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TIE SDP=3 = A COMPUTER DEBIGNED FOR DATA BYSTEMS

OF BMALL SCIENTIFIC sPACKCRAFT

Rorlgor A. CHIT
Flight Data Systems Branch
’ Spaucocerift Tochnology Division

ABSTRACT

The 8DP-3 ig u goneral-purpose stored-program
computer which hag beon dosigned for use us the core of
the duta system of u smull selentific spacecraft, It is o
serial, two's~complement, 10=bit-word machine. It has
one level of indirect anddressing and one hardware index
roglster, To fucilitute time-sharing operation there is &
16~lavel priority interrupt system and a reul time clock.
The 4K memory iy divided into 16 pages of 256 words
eanch, There is o user and a monitor mode. Interpagoe
aceess 1s prohibited in user mode,




THE 8DP=3 = A COMPUTER DESIGNED POR DATA BYRTEMS
OF SMALL SCIENTIFIC BPACECRAFT

INTRODUCTION

During the pust deendo gonoral=purpose storad=program computors hive
becoma nn Intogral part of most forms of setontiffe and technologienl endonvar,
The omniprosence of computers rosults [rom their fexibility; the sume
muchine may bo used for muany differont applications by employing difforent
programs, Whon o data hundling or control systom Is nooded it 1s usually
cheuper and {aster Lo use o murs-producod computer with a speciul program
than to build u special=purpose system from gepateh,

One of the most sevore constraints on o small selentific spnegeralt is
overall weight, This occurs because Luunch vehicle costs Increase with in-
ereasing puylond, Unfortunuately, the power systom compononts, purticulurly
butteries and soluyr ponels are heavy, ‘Therelore the welght construint leads to
a power constraint, As u rosult, tho power nvilluble to the telemetry systom
is Hmitod. ‘This, in turn, limits the transmitted data rate no matter how
officient a codoe 18 usoed,

It is Important to obtaln ns much data as possible from spacecraft heenuse
of thelr high eost, "The daty rate could be ineroased by using high goain
antennus on tho spaeceradt, but this is difficudt bocause of weight rostrictions,
alming probloems, ete. Anothor upproach is to Inerease the worth of ench trans-
mittad data bit, rathor than increusing the aetual data bit rate, In other words,
we shall achieve o worthwhile purpose if we can build some sort of processor
which removes redundancy from the data, nnd which in so doing uses less
power than would have been roquired to transmit the redundant data,

For o numbeyr of years now it has been customary to use special-purpose
hard-wired data processor for the purpose of redundancy removal on board
small scientific spacecraft. Tho problem is that the development of these
speclal-purpose processors i8 expensive and time~consuming, If a stored-
program computer were made an integral part of the spacecraft data system,
then most special-purpose processors could he replaced by programs in the
computer. Then, at the expense of some standardization, the difference he~
tween the data systems on many different spacecraft becomes chiefly a dif-
ference in computer progrims.

There are a numher of advantages to using o computer in a spacacraft
data system. It becomes feasible, for instance, to have checked-out spncecraft
on the shelf -~ ready to hove scientific experiments and programs inserted.
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‘This ean significuntly decronse the lead time from experiment concept to lnunch.
If an experimoent fails before launch, it can be ruplaced with a backup experi-
ment, If the cumputer i nleo used to control the opevation of the experiments,
then in many eases it can prevent the generation of redundant dats, This is
more officient than huving to remove thu redundant data [rom the data stream
ufter s I8 gonerated. In addition, the memory of the computer can be used for
buffering data before transmission. The format of the transmitted data can

aven ho varied to suit conditions = gither by Ingerting new programs or by
using o sell=-adaptive program,

This puper describes a new computer, the 8DP~3, which has boon designed
for use ns the core of the on-board data system of the proposed Advanced IMP
spacecraft, In this application all data ure collected and trunsmitted under
computer control, First, however, we will fly the computer off~line on the
IMP-I (eye) spacecralt (probably In mid=~1970) as an enginsering experiment,
In this way we will verify the roliability of the system and gain experience
with the operational aspoects of using an on=board computer without compro-
mising the success of 4 mission,

