uaecl to oontlnue 

a SAVEd 0011putat1on, 
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Shel T1D8 an A.C 1DTol Tea tirat QUI~ ·~·. A.C, theft S&VB1D8 

1 t, deletlq the .A.baentee llulm1DC Queue .-tw tor 1 t, OMatiDC 

an abaeatee H\ll"'e tile oODta1Jl1DS a- cw m, ad. plao1D8 

an .atl"J! to• tid. a tile in the ·~.a.-tee ValtiDs queue. 

U~~ a11 A.C 1a dOile ~ the AltnDtM lrd;t~Oil Jlodvle 1n the 

._. t&llb1Gil u ln1t1at1Ds a new II:. IIGtJwa•' a1noe the .-.ntee 

aOUl'Ce t11e tor tbla.:A.C. OOIUilete ot MNlF a_.... .oo-~-.a"4a to 

re81Dle a SlVBd. tile, the a&Ted A.C 1a ~· 

UNra are PI'OY14e4 w1 th a detailed.. aet ot o• 1 ps4a w1 th 11b1oh 

to control the ln1t1atlcm, operatlOil, .... te31DAt101l ot absentee 

o•p.ltat1cma (aee Cbapter .,. ) •.• ~ •= aDd• oaUM oall.a to 

entnea 1D tbe .A.b"nt" llonltor &Dl . .-... ·ild'--t1oa 1a returned 

to the user 1D ~ oaae to 1D41oate it 1*e .,.Us aoe 

auooeaatul. 
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caArl'BJl 4 . 

The 9!eJ"• !!!W'• oODat.n•·~ ·ua. ~ Vaitltla 

Queues, A---. JluaDlas Queue•• aDI:l tbe • .._.._ Qlae'lle :GoatJ:ool 

aodu.le. . fbi• ot.ptc 4eaorlbe• tlbe .uaot_... ot the ..nou• 

queues Mil the operatlall of .AbHiltee ,...._. Coa'Rol. 

It, 1 JntW tr h£ I 9pl»et r Ito'=! a . 

DllrlJta &be operatl• ~, U..· _.._. 1I,8H "'l·uen. to 

.trat.tiate -. AQ• • ~·~U'M.ve',,..., .. ....._ .... ~._.,-.~· 

oan be 1D1 Uatect. One reaeon tor :CbS.• 1-..-... ..... ..Uaua 

11aber ot ~·• whloh IIQ run •111ul.taa.ouel7 817 be llaltect, thus 

11eoe•s1 tat1118 the. plao••t ot .t Uas HQ,... ~ a .-tiD« 

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

1t 1 t 1• 1"elt bt tilt •ptea d.tdtlntN .... U' .·tllaeft.. 0~ 1• 

110 roca tor acre AC••, tba· the ••• .~· re.W, !d.• .........-11 
at a later ~. 'lhl•, la etteot, 1• ua. aethocl 1IM4 .la the 

oue ot new 1Dteaat1•• taeer.. If tba . ..., ·IC oannot tie 1D1Uattd 

the·.uHr aut ~ t; uatU a late tW. .-l ..._ ·nMt4apt to loc ln. 

Tbe•·ftNOD .t'b.l-<·thl• obOtot· , •. eb!ft... . ....... 
111 111teraot1n ••er trle• to los 1D aDd that the q•tta OIIUlot 

h8Dd.l.e 1117 aore 111teraotln u•er• now. SuJipoH that the qat• 
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then proceeds to enqueue thia uaer•a request in a waiting 

line with other requeata ror IC's. Clearl:r, there ia no wa:r 
to tell how lcms 1 t will be bet' ore the :new request -:r be 

aer'fioed. 'l'hua, tfte u•r aisht att ~a1tbtu:ur. •~ h1s ooneole 

·tor aeYeral ainutea or perhaps eeYeral hours before hie request 

~ be "r'f'1oe4, Praa· the haaD f!aetftr• at.-tpotat ·whleh 18 

8Cf. Witted .ln the. 4e'*1Sft oout4e-rets.:Oaf ~or • II.Ql;_,lple-eooeas 

o•puwr .-tea, noh a ooo~e· 1s not toleNb'l:e. 

How.nr, atnoe a u.-r 4oea not baft ta bll ~ent to 1"UJ1 

hie absentee oa.putat101l, it 1a olear that requeat• ror AC'a 

J1a7 be cmqueued tor future 1D1 t1at1on without .n;r 1nconven1enoe 

tor the user. Aa a -tter or raot,. in th1a ~ the user 1s 

assured that hh AC will be 1n1 Uated. at. the earueat pOaSl:ble 

t1ae. Ae will beooae clear 1n Chaf.t•r s, this teature or 
abaentee o·~'-t101l8 ta aoat or1 ttoal. to the 4"181'1 and operation 

ot the lOIIIl•'balaaoll-s aeohlll11811. 

4, 2 QvU! P1Mipl1D! 

'l'he order 1D whloh requata to 1D1t1ate new AC'a are aerriced 

Aee4 ·ll01;·nee~"l.t' be the .... aa the onter tn wld:oh tbeee 

requeata arrift. 'l'he aethod or chooai.Da ··the Deft.· AC to be tn1t1ated 

rraa tile queues 1a reter.red . to ae the 9!18! d1e1Jal1pt. aong the 

aore o~cm queue d1ao1pl1ne:a are tlnt-1-..tt.~· ( t1to) Which 

aeleota '!llt'Hea on a rtrat-ooee-nr.t-eal¥64 -.i:a, .ad laat-1n-r1rst .. 

at:. <uto.> 1111lt.M MlM\• ._n... oa • .,.,.. ~n......,.-c buts. 
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The queue dS,aolpl1ne ·chosen tor the ~~ee w.tU. ~u .. 
and Absentee. Bunratns Queues utUlue l:,loth 1't.to U4 llto 41ao1pl1nes 

in a ltl:l8b~17 aod11'1ed. tuhlcm. 

4. J l1rtt-ID=l1Mt::Olat me1p11Ms 

The C,T.s .. a •. •l'•tea ueet a t1to d1c1pl.1ne 111 whloh ·~ 

most one abeentee ocaputat1on JU7. l'Uil at. a tlJte, once an AC 

has begun to run it au1t be run to OCJ!Ilpletlon 01' 1111t1l lt 11 

aut011atlcall7 lossed out, No proT1a1on il llllde to allow the 

running ooaputation to be t•poranl.7 auapended aJM.l tha reeuaed.. 

Absentee uuse 1s nner too s1gnit101dlt a po~•.,ot to'-1. 

117sta uaage elnce there 11 ueuall;r a elnsle runmns abeen.tee 

0011putatlon .ad ae aan;r as 30 rumtiD« 1.nteraot1Ye ocaputation1, 

Henoe, the auepenelOil ot the llasl• .-.ate. oaaputatlon 1e not 

reallJ a nrMt11e tool in teme·of·llllowlftS aon l~._..,t1Te 

u-.e to ooour, Figure 4,1 1lluet:rates the C,'!',S,S, queueln« 

meohall!• tor absentee oomputat10111, 

WAITING 
ABSINTBE 
COMPUTATIONS 

~ - ,., OAtri•oddecl at -k ot qaouo 

• • • 
c:S ,._ next ~ to be initiated 

RUlllfiNG----------
ABSBJr.l'BB 
COJIPUTATIOlf ,,...__ 01117 one AC .a7 run at a t1ae 

Plgure 4,1 
c.T.s.s. Ab1entee queuetna Meo-hanla 
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AD obrtoua u:ten.ton.- to the c.-t.s.s. queu1-. ll.eohaD1• 

is to all" ..ny· AC' • to rmt at 0118 u... 'J.'bllt trifteCI.aoea 8olle 

interesting load oouiderations s1noe 1t .S.Cht' re..rl• tti a .,.•t• 

w1 th a poor interact! Te response 1t the nuabe:r ot rwming AC • • 

beooaes··large. 'l'hi s probl• 1a 41a...-· 1JHlet.a1.1. 1!a Qla,ter s. 
P1«Ure 4. 2 11lu.t-rates a queuelftl ..Ob8181 wlliob allon tor 

IUdl7 rumt11l8 AC' • at one till e. 

IUDilfG 
ABSiftD 
COMPOTATIO•s 

[ 

• • ... 

I 

( 

..,. atrlea ·lld4ed at 
baok ot queue 

aut entr;r to 1:1e 1ft1t1ated 

J 

.._, l'U8111lt8 AC' a 
(preo1H nuaber ot 
AO•• 11-.lM«<"'l'IF the 
•J'at• • • lo.d control 
•eohDI•). . 

P1pre 4,2 
P1to MeohM!• with Multiple RUDiliDS AC'a 
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Rote that the atruoture or the aeohani .. ot Flsure 4.) -

allan pobl tl'U'f ori teria to be uaed 1n deoid.ilfS t'he orderins 

bt the lllltriea in the rudld.._ queue, 'l'he 11to 41aoipline ia 

partioul&r17 untul to%' the extentloh aade to thla structure 

in the nut ••tion·. 

lt• S 991'pgt&t1s ltntl• 

llow let 1ui oOfttidw the idea ot ahel nng an abaeatee · 

oa.JNtat1on. 81Me ·a uet 1a general17 not Pr-atmt to control 

hie abaentee oeillpatatiOID, the .uHr 404ta llQt · ntrer aD7 

1DQ.OJmm1ence 1f his OOIIJ'Qtat10il 1a tetlporar117 auapel1de4 

ad ~ttcrallp ~..... As has beea lldt1o1led. PHT1ousl7, 

· th1a propert7 or AC'w tao111tatea the· 4 .. 1Sil ot the load 

balano1ng .. oha!ll• presented. in cfaapter S~ . In thia aeot1on, 

the aeohai• ot P1pre 4.) la ezt:alll.ed. to illlow the reaOTal. 

ot an ent17 troa the rwm1DS queue ad . plaoeaent or thla 

ent17 back 1nto the wa1 t1J~S queue, 

Plpre 4,4 llluatatea thia new Mohanla whloh la 

referred. to aa a osanltue •trw. '!'he atrea oonslata or a 

t1rat-1D-t1rat-aut queue ot wa1t1ag AC's and a 1a•t-1n-t1rtt-out 

queue whoae entrlea point to the Tarloua runnl~ .lC'•• t1ser 

requesta tor new AC'a cause entr1ea to be plaoed at the back 

ot ·· the wa1 tins queue, 'The ent17 at tiM h"ont or the wa1 t1ng 

quue la next to be 1n1t1ated. The ent17 at the front (last-in) 
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ABSD'l'BB 
WAITING 
QUEUE 

0 

I bottoa of fifo waiting queue 
I 

I 
I 

Q ... ._..__::=:s:s=---+--J{._ ___ _.I ...;. f bottcil or lifo ·running queue 

pointers to 
l'Uftn1ng AC' a 

F1gure4.4 
A CoaputatiOJ1 Stream . . 
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or the rwmlDC queue 1a the first to be 8hel..t when 8117 AC's 

are to be she1Te4, Also this entr'J', 1lhen 8hel'Y84, is plaoed 

back onto the t:rcmt ot the a1 tine ....- Mill heMe 1 t beo011es 

the first entr'J' to be inl tiated qaln when aore AC • s ue to lie 

inl tlated, The entr'J' at the back of tb• !'UIIIdac queue ( t1rH-in) 

is the last entr'J' to be 8helyed wheMTer AC' s are to be 8he1Ted, 

This stre.a aeohaDla slTee u the ablllt;r to 't•:nu. 
aDd.. ~eonue the alNJelltee lOIItl d'4lotate4 'bT tbe la.d 

bll.-t.r~~··-.o••t ••. 111t1le at i:be .... tlae ~-~t1o 

o011pl.etloa ot all AC's rqudless ~ tlbetlil8r the;r are ner 

eheloved ror an;r reason. 

