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Block II Restarts

The Block II CGC and tGC has a single lndicator
xrestart" for several computer failure modes. Any failure
.'""goneofthefo11owingitemswi11causeanindlcatl.on

\=:

As you are aware from our testing experience the
restart aLaim can be generated from external sources, a hard-
ware failure internaL i.n the computer, or programming and
hardware design deficiencies. Examples of the latter a-re_
the Pseudo Veib 36 and the double entry problem in Block I.
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Everyattemptshouldbemadetounderstandandexplain
each restart. -s""u"se of the variety of.sources for generating
restart and less diagnostic information in Block II, soIIE

restarts will ;;*;i;'unexplained. For this reason a restart
criterion has U".n submitled by MIT and a copy is enclosed'

The question aLways arises as to what happens- if a

restart o..rri"-in flight. The action the computer.takes^uPon
receipt of a restart is that it is forced to location 4000 '
This starts the restart ".q""tt ' It is t"sumed that the '
computer centril register" -"J"i""gei-c-ntain good information'
Each program which is restart profected has a number of pointe
in the program which can be coirsidered restart points. Each

tire the progr.* i"."hes this point, sufficient information
is stored to allow the progti* to be picked gp at that -point'
ft"", had the program Proceeded pa?t that Poi-l! and had-a
restart it wouid ieturn to that boint and -suf ficient info.r-
mation would exist for it to again proceed. This information
is stored in aupiicate - the iiformltion and the complerent
of the information in the erasable memory. A check is made'

ca!.ledaphasecheck,to.ileterminetheva].idityofthis.
information. If the information is good, then restart has
been accomplished. This check has then verified a small portion
of the erasable-memory and the assumption is made that if that
is good then ine wfrof6 of the erasable memory is good

Ifthecomputerfailsinitsrestartsequence,thenit
.is i;'su*"q iiiit thl whole erasable memory is bad. A fresh
start sequence is initiated.

The exact nature of the gooq restart sequence and the
conseguences of this sequence defend entirely upon the programs
in pt6gtess at the tire.- The gyro-compass program,for
example I cdr exferience a reas5iable nurnber of restarts and
still have a good alignment.

creates the correct action.
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ohn E. Miller
icat Director, G&N SYstem
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Discussion of the Software Associated with Computer Restart
!,

This merno ls intended to be briefing material on the problem of restarts.

There are 6 sections

Groundrules for Restart Protection
' Software Associated with Restart
Problems of Restart Protection
Diagnostic Inforgration Available

Memory Assigned to Restart Protection
, .a'

Typical Prograrn Flow During Restar"t

Groundrules for Restart Protection

The program deslgner Presumes; 
,

ai rthai the information in the eentral and special registers
x

trusted,
b) that if a small section df erasable ls tested and found to
' ,^'information, that all of erasab}e is to be trusted,

c) that fixed memory is to be trusted,
d) ,that restarts are transient events, that they should be expected at infre-
. qubnt intervals and that the program shouLd be protected against infre'

'.

quent restarts,
e) that slnce some sections of program are impossible to restart protect

- '',tri . l

*nri otfr""" are extremely difficult to restart protect, requiring great

ambunts of fixed storage and program design, no guarantee can be rnade

t.
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r,i ,r,, , ,.€, about restart protection. However, experience with the design of fllght I

t*

-;,I, '..:i ,., progiams'for 204 and 206 indicate that the time that a program is restart
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I.';fl ,{ i :; The Freeh Start and Restart routines are closely related and have tnuch com-
rli.fj(, +"{ '1: ; ' .: t

,tT' :lt",in progtammlng to save m_emory locations. This section contalns coding execu-

i$" .[i",i tortowiiig.the involuntary transfer to location 4000u caused by the 
"".1*"t.

;i, *-t, l: fhe m'l3iji tasts perfo.nied by the program immeiiately followtng a restart '
,1if l[1" a) to save,diagnostlc infotmation,'b) to initialize the system programs, such.I !!r:./. ;. .

,ri. :,._lt'.trj EXECUTIVE, T4Bupt, 
I 
etc., to a dormant ang |twell behavedtr condltion

..fri ',tf;t illt permlt a return to the processors that were actlve at the gme of the re-

f*l 
'ii*tti, c) to'bheck for the mark reSect-error light reset rrlock out'r preventlon

.ii ,1,1{nar, o) to 4e"rde yhethe* J 
"r.""ble 

may be presumed good, e) to aeterinlne if
lr;i ' there were programs. ln process and rvhether they were deslgned to be restartable.

