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The Real Time Computer Complex: The Rc"all'I‘ime-‘ Computer Complex

(RTCC) at Houston, Texas, ié the NASA's ground Vs‘hupport computing and ) L
data processing center for manned space flight. RTCC's prirﬁary respm'x-‘{;»’"
sibility is to ‘providv rcal Limle information ‘f‘or misgsion control. But this ‘.“
»r‘olc entails many additional §upporting taskrs: constant program system

development; training of pcArSOnnc'l for simu"lat.ion exercises and fhght

S b et g e e

support providing and operating computor-dru en dxa;qnostu,s for RTCC

‘and’ Mlssum Control Center equipment,

The RTCC ProgrammmiSystems' In genoral chch NASA mission, e.g., "
‘IGT—G,' GT-7, etc., rcquir(' three real time sy stems. The Mi-ésion
_Operation:ﬂ Sy«atem (MOS) has approxxmdtoly three quarterq oi a mzlhon o
.‘WOrds of mstructwns and data, with a nussxon to -mission carryover
- of about 30 per cent, The trackm;., network sxmula.tmn sybtem (DYNAMIC)
has about a hundred thousand worc!a The Slmul.nion Chec kout and Tram-‘ :
mg Systf-m (SCATS) has about twn hundrod thousand words. ~ The two
‘simulation systems have a ca.rrynvor of about 65 per tent | .
Seveml other real time sybtoms are avaxlable for misc ollaneous
support functions. | : |

All of the RTCC rea.l txme systems operatv under a. common Exef:utwe
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Control Program. Howevor. each system reqmres a deduated computer

system, _ : : l

Approximately one-half of the mathematics .md related iogxc of the
real time syslvms 1S reprosemvd by FOR I‘RAN «odv ~If more computor )
capacity wc-re ;waxldhlc, or 1{ the compxlvr mduc. ed pcnalt\ m object

:»‘~

_.eff;uem.y c.ould be ehmmMed, maore prohlem nriented code would be used;

‘Missions becume increasingly « nmple%. The xmtml 5/360 RTCC, syste ki
may be expected to double the sizes given here. 3



All of the program preparation and some of the pragr.‘un and sub-
system testing is supported by a xvmighfn L«L‘fﬁl””n of IRSYS/IBJOB.
Individual programs (now c.alled coad moclulcs)nc~orro.~apond to IBJOBs.
These arc collected by an ext_ens‘ively-mod‘iﬁed IBLDR -Editor which

produces the 1ea1 txmo system Y.lpc'; 8 ~ : ' ‘ o v

The RTCC 7094 Hardwaro (Jonlu_urdtxon The ('ux.'(rcnt. ﬁTCC hardware _
configuration is illustrated functionally in Figuro ‘fl. The Sysiem Sevloct.o;:""“”
Unit '(SSU) ig¢ a plug board switch'lnm and p‘rov ided. the linkipe between '
the real-time I/0O devices and the 7094 systems, “"[‘hc SSU vonnections
endow a computer system with a functional assignline1xt. The 8SU is
transparent (non-programmabler) to the con"uputer ‘éysterh and, while
some limited dynamic functid:n exchange is possible, the SSU is essehtiafﬁf“ '
a static device., No condesqéhsion is intené‘ed. The SSU has rserve'd its
intended function well. | ' | ‘
Each of the five computmg rystems ise an wlcntual, }mdependont
- 7094-11 system. Each system hus a modxftgd relocate and protect
feature that permits direct addromsing thrd‘ughont’“ the bSK of primary ‘
memory. The 2361-Large C;p.u ity Storage (LCS). provxdes a. relatively
large (524K words), fast (Z‘SOK words/second) auxumry storage acces- :“_
sible through a 7044 -type data channel (7&86) Output to the television .
dxsplay system is transmxttod through the SSU by direct data on a 7286 P
‘channel, Other real txme information is transmu;ted thrcugh the SSU
over subchannols of the 7281 Data C ommunica tums Channel
For mission support, the NASA relxabxhtv requxrements are aatxshed -
by fully duplexing systems: the mission (‘omputor has an m\medmte batkup
always available. " | | |

'

