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ABSTRACY

Thic report describss implementaticn of a dota-channel Intexfscs
for tho ASEIRAC IX high-spead {iterative diffeovontial snalyzsr and the
PDP-% diglenl computesr, end ivs spplieation to the siwlstion of
variasble time delay (S.g. pipe-lime delaye im acpospace and chemficzl
problana,) The cycle-stealing dsta~cheonnel interface ecffectc sutomatic
block teansfors of duts from and to the digital computer zt vates of
up o 250,000 wozds per second in responge to gequest pulees frem the
anslog computez. Varsisoble tims delays czn be implomented 4€ smalog
data read in and stoved ot o conghend sawple pats are zead out Into a
digical-to-analoy convertar at a variable rake egisbiished by a veltage-
gontzalled oscillager patched oo the snslog coxpudse. A simpls integeal

pauation was solved to tost implemeuntsticn of {constant) time delays.



L. Ggunexal densrioticn
The FOP- data channel imterface for the ASIRAC IX ausloy couputes?

peovidae a fast data tzansfer botween FOP-O and ASTRAC IX. Requests fow
data channel transfors from or to the ASTRAC %X ave honored by the
channal at the completien of the PDP-9 instruction in Progress.

The cheonel is coateoliad by word count mad curzent address regisotass
held in the digital-;co?mpuza: cove mamory. Bogh zepisters ave initialized
by & program instryectich depositing su!.cahie words. VFhen the processer
honors 8 dsce-chounsl request, the reepective deviee transmits the
addrass of ito asvigned wordecount reglster. BDuving the £iest cyele
of tha chennel teanofer, the contents of this word coumter ava imczes
sonted, snd the addeess 9? the currente-addeess register is establisked,”

in ths seeond cycle, the contente of the curreat-addresc regleter
ate incremsnted to estabiish the effactive addrass of the EEORY
locstion delivering op rxesceiving ths ‘data word.

Buring the t:&zeé cyc.%auior ﬁots:éth eyele in the ¢ase 0f cut-trensfor),
the actval dats trensfer u;:cgrac Because of these counting opevazions,
such momory Inplemanted dota channe,ls eteal thres or four cemputar
syeles por date tzhopfsg, Bub stillpermitc weéimm word trancfer retes

eunceeding 259,000 words per second at vary low cost.

2. _Iatexfscs Desipn
The incerfacs sh;ém in ¥Fig, 1.1 emn b0 used ¢to olthsy wead date

from the FOP-2 into an asalog computer oF vice verss.
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The primsyy data cgansfor divica alwmady inctallad axe ths 4D
coavercay {ARC) uich feur multiplensd enalog inmputs (ARIN), end four
wultiplying DA convertsrs (LONC). & Digical Bauipment Corporation
ingerface caxd (W 104) is used to satablich deta-chenmol TEqUEBLE.

The civcuit opevaces as follous:

1} Davice daca request £lag,”

ag places 8 ground lavel on the
Elag input vhen o data-chennol ¢vsnsfor iz vegquived,

This ground level enableg the BRQ fitn-flop in che Wils.

The pulse 10 SYNC which cceurs at l.psec intevvals and 1s available
on the IQ BUS sets the REQ Elip-flop in the WiG4. %his pulls che FBP-9
raquest Line to gemsﬁa’ thus, requesting s data-channel bresk cpele in
the computer.

1£ veperiecive da_g‘:a trangfovs sre not desived {or not desived at the
waxinmm possibie saze’i, tha daviceflag must be clesred to provent
false data channel eyclas and apgocisted loss of data. In ouw eizcuic,
the cleay flep aig:ual“:fm tha tam_jm used to Teset tha dovies fiago

2) Gwant ai@éf

When ah&?m‘@ ig, ready ©o in:li;iata the requested data-channel
beeak, it fscuss a M co the device. %hae tvailing edge oflthie
signal produces Q;m whick wesets the device flag befozemancimeég
and also dets the EMA £lip-flop gar,ing citto tha ¥O ADDR iimes. This ]
glipvf!.o? then cnables the i) Elﬁé{ﬂe@s which 1o set with the mez%c_"