'.,'

,!'+ .Iii : ff the results of thls proCesslng are successful, the Restart Tables and R,e- iul'','dtartg RoutinE ls ealled ln to'set up the EXEC{rrvr and the Waltllet to reestabllsh; ,,''
,ll,;.i.,iislfirninterbupted,thetasksathandwhentherestarthappened.'l['ii"..,.J,-.
'ilI.,1l.;'];;t.''.,'..,.',.',.l:,il.-,.,ii:.''.:5.:Piortems.QfRestartProtection
. il r -. f" .i.i
r"'i*l;,.rf':".,.+.,l!-i1'".i. '"t"ii'i 1. i : ; :.'llilr',".'lii.'o:+ffi:,liiLT' 

4iie f"*i.xi{ otua uy ttre t'rrogrammer to obtaln restart protectlon may be r{ *rjr,i,-:$$.,ii

"i$$J,il,*St"sir,, 
Bas,L,c,ep{,,,,h" designp a ieglon of program such that thd progrem may t; iliiir,ilif

iffi,[f:l!iitere,g +l,lnS [:c]ior.g,.fgre lestart polnt), when a prosrarnming acticin f" ,,,ilfffi
{d1.i.ffiSrrgalwrriil{'i",13""s the rpetarl porni tnvatii,a new restart potitls defined md;,*ltiti
:ffif;ffi.i ptias,ii poiHie";l*hlch def{nes the return point, ts advanced. 1 the ptrase taniguirifi*t,
ffi,,r&ln19nefrcti,!$outlnesa}utis{dfo'.1thispurpose.

ffii*tf,hU,-rj,ffiss.ls comnrr"it"a uyit" tr"t urat rt onen occurs that seve"rr n""i*iitil1ffi
ffi,liifi4*t,T:r"lrpi" tn irro,ee'ss atithe same time without synchronizatlon one to the i:iiii':il,r'fi{
"t1r1:l .otti!"; tt" n'ioblem o{ a,srnfrrronous program operation is solved by defining , ,,,.1,
,J!}i1,,i ;,;li, :ti" !1 .':, .. 1

ffi$rr[::]"i* "lu ..w.lthtn "'c]orp, the resiart phase ts updated as rest"tt poiri,
ilrfi,i ,lai;e passed,, ariC ttrese operalions are independent of the restart Fhase of prograIt, ,,,,3"e 

passe.dt,,.aild these operalions are independent of the restart Phase of programH ,, '1,,._1,

is: ;.q,,i,|ls:"0 
to,T*n::.Gr9up. t ' ,-i,," .,r'

-l

#u""'lr.i[t"t"o

lj;i,"ri' i,eiq"t raureb ana

, 3. Phase Table lVlaintr
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do*:l1;,;l.l'ii-J:..l';**J.,,i:'..,.j.i.,iiit;...;ill:,.:,.,.,lr.,.ti,:"1:'J:1*;-ry..,r'*th:.'@
,ilieaAfng the AGC clock at the tlme a restart point ls defined and agahi atter S , l:,,:l il, il"f#I' f.eaOing the AGU,9Io.

.tr'r\{: i'
f".:..t testart occut"s. "

bf:ei ti,i',., several ourer dtfflcuttieg arlse in de*,"lopment of 
"ou,ia 

ree{art firotebtiorlj,*'' i;tl, ';1]'J
7t 

;:!; 'r, i4 tl,fs 
S.grlaln 

that the time to Senerlte restart protected codlng t.e sf8nr4".t;, ,,i,.. ;.1,- 
,ff$i1iil6*#d*,""".;*;";by"r"rorhigtrt,"0*"1*r; I iijt,ttl.,,.,.,..1.i; 

t ltljr;+II
l',i,a,"i'',;,-,.'.*..1o...:vJvru

,.1r:iu"afng the AGC clock at the.tlme a restart point ls defined anO agati *i.",e , l,:1 X;,ttl J
,,rd"i".i; $estartoccur"g.., . : i " ;.,.1, -."';t. .;-:".,r.-:r,!! f',,- -. - ;:ffi:"', i'i, ' Several other dtfflcultieg arlse in development of sound reaiart firotebtion, 

-' 
j,,''1 'jr.

*4 W* ; 
,lga,l.+,li'am*t.' 

1 
iir';f; :;;;il 

" 
ffi ; ;;; I 1.'i.. 

