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Irm the earls sixties the 10 called mini-comruter

haéﬁnot emerged and there was no commercial
cowéuter suitabie for use in the Arollo mission.
Moéiiof ﬁhe technologies that were eventuslly used
ingiﬁé Arollo comruter were Just emerdging from
reéeéfeh and develorment efforts. The desisn was
maigiy 8 task of fitting'tha}components together in
ovder to meet the mission recuirements fTor

comeutational caracity and mirmizturization.

From Polaris to Arollo

Previous serosrace computers greatly influenced the
develormernt of the Arollo Guidance Comruters The
demands that were slasced on these comruters
rrovided the motivation to mimiasturize andg develos
semiconductors. The MIT Instrumentation Laby now
called Charles Stark lrarer Laby had the
resronsibility for the desisn of the comruters used

in tihe Folarisy Foseicdony snd arollo erograms. The
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lab’s firet signiticant venture dirmto the field of
digital comeruting was Tor Folarisy a verw small
ballistic missile launched from 8 submarine, A
srecial srurrose digital comruter was desigrned Lo
Boiva tie specific eauations reauired for the
guidance angd control swstem based on analos
techrnicues originslly develored biw the Navw, With
the need Tor increased scouracy the Navy decided to
9T:Y) giﬁital techriaues for the Folaris srogramsy
resulting in the construction of 3 wired-erosram
srecisl rurrose comruter Lo solve bthe suidance and
cortral ecuationss Irn 1959 the first version of
this swustemr called the Mark 1, Tlew in & Folaris
missile, It was the first guided flight of @
balligtic missile flown with am on bozsed digital
computer sroviading the guidsnce and comtrol
comrutations., The comruter oocusied about
four~tenths of &8 cubic fooly weisghed 26 soundsy andd
consumend 80 watts., Even before this first guided
flight desidgns were being exsrlored which would
reduce the size and improve the maintasinsbilitye of
the sestem, The new desigrny eventuzlly desigrated
Mark 2y rereated the mrchiteétuve anct lagic design
with imsrovements in circuits and sackaging,

I Augusty 19461 when NASA contracted the
Laboratory Lo develor the aArollo suidancey

mavigations and control sustemy the mission and its




The Arollo Guidarce Comruter Fade 3

hardware was defimed in onls very broad terms. A
gareral rurrose digital computer would be recuired
to handle the dats end comeutstionsl needs of the
sracecraft, Therefore g srecial arvangement of
dissrlag and controls would bhe necesssrw Tor
in-flight orerstions.

The bhoost shase of the missiorny which was the
Saturn swetemy had its own internsl suidance swslaem
to sut the command and service module irn tramslunar
traJectore. Then the Arollo swstem took over to
guice the mission to the moon.

Im effects navigelting in srace is bLhe same &%
mavigating on Earth. One might take s star sighbting
with a8 sextart., That irnformstion dg =ut into the
comeuter and from it the staste vectory i.es tLhe
rosibtion and velocits of Lhe wmissile &t anw roint
of times is comeuted, The comruter orients Lhe
miseile such that the chanse inm velocitw will cause
the state vactov to be udsted o the missile will
free-fall into the targeted woint, While it is
Lhrustings the guidance swstem must cortrol the
attitude of the vehicley the magriitude of the
thrust in the case of the Lunasr Excursion Module
(LEMYs and the directiorn of the thrust in the case

of the Command and Service module,

Design Constraints
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Initiallyy the rmeed for & verw relisble comsuter
with sigrificart comerutstionsl caracitw and sreed
was clear. The desigrn constraints included verw
limited sizer weisghty and rower consumstiorn, I the
desigrers had known then what thew lesrned later
ar had a8 comrlete set of srecifications been
available s& might be exwrected in todauw’s
environmenty they would srobasbley have concluded
that there was ro solution with the techrnolosae of
the early sixties.

Fatablishing interface requirements was &
morumental task. The astronsut interface was one of
these, In 19462y comruters were not considered user
friendly, Heasted debstes asrose over the nature of
the comeruter disrlavs, One factiony which usualle
imeluded the astromautsy ardgued that meters and
digls were necessary, Lodgicallws the rressure for
digital disrlavs won most of the srduments because
of their dgrester flexibility ir the limited ares
zllowed for & control sarmel. In late 1963y as the
reauirements Tor the LEM were bheing firmed ury NASA
decided to wse identical suidance comruters in both
the command module and the LEM.

Im the early marnned orbital missions before
Aralloy NASA learrned that the human animaly
confined in 8 seacecraltt for & week oOr so0r was Pot

sy clean a3 might bhe exrected from observablions on
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Esrths This additional constraint had 3 rather
interesting and far-reaching imeact on the
mechénicél design of the comruters and other
haranre. All electrical connections and metallic
surfaces had to be corrosive registant and even
théugh the comruter was designed to have slussHable

modulesy everwthing had to be hermetically sealed.

The Surrliers

By the end of 19462y NASA selected three
contractors! Gerneral Motors’ AC Srarkrlug Division
for the inertial swstems asnd swstem intesgrations
Rawtheorny Sudbure Nivisionr for the comrputer and
comeuter testicg eauirments Kollsmarn Instrument for
the ortical swstemsi Norvth Americarn Aviation for
the command and service moduled and Grumman
Ai%eraft for the Lurmar Excursion Module.

