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The: Real Time Computer Compl('x: Th~ Real, TirTle Computt-r CompiE-'x 

" (R TeC) at Ho;uston, Texa". is tht, NASA's ground$upport compuhng and 

R TeC's primary resp()I~~," 
". '" 

sibility iM to Ipr()vidl~ r<:al tin~e iniorn"lationior mission, c(.)ntrol. But thls 

,role entail s many add it.ional 8UplJ :>l'ti ng til sk's: constantprog ram ~ystt'm 
, , , 

developnwnl; training of p(.~rsonn("l Cor sirnulatiori ex(~rdscs and flight ----,., .. ,.... . ........... -.... , .. ~.-~-- .. -.. --.,,--~-,.'"'--.:... .... _- .... , ............ , .... , .......... , ... _ .. ," .... ,":---......... ,,,.).. .. .-' . .,,~~,' 

support; providing and operating ('omputer~drivcl\ diagnostic~ for RTCe 

anc-Miss'jon Control Center equipm(·nt. 
, . , , 

The R Tee Programming System s: In general, ca<.~h NASA rnission. e. g. t, 

i' 

GT-6, GT-7. et(;., requires thrl'(' real time systems. ThE' Mission 
, ; 

,OperaUonal System (MOS) has approximcHe~y thr.ee quattersof a .million 

words· of instructions and da'ta, with a mh,:~ion-t6-n"iission c~l'ryo"er 
• • I' :,',".,,' 

,.' 

of about H) per cent. The tr~(~killg nf.'twork.'sirnul~tion8ystem (DYNAMIC) , 

has about a hundred thousandwc'".lrds. Tht~ S,imulaUonObeC'kou;t and~ Trnin-, 
. "" 

ing Systf'nl (SCATS) ha."about two hundred thousand wo',rds. 'rhe two 

simulation systems have a ca,rry()V(>r of abO\,lt 65 :perce~t. 
" 

Sevtlral other real timeaYf>tonis a.re a~ailable formb:l(:ellaneo.us 

,support functions. ;d: " ~!' 
.. ~ .~~. ',' '; " . >~>!) 

All of the R Tee rea:,l tim,~ systems c)pe,:ratt~ uJldera:conlmon ExecutiVe'; , 

Control Program. However.:;~ eilch systemteqllires a dedil:at';d cofuputer\';:], 
,', : i',' ".~~ .. :;1 : 

system. 

Appr()xirnatt~ly olHl-hillf of thE" mathf'matics arid rc'lated l~gic of tht:" 

real tinw sysl<~ms is l'epl'(~Senlt'(lhy FORTRAN codt:.Ji more COlnputt'r\ 

",:' , 
", ,~ 

f \. ' , 

capacity wer(~ avaLlahle. or)f th(! ,compill.r,i;induced p~nalty i~ object ". 
,.' . '. ,:',.' .':\J"" 

e£fi~iency could be eliminate,<l, n'l(:)r(~. prol)lem (1r'i'~nted codew!'>uld be. \l$~~1,~ 
, ,< , ' 

'" i ,~, 

*MiS6ions benJlne inq'easingly \umplex. Th<' initial SI360RTCCsy$tf:':A~s . ~, 
may be t~xpe(:tf~d to double t,hc, S,iY4·t~S given here. . . ,"'f: 



All III the progl'dl)l prt'paratLUrl and some nt' ll\ .. • pl'Ogl'ill1l ~nd lHi.b

sy~t(~in t('st.ing is ~I.lpport\·d by il tno<iifl(·t\ V(,l.'Slt'1I1 llf IHSYS/ lBJO!\. , 1"----____ ._,._ , 

Indlvidll,L! programs (now called .oad modules) (,(lrr<.'spond to IBJOBs. 

These,are collected by an t.~x~ens,ively-modi£ied IBL,oR~Editor which 

produc(!s the l'eal time system tapes. \"' 
-.,-~. '~.'-- .. -. ,~. ' 

Th(! R Tee 7094 Ha T(1\l.:;;r.!'(;6'rifil-;'·;~~·~·ion: Tht" (' ur,rcnl R TCChardwarp 

configuTati()J'l j:; illustrated fun~'lioni\lly in Figllr(' 1. The System Seh~l't.l)~' 

, Unit (SSU) is it plug boardswit(;h box and prov ide:!:) the linkag(~ betwe'en 

the real-tim\~ I/O dC'vices and til(' 709.4 systerns. TIl<.· SSU (onne,'tion:; 

enclowa computer system with a fundionalassigllrnent. Thp. SSU is 

transparent(non-programmabl<~) to the l:omputersystem nnd, while 

, 
·','i 

'some .limited dynamk functi~n (.>xchangc is po~sible, the SSU is esse~tiall~y 
The SSU has .served its a sla tic device. 

