Feb. 10, 1970 P. G. PEROTTO ETAL 3,495,222

PROGRAM CONTROLLED ELECTRONIC COMPUTER

Original Filed March 1, 1965 10 Sheets-Sheet 1
7
38 LOR PFYA <
39
" L4388 .
e ___|SWITCHING S |3
S PO 76 sMm |8
NETWORK sN;CEtTa—‘—{L—
d .|
o = >9q SN 2
:lt SR | w
o —
<L S ]
a Q o
: su
o 36 et
' SZ H
- — ™ .}
< ) SD ;
a —f
i i B SE | &
S .._T_.
42 COUNT 43
CONTROL \73 |
L.  — . - .
- ___L I | |
F
ADDER |
3 ‘—vz‘ !
T3 Kt 72 |
SIGN BIT /
INSPECT.  [N64 96/ |
T 37 l
U Cé ; TAG BIT )\ -
CONTROL 99
|
Fig. la -
g —
I r
CTK ‘-}T W] 58y 7y ey eyoymy!
k-‘-ﬁﬂ |K2|K3IK4|K5|KG|K7IKBk—L‘
pRINTING | 144" ;
4
UNIT 90 o
'}P’ : PO
‘21 76 'Rb

INVENTORS
7)/ EL g/ozé io ]Dé-.e.o 770

GiovanB De Sensec

A 7y,



Feb. 10,

1970

P. G. PEROTTO ETAL - 3,495,222
PROGRAM CONTROLLED ELECTRONIC COMPUTER ‘

Original Filed March 1, 1965

10 Sheets~Sheet 2

SEQUENCE CONTROL UNIT

I

P¢ N
! U :
Fig. 1b : “s T !
l 29 n———— !
! P1|P2|P3

| |CHANGE - OF - __-- }
25/ CONDITION | | | sTATUS 30 !
STATICISORS | | TIMING  |(MG 28 ;
1 | CIRCUIT - T !

' NEXT FOLLOWING
X |
5 l

N STATUS DETERMINING (}é

CIRCUIT

-]~

[( Il N27 v
ey [
| ALO :
' [

B! 45T
~ |

Y14v2 Y84 F14F2 Figd | MI=7 |

‘T\I \I \I ‘I \T | M2 |
17/\ ADDRESS DECOD. /\ FUNCTION DECOD./{ o=
I
18 | - I
i - |
[ { |
{ R B
M |
ls/lH[lzllalM[ISllGII? e | | "%/ |
: T1 |
i |
A | 1 T2 - |
4 ! - |
| ]
| - l
|
™ 7213 'ta s e 7't 1 - | |
t L 477
[
44
D ————
61 /,ss ?cz L,se ?ca 69
-7 -1, ———1C 7
! - - s
NUMERIC | i ADDRESS | j FUNCTION | aG
! [ i |
-~ KEYBOARD |"! KEYBOARD |~ KEYBOARD | | AV
' 1 i | AUT
! = It | [

23
V3] % g

——1P

INVENTORS
Pree Grorsio F: RLOTTO

G—??n/rhv,“' DE Sendec

A~ TTws.



Feb. 10, 1970 P. G. PEROTTO ETAL 3,495,222

PROGRAM CONTROLLED ELECTRONIC COMPUTER.

Original Filed March 1, 1965 10 Sheets-Sheet 3
:“”_“__"“"Pfg“”“_"_:
| PO A3 R40 — A7 |
| P19 [
| BE POI
A80 [
LB1M l A9 | "78 =S=M
[ 79,4 — 88 85(5 PS |
| |80 AS 13
911
|.B1N_f ~ AS Q P17 ! SN
- .
| i P2t |
[ P17 74 |
LBIR | “3‘{5 | SR
»t -
| I
| |
LB1Q ! I'sq
—Qq ——————————————————— —:—»
[
[ [
LBtU | tsu
—_— - — — — e —— e ——— -
! i
! |
' 52
L |5z
| |
|
LBD | sD
i
| 75 r’
[ ~( ?._
LB1E | A2z P21 ¢
™ =
[ |
_ a7
Fig. 5 Fig-1a | Fig.1b

INVENTORS
Piee Groes:s Ferorro

Gl-,BaYu,g NN De Sendee



Feb. 10, 1970 P. G. PEROTTO ETAL 3,495,222
| PROGRAM CONTROLLED ELECTRONIC COMPUTER
Original Filed March 1, 19585 10 Sheets-Sheet 4

— o
—

-

RN S T S T S S B ks TSR Fig. 3

‘M1 M2 M3M4 M5 Mg M7 M8 M9 M1O0M1 M2

INVENTORS
’PI'E/E_ Griorsio Feporro

B amni De Sansee

A rrys.