4. 6 I npy of a cwwtet101l Jarouab a stM" 

Ptsure 4.s 1llut:rates, the now or aa AC th:ro1lah a 

ooaputat1olt.st:reaa. S1noe an AC ~ be 8hel-ved IIDil unahel.-ved 

aaD;r t1aes as 1 t runs • the entr'J' tor the AC M7 paas '-ok aDd 

forth throush the vat. tlng aDd rwmlns queues uats.l 1 t· nentuall;r 

reaches oaapletion 11h11e rea141DC 1n ~e rwmlDC queue. Rote 

that 1 t is poaa1 ble ror ah AC to lMTG the atre.a while 1 t 1a 

ln the wa1t1DC queue, Thls happens, tor ezaple, 1r .the user 

decides to teratnate the AC. Chapter 6 d1acuaaes user control 

or AC'a in detail, 
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ABSBlft'BB 
WAITIIIG 
QU&UB 
(PIPO) 

ABSD'l'BE 
RUDIHG 
QUBUB. 
(LIPO) 

WTIJi 9"'9' fLO¥ 
( 1) AC 8J1ters the stre-

(1)•(2} AC ~es toward the 
(2t•n7 t~t or the -.1t1ns 

qu•ue u others AC' s 
bet'ere; it ... 
1D1t1atecl 

( 3)•(2) AC JIOTes toward the 

I 
I ~ (2)+(1) ;:::. o~ ~:-'"t1ns 

< 3 1'\UUd ns .a.c' s are 
- shelftd. 

----- ~ , .......... ~ M_,_p SJuayey 

(6).tS) AC ..,na towards the 
<s>•<4) troat o~ the ~ns 

tune • otber'AC's 
1n1 t1ated atter 1 t 
uoe tlhel:nd. 

(4) An AC ... be eoapletecl 
( S) rep.rdl .. a ot1 til 
< 6 > posl t1oa 1a the ru:mnns 

·· queue~ '!'he .AC' s entrJ' 1e 
deleted. .ncl all otlaer 
AC eBrift ~talD the1r 
-e relat1ft pos1t1ona 
1n the rumatns q~ue. 

P1sure 4.5 
Plow o~ a Ccaputat1on throush a Strea. 
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4, 7 bJ.tlJ&t atO$ Q\leuel!!f MtcJwd.B 

It 1a aPParent 1'ral. the d1souaa1on o~ section 4, S that 

a stMa.-tJ'J)e q1l-.11JS meohaD1• ooupl.!cl w1 th a lo.d control 

••OiaaDl• wl'doh orden ·the ahelrtag aa4 uJNhQ"ilne ot AC.'a 

Is a usehl aean8 O't ·oont:rblllitC ·the. ·..ouat ot aba!Dtee ua.se 
liupported bl' the aptea. .An tTen greater decree ot control 

O"f'er the . abaentee uaase 1 s made available \tt · ut1l1e1Dg a 

multiple atzo~..queuei!)g aeohaDiaa. Thus, 1~ aq be ad.vantageous 

to dltt_..attata 'befteen "f'U'touil tntee ot .• ~-a. computations 
. ' ·~ ·. 

(such as might be done .ln the 1mpleaentat1on ot a pr1or1t;y acheae) 

and·euoh a dltterentlat!on cOllld be 11114• 1:i'f aa.OOla.ttlig .lC's ot 

each type Wtth a dlat!nct st:re-. 'l'hen·, the l.o.d control 

mechani• ooald oontrol the uuse !n each streaa 1n41v1duall;y, 

These o)Hll'attona are d•scr1'becl 1n cle'Wl "in Chapter s, 
F1p.re 4,61Uust~tea a mutlpl.e strea queue!Dg meohanla, 

·Note that DO reference has been made so tar to a aeans ot 

ol"dtl'!Dg lnteractlve COil}Jiltatlons or dltterentlatlns between 

various t7Pta ot IC•a, Thls has been so beo&uae our pr111ary 

ooncem has been oonnderations related to absentee. oaaputatlons, 

Th~ d1scuas1~ ot ·Chapter S lnolW\ea· several such conslderatlons 

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 Q'stem. it beccaes 

necessary to apportion system resources·and computing capability 

between the two modes, This chapter discuaaes how suoh an 

apportiCIIUI.-nt is 1118de, adhered to, IIIIJ4 dJ'I*IlcallJ adjusted 

by the system to uinta1n itself at efficient ope:rat1ug levels, 

S· 1 Temino1ogy 

The BUll total of the demands made upon the srstem•s 

computing capab1li ties by all computations on the system is 

referred to as the szstp load, ~pel1ding upon the capabilities 

of the particular computer system in questio~, the system 

may operate efficiently over a wide range of load situations, 

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

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

34 



to·:t;taa·lllllll:Jer. ot ........ ta.'MOQ: ·Wid.olt· !lsJle. ...... :eidl. n.._,.t 

Mtlulat ~.enr 1CMI4e4. 

A• a ••nre ot q•t• 1014 • ... tile n..,.. ot ruard.IIS' 

o•JIIII'-•cu. '!he •••· 1014 ·ta a OCIItJiu.tattca ._., •. l• the 

1ft a ~tlon •tH~a;i.t t1ut __.,-or. oGaf*ta~t-.·lft the 

.-1 ttDS , .... ttrr that •t~. · atl till t~M~nap '~• a a....ve ·or 

potentld •trea. 1om~ fte .Ptelfta·)tM· ,.,....,. · 18 a 

r-•17 ot the lti'Niil'loM ··aa&~ di:t• -~:~f'W'eliotl ot the 

qeta'• ...,et&Moa •tre.a1. 

Por &1l7 pmotloular ault1ple 1100- oeapat.r .,IJta, the 

ao•t ettlo1eat load oaat1pratloa (l.e., the 10114 oOiltlpratlon 

wbloh renlt• ln the aoet uetul ooapatatloa) 11 41ttloult to 

pre41ot wt11le -.._.tea 11 1lll4ft .~·. :.· .. ~··tw 

.,_.. bM_.I .,._tl-.1,. hote'NII .mete. 1CIIIId oeaftpratlona 

reii411T ~ -~~ ·A .-l.t ... ,tila,n~·HiiiJillte•_,, •• u 
wa,~tod• •••:11'=1M't4 tt 'it' t•' op~~t-:·...ar t-t• aoet 

etttolwt 10114 o~lOft, or!Nst'M tf' t~Jere 1• le•• 

unf'Ql ~- belt'S · PeHol'lle4 ...... Whell' tM _.tilll 18 lfl 

lte .O•t •trt'Olent load oaattsvatttll,· _. ·l""ftet\Cll4t4 lt tire 

11441 tl011 ot 1101"8 oall)ltltattou Would.' retnt1 t' ta .•. 1110reUed 

aao\IM ot UMr.l.' ..,.tatlObe . .ftiNie tllitnta MT a111o be 11H4 to 

4e80r1be the loed. tn a pcapu.tat10ft •~· lb ;art1'6Ul.ar, a 

•tre.a 11bteti;~l,. eerno ... ..,.. ..• ~_.·1•: ·cmtzt-lotlded 
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it nine o.pa.tatlou are o~tlT l"D.Nd• 1ll .-.j ._,_. 
UDder-1011484 with t1ve l'UJUllDC ~--# --<~-
wl~.anea.·I 1r1-. ecaJI'ltatt.on.a •. 

,Jt:a •'-fB·•••••MIIIJa. , 
ADact..N ........... -.. ~.14114 ..--.,....._ ...... ~ 

tiM -I:IR,ofl"Ql\, .. , ...... 1 .... u a;_..t ...... ~ 

1n e ~~~- ~-~ tJie-lo.A ~;•,._• 1• ~

d-."'* t,..,._..,.. of .J"'JJJ'f.M. OCJII.aj~JW..·· J;t.a ...... ,3.4 . 

ope:rattac tn a ;roperlt-l*ect ~ ..... ~~-~lG.ea 

. '·, ' 

are ..,.1•~-.-- ~~~J~'•• J,~ .. ,...,:<•~~t_,._.,_. 
U.•lt. --~ ot ---·" ~---' .L•·JI~"·'-~t:"....,'· 
qat. h'C:III_. ~GJIIIIlC ~,_.., (lit JO·~•~ ,..,.,.~a 

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

an Wt18rl ~-•.91 J1t •• ~P,~·-~(--.Ift M:.MJ" 
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APPORT! OpEN'!' a 

administrator 
sets M1 at 
t u t • 

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

RUNNING IC LOGS OUT1 

administrator sets 
:new value ot M1 4urins 
system operat1~ 

M1 ... maximum number ot 
IC' s allowed 

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

Figure 5.1 Load Control in a 
Purely Interactive 
System 
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purel7 1nteract1Te a7stem, When a new IC atteapta to loc in 

Load Clontrol checks to see 1t the nuaber or IC' •• Cs,; 

ourrentl7 011 tbe qst• 1a less thaD. the all.owed II&UilUil, 

It Ct ls leas thaD. lf1 , the IC 1a allon4 to los 111 ·and 

c1 is lncreMnted. b)" one. It c1 is sreater tMII or equal to 

111 • then the IC 1ta7 llot' ·log ln:ncnrt •· 'new atteapt to los in 

aust be llllde at a later t1ae, When a rwm1DC IC logs out 

cl 1e 'deareaelltac1: b)" dne. 

The 8J'atell .Adalnlstrator .a&7 re!llet It 1dl1le· the •tsta 

1e 1ri operat1 on, Lotld Control checks to He it lit is less 

than C1• It not, then no adjuataenta ln 'the o~ IC 

1084 are needed, HoweTer, it lit is leas thar1 Ct the Q'Stea 

autoaat1oall7 as81aea an OTer-load.ed. state aDd Ct:...,.l 

running IC'a llUst be logpd ou\ to bii.BS tile IC 10114 40irll to a 

properl7-10114ed state. Deoreael!IS the znaber ot l'UIIIlt.Ds 

oa.pltat1ona ia reterred to aa 1014 t:J1•1•· 

5·J LOid Tr1•1DS StratM!ep 

The ao•t direct-., to tr1a the IC la.d ls to.lmaediatel7 

log out the neo••8&1'7 !lUilber ot IC•a. (Ito.e tMt tt 1s therefore 

desirable to .associate some ordering llith the IC's 1,n order to 

ha'Ye a cr1 tert.on tor choosing which IC' • to loc out tlrst, See 
' 

Section 5,'( tor a d180U8810ft ot interaot1Te 0Gapu.tat1on stre-80 ) 

SUoh • strateg 1s reterred to as a t;Qa='br-tone and 1s 

illustrated in Plgure 5.2. 
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In this example, the load is to. be t1'1.111rae4 to P IC' a •. 

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

load are needed. However, 1t Ci is greater than P, then 

IC's are automatioall7 logged out one-b)r-one until Ci equals P. 

