REPAIR OF A 1971 JAPANESE CALCULATOR
CONTAINING UNDOCUMENTED JAPANESE MOS IC’S

Jef Ongena, Brussels, Belgium
Brent Hilpert, Vancouver, Canada

Allschwill HP Meeting
27-28 October 2022
Oberwil, Switzerland



The broken calculator : Riccar
(TEAL fabrication, Tokyo 1971)

Japanese Calculator from 1971

Built by TEAL
(Tokyo Electronic Applications Lab)

Resistor-Diode Logic

Several undocumented Japanese MOS IC’s
(Mitsubishi & NEC;

some hybrid blocks by Hitachi — display drivers )

From the era of the Calculator Wars
https://www.youtube.com/watch?v=ansXGewduN4

+ Hitoshi Kodaira
TEAL Tokyo




The broken calculator : Riccar
(TEAL fabrication, Tokyo 1971)

Japanese Calculator from 1971

Built by TEAL
(Tokyo Electronic Applications Lab)

Resistor-Diode Logic

Several undocumented Japanese MOS IC’s
(Mitsubishi & NEC;

some hybrid blocks by Hitachi — display drivers )

Memory for a constant

| (for division and multiplication) Tally memory

(accumulate or substract using =+ or =-)

No technical documentation...

* Unknown architecture

* Unknown bit arithmetic

* Memory ?

 Registers and their size ?

| Setting »the_ precision on display

AL bt el 4




The symptoms...
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Internals: double faced PCBs
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Electric design optimized for minimum components and
cheap implementation of the logic

Diode-AND-OR-Logic
(DARL)

AAA

TP

[l

V%W

¢ Active devices (gain-providing) are PMOS transistors in ICs.

* Inverters, some gates, clocked flip-flops, and other more complex functions are
provided in ICs.

* Most gates are constructed from discrete diodes and resistors in a variant of what
may be called “Diode-AND-OR-Logic”. Basic example shown to the left, note the
opposing diode orientations.

* Numerous optimisations applied to reduce component count, tailored to individual
circuits.

® The general DARL form originated earlier in the discrete days, used with bipolar
transistors. Benefit was minimising the number of active devices needed, to keep
costs down.

e DARL is not the same as DTL (Diode-Transistor-Logic).




Electric design optimized for minimum components and
cheap implementation of the logic

Analysis

1
- 30K
UGz |13 f UF3
v-24

Eectrical Network
f a = ma\
| ‘ 2% N Qe4~>—c—{>|—| L Jfl

Logic Network

UF3




Reverse engineering leading to a complete electrical
schematic !

A few pages of the full schematlc

’ J—f ~“{>’3~ _f,v:r.}g ot B j X

Registers =)

Decimal Point ~ =
Loop Counters

IRERE]

i) - =S Various Flags

State Registers Various Flags Addition/Substraction Logic



How the signals and their timing should look like...

Basic clock frequency: 20kHz
Number cycle: 294 Hz

S cnd]. L_J R O L
J u— @C, OF frequancy = 20 KHz,

|l I ul—'-' LU we e o sens e (JUSUAI clocking of circuit: capture/transition

af— Lo B (~master/slave but two clock signals;
- —I | ~similar to ®1/P2 in HP calculators)

a
26.00 28‘00 30}')0 CLIAS 2?0 490 GCI)O B(?O 10;30 ‘.ZIGO ‘4?3 1 5‘00 18]00 20I00 22;.’.10 24IC-3 26PC~ ZBIDO 30:30 32.00 2(:/0

I O i
T U U U U U UL

(P01, 9C

D16 i e i - Z
i 5 6 0 F o2 6 7 8 2 o 2 3 15
oot :
UKS.6 K iUk K55 © UKSA § UK UL112 0} U ULT.4 L1.3 K :
uLL2 : i :
: £ LSO Niie g : " : ¥ : MSD Niwe :
i fo Y oN :
- One number cycle >
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Detailed understanding of the internal machine architecture...

Finite State Machine

16 BCD digits

Unusual voltage levels

-24\V and OV

Loop counters for

division/multiplication/display

Primary Loop Counter

is|1afiafiz]ii[ro] o[ e [ 6] s[a[a] 2] [ o

Interim DP Counter

isfufishe]ifie]s]ef [ s] o[ a] 3] 2] 1|«

Display DP Counter

15| afiz)ii|iof | e 7 [ 6] 5] a] 2] z] 1 ] o

Leading-Zero Blanking Counter

15| 1afiafi2]iifro] o af 7| ] 5[ afa] 2| | o

@Cn

Digit
Ancde

Dri{vgrs l

)

Leading zero

blanking

109876543210.

-

Timing Power Supply
15 states
I'ch oT 0¥B1.248 SEOD Q0016 CEON Vet ViaVib
ot digit iogic supply display supply
phasss phasss
Keyboard
KPN KPD KPR KPO Control FKOP | | FDAT
o 888 ﬁ D Flag Flag Flag Flag Flag Flag
U %8 State ERR
() Machine Fiag
— oPas/MD| [oPamrisp| [oPeases | [ ope Ig———— 1 FoP | [FOPAL
4; : Flag Flag Flag Fag | o, Al Flag | | Fag C’
Numeral
B <~
l 1 l i Control
Signals C.
Numeral HNUM C»
Serializer N
i ~
RX Register
;. ] [ X C
C—|‘|5|||'ﬁ|f|3|||'|2||||'|||'|°|||f||17|||T|||T|||T||||’|||T||ﬁ|||i|||T| ) )
Arithmetic:
RX.RY.RM: BCD Ssrial Adder
B . RY Register . C’
1_6?0Ddiglts/64 bits, N o= . T . g\ | A BN
Pole O 1 s eied " v W I P R P ) 5t T ) 4 -
Oper. | [Correction Norm.
Adder Adder
p— RM Register . G
- - - J \8 ¥y ®,
1 21 01 ¢ 716 3 1 0 » 1
" 57 W I Y O 5 R O i ) sel L1
B8-A
Sign M > Sign | % Display Latch
Flag Fag Add / "2l 4 bits)
C ‘) Subtract Nl Decoder =D
Sign D Logic ™ ol Drivers
. . Flag >
3 Registers, 64 bits X -
" | Lamp

12
Nixie Display Tubes



Distinguished 15 different states of the FSM and their

DEFAULT:

FOC:

KC:

ST11:

sTz:

8Ta:

8T14:

8T15:

8121

ST22:
8T23:

8T24:

8T25:

STa4:

No instruction set

Fower-Co-Clear

Clear

Idle lcop, RX displayed.

Prepare RY for number entry.

Clear DFD Ceurver.

Clear Zero-Barking Counter.

Clear remnant digits in RX, shift PLC.{7)

Cepy 8M to RY.
Clear Zero-Blarking Countar,

Add or Subtract to Memory Register.
Clear Zero-Blanking Countar.

Shift RX down.

RY complermented into RX.

Divisicn: add back to corect overdraft.{?)
Primary arithmetic state for ASM &D.

M: lcop till D18=7.

O: loop till Tens Carry @ @00.

Shift RX up.

OFM: shift PLC up.

OPD: shift ALC up if FOP-.

[/

Shift RY up till RY[127] £ 0.

Clgar RM ¥ Recal.

Loop til KPN & KPR ara released.
DP Alignment to Setpoint.

$Shift DPO up until =BDPS.
Enter KNUM into bitstream (for KPN).

Idie loop for nurmber entry, RY displayed.

In muttiplication and division, the Primary Loop is 24 —> 23 —> 25. The Secondary Loop is the self-loop on 24.