,I; 

No condescension is intended. 
, I 

intended function wel1. 

Ea(~h of the five c.omputing ~ ystt'ms isaf,\ idcl)tical, :indep~nd('nt 
. , ! 

1094-U system. Eal:h syst.e>m h"ls a modi{i~d rdocateand proted 

feature that pc!rmits dire,ct a~dn~ssing throughout'tht' 6SK t)f primary 

."., , ' 

;1 ' ",' 
memory. Thn 2361- Large Capa dty Storag~, (LCS~, provides ,a rela.tively " 

large (524Kwords) I fast. (250K wl")rds / st~<:ond) auxiliary: stora:se acces." 

sible through a 7044 -type dat~ channel (7 28.6). O~ltput tQthetelevi .. ion "",,, 

d~splay system is transmitted through theS$U bydirect'data ona72.86 

cha.nnel. Other real ti~e infornHltion is t;,.nsm~tted uitoug i1.ithe s$U 
.", " ., , '~ . ; .. "" 

over lubchannels: of the 7281 DCllaCommurlica tio,ns Channel. 

For mission &uppor.t,th~ NASA reliability r(.~quirements ~re~;~tisfi~ta 
by fully duplexing systems; the mi~sion ('o,tnpuhu" has an im.tl)edli:l.te ba('k~p 

alway iii ava il~ble. 

Some Cons ide r:a tif;nH of thl~ Cur 1'<' nt·RTCC.::,.Th("'I:najt)r~rObi~m s 'of thlJ.':,: 

current H TCCha rdW;l re a r(; !ge n (' r";ll 1 y tlH; "l'im i tr\itlon sof' t he"Hl94,~:y oS h' n'}:~'{_':i.:, 
. . ":". .. .' ",' .. ' 

no nxph.ndibility. Tho tdtal syslnn l'cfll·ctlilth(·~c~'Hmitation,s'.Wi.t~il' tl1'~:(\' 
,I 



nlultipt\'~I'.\nl11llng \·IIVlrOllrn ... .,nl, dYll,nnil Stl.ll'.l/-:\· 1I1dl\,lgl'IIII't'~t fliid cl~'\ il I~: r ~---.. -....... _ .... -, ...... -.. -...... --'"-...... ---'-~.-,.--.. - .. -..... --.;,:.. ...... . 
allucatiun il,rl', of llltil'se, pr()vidt·d, as is $(\('\,l\dill'Y 1'itOl'agl' alloc;:ati(ll"l, 

. but a trw' reSOllr('C sharing'a Iii !nLlltitasking/mllltijobbing wa.s ign.ort~d 

in Lhe prdimina.ry RTCC desiAn !;essions of early 196.~ for a number of 

reasons. Primarily. IBJOB '(~()Hlcl not support it .. Ultimately, two soft _:'i,. 
ware sy stnms resulted with aIm! 1'; t no int~rfal.'l'. at all.'IE.JOB wa sml')dified 

to procil1( t' a sdf.('ontained. self-l()adin~ real 111110 SYBtem. B('t'ausl:' l·ar.ly 

in theH Tee development the"re;d tirl"le sys,tem w.1.,~ lllHl.Vailable and'bN:;Hl8e 

of the improv(!d efficiency of'an InJ013 cnvironm~nt fur limited t(~sting, 

an Executive simulator running llnc1('r IBJOB was.prnc\uced. 

On(~ (-,f the morp notable SYfoil(!1l1S a<,'hiev(~m(!llts was thl~ develop'ml:.~nt 

of the m"'.ster libraries. IB~DH, primarily. andto some dl'gree other 

compon('llts of rBJOH/IBSY5 Wt'l:(' nlOdifiedto P~O(.rul.~~_~~,_"t:!~.~~I,e both 
":, ....... ~~.--
'. ' . 

