
~ ., 

._i i.: 
0 
.> 11 
.i: 

~ 
v 
u 

iJ°l u... ir: 

g c. 

u II 
<( 
Cl. 
<t'. 
u u 

co 
"'° Loi 

co u 
z .... UJ 
Q: 

- 1~ i\ f rr 
t.!I z !..!) 
- t 2' 
;s -• _, 
rr -.... 

<t 
</) 
<t'. 

if) 
_J UJ 

0 t­
en < 
~ 0 
(/') 

0 ..... ,_____.._--; ~ 

~ 

: .. "" . 

·z.·o 

LAWRENCE RADIATION LABORATORY 
Livermore, California 

Preliminary 
S~cification 
L s 11868 
October 12, 19~4 

PARALLEL NETWORK PICHTAL COMPUTING SYSTEM 

PURPOSE 

· 1. 1 The purpose of the computj.ng system described in this specificq.tion 
is to complement the. existing computing equipment· at the Lawrence 
Radiation Laboratory. In particular,. the system shall be .especially 
useful in the a·olution of certain mesh type nuclear research problems. 

FUNCTIONAL CHARACTERISTICS 

Z. 1 The computing system herein described in detail shall generally 
consist of a number of identical parallel arithmetic procctssors 
operating simultaneously on instructions issued by a central con- ~ 
trol unit. 

The system shall be capable of executing m~y of the problems cur­
rently being done on conventional digital computers at tlle Lawrence 
Radiation Laboratory at a speed oonside:rab ly great er than is 
presently being atiained. 

. . 
Z. 3 The _system shall be capable of operating as an independent digital 

computing system, as well as interacting with a conve~tional digital 
computer which could provide additional I /,O capabilities •. 

EQUIPMENT 

The system ·shall inclu_de tlie following majo.r sections.: (S~e Figure 1) 

,). 1 The Processor Network and the Processor Memories. 

3. Z The Network Program Memory. 

3. 3 The P~ocessor Control Unit. 

·;3. 4 The Input .. Output Section. 

3. 4. 1 I /0 Buffer Memory. 

3. 4. Z Console typewriter. 

· 3, 4. 3 Two magnetic tape ilnits. 

3. 4. 4 Interface to LRL computing facility~ 
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4.0 DESIGN FEATURES &c OPERATIONAL CHARACTERISTICS OF THE 
MAJOR SECTIONS 

4. 1 Proceaaor Network and Processor Memories 

;-

4. 1. 1 It is not the intent of this specification to state the exact num­
ber of proces1ors best suited for the system. however, a 
minimum qualification ·ahall be tit.at the average in•tructi~ 
execution time in microseconds calculated from the results 
of the coding to be. done in paragraph 8. 1 , when divided by 
the proposed number of procease>ra yields a quotient le·aa 
0. 05 µs. The number of processors shall be chosen by the 
seller to optimize cost •. instruction execution speed, and 
general capability. 

4. 1. Z The Processor Network and its memories shall be modular 
and expansible wherever practicable. 

4. 1. 3 All processors a hall be capable of eimultaneoualy proce• sing 
identical instructions issued by a centralized Broceasor 
Control Unit. 

4. l. 4 Each processor shall po1eeas arithmetic and logical capa. 
bilities and have it• own Random .Access Memory. 

. . 

4. 1. 5 In. addition to perfo.rming operations on operands in i~ own 
memory each proceaeor shall have the- capability of fetching 
operand& from, or operating on operand• fetched from the 
memory of it& neareet orthogonal aelghbora within the net­
work; that is, a given proces •or operation ehall 'be capable 
of being. accomplished between an operand contained in an 
accumulator register of any base pro easor with an operand 
contained in the memory of any of ita four nearest neighbor•, 
North, South, Eaet, West. The availability of operand• from . 
other neighbors is also desirable. 

4. 1. 6 In addition to normal data communication paths between a 
proc ssor and ite neighbors, each processor shall have 
another peighbor wh~ch is common to all processors in the 

I 

J network. This neighbor shall ·be refer~ed to aa the ~old 
Register. It may be loaded from the Program Memory and ,, 
the contents sent to all processors. 

4. 1. 7 The processors ahall also be capable of selecting operanda 
from the I/O Buffer Memory. · 

~ 

. . 