DESIGN GROUND RULES

The SDP~3 computer wag designed to perform a number of functions in the
Advanced IMP gpacacraft. The flrst of these is progrinaming of the scientific
experiments. This includes sequencing operations in the experiment, control-
ling experiment modes, selecting sensor ranges, and calibration of the experi~
ments,

The second function to he performed is data acquisition. In some cases,
for instance randomly occurring cosmic ray events, this will be upon experi-
ment request. Other measurements, such as magnetic field amplitude, are
usually taken at uniformly spaced time intervals., IMP spacecraft are spin~
stabilized; therefoce data from directional sensors, for cxample plasma de-
tectors, is most meaningful when sampled at uniform increments of spacecraft
rotation,

Data compression includes — among other techniques — statistical
analyses, interpolation, prediction, spectral analyses, etc. An adaptive format
will be used to permit transmission of the most important data out of the total
supply of data available. In conjunction with the adaptive format, a buffering
function allows less important data to be held until there is time to transmit it
during period of low activity on the high~priority channels,




The computer must opertte sutenomously without intervention. It must,
however, bo possiblo to Lol nortions of progeams op entive progions from the
growid I citse tho tolomotorod dhibie sbows thet o sditferent typee of experimoent
progrumming op dute procossing would b sulvantageous,

Niturally, the computer must uso s Hitlo havdware and e Hitlo power as
posnible, It must algo be rugged and relinble.

GENERAL DESCRIPTION OF THE SDI-i3

‘The organization of the SDP-3 computer roflecks the above montlonel re-
quirements, It 1 o 10-bit, seriul, singlo~word=ingtruction, singlo-wddress
muching, It his 16 lovels of priority interrupt and two modos = user und
monitor = in ordor to cffeetivoly hundle time=shured procussing. ‘The memory
consists of up to 250 puges of 260 words ench, A lo=pugo memory (1 thousind
worde) will b flown on IMP«I, Interpage nccoss I prohibited in the user modu,

‘The 8D 3 foutures une lovol of Indivect addrossing and ono hnrdware indes
reglstor, Arithmetic {# done in two's=complement fixod=point format. There is
0 shift-left~and=normalize instruction, but other flonting=point operntions and
multiplleation und division must bo provided hy soltwaroe.

Each SDP-3 Instruetion tukes 64 bit times; this simplifies the control horvd-
wara, At the end of an arithmetic operation the result muy oithor ho put In the
AC (in which case the second vperand is rustored in the memory) or the rosult
iy he stored in the memory location formerly oceupled by the second operand
(in which cuse the first operand remains unaltored n the AC).

The format of un instruction word is:
CCCCCC I' T LLLLLLLL,

The 8=hit operation code CCCCCC anllows 64 instructions of which 4 are being
used. The flag bit, I, specifies indivect nddressing if it is on und the tag bit,
‘T, spoceifios indexing if it is on. Addresses within a puge are spocified by the
g=bit line number LLLLLLLL.

Thore is o continuously running real-time clock which may be armed
under program control to cause an interrupt at some selected time in the
future, Also, tho current value of the clock may be stored in the memory to
maurk the time of occurrence of some particular event, If there is a power
outage, the computer rurks its place and automaticully rostarts when power
is restoraed.
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Thopre wro 52 binury conrol outpabe which noy b watsl b control oxperinonts,
the tolemetry systom, wnd the multiplexor v hich comuabitos the datu [ron the
eaperinients into the computer,

The SDP=3 (exelwding the memory cloetronies) will consist of ahout ol
uipehild LPDT, L efreults with an operating power dissipition of mdor two
wittts, Averugo dinsipation will e oven Less boviuse whenover the computor
iw fekhes, 1t entors o dormant Tow=power nusle in which only the priovity interrupt
civeuitry s energlzod. The volume is extiniited to e ol the order ol 280 euble
inchos and the welght about 4 pownds,