- 
*iI" ; 

i' r:. ;i,r# ffi u i++mt l

ffi$fl*nHiil;;r+1ry'tffii,i; ;i :.*,,ii,,' ; ]i ,' ',1,i,jij$rffiffif,ji
{[]tr$ tr 4r"l$;i"i*:rl rrl;''
\,#,?'',tni;;inl:i1,1.',;,'"r'.,i1:,'t.;,;.:']-.;,,,i:,-,:"1*:,,.: ;'-''iri , -: ', i , I

'$i{,r! .,f.fl t+ ),i.i;,1v,; 
".t,r$,ffifffij**,'*nj,,it;'i ,'i*',i I -,':i. ,, l-, i ) ''. .;.,fitu.[r$$li*ffftiffi ;*;i;## l

'."t , 'l- l-rla,.}?IIuiJLlU IItttJL lll(IIIUJI AVru
1):}-:.lrr

',i1, :fJ' I ;Fltght 206 prograrn Sunburst will save the address contalned ln the Z teglaler i i:
'lr" -",; '; r ' I

, '1fi 
'^1;,i: at the itme that ttre nialiunction was detected and the contelrts of the BBANK Te- ' ',' ,' ir

il i }tsterl rX;9rr"""utlve reglsters RSIIts&Q and RSBB&Q *i. 
, i-,i' ';tt' "' : i I:,i'll 'l:. l't,' ir .,'"'1i,. C(BBANK)'.RSIIB&Q ,'i... i,

rt.-11' 
'1,1n:: i, ' ,, ,' r:,_ ^i I

.l .,*,..i ,'...''-o C( Z )*RSBB&Q +1 '' 
t

:;i; 't frr aaalttonr"for restarts generated via the CCSHOLE ancl ABORT routines, the i:,:' ;. ,,

,,i i.*; 2CADR of the locatlon followlng the transfer to these routines ls saved tn ALMCebn ij

,i. 'l",ina ALMC+bR +r'l' " ,t ',' 
,,, 

'l': 
ir

..I.lt,',':Theseproeessegareexpectedtobeavallab1eonfutureprograms., .,;,ir:ii. :,i ,1.,, ,.'''.',',' I .' i
., l,

i

. -.r.r :, . l,

f j;l 
-,.::'!it, 

fheseiilgures are extracted from Flight 206: The Reetart Tables and Restarts -tl l,. ,:il ,q , , :.. l:
i i,, . Routine occupies 450 words. Phase Table Maintenance occupies 160 words. The ri

i ll ' ,1 lresh start ahd restarts routlne would be about 150 words shogter without restartdij ' , l,ir:, --- " ll
:i Irl addttlonl the deftntng of restart polnts withinthe prograin requires 450,worddi ir, ,.'l' ii

,ig' .,,'f ,Ctere ls an'addltlonal harder-to-define word penalty assoclated with deslgnlng a "' i'l ,',:l piogram under the constralnt of restart protection. i

'r. :-il: .1t' "', ',ij;", , , ,.'..f,,;,::,, , , ,,.,',r', i:lri '',.; i); '.,,1 *l .:; i*.in ,,.ti', b;'' Typlcai Program Flow during Restart :,'; i,i

,l;i.;i:',,.';1t'.ffi ,,]o[i
':$ ,;.,. ;1, 

: ftt" sb.ction covers the processing that occurs from the time a ilGOrl sequenee ; .., !

,ili ,,'., lii fnttiated'(lnvoluntary transfer to location 40000), until the logic has deelded thai :l ,," 
i,'

:;. \iittthi c,ontp,ol can be returned to the programs,in piocess. If a successful restart ' .',.i 
i'jli ,.;t, iait\.not be accomplished, a fresh start, or an AGC idle state is entered. The flow " 

''.j li

I* ;";i,+cltiaed,ln thls sectlon is for inform8tion purposes only. 'It should be recqlteo tfrat. i.. il
5n 6aA^66;;; f:-f;oo'r.o-' .'. ' I;''T *;i;,tL-. ,-.; I '^1r,,.'i --^--^.^. r----^r--^^ ^L^-^r ^^rina,,{*}r a}hr

, ,r,1i 
"li i|re design of the program involves shared coding with other processee besldes re.' ... i;

' ii;{ ;\1i,gtart.: Therefore aome logical processes lndicated ln thelruow ctart are rrot nee:,1: ]',i,i ,i

t
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1'**lrir1,,,:;{ttffi 
l,trt*t*l{ffi .iff i+,Lit'**Ei{^yr"#ffi i, ffi,4ffi.1,

,.' . ' ,', ,. ,.' ,' ,,il ,tl"ln;;:ri*.i'; ,
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4,3 PGNCS Fallure Monitor

The PGNCS performanee and operational readiness are self-monltored
and cautlon and warning lnformation are displayed to the creur. Two warnlng
(red) lamps are actuated by the pcNcs on the cabtion/wariring panel:
t,GC warning indicatee computer failure; INERTIAL REFERENCE warning r