4. 1. 8 It ii deairable to make the nearest neighbor connectivity in 
auch a way as to form the network into a vertiQ"&l cylinder, a 
horisontal cylinder, a torus (combination of previoua two 
connectiona), a helix, and no connections (plane) • 
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4. 1. 9 Control shall be provided within each proceaaor to glv it 

4. i .·10 

tile capability of not executing a given instruction.. Thie con­
trol eha.11 be referred to as "mode control" • . Each processor 
shall have a Mode Register and be capable of being tn any on 
of several m·ode states. · Each proce as or inetructio shall 

. apficify the particular mode states in which action ts required. 
Any combination of the aeveral eta.tea shall be poaaible in th 
inetrQction, i.e. several bita are neceaaary to de·1lgnate the 
eta.tea. A &ero in a particular position of these biu commanda 
all processors in Che corresponding mode 1ta.te t remalD in• 
active durl:ng the execution of that instruction, 

A second form of control over the activity of the procea aora 
shall be provided which is independent of the inetructio11 bein1 
executed. This control shall be applied Co the network on th 
baaia of its spatial arrangement, and shall be controlled by 

,bit• in a regiater or registers which correspond to the spatial 
relationahip. Th~ae shall be . referred to. •• SJ>ace Acti-Vi'1' 
Repatera. A zero in any bit position of the regi·eter(•) sh 11 
rn&ke a~l proceaaora in the correaponding ap~ce inactlv.. 

• ,J • 

4.1. 11 A processor ahall .be active only when 'it is in the mOde 
1pecifled by the inat~ction and lie a in an active •pac.e. 

4. 1.12 Both active and inactive proceasore ahall supply operanda to 
their n~ighbora. Only active proces~ors shall compute re•ulta 
with the .operanda y receive. When reaulta ·are· atored ln 
rnemory they shall be stored in the memory of the baee 

. , · proceaaor only.· · 
. . 

4. 1, 13 The proceasor network memory •hall con•iU of at lea.at elsh* 
million bite· of Random Access ·Memory divided equally am 

· the proce"ssora. . 
. ' .• 

4. 1.14 Tranafe·r of data to and from the processor memories shall be 
routed thi;ough a memory: called the · I/0 ~uffer Memory, 

Each proceeeor in the. network shall be ca~bl~ of ~xecuting 
the type of ins uctions listed ·m Appendix A, which i• a part 
of this specification. The &4'ller ah.all p~opoae tho~e hletruc• 
tions which he feels will optimise capability. comme.U.\lrate 
with cost • 

...Netwot le Program Meniory 

-•· z.1 The NetWo.rk Proiram Memory shall be a random ace••• 
1 memory. The aize of tJ:ie memory ahall be determined on 

the baais of inatruction length, the po:wer ot the iutruction•, 
· aad compa.tibtlitr.:· ltth tl&e,. •iae JJf ~·· procee8or·. d.atc1.-w9rd. la 

: 1ene-ral the memory s~all be capable of holdin& at 1 aat 1 ~00 
instructions of the type listed in Appendix B, and of the format 
shown in paragraph 4. 3. Z. 
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4. 3 Proceesor Control Unit 

4. 3.-1 . The main function of the Processor Control Unit (PCU) •hall 
,,. to provid«J the Proceeaor Network with fbtalized .. instruc­
tions taken from the Network Program Memory, and control 
the sequence of these ~structiona .• 

4. 3. 2 The instruction formate for the PCU aqd processor instruc­
tion~ shall la.elude th• .f~llowittg fielde: 

~ 

OP MD 

PCU 

OP 

IA • Indirect AdAlreae Indicator 

OP, • Operatioa 

MD• Mode 

X • Index 

. . 
· R • Routin1 (lnter~al, N·, 

" • • I" 

· · M c · Memory Location 

4. 3. .~ ,The P .. oce1aor COntrol Uldt llaall obtain lu~Uon word• ·fr 
.· the Network Proaram Meµi~ry and decode ~ •e· for bOth the 
. ~roceaeo-r Network aad POU. Th• oper~ion fi•la ·ab.all , · 

deatify tile instruction. a• a PCU or a proc&s•or type .a.M 
ape!=#-fy · tb~· operation to be ~ecuted. · 

: - . - .. 
T1'e ':Pcu •hall have .. ability to initiate :J~put, ~CMtput com­
tnaa_da aa well •• the ability to modify ltS wuuctiona aact 
operate cm .da for procee•~.r operation, · · 

. . ' 

.t~l."·.,~ ·:, 'J'he ina&r~tton format for'- ihe PCU •ball pro~de: fo·r ~ in­
tieatlon of operands which are db~eet addrea•••, immedla 
ddre •••, lnd.esed add~eaaee _or indirect ·~•••••. '. 