State Actions

RX=>B =>AX RY=>RY AM=>RM
0=>AM 0=>SNM 1=>0PAS,OPAM KC
0=>AX 0=>SNDSNO  0=>EAR 1=>0PAS,0PAM? 0=>FKOP
FKOP-:8=>RY
X=X 0=>RY 0=>8ND 0=>FDF 1=>ST12DONE
AM=>A 0=>8 FKOP-:S=>RY  SNM =>SND
RY=>A 0=>B eo« B-A=t SNO-=>SNO
OPD:RY=>A
RY=>A OPASA=>AY  enable B-Alogic PLC: 1=>FDAT
TC-9=>A(14]
OPE:1=>FKOP  DPa=>DPD FKOP-:DPO=>CFa
SND7SNO RX shitt? DPD shift?

STRYLA: RX=>RX, RY=>A, S=>AY 0=>PLC[14]

FKOP-RX=0RX FKOP-RY=>A

=>FDAT-

FKOP-:

0=>Ri13]

if ro DP: DPD=07 SNO=07

=>RX FKOP-RY=>A
D3 no shift on @016

function...

FROP-:8=>RY  0=>RM (sKTeKFPR)
0=>RX {«OPE)

FKCP-:8=>RY  (RY clock alteration)

FKOPNT:RX=>RX.RY=>A8=>RR2 OMark=>PLC{14]

All operations are hardwired

KPO=OPDeFDReFKCP~

oFMm,
OFDeFKOP,
OFDFKOP~#FDAT

*FDPALeO”MD

OPDeFKCP-sFDAT-

OPMeNE=10,

OPDeTC
CFD,

CPDePLC-

OPMePLC

FOP-




Function of various undocumented Japanese IC’s
deduced by logical reasoning

14 13 12 11 10 9 8 14 13 12 11 10 9 8 18 15 14 13 12 11 10 9
rwns BN e WY e (B mear B e B e O s} i el R L | v D v BV e Bl s W st B e X et W s |
—24V -24v Q1 02 Q3 Q4 Q5 RQ OT
ouT
NEC NEC |y Mitsubishi -
uPD10C pPD102C M5811 site Regier
RQ
GND DI_D2 D3 D4 D5 N _OC GND
= i = gy iy = | = g g s gy s e mme gy e gy gy m——
R TIT Tac T R T TR R T Tk TP il T
14 13 12 11 10 9 8 14 13 12 11 10 9 &8
ey B e B e B e B e B e B e | e B e B e W e B e B e B e |
—24V - - -24v ©C Q1 Q2 Q3 ACT O@T
out
2. . . .
NEC NEC ) 56 eq B¢ eﬂ 16-8it Mitsubishi ) 6-Bit
pPD10A H pPD105C P ot aullor oy oo MB812 P i cour st g
egister
AC ACC
- GND DI_N_ Q6 Q5 Q4 OUT GAD
| e g e— g e gy e 15y v py) sy ey e g s g e i e g e vt g e
1 2 3 4 5 6 7 12 3 4 5 6 7
14 13 12 11 10 9 8 14 13 12 11 10 9 8
o L o e e o | e B e T o U s B s B o B e
-24V 31 Coutt - Cin2 B2 A2 -18V (@C) - - -
NEC NEC 5 Mitsubishi i
yPD1 3C ) leD1 12C ) Adder M5825 ) Shift Register
GND A1 B1 Cint - Cout2 32 GND Q405 ©C D1 OT Q64 GND
| ey | g e e e e i ey o e g e e e e
i 2 3 4 5 6 7 T 2 3 4 5 8 7 i 2 3 4 5 6 7
| S
14 13 12 11 10 9 8 20 19 18 17 16 15 14 13 12 11 16 15 14 13 12 11 10 9
| e T o B s 8 e TN s M e W e et T e T e B8 e W s B et [ s T e B0 e Tl o e B o T e B e 38 ey T o BV e B o
~24V l@_' @ OV N1 NO nB8 nB4 - nB2 nB1 L -24V - ~24v O]
< AW pCc 97| |oT_oc
NEC ) NEC ) BCD to Decimal Latch / Decoder / Driver Mitsubishi ) I
pPD101C pPD116C D M58207 :
BC oT1] [T ©cC
GND N2 N3 N4 N5 N6 N7 N8 N9 -2V D_@ajle D GND
O L J LI L J L L JLJ | S s g wme g s s R e s e s s wm— | S s gy s s g s s g m— e s—
1 2 3 4 5 6 7 1 2 8 4 5 8 7 8 9 10 1 2 3 4 5§ 6 7 8
16 15 14 13 12 11 10 9
e Y e T e S0 e B e B e B e B e
Q] e
Rohm diode modules &
NEC ) detgsned by e cass 7 o
pPD1 28C color and Nor P 26
embossed on the 1op. 3:
GND Sitver lzbaing on the sice 48
| T W g S g v gy we— gy s gy w— gy s— does not appear o be a il
1 2 3 4 5 [ 7 8 partype number,
P foin

Several ICs were already known from previous reverse-engineering work (=
Function of new ones deduced by logical reasoning




Confirmed by Japanese NEC databook, found later !

NEC

ILorA=o2X
F=9 7
ELECTRONICS

DATA
BOOK

'69

BEARTRHEKAE i

ERDRE . ==
PPBI2BD weeeeeeseeesnsnnes (291) PPCI7C weveeeconnonnnneces (193)
(PB1I27D ereeeecssesnnens (201) HPC23Ceevenvenrsnaasocces (294)
HPCS1A cevseesennnacnanane (197)
MOS [,}'C53_.\ ..................... ( 167 )
#PD G Acerrinennesnananens (224) HPC4C - eemvanmencesnncaces (204)
HPDI0A +wsersessesaesasanes (227) HPCSSA cenrnenecnannannnnne (206)
BPID1IT Aiesesssnsseasansansoss (231) pPCT71A -eeeeerennennnnnane (212)
GPDI2A +svessaevsosnsssanne (235) | pPCOLCrevrecvncnnannconcane (215)
',.1)[)13__\ ..................... (243) i pPCO2A «eevenenrnnannnananes (218)
.,,,p[)l_;_,\ ..................... (246) ' gPCI0LIB <eeeensnssasancnee (221)
HPDI5 A siseussessessovsnans (246) HPCI03A oeseecssassaseces (292)
‘uI’DIG.-\ ..................... (249) | HPCI0SA --ceseereensanaens (292)
.;-'PDIOIC .................. (253) 1 #PCI121A/121Bess-<ooeeee- (293)
/!PDXOZC .................. (253) l
EPDI03C -seesssssassenens (283) ! RAREREIRE
pPD104C cevreveerennannans (283) | MC-2527 -evvrrmrmeasnnenas (257)
SPDIEC, <iosssssssidsii () | N (02-) QR (259)
pPDI06C -eeoreveeenssences (284) ! MC-2602 ++r+eessoserassese (259)
JPDIOTC +ereveerssneses (284) MC-2603 +seeeeasuseseess (259)
APDIOSC -reoreererseeseens (285) MC-2621 wesessensusnsess (260)
'I.I’DIOQC _________________ ( 285) MC-2622 <reeeerevneennanes ( 25())
UPDIIOC eeereeressssssnns (286) MC-2623 weeeesseseesennes (260)
PDITIC eeeeeeenemssnnees (285) MC-2641 ceererevrenescnees (261)
ADDLLOE svessissnsemnasons (286) MC-2642 +oseesseessonnenns (261)
l,.]"])”GC .................. (287) ME=264T: sessiindabassiays (261)
MC-2675 <oeeerensnnnenness ( 266 )
7+O41cC MC-4055 -ereerennreneenes (268)
#PC 1 A/1IB +eeeeemennenns (164) MC-4056 ---rerneensennenes (269)
GRC QA svsvivnidasaasaiinses (167) ! MC-4057  wecveenenmnenenns (270)
pPC 4 Accerervnnrnrnnnananns (171) ; MC-4058 «cecermemenererces (271)
UPC G A oovsessonsancisannas (174) f MC-4039 creereenrereneess (272)
pPCTA/TBreweresnnsennees (178) \ MC-4075 seeveerrmemmeeees (273)
pPCIZB coevmeesnmensennannns (184) ; MC-4030 =oreererrmmmenness (276)
pPC16A/16C  -eeoveeneees (185) »