Some Considerations of‘:t'hv Curront RTCC:: ’l‘ht‘f"zﬁhajr}r 'Proh[é‘ms' of the "

current R IC(, hardw,xre are gem mlly thv‘hmlmnons of the 7094 ayatems--,

no expandibility, Ih(, total SYblt m reflec ra thn.wc hmxtatums. Wxt;hm the
| s

"
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mulupr«»u amnung covironment, dynamic storage xn anageiient and devicae s
R A SO

allocation are, of course, provided, as is secondary storn\\,o alln«.atum.
~but a truc resource Sharing_\a"ln rrmltitaskiné/multi_jubbing was ignored
in the preliminary RTCC design sessions of ‘earlyj’ 1963 for a number of 3
feasgns‘ Primarily, IBJOB fcould not support it.’ Ultirhatoly, two soft-
ware systems resulted with alme st no interfagu at all., "IBJOB wasmodifi?d
to produc e a sclf-contained, self-loading real time system. Because carly
in the R TCC development the. reil time system was unavailable and"bm:mx;‘ae
of the iniproved efficiency of an IBJOB environment for limited testir&g.

an Executive simulator running under IBJOB was produced,

One of the more notable systems achievements was the development }

of the master libraries, IBLDR, primarily, and to some degree other

. componcnts of IBJOB/IBSYS were modified to Lroduu- and handle both

P—— e,

Mand symbolu master £11<'» Ihosc pernnttcd the pro@‘rammer to

EETN

construct real time tapes for ex«-umon by symbolxc alterb to catdlcged

source programs or by combimm, bmary decks to’ produce any number of '5:;;
load moriules. Today, some. hmxt.mons are obvxous-«t.he lack of dxrec

access storage and limited exp.mdxbxlxty. but at that txme the results

gave a significant improvement over any prevmu mc-thods for buxldm;.,

and controlling large aystcms. (Im xclent.nlly. tho xwvd for a similar fd& 111ty
was apparently overlooked by thv 085/360 designers though not by the OS/360 S
implementers who developcd-l,_a nearly dent»i‘_cal f\x;nctxon_ as pzujt of the A I‘R ?

i

system. )

AN

The RTCC S/ 360 Configuration: Figure & Lllust.rdtoﬂ the R I‘CC Lonfxg.ur, tmr‘j
which will be vperational in 19(1.. The rigid mdopendche 01 each 7094 st
~system has buen s,ufu-ned by rt‘movm), trum the mdwxdual Lomputers rhe'

control units and devlc‘('s. Bet\u on the ¢ ha.nm-la a.nd the umtrol umts.

the &911 Remote Control Sw:tchm'provzdo aC(t $8 to pooled dev;cus. Thi
2911 swm hes sxgmfuantly enhance relmb\ht) hv pernuttmu a.lternate |
“paths to all real time critical devices; the 2911 swxuhos eliminate plug hoarct“;

S connections permitting automatu re confx;.,uralmn.



Fadch compater wysteno s identicals Model 78], with twoemepabyte
Cprivate [LOS and oxw-nmguhytﬁ(" LGS shared iimnng all systems,  Mach
system has a storage channel mainly for transmission betwceﬁ LCS and
primary storage, a multiplexor channel with sc:lé;;tor s.ubchan;nels for
tapes, data cells, unit record devices and real tirﬁe trahsmissions.g and
a pair of selectof subchannels for drums and disks. (Origina.lly, no
computer was to have private, non-pooled direct access devices. This
may be impractical, atleast for the near future,) |

Each computer is equipped with a 32-bit CPU register for arbitrary
interval timer interrupts with lu-mu‘rr)s«rconﬂ prgcimoh. The timer
- requires no storage vycles to miintain time, The NASA time standard,
GMT, can he read directly into corc storage, also with l()—m';xcrosecond
precision. v | v ’ |

The computer systems rﬁay c:ozruﬁuniééﬁte v'm'the df‘ir'ect cbhtroi
feature, by the sharced LCS and with reduced responbwene s via sharcd
stora.ge devices beyond the 2911 switches.