10 SYRC pulse. This ‘Gauses SEIECET of the WG4 to g0 to ground. Cone

necied to the force-select input of 'a W03 device selector, this



bo
oirulates tha Wi03% propar dovide ¢onde, pormitting XOF pulges to pass
thyeugh it,

Meanuhile, EiB io uged Lo gate o Read roquant (RO BQY or wrice
requept (VR RQ) level co the FDP-9. In tho case of a vead request, :
tha trongfew pulse X0B2 1o igeuad and the dats buffer zeted on the bus.
Ie tha cags of a write sequest, the I0M4 is issued on the raset cyele.

3) EBusble signel

ERA IN of the WIU% must b2 connected to tho duta-channal enable
iine on the I0 bus gunuing towaed the PDP-9. EBENA OWF must ba connected
to che nexe lower priority davica (1f any) on the dsta-chonnel bus.
This arrangement sats up priorities for data<channel wequests from
two moze davices.

Pata channel timing diagraxs ave ghoum o Pig. L.2.

4} Linksgs potchbay

Gn the linkage patehbey of the ASERAS IX which the uger can
pateh o mget the vequivement of hia particulsr spplicaticn, we hava
provided the following terminsls {See Pig. 1.3).

BEQ:s Ths posicivergoling request sigpal from devige o tha dace
channel indicates that dsvice vequives deta chupnel tramsfer.

BEENA: Enabling RD RQ slznnl indicates that the device wishes
the tramefor to be da tha "input? divection.

SR EBA; Enabling W2 RQ sigeal indicating that the device wishes'

the tzansfar to be in the Yousput” direction.

Engbling the addeto-mopogy operation which is
a8 ccmbinsticn of zeading sud writing.
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6 FiA:  Roabling the morory inceemont operagfion, f.a8., ths
am:c! opecificd on the X0 4ABBR 1ines is incramented.

30 o¥l0; A pulse criginpting in the chanwsl Zogic which indieatcs
thae che teensfer of gpecified number of date wowxds hos bsenm cemploted.

M3 0710: Indicating dasa~chonnel transfer complete.

ADDR: 14 gate irputs gpaciffes WO ADDR for BB and WR operations
{ground is “0", open c.c.i. is "1¥).

DATA 3N: 18 Bupwgsts inputs {nte S0F9 IO bus strobed by I0F2
pulse. {(ground is "', opan e.c.t. is "I},

DATA AVAREARRE:; I0Z4 pulse indicates that requssted dsta is om
the X0 Bus lines.  Uspally wired to DAPLOAD or DALLOAD dapanding on
HBACS o HDACL iz curvenmtly used.

DAQ ROAD: Input pulce into this termination pxoduces two tinleg
pulses 1.5 pacc gpart!'to trangfer au}:puz data from the acemmiacor
¢o the buffer registor, and from the buffer register to the device
ragicter in the MDACH,

BAL 104D: Seme: as DA LOAD except MDACL.

B; & pulse to tranafer outpub data from accumulator ts buffer
gegister.

B; & pulse to transfer cutput Yara fxom buffer register to device
registar.

ADC; 32 bit ABS outputs (~3V is "i")

3. %rgtgml deg‘cﬁ".‘.ggggg
Figuza 1.4 ohous’ a0 cusuple of » deto-shonoel imtevface spplicd -
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to 3 vardisblo-~tima-dalay syotem {osa balow).