From the &J"stem•s viewpoint, the load tr1.,;.b)r-force is 

a quick and sure means of deore11.s1ng the IC load. However,. 

the trim-b)r-force results in inconvenience to the IC's which 

are logged out, s1noe the7 cannot run to oaapletion now, and 

the7 .. _,.. baTe to wa1 t qu1 te a while 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 strateg which 18 referred to 

as load trlll-'tr.r-attptiSil and 1• illua-ted in Figure s. ). 
In this exaaple, tbe load 18 to bt tri .. ed-b)r-attrition 

to P IC'·•· If Ci is al.rea47 less than or equal to P, then no 

adjustments in the. load are neoes&lal7. However. 1f ci is 

greater than P, then the load is decreased to P as ci-P IC's 

vo1untaril7 lor; out. This 1s a gradual process, since the 

load decreases at the s.me rate as voluntarJ" IC logauts, The 

IC' s on the IJ7Btem at the t1me the load tr1Jim1ng ,_1ns do not 

undergo &n7 1noonven1enoee they 11&7 rtm to coaplet1on and log 

out when the7 are done. HoweTer, onoe an IC logs out, 1t 111&7 

not log in again until Ci beoelies less ·than P. The 
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LOAD TRIM-BY-ATTRITION TO P IC'ss 

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-ttrlt1Gil atrates7 ·do••· h&ft OD.e s1plt1caat cb'avbaok. 

If the IC • • on the s7atea do not los out in a short t4.iae, th!7 

can r...S.n ·on the qatea a_s lcmg u the7 would l1ke. to aD4 thus 

prevent the lo.d frca being triaed. In INCh a case 1t alsht 

be reaaonable to 1apou sa.e t1ae 11111 t on the Y01untaz7 

logouts, Mid. if the 10114 haa not beea trl.ud to P IC's _. 

that tin, then a trim-\17-force could be used w il!oa)llete the 

load tr11u11na. If it ia required tbat the IC 1<*1' be tri.aecl 

to P b7 a, oerta1n tlae, then the 10114 trt•as could be 

initiated in ~vance of this t1••• P1SQre 5.4 1lluatrates 

the various load tr11u11ng stratesl•• Uacaaed 1n thla section. 

5.4 Load COBtrol in a S1Mle-StJ'!!I Ppr!lr A~tee Srste 

Row 0011814er the load control probl• in a s7st• 4e41oate4 

to servicing 01117 absentee COIIJNtations. The qat• 1<*4, L, 

is equal to the nuaber of running AC'•• The S7et•· A4111ft1atrator 

specifies the aaxuum nuaber of ruDDiDC .&C's, II", at startup 

t1ae and ~ alter lla at a117 tlae dur1!18 qate opere.tion. 

Figure s. 5 ah.owa • loed c011t1"01 iileohan1ia: tor a purel7 

absentee system ut111z1!18 the c011putat1on at~ concept 

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

A.C, Load Control checks to see if the nuaber of runnlftS AC's, Car, 
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AlP9RTl9!1PT, 

adli1n1strator 
uta Ma at 
at·startup 

· 'Mfi!Kloppl'• 

HEW .t.C I§ RIQYHDP BI A USpa 

·1n1 tlate the 
AC 

plac- .· entrr 
tor AC 1n 
nuUlins queu 

M._ • uxlla\llll maaber ot 
:r\llin1ns .tc• s allowed 

car·. current nuaber or 
running AC • s 

caw. current number or 
· wa1 t1ng AC' a 

Figure 5.5 Load Control 1n a Single-Stream 
Purely Absentee System 
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is less than the allowed IIU!aua. It Car ia not lab than Ma 

then the AC cannot be initiated noW and must wait in the 

computaticn streall•s waiting queue~ The nUIIlber or AC's 

wa1ting to be initiated, Caw' is incremented by·one. 

If Car is len than Ma then the- AC can be 1n1tlated 1aed1ately. 

car is incremented by one and an entl')' tor this AC is placed 

into the computation stream • s running queue. 

When a rurming AC logs out car 18 clao~ted ··_'bJ' one 

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

causes Car to fall below Ma then more AC's 111a7 be initiated. 

Load Control checks to see if 8117 AC • s are -1 tlng to be initiated 

and if so 1n1t1ates enough AC's to ~DS the AC lo~ baCk 

up to lila• 

The System Administrator may increase or decrease lila while 

the systea is in operation. _If Ma is decr$Rsed so that it 

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

shelved. If lla is 1nc1'8•BM to,a Talue greater than Car then 

Load Control orders Ma.;car AC's unshelved. Note that if the 

AC load has to be decreased. (1.e., Jlfa is set to a Talue less 

than Car) then 1 t is reaaoltabl.e to 11111ed.iately shel.Ye the 

neces8&17 nuaber of AC' s. 

need not be used since the shel"ricl AC's do not uftdergo any 

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

AC load is only tr111111ed by a load trim-by-:t'.orce. 

45 



'·' be' CoJ.trol. 1Jl t Mtt.pla,aarsa 'NMI tt7225Mrsgte• 
low let u ·eDIIII4 tU 41~~1'# e,o~oa,$., to 

1DOl.u4e the lo.d. coatrol probl• 1D, al\ll~Pl..,__...: PIIM17 

abeatee .,._. la part1oular, oaa,t~ f.·~¥• o•prl•ed. .. 

ot D abMDte• •tzut•• The toll ... 4efl.JilU~.·•u 'be 

u•tul 111 ~ clleouaalona 

lla( 1 ) • -.:tala IWiber ot AC • • 'ldlle>h aq l'Wl ~· atrea 1 at oM tlM · ·· · · · · 

car( 1 ) • current · maa'ber ot · M: • • riumlua 11i atH. 1 

Caw( 
1

) ~ o1U'Hilt ll\JIIber · ot AC··· .t t1118 to be .. ran. 1n 
•t1'Nill·1 

II -~~~a(l) • ="=1~=t!!·!~'t:'t~ .., .. ,_Oil 
R • ~c ( ) • ov.rreat rmaber ot M: • • Nllll1118 011 the· 

1.1 ar 1 •tlre qU. . . 

w -~ c-' 1 , • ~VJ'Ct ... ., ~·· -..u,. to, be .. 1.1 _, rUi1 Oil the Q'8te. . . .. ·, 

The 87at. ~mstrat;or -~ .. reiiO'Voe• b7 

apeo1t71ns Jla( 1 ) tor each ·~ 'l'h~: .... ~-toM-. X, 

theretOI'e · rep.rqanta 11bat th~. *1Qi ...... OOUlf.ea to be 

the •z1- ... ._. ~ .AC' • 11h1Gb ....,-: ap. at aae U... ...s, at-111 

. keep. t:M .. a7•tea operatlns 1D. a )III"Ctper~loi!Ud. -. ... ,· . la. etteot 

the Natuat;zstor ...-ou•tea tbat.a;-..a,..,....u.allle·tor 



uae b7 .lC•a. At aJl7 tiae a ~icnalar dot ia elther 

eapt7 or ln uae. Slilce Jill rmtniJIC· .I.C • a ftPI'e.,..a a p:roperlJ'

loaded a)'Bt•, the load ccm:trol Pl'Obl• la to aaint&in the 

.,..t .. 80 that either Jill or fewer dote are lit u••• lf'-·•ctre 

tltaB· Jill· .lC! a are l"UUIDlng Lc.d COfttrol bet tri• the lo.t to 

M. It leu than Jill AC'a are rumd.DS LoM; Control· •at 

check to see it aQF .lC'a are waiting aDd it 80 lftitlate 

enough J.e•a to set tl\e lc.d baok up to x. The. ttmotlau to 

be pertoraed • ._clear, bat the t.ot that ...e thaft GM 

atr~ la lJWOlTed introcl110ea aaae coaplioatiOIIa. Por --ple, 

all the other at! ••• ooul.4 be llllipt7. It there are AC • • 

waitins to be run in the P1'0Pftl7-lCMde4 ._...., t11ae7 ••t 

wait unt11 l'UIIIl1D8 .lC'a ln that •treaa ·log cnat be~ore the7 

IIQ be lnltlated. This la obftoual7 a waa'te or qat• reaOUl"Cea 

·since the •coapatlna power• la -.!labl.e to halldle aore AC'a 

and 1 t 1a not be1ns used. one ao1ut1011 to ~· probl.ea aisht 

be to allow the -..1t1D8 .lC'a to -ran ln O'tlher atreaa. 'l'hla 

1a •tiataoto17 Ulltll 11110h tt•e aa aew AC1a at'rlft aact raquaat 

to be lnl tlated into abreMB 11h1oh ld.&ht be tu1l ot AC • a trca 

other atreaaa. Should these new AC'a &lao be plaoc 1ftto aw-a 

ln 11hlch thq too 4o not ~101181 · I1l tb1a aeot101l a atzrateg 

47 



1s developed to prevent this sOI't ot chaos while at the same 

t1ae assuring that syst• oomputiDS power does uot go to 11f&Ste 

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

Recalling some definitions given 1n Section 5.1 a 

particular stream is properly-loaded 1t Car(1).Ma(i)' Ulid.er

loaded if car(i)(Ma(i)' and M:er..J.oaded.1t Cu(l,>Ma.(i)' The 

load in a particular stream is said to be. l?e1•12'4 it -~e 
stream is properl7-loaded, or 1f the stream is under-loaded 

and no AC • s are wa1 t1ng to be run in that atreaa. 

One aol·utton. to ·the lCcld.. oOD.t%!01:, Jll"(!)bl.b, 1n a·a\llt1ple ... 

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

independentl7 of a117 considerations i!Q'olnng the ,other streams. 

This would result in a 8,Jstea in which 

tori •. 1, 2, •••• n 

and hence it would al'lfa)"s be true that 

n 
R • ~ C (i) ~ M 1..,1 ar 

The li:le$1 situation is B • M, However, the $hove gamponeat

!d.ae-beJfPCed ayat9\ll_ 1118.7 have R ( Jll.even lihUe there. are some 

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

of this section). 