BYSTEM BLOCK DIAGRAM

Figure 1 s u block dingram of the SDP=3 computor system and poripheral
eijuipment. In the conter of the didgram we have the memory and the arithmotie
units ‘I'n tho loft are the clock gates, dita gator, and commund gates which nre
veeed for communicution with tho selontifie oxporiments, Those oxperlments nro
shown at the oy loft of the dingrain,  Eaeh oxporimoent contiing o Hi=bit sorlal
"transfor vrogister' which funetions us the interfuce botwoon the expurimoent
andd tho computer, The transfor registers are in pro=packuged modules which
are sunpliod to the oxporiment builder by the computer huilder, Dutu and
conmmunds trangfor serinlly botweon the transfer rogister In an exporiment
nnd the computer memory wider program control,

Wopds muay bo Insertod Into the memory of the computor vin o PCM com-
mandd gystom (shown in the lower loft=hund corner of Figure 1,). Thoe SDP-3
hag an input channel which containg two regiscrs which hold rospectively the
transmiltad word and the address ut which to store the word, Whon those
rogistors have hoon filled from the PCM commauand systom (this tukes about
half 2t second) Instruction oxecution s suspended for one Instruction eyele
while the now word ig stored in the memory.

An output chunnel appears ut the lower right of Figure 1. It ean continu~-
ously read out page 15 of the memory, one bit at n time, into the tolometry
gystem. Whenever this channel neods anotiher word from the moemory, instrue=-
tlon oxecution is also susponded for one instruction eycle, just as it is with the
input channel,

The priovity interrupt system (right conter of Figure 1) accepts interrupt
sorvice requests. When a request is recelved, it handles the switehing from
the program which is currently running to the interrupt service routine appro-
priate to the particular service roquest, Typleal sorvice requests come from
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oxperiments, the PCM command system, the resl-time clock nnd the power
system. The power syetem interrupt gives n 5 mae, warnlsg of elther an suto~
matic or & manually activated shutdown of the spacecruft power systom. Intor=
rupte from the real timo clovk (n 14-bit reygister which Is incromentwi once per
instruction) ocour when the clock overflows (about twice per second) and whon
the clock compures ¢qual o the time register (TR), which is set under program
control.

ADDRESBSING BCHEME

Execution time In & serinl computer ircreases with incvensing word length,
Power drain also inorenses ng th. reglsters get longer., Thevefore n relatively
short word length should be chosen, A spacecraft computer with u word length
us short ns 12 bits has boon designed,!: but for the Advanced IMP more {loxi-
bility than this computex provides is required. Bixteen bits appears to be a
rongonable compromire for the word length.

With a 16-bit word, and single word Instructions, it is difficult to use many
more than 8 bits for the address. Therefore the address field was chosen to be
oxuctly 8 bite which i3 convenient hecuuse it {8 half of the total word length.
Thus an instruction can reference one of only 266 memory locations, These are
choson to he 286 contiguous locations and constitute a page of memory. The
first page staxrts at loocation 0, the socond page at location 256, etc, An B=bit
puge register holds the number of the page which 18 currently baing used, There
ciin be up to 266 pages of 286 words cach for u total of 65,636 memory loentions,

There is one 8-bit hardware index register, When indexing 1% specilied, the
contents of the index register are added (Modulo 256) to the eddress [isld of the
instruction. Thus even by indexing there is no way of referencing a location
outside the page in which an instruction is located,

Indirect addressing, on the contraxy, permits access to any location in the
memory, When indirect addressing is specified, the fixrst 8 bits of the referenced
location are used to select the page and the second 8 bits are used to select the
line within that page which ig to be accessed. U indexing is also specified, the
contents of the index register are then added (Modulo 2586) to the 8 bits which
specify the line number,