Clearly, RTCC has a Lomputer facxhty that pe;rzmts each computer
to operate as an mde-pehdent system by assxgnmg Lhe pooled devu es, Inv .
the interim punod between the first RTCC S/300 mstallatmn and sometzme :
in 1967, Model 75s will coexist with 70945 as sland-d.lone xomputers. '
~simple rr~placomems for current (‘()mput('r-'s. How the. collutive Modc*l 759’
will operite as multnprocessors in 1967 is currontly in the plannmg sta e.'_"
One fundamental consxdemtxon in these plans is the dequ'e to retam quxn»._'
cient compatibility with OS/360 as it evolves. o 1 2

Commitment to OS/ 360 for RTCC: With the advnnt of prehmmarv os/ %bO

literature, R I’CC began to evalu.m- the concepts and facnnn,s of the futur e
operating qy«stc-m.‘ The initial survey concluded that 08/360 m compamson '
with the contcmpomry 7094 rmi time chutxvo.’ would inc rease overhead ‘

by an unknown factor. Mo t of the basic flmctmns appea.red to be there '




But, more important by far, whatever problems created by trying to

“live with OS8/360 in real time, the alternatives were unthinkable, A

separatc, but equal, total operating system : for R TCQ ium Lmns could

s

ne:ther bc _]llStlfled nor funded In addition, as real time support reqmre-

‘ments {inc ludmg the enormoub numbcmr of =;1mulatxons) keep growing, the

inability to apply excess resources to program and system dcvelopment
would become ever more .uut.o.  The present dichotomy between the
environments of the real time sy..stum gencrator (IBJOR) and the real
time system should not be perpetuated throﬁgh anether ;echno}ogical
generatmn. l |

The very specialized rxpplurmnn at R'I‘CC precludcs complew cow-rage
by any generalized operating system even one with the basic multxpro;.,mmmmg
tools. The optimum comprofnisvr would preserve the rﬁaximuﬁi usefulnesjs;‘
of the OS/360 control program at minimum. cost. "Tho ie’nd res\zlt of the -
RTCC vffort would be an operatm;_ system whu h would provxde all “

facilities of OS/360 to the nor.mal or dc»f.mlt, user. Howcvot. for the k

real time user, standard OS/3()0 features wcmld be augmentvd in some

cases and restricted in others. Onc ccmtrol program would .».upport these

two modes of operation cancurrv nly, with- the executxon ‘mode: as a.n

‘attribute of the job step. ,

]
' .

Problems Peculiar to the RTCC‘ Project: 'fhe most obvious area where

local systems programming woulrl be reqmted is the real ume mput-output o
dewces. No. standard OS/360 access method 15 cxpected to dnve t.he
television system, the plotboard or the ather devices of the stawn »
Control Center. In fact, while some real tzme devxcea c0uld be handlsd SN
in normdl data management fabhmn, most ¢ould not. In usng,e. most

RTCC real time devices are handlod less lzke ~~mndard dam -et \olume

than the cunsole typvwntcr in OS/ 360, Ins‘;gad‘ of one vuser w,ho,contro;s

the data sct, there are mahy."‘hsv rs who send infoi'ma_t‘i(‘)xﬂ't_:"“tofhe devxcea

we
b4

Some stitistics from the 7094 mission support s?stcm vma'y_;prov(:'f"‘,imor‘éfst“ing;:y
While launch phase processing his pm‘iuds of oxtended 100% CPU utilization,
the orbit phase usces .1pproxmmt: v 25%. GT-7 combined less than 10 min-
uates of launch with two weeks of orbit. ' ' dan



.

A number of other functions are less obvious, perhaps but critical

to the RTCC. These functions are provided by the current 7094 control

program. Some of the functions i.re basically dc‘\'elopmenl tools with

little. meaning in real time supporL they are, nonetholeas. necessary:

(]

fail-soft facilities are recessary, ’Ihcqe ‘may require closmg
of input lines and imply 4 greater momtormg ca»pabxlxty than
that normally given to the control program. Practical tools

must be provided for the problem program to define the

direction selective work climination should take.

total failure (collapse) of the problem program system may be
necessary for debugging, i.e., to find nn.elusive buy, but cannmi:
be permitted in real time support.  The control program must |
recognize which condition .xppllc%.?: , ( k |

a4 restart procedure. must include all the elcments ne eded for

rcal time.

across the real txme interface, " , }
the control program must reco:.,mze the sw1uh0ver condluon.

in which the prlmary and backup (omputers mterchange tum.txoxr's.

-specialized forms ui time cantrol are essential for cfficient tcsqmg.