_bini!-.!! and symbolic maSter~H('!:-;. Th(H;C permitted th(!programm~r to 
. , 

'/' 

'. S .,.': :'~~ -',' . . ',::: , . l;' 
source programs or by combi,ning binary decks t.d prodllice anynuritber .0£:;:; 

load modllles. Toda y., 8orne1irnlta lions a r:e ob" ious - -the lade of direN 

access storage and 1 imiteci ;~'~pilndibility, ~4t at th.atti~e lhe.~esul:ts 
" . " 

gave a sighifi('ant improvement C,lv(,'r any p~,evioll~ methods [a!' buifdinA 

i :;~. 

and contrr)l1inA lar~c systems. (lnddcntal~y. th(~. nlH~d for j,\ simila.r fad,l.i,ty 

was apparently overlooked b~ tht.' OSI 360 d~signers lhtH.I.gh not by ti'le 05{3'60" 
~, ;f . '> ':.. . . !' 

impleml~nters who developed';a fH\culy idcn~lcal [~nctionas pa.~t olthe ~~~, '.:>:'. 
o ~. • .,,' .;-' r 

,:" ," ~ i • ~ , 

system. ) 
~, .. ,,: 

The R Tee 51 ,~60 C()nfil1ur;~tion: '? ' F' ig IU e 2 ill us tr ~ tt!E<.t.nt:! Hi,gc(: oruig II r~ti'~n: 

which w ill be l>pera t iona,l in }<9£) 7. The J' igid indcpend~ncco(;each7094 .,:' 

sygtem has been softened byrNlloving irOl"p tht' individgal l'oti,puters tlw, 

control units and devi~:es. B~tW(~l~1l the ch~,nnds'.a.~nd.th'e('nntl'ol Ullits,";" 

the 2911 Hemott.~ Control SWLt~hl;:-; pr'ovid~~c<.:(,'ss to p(')oled d~'v'~ct.!s. 
: J ,l" ....':." .,., '<, .t . 

. 2911 switcher.; significantly enh'lIH't' reliabilH~' by'pert~iitting~lternatt" ',;;. 

paths to iil1 r(';11 tirrw criti<.'al dt'vi( os; the"2911 $'~it<.:J"~s eliminate plug h~;rd 
conne(:ti(}lls permitting automatlc rt'iconfig;\l~atim~. 



Ea\ I, '"ml'llt.f.~1' "·YSU!1I1 IS 11l"ll/.H :d: Mod.,l ';'c;J, with t\\"\I.ml:I~.~byt., 

pri'- • .I.I.<: I.e,,) arId onl'-III(!.)i,abyll· I.CS shal·(·d C:UllClIlg iill !-iy~I('IIiS. I-:a.~h 

sys;tem has a storage ('hanner ma:inly for tram;missil)l'\ betwce.n LeS and 
.,-,' . 

primary storage, a multiplexor l hannel with sdector s.ubchan;nels for 

tapes, data cells. unit record d('vices and real ti~e transmis'sions. and,. 

a pair of selector subchannels for drums and disks. (Originally. no 

computer waf; to hav(' private, I)on- pooled direl'l a('Cl~ss dt'vices. This 

may be impra<.:tical, at lcast;ior tlH' near flitllr!!. ) 

Ea<.:h computer is equipp~d with a3l-bit CPu. l'l~gistel' for arbitrary 

intcrv,al timer lnterrupts with l(J-rnll'r()s(~cond pred~lon. The timer 

requires no st(H'age ,"ycle:; to m;, iuta in titTle. The NASA, time: standard, 

GMT. can he read dlrectly into (ore storage, i'\lso with 10-microsec(md 

precision. 

The l"Ornputer syste:ms may (:ornmuni<.:a.t~ via:the d:~re~t .Go~troi 

(',",;. 
.~ .,,' 

,,', 

or . 

feature, oy the shar(·d LeS. and with reduced rel:lponsiveness' via shared' 

storage devices beyond the Z911 switches.:, . .\ 

Clearly,RTCe has a c.ompl..lter facilitythatpertni{s each computt.'\f 
, ' 

to operatt· as an indp.pe~de~teYI:i'tf:'m by ass,igning;the p601ed devic..~es. In :,; 

the interim period bf;~tweenthe frirst RTeC;~/360'~nSlallati()nand sometirti;, 
, 'r"':-' • " 

in 1967, Model 7Ss will cop.xist with 7094sas s.tarid-alone \'oi'bputer,s. , .... 
. i: ' , . 