1. R. A ClLHf, *"The SDP+1 Stored Program Computer,”’ IEEE Trans. AES-4, No. 6, Nov, 1908
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A woromdery ndvantioge sy b oaned Trons the paged momory orgimiiu -
plon, In the speteoe pufl, the compater must In: binsrenhut ol botwoun sevepul
progrenie, by order fo koop these progeanis feom hoing sihle to thennipe ol
other, one could pub them i sopsiotie ko, Excopt for the indivect aedponn-
fnx foaturs they woultd thon be watble (o aecoms one anothor, Accordingly twe
mexivw of ppomttion ure doelinsd i the BDEPG In the privileged or "monitor”
mde indirvet stkdrorsing funetions exutbly we dow pibod nlxive, I U Vasep”
Bixle, however, unly the socomd = Bite of the werd sevossstd Tor an isliroet
seltrous e uetl, Those bits speeify tho Hne within the progeam’s iwn page
which ie b b poforonvod, I user progiem nosle more thin one o of
momory, upproprbite Hnkige Botwoun pagos must b sunphiod by the thines
shitring muonitor progreim,

FIMINt:

Timing in the 8DDP=3 1% busod on the bib clock which 1s dorived from u
erystal-controlled oseiliutor, The frequency of this osclllutor s choson te
u pawer of 2 timos the deslred telomotry systom trunemitted bit rate. Wedn
thix heenuse this bit rate s doplved from the computor whon the computor fuotls
tho trunem'tor directly . The bit poried Ix 1,220%. on IMDP=1,

Tuble 1. shows the virious funetions that oecur durin, an nstruetion vyele
amd the anmount of tme thut ouch ttkes, The totsd eyele of the computer Is
hroken duwn Into twu subecyelug = tho I (instruction) phuse nnd the F (uxocu-
tion) phune,

L33 I 7% 4 x
LitRQ 1,

S P« Timing

Funetion Bit_Times Required
Addross Instruction K
Fotch and Restore Instruction %
Address Indr. Adr, Loe, nnd
Buve Op. Cote ¥
Fatch und Restore Indirect
Addross Location 8
Index Arithmetic -
I Phuse Totul 40 40
Fotch Operand o
Execute Operation 16
Restore Operand/Save Result A
E Phase Total 24 24
Instruction Cycle Total 64

(



Pravmgg the T Pluso the Instracbion is lotebedd supd doeadod sind the offective
selelpons o the opesid i computesd, Pirst, s B0 times e usad o Gransmit the
Line minabeer e g tnndecs of the et pistyoction Lo the memogy addross
regletur, Fach ol there mumbeers, bnosent sereilleg te twe nombees tro sont
simultinoously, FPhe neat = Bib peoepsbsore wed o tefel oand pestore tho In-
struction word. Thon, dupring the thivd intervad, thee ogeepition eoade 18 moved
ter the docmlur o the weddessis part of the insteaction is moved to the Hne
roginter in easo hulivoct addvoessimy is to be done, Phee fourth sob of % bl
porious s wsed fo foteh amd restore the ndiveet addeess o this hue buon ro~
guenrted; 1 not, the computer ig idle for » bib perssls, Duroag the lust % bit
perkeda of the T phase the offective suddrems of the operawd s computed and sent
ter the momory, I Ddexing has boun specitied I is done herey iF not, the thne 1
Bl vequived to teansmit the addross to the memory wldrese roglstor,

During the B phase, the opepid @G any)y s wetehed, the oporation spovifiod
by the oporation code is performed, il then eithoer the operaml is vestored in
memory ox the rosult of the oporntion Is stored fn memory. The roud akd ro-
store eyelos of the memory have been separated mied the operation execution
placed hutwoen thom hoenuse in corbidn vrograms the ability to opurato di=
reetly on o memory locatlon is sdwes-avous, In tho usual casg, in which the
operund g restoroed In momory, thig splitting produces uo disudvantages.

The Instruction got jor the SDP=3 is o compromise which has been chosoen
to make the execution ol the reguived [unctions rolatively officiont while not
roguiring too much hardwarg,

Thore ure two kinds of instructions, One kind can only be oxocuted in
monitor modo. In usor mode they cause sxecution of an instruction cyclo
during which no operation is performed, These instructions ure tho ones which
manipulate the puge rogister, the input/vutput hordwaro, or could otherwise
cauge trouble if used incorroctly.