To see how the situation in which R<J! aDd w;.o <Wl be 
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avoided, let us trace the bulldup of the load on a 

multlple-atreaa S7stem starting wlth no l"UJU11ng or waiting 

AC' a. A8 requ•ata to initiate new AC~ a arrive, Load Control 

obael'Tea;. that the· current -load til e~b- stream is leas than 

the allowed maxiaua and therefore all~ the AC • s to be 

initiated. After a aile, -however. one or the atream.s will 

eventual.l7 becoae properly-loaded, Suppose that .another 

AC -requests to be placed 1ntc the properly-1084ed atretlUI• 

Lead Control checks the lead in this etreaa and discovers 

that the stream 18 full. Load Control c._n then chec~ the 

loads in the other streaas to see if there .are any avaUabl.e 

slots, If there is an ·&Ya1labl.e slot, Lo,ad COni;rol .:t,lowa 

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

a p::f'OP&rl7•load.ed atrea to beooae O'VeNloeded• B~er, the 

s7stea as a whole is not over-loaded erld. th.aretore b.r- 1n1 t1ating 

this new AC into an alrelidy properly-l~ed atreaia we are 

preventing usable resources trOll gains to waste_, 

Load Control m&7 cont_1nue- to allow new AC'a to be 

in1 tiatecl untll B becoaea equal to M, Onoe this ooours the 

addi t1on of another runn1D8 AC 'lf()U}d ~se a genU1fte OTer-loaded 

at tuat1on, lfow Load Control must first check to. see if the 

new AC Wishes to be inl ttated into a str._ tdll·oh 1a e1 ther 

properl7-loaded or over-loaded, It thia 18 the case then the 
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new AC ia ttlaoed tato the wa1t1ns ....- tozo:·1;ba•·•ta••-:;f» &'1'014 

OYer-lo.l1q tlte qne.. It, h....ft, tKe llb-.-1.1lto 

11h1oh th1a AC wlllhea to be plaoect 1a 1U'dft"-l-oe484, ·theft 

aoae other at~ ll\lat be OYeJ'-lOIIIIled. oauatna all alota to 

be ill tlHa '!be onl.J'' reuoll tbat till a otllU' 8VID ... ail owed 

to Uft IIOI'e tMzl 1 ta ..n.- mabft or dot• -· to preftllt 

aftlla-1• M8CNI'Oe8 troa b81nc ...u4 ..... llow,er, there 
1• lesttt .. t. 4-...1 tcir .-... reaa••• .-... -~ tboa14 be 

s1Tea bllok to tlle AC 'tlbloh ta lrJIHlf'1oa11J nquenlJIS th•• 

Thia poaa 110 r--.1 ~- to LOIIIl CoetJ'!Ol.. It· 18 aerelJ' 

nee••_.,. to lhelYe oae AC trc. the, .....-l0114ti4 atreaa ao that 

the lleeded el.O't beo_.a &ftllable ln ·111ltoh to ta1tt.a11e the 

new AC. 'ftlla prooed.ure ·la tollOwecl u all411:t01lal .&0"-• ·requeat 

to be 1nlt1ated lllltll t111a11J' ...,_ 8J'Bt* 1'_..1 ·• l.Oid 

ooetlprettan: ill 111l1oh .,...17 .tr .. 18 Pl'Opel'lJ'-lOIIIIled aft4 

there M7 or MJ- not be AC' il val Mas 'to be tmtt&t.l ill allJ' · 

ot the ati'Uae, ·'ftsla· .al:tuttoa 1• -reftrNd M !•. th• · . 

14Ml, lrf !MOGD!l• tar o~...- I'M .... 

Boir HU1Clw tiM .load ooetrol f'UIIotlOIUI 11h1Gh nat be 

pertot'M4 ..... a ftiDd.DS AC losa 'Wtit at.O. w Jaaow·· t:hat 

B _. al-.p kept len tbu or eq-.1 to II • the 10114 11u 

ba1141DC up, it aut be tru.e tllat a ·el.ot 1• Mile a'ftilable 

(t.e.; tt oaa not -. the oaae. that the .,.tell ·ftllt rrc. 

so 
i 



one OYer-lOIIded. state to a less OYer-lOIIded. state). Loe4 

Control lltlst now deo1de ldlloh wa1 tt.as AC ( 1t there S• UT) 

to 1D1 tlate into the newl7 aftllable lllot. · Plrst pnt~e 

_tor the slQt goes ot oourse to 8117 AC's wa1t1111 1Jl that 

particular streu. •ote that .lt UM ., ........ , . ._. •• IIIlA thls 

section tor 11'llt1at1ns new AC'• 1• ue4, then 1t ls .. not pos81ble 

tor an AC to be wattlns ln a ••• tlhleh ~· tmder-lo..ted.. 

Therefore if DO AC 18 wa1 t11'l8 1n the str ... in wtllch all 

AC just lOQed. out, thea Load Control IIU8t ·tmtla•• ODe ot the 

AC's wattlns 1n aJ17 ot the ~7•lotllllecl or O'l"er-1~ 

streaas. 

Thus we haTe. ai'r1Tec1 at a.: soh ... ·tor. 1illtlatl11C· a1l4 

shelT1Da AC's Which -...ure• .thd. uallable· slot• DeMr •o to 

waste 1t there 1s deaalld tor th•, while at the ..- tlae 

we haTe deTeloped a aeohallia wtlloh suariaftteea aa :AC 1'lrat 

pr1or1 t7 tn ola11l1JJC. Blots al.lOCNI~ to the stl"Ma 111 1dl1oh 

that AC wishes to run. Pl&UH 5.6 lllunn,tes the 10114 

control operations dlsou.ssed. 1n. this. s.otlOD. The napport1omaent 

funot1on 1s treated sepuoat.l7 ui the DeXt seot1011 bec&uae 

ot 1 ts ooapleX1t7 1n a aul tlple-IV... 8J'St•. 
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APPORTIO!!!BJ!T I 

Mministrator 
specifies 
l'la(1)••• 11a(n} 

A USEB !lB9gpl'B TMT A RIW AC BE PJ.ACBP IN STREAM i1 

plaoe entey for 
th1a AC in the 
waltins queue 
for stream i 

place entey 
for thls J.C 
in l"\I1U1Uig 
queue for 
atre- i 

Figure 5.6 Load Control in a Multiple-Stream 
Purel7 Absentee S7atem 
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5,6 ibiii&rlft!;•ent ln a Multlple-Strey .Pvelz · 

In Seot1on s. S requests for ~w AC • a an4 lo8outs of 

running AC' a were. handlecl ln an ord.•r1y fa8h1on to prevent 

the O?erall •Tatem from beoottlng overloaded. · Jfhe aoheae 

presented never requlree the aystea to beooae tea~rtU-lly 

overl-oaded while ln the proc-ess i:tt .-ijua.lna to 1l:s ,new 

load contlsuratlon, Whell the qstea lo..t is reapJ,ort1oned 

by the S7stea Admlnlstrator, ho-*Yer, each stream as well as 

the enttre a7stem might becoae overload.ecl and. thus 1 t 18 

necessary to provide a mechanism tor quickly adjusting the 

overall S71item to a properl7-loaded state. ·Besides i;he: load 

trillllllD&.'IIfllch .. ,-be neces&arJ', 1t la alto poa,lble that 

th~ load balance Wtth~n tbe stre ... -*7 become aeverel7 
" ' . '-'··:·. 

distorted bT a reappo~ionment. In this section & strategy 

is J>re~ for qulckl7 &11d aoothl7 readJusting the s7stem 

load conflp.rat1on after a .napport1oaaa.nt. >!'be la.d control 

operation• · neee...-y···for:~reapporti-.eat · .. ue 1llptftte4 tn 

Figu:toe · s. 7. · 

To effect the reapport.1cmaent,.the<S7stem M.mlnlstrator 

specifies new values of Ma(l) through "•<n)• Load Control 

first checks to see lf the overall &Jata. has assumed an 

overloaded state (R)M), . If it has then R-M AC's iU'e 
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RL\PPOBTIOi!grr I 

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

a el'Ye R·JII AC 
troa the 
lowest pr1ort~--• 
~loilafid 

• 

BALABCB 
TBB LOAD 

1-(B+!J.)_other -=·· .n"VVI the 
hlataeat 
prlorlt,. 
at 

ahel'Ye one AC 1D1t1ate one 
troa the AC lnto the 

~.-.lowest pr1ortl:i1fo-... ll:lpat pz1.ort 
cwer-loed.ed UDiler-lo..ted 
stream at~ 

Figure s. 7 Load Beapport1cmaent 1n a Mul t1ple
Streaa Purel7 Absentee S7atea 
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1-.d1atm llbelftd trc. ecae ot the OYeJ'IoolOIIIU4- •• -..... 

Tben LoM.. Control ~·-to ~--- ...... -~~del! d ~ 

1CNI4• aa C!PU'atlon 1!1hlob 1& 4l.,oUMCt.1•'-• 1D th1.• ae,tlon, 

'l'be q1iMIItlon qlHa JM:re •• to._._.:r.,_, ·flb~ . .t~'• to be 

. ahelYed., a..'..:i. onter1a aM ~· ~ ...... th18 4~1a1on, 

bat perhapa the .110at .atCDltloaat u to .. _. tbat ~:re 

1a . ._. ••m• ..-. 1:be Yarlou ·~ U·•·· -. ... 
eaob aae. c~·to a dltt.-.a•,~l-10¥ ~a ·P!'lor1t7 

aoh .. ). S'hua the:~l)'ftt;-,l(: to '* Jlbel...S. la 01$8 ot tile 

.tc•a 1n tiM ...r-loa4ecl ati'Mil ot lOII'Mt Pl"ttO'ltJ.• ~lar)J, 

a atratea' to u ... tor aelectlDC AC'.• ,.-\Q be>taltlated aiaht 

be to 1111 tt..te 8ft 4C -.1 tiltS 1D the·....._ .ot ~&heat pr1or1t7• 

!lote that wlthlD ~ atre-1tMu -~ 1• Slfte7 &V •lt18111t7 

- to *leh J.C llh0Ql4: be .. leotell t• eel,~,~ 1Jd.t1atlOD, 

The entrr at tbe troat ot tile wu,s:. · ca•ue 18 a1ww.a the . . . . .. ~ '· 

nut to be 1D1 t1ate4 a the entrr 1-t-1n to the raDillDS queue 

1a nan to be 8he1Ye4. 

lt- tiM reapport1oaaent oauaea the oTe~l qat• to 
' 

beoa.e properl7-lo.de4 (.a..JI) ~- 1t 1a at111 poaa1ble that 

aoae adjuataenta h&Ye to be made and the bal.anc1DS mechanism 

1a 1Jwoltc, 

It reapportlUJ~~eDt oau .. e the OYerall ·aJate~~ to beQoae 

under-lo.ded (a.<x> then the a1tuat1on Mo .... llOft.4GilP].ex 
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depending upon :how ..r17 AC • 8 are wa1 tlng to be 1n1 t1ated 

~ whether or not these AC' 8 are wa1 tiJW 1n l1ftder-la.ded 

stre••· It the total I1UIIb8r ot 11ait1ng &<:•a Ul all atreaas 

la less than or equal to the UDder-lolld. (II'!"!!) then all the 

wa1 tlng AC • s ~~q be 1n1 t1ated and the · .reapporn Ollllent 

operations are ccaplete. It the muaber ot 1t1a1 tlng AC • a is 

greater than the U!lder-load then we 11\J.st caaatde:r just how 

a.Ji7 ot then Waiting AC'a are really ell't1tle4 to ~ 1'UJl 1n 

their reapectift streaas. llore speo1t1oally, ....... interested 

in the .nuaber ot · I.C' a whloh are wa1 tt,ng to . be ~ ln 

UD4er-loa484 at:re.aa, am ot these .... are OtJJ.7 interested ln the 

t.M-a,,xa~ff...C:&fuH•t:ttqri.C's tn each at:rea. (a11'10e 

tn1:t1&1:1ng aon· tba1l' thta·. aaount 'irOald ..... the st:reaa to 

beooae OYer-loaded). We reter to the ·l'lWtber ot AC'a at1aty1ng 

these condtt1ona as the proper-drz!¥1. 8114· dettne 

proper-demand • wp • L [m1n1mum(Ma(1) - car{i) , caw(1) J 
all 
under-loaded 
streams 

It the proper-demand is less than the u:nder•load Load Control 

lmaedlately 1n1t1atea all or the proper-d...nd -.ttlng AC'a. 