In late 1959 and 1960 the lab bedsrn evaluslting
gsemiconductorsy rurchased st $1,000 each from Tewxas
Ingtruments., vRaliabilitur ower consumFtions noise
gernerationy and neoise suscertability wére the srime
subdects of concern in the wse of intesrated
cireuits inm the AGC. The rerformance of these units
under evaluation was sufficient to Justifw their
exclusive use in rlace of the core tramsistor logic
rrorosed initizlly for the Arollo srrodect desisbn.

The micrologic version of the Arollo comruter was
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constructed and tested inm mid 1962 to discover the
#raoblems that the cirouwiteg might exhibit when used
in lardge rnumbers, Fimallwgr in 1964 Fhilco-Ford was
choser to suerrly the intedrsted circuits used in
the srototure comruter that orerated in Februarw
1965, These cost arrrodimatelay < each.

.
Srecifications

Arrroximately one cubic foot had beern azllocsted
i the command module for the comruter, The first
rrototure was orerating in the sering of 1964 and
wtilized the wire wra g modular welded cordwood
comgtruction which had been sroduced for the
Folaris srogram, It was desidgned to havelwluﬁﬁable
traws with room for srare Lravs.

Simce the clock in the comeruter was the srime
source of timer it had to bhe accurate Lo within 2
few rarts rer million, The dats ard irmstruction
words in the memorwy were 19 hite slus saritwu. lats
was rerresented as l4-hilt binsry words elus the
sign bit. TNouble srecision orerations were rrovided
to surrly 2B-bit comrutstions. The inmstruction word
contained the address and oreration codes for the
cometer oreration. The memore zdodress fieid was
extended by ordanizing the memorw in banks.

The AGC had 2+.000 15-bit words of erasble core

memory ang started with 12000 words of read-only
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memorgy called rore memorw, It was auicly urdraded
to 24,000 words, Then by mic-1964y when the first
misgion Frogram reauirements had been conceived and
doeuméntedv there was incressing concern ashout thg
Ty : N !

rossible insufficiencue of the memorw. This srometed

a further ewxransion to I6y000 words,

Design and use of the console

A displas‘and kevhoard was develored Tor the
astronauts asnd had the desisgnation NAKY (sronounced
"*Diskew®), Functionallws the DSKY was an intedral
Part“bf the comrutery and two were mounted remotelw
and orerated tLhrousgh the discrete interface
ecireuits, Ome was for a sitling rosition and
another one rear the entrwy to the LEMy converient
for a2 reclining rosition, The erinciele part of
the OSKY digrlaw waes 3 set of three mumeric light
registers, Ezch redgister contaimed 3 decimal digits
consisting of sedgmented elemhrolumine%cent Lights.
Five decimal digits were used so thst & comegter
ward of 15 bits could be disrlaged in either
decimal or octal, Irm additiory three two-disit
numeric disrlawes indicsted the maJdor =rogram in
rrogressy the verb code and the mouwn codes, The
vert/noun format rermitted commurdcastiorn im &
language Qhose suntar was similar to that of seoken

larnguage, Examnrles of verbs were diselawry monitory
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1oad9 and sroceed., Exameles of rnouns were Limes
gimbal ansglesr error indicstiors, aﬁdlﬁtar
idén&ifiéétions.vcommands and requests were made Ln
a féfﬁ of senternces» each with & noun anrd & verhs
Buéh'as digrlaw velocity or load desirved znsle. To
cdebhd the comruter the orerator sressed the VYVerh
kau,fbllowad by a two digit code, This entered the
deéired verth inmto the comruter. The orerator tLhen
Fras;ed the Noun kews and & corresronding code. When
the enter kew was sresgedy the coﬁwuter carried out
the oreration that had been commanded, The
comeruuter recuested action From Lthe osevator bw
disrlaging 2 verb anmd moun in Flashing lighls so a3

to sttract the sstronauts’ asttertion.

In-flight Use

Shortly after liftoff of Arollo 12y two
lightmirng bolts struck the sracecraft,. The current
Paséed throudh the commang module and dnchuced
temrorary rower Tailure in the fTuel cells suselwing
rower to the AGC, During the dincident the voltadge
faillcircuita i the comeyter detected s series of
wa&er trenches and triddgered several restarts, The
comeuter withstood these without interrustion of
.the mission rrograms or loss of dats.

The Arollo 11 lunasre landing bhad onlanomslse

which sttracted rublic stterntiorn. The comsuter in




‘during a8 very criticsl reriod eprior Lo
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hdowris» This fact was broadcast to the rublic

toue
aﬁ&#{%ose who knew its significance were close to @
stétgjof ranic, After analwsisy it was determimed
iﬁéﬁ%fhe alarms were an indication to the
asiﬁQﬁauts that the comruter was overloaded and was
elihihatins low rriority tasks from the waitlist.

ﬂhe overload resulted from the rendezvous radar
baiHS set in the wrong mode during the lunar
1ahgin§ rhasey wasting comeuter memory cwcles. The
cdm#uter software was resronding to overloasds as
degiﬁhed.

This incident trigdgered a news brief in
Datawation in Dotobery 1969y faulting the caneuter
desi%n for being too slow. It rightfully claimed
thétwthere were a rdmbe o% minicomwutév%;
Jincluding the PDP-11y that were at least an order
of @éénitude faster, In the eight wears since the
initiation of the ﬁwollolwrogram commercial
tec%noloﬂu had far surrassed that of the Arollo
desidn and caracite, Howevers ro commercisl
computer could claim to mateh the sower consumetion

and grace charascteristics of the AGC,

Excersted. from.an_ lllustrated.lectures..

dune.10x .. 1282 by Beo. Goldberg....The.video-tare
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is_archived. be_The.Comzutor. . Museum.