These include ad_]\.lsllnp,, time forward or backward .md the abxluy
to compress out xdle time (a 90-minutu orbxt can thh thxs ieamre
be run in less than 20 minutes), o . !
simulated rcal time inpim and outp&t de\{'i’ce supkpu,rt .'n;ust‘ gé'
provided to accomplish off line che‘ckomk‘of pr,obh-m érégr'ams.
Automatic lmndlmg of simulated data has beena mamstay in _
RTCC debu;;,mg entu T appluauons svstem: can be dev eloped

w1thout recourse to an\ real time. equxpmeul othex than a clo;k

Because this fcature; is part of tho control pros.,rarn. all



anplications systems car une the service,  And more important,
na change need be made to the A}‘;)’.ic;\tlnn‘i progrians when
tiken from the simulated data env 1ronmont to real time .suppor

RTCC's Requirements and OS/ 360 Solutmns. The nature of RTCC real

time systems significantly differs from batch or job shop processing and
from many other real time appli-ations, prually, real time'data
produces rhstmct.ly u-petztxous processing L.Ytl("a in the program system,
The duration of the cycle may vary from several hundred millisec oncl:, toff
many seconds. Frequently, a number of processing cycles of varym&, ‘k
duration exist concurrently, Supurimposed upon, and continuously
‘distovrting the cyclic processing 1s the support for the button pusher, the
'NASA flight countrollers (and if RTCC is any’it;hing. _'it is a man-machine
communications system), | : |

In this environment the gengmphy of tore z-.mrng‘c‘ xs umsfantly
changing. Also, in this environment, the price of fmclmg and Ioadmg
programs often measures the responsce of the BYS stem. The performance
of core allocation, for example, must be measured not only iﬁ its utili-
zation of core storage, but in the overhead extracted for the service, The
‘e[fect‘ of cyclic processing on system design will be shown liter.

Because of the restrictions i interjob communications, each 7094
real time system would have to be translated into a single OS/360 jobstep
This preserves a logical intcgrit-'—y, but introduces some problems. Pro-
tection keys and rollin/rollout as jobstep-dependent functions would not
suffice,

Within any OS/ 360 jobstep, the basic logie 1 retlected ina pyramadal
hicrarch, of subtasks., At the top of the pyramul is the primary sabtasx,
This 18 the subtask mnitiated by the control program to star: Lhé Jub steno
RTCC bepan building their real tiine systems on the 7094 with a type of

pyramidai hierarchy of control. Fxperience soon led to the following
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conclusion: dependence--the nicn program with subroutine approach- -

is invaluable for relatively small functions, A< sive and complexity
increasec, the difficulties in communication and control increase geo-
metrically with respect to the nimber of control levels. RTCC resolved
this problem on the 7094 systen s by expanding indefinitely the number

of tasks which might share the highest control tevel (though not necessarily
priority). The identical approiach appeared feasible within (or almost
within) the context of OS/360 design,

Modification |, Independent Tasks: The logical conclusion was a new

type of tusk--an independent task., A number ol attributes were definced
to distinguish an independent task from a conventional task. An indepcn-

dent has 4 name, which is the ninme of a task and not the name of a

———

program initiating the task. An independent task may have subtasks, but
is not a sabtask of any other tasl;. An independent task has a unique
protect key, shared with any related subtasks, An independent task may
return from its highest level to the control program without abandoning

all acquired resources, pg__tq.Rl_):msubpool storape.  This defines a new
condition of a task, nnique t:o ind:-p('rvxd(.-nt tasks, the condition of being dor-
mant, ‘This is the normal state of an independent task which handles
('y(tli‘é processing when the cycle 15 temporarily idle.

The name of the indepéndcnt task is in effect a scrially reusable
resource. Once a named task has initiated processing, that task may
not again be initiated until it has rclinqui‘shed control from its highest
control level,

An independent task cannot be attached as are subtasks: an indepuen-
dent task is initiated as soon as priority permits after a work entry has
been pliaced in the queue for the task,  The dimensional characteristic
of this poene provides a handle for introdncing fail-soft techniques., For

instance, an independent task processing cyclic input may permit no



entries toobe saved duaring a cyoen Backlogged work never hokes this

task.  Fxcess dats oo discarded. Cortainly, not adl data s discardabl.o,
But much s, And when a system s in danger of severe overload, mudh
more is,

Finally, an independent task's priority is an attribute of the work
queue entry, This priority need not be rolatod to the priorvity of the
entry's originator.