Flip=£idp B202{1) 40 eat by posivive-going pulse, uhlich comas
Erom a c¢iveuit patchod on tha onaleg cooputer, after ths wozd-count
H8) and engrant-esunt {GA) wegiostors have been inftialized by the
progecm, This produces a ground-=lavel pulse to set tha REQ flip-flop
in tho Wi04, DRosetsinput toxzinal of the £lip~Clop H202{1) ead iR
REQ iz patched Erow Cil FILAG whoo ropotitive data trassfers are Gof
desivad, ag im tha cage of vavisble tima dalays. The ¥iCs is cono
nacted in & standard configuratfon. It issues a R BQ pulse when WR
EHA is et ground level, and RUFHA is at -3V, Aleo 1t fosuss o BB BQ
pulse when REEEA Is ground level and HEEHA is -3V level.

The 10 ADDR lines can be conpacted for any number of differems .
vord-esunt and currcat-address m;ﬁaaa‘rs in t’.aemﬁs"y. But the following
corg~register assignuent for this data chamel is used, because only
one address bit, that is, YO ADDR 14 line ié*éi'ffarent batwegen REAR
end WRITE {(Fig. 2.2): ‘

Word count 32, Cutrsnt address 33 foz READ,

Hord count 22, Qugtent address 23 fox WRITRE.

The Y104 enables o WIGS to allow the 3022 pules to eewobe date
fvom daviece and the I0P4 pulee to jom tzansfoy data imge the device
buffer vegistar using poth MTA AVAYLARLE and £d LOAD. 1O pover clear
iz voed to woset all £lip-flop, when the computer iz £irot turmed .

Figuve 1.5 shows the logicvcard mpdule layout fom the PATA chsumel
intevface and, spocifically, for variable time delays. This figurc

indicates the tyso of logic module foumd at gasch locstlon in the index-

face mownting panels when vieyed from ths front of ASTRAC I,



agiable=Rina=Palay Eirmlation

1s  Gaveral BDesceintiocn
Time dolay &uices fvom ths finite timo it tekes to propagate an

inforeatfion (eignal) £or tha sourca te the recelver ian a wedivm. Shouid
the mediym in which the signal is propagated change propesties ag a
function of tima, tha resulting de!.‘ay could become va:riab!:e in ¢tira.

The magnitude of the deley in propagated signel is depsadant on
twe quantities: the \-!a!.acicy of prapagotion (V) and the distanes
between sender and woceiver (D). Z£ eithsy of those quantities wvaries,
have a varvisble~deisy problem,

Typienl pipaline probloms involve a fined distence with a contimucuciye
variablie propagation valoeity. Seversl mathods ave svailable to simulate
constant time dolays, but few are satisfactory for a continuously waviable
delay. %Tho system ée;zuthed i & relativaly new hybrid ennlogedigitval
implemcntation., The bagic idea is to sample e date signal st s constant
rate, put the samples into core namory, and resd them out at a sowpling
vata proporiional to the flow maloecity, as determined by & voltage-
controiled oscilictow wca).“

2. Yaeiobio-Tima-Nolay Desien

Ths data input signal ig converted to 12 bit bivery foxm in an analop
to digital econvarter (ABG) with conmatant sampling vate. Sazpics oxe
stored in a block of core memory of the PDP«9, using 2 data-chopnsi
READ opsraticn. An analog voltage proportiocnal to the rate of chonge of
the desived daelay velocity in & pips Is spplisd to sn snalog-voltage-
controlied oseillatoy whose outpute-pulees sexve o8 raguest pulses for