:Row R 18 still len than M, but ev~ oM ot the .A.C'a entitled 
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to be l'UIID1Ds 18 l'UJli:ng~ Lo.t Colafto1· ·DOW 1Jd..tlaft.8 

PI -. (B + Wp) add1t1aal. .&e•• to br1DC tbe lGIIII ap .to -R 

the reappel't1onaent 18 .-ple~.. If' wp· s.a ~ tbaD 

the UDler-1.084 LoM. Control s.-ets.&hlJ' 1111ttates. w or . 

the prope~...m. 11a1 t1as AC'•• --~-. reaJII'Orti-.at '18 

not :ret -o•plete dace aore ~ :ac••· ~ lltll.l 
wJ.t1~~s, a4 heaoe tbe lo.l ~ ~- -t · 

be 1Mokecl. 

P2:!Gia:r1dle PJ!eoe41DS tltaouaaton·~-.t ·U .ol~- taua1k.:the 

lo&d balaDC1J1s •ohan1D 18 called llpoll •eBWer Laid. CODtrol 

.has aaoertalaed tbat B.i.ll, but -tlleN ._ .&Ull.. ·be._. 

proper-cl88alld ..tt1DS AC 1 8 1m1oh llUt rep'l.aoe ·AO•·a :ramd.rig 

1n 0'9'er-10114e4 atx ,_., '!'he ·bal.-illS .-I!Md .. eb..,ka to 

8ee 11' there _... 11111ee4 e¥17 proJJ81"-'tt-.....i :•n.t~~s M:t• •· It 

not the r•pport1onaent ·18 ocapl..te«· 1t tbea 11ft then 

Load .Control *'-l'ftll ODe AC tro. 1':M 1---· 111'10l'l- OYer

loaded atu• aDil 11'l1t1atu oae AC 1'1lto· the Jd.8hat-pr1or1t:r 

underloaded etreaa. '.l'bte · proeet.ae · ocatillllea .uattl .there 

are no addlt1011&1. PJ>Opez-4-.id -.ttlDS AC'•• 

To • Adze -.ts.Ciiaa s.s aDil 5,6, a MCIJMiil1•·haa beeD 

presented to peft'Oita. ef'f'1c1entl.J' the 101111 ··ooaw.ol·· ope:ra:tione 

req111re4 in a EJ.t1pl..,.n~ :Pvel:r abe--. • ...._ 'l'he 
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mechanl .. bas the tollow!Dg 111p1t1oant oh.a'aoter1st1oaa 

1 - 'l'lle BJ'stea .Ad.ll1nlatrator can GGMro1 tJha. UDQZlt 

ot aballltee uas• 1n ..m ocapataU• at~ b7 

apeoU'71118 the ..Uwa llallber ot. AC • a 1lbJAh ~ 

2"'U'1 1n tbat au- at Ol'14t tiM. 

2 .. The lleo1Wa1a irre'renta waa1Ht ot M.ilabl.e alote 

over-lOIIded u lorag u there is no de-.Dd tor these 

lll.Gta t2'al AC'a in the atz ... a to wbtoh ~ttae alota 

belcmg. 

J - 'l'tle aeohan1• paranteea liD AC tlret pl-ua: to 

8lota 1n ita ow-. atreaa. It ill.l data on: tile 

qatea &l'e in UN ..... aa AC rett118t8 OJM. ot 1 ta 

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

the over-lo.ded atreaa. 

4 - '!'be·~ .ldJd.nt.trator 1a Pl'OY14ed ·wltb ·the ability 

aJl7 t1ae 4\lrl..Ds qat• operation. 

S - The '1leohM1a :1a .coila~ell 1n ·nob a ~ .. t.o 

oCIIIpl.7 qalckl7 aDd ett1otcten1Jl:7 ·111 th napport10DIIent 

requeata tra. tbe S,.at• MJdnlatntor. It a 

reapport1cmaent ea\laea the qatea to MaiiUM an O'Hr

loaded state, the over-10114 is corrected qutokl.r 
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so that the qatea operates w1 th 811. :.onr-lo.d tor 

the aborte.t poaa1ble t1ae. an4 theft an:, balane1ns 

which ••t be dor1e to uaure AC'a t1rat ol.Ua to their 

01111· atre.a•a alota 1a done on. ·JI: ·~ft.;.;Gft60oio11dtl&t:e-one• 

bu1a to keep the Q'atea OJMQ.'at1ag with all aliota 1n 

uae, 

s. z LoM coatm tn a Jlul. t1pl.e-8trnr fJKW. I~t!IM»n ·au• 
Bow ooulder a qe.t.ell ~tc to MrrlU.. 01117. 

1nteraot1Ye ocillput.t1ou. Ofle taPNYeaeat wht.eh ld.cht be 

ltad.e to the sob... 1D Sect~ on S• 2 18 ·to .OOMlder that there 

la aoae wdenas u•oolated w1 th the l'UDD111S IC' • 'llbloh 1Dil1oatea 

the nex.t IC to be. loatM1 wt 1n the- .,..t' that 8\IOtl action 

ia indeed ll80..-al7• B7 anelOST to .the.oue ~-uaentee 

ooaputat101l8 we 4et1ae h.ere the nottoa .r aa int-.ot1Ye 

ooaputat1oa atreaa. ~ri»8' th• aDalOS7 we• -~ that 1:t 

h desirable tor aoae r-..on (auoh aa· a. prlo:rl• -.•••> to 

d1tterent1ate .between Yar1oua tn>u· ot· Ic• •• !'bAa • arri"t'e 

at a aa1 t1ple-atreaa aeoban!:• ~or- haD411DC tnteraott•e 

ooapatatlona aliallar to the abaentee aeohui• 4ear1bed 1a 

Seo~1oaa 5,5 and 5,6, In thla aeot1on we_OOD814er the 
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mod1t1catlona wh1oh aust be made to adapt the absentee 

aechan1• to the haDdl1DS ot 1nterecttq· e~tatton.. 

Jlote 1De41atel7 that there -an no 'tM1 t11lg 41ueuea 1n 

the 1ntttraOt1Ye atreaa. 'l'h1a ta the caee becaun a uar. 

1a onl7 preaent f'or aa lOllS as 1t take• tor h1a lCJs81ng 1n 

atteapt. 'l'hua 1 t 18 not aean1.ngtul. to. consider 1ttteraot1T8 

deaaild at thh leYel. 

Next ccma1der the probl• ot attapt1ng to fill all 

1nteraot1n ·lllota 1t the 41PDd tR thM_ .utata. .It the 

a7at~ 1011111. operates· at a level noh· that no at~ eYer 

beoa.ea p:roperlT•lOIIded then the load ocmttoel operattcma 

are 14ent1oal. to tbon tn the abMJltee aeehlllll-..- However, 

. auppoae :that- one atreaa dOM beo.a JII'OP81"1r•l«*led while 

aoae other streaaa r.aln Ulder-1~.-- If a -ncnr XC shOUld 

requeat to be"1111ttated tnto the )III'Opet'-17•1M&lel •8tl'eMI, Load. 

Cori.t:rol haa onl.j two ohotoe•. &lther ·1 t ee ·1111 ttate the 

1C and' OTer-10114 the abeD-, _ or 1 t ..a fttU .. to lidtiate -· 

the IC (1 ... ,; the lC CaDDOt -be· plaoed 1ato a 111llt1DS que\le 

tor u 1l'llht1Jdte period until a lllot ""-• &Tat.lable). 

It 1111tlat1oa 1a :retuaed then waete ooove beea1ute an iwt'allabl.e 

alot s~• 'IUiaHd. It the IC 1• 1a1t1ate4 theft th1a .ate 18 

:preventect, bRt aDOther probl• arlfta. - What· happene 'llllen 

the _OTel'lll.l qatea beooaea properl7-loeed (1, e. , no more 
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available 1nteract1ve Blots), aDd a user atte.pts to log 

into an under-loaded strealif. In the ._ .... or the abaentee 

meohan1a .1 t ,.. possible to ll&ke a ·alot &'failalde 1Wiecl1atel;y 

by shelrtng one AC fl'Oil an over-loaded st!'eall. In the 

1nteract1ve cue, however, making a slot aftilable WOUld 

neoeasi tate loggias out an IC frc. · an 'OY8r-10114e4 s~re-. 

This is contNl"J' to the continuoua sert1.n pollCJ' discussed 

in Section S.,2.. Sneftll. al.te1'1lat1ft8 are a1'aliable here, but 

untortunatel;y none. of th• 1s aa neat ae the abeln- ot an 

ACa 

1 - Do not allow aD7 streams to beccae over-loaded. 

Control the 1084 1n · each stre.a 1!14epeDI:IIltlJ' of 

the load 1n im7 other strMII;. l'bls reau1 ts · tn a 

coapon.ent-w1se-balanced s711t•• 'l'he obn.ous 

disadvantage is that slots ....all&bl.e 111 'tiDiler-loaded 

stre•s can ne't'er be used by IC's troll over.lOI!Ided 

streams thus .causing _waste ·or aftllable slots. 

2 - Allow overflow in all streaaa. lid. t1ate new IC' s 

into.wh1oheYer streaa ~h•J request aa long as· slots 

are aftilable 1n &nJ' of the at~ OJ:aoe ~1 slots 

are 1n use allow no addltloaal IC's until 8lot8 

again bec011e ava1lable. This aethocl Uftres that 
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available al.ot.- ~eYer so to -.te, ~t bae th~ 

.41ud"hhltqe tbat IC '·* · dO: ·1a0t pt tint . oW. to 

alota in the atreus ln llbioh the IC'a apeo1tJ' the:r 

110Ul.d like to l'Wl. 

3 - .Allow overflow 1n all atreeas. Guraatee c01lpl.et1on 

to all IC•a ODCe 1n1t1at,d... It. a~ IC requata to 

be 1n1 t1ated 1ntQ an Wl4er-101111led. atre.a tMD 

1n1t1ate the IC into tbat ·~ .ad triw the loed 

1ri u overlot¥Lec1 atr._ b7 attr1ticm. Thla •thod 

prevents waste or available alota aDd. &a8\ll'e8. IC • s 

tint ola1a to alota 1n the atre.aa 1n 11111oh the IC'a 

epeo1t17 the7 wul.4 11n to nm. · 'l'he ~tage 

18 that the trta-b:r-attatJ..on atsllt J'.eaul t ln a slow 

tria aDd hence the overall qat• 1118bt be forced 

to ope~e 1n. en OTerloa4e4 state tor ._. time. 

Baah Of these Mthod8 haa· 1 ta- ad.~tasu aa:l 41A4Yantaaes t 

but none ot thea 1a a •perreot" ~~tt.on. Our 1DabU1t:r to 

arrive at such a iiOl~tlon here 1a attr1wtabla to the taot 

that therela·llo aotlon .tl1oh aq be pert_..._ on IC's to 

oorreapon4 to ·the shelTtag ot AC's. Tbua··• partteular 

Load Control 1apl•entat1on mlsht oh~e one or the8e aohaes 

(or pel'bapa others) . depeD41ng upoD the ~oular probl•s 

at that lnstallatton. If we assume that the moat desirable 
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propert1ea are pre'ftnt1ng ... te ot aftllabl.e alote and 

guar.antee1Dg IC'• flrst ola1m to the alota 1n the atreaaa 

in .tlioh these IC_•a wiah to run, 'then n aftift a't tlllOther 

soheae (wh1ch is still, 1notdet1tall7, not a pe!'teet· solution) 

whloh !a. a11l1lar to the third 8Ch ... abGYe, balt ~ta 

the onrall qstft f'roa be0CIIl1118 oftri-.lec! • 

4 -. Allow cwei"t'lo1r in all stHald, ·ftoWftl', . 11" an IC 

1s 1n1 tiated into a · properl,..l-o.dect · 01' ~lOiillled 

atM. then the IC 1a glftl'l aee~lan •taws and 

is wame4 that· hi•:.OOIIjiU1Ja1:1Cil:-i.s 1111:el.)'; to be 

·logged out u· the· cweral.l- qetea -~• properlT

lotlded aft4 an IC dellaDila a alot 11l an ~r-lOIIded 

atreaa. ~1s ae1;hod doee not p8QN · IC•a oont1mlou-a 

serrtoe, bitt at111 aliQWis all .IC to get on aDd use 

a slot for as long as the slot ls !lot 1h d...md. 