. simple rr:pla«~ments {or (.:ur~ent nH'l'lputt!r,.! How tho.collective MOdd75s . 
. .. . .j' 

,> ~ 

Commitment to 05/ :~60 fox: Rl'CC: With lh'e advefi'tof p'~eliminarYOS!~60 
. .' ' '.. ':',' 

literature, R TCe b(~gan to evalwlH' the conc.epts.and r~cilitiQS oft:he' future' 
c' . 

operating system. The initia,l sqrVI~y condudcd'thatQS./360~in c()l'npari'sQ'r\ 
, , ." '" , ..... . 

.. with the ((>ntemporary 1'094:· '~('al t.ime Exc.rqutiv(',';.;w()lil<l. in('~e'asir.ovel'he;ad, 
-': : 

by an unknown £actC)f. Most 'or til(' b~sk f~tnctiol1s appEH •. r~·d'.:to be 
. '~, 



.:;. 

But, mor\' imp'lrtant by fiJ.r, whatf·\,pl' problelll~ <'·r(';.dl~d by trying to 

live' with OS/ .H)O in )'\'a1 tirne. tilt' ilJt~}fniltives WPl'C unthinkilbl<~. A 
~"-

sepa.rat(~!but equal, total operatingsystern. fol' H Tee i'unt'tions could 

neither be j ~~'t"~'fi:d no"r 'f~~~~~-:'"--I:':~(j~-it~~l~-~"~ s" r~:l ~i'~'~"~~~-;~;t-"'~~qti'fr€'~ 
__ ' " .~ .•. ".~~ -.~ ........ - ____ .~ __ .. _."'~.,. ~.... ..,~,.,~, ..• _ .... _ .... ....:.-,_4 . 

ments (including the cmormous number of si~ulations) ,keep growing, the 

inability to apply excess rl,~so,ur, cs 1.0 progr~m and syst,em .c1l~vel()p~ent 

wOllld ·bf~ r.·I)mt~ .~ver 1I1()re ;u'ut(', The pH'sent dichotiHny la·tween thE' . 
environrnf'nts of the real time ~y:-ilt'm gf~m·ra.t()r (IaJOH) and the real 

time systt'm should Iwt be perpptuall·d through aU(;)th(,T te(:hnoiogical 
" 

genera.tioll. 

Th(~ \I t~ ry special izeda pplil.::r\ ti of) at H. Tee precludeS c ()mplett.'C:ov ('l'age 

by any gC!Fleralized operatingsYHt(~m (~v(m one with thE.' bask ~ultipro~;p.arrimin'g 
tools.· Thl~ optimum comprorTiis(~ would preSerV(l the maximUfn usefulne~s . 

of the OS/360 control progra'm at I"ninimuni(:ost. 'Th(:~end result of the 
,. I·' 

R TCC(~ffort would be an operating system which~otllclprovi~fi: all, 
·f . '.~! •• , .• , 

facilities of 05/360 tu the normal, or d€dalllt. user. Howeve~~ fot·:the 
. )," .. 

real time user, standard 05/360 ff':t turf' ~ W.ould be augtnenh.d'in $6:me 
1 ,! ' ~. . . 

Cal:it,1S and re.stricted in other.. On(~ cont:ro~' program VVQuld s~'ppo:tt the 
" ,., 

,two m.ode!:i of uperation ~oncu:rrt':ltly, withlhe exe.tutionmode.~s an 
:-" 

. attr ibutp ()f the job step. ri. \: 

Problems Peculiar to the R TCe 'Pl'ojec-t:the most obvic.>us A.rea where 

local .yt;tElms programming would be requi*ed is the real time inpll;t-out~·~t. 
.... '. .:. . ",:,," .. i. 

devices. No.sta.n.dard OS/36Qan:css method is ()x'pccte;dt() d"ive t~e 

tel(!viSi()n system. thn plotbo~rd, OJ' tho ot~er dev:ices:qt~the Missi,bn 
:'; 

Control Cente r. In iii ct, while sonH~ real time devices ,could be handled .. . .' . ".... . 

in normal da~a manag~~ment fashion, most~,ould not. ,ill' usag~. mo:st 

R TCC'.r(~al time dcviccs<l.re handied les:,; like stal'\dal'~data lilet voiumes 
. , .. I. . ,;t· 

than tl'\'c c«)Ilsoie tYP('writer i# OS/ ~60. 
~! 