Tb.e PCU hall c:o~ leaat 1evea Index Re1l•~r• to -....a.--
modUicatlon ol the memory field of the lnsU:uett.on ord. 

The PCU ehall be capable of xeeutil).1 the tJpe of iutructi 
ll•ted la Ap:pendix B, which ia ·a part of thia •J>*c:Ulcation. 
aeller shall propoae thoae lnatructtoas whic:h he feel• will 

. opti.m\ze capability commeidurate With co•t. · 
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4. 4 The Input-Output Section 

4. 4. 1 Data channels shall be provided to traasmit data between 
the Network. Prog~arn Memory and the .ioll~ng devices: 

4. 4.1 .. l · XfO Buller Memory. 

4. 4. 1. 2 Input•.<Mtput console typ•writer. 

4. 4.1. 3 Two· lBM 7Z9 MOD .VI mape.tic tape unite, or· 
~quivaleat. · 

4. 4. 1·, ~ An lnterface to _the LRL computing faclll~••· 

4. 4. Z Space and terminal faeilltiea shall be provided to. allow for 
the addition of data· c~nnel• at a future time which are com­
patible With conventional pe l'ipheral device• ,.au.ch a&. printer, 
ca~d reader ~d punch, drum or disc file, etc. 

. . 
CONSTRUCTION, . POWER, ANO. UTIU'ltES 

5.1 The electraaic' pol"tiona of thia· Sye~m aball be coaa~ed of eolid 
state circuit component• 8.1\d mo~ted on printed•wirln1 modulat. 
plug.in unite wherever practical. The circ¢t boarda •hall be flanae 

s. 2 

5.3 

: 

5.T 

retardant. - · 

All. equipmeQt •1'all be ao conatrueted and fabricated aa to permit 
ace•••i1>11ity to any and all compo~ent pad•· for oaee ol maintenance 
and ~eplacome• - without _dlaconnecting any cabl••· 

All conaP-uetion and !abr icaUon aliall be of the hi1h4•t quality 
.a~cor~ to •lectronic ill.dub'y •tandarda. The ee~er •laall hav aa 
Englneerlag and Mal1wacturfu1 .Standard9 .Manual acceptable· to LRL. 
~ cosa•tncUon '8d adjuatrn~D.t procedur.ee ahall a~ere to .tawee 
1 taa4.ar-da., 

,.The S11t~ui . •hall be eonlpletely as_eernbled LRL aJuui in no ~ay 
p~ovicie any eq\Uprn•nt euoh ae - 1Nt Jl. ;t; limited to ...:. rack•, caM.neu, 
vacuwn pumps; ge.n.eratora • power aupplie1. •tc. Equipment •1'all 
btJ ·constructed so u to be comp~'1ble with LRL buildinl• .a.S bvlld· 

)'a ~e;rvicee. ,, . · 

AU int~tcoiinectiona shall be made by cablee with LRL app:r' ve4 
coQ;Aector• .a~ terml~tiona. , ·. · . · · · . 

~ All terminals t piuge • . connectors. circuit wiriJa.a. etc:. , shall be 
unlfN.elY labeled on the equipment and ·refe~enced to, a ••to~ •1•tem 
ch'awta9e. 

·Ea0ti subassembly of the Syatem •hall paae thro-"gh·a door opea.lng 
which is 7' high by 5' wide. An eeti~•te of the phy•ical ·•i•e ~d 
1hape of the Syetem •hall be submitted wit& the proposal • . 

· .. Page 6 0.·13 

0 



u 
~ 
~ 

~ 
II) 
0:: 

t2 
!i 
a.. 
~ 
u .. 
0 
w -I.&. 

