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l \ PIN 5 LINE lt l/
l I
!
i E {AL) !k |
- PIN 2 "we
| ! PING > ¢
l ) % i l
! ' | |
DELAY | ; FERRANT!| — STYLE L—-40
LINE } | TYPE 62-097 m.s,
CABLE #1 | |
=~ | l-reD
BLACK ~1 :
|
|
! |
LY ®
ALO SG. S.
SN AMPLIFIER =2
i
L)) @ K 2HAJ, K3HAF
FTT T
RN k
|
1' | TO CARD K2 GND.

FEIG_ o >
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DSP. MATRIX QUT @

R4 . S6.
\S

F_FFe

G_FF,

R| A SG.
A

F Fa

FF®

FFe

DISPLAY

FFe

/

G FF*

MATRIX I

O 1o Im [m ™M

FFe

DIGIT 7 OFFSET SG. S. @

DIGIT | OFFSET SG. S.

D5 FE*

DS FFe

D4 FFe*

D4 FF,

D3 FF*

D3 FF,

D2 FFe

D2 FF,

DI FF*

®EPEEEERIEIEEIEPEEIERPIEBIEEREI®

DI FF

HIB HAB

EEXI=_ o & &
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® G FF, 93
®@ DI FF. | 1305-12- ) ©
220-68-0 ®
~ S
FI3 GAY
M FF-hIOG
1305-12-~ \
® N FF*
220-10-0 ®
C.E STG. FF* j
FI3 GAY
(TO FI6.227) DPIa,N
106 > lo—-’ﬂ
. 1305-15-
elFLow s g 4 @
® G FF r:% 0 /
@ D FF.

FI3 cay

= __ "M
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COM. DIG. FFL+CF. FF!
32

i1305-12—
© 3> « g N-10-
0
Fl14 GAK
@ ¢ FF 108 "3" MODIFICATION
2
4
D FF*
@ E FFe
1305-12
@ F FF 330-4.7 . La,L @q
@ G _FFe* 0
D4 FF* PR
@ D3 FFe )
FI4 GAK
BLANK BUS— _|
@ 1o
DISP C. FF* o
305-12~ \
@ l330—4.7— . @
105 )~ 0 ,
FISGAM
F FFe uz
107 > 1305-12~ \. @
@ D FF. 330-N-0 /
FISGAM
33
@ DSP. MATRIX OUT —= | 1305 ~-N— \
330-N-0 /
| FI5GAM

FIAI=_ oo™ PF)
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1134114 )~ SG. SEGMENT | ,SEG. SG. S. ®)

b © GENERATOR Za

F17 HAE

HOR. STAIRCASE @

@ A—=D SG. SG. S.
d/ @ u/
DISP C. FF* HORIZ,
o7 STAIRCASE
@ COMPARE S6, GENERATOR
b/
F17HAE

FIG <Al
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@ (TO FIG. 282)
G FF. VDG, /
Ly
® E FF. VERTICAL
tg DOT
GENERATOR
F Fre
s (TO FIG, 282)
FI8 HAD VDG, S
_——TO SLANT AMP IN,
d-
SEGMENT SG.
e
e4 f4 g h
SEGMENT $6.| g | D
FR| FRe
HORIZONTAL
@ F FFe boT TO HOR. DEF. IN (%)
J T
d GENERATOR a
F18 HAD

DIGIT 7 OFFSET S6G.
[

HOR. STAIRCASE SG.

® ®

FIl=__ &l
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(TO FIG. 28/-VDGq)
S
® M FFe
e VERTICAL
N FF® STAIRCASE
d- GENERATOR -
(TO FIG. 281—VDGh) TO VERT. DEF IN. Q’)
¢ q~ -
FIBHAD
105 )-
b
A
P3-9

f
FROM BLANK BUS

TO CRT. PIN 2 (GRIDL e

a
CRT TO CRT. PIN 4 (A) “% by
DRIVER TO CRT. PINS 1,3 (FIL"&S‘}TH)?
CIRCUIT TO CRT.PINI2 (FIL) ° dy
TO CRT. PIN 8 {(A2) .
e/ v

EFEEI=_ "
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TO CRT TO CRT
PIN 10 PIN 9
VERTICAL
:P3_2| VERT. DEF IN. DEFLECTION
\e
AMPLIFIER
TO CRT TO CRT
PIN 6 PIN 7
HORIZONTAL
P3-5  HoR. DEE IN DEFLECTION
) AMPLIFIER
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DIGIT | OFFSET SG. P3-25-

CRT 5DEP|

-

ETID= o fa
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e ®

CLK

©®

He | ®

I

Co _SG. 99 (5
e o.C. —
1499-12- ™\
68-6.8— °® _
ADV. A SG. HS FFe @ 22-3.3
B FQ ‘
CLR. ALL HSFQ 15K
FE* ®
/o @ ~
HOME SG.

666 KC @

OSCILLATOR

H4 HAH

F T _ 243
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(Bj4+B,5) SG. S.
1305 - 12— 15 -
© S 220-82— @ @
J16 GAD
8 FFe 102
A
@ C FF* 1305 12— (Bp+B)) SG. S. @
220-~-8.2— e
© b FFe P

o

JI6 GAD

) b f = Y =
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rre @
CLK. FFe

®®

H8 FFe @

FN

?; |_FF. @E @
II

@@,®

|
I

2RO,

ke ®

Q)8
®®

|
Ho FFo @ HIO FFo O,
FP | FP
|
BIT COUNTER
1100 AT HOME
A FF.
104
@ B|5 ._34—_*_%
B FFa l—el _S. o
—__d Iggg-é%—_ . N.|1499-N-100- \. Bis s (®
® C FF. 9 22-47 6:8-33-10 j N
@ D FF, l J1GBG J1GBG

FEIE=__ &8s
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109

A FF,

B FF. o 1305-12— |, Jy
9 330-N-0

C FFa

ORI

Fi4 GAK L2 BLANK
BUS
) A _FFe ~H
) B FF® 1305-12 @l
3 4 330-N-0
C FF*

FI5GAM

F FFe 13
4

D) 0 FF. o 1305-12-330~ 13+114 ) SG. S.

[8.2-0] n4a

F 16 GAW
® A FF* 4
@ B FFe 1305-12-330-~

s ®

@ C FEe [8.2-0] 113

F16GAW

35
113+114 )~ SG, [H3+114 >~ s6G.
,.2 N | 1305-N- \ N ©,
= 330-2.2-0 ~
FI6GAW

X El=m__ 8% &
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@

g_fF. HiI FFe @! #@

[
; FF
H2 | FFe
FR

©

-2V
47K
.002 uf
. 15K
G ——ﬂ:__@
Hi3 FF @
@ Fp ] ' 39
F FF. '

| G12GBA
=6
REGISTER COUNTER
Ol AT HOME

E A= __ a5
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E FFe
1305—12— R SG.
@ e 220-56- o ' o (e)
GI2GBA © GI2GBA
E FR 7
1305 - 15—
® F Pl d330-10- e Rq SG.
G FF* 10O ~
GI2GBA GI2GBA
s
@ £ fr
1305—12 - Re SG.
@ ¢ fF 330-10— © OC @
. 0

GNGBU

GIIGBU

F A oy
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H ) FF*
<:> G FF* ‘I’
QE) Hi4 FFe (:) (:) Hi4 FFo Q@
EAB EAB
K _FL@ L FF®
@ J FF.
@ HIS FFe @ @ HIS FFe @
EAG EAG

=16
COLUMN COUNTER
Ol AT HOME

FIl=__ <311
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Gl4GBF

C2 SG. S,

e o
O , rn Lg

g 1305-15—
@ FFe —gN-3.3-0
® Fre G14 GBF
® Fre
@ e Le 120

o 1305~ 15—
@ FF* — ¢ N-47-0
@ FFe

GI4GBF
O, FFe 121
@ FFo 130512~ N~
© FE [6.8-0]i24
GI4GBF

® FF, -
® «rn Lla

g
@ FF*  —dnN-10-0 °
O, F Fe [—G

G14 GBF

Co+C, SG.S.

‘ Co SG. S.
1305—12—

FEIl>»_ """ 31
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0, FFe ©

) M N
O Ko
® Hie | FF. @|® Hie | FF (o
DIODE (IN662) ON CARD HI7 HAM/
ROW | INT OUT.
® C FFe
M FFe COMPARE SG, ©)
) E_FF "
® v Lh COMPARE
3 FFe SIGNAL
e GENERATOR
® F_FFe
® " e " KCOMPARE $G. 5.
@ F_FFe G16 GBJ

FiIilts_ _«—S393c"
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4y
Cp SG. 1305—12—N— Ca _SG )
e 10-0 ‘ 7
GI3GBM
® HOFF
123
J FF? Ci5S6. S
Lo 1305-12— 15 > ©)
® K_FF* —eg N—10-0
L. FFe GI3GBM
42 CIS,\SG' 124
A\ o
123 - 1305-12— DIV FF* |1305—12—-N-
N-10-0 l qee-oji2 ®
G13 GBM @ | GI3GBM
QCi5 S6.
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N FFe ROW |

INTENSIFIER

HI7HAM

ROW | INT. OUT.

D

FF®

© DISP C.

Cis _SG. H2

*————Pd EAC

FFe

COMPARE SG.
O

F Il 3



Dec. 8, 1970 R. A. RAGEN 3,546,676

CALCULATOR

Filed Oct. 29, 1963 226 Sheots-Bheet 175

AFTER ALL STAGES OF D CNTR.RESET

KEY DEPRESSED
of1(2|3|a|sfe|7 |89
FF DS ojojofofol |t ]t ]]1
FF D4 ofofjolojt 1|1 |i1]i]o
FF D3 ofo|o|1jtfi|t|ifo]o
FF D2 ojofrjr|i1|1]ifolol|o
FF DI ojr|jtft]rji]o|ofofo
FIlm. T
DIGITS COUNTED ONTO DELAY LINE FROM
C COUNTER
2" FLIP FLOP
REC.PULSE® Cl| ce c3 c4 cs
0 ( ! 0 0 0
| |
2 0
5 FLIP FLOP
RecPuLsE#|  Cl c2 c3 ca cs
0 0 0 0 | 1
| 0 0 1 | |
2 0 I | | |
3 | | ! | l
4 ! | [ | 0
5 | | | 0 0
6 ) I 0 0 0
7 | 0 0 0 0
8 0 0 0 0
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E/U~
(
95 CLR. ALL FF*
S
CLR. ALL b2 suB FFe®
— C> ADD FF*
S
SUB d5 CLR. ENT. FF*®
— €5 CHG. SGN. FF*
f .
ADD 3 REPT. FF
\——— 97 MULT FF*
T T
h
CLR ENT 1 DOlV FF*
iy C.F FF*

STORE

15 com. piG. FF*

k9 STORE FF*

CHG. SGN.

1y RECALL FF*

m+ DEC. PT. KD

RECALL

REPT.

MULT

CEUEE

Div

ENTER

DEC.PT.

gd

N
no COM. KEY SG.
BTy

Lz 7

RESETS (STORE, DIV, MULT, REPT,,
O'FLOW' SG. CHG. SGN., ADD, SUB) FF

.4__02__%

CHG, SGN. CHG. SGN.
FF IF|RECALL+ REPT.| KD
STORE ‘

SETS| REPT.
p7 EPCD SG. [STORE
&b

MULT MULT
a5 EPCC S6. SETS[DIV ]FF 'F[ piv ¥
A 24
. RESETS (COM. DIG,, C.F, DIV, MULT
r> EPCZ'SG. CLR. ENT,, ADD, SUB) FF o
L7
sy COM. DIG. FF* RESETS CLR. ALL FF

| FEX=__ =2 & (i
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D
! 7
) REPT.FF.  SETS RECALL FF IF RECALL KD
 —
2 ”’3 HOME SG.  RESETS(CHG.SGN.,REPT,RECALL)FF
— B
Ty
3
e/
)
4
aé(/i (l——:)KD
AV 74
5
X (2—=6)KD
) @
S
6 7j (3—=7)KD
\ _J >
— }’) (4 —=8)KD
7 &
e/
aa (5—=9)KD
A ®
E
E
E
ad RESET SG.
B S
ALY

v

L

E XTI «""2&%

(1:2)
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EPCZ SG. 6> 6)-
W I
23 B EP%: SG.
CLR.ENT. FF- FFF S SGN. G
N %)
L0 SG.g
G, SG. | S
© SUB FF.
N
DIV FF’ 2 SUB FF’ 6 DIV FE._ |7
D N
W ADD FF' D——  DPCZ SG.[9)
MULT FF° N ——G—N
N
DIV FF._ |g 749
EPCF SG.[)—
£ E N
C.F F { COM. DIG,_FF14+C. F. FF1
COM. DIG. FF* [P © caBFr
N e SR —
2> s
N
DPCZ SG. |
D CTR. Z SG. c
N
C.F. FF,
C.F [—
STG.
COM. DIG, FF.
—|2vjj7
33K CBBFF o
i | DPCZ SG. S.X,
C.F. FF° T~ RS A
DPCZ SG. L MULT FF.
- N
Epc:%’ S6. 0P |—
COM. KEY'SG. [—]) STG
DEC. PT. KD ]
At %4
C.F. FF. S
4>
o
TRANS | —*M/D B N PN el [ |
\J .
RESET SG. (2:1)
5T

[ N g
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EPCZ SG. C.F._STG. FF*
S EPCZ SG,
C. F_FF ~4 © Y
C.F_FF.
HO% > De—* D.P ST FF d
DPCZ_SG. 2
© D HOME_ SG.
D 35
N
D. P. ST. FF. i2
DPCZ SG. [D-
~ N
D.P. ST. FF, 13
-1 MULT FF- S
N
14
M
?eﬁn
. Olpf :
D.P ST FF | EPCB SG.+ EPCE S6.

2N1305

|ONE SHOT #t1]

DECIMAL POSITION

/\< THUMBWHEEL}/_\

H FF. P(2+5)P/{BP1 by
J FF. P(2+9)P/,hDPI C\
& —
J FE- DECIMAL DECIMAL P(2+9)P/DPLd
T POSIT ION POSITION PLO)P/ DPIT
KEFT | SIGNAL SIGNAL PR
K FF. GENERATOR GENERATOR P(2+5+9+13)P/DPI
A 24
L FF (Im) (1) P(O+2)P/DPT g
A "4
L FF. P(5+9+’,§)P/DPI h'\
(FIG. 205) (F1G. 190) i
DPILa

EEXil=___ RALan (2:2)
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SCN. C.FF. yis 15> 28 EPG 2 FF,
—Gt—:N DIV FE* ['NADD S6. S. EPC I FE. |,
N T
-2y , _2_2_____%
G FF' EPCI
18K 37 T—ga——— SG. S.
i A SGN. C. FF. 1, S6.
DIV FF DIV FF ——-—————-—————N SuUB SG. S. —-9-—_+N
-12v EPC 4 FF.
12K ‘ EPC 2 FF.
MULT FF;j MULT'FF’ EPG | FF’ _32 _
I 122 4. 303 | \EPCH
u2_’4u HOME SG_ SG S
COMP. FF'__ i EPC Oy
DIV'FF v i EPG 4 FF.
"4 —-5" EPC 2 FF a3
COMP. FF° SN —
) T'\7 * EPC | FF. |°
MULT' FF- [® EPCG
ADD | a] MULT FF. | SG. .
l|3—’2" N
TO 2 . SG.
° OREG 56 e HOME SG,
] — |
DIV' FF- o—3% . — a1
EPC 4 FF |ag
ADD | n5_’4u EPC _—'_z—ﬁ.
. 86. : FF. .
TO 2§EG SG 9 2 EPC F -
MULT' FF o—+ EPC ) FF'| sG. S.
un N
" " .
EPCH_SG. s-;c.)e | EPC 4 FF" |
~ .
DIV' FF o—¢ . EPG 2 FFl3s
: " - EPC | FF. [
4— 7" erL L PP
EPCF,SC_ 4o . MULT_FF._| SEGPCS:E
74+9> 1= EPC
Mgy 28 > ! EPC 4 FF'|
—
EPCF_SG. 22 EPC 2 FF 155
10> 3 —— EPC | FF' :ﬁepco
] ’ ’—'—“‘Mse‘ S
LI 2.2 4 PG 4 FF'|
437
RESET SG. EPC 2FF R
EPGC | FF. gpcc
EPCE SG. .86 s,
M N
e EPC 4 FF.|
35438 S
}/q\, DIV FE._ |3g
EPCB SG. (SHIFT 2 LEFT)  gpc 2 FF'%"“*
& TP EPCB
¢ EPC | FF. | sG. 5.
N

EFEEXI=__®RCARA 3
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HOME SG.  330pf. 23> | ,
i K 00| _HOME s6. EPC4 FF
100K K > ; DIV_FE_ lag
D CTR Z SG. — g o
® -2V — 24> EPC2 FE A% A
8 — 9, EPCI FF. | sG s
EPCD_SG. | 4 EPCIFF | N
® ) DPC 8 FF
RECALL FF- P—— EPC 2 FF" 29 =
EPC 4 FF' |* DPC 4 FF |
EPC Z SG. —————\EpPcz lao
&b 569 DPC 2 FF
SHIFT LEFT SG. N oGS k—
i) DPG | FF' | \OPC 2
N DIV_FF'_ |30 SG. S.
EPC Z SG L+ -2V N
& " N 100K
oPC Z SG. |
145
N 100K
DPC Z SG. =
COM. DIG. FF. |75 P Oa
SHIFT | LEFT SG./53)> Je
12> 2 & ac
N
TRANS | — M/D SG./24>-
13> 13 4
DRI b ] DPI f ].____
14> — L T ey | —— L
DP1g 7} DPC oPC
8 DPl e | 2
RESET SG. RESET SG.
3>~
DPI g l
DPId 13- 14>~
&____g DPI h 1
DPIc ——+4 DPC J DPC
DPC 2 FF. 4 '
MULT FF’ r
‘J'* 4y S —i——
RESET SG. 400> 5 RESET SG,

EXGD _ ALR® (3:2)
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17
26) 46
N-NSG. |4 LFL___,;
R, SG. o
s?%- - cCaBFF |
C . N R'r\%. -o
S o
HFE ADD |To§ REG. SG./52)> !
J FF'
K FF. R| 56, 6l |[6O+6l+62
—_——0 %‘w
L FF. a2 R“SEG' [ C, SG. o >S6.S,
0.P_ST. FF. S MSD S
Ry S6. L_FF. ST6. 50|
C CTR. Z $G RySG. [62
® EPCZ SG. [ BRA PN N c
DPCZ_ SG. C, SG.
D —'eﬁN
SHIFT LEFT s6. 72>
~ DCTR.Z ssl—- X
26> 2 il COMPARE s6. (63
4 N-N SG. [ S 4 >
> yi [KO'FLOW EPCZ S6.
A N
C & B FF, 2> [ GF
N l- R4 SG. 64
MSD STG. FF*
D CTR. Z SG. ST6. £F — s8> |
44 -8 ¢
MULT FF, >“‘ .
N RESET SG — 23
EPCD SG. 45 - N-N S6. gi
_‘ 4
MULT FE |9—— R ge.
N N
EPCD_ SG. EPCB SG.+EPCE SG.
46 =
C.F. STG. FF 5 —N-NSG. |g¢
COM. DIG. FF. E FF, S
N
EPCC_SG. . FFF N
@
1> 29__ R SG. o
TRANS [—=M/D SG./4T)> )_“_'
27> N
EPCD SG. a8 G FF°
Rq_SG. R, S6. [
—b N
H> 49 N-N SG. 1
EPCH SG. R R, SG |69
& : S—s
N (4:1) COMP' sG.
ﬁé—m

FXiS__ Ry
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TRANS | — M/D_SG./ 47>
@ ¢, 6. [T0
OVERF LOW ‘éO FLOW SG. S. R.\éG. )
SIGNAL N
GENERATOR woLT FF
O'FLOW FF. EPCD SG7!
b4 L/
R4 SG.
CLR. ENT. FF 4 36 \
12_-O'FLOW' SG. S. e SG
B 1% -
49> N
6> _ >
EPCC SG. {90 1> "
A A L/
G FF EPCB s%+ EPCE SG. .
" MSD_STG. FF" |5
222 3 Cis SG.
CHG. SGN. FF’ HOME SG N
N .
EPCG SG. 55> |
@ — 50> 74
EPCA SG.
— ADD I TO 2 EPCI SG. [
N REG. SG. S.
= 67>
453> — N
Ep([;t}\.; sg. |93 53> |
~ V 58a
L a— (SHIFT ILEFT)TP [ 63 -
zs IF 64 "
EPCD SG. 35+38)- gsg LEFT 5
G FF 54 c 88,
(SHIFT 2 _56“3'_”“
STORE FF. 54455 LEFT) TP
N - 55>
95 57>
Ro SG. | oo
N R ——
G _FF. €5
- RS 66> |76
E FF N
RECALL FF, [ 67>  [p——
N 68)
57 69>
RFi 88 —— EPCl SG.
N
59)-
46> 58 N
REPT. FF- [¥ 69>  j77
—
N 48> W
= ALRR(42) N
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AGFE® SET BOR. FF SG,
92 ®
ASFF T b
. HOME SG. cas
60+61462 > SG.
A4FF’ ‘—eﬂy
93
EPCDQS 6 . s> [
ADV. A SG.
ASFF. | A CNTR Z SG. i
N =
ASFF’
194
A
45 . fE
AIFF A CNTR.Z SG.S.
D
A4
A L
A3
A2
60+61+62 > SG.
® “pqe
Al
60461462 > SG.
© bes
RESET A SG. d
LA SS X
A\
D—=A SG. $ #%  ADV.A sG,
& B

EEXEI=___ SRI= (51)
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70)- 78
48)- v
(RESET A
41 SG. S.
N
71>
COMP’ SG.
so>  H9
V4
8
72>
N
E;,2 SG.
80
74)
L)
Co SG. :aA-G SG. S.
IN
Bs SG. ol
[ ]
75> . A-D SG. S.
Bys SG.
76)- 82
c%se. E]D»a SG. S.
N
19> ___ 183
B,s SG. X;—.
——%——“N RESET D SG. S.
Bis S6. o,
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to the above,

C= Common or shared collectors.
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CELL NUMBERS

LOCATION NAME OF CELL CONTENTS OF CELL
ON DISPLAY C/R ) (C/R)
ON LINE C/R (C/R)

WHERE : C= COLUMN, AND R := REGISTER, OR ROW.

EXAMPLES:

7/3 = "THE CELL IN COLUMN SEVEN AND ROW THREE
OF THE DISPLAY"

(1#4) = "THE CONTENTS OF THE CELL IN COLUMN
ELEVEN AND REGISTER FOUR ON THE LINE"

(X#Y)Z = "THE CONTENTS OF X/Y BEFORE SUBOPERATION z"

(X#Y); = "THE CONTENTS OF X/Y AFTER SUBOPERATION Z"

(X/#7Y"M") = "THE CONTENTS OF X/Y IS M. WHERE M IS 0,1,2,3,4,56,7 8,0R 9.

EXAMPLE:

(6/4"3"ySL2 . "THE CONTENTS OF THE CELL IN COLUMN
SIX AND REGISTER FOUR ON THE DELAY LINE IS THREE
TALLY PULSES IN THE LOOP CYCLE BEFORE THE

SHIFT DISPLAYED REGISTER TWO LEFT SUBOPERATION"

EFEXI=__ -3 ™
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MULTIPLY FLOW CHART

(n
TRANSFER REG. | — REG.
M/D [ERASE REG. )
(SET DEC. PT. CTR. TO 13)

, t

(2)

SHIFT REG. ! LEFT
(LEAVE MOST SIGNIFICANT DIGIT IN
D - DIGISTER) (SEQ. DEC. PT. CTR.)

(3)
SHIFT REG. 2 LEFT
(INSERT MOST SIGNIFICANT DIGIT OF REG. |
IN LEAST SIGNIFICANT DIGIT POSITION OF
REG. 2)

(LEAVE MOST SIGNIFICANT DIGIT IN D~ DIGISTER)

¥ r
—1 IS D-DIGISTER ZERO ?
ZERO ZERO
r y
ADD (4)
?
(SUB. ONE FROM D-DIGISTER)|  ['S DEC. PT. CTR. ZERO?
CARRY ZERO ZERO
(4—=7) —_
, (4=2)
(7
?
(5—ay LS C8B FF SET: SHIET DOWN
CARRY
(5)
ADD ONE TO REG.2

DECIMAL PQINT COUNTER SHOULD COUNT 13 + (13- DEC. POSITIONS),
() INDICATES ENTRY PHASE COUNTER POSITION,

EXTIn_ S Faae™®
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RIVIDE FLOW CHART

)
TRANSFER REG. | —
REG. M/D (ERASE REG. I)
(SET DEC.PT. CTR. TO 14)

i
2)

suB

POS. NEG.

‘ | (2—=4)

( 3 €]
LADD ONE TO REG. 2 ADD

{3—2)

IS DEC. PT. CTR. ZERO ?

ZERQ (4—7) ZERO

y

(5)

SHIFT REG. 2 LEFT .
(LEAVE MOST SIGNIFICANT
DIGIT IN D- DIGISTER)

i

(6)

SHIFT REG. | LEFT
(INSERT MOST SIGNIFICANT
DIGIT OF REG. 2 IN LEAST
SIGNIFICANT DIGIT

(7) POSITION OF REG. 1)
SHIFT DOWN (SEQ. DEC. PT. CTR.)

(6 —=2)

DECIMAL POINT COUNTER SHOULD GOUNT 14 +
DEC. POSITIONS.

() INDICATES ENTRY PHASE COUNTER POSITION.
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ABSTRACT OF THE DISCLOSURE

A calculator having a processor comprising an arith-
metic unit and a control unit, a last-in-first-out storage,
a keyboard unit for entering data words into the storage
and instructions, designating computing steps to be per-
formed by the arithmetic unit, into the control unit, and
a visual display for indicating the contents of the LIFO
storage. The processor includes control circuitry for en-
tering data words resulting from computing steps per-
formed in accordance with instructions into the entry
register of the storage. The processor also includes shift-
ing circuitry for shifting the contents of each of the regis-
ters in the LIFO storage to the next adjacent register in
a direction away from the entry register in response to the
actuation of a digit key representing the first digit of
a number.
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3. STATEMENT OF RELATED CASES

This application discloses subject matter common to
U.S. patent application Ser. No. 725,960, filed May 1,
1968 by George H. Hare for “Calculator,” which is a
continuation of U.S. patent application Ser. No. 366,235,
filed May 11, 1964, now abandoned.

4. FIELD OF ART

This invention relates to calculators, and, more par-
ticularly, to calculators adapted for at least one mode of
data entry, viz., manipulation of a keyboard.

Further, this invention relates to calculators which
employ electronic means for carrying out calculations, as
distinguished from the prior art mechanical and electro-
mechanical types employing gear trains, racks, electro-
magnetic relay banks, and similar devices.

Also, this invention relates to calculators which employ
electronic means for displaying the data entering into,
and resulting from, the calculations performed, as dis-
tinguished from the mechanical dials, and the like, of the
prior art.

More particularly yet, this invention relates to elec-
tronic calculating devices of the highly compact type.

5. PRIOR ART
It has been broadly suggested in the prior art that a
single electronic counter be used in a large-scale, complex
bookkeeping machine for the purpose of up-dating stored
records.
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It has been known in the prior art (for instance, in the
work of Eckert and Mauchly) to use delay lines for very
short time storage of numerical data.

A sequential access “stack” type of organization has
been employed in prior art, large-scale, high-speed, au-
tomatic sequence controlled computing devices in pro-
gramming the arithmetic utilization of groups of “blind”
registers.

6. PROBLEMS SOLVED BY THE INVENTION

Workers in the art have recognized the desirability
of combining various principles and expedients which
have evolved during the development of large-scale, auto-
matic sequence controlled calculator technology, and
automatic industrial controls technology, into a compact,
quiet, high-speed, keyboard-controlled calculating device
which would perform the four basic arithmetic operations,
addition, subtraction, multiplication, and division.

It would be desirable to provide automatic decimal
point setting facilities in such a compact electronic cal-
culator, whereby the decimal point, as key-inserted dur-
ing the entry of each multidigit number, or factor, in the
calculation, would be “carried” automatically by the cal-
culator mechanism, the decimal point appearing in its
proper position in the result as displayed by the calculator.

1t is highly desirable to provide, in keyboard-controlled
calculating devices, retrievable, direct access, storage
means which are capable of storing a multi-digit factor
in response to the depression of a single key, and of re-
trieving the contents of this storage by depression of an-
other single key.

In addition, acoustic delay lines are known which are
extremely compact and free from the problems usually
associated with moving parts, It is desirable to employ

such delay lines in electronic apparatus, e.g., automatic .

sequence controlled calculating machines, as a substitute
for more bulky storage means,

It is also well-known in the art that, where possible,
the substitution of solid state components for space dis-
charge devices is desirable for reasons of saving space,
avoiding the problem of heat dissipation to a large de-
gree, avoiding the use of filament voltage supplies, or
ionizing supplies, and providing a device which is gen-
erally rugged and free from excessive difficulties due to
mechanical shock.

Also, it is desirable, in an electronic, keyboard-con-
trolled calculating device, to provide a keyboard arrange-
ment having a large percentage of “unconditional” func-
tion keys, ie., function keys the operation of which is
independent of the setting of other keys. This freedom

from “conditional” function keys, results, of course, in -

a greater freedom from arbitrary rules of calculator op-
eration such as were characteristic of devices of the prior
art, and which had to be thoroughly learned before pro-
ficiency could be attained in their use. This freedom from
arbitrary rules of operation, then, can result in lowering
the cost of training clerical operators, and extending the
usefulness of such an electronic calculating device to em-
brace a class of “casual” wusers, such as scientists and
technicians.

It is also desirable in connection with the instant inven-
tion to provide cathode-ray display means capable of dis-
playing the contents of a plurality of stores, in addition to
the current keyboard entry, or result of the previous cal-
culational step, usually displayed in the accumulator
“dials” of mechanical calculators.

It is also desirable in connection with the instant inven-
tion to provide automatic successive factor storage anal-
ogous to the “Polish stack” register organization found
in some automatic sequence controlled electronic calcula-
tors.

It is desirable in connection with the instant invention
to provide a display of the contents of these successive
factor stores, wherein the rows in which the stores are
displayed are so juxtaposed as to exhibit the order of
entry and emission of the stored factors.
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7. OBJECTS OF THE INVENTION

It is therefore an object of the present invention to
provide a compact electronic calculating device includ-
ing as its principal storage means an acoustic delay line.

Another object of the present invention is to provide
an arithmetic unit in an electronic calculating device
which is capable of arithmetically combining multi-digt
numercal factors emitted by a storage means in “pulse-
count,” or “unitary,” notation without the interposition
of additional means for converting to a second form of
ntation, and reconverting therefrom.

Another object of the present invention is to provide
an electronic calculating device in which the arithmetic
unit and the display unit share a single timing chain and
a register.

Another object of the present invention is to provide
a compact electronic calculating device substantially all
of the function keys of which are free from conditioning
by other keys.

Another object of the instant invention is to provide
an electronic, keyboard-controlled calculating device hav-
ing a multi-row, cathode-ray tube display.

Another object of the present invention is to provide
a keyboard-controlled electronic calculating device having
automatic decimal alignment.

Another object of the present invention is to provide
a keyboard-controlled electronic calculating device having
automatic successive factor storage means.

Another object of the present invention is to provide
a keyboard-controlled electronic calculating device having
automatic successive factor storage means, and means for
displaying the contents of said storage means in such jux-
taposition as to exhibit the sequence of entry and emis-
sion of said automatic successive factor storage means.

Another object of the present invention is to provide
an arithmetic unit for an electronic calculating device
which is adapted to receive numerical data in the form of
a pulse train expressing said data in pulse, count, or uni-
tary, notation, and which is adapted to transmit the re-
sults, or partial results, of arithmetically operating upon
such data in the form of a pulse train in which said results,
or partial results, are expressed in pulse-count, or unitary,
notation.

Another object of the instant invention is to provide
an arithmetic unit for an electronic calculating device
comprising a plurality of single-digit registers, or “dig-
isters,” said digisters including a first sequenceable dig-
ister, a second sequenceable digister, and a non-sequernce-
able digister.

Another object of the present invention is to provide
an arithmetic unit for an electronic calculating device in-
cluding a plurality of digisters, one of said digisters being
advanceable, one of said digisters being recedable, and
one of said digisters being non-sequenceable.

Another object of the present invention is to provide
a shared digister means and displayed digit selection means
which enable the display of data being circulated in a
high-speed memory.

Another object of the present invention is to provide
means for allowing the display and timing chain to “free
run” when the calculator is “cleared.”

For a fuller understanding of the nature and objects of
the invention, reference should be had to the following
detailed description, taken in connection with the accom-
panying drawings, which drawings may be described as
follows:

8. BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a pictorial view of a machine embodying a
preferred form of the invention;

FIG. 2 illustrates the signal symbols used to denote
electrical signal levels, abrupt changes of such signal
levels, and sequences of such changes;

FIGS. 3 to 6 illustrate the basic flip-flop units, and the
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block symbols used to represent them, illustrating the com-
posite flip-flops employed in the instant embodiment;

FIG. 7 illustrates the circuit of an emitter follower em-
ployed in outputs of several of the composite flip-flops;

FIGS. 8 and 10 show a generalized dynamic gate circuit
and symbol which is used to designate it;

FIG. ¢ shows the block symbol used to indicate a basic
flip-flop and, in addition, a dynamic gate as in FIG. 8,
and an emitter follower as in FIG. 7;

FIGS. 11 through 30 are flip-flop input definition sheets
used for explaining the nature and operation of the sev-
eral types of composite flip-flop inputs of the instant em-
bodiment;

FIGS. 31 through 154 show by way of schematic cir-
cuit diagrams and corresponding block symbols the nature
of the composite flip-flops;

FIGS. 155 and 156 illustrate the circuit and symbol
respectively, of a 1305 gate;

FIGS. 157 and 158 show the circuit and symbol re-
spectively, of a non-inverting (diode) gate;

FIGS. 159 and 160 illustrate a typical 1305 gate used
in the circuit of the instant embodiment;

FIGS. 161 and 162 illustrate a typical noninverting
gate;

FIGS. 163 and 164 illustrate the circuit and block sym- ¢

bol, respectively, of a key filter KF for eliminating con-
tact, or key, noise in the entry unit of the present em-
bodiment;

FIG. 165 shows the several symbols for interconnec-
tions between electrical leads;

FIGS. 166 through 169 illustrate the method of em-
ploying conjoint signal symbols for indicating the “logical
one” levels at the AND and OR gate terminals;

FIGS. 170 and 171 show the circuit and symbol, re-

spectively, of a pair of interconnected inverting gates :

designated ANDOR gate herein;

FIGS. 172 and 173 illustrate the circuit and block sym-
bol, respectively, of a gate having a single input and a
single output, which type of gate is employed in the pres-
ent embodiment as an inverter;

FIGS. 174 and 175 illustrate the circuit and block
symbol, respectively, of a second type of an inverter em-
ployed herein;

FIGS. 176 and 177 illustrate the circuit and the block
symbol, respectively, of a second type of inverting gate;

FIGS. 178 and 179 illustrate the method of using con-
joint signal symbols for indicating the “logical one” levels
of the terminals of the second type of inverting gate shown
in FIGS. 176 and 177;

FIGS. 180 and 181 illustrate the circuit and the block
symbol, respectively, of a particular emitter follower;

FIG. 182 shows the circuit of the digit signal generator
of the instant embodiment, used for making numerical
entries therein;

FIG. 183 shows the block symbol used to represent the
digit signal generator in the circnit diagram herein;

FIG. 184 illustrates the circuit of the function signal
generator, used for controlling the operating functions of
the calculating device of the embodiment;

FIG. 185 shows the block symbol for the function sig-
nal generator of FIG. 184;

FIGS. 186 and 187 illustrate the circuit and block sym-
bol, respectively, of the reset signal generator;

FIGS. 188 and 189 illustrate the circuit and the block
symbol of the common key signal generator employed
herein;

FIGS. 190 and 191 show the circuit and block symbol
of the decimal position signal generator (I):

FIGS. 192 and 193 illustrate the circuit and block sym-
bol, respectively, of the compare signal generator;

FIGS. 194 and 195 illustrate the circuit and block sym-
bol of the row I intensifier;

FIGS. 196 and 197 illustrate the circuit and block sym-
bol of the overflow signal generator;
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FIGS. 198 and 199 illustrate the amplifier and shaper
circuits as well as the block symbol for the read amplifier;

FIGS. 200 and 201 illustrate the circuit and block sym-
bol of the oscillator;

FIGS. 202 and 203 show the write amplifier circuit and
block symbol therefor;

FIG. 204 illustrates the circuit and block symbol of a
noise clamp employed in the circuit of FIG. 20S5;

FIGS. 205 and 206 illustrate the circuits and block sym-
bol of the decimal position signal generator (II);

FIG. 207 illustrates the circuit of the display matrix;

FIG. 208 shows the block symbol for the display matrix
shown in FIG. 207;

FIGS. 209 and 210 illustrate the circuit and block sym-
bol for the segment generator;

FIGS. 211 and 212 illustrate the circuit and block sym-
bol of the horizontal staircase generator;

FIGS. 213 and 214 illustrate the circuit and block sym-
bol, respectively, of the CRT driver circuit to provide
suitable signals to drive beam control of the cathode-ray
display;

FIGS. 215 and 216 illustrate the circuit and block sym-
bol for the vertical dot generator;

FIGS. 217 and 218 illustrate the circuit and block sym-
bol for the horizontal dot generator;

FIGS. 219 and 220 show the circuit and block symbol
for the horizontal deflection amplifier;

FIGS. 221 and 222 show the circuit and block symbol
for the vertical deflection amplifier;

FIGS. 223 and 224 illustrate the circuit and block sym-
bol of the vertical staircase generator;

FIGS. 225 through 294 constitute a circuit diagram
which may be employed for explaining the preferred form
of the invention described herein;

FIGS. 295 and 296 show tabulations of digister opera-
tion;

FIGS. 297 through 313 constitute the logic diagram
used for explaining the operation of the present embodi-
ment;

FIG. 314 is a partial plan view of a typical printed
circuit board of the type on which the circuits shown in
FIGS. 225 through 294 are constructed;

FIGS. 315 and 316 show a partial view of a mother
board;

FIG. 317 is an elevational view of the present embodi-
ment illustrating the construction of the card racks, etc.;

FIGS. 318 through 323 are views of several signal
trains used for explaining the function of the present em-
bodiment;

FIGS. 324 through 331 show gate symbols used in the
logic diagram;

FIG. 332 shows a flip-flop symbol defining certain
parts of a flip-flop outline;

FIG. 333 shows a schematic diagram of the compare
signal generator used for explaining the block symbol
shown in FIG. 312 of the logic diagram;

FIGS. 334 through 337 show typical displays of decimal
posint settings and numerical results upon display screen
DS;

FIG. 338 is a segment display timing table;

;IG. 339 shows the sequence of segments making up
a digit;

FIG. 340 shows the modification of the central stroke
of the digit "3” as it will appear on the display screen;

FIG. 341 shows how the digit “7” is offset, as it will
appear on the display screen;

FIG. 342 shows the digit “1” offset as it will appear
on the display screen;

FIG. 343 is a block diagram to aid in the explaination
of the operation of the present invention;

FIG. 344 is a view of the display screen and shows
the cells where the digits of the various registers will
appear;

FIG. 345 is a schematic diagram showing the configura-
tion of pulse groups circulating around the delay line;
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FIG. 346 is a tabulation showing the relationship be-
tween the field word of information circulating in the
delay line and the information displayed upon the display
screen of the present embodiment;

FIG. 347 is a table explaining how the display cell
numbers and loop cell numbers are defined herein;

FIG. 348 shows in diagrammatic form the Compare
Signal which selects two digit words to be displayed;

FIG. 349 shows the waveform used in explaining the
Shift Left Register 1 operation;

FIG. 350 shows the waveform used in explaining the
Shift Left Register 2 operation;

FIG. 351 shows the waveform used in explaining the
Shift Down during Add and Subtract operations;

FIG. 352 shows the waveform used in explaining the
Shift Down during Multiplication and Division opera-
tions;

FIG. 353 shows the waveform used in explaining the
Shift Up operation;

FIG. 354 shows the waveform used in explaining the
Shift Up during Repeat operations;

FIG. 355 shows the waveforms used in explaining the
Store operation;

FIG. 356 shows the waveform used in explaining the
Recall operation;

FIG. 357 shows the waveform used in explaining the
Addition operation;

FIG. 358 shows the waveform used in explaining the
Subtraction operation;

FIG. 359 shows the waveform used in explaining the
Complement operation;

FIG. 360 shows the waveform used in explaining the
Transfer 1->M/D (Erase Reg. 1) operation;

FIG. 361 shows the waveform used in explaining the
operation of Adding One to Register 2;

FIG. 362 shows a Flow Chart for Multiplication;

FIG. 363 shows a Flow Chart for Division;

FIGS. 364 to 369 show a typical operation and results
as shown upon the display screen;

FIGS. 370 and 371 show a typical addition and re-
trieval operation, the several factors appearing upon the
display screen as it would appear to an operator; and

FIG. 372 is a simplified block diagram of the novel
calculator.

9. SYNOPSIS

The device of the invention may best be understood
by first becoming acquainted with the block diagram shown
in FIG. 343.

As shown in this figure, the device of the invention

may be seen to comprise six principal units, viz., the ;

Timing Unit (TU), the Entry Unit (E/U), the Control
Unit (C/U), the Arithmetic Unit (A/U), the Display Unit
(D/U), and the Memory Unit (M/U). It will be under-
stood, however, that the dichotomy between these units
is not so clear or definite as might be implied from the
block diagram of FIG. 343 since, for instance, one of the
counters employed in the arithmetic unit is also em-
ployed as the digit store of the display unit. Also, the
interconnection lines shown in FIG. 343 are merely gen-
erally suggestive of the existence of information transfer
channels, and do not carry the implication that one such
interconnection line necessarily represents a single wire,
or cable, or that the information transferred along such
an interconnection is necessarily unidirectional, or bi-
directional.

T/:U The Timing Unit comprises a chain of flip-flops,
or flip-flop counters, driven through their cycle by an
oscillator, the output of which is gated to the complement
input of the first flip-flop of the chain. The Timing Unit
also includes a plurality of gates which, having inputs
taken from outputs of selected flip-flops of the chain,
produce output signals indicating the occurrence of cer-
tain significant time periods constituting particular phases
of the operation of the embodiment described.

E/U: The Entry Unit comprises a plurality of switches

10

25

30

40

60

actuated by the digit keys, and the function keys, each
of said switches being associated with signal generating
means,

The switches and signal generating means associated
with the function keys operate, inter alia, to set one or
more function key storage flip-flops, or key storage flip
flops, whereby the identity of the operation currently being
performed is preserved throughout the cycle of its per-
formance.

The switches, gates, and signal generating, or shaping,
circuits associated with the digit keys operate to produce
sets of signals upon a corresponding plurality of signal
lines which, when applied to one of the digisters of the
Arithmetic Unit, serve to transfer the number entered
upon the keyboard into the Arithmetic Unit.

C/U: The Control Unit comprises a plurality of gates
adapted to “interpret” the functions entered into the func-
tion keys, and to provide a series of signals which control
the sequence of suboperations performed by the Arithmetic
Unit upon the “field word” of information circulating
around the ‘loop” which includes the Arithmetic Unit and
the Memory Unit, thereby carrying out the calculation
indicated by the function key depressed. The Control Unit
also includes Decimal Position Signal Generators I and
11, though these two devices might well be thought of as
comprising a part of the Entry Unit, as noted herein-
above. The Entry Phase Counter, which orders the se-
quence in which the steps involved in performing arith-
metic and other functions are carried out, is included in
the Control Unit, as is the Decimal Point Counter, which,
in co-operation with the aforementioned Decimal Position
Signal Generators, takes part in the automatic decimal
setting operation of the device of the invention.

A/U: The Arithmetic Unit comprises a plurality of
digit registers, or “‘digisters,” and a plurality of controlling
gates peculiarly associated therewith. Digister A is a se-
quenceable digister or up counter into which the succes-
sive “digit words,” or “counts,” from the Memory Unit
are inserted in the performance of calculations. Digister
B is an intermediate, non-sequenceable digister, or storage
counter which temporarily stores numerical information
passing from digister A or digister D to digister C. Digister
C is a recedable digister or down counter from which
numerical information in pulse-count, or unitary, nota-
tion is returned from the Arithmetic Unit to the Memory
Unit. Digister D is a counter which is shared between
the Arithmetic Unit and the Display Unit, being em-
ployed both in calculation, and as the digit store for the
Display Unit,

D/U: The Display Unit comprises a cathode-ray tube,
sweeping means for sweeping out a plurality of rectilinear-
trace character rasters arranged in a multi-row display
raster upon its face, and blanking means responsive to
the number stored in the D digister for blanking selected
strokes in selected ones of said character rasters, thereby
producing a numerical display of the information circulat-
ing in the loop. ’

M/U: The Memory Unit comprises an acoustic delay
line having a delay of approximately five milliseconds,
means for “launching” pulses thereupon, and means for
receiving, amplifying, and shaping pulses derived there-
from. As noted hereinabove, the pulses for actuating said
launching means are derived from the C-digister of the
Arithmetic Unit, while the pulses received from the delay
line, amplified, and shaped are inserted into the Arith-
metic Unit by sequencing into the A-digister.

10. CONVENTIONS

The following symbology and nomenclature has been
adopted to facilitate the study of the instant specification
and drawings.

10.1. Signal Symbols

For convenience in discussion, the occurrence of cer-
tain potential levels, abrupt changes of potential level,
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and sequences of such changes are hereinafter designated
as follows:

(a) The existence of the more positive of two binary
potential levels upon a line is hereinafter called a “positive
level signal,” or “PL-signal.”

(b) The existence of the more negative of two binary
potential levels upon a line is hereinafter called a “nega-
tive level signal,” or “NL-signal.”

(c) The occurrence of an abrupt change from the more
negative to the more positive of two potential levels upon
a line is hereinafter called a “positive-going transition
signal,” or “PT-signal.”

(d) The occurrence of an abrupt change from the more
positive to the more negative of two potential levels upon
a line is hereinafter called a “negative-going transition
signal,” or “NT-signal.”

(e) A PL-signal, its immediately preceding PT-signal,
and its immediately following NT-signal, taken together,
are hereinafter called a “positive pulse signal,” or “PP-
signal.”

(f) A NL-signal, its immediately preceding NT-signal,
and its immediately following PT-signal, taken together,
are hereinafter called a “negative pulse signal,” or “NP-
signal.”

The nine symbols illustrated in FIG. 2 are hereinafter
designated “signal symbols.”

Each of these signal symbols denotes one, or more,
of the signals defined immediately hereinabove.

Thus, the upper left-hand or NL, symbol signal of FIG.
2 denotes an NL-signal as defined in paragraph b above.

Similarly, the upper right hand signal symbol of FIG. 2
denotes a PL-signal.

The uppermost signal symbol on FIG. 2 denotes either
a PL-signal or an NL-signal, but not both.

The middle figure in the left-hand column of FIG. 2
denotes an “NT-signal.”

Similarly, the middle symbol in the right-hand column
of FIG. 2 denotes a PT-signal.

The middle signal in the middle column of FIG. 2
denotes either an NT-signal or a PT-signal, but not both,
and will hereinafter be designated a “T-signal symbol,”
or “T-symbol.”

The lower signal symbol in the left-hand column of
FIG. 2 denotes an NP-signal.

The lower signal symbol in the right-hand column of
FIG. 2 denotes a PP-signal.

The lower signal symbol in the middle column of FIG.
2 denotes cither an NP-signal or a PP-signal, but not both,
and will hereinafter be designated a “P-signal symbol,”
or “P-symbol.”

The horizontal line extending through each of the
signal symbols of FIG. 2 and beyond, both to the right
and to the left, represents an electrical interconnection
line of the type found at many places throughout the draw-
ings. The signal symbols of FIG. 2 will most frequently
appear herein superposed upon the electrical interconnec-
tion lines of the drawings in the manner indicated by
their superposition upon these short, horizontal lines in
FIG. 2.

One of these signal symbols taken alone constitutcs
merely a partial statement, such as “A positive pulse
signal occurs upon this line when . . . ,” or “A positive
level signal at this terminal is called the . . . .” For this
reason, each of these signal symbols must have associated
with it a legend, symbol, or the like, which gives signii-
cance to the signal symbol, i.e., completes the statement
implied only in part by the signal symbol. The various
ways in which these signal symbols are given significance
by association with another symbol, a legend, or the like,
are discussed in detail hereinafter.

The term “two binary potential levels,” as used in
the signal definitions above, refers to those two potential
levels, either one or the other of which exists upon a binary
information-carrying line at all times, except during very
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brief transition intervals. As example of such a binary
information-carrying line is the FF- output line of the
basic I flip-flop shown in FIG. 3. As may be seen from
analysis of the wiring diagram of FIG. 3, the FF- line will
carry one of two binary potential levels, viz., a potential
level near ground when the left-hand transistor is con-
ducting, or a negative potential level when the left-hand
transistor is cut off.

The expressions “more positive,” and “more negative,”
as used hereinabove, do not imply that either one of said
two binary potential levels is specifically negative, posi-
tive, or at ground.

The term “pulse” as used herein, unless otherwise indi-
cated, refers to a signal on a binary information-carrying
line, the potential upon which remains at one of its two
binary potential levels for a shorter time than it remains
at the other binary level. A “pulse,” as defined herein,
occurs upon such a line when its potential goes from the
longer-time level to the shorter-time level, and returns to
the longer-time level. The pulses upon a line on which
the shorter-time level is the more positive are herein
called “positive pulses” The pulses occurring upon 2
binary information-carrying line whose shorter-time level
is the more negative are herein called “negative pulses”

The term “pulse,” as used herein, includes those pulses
having extremely short intervals between the transitions
defining their beginning an end, i.e., those pulses which
are referred to as “spikes.”

In addition, since two adjacent transitions and the in-
cluded fixed level interval of a square wave (i.e., a wave,
or signal, which remains at both binary levels for equal
intervals) are sometimes taken together and called a
“pulse,” this special definition of “pulse” will be adopted
herein, but only when it is clear that no confusion would
result from such practice.

10.2. Legends

Upon or closely adjacent to those lines of the drawings
which represent electrical interconnections, or signal lines,
there will be found a substantial piurality of legends,
either spelled out in full words, or stated at least in part
in the form of abbreviations.