Insie~d v£;,6ut·.usel''''':h.o control$;: 
. ',.':'" ,. . . , .' ,',. 

the data Sf't., till'rc arcmany.b!St'rs who sf~nd inforina.tioJ.1~,t() t,h~deVi·ices.:. 

~ ~:'. 
,~ : • 'J . . ' .. ':': . : '.'.,,, .. 1, :<:. 
Some st;distin; f1'oll1 the- '7094 Inlssion sl,ppo1't s~'st(,ln may.pro\'t~V)nt('r(':s.til!g;: 
While Id'ln<:h phase proc('l;sing }:itS pel'iuds. oj ('xtend('d 100% CPUlltiliz't)'tion,' 
th(' Ol'!lll phas(,~ liSt':; approximid;"ly lS%, G1'-7 l'ombinecl It!s;s than 10 r:l'1in
u~es of IaIIlH,h with two weeKs of (Jrblt. 



A numheroi othvr fUlll~tion::; al'(' less (Jhvioll::;,' IH!l'haps but <.:l'itical 

to the RTCC. The:H' funt:tions arc provided by the (,(ll'rent 7094 L'cmtrol 

program. Some of the functions :"re baskally d('velopment tools with 

little m(~i.1ning in real time sUPP\lr'tj they arfll. nonetheless, nec:essary: 

CD fail-soft facilities are r'c:c:essar),. These: may require ,closing 
:' , ~ 

of input lines and imply ii great('r monitoring capability than 

that norm;tlly given to the ('nntrol ~r()gl·am. Pra~'tkal tools 

must bt' prm'ided for, tlw pl'()bl(:l11pro~ram to delitw the 

dir~cli()~ !H'lectivt~ worK elirn,ination should lake. 

• total failur(: (collapse) of tl1(, problem prograrn S}'Sl{1m mily b(~ 

n(!c~ssary fl)T debugging, i. c •• to nnd an elusive bug. but. Callno\ 

he pCl'mittNl in Tt;!al tirn(~ ~llpport •• ' Tlwcontl'()l program mu~t 

recognize which condition ilpplic s.,' 
. '\'; 

• (1 restart proccdUremlll?t indude a:11 th('element~ tH'i:~ded{:or 

real time. 

• a st<!n.dar<i:J2..8ging ~a.cil:'ty is ncccs,sary to rt>cdrd trahsmiSsion$ 
~ __ ~ .. ___ - ___ " ' ,1. /"'.; 

.--..... " .,' 

across the real timeiintp.rface. 

• the control. prog~am.mllst rccognlz~ the :switchover condition • 
. ' 

In which thC' primary and backup~:ompute'rs inter('hAl1ge (unctioi';"., 
~.; ".' ,,"' '. , '. 

• . ::;pecializecl forms of lill1C' ('ontrolare esi.ential for o(fide~t ksqing. 

.. , 
These include adjl.list,ing tirm~ iorwa:id or backward and thca,bility./ 

to compress out 'idle. til'll!' (a 90-ml,nut<' orbit ("an witl'l'thi~~tealure' 
~ \ ':' 

be run in It''SIi than ZO millutes). \ ". \ 

A imul.ated l'\!al timeinp~'ll ,lnd output dov'ice :>lupportrrlustbe' 

provided to accomplish off line <.'he'ckoulo£ probl~'r11 programs. 
, . 

A utoma tit handling of H inl 11ta tcd data ha'sbC' ('11; a m;dnsta y, in 
. 'I . "\ 

H TCC debugging:eritir.· applications ~yster\1~'·can be dev.eloped:, 

without rcclIursc to any rt'al tim(>:~qulptri~nt .Ot:hel' than a;¢lock~,: 
, • I" ,,' '. • 

B C'C~l use lhi:; f ca. ture' i ~ ran of ·th(~ cQnt.r 01 pl'og:.r,~~, alf 
" 



-7-

1111 dlilng(~ II' ,·d b .. n1ad.· I.u Ull~ applil:alllltHi PI'I)gZ'jIlIIS wiH'1l 

taken from the Hltnulat(!c\ data (~nvi'r,onrll(lnt to real time support.· 

RTCC's Rt.·quirerTHHlls and 05/3('0 S{)luti()n9~' Thl~ natur~ 'of H Tee real 

time systems significantly differs from batch ('II' job sho,p, .prt')cessing and 

from many other r(~;d time appli,'atiol'ls. Ty.pil·ally, rEclal th'ne'data 

produces distinctly l'('petitlOus Pl~IH:('ssing CydC'ii in lheprogram i'\·ystcln. 