The other kind of instruction (the mujority) muay be used in either mode.
Exocution of any of the 10 instructions whose operation codes have not heen
assigned chuses the computer to execute an instruction cycle dvuring which no
operation is performed. Tablo 2, gives the 54 assigned operoiions,

The monitor mode instructions will be discussed first., The first of these,
HALT, is used by the monitor program when there are momentarily no more
‘agks to perform. The HALT instruction turns off all power except that to the

e S AR 1 4 A i ¢ ¢ bbb



chwk wml the priority intervupt viveuitey, Power to the output chunnol remnins
s i the ehinnel is ennbded,  Power to the mput ehiunnel I controlled by the
POM command sextem, T elther the input ehannel or the nutput ehannel re-
gquests 1 memors aeeess, e computer is tuenesd on for ene instraetion evele
At then turnx off agnine Power to the computer I8 restored and the computer
resumer eaveution of instructions wpon reeeipt of a priority intereupt roguest,

The nest three nstrecetions are used for communieation in either direetion
with the weientifie experiments, Each one eXebanges the contents of the speel-
Hed memeory losatlon with o 168=bit register in one of the experiments, The
prrtieular eapeviment is seleeted by o multiplexor which s controlled by Cone
trol Register A, The wree nstructions sllow sending exeeute pulses (which
lond or unload the reginter in the experimenty either before the exehange, after
the exchange, o not af all,

Tahle 2,
SDP=~4 Instruction List
Mnemonie Operation

Monitor Maode Only

HALT Stop and turn off power

XMIA Exchange memory with input, exeeute puises afier
XMIB Exchange memory with input, exceute pulses hefore
XMIN Exchange memory with input, no execuic pulses
EINT Enable Interrupts

DINT Disable Interrupts

SNOC Enable Output Channel

DsOC Digable Ouiput Channel

LDCA Luoad Control Register A

LDCH Load Control Reglster B

1.DMR Load Interrupt Magk Register

LDTR Load Time Reglster

XMPI. Exchange Memory With Page and Line Registers

Either Mode

LINK Subroutine and Interrupt Scrvice Routine Linkage
CMAC Compare Memory and AC

TUNC Transfer Unconditionally

TDXR Transfer and Decrement Index Register



Mnemonlie

Eithor Mode

TACZ
TACM
TMQE
TOVF

SIBO

HLAQ
SLAC
SRAC
SRAQ

ARAQ
RRMQ

NORM
STAC
STMQ
STXR
S8TCL
STPL
STIR
STZE
LDAC
LDMQ
LDXR
XMXR
XMAC

ADDA
ADDM
SUBA

SUBM
IORA

I0RM

ANDA
ANDM
EORA
EORM
MPAA
MPSA

Operation

Transfor i AC 0
Transior Il AC- 0
Tranefer I MQ Even
Transfor i Overflow On

Shift and Invert Bit Order

Rotate AC and MQ Loft

Shift Lelt AC

Shift Right AC

Logica: Shift Right AC and MQ
Arithmetic Shift Right AC and MQ
Rolate Right MQ

Floating Point Normalize AC and MQ
Store AC

Store MQ

Store XR

Store Clock

Store Page and Line (Mark Place)
Store Priority Interrupt Requests
Store Zero

Load AC

Load MQ

Load XR

Exchange Memory with XR
Exchange Memory with AC

Add to AC

Add to Memoury

Subtract from AC, Result in AC
Subtract from AC, Result in Memory
Or (Inclusive) to AC

Or (Inclugive) to Memory

And to AC

And to Memory

Exclusive Or to AC

Exclusive Or to Memory

Multiple Precision Add to AC
Multiple Precision Subtract from AC

10



The KINT instruetion enables the intervupt svstem. The interrupt svstem
ix disabled by the DINT inatruetion, Likewiss the sutput ehnnnel is onabled by
the ENOC Instruetion, It continues to run until Jisabled by o D3OC Instruction,