'udicates failure of the inertial subsystem. Also a pcNes caution (amber)
ramp ls actuated to indicate non-critical problems in the system. Further
,ietail regarding the caution items is displayed by means of the DSKy event
lampe and the DSKY data registers(ln the event of a program alarm.) The
lailure monitor mechanization is shown ln Flgure 4-2. {

4.9.1 LGC Warning.

An LGC warnlng alarm is generated ln the event of LCC
power faflure, scaler failure of elther of two typea, restart or counter
fail during LGC operate,or rn respon.e to an ararm teat program.
Ae is shown rn Figure 4-2 a scarcr fail or prrme power fail result rn
immedrate alarm rndication whereas the other inputs are buffered by
a filter so as to prevent momentary transrent dlsturbances whroh
recover f rom cauelng a warnlng alarm. In thls subsection the varloua
inputs and condltlong assocrated with LGC warning are deflned.
(a) SCAFAL - Occurs if scaler stage l? (1.2g sec perlod) falls to produce

pulsee. Thrs provides a check on the ttmlng for alr logrc alarms.
(b) couNrEll FAIL - occure rf counter rncrementa happen too

, frequently or elso farl to happen foltowrng an tn"rement reguest.ItToo frequen,y,r meana con*nuoue counter requeste and/or
incremenilng for from . g2S ms to l. g?i ms. 

!(c) SGADBL - Occurs u the 100 pps scaler stage operatee at a puree
rate of 200 ppe or more.

(d) pARITy 
'AIL 

- oceurs I any accessed word rn ftxed or eraeabre
memory whose address te octal 10 0r greater contatns en even l

number of trone8tt.

(e) nupr LocK - occurs rf rnterrupt ls etther too long or too rn- ,'

frequent. The criterron for rrtoo rong, rs phaee aependent vary-
tng from 140 ms to 300 ms. Llkewlee the crlterlon'for rttoo
lnfrequentrr varles from l4b ms to 800 me.
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(f) TC TRAP - Occurs lf too many consecutlve TC or TCl" lnrtrue-
tlons are run or TCF lnstructlons are too tnfrequent. 'fhe
crlterton for "too manytrvarlee fronr 5 mg to l5 ms tluratl,rn.
'I'he crlterlonfor t'too tnfrequenttrvarles from 6 ms to l6 mr
abRence,

(S) NIGIIT WA'fCHMAN- Occure lf the computer shoulrl falt to
oeceBB addrese 8? wlthln a perlod whose durutlon vnrlan from k

.04 Hec to 1.02 sec.

(h) V IIAIL - Occurs lf the [,GC voltagen 128, 14, 4) nrc out of ltnrlte
Thle elgnal producea STRTI lf lt strya on lor u perhxl of botween

157 and 470peec . If the computer ls ln the STANDI|Y rnorlo, nn

lnput to the L,GC WARNINO FILTEI ta gencroted Blnrultnnooua
wtth STRTl. The followtng crLterla apply for V IrAIt,:

I

"ul'r Il
l, ii"

l','
:{.

(0

4 V Supply >4,4V
4VSupply<3.65V

14VSupply > l0V
14VSupply< 12.5V

2SVSupply< -22,6Y

STANDIIY - Thts le a stgnal whlch turne on tttlSTAIl'l' nrrtl turns
off the ewltchable +4 and +14 voltage, thue putttng tlrc I,Clf-l lrrto
a low power mode where only the Ecaler, tlmtng nlgrrnl, cnd a
few auxlll,ary ntgnals are operattve. STANDRY ls tnttlntod by '.
flret settlng the ENABLE STANDBY outblt (Cttl3 Bl tl, aqrl then
presslng the STANDBY button on the DSKY lor a ttme whtch

varles from .84 sec to 1.02 Bec, at the end ol whtch tlme the

STANDBY LIGIIT ls turned on. (A11LcC alarms are lnhlhlted
durlng the atandby mode wlth the exceptlon ol l,CC Wn RNING,

whtch can be caused by VOLTAGE FAIL or SCAt,ER FAIL; anrl

TEMPERATURE CAUTION, whtch can be caused by TllMP
ALARM. ) Normal operatlon [s resumed by preoetng the STAND -
BY button on the DSKY agaln, tlme of depraaalon Bama eF above.

BESTART - RESTART occuro at next tlme 12 followlng occurroneo

of any one or more of the parametera ghown ln Flgure 4-2
except OSCILI,ATOR FAIL.