Feb. 10, 1970 P. G. PEROTTO ETAL 3,495,222
: PROGRAM CONTROLLED ELECTRONIC COMPUTER ) )
Original Filed March 1, 1965 10 Sheets-Sheet 5

3
PO 63
P18 MG PO P50 P18 P17
Afw)

AS ‘
P10
A9 AB6
L

P40

INVENTORS
’77>/'=e) Croesio 7)54&07'7'0
G:I'gXA—NN ‘ \DE SﬂWD&E

MJW



Feb. 10, 1970 » P. G. PEROTTO ETAL w,Awm.n_NN

PROGRAM CONTROLLED ELEGTRONIC GCOMPUTER

Original Filed Marcn 1, 1965 10 Sheets-Sheet 6

;____
1l
”ang

MO8

106

INVENTORS
Free m\,?.mm.wo Perorro

B on: DeSpwree

o e mrenben) and V) )rrn

A-r7rrs,



3,495,222

10 Sheets-Sheet 7

-

1

f—— e —— e — e ———— — -

109 -
%

109

ﬂ"?‘?}/s .

INVENTCRS

?/’zse, 6Z/b£5-}o ?EE_OTT'O

Fig.10

;DE é;émibéLE

AN SR

44
BY

Csovprnaes

P. G. PEROTTO ETAL

PROGRAM CONTROLLED ELECTRONIC COMPUTER

)
t

]

i
n
N

@

[]
L]
]
L]

Original Filed March 1, 1965

Feb. 10, 1970

150 451




 Feb. 10, 1970

P. G. PEROTTO ETAL

3,495,222

PROGRAM CONTROLLED ELECTRONIC COMPUTER

Original Filed March 1, 1965

10 Sheets-Sheet 8

~ _
ANINET -
39 [ —AL ~a 14
LI I —AS —AS | St
L 1234 — Y1 Y1 “200!s)
1235 C_v2 -
_|__yl i Y2—0%01 | sm
LN =0 SN
— . { 1
g L 5R
T3 I I
Ly 4 SU
R =
Lz | ,
= 177 | Ve ]
2 B LT 20806 v6 —=(r202 :sn
LE | a7 v?—(203 | se
./ L
| 23g 0y Y8 v8 —=0%04 |
42 | AS AL on  gg
X 221\¢(A3 A3)C‘>~ r
'I L
INVENTORS

?‘sa 1 6r610 7>e£orro
BY . D
(o rovAn N1 eSenvrec

St Wz



Feb. 10, 1970 P. G. PEROTTO ETAL 3,495,222
N PROGRAM CONTROLLED ELECTRONIC COMPUTER ’
Original Filed March 1, 1965 ' 10 Sheets-Sheet 9

8 T
AS —( )«EAS
AL ?( AL

AS A3 A3

Fig. b

' INVENTORSS
;/'EL Crorsio FerorTo
@-7ng/,9-—~~ / \De SA-NDP_E

/7‘7?“/5.



Feb. 10, 1970 P. G. PEROTTO ETAL 3,495,222

PROGRAM CONTROLLED ELECTRONIC COMPUTER

Original Filed .March 1, 1965 10 Sheets-Sheet 10
i+ 0
/7 - NS N ™~
-
. -], : N
a1 ° 1.1 T;w
TREEINN -
N .l..
11
1’ : "l l
-
TR ANINE
L ]
||. ; | :
1 N 2
'l [2)]
23, ] - | b
L L
o ll.. %) I e 3
, e |
1.
TR EITNA
||. 17 | l
(L ° |
ol ° I
: I
||. 1 |
) L5322 52'3338?_’ =
. oo0oT cof
i
2
3% 2
INVENTORS
?/Eg, g/oﬁs—/o 7DG¢.¢ et al~]

BY
G tovAnn 2)5 Senosec

e Aemn ke el YT

PTIYS.