Slnbe the IC ·1s Warned of l'tlt second~ status 

lt Jmowa that it 1s 1:1kel7 to be 1~ out and henoe 

1 t oan take advantage of being 'losSecl in· to get a 

small job done. Of oourae, u other IC's log out 

of th18 ewer-loaded streaa, the IC we are oonalderlDS 

11187 ewntuall7 be able to be remonct ·hOlt· tbe ~load 
... 

portion of the streu. At this tlile the qat• oould 

1nto:ra the IC that 1 t is no l~r or seooncl-olass statua. 
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we will. asSWBe tb41t this last method 1s uaed for the purpose 

or 8ft7. further discussions -ln this thesis. · Again, other 

methods llight 'be more desiral;lle 1n particUlar installations. 

Now oona1der the reapportio:naent problem in a 

IIUltiple-atreaa purel7 interactive s7atea. - Sinee we are 

allOlring atreaas to become OTer-loaded as long . as the overall 

a7steJI does not becoae OTezo;.loa48d, reapportionment can 

be haDdled rather atraightfonardl7. It the total nWDber 

of rwml~ IC • s 1a less than or equal to the maxiawn allowed, 

then DO action need be .taken (note tbat there are no waiting 

IC'a to be.cQQ814ered as in the absentee· case). lf the 

total number or running IC•s 1a greater than the allowed 

~~Uiaua_ then Load Control lOS,B out IC'a trom the lowest 

priorit7 over-loaded atreaaa ~til the nua'ber ot. running IC's 

is equal to the JDaXiJilWR ~lowed. To aid the IC's :which• 

are to· be loaed out .Load: control Jld.ght ~thea a rew 

minutes in advance to allow. thea to •clean up• aJl7. details 

before beiD8 torced ott the s7stem. 

In this section we combine the mechan1ams developed 
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to~ handling multiple-atre-. absentee a.rsteaa and .ultiple

stream interacti Te systems to tol'll a mecham.a tor h..U1ag 

mixed interactive/absentee 87ataa. (see Plgures 5.10 aDd S.-11). 

Figure 5.8 illustrates a multiple-atreaa queueing 

mechani• tor· handling a lllixed 1nteJOact1Te/~beeat" qstem. 

Por the purposes or this d1soun1011 we aa-. that ·there 

are n absentee streaas and m interact1Te strea.a. ·Note tbat 

there are no waiting queues tor IC's. This is ooneiatent 

with our preTioua d1aouaaion ot 1nterac~1n streaaa. 

Figure 5.9 8}1ama1"1zea the Pas"aaeter• used br· Load control 

in lll&king 1ts Tar1oua 10114 balAJictng deolalona. !'be -~•t 

ts·-urged. to, f'aalltarize·::·blmaelt Mth·thtt 4 .. t:al'b~iaa ·et •!leas 

paraaet:•r• bttfbrtti .pr&&eidlfl8 .... wttb· till tDl!l:owl!JS.:dttouutoa. 

Previousl,-, we have- considered a)' stems 'Which aupportecl 

either Ic·•s~ or ACJ:sc:but ·not both •. In these _._..the' 
apporticmment made b7 the Sya.tea .A4a1n1strator •• aald to 

di Tide the syst• into a certain nuabl.r ot •lots, each. :ot 

which was capable ot han4ling one rwm1ntl ooaputatloa. It 

is worth'Whlle to note here that we un:.·aaab.a·,ta tflt8·,:ttfla1on 

that each slot 11 1 ln acae sense, ot eqWtl slze, !hu n haft also 

asauaed that: ·rep.tJcUeas or :the· cbar.eartQtow'.·bf th~ 

cCIIputattona using the slots, -tile· -.Otual dtliianda placed upon 

the system b:v these 0011putat1ona 1"a 41reotly propertlonal to 
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the number ·of' slots in use. Th1a is ·o~ously a s1apl1t'71Dg 

aslltlllptlon. 11h1oh oan be aYoided. 'bJ' pro'f'141ftg a •ocl'Ule O&JI'lble 

of' d.ec14111S just how •btg• the alot -ultd ·'be· to ·.rreettnl7 

aernce a particular coaputat1on. V1th · 8beh a liOillflle avallable 

we coull. . proceed to det'1ne an .. •teilfre~a1ot · ae the ·Uid:t. or 
coaputat1on ai~e measure.ent~ Coaputat1on streams could 

then be eDTisloned to consist ot atOIIic•alots, and each· 

coaputat1en_ requesting to be run in a particular stre- -would 

be g8Jlted ·an· appropH•te number or at0111c-slots 1n that 

streu. ,.A. atr ... would then be. cons'-d•;t'&d p;operl7·108ded 

1f' Ul ot· 1ta'.at0111c-slots were ln·-uae• 

'l'h1s problem was d1acu,aed here ~use we JI\Uit a6&1n 

make a aimpl1t'7lng as8UIIpt1on, namel7 that absentee slot. 

are the saae •atze• as 1nteract1ye slots. From the d1~aa1an 

abOYe we .can ell'9'1a1on _,.. of' aT014iftg this aanapt1ort, too. 

'l'he S7at• .A.da1n1strator apPQrt1ona. qstea oaaput1~ 

power b7 apec1t'71M the UXliDUil number or computations which 

1187 run in each or the absen~ee aDd intei*Ot1ft ~ .. 

Reapport1.01Dl8Dt . Jla)" ·aJ.•o be dane and 1s diso~ssed l&t~r 

1n this section. 

When an IC atteapts to log in to streail J (~l~~j~) Load. Contrdl 

checks to see ··11" the total nuaber ot 1'\11'11d;ng oocputatlans . . 
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B.r h 1Ddee4 1••• than 11.r then the IC 1• 1n1t1aW 

1.aecl1atel.7. hte tbat LoM. CODtrol proe~ to~- " 

whether lltre.a j la aow cwer-10114ect. .'aDd. it 1 t.ji8 ~-1M4ecl 

the uer·l• -.me4 tbd 111tere 18 a poaalblllf;J' hl._Ic . 

aq be 1og.i4 oat ( dDH ·the •lot · ~ b7 ·bte.· IC real.l.J 
,.;., " '• . ,;_ 

beloasa to •other a~). It the 8J'R• la· 1101r tull (1. •· , 

:&.r la ~ to··~~.r> th• Laid CGI1Wo1 ~ ~'t:- tlle'~,la~1Te 

•portion• or tM ..-.. to-a t'1111.- · It •'- .... -~ aa.• . . . . . "'~- . 

a~tee atzw. la Oftl"-1011d.e4 ,,._.._ -~: ~IMMl. llbel:wtt:· 011• 
. . . ~ . 

o~tattCIIl·trOe. tM lowiUt l'i't.rttJ' Oftr-l~ed aV.. m1 

l~ t1a'- the IC lnto :atre.a. ~ ....,_. ~- ·2.1 .1 la 

cmtr-1 ..... ;.t ...._ t:be ·ua.r 1t 1t t.•• ·It the 1ntetut1n 

porttCIIl of' the ~ta_t• tull .. 1,0114 cc.~- tait)••t,,~ .1 
' to •• tt 1t 1i tlllle It at~ 'l-18 JiOt full then olear1;r •. . 

one ot the 1atenot1w atzuaa 1a Oftr-l.OIId.e4 ...-~ Otetnl 

los• -.t OP IC trca •e low at prlorl t;r ~i~e4 1nteraot1n 

atreea aDil 1D1t1ate8 the new IC 1~ atx ••- j, tt ir.:tre.i · .1 
' . ~ ' . . . . . 

18 tun ..a IAid control 11lt01W8 tJae ue,s"·· that he .118.7 llOt 

lac 1n .-t tlllca tl•• hte- that- . .- ,._ • .Z. .. fl.-.1=1• .la 
~. . •' 

attn aftll.ahl•· to t.o.l control :tbr ·~ to li'SS. tate 

th1a IC Bow~. LoM. ~J'Ol ootal.4 obeek l.f: ._ .,.... wl'th. 

l.wft priori ti' than liv..a .1 1a .owia~~~ 'a.t ·it M o01p.4 
' . 

then los Cll1e IC! out or t:hla atrea 81111 tal-tlat• ttw·Mw IC. . . ..... -,~- .... · . 
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Th1a alterbatin. i' aYOidecl here aoatl7 beoa1l8e of our 

er:torta to pronde oontinuoua aernoe (ir at all poaaible) 

to rwm1ns IC'•• 

When a new AC . requests to be l'Uil in streu 3 ( ~~) 

Load .Control oheoka to see 1t the •J•tea ia hll..aD4, l.f not, 

initiate• the AC l..ediatelr. Rote tbat no ~DS Deed· 

be ginn to an AC if atreaa .1 ia O'ftrlo.ted. If the 

aratea 1• full Load Control oheou lf · the abaeatee · portio~ 

ot the 87atea 1a full., If. not; thtm ole&rl7 • ._. 

interaot1 ve atrea 1a onr•load.ecl and Load Control los• ·out 

an IC rroa the loweat prlorltJ O'ft:r-loM.ed. interaotln atrea 

aDd 1n1t1atea the AC into atrea 3· .If the allaeatM portion 

of the qatea 1.• full Load Control oheok• if atre .. j. 1a 

full. It not • then olearl7 aoae other &beentee atre.a is 

over-la.le4 8114 Loa4 Control .Ulna OM AI: frca tile lowat 

pr1orit7 onr-lo.ld.ed atrea .ud 1n1t1atu. the MW AC 1D:to 

stream 3. If atrea 3 is full,. then ~ AC ~ aot be 

in! tiated now and Load Control place a the AC · 1n the wa1 tina 

queue tor stream j. 

Rote that this 4180\lfJSion aDd the 41..-s of P~ 5.10 

have been s1ap11f1ed b7 the oa1as1on of • ._ .of the queue 

manipulation details pre'98l.ent ln prenoua d1nuaa1CID8. Thus 

when a ooaputat1on is said to be lnitlated or llhelftld 1n 

thls d1souaa1on it 1a -.at to be 1apllolt here that these 

manipulat1ona au:e .:gertormed when appropriate. 
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When an IC logs QUt or stream j Load Control ·checks if 

any AC's are waiting. If there are acme thea ao operations 

are performed. If there are AC • s waiting then Load Control 

initiates one AC. 