Conirol Regiater A ix used to control the input multiplexor, the experiment
power switehes, and other miscellnneous lunctions, It in set by the LDCA in-
struetion anl holds data until the next time it is londed, The Contral Reglster
I ik similar exeept that {t ix reset at the end of the Instrucetion that sets {t,
Consequently the output line irom n atage of this pogister will carry o 64 bit-
time=long pulke each time that stage I8 set tan 1,

LDMR loade p magk roginter which ean relectively disable any ecombination
of Interrupt lovels,

The Time Reglster which {a compared (o the real=time cloek I8 et by the
LDTR instruetion,

XMPL i a mark place and hraneh instruetion which is used for subroutine
Hnkage within the monitor,

The first group of instructions which may be executed in either maode is
made up of branching Instructions, The first of these, LINK, is a subprogram
call, It exchanges the page register, line register, index reglster, earry flip~
flop, and interrapt inhibit flip-flop with two words in memory, (See Figure 2,)
In monitor mode the address field of the Hnk instruction {8 taken module 32, In
uger mode it is taken modulo 16, The instructions LINK 16 through LINK 31
are identleal in exeeution to the serviceing of interrupt requests on levels 0
through 15 respectively. This instruction {8 explained more fully In the scetion
of this paper on the priority interrupt system,

CMAC skips the next sequential instruction if the referenced memory loca-
tion and the AC are unequal; otherwisc, normal sequencing to the next sequential
instruction prevails, This instruction is used for searching tables.

TDXR transfers and decrements the index register by one if the index
register is non~zero. If the index register is zervo, this instruction has no ef~
fert, It is used for controlling loops.

The other transfer instructions arc self-explanatory.

The next get of Instructions is used for shifting data in the AC and MQ.

Quite a number of these are included to facilitate the various formatting
functions the computer must perform. The SIBO instruction is of particular

11
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ety (See Fogoe L) I conies B B SBp it an thae SOy, out o) Biee vight
el o the A, b fhee poght cand of the AC tot Haono vt o e AU, e e
Lir apphiention of this Insbruc o oo pverbag, theovaden ol B LIS shined Foae
Jireent }:g‘m‘l‘:%te‘&i by oy ;t:mlngamﬂﬁ,&’.it:ti et iy, Wiseop oo cqmees oot :m;mnim:w
fron converfer I used, thie buts are generated nued sigsd fennt Sat toest, Inoonder
to do arithmetie on sueb dotae m o computer, i muost Dest be turned scorommd,

Phice NORM stistraetoom Gl shown i Figare o sdadts the AC ol MO el
until the AC eontidns o nornncezod feietion, [ sinmdbmentusi iecments
thee rederenced memory location b the numiba-g ot sdibes peauiered B baimg the
At into normalizaed torm, Thas inktruction Is uscid Bo cempress i to thating-
point formnt helore transmission,

The nest group of instructions s used top i and Tading the viordoux
regigters, On the whole, they doe self=explunatore. STIR stores the state of the
16 priovity intervupt regued Hoes, It Is used byosm evitluntion program which
monitors, among other thinggs, quenege on the pelopity interrapt svstoem,

The arithmetie Instructions appear i the ot wroup, They dnelnde ad -
dition, subtraction, AND, inclusive OR, and exelusive O/, The multiple pre=
eiston operntions function identieally to the other addition and subtraction
operations exeept that the earry flip=flop is not Inltinlized heforehand, “Fhus
whatever earey was left over af the end ol the Tast sdd op <ubfraet is added to
the result of the operation, It is expeeted that mualtiple proecisfon artthmoetie
will normally be used in preference Lo floating-point arithmetic heeause of ity
speed, Then conversion to floating-point Torm will be done just prior to trang=
mission of the data, The use of the multiple preeision operations is shown in
Figm"(} 4,