Confirmed by Japanese NEC databook, found later

#PD101C, 102C

NECN ‘mewripean oo
yPD105C ¢ o ord

#PD101C, 102C | s

#PD101C Quad 2 AND Gate

=]
Qg
=

#PD102C Triple 3 AND Gate

VI

o %k ER § =95 =2 %
MO STHHIEIR: Rz | momom i s e
a0 £ e

3| s gigr | o % f ‘ Tl | B l | a

QO PFyvEn s =vavsALY MEMO S EHIES BB x L R 2 g
O LRI »vv 2, % Vou  [Ru=100kQ, lu=+80:A (=133 v
SMER: DI P, 14T (205~—[X12) PW 2 L
Su 1 s
5— t DEAREE «PD101C #PD102C fmin 10 KkHz
Vio X, 3 Voo -30 V| Vim | -4 v
-~ Vi -30 \Y Viu -4 v
| & | Topt | —20~+75 | °C| Venm =] ¥
o— o—| ~ Tag —40~+125 [ *C| Ver -20 v
B, G ppisc | DAl 198 ok Ivl Vslélmax, RL=20kQ, ol v

7 L 7 g i Shift Register
X3 Vor IV[ vs[(;_,(‘x\a:, RL=20kq, —13.3 v
L=+ 4
ST ,u\fDlOlBC (tzp w;W) & B i todont | Ru=20k8, Cr=300F 2| s
D0 4 4 4 3 A3 3 = —=300F
3 fa 1 @ [ @ 14 13 12 11 10 3 8 tpdtorny | RL=20kQ, CL=3(pF 2| ps
E l g -'2_4|V B P s ey e e oy fmin 10 kHz
NEC
> uPD101C
14 13 12 11 10 9 8
—?d ) ‘ 1 2 3 4 5 8 7 -24V 31 Coutt - Cin2 B2 A2
2 {3 [ -3 B £33 i
Ax Bi X; A, B X, GND NEC
2+
#PD102C (top view) ) Adder
ok ks uPD112C

IJPD1020 ’@'I G‘—:? ‘ ’ Voo ' -3 ‘ v ‘ Viu : | -4| Vv ‘j}

iz i MO 2 MO 1 m m
14 13 9z 11 10 8 8 Al B1 Ginl - Cout2 52 GND
—24V | S— w— ) w— p w— e w— ) w—"  w—
@ 1 @ a8 '@ 5 6 7
> NEC
l

N B R \ ‘ ¥ e V|V | = v
LJ (53] . | Dual Full . (N oy Yim=Vimmss, Ri=0k0 [
B, Cz X2 GND #PDL2C | Adder : Tope —20~+7 | *C | Von TLe —SOAA s 2|V ‘ 1
[ Twe | —40~3125 ¢ | Vou Vim s iuis, RESIKL.  |pg v
(253) ‘ ' i

Lidiornr | Ru=20k0, Cy»30pF

|
| tpdtow Ri=20k22, CL=30pF l 3| ms




t hampering repairs and tests

Ircul

Very big short c

o
=
=
o
Q
©
>
o
°
=
>
L
=
=
O
=
@/

V, 1A and observing PCB
with sensitive IR camera

2

After a few seconds:

|IC uPD105C broken...

Unavailable...

Needed a substitute... ?1?!




Peculiar supply voltages and switching behaviour of IC’s

NPD13 MOSFET Transfer Curve

Vdd=-24V Rd=30K

Transition in V, from 0 to -24V around V,, = -7V

No modern logic ICs have these characteristics,
suitable discrete PMOS transistors were
not readily found

Data from measurements
T oninverterin IC uPD13C

-18
-20
-22
-24

Clever substitutes needed.

-24 -22 -20 -18 -16 -14 -12 10 -8 6 -4 -2 0O
Vg

JMOS PMOS FET Characteristics Test

\V} uPD13: 12
” g uPD13C: 7
100K |
5-100K —|E‘ V,
DUT

V-24 30K

V-24



Repairs needed of broken ring counter shift register IC

—D1 01.'012&%3'( D15~
Bloc :z: :1;‘&“5%}2 ::::-Sd— 120
——— wﬁ ———i—+i One output (PDO) defective in M5812
b =5 6-bitring counter shift register

Output regenerated using CD4013

Failed output at UK5.5.

Simple extension of shift register from @D0-, clocked at end of digit by
B8~ +edge.

Zener reduces the JMOS supply voitage for the CMOS.
Output transistor provides voltage isclation between CMOS and JMOS,
Dicde on inputs similarly provide voltage isolation.



Repairs needed of broken inverter IC’s

14 13 12 11 10 8 8
o o 1 3 1 3

ﬁ ﬁ j] One inverter broken in two yPD13C IC’s

NEC
yPD13C

Substitute with PNP transistors

| UNEED G CENNNN PR SN RN SHNEN R SHNNE QN CHESD fu S5 |

+ s
£ o 15
uB3 |13 t: up4 |2
100K
ub4
V-24 V-24
D16 D34
10 nl-:" MO17.2 Nk
V- 24 1 - =30k
R pu 390 UB4 D118 PN
‘—lx— V-24
R base 220
R pd 100 1] 4
R pu | base 141 II—J|
V low 14.0 uJ2

UD6.6-8 Inverter Fix

Replacement for falled MOSFET. Base current for bipolar should be
acceptable here.



Repairs needed of unavailable broken IC’s

M=y More complex: 16 bit shift register
WPDIGSC) Syl Two alternatives with available CMOS IC's

—
1111111

(but different voltage levels)

Careful implementation
using PNP transistors at output

5] &) S
a‘r ESL & b P 3
b D =p ©
T E
- - - < S
LA d by = &

pPD105 Substifute Ueing Two 48578 HPD105 Subetitute Using 4517



During repairs, with substitute on breadboard




Final result: 6 faults repaired > working unit !

Power supply repaired
(broken power transistor

Substitute for broken and capacitors replaced)
output on M5812

) s A SORNERE
AL LAREANTAE

Two broken pPD 134C’s replaced
by sca\Leﬁged ones ffom another

' B'rbken track /
-»Bad: contact

\ =S

Substitute for
broken uPD 105C




Demonstration of working unit — powers of two !




Puzzle: two ring registers > why ?

Displayed decimal point

8121~
ST31-
(ST23e0PMePLC)-

ST25- D155 ST35- g
PLC- et 'J; 100K
4 kPO w1 - s
S125- Nommal LOW: suppress shift on @D13, FoP ©
OPD- O-mark is static. @01~ A9
\Assert HIGH: don't suppress shift, D158 200K
O-mark moves down. 8T11- = MO26.2
100K 207s- e 20Kg P ey DPD-
4 5 a
oD13- 2 8T31- D;;z D137
! N x Displayed
O d
3T34~ Decimal Point
FDPAL 13 D150 ' Counter
OB~
@D16- s ]
—-%UG1.13 %M023.0
Assort LOW:
suppress shift on @D16 & 15,
O-mark moves up.
D131
d
FKOP- 'vOOK 200K
D132 Di5t _l ’
FKOP “ onstant-Operand
D161 Decimal Point
zms 0152 Counter
3 9
Giitch fix in simufator. B
2T nto GO71 changed to GC to avold gliich
when 281 ends, as @T falis before ZB1-~.




Puzzle: two ring registers > why ?

Undocumented feature discovered !