When an AC logl!l out of streaa j Load . Control oheoks 1f 

any AC • s are wa1 ting in stream j. It there are. then Load 

Control in1 tiates one AC into stream .1. It no AC • s are 

wa1 ting in strea11 j Load control cheoka lf Ac•·a are, -.1 t1Dg 

·in any other absentee. streams. If there are then one AC is 

initiated, 

Note that in a system in which the load 'bll114• up 

under the control ot the above meehanlaa the oVerall qstem 

never becomes OTer"i-lotkled and ·no ·AC' .. ·la eYer t»l&oM lnto a tra1 ting 

queue if slots are available in the st:reail iil 1ih1ch the 

AC wishes to run, Reapporttonaent,: howenl",. oan ca\J&e bbth 

b't tbe•e· cond1t1o!ls.,to::ocour>and: the ·-methods oe:· a1le'r1.ating 

these problems will n~ be discussed, 

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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aeohanla 1a dee1Sb84 to provide cont1nuowa .. moe to tb9• 

ccaputat1one llh1oh are entitled t·o ccmt1DUe rwm1118 Ulld.er the 

new· apport1anaent, while, at the SliM tiae, .qutcki;r 

el111l1nating (1.e., shelving AC's and lessing out .IC's) those 

ca.putat1aas llh1ch 8h9Uld no lonaer be &l.lowed to nri. The 

strateu .. PloJ*l 111TolT8a:· first.· tnoft .. lftS·'.or .deci'eaU~~g 

the current 10114 until the proper nU..be:r ot. ·slot~ a:N in use. 

'l'h1s. reaul.te in the s;rstea becolll1~~g JIINM:rl:;r-lolld.ed UDile:r 

the nn apportloaaent. 1'hen:Loe4 c~tzol · prooeeds to l~te 

aD7 AC' s which ahou.J.d be rumU.ns. 1~ ttte' ·oftral.1 .,..ta ·u 
still UD4er-10a411d ldlen this· procedure besins then Load 

Control 1111t1ates e.nOUSh or -these AC's to b:r1ae the s;ratem 

up to a PJ'Operl;r-loaded state. once the qstea is properl;r· 

loaded lt: ~ mbre wa1 tin«- AC.'s should i-6&111 'be rwm1ns then 

clearl;r sa.e stre-s are onr-loaded. x.o.d .Control 

el111l1nates one comP1tat1on from an -eve-loaded streaa a!ld 

1!11t1atee oae ot' the" AC'•• 'l'hls procedure continues stU 

DO aore or.· tbe waitlas AC's sh~d be i-wwl•, The 

following d1eouss1on considers these operations in aore 

detail. 

The Adlli!lletrator. effects • re.PJo:rtlonae.»t b7 

reepec1t1png the aax1IIUII number or ~taUou wtiioh·.-;r 
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run in each atreaa in the s;rstem• x.o.4 · COID'trOl rtrat obeoka 

it the total nuaber or rwmtas ocaputattoaa is greater than 

the mu:illua allowed UDder the aew apport1~t. lr Jt.r 1• 

greater tuB ·lf..r thea Load Coa10rol ... t 8lta1aate o~tatioaa 

tl'Oil Oftr•loaded atreau to set the 1~ d.a to lf..r• It·. the 

Dflaber ot rwmiDS AC's,.ll.A.' ts 1-....._ oz• ~· to·.tl'.l* 

..Zi- -ber ot AC•• al.lowecl, IIA, th• ·the"•tot&l onr-~oad 

is !lllde fit IC•ae ·LOad Cc:atrol 1088 o1R ~"'"ll..r ot the IC'a in 

over-loaded tnteraottw str.-a ( besl-.lJJS w1 th ttt. lowest 

priorit;r streaa) •.... ODbe these IC'a haTe ..,._ loged out the 

syste. 1a proPft'l.J'·loaded, ROWftl', it la .n111 pcMatble that 

the reapporttonaent caused a011e ot tbe ..tttng ·Ac•a·to beooae 

. the balaftot:ng aechaD1• to 1D1 tta'te all JIII'OPu-4..-4 .t tt~~g 

.A.C • 8 an4 lOS out enough ~1-.l· .• o..,...~:::~te··-MP"·~'tbe· 

8P'-. tMa- .Moa.i.D& over-loade4. 

It ll.A. i'S greater than M.A. then aoae AC' a Jlll•t be abel ved. 

In pa:rttoUl.ar, tr the abaentee OYeS'i-l.OIIId ta creater than the. 

total qatea Oftr-lo.ll then B.r-M.r AC' a are *-lTed.. It the 

absent" aver-load 1s not greater than the total a;rsta 

over-lo.d then all ewer-load AC'• are shelftd and then 

enough ~l·oed IC • a are 1~ out to 'tllr1.D8 the total 

s;ratea lo.d down to M.r• In each ot the abon two· oases 

the .1084-bal.anctDg meohaDism 18 invoked atter the eliminations. 
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Up to this potat w ..... b8ea ~aila14eJ'll:te·oa• i.a 

11h1Ch the anrall . 878tea 18 crfv.;..1CMded. l1' :after a. 

reapport10Dil8Dt the ·ahr.u ·IIJ'R-· beo••• ~7· lGIIIdecl 

(JL.t-ll.:r) ~- 1 t 1a 8't111 poaaU~l• tb&t ._. .c• • · Jsaft. 

beccme proper.o4srm1 watt1Dg AC'a aa4 ...,._ ··tile- 14114 

bal.anotas ..ahaa1-a 1a 11rfo1tecl. 

11'· the r1appwttaea.t MU .. a -th• ......U. J1J1111ea 1:o 

beoc:ae UDdv-l..Se4 tb• x.o.t C~-~...- ·1'1ratl•llr'11is ate 

a;ratea up to :a-~ •tat.lf tthe'ft ta··~ .At: 

d-.nd. lt ·the 1'111Per et waltiltll MJ-' a i.a luac tMD 01' · 

eqJI&l to 'bM ...... 'ID!ler-~084 •. -- .u . .S.:taac IIJJ' ..... 

1D1t1atecl ..-!we an doDe• It tbwe _... aare al~laa·.O'a 

than the . ..-. Uller-.la.t tlhera w-~1&J.ool -. .. ,._ 
ll8l17 ot thea M•a are pro~ -'tiDe _.a• a •. It"' tbe 

llUilber ot propeto-4._,.., -.t.tlll8 .t.e•a 1a pla:taq ua.t tile 

UDder-load thera Load Control lnt:btatQ'>~ ot theM to get 

the :Qate• up M a PI'OJMtr3.7-1o.de4 staR alii ·.tba; 1rpokes 

tu la.t balaao1DC •ot.n1• to ~tiate .n ·or taacr a'nln1DS 

pro~ -.1-tlng AC•a, It' the __ .._..fit· ·JI,I'O,...IlkiW 

wa1 tins AC'• 1a 1 ... tbaa or .equal· to tile ~- u.a ·. 
. . \ 

Load Colltrol. 1D1tlatee.·al.l ot tbe ~ ..ttlllg AC'a 

abd. the .1Jlit1atea ..,..., of. the ••• 1•11S M!'a tO··Jao:lea the 

oftrall 87atea up to a prOPft'l7-1011tticl ••• tiiMl w>;an clone• 
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The load balancing meehan1BJD is 0Dl7 invoked when 

the overall SJ'&tem load is equal to the II&XillWI load allowed 

under ·the new apport10JIIBent. The meohanl• checks 1f there 

are 8117 proper-dftlalld wa1 ting AC • s. If not then we are 

done. If :there are proper-demand waiting .A.C's then clearl7 

some stre• is over-lo&ded. We know at this J:»>l.nt that 

all slots are in use. Thus it iluat be true tflat· either 

.I.C's· are U:s1ng:··all AC:alots ~ IC!'a are using all IC slots, 

or one of the modes 1s using more than· its allocated number 

of slots. If both modes are using their allocated alots and 

there are proper-d81181'1d wa1 ting .A.C • s then clearl7 SCIIle 

AC's ve ~ng·' in ·over-loaded stre-.s. Load Control 

shelves one of these over-load AC 1 1 and imtiates one proper

demand waiting AC and repeats this process until all proper

demam waiting AC • a have been in1 tiated. If AC • s ~e using 

more than their allocated number or slots then the balancing 

procedure is the same as fr both modes are using their allocated 

slots. However, if IC'a are using more. than their allocated 

slots then x.o.4 Control loga· ·out ·one onhload. IC and initiates 

one proper-demand wa1 ting AC. This process continu•s until 

either the llUIIber of running IC'a is equal to the maximum 

number of IC's allowed or all proper-deJDand waiting AC's are 

initiated. If the first 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 

CommaDds for use with Absentee Comput•tions 

Users of the computer system ~ommunicate with the 

system by issuing cOJIIIU.Dds (usually in the fol'll of 

typewritten statements) at remote terminals. This chapter 

discusses a set of commands used b7 a7atem users and 

administrative personnel to create, monitor, and te~inate 

absentee computations. The discussion here 1s leas detailed 

than in Chapters 4 and S1 it is inclUded to illustrate 

what tunctions·m1ght·usetull7 be ~~Dtrolled at the command 

level. 

6. 1 C;eatiM 1R AC 

Creat1ns an J.C involves two tunotions. First, the 

1dent1fioat1on or the user 101.st be ..U.dated to prevent 

unauthorized access to the a7stem. Seoond,. the user must 

infOl'll the qatem Of the abHDtee source f11• 11bich 18 to 

be used to.r input to the o•putation, and the ab.-ntee output . 

file which is to reoeS.ve output tra1 the o~tation. 

Ad.d1t1o:nal paraaetera are supplied to apeo1t7 1n which 

stream the user wishes his AC to be run, the time lim1 t 

to be placed on the rwmJ.ng AC to prevent ••te 1t the AC 
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develops problems while the user i-s not present, and 

perhaps the user JDa7 wish to give a date and time before 

which his AC· should not be run (useful 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 illetltit7 validation necessar7. 

CBE&TE-ABS reaul. ts in a call to :to.d control which ei thet

in1tiates the computation i•ediatel7. or places it into the 

waiting queue· for the specified stream depending upon the 

current s78tem load. 

6.2 Terminati¥ an AC 

Ever7 computation, upon completion must undergo an 

orderly logging out proced1.lr'e to raon the COil]Ntation 

from the qsta and take care or certain "cleaaap•~pro'blUul. 

In addition~ it is sometilRB desirable to be able to bring 

a comP~tation to an ea:rl7 end tnoh· aa 1!lhlm the user disOOTers 

he has left an .A.C rwuting w1 th bad 1nJMt data). 

The TEBM-ABS oomum is provtded to )lert",oa both 

the ~ormal-end and earl7-8Dd. flm.Ot10M for AC'.s. The user 

specifies the caaputation-1dentif1cat1on .of the AC to be 
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terminated, Load Control is called upon to seat'CJh Johct 

queueing •echan18Jil to. see it the AC is waiting to be run, 

running, or no longer on the systu (e1the:t' it is done or 

the oc>mputation.;.1dent1tioation was 1ncorrect). If the 

AC is wid t1ng to be. run then the entry tor the AC 1n the 

waiting queue is deleted, It the Ac 1s currentl7 rwming 

then tt is stopped immediately aDd losged out, It the 

AC is not on the ayst8111. the~t the us.er is so .intormed. 