United States Patent Of]

3,495,222
Patented Feb. 10, 1970

1CC

1

3,495,222
PROGRAM CONTROLLED ELECTRONIC
COMPUTER
Pier Giorgio Perotte, Turin, and Giovanni De Sandre,
Sacile, Italy, assignors to Ing. C. Olivetti & C., S.p.A.,
Ivrea, Italy, a corporation of Italy
Continuation of application Ser. No. 435,828, Mar. 1,
1965. This application Jan, 12, 1968, Ser. No. 697,537
Claims priority, application Italy, Mar. 2, 1964,
4,933/64; Jam. 2, 1965, 469/65
Int. Cl. G11b 13/00; GO6f 1/00

US. Cl. 340—172.5 16 Claims

ABSTRACT OF THE DISCLOSURE

In an electronic computer provided with a storage for
storing a program comprising a series of instructions,
with an Instruction staticisor wherein a predetermined in-
struction is transferred from said program storage under
the control of said program, and with executing means
automatically operative upon entering said instruction
into said instruction staticisor for executing said instruc-
tion, a set of control keys is manually operable for enter-
ing said instruction into said instruction staticisor, the
actuation of said control keys automatically making oper-
ative said executing means out of the control of said pro-
gram, and program record cards may be manually intro-
duced in a record processing device comprised in said
computer for making available said program in said pro-
gram storage.

This application is a continuation of application Ser.
No. 435,828, filed Mar. 1, 1965.

The present invention relates to a program controlled
electronic computer, for instance a so called desk-top
computer.

The known desk-top electronic computers are not
adapted for being controlled by a program stored in their
internal memory, whereby the number and complexity
of the different operations they can perform is strictly
limited. Therefore they are no more powerful in process-
ing data than the mechanical desk-top calculators.

Some known medium-size computers have the ability
to simulate a desk-top calculator under the control of a
simulator program stored therein.

However, the structure of these computers is so com-
plex that operation as mechanical calculators is uneco-
nomical and difficult.

Moreover in the known program controlled computers
the operator is given no sufficient control over the opera-
tion of the computer during the autcmatic execution of
the program.

These and other disadvantages are obviated by the com-
puter according to the invention, which is provided with
a storage for storing a program comprising a series of
instructions and with means controlled by said program
for transferring a predetermined instruction from said
program storage to an instruction staticisor and with
means automatically operative upon entering said instruc-
tion into said instruction staticisor for executing said in-
struction and is characterized in that it comprises a set of
control keys for entering said. imstruction into said in-
struction staticisor, whereby the manual actuation of said
control keys automatically makes said executing means
operative out of the control of said program.

Therefore the computer may operate either automati-
cally under the control of the stored program or manu-
ally under the control of the keyboard.

According to another feature of the invention, the com-
puter, which is provided with a record processing device
for reading records bearing said program and entering the
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read program into said program storage, is characterized
in that said records are in form of cards each one con-
taining a program, said record processing device being so
associated with said program storage that by manually
introducing a single record in said record processing de-
vice said program is made available in said program
storage for controlling said computer.

According to another feature of the invention, the com-
puter is provided with subroutine keys, manually opera-
ble to cause the computer to execute any selected sub-
routine of the program stored in the memory, whereby
automatic execution of preselected subroutines may be
included in the manual operation.

This feature, in connection with a novel association of
said subroutine ‘keys with said record processing device,
gives the computer a great flexibility as if it were pro-
vided wtih an unlimited number of control keys.

Other objects, features and. advantages of the invention
will be apparent from the following description, made by
way of example and not in a limiting sense, in connection
with the accompanying drawings, wherein:

FIGS. 1a and 15 show a block diagram of the circuits
of the computer accordihg to an embodiment of the
invention;

FIG. 2 shows how FIGS. la and 1b are to be com-
posed;

FIG. 3 shows a time diagram of some clock signals of
the computer according to FIGS. 1a and 15;

FIG. 4 shows an adder used in an embodiment of the
computer according to the invention;

FIG. 5 shows a circuit for controlling the tag bits used
in the computer according to the invention;

FIG. 6 shows a group of bistable devices of the com-
puter according to FIGS. 1g and 15;

FIG. 7 partially shows a circuit for timing the switch-
ing from a status to the next following status in the com-
puter according to the invention;

FIG. 84 is a diagram showing the sequence of statuses
of the computer in the addition or subtraction according
to an embodiment of the invention;