C,) 
w 
A. 
en / 
w 
Cl) 

I 
""" i= 
0 

.... 
Q 

0 
v 
.... 
VI 

Q 

~ 
II 

v 
u 

t.L 
Q, 

II 

i\ 

~· 

+ I 
~ 

zl 
Q 
a:: 
c( 
u 
II 

(/) 

..J &Al 

g .... 
c . 

~ Q 

VI 

.s::. 
:j_ ~ 

c 
II a: 

Q 

..J 

w 
...J 
~ -
~ 

5. 8 Adequate interlocks and aalety devices •hall be lnatalled wherever 
necesaary to ensure the eafety of personnel and equipment. All auch 
aafety .devices shall comply with published State of Califonua Code• 
&lld LRL Electronics Engineerig Safety Standard (LE 3088·14 
attached). 1 

. . 
The operatln1 line · voltage for the Syatem •hall bi taken from eom• 
morclaUy available power t LRL. . Thia po~er i• 1~1v/ 208v ain1le . 
phue or 208/440·~. 4-wire wye-connec:ted three pha •• Thi frequency 
ia 60 cycle• per second t2 cycles. The ayetem ehaU. opertLte over an 
iaput voltage fluctuation of ±1 O~ of' normal. U a motor :1enerator i• 
used it• primary powei' shall be · as 1pecified above. . 

The Syatem eh•ll .operate ae apecified within a room temperatl&r• 
range of'±SS•F to +100•~. Any internal coolina req~remente •hall 
be supplied by the seller. 

5. 11 Pro~~io~ ·shall be made to· ·pr.event improper di~tdtiUtion. of alr aiad· 
. . · improper coo~ if one .or more· device• or modJlle are removed 

trom the Sy•tern for pro1oziaed pert.ode of time~ 

The· ·~iae pnerated 1'j tiie equipmeD.t of Ws 9pect.licatlon •ball no 
incre ... e the i•• lev 1 mozo than on:e db Jl ta. - v6rap nolee 
level in the three octave .. baad8 of the speech t.Aterference ran 
600-.1200, 1200·2400 and Z400•4800 .cpe. _The anra1• lev er the 
th.ree· bande • for tile eiavironment in -which the e~pmtnt ·l to M 
placed·, shall be taken at 60 ~ (Reference: HanclbO of Noiae 
Meaa~-r.ement, General Radio Compt.ny.) ' 

The te•t.,.•hall be pedorm•d again after ln.1tallatian at LRL. Puaa 
~ya~::.•t at ~RL ·~ co~Utut•· Prel~minary ai:ce~e ol the 

The ayetem eha.11 be deaiglled alMl cou~tH .•UCb that ttie total pl' · 
vent1 ,e and non-acheduled mat.nie ce time doee aot •Xe•ecl • hours 
for e·ach 40 hours of time that the ayatem l• in operaticn-· The ayatem 

· will be operaied on a 24 hr• per day·, 1. day• per ~••k b&•l.•. 
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7. Z Final acceptance of the ayatem eh&ll oc;cur when the ayatem ha.a 
operated under the maximum.allowable down time (10'9 per 40 hour•) 
for a period of 4 consecutive week• (28 calendar days)~ 

.S. 0 SPEClAL R~QUIREMENTS 

8 .. 1 

8.Z 

8.3 

The aet of equation• sh0-wn in ApP.ndi.X C. which i• a part of this 
apec.Ulcation., •hall be band. coded. waing applicable Processing Ele­
tnent iutructions. The listing shall be •qbmltted with the aeller'• 
~r~!'sal aa an accurate eval~tlon of th~ potentjal 1peed of a •Y• m. 

The seller •hall i1U1ta.U the machine at LRL, Livermore· • . 

The seller 8haJ.l. supply ZS copies . of a preiirrilnary ·programmer'• 
m~ual and eyatem description -.f least 90 day• prior to the _ehipment 
(>1 the ayateln to LRL. The seller ahall alao supply 50 copi•• of a 
complete, accurate and adequate proarammera • manual and •Y•t em . 
description at the time of the delivery o1 the aystem to LRL. 