6,3 Chanlins the Strap ·(Prio[1tz) of an AC 

When .the BJ'Stem is heaT117 loaded the user ma;r find 

that his· AC's take longer to ·run:~ ~~can.. '!o speed 

up the processing the uaer ._.. willh to pt•• the AC lnto 

a higher pr1or1 t7 stream ·t tor wtt1oh be J1i!i7 be oharsed more 

but will get better service), 

'l'he CHANGE-STBEAM cOJDDal1d i.s proVided 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~ it 1s 

to be placed, Note that the ClWIGE-~ oOJIMM 1s ·also 

useful for a1d.toh1ng IC's trom one interactive stream to 

another. 
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6,4 Cpn'ri;t• an IC to p AC 

A user 11a7 w1ilb.- to run a larce computation as absentee 

bu.t in order to be .ure that he hu aet ~· ooapllqt1QG up 

properl;r he _,. want to run 1t interaot~~l.J' for a wt11le, 

Once the computation seta soins auccessfull7 (perhaps the 

user notes that the proper output is being generated} then the 

user JDa7 convert this runnins computation to abllentee. 

The COKVBRT c011118D1 is proVided to· eDable a user to 

switch a rumins IC to an .AC. The unr tirst presses the 

•QUIT• button at his terminal to stop the COIIPJ.tation so 

that the CONVERT cOJDJDand may be tfP8de 

6. S Conyert1J¥ II! .lC to an l.C 

The user ~" 1f1ah to llOil1 tor ~ prosr... ot one 

or his AC'a for a llh1l.e to Mice INl:8 tbat .it 1a.l'1QIId.:as 

smoothl,-. or perhaps to user would l~ke to .... soae oh&Dse• 

in the absentee source file or other data auP;Pl1ed to the 

AC, 

The CAPTURE command 1s 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 J11a7 wish to 

finish the computation interact1velJ' or he maT wish to issue 

a CONVERT cOIDIII&nd to allow the c011.putat1CII'l to t1ftlah as absentee. 
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Note th$t by using CAProBE ard COI'VJ;!T .the user mq 

actuall7 control several C011P'1tati0ft8 at one tiae tram a 

single terminal. This is particularly ceftftnient tor 

computations which mq need onl7 mtnor interYetttton. 

6,6 Obta1nips Status Information for a. User's Comwtattcms 

.&··,user 111&7.· haTe. ·Jian7 ca.plltat1oi18.· rfdmtJIS!:·at one- ti111e 

and DlfT."haVe 118117. absentee ~CIIlpu.t&t!OIUI in: 'the. waiting queues 

wa1 t1ilg to be run. The user ..,. want to mont tor the progress 

of these computations and f'iDd out 1f it might be necessary 

to intervene (via CAPTURE and eo!IVERT) w1 th some of them 

to correot tlft7 error ocmd.it1cms which Jllight exist. Also 

the user ma,- find that some cOMpUtations are running too 

slowl7 and thus it mq be desirable to issue a CHANGE-S'l'REAM 

command, 

The STATUS command is provided to give the user 

information about his various computations on the system, 

STATUS may be used either to f1Dd out about a specific 

computation, a group of computations, or about all of this 

user's computations, lntorlllat1oa is· returned to the user 

indicating how· much time each computation has used, what 

dedicated resoUrces are being used by each computation, when 

each computation was initiated, etc. 
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6,7 R!QuestlM· Intemp.:1on b7 ap IC 

)Jorli&l17, if an AC 4e'YelOP8 probleas whil• it is 

running it cazmot be run to C.Ompletion be~use it needs 

intor~~~ation which is Unavailabl.• to it in the absence 

ot its owner, However, if 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 necessar7 i.-ormation (or correot1cma) to the AC so 

that it may run to completion, 

The llftBllVENE coaand is pro'Vided to aid an interactive 

user_ 1n specif71ns tlua.t he is available to a14 his AC's if 

trouble develops, Soaetimas_the Datu~ .ot the tnterac~ive 

user•s.-work would !lake it UDI,lesirable to be UltelTU~ed by 

a call for help b7 an AC.alld in such a case IN'l'JRVBNE would 

not be issued by the IC, An_ interactive user uses CAPTURE 

and CONVERT to effect an intervention, 

6,8 Speci(liP8 the AC-IC Loa4 Apport1opaeat 

The System Administrator must spec1f7 the apportionment 

of system coaputins power 'between the varioqs coaputation 

streams on the system, 

The LOAD-SPEC cOlllllaDd is provided to allow the 
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System Admin1 strator to make a 1084. .. aPPt>rtiol'DI8Dt or 

reapportionment. The in1 t1al load apPortionment is 

performed at system startup t1me and reapportionments 

may be done wheDenr ne~eSaarJ'. It tor a particular 

application the apportionments should be the .... tor 

certAin regular periods (shifts) then th.- 87stea Adm1n1atrator 

may specify apportionments tor each of these shifts and 

Load Control will keep these aTailable~' Whentrntr the 

time for a new shift arises then Load Control will d7namlcally 

reapportion the system in the manner discussed. in 

Chapter s. 

6!9 Otber C9'!'!!'1g tor M•1n1sta}in f!nogael 
. . . ' .. ,. . ' 

Adll1n1 strati'" lktraonnel - firtd the sT.&.TUS ~ 
' ' ' 

TEBM-ABS ca.anda useful. S'l'.&.TUS -.:s be uSed to obtain 

status ifttoraation for ~ ooaputation on -the. eu.t1re system 

and TEB:M-ABS ~ be used to terminate an AC which 

appears to be causing problems (such as tJiDS up certain 

resources) ~ 
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The work described in this thesis ~·.'coDcei1tratecl in 

two areas1 a· .general disauasion about the~'aharactertatics 

bt absentee computations, and ·the·dettisn or a:mechafltsa··ror 

handling absentee computations in a multiple-access computer 

system. 

Perhaps the most significant contributions or the 

thesis are. the concepts of shel rtng and unshel rtns absentee 

c.omputations, the concepts of absentee aDd interactive 

computation. streuis, the deai8n of the mul. ti:Ple-atream 

queueing mechanin, and the design of the load control 

mechan1aa tbr hybrid multiple-stream interactive/absentee 

systems. 

The design of the combined queueins aDd· load control 

mechanisms has the following signif1cant characteristics• 

1 - The Syst8Jil Ad.Blin1atrator ·1187 apportion the computing 

cape.bili ty or the .stat• ·between ·interactive ·and 

absentee· compatationa ·in an7 proportion whatever. 

This allows the syst8Jil to be 100" interactive, 
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100% absentee, or &ft7 intermedia~e co.bination 

Of the two modes. 

2 - The computation stream concept allows computations 

of different ~types• to run 1n different streams. 

one such d1tterentiat1oil:aight'be'a·pt"iorit7 schem~ 

in which eaob ·•~· o01lta1U .all ·the computations 

of a particular priorit7 • 

.) - Absentee streaas haTe the propert1 that running 

computations JDQ be t4Japorar111 auapellded. and 

restarted ( ahel'f'ed and Uft81lel'f'ed) H'ftral times 

as they flow throusti tbe stream. This propert7 

is one of the keys to the .Ueceaa or the load control 

aechan1aa. 

4 - The JIUl. tiple-streail mechanin has the propertr that 

the load in each stream ta .. il'ldi'Hduall7· controlled. 

5 - The multi~le-atream mechanism maintains a precise 

ordering among a11 computations whether tl'le7 be 

interactive or absentee aDd wai tins or running. 

For example, in a prior! ty acheae the· computation 

atreas are ordered bf.· their respectiTe priorities. 

Within. each computatioft stream waiting computations 

are ordered bJ'· nrtue of their poai ti'on w1 thin the 

waiting queue (first-in-first-out d1sc1pi1ne is 

used in this work for chooa1Dg the next entrr), and 
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running coaputations '&re, o~•red b;y virtue 

of their position within·tbe ~ng queue (last-in

first-out·-d1sc1pline is .. used ~n this work) • 

. Thus, 1t a't.· ailT tlm.e. the lee control mechanism· 

wishes to elim1Dat9. or 1n1 t1ate. a c•put!.£tion, the 

choice of which. computation ~o el1a1r-.te or which 

to initiate is determ1ned,bf tbe ordering described 

above. Thull!. the load ·ccm,t:r-ol mecban1P ia made 

aore efficient than· 1 t WOuld . ~ if the abOve choice 

... not alwqs p:r-edeterained. 

6 - The load control mechaDln prevtt.nts ...,ate or available 

coapu~tion slots b;y a.l.lowiq. ·~ to become 

overloaded ·lt slots ln other atrea.• are unused. 

At· the ·1aile .ts..e, ~ ·~am ••inare.• computations 

111 a -pu-tlcillar str..., ·tirat.·ol~m ~ slots which 

have ·been speo1t1call;y ~lOQated. to tba~ stream. 

'l'hus· atreaa i can·· becoa• ·over-:J,Qad.ed b7 using 

available slots in atreaa. j. Howe .. r, if the 

deaam bl1lda up aaatn 1n J •. then the over-load 

stre• 1 OOII,Pltation ust reli:Qqu1ah the usurped 

slot and 18 either shelved if it is •bsentee or· is 

losP<l GUt 1f it 1a inte~tive. 
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7 - Fina11J, the load control .aechani•m 

effects load reappo.r~1~eftts qu1ckl7 

aDd •oothl7. · If a GOIQiltattoa:.:naJialna 

betore·-.the · reappertl~ abould also 

run after the reapport1oraaent. 10114 ccmtrol 

carefullJ avoids 'e1tber 8httlnns or louiaa 

ou~ the caapvtaUon. I.,_ t1at1on of wattlns 

computat1~u · ·an4 · e11a1-t1oa ·or r1Um1ng 

ooilputationa 1s dcme qll.1ckiJ because the ordering 

described 1n {5) -~·· llakes the caelect1on 

such computations trivial-. 

It is worthwhile to note here that ther• :U'e two,,ob'rtous 

levels at 'irh1ch load oonttool.deo1a1ou cea be.~. rMelJ 

the adm1ss1o~ level and the schecbtl.1l'l8 .level. At thetuba1ss1on 

level 4ec1s10118 are Jilll4e re&ard1DS whiclll AC'a and IC'a a!'lall 

be allowed to los in to· the SJst•• At the aohe4ul1ng level 

decisions are made reprd1ng wh1oh of the loased 111 AC's and 

IC's shall be the next to be &1v.a. a processor when one 

becomes available. The mechan181l designed in this work 

operates at the admission level onl7. Once this load 

control mechanism allows a computation to log into the 

system, the computation must then fend for itself 1n the 
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17, .c.·.· 

competition tor processors. J.t this higher level decisions. 

must be;aade on the beals or lese apeott1c·1ntomat1on and 
must be intended. to be enforced over lOftger periods or time. 

The apport1onaent we apeak. or. woUld probablT be in rorce 

tor at leaat several hours at a time, and the load control 

mechanism we propose might be rea.aonablt eerta1n to assure 

that actual usage closel7 appro~mates the apportionment 

in the average OTer such a long period. 

Recalling the s1mplif71ng assumptions made 1n Chapt~r 

5, namel7 that each slot 1s the same size regardless or the 

particular traits or the computation using the slot, we see 

that perhaps 1t would be useful to haYe our. load. control 

mechani$Jit receive information ~-the· acbl!c1Ul11l@r' levelo. such 

information combined with an atomic-slot aechaniaa aa 

discussed in Chapter S would help to proYide .uch aore 

precise control over the s7stea load than the mechanism 

proposed in this work. The densn_ot:.iruoh a meohan1• is 

suggested tor those interested in puraaing research in 

this area. 
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