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1. # ®

ETL (4MoBIAMEE, BEOBTRINEAMR
B Electrotechnical Laboratory @ BZE) Mark 1 3
BROEEBRHIOI Y Ea—2T, Mark II 283 57
WHD4 .y ke ®FNTHY, ETL Mark II 3R
HERHOEHARRTH 3.

CHMER ULEBLEEE—~BIKLTELZL, 20X
BHRRICHBLELLS. bbb, REBRIK, X
FEEFHRECRERIERALTOBERDOTIC, FID
REBHERE I—-RAOEEK L LORERFEONR
AT TR, HEFBRAOWELD, REWHS
BRXoWEELD, Ricxd v FRFOBhEENMK
AN 730 JEFEBER O R ic —KRE £ ]
1.

—%, HEMFRIREGENEEEORITICELTY
B EBRBICHLY, BEOEFEEMA LU TRER
72 OBBIIIIEERE S LT IMASRALL
b, TO—RELLT, B 26 FiCHARBRERIC
REZRD. ¥, BRHEROFHBAFRNICENT
b, MEOLDAEEBRL. 2 TAHAEITOREEF
ALT, £ 27 F£ir ETL Mark I 2H%EZR
DADHTBHI L >THEMEL, BHTRIFUERESB
DT, WBF28,29 OWERICIH O TEAKRIE Mark
A%, BH/TZCLiCHD, TORMERT B
AT n=1~100 $THBHDII, n=155100%7T
DOEKALMEHTICE ) 22HAREADAT
T, £08EEELBIEMREE(K) RECELE)
ICKEL, AMERDF— 7RI, 7—7EALK
RHRBERISEYE L.

LA, B 26 FHIFa v La—2L0ZIE, B
Mo+ Ey 7 L CHITERE, KEORREND
BAAT, XMbIEEAERL, BRI OLSEL

*A ic Relay Comp ETL Mark I and Mark II by
Yasuo KOMAMIYA (Electrotechnical Laboratory)
* RFEIMBATRB
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BRTH-7:. #-T, Abh B THRERIETN
Siddpate. Tbb, —RIZ, BEHEIHAEE
IGETTE 205, ZhiEHEHM4ERVCEBHD
Tahid, EROWHEABIETARLETHI L
Sl ZADOLHRULT, MEHICHT, BN
FINICERH LD TH B, BRARBZOHBARLFR
BILAREFA TV, BRIKBDELEDITAT
bhotcz &3, FEERMARO C & TH-%. ETL
Mark I, Mark I 18, 2L ERPFH ROz vy Ea—
FRERMICATHRETOEELLEY, £0), &£
AUR) v—0BifE#EBd, %ReKE Harvard Mark
II O3 OHEHT msee KL, ETL Mark II |35
10msec DL EL B2t avEa—2E LTRR
MNEH4~5ERERELIE . LT, ERALEY

V- OREXIT 22,253 BT, YURHEHFTHRARMED
BEEREOYVv—avPa—2LiioT:. 2FKICE
WT, HABSOMRNBEIANNEEDIA RS
7, FRMERTH20oRAM VA ELELET,
B RMBOERAEBRMSTRT s LickD, KB
DY U—-MRETE LI -THh, JHE LTI
BENETT 3. Thbb, BERERMSEROMR
BTRUSTONTNE5S, BIROBEBEDCF = v
JCBHTHEP IO END, 2RHORETF =
v 2 HREBEFNS L.

ETL Mark I i3525R4%, # 10 4ERY, WEEMEA L,
FoRADOHEICFRAIHh, KRE»SKESINTE
BOERHELL LPY, TRICRU-DBSTIR
Bt -t 20T, BEZELFORBEEYEIC
ZD—PBRRENTN S,

RICBRBESPIT L 2 HEOREROERYILESO
REXTT.

A1+ Azt +Ae
=du2®+du-12*14-+d12+do
zTT, & A B &doRalEEL %
1B OPADERESHRNEDET S,
rROEED d: ITHREBEENIC



514 1 1)
af
di= 3 (A1, Az, -, Ay)
n

DESICBL L ENTES. 22T £ B A

Ay, Ao 2D ERO 2 BEIRDBEREL, 2

NBEE (Co EOEMSEET 3) % HiHBER

(exclusiv-or) THAT 5 CEEEHT LD LT 3.
A

2
%: (A, As, As)=A1 AP A AP As Ay

ERTHAE n=2 (2EN58E, n=3 2&MEHE,
2=5 {33 AJ] 2 #EEENEEIRE, 2 AJ) 10 gEEnHE
88, - —HRIT R AJ] 2 EERAFUMNIIEIRE, 2 EES
10 #EEEFEBERRS & 254 WM —IICERETT
ZBDTH3.