The duration of th(~ cycle may val'Y from severa 1. hundred n'lillis£'londs to> 

many seconds. Fr(-~qllently. a,' nl(ml>('r of prpc(\l'\:·;ing <:ycles of varying 

duration exist concllr rent! y. SUpl~ rimposed upon I and continllou~ly 

distorting the ~yclit: processing is the support fnrthe button pusher', th~. 

! NASA flight cuntrollers (and ff RTCC is anything, it is a man-rna"hine 

.. communi (:ations s.y st(~m ). 

In this environrnf.·nt the.' geography c)f core stl1l"ag(' .i8'(~0l1!!lt~ntly: 

ch;J.nging. Also, in this envirOnfllf'nt, the:- prin' {If finding and 'londing 

programs ()ften mea!:iures the r('spl)nsc of th,e sY!l;tenl. Tht" performalh'~. 

of core ;.Lllocat.iun, for example. mUl'it be i"neasul't!d not only in its utili-

zation of core storage, but in thf' ()\'('rhead extracted for th(~ service. The 

'effect of cyclic proc(:'ssing on systf'm de:;;ign will be shown Llt.er. 

BeCi'J. 11Se of the' rf~strictions III interjoh communications, each 7094 

real tinlf' system wOllld have to b(~ translated intu a single OS/360 jobst<!p. 

This pres(!rves a logical integrity, but introduC('s some problems. Pro

t(>ctlon keys and rollin/rollout as J()bstep-dep(\IHlen~ fUllctions would not 

suffice. 

Witlllll any OS/ ~II() j(Jbstcp. tl\(' baiiil l()~pl' l:' r('t'l\',:lNi in a pyranlid,l~ 

hWl'arcil j of hubtasks. At the tllp ,II tilt· pyramid is Ilw prllll,\ry :'llbta"", 

Thli; il:l !.tl'- subtask initiall:d by th,· (()nlrnl program tl) start the Jllb Sll';>, , 

HTCC bl·~'.;lll bllilding their rC;J.l 1.111\\' syst(·ms on t}H' 7n94 with a type ol 

pyramiCJili hif'l'ilrchy 1)( control. r::'qwri('IH:e :-;0011 h~d to th\! followmg 



('ullcluSl,':I; dl'pend.'lll'l>--the nl:l.:t progl";tl'n \ ... ltb SUhl"outill\' 'l.ppr,)a.d1--

rnetrically with respl.'l't to the niullbC'r of control levels. HTCC l"~solv('(l 

this problem on the 7094 systell' -; by expanding lnddinitely the number 

of tasks which might shar(~ the hlgl1l~st (:untrol It.·veol (though not Ilcces:-;arily 

pri')rity). Tltl' id(!ll!\('al ilpproill'h ;\ppeared ft· .. sibIt· \ .... ithil1 (l)r .dmost 

wit h in) t Ii ( , COli t ( ~ x tilt' OS I H~ 0 d I' :-. i g I I • 

M(JdifiUdJ(ln l.,~,~:p('ncl(:nt 'j'iISk:-.: Thl' ll>gil'.d l'ondllsi(lll was a new 

typl~ of L1Sk--an indt'[)cndt:nt ta:-.k .• \ number llf .lttributl's v,,'ere defilh'd 

to clistingllish an independent til:-.k fro1'n a con\.'l-ntional task. An indepf·n-

dent has a name. which is the nitll1l' ofa task and not the name of a 

program initiating fhe task. All illdependent task l11il.y ha','t' subtasks, bllt 

is not a !,;ljbta!';k of illlY othl~r las\., An indcpenr\t'nt task hasa unique 

protect \<'·Y. Sh;lrf>d with any r"\;tll,d s\lbt;\sks, An inciep<'>I1<j,'nt task may 

return frum its hight"st level to tlw ,'ontrol program without abandoning 

all,?cqlllrcd r«,sour«~~ ~()t<;L.!>._l,L s\lbpool storagl·. This dC'fines a new 

conditil)!', of a task. 'lI1iqu~ to illdl'p('nd~'nt tasks. th(' conditioll of being cior-

manto 'Illi sis the normal statt' of (In in<.if>pendC"ut ta.sk whidl handles 
c. 