Precision of constant of multiplication/division
can be different from displayed decimal point

Example:

Setting constant mode
and 4 decimals after the comma:
5*3.14159= 15.7295 (i.e. constant = 3.1415 — four decimal precision)

Setting now the display to 2 decimals after comma
and repeating the calculation:
5= 15.72 i.e. calculation done to full precision of the constant and cut at 2 decimals

To compare: clearing the device and setting 2 decimals after the comma
5*3.14= 15.70 i.e. entered decimals only to a precision of 2 after the comma

Conclusion: the constant multiplier can contain higher precision than the display...



Logic simulation of calculator

Translation of logic network in a sequence of “programme lines”

—q UG1

>

—

—— NANDN
NANDN
ORN

NANDN

1 [3]

13

-- shift register

SRCT/bits=16

‘e "

Example:
Logic Network
100K
9013--—913§c::::::}}__
1 200K,
ST34-m—( . 1L\
1 —r UGz
FOPALB——C MO23 i W2 > /13
9016--———90
M023 <ST34~ <@D16~
GD128 <%UG1.13 <@D13~
GDM023.2 <M023 <GD128
GD160 <GDM023.2 <@B4~ ——
DPb~ d<GD136 c<GD160

seee

e

- Eﬂ 11 o6
084_43‘%_)7_

<FDPAL

t<@B1l~

UF3




dps@

dps@ .
dps@ .
dps@ .

dps@
dps@
dps@

dps@ .

dps@
dps@

KEYPRESS:

dps@

dps® .
dps@ .
dps@ .

dps@
dps@
dps@
dps@

KEYPRESS:

dps@
dps@
dps@
dps@
dps@
dps@
dps@
dps@

KEYPR

dps@
dps@
dps@
dps@
dps@
dps@
dps@
dps@

E

SS:

Simulation programme shows details of operations

KPN~ .
KPN~ .
KPN~ .

KPN~

KPN~ .

KEY.4

KPN~ .

KPN~ .
KPN~ .

KEY.* ’

KPO~
KPO~

KPO~ .

KEY.5

KPN~
KPN~
KPN~
KPN~
KPN~

KEY.6
kPN~

KPN~
KPN~

KEY.7

KPN~
KPN~
KPN~

Operation Sequence

flags

OPASELBPAM~

OPAS~
OPAS~
OPAS~
OPAS~
OPAS~
OPAS~
OPAS~
OPAS~
OPAS~

OPAS~
OPAS~
OPAS~
OPAS~
OPAS~
OPAS~
OPAS~
OPAS~

OPAS~
OPAS~
OPAS~
OPAS~
OPAS~
OPAS~
OPAS~
OPAS~
OPAS~
OPMD~

OPMD~
OPMD~
OPMD~
OPMD~
OPMD~
OPMD~
OPMD~
OPMD~
O0PMD~
OPMD~

OPMD~
OPMD~
OPMD~
OPMD~
OPMD~
OPMD~
OPMD~
OPMD~

OPMD~
OPMD~
OPMD~
OPMD~
OPMD~
OPMD~
OPMD~
OPMD~

OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~

OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~

OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~

OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~

OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~

OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~
OPAM~

of states

ST 11~&13~

ST21~
ST12~ST13~
ST21~ST35~
ST15~5T34~
ST11~ST33~
ST12~
ST35~
ST35~
ST35~

ST35~
ST35~
ST34~
ST33~
ST33~
ST35~
ST35~
ST35~

ST35~
ST35~
ST35~
ST34~
ST34~
ST24~
ST15~
ST1l~
ST1l~
ST1l~

ST1l~
ST1l~
ST12~
ST35~
ST34~
ST33~
ST33~
ST35~
ST35~
ST35~

ST35~
ST35~
ST34~
ST33~
ST33~
ST35~
ST35~
ST35~

ST35~
ST35~
ST34~
ST33~
ST33~
ST35~
ST35~
ST35~

PLC~r=.uiiianinennned
o !
PLCA=1tieiianssninees®

PLCA=ceerraanasrnessd
PLCA=.vessaannnsnass 0
PLCv=eiiinannannnnns ]
PLC~=1unnnas caasaaaal

o I -

PLCA=uaiiianisninnes@
PLCA=ceeiiaarnninnes
PLCA=.citiiaarnninnes®

o
PLCA=iaivnanansnesad
o e -
PLCA=1ttiianssninees®
PLCA=1ieiianrsnineed®

T
PLCr=eiisannnnnnne

PLCA=teeennansnisees

PLCA=1uniinaninieead@
PLCA=.4s
PLC~=.

PLCA=11ertannenrness

PLCA=1 i sesnnsans ceee®
PLCr=10vinnnnans ceesl
[ K T |
PLCAM=1 i cesnneenanansld

PLC~=..iisnnnnnaness
PLC =1 iinasnnianses0
PLCA=1itesnsnninnsss@
PLCA=1ittsasnninssss@

PLCA= v vvsnsnnrensss@
PLC~=10vinnnenianeaa@
PLC~M=1 1 tisnnenneneaa
[ o P |
PLC~M=11tisnnnananeaa@
teeeaa
PLCA=11visnnaniannes@
PLCA=11ivesnernreenesdl

SUB=0 <-E|B-—>

. SUB=@ <-E|B—>

SUB=@ <-E|B->

SUB=@ <-E|B—>

SUB=1 <-E|B—>

SUB=0 <-E|B->

SUB=@ <-E|B->

SUB=@ <-E|B->

SUB=@ <-E|B->

SUB=0 <-E|B—>

DPb~=svvssuvssevansss SUB=Q <-E|B->
DPbr=.:ieviessensansss SUB=0 <-E|B—>
DPb~=..ivievssananass SUB=@ <-E|B->
DPb~=..veveveeennnns. SUB=0 <—E|B—>
SUB=0 <-E|B—>

SUB=0 <-E|B->

SUB=@ <-E|B->

DPb~=uiisveessensnsss SUB=Q <-E|B->
DPb~=sissiunnsnssnsss SUB=0 <-E|B—>
DPb~=uivsisnssnnes@.. SUB=0 <-E|B->
DPb~=.ivvvssssnnes@.. SUB=0 <-E|B—>
DPbr=..ieveensnssa@.. SUB=0 <-E|B->
DPbv=.ivvieennans .0.. SUB=0 <-E|B->
DPbv=.evvieennans .0.. SUB=@ <-E|B—>
DPb~=4iverevsseras@.. SUB=1 <-E|B—>
DPb~=4vverevssevas@.. SUB=0 <-E|B->
DPbr=..iiviaveennaa@.. SUB=0 <-E|B—>
DPbr=.iveinninsnnaa@.. SUB=@ <-E|B->
DPb~=11serssnssseaB.s SUB=Q <—E|B—>
DPb~=svisiennsnees@.. SUB=0 <-E|B->
SUB=@ <-E|B—>

SUB=@ <-E|B->

Zeisssesssasanses SUB=0 <-E|B—>
DPbv=.ivviesnsanansss SUB=0 <-E|B—>
DPbr=svsevssesesensse SUB=0 <-E|B—>
DPbr=.iivvevsseransss SUB=Q <-E|B->
SUB=@ <-E|B->

SUB=@ <-E|B->

DPbA=.evaassssnnannns SUB=@ <-E|B->
DPbv=riiaannss «en SUB=0 <-E|B->
DPbr=.uvasssnennsasss SUB=0 <-E|B->
DPbv=..iaassnennaaas. SUB=0 <-E|B—>
DPba=.iisannssennaans. SUB=0 <-E|[B—>
DPbr=iiiasssssnnsanss SUB=0 <-E|B—>
DPbr=ssseesvsvansanss SUB=0 <-E|B—>
DPbv=1uivvavvsnnnnanss SUB=0 <-E|B->
DPbr=sesessssnnnsnsss SUB=0 <-E|B~>
DPbr=.eveansnnnnsaaas SUB=O <-E|B->
DPbv=.cseessnnanssass SUB=0 <-E|B->