These legends serve to indicate the significance of cer-
tain associated signal symbols. For instance, some of these
legends are so located with respect to a line that one-
half of a signal symbol superposed upon the line is located
between the legend and the line. An example of this prac-
tice is found in FIG. 244, where the input to inverter 10
has the legend “EPCC SG.” written over it, and a PL-
symbol is superimposed upon it directly under the legend,
i.e.,, so that one-half of this PL-symbol is between the in-
put line and the legend. Thus, the legend “EPCC SG.” is
associated with this PL-symbol, or completes the state-
ment implied by the PL-symbol. A similar example of this
practice can be seen upon the output line of the invertor
10.

This statement-completing association between a legend,
a line, and a signal symbol may be indicated in other ways.
Thus, where space is limited and clarity so requires, such
a legend is located somewhat remote from its associated
line and signal symbol and connected therewith by a lead
line (with or without arrowhead as clarity dictates). An
example of this practice may be found at the right-hand
side of the block symbol shown in FIG. 197.

These legends are used to indicate the significance of
their associated signal symbols in the sense in which the
term “significance” is used hereinabove in defining the
signal symbols.

Other means, however, are also used to define the sig-
nificance of some of the signal symbols used herein, the
method of employing legends constituting only one of the
methods of giving operational significance to signal
symbols.

A substantial plurality of the legends associated with
varjous electrical interconnection lines in the drawings
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will be directly related to, and give significance 1o, signal
symbols superposed upon those lines. However, other
legends employed herein will not be related to signal
symbols.

From above examples it may be seen that the legends
associated with the various electrical interconnection lines
of the drawings serve several different functions.

To this end, distinction is made herein between three
classes of legends, and distinctive nomenclature, and
symbology, are employed to identify the legends belong-
ing to these classes.

10.2.1. Point Designations: The first class of legends
recognized as distinct and treated separately herein is that
class of legends which, when associated with an electrical
interconnection line, indicate that the signal on that line
is the same as, or differs only, say, by way of amplitude,
from the signal derivable at the point designated by the
legend. An example of such a point designation legend
may be seen at the upper input of gate 105, shown in

FIG. 278. The legend “G FF.” will be found written upon &

the upper input terminal of gate 105. It should be noted
that this legend is not associated with a signal symbol.
Thus, this legend is merely the name of a point remote
from this input terminal, viz the name of the lower, or
“subdot,” terminal of the flip-flop herein designated “G.”
The presence upon the upper input terminal of gate 105
of the name of this remote point {i.e., the lower terminal
of the G flip-flop) indicates that the waveform of the
signal derivable at the upper input of gate 105 is the same

as the waveform derivable at the lower terminal of the !

G flip-flop, though, as will be apparent to those skilled in
the art, the relative scale of the signal at these two points
may differ, e.g., the more positive level (“PL”) may be the
same at both points, say, ground, but the more negative

level (“NL”) may be minus 12 volts at one point, and :

minus 6 volts at the other point. Thus, the waveform
may be the same at the two points, while the relative
scale, or absolute electrical magnitude of the signals, may
differ as between the two points. This may result, for in-
stance, from the fact that these two points are not coupled
by a direct, i.e., substantially zero impedance, connection,
but are coupled by means of, say, an emitter follower
which changes the relative scale, or ground reference
level, of the signal at one point with respect to that at
the other without altering the waveform, or waveshape.

For convenience, the practice is adopted herein of desig-
nating points which are either; (a) directly interconnected
by substantially zero impedance means, or (b) connected
by means of elements which cause the same waveshape to
appear at one point as at the other, though the relative
scale, or ground level, may vary between the two points,
as “logically connected.” Thus, reverting to gate 105, the
upper input terminai of gate 105 may be said to be logi-
cally connected to the lower output terminal of the G flip-
flop, though it is not evident from inspection of FIG.
278 whether the upper terminal of gate 105 is directly
connected to the lower output terminal of the G flip-flop,
or connected thereto by means of intermediate elements
which may alter relative levels, but which do not alter the
waveshape.

The practice of employing point designation legends
to indicate the logical connections of the flip-flop output
terminals to other circuit points is extensively employed
herein, the form of legend and its application to the asso-
ciated line shown in connection with the inputs of gate
105 being uniformly employed throughout.

An additional type of point designation legend exten-
sively employed herein is that used to indicate lines which
are logically connected to the outputs of gates. An ex-
ample of the symbology used for this purpose will be
found at the upper input terminal of gate 43, shown in
FIG. 245. Upon the upper input terminal of gate 43 will
be found the number “26” followed by a symbol com-
prising a rightwardly-arched semicircle having a horizon-
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tal straight line extending from its center a distance to the
right approximately equal to the radius of the semicircle.
This symbol will herein be designated the “gate output
symbol.” The meaning of the legend on the upper input
terminal of gate 43, then, is that that terminal is logically
connected to the output of gate 26. Similarly, it may be
seen that the middle input terminal of gate 43 is logically
connected to the output terminal of gate 1.

An additional convention relating to logical connec-
tions from gate outputs may be seen at the middle input
terminal of gate 87, as shown in FIG. 259. On the middle
input of gate 87 is shown the numeral “41” and the gate
output symbol, but in addition, a circle with a diagonal
line struck through it and an additional horizontal line
is added to the gate symbol. This entire symbol is re-
ferred to herein as the “inverted gate symbol.” The mean-
ing of the inverted gate symbol, in the example of gate
87, is that the middle input terminal is logically con-
nected to the output of an inverter, which is itself con-
nected to the output of gate 41. As with the other “logi-
cal connections” referred to hereinabove, it should be
borne in mind that the inverted gate symbol does not
imply that merely one inverter is inserted between the
output of gate 41 and the middle input of gate 87, but
rather implies that the waveform on the middle input
terminal to gate 87 is an inversion of the waveform
derivable at the output of gate 41.

Finally for a thorough understanding of this nota-
tion, reference should be had to the input terminal of
inverter 24, as shown in FIG. 259. In addition to the gate
87 output symbol found upon the input to inverter 24,
there is also found a PL-symbol which is tangent to the
straight left-hand edge of the inverter symbol. This PL-
symbol is not related to the gate 87 output symbol, but
serves, along with other signal symbols tangent to the
inverter symbol, to define the nature of the inverter
in the manner which will be described in detail herein-
after. Thus, those signal symbols located on terminal
lines, and tangent to, gate symbols, flip-flop symbols,
or other block symbols, should be disregarded when con-
struing legends placed upon these terminal lines.

10.2.2 Named Signal Designations: The second class
of legends which are treated as separate and distinct
herein are those legends which constitute the name of a
signal, e.g., the PL-signal, or the PP-signal, occurring at
a point, rather than simply the name of a point, and are
called “named signal legends.” These signals are desig-
nated by unique names specially assigned thereto. The
points at which these named signals originate (listed in
table SS, Appendix M) are identified in the drawings by
named signal source legends which comprise, first, the
name of the signal, and, second, the abbreviation “SG. S
In this abbreviation, “SG.” stands for the word “signal,”
while “S.” stands for “source.” Thus, these points are
identified as the sources of the named signals. For
example, the output of gate 29, FIG. 239, is indicated as
the “EPCZ SG. S.”, ie., the EPCZ signal source. The
legend “EPCZ SG. S.” occurs nowhere else in the draw-
ings but at the output of gate 29. Thus, the EPCZ sig-
nal is identified as the PL-signal occurring at the output of
gate 29, and that signal alone.

The waveform appearing at a named signal source
may be found inverted at some remote location in the
drawings. The occurrence of the named signal will be
manifested at this remote location by a signal of opposite
sign. For instance, if the named signal is a PL-signal, the
simultanecus signal at said remote location will be an
NL-signal. If a PT-signal, the remote signal will be an
NT-signal, etc.

For this reason, a named signal legend may have the
same signal symbol as that of its named signal source,
or a signal symbol of opposite sign.

As an example of this, it will be found that the upper
input terminal of gate 24, FIG. 237, carries the legend
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“EPCZ SG.” directly over a NL-symbol superposed upon
the input line. The EPCZ signal source (output of gate
29), as will be remembered from the example directly
above, has a PL-signal symbol located thereat. Thus,
it may be seen that the symbol associated with the named
signal legend at the upper input of gate 24 is opposite
in sign from the signal symbol associated with the source
(output of gate 29). This indicates that the signal at the
input of gate 24 has a waveform which is the inverse
of the named signal waveform, ie., the EPCZ signal
which occurs at the output of gate 29. Put differently, the
opposite signs of these signal symbols indicate that the
occurrence of the named signal (PL) is indicated at the
upper input of gate 24 by an NL-signal.

On the other hand, gate 23, FIG. 237, carries the
legend “EPCZ SG.”, and has associated with it the same
signal symbol as the signal symbol associated with the
EPCZ signal source. From this it may be seen, in ac-
cordance with the system of conventions employed here-
in, that the signal on this input of gate 23 will have the
same waveform as the named signal, ie., the signal at
the EPCZ signal source, i.e., a PL-signal at gate 23 will
accompany each PL-signal at the EPCZ SG. S.

When named signals are defined at their sources by
transition, or pulse, signal symbols, the same conven-
tion applies. For example, the occurrence of the PP-sym-
bol at the output of the reset signal generator, FIG. 227,
and also at the lower, right-hand input of the EPC4 flip-
flop, FIG. 238, both accompanied by a legend com-
prising at least in part the expression “RESET §G.”, in-
dicates that the signal occurring at the output of the
Reset Signal Generator, which is named the RESET
signal, also occurs at said input of the EPC4 flip-flop,
taking the form of a positive-going pulse at both the
reset input to the flip-flop and the output of the reset
signal generator.

10.2.3. Assertions: The third class of legends recog-
nized and treated as distinct herein is the class of legends
which, though sometimes in abbreviated form, are state-
ments, or assertions, about the state, or condition, of a
device or sub-circuit, rather than names of electrical
signals or points in the systems shown in the drawings.
These assertion legends, or assertions, are most usually
employed herein to indicate electrical conditions occur-
ring within the circuit portion of the device of the inven-
tion in response to the manipulation of function keys, or
switches, constituting part of the keyboard. Each of these
assertion legends is associated with a signal symbol, either
by means of a lead line from the assertion legend to the
associated signal symbol, or by the fact that the associated
signal symbol is superposed upon the interconnection line
in such a way that one-half of it is located between the
assertion legend and the line. In each such case, the signal

symbol indicates the “electrical truth value” of the asser-

tion. That is, the signal which will be present upon its
line during the time when the associated assertion is true.
An example of this may be found at the top of FIG. 225
upon the upper output line of the Function Signal Gen-
erator. The legend located directly above this upper out-
put line is “CLR. ALL KD.” On the upper output line
directly below this legend is found a PL-symbol, which
is the signal symbol associated with this legend. The ex-
pression “KD” is used herein to mean “**% key is de-
pressed.” Therefore, the meaning of this legend is the as-
sertion that “The CLR. ALL key is depressed.” The “clec-
trical truth value” of this assertion, as defined hereinabove,
is given by the PL-symbol located upon the output line.
Thus, the meaning of the Iegend and signal symbol asso-
ciated with the upper output line of the Function Signal
Generator may be stated: “The more positive of two pos-
sible electrical signal levels appears upon this line when
the CLR. ALL key is depressed.” Similarly, the legend
“ADD KD” and the associated PL-symbol found at the
third input terminal from the top of the Function Signal
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Generator may be seen to have the same meaning as the
following: “The more positive of two possible electrical
signal levels appears upon this line when the ADD key
is depressed.” Similar meanings may be derived in a simi-
lar manner for all assertion legends herein which include
the expression “KD.” It should be noted at this point,
by way of caveat, that the depression of the indicated
keys leads the appearance of the accompanying “elec-
trical truth signal” by approximately six milliseconds,
because of the operation of the Common Key Signal Gen-
erator network as described hereinafter. Since, however,
this six millisecond delay is negligible compared with the
minimum key depression time of which a human opera-
tor is capable, and with the length of time during which
the states of operation of the device of the invention
brought about by key depression continue, these state-
ments derived hereinabove, and derivable from the “KD”
assertions, and their associated signal symbols, are true
for the purpose of exposition of the overall operating
principles of the device of the invention, and are so re-
garded herein,

In addition, the following assertion legend forms may
be found herein:

The form “(***)BD,” which is equivalent to the partlal
sentence “*** is being displayed.”.

The form “(***)BE,” which is equivalent to the partial
expression “*** is being entered.”.

The form “(***)TP,” which is equivalent to the partial
sentence “*** ig taking place.”.

An example of another standard form of assertion
legend is found upon the upper output terminal of Decimal
Positions Signal Generator (I), which is shown in FIG.
227. Upon this upper output line is found the legend
“P(5+9)P,” which is located above a PL-symbol super-

5 posed upon the output line. The expression “P(*#%*)p»

is used herein to mean “The decimal point is in the ***
place.” The “plus sign” in the legend is used, not in its
arithmetic sense, but in its logical sense, and should be
interpreted as “logical” OR. Thus, this legend, when
taken in conjunction with its associated PL-signal sym-
bol, is equivalent to the following sentence: “The more
positive of two possible signal levels appears upon this
line when the decimal point is in the 5th place or in the
9th place.”

The expressions “place,” and “decimal place,” as used
herein may be thought of as having meaning in connec-
tion with the four registers of thirteen orders which are
displayed upon the cathode ray display screen means.
For best understanding of these terms, reference should
be had to FIG. 334, wherein a complete display consti-
tuting four registers of thirteen orders each, all filled with
zeros, is shown within the oblong used schematically to
define the area of the display screen DS, In this figure
the decimal point setting thumbwheel TW is so set as to
put the decimal point in each register in what is defined
as the “0 place,” as may be seen from the appearance of
the zero in the “window” immediately to the left of thumb-
wheel TW. For this reason, no decimal point is shown in
any of the 13-order registers on display screen DS. The
decimal points may be thought of as being in the O-place
ie., immediately to the right of the right-most column on
the display screen DS, and suppressed so that they do
not appear. In FIG. 335, by contrast, the decimal point
setting thumbwheel TW is set in the decimal-point-in-the-
fifth-place position, as may be seen from the appearance
of the numeral “5” in the “window” immediately to the
left of the thumbwheel. With this setting of the thumb-
wheel, the decimal points appear upon the display screen
DS as shown in FIG. 335. That is, a decimal point ap-
pears in each register, the four decimal points being verti-
cally aligned, and the vertical line of four decimal points
being located to the left of the fifth column from the
right of the display. It may be also said, of course, that
the vertical line of decimal peints appears to the right of
the sixth column of digits from the right side of the dis-
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play, but the most convenient way of remembering deci-
mal point position as defined herein is to recall that the
Nth decimal place is at the left of the Nth column of
digits from the right-hand edge of the display. Thus de-
fining the term “decimal place,” and recalling the inter-
pretation of the decimal place assertion legends, and asso-
ciated signal symbols, as given above, it may be seen, for
instance, that the decimal position assertion legend associ-
ated with the second output line from the top in Decimal
Position Signal Generator (I) FIG. 190 may be inter-
preted to mean: “The more positive of two possible elec-
trical signals appears upon this line when the decimal
point is located to the left of the second column from the
right on the display screen or when the decimal point is
located to the left of the ninth column from the right
on the display screen.”

One additional form of assertion legend used at some
places herein constitutes an assertion with regard to the
state of a given flip-flop. Thus, the legend “F FF;” located
immediately above a PL-symbol upon an electrical inter-
connection line anywhere in the drawings indicates that
that line at that point will carry a PL-signal at any time
that the F flipflop is “reset,” and will carry an NL-
signal whenever the F flip-flop is “set.” On the other hand,
the presence of the legend “F FF” immediately above
a PL-symbol superposed upon an electrical interconnec-
tion line anywhere in the drawings will indicate that,
upon that line, at that point, the more positive of two
possible signal levels will exist when the F flip-flop is
“set,” and that the more negative of two possible elec-
trical signal levels will exist, upon that line, at that
point, when the F flip-flop is “reset.”

As shown upon the output leads of Decimal Position
Signal Generator (I), (see FIG. 227), the convention

is employed herein of separating legends from mere :

identification codes, e.gz., DPla, by a slant mark, This
same convention of using a slant mark is employed herein
at many places to separate legends from each other.

10.3. Block Lead Designations

To facilitate the study of the instant application the
practice is adopted throughout of identifying the leads
of block symbols by means of lower case alphabetic
letters assigned in the following manner:

First, a lead is selected which is to be designated “a.”
Wherever possible, this “a” lead is the uppermost lead
on the right-hand edge of the block symbol. However,
when assigning block lead designations to a block symbol
which is so shaped that its right-hand edge is not clearly

and unmistakably identifiable, then a lead located gen- ;

erally in the upper, right-hand corner of the block symbol
is arbitrarily designated “a.”

Second, the succeeding lower case letters, “b,” “c¢,”
ww% gare successively assigned to the remaining leads of
the block symbol, passing clockwise therearound, i.e.,
so that the lead next below “g” in a clockwise direction
along the outline (a lead on the right-hand edge of the
block symbol, if any) will be designated “b,” etc.

An example of this practice may be found in FIG. 183,
and the application of this practice may be seen by com-
parison of FIG. 183 with FIG. 182, noting that the block
lead designations assigned in FIG. 183 are employed to
identify the corresponding leads in the schematic circuit
diagram of FIG. 182.

Further, as may be seen in FIG. 183, only such ones
of these block lead designating lower case leiters are
shown in the drawings as are required for clear explana-
tion, the designations of the unlettered leads being de-
ducible by traversing the outline of the block symbol from
the “a” lead in the clockwise direction. Thus, the lowest
lead on the right-hand side of the Digit Signal Generator
block symbol of FIG. 183 is the f lead. Similarly, the
third lead from the top on the right-hand side of the
Digit Signal Generator block symbol of FIG. 183 is the
¢ lead.
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Thus, the lower case alphabetic letters are used herein
to designate certain leads which are more conveniently
designated with respect to the figures in which they are
found, rather than in a series continuing throughout the
drawings. Where, however, it is desired to designate block
symbol leads as originating at a particular block sym-
bol, then the particular lead to be so identified is desig-
nated by a reference which comprises an identifier for
the block symbol itself, with the lower case alphabetic
letter designating the lead following. An example of this
practice is found in FIG. 206, wherein the lead departing
from the lower edge of the block symbol is designated
“DPIla,” the term “DPII” identifying the block symbol
at which this particular “a” lead orginates. Also, lower
case letters are occasionally employed herein to co-identify
items found within a single sheet in a manner not con-
sonant with the above-described conventions, as in the
sheet containing FIGS. 7, 8, 9, and 10, e.g., see “d”’
and “g.”

11. EXPLANATION OF BLOCK SYMBOLS

To facilitate the study of the instant specification and
drawings, those block symbols which are used frequently
throughout the specification and drawings are described
and explained in this section. However, certain block
symbols which are used infrequently herein, e.g., in con-
nection with only one subcircuit, or subsystem, are de-
scribed and explained in other parts of the instant speci-
fication.

11.1 Flip-flops

The embodiment of the instant invention described
herein comprises sixty-two flip-flops as listed in Table FF
(Appendix L). Each of these flip-flops comprises a basic
flip-flop, either flip-flop 1 or flip-flop II, and one or more
dynamic gates. In addition, certain ones of these flip-flops
comprise emitter followers, diodes, etc., as indicated here-
inbelow.

The particular circuits herein designated “flip-flop I”
and “flip-flop II” are shown in FIGS. 3 and 5, respectively,
while the block symbols employed herein to denote these
flip-flops are shown in FIGS. 4 and 6.

As may be seen in FIG. 3, the circuit of flipflop I
comprises a pair of 2N1305-type transistors, by way of
example, interconnected in a bistable circuit of a type
well known to those skilled in the art by the name flip-
flop (see, for example, Digital Computer Components and
Circuits, R. K. Richards, 1959, D. Van Nostrand Co.,
Inc., New York, pp. 160 to 163), The collector terminal
of one of these transistors (the left-hand transistor in
FIG. 3) is designated the FF-, or “superdot,” terminal of
flipflop 1. Similarly, the collector terminal of the other
transistor (the right-hand transistor as shown in FIG. 3)
is designated the FF., or “subdot,” terminal of flip-flop I.

The base terminal of the left-hand transistor as seen in
FIG. 3 is designated the “B.,” or “B-subdot,” terminal of
flip-flop I. The base terminal of the right-hand transistor
as shown in FIG. 3 is designated the “B-,” or “B-superdot,”
terminal of flip-flop 1.

The block symbol shown in FIG. 4 is used to denote
the circuit shown in FIG. 3 at those other places in the
drawings wherein flip-flops comprising basic flip-flop 1
are shown. To identify this block symbol as that denoting
flip-flop I, “I” is placed approximately centrally thereof,
as shown in FIG. 4.

As may also be seen from FIG. 4, the FF- terminal
of flip-flop 1 is shown in the corresponding block symbol
as extending rightwardly from the upper half of the
right edge thereof, while the FF. terminal is shown as
extending rightwardly from the lower half of the right
edge thereof. Thus, the upper flip-flop terminal can al-
ways be identified because the accompanying dot is located
at the upper end of the letter-group FF which denotes
it, while the lower flip-flop terminal can always be identi-
fied by the dot placed near the lower edge of the letter-
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group FF which denotes it. This convention is preserved
throughout the instant specification and drawings, not
only in connection with basic flip-flop T and basic flip-
flop II, but also in connection with the sixty-two com-
posite flip-flops found in Table FF.

Further examination of FIG. 4 will show that ten dots
are located along its left-hand edge. Five of these dots
are located in the upper half of the left-hand edge, and
five in the lower half. As indicated by the symbol B- and
its associated lead lines, the five dots located in the upper
half of the left-hand edge of the block symbol shown in
FIG. 4 may be considered to be directly connected to
the B- terminal of the corresponding flip-flop I circuit.
That is, each of the five dots located on the upper half
of the left-hand edge of the flip-flop I block symbol
represents a terminal directly connected, i.e., connected
by means having negligible impedance, to the base ter-
minal of the right-hand transistor of the flip-flop circuit
to which it corresponds. Similarly, the five dots located
on the lower half of the left-hand edge of the flip-flop I
block symbol represent terminals which are directly con-
nected to the base terminal of the left-hand transistor of
the flip-flop circuit to which the block symbol corresponds.

For example, the lower dot located on the left-hand
edge of the block symbol shown in FIG. 4 may be con-
sidered to represent the dot found immediately to the
right of the base of the left-hand transistor in FIG. 3,
such that a connection to this lower left-hand dot in FIG.
4 is the same as a connection to the corresponding dot in

FIG. 3. Similarly, the other four dots located in the lower :

half of the left-hand edge of the symbol of FIG. 4 may
be considered to represent the dot found immediately to
the right of the base of the left-hand transistor in FIG. 3.

Similarly, the dots located on the upper half of the
left-hand edge of the symbol of FIG. 4 may be considered
to represent the dot located immediately to the left of
the base of the right-hand transistor in FIG. 3.

Upon comparison of FIG. 3 with FIG. 4 it will be
noted that the FF- terminal is adjacent (i.e., directly
above) the B. terminal in FIG. 3, while in FIG. 4 the
FF- terminal is adjacent (i.e., on the same horizontal
level with) the B- terminal. Also, the FF. terminal is
adjacent the B. terminal in FIG. 3, while in FIG. 4 the
FF. terminal is adjacent the B. terminal. In other words,
the positional interrelationship of the B and FF terminals
of the block symbol of FIG. 4 may be thought of as re-
versed with respect to the same interrelationship as shown
in the wiring diagram of FIG. 3. This convention of ter-
minal reversal as between the wiring diagram and the

block diagram has been adopted for the reason that cut- |,

ting off the left-hand transistor will result in the appear-
ance of a close-to-ground signal at the collector of the
right-hand transistor (i.e., the FF. terminal). The signal
required to cut off the left-hand transistor by way of its
base (i.e., the B. terminal) is a signal slightly positive
with respect to ground. The resulting signal at the FF.
terminal will be a signal slightly nepative with respect
to ground, due to the internal drop in the right transistor.
Stightly positive signals, such as that applied to the B.
terminal to cut off the left transistor, and slightly nega-
tive signals, such as the resulting signal appearing at the
FF. terminal, may be conveniently thought of as “nominal
ground” signals, since these signal levels are considerably
closer to ground than to any other logic level employed in
the system. When the signal of B. and the resulting signal
on FF. are so designated, then, it may be stated that the
appearance of nominal ground (slightly positive) at the
B. terminal results in the appearance of nominal ground
(slightly negative) at the FF. terminal. By similar reason-
ing, the appearance of nominal ground (slightly positive)
at the B- terminal results in the appearance of nominal
ground (slightly negative) at the FF: terminal. Or, stated
slightly differently, the appearance of nominal ground at
the superdot input terminal results in the appearance of
nominal ground at the superdot output terminal, while the
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appearance of nominal ground at the subdot input ter-
minal results in the appearance of nominal ground at the
subdot output terminal. In FIG. 3, however, the subdot
input terminal is diagonally opposite the subdot output
terminal, while the superdot input terminal is diagonally
opposite the superdot output terminal. The reversal of
terminals between FIG. 3 and FIG. 4 as mentioned here-
inabove, however, puts the superdot input terminal oppo-
site the superdot output terminal, and the subdot input
terminal opposite the subdot output terminal. Thus, with
respect to FIG. 4, the operation of the flip-flop may be
kept in mind by merely recalling that the appearance of
nominal ground at any one of the five upper input ter-
minals results in the appearance of nominal ground at
the upper output terminal, if not already there, while the
appearance of nominal ground at any one of the five lower
input terminals results in the appearance of nominal
ground at the lower output terminal, if not already there.
This “reversal” convention is employed uniformly in
the instant specification and drawings.

The wiring diagram of basic flip-flop II (FIG. 5) is
related to the block symbol denoting the basic flip-flop
II (FIG. 6) in a manner analogous to the relationship
between the wiring diagram of FIG. 3 and the block sym-
bol of FIG. 4. Thus, the collector terminal of the lefi-
hand (2ZN1499A) transistor of the basic flip-flop shown
in FIG. § is designated the FF- terminal, while the col-
lector terminal of the right-hand (2N1499A) transistor
of FIG. 5 is designated the FF. terminal. Also, the FF-
terminal is located above the FF- terminal in the block
symbol of FIG. 6, thus preserving the same relationship
between these two terminals as in the block symbol of
FIG. 4. In the wiring diagram of the basic II flip-flop
(FIG. 5), however, a 330 ohm resistor is interposed be-

7 tween the B terminals and the bases of the corresponding

transistors, unlike the wiring diagram of FIG. 3 wherein
the B terminals are the base terminals of the transistors.
That is, the lower terminal of the left-hand 330 ohm re-
sistor of FIG. 5 is the B. terminal of the basic II flip-flop,
and not the base of the left-hand transistor of FIG. 5. In
like manner, the lower terminal of the right-hand 330
ohm resistor of FIG. 5 is the B- terminal of the basic IT
flip-flop, and not the base of the right-hand transistor
of FIG. 5. Thus, the five dots located on the upper half
of the left-hand edge of the block symbol of FIG. 6,

] | . . .
and labeled “B”, denote terminals connected directly (i.e.,

by means having negligible impedance) to the lower ter-
minal of the right-hand 330 ohm resistor of FIG. 5. Ob-
serving the same convention, the five dots located on
the lower half of the left-hand edge of the block symbol
of FIG. 6, labeled “B.”, denote terminals connected di-
rectly to the lower terminal of the left-hand 330 ohm
resistor shown in FIG. 5.

As may be seen in FIG. 6, the block symbol denoting
the basic IT flip-flop has a “II” located near its center.
Unlike the basic I flip-flop block symbol of FIG. 4, how-
ever, the identifying II located near the center of the
block symbol of FIG. 6 has an additional term located
immediately to its right. This additional term, identified
as “Cy” in FIGS. 5 and 6, represents a group of Arabic
numerals indicating the value in picofarads of the speedup
capacitors of the flip-flop circuit to which the block sym-
bol corresponds.

The further practice is employed herein of denoting a
flip-flop which corresponds in all respects to the flip-flop
of FIG. § except that its B terminals are connected di-
rectly to the bases of the corresponding transistors with-
out the interposition of 330 ohm resistors, i.e., except that
its B terminals are connected as in FIG. 3, by the block
symbol of FIG. 6 having an additional note “(no 3300)"
located in its lower half, as shown in FIG. 6, and there
marked with a dagger.

In FIG. 7 is shown an emitter follower circuit herein-
after designated “emitter follower J.” Many of the named
flip-flops listed in Table FF include an emitter follower



3,546,676

19

d in one, or both, of their FF outputs. An emitter fol-
lower d is said to be included in an ocutput of a flip-flop
when its base is directly connected to that output, the
output (emitter terminal) of the emitter follower then
being considered to be the output of the flip-flop, and
being labeled “FF-” or “FF.” according as its input is
connected to the FF- or FF. output of the flip-flop. As
an example, a flip-flop might comprise a basic I flip-flop
having an emitter follower d in its FF. output. In this
case, this flip-flop would comprise the circuit of FIG. 3
and the circuit of FIG. 7, the FF. terminal of FIG. 3
being directly connected to the base of the transistor of
FIG. 7. The emitter terminal of the transistor of FIG. 7
would then be considered to be the FF. output of the
composite flip-flop.

In FIG. 9 is shown the symbol used herein to indicate
that an emitter follower d is included in an output of a
flip-flop. The flip-flop block symbol shown in FIG. 9 in-
cludes a small triangle, labeled “d,” located within the
lower half of the block symbol and having its apex at
the point of origin of the FF. terminal. The presence
of this small triangle d at the FF. terminal indicates that
an emitter follower d is included in the FF. output of
the circuit corresponding to the block diagram of FIG. 9.
Thus, a composite flip-flop circuit corresponding to the
block symbol of FIG. 9 might comprise a basic I flip-flop
circuit, as shown in FIG. 3, having an emitter follower
d circuit, as shown in FIG. 7, connected to the collector
of its right transistor, but no such emitter follower con-
nected to the collector of its left transistor.

In FIG. 8§ is shown a circuit designated as “gate ¢,”
or as a “dynamic gate.” The upper, or “e,” input of this
gate is directly connected to the left terminal of the gate
capacitor, designated “C,.”; the lower or “f,” input ter-

minal of this dynamic gate is connected to the left ter- :

minal of the gate resistor, designated “R;.” In some em-
bodiments of this dynamic gate, the gate resistor is
shunted by a speed up diode, designated “Dg.” The right-
hand terminal of the gate capacitor is directly connected
to the right-hand terminal of the gate resistor. The par-
ticular dynamic gate circuit shown in FIG. 8 has three
output terminals “A,” “j,” and “k.” Each of these output
terminals is connected to the cathode of a respective gate
diode D,, the anode of each gate diode being directly
connected to the common junction of the right-hand ter-
minals of the gate capacitor and the gate resistor.

While the dynamic gate circuit of FIG. 8 is shown as
having three outiput terminals 4, j, &, the dynamic gates
actually employed at various parts of the embodiment of

the instant invention described herein have variously one, ©

two, and three outputs. The dynamic gates having other
than three outputs are identical to the circuit shown in
FIG. 8 except that one, or more, of the output terminals
is eliminated and, along with it, its corresponding diode
D,.
Examples of the block symbol used herein to denote a
dynamic gate are found in FIGS. 9 and 10. The outline,
or “box,” used to represent the dynamic gate is substan-
tially the same as the outline, or “box,” used to represent
certain static gates, and inverters, elsewhere herein. This
outline, or “box,” is indicated in FIGS. 9 and 10 by the
reference letter g, while “c,” and a lead line with arrow-
head, are used in FIGS. 9 and 10 to indicate complete
dynamic gates, including their input and output connec-
tions. The terms “Cg” and “R,” found within the “g-
boxes” of FIGS. 9 and 10 represent, respectively, the
value of the gate capacitor in picofarads and the value of
the gate resistor in kilohms. Specific numerical values will,
of course, be substituted for C, and R, in block symbols

representing specific gates. The presence of a A imme- 7

diately preceding the R, value in a given dynamic pate
block symbol, as in the upper dynamic gate symbol in
FIG. 9, indicates that, in the circuit corresponding to the
given symbol, the gate resistor is shunted by a speedup
diode Dj.
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As shown in FIG. 9, the direct connection (i.e., by
means having negligible impedance) of the output of a
single-output dynamic gate to a B- input of a flip-flop is
indicated by passing the extremity of the curved portion
of the gate symbol outline, or “box,” through the dot
representing the B terminal. Thus, considering the upper
dynamic gate shown in FIG. 9, the intersection of the
right-hand curved end of the gate symbol “box” with the
dot representing the upper B terminal indicates that the
single output terminal of the dynamic gate circuit repre-
sented by this symbol is directly connected to the B
terminal of the basic flip-flop represented by the flip-flop
block symbol of FIG. 9.

As an example of these conventions, reference should
be had to FIG. 103. The expression “11-47” appearing at
the center of the basic flip-flop block symbol of this figure
indicates that the basic flip-flop is of the Il-type, and
has 47 picofarad speedup capacitors (see C, in FIG. §5).
The dynamic gate symbol in the upper left-hand corner
of FIG. 103, like all of the dynamic gate symbols herein,
represents a variant of the circuit shown in FIG. 8. The
specific variant of the circuit shown in FIG. &, which is
represented by the dynamic gate symbol in the upper left-
hand corner of FIG. 103 may be deduced therefrom as
follows: First, the numbers “100” and “12” found within
the “box” of this dynamic gate symbol indicate that the
gate capacitor in the circuit corresponding to this dynamic
gate symbol has a value of 100 picofarads, and that the
gate resistor of this circuit has a value of 12 kilohms. Sec-
ond, the absence of a delta symbol (A) preceding the
number “12” in this dynamic gate symbol indicates that
the gate resistor of the corresponding circuit is not shunted
by a speedup diode. Third, the PT-signal symbol located
upon the upper input lead of this dynamic gate symbol,
and tangent thereto, indicates that the signal necessary
upon this line to produce gating action is a positive-going
transition. The presence of this PT-signal symbol on this
upper input lead also indicates that the upper input lead
is the input lead connected to one terminal of the gate
capacior. It should be noted at this point that, whenever
a dynamic gate block symbol is shown herein, the upper
input lead is the A.C. input lead, ie., the lead to one
terminal of the gate capacitor. Thus, wherever a dynamic
gate block symbol is shown herein, the lower input is the
D.C. lead, i.e., the lead to one terminal of the gate resistor.

The lower input lead of the dynamic gate block symbol
in the upper left-hand corner of FIG. 103 may be seen
to have a PL-signal symbol located thereupon, and tan-
gent to the gate symbol outline. This PL-signal symbol
on the lower input lead of the dynamic gate symbol indi-
cates that a positive level signal is the signal necessary
upon this lower input lead of the dynamic gate to produce
a signal at the output of the gate.

Fourth, the curved end of the “box” of this upper left
dynamic gate symbol in FIG. 103 passes through the dot
representing the upper B terminal of the basic flip-flop.
From this it may be deduced that this upper left dynamic
gate in FIG. 103 has a single gate diode, Dy, the cathode
of which is directly connected to the B- terminal of the
basic flip-flop, i.e., to one terminal of a 330 ohm resistor
in the basic flip-flop which has its other terminal con-
nected directly to the base of the right-hand transistor
of the basic flip-flop.

FIG. 10 shows the form of dynamic gate block symbol
used herein to represent the multi-output dynamic gates
used in conjunction with the Entry Phase Counter., The
outline, or “box” of this symbol g is of the same shape as
the “box™ consituting a part of the dynamic gate symbol
shown in FIG. 9. In FIG. 10, as in all dynamic gate
symbols herein, the upper lead e is the A.C. lead, ie.,
the lead attached to one terminal of the gate capacitor,
while the lower input lead f is the D.C. lead, i.e., the
lead attached to one terminal of the gate resistor. To
simplify the dynamic gate symbol of FIG. 10, the lower,
or D.C., input lead has no signal symbol located there-
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upon, while the upper, or A.C., lead has only a T-signal
symbol located thereupon, rather than a complete PT-
signal symbol. The signal symbol is omitted from each
of these input lines in FIG. 10 (see dynamic gates in FIG.
9) because, upon consideration of FIG. 8, the only com-
bination of input signals to the dynamic gate as defined
herein which will produce a significant output signal is a
positive-going transition on the A.C. input and a positive
level signal on the D.C. input. Thus, the positive nature
of the transition and level input signals necessary to cause
the operation of the gate of FIG. 10 is apparent by neces-
sary implication from FIG. 8, and need not be signified
on the input leads of the dynamic gate symbol of FIG. 10.
The same combination of inputs is necessary, of course,
to operate the single-output type dynamic gate signified
by the dynamic gate symbol shown in FIG. 9 and, thus,
the positive level and positive-transition indicating signal
symbols on the inputs of the dynamic gate symbols of
FIG. 9 may be eliminated where confusion will not result.

The two numbers found within the outline of a dynamic «

gate symbol of the type shown in FIG. 10 represent the
value of the gate capacitor and the value of the gate
resistor, respectively, in the same manner described in
connection with the numerals located within the outlines
of the dynamic gate block symbols of FIG. 9. The circuit
configuration corresponding to the three output terminals
of the block symbol of FIG. 10 #, j, ¥ may be found
by the reference to the same identifying lettters in FIG. 8.

From FIGS, 156, 158, etc. it may be seen that the
static gate block symbols used herein have the same out-
line, or “box,” as is used to represent the dynamic gates.
The dynamic gates shown in the drawings, however, may
be distinguished from a static gate by the following char-
acteristics. First, the two numbers found within the out-
line of a given dynamic gate symbol, and which represent
the values of the gate capacitor and resistor, are located
one-above the-other, and are not separated by a hyphen,
as is the case with the component value identifying num-
bers found within the outlines of the static gate block
symbols herein,

Second, the upper input terminal of every dynamic gate
symbol will have an arrow-shaped T-signal symbol located
thereupon, either as part of a more specific signal sym-
bol, or alone. The static gate block symbol shown hereir,
on the other hand, will never have transition signal sym-
bols located thereupon.

As noted hereinabove, the signal symbols found at the
two inputs of the dynamic gate block symbols represent
the only combination of input signals which will bring
about the production of a significant output sigral from
the dynamic gate. The term “significant output signal”
as used in connection with the dynamic gates means an
output signal which, when applied to one of the B ter-
minals of a basic flip-flop, will cut off the transistor asso-
ciated with that B terminal, if that transistor is not
already cut off.

It should be clearly understood at this point that the
significance of the signal symbols tangent to static gate
block symbols is different from the significance of signal
symbols tangent to dynamic gate block symbols. General-
ly speaking, each signal symbol tangent to a static gate
block symbol represents the electrical value of “1,” ie.,
logical one, at the point of tangency, i.e., on the lead
passing into the static gate block symbol through that
signal symbol, and the point of tangency.

11.1.1. Flip-Flop Definition Sheets: Fach of the com-
posite flip-flops listed in Table FF (Appendix L) is de-
fined respectively in a single sheet of the drawings, con-
taining two figures. These sheets are called *“flip-flop

definition sheets.” The larger, odd-numbered, figure on -

each of these flip-flop definition sheets is a schematic
circuit diagram of the composite flip-flop defined on that
sheet. These schematic circuit diagrams are composed of
the block symbols of basic flip-flops, dynamic gates, etc.,
as defined hereinabove. Thus, these schematic circuit dia-
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grams may be interpreted in view of the more basic block
symbols as defined hereinabove, and complete wiring dia-
grams of cach composite flip-flop listed in Table FF de-
rived thereby.

In addition to the odd-numbered circuit schematic figure
on each of the flip-flop definition sheets, there is also a
second, smaller, even-numbered figure showing a block
symbol used to represent the circuit schematized in the
odd-numbered figure.

11.1.2 Composite Flip-Flop Input Definition Sheets:
Study of the above-mentioned flip-flop definition shsets,
and comprehension of the system drawings including a
large plurality of composite flip-flop block symbols is
greatly facilitated by preliminary consideration of the rela-
tively limited number of input types used in conjunction
with composite flip-flop block symbols. Therefore, “flip-
flop input definition sheets™ are provided, viz., those sheets
including FIGS. 11 through 30, and are considered first
before discussion of the flip-flop definition sheets. Like
the flip-flop definition sheets, each of these flip-flop input
definition sheets contains two figures, one even-numbered
and one odd-numbered. The larger, odd-numbered figure
on each flip-flop input definition sheet is a schematic
circuit diagram of a composite flip-flop having only one
type of input. The smaller, even-numbered figure on each
of the flip-flop input definition sheets is a block symbol
representing the flip-flop circuit shown in the odd-num-
bered figure on the same sheet.

11.1.3. B- Input: The sheet containing FIGS. 11 and
12 defines the type of input hereirafter called a “B- input,”
FIG. 11 shows a basic flip-flop block symbo! (either 1
or IT) and a plurality of dynamic gate block symbols, both
contained within a dash-lined rectangle. This dash-lined
rectangle, hereirafter called a “phantom outline,” cor-
responds to the solid-line rectangle of the block symbol of
FIG. 12. The dash-line extending across the “waist” of
the phantom outline corresponds to the solid line extend-
ing across the “waist” of the block symbol of FIG. 12.
By this means, the leads extending from the edges of the
block symbol of FIG. 12 may be identified with leads ex-
tending through the edges of the phantom outline and
connected with the schematic circuit diagram inside the
phantom outline in FI1G. 1. Thus, it may be seen that the
output lead extending from the block symbol of FIG. 12
and labelled FF- is a lead extending from the FF- terminal
of the basic flip-flop shown in the schematic circuit dia-
gram of FIG. 11. Similarly, it may be seen by comparison
of FIGS. 11 and 12, that the lead extending from the
block symbol of FIG. 12 and labelled “FF.” is a lead ex-
tending from the FF. terminal of FIG. 11.

Extending from the upper half of the left, or input,
edge of the block symbol of FIG. 12, there is shown a
lead having a dot placed immediatzly thereabove and ad-
jacent the block symbol. Going, then, to the upper half
of the left edge of the phantom outline of FIG. 11, there
is shown extending therefrom a lead having a dot placed
immediately thereabove and adjacent to the phantom out-
line, which lead corresponds directly to the similar lead
shown extending from the block symbol of FIG. 12. Hav-
ing identified this lead extending from the phantom out-
line with its corresponding lead in FIG. 12, the input
connection to the circuit schematized in FIG. 11 which
the corresponding lead in FIG. 12 represents may be de-
duced. Going to FIG. 11, it is seen that this lead extends
within the phantom outline to the uppermost B- terminal
of the basic flip-flop contained therein. Thus, the single
input lead shown in FIG. 12 is identified as representing
a lead connected directly to a B- input of the basic
flip-flop.

It should also be noted in connection with FIG. 11
that none of the dynamic gate block symbols connected
therein has leads extending out through the phantom out-
line. Thus, these nine dynamic gate block symbols should
be ignored, and should not be interpreted as a necessary
part of the circuit shown schematically in FIG. 11. Simi-
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lar groups of dynamic gate block symbols, having no
connections outside the phantom outline, will be found
throughout the definition sheets, and should be ignored,
and not considered to be a necessary part of the circuit
schematized in the odd-numbered figures of those sheets.

Similarly, two leads are shown extending from the FF
terminals of the basic flip-flop and parallel to the end of
the basic flip-flop remote from the FF terminal to which
they are connected. The lead running upward from the
FF. terminal of the basic flip-flop, and across the top of
the basic flip-flop, is hereinafter called the “FF. bus.”
The lead running downward from the FF- terminal of
the basic flip-flop, and across the bottom of the basic flip-
flop, is hereinafter called the “FF- bus.” When nothing
is connected to these leads, or either one of them, except
its corresponding FF terminal, the bus should be ignored,
and should not be considered to be a necessary part of
of the circuit schematic.

11.1.4 B. Input: The second flip-flop input definition
sheet, viz., the sheet containing FIGS. 13 and 14, defines
the B. input. The only input to the block symbol of FIG.
14 is a lead extending from the lower half of the ieft edge
of that block svmbol and having a dot placed directly
therebelow and adjacent the outline. Correspondingly,
the only input lead shown passing through the left edge
of the phantom outline of FIG. 13 passes through the
lower half thereof, and has a dot located below it and
adjacent the phantom outline. Thus, it is apparent that
the input lead shown in FIG. 14 corresponds to the input
lead shown in FIG. 13, and that, wherever a composite
flip-flop block symbol is found having a lead with a dot
placed therebelow as in FIG. 14, this lead may be inter-
preted as having attached thereto the connection to a
basic flip-flop shown within the phantom outline of FIG.

13. A lead with a dot placed therebelow, as shown in :

FIG. 14, may be interpreted, then, to be connected to
one of the B. terminals of the basic flip-flop of the com-
posite flip-flop denoted by the block symbol.

As noted hereinabove, the nine dynamic gate block
symbols, and the FF- and FF. busses may be ignored,
since they are not interconnected with anything outside
the phantom outline shown in FIG. 13.

11.1.5. Independent Gate Inputs: The third flip-flop
input definition sheet, viz., the sheet containing FIGS. 15
and 16, defines the type of composite flip-flop inputs
known hereinafter as “independent gate inputs.” Compari-
son of FIGS. 15 and 16 shows that a pair of leads e, f
enters the true input segment (see FIG. 332) of the phan-
tom outline of FIG. 15, and that a corresponding pair
¢', f extends from the true input segment of the symbol
outline of FIG. 16. In both FIGS. 15 and 16 these pairs
of leads are identified by a semicircle lying within the
outline and having as its diameter that portion of the
true input segment contacted by the pair of leads. This
semicircle will hereinafter be called the “gate,” or “gate
semicircle.” Further comparison of FIGS. 15 and 16
shows that a pair of input leads ¢, d enters the inverse
input segment (see FIG. 332) of the rhantom outline of
FIG. 15, while a corresponding pair of input leads o, d
extends from the inverse input segment of the symbol
outline of FIG. 16. Corresponding gate semicircles iden-
tify the ¢ and 4 input leads as an associated pair, and
identify the ¢’ and 4’ input leads as an associated pair.

Having thus identified the leads e, f, d, and ¢ as cor-
responding to the leads &', f', d', and ¢’, respectively, the
meaning of the input lead pairs, and associated gate semi-
circles, as shown in FIG. 16, becomes apparent. That is,
a pair of input leads extending from a gate semicircle in
the true input segment of a flip-flop block symbol should
always be understood to signify that these two leads are
connected to the two input terminals of a dynamic gate
which has its output connected to one of the B- terminals
of the basic flip-flop constituting part of the composite
flip-flop definition sheet corresponding to that block sym-
bol will disclose the values of the gate capacitor and gate
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resistor of the particular dynamic gate associated with a
given pair of independent gate leads. Thus, as shown by
way of example only in FIG. 15, the f lead may be seen
to be connected to the one terminal of a 470 picofarad
gate capacitor, while the e lead may be seen to be con-
nected to one terminal of a 68 kilohm gate resistor, Com-
parison of the block symbol of FIG. 16 with the schematic
circuit diagram of FIG. 15 will, then, show by implica-
tion that the f* terminal is directly connected to one ter-
minal of a 470 picofarad gate capacitor, and that the ¢’
terminal is directly connected to one terminal of a 68
kilohm gate resistor; the output of the gate comprising
these resistors being directly connected to the B- terminal
of the corresponding basic flip-flop.

Similarly, input terminal 4’ may be found by compari-
son of FIGS. 16 and 15 to be directly connected to one
terminal of a 470 picofarad gate capacitor, and input ter-
minal ¢’ may be thus seen to be directly connected to one
terminal of a 68 kilohm gate resistor. The dynamic gate
deriving its inputs from the ¢’ and 4’ terminals may be
seen from FIG. 15 to have its output directly connected
to a B. terminal of the corresponding basic flip-flop.

The circuit values given in FIG. 15 are exemplary only,
and independent gate circuits will be found herein having
other component values.

The additional convention is defined in FIGS. 15 and
16 of placing a dot in the uppermost portion of a gate
semicircle when it is desired to show that the output of
the corresponding dynamic gate is directly connected to
a B- terminal of the corresponding basic flip-flop, and
placing a dot in the lower end of a gate semicircle when
it is desired to imply that the corresponding dynamic gate
has its output directly connected to a B. terminal of the
corresponding basic flip-flop. As indicated by the note
placed below the phantom outline of FIG. 15, however,
this dot notation convention is employed only where
ambiguity would otherwise result, e.g., when it is neces-
sary by reason of space limitations to place an independ-
ent gate input symbol implying a dynamic gate connected
to a B- terminal, i.e., a “superdot independent gate input
symbol,” in the inverse input segment of the correspond-
ing flip-flop block symbol, or vice versa. This dot nota-
tion is not employed herein when a superdot independ-
ent gate input symbol can conveniently be placed in the
true input segment of the corresponding flip-flop block
symbol, nor when a subdot independent gate input symbol
can conveniently be placed in the inverse input segment
of the flip-flop block symbol.

11.1.6. Left Set Input: The flip-flop input definition
sheet containing FIGS. 17 and 18 defines that type of com-
posite flip-flop input which will hereinafter be designated
a “left set input.” Interpreting this sheet in the manner
in which the previous flip-flop input definition sheets have
been interpreted hereinabove, it will be understood that
any lead and triangular symbol of the type shown at ¢’
should hereinafter be taken to imply the circuitry, but
not the specific component values, shown within the phan-
tom outline of FIG. 17 and connected to lead c. Such a
small, triangular symbol as is shown on leads ¢ and ¢,
i.e., having its base on an input lead, and one of its ver-
tices on the outline, or “box,” of the flip-flop block sym-
bol, will hereinafter be designated a “ground arrow” for
reasons which will become apparent hereinafter. The
ground arrows shown on inputs leads ¢ and ¢’ may be
thought of as “upwardly pointing” or “upwardly directed,”
because their uppermost vertices are located above the
input leads in which their bases are located. Correspond-
ingly, similar ground arrows found hereinafter having
their lowermost vertices located below their bases will be
referred to as “downwardly pointing,” or “downwardly
directed.”

From the above, it may be seen that any flip-flop input
lead having an upwardly pointing ground arroew, as shown
in FIG. 18, is impliedly directly connected to the A.C.
input terminal of a dynamic gate, the D.C. input termi-
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nal of that gate being directly connected to the FF. ter-
minal of the corresponding basic flip-flop, and the output
of that gate being direcily connected to a B- terminal of
the corresponding basic flip-flop.

The name “ground arrow” is given to the symbol ap-
pearing upon leads ¢ and ¢’ because this symbol may be
thought of as an arrowhead indicating the direction, i.e.,
from the FF. terminal to the FF- terminal in which nomi-
nal ground will move in response to a suitable PT-signal
applied to the ¢ or ¢’ lead, i.e., if nominal ground is not
already on the FF. terminal. Similarly, downwardly di-
rected ground arrows (see FIGS. 19 and 20) may be
thought of as indicating the direction in which nominal
ground will move in response to a suitable PT-signal upon
the lead bearing the downwardly directed ground arrow.