RESTART occure lmmedlately and forces ttme counter to
12 upon occurrence of OSCIL|ATOR pAIL. (See paragraph
rrlrt below. )

RESTART ceusea the cor4puter to transfer coritrol to
address 4000 as soon BB tt dtaappearb, It seta a fltp-flop whtch

ttghts the RESTART CAUTION temp in the DSKY.
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(k)

The Fllp-flop ls reset elther by the ALARM RESET hard wlred
slgnal or by the CAUTION RESET outblt CHll Bl0. ALARM
TEST operates the lamp but not the fltp-flop.

WARNING FILTER - This circuit is used to operate the LGC

WAnNING output following repeated or prolonged"occurrences of
the parameters shown in Flgure 4-2. A11 occurrences of these

elgnals are stretched so that no more than one lnput to the fllter
ls generated in each 160 milltsecond perlod. Approxlmately slx
consecutlve stretched pulses cause LGC WARNING to turn on for
about 5 eeconds. Non-consecutive stretched pulses may also

cause LGC WARNING after an lnterval dependent on the frequency
of the pulses. The output will not occur lf lnput pulees occur at
a frequency of less than 0. I pps; and the output wlll remaln on lf
pulsee occur at a frequency of 0.6 pps or more. The threshold
of the fllter resumes lts normal level wlth a tlme conetant of '

many Beconds after the fllter hae received lnputs. An lmmedlate
reset of the LGC FAIL due to a WARNING FILTER output ts
therefore not poeslble.

OSCILLATOR FAIL - Occurs iJ the osctllator stops. Has

nomlnal 250-millieecond delay to keep slgnel present efter the

osclllator sterts. Aleo occurs when LGC ls tn STANDBY becauee

of lose of power to front end of clreuit. Thts glve 25O-mlllteecond.

delay ln startlng when LGC comes out of STANDBY tnto

OPERATE. Causes lmmedlate restart wlthout waltlng for ttme
pulse 12.

4,3,2 Inertlal Reference Warnlng

The Inertlal Reference Warnlng stgnal ls the loglcal ItORrt

of the followtng parameters, any one of whlch wlll cause en Inertlal

'Reference Warnlng under the followtng condittons:
(a) IMU Fail

(1) IG Servo Error - greater than 2.9 mr{or 2 sec 
I

(2) MG Serwo Error - greater than 2.9 mr for 2 sec
(3) OG Servo Error - greater than 2.9 mr for 2 sec
(4) 3200 cps - decrease'to 50% of normal level
(5) 800 wheel supply - decrease to 50% of normal level ;

, These parameters are generated ln the Inertial Subsyetem.
rHolveverr the rrFAILtr slgnal ltself ls under LGC program control.
It lE Lgnored by the LGC program when the G&N Syatem la.ln the
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Coarse Align Mode and durlng the 5

Coarse A1tgn. Duringttds mode the

the above criterle.

(b) PIPA FAIL

second lnterval fotlowlng
Bervo errors normally exceed

Occurs lf no pulses arrlve from a PIPA durlng a 312.6psec

perlod, or else lf both plus and mlnus pulses occur, or lf a trlong

tlmeil elapses wtthout et least one plus pulse and et leest one mtnus
pulse arrlvlng. By t'long tlmert ls meant a perlod of between 1.28

.sec and 3. 84 sec.

Thls FAIL slgnal ls generated totally wtthln the LGC and thus ls
completely under LCIC program control. Its generatton ls enabled 

:

by the LGC only durlng LGC controlled transletlon or thrustlng
meneuverE

(c) ISS CDU FAIL (Monitored for each of 3 CDUre)

(1) CDU ftne error - ln excess of l.0V rms

l2l CDU coarse error - ln excesg of 2.6V rms
(3) READ COUNTER llmlt cycle - ln excees of 160 cpe

(4) Cos ( o-d ) - below 2. oV

(5) +14 DC Supply - decreese to 50y'0 of normal level

These parameters are generated ln the Inertlal Sub

gyetem. However, the ilFAILrr slgnat ltself ls under LGC program

control. It le ignored by the LGC program when the G&N System le

ln the CDU Zero Mode. Durlng thls Mode the CDU errors normelly
exceed the above crlterla.