('ycli\t pr()('e!;!'>ing when th<.· cyd(' IS temporarily idle. 

The !~ of tl1l' indep(~ndellf ti(-;k is in eifPt,t a s e rial I y reusablE' 

resourCt', OrH'e a (Hnled task hit's initiat('d pl'c)(.:essing. that task may 

not ngaill be initiat.NI until it has 1"\·1 inqllished l'ontrnl frol1l its highest 

control il'\' el. 

All IlIcl<'p('ndent \;lsk Citnnot Ill' ilttat:IH'd as ilr(' sll!:Jtas!,s: an indepl·:'. 

dent tas~: is initiall'd ,IS /::iIJI)I1 a~ prillrity pt~rmits ai'tt'r a ",,'rk t'ntry h,l:O: 

bef'n pl;u d,! in the qUI'\I{! fur thf' ,t;\ "k. The dinll'llsional ch.lra,ctcristic 
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('nlrlCb t" be -"Ivt'd r!1!rlrq~ it cyl ,", Ba"kluggc'd "'IHk 11(~v.'r ,h(II'I':-l !lll 

t'lS~·. 1-::-" "5:-. d;lLI I"~ di!:ll ;lrd,·d. C"l't.lillly, Il.d :dl <I,lta I" dis," rdidd", 

But Inlll il IS. And \vht'n ;1 systelll IS in danger III Sl'\'vl'e l.l\'I·dOild. nHI, h 

nHHe is. 

Finally. an ind(~pendent t.-'lsk's priority is ~ll\ attribut(, I)f the work 

QU('lle fOnt ry. This IJriority need !lot be Tl~lat(·d to th(' priol·it.y of the 

entry's (')rigill;ttor. 

With priority. HTCC requil"'s tIl(' fdcility It I ch-tine alld modify ~i1)lJ:!ly 

all of tl1f' pri()ritil'~ <If a ~ysteln. Thi£ IS consltk-rcd an dnalyst's probll·m 

and should be Indt.~pt·ndcnt of tlH' ,'ud!"' using tilt' priorities. A suilltion 

probably will n:suit. In symbolic prioriti<:':-i bpillg llsed in tlw COdl- ii,nd 

tables provided to translate the symbols into ,",dlles. Dependent tasks. 

or subta"ks~ use standard 05/ ~60 priorities. For any family of lask:-" 

un mdep"ndent task I1H1St I~xist ;it UH' highest l'olltrol It'vel .lnd its prit1rity 

applies t,) subtasks in the norrll;d OS/360 fl'lalllwr. The indt~pendt.·nt ta~k 

is the budding blot'i< fur the RTCC real time systemti. In fad. in th(' 

real tinH' mode. a sl.1btask liter"lly can't get started without one. 

The independent. task--ont-,,: ddincd--providcs the nCC('8sary facility 

for data ),()uting. a facility of tlrl' ('urrent 7094 control pro,~ram. 

Modification l. Dat.l Roul.!!!.s: On the current 7094 Hy~tem::;. real tinH~ 

input arrives In nlany cases multiplexed bym"::;sa~e nn a physical lin('. 

Thc,! ml's';;q.~('s whic!l shal'U th(.' llllV lle<,'d not lw Ingil';dly rd.lted ;lnd ~>ft(-ll 

al",· not. Ea<'11 prnhl('J'll progr;l/l~ tl) rect·ive 1'('<11 tin 1(' inplll defilll'S $t'l~-~'ti()n 

<.rileriiL whil'h can lci('ntify uniq .. dy the lIH~ssa~l's l"'quirl'd by thdt pr\)bl,.~p, 

prugruni. Wrwn a. r";.d tlllle illpql nll!SSjl~e ill'l'l\ e'$. the llllltr<..)l prO~ral\'l 

(!xl.Llnill(·~> th(~ tielc<..llon cl'Ilcria tu c!t'lCrllline \"hieh. it any. pro~l'an~~ ;. I"e 

to l'(~c('i\ (' thl! mesHages. Addiljun;d Cadliti(':-> avail.\ble d r\': 
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!-i{~C()IHI~ with as rnany 11l1~Hf>a.gl·S as havc' arrived, ,'ven If nOIlV 

have." 