11.1.7. Left Reset Input: The sheet containing FIGS.
19 and 20 defines that type of input hereinafter designated
“left reset input.” Comparison of FIGS. 19 and 20 shows
that the input terminal labeled “c” in FIG. 20 corresponds
to the input terminal labeled *“¢” in FIG. 19, From this
correspondence it may be seen that any flip-flip input lead
having a downwardly pointing ground arrow, as shown
in FIG. 20, implies the circuit configuration, but not the
specific component values, shown within the phantom out-
line of FIG. 19 and connected to the ¢ input terminal.
Thus, any left reset input terminal, as shown in FIG. 20,
associated with a flip-flop block symbol herein implies
that the circuit to which that block symbol corresponds
includes a dynamic gate having its A.C. input directly
connected to that input terminal, having its D.C. input
directly connected to the FF- terminal of the correspond-
ing basic flip-flop, and having its output terminal directly
connected to a B. terminal of the corresponding basic
flip-flop.

By way of illustration, only the numbers “100” and
“12” are included within the block symbol of the dynamic
gate shown in FIG. 19 as connected to the ¢ terminal. As
explained hereinabove, the number “100” implies that the
A.C. terminal of this dynamic gate is directly connected
to one terminal of a 100 picofarad gate capacitor, while
the lower number “12” implies that the D.C. terminal of
this dynamic gate is directly connected to one terminal
of a 12 kilohm gate resistor. It should be understood that
the numbers “100” and “12” are included in this dynamic
gate block symbol in FIG. 19 merely as examples of typi-
cal gate capacitor and gate resistor values used in dynamic
gates associated with reset inputs. An example of a left
reset input may be found in FIGS. 37 and 38 having dif-
ferent gate capacitor and gate resistor values. Similarly,
the gate resistor and gate capacitor values given by way
of example throughout the flip-flop input definition sheets
are not to be construed as the only gate capacitor and
gate resistor values which may be found in dynamic gates
associated with the flip-flop input types defined by those
sheets. Thus, for example, the numbers “100” and “4.7”
found within certain dynamic gate block symbols in FIG.
23 are not to be understood as implying that sets of flip-
flop inputs defined as transfer sets must necessarily have
a pair of dynamic gates associated therewith having these
gate capacitor and gate resistor values, and no other. This
merely exemplary status of the gate capacitor and gate
resistor values indicated in the flipflop input definition
sheets must be carefully distinguished from the status of
the gate capacitor and gate resistor values indicated in
the flip-flop definition sheets, wherein these indicated
values are definitive, and not merely exemplary.

The flip-flop input defined in the sheet containing FIGS.
19 and 20 is designated the left reset input because, first,
it contacts the flip-flop symbol outline at its left, or in-
put, edge, and, second, the proper input signal applied
to it tends to “reset” the flip-flop.

In this connection, attention is again directed to the
PL-signal symbols on the output terminals of the basic
flip-flop, which symbols indicate that the electrical value
of “1,” or logical one, at both output terminals of all
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of flip-flops herein is the more positive of the two clec-
trical signal levels appearing thereat.

By similar reasoning, it may be scen that the left set
input, as defined in the sheet containing FIGS. 17 and 18,
is o designated because, first, it contacts the left edge of
the flip-flop block symbol outline, and, second, the proper
signal applied thereto will cause the flip-flop to assume
its “set”™ state.

11.1.8. Complement Input: The flip-flop input defini-
tion sheet containing FIGS. 21 and 22 defines that type
of flip-flop input designated a “complement input.” For
easy reference, the symbol found on input leads ¢ and ¢’
in this sheet will hereinafter be styled a “diamond,” or
“diamond symbol.” From the correspondence between in-
put leads ¢ and ¢’ derivable from the juxtaposition of
FIGS. 21 and 22, it may be seen that a complement input,
as shown in FIG. 22, appearing at the input edge of any
flip-flop block symbol herein carries the implication that
the circuit symbolized by that flip-flop block symbol in-
cludes a pair of dynamic gates, such as shown in FIG. 21,
connected to the ¢ input terminal, their D.C, input ter-
minals being connected to the FF terminals of the basic
fiipflop in the manner shown in FIG. 21, and their out-
put being connected to B inputs of the basic flip-flop as
shown in F1G. 21. The exemplary gate capacitor and
gate resistor values given in FIG. 21 are to be inter-
preted as merely typical, and not in any sense limiting.

11.1.9. Transfer Inputs: The flip-flop definition sheet
containing FIGS. 23 and 24 defines the set of three co-
acting inputs hereafter designated a “transfer set.” The
individual inputs constituting this set are hereinafter
designated “transfer inputs.” For ease of reference, the
symbol found on the ¢, d, e, ¢’, d’, and ¢’ inputs of FIGS.
23 and 24 will hereinafter be styled an “X-symbol.” Also,
the transfer input located on the true input segment of
the flip-flop outline will be called the “X- input,” the trans-
fer input located on the inverse segment of the flip-flop
outline will be called the “X. input,” and the transfer in-
put located on the lower edge of the flip-flop symbol out-
line will be called the “X,,” or “transfer command,” in-
put.

Three distinct input conditions, or L-signal pairs, will
be found applied to the X. and X. inputs of flip-flops here-
in. The first of these is the “S-pair,” or “set-pair,” con-
sisting of a PL-signal applied to the X- terminal and an
NL-signal applied to the X. terminal. The second of these
is the “R-pair,” or ‘reset-pair,” consisting of an NL-
signal applied to the X terminal and a PL-signal applied
to the X. terminal. The third of these input conditions is
the “N-pair,” or “negative-pair,” consisting of an NL-sig-
nal applied to both the X- terminal and the X. terminal.

The application of a PT-signal to the X, input of a
flip-flop, when the S-pair is applied to the X- and X. in-
puts, will set the flip-flop, if it is not already in the “set”
state,

Similarly, the application of a PT-signal to the X, in-
put of a flip-flop, when the R-pair is present on the X-
and X. inputs, will reset the flip-flop, if the flip-flop is not
already in the reset state.

Also, the application of a PT-signal to the X, input
of a flip-flop, when the N-pair is applied to its X- and X.
inputs, will not change the state of the flip-flop.

The other theoretically possible combination of X- and
X. inputs, viz., a PL-signal upon both, is not used here-
in because the result of applying the X, transition signal
when this input combination is upon the X. and X. ter-
minals is indeterminate, i.e., the X, signal may, or may
not, change the state of the flip-flop.

FIGS. 25 and 26 show the method employed herein to
distinguish between the transfer inputs comprising a
plurality of transfer sets found in a single composite flip-
flop. The schematic circuit diagram of FIG. 25 shows a
composite flip-flop having three transfer sets, and FIG.
26 shows the block symbol used to indicate the circuit
shown schematically in FIG. 25.
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As may be seen within the phantom outline, FIG. 25
comprises a first transfer set, the individual inputs of which
are identified by a single dot placed within the outline
and immediately adjacent their X-symbols. Similarly, the
transfer inputs constituting the second transfer set of FIG.
25 are identified by two dots placed inside the outline and
immediately adjacent the X-symbols located on these in-
puts.

Following the same convention, the three transfer in-
put terminals of the “number three” transfer set can be
identified by the three dots placed within the outline and
immediately adjacent the X-symbols located on these in-
put terminals.

11.1.10. Right Set Input: The flip-flop input definition
sheet containing FIGS. 27 and 28 defines that type of
flipflop input hereinafter called a “right set input.”

As may be seen by comparison of FIGS. 27 and 28,
the input designated “a” in FIG. 28 implies the circuitry
found within the phantom outline of FIG. 27 and con-
nected to a terminal thereof. Thus, it may be seen that
the input of the block symbol of FIG. 28 designated
“”" includes, by implication, a diode having its cathode
directly connected to the FF- terminal of its correspond-
ing basic flip-flop, and having its anode connected directly
to the &’ terminal thereof. In FIG. 27 a PP-signal is
placed at the FF- terminal to indicate that the basic flip-
flop is not completely set, i.c., conditioned to react to
other inputs in the hereinbefore defined manner, until
a full positive-going pulse has been received thereat.

This input is designated a “right” input because it is
located at the right edge of the flip-flop outline, to sym-
bolize the fact that it is connected to a collector, rather
than a base of one of the transistors of the basic flip-
flop.

This input is also called a “set” input because, as 3

indicated by the upward pointing ground arrow thereomn,
it tends to set its associated flip-flop when a positive
pulse is applied to it.

11.1.11. Right Reset Input: The flip-flop input defini-
tion sheet containing FIGS. 29 and 30 defines that type
of flip-flop input hereinafter called a “right reset in-
put.”

The right reset input differs from the right set input
in that it is connected to the subdot, or right-hand,
transistor of the basic flip-flop, rather than to the super-
dot, or left-hand, transisor of the basic flip-flop. There-
fore, the implications to be derived from the presence
of an input terminal such as ¢’ of FIG. 30 at the out-
line of any flip-flop block symbol herein may be simply
deduced by analogy from the explanation of the right
set input hereabove. .

11.1.12. Flip-flop Definition Sheets: The sheets of the
drawings containing FIGS. 31 through 154 are called
“flip-flop definition sheets,” each of which defines by
way of a schematic circuit diagram, and a corresponding
block symbol, one of the sixty-two composite flip-flops
listed in Table FF (Appendix L). These flip-flop defini-
tion sheets correspond in arrangement to the flip-flop
input definition sheets described hereinabove in that
each flip-flop definition sheet contains two figures, viz., a
larger, odd-numbered figure which is a schematic cir-
cuit diagram of the flip-flop defined by that sheet, and a
smaller, even-numbered figure which shows a block sym-
bol representing the composite flip-flop circuit defined in
the larger, odd-numbered figure on the same sheet.

All of the symbols and conventions employed in the
odd-numbered figures on the flip-flop definition sheets
are found in FIGS. 3 through 30, and are explained in
the corresponding portion of the specification.

The method of combining the basic block symbols
shown in FIGS. 3 through 10 to define a composite flip-
flop circuit has been explained and illustrated herein-
above in connection with FIGS. 11 through 30 (ie,
the fip-flop input definition sheets), and the method
of interpreting the schematic circuit diagrams shown in
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the odd-numbered figures on the flip-flop definition sheets
may largely be understood therefrom.

However, the odd-numbered figures on the flip-flop
input definition sheets differ from the odd-numbered
figures on the flip-flop definition sheets in that the gate
capacitor and gate resistor values given in the former are
merely typical, as explained hereinabove, while the gate
capacitor and gate resistor values given in the latter are
specific to the particular flip-flop being defined in a given
flip-flop definition sheet.

Thus, the numbers “100” and “4.7” given in the
upper dynamic gate block symbol of FIG. 23 are merely
illustrative of typical gate capacitor and gate resistor
values which may be found in the embodiment of the
instant invention shown and described herein. On the
other hand, the numbers “100” and “12” found in the
upper dynamic gate block symbol of FIG. 89 indicate
the specific gate capacitor and gate resistor values which
are used in that particular dynamic gate, i.., the dynam-
ic gate having its output directly connected to a B-
terminal of the basic flip-flop, and having its D.C. input
directly comnected to the X- terminal identified by a
single dot located adjacent it inside the phantom outline
(sometimes identified as the “X-17 terminal).

As in the flip-flop input definition sheets; gates, and
the like, which are not connected externally through
the phantom outline are to be ignored as not constituting
a part of the circuit defined by the schematic circuit dia-
gram.

The practice is also maintained herein of distinguishing
between like inputs Jocated upon the same input seg-
ment by means of their relative position along that seg-
ment. For example, two left reset inputs are shown upon
the inverse input segment of the block symbol shown
in FIG. 34. It is clear from FIG. 33, however, that
a distinction must be made between these two left reset
input terminals, because the dynamic gate connected to
one of these input terminals has a gate capacitor and
a gate resistor, the values of which are different from
the values of the gate capacitor and gate resistor com-
prised in the dynamic gate connected to the other of
these left reset input terminals. It is to maintain this
distinction, and similar necessary distinctions between
terminals of other composite flip-flops herein, that a
separate definition sheet is provided for each of the
composite flip-flops listed in Table FF. In each of the
flip-flop definition sheets, as may be determined by in-
spection, the order of inputs along the left edge of the
phantom outline in the odd-numbered figure is the same
as the order of inputs along the left-hand edge of the
block symbol, i.e., the even-numbered figure.

For instance, the inputs at the left edge of the phantom
outline of FIG. 33 may be said to have the following
order (from the top): Left Set: X, Left Reset; Left
Reset; X.; and Independent Gate. Where desired, a simi-
lar order list may, of course, be determined for the
bottom edge of the block symbol outline. Such an order
list for FIG. 33 would read, say, from left to right,
simply: X.. Comparison of these order lists with the
order of the terminals along the corresponding edges of
the block symbol of F1G. 34, then, will show that the
order of input terminals along the edges of the phantom
outline of FIG. 33 is identical with the order of the
input terminals along the edges of the block symbol of
FIG. 34. This identity of terminal order between the
schematic circuit diagram of a particular flip-flop and
its corresponding block symbol has been maintained
throughout the drawings. Thus, for example, wherever
the C & B flip-flop block symbol of FIG. 34 appears in
the drawings, the point of the corresponding composite
flip-flop circuit to which, say, the upper of its two left
reset inputs is directly connected may be determined by
locating the upper of the two left reset input terminals
of FIG. 33 and determining what internal circuitry is
directly connected thereto.
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More specifically, if it is desired to know what internal
circuitry is connected to the upper one of the left reset
inputs of the C & B flip-flop block symbol, then one
must find the upper one of the left reset input terminals
of the schematic circuit diagram entitled “CARRY AND
BORROW” (FIG. 33) and, from the circuitry within
the phantom outline, it may be seen that this upper left
reset input terminal is directly conmnected to the A.C.
(i.e., capacitive) terminal of a dynamic gate comprising
a 220 picofarad gate capacitor and a 22 kilohm gate re-
sistor, the output of which is directly connected to one
of the B. terminals of the associated basic flip-flop.

Similarly, in the case of the Decimal Point Counter
(DPC) 1 flipflop (see FIGS. 51 and 52), which has
three independent gates on its true input segment, it
may be seen that the upper terminal of the middle inde-
pendent gate is directly connected to the A.C., or capaci-
tive input of the second dynamic gate from the top, while
the lower input of the middle independent gate is directly
connected to the D.C., or resistive, input of this second
dynamic gate from the top. This second dynamic gate
may be seen to have a 470 picofarad gate capacitor, and
a 68 kilohm gate resistor, and to have its output directly
connected to a B- terminal of the basic flip-flop.

The sixty-two composite flip-flops of the system of
the invention will hereinafter be represented by the block
symbols given in the even-numbered figures of the flip-
flop definition sheets.

11.2. Gates, Inverters, and Emitter Followers

To facilitate study of the circuit diagram (FIGS, 225
through 294), the gates, inverters, and emitter followers
found therein are represented by a group of block sym-
bols of which the symbols shown in FIG. 160 are
typical.

Considering FIG. 160 as typical, it may be seen to :

comprise the following elements, most of which are found
in the same or slightly altered form in the majority of the
gate, inverter, and emitter follower block symbols found
in the circuit diagram.

The outline of the gate symbol shown in FIG. 160,
i.e., an oblong having a straight input end and a curved
output end, is employed herein as the outline of the block
symbols representing several different gates and inverters.
For instance, this outline is also used in the dynamic gate
symbol discussed at length hereinabove.

The particular outline shown in FIG. 160, however,
is not used exclusively to represent subcircuits of this
class, an alternative triangular form of outline being
employed, e.g., to represent an inverter in FIG. 175,
and an emitter follower in FIG. 181.

The group of numbers separated by hyphens found
within the outline of FIG. 160 is called the “component
value legend.” Each of the numbers in the component
value legend indicates the value, or type, of a component
of the circuit represented by the symbol. For instance,
the first number of the component value legend of FIG.
160, viz., “1305,” is the four rightmost digits in the type
designation of the transistor used in the gate circuit
represented by the symbol of FIG. 160, ie., the circuit
of FIG. 159. As another example, the second number in
the component value legend of FIG. 160, viz., “15,” is
the value in kilohms of the leftmost resistor in the cir-
cuit of FIG. 159. The relationship between the com-
ponent value legend found in a given gate, inverter, or
emitter follower block symbol and the circuit symbolized
thereby is discussed in detail hereinbelow.

An additional element of the gate symbol shown in
FIG. 160 is the set of signal symbols located on the
input and output lines of the gate symbol and tangent
to its outline. Such signal symbols, i.e., signal symbols
which are located on a lead of and tangent to, a block
symbol anywhere in the drawings, are generally called
“conjoint signal symbols.” For instance, the PL-signal
symbols often found herein on the output leads of the
basic flip-flop, and tangent to its outline, are said to be
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“conjoint with” the basic flip-flop, and, thus, are called
“conjoint signal symbols.” The conjoint signal symbols
viewed in conjunction with gate symbols herein, are
also called “1,” or “logical one” symbols, because they
indicate the electrical value associated with logical one
at the terminals of the gate.

Another element of the typical gate symbol of FIG.
160 which should be given consideration is the “logical
function symbol,” located adjacent the curved output end
thereof. In the gate symbol of FIG. 160, this logical
function is, of course, a “-+,” or “logical inclusive OR”
symbol. In FIG. 162, on the other hand, the logical func-
tion symbol can be seen to be an “” or “logical AND"
symbol. Another symbol sometimes used as the logical
function symbol of a gate herein is found adjacent the
curved output end of the two gate symbols shown in
FIG. 171, and is designated herein an “ANDOR”
symbol.

The logical function symbol found within a given gate
symbol indicates the logical function which the corre-
sponding gate circuit will perform when the electrical
value of “1” at each terminal of that gate is taken to
be the binary level indicated by the conjoint, or “1”
signal symbol located thereat.

11.2.1. 1305 Gate: FIG. 155 illustrates a circuit of
the type generally known hereinafter as a “1305 gate.”
It will be seen in FIG. 155 that some of the com-
ponents of the circuit shown therein have specific fype-
numbers, or values, e.g.,, “IN662,” “6.8K.” Other com-
ponents of the circuit of FIG. 155, on the other hand,
are not indicated as having specific type-numbers, or
values, but are denoted by a letter, or letter group,
e.g., “C.” “R-A.” The components of FIG. 155 indicated
as having specific values, or specific type-numbers, are
hereinafter designated “common components,” since these
particular components are found to have the same value
in every 1305 gate in the circuit diagram, and thus,
may be considered to be common to all of the 1305
gates in the circuit diagram. The components in the
circuit diagram of FIG. 155, which are designated by
letters, or letter groups, on the other hand, do not have
the same value, or type-number, in all of the 1305 gates
in the circuit diagram. Thus, since the value, or type-
numbers of these compaonents are unique to one, or a
group, of the 1305 gates in the circuit diagram, they
are hereinafter called “unique,” or “special” components.

Turning now to the gate symbol shown in FIG. 156,
which represents the 1305 gate circuit shown in FIG.
155, it may be seen that the component value legend
within that gate symbol is composed of five parts, or
“terms,” separated by hyphens. The first term of the
component value legend of the symbol of FIG. 156 is
“1305,” which is the gate type number and also the
last four digits in the type-number of the transistor used
in this gate, as shown in FIG. 155. The other four
terms of the component value legend found in the gate
symbol of FIG. 156 are the values of the unique com-
ponents shown in the circuit of FIG. 155, taken in the
order in which they would be perceived by an eye
scanning FIG. 155 from top to bottom, starting at the
left end of the figure and proceeding to the right end
thereof. In the block symbol representing a specific 1305
gate, the “term definitions,” e.g., “R—A (KILOHMS),”
“C(pf.)", as found in the general gate diagram of FIG.
156, are replaced by the numerical values of the corre-
sponding unique components found in the circuit diagram
of the specific gate.

An example of this is found in FIG. 160, which
shows the specific gate symbol corresponding to the gate
circuit of FIG. 159. The first term of the component
value legend in this gate symbol is “1305,” just as in
the gate symbol of FIG. 156. The second term in the
component value legend of FIG. 156, however, is the
term definition “R-A (KILOHMS).” Going to FIG. 155,
then, it can be seen that R—A is the leftmost resistor
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(vertical) in the gate circuit. In the specific gate circuit
of FIG. 159, this leftmost vertical resistor is labelled
“15K,” i.e., 15 kilohms. Thus, the numerical value of the
second term of the component value legend in the block
symbol corresponding to the specific gate circuit of FIG.
159, should be “15,” and this is the number found in
the second term position of the component value legend
of FIG. 160. Similarly, the third term of the component
value legend of FIG. 156 is the definition “C(PICO-
FARADS).” Going to the generalized 1305 gate circuit
diagram of FIG. 156, it is seen that C is the sole capaci-
tor in this circuit. In FIG. 159, this single capacitor
is labelled “330 pf.” ie., 330 picofarads. Thus, the
third term of the component value legend of FIG. 160
should be “330,” which is the value found in FIG.
160 at that place. From the definitions found in the
fourth and fifth term positions of the component value
legend of FIG. 156, and inspection of FIG. 155, it can
be seen that the values of the two resistors comprising
the collector voltage divider in the generalized 1305
gate circuit, first, the upper in kilohms, and then, the
lower in ohms, are the numerical values of the last
two terms of the component value legend correspond-
ing to such a circuit. As can be seen by inspection of
the specific 1305 gate circuit of FIG. 159, “2.2” and
“220” are the last two terms in the correct component
value legend corresponding to this circuit. These terms
are found in the last two term positions in the compo-
nent value legend of FIG. 160.

As may also be seen in FIG. 156, the last two terms
of the component value legend in that figure are en-
closed in square brackets. This convention is employed
to indicate that a specific 1305 gate, and at least one
other, share a common collector circuit. In some instances,

the gate number of the other gate, or gates, so sharing, .

will be set out to the right of these square brackets.
Such a collector-circuit-sharing group of gates will here-
inafter be called an “ANDOR” gate. The subject of
ANDOR gates is further treated hereinbelow in connec-
tion with FIGS. 170 and 171.

Attention is directed to the practice (see * in FIG.
156) of indicating an open circuit between terminals
normally spanned by a unique component by means of
an “N” in the place corresponding to that component in
the component value legend. Thus, were the 330 pf.
capacitor entirely missing in FIG. 159, then the third
term in the component value legend in FIG. 160 would
be “N.”

A short circuit across any pair of points in a 1305
gate circuit usually occupied by a unique component

will, of course, be shown by a “0” in the corresponding °

position of the component value legend. Thus, were the
220 ohm resistor in FIG. 159 replaced by a direct wire
connection, then the fifth term of the component value
legend in FIG. 159 would be “0.” As indicated by **
in FIG. 156, there are certain specific 1305 gate cir-
cuits herein having at least one input lead without a
diode therein, i.e., a short, direct wire connection sub-
stituted for the gate diode at the input. To indicate this
situation, the corresponding lead in the block symbol
representing such a specific 1305 gate circuit, will have
an “N” placed thereabove.

It is important to note in connection with FIG. 155,
that the “+” logic function symbol shown adjacent the
curved end of the gate symbol of FIG. 156, is merely
exemplary, and is not intended to imply that the only
logical function which can be performed by a 1305 gate
is the logical inclusive OR function. Rather, as is well-
known to those skilled in the art (see, for instance,
“Switching Circuits for Engineers,” M. P. Marcus, chap. 3,
“Logical Circuits,” pp. 33-45, Prentice-Hall, 1962), the
logical function of a gate circuit, such as the circuit
herein called the “1305 gate,” is dependent upon the
binary level designated as “1” at the input and output
terminals thereof, If, for instance, “1” on the input ter-
minals of a 1305 gate is designated as the NL-signal, as
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shown by the left-hand conjoint signal symbols in FIG.
166, and “1” is designated as the PL-signal at the output,
as shown by the output conjoint signal symbol in FIG.
166, then the logical function performed by that gate
is the AND function, as shown by the dot adjacent the
curved output end of the gate symbol of FIG. 166. That
this is so, may easily be deduced from the generalized 1305
gate circuit of FIG. 155. Supposing, for the moment, that
any one of the input terminals of this circuit is receiving the
PL-signal, i.e., “0,” then its associated diode will conduct,
and the resulting drop across R-A will put a relatively
positive signal upon the base of the 2N1305 transistor,
thereby bringing the conduction of this transistor to a
relatively low level, or cutting it off completely. Then,
since the current flow through R-B is relatively smali,
the drop thereacross will also be relatively small, and
the potential at its lower end will be more negative than
would be the case with a higher collector current. Thus,
it can be seen that the presence of a PL-signal upon any
input of a 1305 gate will produce an NL-signal upon its
output. It follows then, that the only combination of in-
puts which will produce a PL-signal at the output of a
1305 gate, is the combination consisting of NL-signals
upon all of its inputs. To say this, however, is merely to say
that a 1305 gate acts as an “AND” gate when “1” is
considered to be the NL-signal at its inputs, and *1”
is considered to be the PL-signal at its outputs. This same
statement is, of course, more simply made graphically as
shown in FIG. 166, and, for convenience of reference, at
the terminals of all of the 1305 gates serving as “AND”
gates throughout the circuit drawing.

By similar reasoning, it can be seen that the conjoint
signal symbols shown in FIG, 167 correctly indicate the
values of “1” at the terminals of the 1305 gate when it
functions as an “OR” gate.

11.2.2. Diode Gate: The generalized circuit diagram of
the form of diode gate called “normal,” “standard,” or
“ordinary” herein is shown in FIG. 157. The symbol
used in the circuit diagram to represent the “ordinary”
diode gate circuit of FIG. 157 is shown in FIG. 158. As
shown in FIG. 158, the component value legend found
in this diode gate symbol consists of two terms, The
first of these terms in FIG. 158 is the numerical value of
the load resistor R in kilohms. The second of these terms
in FIG. 158 is the numerical value of the supply voltage
V, without regard to the sign, the “ordinary” diode gate,
as defined herein having a “—” supply. An example of
a specific ordinary diode gate circuit is found in FIG. 161.
The specific gate symbol which represents the diode gate
circnit of FIG. 161, when it functions as an AND gate,
is shown in FIG, 162.

It should be particularly noted with respect to FIG. 158,
that the logical function symbol shown therein, viz., *,”
does not imply that this function is the only function
which may be performed by the gate circuit of FIG. 157.
Rather, as is well-known to those skilled in the art (see
Marcus, cited above), the logical function performed by
this gate is dependent upon the binary level assigned to
“1” at its terminals. The conjoint signal symbols shown
in FIG. 168 indicate the signal levels at the terminals of
the ordinary diode gate which correspond to “1” when
the gate functions as an AND gate. The conjoint signal
symbols shown in FIG. 169 indicate the binary levels
corresponding to “1” when the diode gate circuit of FIG.
157 functions as an OR gate.

11.2.3, Andor Gate: FIG. 170 shows a pair of 1305
gates interconnected so as to form an “ANDOR” gate.
The 1305 gate block symbols corresponding to the circuit
of FIG. 170 are shown in FIG., 171. The upper gate
circuit in FIG. 170 is designated “88Aa,” and the lower
gate “88Ab.” These identifying numerals assigned to the
two gate circuits of FIG, 170 are unlike the gate numbers
found in the circuit diagram, i.e., numerals with no alpha-
betic component, to indicate that these gates are not
representative of any specific gates anywhere in the cir-
cuit diagram, but are merely given to explain the nature
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of the ANDOR gates, and their corresponding symbols.
As seen in FIG. 170, gate 88Aqa constitutes a complete
1305 gate circuit, which, standing along, could be de-
scribed by the component value legend “1305-15-330-
2.2-0.”

As shown by the vertical “phantom” line at the right-
hand side of FIG. 170, however, the output terminal of
gate 88Aqa is connected to the collector of the transistor
found in the lower gate circuit, 88Ab. Thus, it may be seen
that the output circuit of gate 88Aaq, i.e., a 2.2K resistor
tied to —12 v,, is “shared” with gate 88Ab, in the sense
that conduction in the transistor of either gate 88Aaq or
88Ab will produce a drop across the 2.2K resistor, thus
altering the potential of the common output 1 toward a
more positive level. For this reason, this “shared” output
circuit is included in the component value legend of both
gates, 88Aq and 88Ab, but is enclosed in square brackets.

As shown in FIG. 171, the gate designation number of
the other gate “sharing” this output circuit is set to the

right of the square bracket in each of the gate symbols ¢

comprised in the ANDOR symbol. As shown by the con-
joint signal symbols and the ANDOR (+4) logical func-
tion symbols of FIG. 171, these gates, acting together,
may be thought of as individual AND gates whose outputs
are directly connected to the terminals of an OR gate,
the output of the OR gate corresponding to output ter-
minal 1 as shown in FIGS. 170 and 171. It may be also
convenient, of course, to regard this group of gates taken
together as logically constituting a single AND gate hav-
ing the single output 1,

11.2.4, 1499 Gate: As shown in FIG, 176, an inverting
gate circuit frequently used herein employs the 2N1499A
transistor. This 1499 gate, while it generally resembles the
1305 gate in circuit configuration, employs, in addition to

a transistor of different type, a IN662 diode having its ;

anode connected to the base of the transistor and its cath-
ode grounded, and has unique components which were
common in the 1305 gate circuit. Thus, as may be seen
in FIG. 177, the component value legend in the 1499
gate block symbols varies from the component value
legend in the 1305 gate block symbols. For instance, the
first term of the 1499 gate component value legend is
“1499.” Also, the 1499 gate component value legend has
five unique component terms, rather than four, as is the
case with the 1305 gate symbol. The numerical values of
these unique component terms are deduced from the cor-
responding circuit diagram by the “scanning” method de-
scribed hereinabove in connection with the 1305 gate.

Again, as in the case of the 1305 gate, the logical func-
tion symbol shown in FIG. 177 does not imply that the
sole function which can be performed by a 1499 gate
is the inclusive OR function. Rather, as explained herein-
above, in connection with the 1305 gate, the 1499 gate
circuit, like most other gate circuits, can be said to per-
form any one of a number of logical functions, depend-
ing upon the nature of the electrical signals identified
with “1” at its terminals.

The conjoint signal symbols in FIGS. 178 and 179
show the binary levels corresponding to “1” for which
the 1499 gate functions as an AND and an OR gate,
respectively.

11.2.5. Inverters: At several places in the circuit dia-
gram, a 1305 gate, having a single input, is employed as
an inverter. A circuit showing the use of a 1305 gate cir-
cuit as an inverter is found in FIG. 172, and the corre-
sponding specific block symbol is shown in FIG. 173.
When this single input lead contains no diode, as shown
by input lead b in FIG. 172, then the single input lead
in the corresponding block symbol has an “N” placed
directly thereabove, as shown in FIG. 173. The compo-
nent value legend for such an inverter is derived from
its circuit in the same manner in which the component
value legend corresponding to a given 1305 gate circuit
is derived therefrom.

When a symbol resembling the 1305 gate symbol is
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used to represent an inverter, however, it can be identified
as an inverter symbol by (a) the absence of a logical
function symbol, and (b) th: absence of more inputs than
one. The conjoint signal symbols associated with any in-
verter block symbol can be used to distinguish it from an
emitter follower by the fact that the inverter block sym-
bol has an output conjoint signal symbol differing from
its input conjoint signal symbol.

Another and slightly different type of inverter employed
herein is shown in FIG. 174, the block symbol chosen to
represent the same being shown in FIG. 175. As may be
seen in FIG. 175, the outline of the symbol chosen to rep-
resent the second type of inverter is triangular, rather
than oblong, as is the 1305 gate symbol used to show an
inverter. Because of this different outline, one attempting to
reproduce the circuit of the instant invention from the cir-
cuit diagram need merely have resort to FIG. 174 to
deduce the circuit corresponding to the inverter represent-
ed by a triangular outline, and to FIG. 155 to deduce
the nature of the circuit of any inverter represented by
an oblong of the type used to represent inter alia the 1305
gates. The component value legend found within any
specific triangular inverter block symbol is deduced from
its corresponding circuit in the same manner used in de-
ducing the component value legend of a 1305 gate from
its corresponding circuit, that is to say, by the same proc-
ess of “scaning” described hereinabove in connection with
the 1305 gate. Finally, an “1” is added in the upper corner
of each triangular inverter symbol to aid in distinguish-
ing from triangular emitter follower symbols of the type
described hereinbelow.

11.2.6. Emitter Follower: A particular emitter follower
circuit which is used in the instant invention is shown in
FIG. 180. The block symbol used to represent the emitter
follower of FIG. 180 is shown in FIG. 181. The emitter
follower of FIG. 180 differs from the emitter follower
shown in FIG. 7 which is used in some of the composite
flip-flop circuits herein. Generally, this distinction may
be kept in mind by the fact that the small triangular sym-
bols used for the FIG. 7 emitter follower are always
found, where they are found, within the outline of a basic
flip-flop, while on the other hand, the triangle represent-
ing the emitter follower of FIG. 180 is never found with-
in the outline of a basic flip-flop. To further distinguish,
however, the legend “EF” has been placed at the upper
corner of each triangular symbol representing the emiiter
follower of FIG. 180. Also, the triangular symbol repre-
senting the emitter follower circuit of FIG. 180, as shown
in FIG. 181, can be distinguished from the similar tri-
angular symbol representing an inverter by the fact that
the conjoint signal symbols associated with the emitter
follower are alike.

11.3. Miscellaneous

In FIG. 163 is shown a key filter circuit employed at
several places in the Digit Signal Generator and Func-
tion Signal Generator of FIGS. 182 and 184, for elimjnat-
ing “noise” from appearing on the output lines of these
generators.

The method preferred herein for denoting interconnec-
tions between electrical leads, or the absence of the same,
is shown in FIG. 165. As noted in that figure, T-junctions
between leads are indicated either with or without a dot.
On the other hand, a complete crossing of one lead over
another without a dot will always be used herein to in-
dicate leads which cross, but do not join. The junction
symbol shown in the upper right-hand corner of FIG.
165, and often used in wiring diagrams, is avoided herein
in favor of the preferred practice of representing the
same junction by means of two T-junctions with or with-
out a dot. In FIGS. 31 through 154 the junction symbol
shown in the upper right-hand corner of FIG. 165 is used
on right-hand input connections, because of space limijta-
tions, though this practice is not preferred.
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11.4 Major Subcircuit Block Symbols

11.4.1. Digit Signal Generator: FIG. 182 shows a
circuit which may be used with particular effectiveness
for making numerical entries into the calculating device.

Each number, sometimes called “factor,” is entered
by successively depressing the numerical keys shown in
FIG. 1 in order of the digits of that number, taken from
left to right. The entry of each multi-digit number, or
factor, is terminated by the depression of the “ENTER”
key, or any one of certain other operation keys.

As may be seen by comparison of FIG. 1 with FIGS.
182 and 183, each number key of FIG. 1 is arranged in
the embodiment described herein to close one of the
normally open switches shown at the left-hand edge of
FIG. 182, schematic representation of the number keys
of FIG. 1 being found in the block symbol of FIG. 183.
The depression of the “1” key, of course, results in the
closing of the “1” switch, etc.

The Digit Signal Generator of FIG, 182 may be seen,
by way of example, to operate as follows:

Depression of the “4” key, and consequent closing of
the “4” switch, grounds the “4’” terminal of the “4”
switch.

Thus, since the “4” terminal is directly connected to
one input of each of the upper five “18-80” diode gates
shown in FIG. 182, the outputs of these five gates will go
to nominal ground, and, thus, a nominal ground signal
will appear upon the “a” to “e” terminals of the Digit
Signal Generator, the signal appearing at these terminals

being rendered free to some degree from “contact noise” é

by the “KF” (key filter) circuits (see FIGS. 163 and 164)
interposed between these terminals and the outputs of the
diode gates. The output signal taken directly from the
uppermost diode gate will, of course, appear upon the
“g” terminal of the Digit Signal Generator.

Each output lead of the Digit Signal Generator has
indicated thereon, by means of a signal symbol and an
associated assertion legend, those number keys which,
when depressed, will produce a nominal ground, or
PL, signal thereupon. Thus, the assertion legend
“(2+34+445+6)KD,” or the brief equivalent
“(2-6)KD,” both found upon the “c” terminal, taken
in conjunction with the PL-symbol also found there-
upon, indicates that the depression of any one of the
number keys from “2” to “6,” will result in a nominal
ground signal upon the “c” output of the Digit Signal
Generator.

The block symbol used hereinafter to represent the
Digit Signal Generator circuit of FIG. 182 is shown in
FIG. 183.

11.4.2. Function Signal Generator: FIG. 184 shows a
major subcircuit hereinafter called the “Function Signal
Generator,” and FIG. 185 shows the block signal herein-
after used to represent the Function Signal Generator
circuit of FIG. 184. Each of the normally open switches
shown along the left-hand edge of FIG. 184 is labelled
with the name of the key found upon the keyboard
which, when depressed, will close it. These same keys
are represented within the block symbol FIG. 185.

The blocks labelled “KF” found in FIG. 184 represent
the key filter circuit shown in FIG. 163.

In the manner described in connection with FIGS. 182
and 183, each of the output terminals of the Function
Signal Generator is supplied with an assertion legend
and an associated signal symbol, indicating the keys
which, when depressed, will produce a PL-signal thereon.
Thus, the legend “ADD KD,” and PL-symbol appearing
on the ¢ output terminal of the Function Signal Genera-
tor indicate that a nominal ground, or PL-signal will
appear at this terminal when the “ADD” key is depressed.
The assertion legends and signal symbols appearing upon
the other terminals of the Function Signal Generator
may be similarly interpreted.

The legend “(RECALL-4+REPT.)KD,” found upon
terminal h, indicates that nominal ground will appear
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thereupon when either the “RECALL” or the “REPT.”
key is depressed.

As shown in the “box” in the lower, right-hand portion
of FIG. 184, the nominal ground signal appears upon the
k output lead of the Function Signal Generator in re-
sponse to the depression of any one of the keys named in
the first parentheses found within this “box.” For brevity,
“F” is used elsewhere herein to indicate these keys. Thus,
the legend “(F)KD” found upon the n terminal indi-
cates that nominal ground will appear upon this terminal
in response to the depression of any of the keys which
are capable of producing a nominal ground upon the &
lead, i.e., the “F” keys as defined in the “box.”

The block symbol shown in FIG. 185 is used herein-
after to represent the circuit shown in FIG. 184.

11.4.3. Reset Signal Generator: The circuit herein-
after called the “Reset Signal Generator” is shown in
FIG. 186, and a block symbol which represents the Reset
Signal Generator circuit of FIG. 186 is shown in FIG.
187.

The dashed rectangle in FIG. 186 indicates that por-
tion of this circuit which is found upon the printed circuit
card hereinafter designated “C19GBQIL.” That portion of
FIG. 186 which is found outside of the dashed rectangle
is included within the mockup (see FIG. 317). As indi-
cated in FIG. 186, the portion of this circuit found in
the mockup must have its components as closely spaced
adjacent each other as is possible, and interconnected by
the shortest possible leads, to assure a sufficiently “clean”
signal to the circuit located upon the printed circuit card.
As shown by the symbol found in the central portion of
FIG. 186, the portion of this circuit found in the mock-
up is connected with the portion of this circuit upon
the printed circuit card via the No. 1 contacts of Plug
1 (ie., Pl-1).

The b input of the Reset Signal Generator will have a
PL-signal applied thereto when the CLR. ALL flip-flop
is set. The depression of the O'FLOW key will also pro-
duce an input signal to the diode gate of the Reset Signal
Generator. The PP-signal produced upon the a terminal
of the Reset Signal Generator is employed to reset a
plurality of flip-flops herein.

Going to the a output terminal of FIG. 187, this out-
put is labelled “RESET SG. S.” and a PP-signal symbol
is also located at this terminal. Thus, this terminal is
regarded as the source (S.) of RESET signals for the
entire device as shown and described herein. Also, as
may be seen from the PP-signal symbol, the event which
constitutes a RESET signal is the appearance of a full
positive-going pulse at this point.

11.4.4. Common Key Signal Generator: FIG. 188 shows
the circuit for a “Common Key Signal Generator.” FIG.
189 shows the block symbol for the Common Key Signal
Generator circuit of FIG. 188. The circuitry of FIG. 188
which is enclosed within the dashed line is located upon
printed circuit card “A2HAC,” while the circuitry shown
outside the dashed rectangle is found within the mockup.
As with the circuit shown in FIG. 186, that portion of
the circuit of FIG. 188 located within the mockup must
have its components located as closely adjacent each
other as possible, and interconnected by as short leads
as possible, in order to provide a “clean” signal via con-
tacts No. 12 of Plug 1 (PL-12) to the No. 10 terminal
(hereinafter called “pin,” of printed circuit card A2HAC).

The function of the circuit found on this card, as shown
in FIG. 188 is to provide an actuating signal to each of
the key signal storage flip-flops, which actuating signal is
delayed by approximately six milliseconds after the de-
pression of the key, thereby assuring that the key signal
provided to one of the key storage flip-flops will have
“settled down” before the flip-flop is set, and, thus, that
the key storage flip-flop set in response to the depression
of one of the keys will not produce spurious signals which
would be “misinterpreted” by subsequent portions of the
device shown herein,
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As shown upon output line a, the Common Key Signal
Generator is the source of that signal known hereinafter
as the “COM. KEY SG.”.

As indicated at the a output line of the block symbol
of FIG. 189, the COM. Key SG. is the occurrence of a
positive-going transition thereat.

11.4.5. Decimal Position Signal Generator (I): FIG.
190 shows the circuit for the “Decimal Position Signal
Generator (I)” circuit, and FIG. 191 shows the block
symbol for that circuit.

The semicircle shown at the top of these figures repre-
sents the decimal position setting thumbwheel (TW)
shown in the upper right-hand corner of the keyboard in
FIG. 1. This thumbwheel, in an actual embodiment of
the invention which is described herein, is connected to
the shaft of a multi-deck rotary switch, this shaft being
represented by the dashed lines and indicated by refer-
ence number 1 in FIG. 190. Several of the decks of that
switch are indicated by the switch symbols E, F, G, H,
J, K, L and M in FIG. 190. As may also be seen in
FIG. 190, certain of the fixed contacts of these alphabeti-
cally-lettered decks are connected to contacts of Plug 2,
Thus, the “2” and “5” contacts of deck E may be seen
in FIG. 190 to be connected to contacts No. 23 of Plug 2,
and, thus, to pin No. 12 of card A18, upon which the 10K
resistor shown in the upper, left-hand portion of FIG. 190
is located. Similarly, the lower, left-hand 10K re-
sistor shown in FIG. 190 is located upon card
Al7, and is directly connected to pin No. 17
thereof, the “5,” “9,” and “13” contacts of deck H
being connected to pin No. 17 of card Al17 by
means of contacts No. 36 of Plug 2. As will be apparent
from consideration of FIG. 190, each setting of the deci-
mal position thumbwheel upon the keyboard will pro-

duce a different combination of L-signals upon the output *

leads of Decimal Position Signal Generator (I). This
combination of L-signals may be deduced for any posi-
tion of the decimal position setting thumbwheel by means
of the assertion legends found upon the output leads of
Decimal Position Signal Generator (1) as shown in FIG.
190, the particular form of assertion legend employed
thereon being explained by the note in the lower right-
hand corner of the sheet containing FIGS. 190 and 191.

As also noted in the lower, right-hand corner of this
sheet, the terminals of Decimal Position Signal Generator
(I) as found in other portions of the drawings, may be
designated by an expression comprising the usual block
symbol lead lower case letter code, and the term “DPL”

11.4.6. Compate Signal Generator: FIG. 192 shows
the circuit for the “Compare Signal Generator,” and FIG.
193 shows the block symbol for the Compare Signal Gen-
erator,

The Compare Signal Generator may be thought of as
comprising an inverted AND gate, having as its inputs
four OR gates and a single, ungated, input, k. In addition,
the Compare Signal Generator circuit also comprises an
inverter, which inverts the output of the AND gate. As
denoted in FIG. 193, the output of this inverter is con-
sidered to be the COMPARE SG. S. The output of this
inverter is the b terminal of the Compare Signal Gener-
ator, and as shown by the conjoint signal symbol upon
that terminal, the portion of the wavetrain, or signal train,
appearing upon that terminal which is defined as the
“COMPARE S5G.” is the PL-portion thereof.

As noted upon the a terminal of the Compare Signal
Generator, the occurrenceof the COMPARE signal may
also be determined from the signal train occurring upon
that terminal. Upon that terminal, however, as denoted by
the NL-signal symbol associated with the legend “COM-
PARE SG.,” the NL-portion of the wavetrain will denote
the occurrence of the “COMPARE? signal,

The reason for the PL conjoint signal symbols at the
left edge of the Compare Signal Generator block symbol
of FIG. 193 will be evident upon consideration of the
logic diagram shown in FIG. 333.
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As indicated in FIG. 192, the Compare Signal Gener-
ator circuit is located upon printed circuit card G16GBJ.

11.4.7. Row 1 Intensifier: FIG. 194 shows a circuit
hereinafter designated the “Row 1 Intensifier,” and FIG.
195 shows the block symbol for the circuit of FIG. 194.
The Row 1 Intensifier circuit of FIG. 194 may be broadly
considered to comprise two parts, viz., a “one-shot” and
an inverter. The one-shot operation is provided by the
left-hand transistor and its associated circuitry, while the
inverting operation is provided by the right-hand transistor
and its associated circuitry. Generally speaking, the func-
tion of this circuit may be thought of as the production
of a PP-signal at terminal a in response to a PT-signal
at the A terminal. The duration of the PP-signal at ter-
minal & is determined by the parameters of the one-shot
portion of the intensifier circuit, the input at terminal b
remaining at the P-level after the PT-signal for a longer
period than the duration of the PP output signal when
the Row 1 Intensifier circuit is used as hereinafter de-
scribed. As indicated in FIG. 194, the Row 1 Intensifier
circuit is located on printed circuit card H17 HAM.

11.4.8. Overflow Signal Generator: FIG. 196 shows
a circuit designated the “Overflow Signal Generator”
circuit, and FIG. 197 shows the block symbol for the
Overflow Signal Generator circuit of FIG. 196. As indi-
cated in FIG. 196, all of the Overflow Signal Generator
circuit but the incandescent indicator lamp is located
upon the G3GAX card. The incandescent indicator lamp,
however, is located within the overflow reset key, which
is the upper, left-hand key of the keyboard shown in FIG,
1. The upper flat portion of this key is comprised of
translucent red material, for example whereby the illumi-
nation of this incandescent lamp warns the operator of
overflow condition, and also indicates the key which must
be depressed in order to reset the machine when an over-
flow has occurred. As indicated immediately below the
incandescent lamp shown in FIG. 196, this lamp is inter-
connected with the remaining portion of the circuit upon
the printed circuit card via the contacts No. 33 of Plug 2.

As indicated by the conjoint signal symbol on the &
terminal (FIG. 197), the receipt of an NL-signal at this
terminal illuminates the incandescent lamp, and produces
a PL-signal upon output terminal a. The legend “O’FLOW
SG. S.” associated with the a output terminal indicates
that the a output terminal is the source of the “O’FLOW”
signal. The PL-signals which occur upon terminal a of
the Overflow Signal Generator are called “O’FLOW”
signals.

11.4.9. Read Amplifier: FIG. 198 shows a circuit for
the “Read Amplifier” circuit, while FIG. 199 shows the
block symbol for the Read Amplifier circuit of FIG. 198,

As shown in FIG. 198, a first portion of the Read
Amplifier circuit is located upon the K2HAJ card, the
output of this portion being found at pin No. 14 of that
card. The second portion of the Read Amplifier circuit
is located upon card K3HAF, recetving its input from
the first portion upon card K2HAJ via its pin 12, which
is directly connected to pin 14 of card K2HAJ.

As indicated in FIG. 198, the input to the Read Ampli-
fler, applied to terminal &, ie., pin 6 of card K2HAJ, is
derived from pin 4 of the acoustic delay line which is
employed as the memory, or storage, structure herein.
As may be seen in FIG. 317, the structure of the printed
circuit card mounting racks in the embodiment of the
instant invention described and shown herein, and the
mounting and relative placement of the delay line, are
so arranged that this connection from pin 4 of the delay
line to the input of the Read Amplifier (pin 6, card
K2HAJ) is as short as possible. Referring to Table CC
(Appendix K), and, more particularly, to the section of
that table headed “CARD NO. K2,” it may be seen that
pin 6 of that card, i.e., the b terminal of the Read Ampli-
fier circuit shown in FIG. 198, is connected to pin 4 of
the delay line by means of shielded wiring. It should be
noted at this point that card K2HAJ of FIG. 198 is
referred to in Table CC as card K2. This practice, ie.,
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the practice of showing the three-letter type-code desig-
nation of the cards only in the drawings, is followed
throughout the instant specification.

As indicated by the legend “ALO SG. S.” associated
therewith, the a terminal of the Read Amplifier is defined
as the “ALO” signal source herein. The conjoint signal
symbol appearing upon this terminal indicates the segment
of the wavetrain appearing thereupon, the occurrence of
which constitutes the “ALO” signal is the NP-segment.

11.4.10. 666 KC Oscillator: FIG. 200 shows an oscil-
lator circuit particularly suitable for driving the flip-flop
chain employed herein to provide the timing signals for
synchronizing the operation of the various parts of the
device of the invention, which circuit will hereinafter be
designated the “666 KC Oscillator,” or “Oscillator.” FIG.
201 shows the block symbol for the Oscillator circuit of
FIG. 200. It is to be particularly noted that the stated
frequency of this Oscillator, viz., “666 KC,” is not critical,
or closely-maintained, as may be seen from the circuit of
FIG. 200, which includes no crystal, or other close-toler-
ance frequency maintaining means. In fact, experience
indicates that the circuit embodiment of the instant inven-
tion may reasonably be expected to tolerate deviations of
the frequency of this Oscillator amounting to 5-6 per-
cent. As indicated in FIG. 200, the Oscillator is located
upon printed circuit card H4HAH,

11.4.11. Write Amplifier: FIG. 202 shows a current
pulse generator circuit designated the “Write Amplifier.”
FIG. 203 shows a block symbol for the circuit of FIG.

202. With the exception of the subcircuit connected to :

the base terminal of the left-hand transistor, the circuit
of FIG. 202 is shown and described in copending U.S.
patent application Ser. No. 277,867, filed May 3, 1963,
now Pat. No. 3,265,908, issued Aug. 9, 1966.