FIG. 8b is a diagram showing the sequence of statuses
of the computer in the multiplication or division accord-
ing an embodiment of the invention;

FIG. 9 shows a vertical secticn of an embodiment of the
computer according to the invention;

FIG. 10 shows a top view of the computer of FIG. 9;

FIGS. 11q and 116 show some circuits of the computer
involved in the card reading and writing operation;

FIG. 12 shows a time diagram of the card reading
and recording operation,

General description

The computer comprises a storage made of a mag-
netostrictive delay line LDR including for instance ten
registers I, J, M, N, R, Q, U, Z, D, E and provided
with a reading transducer 38 feeding a reading amplifier
39 and with a writing transducer 40 fed by a writing
amplifier 41.

Each memory register comprises for instance 22 deci-
mal denominations, each one comprising eight binary
denominations, whereby each register may store up to 22
eight-bit characters. Both the characters and the bits
are processed in series. Therefore a train of 10-8-22
binary signals recirculates in the delay line LDR.

The ten first occurring binary signals represent the first
bit of the first decimal denomination of the register R,
N.M I I Q U, Z D and E respectively, the ten next
following binary signals represent the second bit of said
first decimal denomination of said registers respectively,
etc.

Assuming for instance said binary signals are recorded
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in the delay line so as to be spaced 1 microsecond from
each other, the signals belonging to a certain register will
be spaced 10 microseconds from each other. Otherwise
stated, each register comprises a train of 8-22 binary
signals spaced 10 microseconds from each other, the
trains belonging to the several registers being diseplaced
1 microsecond from each other.

The reading amplifier 39 feeds a serial-to-parallel con-
verter 42, which produces over ten separate outputs lines
LR, LM, LN, LJ, LI, LE, LD, LQ, LU and LZ, ten
simultaneous signals representing the ten bits stored in
the same binary denomination of the same decimal de-
nomination of the same decimal denomination of the
ten registers respectively.

Therefore, at a given instant ten signals representing
the first bit of the first decimal denomination of the ten
registers are simultaneously present on said ten output
lines; ten microseconds later, ten signals representing the
second bit of the first decimal denomination are present
on said output lines, etc.

Each group of ten signals simultanecously delivered
on the output lines of the converter 42 after being
processed is fed to a parallel-to-serial converter 43, which
feeds the writing amplifier 41 with said ten signals re-
stored in their previous serial order and spaced 1 micro-
second from each other, whereby the transducer 40 writes
in the delay lines said signals either unchanged or modi-
fied according to the operation of the computer, while
maintaining their previous relative location. Therefore
it is apparent that the single delay line LDR is equivalent,
with respect to the external circuits which process its con-
tents, to a group of ten delay lines working in parallel,
each one containing a single register and provided with
an output line LR, LM, LN, LJ, LI, LE, LD, LQ, LU
and LZ respectively and with an input line SR, SM,
SN, SJ, SI, SE, SD, SQ, SU and SZ respectively.

This interleaved arrangement of the signals in the de-
lay line allows all the registers of the computer to be
contained in a single delay line provided with a single
reading transducer and a single writing transducer, where-
by the ultimate cost of the memory does not exceed the
cost of a delay line containing only one register. More-
over, as the pulse repetition frequency in the delay line
is ten times greater than in the other circuits of the com-
puter, it is possible to simultaneously attain a good uiliza-
jon of the storage capacity of the delay line while using
low speed switching circuits in the other parts of the
computer, thus substantially reducing the cost of the
machine.

As the delay line storage is cyclic in nature, the opera-
tion of the computer is divided into successive memory
cycles, each cycle comprising twenty-two digit periods C1
to C22, and each digit period being divided into eight
bit periods T1 to T8.

A clock pulse generator 44 produces on the output
lines T1 to T8 successive clock pulse, each one having a
duration which indicates a corresponding bit period, as
shown in the time diagram of FIG. 3. Otherwise stated,
the output terminal T1 is energized during the entire
first bit period of each one of the twenty-two digit pe-
riods, the output terminals T2 is similarly energized dur-
ing the entire second bit period of each one of the twenty-
two digit periods, etc.