4.3.3 PGNCS Cautlon

The PGNCS Carrtlon lamp ta actuated by the followlng un-

deslrable but non-crltlcal evente:
(a) LGC Restart during Operatlon. In the event of Restert durlng

operate a latch ls set ln the LGC.whlch maintalns the PGNCS

Cautiona1armandtheREsTART1ampontheDSKYuntl1the
latch ls reset by program or until the latch ls manually reset

by ALARM RESET. For fOrther detall see sectlon 4,3,4

(b) Temperature out of Limits. The LGC recelves a algnal from the

IMU when the stable member temperature ls ln the range

126. 3oF to 134.3oF. In the absence of thts stg""i, the Cautlon

alarm and the TEMP lamp on the DSKY are actuated.
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Glmbal Lock. When the LGC determines that the mldille
glmbal angle (MGA) of the IMU te.greater than ?0o, the
Cautlon alarm and the Glmbal Lock lamp on the DSKY ere
actuated. When MGA exceede B5o the ISS ts downmoded to
Qoarse Allgn and the No Attltude lamp on the DSKY ls aCtuated.

Program Alarm. Under a varlety of sltuations e progrem elarm
ls generated Figure 4 -2 lllustrates one example, that of plpA
fall when the vehlcle ls not ln a thrustlng mode.' Under program
control the LGC inhibite thls alarm for 10 sec after system
turn-on. The progrem aLarm actuates the Catrtlon alarm and
the Program lamp on the DSKY. For furiher lnformatlon see
eectlon 4.3,4,

Tracker A1arm. When the Rendezvous Radar or Landlng Radar
are ln use the Cautlon elarm end Tracker lamp bn the DSKy wtll
be energlzed by any of the followlng three occurrencea:
(1) RDR CDU Fall (Monttored for both CDUrs) deflned by

same fallure modes wlth aame conetralnte ee IMU CDU
Fall I see sectlon 4.3.2 (c) I . Thte fall elgnel le generated
ln the CDU and, under program control, generetes a
Cautlon alerm only when the PGNCS ls ln the RDR Auto
mode.

(21 RR Fall Defined by presence of the Rendezvous Rader "
Data Good Bar dlscrete durlng a data read oequence by
the LGC or inablllty of LGC to successfully get coherent
data.

Landlng Radar Altitude Date Good Ber or Veloclty Data
Good Bar when the PGNCS ls ln the LRDR enable mode
and when the LGC ls attemptlng to get data from the LRDR
or an;rtlme when the LGC le attemptlng unsucceesfully. to
get data, the Cautlon alarm and Tracker lamp on the DSKY
ere actuated.
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4.3.4 Restart and Program Alarms

When the Restart or Program Alerm lampe are tllumlnated
on the DSKY, elther V 05 N 3l w111 automailcally appear on the DSKY
with a key to the source of the alarm dlsplayed tn Rl or by astronaut
call up from the DSKY this tnformatlon can be made avalleble.
Thls allowe the astronaut to ldentlfy and normally eorect the alarm
condltlon. The llsttng of program alarms le lncluded ln Sectlon 4.,1.
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Criteria for AccePtance

of restart is e>rplained
or

CGC and LGC llestarts

flight-worthy l I't t.r' d.h

of

beA(iC is
rr:starrt

The cause
acceptable;

not considered to
unless:

and found

,:''t'
i.."

i

,l'}

*l--

Technical Director,
Apollo Guidance and

]*"J*,t, :.. ',,
I

I

l\

r ''' ,:
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Cambridge, Massachusetts
Apollo, proJect Memo ii1665 g'

Trr: John M,llcr i

, From: Albert llopklns
Date: 13 February L967
subJl Explarratron of AGO Alarm r.rcrware 0rga.1zat1.'

ThLs mem, ls written th respo,se to several- requests to document t'eeffect of restarts 
'n 

Apo1lo curarrr". a"*p"a"i"l This'"urrJ".i-nJI .ro aspecrswhlch lend themserves tf ""p"iri" ar"",r""i;;;- ih" ar.r* h;;;;r;;-of the computer;il: ff:r*:C 
misslon program'r"-r""pon"" ro a resrarr. Followlng is a dtscussion.of

[:. ::l":.:ff , 
;t; ;l;a*:j:ff ';j" 

ii#:; liift i",, 
:lii[:,"ff rh 

.[ 
::l 

;jj" j:, ilj.:*,..," ;

or 
'rns*t.:l3l:"*d:[r;,':"r::,,i]]lo::;j,1,,$il.jj. 