ZOEHNBHREAWTERIL-OTH 3.

E®-1 ETL Mark I

e =2 June 1976

2. FHEOWME

2.1 Up—ERAKLER

CORRITIE, FFYPRARIHEERICIRNEST
357, FHECEFEERATZIYEa—2 BN
T, EEE0EBEERBHTEL, £HTWERIK
MABMRTIRE,-To. TERNEEZEBRFRE L
Tid, #EhICERLT, ERICgL, LUfiLTraRE
TY¥ FofEsEhicBEhiEnsih-7. Th
i) L-REZEDRBESK IV EICSHEERSL
Tk, EHEELEL, RFEETHL>FMdE
{EBETH » ic.

2.2 IMIAOHEEL

221 U L -

) L—REABOTFEMETH 05, BICASICE
HEEL, HFadlERELE (EBoFHEBRORER
RBIGESTFAETOERER EEZZ T
7z) L7 20RO ELETFOER D
W, B, 3EHEHE-S) B1TH
£ZR) bbb SE, CH, GRE:L, £
OEFEMICELTENEREEEE-1 (K
BZER)OESiIc L. SEIREELTY L—
RicHEIcAV A WA, WEEEIEHks
TESEE L EREIE DT 2MBENS 0,
BEBRLLLTEN. CEHEFELTERE
B, GIAERATESHENINEL 5
{ERFRI S AT N T EHFE L
EANENIH-TLESOT, BERENR
ZW, £L{THEL. G REITYF — + OBEEAIC
Avas, HRIBOEELETHECTE,
BEUEBBENIREZL DN EMBUET
H 50, IENRRMmORICEL, kL
Thi. LT, FHELLERBERER
60V, ELAWHOHFARAIE 500mA, #HA
24 THTFHEA (twin contact) & L7-.

2.2.2 AHAOERE

T—7EiE, T—7EARLE HERR
BELOMEL, 60 B A —EETIT >4 5
IR L. 20, #&5—7 (1o
A FF—7bEW) 1260 B (30 BifT 2
7) oboEHLIMEMLE (BE-6) (517
BERB). 2, EREBELTRERED 7 —
FEIERI 2 REXRTHY, ELRITIRLATL
BRTHICLTHD, ThEhoEATLOR




)

Vol. 17 No. 6

B (Fzvy70kd) ETOESTHMET3
Lol

2.3 @ & & &t

AnRom<, &HAHEEITEEMEOMEA
EER~OICHORREZFIAL, Hih=x
LYMEBRTELELLLOT, Bic20XE
[EE&E ETL Mark I it TEREDO LD
Thdh bbb HAEKEISENIC,
HEPHIC, H—MICREHk I L SiIcn D
(FERHBEBIC LY EEERDTLOT, E
HEYICRRKER ) L—3%, FREXZEE
hpot), EROFRERMGELIFLSL
DORBEEFRELEDT, £RFKICENTH
LAHIC L D BRNBRIARERDS I
E£%7, AoV AERELET, BEIZE
BoY -0 TICL A2 E5IC L b iRE
DY L—HEETALSICIE-TED, FH
BIUMICET L, fEROEEO L 415h
5 ORIV RICE - THIT 2 AR T
220, CoFHE LAY EES, EEEoR
BEQF = v JILHEHTHAD L H D
T, RBEDELF = v 7 FRE=EENLL LY
TWAREUTH 3. Tibd, EENIKNA
o, T TESETRIE, £CTHESE
WELTLES LS EERDS, MEROI
Bo ks iciifeoinficii 54, &l v
OHHFEFTLTLE I MEFRELBANICRL AT
50, ABBEELTOAMREBEHALEWEN
B, BEMIKRCCIKEET S5 TH5. TLTHHE
BlLayiic Ly, HIEEELZED TAECLTHS—
ERETb 553, Tiibb, ArRickoEiETaER
ThHaE, rVADEELU, VR LN ZADERE
iz, BHZETF (coBs) v—) OBEEN (time
lag) #ZM L TH ARHENSHERT A LERS 5.
AERNE, HEV L RDBE R ROMEE
s e, BEAHZETFMEO time lag Oz, H{E
Lisdizh, $BfEBEhTLES>OTSHS. K3
ICHHEILATH 5 &, ph2BENKHEEREEIC
FiE3 BENEL, BMPAREFOD time lag T 5D
EWH-Th, HIERSEETHIE, RELHETSO
T, HHEHTH, BNEEOKETIESETT 2
Pt -