11.4.12. Decimal Position Signal Generator (II): FIG.
205 shows a circuit called *“Decimal Position Signal
Generator (II).” FIG. 206 shows the block symbol for
the circuit of FIG. 205.

FIG. 204 shows a subcircuit found at several places in
the circuit of FIG. 205, and a block symbol which is
substituted for said subcircuit in the wiring diagram of
FIG. 205 to promote ease of study and understanding
thereof.

As in FIGS. 190 and 191 above, the semicircle at the
top of FIGS. 205 and 206 represents the thumbwheel TW
found in the upper, right-hand corner of the keyboard
shown in FIG. 1. As may be seen from FIG. 1, the de-
vice of the embodiment of the invention described here-
in has only one decimal point setting thumbwheel, the
semicircles in FIGS. 190, 191, 205, and 206 all repre-
senting the same thumbwheel, i.e., TW of FIG. 1. Thus,
it may be seen that the dashed lines shown in FIGS.
190 and 205 both represent the common mechanical shaft
of the same rotary “deck” switch, the A, B, C, and D
“decks” of this switch being shown in FIG. 205 for con-
venience, while “decks” E, F, G, H, J, K, L, and M are
separately shown in FIG. 190 for reasons of convenience.
The expression “decks” is used herein to mean a single
cooperating group comprising a plurality of fixed contacts
and a single moving comntact, the manner of maintaining
said groups properly positioned with respect to said
mechanical shaft and in mutually insulated relation being
a matter of choice, and not a critical feature of the in-
stant invention, except in that the leads from this switch
to the other portions of the device located upon the
printed circuit cards should be maintained as short as
possible. These interconnections between the “deck”
switch and the associated pins of the printed circuit cards
are made via the contacts of Plug 2 indicated to the left of
the dashed mechanical-shaft-indicating line of FIG. 205.

The “CL” noise-bucking circunits of FIG. 205 are lo-
cated upon two printed circuit cards, viz., G17GBL and
G15GBL, the card upon which a particular “CL” circuit is
located being indicated in FIG. 205. The pins of these cards
to which each “CL” noise-bucking circuit is connected
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are indicated by encircled numerals upon the leads there-
of. Thus, the fourth “CL” circuit from the top in FIG.
205 has one terminal connected to pin 9 of card G17GBL
and its other terminal connected to pin 14 of card
G17GBL. As may further be seen from FI1G. 205, pin 9 of
card G17GBL is connected to contact 13 or Plug 2.

As indicated by the “dagger” note in FIG. 205, the
diodes having their cathodes connected together and to
terminal lead DPITa are located upon card F13GAY, and
have their anodes connected to contacts of Plug 2, and
then to the hubs of “decks” A, B, C, and D.

11.4.13. Display Matrix: FIG. 207 shows a circuit
called the “Display Matrix.” FIG. 208 shows a block
symbol for the circuit of FIG. 207.

This Display Matrix circuit is disposed upon two sep-
arate printed circuit cards, viz., HI9HAB and Hi18HAB,
as indicated by the dashed line crossing FIG. 207, The
portion of the electrical interconnection lines crossing
over, and immediately adjacent to, said dashed line are
wire interconnections between appropriate terminals of
said two printed circuit boards.

The small, semicircular symbols shown in FIG. 207
each represent a diode interconnected between the two
lines upon which the semicircular is superposed in the
manner indicated in the small “detail” in the upper, right-
hand corner of FIG. 207.

As shown in FIG. 208, the block symbol representing
the Display Matrix circuit of FIG. 207 is approximately
bisected by a dashed line, and has a printed circuit card
number located at its top edge, and another adjacent the
lower side of the dashed line. Thus, attention is directed
to the separation of this matrix between two cards wherev-
er the block symbol is found.

11.4.14. Segment Generator: FIG. 209 shows a circuit
called the “Segment Generator.” FIG. 210 shows the
block symbol for the Segment Generator circuit of FIG.
209.

This circuit might be more specifically described as
the deflection signal generator for producing short traces,
which form the strokes of the numerical characters dis-
played upon display screen DS. The stroke trace sweep
signal is produced at terminal 2 in response to the charg-
ing, and discharging, of the .0047 microfarad capacitor.
The generation of each “sawtooth” pulse at terminal a is
commenced by a signal at terminal b, which discharges
this .0047 microfarad capacitor. Thereafter, the sloped
portion of the next subsequent “sawtooth™ is produced
by the charging of this capacitor, after the cessation of
a signal at terminal b has effectively “opened” the dis-
charge path through the left-hand transistor, The com-
mencement of the next “sawtooth” is, of course, brought
about by the discharging of this capacitor through the
left-hand transistor, brought about by a signal on termi-
nal b.

Regulation of the extreme output signal level, if not
otherwise regulated by recurrence of a signal on terminal
b, will be limited by the “clamping” IN662 diode.

11.4.15. Horizontal Staircase Generator: FIG. 211
shows a circuit which is particularly suitable for the gen-
eration of the major horizontal deflection signal called
the “Horizontal Staircase Generator.” FIG. 212 shows a
block symbol for the circuit of FIG. 211.

In this connection, it is noted that the block symbol
in the lower, left-hand corner of FIG. 313 denotes the
circuit of FIG. 211, even though “phantom™ matter not
found in the block symbol of FIG. 212 is added thereto,
to facilitate explanation of the device of the invention.

The Horizontal Staircase Generator of FIG. 211 oper-
ates to produce a “staircase” signal train at its output
by incrementally charging the .5 microfarad capacitor to
produce the “steps” at output terminal «, the generator be-
ing reset after generating each full “flight” of “stairs” by
relatively rapidly discharging the .5 microfarad capacitor.

This discharging of the .5 microfarad capacitor is
brought about by turning the lower, right-hand transistor
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of FIG. 211 “on.” This transistor is “turned on” by means
of the network shown connected to its base, the diode
gate portion of this network being indicated in *“phantom”
in FIG. 313.

The incremental charging of the .5 microfarad “main”
capacitor is carried out by the “one-shot” current switch-
ing circuit shown in the upper, left-hand portion of FIG.
211 (lead d). This novel “one-shot” current switching
circuit is particularly suitable for use in the Horizontal
Staircase Generator circuit.

11.4.16 CRT Driver Circuit: FIG. 213 shows a cir-
cuit particularly suitable for providing signals adapted
to “drive” the cathode-ray display of the calculator. FIG.
214 shows a block symbol for the circuit of FIG. 213,

A portion of this circuit is located upon printed cir-
cuit card F19FT. The remainder of this circuit is located
in the mockup portion of the device (see FIG. 317). The
interconnection between the portion of this circuit within
the mockup and the portion on card F19FT is made by
way of contacts “1” of Plug 3, as shown in the left-hand
portion of FIG. 213.

The blanking signal, which indicates when the cathode-
ray is to be modified as to suppress, or “blank,” the trace
upon display screen DS, is supplied to the portion of the
circuit found within the mockup by means of contacts *9”
of Plug 3.

11.4.17. Vertical Dot Generator: FIG. 215 shows a
circuit called the “Vertical Dot Generator”. FIG. 216
shows the block symbol for the Vertical Dot Generator
circuit of FIG. 215,

The word “dot” may be thought of as referring to the
“home” position of the several stroke traces of an indi-
vidual digit as displayed upon display screen DS. The
Vertical Dot Generator may be seen to provide (at output
terminal b) the incremental vertical deflection signal used
to set the intra-digit vertica! positioning of the trace-gen-
erating cathode ray beam, and, thus, to determine the
height of the displayed digit, and the spacing between
its horizontal strokes. These intra-digit vertical deflec-
tion signals are generated by current summing in the 500
ohm character height potentiometer shown in FIG. 215.
The currents to be summed therein in order to set the
three vertical “dot levels” are derived from signals ap-
plied to the two 1% -precision-resistor voltage dividers via
input terminals g and .

Finally, the Vertical Dot Generator circuit of FIG. 215
also serves to “steer” the stroke sweep signal from the
Segment Generator of FIG. 209 to the vertical deflection
system whenever a vertical stroke is to be traced, and
also “sums” this sweep signal with the vertical “dot level”
signals by current summing in the 500 ohm character
height potentiometer. This “steering” function is carried
out by employing the transistor shown in FIG. 2135, as a
gate the F FF signal on input terminal f permitting sum-
ming of the current due to the stroke sweep signal on
input terminal e with the “dot” current in the character
height potentiometer only when a vertical stroke is to be
produced as part of a digit upon display screen DS. As
shown in FIG. 215, this Vertical Dot Generator circuit
is found upon printed circuit card F1SHAD.

11.4.18. Horizontal Dot Generator: FIG. 217 shows a
circuit called the “Horizontal Dot Generator”. FIG. 218
shows the block symbol for the Horizontal Dot Generator
circuit of FIG. 217. The horizontal “dot level” setting
and horizontal segment sweep signal “steering” functions
are performed similarly to the corresponding vertical
functions in the Vertical Dot Generator Circuit.

The words “segment” and “stroke” are employed syn-
onymously herein, the meaning of these terms being clear
from consideration of the sheet containing FIGS. 339 to
342,

The word “trace” as used herein refers to the luminous,
fugitive line produced upon the display screen of a cathode-
ray tube by the impingement of the cathode-ray beam
moving therealong,
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Thus, the expression “stroke trace,” or “segment trace,”
refers to the luminous lines upon display screen DS which
delineate the displayed digits (see FIG. 339).

It may also be seen in FIG. 339 that each of the dots
shown therein represents one of the “dots,” or “home
positions,” generated by the circuits of FIGS. 215 and 217,
acting together.

In addition to the “dot level” and “segment steering”
components, the circuit of FIG. 217 also includes a slant
amplifier, shown in its upper, right-hand portion. This
slant amplifier functions to “inject” a signal provided from
the Vertical Dot Generator (terminal ¢ thereof), whereby
to deflect the segments of each displayed character by a
small horizontal amount, which small amount is directly
proportional to the vertical displacement, thereby slant-
ing the displayed characters slightly to the right as shown,
for instance, in FIG. 339.

An additional input (terminal ¢) is provided to the
summing point of the circuit of FIG. 217 whereby a signal
from the Dipslay Matrix, “weighted” by the 10 kilohm
resistor directly connected to this terminal ¢, is enabled
to produce a leftward displacement of the digit 7, as
displayed on the screen DS. See FI1G. 341.

Also, the 1%-percision-resistor summing and weighting
network of FIG. 217 is so arranged, and interconnected
with the signals provided on terminals f, g and &, as to
suitably offset the “dot” which serves to represent the
decimal point on screen DS, See F1G, 339.

11.4.19. Horizontal Deflection Amplifier: FIG. 219
shows a circuit called the “Horizontal Deflection Ampli-
fier.” FIG. 220 shows the block symbol for the Horizontal
Deflection Amplifier circuit of FIG. 219,

The output signals provided at terminals ¢ and 4 of
the circuit of FIG. 219 are directly connected to the de-
flection plates of the cathode-ray display tube which pro-
duce horizontal deflection of the display-tracing cathode-
ray beam. The leads from the collectors of the two tran-
sistors in the circuit of FIG. 219 to the corresponding de-
flection plate terminals of the cathode-ray display tube
must be kept as short as possible to avoid, inter alia, the
coupling of “stray” signals radiated therefrom into other,
relatively low voltage, portions of the device described
herein. It is to this end, that the deflection amplifiers are
located adjacent the cathode-ray display tube.

The lower end of the 47 ohm resistor having its upper
end directly connected to the base of the right-hand tran-
sistor of FIG. 219 is grounded by means of a special con-
nection running to pin 2 (ground bus) of printed circuit
card F18, this connection being made to No. 16 A.W.G,
wire, or heavier, in order to avoid display dirft which
might be occasioned were a lighter ground wire used, due
to the relatively heavy currents carried by this inter-
connection.

The absence of a printed circuit card number from the
wiring diagram of FIG. 219 indicates that the Horizontal
Deflection Amplifier circuit (along with the Vertical De-
flection Amplifier circuit, and that portion of the CRT
Driver Circuit not found on card F19) is located upon a
printed circuit board not included along those, called
“cards,” or “printed circuit cards,” which are disposed in
the generaly V-shaped “card rack” shown in FIG. 317.
Rather, the printed circuit board including the Horizontal
and Vertical Deflection Amplifiers, and the major portion
of the CRT Driver Circuit, is disposed within the mock-
up (see FIG. 317) and closely adjacent the cathode-ray
display tube, for reasons stated hereinabove.

An additional input, a, is provided whereby a signal
from the Display Matrix, “weighted” by the 10 kilohm
resistor directly connected thereto, is enabled to produce
a displacement of the “1” as shown in FIG. 342,

11.4.20.Vertical Deflection Amplifier: FIG. 221 shows
the circuit called the “Vertical Deflection Amplifier.” FIG.
222 shows a block symbol for the Vertical Deflection
Amplifier circuit shown in FIG. 221,
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The output terminals b and ¢ of the circuit of FIG.
221 are directly connected to the vertical deflection plate
terminals of the cathode-ray display tube. The leads from
terminals b and ¢ of the Vertical Deflection Amplifier to
the vertical deflection plate terminals of the cathode-ray
display device should be as short as possible. To this end,
the Vertical Deflection Amplifier is located upon a printed
circuit board disposed adjacent the cathode-ray display
device.

The lower end of the 47 ohm resistor, the upper end of
which is directly connected to the base of the right-hand
transistor of FIG. 221, is grounded to a ground bus con-
nection on card F18 by means of a special, relatively
heavy gauge lead.

11.4.21. Vertical Staircase Generator: FIG. 223 shows
a circuit designated the “Vertical Staircase Generator.”
FIG. 224 shows the block symbol for the Vertical Stair-
case Generator circuit shown in FIG. 223.

In the upper right-hand portion of FIG. 223 is shown
a regulating network including a 270 ohm resistor and a
Zener diode. The regulated potential of approximately 8
volts negative produced at the junction of said resistor and
said Zener diode is employed as the supply potential for
the current summing network of the Vertical Staircase
Generator, and is also supplied, via terminal f of the Ver-
tical Staircase Generator to two other major subcircuits,
viz., the Vertical Dot Generator and the Horizontal Dot
Generator, in both of which it is employed as the current
summing network bias supply.

The current summing network of the Vertical Staircase
Generator is employed to weight and sum the inputs on
terminals &, ¢, d, and e; the voltage drop produced in the
1K potentiometer by the sum current serving as a vertical
character positioning signal. This vertical character posi-
tioning signal is applied, via the transistor shown in FIG.
223 (i.e., terminal @) to the Vertical Deflection Amplifier,
and serves to set the level upon the display screen DS at
which the various rows of numerals in the display appear.
As noted in FIG. 223, the Vertical Staircase Generator
circuit shown therein is disposed upon card FISHAD,
which is one of the printed circuit cards located in the
generally V-shaped card rack of FIG. 317.

12. EXPLANATION OF MISCELLANEOUS
DETAIL SHEETS

12.1. Abbrevialed Gate Symbols

The abbreviated gate symbols employed in the logic
diagram may best be understood in conmection with FIGS.
324 through 331. The symbols shown in FIGS. 324, 326,
328, and 330 are those generally used in the logic dia-
gram, while the corresponding symbols shown in FIGS.
325, 327, 329, 331 show the “logical one” signal symbols
which may be implied in the symbols of FIGS. 324, 326,
328, and 330 with the aid of the type-letter found therein.
As indicated in the notes at the bottom of the sheet con-
taining FIGS. 324 through 331, there are four “type-let-
ters,” viz., “D,” “N,” “X,” and “C.”

1t is assumed in the application of this symbology that
the static gates herein are of two Kinds, viz., “ordinary”
and “extraordinary.” An “ordinary” static gate is one
which, wether including an inverter or not, has the cath-
odes of its diodes directly connected to a common point,
and the opposite end of its load resistor from the one con-
nected to said common point directly connected to a
negative supply. Two examples of ordinary gates are
shown in FIGS. 159 and 161.

The type-letters “N” and “D” are applied to inverted,
and uninverted, ordinary gates, respectively. Thus, the
gate of FIG. 159 would be an “N” gate, while the gate of
FIG. 161 would be a “D” gate.

An “X,” or “extraordinary,” gate is one not complying
with the above definition of ordinary gate, e.g., a gafe
having the anodes of its diodes tied to a common point.

The type-letter “C” is applied to groups of gates having
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their collector terminals tied together or sharing a single
collector circuit (see FIG. 170}.

Given the above definitions of the type-letters, it may
be seen that FIG. 324 shows a non-inverting AND gate;
that FIG. 326 shows a non-inverting OR gate; that FIG,
328 shows an inverting AND gate; and that FIG. 330
shows an inverting OR gate.

As may be seen by comparison of FIGS. 166 through
169, the symbology of which was explained hereinabove,
an ordinary gate functions as an AND gate when the NL-
signal at ifs inputs is considered to be “logical one,” wheth-
er it is an inverting or noninverting gate, the level at its
output corresponding to “logical one” being P or N ac-
cording to whether the gate is inverting or non-inverting.
Similarly, it may be seen from FIGS. 167 and 169 that an
ordinary gate functions as an OR gate when PL-signals
at its inputs are defined as “logical one,” the signal level
at its output corresponding to “logical one” being the same
as that at its inputs, or not, according to whether the gate
is of the non-inverting or inverting type.

From these considerations it may be seen that each gate
in the left-hand column of the sheet containing FIGS. 324
through 331, taken in conjunction with its associated type-
letter, may be interpreted as having “logical one” symbols
upon its terminals as found in the gate symbol to its right
at the same horizontal level. Thus, the gate symbol of
FIG. 324 may be interpreted as an ordinary, non-inverting
eate; and from that it may be deduced that the NL-signal
corresponds to “logical one” at all of its terminals, as
shown in FIG. 325, Similar conclusions apply, of course,
to the other horizontally-disposed pairs of gate symbols
shown on this sheet.

12.2. Field Word Format

FIG. 345 is a schematic showing of the configuration
of pulse groups, or time-space pulse group locations,
which circulate around the “loop™ consisting of the Arith-
metic Unit, the Memory Unit, and gate 90. As indicated
in the center of the figure, each small rectangle along the
border of the larger rectangle, indicates a particular com-
partment in time-space, called hereinafter a “cell,” which,
when it is on the delay line, contains a “count,” or “digit
word,” of zero to nine acoustic pulses, or “tally” pulses.
Any one of these time-space compartments, or “cells,”
would occupy a definite physical length upon the delay
line if the passage of time were halted, or “frozen.” Since
this cannot be, however, a cell, as it exists upon the delay
line, must be thought of as a physical length of the delay
line which remains the same in extent, but continuously
alters its position down the delay line, starting at the
launch coil, at a velocity equal to the acoustic propagation
velocity in the material of the delay line corresponding to
the mode of exciting the delay line employed in the par-
ticclar delay line used in the device of the invention, e.g.,
the mode of propagation used in the delay line employed
in the embodiment shown and described herein is the
torsional mode.

For further description of delay lines which may be
effectively employed in the device described herein, see
copending U.S. patent applications Nos, 312,674 and
312,675, both filed and assigned to the same assignee
Sept. 30, 1963, now Pats. Nos. 3,265,996 issued Aug. 9,
1966 and 3,260,970 issued July 12, 1966, respectively.

The arrow labelled R may be thought of as a point at
which information present in the form of acoustic dis-
turbances upon the delay line is electrically manifested in
the circuit of the invention (e.g., the output terminal of
the M/U labelled ALO SG. S shown in FIGS. 198, 159
and 308.). The cells shown by small rectangles in this
figure may be thought of as circulating around the
periphery of the large rectangle, or storage continuum
and being produced electrically, or “read out,” each time
they pass the R arrow. If, then, the circulation of these
cells were halted just prior to the arrival of the 0//8
cell at the R arrow, the entire field word would be “stored”
upon the delay line. At that time, if the disturbances
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circulating upon the delay line were instantaneously
“frozen” thereupon, then groups of disturbances, or
acoustic pulses, could be found to correspond to nearly
all of the cells shown in the figure, the only exception
being those cells the contents of which is the digit zero.
These digit-zero-containing cells would be “empty,” since
the “pulse-count” or “unitary” notation used to represent
digits upon the delay line employs, to represent any given
digit, a number of disturbances, or acoustic pulses, equal
to the number represented. Thus, in the “unitary,” or
“pulse-count,” notation used herein, the digit “0” is
represented by the absence of any pulses in a cell of the
delay line. In this same notation, the digit “5” is repre-
sented by five acoustic disturbances in a given space-time
compartment, or cell. Similarly, the digit “9” is represented
by nine disturbances, or acoustic pulses, in a given cell
of the delay line. Put differently, the digit word represent-
ing the digit “9” is a group of nine acoustic disturbances
upon the delay line. When a cell having the digit word 9
as its contents reaches the end of the delay line, then a
series of nine pulses will be produced at the output of the
M/U, and this serial group of nine pulses produced at
the output of the M/U can be considered to be the same
digit word represented in alternative form. When the field
word is not entirely within the delay line, then part of it
will be stored in the digisters of the Arithmetic Unit,

As will be described in detail in connection with FIG.
346, the cells of the field word are identified as belonging
to groups, called “columns” for reasons which will be-
come apparent hereinafter. Each “column” is assigned a
number, this number appearing to the left of the “//”
within the rectangle representing the cell in FIG. 345.
The cells in the loop are also grouped into groups called
“registers.” Each of these groups or registers, is assigned
a number. In FIG. 345, each cell-representing rectangle
has located therewithin a number corresponding to the
register to which that cell belongs. This register number
is located to the right of the “//” found within the cell-
representing rectangle, Inspection of the register numbers
found within the cell-representing rectangles of FIG. 345
will show that the cells comprising a given register are
not adjacent, as was the case with the cells constituting a
column, but are interspersed or interlaced, each register
having one of its cells in each column. For instance, as
may be seen in FIG. 3485, the display row 1 register cells
are the third cell in each column. Similarly, the register
S cells are the first cell in each column.

Thus, it may be seen that, according to the field word
format of the invention, the cells of a column are adjacent
while the cells of each register are interlaced, column-by-
column. Put differently, a field word, according to the in-
vention, as manifested serially at the output of the Mem-
ory Unit, for instance, comprises a plurality of digit
words, each of these digit words belonging to two group-
ings. The first of these groupings is that of adjacent
pluralities of digit words into groups called “columns.”
The second of these groupings is that of interlaced plural-
ities of digit words into groups called “registers.” A digit
words of each register is found in each column, and, thus,
the registers are not only said to be interlaced, but are
also said to be “interlaced, column-by-column.” When
all of the information circulating in the loop is found
within the delay line, then the contents of the delay line
is called the “field word.”

Every digit-defining group of acoustic pulses on the
delay line (i.e., the group of pulses within a cell) is called
a “digit word.” It should be noted that the digit words of
the first two columns do not represent the digits of num-
bers operated upon during calculations with the device of
the invention, To the contrary, the first digit word of
column 0 always contains a single tally pulse, or acoustic
disturbance, used for synchronizing the operation of the
machine, rather than as a number involved in calcula-
tions. Since, however, this digit word is indistinguishable
from the digit word representing a numeral 1, it is con-
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veniently called a “digit word,” as is another digit word,
say, in column 5, which does represent a numeral to be
operated upon in calculation. This first digit word of the
field word will also sometimes be called the “synchroniza-
tion word” hereinafter. Similarly, the digit words in col-
umn 1 do not represent numbers, but rather arithmetical
signs, a “0” representing arithmetical positive, and a “1”
representing arithmetical negative. These digit words in
column 1 will sometimes hereinafter be called ‘“sign
words.”

The word “disturbance” refers to that pattern of
acoustic disturbance put on the delay line by the launch
coil which is interpreted by the read amplifier as a single
count, pulse, or tally pulse, Some of the best quality
acoustic delay lines available provide a waveshape as the
result of reading a single acoustic disturbance which is
not a single deviation from the base line, but a larger
“upward” deviation preceded and followed by smaller
“downward” deviations. However, read amplifier means
may be provided which will interpret this three-part dis-
turbance, and emit a single pulse from its output in
response to this three-part signal. Thus, the word “dis-
turbance,” as used herein, should be taken to mean that
combination of traveling local strains upon the delay line
which is occasioned by a single input pulse to the launch
coil, and which will be interpreted by the read amplifier
as resulting from single input pulse to the launch coil
(irrespective of the wave shape which this disturbance
might take if displayed upon a high-quality, high-speed
oscilloscope directly tied to the output coil of the delay
line).

Each group of adjacent digit words arbitrarily identi-
fied as belonging to a single column, taken together, is
called a “column word.”

Each group of digit words, interspersed column-by-
column and arbitrarily identified as belonging to a given
register, taken together, is called a “register word.”

12.3. The Display Cells

To assist in understanding the relationship between the
information circulating in the loop and the information
displayed upon display screen DS, which relationship is
one of the principal features of the instant invention, each
location upon the display screen at which a digit, or
negative sign, may be displayed is called a “cell,” or
“display cell,” and is assigned a “cell number,” or “dis-
play cell number,” which somewhat resembles a fraction,
as do the “loop cell numbers” which identify the “cells”
of the loop. Thus, as may be seen in FIG. 344, the dis-
play screen DS may be thought of as having fifty-six
“cells,” or “display cells,” located thereupon. Each of
these display cells is represented in FIG. 344 by its cor-
responding cell number. Thus, the cell at the lower, right-
hand corner of FIG. 344 will hereinafter be referred to
as the “S/1 cell.”

(The form of fraction representation employing the
horizontal bar as its divider is considered, in representing
cell numbers, to be the complete equivalent of the form
of fraction representation using diagonal strokes as a
substitute for horizontal bars.)

The display cell in the upper left-hand corner of FIG.
344 will hereinafter be called the “13/4” cell.

As will be obvious from FIG. 344, the “numerator” of
each cell number designates the column upon the display
screen in which that cell appears, the right-hand column
being designated the “S” column because negative signs
appear therein during the display of certain mathematical
operations. All columns but the right-hand column of the
display are used for representing the numbers involved
in calculations by the device of the invention, and are
numbered from numeral [ through numera! 13, from
right to left. Thus, the “numerators” of the cell numbers
of the cells in these columns are the column numbers.

Similarly, it may be seen from FIG. 344 that the dis-
play cells are arranged in four horizontal rows, num-
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bered 1 through 4, from bottom to top. As may be seen
in FIG. 344, the “denominator” of each display cell num-
ber is the number of the row in which that display cell
is located. It will be appreciated, of course, that the “com-
mon fractions” shown upon display screen DS in FIG.
344 are not displayed upon the display screen of the de-
vice of the invention, since the device of the invention
is ot designed to display common fractions. Rather, each
of the fifty-six, common fraction-like display cell num-
bers shown in the display screen representation of FIG.
344 merely indicates a location, by column and row, at
which a single digit, or sign, will be found in the display
part of the device of the invention.

12.4. The Cell Number Nomenclature

FIG. 347 defines the manner in which the display cell
numbers and loop cell numbers are identified and used
herein. It should be kept in mind that, in some uses of
the cell numbers herein, a horizontal bar may be sub-
stituted for a diagonal bar used in this figure, the meaning
of the cell number remaining the same.

The table headed “CELL NUMBERS” found at the top
of FIG. 347 indicates that a cell number having a single
diagonal, “/”, or horizontal bar, represents a cell upon
the display screen DS, while a cell number having a
double diagonal “//”, or double horizontal bar, repre-
sents a cell found upon the loop. This table also indicates
that the “numerator” of any cell number is its column
number, while the “denominator” of any cell number is its
register, or row, number, Comparison of the two columns
of this table shows that a cell number alone should be
taken to represent the name of a given cell, while a cell
number in parentheses should be taken to mean the con-
tents of the designated cell.

It is also noted in FIG. 347 that when a cell number
is enclosed in parentheses a superscript appended thereto,
which superscript is the name of a suboperation, indi-
cates that what is represented is the contents of the desig-
nated cell before that suboperation, while a cell number
enclosed in parentheses and having a similar subscript
indicates the contents of the designated cell after the
suboperation indicated by the subscript.

This practice is also defined in FIG. 347 of indicating
the particular digit found at a given time in a given cell
by including this digit in quotes within the parentheses in-
dicating the contents of the cell, and to the right of the
cell number.

12.5. The Field Word-Display Raster Relationship

The diagram of FIG. 346 is provided to show, in com-
pact form, the relationship between the field word of in-
formation circulating in the loop and the information dis-
played upon the display screen of the device of the in-
vention, which relationship is a particular feature of the
invention.

The diagram of FIG. 346 is divided into 96 rectangles,
or cell representations. Within this group of 96 cell repre-
sentations, a more limited group of 56 cell representa-
tions is surrounded by a heavy line. Each one of the
major group of 96 cell representations represents one cell
of the field word, as defined in connection with FIG. 345.
Fach one of the cell-representing rectangles within the
heavy-outlined minor group of 56 rectangles represents
a cell of the display.

Each one of the 96 cell-representing rectangles has
within it a cell number, or “loop cell number,” designat-
ing the loop cell, or line cell, to which that rectangle
corresponds.

In addition to containing a loop cell number, each of
the 56 rectangles within the minor, heavy-bordered rec-
tangle contains a display cell number which indicates
the display cell in which the contents of the loop cell
designated in the same rectangle is displayed. Thus, inter
alia, this diagram represents the one-to-one relatiocnship
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between certain loop cells, or line cells, and the display
cells in which their contents are displayed.

As indicated by the upper diagram at the right-hand
edge of FIG. 346, the order in which the digit words of
a field word appear at the output of the Memory Unit may
be determined by scanning, in succession, each of the
sixteen columns of the main diagram, from bottom to
top, starting with the right-hand column and progressing
to the left-hand column. Because the nature of a field
word is defined by one such scanning of the main diagram
in FIG. 346, this main diagram will hereinafter be called
the “field word diagram.”

As indicated by the lower diagram at the right-hand
edge of FIG. 346, the order in which the digits, and
negative signs, displayed upon the display screen are
generated may be determined by scanning the horizontal
rows within the heavy-bordered rectangle of the field word
diagram horizontally from right to left, starting with the
lowest row within the heavy border lines, and proceeding
to the top row within the heavy border lines.

By comparing these two modes of scanning the field
word diagram, the time-phase relationship between the
field word and the display scan may be seen.

An additional function of the field word diagram is to
illustrate the interrelationship between certain timing sig-
nal trains and the display cells and loop cells.

For instance, the leg-end “B;5” which is appended, by
means of an arrow, to each of the horizontal lines of the
field word diagram indicates that the brief pulses herein
designated B,; are used to delineate the limits of the cells.
That is, if one scans upwardly in the right-hand column
of the field word diagram, one passes through the 0//0
cell-representing rectangle, and then through a horizontal
line labelled (by arrow) B;;, before going on to cell 0//1.
Thus, the fact is represented that, in the device of the
invention, a B;s pulse occurs at the time of transit from
one cell to an adjacent cell. More specifically, as can be
seen by comparison of the R; SG. waveform in FIG. 320
with the WFB,; waveform in Appendix C, the PT-segment
of the By; signal train occurs approximately three micro-
seconds before each transition of the R signal trains,

At this point it should be noted that the rectangles rep-
resenting the cells in the field word diagram of FIG. 345
are used merely schematically, and do not imply that there
is a considerable time lapse between cells. Rather, as
shown in the field word diagram by passing over a hori-
zontal line while scanning, the cells in the device of the
invention are delineated by B;s pulses, all of the time be-
tween an adjacent pair of these pulses constituting a cell.
The waveform of the Bys pulses is shown in FIG. 319.

The expressions “Rg,” “Ry," “Ry,” “Cp” “Cyp" “Co”
etc., as shown along the left and bottom edges, respec-
tively, of the field word diagram, indicate timing signals
(see Timing Signal Generator, FIG. 311) which occur in
synchronism with the cells indicated at their intersections.
For instance, cell 15//3 is located at the intersection of
the column identified with the C,5 signal and the row
identified with the R; signal. No implication should be
derived from these signal names placed adjacent the left
and bottom edges of the field word diagram that all of
these signals are generated, or led out to specific terminals
associated therewith. Rather, the designations placed ad-
jacent the left and bottom edges of the field word diagram
indicate those signals which, absent other synchronizing
expedients, would be necessary to fully synchronize the
device of the invention. Some of these signals are repre-
sented by waveforms in FIGS. 320, 321, and 322.

A small portion of the R; waveform, and a digit word
corresponding to its momentary contents, is shown in
FIG. 323.

A detailed representation of the B;; waveform, i.e,,
the waveform of the pulses which delineate the cells, is
found in table WFB,5 (Appendix C).

A detailed representation of certain of the R and C
waveforms referred to in the field word diagram is given
in Appendices H, 1, and JI.
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13. VOCABULARY

Active State _ . ____________ .. Sec. 16.3
Advanceable ___________________________ Sec. 16.2
Automatic Sequential Access Storage (ASA

Storage) ___ Sec. 16.6
Automatic Sequential Entry . _____ Sec. 16.6
Automaltic Sequential Retrieval ____________ Sec. 16.6
Bisequenceable _______ _____ __________._ Sec. 16.2
Cell Sec. 12.2
Cell Number _______________________._ FIG. 347
Cleared State . ________________________ Sec. 16.3
Column Word _______________ . _____ Sec. 16.2
Common Component ______________._.._.__ Sec. 11.2.1
Component Value Legend ________________ Sec. 11.2.1
Conjoint Signal Symbol __________________ Sec. 11.6
Digister __________________ . ___ Sec. 16.1
Digit Word _______ __ o ______ Sec. 12.2
Direct Access Storage (DA Storage) _______ Sec. 16.6
Display Cell - .. FIG. 344, Sec. 12.3
Endigiting _ . __ o ___ Sec. 16.2
Field Word ________________ . __ Sec. 12.2
Field Word Diagram ____________________ FIG. 346
Field Word Format _____________________ FIG. 345
Idling Pulse Trains ... _____________ Sec. 16.7
Idling State _____ . ___________ . _____ Sec. 16.3
Interspersed or interlaced _____.______._.__ Sec. 12.2
“Inverse” Input Segment _________________ FIG. 332
“Inverse” Output Segment ________________ FIG. 332
Memory Loop . ___________________ FIG. 345
Monosequenceable ____ __________________ Sec. 16.2
Pulse-Count Notation _____.______________ Sec. 12.2
Recedable ____ . Sec. 16.2
Register Word _____ . ____ ________________ Sec. 12.2
Row Sec. 12.3
Sequencing Sequenceable _____________.___ Sec. 16.2
Sequential Access Storage (SA Storage) _.__ Sec. 16.6
Signal Symbol __________________________ Sec. 10.1
“True” Input Segment __________________. FIG. 332
“True” Output Segment __________________ FIG. 332
Unique Component _.___________________ Sec. 16.5
Unitary Notation __________________.____. Sec. 12.2
Wavetrain __________ e Sec. 10.1

14. CONSTRUCTION

FIGS. 225 through 294, taken together, conslitute a
schematic circuit diagram of the particular embodiment
of the instant invention shown and described herein.

To best understand the manner in which the intercon-
nections between the various subcircuits shown in these
figures are indicated therein, attention should first be di-
rected to the arrangement of printed circuit boards upon
which these subcircuits, or most of them, are disposed,
and the manner in which these printed circuit boards are
housed, supported, and interconnected.

14.1. The Cabinet

The upper portion of the cabinet is shown in FIG. 1.

As can be seen in FIG. 1, this upper portion of the
cabinet generally comprises two parts,

The first of these two parts, which somewhat resembles
a calculator, and, for that reason, is called the “mockup,”
is disposed upon the second, and larger, of these parts.

The second, and larger, of these two parts (better seen
in FIG. 317), is called the “console.”

As may be seen in FIG. 317, the console comprises a
box-like structure, the side-panels of this structure being
removable for inspection. The console is equipped with
casters for convenience in transit, and has the mockup
mounted upon its top surface, with a communicating aper-
ture between the interior of the mockup and the interior
of the console.

As may further be seen in FIG. 317, the console con-
tains a power supply (delivering —12 volts, ground poten-
tial, and +6 volts) which is disposed in the lower, left-
hand corner thereof.
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The console also contains a spiral acoustic delay line
located in the bottom portion thereof. This delay line may,
for instance, be a Ferranti, Style L-40, Type 62-097
which has a delay time of about 5.2 milliseconds.

Further, the console contains a generally V-shaped card
rack, which card rack contains the printed circuit cards
upon ‘which substantial parts of the circuit of the em-
bodiment described herein are located.

Additionally, a number of cables interconnecting the
portions of the circuit found within the mockup with the
portions of the circuit found within the console are found,
in part, within the console. The interconnecting plugs
which make it possible to detach portions of these cables
from one another may be located within the console, or
within the mockup.

The mockup, as described hereinabove, contains, gen-
erally, the cathode-ray display tube, the CRT Driver Cir-
cuit, the Horizontal Amplifier, the Vertical Amplifier, and
the keyboard switches and associated circuitry.

14.2. The Printed Circuit Boards

A large number of the printed circuit boards employed
in the embodiment described and shown herein are of a
standardized size, and have standardized terminals, or
“pins,” and are called hereinafter “printed circuit cards,”
or “cards.”

14.2.1. Cards: FIG. 314 shows one end of a typical
printed circuit board of the standardized type hereinafter
called a “card.” These cards are fabricated from conven-
tional, “one-sided,” conductor-clad insulating material
of the type commonly used as the stock material in the
production of printed circuit boards, and are approximate-
ly 3% inches wide, and 4% inches long. Disposed along
one of the shorter edges of each printed circuit card is a
group of seventeen flat interlocking terminals, which are
generally referred to herein as “pins.” These “pins” con-
stitute the terminals of the various subcircuits found upon
a particular printed circuit card. On each card, these
seventeen terminals are assigned arbitrary numerical des-
ignations, the pin No. 1 terminal being at one end of the
card-edge upon which the terminals are located, and the
pin No. 17 terminal being at the other.

14.2.2. Mother Boards: FIGS. 315 and 316 show a par-
tial view of the structure hereinafter called a “mother
board.” A mother board is a sheet of insulating material,
similar to the insulating material used in the production
of conventional printed circuit boards, and it is approxi-
mately 4% inches high, and 15 inches long. Each mother
board has a plurality of metallic conducting members,
which will hereinafter be called “contacts,” to distinguish
from the “pins” of the “cards,” passing through it from
one side to the other,

A typical “contact” is shown in FIG. 316. In FIG. 316
a mother board is shown “on edge,” and eight transverse
rows of “contacts” are seen “on end.” The second row of
contacts from the top in FIG. 316 appears different from
the rest, however, because, for purposes of illustration,
the contacts of this row have been turned through ninety
degrees. Of course, no actual mother board exists in the
device of the invention wherein such a row of contacts
is turned through ninety degrees. The expedient adopted,
however, illustrates the nature of a terminal which may
be employed in carrying out the instant invention. It may
be seen from the rotated contacts that the end of the con-
tact on one side of the mother board, i.c., b, has a simple
cross-section, by reason of which it presents the same
silhouette when the contact is rotated through ninety
degrees. This terminal portion 4 of the contact will here-
inafter be called a “solder terminal,” since it is adapted
to have a plurality of interconnecting lead ends soldered
to it. The other end @ of each contact is developed in the
form of two “tines,” and is adapted to inter-engage with
similar “tines” of a card terminal. The “pins” of the
printed circuit cards, ¢ (FIG. 314), are slotted to pro-
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vide such tines to engage the tines at ends a of the con-
tacts on the mother boards.

The a and b ends of the contacts on the mother boards
are, of course, electrically interconnected.

As shown in FIG. 315, each mother board has mounted
upon it a plurality of rows of contacts, each row extend-
ing across the narrow dimension of the mother board,
and consisting of seventeen contacts. As may be seen from
FIG. 314, each standard printed circuit card has seventeen
pins along one of its edges, these pins being adapted, as
noted hereinabove, to inter-engage with ends « of con-
tacts upon the mother boards. Thus, it may be seen that
each card may be removably mounted upon a row of con-
tacts in a mother board by mating its terminals therewith.
When so mounted, of course, the plane of the mounted
card will be perpendicular to the plane of the mother
board, the plane of the mounted card intersecting the
plane of the mother board in a line perpendicular to
the long edges of the mother board.

Each mother board, however, has nineteen transverse, ¢

substantially equally spaced rows of contacts. Thus, each
mother board is capable of maintaining up to nineteen
cards in fixed, parallel relation, the minimum spacing be-
tween such boards being approximately 34 of an inch.

It will also be clear that, once a card is engaged with
the contacts of a definite row on a mother board, then
the ends b of the contacts in this row may be used as
solder points to which leads may be brought, thereby
interconnecting the corresponding pins of the so-engaged
card with pins of other cards, and with points other than
card pins. Since the components constituting the sub-
circuits mounted on the cards are interconnected, direct-
ly, or through other components, with the pins of the
cards by means of well known “printed” foil intercon-

nections, such as d of FIG. 314, and since the pins of these

cards are engaged with rows of contacts on the mother
boards, then it may be seen that wire leads interconnecting
mother board contacts, and connecting mother board
contacts to other points in the circuit, serve as effective
means of completing the circuit of the embodiment de-
scribed herein.

Going to FIG. 317, it may be seen that, though not com-
pletely illustrated for reasons of clarity, ten mother boards
are located upon the V-shaped card rack. Five mother
boards are located upon the left side of the card rack, as
shown in FIG. 317, and five mother boards are disposed
upon the right side of the card rack, as shown in FIG. 317,
The left-hand half of the card rack, as seen in FIG, 317,
will hereinafter be called the “left rack,” and the right-

hand portion thereof, as seen in FIG. 317, will hereinafter

be called the “‘right rack.” As shown in FIG. 317, all ten
mother bogrds are mounted upon the card rack in such
manner thgt the b ends of their contacts are dispased to-
ward the reader. Thus, the cards which are mounted upon
these mother boards will all be located to the rear of the
mother boards as shown in FIG. 317, the interconnecting
wiring between the contacts of the mother boards, and to
other points, appears upon the side of the mother boards
visible in FIG. 317 in the actual embodiment of the inven-
tion shown and described herein, but is deleted in FIG.
317, except for supply busses, for clarity of illustration.

The mother boards are maintained in the relative posi-
tion in which they are shown in FIG. 317, and an identify-
ing code is assigned to each mother board, each row of
cach mother board (and, thus, to each card, since each
card will be associated with one row of one mother board
only), and to each contact in each row (and, thus, to each
pin of each card). Each mother board is assigned a single-
letter alphabetic designation. The five mother boards in
the left rack are designated “A.,” “B.” “C,” “D,” and
“E,” the top mother board being the “A” board, and the
bottom mother board being the “E” board. Similarly, the
five mother boards in the right rack are designated “F,”
“G,” “H)” “1” and “K,” the top mother board in this
rack being the “F” board, and the bottom mother board
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being the “K” board. It should be noted that the “I” is
suppressed in this series in accordance with the vsual prac-
tice.

As noted hereinabove, each mother board has nineteen
transverse rows of contacts, these rows hereinafter being
called “columns,” since they are vertically-disposed as
shown in FIG. 317. On a given mother board, the columns
of contacts are arbitrarily assigned the numbers from 1
through 19, the number 1 column being on the left of any
given mother board as shown in FIG. 317, and the num-
ber 19 column being on the right of the mother board.
Thus, for example, the fifth column of contacts from the
left-hand end of the A mother board will be designated the
AS column. Also, since one and only one printed circuit
card is associated with each column of contacts on the
mother boards, the card which is engaged with a given
column of contacts on a given mother board will have
the same code designation as that column. Thus, in the
example given above, the card which is engaged with the
contacts of Tow A5 when the embodiment is fully assem-
bled will be designated the AS card.

Finally, the seventeen contacts in each column are
arbitrarily assigned identifying numbers, from 1 to 17,
starting at the top of the column with number 1 and termi-
nating at the bottom of the column with number 17. To
carry the above example further, the third contact from
the top in column A5 will be designated the A5-3 contact.
Also, since there is a one-to-one correspondence between
contacts in a column and card pins at the edge of the card
which is engaged with this column, the pins of any given
card are assigned the same code designation as the con-
tacts which they engage when the embodiment is fully
assembled. Thus, pin 3 of card AS will be the pin third
from the top of that card when that card is held in the
position it occupies while engaged with mother board A.

As noted hereinabove, all of the interconnection wiring
ferminating at mother board contacts has been eliminated
in FIG. 317, except for supply busses running from the
power supply in the bottom of the console. These supply
busses are shown as groups of three relatively heavy lines
running upwardly between the two racks at the center of
FIG. 317, and also across the top of each mother board.
These relatively heavy wire busses carry supply potentials
as follows: First, the topmost of these busses as seen on
each mother board carries 12 voits negative (nominal),
and is connected to the No. 1 contact in each row which
will have a card engaged with it in the completed machine.
Similarly, the second supply bus from the top as shown on
the mother boards is a ground bus, and will be connected
to the No. 2 contacts of all the rows having cards engaged
with them in the completed machine. The third supply bus
from the top on every mother board carries 6 volts posi-
tive (nominal), and is connected to the No. 3 contact in
every row which will have a card associated with it in
the completed machine.

14.3, THE MOTHER BOARD CONNECTIONS

As noted above, the b ends, or “solder pins,” of certain
contacts on the mother boards are connected with the
solder pins of other contacts on the mother board, or
with circuit points other than mother board contacts, by
means of wired connections. Such a wired connection, hav-
ing at least one of its ends soldered to a solder pin on one
of the mother boards, is most usually called a “mother
board connection” herein.

The mother board connections which were deleted from
FIG. 317 for clarity of illustration are tabulated in Table
CC (Appendix K).

Considering Table CC, it will be noted that the mother
board connections are tabulated as between card pins,
and not as between mother board contacts, or solder pins.
However, as explained above, each mother board solder
pin used corresponds to a card pin, i.e., the card pin with
which its corresponding end «a is engaged when all of the
cards are properly emplaced. Thus, where convenient,
each mother board solder pin having a mother board con-
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nection attached thereto may be designated by the same
term as that used to designate the corresponding card pin.
This expedient is adopted throughout Appendix K. It
is not to be understood from the adoption of this ex-
pedient, however, that the wired mother board connections
are made directly to the card pins. Rather, the connections
indicated in Table CC are made between the mother board
solder pins corresponding to the card pins tabulated
therein.

An example of the most frequently occurring type of
mother board connections tabulated in Table CC is found
on the first page of Table CC in the section headed “CARD
NC. A4”. In the left-hand column of that section, under
the heading “PIN”, is found the number “16,” and opposite
the entry “16,” under “TQ,” is found the entry “P1-5".
The term “16” may be called the “entry term,” and the
term “PI1-5" may be called the “tabulated term,” or
“body term”. The entry term “16”, taken together with
the term “A4” in the section-heading, designates a solder
pin at one end of a mother board connection, while the
tabulated term “P1-5” designates the other end of that
same mother board connection. Thus, it may be seen that
a horizontal line of Table CC having one tabulated term
specifies one mother board connection. A line of the
table having two tabulated terms specifies two mother
board connections (see, for example, the line of the
“CARL NO. A3” section having “5” as its entry term).
Lines of the table designating larger numbers of mother
board connections will have correspondingly larger num-
bers of tabulated terms.

Unless otherwise indicated in Table CC, the mother
board connections tabulated therein are formed of un-
shielded, well-dressed insulated hookup wire taking a
minimum-length path between the interconnected points
along lines parallel to the edges of the mother boards.

However, some of the mother board connections are
shielded, rather than formed of unshielded hookup wire.
These shielded mother board connections are indicated in
Table CC by overscoring the tabulated term correspond-
ing to one end of the shielded connection (see, for in-
stance, card BS, pin 12). The shield of each shielded
mother board connection is grounded at one end only.
As indicated in Note A of Table CC, the end of the shield
which is grounded is specified in that Table by designating
the card pin closest to the grounded end of the shield. The
end of the shield is grounded by a direct connection there-
from to the nearest No. 2 (ground bus) mother board
contact. As an example of this, see card K16, pin 10 in
Table CC. The overscoring of the tabulated term “H6-11"
indicates that the single mother board connection speci-
fied in this line of the table is a shielded one. The reference
to Note A found to the right of the tabulated term indi-
cates that pin 10 is the pin closest to the grounded end of
the shield. This end of the shield is grounded to the nearest
No. 2 solder pin of a mother board.

It should be noted that the mother board-delay line con-
nections tabulated in Table CC are not referred to Note A
for their grounding arrangement. Rather, the specific
shield grounding arrangement for the mother board-delay
line connections is illustrated in FIG. 276.

For convenience in circuit tracing, certain of the mother
board connections shown in Table CC are doubly desig-
nated, i.e., the same connection is designated as running
from a first pin to a second pin, and back. This double
designation, or double inclusion, of an interconnection in
Table CC is done as a matter of convenience, and does
not imply that a double connection between these same
points is structurally necessary.

114.4. The Circuit Diagram

FIGS. 225 through 294 constitute a schematic diagram
of the circuit of the embodiment of the instant invention
shown and described herein. The greater part of the circuit
shown in FIGS. 225 through 294 is represented by block
symbols defined and described hereinabove,
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In order to describe completely a specific embodiment
of the instant invention, as required, the interconnections
between the block symbols, and specific subcircuit dia-
grams, of FIGS. 225 through 294 are specified by indicat-
ing the terminal (e.g., card pin, plug contact) to which the
terminals of the block symbols and specific subcircuit dia-
grams shown therein are connected.

In addition, the card location of every block symbol,
or specific subcircuit, which is located upon one of the
cards in the card rack is indicated by placing the corre-
sponding card number within, or adjacent, each block
symbol, or specific subcircuit diagram.

The diagram of FIGS. 225 through 294 may be thought
of, then, as a wiring diagram, by means of which one
having ordinary skill in the art may reproduce the circuit
of the embodiment of the instant invention shown and
described herein with facility.

14.4.1 Card Numbers: Generally, the card locations
of the major subcircuits are designated within their corre-
sponding block symbols as found in the circuit diagram.
Thus, the block symbol representing the Reset Signal
Generator (FIG. 227) has located within it the number
“C19GBQ,” which is the number of the card upon which
the Reset Signal Generator is located. However, some
major subcircuits are located upon a plurality of cards, or
only partially upon cards, while other major subcircuits
are not located upon a card or cards (See Dzcimal Posi-
tion Signal Generators I and 1I, FIG. 227). Thus, to de-
termine the locations of the several parts of the major
i.e., named, subcircuits whose block symbols are found
in FIGS. 225 through 294, reference should be had to that
portion of the text and drawings found hereinabove which
serves to define these major subcircuits and their corre-
sponding block symbols.