'"oii"::".,1]f":.":*::,:-:eq::nce
iliri"::i:l:",;t 't'i" ""qu"""" 5r i,'"tl,,"ti;;;;; a6 ro produce,rons data, or tomodlry .r,"-i"".,xl:ii:"i:il:;"::"::l:ff :l ff::I r*;.*:tii:"ji::,l"it,il,*."
iii,"::.1:::.,ffi1"f:.:l,ji;.i:jr".,,"d r"-"-".-"i,:,. o-;;";;,..il, rate or one inoccur once in :oo t,ou."_r"-.".o..?ood in rodayrs rechnold;; ;;;;; ilj! Ii.Iirilo

anoma,".t'J::":iil";;il;l:!:iil{i:: il:"t;ffi:ffi [ff;.:l ]:::::: ":::r,, lncludlngand operator errors. The incideice oi i,du"uJ-"i"rr" has so ,".-;jiri n;;si;;;;;;;srearer than rhar_of random ;;;;;" rrr i'a""J-rilil: r,rru-t"ur,_Irri. rn AGc experience.T,e possib.irv o,f error p;;;;;;; a requirement for a means of r!.ovury, for the
computer itselr wou]<r stiil o; o":i"l:ii ;:;i;i ,ir"" rrrat it ";;i; be re-rnl,aredinto the program' To meet tne ieed-of re-inrttaiton capablllty the AGC rs equrpped
with a restart fernl,ratlon ;;il;::T;,il."ff::115":,;i1".ff":i*:t;[tjir;jil]:ll.,Ji;Xfflfon. 

rfthe malfunction rs of , t"rr"i"ii'r,"tur" tt shoulJ rhus be po""iui" for the AGc to
rerun the sequen"" 1l whlch tt"-rrrtrr,"tron 

"""r"."a from a ,"",riiiorrt planned inil]i"ii;"df"tl: H:I;ilii;;-l; i'"r","ntr 3 Eecurring ararm condlilon would resulE

' The AGC contains a nuto".^:: checkrng features whlch wl1r detect malfunctronsof hardware and software, r;;;;;'rnd induced] -rI.i"s 
subsysrem-r,i 

"y"t"m checkout
as well as durlng the "'iJ"it"-iislrr. it i;-;;pril;ri ro detect ,r,J-r,lu*rnate all. .!.
posstble sourcestof 

"o*putut'tiiiun"tro' wrr"ttr"r Internal, 
"*t"rra1, or programdepcndcnt' The computer alarms and-the uiiiv-a'i"pl'ay provld" , ""rr"ttrve detector of

euch malfunctlons,.Lut la-r"-"ial., u *"jor 
""gi"I..rrg task to soii out the cau'e

from the multlptr"try 
"r pr""iit-f'"our""" rlng task ,. ""it-oui".i"""i,l]l "'

lluch of the Acc is checked by a program ln-_rl:_r"*": y called selfcheck, whlch
perlodlcally checks- ii" 

"uiiii;^;;-execure instrucrlon;s, and store data. rhrsiil!*liil;,"::","ll?:r.:1::l::lr-ir.ir" rrar<rware, checks abour tu,o th,r.rc ^G rL-

;
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and olgnals ;

vltitl to cotrrpuLer aud systerlt ol)er€rtlon. A restart ls callett for if an lnsiructlon 
)sequenclng or mcuory transfer nrulfunctlon ls dctected. llecause many,program ,;

attributcs wcre knowrt at tlte tirrre of hardware design lt was posslbLe to put certalncollstralnt8 on program scquenclng. one such constrairrt ls tirat there must beperlodic transfers of control frorn oue program to another, nelther too frequent nortoo seltlom. Thc TC Trap alarnr reacts tl violatlorrs of this constralnt. Anotherconstraint ls that progranl lrtterrupt nlust occur nelther too seldom "r.'f"r"i""-iorrg,a tlnre; the rupt lock alarm ntonltors this. Another alarru, the nlght watchman.requlres that a certaln erasablc utenrory address be cccessed wlth ""rti"i"rl-i'r"qu"r"y.Any of these three aLarms or rnemory partty fallure wlll cause a restart. Slncethese alarms depend upon soch thlngs as the scaler and the pohrer supplles r theselatter clrcults are separately checked and provide failure i";i;";ir". A deslgnpredlctlon so far -borne out in practlce ts lhat nearly art progrr*-""qu"n"irg r
malfunctlons are detectable by thts group of alarms.

A degree of freedom aval1ab1e to the programmer ls tlre ablllty to force arestart alarm by a programmed TC Trap if any ,tot.ttor,s are detected [y the piog."*of program constraLnts. Examples of lts.r"L rru for operands not ln a permleglbledomal.n, and for too many executlve jobs or waitlist tasks outstanding.