DPb~=. ..
DPb~=...
DPb~=...
DPb =iisearsnnnnannss

DPbr=u0ivinsnnnns

sarsrrsszzaas

SUB=0 <-E|B->
SUB=0 <-E|B->
SUB=@ <—E|B—>
SUB=0 <—E|B—>
SUB=0 <—E|B—>

N=0
N=0
N=0
N=1
N=0
N=0
N=0
N=0
N=0
N=0

N=0
N=0
N=0
N=0
N=0
N=0
N=0
N=0

N=0
N=0
N=0
N=0
N=0
N=9
N=0
N=0
N=0
N=0

N=0
N=0
N=0
N=1
N=0
N=0
N=0
N=0
N=0
N=0

N=0
N=0
N=0
N=0
N=0
N=0
N=0
N=0

N=0
N=1
N=0
N=0
N=0
N=0
N=0
N=0

Registers

Rl=iessssssnnannnns
R1= sassecnerse
R1= sassecenre
Rl=siiviseviess cavaas
Rl=ccvivwsuns Vi
Rl=.cvieevuns —
Rl=sesssssnsnansesd
Rl=ssssssssnnancesd
b | R |
RImooaaineuneed

RI=vieesrvsnnaaniid

versssseeeed

R1=

RI=..vuunns

R1=
Rl=iiesssssnnanne il

sessrnnaaeedd

R1=

RI=iivennss
Rl=ciiiannnss )
Rl=...iieevnnnas )
RlI=...iieevnnnnnsnsad

Rl=..iiieinnnannnd
4 C R —
RlI=siiiininnnnnnnid
Rl=iiiieenenneaned
RlI=iiiieenenneaneed

Rl=iiiirsnnnnennnid

Rl=..iivennsnnsnssd
Rl=iiiienennnnnnaad
Rl=iicvannnsennnssd

Siassssssscrenesd

R2=iiisvsansnnannid

tesanneianesd

R2=iissssnnncrnnesd
R2= cesereeesd
R2= cesssseasead
R2= )
R2=vsessnaassnesesd
R2=vsssenaarenassed
R2=.iiivenansnasned
[ VP —

R2=tievnnvnsenenesd

ceresseineedd

- |
P
tessaraienedd

tesssserenedd

R2=i.issunannsnnns .5
R2=........ cessaas 5
R2=iiisenansnnsad56

R2=...iivveannnnsa56
R2=...ivvuussssaa56
R2=14tiesaansnsssd6
R2=11svesaanneess56
R2=110iveeaanneessa56

R2=14sssssarsvesns56
R2=......
R2=......
R2=......

-1
-1
.567

Rl=iiiiiannnnannnid
Rl=iiiisencnneeneed

R2=11sssssansusa567
R2=.4cevvaansssna567

SNabc=000
SNabc=000
SNabc=000
SNabc=000
SNabc=000
SNabc=000
SNabc=000
SNabc=000

. SNabc=000
. SNabc=000

R3= SNabc=000
R3= SNabc=000
R3= SNabc=000
R3= SNabc=000
R3= SNabc=000
R3= SNabc=000
R3=.. SNabc=000
R3=.. SNabc=000
R3=ivssssssnssnisas SNabc=000
R3=vvuvvssanssnisss SNabc=000
R3=.vuuvvvnnssnisss SNabc=000
R3siiivaaanudii .+« SNabc=000
R3=..vvvuisesssnssss SNabc=000
Ziseessssesensess SNAbC=000
R3=vsetvssaassersss SNabc=000
R3=vvetsssansrersss SNabc=000
R3=...0t02000s0000. SNabc=000
R3=..uiitssanssnsss. SNabc=000
R3=.vvevssaasressss SNabc=000
R3=.vevvivaarrnisss SNabc=000
R3=.. +++ SNabc=000
R3=.. .+. SNabc=000
R3=..ue0vveanssasss. SNabc=000
R3=.....000e0euues. SNabc=000
R3=vveevssaassersss SNabc=000
R3=sseassannnes SNabc=000
SNabc=000
SNabc=000
R3=...0uun S — SNabc=000
R3=...0sueiianaaas SNabc=000
R3=..cceteninnanss. SNabc=000
R3=....4001100a00.. SNabc=000
R3=....0001100a00.. SNabc=000
R3=.iusssuiinnansss SNabc=000
R3=..isssuiivnaness SNabc=000
R3=..ivssuiinvaness SNabc=000
R3=.14sssessnsansss SNabc=000
R3=.....00:10042... SNabc=000
R3=...:2020110022... SNabc=000
R3=....402110022... SNabc=000
R3=...:402010002... SNabc=000
R3=iiiiidiiiianamans SNabc=000
R3=.i4ssssssseaness SNabc=000
R3=u.4sseesrsvaness SNabc=000




Simulation example

4 * 567 = 2268
Operation Sequence Primary
flags of states Loop Counter

v b b

OPMD~ OPAM~ ST35~ PLCr=.ivvinnsnnnnsss@ DPbr=0iiiiivnnnennnes SUB=0 <—E|B=> N=0 Rl=...vivvvvvenssed R2=00uiiuiiann 567 R3=10uiuvnvnvnieas. SNabc=000

Registers

KEYPRESS: KEY.=
dps@ .