It ie desirable that a certain amount ; of C'Om}Nt•r time• to be ne10• 
Uated at the tlm'e of the final contract. be made available to LRL 
program.mere prior to ~bipmeni of tb.e '•r-tem to Livermore. 

I ' ' • • 

8. 6 . · The ae11*r. aball aupply five eor.pplete aets of instruction man~, 
adequate for operation and maiatMMince and 1ervicia1 of the • uipmen 
The eell~r a hall also supply five complete 1 eta of dJ-cuit ackemaUca, 
logic ·drawiqa, and wiring dia1rama for the -entire ayat m. i.-no 
cue •hall any Qiawing be lar1e.r thaa an LRL else 4· ~ er draw 
lng •.. oae· ••t •hall ))e repro4ucable" . -~ . ' . . . 

. . 
The teller shall aup~y a complete R~c~mniended Sfare P&r 

~'an &ltern'.ative to paragraph~· 5 throqh 8. ?i tla.e ••Iler may 11ummt 
f. propo•al for a MaiDlena.nc'e Con~ract wldcll ilaclv.dea spare pa~u. 
. /' . ·' 

8. l 0 · T~ perin~a· Mr and adequate e~~i~ d. propoe&l recelncl, aeller• 
shall a\&l)mit a ll•t, correlated with '1le parapapha of· thl1 apeculca 

I tio~. · ~ntalnla1 itemi• a deecription~ ' and ~rough qlanattoe.a of 
the foUOwin11 · · . • · _ 

.. # • • 

. 8.10. 1' A,11 •XC•~OD8 or alternative• *° PY pyasrapb of thia •peel 
.· flcMion. · . · 

8.10. 5 Seller• auggestlQn which would ~ake the system mor• ver•a 
tile or reliable. · · . ; 
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APPENDIX A 

Ins truct'ion List for Procesears. · 

The Proceaaori : shall be capable of executing a comprehensive comple 
m.S of the following typ4a• o f instructiou. . 

Transfer• 

' (a) . Transfers of opera11da from the processor accumul atore 1 generally 
referred to aa "A" to the proceeaor memory. 

(b) Transfer• of operands from the ro\Uln1 field, R, '°A. : 
2. Transfer• witb r/ () Buffer 

(a) Tr•sfer of operands in the . I/ 0 buffer to.die network memory under 
spatial control. 

(b) 

3. Addition and Subtraction 

./ (a) Floatin.1 p()im an4/ or fixed point a&Ution or ·aubtraction of an oper 
in the acc1¥DU:lator, requeator, A, to or from an operand de1ignated by R 

The absolute v&lue ~! A may. be ueed~· 

Results go to A-. 

(d) Provial~ shall be made to handle over4ow. 

Multiplication · · 

(a.) Floating polat and/ or fixed point rnwtlplicatio 
e operand d aip&ted by R. 

(b) Pr9rislon shall be made to handle overflow. 

Di vie ion / ) · ,, 

Ca) FloatiAg point and/or fixed point diVtsion of the operand in A by the 
operand deaipated by R. . . . . · . 

. (b) Provision Shall be made to handle ov~rfiow. 
) 

·s1p Operatiou 

Th~ alp of the operand in A may be. aet poaidve, ne1 tlve or oppoaUe. 
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7. Shifts 

9,· 

A shifi of the operait.d -in A may be made to ~e left. right; ligned or 
unsip.eCi. · .. . . 

· Tbe operci!ld in A may be ahilted circularly. 

Boole&A Ope,ra~ou · 

WitA the opera.ad ln :..A .as the fir•t operand a Boolean .AND, OR, or 
Exc:luslTI OR~ .ia j>erformed. Th• opeiand ·deatpated by t1le routing 
field h• . the aec·ond ~perand. · . . . : ·, . 

. . . 
The operatioa NOT may be performed 6n an operand ~n A. or R. 

.. ' 

Mode ·set 

. The-· Mod. Re1istei- rna.y be ~et to ta•. v&lue of the Mo@ Value · portion 
of the instruction. · 

TA.• ••t may be c0ndition.al on th• result of a comparli. _of aa oper 
ia A and an ape·ra.ad deeipated by R.· T~e test may· bi lor· equal~ty .. 
inequality. ar•at.r th~' le•. than. greate·r than or -tctual. ~·· 8 than or 
eq~, A .-.~ to zero or A equal ~- OIJ.• . 