data-chaarel writs opevaticns. The pulse repetition zete dotazmines the



&,

rate at which dnts io tokan cut of momoyy, ond cherafore tha Sl the
data is du wzoomy, thot 1s, tha doioy. Tho otogting addresc of tha
CA vaginter for daka choanel voad ond daga channel write 1s chsaged
accozding Go tha indtlal ¢ime Ealoy vequired.
Tha V86 1s potched en ths apaiozecomputer patchbay (Pig. 2.0).
The ousput of Che core nomory is convertad to aralog voltaga in o
3RC.
& Zow modifications of tha stendord date-chrnnel intesfoca wars
n2eded to ba voed 28 o ;rasficble f:i:z_ga-de!.my syaiem:
1) ‘Geverstion of DCX EAQ signal,
2} Hode selection botween BB RQ and WR RQ, end aloo establishmwent
of priozity batween RD RQ oud WR Q.
3} Contrel of tio WC and CA vepicter with a single data chanasl,
4) Gonewation of g pulte proportional to tha veloelity of delsyad
sigael,
5} ©Cete-chanuel vogister fnitinlization for making on “endless
toop" memovy,
The firec thvee zequiremsnts ase mat by the variable-tims delay
iogic shovm im Fig. 241 and Fig. 2.2.
DCH EQ sigeal nost oceur when daga cignal semplimg clock {read
ingtouction) or VG0 dutput pulse {erits instucticn) comss.
givce ths WRTEE fogquest pulses fzem the fluedovete clock cnd the
IRAD raquast ptlocs fhom tha VEO can overlsp or cven esincids, ths
puloc-aoparacion eivcric of Fig.2.3 was dasipned to give prioeity oo
tho YRIEE zequost pulse, end slco to produce ERAD gad WRXEE wequant
pulss wnv&fm:gza Igma.c lonz and synchroniZed with the PDP-¢ 10 BEREC



e
timing signol {poo algo thn tining diagran of Fig. 2.3+1).

8ince the ninfoey required time intecval baotuzen data chanuel
reod oparation and dnga chonnel uwite cparacion is 7 usee, we must
sepexate agepling clock and VL0 pulse £rox cach othzr woro than 7 Eﬂsé’l‘-o
Fouz monastablo multivibrators (4 IRW's), two ANl-gare, and tus (R-gates
pezform this function of separation,

The 7 puscc minimm vequired time intozvel bocween read and wrike
is dstexuived by the foliowing considergtions. Afier a davice £lag ia
rained, it tokes two procassor eycios (f.0. 2 usac) to pecefve tho
grent signa)l (DCH 63) £rom the chunnel of PDP-, Ons procspmRor cyele
later, the gctucl data-chonnal transfer starts. Each cutput dats-
channsl teensfer steals four precessor cycles., Thovefora, 7 psec ig
nceded to copplote dats channel opsyationy (owe Pig. 2.5).

The Hoda ggzg-g;ép selects besse;an BEAD request (R RQ) and
YRIZE zequest (MR BQ). An AHD-gate receiving the output of the wmode
£1ip=Flop and the conble signel (BA) from the ¥i04 card is used &o
salect the address of one of two word-count (HC) vegloters in coza
mezory; She £izst correspends to thy Y0 ragleter for READ (assigeed
cove gddress 32 io qeaal. notation), #id the other corcesponds o the
8 vagiater for VRITE (assigned core address 22 ia oztal nokaticn).
Thoze i only one big Jiffepence hetusen those two addvesses of cove
nemory rvogisters (i.q, Z0 ADDR ling 14), so that the ewitehisg logle in
simple,

Tha feurth requivement is met'hy an snalegovoltage-eontrolled

-

cocillotor. Flgurs 2.6 shows the Bldck disgran of this VED, which fs



10,
patehad on ths caslogecoxputer patchbay, The UEO spovating chorase-
tovistic (inpus voltngo versus output fvequoncy of the V8D) ie shown
in Flg. 2.7. WUhea tha {uput valtage changeo from 0.5 volts to 2.0
velte, ths output frequancy changes 150 EE to 9200 B2 {linearity io
within 1%/0). Cutput fraquency of the VD 1s adjuszed to 5000 B2
when 5 volt of fapue voltege is appiied.

The last vequivement 16 wet by aimple infciclization programs,
{{.8.; velthor progren fntorvupt focility (PE) nor multilgvel
autoznatie priopity interrupt facility {APY) wes ubed). Bacause the
marimen speed of tho datg Chenndl read of write is detesmived by the
highest pulse repstivion rate of the thD, angd iz zelativaly alow
o pev.rs i3 9200 ¥%; thavefoxe i,l!:‘ﬁ perdod 4s 110 msecl. An 1aicdal-
ization progren of this dota chemmel panerally consista of two programsg
ora i a detection goutine wheg U zegistar hea counted vp o 2eFo,
the othor Is 2 sexvice Eoucine.; that: deposits ¥C, €A reglstar with
suitabie words. Bowsvow, Lf aé pridiey fpopeance is placed on tie
spesd of date cheanel tremsfer, ahz-:‘%; F{ or 427 should be used.