dps@ . . KPO~ . OPMD~ OPAM~ ST35~ PLCv=.iiivnnsnnneses®@ DPbrv=0nniiivnnneaa@.. SUB=0 <~E|B-> N=@ Rl=.....s0vuvveveead R2=000iinieenea 567 R3=0iuvvnnvenn e SNabc=000
dps@ . . KPO~ . OPMD~ OPAM~ ST35~ PLCrv=.iiiivnnnnnnea®@ DPbv=00uuvivnna. @, SUB=0 <-E|B—> N=0 Rl=.......000evee 8 R2=000ninetta 567 R3=0utvvnnvivv e .. SNabc=000
dps@ . . KPO~ . OPMD~ OPAM~ ST34~ PLC~=1vuivvrnnnsnsess@ DPbr=uvuivvnnneed@is SUB=0 <-E|B-> N=0 Rl=i.ivvvvvnnrssessd R2=i0uuivinaneses567 R3=i0ivvnnvesnieess SNabc=000
dpsd . . . . OPMD~ OPAM~ ST34~ PLC~=.iiiinnnnnnnass®@ DPbr=0unniiinnnna @, SUB=0 <-E|B—> N=0 Rl=.......0000200.4 R2=00ininnnenan567 R3=0uivnninnnnea.. SNabc=000
dps@ . . . . OPMD~ OPAM~ ST32~ PLC~=iiaiinnnnsnnass® DPDr=0iiaivinnnaad@is SUB=0 <-E|B-> N=0 Rl=i.icuiuvsvnnaensad R2=iiuiiinneaeaa567 R3=iuiiannnnininsss SNabc=000
dps@ . . . . OPMD~ OPAM~ ST31~ PLC~=1vvvvennnenness® DPOv=ruiuvvvnnnanss@, SUB=0 <—E|B-> N=0 Rl=1.1vvvssnnesessd R2=i0uuivivaneess567 R3=i0uvsnneersieess SNabc=000
dps@ . . . . OPMD~ OPAM~ ST25~ PLCA=.uiinvnnnnnaaa@ DPbv=.uiunivnnnnn. 0. SUB=0 <-E|B-> N=0 R1=.......0000eaed R2=.0uniinnnnean567 R3=utiuvnvvnnnn... SNabc=000
dps@ . . . . OPMD~ OPAM~ ST23~ PLC~r=.iivvnnnnnnnas@ DPbr=..iiiivunnnnanas SUB=0 <—E|B-> N=0 Rl=...vivuvueavesd, R2=00uiuivannea 567 R3=10uvuvnvnvivese. SNabc=000
dps@ . . . . OPMD~ OPAM~ ST25~ PLCv=..iivvnnnnnsa@e. DPbrv=uiiniiinennnenss SUB=0 <~E|B-> N=@ Rl=......c0c00eu.d. R2=00iiiinennea 567 R3=00uivnneevnnes.. SNabc=000
dps@ . . . . OPMD~ OPAM~ ST23~ PLCr=iiaiinsnnnsnaa@is DPDr=iiiaiiinanananas SUB=0 <—E|B—> N=0 Rl=i.ivivveananades R2=iiniiinane 567 R3=iiiiannnninnnass SNabc=000
dps@ . . . . OPMD~ OPAM~ ST25~ PLC~=1vuvuvnnvsns@uus DPbr=uivvivnnnennnes SUB=0 <-E|B-> N=0 Rl=..ivssvevuvssdiss R2=1suuvinaneses567 R3=i0iuivsnnvvrnieess SNabc=000
dps@ . . . . OPMD~ OPAM~ ST23~ PLC~v=uiiinvennena@ou DPbr=.uiuiiianenann. SUB=0 <-E|B—> N=0 Rl=............4... R2=..00vvvnenal567 R3=.uiuvniinnin.. SNabc=000
dps@ . . . . OPMD~ OPAM~ ST25~ PLC~=uiiinennasa@iues DPbr=iiiaiiinnnnnanes SUB=0 <=E|B-> N=0 Rl=i.iviuvvennadiias R2=iiuiiiinnnesad567 R3=iiivinnnnniieaes SNabc=000
dps@ . . . . OPMD~ OPAM~ ST23~ PLC~=1iavnvaraea@uiues DPOv=1invvvvunnnnnnes SUB=0 <—E|B-> N=0 R1l=y.ivsvusssebisas R2=vuuunrrannsas567 R3=1vuvensnnvrinees SNabc=000
dps@ . . . . OPMD~ OPAM~ ST25~ PLCrv=.uiiivnnna@unon DPbAv=.uiiivnnnnnans. SUB=0 <-E|B-> N=0 Rl=..........4..... R2=.......0000u567 R3=0uivnnvennnn... SNabc=000
dps@® . . . . OPMD~ OPAM~ ST23~ PLCr=.viivniuens@euuns DPbv=10iiiivunneannns SUB=0 <—E|B=> N=0 Rl=...vssveeedieess R2=00iiiiinnea 567 R3=00uivuvvnvavesss SNabc=000
dps@® . . . . OPMD~ OPAM~ ST25~ PLCv=.itvennsa@unanns DPbrv=uiiiiiinnneannes SUB=0 <—E|B-> N=0 Rl=....:202:8u0uues R2=0iiininenenaa567 R3=iiunennnnsnnea.. SNabc=000
dps@ . . . . OPMD~ OPAM~ ST23~ PLC~=1iiienaea@uiuuans DPDr=isiuivinnnnnanas SUB=0 <—E|B—> N=0 Rl=i..civveaduinnas R2=iiuiiiinaeaead567 R3=iuiiannnnininsss SNabc=000
dps@ . . . . OPMD~ OPAM~ ST25~ PLC~=1vvvvens@uunnees DPDA=ruvuvivvnnnansnes SUB=0 <—E|B-> N=0 Rl=,..vvses8iurnrss R2=i0uuivinaneess567 R3=i0uvsvneersieess SNabc=000
dps@ . . . . OPMD~ OPAM~ ST23~ PLC~v=.v0ivneea@uuennns DPb=.uiuiiinnenans. SUB=0 <-E|B—> N=0 Rl=........4....... R2=.....0v00eea 567 R3=i0vuvnvennnn... SNabc=000
dps@ . . . . OPMD~ OPAM~ ST25~ PLCA=1iuvesa@usnnnses DPDr=iiiaiiinancnanas SUB=0 <-E|B-> N=0 Rl=i..vuivedinunvnnes R2=iiaiiiineeead567 R3=iuiuivsnnnnsniness SNabc=000
dps@ . . . . OPMD~ OPAM~ ST23~ PLC~=1vvvees@uvnnnees DPDv=ruvuivvnnnnnsnss SUB=0 <—E|B-> N=0 R1=i.ivvvebuivuvnrss R2=Ziaunivivnneens567 R3=iuuvunnvernieess SNabc=000
dps@ . . . . OPMD~ OPAM~ ST25~ PLCrv=uvivee@uivennnes DPbAv=0iiniivaiianans. SUB=0 <-E|B-> N=0 Rl=......4......... R2=0uininenna 567 R3=0uivnnnnnnne... SNabc=000
dps@ . . . . OPMD~ OPAM~ ST23~ PLCr=.0ivve@uuivnnnnns DPDrv=10iiiiinnnnnanns SUB=0 <-E|B-> N=0 Rl=......4.00vveves R2=00iiiivnneea 567 R3=10uiuuvvvvviess . SNabc=000
dps@ . . . . OPMD~ OPAM~ ST25~ PLCr=.vive@uecvnnnnne DPbrv=uiiniiivincnanas SUB=0 <—E|B-> N=B Rl=.....4..c00vssus R2=0iaininnnnaas567 R3=iiunnenennsanas. SNabc=000
dps@ . . . . OPMD~ OPAM~ ST23~ PLCr=uiiea@uuinnnnnes DPDr=iiiaiiinnnananes SUB=0 <-E|B—> N=0 Rl=i..ci8ivuiniennnas R2Z=iiiiiinanesad567 R3=iiivinnneiiieass SNabc=000
dps@ . . . . OPMD~ OPAM~ ST25~ PLCA=1v04@uuvnvnnnees DPOA=0iivivvunnnnnnes SUB=0 <~E|B-> N=0 Rl=...:4:cvssuerssss R2=vuvunrrasssas567 R3=1suvenrnnvrinees SNabc=000
dps@ . . . . OPMD~ OPAM~ ST23~ PLC~v=....@uuuivnnnees DPbr=.uiuiivienan.. SUB=0 <-E|B—> N=@ Rl=....4........000 R2=00iiinennal567 R3=0uiivnnvenn ... SNabc=000
dps® . . . . OPMD~ OPAM~ ST25~ PLC~=10i@ueannsnnnses DPDA=iiiaiviaanannnas SUB=0 <=E|B=> N=0 R1=...4iiceunusanas R2=iiuiiiinaneead567 R3=iutiisnnnsannsss SNabc=000
dps@ . . . . OPMD~ OPAM~ ST23~ PLC~=10i@uvennvnnnsss DPDA=ruvivvvnnnananes SUB=0 <—E|B-> N=0 R1=...4 sevvnevnres R2=iauininnnsses567 R3=i0uivannvvrsieess SNabc=000
dps@ . . . . OPMD~ OPAM~ ST25~ PLCA=..0.0vuiivnnnnes DPDA=.uiiivinnenans. SUB=0 <—E|B—> N=0 R1=..4.........0000 R2=00uiiinnenan567 R3=0iiuvnnnnnnna.. SNabc=000
dps@ . . . . OPMD~ OPAM~ ST23~ PLCA=..0..vuvnvennnns DPbr=.iiiiiiunnannnss SUB=0 <—E|B—> N=0 Rl=..4..00vvvvvsees R2=00uiiuiiinnea 567 R3=10uvuunvnvnieaes SNabc=000
dps@® . . . . OPMD~ OPAM~ ST25~ PLCr=.0.cvvunevnnnnne DPOv=ciiiiiinnneannss SUB=0 <-E|B-> N=0 R1=.4.....c00uussas R2=0iuinnnnnneas567 R3=iiunnnneesnanae. SNabc=000
dps@ . . . . OPMD~ OPAM~ ST23~ PLCA=u0ucivnnnsnnnsss DPDr=iiiaiiinancnanss SUB=0 <—E|B—> N=0 R1=14..ivvvunnsanes R2Z=iaaiiiineeead567 R3=iuiisvnnnsiiness SNabc=000
dps@ . . . . OPMD~ OPAM~ ST25~ PLCA=0. v vvennnsnnnses DPD~=ruvuivvnsnnnsnss SUB=0 <~E|B-> N=0 R1=4....vvvvvursrss R2=vsuuivivnneens567 R3=i0uvunnvernieess SNabc=000
dps@ . . . . OPMD~ OPAM~ ST23~ PLCA=0...0vuvnvnnnnes DPbAv=0uioiiiiianans. SUB=0 <—E|B—> N=0 R1=4.......00000ves R2=00uininnna 567 R3=0uiivnnnnnnnee.. SNabc=000
dps@ . . . . OPMD~ OPAM~ ST25~ PLCA=1iiinnnnnsnnass® DPDA=ieiaiiinanananns SUB=0 <=E[B-> N=4 Rl=i.ivvvenannnanes R2=iiaiiinaneead567 R3=iaiiasnnnsniess SNabc=000
dps@ . . . . OPMD~ OPAM~ ST24~ PLCr=.ininns sasssnss® DPDreiciaiiinnncans »« SUB=0 <~E|B-> N=D Rl=.......0c22...567 R2=........ +222:567 R3=.0iiunvnnnsaa.. SNabc=000
dps@ . . . . OPMD~ OPAM~ ST24~ PLCA=uiiiiiennnnensd@ DPbA=0uuivvinienans. SUB=0 <—E|B—> N=C Rl=............1134 R2=.....0000tau567 R3=00uivvnvnnn e, SNabc=000
dps@ . . . . OPMD~ OPAM~ ST24~ PLCr=.iiivnnnnrnnsss@ DPDrM=00iiiiiunnnaanas SUB=0 <—E|B-> N=B Rl=..,vi0vseese17.1 R2=00uiuivnne e 567 R3=10uvunvenvvieass SNabc=000
dps@ . . . . OPMD~ OPAM~ ST24~ PLCr=..iieenannnness® DPbrv=ciiciivannenaaes SUB=0 <—E|B-> N=A R1=....000222..2268 R2=..u0vinenesaa567 R3=uueinesnvna.. SNabc=000
dps@ . . . . OPMD~ OPAM~ ST23~ PLCr=iiiinnnnnsnnass® DPbr=iiiuiviannananas SUB=0 <—E|B—> N=0 Rl=i..u12444..2268, sis000s567 R3=iiunissannainaes SNabc=000
dps@ . . . . OPMD~ OPAM~ ST13~ PLC~=1vvvnnnnnsnnnss® DPD~=uvuvvvnnnenanes SUB=0 <—E|B-> N=0 Rl=1..v44s ssersssrrrsaeess SNabc=000
dps@® . . . OPMD~ OPAM~ ST21~ PLCv=..ivennsnsnness® DPDAMEciiiicnnnanss .. SUB=0 <-E|B—> N=0 Rl=... 222002268 R2=..0sccnncnns tessasssssaaaass SNabc=000