Tb.e ?v{ode Re•i•ter may~ aet fro~ ~ . p&lJ." of bits in A. · · 
. . 

· Tile Mode · Regle~l' c:ontenta may ~ tran.afe.~e4 to a p-1r of blta ln A • 

. · Tbe Spa~ Coattro.l Register• rl.ay ~ •~t lr~'n;i proce~•or condltlona. 
• f -!' • t I o •; ~ • 
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APPEN.QIX B 

Instruction List for Proce.aor Control Unit 
-

The Proce•aor Control Unit shall be capable of executing a comprehemive com-
plement of the followin1 type• of instructions. 

(b) 

(c) 

TS"analera of operancta from the Program Memory to the va.rioua repa 
ters of: th• PCU, including auc:b register• a1 the Manifold R•alater, 
Space Activity Repatera, ~ode Regiater and. Index ~egi•tei-1. 

Tranafera of operands betvl•en &he various r~gletere and accumulator. . ' 
. . 

Traiaefera of operands between the Program Memory and the I/ 0 
Buffer Memory. · · 

2~ Addition an.d Subtrac·tion 

. ~) 

3. Shift• 

Floatin1 point and/or .fi.xed point addition. or suMraction. of an oper 
de•ipated by the M field of an i~truction or the actual contema of the 
M Clelij (immediate operand) to or irom the contents of an iDdex rep•• 
ter., with overflow detection • 

Floatin1 point and/ or fixed point addition or •ubtraction of an operad 
(memory or immediate) ·to or from the .value in the accumulator, wllh 
overflow detection. .. · ,,,. . 

(a) A •hift of the operand in the accumula.tor to the left, ·right; clrcUlarlys 
· al&n&d or unei9ned~. ; 

}'he following Boolean operatiou are'. dealrable: . And ; N sated Co•im-
. plication, Ne1ated Implication. Exclusive OR, Negated Or, Equivalence, 

Jmplication, Co-implicatlcm, Neg~ted And, and Not. 

~ 

CA jump cauaes a new;/aequea.cer·:.of inatructiona to be eatabli~hed. ) 

(a) J'u pa which modify index registers. 

Jumps which test index re1~•ters. 
I 

JlµJlp• which teat the accumulators. 

J'umpa on ~verflow. 

Jump• on certain indicator• having to do with manual awitch•• and 
network •ta tes of activity. = 

Page 11 of 13 

0 

> 
11.t 
II 



DI ST. COD£ 

Tl TLE 

'--

rel 
ID 

IQ 
G 

r .... .. 

V. tO/fltl 

FILING REFERENCE 

,, ",.,.,·.;·""' ..... ,- · .. .. 11'. 

ELECTRONICS ENGINEERING DEPT. 
LAWREMCE RADIATION LABORA'rt>RY 

UNIVERSITY OF ·CALI FORM IA 
LIVERMORE, CALIFORNIA 

, ..... l .... •c . ' . . 

--\ I UNLESS OTHERWISE SPECIF I ED: c~PACI lORS flX> wvoc. 

RESISTORS = CAROON_W ± 5%. C >t = PF C <1 = µF. 

R = O.....S, L = µ h, SYMBOtS • ASA 

HAN GE I APPROvE·D DRAWN DATE CHANGES 

.... 
...... - - ...... 

I~ ~ 0 It pt - - ~ - • n .. 
B f ~ E f tt ... 0 ,.. 
tot 1 ~ · ~ 

l R ~ . 8 " .. ·"' ... 
en -o 1% t a. 8 ... ::·. ' 

. .... ... . . ~ 

.r .. e. - ~ l f .. 
m it ~ " ·~. ( ~ . . . ·,_ . .., .. . ' e ir. . . . o· ..... : ,. , .. k. 

l ~ i' :" .. :.· 
pt -·" 
8. 

-' 

..-- . ·~ 

" a .... ·~ 

..:._- ~· • .....,. • "> l,.r -·~ • -,·- I -,. L si .... 
ts ... 

9Q I • , t . . 