The clock pulse generator 44 is synchronized with the
delay line LDR, as will be seen, in such a way that the
beginning of the nt® generic bit period of the mfh generic
digit period coincides with the instant in which the ten
binary signals representing the ten bits read in the nth
binary denomination of the mth decimal denomination
of the ten memory registers begin to be available on the
outputs lines of the serial-to-parallel converier 42. Said
binary signals are staticized in the converter 42 for the
entire duration of the corresponding bit period. During
the same bit period the signals representing the ten bits
produced by processing said ten bits read out of the delay
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line LDR are fed to the parallel-to-serial converter 43
and written in the delay line.

More particularly the generator 44 produces during
each bit period ten pulses M1 to M10 (FIG. 3). The
pulse M1 defines the reading time, that is the instant
when the serial-to-parallel converter 42 begins to make
available the bits pertaining to the present bit period,
whereas the pulse M4 indicates the writing time, that is
the instant when the processed bits are fed to the paraliel
to-serial converter 43 for being written into the delay
line LDR.

The generator 44 comprises an oscillator 45 which,
when operative, feeds a pulse distributor 46 with pulses
having the frequency of said pulses M1 to M19, a fre-
quency divider 47 fed by said distributor being arranged
to produce the clock pulses T1 to T8.

The oscillator 45 is operative only as long as a bistable
device A10 (FIG. 6) remains energized, said bistable
device being controlled by signals circulating in the
delay line LDR, as will be seen.

Each decimal denomination of the memory LDR may
contain either a decimal digit or an instruction. More
particularly the registers I and J, which are designated as
first and second instruction register respectively, are
adapted to store a program comprising a sequence of
44 instructions written in the 22 decimal denominations
of the registers I and T respectively.

The remaining registers M, N, R, Z, U, Q, D, E are
normally numerical registers, each one adapted to store
a number having a maximum length of 22 decimal
digits.

Each instruction is made of eight bits B1 to B8 stored
in the binary denominations T1 to T8 respectively of a
certain decimal denomination: the bits B5 to B8 repre-
sent one out of 16 operations F1 to F16 whereas bits B1
to B4 generally represent the address of an operand upon
which said operatijon is to be performed.

Each decimal digit is represented in the computer by
means of four bits B5, B6, B7, B8 according to a binary-
coded decimal code. In the delay line memory LDR said
four bits are recorded in the last occurring four binary
denominations T5, T6, T7, T8 respectively of a certain
decimal denomination, while the remaining four binary
denominations are used to store certain tag bits, More
particularly, in this decimal denomination the binary
denomination T4 is used for storing a decimal-point bit
B4, which is equal to “0” for all the digit of a decimal
number except the first entire digit after the decimal point.
The binary denomination T3 is used for storing a sign
bit B3, which is equal to “0” for all the decimal digits of
a positive number and equal to “1” for all the decimal
digits of a negative number. The binary denomination T2
is used for storing a digit-identifying bit B2, which is
equal to “1” in each decimal denomination occupied by a
decimal digit of a number and equal to “0” in each un-
occupied decimal denomination (non significant zero).

Therefore the complete representation of a decimal
digit in the memory LDR requires the seven binary de-
nominations T2, T3, T4, T5, T6, T7 and T8 of a given
decimal denomination.

The remaining binary denomination TX is used for stor-
ing a tag bit B1 whose meaning is not necessarily re-
lated to the decimal digit stored in said denomination.

In the following description a bit stored in a binary
denomination a of a certain decimal denomination of a
register » will be designated as Bab, and the signal ob-
tained when reading said bit out of the delay line will
be designated LBab.

A bit BIR=%1" stored in the first decimal denomina-
tion C1 of the register R is used to start the clock pulse
generator 44 at the beginning of each memory cycle; a
bit BIE=%1" stored in the 2274 decimal denomination
C22 of the register E is used to stop the generator 44; a
bit BIN==“]" stored in the n** decimal denomination of
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the register N indicates that during the execution of a
program the next following instruction to be executed is
the instruction stored in said rt? decimal denomination
of the register I or J; a bit BIM=%1" stored in the nth
decimal denomination of the register M indicates: when
introducing a number from the keyboard into the register
M, that the decimal digit next introduced is to be stored
in the (n—15%) decimal denomination; when introducing
an instruction from the keyboard, that the next follow-
ing instruction is to be stored in the nth decimal denomi-
nation of the register I or J; when printing a number stored
in any register selected among the registers of the delay-
line, that the next following digit to be printed is the
digit stored in the ntt decimal denomination of said regis-
ter; when adding together two numbers, that the digit of
the sum stored in the nth decimal denomination of the
register N shall be thereafter corrected by adding a filler
digit thereto, as will be seen; a bit BEU=%1" stored in the
nh decimal denomination of the register U indicates that
the execution of a main program routine has been inter-
rupted at the n'® instruction of the register I or J for
beginning the execution of a subroutine, Therefore the
tag bits B1R, B1E are used to represent fixed reference
points in the various registers (beginning and end respec-
tively); the tag bits BIN, BiM and B1U represent mov-
able reference points within the registers; moreover the
bits BIM are used, when performing an addition, to
record, for each decimal denomination, an information
pertaining to an operation performed or to be performed
upon said denomination.