The aamwsignazaéw!us clock: ,':g'ata aust bs galsctad gecording
to both the fSrodueney of eths data r.a’tggn‘al and ¢ dasived delay tima.
The pericd botvaen read-in pulaes ciep:enda on the sempling oloek. Tha
puize zopatitien gate fvem the VCO 4 150 & 1085 (V-0.5) 2 vhaze
¥ 15 the voltage of joput signal to V0O, Simes ¥ varies fren 0.5 vois
go 9.0 vole; thia pn.rf.'!:a\‘a rgote vagdes from 150 ppo ¢o 9,200 pps, the
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porded botuaon velbcesud pulses is 120 poce to 6 wooe. 1€ wo use, for
ancapio, 1080 words of estivo eore wouery for thio ties delay cysten,
the delsy obtnivad ig 1000 tfmes che tinn perlod {f.c. the delsy time
i from 110 psee to 6 see.). The move cove uemory c:zp‘acﬂtsr io uged;, the
iszaer delsy tiza is obtalned, although the mimsm available coze
monogy cepacity will depead on the application. In this espe, in owdew
te ogcaze 20 seuples pae eyels of ddta signal wave ovew tha whola
deley wange, the highost frequency of tha dato sigosl s atous 33 K83
& delay-bandvidth product of 200 will requive 1003 words off'cors
wamory e

Egrors {n time dalay srdee from thrae main sourcesy i) The orrer
intzodueed by the Y88, which hes a ifncarity exsor of 1,0%. 2) Ths
manimum delsy bofora tha data {s tolion cul of monory end vaconstructed
into an analog volcage by XBAC, 7 psec sor data channel, 20 psec fov
HBAG; totel 27 gooc. 3) Ervor in racouverting the memcry cutput ©o
an snalog voltsge im the MBAG (0,258 fHslf-scais), and comverting
input dats signel to binavy form in ARC (0.1%).

Tha tima~delay ervor fox the entirs systen ie tha sum of the
above gERYoTH.



A Consteat-tima-dalay Appliention 2.

Ao & dewonstedtlion of ¢ho voe of comptant tiwd deloys, siupls
applicatficn pyoblem f.6. intogeal dyuation was solved. Eh% axtuplos
aea nol meant to o exhapstive ctudies of paviicular appliesilon;
zather i1t pointg cut how the tims delay {2 used.

The mathznatical daseription of meny problexs of enginaseing intere
est contains integrel-eguuaticns, Tepieal of a ilarge cless of cueh

probiczs is the Fredholn intogral egquation of tho pocond kind, noxaly
y(®) e %=} ¢ %b Bz, e)y{t)de €)

where f(z) ead the Yewnal K(x,t) are givan femcticas
, & and b are constauts
‘ A 15 a pavamster
{x) 1s the unknowa solution
The Following eguation wae sctueliy solved:

1
yim e & 42, @ot) yledde @

wich che dnigial approximation Yols) = O. Ths stcp size wos choacn
a8 &% @ 0,025, 1.2. 1740 and che Pisher's iteoration method i usad.
Thiz equation ig & txivial exsmple whose solution (3 capily seen oo
ba yix) @ %