4 H ' D 

_, -
~ er ,, - - n · 
~ tn en 

0 ft 0 ... ... ... • • en -.... 
& • -~ ;: 
n 

i (» .. 
'1 ·~ -
0 .'~ · " 8' [ 
0 Q .... M CD 
PJ 0 :s . ·o 
0 .a 
0 ; 'O a .. 
tg ... ... 
"' • tot 0 .... • ? 
0 

" GI 



. 

u ~ 
0 
> II 
:3: 

v 
~ u 
Vl 
Cl: u.. 
~ 0. 

u II • < 
0.. 
c( /\ . 
u 

u 
Q 
UJ ~· -
~ 

an 
- +• (,,) 
UJ ~I 0.. 

"' z 
w SS 
"' 

a:: 
c( 

I u 
11 ... 

r= (/") 

a:: 
C> 0 

f-
Cl) CJ) 

Cl) Vi UJ 
~ w 

a:: z 
:'.:) 

,r \ 
I 

. ( 

,/ 

co 
.._o 
co ... ... 

: ~ z 
i 
< a: 
0 

_.,, 

l.J 
0 
0 
u 

I--
VI -
0 

J 

w 
u 
z .., 
a: 
w 
..... ... 
er 

"' z -..J -..... 

en ... 
(,!) 

z 
< 
:r 
u 

c{ 
Vl 
c( . 
CJ'J 
....J ... 
~ 

~ 

< 
~o 

....J 

~ 
~ 
0 

II 
a:: 

0 
w 
> 
0 
a: 
Q.. 
Q.. 
< 

w 
(;!) 

i 
:r 
u 

~ ... 
0 

t ., 
z 
..... 
I> 

~ 
k 
Rt 
~ 

w 
_J 
I--
I-

APPENDIX C 

Equations To Be Hand · Coded 

Consider the me~ory of each of the proc;easors to <:ODtain a nWxiber of· sequence• 
of the variables designated by the following l~tt.rei P, Q, R, z. M, U, V. The 
problem ii to calculate ~ew variable·• R', i,'~ .. ~~ from the equa~oue shown below 
and store ill.em in place of the old variables R. Z, U, v .. 
Calculatioii of the new variable a ahall be cOded in two distinct way•: (1) All varl 
ables considered aa double precision words, a.nd, (2) All variable• aa aiilgle 
precieioa worcla. The instructions which are nec•••a~y and sufficient to calculat 

· the reaulte shall be written in the form of a mnemonic assembly language with 
annotatiC?na coiice:tning the mn~monics. A timin& diagram or liat shall accompany 
th• coding showing the proposed speed ol. each instruction in the aequence and a 
total time shall be given "for each of the tWo variations requested. 

A ·= .(P(NE) + Q(NE) - ~) .- Q(N)J ·[l~ ·.t . ~f?i)'l/(McNl ~~ M(NE)J' 
. ... .. ~ '• 

_.·"·:·~:·. ·.: B =t (P(N) + Q(N) - ~ • QJ;[R:+ R('f))/IM ~+ M(N)] 

(-.A(N) [Z • Z(N)] + A[Z • Z(S)] - -B[Z - Z(W)] + B(E}[z· ._ Z(E))) 
' 

{-A(N) (R • R(N.)]'+ A[R .. R(S)}· B[R - R(W)] ~ B(E)[R .- R(E)]} 
! • . · _. . 

R' • R + t• U~ . (a and t . are given con.stanta which a~ the same for all . 
· . proceasors •. ) · ' : · · . . 

('... . ., 

. .. . . 
Al~ v~rl~t shall be ... ~o~ider~d a• mdexed_ quantities within each Pr<?ceaaor 
memory. · · · .· 

·Square ~d c.udy br84kets lire u•ed to deeip.a;te arithmetic expruaio~~ ,., . 

~All quantitie~ in .. p~r nUle8ia refer . to th~ neighbo~' reiil;tionship· shown in the fol• . 
· ~owing diagram: ". · . . . 

For exa~ple: p(N~) refer• to the variable P 
located in ·the memory of tbe Northeast nei.ghbor 
0£ the baae proceaaor.. · 

.. 1 

BASE Processor (variable• with no parenthetic 
e~r••sion reside here) • 

Ignore boundary connectivi.ty. 

Note: Thia d.i~gram i• not b1tended to convey any 
fixed organizational arrangement . 
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