The card locations of the gates and inverters are shown
in FIGS. 225 through 294 by placing the card number
directly below the corresponding block symbol. For ex-
ample, the legend “B4GAG” is found directly below the
gate block symbol at the top of FIG. 228, This legend may
be thought of as comprising two terms, viz., the card
number “B4”, and the card type number “GAG”. The
card type designation is a group of letters assigned to each
basic card type having substantially the same circuit struc-
ture located thereupon. To identify the card in a par-
ticular card rack location, however, only the first term,
or “card number,” is needed, and the card type designa-
tion may be ignored for this purpose. Thus, it is sufficient
for the present purpose to deduce from the legend
“B4GAG” located beneath the outline of the inverter
block symbol at the top of FIG. 228 that the inverter
represented by that block symbol is located upon card B4.
Similarly, the gate circuit corresponding to the block
symbol found at the bottom of FIG. 244 may be seen to
be located upon card B11. Also, the inverter circuit repre-
sented by the block symbol at the top of FIG. 251, may,
in the same way, be seen to be located upon card J2.

The card location of each flip-flop circuit is specified
in the lower half of its corresponding block symbol as
found in FIGS. 225 through 294. Thus, the legend
“A3EAD” found in the bottom half of the CLR. ALL
flip-flop block symbol (FIG. 228) indicates that the CLR.
ALL flip-flop circuit is located upon card A3, the card
type designation “EAD” being disregarded for this pur-
pose. Similarly, the legend “G2EAA” found in the lower
half of the O'FLOW flip-flop block symbol in FIG. 246
indicates that the O'FLOW flip-flop circuit is located
upon card G2,

Specific subcircuits shown as wiring diagrams in FIGS.
225 through 294 have their card locations indicated
within rectangles set within, or immediately adjacent, the
diagram (see, for instance, the lower portion of FIG.
235). However, where confusion will not result, or loca-
tion is not critical, minor specific subcircuits are located
adjacent the block symbols representing the subcircuits
with which they are immediately associated, and these
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minor subcircuits may be assumed to be located upon
the same cards as the circuit represented by the block
symbol to which they are directly connected (see, for
instance, FIG. 239, wherein an emitter follower EF1 is
seen directly connected to the output of a gate on card
B15, and an additional specific network is seen directly
connected to the lowest input terminal of that gate).
In this example, wherein the emitter follower and the
specific network are directly connected to termimals of
said gate, and are not identified as being located upon
specific cards, the emitter follower and the specific net-
work may be assumed to be located upon card BIS,
along with said gate.

14.4.2. Gate Numbers: For convenience of reference,
the gate circuits shown in the circuit diagram of FIGS.
225 through 294 have been assigned reference numbers.
Generally, these reference numerals follow a series of
integral numbers in order. However, at some places, a
gate number may be found having, say, an “a” following

it. This number may be assumed to follow in series im- :

[Tynt]

mediately after the similar number not having an “a
appended thereto. Generally, these gate numbers run in
ascending series as they appear in FIGS. having ascend-
ing numbers. The block symbol representing each of the

gates in the circuit diagram has the gate reference num- 2

ber, or gate number, located immediately thereabove,
and to the left. For example, the number “35” is found
on the top edge, and at the left-hand end, of the outline
of the gate symbol at the top of FIG. 242. Thus, this

gale will hereinafter be called “gate 35.” Similarly, the ¢

bottom gate shown in FI1G. 242 will hereinafter be called
“gate 38.”

14.4.3. Inverter Numbers: A series of reference nu-
merals similar to the reference numerals identifying the

gates has been assigned to the various inverters in the

circuit diagram. Thus, for example, the inverter shown at
the bottom of FIG. 241 will hereinafter be called “in-
verter 8.7

14.4.4. Pin Numbers: The terminals of the block
symbols, and specific subcircuits, shown in the circuit
diagram which are directly connected to pins of the cards
upon which they are located are marked with the number
of the corresponding card pin, this corresponding pin
number being encircled. It will, of course, be understood
that the encircled numbers found upon the terminals of
a block symbol are the pin numbers of the card upon
which the circuit corresponding to that block symbol is
found. For example, the encircled “8” found upon the
right-hand terminal of the gate 1 block symbol (FI1G,
228) should be understood to represent pin 8 of card
B4, since, as may be seen in FIG. 228, gate 1 is located
upon card B4. Similarly, the left-hand terminal of gate
1 (FIG. 228) can be seen to be directly connected to pin
17 of card B4.

1t will be noted that pin numbers 1, 2, and 3 are not ;

found encircled in the circuit diagram, Reference to these
pins is eliminated because, as described in connection
with F1G. 317, these pins are connected to supply busses,
and act as supply terminals for each card, and all points
on a given card which must be supplied with one of the
potentials brought out at a specific one of these busses
will be connected to the corresponding pin of the groups
1, 2, and 3. Supplies may, however, be indicated, if de-
sirable for clarity, as in the specific subcircuit at the
bottom of FIG. 235.

14.4.5. Plug Numbers: Terminals of the block symbols,
and specific subcircuits, shown herein which are inter-
connected in the actual embodiment by means of certain
plug contacts will have plug contact symbols set there-

upon, and the particular plug number, and contact num- 7

ber, employed at that point indicated adjacent the plug
contact symbol.

In rare instances throughout the circuit diagram, cer-
tain terminals of block symbols, or specilic subcircuits,
will have neither pin numbers nor plug numbers located
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thereat. These special cases represent direct, foil inter-
connections between subcircuits upon the same circuit
board. Generally, such terminals will be accompanied by
a legend indicating the figure 1o which the lead attached
to that terminal runs.

For example, the three leads m, n, o of the Function
Signal Generator shown in FIG. 225 have associated
therewith a legend directing the reader to FIG. 226. On
FIG. 226 it will be found that the c, d, and e terminals of
the Common Key Signal Generator correspond to the
m, n, and o terminals of the Function Signal Generator,
since corresponding ones of these sets of leads carry like
assertion legends. Thus, it may be seen from FIGS. 225
and 226 that the o terminal of the Function Signal Gen-
erator is directly connected to the ¢ terminal of the Com-
mon Key Signal Generator, the n terminal of the Func-
tion Signal Generator is directly connected to the d ter-
minal of the Common Key Signal Generator, and the m
terminal of the Function Signal Generator is directly con-
nected to the e terminal of the Common Key Signal
Generator.

The direct connection between the b terminal of the
Common Key Signal Generator and the g terminal of the
Digit Signal Generator is, of course, obvious since the two
major subcircuits are contained in the same figure. Simi-
larly, the DPlla terminal of the Decimal Position Signal
Generator (I} (FIG. 227) may be seen to be directly
connected to the upper input terminal of gate 107 (FIG.
278) since a legend adjacent each terminal refers to the
sheet containing the other, and the same legend “DPIla”
is found upon a terminal in FIG. 227, and also upon ter-
minal ¢ in FIG. 278.

Similarly, the DPIg terminal of the Decimal Position
Signal Generator (I) of FIG. 227 may be seen to be di-
rectly connected to the D.C. input of the lower independ-
ent gate of the DPCS flip-flop.

The interconnection of the outputs of the noise-buck-
ing network shown in the lower half of FIG. 236 with the
dynamic gates of FIG. 238 may be understood by similar
construction.

FIG. 238 shows an example of the expedient employed
when subcircuits from a plurality of cards are found in
the same drawing. In that case, a dashed line is substanti-
ally perpendicularly intersected with the lead passing
from one card to the other, and, where convenient the
pin numbers through which this interconnection passes
are written, encircled, on the corresponding sides of the
dashed line. Thus, the EPC2 and EPC4 flip-flops are
shown in FIG. 238 to be interconnected by a comple-
menting line which is coanected through pin 10 of card
B17 and pin 4 of card B18. A further example of this prac-
tice may be found in FIG. 245, wherein gate 42 is located
on card G1 and the MSD STG. flip-flop is located upon
card G2. The connection between the output of gate 42
and the A.C. input of the upper independent gate of the
MSD STG. flip-flop is shown, by the horizontal dashed line
in the right-hand portion of FIG. 245 and its associated
encircled numerals, to pass through pin 7 of card G1 and
also through pin 11 of card G2.

As indicated by the note in FIG. 292, the diode com-
prised in the right reset input of the M flip-flop is located
on card H17, rather than card H16 with the M flip-flop.

15. SIMPLIFIED BLOCK DIAGRAM
FIG. 372 is a block diagram of the preferred embodi-

5 ment which shows the basic units of FI1G. 343, described

above, in more detailed form. In FIG. 372, the six basic
units are indicated by broken rectangles, while the major
components included in each basic unit are indicated by
solid rectangles. Interconnections between the various
components and units are generally indicated in FIG. 372
by solid arrowed lines. The actual structure and specific
interconnections of the components can be ascertained by
reference to the sections and figures indicated below. In
the ensuing description, those referenced figures which
comprise portions of the logic diagram (Section 16.1) are
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enclosed in parentheses, while those figures which com-
prise portions of the more detailed circuit diagram (Sec-
tion 15.4) are not.

As shown in FIG. 372, an entry unit 10 is coupled to
a control unit 20, an arithmetic unit 30, and a display
unit 40. Entry unit 1¢ comprises a keyboard 12, which is
portrayed in FIG. 1, and an encoder 14. As shown in
FIGS. 1 and 182-185 (FIGS. 297, 298), keyboard 12,
which enables operator entry of numeric data and con-
trol of functions to be performed by the calculator, com-
prises a plurality of digit keys 0, 1, . . . 9, a plurality of
function keys, e.g., ADD, SUBTRACT, CLEAR, etc., and
their associated switches. Encoder 14, which serves to
translate the actuation of various keys into signals which
enable selected components of control unit 20, arithmetic
unit 30, and display unit 40, comprises the components
specified in Section 16.1.5 and shown in detail in FIGS.
182-189, 196, 197, 225-234, and 246 (FIGS. 297, 298).

Control unit 20, which generally produces control sig-
nals which direct the flow of data through arithmetic unit
30 comprises a decimal point counter 22, a subtract logic
circuit 24, an entry phase counter 26, an add logic circuit
28, and a shift control logic circuit 29. The inputs of the
first four of these components are each coupled to encoder
14, while their outputs are each coupled to shift control
logic 29. Shift control logic 29 is coupled to arithmetic
unit 30, to display unit 40, and to the input side of decimal
point counter 22. The output of entry phase counter 26
is additionally coupled to intensity control circuit 42 of
display unit 40,

Decimal point counter 22, which provides control sig-
nals to shift control logic 29 during decimal align, multi-
ply, and divide, comprises four flip-flops interconnected
as shown in FIG. 240 (FIG. 302) and having inputs as
specified in these figures. The outputs of the decimal point
counter flip-flops are connected to various portions of
shift control logic 29, e.g., to the inputs of gate 40 as
shown in FIG. 243 (FIG. 302).

Entry phase counter 26, which provides control signals
to add logic 28, subtract logic 24, shift control 29, and in-
tensity control 42, comprises three flip-flops intercon-
nected as shown in FIG. 238 (FIG. 301) and having in-
puts as specified in these figures. The outputs of the entry
phase counter flip-flops are connected to portions of add
logic 28 and subtract logic 24 as shown in FIG, 228, and
to various portions of shift control logic 29, e.g., to gates
74 and 76 which are coupled to gates 80 and 82, respec-
tively, as shown in FIGS. 254, 255, and 257 (FIGS. 304,
306).

Add logic 28 and subtract logic 24, which provide
enabling signals to shift control logic 29 during ADD
and SUBTRACT operations, comprises an add flip-flop
and a subtract flip-flop whose inputs are connected as
shown in FIG. 228 to the specified outputs of encoder 12
and entry phase counter 26, and gate 6, the inputs to
which are the set outpts of the add and subtract flip-
flops as shown in FIG. 233. The outputs of add logic 28
and subtract logic 24 are coupled 1o shift control logic
29, e.g., via gates 15, 26, and 48 to gate 78 as shown in
FIGS. 236, 239, 247, and 256 (FIGS. 301, 303, 306).

Shift control logic 29, which provides several shift
control signals which control the path of data through
arithmetic unit 30 during the various states of the cal-
culator as described below, comprises numerous logic
elements which are interconnected as shown in FIGS.
225-294 of the above-mentioned circuit diagram (FIGS.
297-313 of the logic diagram). For example, gates 84,
86, 85, and 81 of shift control logic 29 are coupled to
A counter 32, B counter 34, C counter 36, and D counter
38, respectively, as shown in FIGS. 257, 258, and
263-275 (FIGS. 305-309). Also, gate 81 of shift control
logic 29 is coupled to the horizontal staircase generator
portion of deflection control circuit 44, as shown in FIGS,
211, 212, and 257 (FIGS. 306, 313).

Arithmetic unit 30, which is coupled to the other
basic units as noted above, comprises four digesters 32,
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34, 36, and 38 which in the preferred embodiment are
counters. Each counter comprises five flip-flops inter-
connected in a special way and associated gates. Alter-
nate interconnections are provided between the various
counters so that a digit may be transferred between inter-
connected counters. The flip-flop interconnections for A
counter 32, B counter 34, C counter 36, D counter 38,
as well as the between counter interconnections, are
shown in FIGS. 261-265, 266-268, 272-274, and 269—
271, respectively. As discussed more fully below, the
output of read amplifier 56 of memory unit 50 is coupled
to the input of A counter 32 and D counter 38. Further,
the output of C counter 36 is coupled to write amplifier
52 of memory unit 50 via gates 101 and 102 as shown
in FIGS. 275 and 276 (FIGS. 308, 309).

Display unit 40 comprises intensity control circuit 42
which is coupled to deflection control circuit 44 and
visual readout device 46. Intensity control circuit 42
and defiection control circuit 44 comprise the compo-
nents shown in detail in FIGS. 194, 195, 207-224, and
277-283 (FIGS. 310, 313), while visual readout device
46 comprises a cathode ray tube, the schematic for which
is shown in FIG. 283.

Memory unit 5S¢ comprises a write amplifier 52, a
delay line 54, and a rear amplifier §6. Write amplifier
52, which is shown in detail in FIG. 201, is coupled to
delay line 54 as shown in FIG. 276. Delay line 54 is
coupled to read amplifier 56 in the manner illustrated
in FIG. 276. Read amplifier 56, which is shown in detail
in FIG. 198, is coupled to A counter 32 of arithmetic
unit 30 via gate 90 as shown in FIGS. 260 and 261
(FIG. 306). Read amplifier 56 is also coupled to D counter
38 of arithmetic unit 30 via gate 89 as shown in FIGS.
260 and 261 (FIG. 306).

Timing unit 60, which provides timing signals to the
other five basic units, comprises six major components—
an oscillator 62, a clock 64, a bit counter 66, a register
counter 67, a column counter 68, and a display counter
69. Oscillator 62, shown in detail in FIG. 200, is cou-
pled to clock 64 via gate 99 as shown in FIG. 284.
Clock 64, in turn, is coupled to the first of a series of
interconnected flip-flops, the first three of which com-
prise bit counter 66, as shown in FIG. 286. Bit counter
66 is coupled to register counter 67, which comprises
the next four interconnected flip-flops as shown in FIGS.
286 and 288. Register counter 67 is coupled to column
counter 68, which comprises the succeeding four inter-
connected flip-flops as shown in FIG. 290. Column counter
68 is coupled to display counter 69 via gates 120 and
122 as seen in FIG. 291 and gate 123 as shown by FIG.
293. The interconnections between the various compo-
nents of timing unit 60 and the other basic units are
schematically portrayed in the logic diagram (FIGS.
297-313) and specifically shown in the circuit diagram,
FIGS. 225-294.

General operation

The general operation of the preferred embodiment of
FIG. 372 can be best understood by assuming a problem,
for example addition of the digits “2” and “7.” To begin,
the operator actuates the digit “2” key of keyboard 12.
This keyboard information is translated into machine in-
struction signals by encoder circuit 14 and presented to
the input circuit of D counter 38 but does not enter the
D counter at this time. Encoder circuit 14 also presents
decimal alignment information to decimal point counter
22 and causes entry phase counter 26 to begin cycling
through a predetermined program.

If the digit “2” is the first digit of a number to be
entered (which is true in this case), entry phase counter
26 initiates a SHIFT UP, by actuating shift control logic
circuit 29, whereby the contents of the recirculating reg-
isters R1, R2, R3 and R4 of the delay line memory are
shifted up. This step requires a single pass of the field
word through arithmetic unit 30 and, as discussed in
detail, in Section 16.7.5, results in all zeros in register R1,
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The SHIFT UP is accomplished by transfer of the data
from A counter 32 to D counter 38, and simultaneously
from the D counter to B counter 34 during every Rl,
R2, R3, and R4 register time. It is noted that during
SHIFT UP, their is no direct transfer from A counter
32 to B counter 34 during any of these register times.
Also, during RS and RO register times, data follows the
normal path from A counter 32 to B counter 34 to C
counter 36.

Entry phase counier 26 next initiates a SHIFT LEFT
R1 by actuating shift control logic 29, whereby the con-
tents of register R1 are shifted one column to the left.
As discussed more fully in Section 16.4, this SHIFT
LEFT R1 first causes the data (the digit “2”) that was
initially present to the input circuit of D counter 38 to
be entered into the D counter, and then causes this data
to be inserted into the memory loop at the C2R1 posi-
tion, ie., during Column 2, Register-1 time. SHIFT
LEFT R1 is accomplished by initiating a transfer from
A counter 32 to D counter 38 and simultaneously from
the D counter to B counter 34 during each R1 register
time. At such time, there is no direct transfer from A
counter 32 to B counter 34. During the remaining reg-
ister times (RS, RO, R2, R3, and R4) data follows the

normal path. As with the SHIFT UP step, SHIFT LEFT :

R1 takes place during one pass or cycle through arith-
metic unit 30.

After the SHIFT LEFT R1 step, the calculator returns
to the IDLE condition. Digit “2” now appears in the
C2R1 position of the recirculating information.,

During the SHIFT UP and SHIFT LEFT procedures
and during any rearrangement or modification of the data
contained in the respective register positions, visual read-
out device 46 is blanked. Blanking is achieved by apply-

ing a blanking signal from entry phase counter 26 to dis- :

play intensity control circuit 42. It should be noted that,
as discussed more fully in Sections 16.3 and 16.11, the
register contents are displayed by visual readout device
46 during the cleared and the IDLE conditions only. At
other times, entry phase counter 26 serves to blank read-
out device 46.

The operation of the calculator during DISPLAY mode
is as follows. When data which is to be displayed appears
in A counter 32, the data is shifted by parallel transfer
or broadsiding into D counter 38. While in the D counter,
this data controls display intensity control circuit 42, so
that the proper segments that are necessary to trace out
the digit on the screen of the cathode ray tube display
are selected and intensified for visual readout.

Display deflection control circuit 44 deflects the elec-
tron beam of the cathode ray tube display so that the
beam traverses the configuration of a figure eight and a
decimal point for each column position of each register
to be displayed. However, only those segments that cor-
respond to the digit in the D counter will be intensified,
while the other segments or strokes of the electron beam
will be blanked. Display intensity control circuit 42 acts
to energize the cathode ray tube, whereas display deflec-
tion control circuit 44 serves to deflect the electron beam
generated by the cathode ray tube. For a more detailed
discussion of machine operation during the DISPLAY
mode, see Section 16.11.

As noted above, during the IDLE condition, the flow
of data in memory unit 50 and arithmetic unit 30 is from
delay line 54 to read amplifier 56, serially to A counter
32, then parallel or broadside from the A counter to B
counter 34, parallel from the B counter to C counter 36,
serially from the C counter to write amplifier 52 and
then back to delay line 54. In this manner, a closed mem-
ory loop is formed in which information may be cycled
repeatedly.

After entry of the digit “2,” the ENTER key of the
keyboard is depressed. Actuation of this key establishes
that the last digit of a number has been entered into the
memory unit. In this example, “2" is the first and last
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digit of the number. Entry phase counter 26 then causes
shift control logic 29 to decimal align the number now
entered in register R1.

The operator next inserts the next digit word, which
in this example is the digit “7,” and the calculator follows
the same format as set forth above. In this case, during
the SHIFT UP step, the digit word “2" is shifted up from
register R1 to the next register R2, and then the digit
word “7” is entered into register R1.

The operator then actuates the ADD function key in
order to effectuate a summation of the digits “2” and
“7. When the ADD key is actuated, encoder circuit 14
translates this action into machine commands. One output
signal from encoder circuit 14 triggers entry phase counter
26 to cycle through a predetermined program, which is
built into the machine.

The first step of the ADD program is decimal align-
ment, if necessary. This alignment is controlled by shift
control logic 29 and decimal point counter 22. Shift con-
trol logic 29 shifts information in the R1 register to the
left, until decimal point counter 22 determines that the
number in register R1 is decimally aligned. For a more
detailed discussion of machine operation during decimal
alignment, see Section 16.6.

Entry phase counter 26 next causes the information in
Registers R1, R2, R3, and R4 to be shifted down by one
register. The SHIFT DOWN action is controlled by shift
contro! logic 29, which causes a direct transfer from A
counter 32 to C counter 36 during R1, R2, R3, and R4
register times. As a result, the two digit words or numbers
“2” and “7” which are to be added are placed in the R1
and RO (M/D) registers, respectively. For a more de-
tailed discussion of machine operation during this SHIFT
DOWN action, see Section 16.7.3. Entry phase counter
26 then activates add logic circuit 28 so that addition can
be performed by arithmetic unit 30.

Addition is performed by adding like-order digits to
the data contained in registers R0 and R1 after the above-
described SHIFT DOWN action. For each order, this is
accomplished by transferring the RO digit into A counter
32, inhibiting reset of the A counter, and then transferring
the R1 digit into A counter 32 on top of the RO digit.
To illustrate, using the above example the RO digit “7” is
first sequenced into A counter 32 from read amplifier
56. Next, the normal between-transfer resetting of the
A counter to zero is inhibited by shift control logic 29
in rtesponse to an enabling signal from add logic 28.
Then, the R1 digit “2” is sequenced into A counter 32.
Since A counter 32 still contains the count of seven at
the beginning of this latter step, the result of this latter
sequencing is a conut of nine (742=9) in the A counter.
This resulting digit, the sum of the two digits, is then
transferred in the normal way to B counter 34, then to
C counter 36, etc. The above sequence A-—inhibit reset
A—sequence A action is followed for all orders C2-C14
of the RO and R1 register digits, and is accomplished in
one pass of the field word through the arithmetic unit
30. Upon conclusion of the ADD operation, the calculator
returns automatically to IDLE condition and DISPLAY
mode. For a more detailed discussion of machine opera-
tion during ADD, see Section 16.7.9.

To simplify illustration of the SUBTRACT operation,
assume that digit words representing a minuend and a
subtrahend have already been entered in registers R2 and
R1, respectively, and decimal aligned, in the manner de-
scribed above. The operator then actuates the SUB-
TRACT function key, which action is translated by en-
coder circuit 14 into machine commands. One output
signal from encoder circuit 14 triggers entry phase counter
26, which causes the decimally aligned contents of reg-
isters R1, R2, R3, and R4 to be shifted down by one
register in the same manner as has been described above
in the discussion of the ADD operation so that the
minuend and subirahend are shifted into the R1 and RO
{M/D) registers, respectively. Next, entry phase counter
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26 actuates subtract logic circuit 24 so that subtraction
can be performed by arithmetic unit 30.

Subtraction is performed by complementary addition
of like-order RO and R1 digits, that is, each R1 digit is
added to the complement of each like-order RO digit.
This is accomplished as follows. In response to an en-
abling signal from subtract logic 24, shift control logic
29 causes the RO digit from read amp 56 to sequence D
counter 38. Since, as described in Section 16.2.6, D
counter 38 is a recedable digister, this sequencing of the
D counter results in the complement of the RO digit being
developed in > counter 38. The complemented RO digit is
then parallel transferred or broadsided into A counter 32.
The R1 digit is next sequenced into the A counter on top
of the complemented RO digit. The resulting digit, rep-
resenting the remainder or difference between the original,
like-order R1 and RO digits, is then transferred in the
normal way to B counter 34, then to C counter 36, etc.
This action is followed for all orders C2—C14 of the RO
and R1 register digits and is accomplished in one pass of
the field word through arithmetic unit 30.

At the end of this pass, if originally the subtrahend was
larger than the minuend, the contents of the R1 register
will represent the complement of the desired answer. In
such a case, shift control logic 29, in response to an en-
abling signal from subtract logic 24, causes R1 data to be
complemented and the arithmetic sign to be changed dur-
ing a second pass of the field word through arithmetic
unit 30. The arithmetic sign of the R1 data is changed by
adding one to the C1R1 digit position (the sign digit posi-
tion). The R1 data is complemented by sequencing D
counter 38 directly from read amplifier 56 for each R1
digit. As noted above, sequencing the D counter causes
the complement of the sequencing digit to be developed
in D counter 38. This complemented digit is then parallel
transferred to B counter 34, while the normal A counter
to B counter transfer is simultaneously inhibited by shift
logic 29. From B counter 34, the complemented R1 digit
is transferred to C counter 36 in the normal way. After
the R1 data has been complemented, the calculator re-
turns automatically to IDLE condition and DISPLAY
mode. For a more detailed discussion of machine opera-
tion during SUBTRACT, see Sections 16.7.10 and 16.7.11.

To simplify illustration of the MULTIPLY operation,
assume that digit words representing a multiplier and a
multiplicand have already been entered in registers R2
and R1, respectively, and decimal aligned. The operator
then actuates the MULTIPLY function key, which action
is transulated by encoder 14 into machine commands.
One output signal from encoder circuit 14 triggers entry
phase counter 26, which directs shift control logic 29 to
shift the decimally aligned contents of register R1 down
into the RO register, and clear the R1 register. This is
achieved by transferring data from A counter 32 to C
counter 36 during each R1 register time and is discussed
in detail in Section 16.7.12.

Multiplication is performed by repeated addition of
the multiplicand in register RO to the contents of register
R1 a number of times which is controlled by the multi-
plier in register R2. This is accomplished by shifting R2
data left, leaving the highest order or most significant
R2 digit (MSDR2) in D counter 38, and using this digit
to control the number of ADD cycles. During each ADD
cycle, the contents of register R0 (the multiplicand) are
added to the contents of register R1 (initially zero). D
counter 38 is sequenced after each ADD cycle is com-
pleted. When the digit in the D counter has been receded
or counted down to zero, shift logic 29 causes the con-
tents of register R1 to be shifted one column to the left
during one pass of the field word through arithmetic unit
30, leaving the highest order or most signinficant R1
digit (MSDR1) in D counter 38 at the end of the pass.
Shift logic 29 then causes the contents of register R2 to
be shifted left during the next pass of the field word
through arithmetic unit 30. At the beginning of this data
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pass, the digit in D counter 38 (MSDR1) is placed in the
least significant digit (LSD) position of register R2 (the
C2R2 position), while the most significant R2 digit
(MSDR2) is left in the D counter at the end of this pass.
This digit is then used to control the number of ADD
cycles as described above.

Successive series of repetitive ADD cycles and SHIFT
LEFT R1 and SHIFT LEFT R2 steps are performed un-
til each digit of the original multiplier in register R2
has been used to control the repetitive ADD cycles. Since
MSDR1 is relocated in LSDR2 once for each series of
ADD cycles by the combined action of SHIFT LEFT R1
and SHIFT LEFT R2, after the original LSDR2 has
been placed in D counter 38 and the D counter has been
receded to zero, the product of the original multiplier
and multiplicand will be located in register R2.

Entry phase counter 26 then causes shift logic 29 to
shift down the contents of registers R2, R3, and R4 by one
register. With the product now located in register R1, and
the MULTIPLY operation completed, the calculator re-
turns automatically to IDLE condition and DISPLAY
mode. For a more detailed discussion of machine opera-
tion during MULTIPLY, see Sections 16.7.4 and 16.8.

To simplify illustration of the DIVIDE operation, as-
sume that digit words representing a dividend and a
divisor have already been entered in registers R2 and R1,
respectively, and decimal aligned. The operator then
actuates the DIVIDE function key, which action is trans-
lated by encoder circuit 14 into machine commands. One
output signal from encoder circuit 14 triggers entry phase
counter 26, which directs shift control logic 29 to shift
the decimally aligned contents of register R1 down into
the RO register, and clear the R1 register. This is achieved
in the same manner as discussed above in the descrip-
tion of the MULTIPLY operation.

Division is performed by repeated subtraction of the
divisor in register RO from the dividend which is progres-
sively shifted from register R2 into register R1 and count-
ing the number of successful subtractions. Subtraction is
performed by complementary addition as described above
in the discussion of the SUBTRACT operation. During
the DIVIDE operation, the contents of register R0 are
subtracted from the contents of register R1 and “1” is
added to register R2 whenever the remainder in register
R1 is positive. When the remainder is negative, entry
phase counter 26 causes add logic circuit 28 to restore
the former contents of register R1 by adding RO to R1.
Next, entry phase counter 26 causes shift logic 29 to shift
the contents of register R2 one column to the left during
one pass of the field word through arithmetic unit 30,
leaving MSDR2 in D counter 38 at the end of the pass.
Shift logic 29 then causes the contents of register R1 to
be shifted left during the next pass of the field word
through arithmetic unit 30. At the beginning of this data
pass, the digit in D counter 38 (MSDR2) is placed in the
least significant digit position of register R1 (C2R1 posi-
tion). After this SHIFT LEFT R1 step, repetitive sub-
traction of RO from R1 is again performed, “1” is added
to register R2 for each successful subtraction until the
remainder in register R1 again is negative, after which
the contents of register R1 are restored and the above
shifting operations are again performed.

Successive series of repetitive SUBTRACT cycles and
SHIFT LEFT R2 and SHIFT LEFT RI1 steps are per-
formed until the least significant digit of register R2 has
been shifted into the least significant digit position of regis-
ter R1, successive subtract cycles have been performed, a
negative remainder in register R1 has been obtained, and
the contents of register R1 have been stored. Since “1”
has been added to register R2 for each successful SUB-
TRACT cycle and since this sum has been shifted left
once during each SHIFT LEFT R2 step, after the final
restoration of the contents of register R1, the quotient
of the original dividend and divisor will be located in
register R2.
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Entry phase counter 26 next causes shift logical 29 to
SHIFT DOWN the contents of register R2, R3, and R4
by one register. With the quotient now located in register
R1, and the DIVIDE operation completed, the calculator
returns automatically to IDLE condition and DISPLAY
mode. For a more detailed discussion of machine opera-
tion during DIVIDE, see Sections 16.7.4 and 16.9.

In addition to the above-described data handling opera-
tions and suboperations, which set forth calculator opera-
tion during the four basic arithmetic operations of ADD,
SUBTRACT, MULTIPLY, and DIVIDE, the calculator
is also capable of performing other operations and sub-
operations such as CLEAR ALL and STORE which are
not vital to an understanding of the simplified FIG. 372
block diagram. The action of the calculator components
during these various operations and suboperations are
set forth below in detail, e.g. in Sections 16.3 and 16.7.7.

Timing unit 60 provides the timing signals that deter-
mine the time relations between the various operations
described herein. Clock circuit 64, which is driven by the
output of oscillator 62, produces one pulse for each bit
time. These pulses are applied in turn to bit counter 66,
register counter 67, column counter 68 and display coun-
ter 69, the outputs of each of which define a discreet time
interval related to the presentation of the data.

Although oscillator 62 runs continuously, the output of
clock 64 is stopped by the leading portion of the first
column time, i.e., CORS register time. Clock 64 is started
by the appearance of the leading synchronization pulse
each time the data is first made available at the output end
of delay line 54. In this manner, the data is synchronized
so that portions thereof may be properly identified rela-
tive to their respective register positions as the data is
read off delay line 54 and also while the data is in the

various portions of arithmetic unit 30. For a more detailed .

discussion of this start-stop feature of timing system 60.
see Section 16.5.

16. OPERATION
16.1. The Logic Diagram

The detailed operation of the embodiment of the in-
stant invention shown and described herein may best be
understood in connection with the Logic Diagram which
consists of FIGS. 297 through 313. Generally, the Logic
Diagram is an abbreviated recapitulation of the circuit
diagram of the instant invention as found in FIGS. 225
through 294, nearly all of the showings of specific circuit
structure and parameters as found in the circuit diagram
having been eliminated, and only that information re-
tained which is essential to understanding the operation of
the embodiment of the invention.

Many of the block symbols employed in the circuit dia-
gram are also employed in the Logic Diagram. For in-
stance, the flip-flop block symbols used in the circuit dia-
gram, and defined in the flip-flop definition sheets, are used
in the Logis Diagram substantially unchanged, except for
the elimination of the printed circuit card location legend
found in the lower half of each flip-flop block symbol in
the circuit diagram.

Similarly, certain major subcircuit block symbols are
employed herein in the same form in which they are used
in the circuit diagram, for instance, the Decimal Position
Signal Generator block symbols, the Display Matrix block
symbol, etc. Some other major subcircuit block symbols,
however. have been newly created for use in the logic dia-
gram, viz., the Entry Unit (E/U) block symbol and the
Memory Unit (M/U) and the timing Signal Generator
(T/U) block symbols, each of which is described in de-
tail hereinbelow. Additionally, the Horizontal Staircase
Generator symbol as used hereinabove has been supple-
menied by the addition hereto of a phantom representa-
tion of a gate comprising part of the circuit represented
thereby. This phantom addition is merely added for ease
of understanding of the operation of the embodiment, and
in no way represenls any addition to the circuil repre-
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sented by the Horizontal Staircase Generator block sym-
bol.

For further simplification of the logic diagram, certain
inverters are not represented herein by block symbols.
Instead, the inversions of signals produced thereby are
indicated by means of signal symbols. Thus, the fact that
a PL-symtol is found on the output of gate 35, while an
NL-symbol is found on the input of gate 8 and labelled
“EPCE,” indicates that inverting means is interposed there-
between. Where inverters are represented in the logic dia-
gram, the widely used circular symbol having a cross-
stroke at approximately 45° to the leads is employed. Cf.,
upper input of gate 59 at {4:1)e, FIG. 303, which includes
inverter 17,

16.1.1. Coordinate Index Numbers: In order to facili-
tate the grouping of FIGS. 297 through 313 together into
a single composite figure, called the “logic diagram,” and
to facilitate reference to specific portions of the logic dia-
gram, a pair of numbers separated by a colon, and en-
closed in parenthesis, is appended to the figure number
found in each of these figures, These pairs of numbers are
called hereinafter “coordinate index numbers.” For in-
stance, the figure designation “FIG. 297 (1:1)” is found
in FIG. 297. The term *“(1:1)” is the coordinate index
number of FIG. 297.

Figures constituting part of the logic diagram will at
some places hereinafter be referred to by their coordinate
index numbers, rather than their figure numbers, when
confusion will not tesult. Thus, FIG. 297 may also be re-
ferred to as “FIG. (1:1).” Similarly, FIG. 298 may here-
inafter be referred to as “FIG. (1:2).”

The term of the coordinate index number to the left
of the colon is called the “column number,” and the term
of the coordinate index number to the right of the colon
is callel the “row number.”

Employing the coordinate index numbers, FIGS. 297
through 313 may be assembled with facility to form the
logic diagram. To do this, the first column of the logic
diagram is assembled by placing FIG. (1:1) above FI1G.
(1:2), i.e., by assembling together the two figures having
the column number 1, the single figure of this column
having row number 1 being placed above the single figure
of this column having row number 2. Similarly, the second
column of the logic diagram is assembled by placing FIG.
(2:1) above FIG. (2:2), and placing these two figures
immediately to the right of the two figures making up
column one, viz., FIGS. (1:1) and (1:2). This process
is repeated until the entire logic diagram of sixteen figures
is assembled, the two figures constituting the right-hand
column of the completed logic diagram being FIGS. (3:1)
and (8:2).

Once the coordinate index numbers have been employed
to assemble FIGS. 297 through 313 into the logic dia-
gram, they can then be employed as an easy means of ref-
erence to specific portions of the logic diagram. For in-
stance, FIG. (5:2) may easily be located within the logic
diagram by counting, from the left, to the fifth column of
the logic diagram, and then dropping down to the second
row (lower figure) of that column.

The FIG. (5:2) section of the logic diagram will here-
inafier be referred to at some places merely as “section
(5:2),” or “(5:2),” and the same abbreviation practice
will be adopted hereinafter with respect to the other fig-
ures of the logic diagram.

In addition, to further facilitate reference to particular
sections of the logic diagram, each figure area of the fogic
diagram is considered to be subdivided into six equal sec-
tions numbered as shown in FIG. 312. According to this
practice, for example, the Horizontal Deflection Ampli-
fier would be referred to as “found in section (8:2)f,” or
“at (8:2)1.”

16.1.2. Abbreviated Gate Symbois: Tn order to promote
compactness of the logic diagram, the gate symbols em-
ployed thercin are considerably abbreviated as compared
with the gate symbols employed in the circuit diagram.
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Since, however, the same series of gate numbers is applied
to the abbreviated gate symbols found in the logic diagram
as is applied to the more detailed gate symbols found in
the circuit diagram, the specific details of any gate found
in the logic diagram may be determined by finding the
correspondingly numbered gate in the circuit diagram.

To avoid continual reference to the circuit diagram
while studying the logic diagram, the abbreviated gate
symbols employed in the logic diagram have been devised
so that, when considered in connection with the type-
letter juxtaposed thereto, each abbreviated gate symbol
may easily be interpreted to disclose its electrical and logi-
cal operation. For a full explanation of this brief method
of interpreting the abbreviated gate symbols, reference
should be had to the sheet containing FIGS. 324 through
331, described in Section 13 of this specification.

Due to the availability of this easily interpreted sym-
bology, conjoint signal symbols will be employed with the
abbreviated gate symbols in the logic diagram only where
the nature of a named signal is specified thereby, or some
other special reason for so doing obtains,

The abbreviated symbols for the dynamic gates com-
prising the parallel input to the Entry Phase Counter (see
FIG. 301) may be easily understood by reference to FIGS.
8 and 10, and the accompanying text.

16.1.3. Abbreviated ANDOR Gate Symbol: The method
of representing an ANDOR gate in the logic diagram
is shown at (4:1)e. As noted hereinabove, this ANDOR
gate “60-4-61-+62" consists of gates 60, 61, and 62, the

output terminals of which are directly connected to a ¢

common point, which point serves as the common out-
put of these gates. The ANDOR gate symbol shown at
(4:1)e, on the other hand, shows a fourth, semicircular
gate symbol at the common point, It should be clearly
understood that this fourth gate symbol is included mere-
ly to indicate, for easier reference, the logical function
of the ANDOR gate structure, and does not imply that
this ANDOR gate group includes an additional gate
circuit not found in the 604-614+62 ANDOR gate as
shown in the circuit diagram in FIG. 251.

16.1.4. Location of Gates: In order to facilitate location
of any specific gate in the course of studying the logic
diagram, the gates shown in the logic diagram have been
arranged in vertical columns, with few exceptions largely
found in the Arithmetic Unit. Thus, if it is desired, for
instance, to find gate number 36, having the assembled
logic diagram available, it is merely necessary to deter-
mine the number of some gate on the logic diagram and
proceed in numerical order to find the desired gate, pro-
ceeding through the columns of gates in descending order
of gate numbers if the number of the gate so determined
has a higher number than the number of the desired gate,
or vice versa.

As will be explained in detail hereinbelow, a plurality
of the gates found in the circuit diagram are incorporated
in block symbols found in the logic diagram, ¢.g., the
Timing Signal! Generator (T/U) and thus, the series of
gate numbers found in the logic diagram appended to the
abbreviated gate symbols will not be complete.

For expository reasons, the numbers assigned to the
gates found on sheets 5:1, 6:1, 7:1, and 6:2 do not follow
the columnar series found in the other figures.

16.1.5. Abbreviated Entry Unit Symbol: For compact-
ness, the portion of the device of the invention which
provides signals indicating the depression of keys, called
the “Entry Unit” or “E/U,” is represented in the logic
diagram by means of a single block symbol, a part of
which appears in FIG, 297 1:1, and a part of which ap-
pears in FIG. 298 1:2, and which is labelled “E/U.” All
of the keys of the embodiment are shown upon this block
symbol, and the terminals of this block symbol are de-
signated by distinguishing lower-case letters in the manner
set forth in Section 11.3.

This Entry Unit block symbol (FIGS. 297 and 298)
represents that portion of the circuit of the embodiment
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which consists of the following flip-flops and major sub-
circuits:

The CLR. ALL, SUB., ADD, CLR. ENT., CHG. SGN.,
REPT., MULT.,, DIV, C. F., COM. DIG., STORE,
and RECALL flip-flops.

Inverter 1

Function Signal Generator

Common Key Signal Generator

Digit Signal Generator

The output terminals @ through [ of the E/U may be
seen to be logically connected to the super dot terminals
of the flip-flops named thereupon. It should be noted at
this point that, in the logic diagram, it is the general prac-
tice to carry forward only one of a pair of signals which
are merely the inverse of each other, since the provision of
an inverter is well known and within the skill of workers
in the art, and would tend to obfuscate, rather than clarify,
the logic diagram. If it is desired, for instance, to indicate
the presence of the signal which is the inverse of that
found upon the / terminal in some other part of the logic
diagram, then the lead in the remote part of the logic
diagram upon which this inverse signal appears will have
the legend “DIV FF.” thereupon.

The m terminal of the E/U block symbol is a terminal
directly connected to terminal 1 of the Function Signal
Generator.

The n terminal of the E/U block symbol is a terminal
directly connected to the output terminal a of the common
Key Signal Generator.

The w through aa output terminals of the E/U block
symbol are terminals directly connected to the b through
f terminals of the Digit Signal Generator, respectively.
That is to say, the w terminal of the E/U block symbol
corresponds to the b terminal of the Digit Signal Genera-
tor, the x terminal of the E/U block symbol corresponds
to the ¢ terminal of the Digit Signal Generator, etc.

The ab output terminal of the E/U block symbol is
a terminal directly connected to the a output terminal of
the Reset Signal Generator.

The o input terminal of the Entry Unit block symbol is
directly connected to reset inputs of the flip-flops named
in the legend appearing thereupon.

The p input terminal of the E/U block symbol is di-
rectly connected to the dynamic input of superdot inde-
pendent gates found in the flip-flops named in the left-
hand square brackets appearing thereupon.

The g input terminal of the E/U block symbol is di-
rectly connected to the dynamic inputs of two superdot
independent gates, one contained in the MULT. flip-flop
and omne contained in the DIV. flip-flop.

The r terminal of the E/U block symbol is directly
connected to reset inputs of the flip-flops named in the
legend appearing thereupon.

The s input terminal of the E/U block symbol is di-
rectly connected to the left reset terminal of the CLR.
ALL flip-flop.

The ¢ input terminal of the E/U block symbol is di-
rectly connected to the left reset terminal of the STORE
flip-flop.

The « input terminal of the E/U block symbol is di-
rectly connected to the A.C. input of the upper inde-
pendent gate of the RECALL flip-flop.

The v input terminal of the E/U block symbol is di-
rectly connected to the left reset inputs of the flip-flops
named in the legend appearing thereupon.

Further interconnections between the elements of the
Entry Unit listed above may be found in the circuit dia-
gram.

16.1.6. Abbreviated Digit Register Symbols: To facili-
tate study of the logic diagram, single-digit registers, or
“digisters,” A, B, C and D have been shown in FIGS.
305, 307, 309 and 308 by means of certain arbitrarily
adopted abbreviating conventions,
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These abbreviating conventions may be simply stated as
follows:

(1) Each one-digit register, or “digister,” is repre-
sented by a heavy-line rectangle (labelled “OUTLINE”
in FIG. 307). This heavy-line rectangle will hereinafter
be called the “heavy outline,” or “digister outline.”

(2) Within the digister outline representing a given di-
gister are located flip-flop outlines representing the five
flip-flops of that digister. These flip-flop outlines include
no output terminal symbols, and symbols for only such
input terminals as are not common to all of the flip-flops
of the digister.

(3) The inputs to a given digister may be thought of
as divided into two classes;

(a) “common inputs,” which are found in each flip-flop
of the digister, and

(b) “unique inputs,” which are found in less than all of
the flip-flops of the digister.

(4) The lines representing the common inputs of a ¢

given digister are brought to, and terminate at, the di-
gister outline, it being understood that such a lead, by
implication, represents the interconnections to the corre-
sponding inputs of all of the flip-flops of the digister, as
shown in detail in the circuit diagram.

(5) The unique inputs of each digister are shown in
detail by lead lines extending through the digister outline
and interconnected with the unique input symbols shown
on the flip-flop outlines therewithin to represent the full
circuitry of the unique inputs.

(6) One example of these conventions is found in FIG.
309 wherein a digister is shown (the “C-digister”) which
has no unique inputs. The inter-digister transfer inputs of
the flip-flops of this digister (viz, the D.C. transfer inputs

of flip-flops C1, C2, C3, C4, and C5) are not unique be- :

cause they affect each flip-flop in the same way, that is,
each inter-digister input transfers to its flip-flop the state
of the corresponding flip-flop in another digister. Thus,
since the inter-digister inputs of the flip-flops of the C
digister are not unique, they are not represented in FIG.
309 by leads passing through the digister outline. In fact,
the convention is adopted in the logic diagram of not
showing the inter-digister transfer means at all, since the
function of these means is essentially passive, and need
not be considered in detail in describing the operation of
the device of the invention. The omission of any showing
of the inter-digister transfer means from the logic dia-
gram does not, of course, imply that they are missing
from the device represented by the logic diagram, since.
as stated hereinabove, the logic diagram is an abbreviated
representation of the circuit diagram containing only so
much of what is shown in the circuit diagram as is essen-
tial to describing the operation of the device of the in-
vention,

As may be seen in FIGS. 272, 273, and 274, the X,
inputs of the flip-flops of digister C are not unique. Taking
the X.—1 inputs of the flip-flops of the C-digister as an ex-
ample, it may be seen that the same signal train is sup-
plied to all of them. The same conclusion applies to the
X2 and X3 input of the flip-flops of the C-digister.
Thus, the X, inputs of the flip-flops of the C-digister are
not unique, and, as shown in FIG. 309, these inputs are
represented by three leads terminating at the bottom edge
of the digister outline,

An example of the treatment of unigue inputs is shown
in FIG. 307 in connection with the B-digister. As may be
seen from FIGS. 266, 267, and 268, the B1 and B2 flip-
flops of digister B each have an independent gate input,
independent gate inputs not being found in the other flip-
flops of this digister. Thus, these independent gate inputs
are clearly unique, in the sense in which the term is de-
fined hereinabove. Since these independent gate inputs are
unique, they are shown upon the B1 and B2 flip-flop out-
lines of FIG. 307, and their interconnections with the cor-
responding lead lines passing through the digister outline,
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viz, terminals ¢ and d of digister B, are shown within the
digister outline in FIG. 307.

All showing of the inter-digister transfer lines is omitted
from the B-digister symbol of FIG. 307 in accordance
with the practice described hereinabove, and the common
inputs of the B-digister flip-flops (viz, the X -1 and X2
inputs thereof) are represented by leads tangent to the
digister outline.

The somewhat more complex systems of inputs of the
A-digister and the D-digister are represented by the same
conventions as described immediately above in connection
with the input systems of the C-digister and the B-digister.

16.1.7. Abbreviated Timing Unit Symbol: The abbre-
viated Timing Unit symbol found in FIG. 311 and labelled
“TIMING SIGNAL GENERATOR (T/U)" presents the
timing wave generating portion of the device of the inven-
tion as shown in FIGS. 284, 285, 286, 288, 289, 290,
291, and 293. The signals produced by the various sub-
circuits of this unit shown in the figures listed directly
above, are considered, in the logic diagram, to have their
source upon the leads ¢ through z located upon the left-
hand edge of the T/U block symbol. The two-signals sup-
plied to this unit by other portions of the device of the
invention, for synchronizing the timing chain therewith,
and desynchronizing it to leave the display free running
when the machine is in the cleared state, are supplied to
this unit via the terminals  and a at the bottom edge
of the T/U symbol. The “cutaway” inset in the T/U
block symbol is included for the purpose of clearly illus-
trating the manner in which the timing chain is synchro-
nized, and desynchronized, during the operation of the
device of the invention. Tt is to be noted that the counters
of the timing chain are largely shown in very schematic
manner in the inset, and the gates, as shown in the above-
mentioned figures, which produce many of the timing
signals listed on output terminals ¢ through z are not
shown in the inset at all. Therefore, for specific details
of the circuitry included as part of the T/U circuit refer-
ence should be had to those portions of the circuit diagram
listed directly above.

Since the operation of the flip-flops of the timing chain,
and of the gates which provide those signals found on
terminals ¢ to z which do not come directly from flip-flop
output terminals, or therefrom by way of simple inversion,
will be apparent to those skilled in the art upon study
of FIGS. 284, 285, 286, 288, 289, 290, 291, and 293,
no further discussion will be given here of the operation
of that portion of the timing chain. For the waveforms
of the signals listed on terminals ¢ through z of the Tim-
ing Signal Generator, reference may be had to FIGS.
318 through 322 and appendices A, B, C, D, E, F, G,
H, I, and J.

The meaning of the various “WF,” or waveform, tables
found in the appendices listed directly above is believed
to be apparent upon inspection. It should be noted, how-
ever, that the numerical values in these tables represent
lapsed times from the starting of the timing chain ex-
pressed in clock periods (C.P.) of approximately 1.3
microseconds (see CLOCK PULSE WAVEFORM, FIG.
318). The nature of these tables can be understood by
comparing any one of them with its corresponding wave-
form, which waveform represents graphically, but in part
only, the waveform completely represented in the table.
Taking Table WFE (Appendix E), and the corresponding
waveform at the bottom of FIG. 319, as an example, it
may be seen that the first numerical entry in the table is
“0025." The first transition in the corresponding wave-
form takes place at time 0025, as may be seen from the
legend “0025” placed upon the leftmost vertical line in
the E FF- waveform, which represents that transition. As
also may be seen in this waveform, the 0025 transition is
preceded by an NL-Signal Period, and followed by a PL-
Signal Period. Correspondingly, the entry in the table pre-
ceding the entry “0025" is “N,” while the following entry
is “P.” From this example it may be seen how the tables
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indicated as corresponding to each of certain waveforms
represent the same waveform in the drawings, but in more
detail.

As indicated in FIG. 311, the signal having its source
at output terminal ¢ of the Timing Signal Generator may
be designated the “N-N” signal, rather than employing
the formal designation indicating the gating from which
this signal is derived, which formal designation is also
indicated at that output terminal. The reason for employ-
ing the term “N-N" may be seen when the more formal
term designating the same signal is compared with FIG.
346. As seen in that figure, i.e., the field word diagram,
the three colmun times during which the signal occurs,
viz., Cy, Cy, and C,;, corresond to columns containing
non-numerical data, except for the fifteenth column, which
does contain numerical data during part of the division
operation, and which gives rise to the need for the qualifi-
cation of this signal by the DIV FF; signal. Thus, gen-
erally, this signal may alternatively be called the “N-N"
signal because it indicates the occurrence of columns
containing non-numerical data.