ARICBOTIE, BEAICE, F2v 73HEDE
% (transfer) iz & 5 #41 (transfer check) &, &L
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EX-3 Y-
=1 EFHIv—-oFEs
ABBORS | # A \mA)
B fE|fR #| O ff | 4 B
;:fng s-1 | A 2| 25 10 6EIF 4RI
g.’.‘: 5-3 W 3 30 15 10 4
c1 | we| s0 15 get 7
g | €2 wi] o | s ges 7
5 | ca3| awr| s 15 8=t 7
' c4 | R12| =0 15 g 7
2 A 8
g c-5 [w 3| 90 15 gt 7
® A 8
C-6 [w 2 | s0 15 gt 7
R 2
G-1 | A2 | =0 15 15 6
2 | G2 | Raza | 30 15 15 ]
B
i 3 | {RZ | 2 15 15 6
o
B {Q a2 15 15 6

A: make #&, R: break #4, W: change over &5

EEDZzNEIANZH, BEOERICET S trans-
fer check iTH-»Tld, BETIHMEEZIET 35
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Theory and Structure of the Automatic Relay Computer E.T.L. Mark II,

M EERERE

{229 _ jprinting Control Unit |

fjo=2 Corversion  Unit

) (Orcer)
Storage Unit

Preparation Pos
or:

[Pl

Siaate et

RELAY ROOM EQEE
(132 m?)

B J{ Control_unit |

AR o DO RG Y F R P A I O S L T AT MR %)
NICGNumber Tape Preparation Keyboard . 5
yvOKiOrder Tape Preparation o 2 4 6 ;‘ :::: ';::; er ¢3
Keyboord m

Computer Installation at

the 2nd Floor

EX-4 ETL Mark Il oZER

EORALLIRBICL DT, EHARBEOF = v 7
3, RERFEIOMEIHUAERS, hokicdLT
FRBOURMH 20T, THabb, —HOWFiKE
Whmh T, ST 3MFicRERLHENS
HEDP S, 2hZThoMiET 25T OERO K X
DITSDTHS. ZLTTNOBETSH, & LEEME
L84, F0¥BOAKE (BikH91Ci2 2nd trial)
LT, RIRKSEEIE (intermittent error) (3 BEIfYICHE
BRINT, BERHETL, $ LbAENLREDES

ICEEEBI3EET 3.

2T, YU —-EREOMBTHSM, RFELERL
T, B-1 (RER)omaxBE L, ®-2 (RER2R) DO
MEBRBA LIV, T, AL make BEEADATH
KB (break HEELLEET Z0UL, BlDY
L—® make IEEFATE). F 4, 2FRKCHD
T, BADBEIRBRR AT 2,5, BADKE
KE2BEFIEIEAELN. MULT, BELY 25
HEEES 200mA DIT 0B (BEAOHFABRIZ 500
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&9 5.

$-T, UYl— Rg BE x, T OREMER XN
THho (ChiZERICRE, f, Ff oESERE05ER
AEWT3) BiEdh, £hickb Rrx @ make #
S rahdvEh, V—Y,Y BERIhs. =
fo ~rm (ra OEFE, T1HbBH, break #E) 34T
OWEBET LTHD, ra=1 Tibb ~ra=0 &
HAEATHADD, £2TOMENETTEE, ~ra
kY Y, Y OF#Ea A vEI-TLESOT, f,F
1A EAREEN Fhafliczhicss Ed-Th
3) L—OREa 4 VIZEWTLES. #-TESE
B S, F EENTHAL, BfEiX Ry Ra -, Ra
@ chain [Tk DB LANICERTT5. BETEC
L, BEOBRRT 2LETR, EAEKRE £, F 14
T make 5D & THEZIN TV 305, Ri=R:
==R.=0 TH3

o, —#AVECcELELT, BEEANLIZITH
fEF 20 v—=, ABo@EEh, BCBHEHELTHE)Y
V=Bl TaED &Y v—ICERTAESY
ETEBRUEET 2ZELZ RO,

AL, BFETTAICHY, TE3RVEENTER
REEZObLICNAH, EREYT, TEHSIE, £4
JL— LT ROMCTHETHEEN-THRAST
Bz, gllomd # 20NN RE L AHTEER
PACRERALTH IO L Db TEH B.