• time out--" place an Clll ry In the queuc after five tlll'ssages or 

."> seconds, whichever (jCCllrs first." 

For the RTCC rnodifivd OS! ~60 systt'm, \>I11y indppendvnt ta:-ks may 

receive r()utf.'d data. ConseqlH'lllly, the \'ontrul program is sin1ply aUl>ther 

OrlginatlH in!:>('rting an entry In <In IIHi<'p('ndcnt taskls work queul', 

Control of real time Input i~ mdintain(~d by tht> l:l.lntrol progr;lm, An 

indcpendl'nt tasktH name i!-i SpCl iflvd with the '"(lIlting information. TIlt' 

task is involvf·d only when work has been identified for it. 

Modification '30 . Data Tabl(~s: An additional rt~qllirement eXists for a 

simple, dfkicnt m('thod of handling relatively small data S('ts. Thi::; Wd.S 

resolved by slight ulociifications to the pill·titiuned data set facility. 

Libraries for real time wuuld Cllllsisl of programs and dalil. tabh~::; as 

member s. Like the program s, the data table s would be d imens ionall y 

static durmg the job!itep to permit In-place updating. Data tables could 

conta.in Initial valu(!.~ or Z('ros prtor to t'X('cuti(.1I1 of t.he jobstep. Slight 

modiikations to tll(: basic: LOAD <lnd DELETE macro-inslrllction::; would 

permit h.llldling datil tabl(,s as lCJgical cxtl'nsiulls of sllbpool storage, ~hared 

belwe(~n 11H\cpl'ndent tasks. Wn.tc. ~Ind Tvad faC'iliti(':'; wOllld permit using 

data tabic·s with silllple (b;lsil'allv HDAJvl) a.cll'ssin!4 wilho'll DCB~, OPEN's, . . , 

DD !itat{'rnent::; and the lik,'. L,,\ king facilities v./Ould resol\-c by serial:-

zation all)' conilicts in concurr{:nt llsage. 

Th(~ libraries--data tables ;\lld programH--would havt~ recei .. ;ed auto

matic s(~r\'icing by virtue of an Wfl;IB statenwnt, ('ssent1311y liftt~d frl.>I'l: 

the JOB J ,IB ( oncept. 
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climatical. Independent tasks, ,.Iata rOllting alld data tablvs are the 

essentials. Howevf>r, other problenls n1ust be !:;olveci. 

Enqu(·ue ;ind dequeue facilities need to b(' provided where the resource 

is represented by it name, rathl'r thana core location SilH'l' indE.'pendent 

tasks do ilut share core lo('atioll!':o. 

The lOr(~ allocation a.lgorilh r1 will have tu I'll' modified for R I'CCo 

The l:ycll< natllre of the proc(·:-;..; Ill).; ,df<'l'ts tlH' ('hoil't' ui whlvh pr\lgr,ul1 

to overl'iy wh(!n r00111 is Ill!cdedo 

RaHitl/rullout 11l1lSt be solvl,d another way. HTCCls experience with 

rollout has been that recovery fro/11 it is a sometimes thing with low 

probabilities. On the 7094 SYStl'I11S it was simpler to prev('nt rollout 

than to n' cove r. 

A facility for handling sourn' and It'xt librade$ and lIsing th()se in 

normal development work simila r tf) the 7094 fadlity (and ATP) is being 

developed. 

Two copies of the square ruut, cosine, etl'., subroutines are too rnany; 

a LINK to these is tooinefficient. A l"ompromisc' is bl'ing developed. 

A m(,thod of handling appli, ,tllOI1S systerhs pararn(·ters is nel'cied tt) 

allowmllllipl(· programs1o refpl"Vlll'l.! th(' correct Clllorcnt value of criti("a.l 

parameter's, for exanlpl~, capsllie weight. 

Dir(~( tories, or subsets 'of dl10enori('s, will be maintained in cort;' to 

reduce tJ1(' tillle for program {etch. 

UndClI!btedly, other prublt'l11:-\ drt' waiting to b(~ discovt·r·,·d. We ha\'(' 

only beglJn. Bilt RTCC is coni'icil'nt that a highly respunsi\'l' real timt~ 

system aile! OS/.360 I an--mor(.! (It' JI':';S compatlbly--live tog(·ther and Lkt~ it. 
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