With priority, RI'CC requircs the facility to detine and modify simply
all of the priorities of a system. This is considered an analyst's problem
and should be independent of the code using the priorities. A solution
probably will result in symbolic priorities being used in the code and
tables provided to translate the symbols into values. Dependent tasks,

or subtasks, use standard OS/ 360 priorities, For any family of tasks,

an independent task must exist ot the highest control level and its priority
applies to subtasks in the normil OS/360 manner, The independent task
is the building block for the RTCC real timé systems., In fact, in the
real time mode, a subtask liter.lly can't get started without one,

The independent task--once defined--provides the necessary facility
for data routing, a facility of the current 7094 control program,

Modification 2. Data Routing: On the current 7094 systems, real time

input arrives 1In many cascs muitlplexed by message on a physical line,

The messages which share the line need not be logivally related and often
are not., Each problem program to receive real time input defines selection
criteria which can dentify uniquely the messages required by that problem
prograni, When a real tune inpat message arrives, the control program
examines the sclection criterin to determine which, if any, programs o re

to receive the messages., Additional facilities available are:



® bafferig--"acoummulate five messages before plivcang an entry
in the queae,

e time-relatedness-="place an entry in the guene oy ery . 5

seconds with as many messages as have arrived, even 1if none
have. '

® time out--'""place an entry in the q.ueuo after five messages or

.5 seconds, whichever occurs first,"

For the RTCC modificd OS/ 360 systemn, only independent tasks may
receive routed data. Consequently, the control program is simply another
originator inserting an entry in «n independent task's work queue,

Control of real time input 1> maintained by the control program., An
independent task's name is specified with the routing information.  The

task is involved only when work has been identified for it.

Modification 3. Data Tables: An additional requirement exists for a

simple, cfficient method of handling relatively small data sets. This was
resolved by shight modifications to the partitioned data set facility,
Libraries for real time would cunsist of programs and data tables as
members. Like the programs, the data tables would be dimensionally
static during the jobstep to permit in-place updating. Data tables could
contain wnitial values or zeros prior to execution of the jobstep., Slight |
modifications to the basic LOAD and DELETE macro-instructions would
permit handling data tables as logical extensions of subpool storage, shared
between ndependent tasks, Write and read facilities would permit using
data tables with simple (b:xsiv;':l]ly BDAM) accessing without DCBs, OPENSs,
DD statcinents and the like, l,n:; king facilities would resolye by seriali-
zation any conilicts in concurrent usage.

The libraries--data tables and programs--would have received auto-
matic scrvicing by virtue of an R TLIB statement, essentially lifted from:

the JOBI.IB concept.
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Misceliancous Moditications to ©S/360:0  After the "nunor'” moditicationa

to OS/ 360 already specified, RTCC's other plans are somewhat anti-
climatical. Independent tasks, .lata routing and data tables are the .
essentials. However, other problems must be solved,

Enqueue and dequeue facilities need to be provided where the resource
is represcnted by a name, rather than a core location since independent
tasks do not share core locations.

- The vore allocation algorith n will have to be modified for R I'CC.
The cyclic nature of the processimg «ffects the choilce of which program
to overliy when roomn is needed,

Rollin/rollout must be solved another way., RTCC's experience with
rollout has been that recovery from it is a sometimes thing with low
probabilities. On the 7094 systems it was simipler to prevent rollout
than to recover,

A facility for handling source and text libraries and using these in
normal development work similar to the 7094 facility (and ATP) is being
developed.

Two copies of the squa;'e root, cosine, etc., subroutines are too many;
~a LINK to these is tovinefficient. A compromise is being developed. B

A mecthod of handling applications systems parameters is necded to
allow multiple programs %0 refercence the correct current value of critical
parametcrs, for example, capsule weight.

Directories, or subsets of directories, will be maintained in core to
reduce the time for program fetch,

Undoubtedly, other problems are waiting to be discovered., We have
only begun. But RTCC is confident that a highly responsive real time

system and OS/360 can--more or less compatibly--live together and like it.
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