2. Hothod of solution aod zasult

Plge. 3.1 1ilustrotes & twootimpescala hybrid computer method
designad to polve & simple integeal equacien of {2). The iategratiocsn
verieble t is vepresented by “fear" tine ¢ © 12502 in em AUERAS XX

itevacive diffarentiel anslysce, vhila x ééries in 40 discroto sheps



13.
Ax betuwosn 0 and 1, stepping once per computer zun.

Tuz gima dalay oyotom 4s used e3 a geeizculaving funetion uamory
{40 DATA vorda)e Thio mamory suppliss a completo ¢risl spproximaticn
ygge) ones por copputer wun, and one fimation valuz is eraged and
cozracted at the end of each zun {every 1 milligecond of minor cycla).
Thozafoze all function valus corrsctions take 40 millicecond (majex
eycied,

Fig 3+2 ond Pig 3.3 shov logic disgrem end ciming chare for this
ercuple. Fig 3.4 pregents 3 flow chart of che solution procedure; o
comnlote liocing of the FOP-O progranm 1o given in Table 1.

Pig 3.5 shows cuccessive approzimations to tha integral equation.

Pig 3.6 shous typical convergence chavasteristic of this hybeid
cozputer golution with inftlial &pthﬂen y‘,(:s) = §, Whare
golutions y_(t) vers compsred with exact analytical zoluiion, 2{5)
by means of root-r @an-square criterion, defined by
2

z
BEROR © I Blai) -y, (K1)
i=1

Fig 3.7 shous the solution wavs form of this problem.
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/NAKA HOVEZB 1969

/TITLE VARIABL TIME DELAYSC(VID

/ USING DATA CHANWEL INTERFACE
/EXANMPL: SOLUTION OF IATEGRAL EQUATION
7 Usidve vid

7
«GLOBL OUTPUT, INPUT
/SELECTION OF ADMX 4@

START CLA /LOAD AC WITE ZEROD
705024 /SELECT ADMX #¢f
/MEMORY INITIALIZATOIN
/
LAC We
PAC N.RUN
LAC CAl

DACx (16 /L0C.18=CAl
1.LAC IDATA /LOAD AC WITH ZERO
CLEAR DAC* 14 /8ET IDATA
182 N.RUN /RECORD # OF MEMORY
/T0 BE ERASED

JSMP CLEAR
/
/READ # OF W.RUN(MAJOR CYCLE
IS IRPUT
JMP ¢+2
CONSTA
JFP MRINA /GO TO MAIN
/
/TABLE OF CONSTANT
/
IDATA GGARAE /INITIAL DATE@
uc 177730 /# OF YORDS TO BE
/TRANSFERD(2 , COMPL)
CAt A=} /STARTING ADDR FOR
/INPUT
Ca2 A=t /START ADDR FOR OUT
N.RUN f /WORKING STRAGE FOR
/# OF NLRUN
CONSTE @A /# OF N.RUN SEYT BY

/INPUT ROUTIN
CORSTI apaagi JUYSED BY COTRL REG
/
MAING LAC ye /DCH REGISTER
DACE (22 /INITIALIZATION
DACK (32 /ROUTIN

LAC CAl
DAL (33
LAC CAZ
nacx 23

LAC CONST®
NDAC N.RUN /7 OF MAJOR CYCLE

LAC CONST!

ACRL /LOAD CONTRLREG |
/
MATHNI NOP /DATA TRANSFER

n

2
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fippd |
ARG 42
praag
PAR4S
PEAAS

FRAAS
ARFEAT
PRASH
AR5 |

RREPS2
PeFEs 3
Aarsa
PARSS
PARSS

ARGST
PAAGE
PAag]
fRARE
FRAAE3

ferca
FRASS
PRAFRER

raeeT
GAFTA
AAETY
FART2

]
nrnTa
PREATS
ARATE
REATT

ARL AT
ARISA
2128 e
RS2
FrE153
AF154
7R155

MACRO WAZ4
»"C

=« e v X A2 00

3

/A o3 e = ¢ po+ v o e e R be v v i v

DLW

T OV

s

TARRAR
ern152
TAF2 00
Al
60PRST7

220153
TAFZPR
SAFeLR
KAAGES?

2era17
AsAI_3
2npren
Aar1sS4
CRAFAR

2R0G1T
AaRaL152
2rpR2 1
B6er155
AAPR22

CPARAS
150400
T252 R4

1201564
sFR072
AaepTs
Ctadaadd]

ddda:1y
il gdalely
fapapn
aREATT

Uil g
PFR1LAT
app1sa
perrLe
prepe2
RFRFO32
ArRe3s
RPRA23

A - R e/ i

v

DR X A 0BT LT M

PR IR

MAL N2

/TYPE

/ARRAY

NATA

NOF /VIA DATA CHANNEL

LACx (22 /DEH 1IN REG uc2

SZA /18 ZERO?