16.2 The Operation of the Digisters

Each of the digisters employed in the embodiment of
the invention described herein comprises five flip-flops,
each one of which has sets of transfer inputs, as defined
hereinabove. The specific interconnections of these sets
of transfer inputs, both within digisters and between
digisters is shown in the circuit diagram, For easily under-
standing the operation of the Arithmetic Unit, however,
it is well to review the function of the specific intercon-
nections within each digister, and between digisters, at
this point. First, however, it is well to note FIG. 295,

wherein the states of the five flip-flops of a digister of
the type used herein representative of each decimal digit

which may be stored therein are stated. Disregarding the
“KEY DEPRESSED” heading, and the flip-flop letter
designation, “D,” in FIG. 295, it may be seen that FIG.
295 constitutes a table of flip-flop settings corresponding
to each digit which may be stored in a digister of the
type used herein. Thus, when the decimal digit “0” is
stored in one of the digisters, all of the flip-flops of that
digister are in their “0” state, i.e., are reset. Going to the
next column to the right in FIG. 295, it may be seen
that when the decimal digit “1” is stored in a digister, the
No. 1 flip-flop is set, and the other four flip-flops are
reset. Taking the decimal digit “5” column of the table of
FIG. 295 as an example it will be apparent that all of
the flip-flops will be set when the decimal digit “5” is
registered, or stored, in a digister.

16.2.1. Parallel Entry of Decimal Digits: In the em-
bodiment of the invention shown and described herein
digits are transferred between digisters, and into the
Digister from the Entry Unit in the parallel, or simul-
taneous, mode. However, as will be evident to those
skilled in the art upon reading the instant disclosure and
consulting the drawings, inter-digister transfers could be
made in the serial, or sequential, mode, though at some
expense in speed of operation. Thus, though the means
employed in the embodiment shown herein for transfer-
ring digits between digisters, and from the Entry Unit
to the Digister, operate in the parallel, or simultaneous,
mode, the scope of the instant invention is not limited
to devices employing the parallel mode of transferring
digits between the digisters, or one-digit registers, of its
Arithmetic Unit.

1t should be noted at this point that, where confusion
might result, the expression “transfer” is applied herein
to the subopertaion of carrying digits between digisters,
or into the D-digister from the Entry Unit. Further, the
practice is adapted herein, wherever confusion might re-
sult, of reserving the term “shift” to describe the opera-
tion of carrying a digit word from one cell of the field
word on the loop to another cell of the field word on
the loop. Some of such shifts will, of course, result in
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moving digits, or complete numbers, from place to place
on the display screen DS, and such movements on the
display screen, corresponding to digit word shifts in the
field word, will also be called “shifts.”

Other types of digesters may be employed in the de-
vice of the invention. For instance, binary, or ring, coun-
ters may be adapted to receive digit transfers, either
serially or parallelly, whether magnetic core, conventional,
cryotronic, thin film, or semiconductor integrated con-
struction is employed in fabricating them. Devices known
in the art as “shift registers” may also be arranged to be
employed as digisters in the instant invention. In fact,
the particular digisters employed in the embodiment of
the instant invention shown and described herein are
among the class of devices which are sometimes called
“shift registers.” In addition to the transistorized-flip-flop
type of shift register employed in the embodiment de-
scribed herein, it will be recognized that alternative shift
registers, like counters, can be implemented by way of
cryotronic, thin-film, magnetic core, integrated semicon-
ductor and photoconductive electroluminescent structures.
Even further, digisters may be implemented by way of
Williams-type memory, wherein each *“dot” thereof cor-
responds to one of the flip-flops of one of the digisters
shown herein.

Thus, it may be seen that a digister, or single-digit
register, can be realized in a considerable number of
forms. The term “digister,” as used herein, however, is
not limited to any one of these forms, but should be
broadly understood to mean any device capable of regis-
tering, or storing, a representation of a digit, and, neces-
sarily, capable of accepting a transfer of information rep-
resenting a digit, and manifesting an indication of the
digit the representation of which is stored therein. The
term “digister,” as used in this broad sense, does not in-
dicate the nature, or number, of inpuls and outputs which
a given digister may have. The qualifying adjectives which
are used therein to specify the nature of particular classes
of inputs and outputs of certain digisters are discussed in
the next section.

16.2.2. Sequential Transfers: As noted in the previous
section, it is a necessary characteristic of functionally
useful digisters that they be capable of accepting transfers
of digit representations, and that they be capable of
manifesting the digit representation stored in them for
“transfer out” purposes. As also noted in the previous
section, the term “transfer” is used broadly herein to
denote both parallel, or simultaneous, and serial, or se-
quential, transfers.

For convenience, the proeess of transferring a digit
into a digister will sometimes be referred to as “endigit-
ing,” and the process of transferring out of a digister
will be referred to as “reading.”

Taking the term “transfer” as thus broadly defined, a
particular subclass thereof which should be further con-
sidered is the “sequential transfer,” or transfer by “se-
quencing.”

By “sequencing” is meant adding the digit “1” to, or
subtracting the digit “1” from, the digit representation
stored in a digister. For example, if a digister contains
a representation of the digit “3” and, in response to an
externally imposed signal, the digit representation stored
therein is advanced to “4,” then the digister is said to
have been “sequenced” by said signal. As an additional
example, if a digister contains a representation of the
digit “6,” and, by means of an externally imposed signal,
the digit representation stored in the digit is receded to
“5,” the digister is said to have been “sequenced” by said
signal. As yet another example, if the representation con-
tained in a digister is that of the digit “2,” and, in response
to a sequence of three externally imposed signals, the
digit representation stored in the digister is successively
advanced from “2” to “3,” to “4,” and then to “5,” then
it is said that “three has been sequenced into the digister.”
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A digister which is capable of being sequenced, as that
term is defined above, is said to be “sequenceable.”

A digister which is fully sequenceable, i.e., which is
capable of being either advanced or receded by having
the digit “1” added to its contents, or subtracted there-
from, is said to be “bisequenceable.”

A digister which is sequenceable in only one direction,
i.e., which is capable either of having its contents ad-
vanced by successive additions of the digit “1” thereto, or
of having its contents receded by successive subtractions
of the digit “1” therefrom, but not both, is said to be
“monosequenceable.”

A monosequenceable digister which is capable of being
sequenced by advancement only, i.e., which is capable of
having its contents advanced one digit at a time, but not
capable of having its contents receded one digit at a
time, is said to be “advanceable.”

A monosequenceable digister which is capable of being
sequenced by recession only, i.e., which is capable of hav-

ing its contents receded one digit at a time, but is not

capable of having its contents advanced one digit at a
time, is said to be “recedable.”

The term “bisequenceable” finds close parallel in the
term “bidirectional,” as applied to counters in the prior

art. Also, the terms “advanceable” and “recedable” are o

parallel to the terms “up-counting” and “down-counting”
sometimes found in the prior art.

16.2.3. The A-digister: Going to FIG. 305, the A-digis-
ter may be seen to have an input terminal a, which car-
ries a signal designated “ADV. A 8G.”. From this it can
be seen that the A-digister is an advanceable digister.
However, since no signal appears upon any terminal of
the A-digister designated “REC. A,” it can be seen that
the A-digister is not a recedable digister and is a mono-
sequenceable digester.

Considering input terminal b of this digister, and the
legend “DA-to-A SG.” located thereupon, it may be
stated, in the nomenclature used herein, that “digister Alis
endigitable from digister D.”

16.2.4. The B-digister: Examination of input terminals
of the B-digister (see FIG. 307) shows that the B-digister
has neither a terminal labelled “ADV.”, nor a terminal
labelled “REC.”. From this it can be seen that the B-
digister is nonsequenceable.

From the legends upon the a and b terminals of the
B-digister, however, it may be seen that the B-digister is
endigitable from either the A-digister or the D-digister.

16.2.5. The C-digister: Inspection of the legends upon
the b and ¢ leads of the C-digister shows that the C-
digister (see FIG. 309) is endigitable from either the B-
digister or the A-digister.

The legend upon lead @ of the C-digister, ie., “REC.
C SG.”, indicates that the C-digister is recedable. Since
no lead of the C-digister carries an advancing signal,
however, it can be seen that the C-digister is not advance-
able. Thus, the C-digister is not bisequenceable, but is
monosequenceable.

16.2.6. The D-digister: The legend found upon lead b
of the D-digister indicates that the D-digister is endigit-
able from the A-digister.

The legend upon lead a of the D-digister indicates that
the D-digister is recedable.

Consideration of the unique input terminals c, d, e, f.
g. and j of the D-digister, and their associated circuitry
shown within the digister outline, indicates that the D-
digister, unlike the other three digisters, is adapted to be
endigited from the keyboard. Five of these input terminals
have symbol signals thereupon associated with assertion
legends which indicate that a PL-signal appears upon cer-
tain combinations of these terminals when corresponding
digit entry keys are depressed. The occurence of a PT-
signal upon lead d of the D-digister will cause all of the
flip-flops to be set which have a PL-signal from the key-
board upon the lower inputs of their superdot independ-
ent gates.
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By this means, the digits entered into the keyboard of
the device of the invention are inserted into the D-regis-
ter, whereafter they are inserted into the memory loop at
the proper time, as will be explained hereinafter, A chart
showing the endigiting of the D-digister from the Entry
Unit will be found in FIG, 295.

16.2.7. Sequential Readout of a Digister by Sequencing:
Generally speaking, the contents of a sequenceable digis-
ter can be read out sequentially, or “sequenced out,” if
the digister is equipped with zero sensing means, and
means for terminating the entry of the sequencing signals
when the digister reaches its zero state. When a digister is
so equipped, the number of these sequencing signals ar-
riving at the sequencing input terminal serves as an in-
dication of the digit representation which was stored in
the digister. It is by this method that digit representations
stored in the C-digister are read out of that digister, and
ono the delay line via the terminal ¢ of the Memory Unit,
shown by (6:2)c.

16.2.8. Addition and Subtraction by Sequencing: Two
digits may be added in a digister by transferring the first
of said digits into the digister, and then advancing the
digister a number of times equal to the second digit. This
method presumes, of course, that the digister was set to
its zero-representing state just prior to transferring the
first digit into it. The carry, if any, can be detected by a
zero-sensing means associated with the digister.

Subtraction may be accomplished by a similar method,
except that the digister is receded, rather than advanced.

Subtraction may also be advantageously accomplished
by addition of the complement of the minuend in the man-
ner taught herein.

16.3 The Clearing Operation

The embodiment of the invention described in this
specification, when operating, exists in one of three major
states of operation, viz.,

(1) The Cleared State: In this state of operation the
input signals from the Arithmetic Unit to the Memory
Unit are blocked, and no information-carrying acoustic
disturbances are found upon the delay line. Put different-
ly, the memory loop is broken, and the delay line may
be said to be “erased” after the elapse of one field time
from the depression of the CLR. ALL key. It is also char-
acteristic of this state of operation that the timing chain
comprising the CLK. flip-flop, the A through L flip-flops,
and their associated gates is in a “free running” state.

While the machine is in this cleared state of operation
the display screen, after the first frame time, will display
zeros in all of the number display cells. Further charac-
teristics of this cleared state of operation will be discussed
in detail in this Section (16.3).

{2) The Idling State: In this state of operation at
least one digit key has been depressed subsequent to the
most recent depression of the CLR. ALL key. The gate
at the input of the Write Amplifier is open and, thus, the
memory loop is closed, and a field word of information is
circulating therein. The contents of this field word of
information circulating upon the memory loop are being
the displayed upon display screen in the idling state. Tt
is also characteristic of this state of operation that the
timing chain is synchronized with each reappearance of
the synchronizing pulse at the beginning of the field word
in a manner which will be described in detail hereinafter.

5 This idling state of operation is distinguishable from the

third state of operation in that no circulation is currently
being carried out.

(3) The Active State: In this state of operation a cal-
culation is being carried out. It is also characteristic of
this state of operation that the beginning of each cycle of
the timing chain is synchronized with the reappearance
of the above mentioned synchronizing pulse at the output
of the Memory Unit. In this state of operation the display
screen is blanked, ie., displays nothing, neither a field of
zeros as in the cleared state, nor a field of numbers rep-
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resenting the contents of the memory loop as in the idling
State,

The first aspect of the operation of the device of the in-
vention to be considered herein will be the clearing oper-
ation, whereby the machine is put into the cleared state.

The clearing operation is commenced by depressing the
CLR. ALL key.

Depression of the CLR, ALL key produces a PL-sig-
nal upon the a output terminal of the Functional Signal
Generator (FIG. 225), and also produces a PT-signal,
after a delay of approximately 6 milliseconds, upon out-
put terminal @ of the Common Key Signal Generator
(FIG. 226). Going to the CLR. ALL flip-flop, as shown
in FIG. 228, it may be seen that the PL-signal on terminal
a of the Function Signal Generator resulting from depres-
sion of the CLR. ALL key is applied to the X terminal
thereof substantially immediatey upon depression of the
CLR. ALL key. However, as explained above, the COM.
KEY SG. is not produced, and thus is not received (a
PT-signal) upon the X, input of the CLR. ALL flip-flop,
until after a delay of approximately 6 milliseconds. This
delay expedient is employed to prevent false operation
of the function key storage flip-flops by noise produced
at switching contacts, as explained hereinabove. At the
time when the COM. KEY SG. is received at the X, ter-
minal of the CLR. ALL flip-flop, then, the signals at the
X. and X- terminals have “settled down” and, relatively
speaking, there is a PL-signal upon the X- terminal, and
an NL-signal upon the X, terminal. Then, by the transfer
terminal operation described in detail hereinabove, the
receipt of the PT-COM. KEY SG. at the X, input will
cause the levels at the X terminals to be transferred to
the corresponding FF terminals. Thus, it may be seen
that depression of the CLR. ALL key sets the CLR. ALL
flip-flop, after a delay of approximately 6 milliseconds.

One result of the setting of the CLR. ALL flip-flop is
to “close” gate “994” which is found in the input of the
Write Amplifier (see phantom gate illustration in the
Memory Unit block symbol at (6:2)c,e). The “closing”
of gate “99a” blocks the admission of further signals to
the Write Amplifier and, thus, no digit words remain upon
the delay line at the end of one field time after the de-
pression of the CLR. ALL key. Thus, it may be said that
the depression of the CLR. ALL key, and the resulting op-
eration of the device of the invention, “erases” the con-
tents of the delay line,

Another result of depressing the CLR. ALL key and,
thus, setting the CLR. ALL flip-flop is the desynchroniz-
ing of the timing chain, which then goes into a free run-
ning mode of operation, This desynchronization of the
timing chain may be seen to take place by consulting the
partial view of the Timing Signal Generator shown in the
“cutaway” in the T/U block symbol of FIG. 311. As seen
in this “cutaway” the signal from the superdot output of
the CLR. ALL flip-flop is applied to the right reset input
of the O.C. flip-flop. When the CLR. ALL flip-flop is set,
then, a PT-signal is applied to the right reset input of the
O.C. flip-flop, locking this fip-flop in its reset state. When
this flip-flop is in its reset state, however, its FF- terminal
carries an NL-signal, which signal is directly applied to
one input of pate 99, as shown in said “cutaway.” This
NL-signal applied to gate 99 effectively opens this gate
for the continuous passage of signals from the nominal
666 kilocycle Oscillator to the complement input of the
CLK. flip-flop. These signals from the Oscillator, as will
be apparent to those skilled in the art, drive the CLK,
flip-flop, which in turn drives the timing chain comprising
the A through L flip-flops. Thus, the character rasters and
the display raster continue to be swept out, since the tim-
ing chain is free running, and, as will be explained here-
inafter, the clearing of the D-digester which also results
from the depression of the CLR. ALL key causes a com-
plete field of zeros to be displayed in the number display
cells of the display screen.

Yet another result of the depression of the CLR. ALL
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key may be seen from consideration of the Reset Signal
Generator circuit as shown in FIG. 186. As shown on
input terminal b of that circuit, the setting of the CLR.
ALL flip-flop results in a PL-signal thereupon. The ap-
pearance of this PL-signal upon terminal » of this cir-
cuit causes the potential at the base of the NPN tran-
sistor therein to move in a positive direction, thus increas-
ing the current passed by the transistor, and producing a
PL-signal at output a of the Reset Signal Generator, there-
of. This signal at the ouput of the Reset Generator, a
PT-signal, followed by a PL-signal, is applied to several
of the major subunits of the embodiment, resetting the
same and locking them in the reset state, For instance, the
D. P. STG. flipflop (2:1)d is rteset by this signal and
locked into its reset state. Entry Phase Counter (3:1)c,d
is also reset, ie., actuated to its 000 state, and locked
therein, The Decimal Point Counter (3:2)b,d,f is also re-
set, and locked in its reset state by the signal from the
Reset Signal Generator. The O’FLOW flip-flop (4:1)c
is also locked in its reset state.

In addition to this resetting brought about by the sig-
nal from the Reset Signal Generator, the depression of
the CLR. ALL key and the resulting Function Signal
Generator PL-signal, followed by the delayed appearance
of the PT COM. KEY SG., forces the SUB., ADD, CLR.
ENT,, CHG. SGN., REPT., MULT., DIV,, C. F., COM.
DIG., STORE, and RECALL flipflops into their reset
state.

Another result of depressing the CLR, ALL key is the
clearing of all four digisters, so that the content of each
one is a representation of the digit “0.”

The clearing, or “zeroizing,” of the A-digister (some-
times hereinafter designated “Aq”) is brought about by
the action of gate 78, as follows. The four upper flip-flops
of A4 have independent resetting gates, the D.C. terminals
of which are grounded. The A.C. terminals of these four
independent gates are tied to the “RESET A $G.” terminal
of Ay. Thus, a PT-signal upon the RESET A SG. terminal
will reset these four flip-flops. The Al flip-flop, on the
other hand, is not equipped with an independent resetting
gate, but is equipped with a set of transfer terminals. The
A.C. transfer terminal of this flip-flop is directly connected
to the RESET A SG. terminal thereof. The X- and X,
terminals of the Al flip-flop are connected to the
604-61-+62 gate output, the X- terminal being tied di-
rectly to the 6046162 gate output, while the X. terminal
is tied thereto through inverting means. Thus, it may be
seen that when the 604-614-62 gate output carries an
NL-signal the A1 flip-flop will be conditioned for resetting
upon receipt of a PT-signal upon the “RESET A SG.”
terminal of Ag.

That an NL-signal does exist upon the output of gate
60+61-+62 during the cleared state may be seen as fol-
lows. As pointed out above, the ADD and SUB flip-flops
are both reset by the depression of the CLR. ALL key.
Thus, the FF- terminal of each is at NL. Gate 6, however
((2:1)c), has its two inputs connected directly to these
two FF- terminals, Thus, it may be seen that the output
of gate 6 is at PL during the cleared state. This PL-signal
on the output of gate 6 is applied to the right set input
of the SGN. C. flip-flop at (2:1)¢ and thus the SGN. C.
flip-flop is locked in its set state, Thus, the FF- terminal
of the SGN. C. flip-flop carries a PL-signal. This PL-signal
upon the FF- terminal of the SGN. C. flip-flop is applied
to the upper terminal of gate 96 ((6:1)¢), resulting in an
NL-signal upon its output. This NL-signal at the output of
gate 96 is applied to the upper input terminal of gate 51
as shown at (4:2)a. The lower input terminal of gate 51
derives its signal from the FF- terminal of the CHG. SGN.
flip-flop in the E/U which is reset during the cleared
state of the machine. The signal at the FF- terminal of a
reset flip-flop of the type used herein is a NL-signal, how-
ever. Thus, since gate 51 has an NL-signal upon both of
its input terminals, and since it is an inverting OR gate,
its output will be a PL-signal. The output signal of gate
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51, however, is applied to the upper input terminal of
pate 62 (see FIG. 303). Since this signal upon the upper
input terminal of gate 62 is a PL-signal, the output signal
of gate 62 will be an NL-signal.

Before considering the effect of the output signal of
gate 62, the outputs of gates 60 and 61 must be deter-
mined. Gates 60 and 61 have a common input signal viz,
the output signal of gate 52. In the cleared state of the
machine both inputs to gate 52 are NL-signals, since they
are derived from command outputs A and G of the
Entry Phase Counter, and the Entry Phase Counter is
reset during the cleared state of the device. This pair of
input signals causes the output signal of gate 52 to be a
PL-signal. This PL-signal, as applied to an input of each
of gates 60 and 61, causes the output terminals of both
of these gates to carry NL-signals. Thus, it has been
shown that the output terminal of each one of the gates
60, 61, and 62 carries an NL-signal during the cleared
state of the device of the invention, The output terminals
of the gates 60, 61, and 62, however, are directly con-
nected to the input terminals of the C-type gate
60461462, in reality a shared collector arrangement
involving the gates 60, 61, and 62. The NL-signals upen
the three input terminals of the 60-+61+462 gate result

in an NL-signal upon its output terminal, As pointed out :

hereinabove, however, the presence of an NL-signal upon
the output terminal of C-type gate 6061462 causes the
A1l flip-flop of the A-digester to be conditioned for re-
setting. From this it can be seen that, upon receipt of a

PT-signal upon the ¢ input of the A-digester all of the @

flip-flops of the A-digester will be reset, i.e., the A-digester
will be forced into its zero-representing condition.

The reset signal upon the ¢ terminal of A4 necessary
to reset Aq must come, however, from gate 78. Going,

then, to (5:2)a, it will be seen that the inputs of gate 78 3.

include the B;5 signal from the Timing Signal Generator,
inverted, and the output signals from three other pates,
viz, 70, 48, and 41. Since gate 78 is an ordinary invert-
ing AND gate, the B,; signal will appear at its output if
each of the lower three of its inputs carries an NL-signal.
That this happens may be seen from the following con-
siderations. Gates 70, 48, and 41 are all ordinary invert-
ing AND gates, the output of which will carry an NL-
signal if any one of its input terminals carries a PL-signal.
Gate 41 ((4:1)a) has as an input signal the EPCF signal,
inverted, and gate 48 ((4:1)5) has as one of its inputs the
EPCD signal inverted. Both of these inverted signals are
PL-signals during the cleared state of the machine, how-
ever, since, at this time, the Entry Phase Counter is locked

in its reset condition. Thus, the output terminals of gates .

41 and 48, and the two lower input terminals of gate 78,
carry NL-signals during the cleared state of the machine.

The signal upon the upper input terminal of gate 70 is
provided by the output terminal of gate 47. Gate 47 is
an extraordinary AND gate, and has one of its input sig-
nals the EPCC signal. The EPCC signal, however, is an
NL-signal during the cleared state of the machine and,
for this this reason, the output signal of gate 47 is a
PL-signal during this time. The PL-output signal of gate
47 is, as noted above, applied to the upper input terminal
of gate 70, causing the output signal of gate 70 to be an
NL-signal. As noted above, the output signal of gate 70 is
applied to one of the lower three input terminals of
gate 78.

From the above, it may be seen that the lower three
input terminals of gate 78 all carry NL-signals during
the cleared state of the machine, thus enabling the in-
verted Bys signals upon the upper input terminal of gate
78 to produce true, or noninverted, Bys signals upon the
output of gate 78. The output of gate 78 is, as noted
thereat, the source of the “RESET A” signals applied to
the ¢ terminal of the A-digister.

To recapitulate, it has been shown above that, during
the cleared state of the machine, all of the flip-flops of the
A-digister are conditioned for resetting, and that, during
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the cleared state of the machine, the C terminal of Aq
is supplied with Bis signals, each of which is capable of
resetting the flip-flops so conditioned.

It will be evident, then, that soon after the machine as-
sumes its cleared state in response to the depression of the
CLR. ALL key, the A-digister is cleared, i.e., reset to its
zero-representing condition.

The D-digister is also reset to its zero-representing
condition while the machine is in its cleared state. That
this is so can be seen from the following considerations.
Gate 81 ((5:2)a), the output of which is the “A-to-D”
signal source, provides these signals in response to By, in-
verted, signals upon its upper input lead when its Jower
input lead carries an NL-signal. The signal upon the lower
input lead of gate 81 is provided from the output ter-
minal of gate 75 ((4:2)f), which will carry an NL-signal
whenever one of jts input terminals carries a PL-signal.
The input terminals of gate 75 receive their signals from
the output terminals of gates 56, 63, 64, 65, and 66. Gate
56 has as one of its input signals the FF. terminal signal
from the RECALL flip-flop. Since the RECALL {lip-flop
is reset during the cleared state of the machine, this input
signal of gate 56 will be a PL-signal, and, consequently,
the output signal of gate 56 will be an NL-signal. Thus,
gate 56 cannot provide the necessary PL-signal to gate 75
whereby to enable gate 81 to pass the B;; pulses received
upon its upper input terminal.

The same conclusion may be drawn in respect of the
output signals from gate 64, 65, and 66 during the cleared
state of the machine. Gate 63, however, produces PL-
output signals which enable the A-to-D transfer which
results in the display of correctly selected register con-
tents during the idling state of the device. Tracing the sig-
nals upon the upper and lower input terminals of gate 63
will show that these same A-to-D enabling PL-signals are
produced at the output of gate 63 during cleared time.
These PL-signals from gate 63, as applied to the gate 63
input of gate 75, result in corresponding NL-signals to
the lower input terminal of gate 81. However, as may be
seen by comparing the By signal waveform with the
E FF waveform (“fastest” input to the Compare Signal
Generator), both in FIG. 319, a PT-segment of the Bys
waveform occurs during each level of the E FF wave-
form. Thus, the Bys signals received upon the upper in-
put terminal of gate 81, taken together with the A-to-D
enabling signals received upon the lower input terminal
of gate 81, will cause a considerable number of signals
to be produced at the output of gate 81 which, applied
to terminal & of D4 will cause a transfer of the contents
of Agq (now “0”) to Dy. Thus, it is made apparent that
the D-digister is reset to its zero-representing condition,
or “zeroized” in each cleared time.

The B-digister (hereinafter called “By”) is also reset
to its zero-representing condition during the cleared state
of the machine. That this is so may be seen from the
following considerations. An A-to-B signal train, cor-
responding to the Bis signal, will be supplied to the ter-
minal b of By if the A-to-B gate, i.e., gate 86, is “opened”
by an NL-signal applied to its lower input terminal. The
signal applied to this lower input terminal, however, is an
inversion of the output signal of gate 76. Therefore, a
PL-signal must be present on the output of gate 76 in
order to “open” the A-to-B gate, gate 86. That a PL-signal
does, in fact, appear upon the output terminal of gate 76
may be shown as follows. In order for a PL-signal to
appear upon the output terminal of gate 76, all of the
inputs of gate 76 must carry NL-signals. This can be
shown as follows. The STORE flip-flop is reset during
the cleared time of the machine. Thus, gate 55 has a
PL-signal present upon one of its input terminals, and,
thus, an NL-signal upon its output terminal. The RE-
CALL flip-flop is also reset during cleared time. Thus, a
PL-signal is applied to one of the inputs of gate §7, and
an NL-signal appears upon the ouiput of gate 57. The
inverted EPCC SG., as applied to an input terminal of
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gate 50, is at PL during the cleared time, Therefore, an
NL-signal is present upon the output of gate 50 during
the cleared time. The EPCH SG. is at its NL during
cleared time and, therefore, the middle input of gate 53
carries an NL-signal. The C. F. flipflop is reset during
cleared time and, therefore, the output of gate 11 carries
an NL-signal during cleared time. Thus, the lower input
terminal of gate 53 carries an NL-signal during cleared
time. The inverted EPCD SG. is at PL during cleared
time and, therefore, the output of gate 45, which is ap-
plied to the upper input of gate 53, is at NL during cleared
time. Thus, all of the inputs of gate 53 carry NL-signals
at cleared time, and the output of gate 53 carries a PL-
signal at cleared time. Since, however, this PL-signal from
the output of gate 53 is applied to one of the input ter-
minals of gate 65, the output terminal of gate 65 carries
an NL-signal during cleared time. The true EPCE and
EPCB SG. are both NL-signals during cleared time.
Therefore, both inputs of gate 35438 are at NL during

cleared time, and the output thereof is at NL. This out- ¢

put signal from gate 35--38, after inversion, is applied
to the upper input terminal of gate 66, bringing the out-
put terminal of gate 66 to NL during cleared time. The
true EPCC SG. is at NL during cleared time. Therefore,
the output of extraordinary gate 47 is at PL during
cleared time. Since the output of gate 47 is applied to the
lower input terminal of gate 67, it follows that the out-
put of gate 67 is at NL during cleared time. The REPT.
flip-flop is reset during cleared time and, thus, the output
of gate 68 is at NL during cleared time. The ADD and
SUB flipflops are both reset during cleared time and,
therefore, the output of gate 6 is at PL during cleared
time. Since the output of gate 6 is applied to the right
set terminal of the SGN. C. flip-flop, it follows that the

SGN. C. flipflop is locked in its set condition through- :

out cleared time. Thus, the SGN. C. FF: SG. applied to
the upper input terminal of gate 96 is at PL during cleared
time, and the output terminal of gate 96 is at NL during
cleared time. Since, however, the inverted output of gate
96 is applied to the lower input terminal of gate 69, it
follows that the output signal of gate 69 will be an NL-
signal during cleared time. The true EPCI SG., as applied
to one of the inputs of gate 76, is an NL-signal at cleared
time, The inverted EPCD SG. is at PL during cleared
time. Therefore, the output of gate 46 is an NL-signal
during cleared time. The inverted output of gate 46, how-
ever, is at PL during cleared time. This inverted gate 46
output as applied to the upper input terminal of gate 59
causes the output terminal of gate 59 to carry an NL-
signal during cleared time. Thus, it may be seen that all
of the input signals supplied to gate 76 during cleared
time are NL-signals. Thus, the inverted output signal of
gate 76 as applied to the lower input terminal of gate 86
is an NL-signal throughout cleared time. This NL-signal
upon the lower input terminal of gate 86 “opens” gate
86, therefore passing a chain of A-to-B signals (B,; sig-
nals) to the A-to-B (or b) input terminal of By through-
out the cleared time. Since, however, as explained above,
A4 is reset to its zero-representing condition during
cleared time, it follows that the A-to-B transfer occa-
sioned by these signals from the output of gate 86 will
reset By to its zero-representing condition during the
cleared time.

Finally, the C-digister (hereinafter sometimes called
“Cq") is also reset to its zero-representing condition dur-
ing cleared time. This may be seen from the following
considerations. Since By is cleared to its zero-representing
condition during cleared time, it is but necessary to trans-
fer the zero therein to Cy in order to reset Cy to its zero-
representing condition, To do this, a B-to-C signal, upon
the ¢ terminal of Cy, is necessary. This B-to-C signal is
produced at the output of gate 85. Gate 85 is supplied
with By inverted signals at its upper input terminal, and
must have an NL-signal upon its lower input terminal
to produce By signals (i.e., B-to-C signals) upon its out-
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put terminal. That the correct NL-signal is supplied to
the lower input of gate 85 during cleared time may be
seen as follows. The signal applied to the lower input
terminal of gate 85 is an inversion of the output signal
of gate 74, Therefore, the output signal of gate 74 must
be a PL-signal in order to apply an enabling signal to the
lower input terminal of gate 85. Going, then, to gate 74,
it may be seen that all of its input terminal signals must
be NL-signals in order to produce a PL-signal upon
its output terminal. The state of the input signals to gate
74 during cleared time may be deduced as follows. The
STORE flip-flop is reset during the cleared time, and,
therefore, the output of gate 55 is an NL-signal. The in-
verted EPCC SG. is a PL-signal during cleared time. And,
since this signal is applied to the middle input of gate 50,
the output of gate 50 is an NL-signal during cleared
time. The true EPCI SG. is an NL-signal during cleared
time. The true EPCC SG. is an NL-signal during the
cleared time of the machine. Since, however, this sig-
nal is applied to the upper input of gate 47, it follows
that the output signal of gate 47 is a PL-signal during
cleared time. This output signal of gate 47 is applied to
the lower input terminal of gate 67, causing the output
terminal of gate 67 to carry an NL-signal during cleared
time. Thus, since all of the input signals to gate 74 are
NL-signals during cleared time, it follows that the out-
put signal of gate 74 is a PL-signal during cleared time,
and that the inverted output of gate 74 applied to the
lower input terminal of gate 85 js an NL-signal during
cleared time. From this, it follows that, during cleared
time, Bys signals (B-to-C signals) are supplied to the
B-to-C signal input of Cy (the ¢ input). Since, as noted
above, By is in its zero-representing condition, however,
Cq will be reset to its own zero-representing condition
during cleared time.

From the above, it may be seen that depression of the
clear all key (a) “erases” the contents of the delay line,
(b) desynchronizes the timing chain to allow it, and the
display, to “free rum,” (c) resets the major subcircuits,
and flip-flops, or the Entry Unit and the Control Unit,
and (d) resets all four digisters to their zero-represent-
ing condition.

16.4. Shift Left Register 1 (SL1)

Before proceeding from the above discussion of clear-
ing the device of the embodiment by means of the clear
all key to a discussion of digit entry, it will be necessary
to discuss in detail the operation of shifting the contents
of register 1 “to the left,” ie., shifting the digit word
representing each digit of register 1 into the next highest-
numbered column word on the loop. It should be noted
at this point that the signals for carrying out this opera-
tion are provided even though there is nothing on the
loop, ie., even though nothing has yet been entered into
the loop after “erasing” its contents by clearing the ma-
chine. This will happen when the first digit is entered
after clearing the machine. Considering, for a moment,
the csae in which there is a field word circulating in the
loop, the result of this shift left register 1 operation will
be to cause the digits displayed in row 1 of the display
screen to shift to the left as viewed thereupon. As a par-
tial, specific illustration of this operation reference should
be had to FIG. 346, Considering, then, the rightmost
digit displayed in row 1 of the display screen, ie., (1/1),
this digit will be shifted to the pext column to the left
of the display screen as a result of the shift left register
1 operation. In equational form,

(1/1)SL1=(2/1)5L1

Similarly, the shift left register 1 operation will be
seen to operate upon the field word on the loop according
to the following equation,

(2//1)SL1=(3//1)SL1

Of course, eaqh numerical entry in register 1 upon the
loop will be shifted to the next-highest numbered column,
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not merely the C, column digit as described above. Simi-
larly, every digit in the bottom row displayed upon the
display screen, i.e., the digit words in register 1, will be
shifted to the left, and not simply the digit in the right-
most numerical column as described above. It should be
pointed out here that these left shifts are not obtainable
by key entry in the device of the invention, but constitute
suboperations of major operations and, therefore, will not
be seen upon the display screen, since the display screen
in the device of the invention is blanked during its “active”
time when mathematical operations are taking place. The
shift left row 1 operation will be designated at several
places hereinafter as “SL1.”

As a preliminary to considering the SL1 operation,
however, the production of the two major transfer signals,
viz, A-to-B and B-to-C must be considered. These signals
are produced at the outputs of gates 86 and 85, respec-
tively. Going, then, to (5:2)b, it may be seen that both
of these gates are two-input ordinary inverting AND

gates, and that each has as the input npon its upper input :

terminal the inverted Bj; signal. This signal is an in-
verted version of the B;s signal found upon the ¢ output
of the Timing Signal Generator. Since the Timing Signal
Generator is free running during the cleared condition of
the machine, as described hereinabove, it will be apparent
that the signals to the upper inputs of pates 86 and 85
will continue during the cleared state. Also, as described
hereinbelow, the Timing Signal Generator will continue
to function during the idling and active states of the ma-

chine operation and, thus, the Bys inverted signal will be -

supplied to the upper inputs of gates 86 and 85 during the
active and idling states of operation of the machine. As
will also be seen at (5:2) b, the lower inputs of these gates
both require an NL-signal in order to “open” the gate,
and bring about the production of B;; noninverted sig-
nals at their outputs, i.e., the A-to-B and B-to-C signals.
The signal upon the lower input terminal of the A-to-B
signal gate 86 is supplied by the output of gate 76, in-
verted. Similarly, the signal upon the lower input terminal
of the B-to-C signal gate 85 is supplied by the output sig-
nal of gate 74, inverted. Thus, when the output signal of
gate 76 is a PL-signal, the A-to-B SG. gate will be “open.”
Also, when the output of gate 74 is a PL-signal, the
B-to-C SG. gate will be “open.” Considering gates 74 and
76, then, it will be seen that the nature of each of these
gates is such that NL-signals must be present upon all of
its input terminals to produce a PL-signal upon its out-
put terminal. Summarizing, the presence of a PL-signal
upon any input terminal of gate 74 will “close” the B-to-

C signal gate, and no B-to-C signals will be applied to ;

the ¢ input terminal of Cg4 Similarly, the presence of a
PL-signal upon one or more of the input terminals of gate
76 will result in “closing” the A-to-B signal gate 86, thus
preventing A-to-B signal from being fed to the b input
terminal of Byq. The condition of machine operation
wherein all of the input terminals of gate 74 and all of the
input terminals of gate 76 carry NL-signals may be called
the “normal” state of operation, and other operations,
such as the SL1 operation now being considered, may be
thought of as produced by deviations from this “normal”
state of operation. If, for instance, a field word of infor-
mation were entirely upon the delay line, this field word
of information would be lost, rather than making a loop,
were not each digit word thereof read into A4, and thence
routed by some path through the digisters, returning to
Cg, whence it is “read” back onto the delay line, i.e., back
into the Memory Unit. The *“path” between digisters
which is used, inter alia, in the idling state of the ma-
chine, sometimes called the “normal path,” is the path of
transfer running from the Memory Unit, to Ay, to By, to
Cg, and thence back to the Memory Unit. The expression
“loop” is used herein to refere to the path of flow of the
field word of information both in the Memory Unit (in-
cluding the delay line) and in the Arithmetic Unit, from
digister to digister. Thus, when the loop is completed
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through the digisters by following the “normal path,” it
may be said that, as a whole, the field word of informa-
tion is following the “normal loop.” Since, however, the
speed of travel of the field word of information along
the delay line is fixed by the physical parameters
of the delay line, and since each digister is capable of
storing a representation of but one digit word, it follows
that the A-to-B and B-to-C signal must be properly
timed, and synchronized, to effect the transfer of the
digit word stored in each digister to the next succeeding
digister before the arrival of the succeeding digit word.
More specifically, the A-to-B signal must be timed to
transfer the contents of A4 to By immediately after a
complete digit word is sequenced into Ag4, and before the
commencement of sequencing the next succeeding digit
word into Ag. Once a digit word is stored in By, how-
ever, it must be transferred forward to C4 at substantially
the same time at which the next succeeding digit word is
transferred forward from Ag4. Using the terminology de-
veloped hereinabove in connection with FIGS. 345 and
346, it may be stated that each digit word is read into
Ag4 within a specified cell time, e.g., cell 2//1 time. The
digit word sequenced into Ay, then, must be substantially
instantaneously transferred to By before the commence-
ment of cell 2//2 time. As may be seen from the horizon-
tal line separating the 2//1 and 2//2 cells of the field
word diagram of FIG. 347, however, the Timing Signal
Generator provides a By; pulse separating these two cells,
in time. Thus, the transfer from Ag4 to By, avoiding de-
struction of the digit word in A4 by the premature inse-
quencing of the subsequent digit word, may be timely
made by employing the By; signal between the two cells
to synchronize this transfer. Similarly, the transfer of a
digit word from By to Cgy, avoiding destruction of this
digit word by the transfer of the subsequent digit word
from Agq, may be timely made by employing a Bys signal
to time the transfer from By to Ca. As will be explained
hereinbelow, each digit word inserted into Ca will be
sequenced therefrom to the Memory Unit during one
cell time.

Returning, then, to consideration of the A-to-B and
B-to-C signal gates, viz, gates 86 and 85 at (5:2)b, it
will be realized that if both of these gates are enabled by
NL-signals upon their lower input terminals, then the
continuous chain of A-to-B and B-to-C signals emitted
thereby, and applied to the b terminal of By and to the ¢
terminal of Cg, respectively, will cause the inter-digister
transfer in the normal loop to take place in such manner
as to avoid destruction of digit words passing through the
Arithmetic Unit, provided, that is, that the occurrence
of the inverted Bs signals supplied to the upper inputs
of these gates are properly synchronized with the field
word of information., The synchronization of the Timing
Signal Generator, which provides these inverted By; sig-
nals, with the traveling field word of information, will
be described hereinafter in connection with the problem
of digit entry.

Before returning to the shift left register 1 (SL1) oper-
ation, it should be generally understood that when it is
desired to suppress the appearance of the A-to-B signal
or the B-to-C signal, gates 76 and 74, respectively, are
employed for this purpose. That is, the appearance of a
PL-signal upon any one of the input leads of gate 76 will
suppress the A-to-B transfer signal. Similarly, the ap-
pearance of a PL-signal upon any one of the input termi-
nals of gate 74 will suppress the B-to-C transfer signal.

In addition to the A-to-B and B-to-C Arithmetic Unit
cycling signal gates, described hereinabove, several other
Arithmetic Unit cycling signal gates are located at
(5:2)a,b and which are somewhat similar in function
and operation to the A-to-B and B-to-C gates mentioned.
These additional Arithmetic Unit cycling signal control
gates are: gate 78, the “RESET A SG. S.” gate; gates 79
and 83 which, taken together, constitute the “RESET D
SG. S.” gate; gate 80, the “A-to-C SG. 8.” gate; gate 91,
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the “A-to-D SG. S.” gate; gate 82, the “D-to-B SG. S.”
gate; and gate 84, the “D-to-A SG. S.” gate. Since these
additional gates are all similar in function and operation
to the above-discussed gates 86 and 85, each one serving
to gate Bys;, inverted, signals to control inputs of the
digisters of the Arithmetic Unit, the detailed operation of
these gates will not be discussed herein, reference being
had to the detailed discussion of the operation of similar
gates 86 and 85 found hereinabove.

Briefly, the overall function and operation of these
additional gates is as follows.

Gate 78 will supply Bjs signals to terminal ¢ of Ay
whenever a PL-signal is present upon at least one input
lead of gate 70, a PL-signal is present upon at least one
input lead of gate 48, and a PL-signal is present upon at
least one input lead of gate 41.

Gate 83, which is under the control of gate 79, will
supply Bj; pulses to the / terminal of Dy whenever a
PL-signal appears upon at least one of the input terminals
of gate 79.

Gate 80 will supply By signals to the b terminal of Cq4
whenever a PL-signal is present upon at least one of the
input terminals of gate 74, except during column C,
time.

Gate 81 will supply By; signal pulses to the b terminal
of D4 whenever a PL-signal is present upon at least one
of the input terminals of gate 75.

Gate 82 will supply B,; signal pulses to input terminal
a of By whenever a PL-signal is present upon at least one
of the input leads of gate 76, except during column C,
time.

Gate 84 will supply By; signal pulses to the b terminal
of A, except when a PL-signal is present upon one or
more of the input terminals of gate 48.

Returning, now, to consideration of the Shift Left
Register 1 (SL1) operation, and considering the digisters
shown in the logic diagram in conjunction with the field
word diagram (FIG. 346), it may be seen that, to accom-
plish this operation, (2//1)SL1 through (14//1)SL1
must be shifted to 3//1 through 15//1, respectively.
Considering just one of these transfers, i.e., (2//1)SL1
to 3//1, in terms of the digisters of the Arithmetic Unit
as shown in the logic diagram, the following interdigister
transfers will be seen to take place. These transfers, of
course, take place as variations upon the “normal loop”
transfers A-to-B and B-to-C, A4 also being reset at the
time of each Bjs signal as part of “normal loop” opera-
tion. Let is consider, then, that (2//1)SL1 has just been
completely sequenced into A4. Since the progression of

the field word, as shown in FIG. 346, will next pass |

(2//2) into Ay and since 3//1, into which (2//1)SL1
is to be “deposited” will not be reached until a full column
time has elapsed, it follows that (2//1)SL1 must be
“held” for a full column time. This is done by transfer-
ring (2//1)SL1 from A4 into Dy, and holding it there
for one column time, i.e., until the By5 signal terminating
3//71. It follows, of course, that, at the end of 3//1,
(3/7/1)SL1 will be standing in Ay, and, at that time, will
be transferred to Dgy. At that time, i.e., at the 3//1-3//2
transition, (2//1)SL1 must be transferred into B4. Thus,
since the “normal loop” operation continues with the
exception of the variations in the various signal trains
necessary to effect these sideshifts, such as the shift from
Ag-to-Dy, etc., it follows that, at the next B-to-C transfer,
and the subsequent out-sequencing of the contents of Cq
to the Memory Unit, (2//1)SL1 will not be back on the
line, but will now be in 3//1. That is, (2//1)SL1 will
have become (3//1)SL1. Though not mentioned above,
for reasons of simplicity, it will be clear that one addi-
tional transfer control signal is needed. Or, rather, one
normally-occurring transition signal must be suppressed
in order to “protect” (2//1)SL1 while it is in B4, More
specifically, the A-to-B signal, which would otherwise
transfer the contents of Ag-to-By, “on top of” (2//1)SL1,
must be suppressed. Summarizing, then, the leftward
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shift of each digit requires {(a) an A-to-D signal, (b) a
D-to-B signal, and (c) the suppression of an A-to-B
signal at the end (approximately three micro-seconds
before the end) of the cell time corresponding to each
digit to be shifted. The above assumes, of course, that,
with the exception of the suppression of one A-to-B sig-
nal, the “normal loop” signals proceed unaltered. The
appearance of the necessary A-to-D and D-to-B signals,
and the suppression of the A-to-B signal, are brought
about by the action of gate 65 (4:1)f, which imposes the
necessary input signals upon gates 75 and 76 (4:2)f to
cause the outputs of these gates to so control the action
of gates 81, 82, and 86 (5:2)f as to bring about the
necessary signal appearances and suppressions,

By repetition of the shifting operation described in
connection with (2//1)SL1, (3//1) through (14//1)
will also be left-shifted.

No mention was made above of (0//1), (1//1), or
(15//1) as taking part in this left-shift. In fact, these
digit words do not take part in the left-shift. The fact
that these three digit words do not take part in the left-
shift is due to the N—N signal upon the middle input ter-
minal of gate 65, which signal is positive, i.e., 65 gate dis-
enabling, during 0//1, 1//1, and 15//1 of a simple SL1
operation. With respect to (14//1)SL1, it may be seen
that this digit word is not transferred from Dgy-to-By4 at
the 15//1-15//2 traosition, since, due to the reappear-
ance on the middle input of gate 65 of the N—N signal,
no D-to-B signal occurs at that time. In fact, due to the
reappearance of the N—N signal, none of the special
variants “normal loop” signals appear at the 15//1-
15//2 transition.

As just discussed, the three variant signals, A-to-D,
D-to-B, and the absence of A-to-B, occur substantially
simultaneously. It might appear, then, upon first considera-
tion, that the simultaneous arrival of these signals at their
respective digisters might cause obliteration of some in-
formation stored therein, rather than a successful trans-
fer to the next digister. That is, it might be suspected
that the receipt of the A-to-D signal at Dy when, at the
same time, the contents of Dy are being transferred to
By, would cause the loss of the inter-digster transfer sig-
nals upon the D.C. transfer input of By before B, could be
forced into the state formerly held in Dy. Reflection will
show, however, that this is not the case. Let us assume
(referring to FIG. 268) that prior to the transfer of a
particular digit from Dy to By, the D1 flip-flop is in the
set condition. Therefore, the X—2 input of the B1 flip-flop
will carry a PL-signal, while the X.-2 input terminal of
flip-flop B1 will carry an NL-signal. Assuming, however,
that a D-to-B signal has not yet appeared, the X,~2 input
terminal of the B1 flip-flop will be at NL. Considering,
first, the gate capacitor in the gate associated with the
X.—2 terminal, this capacitor will carry a charge of ap-
proximately 12 volts, the terminal of this capacitor near-
est the gate resistor being positive with respect to the
more remote terminal. The gate capacitor associated with
terminal X.-2, on the other hand, will have very little
charge thereon. Thus, it may be seen that the condition
of the D1 flip-flop is in reality “stored” in the X-2 gates
of the B1 flip-flop during the cell time. Thus, at the arrival
of the B-to-B signal upon terminal « of By, it is immaterial
that the states of the flip-flops of Dy are changing at the
same time, since this signal transfers into the flip-flops of
By, not the information taken directly from the flip-flop
outputs of Dy, but the information stored upon the X-2
gates of the flip-flops of By itself. The same reasoning ap-
plies to all of the simultancous transfers between digsters,
and other simultaneous digister-controlling signals herein,
and, thus, it will be assumed hereinafter that such inter-
digister transfers, and digster-controlling signals, are non-
mutually-interfering, without further explanation of the
storage action of these dynamic gates.

16.5. Digit Entry
Assuming, now, that the machine of the embodiment



3,546,676

83
described herein is in its cleared state, we proceed to de-
scribed the entry of a digit, say “3,” by depression of the
corresponding digit key.

Depression of the digit “3” key causes the appearance
of a PL-signal upon output lines w, x, and y of the Entry
Unit, as can be seen from coasideration of the Digit Sig-
nal Generator circuit shown in FIG. 182. Depression of
the digit “3” key also causes a PT-signal upon output line
n of the Entry Unit after a delay of approximately 6
milliseconds, as can be seen from inspection of FIGS. 182
and 188, taken together. Going, now, to the COM. DIG.
flip-flop (FI1G. 230) it can ge seen that the depression
of the digit “3” key, or, for that matter, any one of the
digit keys, causes a PL-signal upon the X- terminal there-
of. This PL-signal, accompanied by an NL-signal upon the
X. terminal of the COM. DIG. flip-flop, due to the fact
that the CLR. ALL key is not depressed at the same
time, conditions this flip-flop to be set upon arrival of the
COM. KEY SG. at the X, terminal approximately 6 mitli-
seconds later.

Going to FIG. 228, it can be seen that a signal from
the FF. terminal of the COM. DIG. flip-flop is tied to the
left reset input of the CLR. ALL flip-flop. Thus, the CLR.
ALL flip-flop will be reset when the COM. DIG. flip-flop
is set.

The remainder of the flip-flops in the Entry Unit will
remain in their reset condition, even though a COM. KEY
SG. is received upon their X inputs, due to the fact that
both of the D.C, transfer inputs of these flip-flops carry
NL-signals.