ik, BRERAENEEZBROTIEALT 60V Kk

ol .

EX-6 60Mf (OB 2H) F— “Fatarbn
2.4 F (HESE S48
mA) Lpflsd, COBETIIAEI X 2EEDH AETHD S HER AR AR 10 #HE, A2
FRIELAERY. PEoRBERIZE-3TH5. [X-3 EHEOERTHE, +ibhb,
Q) wksec e xoomeLT +(aol00+ @107 - 425109 x 10" (1)
Xz~X, LT, ai: 02a:=9 13 588,
HAMEENSE. TR Z*iﬁ%%ﬁbﬁ' 3
Fr F KB ThEKIZL .| Contact [ Resistor
f T—'”f Contact || e
RAMEMNSD, F,F izdtic il. Ty, Tni T1, Tz, == Networks 1
L I, ORSEBBTHS. THDS, s
E-1 Y v—EiEoR E-2 ) v—EBOR
(] Flzy, T, oor, Tuy T1, To,ovr, Ta)
H Flzy, xa, 0, oy Z4, 5.‘2.---,'2;)_ _r_ﬁlﬂ_”_“ —-"";V‘-;I—li e — %
] | ZTT, i I3 Xi @ make #45, Z: 12 X: @ make _.}u:.u.ﬁ _rﬁ-\..,_u ‘: ﬂ:""x‘ -zn'xhxz‘xt):"?m“rk-’:”’ﬁql-ﬁ
g Al T Xl By -
;; %ﬁf:j 5. iz —f;'li\-ll—ﬁ —"R‘“"* ] __!_k_%_@fﬁ_‘:_[:]_ﬁj T T~
r N (2@2)=(2:@2)(=:02(2:D20 e s —ien
00 ZWRT S, TP exclusive-or #EhT &0 -3 EEHFRoEEE

R —
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772l 1=Zac=9
m: —18Sm< 419 73 5 E

g7, 0REQFSE 2 +0x107° THTES

TaCEiCLi. RO 2EERTE
(Sx, X)20s= 2)

EFhi

X=204 X127 4 X224 - Xgg2 ¥

=255+ 24244k 2124 20
CCT, Sx=11#%5 (SxX)=0

Sx=0 745 (Sx X)<0

s: KDV THER

BT, ABRONEI 4l KOBE (bus) 2AT S
IR/ E (Hoating point) @ 3 7l 5 FLEE (parallel
machins) TH 3.

25 REEE

2.,5.1 yULr—XiclEERg

BT sl EERAZEEBNICZ )T LTS,
FHLUWEEZRIEL, BEERIL 20055 TH 5. (1,000
BETHREETH »7.)

CNRE4A DL S B Y L —oEEAFERERV
TEbh, 1id in-gate, O (T out-gate, T 7 V7T
Dz DES (~T |3 break #HELSDT &), +X 1Y
v— X oBCHEESEE, SR T 28/EEE5/12
CHELNHEE ) v—0ESTH 3. T3 transfer
check IC&FIFEN 3.

2.5.2 F-7HIEEE :

60 BifiER 7 — 7R ATLER & 60 B RS T7 —
TERBI DY, ERlOF—FEEATLL, FhE
MBS UHSME 4 ¥ 7 4 ¥ OREEETH 3.
(BE-7).

2.5.3 BYREEER

T Lipe EHOEENFH 0 MBEALELTNLAS
ROM (read only memory) TH 5. EEiCIZ1 i34
WENTHY, OREEMEhTHVOT, VLr—A2

5
T

0

S

|

E-4 Y v—iEiEmEk

June 1976

ER-T F-7REEER

i ED out-gate EEDOLMEMBETINE EZLT
L.