vesssssariesss SNabc=000
...... srieaes SNabc=000
SR veex. SNabc=000

.+ SNabc=000

Result

dps® . . . OPMD~ OPAM~ ST15~ PLCA=.ivivvnsnvenass® DPbr=10iiiivnnvennnss SUB=0 <-E|B—> N=0 Rl=.4F.........2268
dps@ . . . . OPMD~ OPAM~ ST11~ PLCrv=1iiunen sesesans @ DPb~=...... ceraaas 0.. SUB=0 <-E|B-> N=0 Rl=f......... 022268 R2=v.ccunnnnnnn 2268 R3=.
dps@ . . . . OPMD~ OPAM~ ST1l~ PLCv=..iivinennnnass@ DPb~=00vniiineen 0., SUB=0 <-E|B—> N=0 R1=% ..........2268 R2=............2268
dps@ . . . . OPAS~ OPAM~ ST1l~ PLCA=uivivvnnnenness@ DPbr=00iiiivnnness@,. SUB=0 <—E|B-—> N=0 R1=. N +¢++....2268

~“CAMMANN MANES



Simulation illustrating clever logic design

Result of multiplication/division digitwise inserted in least significants digits of register !

KEYPRESS: KEY.=

dps@ .
dps@ .

dps@
dps@

dps@ .

dps@

dps© .

dps@
dps@

dps@ .

dps@
dps@
dps@
dps@
dps@
dps@
dps@
dps@
dps@
dps@
dps@
dps@
dps@
dps@
dps@
dps@
dps@
dps@
dps@
dps@

dps@ .

dps@

dps@ .

dps@

dps@ .

dps@

dps@ .
dps@ .
dps@ .
dps@ .
dps@ .

dps@

dps© .
dps@ .
dps© .
dps@ .
dps© .

dps@

dps@ .
dps© .
dps@ .

KPO~ .
KPO~ .
KPO~ .

Operation Sequence Primary Decimal RY Tally Memory
flags of states Point .

g Loop Counter RX (on Display) (RM)
OPMD-%PAM~ sms* PLC~=. DPb~=r.eueevenesenss. SUB=O <~E|B-> N=0 &..........123 veveeseohB6 R3=NMK.......0u.... SNabc
OPMD~ OPAM~ ST35~ PLC = uevnns DPb~=. .....8.. SUB=@ <-E|B-> N=@ e ..123 AR 4B6 R8=.%e.connonn ..... SNabc
OPMD~ OPAM~ ST35~ PLC~= e veevnennenss® DPD~=0euneunennen B.. SUB=@ <—E|B=> N=B R1=........00.02128 R2=..uvurunenne b6 R3=euueunennenn.... SNabc
OPMD~ OPAM~ ST34~ PLC~=1 s evevnenneess® DPb~=0ovuenner....@.. SUB=@ <—E|B-> N=@ Rl=..... eeee...123 vevereo.lB6 R3=..uuivnennen.... SNabc
OPMD~ OPAM~ ST34~ PLC~= e tveevneunenes@ DPD~=1ovevnren....@.. SUB=@ <—E|B-> N=0 R1=........ ce...123 evereeerahB6 R3=.ueuniunennan... SNabc
OPMD~ OPAM~ ST32~ PLC~=e e evnerueesesss® DPB =0erneesensse.B.. SUB=@ <—E|B-> N=0 M, s bbb R B e pre s AGNADG
OPMD~ OPAM~ ST31~ PLC~Seeesevesesesss® DPB™=0ersennennss. 8. SUB=0 <—E|B-> N=0 s i A8 RIS v v e v s ABBURBE s waiaeare SNabo
OPMD~ OPAM~ ST25~ PLC~=euvevereeeseseBe DPB™=0evnvenennss..0. SUB=@ <—-E|B-> N=0 i1l REEswasnivivesai kb6 RA= s SNabe
OPMD~ OPAM~ ST23~ PLC~Se e evraveeeseesBe DPB™=0erueenenesenss. SUB=O <—E|B-> N=0 s A08, RA=vews s ABE RBE s s s SNabie
OPMD~ OPAM~ ST25~ PLC =44 veneresaseeBie DPD™=0eursenenssnses. SUB=0 <—E|B-> N=0 A8 RIS rrsomn -
OPMD~ OPAM~ ST23~ PLC~= e eveevnenneeBes DPD~=ueunevnennenn... SUB=0 <—E|B-> N=0 ceeeeena 128, R2=..n... T . .
OPMD~ OPAM~ ST25~ PLC~=.vuuevnneea@uus DPD™=0uuiuunevnn.n... SUB=B <—E|B-> N=8 eereee.n1230.0 R2=... ..., “Aljlt|[)h(:£ﬁt|()r] ter]lr]SJ
OPMD~ OPAM~ ST23~ PLC~=1evevneeee@ure DPD~=0eveeunennnnn... SUB=@ <—E|B-> N=0 veveeena123... R2=0......