Flnally' a restart can be lrrduced, if deslred, by the operator, althoughnot convenlently.- rf the keyboard and diiplay are operative an alarm constralntcan be vlolated (e.g., dlsplay a non-exlstenE word in flxed memory, "ruri.,g-r"ria,.fa11)' rn any case, temporarlly removlng por{er either by enteri"[ tn" standby modeand resumlng normal operatLon or via the main breakers ,i11 
".u"e a restart:

Restart Ls a caution condition, and causes a lamp to be lllumlnated untllreset by the DSI(y reset key. Repeated restarts, or any of certaln;. other alarmcondltlons !,111 generate a warnLng slgnal indicattng an unusable AGC. 
-ii-it"--'"'

conditlon disappears the warnlng Crg"ut ls cancelLed after a few ""Jr"ail 
it[" r"""tkey has no bffect, on the warnin! slgnal e &Ew oE

3. Fresh Start Vs. Restart

strlctly speaking, the hardware dlscussion ends here;to venture somewhat beyond the interlace wlth the software todlstlnctlon in termlnology.

but lt le appropriate
tdeptlfy an lmportant

As a general po11cy, lt ls desirable to lnhiblt contLnuously,repetltlverestarts ln the presence ol-a per*anent malfunctlon (lt is worthy of note that anlnperfectly wrltten or lncorrettty rntttatrr"J-frogr"* can exhlblt behavlor of thesame ndture) ' A restart resets a number or srgnars in the computef and transfergcontrol to a sequence whose lnltlal address rs"rrara wi,red tn tile;i.;;;a;;."'i;';rrrestart protectedrr program the erasable memory i" "rr"rit"J ar-a"iermLne what theactlvlty status of the computer was prlor to t-he regtart. If thls lnformatlon i.sself conslstent the varlous actlvltll" 
".o.o"un,"d-ot approprlate startlng polnts.rnhlbltlon of thle prograrn-dlrectecl actlvlty ts itself-a piogram tunctton. A programgenerally knorsn as rffresh-startrr lnl.tia1lze" ,r,rnoious erasable memory locatlone toproduce a qulescent computer status and terminate all actlvltles other than theldllng ,dummy Job". rt ls the fresh-start whrch is lnvoked to quel1 a repetltlvereBtart condltlon

rn most programs ln a normally functionlng Acci the fresh-start ls executedbv a verb 36 couunand: rf the dtsplay an<l r..yuooii 
"r"li""u";=il;";; hrgh restartfrequency, a fresh start can be *na" tn many mlsslon programs by stmultaneousdepreeslon of certaln DSI<v ancl mark burtons. trcre the,rE".""t-i.;;;;;;n'l"ro"theee button deprerslons prlor to lts normal restart attempt. If it flnds them
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dcpfcssec ii'rrrrrrches to fresh-start. It ls also posslble for the program to detect
rohether j c,-- fuLcr ruarnlng cottdltlon exists at the titne of restart antl branch to.hllleLller i c,-"iluLer tva.rI.rrlrrB c(JrluJ"Lrurr u.\r.uL5 dL Lue Llule ur fcnLtlrE, an(J Drallcn t(,.
frestr-st.rt on Ehat basls, though at thls wrltlng lt ls not knoum whether thls w111
be usec. I

: lj

Inconc1uslorr,areStartw11lattempttorcsumea11act1vltles1fthePrograd
iS so'i.'ritt.en, unless a branch ls takert to fresh-start whlch forces the computer to
ldLe. Just what wII"l happen under speclflc circumstances iB a functlon of Lhe ,

. ,ii'i:!.. rr:, -.: :,;r l1$F$Sii . tlet,rir jlr.

softuare, and may vary from one ml.sslon to another.
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Criteria for Acceptance of CGC and LCC ltestarts

An A(lc i.s not consldered to be flight-wor.thy rrll('r. &n
lnadver'tent rcstilrt unless:

\' 1. The cause of restart is explained ancl found
acceptable; or

2, Evldence can bc compiled that the rcstart tloes
not recur under the same circumstancc,s in a
reasonablc nurnber of trics. In nrost lnstanccs,
ten trles may be considered reasonallle. In the
case of unexplained restarts which do not repeat,
where the investigation has proven the cnvlronment
(EMI, power, theimal, etc. i is within 

"p""ift"atian)two restarts are considered reasonabl.e in a
perlod of running time not exceedtng 1000 hourg;

JEM: sh
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- ::eeonmend that corrected Sundlal modules be made for
:se ln crltlcal system testlng. Only the 83 modrrle
-_-= lIl uI'IL/Iucl.L oJpwe.rr vvpv*rrb. v-.*d vtrv uJ

:,eeds to be changed. Gyrocompass 1s lmportant tn lts
e*ir*rsu of maJoi systeir functlons,

,-,J i
se of maJor system functlons, and tt ts essen

an error-free program ls avallable to A.C.
for uJC tn the EMI quaflflcatlon of the Apo1lo CO&l{ eystem.
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