26 BEEE

2.6.1 FE)MEaAEMELER (0.2s5ec)

MEHEE L VRS AFUMAERE & 2 B Dbl
HREREAFE—EEE LTREmAEHEEZ LS
IC Liz. a4t X0 EM&HT (last significant digit) %
MBS EHEES. (0.2sec) B3F 2w 7 ESAL
AIRNHTH S (OoEESEE).

2.6.2 BEE/NESEAERELER (0. 11 sec)

L THER/MNESE (S2,Z) THRDEI,

Z=Z32% 4 Z 328+« + 212420 (2)

2.6.3 EEHNESTEREER (0. 14—1. 39 sec)

CNHENEBERVSRE—EETT D T & 3k (2.
6.1 24 AHEhETHMT 3), ThThoEHRE
BERELTHED, HEELHE, S4ickbh BRI
BT A B B A RN T 3.

2.6.4 HEHBNELHS (D

(Sx, X)2s=2) TEHERINTOWIHEEZGRICTLD,
(0,0)2(5 %) F /=i (Sx,0)20.2) |zZHT 5.

2.6.5 FEHERRINEEEE (D

(Sx, X)2bs=2) TERINTO I EELAGSICLD,

(Sx, X)200,0) -

icZEiad A, 2.6.4, 2.6.5 [2EEM & IEEER AR 4 1T
HET R L= ERCH 3.

2.6.6 HELIPRIEESS (1)

(Sx, X)206=2) % (se,2) ICEH#T B, THbB,

(Sx, X)20= z)=(5s., z)

T LT, (5e2) 12 (0,0)2062) O

2.6.7 iEETEMEmINEEE (II)

(Sx, X)20=2) % (8z,Z) \C&EHBT 5.

i

(Y
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2.6.8 REHEFEEEYE

(Sz,Z) 2 (Sx, X)20s=2) jrZ5ffad 3.
2.6.9 FEEEEHR

(Sx, X)20s=2) ZdpSic kD

—(Sx, X)(s=2)
Edrd e
|(Si, X)200e.2)
Edpdr
' —[(Sx, X)20s=.2)| :

L, i, foickh@EFOLBEEREE LTS
ERHES.
2.6.10 RIEEHS
(Sx, X)2s=2), (Sy, Y)2sm1) £dpic kb,
(~S x, ~X)2A~sz,~2)

E3d -
(~Sy, ~Y)2~sv,~v)
E0a 7
(SxV Sy, XV Y)2s=vspzvy)
iR

(Sx+Sy, X« Y)2sz-sp,z0)
iCE#T s T, WA =zVy &
2V y=(zs\V ys)25+( 24V y4)24 4+
+(x1V 11)24+ (0 20)

FENT 60 LT 5. hbER chi3edick
b, BHROREEEL LTHEREES.

2.6.11 10 k-2 i ETiRES

Flm T —7VErk A (0.12sec) & Ef 7 — A {ERA
(0.1—0.8sec) LD 2WHHYD, Tholz4A754 ¥
THEATS. EAREET—AERAR(L) e
ZRETIET T (Sx, X)26n2) 2T 3.

2.6.12 2;tEik—10 TR (1.7 sec)

BRAMTHRE L ERE (Sx, X)26=2) ORIcE
RENTNWAODT, Ehiagfickd (1) Rz
(Sz.Z) oplcZERL, BEEEhTHWEIA VIV
ATHETS. #f-TAYIA vTHERENE. CC
T L7sec {279 v F i &0,

2.7 AHAOEER

2.7.1 60 BErRKXF—THAFLE

2.7.2 60 BEIREpENT — 7RIS

2.7.3 SA47 V% (60 BAIRFRSRITHFEME)

(BHE-8)
2.7.4 HEF-7IERARE (BEE-9)
2.7.5 §EF—7 GeF—7) FeFAaE

* BARAEICEAIL CPU
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EXN-8 60 Bfr74 7)) s

BR-Y 7—7{Edti C5: BEF—7/0, £: i
F—7H)