OPMD~ OPAM~ ST25~ PLE~=1 s svvenveesBuose DPBNZ.arssesonssesess SUB=O <—E|B=> N=0 cripsav i D Benen ROeswmaaess (j (j
OPMD~ OPAM~ ST23~ PLGn=wrss ssewes DiranarDPbem s vanvnmeave SUB=0 ==E[B>N=B Risiuiwvsianid08uven R2=auanevi GBF)EEr] sSon
OPMD~ OPAM~ ST25~ PLEN=1 s vsnesoBarase DPBNE euiveessovsess SUB=O <=E|B=> N=B R1=i.iuve:o12800ies R2Z0uassvs
OPMD~ OPAM~ ST23~ BLGes i s a0y Db i s haesnny: SUBSB BB NSO Rimrovieyydfsass ROSwwias | S;t[] f t)
OPMD~ OPAM~ ST25~ PLEA24 e s sooneoBsonase DPBNE,esunnsesssesass SUB=D <=E|B=5 N=0 R1=u..000:12800cese R2Z0uansos en Of numbers
OPMD~ OPAM~ ST23~ PLC~=1uevevne@uuunes DPD~=0euneunennennes. SUB=@ <—E|B-> N=@ R1=.......123...... . .
OPMD~ OPAM~ ST265~ PLC~= v e e eevaBueeenns DPDZeennnsesnnnsees SUB=8 <=E|B=> N=8 R1=......123....... -rr]lfs case:. ~ ().:255
OPMD~ OPAM~ ST23~ PLC~=uevneea@uuennes DPD~=0eruennennennes. SUB=@ <—E|B-> N=@ R1=......123.......
OPMD~ OPAM~ ST25~ PLC~=...vv2u@uuuuuans DPb™=....vvvuuunn.... SUB=0 <-E|B-> N=8 s dDBwrasaiwin ROSswaaie hA 1 ~ () 55
OPMD~ OPAM~ ST23~ PLbrmairss suBvvwawananDPbemsve vaavamvave SUB=B ==E[Bo>N=B Risiuiwid28::iwuves R2=wawevi ( aximum .0S
OPMD~ OPAM~ ST25~ PLE~=1 v vse@esaserose DPBNE cusiusessonsess SUBZO <=E[B=> NZB R1=i.2:1280cuuevses R2Zuusssvannnnsamun sumsensenennennsnns o
OPMD~ OPAM~ ST23~ e e N=0@ AR e RESwawdesei s ABE RBE AR s s SNabe
OPMD~ OPAM~ ST25~ R el R N2B RI=.5 198000 csnose R2OZucasionsessn hBERE=iresssonsnisssesiSNabE
OPMD~ OPAM~ ST23~ TR N=8 1234 e uinnene R2ZueuneennenesndiBb R3Zurunneenennnnnns SNabc
OPMD~ OPAM~ ST25~ PLC~=1 4 e Bevnennennns N=e .123..... O RN YT N . SN v.... SNabc
OPMD~ OPAM~ ST23~ PLC~=1 e iBevnernannns N=8 : ....456 R3=......0eeveen... SNabc
OPMD~ OPAM~ ST25~ N=0 R1aPTS.......... : . SNabc
OPMD~ OPAM~ ST23~ agW= 153, . ... SNabc
OPMD~ OPAM~ ST25~ 0 R1=123......c000ins ¢ SNabc
OPMD~ OPAM~ ST23~ N=8 RIZ123:...u0cenesss R2Zuiiaannsassns SNabc
OPMD~ OPAM~ ST25~ N=1 RIZ23. .0 .0cuecsenss ROZasnosnnsensns A SNabc
OPMD~ OPAM~ ST24~ NZA RL1Z23..vuvvnensobiBbd R2Ze e eenennnnn. R R SNabc
OPMD~ OPAM~ ST23~ N=@ RI=23....evnennobiBb R2Zeeneenennnn.. N WO SNabc
OPMD~ OPAM~ ST25~ N=2 R1=3..vnevnee hB6e R2Zeeueeneenees 56 R3=nee . B eenennnn. SNabc
OPMD~ OPAM~ ST24~ N=B R1=8....000e0ee5:16 R2=ueuarnosueesabB6 RB=ueneeereranes SNabc
OPMD~ OPAM~ ST24~ N=R RA=3Lawwis o BAZ2 RO ewass vasws s ABGRB= s [ waaiswaass SNabc
OPMD~ OPAM~ ST23~ N=B RISSiuinione AT RN m s v eeiid hBO RB=y v fllss v siwims SNabc
OPMD~ OPAM~ ST25~ NSS RIE L ais v sBAT2: R2=wiisassveissiosBB6 RB=. il it iinanss SNabc
OPMD~ OPAM~ ST24~ NSC RIS 4 sz ssnsasoBEI76 R2Z.sensonsessi hb6 RAS. ol sinvnnsssns SNabc
OPMD~ OPAM~ ST24~ =B R1=.evneeneese55632 R2Zuuennennenns b6 R32fMeneneenrnnns SNabc
OPMD~ OPAM~ ST24~ A RI=. .. vrense56.88 R2Zueennrnennnnn SNabc
OPMD~ OPAM~ ST23~  PLC~Zuevnevneunenee® DPD~=.errnseneennen. SUB=@ <—E|B=> N=0 M. ........ .88. | e e : SNabc
OPMD~ OPAM~ ST13~ <=EIR-> SNabc
OPMD~ OPAM~ ST21~ : ResultinRX """ . ...... R3=. {abc
82:3»« 82::~ :ET PLC~=...............g . ! esultin asneeBb 3 ”“'“'52,42: zg; Copled in RY :agc
~ ~ ~ o ' * —_ saaes «88 R2=..c0assns ose . =, . abc
opvp~ opam~ sT11~  Decimal Point Set ..e . (1237456 =56088) SBBRIS. s oii e s6.88 R3=. for display iabc
OPAS~ OPAM~ ST11~ e emenannnnn. 10 DPD~=..eueevnen...@.. SUB=@ <—E|B-> N=@ Rl=........ .. e eeeeerB56.88 R3Ze.iiane e {abc

=000
=000
=000
=000
=000
=000
=000
=000
=000

=060
=080
=080
=0e0
=060
=0@0
=0e0
=080
=060
=000
=060
=0e0
=060

=0@0
=0e0

=000
=000
=0e0
=000
=000
=000
=000
=0e0
=0eo
=0ee
=0@0
=000
=000
=060
=0e0
=000
=000
=000
=000
=0e0
=000
=060
=0e0
=000
=000
=000
=000



In progress: simulation with Digital logic software
(H.Neemann)

Digital input files are ready and being tested
Possibly an issue with propagation delays

Under discussion with the author of Digital (H.Neemann)

Hope to find a solution...

Suggestions for other logic software packages ?



Successful repair of a 1971 Japanese calculator... over the internet !!

Unique, very instructive and extremely pleasant experience
Discussing and exchanging information ~ 10000km away by internet ...

«  No documentation on calculator, function of several IC’s unknown at start...
*  Function of IC’s derived by logic reasoning by B.Hilpert; confirmed by
Japanese databooks, found later
« Full reverse engineering of the PCBs by B.Hilpert,
exchanging detailed photos / pptx for hidden tracks
» Technical advice and insights in logic by B.Hilpert
«  Six major faults found and repaired
«  Substitutes for unavailable IC’s carefully designed by B.Hilpert
» Broken track (?) / bad contact (?) found
«  Simulation program by B.Hilpert: very instructive to understand logic design >
full and detailed understanding of design and implementation
« Undocumented features discovered
* Inprogress: simulation with logic software “Digital” / Discussion with H.Neemann
More info on this project (and many other interesting subjects): http://madrona.ca



HOPE YOU ENJOYED THE PRESENTATION

THANK YOU FOR YOUR ATTENTION