The resetting of the CLR. ALL flip-flop causes an NL-
signal to appear upon the upper input terminal of gate
“994" (shown in phantom within the Memory Unit block
symbol at (6:2)c,e). This upper input terminal of gate
“994" is the 4 terminal of the Write Amplifier, the circuit
of which is shown in FIG. 202. It is also apparent that
the lower input terminal of gate “994” will be at negative
level at this time, since this input is directly connected to
the output of gate 103, one input of which is directly con-
nected to the output of gate 101, the “C CTR Z 8G. S.)”
or C-digister zero sensing gate. The C-digister remains in
its cleared, or zero-representing condition, since it was in
this condition when the machine was in its cleared state,
and nothing has occurred to change its condition. Since
the C-digister is in its zero-representing condition, the
output of gate 101 is a PL-signal, and, thus, the output
of gate 103 is an NL-signal. Thus, the lower input ter-
minal of gate “99a” is at NL at this time. The arrival of
the NL-signal from the FF terminal of the CLR. ALL flip-
flop, then, results in turning the left-hand transistor in
F1G. 202 “on,” initiating a one-shot action in the Write
Amplifier circuit, and, thus, impressing a pulse upon the
launch coi! of the delay line, which causes a correspond-
ing disturbance traveling down the delay line. This initial
disturbance upon the delay line, also called the “syn-

chronizing pulse” herein, will be found at the beginning :

of every field word of information circulating in the mem-
ory loop. This disturbance, or synchronizing pulse, along
with the CLR. ALL FF- SG. (NL) now appearing at the
right reset input of the O. C. flip-flop, causes the timing
chain to be taken out of its “free running” state, and to be
synchronized with each appearance of this synchronizing
pulse at the output of the Memory Unit, as follows.
Going to the “cutaway” within the block symbol of the
Timing Signal Generator in F1G. 311, it will be seen that
the advent of the NL-signal upon the right reset input
terminal of the O. C. flip-flop, in response to the resetting
of the CLR. ALL flip-flop, “unlocks” the O. C. flip-flop,
but leaves it in its reset state. Since the O. C. flip-flop is
left in its reset state; through “unlocked,” an NL-signal
remains upon the FF terminal of the O. C. flip-flop, and,
consequently, upon the right-hand input of gate 99. Thus,
even though the O. C. flip-flop is “unlocked,” the timing
chain continues 1o be driven by the nominal 666 KC Os-
cillator via gate 99. Since the timing chain continues o
run, however, the Cg signal Lrain upon the left set input
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of the O. C. flip-flop must produce a PT-signal upon the
left set input of the O. C. flip-flop within approximately 5
milliseconds, since this is the approximate period of the
C, signal. This PT-signal upon the left set input terminal
of the O. C. flip-flop will set the oscillator control flip-
flop, thereby producing a PL-signal upon the right-hand
input terminal of gate 99, “closing” that gate, and cutting
off the chain of impulses from the nominal 666 KC Os-
cillator to the complement input of the CLK. flip-flop,
thus halting the progress of the timing chain in its HOME
state. Thus, the timing chain is “locked out,” and will
not be energized again until receipt of a resetting signal
for the O. C. flipflop, from some point outside the Timing
Signal Generator. Since the CLR. ALL flipflop is reset,
and will remain so until some subsequent depression of
the CLR. ALL key, the signal necessary to restart the
timing chain must, as can be seen in the “cutaway” in
the Timing Signal Generator block symbol, be entered by
way of the left reset input of the O. C. flip-flop which is
connected to the “ADV. A SG. S.” terminal (gate 90)
see (5.2)e, i.e., the same terminal which supplies the sig-
nals for sequencing digit words from the delay line
(Memory Unit) into the A-digister. As discussed above,
however, the only pulse now circulating in the delay line
is the synchronizing pulse which was produced by the ap-
pearance of an NL-signal upon the upper input terminal
of gate “994” at the time of resetting of the CLR. ALL
flip-flop. To recapitulate, the timing chain is now “locked
out,” and must await a pulse from the “ADV. A” SG. S.
before it will be restarted. Since the maximum time-length
of the delay line used, however, is approximately 5.2 mil-
liseconds, this pulse must occur within that time, When the
acoustic disturbance representing the synchronizing pulse
arrives at the output coil of the delay line, energizing
the Read Amplifier, gate 90, and inverter 26 almost im-
mediately, then, a pulse signal will be applied to the ad-
vancing input of the A-digister, and also to the left reset
input of the O. C. flip-flop, thereby restarting the timing
chain substantially simultaneously with the receipt of the
acoustic disturbance representing the synchronizing pulse
at the output coil of the delay line. Then by the term
“substantially simultaneously,” as used in this discussion,
what is meant is that any delays in the Read Amplifier,
gate 90 etc., are of such small duration as compared with
the delay time as to be operatively insignificant. From
the above, it may be seen that within approximately 10
miliiseconds, at most, from the depression of the digit “3”
keys the operation of the timing chain is synchronized
with the circulation of the synchronizing pulse in the pri-
mary loop.

However, in this active state of operation the timing
chain is no longer “free running,” because the O. C. flip-
flop is no longer “locked” in its reset state by a signal
from the CLR. ALL flip-flop. To the contrary, in this
active state of operation of the machine, and also in the
idling state, each successive occurrence of the PT-segment
of the C, signal train will set the O. C. flip-flop, thereby
“locking out” the timing chain. After each such “locking
out” of the timing chain by the PT-segment of the Cy
signal train, an “ADV. A” signal on the left reset input of
the O. C. flip-flop will be necessary to restart the timing
chain. Since, however, according to a principal feature of
the instant invention, the delay line has a delay time long-
er than the period of the timing chain, the timing chain
must remain “locked out” until the arrival of the syn-
chronizing pulse at the output coil of the delay line. Thus,
the instant invention arranges, in an effective and inex-
pensive manner, to synchronize the timing chain of the
entire device with each reappearance of the leading, syn-
chronizing pulse on the delay line at the end thereof,
thereby rendering the operation of the device of the in-
vention free from the problem of variations in delay line
delay time due to thermal effects.

The timing chain now being synchronized with each
reappeatance of the field word synchronizing pulse, the
operation of digit enlry now proceeds.
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As shown in FIG, 308, entry of the digit “3”-represent-
ing signals from the Entry Unit into the D-digister cannot
be made until the occurrence of the EPCH (“Entry Phase
Command H,” or “H Command”) signal. The Entry
Phase Counter, which, through a group of gates at (3:1)ef
and (3:2)e, produces the Entry Phase Command signals,
was locked in its zero condition, i.c., all three flip flops
reset, during the prior cleared state of machine operation.
Thus, the Entry Phase Counter must be advanced to the
condition indicated upon the upper three input terminals
of the EPCH signal source gate, gate 32. In this condi-
tion, called herein the “decimal equivalent 6” condition,
flip-flop EPC1 will be reset, flip-flop EPC2 will be reset,
and flip-flop EPC4 will be set. The Entry Phase Counter
must be advanced to this condition by means of PT-
signals upon its EPC1 flip-flop complement input, which
receives signals from the output of gate 28 (3:2)c. The
HOME SG., which is applied to one of the input terminals
of gate 28, can produce transition signals on the output of

gate 28 only if the other three input terminals of gate 28 »

are at NL. Going to (3:2)a, we see that gate 23 has an
NL.-signal as its output, because the “DCTR. Z” SG., upon
its upper input terminal, is a PL-signal, which follows
from the fact that the D-counter, or D-digister, remains
in its zero-representing condition, since the previous
cleared state of operation. Thus, the signal upon the upper
input terminal of gate 28 is an NL-signal. Going to
(2:1)a,b, it can be seen that the output of gate 3 is cur-
rently an NL-signal, since the COM. DIG. flip-flop is set.
Thus, the second input lead from the bottom in gate 28
is at NL. Finally, going to (3:2)q, it may be seen that the
output signal of gate 24 is an NL-signal, since the COM.
DIG. flip-flop is set. This NL-signal at the output of gate
24 is applied to the lowest input terminal of gate 28, as
indicated thereat. Thus, since all of the input terminals
of gate 28 except the one which has the HOME signal
applied to it, have NL-signals upon them, the HOME sig-
nal will be passed by gate 28 to the complement input
of flip-flop EPC1 (3:1)c,d. The count in the Entry Phase
Counter will now be advanced by each succeeding PT-
segment of the HOME signal train. Before the arrival of
the Entry Phase Counter at its decimal equivalent “6”
condition can produce the H Command signal at the out-
put of gate 32, however, qualifying NL-signals must be
present upon the two lower input terminals of gate 32.
Going to gate 12, it can be seen that its output is an NL-
signal, since both the D, P. STG. flip-flop and the Decimal
Point Counter were reset during the cleared state of op-
eration of the machine. This NL-signal applied to the
lower terminal of gates 25, along with the NL-signal from

the FF. terminal of the currently set COM. DIG. flip-flop ?

which is applied to the upper input of gate 25, causes a
PL-signal upon the output terminal of gate 25. This PL-
signal upon the output terminal of gate 25 is applied to
the lower input terminal of gate 30, causing the output
of gate 30 to go to NL. Thus, gate 32 has a qualifying
NL-signal upon its input terminal identified with the out-
put of gate 30. The HOME signal train upon the lowest
input terminal of gate 32 will be in its NL-segment during
the entire operating period of the timing chain, i.e., during
each field word time.

From the above, it may be seen that the H Command
signal will be produced (at the output terminal of gate
32) when the Entry Phase Counter reaches its decimal
equivalent “6” condition during initial digit entry. Since
the inertia of key motion, the normal key depression
speed of the human operator, and the storage capabilities
of the capacitors in the Digit Signal Generator key filter
circuits, and in the dynamic input gates of the flip-flops
of the D-digister cause the digit “3” signal to remain stored
in the keyboard number input gates of the D-digister for
longer than the period necessary to produce the H Com-
mand signal, the PT-segment of the H Command signal
will now cause the digit corresponding to the key just
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depressed, i.e., the digit “3,” to be transferred into the D-
digister.

Keeping in mind that the embodiment described herein
has a 10-key keyboard, it would be necessary to shift all
of the digits in the keyboard entry display (Row 1 in the
present embodiment) one order to the left if any digits
had previously been entered subsequent to the depression
of the CLR., ALL key. In the present embodiment, this
automatic left-shift of the keyboard entry display is done
for the first digit entered after clearing, as well as for sub-
sequently entered digits, as in many other calculating de-
vices. This automatic left-shift is performed in the manner
described at length hereinabove in Section 16.4. As may
be seen by review of that section, the Shift Left Register
1, or SL1 operation is automatically performed whenever
an NL-signal is present upon the upper input terminal
of gate 65, throughout a field word time. Tracing the sig-
nal upon the upper input terminal of gate 65 to its source
at the output terminal of gate 53, and examining the
input terminals of gate 53 it is found that just such an
NL-signal is present upon the upper input of gate 65
during the field word time at the beginning of which a
representation of the digit just entered is transferred into
the D-digister, that is, the EPCH SG. is applied to an
input of gate 53, in addition to the keyboard digit entry
input terminals of the D-digister. The application of the
EPCH SG. to an input of gate 53 causes the output ter-
minal of gate §3, and the upper input terminal of gate 65
to carry an NL-signal, and thus, causes the SL1 opera-
tion to take place during the field word time to which the
EPCH SG. corresponds, In this H-field word time SL1
operation, however, unlike the SL1 operation described
in Section 16.4 above, a representation of the digit “3,”
as just entered into the digit keyboard, is present in the
D-digister at the time of the first set of A-to-D, D-to-B,
and missing A-to-B variant signals. Thus, the just-entered
digit “3” will be transferred from the D-digister to the B-
digister at the time when the B-digister would, in “nor-
mal loop” operation, contain (2//1) and, thus, the just
entered digit “3” will be inserted into cell 2//1 in the
field word. Thereafter, the SL1 operation will go on as
described in Section 16.4. At the end of the H-field word
time, since no digit keys had been depressed in this ex-
ample, prior to the depression of the digit “3” key and
subsequent to the depression of the CLR. ALL key, Row 1
of the display screen will have the digit “3” in its right-
most numerical cell, 1/1, at the end of the H-field word
time.

In the present example of the entry of an initial digit,
however, the only information carried in the field word
circulating in the memory loop will be the synchronizing
pulse. In other words, all of the cells of the field word
will contain zeros prior to the depression of the digit “3”
key. Thus, when the digit “3” key is depressed and, as
described above, a representation of this numeral is trans-
ferred into the D-digister, then the digit representation
transferred into the D-digister from the A-digister at the
same time that the digit “3” representation is transferred
into the B-digister will be a “0” representation. Thus, the
contents of the D-digister will again be “0,” and gate 98,
the “D CTR. Z SG. S.” gate, will supply an enabling PL-
signal to the upper input terminal of gate 23. Since the
remaining information in the field word is all representa-
tive of zeros, then the PL-signal at the output of gate 98,
the D-digister zero sensing gate, will be present through-

5 out the H Command time, the output of gate 23 will re-

main at NL, and gate 28 will remain “open,” thus per-
mitting the continued transmission of the HOME signal
train to the complementing input of the Entry Phase
Counter. At the PT-segment of this signal train, which
marks the end of the timing chain period, the Entry Phase
Counter will be advanced to its decimal equivalent “7,”
or all three flip-flops set, state. At this transition the
“SHIFT LEFT SG.” on the lower input terminal of gate
23 will go to its NL. However, the D-digister zero sensing
gate 98 will continue to provide an enabling signal upon
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the upper input lead of gate 23, due to the fact that the
contents of the D-digister will be a digit “0” representa-
tion at this time. Thus, the occurrence of the next succeed-
ing PT-segment of the HOME signal train will advance
the Entry Phase Counter to its decimal equivalent “0,”
or all three flip-flops reset, state. At this time, as may be
seen from FIGS. 228, 229, and 230, the SUB, ADD,
CLR. ENT., MULT, DIV, C. F., and COM. DIG. flip-
flops will be reset by the “EPCZ™ SG. produced at the
output of gate 29 and applied to reset terminals thereof.

1t should be noted at this point that the expression
“EPCZ’ is used to indicate that the EPCZ signal has been
passed through an emitter follower before being applied
to the reset terminals of these flip-flops. Therefore, the
primed expression may be considered, for purposes of the
logic diagram, to be the full equivalent of the unprimed
expression.

It will be clear, that, had the field word contained the
representation of a number of several digits, say “5566,”

in its 2//1, 3//1, 4//1, and 5//1 cells, the same result s

would have been reached, i.e., the D-digister would ulti-
mately have come to contain a digit “0” representation,
and continued to do so until the PT-segment of the
HOME signal train at the endof the H command time, or

H-field word time. The entry of a digit other than an ¢

initial digit, then, would be terminated at the decimal
equivalent “0” state of the Entry Phase Counter, just as
was the case with the initial entry of a digit.

If, however, the cells 2//1-14//1 of the field word are

already occupied by digits, then the final D-to-B transfer, :

ie., (14//1) to (15//1), will result in actuation of the
O’FLOW flip-flop, lighting the overflow warning lamp in
the O’FLOW key, and requiring the depression of that key,
clearing the machine.

An additional aspect of the digit entry program, not :

considered hereinabove, takes place during the decimal
equivalent “2,” or D Command, state of Entry Phase
Counter operation. This additional aspect of the digit
entry program comes into play, however, only upon entry
of a first digit after the depression of an appropriate func-
tion key, ie., CHANGE SIGN, REPEAT, DIVIDE,
CLEAR ENTRY, ENTER MULT, SUBTRACT, ADD,
RECALL, or STORE. That is to say, the depression of an
initial digit key subsequent to the depression of one of
these function keys will cause, at the decimal equivalent
“2” state of Entry Phase Counter operation, an upward
shift of the entire contents of display Row 1 into display
Row 2, before the entry into display Row 1 of the digit
indicated by the key depressed. This is accomplished by
actuation of the circuitry carrying out the Shift Up (SU)
operation, which is described hereinafter in connection
with FI1G. 353.

This feature of the device of the invention, which is
called “automatic sequential access storage,” may best
be understood by first considering its external manifesta-
tions as shown in FIGS. 364 through 371.

16.6 Automatic Decimal Alignment and Automatic
Sequential Access Storage Operation

FIG 364 is a schematic showing of the device of the
invention as it would appear after depression of the
CLEAR ALL, “2,” and “3,” keys, and a second depression
of the “3” key. in that order. It should be noted that the
vertical row of decimal point representations is located
in the fifth decimal place position, as described herein-
above in connection with FIGS 334 and 335 Given the
device of the invention in the condition shown in FIG.
364, the ENTER key is then depressed, with the result
shown in FIG. 365. That is to say, the depression of

the ENTER key has resulted in aligning the decimal point 7

focation in the number “233” just entered (assumed to be
at the right-hand edge of the digit group entered if the
decimal point key is not depressed) with the decimal
points displayed upon the screen. Since the ENTER key
is one ol the function keys which sets up the program for
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shifting the Row 1 contents upward at the decimal equiv-
alent *“2” state of the Entry Phase Counter upon entry
of the next subsequent digit, the depression of the “1,”
“Decimal Point,” and “7” keys, in that order, after the
depression of the ENTER key, results in shifting the
previously entered number “233” up to Row 2, and entry
of the number “17” in Row 1 as shown in FIG. 366.

The depression of the DECIMAL POINT key after the
“1” key, and before the “7” key has no effect apparent on
the display screen during entry of the digits of a number,
as can be seen in FIG. 366. However, depression of the
ENTER key after depression of the “7” key results (see
FIG. 367) in alignment of the digits “1”7 and “7” with
the decimal point upon the screen, in accordance with the
previously “keyed in” decimal point, ie., “keyed in” be-
tween the digits “1” and “7.” Thus, comparison of the
four FIGS. 364, 365, 366, and 367, shows the manner of
operation of the automatic decimal alignment system, and
the effect of the stored “presumption” that, with no de-
pression of the DECIMAL POINT key, the intended
decimal point is located to the right of the last digit
entered. FIGS. 364, 365, 366, and 367 also show the
automatic sequential entry aspect of the automatic se-
quential access feature of the invention.

As shown in FIG. 368, the next number entered into
the device in this demonstration is entered by depressing
the DECIMAL POINT key, and then the digit “6” key,
resulting in the appearance of the digit “6” in Row 1 of
the display screen, but no decimal point representation.
The subsequent depression of the ENTER key, as shown
in FIG. 369, results in alignment of the decimal point
“keyed in” before the digit “6” with the decimal point
upon the display screen.

After this depression of the ENTER key, there are
three numbers located one above the other, decimal-
aligned, in Row 1, Row 2, and Row 3 of the display
screen, as shown in FIG. 369.

FIGS. 370 and 371 are now used to show the external
manifestations of the automatic sequential retrieval as-
pect of the automatic sequential access storage feature of
the instant invention. The expression “automatic sequen-
tial access storage” refers to the automatic up-shifting,
or entry, action described in connection with FIGS. 364
through 368, above, and to the automatic down-shifting,
or retrieval, action described in connection with FIGS.
369 through 371, below.

The expression “automatic sequential access storage”
is employed herein to distinguish this automatic storage
action from the operation of the other storage means of
the device of the invention, called the “direct access
storage.”

The direct access storage register, cells 1//S to 14//S
of the field word circulating in the memory loop, is not
displayed. Information stored in this “blind” register
must be stored, from Row 1 of the display screen, by
depression of the STORE key; and must be retrieved
therefrom, into Row 1 of the display screen, by depres-
sion of the RECALL key. Depression of the RECALL
key also up-shifts the numbers displayed upon the display
screen, This direct access storage is so-called, then, be-
cause it is a storage register the contents of which may,
by key depression (STORE), be directly entered into
storage from Row 1 of the display screen. And may be
recalled from storage to Row 1 by depression of another
(RECALL) key.

By contrast with the operation of the direct access
storage, or DA storage, then, the source of the name
“automatic sequential access storage,” or “SA storage,”
may be seen. That is, the SA storage is “sequential” in
that, as shown in FIGS. 364 through 368, it automatically
introduces sequentially-entered factors into storage Rows
2, 3, and 4; and, as described below in connection with
FIGS. 369 through 371, it automatically emits said fac-
tors to Row 1 in opposite sequence. The “automatic”
nuture of the SA storage will also be evident from the
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discussion given above in connection with FIGS. 364
through 368.

Returning to the discussion of FIGS. 369 through 371,
and considering the device of the invention to contain
the numbers shown upon the display screen in FIG. 369,
the ADD key is now depressed. The result of depressing
the ADD key is shown in FIG. 370. As may be seen in
Row 1 of the display screen (FIG. 370) the former con-
tent of Row 2, viz, “1.7,” has been “retrieved,” and
added to the former content of Row 1, viz., “.6”. The
sum of these two numbers, viz., “2.3,” now appears in
Row 1 of the display screen (FIG. 370). The result in
Row 1, then, is brought about by two separate actions:
(1) addition, and (2) retrieval. This automatic retrieval
from the SA store of factors to be entered into mathe-
matical operations constitutes the second, or “automatic
sequential retrieval,” aspzct of the automatic sequential
access storage feature of the instant invention.

Subsequent depression of the ADD key will bring
about another addition and retrieval, and (FIG. 371)
will leave in Row 1, the number “235.3,” which is the
sum of the three numbers formerly “stacked” upon the
display screen (FIG. 369). A further unique aspect of
the automatic sequential access storage feature of the
instant invention is that, though access to, and retrieval
therefrom, are automatic, manual entry may be made
thereinto, if desired, by depressing the REPEAT key,
and manual retrieval may be made therefrom by depres-
sion of the STORE key, though at the expense of losing
the number stored in the direct access storage register.
It should also be noted depression of the REPEAT key
does not eliminate the content of Row 1.

Having now considered its external manifestations,
and related machine operations, the reason for the initia-

tion of the up-shift action at decimal equivalent “27” .

state of the Entry Phase Counter upon entry of an
initial digit after the depression of an appropriate func-
tion key, may be seen. It will be apparent from the above
discussion of “automatic retrieval,” and REPEAT key
action, that a down-shaft suboperation is also provided.
This operation, which is discussed hereinafter, along with
the up-shift operation, takes place, for instance, at the
decimal equivalent “1” state of the Entry Phase Counter
in the ADD operation.

16.7. Suboperations, Addition, and Subtraction

As pointed out hereinabove, the idling state of op-
eration of the device of the invention is characterized
inter alia, by a particular routing of the successive digit
words through the Arithmetic Unit. In the course of
this particular routing, through the Arithmetic Unit,
sometimes called the “normal path,” or “idling path,” each
digit word is: (1) sequenced into the A-digister, (2)
transferred from the A-digister to the B-digister at the
time of occurrence of the B;; pulse occurring next after
it is completely contained in the A-digister, (3) trans-
ferred from the B-digister to the C-digister at the time
of occurrence of the next succeeding By; pulse, and (4)
sequenced out of the C-digister and back into the Memory
Unit during the interval between the Bi; pulse which
brought about its transfer into the C-digister and the
next succeeding By pulse.

As was also pointed out hereinabove, a pulse is sup-
plied to the A-digister at each Bz time during idling
which “zeroizes” the A-digister.

As set out in detail in Section 16.4, three trains of
pulses are mecessary to enable the successive digit words
constituting the field word to follow the idling path
through the Arithmetic Unit: (1) the A-to-B pulse train,
which is applied to terminal b of the B-digister, (2) the
B-to-C pulse train, which is applied to terminal ¢ of the
C-digister, and (3) the “RESET A” pulse train, which is
applied to terminal ¢ of the A-digister. These three pulse
trains, which are characteristic of the idling state of
operation of the device of the invention, are alike in that
each of them corresponds fully in number and time to
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the Bys pulse train, the difference between them lying in
the terminals of the digisters to which they are supplied.

As pointed out in detail in the discussion of the Shift
Left Register 1 (SL1) suboperation, the particular sets
of pulse trains supplied to certain terminals of the di-
gisters to carry out the suboperations which make up
the key functions of the device, and to carry out the
operations of addition and subtraction, may most con-
veniently be thought of as variants of the basic set of
pulse trains which bring about the circulation of the digit
words through the “idling path.” Thus, for convenience
in discussion herebelow, the basic set of pulses which
bring about circulation of the digit words through the
idling path will be called the “idling pulse trains,” or
“idling pulses,” while the sets of pulse trains necessary to
carry out certain named suboperations will be called by
the name of the particular suboperation. For instance,
the set of pulse trains necessary to bring about SL1
operation will be called the “SL1 pulse trains,” or “SL1
pulses.” Further, these sets of pulse trains related to
specific suboperations, or addition or subtraction, will
be referred to with respect to the manner in which they
differ from the idling pulse trains, rather than described
independently. Thus, the Shift Register 1 Left pulses
(FIG. 349) are variants of the idling pulses in that:
(1) they include two additional trains, viz., A-to-D and
D-to-B, and (2) the A-to-B pulse train varies from the
idling version of the same pulse train by the deletion
of the fifteenth B,;5 pulse (B _15)

The manner in which the set of pulse trains necessary
to produce the SL1 suboperation is generated by the
system of gates found in the Control Unit is described in
detail in Section 16.4, A reading of that section in con-
junction with FIG. 349 will generally indicate the man-
ner in which the sets of pulse trains corresponding to
the suboperations, and addition and subtraction, are
represented by FIGS. 350 to 361 and it is deemed un-
necessary to describe in detail the generation of the other
sets of suboperation pulse trains, or the sets of pulse
trains employed to bring about addition or subtraction.
In the following description of the suboperations, and
addition and subtraction, therefore, reference will be had
to the corresponding waveforms as shown in FIGS. 349
through 361 to indicate how the various transfers, etc.,
which comprise a given suboperation, come about, and
a description of each suboperation, and addition and sub-
traction, will be given in terms of those transfers, etc.,
rather than in terms of the pulse trains necessary to bring
them about.

16.7.1. Shift Left Register 1 (SL1—FIG. 349): This
suboperation is discussed in detail in Section 16.4, above.
It should be particularly noted, however, that fully carry-
ing out this suboperation causes the most significant digit
to be stored in the D-digister at the end of the suboper-
ation. It should also be noted that no resetting of the
D-digister, nor any out-sequencing thereof, is provided
for at the end of this function, because in multiplica-
tion a Shift Left Register 2 suboperation follows SL1, and
the most significant digit in Row 1 must be inserted into
the least significant digit position of Row 2. Conse-
quently, any digit remaining in the D-digister at the
commencement of the SL1 suboperation will be inserted
into the least significant digit position of Row 2. Also,
as may be seen in FIG. 349, the variant aspect of SL1
suboperation does not commence until By;_;5 is reached
in order to avoid shifting the sign information stored in
column C,. Similarly, the variant-type of operation is
terminated before the end of the suboperation in order
to avoid entering an overflow into cell 15//1.

16.7.2. Shift Left Register 2 (SL2—FIG. 350): As
will be noted by comparison of FIGS. 349 and 350, the
set of SL2 pulse trains differs from the set of SL1 pulse
trains only in that the variant pulses are timed with
B15—169 B15‘22, etc., rather than with B15v<‘5, B15A21, etc.

Therefore, the SL2 suboperation shifts the digits in
Row 2, rather than Row 1, one order to the left.
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The path through the Arithmetic Unit, then, will be
the same path as that taken by the digit words in the
SL1 suboperation, but in SL2 suboperation the digit
words in cells 2//2-14//2 will be inserted into cells
3//2-14//2, rather than the digit words in cells
2//1-14//1, being inserted into cells 3//1-14//1, as in
the SL1 suboperation. As in the SL1 operation, no re-
setting or our-sequencing of the D-digister is provided
for at the end of the suboperation. In SL2 this retention
of the contents of the D-digister at the end of the sub-

operation is provided to accommodate the division
operation.
16.7.3. Shift Down in Addition and Subtraction

(SD{A+S)—FIG. 351): In this suboperation the con-
tent of each one of the top three rows on the display
screen is shifted down into the row immediately below
it, and the content of the bottom row of the display
screen is shifted into the Ry register (not visible; some-
times called the “M/D register™). This is accomplished
(FIG. 351) by transferring the digit words of registers
R;. Rs Ry, and Ry along the path A-to-C instead of the
idling path. To avoid shifting the contents of the Rg
register into Row 4 of the display screen, the Rs and
R, register digit words are transferred along the idling
path, ie., the contents of the Rg register is unchanged,
and the contents of the R; register is “written over” the
contents of the R, registers. Also, in this SD(A+S) sub-
operation, the D-to-B transfer is made each time a
digit word of any one of the registers Ry, Ry, R;, or Ry
is transferred from the A-digister to the C-digister,
thereby assuring that the B-digister is zeroized whenever
the transfer of register Ry and register Rq digit words
takes place along the idling path.

16.7.4. Shift Down in Multiplication and Division

(SD(M+D)—FIG. 352): In the SD(M+D) subopera- !

tion the contents of each one of the top three rows on
the display screen are shifted down into the row imme-
diately below, thereby leaving the top row of the display
screen “empty,” i.e., displaying all zeros. In terms of the
field word, this means that the contents of the //4 cells
are inserted in the //3 cells, etc. As in the other sub-
operations, and operations (0//8)—(0//4) are not af-
fected, to preserve the relationship of the synchronizing
pulse to the remainder of the field word.

This down-shift of the contents of the display is accom-
plished, as may be seen in FIG. 352, by “steering” the
digit words of registers Ra, Ry, and R, directly from the
A-digister to the C-digister.

Further, in the SD(M+D) suboperation, the contents
of the register word Rg and register word Ry cells re-
main unchanged. That is, the contents of the M/D and
S registers remain unchanged. This is accomplished by
“steering” the digit words of these registers over the
idling path.

Also a D-to-B transfer is made each time a digit word ;

is steered over the variant path corresponding to the
shifting down of the contents of the display, thereby assur-
ing that the B-digister is zeroized in order to zeroize the
/74 cells.

16.7.5. Shift Up (SU—FIG. 353): In this subopera-
tion the number appearing in each row of the display
screen is shifted to the row immediately above, leaving
Row 1 zeroized, i.e., displaying all zeros.

This is accomplished, as shown in FIG. 353, by steer-
ing the digit words of the //4, //3, //2, and //1 regis-
ters along the direct path from the D-digister to the B-
digister after steering the digit words of the //1, //2, and
//3 registers along the direct A-to-B path, As shown in
FIG. 353, the D-digister is reset at the time of the By;
pulse immediately following the complete entry of each
digit word in the //4 register into the A-digister, thereby
assuring that Row 1 will be zeroized. As an example of
this, the D-digister is reset, or zeroized, at Bjs_g, at
which time (4//4)8U is in Lhe A-digister.

16.7.6. Shift Up in Repeat {(SU(R)—FIG. 354): This
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operation, which is carried out in response to depression
of the REPEAT key, causes the contents of each row of
the display to be shifted up to the row next above, but,
unlike the SU suboperation, the contents of Row 1 re-
main unchanged, Thus, as noted in Section 16.6, depres-
sion of the REPEAT key enters the content of Row 1
into the first (Row 2) register of the automatic sequen-
tial access store. When the REPEAT key is depressed,
however, the content of Row 1 remains therein. That is
to say, three successive depressions of the REPEAT key
will cause the content of Row 1 prior to the first depres-
sion of the REPEAT key to appear in all four rows of
the display screen. It should be noted that the REPEAT
key action differs from the STORE key action in that
the STORE key action results in replacing the contents
of Row 1 with the contents of Row 2, while the RE-
PEAT key action results in entering the contents of Row
1 into Row 2, without disturbing the contents of Row 1.

As can be seen by comparing FIG. 354 with FIG. 353,
the variant paths into which the digit words are steered
during the SU(R) operation are the same as those em-
ployed during the SU suboperation, with the exception
that the Row 1 information is transferred from the A-
digister to the B-digister at the Bys pulse immediately
succeeding its full entry into the A-digister, thereby caus-
ing the information in Row 1 to be retained therein, while
the D-to-B transfer taking place at those same Bj; times
in the SU suboperation does not take place (since it is
not desired to “erase” Row 1, as is the case in the SU
suboperation), and the entire pulse train used to zeroize
the D-digister in the SU suboperation is eliminated, since
it is no longer needed, because it is not desired to zeroize
Row 1.

16.7.7. Store (STORE—FIG. 355): The STORE oper-
ation is a two-part operation, exclusive of decimal point
alignment, which takes place during the decimal equiva-
lent “2” and decimal equivalent “3” states of the Entry
Phase Counter.

The effect of this operation, as displayed upon the dis-
play screen, is to shift the contents of each of the upper
three rows on the display screen down into the row imme-
diately below. The other major effect of the STORE
operation, through not visible upon the face of the dis-
play screen, is the entry of the contents of Row 1 into
the Rg register. However, as may be seen in FIG. 346,
the information from Row 1 (//1) must be transferred
into register Ry (//0), and then into register Rg (//S). 1t
is the necessity for this dual shift, which causes the
STORE operation to be a two-part operation.

Considering the “mechanics” of this operation, then,
the first suboperation of the two-part operation, excepting
decimal alignment, takes place during the decimal equiv-
alent *2” state of the Entry Phase Counter, and is a shift
down operation analogous to the SD operations de-
scribed hereinabove. For understanding, then of the left-
hand portion of the waveforms shown in FIG. 355, refer-
ence should be had to the SD suboperations described
hereinabove.

The second part of this iwo-part operation, excepting,
of course, decimal alignment, takes place during the
decimal equivalent “3” state of Entry Phase Counter
operation, and is a suboperation analogous to the SD
suboperations described hereinabove, the difference be-
tween this shift down operation and the previous shift
down operation being found in that the contents of the
M/D register (i.e., the Rq register) are shifted into the
Rg register, whereas, in the previous phase, the contents
of the R, register were downshifted into the Ry register.

16.7.8. Recall (RECALL—FIG. 356): The RECALL
operation, like the STORE operation, is a two-part oper-
ation, exclusive of decimal alignment. The first of these
two parts is an up-shifting operation analogous to the
SU(R) operation described hereinabove, which takes
place during the decimal equivalent “27 state of Entry
Phase Counter operalion.
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The second of these two parts is also a shift-up sub-
operation in which the content of the Rg register is up-
shifted into the R; register. The specific variant paths set
up to perform the first part of this operation may be deter-
mined from consideration of the SU(R) operation wave-
form diagram, FIG. 354, while the specific mode of
variant path steering employed in carrying out the second
part of this operation may be determined from the right-
hand portion of FIG. 356, bearing in mind that, in addi-
tion to the signal trains shown therein, B-to-C and RESET
A signals are supplied to terminal ¢ of the C-register, and
to terminal ¢ of the A-register, respectively, at every Bys
pulse time throughout both parts of the RECALL oper-
ation.

16.7.9. Addition (ADD—FIG. 357): In the embodi-
ment described herein the addition operation, i.e., the
operation which results from depression of the ADD key,
must be distinguished from the add suboperation, which
is included in the ADD operation.

The ADD operation is carried out in two parts, ex-
clusive of the decimal point alignment suboperation.

The first of these two suboperations is the SD(A4S)
suboperation, described in 16.7.3, to which reference is
hereby made. After the performance of this SD(A+S)
suboperation, during decimal equivalent (1) state of the
Entry Phase Counter, the numbers to be added in the add
suboperation are located in the Ry and R, registers.

At the decimal equivalent “4” state of Entry Phase
Counter operation, the add suboperation takes place. The
digits in the R, register are added to the digits in the R,
(Row 1) register, their sum appearing in the R, register
(Row 1} at the completion of the add suboperation.

As shown in FIG. 357, the digit words follow the idling
path through the Arithmetic Unit in the add suboperation.
However, the RESET A pulse is omitted after the content
of each R, register cell is read into the A-digister. That is,
the RESET A pulses corresponding to Bys_y4, Bis 29, - - o
B,5_gg are omitted. By this means a representation of the
digit contained in R, is left in the A-digister, the content of
the same column of R, being added thereto as it is counted
into the A-digister.

Before the content of the same column of the R, reg-
ister is sequenced into the A-digister, however, and after
the quantity derived from the same column of the R,
register is transferred to the B-digister, the C&B flip-flop
is tested to determine whether a carry has been propa-
gated. If this is so, i.e., if the C&B flip-flop is set, the A-
digister is advanced once, and the C&B flip-flop reset.
Immediately thereafter, the content of the R, register
digit in the same column is sequenced into the A-digister,
leaving the sum and carry therein. Provision is also made
to override the resetting action in the event that the carry
advances the A-digister from its digit “9”-representing
state to its digit “0”-representing state.

16.7.10. Subtract (SUB—FIG. 358): The SUB oper-
ation, i.e., the operation resulting from the depression of
the SUB key, like the ADD operation, consists of two
suboperations in addition to the decimal alignment sub-
operation.

The first of these suboperations, the SD(A4S) oper-
ation described in 16.7.3, is performed during the decimal
equivalent “1” phase of operation of the Entry Phase
Counter.

The second suboperation takes place during the decimal
equivalent “2” state of the Entry Phase Counter. This
suboperation varies from the idling state of operation in
that each Ry register digit is read into both the A-digister
and the D-digister, advancing the A-digister and receding
the D-digister. At the termination of the sequencing of
an R, register digit into these digisters, the contents of the
A-digister is transferred to the B-digister, and the comple-
mented R, register digit is transferred from the D-digister
to the A-digister. Provision is made to sequence the D-
digister once before the R, register digit is sequenced
into it if the borrow flip-flop was set as a result of the
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operation in a previous column. The borrow from the
previous column is “deducted” by receding the D-digister
before the R, register digit is sequenced thereinto, because
any pulse-count entering the D-digister sets the borrow
flip-flop. Provision is made to reset the C&B flip-flop when-
ever the A-digister content passes from “9” to “0.” The
D-digister is reset at the termination of each R, register
digit time, as shown in FIG. 358.

16.7.11. Complement (COMP—FIG. 359): In this
operation the digits in register R, are complemented. This
complementing action is necessary, inter alia, when a sub-
traction is performed having a negative result (left in the
R, register). In that event, the C&B flip-flop remains set
after performance of the complete subtraction, and, when
the C&B flip-flop is “tested,” as indicated in FIG. 358, the
action of the COMP flip-flop initiates the COMP sub-
operation, producing the “true” number in Row 1, and
changing the sign of Row 1.

The COMP suboperation varies from idling in that R,
register digits are sequenced into the D-digister, At the
termination of this sequencing-in, the complement stand-
ing in the D-digister is shifted from the D-digister to the
B-digister, and the A-digister to B-digister transfer sup-
pressed, as shown in FIG. 359. Thus, it is immaterial
whether the same digit, from Row 1, is sequenced into the
A-digister, or not, since the suppression of the A-digister
to B-digister transfer “blocks” it. Provision is made for
receding the D-digister once before the R; digit word is
sequenced into it. The C&B flip-flop is not reset during
this suboperation. The D-digister is reset at the time of
each By; pulse, as shown in FIG, 359. As noted above,
the A-digister is advanced once before the 1//1 cell con-
tent is sequenced into it, because a change of sign must
accompany each complementing operation.

16.7.12. Transfer 1-M/D (Erase 1) (1-to-M/D)—
FIG. 360): In this suboperation the contents of the R,
register are shifted to the R, register (M/D register), and
the R; register is zeroized.

This suboperation varies from the idling state of oper-
ation in that each digit word of the R, register is trans-
ferred from the A-digister directly to the C-digister at
the By; pulse immediately succeeding its entry into the
A-digister. Also, the A-to-B and B-to-C transfers are sup-
pressed at this B,; time. In order to zeroize Row 1 (regis-
ter R;), a D-to-B transfer is also made at this B5 time.

The “change sign” control signal employed in the multi-
ply and divide operation is generated during this sub-
operation. This control signal prevents the resetting of
the A-digister after (1//1) has been sequenced into it,
thereby retaining this sign digit in the A-digister until
(1//2) is sequenced into the A-digister, summing the
sign digits in 1//2.

16.7.13. Add One to Register 2 (Ry+1—FIG. 361):
The effect of this suboperation is to add the digit “1”
to the contents of register R,.

This suboperation varies from the idling state of oper-
gtion in that the C&B flip-flop is checked before (2//2)
Is sequenced into the A-digister and, if the C&B flip-flop
is set, the A-digister is advanced once before (2//72), ..
(14//2) are sequenced into the A-digister.

16.8. Multiplication

The multiplication, or MULT, operation, as performed
in the embodiment of the instant invention shown and
described herein is outlined in the flow chart of FIG.
362. Reference to FIG. 362 should be had in connection
with the following discussion,

Depression of the MULT (X)) key causes the contents
of Row 2 to be multiplied by the contents of Row 1, the
product appearing in Row 1. At the completion of the
multiplication operation, the contents of both Row 3 and
Row 4 have been shifted down to the row immediately
below,

Depression of the MULT key, inter alia, “opens™ gate
28, thereby supplying HOME signals to the complement-
ing input of EPC1, and, thereby, advancing the Entry

.
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Phase Counter at the termination of each field word time,
i.c., when the timing chain is “locked out.”

Generally, the suboperation of multiplication performed
in every state of operation, or position, of the Entry
Phase Counter will be found in the flow chart in FIG.
362, wherein the decimal equivalent of the setting of the
Fntry Phase Counter is indicated by numbers within
parentheses.

A more detailed statement of the parts of the MULT
operation performed in each state of the Entry Phase
Counter, however, is found in the following paragraphs,
the numbers of which are the decimal equivalents of the
state of the Entry Phase Counter at which the actions
indicated therein take place.

(1) In this state of the Entry Phase Counter, the con-
tents of Row 1 are down-shifted to the Ry (or M/D)
register, and the R, register is cleared. Thus, the device
of the embodiment is prepared to carry out the successive
additions whereby multiplication is performed herein. In

addition to the above shift, and clearing operation, the .

Decimal Point Counter is set to decimal equivalent “13,”
and the D. P. STG. flip-flop is reset.

(2) In this state of Entry Phase Counter operation,
the numerical contents of Row 1 are shifted left by one

order. This is done for decimal alignment. As a result 2

of this SL1 operation, the most significant digit of the
number previously displayed in Row 1 remains in the D-
digister. At this state of Entry Phase Counter operation,
the Decimal Point Counter is receded by one digit. The

Decimal Point Counter is set to the 13-decimal position -

if the counter zero sensing device indicates the presence
of a zero in the counter at this time and the D, P. STG.
flip-flop is reset.

(3) At this state of Entry Phase Counter operation,

the contents of Row 2 are shifted left one order. This is -

done for reasons of decimal alignment. The most signifi-
cant digit of Row 1 is now inserted into the least signifi-
cant digit position of Row 2, The most significant digit
of Row 2 is left in the D-digister.

(4) In this state of Entry Phase Counter operation,
the contents of register Ry are added to the contents of
Row 1 and the sum accumulates in the R, register until
the D-digister goes to zero. Provision is made whereby
the D-digister is arranged to be reduced by one digit at
every repetition of the add suboperation. As shown at
{3:1D)a,b, means is provided whereby the Entry Phase
Counter is arranged to jump back to the decimal equiv-
alent “2” state if the Decimal Point Counter is not zero
at the end of this function, whereupon the Entry Phase
Counter passes through the previous states, the corre-
sponding operations being performed again. The Entry
Phase Counter jumps to step 7 if the Decimal Point
Counter is zeroized at the end of this Entry Phase Counter
state, the successive additions needed to perform the full
multiplication having been made. The Entry Phase
Counter is advanced to decimal equivalent “5” if the
C&B flip-flop is set at the end of this present Entry Phase
Counter step.

(5) At this state of the Entry Phase Counter opera-
tion, the digit “1” is added to the contents of the R,
register, and the Entry Phase Counter jumps back to its
decimal equivalent “4” state.

(7) In this state of Entry Phase Counter operation,
the upper three numbers displayed upon the display screen
are shifted down once, leaving the former top three
numbers displayed in the lower three rows on the display
screen.

It should be noted that the suboperation mentioned in
the above paragraph are explained in detail in Section
16.7.

16.9. Division

The operation which takes place in the embodiment de-
seribed and shown herein in response to depression of
the DIV ( @) key is oullined in the flow chart of FIG.
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363. In this figure, as in FIG. 362, the numbers in paren-
theses are decimal equivalents of states of the Entry Phase
Counter.

Depression of the DIV key in the embodiment results
in first dividing the contents of Row 2 by the contents of
Row 1, the quotient being temporarily located in Register
R,. When this division suboperation is complete, the con-
tents of each one of Rows 2, 3, and 4 is down-shifted to
the row immediately below, leaving the quotient of the
D1V operation in Row 1.

While the sequence of suboperations making up the
DIV operation is set out in detail in FIG. 363, certain
aspects of the DIV operation which should be particularly
noted are discussed in detail in the following numbered
paragraphs.

The number of each paragraph is the decimal equiva-
lent of the state, or setting, of the Entry Phase Counter
at the time when the action indicated in the paragraph
takes place.

Depression of the DIV key, inter alia, “opens™ a gate
which passes HOME pulses to the complementing input
of the EPC1 flip-flop, thereby advancing the state of the
Entry Phase Counter at the occurrence of the each PT-
segment of the HOME signal train, ie., each time the
timing chain is “locked out.”

(1) During this state of Entry Pase Counter opera-
tion, the contents of Row 1 are down-shifted to the Ry
register, and Row 1 is cleared. Thus, the device is prepared
for the suboperations by which division is performed.
Also, the Decimal Point Counter is set to decimal equiva-
lent “14," and the D. P. STG. flip-flop is reset, at this
state of Entry Phase Counter operation.

(2) In this state of Entry Phase Counter operation, the
contents of the R, register are subtracted from the con-
tents of the R, register (Row 1), the difference appearing
in the R, register. At the termination of this state of the
Entry Phase Counter, as shown in FIG. 363, a test is
made to determine whether the difference stored in the
R, register is positive or negative. If this difference is
positive, then the Entry Phase Counter is advanced to
decimal equivalent “3” state. On the other hand, if this
difference in the R, register is negative, then the Entry
Phase Counter is jumped to the decimal equivalent “4”
state. The advance to the decimal equivalent “3™ state
(difference positive) is made in order to add the digit “1”
into the R, register, because it is by this process that the
quotient is accumulated in the R, register. The jump to
the decimal equivalent “4” state of the Entry Phase
Counter (difference negative) is made when subtraction
is complete for a given order, so far as the content of the
R, register is concerned, it being understood that the nega-
tive state of the R, register at this time indicates that an
overdraft has been subtracted from the contents of the
R, register, which overdraft must be restored before pro-
ceeding with subtraction in the next order.

(3) This state of operation of the Entry Phase Counter
is reached, as indicated above, each time the contents of
the Ry register is subtracted from the contents of the R,
register, leaving a positive difference in the R, register.
The suboperation carried out during this state of the
Entry Phase Counter is the addition of the digit “1,” in
the correct column, to the contents of the R, register.
Successive returns to this state of Entry Phase Counter
operation cause the quotient to be accumulated in the
R, repister.

(4) In this state of the Entry Phase Counter operation,
the contents of the Ry register are added to the contents
of the R; register, thus restoring the overdraft. At the
termination of this state of the Entry Phase Counter, as
shown in FIG. 363, the Entry Phase Counter jumps to
the decimal equivalent “7” state if the Decimal Point
Counter is in its decimal equivalent “0” state, the succes-
sive subtractions of the DIV operation having been com-
pleted. 1f, on the other hand, the Decimal Point Counter is
not in its decimal equivalent “0” stale at this time, then the
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Entry Phase Counter advances to its decimal equivalent
“5* state, as shown in FIG, 363.

(5) In this state of Entry Phase Counter operation, the
contents of the R, register are left-shifted by one order,
thus preparing this register to accept additions of digit “1”
(see paragraph 3) each time the contents of register Ry
are successfully subtracted from the contents of register
R; in the next order. At this time, the most significant
digit in the R, register is left in the D-digister.

(6) In this state of the Entry Phase Counter operation,
the contents of the R; register are left-shifted by one
order. The most significant digit of the R, register which
was just previously stored in the D-digister, as noted
above, is entered into the least significant digit position
of the R, register. At this state of Entry Phase Counter
operation the most significant digit of the R, register is
also left stored in the D-digister. The Decimal Point
Counter is receded once at the termination of this state
of Entry Phase Counter operation. If, by this deduction
from the contents of the Decimal Point Counter, the con-
tent of the Decimal Point Counter goes to decimal equiva-
Ient “0,” then the D. P. STG. flip-flop is reset, in response
to which the content of the Decimal Point Counter is
altered to the decimal equivalent of the number of decimal
positions indicated by the setting of thumbwheel TW.
The D. P. STG. flip-flop is then set, and a jump back to
the decimal equivalent “2” state of Entry Phase Counter
operation takes place. The above-described successive sub-
traction operation then continues until the content of the
Decimal Point Counter is again reduced to zero, whereat
a jump from the decimal equivalent “4” state of the
Entry Phase Counter to the decimal equivalent “7” state
of the Entry Phase Counter takes place.

(7) In this final state of the entry Phase Counter oper-
ation, the digits of the Ry, R, and R, registers are all
shifted downward to the next lower register, thus placing
the quotient in the R; register (Row 1).

16.10. Suboperating Timing

Table ST (Appendix N) shows, for each key-con-
trolled operation, the decimal equivalent states of Entry
Phase Counter operation wherein the suboperations of
which these operations are comprised, take place.

The following table shows the decimal equivalent state
of the Entry Phase Counter at which each of the Entry
Phase Command signals, produced by gates 29, and 31
through 39, is present.

TABLE EPCS

Decimal
equivalent
of

counter
state

IO A GO NI e T QD

16.11.

Display of Register Contents

A principal feature of the instant invention lies in
the manner of synchronizing the display of digits upon
the display screen with the circulation of the digit words
corresponding to those displayed digits in the memory
loop. As will be apparent to those skilled in the art, from
consideration of the instant specification and drawings,
the high speed at which the field word of information
circulates in the memory loop (one complete traverse
of the memory of the memory loop taking about five
milliseconds) makes it manifestly impracticable to derive
the digit display control signals directly from some ac-
cess point of the memory loop. For instance, if the out-
put of inverter 26 (3:1)c were taken as such an access
point, then all of the information defining a single digit
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to be displayed would be manifested thereat within a
period of forty-eight microseconds. Thus, if the display
action were actually fully synchronized with the memory
loop contents as manifested at this access point, the time
available for positioning the cathode-ray beam and sweep-
ing out each stroke of a display digit would be about
three microseconds. From this it may be seen that the
provision of cathode-ray display means capable of mani-
festing digits at this speed, and at a brightness sufficient
for practical use in a calculator in well-lighted surround-
ings, would be, at best prohibitively expensive.

The feature discussed in this section, then, directs
itself to the problem of “gearing down” the information
circulating upon the memory loop so that a substantial
part of this information, viz., the numerical and sign
contents of the R;, Ry, Rj, and Ry registers, may be dis-
played.