PRIORITY INTERRUPT SYSTEM

The 8DP-3 has 16 priority interrupt Hnes, It also has o 16=-hit masgk
register which is get under program conirol. During the I phase of cach in=-
struction, the logical AND of the 16 priority interrupt requests with the 16-bit
mask register is used to get a shift register. Then the reglster 1s shifted until
a one is deteeted at its output. I a one is detected, the number of shifts re-
quired to produce it is equal to the level of the highest priority active request.,
If no one is detected, the computer continues its operation undisturbed, I a
one is detected, the computer fintshes the instruction which it is executing.
Then it automatically exceutes a "LINK L + 16" instruction (where L is the in-
terrupt level),
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thboprang bovh b Fagnas 72w s B Bink Insbrnetion sdises the enipty,
vt o ede Lant pleriapt snshiihiit }Eg“ :ffu;m aaned bt fnelen 1 inbmbes Bap pRIMee ﬁ,
Bae 10 i oo omoon 3 hoende Bl v giebieass bvan this iseatnonn wifh e
withtne o Tt Breon Dot bed lorang thae el ©obdervopt me o oo Poatine,  The pige
by o] Ionee mnmdaeg ob v el B teagne s crafear of P interpaplod pros
SLECERRY iy sederr el Iy proecy By B £, 0 I, SinmBianeems? . tiae vinnpipe zih*kﬁ U
i ob b oot Bl der 0 e e kb of fhe H}f“!""lipx seere g e Potll e e thi’i
| (FTSH S THTI

A o anter pap! o rsbee rotitie whiaeh ot ees o sl oof edutst Trom nn
pongiecrbieent cond sboareos B0 B o0 Btfer soren witkan oo nseer preggemm s given helow
Proh inberrapd vespgiest sbaoesoone wopd of cBg st the sather 18 dell, Further
praptests e then pesiel,

13181 FINE [ 1 2
Liny Al
NMIEN i b} BUE 1
ThXH ISt
LIINEH h g
TN I8l{t
BUF R DA (Prage el Line of Buffer nren)
ALY e JPTEE
ADRt e AU

‘The flest word of the progream to be exeeuted Is the LDCA, This Is caused
by propeely ittindizimg puyee 0, Hne 52 (3 0 b4 when the computer s loaded,
The LDCA instruction lomeds o eode Into the Control Reglster A which seleets
the desived experiment, Puge 0, Hoe 20 (1 0 16) is initinlized with the Interrupt
inhibil Bie ony the menitor neode on, nod the Index regiater bits set to the num~
ber of words In the buffer aren,  Consequently the computer i3 In monitor mode,
further interrupts aee inhibited, and the index reglater containg the number of
words In the buffer when the XMIN instruetion I8 excceuted, This Instruction
stores the input data indireetly In the last woprd of the buffer area,

Then s THDXRR instruetion deerements the Index registor and transfers to
the LINK instruction. The LINK instruction snves the monitor mode and inter-
rupts disabled states of the Interrupt service routine and also saves the new .
value of the Index register, In additton 1t saves the address of the next sequential
instruction, which is the first instrucetion of the interrupt service routine, The
LINK instruction restores the computer to the exact state it was in hefove Iv ’
started the interrupt serviee routine, The next instruction to he executed is the
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afie whieh woult have T en next in sesgueer in the original program i the intep-
rupt sepviee routine il pot been imitinted, A tobal of 3 insteuction evelos of
tledny bas veeuried to thix arigimnl progriam,

A Interrupt regquests nre receivedd, the imtorrupt service routine works
Bttekw il through the bulfer aren, sae ward ot o time, Whon the bulfor nres i
full, the TSR st pwetion will find the index register at zoro and will nof trink-
fer. The next sequentinl instruetion will mask out further intorrupts on level 4,
Then control Is returned to the inferrupted program through the LINK Inntrue=
tion,  All further reguests o serviee on level 4 will be ignored until the mnsk
rogister s resoet (after the huffer has Ixen emptiod by the usser progrimg.