2.7.6 BfEEF(avv—) (BE-1GKESR)
2.8 &l @ & &
AEFREHET - TERBEELT, fE7—7H
SELoNIHaEHITRAT, ERICETELHAE
CEBEUTNICHBEL THELSREETI>SOTH
3. Ak TR, SEMERRZORKIC, £h
FhoElBEdE (AAEREmELEERs, F14
~43F Y F (Ist. operand) L 24 <7 ¥ F (2nd.
operand) JSAJIE 5 &, FhPIBIZEBNICALST
BELEEE LT, EhzolbicHTHE. 2hid
CPU Lo iddsFl@shisn) #8350, CPU
ELTHEREEL THYSEE (BiEEEoc e s

O R < I )
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UWRHD) LOBEYUREE~HELIEETH
BEDTHS, #fic, BYTEED out-
gate LY IR D in-gate ZHIHT — 7k
Y OHSI LD EYLIEFTHREAL TR
LT &itisd. ch CPU oEE B
THY, zOFBMAFARBRNILAETEL
AFRREOR DS D, KAV HIHTS 2.
bb5A CPU O@BIEIEELT, TFLA
ZE, Hileae, BasBORN LELTL
ALINE-TE. FLT, 15 DHEE
{EOBRBfEICT s 0% E LT, fe ok
BAELT A,
CPU ofg#esiicszEd 5.
(1) HEATF—7EREETE (15 5% THR
THE) mIBMLES.
(2) EROHBRF—7mIEL D hoFEEDE
BRT-—7TERBEFUHLES. 4, F0

B, STOHEMAT — 7R, BB 1T

K F—7Ech35.

(3) EEOHET—7HIUBI Y EROKER7
—7ERER (78) PFUHLES.

(4) TFVAEREOWRERERT 3.

(5) 1st. operand=2nd. operand

1st. operand< 2nd. operand

1st. operand=2nd. operand
DHBELL, ThictkbEEoHBABT—7
ERBEFUHLES.

(6) HBHLIKBNTR, ZoflEAT— 75K
Wo7r—7%, EELLEYRURLTHEL
B3 (EHFMARUHL).

(7) ERICYH-TR, BEENELIKTOITELS
ROGEETH. b LUEESZELITTOOLN
& &id, 2nd. trial & HEHEIC T RIBGAEY/E
3B Eh 3.

Y E# CPU oFLRiETH 5.

3. #& B

kK, KETR) Lv—RNokBEIHERIZIS0HS
(BTFERIZ100 77 8) AR TH - 728, ThickkL,
ETL Mark II 3#40—0FETER LB/,

ETL Mark II 0@y - T, SOMSEY%E
L7z 0T, 20N, BBEICHTRLEEHE
AROTRLIBEDL S ITBATIZN ¢, MkiE
b, BEOBOEY, oboEbELIRT, Ba

June 1976

ER-10 H{EETF (3vY—n)

BEDRBEREDRHZOIKBNEL-LDTE 3.
SpbRIE, FEELREERE (BLEHE
SRNTTREMRER) hdks, ) L—REHEE
RORBER, BRAR—RcET 2 ER08RRS
3 BRICOIDELETHEE Licc &, #hll
%, Mark Il OHBITAY, WEEED AL LFiLF
42AAy Ya VLT EEHELOBWRTSH B,
ELRERCLETS 1. BICLAMYH, YUFESE
MEZE (URHRES A) BELEO—ZICEDED
IZfeh, TTIELELD b L—H—ZH AT,
BADBREMLALLDETE b L—27 2 Lo oRiE
Th-o7:.

BeHBRIEICETZ3 Y 2— 2 DESTER L
DEEHE, 2 v Pa— 2 THOREITIC—HEEHL,
gith, ETL Mark II 2BMEO 2 v ¥ 2—2 DK
D, LELN T EREURBILNWECAT
55,

HWET 2T, BEICEEXDREBYLEHE
RUERE, REBRK BAEE (BE BBEAFEH
%), ER% (B, ELBEHE) oEESL I LHE
TOYUMHENRZASRSNUEhE SN C L,
BLUBTEEZRUOEFEOSHOALXDF bah
HOEBCH L TECRBTARETSH 3.

2 5 X m

1) BE: BLAHHEDMEER, THRHHE No. 52
(I8 26-11).

2) M. Goto, Y. Komamiya, R. Suekane, M.
Takagi and S. Kuwabara: Theory and Struc-
ture of the Automatic Relay Computer E.
T.L. Mark II, 5558 No. 556 (Sept. 1956)
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