The display means comprises: (1) the D-digister, gate
81, gate 75, and certain other gate means controlling those
gate means, all of these elements including the D-digister
being “shared” with the Arithmetic Unit and the Con-
trol Unit, (2) the display matrix, (3) the blanking gates
of FIG. 310, (4) the character raster generating means
including the segment generating means found at the bot-
tom of FIG. 310 and the character raster sweep means
found at the bottom and top portions of FIG. 313, (5)
the CRT driver circuit found at the top of FIG. 310, and
(6) the cathode-ray display tube, not shown in the logic
diagram,

The display matrix receives sets of signals, inter alia,
from the D-digister, indicating which digit, or sign, is
currently stored therein, and from the Timing Signal
Generator, indicating which stroke of the character raster
is currently being swept out upon the display screen. In
response to these, and other, signals, the display matrix
produces, inter alia, a stroke blanking signal, which is
supplied to one of the inputs of the main blanking gate
(7:2)e,f. The output of this main blanking gate, a C-type
gate, permits only such strokes of any character raster to
be displayed as will represent the digit word then stored
in the D-digister.

This novel display circuit, without more, is not capable
of displaying the selected portion of the information
contained in the field word circulating in the memory
loop. This is so for two reasons, viz.: (1) that, in the
active state of operation of the device, many of the digit
words either do not pass through the D-digister at all,
or are in the D-digister for a period of time shorter than
that necessary to generate a digit upon the display screen,
and (2) that the order of appearance of the digit word
circulating in the memory loop is different from the order
in which the registers of the display raster are swept out
on the display screen.

For the solution of these two difficulties, resort must
be had to the novel coordinating means which constitutes
a principal feature of the instant invention.

This novel coordinating means comprises the Compare
Signal Generator, the DISP. C. flip-flop, gate 63, and
Decimal Position Signal Generator (ID).

Since. the operation of the Compare Signal Generator
and DISP. C. flip-flop must be understood in order to
most easily understand the operation of Decimal Position
Signal Generator (II), the operation of Compare Signal
Generator, the DISP. C. flip-flop, and gate 63 associated
therewith, will first be considered.

FIG. 333 shows a schematic diagram of the Compare
Signal Generator, including the designation of the flip-flop
output signals applied to its various input terminals.

FIG. 348 shows the standard field word diagram of
FIG. 346, used berein to explain the operation of the de-
vice of the invention, to which has been added a group of
legends indicating the states, at the various column and
row times, of the flip-flops having output signals applied
to one or more of the inputs of the Compare Signal Gen-
erator, as shown in FIG, 333,
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Also included in FIG. 348 is a diagram, derived from
FIG. 333, indicating the states of the various flip-flops
providing inputs to the Compare Signal Generator at
which the COMPARE SG. is produced at the output of
the Compare Signal Generator. Since the derivation of
this diagram, given FIG. 333, will be apparent 1o those
skilled in the art in view of the instant specification and
drawings, this derivation will not be set out at length here.

Going, now, to FIG. 348, it will be shown that the
Compare Signal Generator produces its significant signal
level (PL) during the sequencing into the A-digister of
the digit words of the R, register word, the digit words of
the R, register word, the digit words of the R register
word, and the digit words of the Ry register word taken
in that order. That is, it will be shown that the COMPARE
SG. exists during the period of entry into the A-digister
of each one of the following succession of digit words:
(1//1), ..., (14//1), (1//72), ... (14//2), (1//3}
... (14//3), (1//74), . .. (14//4). This sequence is

of course, the order of displayed digit generation shown :

in the diagrammatic symbol in the lower, right-hand cor-
ner of FIG. 346, As also may be seen at the right-hand
corner of FIG. 346, however, the field word is “swept
out,” or put differently, the order of appearance of the

cells of the field word at the A-digister is manifested, :

by “scanning” the field word diagram from the bottom
to the top of each row, and from right to left.

Scanning the diagram in that order, then, we arrive
atcell 1//1.

First, it is clear that 1//S and 1//0 will not be dis- *

played since, as may be seen at the left-hand side of
the diagram, the G flip-flop is set during these two register
times, and, as indicated in the Compare Signal Generator
conditions diagram (FIG. 348) the G flip-flop must be
reset in order to produce a compare signal.

Second, if the display device is currently conditioned
to display Row 1, which is determined by the M and N
flip-flops both being in their reset state (see left-hand
side of FIG. 348), then the compare signal will be present
at the output of the Compare Signal Generator while
(1//1) is being entered into the A-digister, because all
of the conditions necessary for producing it exist. That
is, the M and N flip-flops are reset (assumed), the G flip-
flop is reset (see left-hand end of register R, in diagram),
and the E and F flip-flops are reset, as they always are
during register R, time (see right-hand edge of FIG. 348).

It will also be evident that, so long as the M and N
flip-flops remain reset, which they will throughout an en-
tire display Row 1 time, no COMPARE S8G. can be gen-
erated, except when the contents of a cell which is in
register R, is entering the A-digister.

Similiarly, it will be clear that when the M flip-flop
is set and the N flip-flop is reset, COMPARE SG. will be
produced only during register Ry (Row 2) time.

Given COMPARE SG. occurring in this order, the op-
eration of the coordinating means may be clearly un-
derstood.

First, the COMPARE SG., as applied to gate 63, etc.,
causes an A-to-D transfer of each succeeding digit word
in a register word. Since there is a complete column time
between the “scanning” of one digit of a register and the
next, and since digit display takes place during idling time,
when no other digit words are being read into the D-
digister, the character to be displayed remains in the D-
digister for an entire column time, making it possible to
display each digit with a much slower sweeping action
than would be the case were the field word used directly.
Thus, digit display can be accomplished by the display
means shown and described herein. The DISP. C. flip-
flop, driven by the Compare Signal Generator, unblanks
the character display during these column times.

A further aspect of the coordinating means operation
which must be considered is that of decimal point display.
As may be seen in FIG. 205, Decimal Position Signal
Generator (1I) has supplied to it the eight column time-
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defining flip-flop output waveforms, viz., the output wave-
forms of the H, J, K, and L flip-flops. The output of
Decimal Position Signal Generator (II) is supplied to
the display screen blanking means, see gate 110. Thus,
Decimal Position Signal Generator (I1) is adapted to un-
blank the display means at sweep 15 time, at which time
the decimal point is displayed, or conditioned for display.
Since, as pointed out in connection with FIG. 348, each
digit is swept out during a complete column time, and,
since, as shown in FIG, 339, the decimal point is gen-
erated during the fifteenth, or last, segment time of the
character raster, it follows that the decimal point will not
be displayed during the column time in which the sweep-
ing out of a particular digit was commenced, but rather
during the next succeeding column time. For this reason,
the “encoding” of the input lead connection, and switch
connections of Decimal Position Signal Generator (1I)
must be understood to unblank the decimal point segment
time during the column succeeding the column in which
the scanning of the character raster of a particular digit
is begun.

16.12. Decimal Alignment and Display

For a description of the employment of the Decimal
Point Counter, which is “fed” by Decimal Position Signal
Generator (I), in bringing about decimal alignment, see
the sections above relating to specific operations.

For a discussion of the operation of Decimal Position
Signal Generator (II) in bringing about the display of
the selected decimal point upon the display screen, see
the previous section, 16.11.

17. SUMMARY OF THE INVENTION

It will be appreciated that, by the above-described con-
structions, a calculating device is provided which is com-
pact, silent in operation, and at the same time capable of
performing combinations of the basic arithmetic opera-
tions more expeditiously than has hitherto been possible,

It will also be appreciated that the novel and inven-
tive mode disclosed herein of coordinating high-speed cal-
culating and relatively low-speed display sections of elec-
tronic calculating devices makes possible the joint use of
a silent, compact memory device and an economically
realizable, compact, multi-register, display device, which
combination, and its attendant advantages, have hitherto
not been available in a single calculating device.

It will also be recognized that a unique mode of em-
ploying delay lines as storage means in electronic cal-
culating devices is provided, wherein the timing chain of
said devices is synchronized with the circulation of the
information upon the delay line in a novel and advanta-
geous manner, whereby the effects of thermally-induced
variations in the delay time of the delay line are avoided.

18. ALTERNATIVE EMBODIMENTS

It is particularly noted that, although the embodiment
of the invention shown and described herein includes a
“blind” direct access storage register, a calculating de-
vice may be constructed within the scope of the instant
invention in which the contents of the direct access storage
register are visibilized upon the display screen, either in
the place of one of the automatic sequential access reg-
ister displays, or in a register additional to those displayed
upon the display screen in the embodiment.

Additionally, while the embodiment of the invention
shown and described herein comprises a novel system of
automatic sequential access storage registers, the elimina-
tion of this automatic sequential access storage register
feature may be accomplished when desired.

Also, if desired, one may produce a device in which the
several registers of the automatic sequential access store
are “blind,” rather than displayed within the scope of the
instant inventjon.

Other diminutions or augmentations of the functions,
storage means, display means, or other features of the
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TABLE CC!
Card No. A2
To
—80 v.
Card No. A3
To

A4-14; Ad4-4; A6-14; A6-4; AT7-14; A7-4;
B15-17.

B10-17, B18-9.

A3-9; A4-9; A4-6; AS5-11; A5-15; A6-11;
A6-15; A7-9; A7-6; A11-6; A13-9; A2-13.

B4-17.

P1-11; A3-17;, A4-17; AS5-17; A6-17; A7-17;
All1-17.

Al13-13; P1-10.

A7-5; B5-17; C15-14

Ad-11; A5-13; A6-13; A11-15; G3-9.

P1-3.

Card No. A4

To

B4-5; G3-14.

B10-15.

P1-4.

P1-5.

See footnote at end of table,
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TABLE CC 1—Continued

Card No. A5
Pin To
4 Home.
5 C16-12.
6
7
8

AS5-9; Al11-11; C15-5; B14-7,

Al1-9.
C14-13.
12 P1-7.
14 Home.
16 P1-6.
Card No. A6
Pin To

5 A15-17; B14-10; B10-13; B16-5; G13-12.
6 A6-9; C12-16; B14-6; B14-6.

7 B15-14; A12-12; A12-16.
8 B4-12.

10 A12-10.
12 Pi1-8.
16 P1-9.
Card No. A7
Pin To

7 Al13-14; Al15-14; C12-15.
8 B5-15; A13-15.

10 Al15-11; Al13-4; Al6-15.
12 P1-2.

16 P1-13.
Card No. All
Pin To
4 Home.
5 C15-9.
7 C18-12.
10 C18-14.
12 P1-24.
13 P1-23,
14 B13-7.
Card No. A12
Pin - To

6 C15-12; C17-16; C19-15.
9 B16-8.

13 B16-11; B13-6; J4-10; B11-11.
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15 B12-7; C13-11; G3~11; J11-16; J12-16; J13-16;

J14-16; J15-16.

Card No. A13
Pin To
5 A-15-12; A14-16.
7 Al4-5; G1-5.
8 A15-5; F13-16.
10 C12-14.

11 C19-7; A17-16; A18-6; B17-15; B18-11; G2-12. 50

12 C12-8; D16-17; D17-5; A17-14.
16 Al6-16; A15-10; C15-6; D15-17.

17 Al6-9; Al17-4.

Card No. Al4
Pin To
6 Al17-9; A18-15; A18-9,
7 Al15-15,
9 Al7-11; A18-11.
12 C17-12; D16-10; C13-6.

Card No. Al15
Pin To
7 G3-10; C13-12; D15-6.
8 B12-11.

13 Home.
Card No. Alé6
Pin To
6 Al7-6.
8 A14-10.
13 C13-7; D15-5.
14 Home.
Card No. A17
Pin To
5 Al6-12,

See footnote at end of table,
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Card No. A17—Continued

To
Al6-5.
Al18-4,
P2-25.
P2-28.
P2-34.
P2-36.
Card No. Al8
To
Al16-11.
Al8-14,
Al16-10.
P2-23,
P2-26.
P2-27.
P2-24.
Card No. B4
To
B5-10; B13-16; C12-12,
C19-10; H5-5; K18-10.
C12-17; G1-17; C17-15.

A12-7; B16-6; A14-14; A17-7; D17-10.

B12-15; G2-9; B4-7; B5-11,
C15-13; C15-4; B15-6; G2-15.

Card No. BS

To

B16-9; A12-8.

B16-10.

C15-11; F14-6.

Al12-17,

HI-9. See Note A.

G2-17; Ji7-6.

C15-16; A13-6; A16-7; G1-6.
Card No. BI10

To

B11-15,

B11-10; G1-16.,

J3-10; B18-8; C14-10.

C12-17.
Card No. Bil
To
J2-10; K5-12.
K5-15.
K5-11; D19-17.
Card No. B12
To
D18-15; D19-14.
Card No. B13
To
Cl14-14.
Card No. Bl4
To
C12-5; B11-14; D17-11; C18-16; H3-5.
Card No. B1S§
To
Cl14-15.
B13-8; C13-13,
Card No. B16
To
H2-15; H2-5.
D14-5; C14-9,
B17-16.
B17-12.
B18-17.
B17-17.
B17-13.
Card No. B17
To

B13-12; B12-5; B14-11; B15-13.

B17-14; B13-15; B12-14; B14-5; B15-5.

B13-14; B14-13; B15-15.

B18-4; B13-13; B12-13; B14-10; B15-10.
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TABLE CC!-——Continued

Card No.
To

B18

B13-17; B14~12; B15-12.

B13-5; B15-16; B12-12,
B10-5.
H3-14.

Card No.
To
C13-10.
C16-5.

Card No.
To
D14-14.
D18-14; D19--5; C17-4.

Card No.
To
B17-4.
G1-4; C13-9.
C12-10; J4-13 J17-7.

Card No.
To
D16-14.
D15-13.
D19-15.
Card No.
To
K5-14.
C17-17; G2-6.

Card No.
To
D19-4,
D18-4.
DI18-5; D19-9.

Card No.
To
J15-5.
J15-17.
P1-1.

Card No.
To
D15-11.

Card No.
To
K6-15.
H1-10; K64,

Card No.
To
D18-11.
D18-10.
D18-12; D19-10.
Dl16-11.

Card No.
To
D19-11; D18-13.
D19-12; D18-16.
D19-13.

Card No.
To
C17-6; C17-10.
D19-16.
K5-10.

Card No.
To
J5--12.
J5-14.
J5-13.

Card No.
To
J5-15.
K5-13.
J4-14.

See footnote at end of table,
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F14-7; F14-8; F15-6; F15-7; F15-9; F15-8; P3-9.

110
Card No. F13
To
P2-1. See Note A.
F15-13; F18-12; H19-5.
F15-16; H19-6.
P2-5. See Note A.
P2-5. See Note A.
P2-7. See Note A.
Card No. F14
To
Card No. F15
To
P3-9.
Card No. F16
To
F17-10.
Card No. F17
To
J15-6. See Note A,
F18-13.
F18-16.
—80 v.
Card No. F18
To
P3-21.
P3-5.
Card No. F19
To
P3-1,
Card No. G1
To
G2-11.
G2-16.
K16-6. See Note A.
Card No. G2
To
C17-13.
G3-17.
G2-13.
B5-13; J17-6. See Note A.
Card No. G3
To
C17-14.
F13-10.
P2-33.
Card No. G11
To
B11-13; D14-15; C18-15.
Card No. G12
To

D14-12; DI15-15; DI16-16; D17-16; HI19-9;

C18-13.
D16-15; B12-17.

D17-12; G1-14; H19-7; G2-10.

Di15-12.
H12-15,
H14-4; H14-15.

Card No. G13
To
J4-11; C17-5.
D14-13; F13-13.
G14-6,
H2-13.
Card No. G14

To
D14-16; D17-14; 13-3.

B11-12; D15-14; D16~1; D17-6; G2—4.

J6-8; J7-8.

K5-17; J5-17; H16-4; H5-12; H16-15.

H2-12; G13-10.
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TABLE CC '—Continued

Card No. G15

See Note A.
See Note A,
See note A.
See Note A.
See Note A.
Card No. Gl6

H2-9; DI5-16.
Card No. G17

Sce Note A.
See Note A,
P2-13. See Note A.
Card No. H1

To

H2-16.

D14-10; J2-13; C19-14; G1-9.
Card No. H2

H3-15.
F15-12; F17-8.
Card No, H3
To
Hl1-4; H3-10.
H1-15.
D17-17.
C17-11; Ci14-5.
Card No. H4
To
HS-17.
Card No. HS
To
AS5—4; A5-14; A15-13; A16-14; B12-10; B13-10;
Cl4-16; B15-8; H2-4; H2-17; H1-12; H7-14;
H8-14; C15-10.
H6-10; H6-12.
Card No. H6
To
H7-10; K16-10; H7-12.
Card No. H7

To
F15-10; F16-5,
H7-10; K16-10; H7-12.
Card No. H8
To
F15-11; F16-12; J16-14.
F14-17; J1-11; J16-10; H9-10; H9-12.
Card No. H9
To
F15-5; F16-13; J16-15.
F14-5; J1-5; J16-11; H10-10; H10-12,
Card No. H10
To
F14-10; H19-14; J7-13; J16-16.
F13-11; F15-15; Fi6-11; F18-9;
J1-12; J16-5; H11-10; H11-12.
Card No. H11

H19-15;

To

G12-10; G16-13; H19-12; C18-11.

D16-12; F14-11; F18-6; G12-14; G16-11; H19-
13; G11-12; H12-10; H12-12.

Card No. H12

To

D16-13; F18-10; G16-17; G12-11; H19-8; J3-
12,

F14-12; F15-14; F16-10; F18-15; G12-15; G16—~
15; H19-11; H13-10; H13-12.

See footnote at end of table,
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Pin
9

11

Pin
11
Pin
11
Pin
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Card No. H13
To
B12-16; C14-12; C16-17;, C18-17; D16-5; Fl4-

13; G12-16; H18-14.
C18-10; D13-10; F13-5; F18-5; G16~5; H19-10;
G11-13; G12-5.

Card No. H14
To
G15-11; G14-15; G1-10.
G17-11; G13-13; G14-10; Hi4-11; H14-14.
G13-14; G14-14; G17-14; G1-11.
Gl14-11; G15-14; H15-4; H15-15,

Card No. H1S5
To
G14-16; G15-15.
G13-5; G14-5; G15-5; G1-12; H15-11; H15-14.
G14-13; G15-12,
G1-13; G2-14; G13-16; G14-12; G17-15.

Card No. H16
To
F13-14; F18-7; G16-10.
G16-12; H16-11; H17-15; H16-14.
F13-15; F18-8; G16-14.
Gl6-16; H17-4.

Card No. H18
To
P3-25.
F18-17.

Card No. H19
To
F15-17,

Card No. J1
To
J2-12; 15-5; K5-5.

Card No. J2
To
J3-15.
H1-7.

Card No. J3
To
J4-15; K37,
B18-14.
H1-14; H1-6; H5-10; K10-10; K9-10; K3-10;

K7-10; K6-10.

B14-8; C14-11.

Card No. J4
To
H1-16,

J15-10; J14-10; T713-10; J12-10; J11-10.
B16-11. See Note A.
C15-17. See Note A.

Card No. JS

To
K11-7; K12-7; K13-7; K14-7; K15-7.
K11-6; K12-6; K13-6; K14-6; K15-6.
16-6; J7-6; 18-6; J9-6; J10-6.
115-6; J14-6; 313-6; J12-6; J11-6; F17-5.
Card No. J6
To
J7-8.
K11-15,
J7-10.
K11-4,
Card No. J7
To
K12-15.
K124,
Card No. I8
To
K13-15.
K13-4,
Card No. J9
To
K14-15,
K144,
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TABLE CC '—Continued - - Card No. K10
in o
Pin  To Card No. J10 9 J10-15; J15-15; K6-8; H1-13; K15-17.
9 K15-15. 11 J10-4; J15-4; K6-13; H3-13; K15-5.
11 K15-4. 5 Card No. K11
Card No, Ji1 Pin To
Pin To 9 K16-12; K15-8.
6  J5-9. See Note A. 11 K15-13.
9 J17-11; H18-12; J15-8; J6-17; K6-17. Card No. K12
10 J4=8. See Note A. 10 Pin To
11 H18-13; F13-12; J15-13; J6-5; K6-5. 9 K11-13.
17 P1-18. 11 K11-8.
Pin  To Card No. J12 Card No. K13
i .
9 J11-13; HI8-10; J7-17; K7-15. 15 5 Ko,
11 J11—8; H18—11; 17—5; K7-4. 11 Ki12-8.
17 PI-17. Card No. K14
Card No. J13 Pi T :
Pin  To 9 Ki313
9 J12-13; H18-8; J8-17; K8-15. 20 o
11 J12-8; H18-9; F14-15; J8-5; K8-4. 11 Ki3-8.
17 P1-16. Card No. K15
Card No. J14 Pin To
Pin To 9 K14-13; K16-13.
9 J13-13; H18-6; F14-14; J9-17; K9-15. 25 11 K14-8.
11 J13-8; H18-7; J9-5; K9-4. Card No. K16
17 P1-15, .
_ Card No. J15 Pn Do o
P Te s g0 7  KI16-14; K18-11.
9 J14-13; J17-10; H18-4; J10-17; K10-15. 8 KI1-10; K12-10; K13-10; K14-10; K15-10.
11 J14-8; H18-5;110-5; K104, 10 HG-11 SEE NOTE A.
14 P1-14, Card No. K18
. Card No. J16 Pin To
Pin To 35 13 Delay Tinepm L.
g g(ll—sz_.fee Note A. 17  Delay TinePim Z.
9 K16-11. TABLE FP
10 J1-11. See Note A. FP-NAME
11 T1-5. See Note A. 40 FP-NO, (OR ABER.) FP-NAME IN FULL F1a, MO,
16 J7-13. See Note A. 1. amp ADD 8
Card No. J17 2, ceBs CARRY & BORROW 33
Pin To 3, CHG. S, CHANGE SIGN 35
7 J4-13. See Note A, 4 4 el A CLEAR ALL 27
Card No. K2 5 CLR. ENT, CLEAR ENTRY 39
Pin To 6, LK €LOCK 41
2 Delay Line-Pin 3; Delay Line—Pin 5. 7 oM. g, COMMON DIAIT b3
6 Delay Line-Pin 4. 50 8 c. P, COMMON FUNCTION 55
14 K3-12. 9 c. P, 370 COMMON FUNCTION STORAGE iy
Card No. K5 Lo
Pin To 30, cOMP, COMPLEMENT 49
6 J6-7; J7-7; 18-7; 79-7; J10-7. 1. DPC 1 DECIMAL POINT COUNTER 1 51
7 Ké6-6; K7-7; K8-7; K9-7; K10-7. 55 12. DPC 2 DECIMAL POINT COUNTER 2 53
8 K6-7; K7-6; K8-6; K9-6; K10-6. 13. DPC 4 DECIMAL POINT COUNTER & 55
9 J14-7; J15-7; J13-7; J12-7; J11-7. 14, pPC B8 DECIMAL POINT COUNTER 8 57
Card No. K6 15, D, P, ST, DECIMAL POINT STORAGE 59
Pin To 16. n1sy, C. DISPLAY CONTROL 61
9 K7-13; J6-15;J11-15; H1-17; K11-17. 60 17 pIv DIVIDE 6
11 K7-8; J6-4; J11-4; K11-5. )
18, ERC 1 ENTRY PHASE COUNTER 1 65
Pin  To Card No. K7 19, XPC 2 ENTRY PHASE COUNTER 2 67
9 K8-13;17-15; J12-15; K12-17. o el ENTRY PUASE COUNTER &
11 KS—S; J7-—4; 112_4; K12-5. 21, MSD $Td, mgAS%GNIFICANT DIGIT 7L
Card No. K8 22, MULT MULTIPLY 73
Pin To 23, 0. C, OSCILLATOR CONTROL 7%
9 K9-13; J8-15; J13-15; K13-17. o4, O'FLOW OVERFLOW 7
11 K9-8; J8-4; J13-4; K13-5. 0 o REOALL "
Card No. K9 26. REPT, REPEAT 81
Pin To —_——
9 K10-13; J9-15; J14-15; H3-12; K14-17. 1 Overscore terminal denotes shielded conneotion.

; K i Norr A,-—End of shield adjacent this pin designated in left-
11 K10—8, 19—4, 114—4, K14-5. 76 hand (“Pin”) column grounded at nearest No. 2 contact.
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TABLE PP _(CONT.}

FP-NO gg'ﬂi;mn.) FF-HAME IN PULL ¥IG, NO,
27. 30N, C. SIGN CONTROL a3
28, STORE STORE 85
29, SuB, SUBTRACT a7
30. Al 89.
31, A2 91
32, A3 93
33, A4 95
34, A5 97
35, Bl 95
36. B2 101
37. B3 103
38, BY 105
39. B5 107
Bo, c1 109
n, c2 111
b2, c3 113
43, c4 115
ab, <5 117
45, DL 119
46, D2 121
47, D3 123
L8, DY 125
Ly, D5 127
50, A 129
51, B 131
52, c 133
TABLE FP_(CONT.
FF-¥O, Pgin:gn. FP-NAME IN PULL FIg, NO.
53. D 135
54, £ 137
55. P 139
56, a 1
5T. H 143
58. ¥ 145
59, K 147
60. L 149
61, ¢ 151
62, ] 153
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TABLE 58

(Location of Signal Sources on Logilec Diagram--Figs, 296 to 313)

Signal Scurce
A—+B 84, S.
A-~C SG. S.
A—-D 58, S.

ADD 8G. S,

AFP® OUT,

ADD FF* QUT,
ADV, A SG,°S,.
Al FF* oUT,

A2 FP* OUT,

A3 FP° OUT,

Al PP QUT,

A5 FR* OUT,

A CNIR, Z 80, 3,
ADD 1 TO 2 REG. SG. S.
B—+C 8¢. S.
BytB) S6. 5.
Byy#B) 5 50. S,
Bys 34, S.

B FF* OUT,

Bl FF* Qur,

B2 PP oUT,

B3 FF* oUT,

B4 PP’ ovr,

B5 FP' oUT,
COoMP®, 3Q. S,
‘COMPARE 5@, 3.
g SG. 8.

¢, SG. 5.

Cy 3G, 3.

C15 5G. S.
co+cl+c15 3G, S.
¢ FF* ouT,

Cl FF* our,
C2 FF* QUT.
C3 FF* ouT.

C4 FF* our.
¢5 FF' OUT,

C & B FF' OUT.
¢, F, FF* OUT.
CLK FF, OUT,
COMP FF' OUT,
CRT BLANK SG, S,

C CTR. Z SG. S,
¢, F. STG. FF" OUT,
CHG, SGN, FF' OUT,
CLR, ALL FF® OUT,
CLR, ENT FF" OUT,
coM, DIG, FP* OUT,
D~A SG, S,

p—-B 53, §,

D FF* OUT,

D1 FF° OUT,

D2 FF* OUT,

D3 FF* OUT,

Dl FF" OUT,

D5 FP. OUT,

origin
5:2v
5:2a
5:2a
3:1le
8:1¢
1l:la
5:2e
5:1d
5:1d
5:1d
5:le
5:le
Bile
4:2e
5:2b
8:1c
8:1¢
8:1¢
8:lc
6:1d
6:14
6:14
6:1a
6:1e
6:1e
8:2¢
8:1e
8:1b
8:1b
8:1b
8:1b
8:1lc
7:1d
7:1d
T:1d
T:le
T:le
5:le
l:la
8:lc
6:lc
Tice

T:le
2:1d
l:1a
1:la
1:1a
1:1ls
5:2b
5:2b
8:l¢
6:2d
6:2d
6:2¢c
6:2¢
6:2c

Signal Generating
Subelrcuit

GATE 86
GATE 80
QATE 81
GATE 26
TIMING UNIT
ENTRY UNIT
INVERTER 26
Al FP

A2 FF

A3 FP

A4 FP

A5 FP

GATE 94

GATE 85
TIMING UNIT
TIMING UNIT
TIMING UNIT
TIMING UNIT
Bl PP

B2 FF

B3 FF

BY FF

B5 PP

GATE 96
COMPARE SIGNAL GENERATOR
TIMING UNIT

TIMING UNIT
TIMING UNIT
TIMING UNIT
TIMING UNIT

TIMING UNIT
Cl FF

c2 FF

C3 FF

Gy FF

5 FF
C&BFF
ENTRY UNIT
TIMING UNIT
COMP FF

GATES 108, 109, 110,
111 and 112

GATE 101

¢, F, STG. FF
ENTRY UNIT
ENTRY UNIT
ENTRY UNIT
ENTRY UNIT
GATE B4
GATE 82
TIMING UNIT
D1 FF

D2 FF

D3 FF

D4 FF

DS FF



TABLE SS (Cont.)

Signal Source
DIV FF* OUT,

D CTR. Z SG. S.

D, P. SIG, FF° OUT,
DIGIT 1 OFFSET Sa. S,
DIGIT 7 OFFSET 5G. S.
DISP, C. FF* ovUT,
DPC 1 FF* OUT,

DPC 2 FP" OUT.

DPC 4 FP* OUT.

DPC 8 FP* oUT.
DPCZ SO, S.

aLo S, S.

EPCA 50. S,

EPCB SG. S,

EPCC SQ. S.

EPCD SG. S,

EPCE SG. S,

RECF 5G. S.

EPCG SG. S,

EPCH SG, S.

EECI SG. S.

EPCZ 5G. S.

E FP* oUT,

EFC 1 FF" ouT.

EPC 2 FF* ouT,

EPC 4 FF* ovT,

P FF* QUT.

@ FF* OUT,

H FF- OUT,

HOME 5G, 8
J FF* QUT.

K FF* OUT,

L FF° ourT,

M FF* OUT,

MSD ST@, FF* OUT,
MULT FF°* OUT,

H FP* OUT,

O'FLOW FF*

Ry SG@. S,

Ry SG. S.

Ry Sa@. S.

REC, € SG. 8.
REC.D 8@. S.
RECALL FF* OUT,
REPT, FF* OUT,
RESET A S0, S.
RESE?T D SaG. S.
SEG, 8@, S.

SUB sd, S,

STORE FF* OUT,
SUB FF* OUT,

SET BOR, FF 8@, S.
SN, C, FP* OUT,
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Signal Generating

Origin Subeircult
1l:la ENTRY UNIT
6:20 CATE 98
2:1d D, P, 51TG, FP
T:2b DISPLAY MATRIX
T:2b DISPLAY MATRIX
8:2¢ DISE. C, FP
3:2f DEC 1 FF
3:ef DPC 2 FF
3:2D DPC 4 FF
3:2d DPC 8 FF
3:2e GATE 4o
6:2e MEMORY UNIT
3:2e GATE 39
3:1f GATE 38
3:1f GATE 37
3:1¢ GATE 36
3:1¢ GATE 35
3:1f GATE 34
3:le GATE 33
3:le GATE 32
3:le GATE 31
3:2¢ GATE 29
8:1¢ TIMING UNIT
3ile EPC 1 FF
3ile EPC 2 FP
3:le EPC 4 PP
B:1c TIMING UNIT
B:le TIMING UNIT
8:lc TIMING UNIT
8:1c TIMING UNIT
8:1c TIMING UNIT
8:1c TIMING DNIT
8:lc TIMING UNIT
B:22 TIMING UNIT
4:le MSD STG. FF
1l:la ENTRY UNIT
8:2¢ TIMING UNIT
4:1e O'FLOW FF
8:1e TIMING UNIT
8:1c TIMING UNIT
8:1c TIMING UNIT
Tile GATE 103
5:2e GATE 88
1:la ENTRY UNIT
1l:1a ENTRY UNIT
5:2a GATE 78
5:2b GATE 83
T:2d SEGMENT GENERATOR
3:le OATE 26
1l:la ENTRY UNIT
1:la ENTRY UNIT
5:2e GATE B9
2:le SGN, C, FF
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Entry phase counter:

Shift 1 left

COCNAAN N WNN=Q

Entry phase counter:

Align decimal

Add

CNA ARV~ O

Align decimal

Sub.

SN bhWLN—-O

Entry phase counter:
0 Align decimal

Shift down

SN AUh W=

Entry phase counter:

118
TABLE ST

Digit Entry

Shift up (if necessary)

Add

point

Shift down (check sign)

Subtract
point

Shift down (check sign)

Clear entry

point

Divide

0 Align decimal point
1 Trans. Reg. 1-Reg. M/D

2 Sub.

3 Add 1 to Reg. 2

4 Add

5 Shift Reg. 2 left
6 Shift Reg. 1 left

7 Shift down
0

5 Entry phase counter:

Store

0 Align decimal point

1
2 Shift down

3 Shift down Reg. M/D

[~ - WV I N
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TABLE ST—Continued

Repeat
Entry phase counter:
0 Align decimal point

1
2 Shift up

O NAWV AW

Maultiply

Entry phase counter:
0 Align decimal point
1 Trans. Reg. 1-Reg. M/D
2 Shift Reg. 1 left
3 Shift Reg. 2 left
4 Add
5 Add 1 to Reg 2
6
7 Shift down
0

Recall

Entry phase counter:
0 Align decimal point
1
2 Shift up
3 Trans Reg. S-Reg. M/D

SN A

Change sign

Entry phase counter:
0 Align decimal point

1
2 Add 1 to Reg. 1

[~ N WP I R

What is claimed is:

1. Computing apparatus comprising processing means

for processing data words to produce resultant data words,
last-in-first-out storage means for the storage of a plu-
rality of data words and resultant data words, transfer
means coupled between said processing means and said
storage means for entering resultant data words from said
processing means into said storage means, and entry
means coupled to said storage means and said processing
means for entering data words into said storage means
and instructions, designating computing steps to be per-
formed by said processing means, directly into said proc-
essing means, the entry of an instruction occurring after
the entry or the storage of all the data and resultant data
words to which the instruction is applicable, the entry
of said instruction causing the processing means to op-
erate upon one or more stored data and resultant data
words so as to perform the computing step designated
by the directly entered instruction.

2. Computing apparatus comprising processing means
for processing data words to produce resultant data words,
last-in-first-out storage means for the storage of a plu-
rality of data words and resultant data words, transfer
means coupled between said processing means and said
storage means for entering resultant data words from said
processing means into said storage means, and entry
means coupled to said storage means and said processing
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means operative by an operator for entering data words
into said storage means and instructions designating com-
puting steps to be performed by said processing means, di-
rectly into said processing means, the entry of an instruc-
tion occurring after the entry or the storage of all the
data and resultant data words to which the instruction is
applicable, the entry of said instruction causing the proc-
essing means to operate upon one or more stored data and
resultant words so as to perform the computing step des-
ignated by the directly entered instruction.

3. Computing apparatus comprising processing means
for processing data words to produce resultant data words,
last-in-first-out storage means for the storage of a plu-
rality of data words and resultant data words, transfer
entry means coupled to said storage means and said proc-
essing means operative by an operator for entering data
words into said storage means and instructions designat-
ing computing steps to be performed by said processing
means directly into the processing means, said entry of
an instruction occurring after the entry or the storage of
all the data and resultant data words to which the in-
struction is applicable, the entry of said instruction caus-
ing the processing means to operate upon one or more
stored data words so as to perform the computing step
designated by the directly entered instruction, and output
means for making the resultant data known to the op-
erator.

4. Computing apparatus comprising computing means
for performing computations on numbers to produce re-
sultant numbers, last-in-first-out storage means for the
storage of a plurality of numbers and resultant numbers,
transfer means coupled between said computing means
and said storage means for entering resultant numbers
from said computing means into said storage means, man-
ually operated entry means coupled to said storage means
and said computing means for entering numbers into
said storage means and instructions, designating the com-
puting steps to be performed by said computing means,
directly into said computing means, the entry of an in-
struction occurring after the entry or the storage of all
the numbers and resultant numbers to which the instruc-
tion is applicable, the entry of said instruction causing
said computing means to operate upon one or more stored
numbers and resultant numbers so as to perform the com-
puting step designated by the directly entered instruction,
and output means for making the result of a computation
known to the operator.

5. Computing apparatus comprising last-in-first-out
storage means having a plurality of adjacent storage reg-
isters including a keyboard storage register for the stor-
age of a plurality of numbers, computing means coupled
to said storage means for performing computations on
one or more numbers stored in said storage means so as
to produce a resultant number, transfer means coupled
between said computing means and said storage means
for entering said resultant number into said keyboard stor-
age register of said storage means manually operated key-
board means, coupled to said keyboard storage register
of said storage means and said computing means for en-
tering a number into said keyboard register of said stor-
age means and instructions, designating the computing
steps to be performed by said computing means directly
into said computing means, the entry of and instruction
occurring after the entry or the storage of all the num-
bers and resultant numbers to which the instruction is
applicable, the entry of said instruction causing said com-
puting means to operate upon on¢ or more stored num-
bers and resultant numbers depending upon the particu-
lar instruction designated, to perform the computation
step designated by said directly entered instruction and
to store the resultant number in the keyboard register of
said storage means, and output means for making the
contents of the keyboard register of said storage means
known to the operator.

6. Apparatus according to claim 5 wherein one of said
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stored numbers required by said computing means is ob-
tained from said keyboard register of said storage means
and said additional stored numbers, when more than one
is required, are obtained from the storage register or reg-
isters of said storage means next adjacent to the keyboard
register of said storage means.

7. Computing apparatus comprising last-in-first-out
storage menas having a plurality of adjacent storage regis-
ters including a keyboard storage register, for the storage
of a plurality of multi-digit numbers, computing means
coupled to said storage means for performing computa-
tions on one or two numbers stored in said storage means
s0 as to produce a resultant number, transfer means cou-
pled between said computing means and said storage
means for entering said resultant number into said key-
board storage register of said storage means, manually
operated keyboard means having digit keys for entering
numbers into said keyboard storage register of said stor-
age means and function keys for directly entering instruc-
tions, designating the computing steps to be performed by
said computing means, into said computing means, shift
means coupled to said storage means, said computing
means, and said keyboard means, the operation of a digit
key of said keyboard means, representing the first digit
of a number, causing the operation of said shift means
to shift the contents of each storage register of said storage
means to their next adjacent storage register in a direc-
tion away from said keyboard register, leaving said key-
board register in a condition to receive and store said
first digit, the operation of further digit keys of said key-
board means, representing succeeding digits of the same
multi-digit number, causing said succeeding digits to be
combined with said first digit in said keyboard register
s0 as to enter a complete number into said keyboard regis-
ter, the depression of a function key of said keyboard
means, directly causing said computing means to operate
upon one or two stored numbers which are obtained from
said keyboard register and the next adjacent storage regis-
ter of said storage means when more than one such num-
ber is required, to produce a resultant number, said com-
puting means then causing the operation of said shift
means to cause the storage of said resultant number in
said keyboard storage register and the shifting of the con-
tents of the storage registers of said storage means, other
than said keyboard register, in a direction towards said
keyboard register whereby numbers employed in com-
puting said resultant number are removed from said stor-
age means, and output means for making the contents
of the keyboard register known to the operator.

8. Computing apparatus comprising last-in-first-out
storage means having a plurality of adjacent storage regis-
ters including a keyboard storage register, for the storage
of a plurality of multi-digit numbers, computing means
coupled to said storage means for performing computa-
tions on one or more numbers stored in said storage means
so as to produce a resultant number, transfer means cou-
pled between said computing means and said storage
means for entering said resultant number into said key-
board storage register of said storage means, manually
operated keyboard means having digit keys for entering
numbers into said keyboard storage register of said stor-
age means and function keys for entering instructions,
designating the computing steps to be performed by said
computing means, into said computing means, shift means
coupled to said storage means, said computing means and
said keyboard means; said shift means operative upon the
operation of a digit key representing the first digit of a
number to shift the contents of each storage register of
said storage means to their next adjacent storage register
in a direction away from said keyboard register, leaving
said keyboard register in a condition to receive and store
said first digit, the operation of furiher digit keys of said
keyboard means, representing succeeding digits of the
same multi-digit number, failing to operate said shift
means and causing said succeeding digits to be combined
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with said first digit in the said keyboard register so as
to enter a complete number into said keyboard register,
the depression of a function key of said keyboard means
directly causing said computing means to operate upon
one or more stored numbers which are obtained from said
keyboard register and the next adjacent register or regis-
ters when more than one such number is required to pro-
duce a resultant number, said computing means operating
said shift means to store said resultant number in said
keyboard register and cause the contents of each register
other than said keyboard register to transfer to the next
adjacent register in a direction towards said keyboard
register wherein said transfer is repeated a plurality of
times equal to the quantity of numbers in excess of one
required by the instruction, and output means for making
the contents of said keyboard register known to the
operator.

9. Computing apparatus comprising last-in-first-out
storage means having a plurality of adjacent storage regis-
ters including a keyboard storage register, for the storage
of a plurality of multi-digit numbers, computing means
coupled to said storage means for performing computa-
tions on one or more numbers so as to produce a resultant
number, transfer means coupled between said computing
means and said storage means for entering said resultant
number into said keyboard storage register of said storage
means, manually operated keyboard means having digit
keys for entering numbers into said keyboard storage regis-
ter of said storage means and function keys for directly
entering instructions, designating the computing steps to
be performed by said computing means, into said comput-
ing means, shift means, including a bistable element,
coupled to said storage means, said computing means and
said keyboard means, said shift means being operative,
when said bistable element is in a first stable condition,
upon the operation of a digit key representing the first
digit of a number to shift the contents of each storage
register of said storage means to their next adjacent stor-
age register in a direction away from said keyboard regis-
ter, leaving said keyboard register in a condition to receive
and store said first digit, the storage of said first digit
in said keyboard register causing said bistable element to
be set to a second stable condition permitting any addi-
tional digits of said multi-digit number to be combined
with said first digit in said keyboard register to provide
the complete number in said keyboard register while pre-
venting the further shifting of the contents of the storage
registers of said storage means, the depression of a func-
tion key of said keyboard means directly cansing said
computing means to operate upon one or more stored
numbers which are obtained from said keyboard register
and the next adjacent register or registers when more than
one such number is required to produce a resultant num-
ber, said computing means operating said shift means to
store said resultant number in said keyboard register and
cause the contents of each register, other than said key-
board register, to transfer to the next adjacent register
in a direction towards said keyboard register wherein said
transfer is repeated a plurality of times equal to the quan-
tity of numbers in excess of one required by the instruc-
tion, and even further causes the bistable element to
change to said first condition, and output means for mak-
ing the contents of said keyboard register known to the
operator.

10. A computing system for computing according to
mathematical expressions employing basic computing
procedures comprising a computing device for computing
upon operands according to predetermined instructions to
produce intermediate or final results; last-in-first-out stor-
age means having a number of sections, each section
adapted to store an operand or an intermediate result,
said sections being arranged in a straight line so that the
contents of each section can be transmitted only to the
next adjacent section at each side; said storage means
coupled to said computing device; keyboard means cou-
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pled to said storage means and said computing device,
said keyboard means having digit keys for entering oper-
ands into said storage means and function keys for enter-
ing instructions directly into said computing device; shift-
ing means coupled to said keyboard means, said storage
means and said computing device; the depression of a
digit key causing the operation of said shifting means to
cause the shifting of stored operands or intermediate re-
sults in a direction away from a first section of said
storage means and then causing the entry of an operand
into said first section; the depression of one of said func-
tion keys causing the shifting of said storage means to
present one or more stored operands or intermediate re-
sults to said computing device and causing the computing
device to perform the mathematical operation called for
by the function key on the operand stored in said first
section of said storage means as well as on the other
operands in the next adjacent sections of said storage
means when more than one operand is required, the de-
pressing of a function key further causing the storing of
the result of such a mathematical operation in said first
section of said storage means whereby one of the operands
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is replaced and can then be utilized as an intermediate
result for further computations, and it further causes the
remaining contents of said storage means which were not
utilized for the mathematical operation, to be shifted
through one or more sections in the direction of the first
section of said storage means whereby the number of the
sections through which said contents are shifted is equal
to the number of operands required beyond one operand
to thereby cause the remaining operands of said mathe-
matical operation to be replaced by previously entered
operands or intermediate results.
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CERTIFICATE OF CORRECTION

Patent No. 3,546,676 Dated December 8, 1970

Inventor(s)_Rnhert AL Ragen

It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

Column 1: in the Table of Contents: in 11.1.3. change -

"B. Input" to -- B* Input =--.

Column 4: line 7, change digt" to —- digit ——;

line 8, change "numercal" to -~ numerical --;

line 11, change "ntation" %o -- notation --;

line 38, change "pulse,count," to -- pulse-count, --.
Column 6: 1line 9, change "circuits" to -- eircuit --;

line 69, change "explaination" to -- explanation —--.

Column 7: 1line 51, change "(TU)" to -- (T/U) --;
line 66, change "T/:U" to -- T/U: —-.
Column 10: 1line 22, after "pulses", first occurrence,
insert a period (.).
Column 11: 1line 5, after "From" insert -- the —-;
line 24, after "viz" insert a period (.).
Column 13: 1line 55, after "signal" insert -- symbol associated
with the assertion legend indicates

the signal --.
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Patent No. 3,546,676 ‘ Dated December 8, 1970

Inventor(s) Robert A. Ragen

It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

- =1
Column 18: 1line 30, change "FF'" to -- FF. —-.

Column 21: 1line 52, after "gates" insert -- herein --,.

Column 23: 1line 74, after "flip-flop" insert -- signified by
that block symbol. Reference to the
flip-flop —-.

Column 25: 1line 21, change "flip-flip" to ~-- flip-flop --.

Column 27: 1line 20, after "to" insert -- the --.

Column 28: 1line 54, after "Left Set" change the colon (:)
to a semi~colon (;); and after "X
change the comma (,) to a semi-colon
(5).

Column 33: 1line 3, change "along" to -- alone —-.

Column 37: 1line 66, change "occurrenceof" to -- occurrence of —-.

Column 38: 1line 49, change the colon (:) after "Amplifier" to
a period (.).

Column 39: 1line 33, after "1963," add -- entitled "Current
Pulse Generator" assigned to the same

-

- assignee, --;
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CERTIFICATE OF CORRECTION

Patent No. 3,546,676 Dated December 8, 1970

Inventor(s)__Rohert A. Ragen

It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

Column 39: 1line 34, after "1966." add -- As indicated, the 3

Write Amplifier of Fig. 202 is located
upon printed circuit card K18 HAG. --.
Column 41: line 23, after "be" iﬁsert -— 80 —--—.
Column 42: 1line 24, change "percision" to —-- precision --;

line 50, change "dirft" to -- drift --;

line 59, change "along" to -- among --.
Column 43: line 62, change "wether" to -- whether —-.
Column 44: 1line 53, change "ticclar" to -- ticular --;

line 67, change "S shown" to -- S. (shown --.
Column 45: 1line 59, change "woéas” to -- word --.

Column 48: 1line 27, change "leg-end" to -- legend --.
Column 53: 1line 27, change "CARL" to -- CARD --.
Column 57: 1line 17, change "16.1.5" to —— 16.1.4 ——;

line 55, change "outpts" to -- outputs --;

line 75, change "digesters" to -- digisters --.
Column 59: 1ine 5, change "their" to -- there --;
- line 15, change "present" to -~ presented --. J
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bolumn

Column

Colunmn

Column

Column

Jolumn

Jolumn

Jolumn

Jolumn

60:
61:

63%:

64:
69:

70:

Ti: -

72:

73

line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line

line

51,
49,
71,

1,
56,
71,
35,
13,
14,
69,

5,
35,
37,

2,
18,
17,
58,.
71,

5

change "conut" to -- count --. -
change "transulated" to -- translated -
change "sigﬂinficant" to -- significant --.
change "logical" to -- logic -=-;

change "Loéis" to -- Logic --;

change "hereto" to -- thereto --.

change "callel" to -- called --.

charnge "colmun" to -- column —-;

change "corresond" to -- correspond --;
change "subopertaion" to -- suboperation --,
change "digesters" to -- digisters -
change "digester" to -- digister -—;

change "DA-to-A" to -- D-to-A —-.

change "D-regis-" t0 -- D-digis— —=;

change "ono" to -- onto --.

change "immediatey" to —- immediately --;
change "flp-flop" to -- flip-flop --;

change

"digesterﬁ to -~ digister --. -
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line
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10,
28,
30,

.31,

58,
57,
72,
75,
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71,

2,
69,

70,
13,
14,

change
change
change
change
to --

delete
change
change
change
change
change
change
change
change
though
change
change

change

"ouput" to -- output --.
"digester" to -- digister --;
"digester" to -- digister -
"digester", both occurrences,
digister --;

"this", first occurrence.
"csae" to -- case --.

"refere" to -- refer --.

"91", last word, to —- 81 --.
"digster" to -- digister --;
"digsters" to -- digisters --;
"digster" to -- digister -
"scribed" to -- scribe --;
"state; through" to -- state,
-3

"FF" to == FPF’'—-.

"flipflop" to -- flip-flop —-;
"flipflop" to -- flip-flop --;
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r—bolumn 84:

Column 85:

Column 86;

Column 87:

Column 90;

Column 91:

Column 92;
L

line 21, change (5.2) to —= (5:2) -—;
lines 49-50, change "pri-mary" to -- memory --.
line 7, change "flip flop" to -~ flip-flop --;
line 13, change "reset" to -- set --.
line %9,. after "just", (last word),

insert a hyphen (-).
line 8, change "EPCZ?’ to -- "EPCZ'" -
line 24, change "endof" to -- end of —-.
line 50, change the colon (:) to a period (.);
line 70, change the colén (:) to a period {(.).
line 8, change "our-sequencing" to

- out4sequencing -3
line 14, change the colon (:) to a period (.);
line 35, change the colon (:) to a period (.);
line 60, change the colon (:) to a periocd (.);
line 75, change the colon (:) to a period (.).
line 34, change the colon (:) to a period (.);
line 69, change the colon (:) to a period (.).
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It 18 certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

Eolumn 93: 1line 15, change the colon (:) to a period (.); -
line 55, change the colon (:) to a period (.).

Column 94: line 9, change the colon (:) to a period (.);
line 36, change the colon (:) to a period (.);
line 52, change the colon (:) to a period (.).

Column 96: 1line 26, change "Pase" to —- Phase --.

Column 97: 1line 38, change "Sﬁboperating” to -- Suboperation --;

Line 70, delete "of the memory", first occurrence.
Column 98: liné 42, delete "novel™",
Column 99: 1ine 52, change "Similiarly" to -- Similarly --.
Jolumn 110: Card No. Fl3, change Pin 9 from "Po-E" to
-- P2=3 ——;
Card G14, change "13-3" t0 == J3-13% ——,
Jolumn 111: Card No. G17, change "2-11" +to -- P2-11;
Card No. H7, pin 11, change "H7-10; K16-10; H7-12."
to -- F14-16; J1-10; H8-10; H8-12. —-.
Jolumn 113: Cérd No. J15, Pin 6, change "F17-5" to -- F17-5 --;

Card No. J16, Pin 5, change "JI=2" to -
S, sy
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