Figure 5 shows the timing of the priority intervupt elreultry in some detall,
The flrat Hine of the Hgure Is a time base showing a sequence of machine eveles
divided Into I and E phases, The second line shows o program which hecomes
suspercled as a vesult of an interrupt serviee request, An inlervupt eyele (thid
Hne) performs the functions required to switeh from the original program (seeomnd
Hine) to the Interripting program (fourth line). During the Interrupt evele the
equivalent of a LINK instruction is exceutwd,

Lot ug now Investigate more elonely the timing of the events which cause
the switeh from one program to another, Assume that an Interrupt service ro-
quest 1s Initinted (line 5) durving the T phase of the [irst machine eyele shown in
tho figure, This requost Is not immodintely recognized hecause tho roquost
lines are tested only once per machine evele - at the beginning of the I phase,
as shown in line 4, The request will be recognized by the serial {dentiffeation
process (line 7) during the next machine eyele,

Two [lip=flops are set when the existence of n service request has heen
discovered, The interrupt flip-flop (line 8) causos the noxt machine cycle to bhe
an interrupt eyele (LINK Instruction) and is then reset, The intorrupt inhibit
flip~flop (line 9) is set to prevent further interrupts until the machine i{s ready
to accept them, This flip~flop will be reset during the interrupt cycle if the
fourth bit of the referenced word from the [ivst half of the table of Figure 2
rontaing o zero. Otherwise the Interrupt inhibit flip~flop remains set until it ix
regot-cither by an EINT instruction or by the LINK which terminates the sorvice
program that Is in the procoss of being initiated.

Interrupt latency is defined to be the time which elapses hetween the initia-
tlon of a service request #nd the initiation of the corresponding service routine,
Line 10 shows this time for the example we have been discussing, The minimum
latency (line 11) oceurs If the service request occurs just before the request
lines are tested, In this ease the latency is two machine cyeles, or 128 bit times
(abbreviated as 128J). The maximum latency (line 12) oceurs if the service

17
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pejuost just inisson the test time, Then the lateney 1% 3 macnine eveles op
1923, Of eourse if the Tovel in question x masked out by the mask register,
the Interrupt inhihit [Hp-flop ix sel, o 8 bigher prlorily request oceurs
simulteneouxly, then the tatency ean hoeame much inrger,

OUTPUT DATA

Data which are to be output to the telemetry svatem ave storod in the highost
order page (page 13 in the present svsem) of memory, Frame synchronization
patterns aivd any other bits to be tranemittod nre alio stored in that page of the
momory, When the output ehannel te onablod by the ENOC instruetion, it starts
nt Hine 253 of page 13 amd rewds oub the entire page, one word at & time, Into the
telemotry system. The lenst signifieant bit of onch word s transmitted [rst
and the most signifiennt bit lnst, The lust word read out 18 Hne 0, page 15; then
the channel 1eeyeles to lne 2553, The output of the channel i avallable in two
forms = g gerial bit atream which ean be Ld to i normal spacecraft digital data
system, or # bi-phage PCM form which is suitable for divoetly driving the modu-
lator of & telemetry transmitler,

The output ehannel s designed to work most efficiontly with a 2048=bit
frame length, Half of the 250-word nuge will just contain 2048 bits, Thus while
one half of the output page I8 belng ivansmitted, the othor half can be {illed with
new data and viee versa, A priority interrupt roquest is generated every time
eithor line 255 or line 127 is read out into the telometry system, When this oe~
cure, the program which londs the output page knows that the fivst half or
second half, respeetively, of the output page 1s available to recelve more output
data, Figure 6 shows the data structure in the output page,

Once onabled, the ontput channel continuer to operate until disabled by a
DBOC Instruction.

CONCLUSION

The detalled design of this compuler {8 now complete. It has been simulatoed
on our IBM 1800 computer. We also have an assembler running on the IBM 1800,
We have nearly finishod constructing a hreadboard of the computer and we are
working on the time=gharing monitor program which will be deseribed in a future
paper.
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