JMP ot

JHE SR2 /60 TO uC2 SERVICE
/ROUTIN

LACk (32 /NCH 0UT REG WCH

SZA /18 ZERO?

JHP MEIN1 /RETURN TO MAIN
JMP SR1 /60 TO WC1 SERVICE

/ROUTIN

LAC e /DCH OUT REG WCi, CaA
DACk (32 /1 INITI ROUTIHN
LAC CAl
DACx (33
JHP MAIR! /RETURY TC MAIN
LAC We /DCH IN REG wC2, 6 CA
DACH (22 /2 IRITI ROUTIN
LAC Ca2
DACH (23

1s8Z N.RUN /RECORD # OF MJORE

/CYCLE

JHP MAIt2 /RETURN TO MALN
CLa /LOAD AC WITH ZEROS
ACRL /TURY COTRL REG OFF
OUT COMPUTATION RESULT USING Fa
J1S% OUTPUT
JMP o+

DATA
JHP START

DESCRIPTOR BLOCK
AOARSH ZABC(DCMALY OF WORDS
paanea /8 FOR i-D ARRAY
PABBOR /8 FOR 1-D ARRAY
A /ADDR OF IRT DATA
»BLOCK 58 /40 DATA WORDS

+END  START

NO ERROR LINES



G HAKAL DCE.3 1969
"¢ PRINT 4@ Date
¢

SUBRONTINE ONTPUTIK)
DIMERSINN KCARY , XKCAR)
YWRITE(S, 1#R)

C CONVERTION INTO ANALOG-VOLTAGE
¢ 2. EXP(173~1=131RT1
No e Iz anp
e RECII=FLOAT(RCIY) /131007, 1
WIITECS, 1#1) (1, XKC1Y, 121,48)
C COMPUTATINN HF RONT 5UM SelfARE’ ERROR
¥
SN
NN 2¢ 1z1, 40
20 SUM=SUME (10, 740 % FLOATCT)
I =XKCT) )%xD
€ ROOT SUM SQUARE ERROR IN PERCENT
ERROR=1¢ % SQRTCSUM)
WRITE(5,1¢2) ERROR
RETURN
106 FORMATCIX,#DATA IN MEMORY%)
191 FORMATCIH, 15,5% F10.,3)
169 FORMAT (1 X%« ERROR OF ROOT SUM SQUa
IRE=% FlB .4, %7+)
END

FORTRAN 4 UASA
A, L_NAXA?

END PASSI

C WAKA? DEC.3, 1969
¢ READ A NUMBER OF MAJOR CYCLE

c
SUBROUTINE INPUTCM
YRITE(S, 200)
REANCA,261) N
RETHRY
opl  FORWMATC1X,%READ § OF MAJOR CYCLE
1IN I7%)
291 FORMATCI7)
£

FORTRAN 4 UASA

>

74



3
I
L
¥
1
T
+ ]
s e 2 o N,
1 . '
> -
T
T
+
+
+
3
]
i
t
o e bt e a——

?mqg e S
i
H
i
f
L
3

MMMMMM

Aokt ol

"G 3.8 QU po7 WAIE KaRM OF JrAC/HOLD AlD (- )

( 5 ?ffv«cfc/am ’ ZFE:&‘/&M)




iy e wuas Sy o

AN
8 3.7 Saﬁ%; Jw=Z.

(}mﬂ%ﬂb £ Feld fems )