The regeneration and the modification and shifting of
said tag bits B1 are preformed by a tag-bit control cir-
cuit 37.

The computer comprises also a binary adder 72 pro-
vided with a pair of input lines 1 and 2 for concurrently
Teceiving two bits to be added to simultaneously produce
on the output line 3 the sum bit. More particularly, in a
first embodiment shown in FIG. 4, the adder comprises a
binary addition network 48, adapted to provide on the out-
put lines S and Rb the binary sum and the binary carry,
respectively, produced by summing up two bits concur-
rently fed to the input lines 49 and 56 respectively and
the previous binary carry bit resulting from the addition
of the next preceding pair of bits, said previous binary
carry bit being staticized in a carry bit storage A5 made
of a bistable circuit. The signals representing the two bits
to be added last from the pulse M1 to the pulse M10 of
the corresponding bit period, and the signals representing
the sum bit S and the carry bit Rb are substantially simul-
tanecus thereto. The previous carry bit is stored in the
bistable circuit AS from the pulse M10 of the next pre-
ceding bit period until the pulse M10 of the present bit
period.

The new carry bit Rb is transferred to a bistable circuit
A4, in which it is staticized until the pulse M10 causes
said new carry bit to be transferred into the bistable cir-
cuit A5, where it is staticized during the entire next
following bit period so as to feed in proper time the addi-
tion network 48 during the addition of the next following
pair of bits,

The input line 1 of the adder may be connected to the
input line 49 of the addition network 48 either directly
via a gate 52 or through an inverter 54 via a gate 53.
Therefore it is apparent that in the first case each decimal
digit is introduced without modification into the adder,
whereas in the second case, as said digit is represented in
binary code, the complement of said digit to 15 is intro-
duced in the adder.

The zates 52 and 53 are controlled by a signal SOTT
produced by a sign-bit processing circuit which will be
described later.

The output line S of the addition network 48 may be
connected to the output line 3 of the adder either directly
via a gate 55 or via a gate 56 and an inverter 57 acting
to complement the decimal digits to 15.
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A bistable device 58 is energized through a gate 59 by
every bit equal to “1” appearing on the output line S of
the addition network 48 during the bit periods T6 and
T7, and is deenergized through an inverter 61 and a gate
60 by every bit equal to “0” appearing on said output
line S during the bit period T8.

Therefore, upon completion of the addition of a pair
of decimal digits during the ntt generic digit period, the
circumstances that the bistable device 58 remains ener-
gized after the last bit period T§ of said digit period indi-
cates that the sum digit is greater than nine and less than
sixteen, whereby a decimal carry is to be transmitted to
the next following decimal denomination. Through a gate
62 the output signal of the bistable device 58 indicating
the presence of said decimal carry is fed into the carry
storage A5, which is adapted to enter said decimal carry
into the adding network 48 in the next following digit
period C(n4-1). .

A decimal carry-toward said next following decimal
denomination is to be transmiited also in the case during
said bit period T8 of the present digit period Cn a binary
carry Rb8 is produced by summing up the two most
significant bits B8. Since this binary carry indicates that
the sum digit is greater than fifteen. The transmission of
the decimal carry is made in this case by the bistable de-
vices A4 and AS in the manner described above.

Therefore in all cases the circumstance that the bistable
device A5 is energized after the last bit period T8 of said
digit period Cn means that there is a decimal carry to be
transmitted from said digit period Cn to the next follow-
ing digit period C(n+1).

Should said digit period Cn be the digt period in which
the last (most significant) decimal digit among the digits
of the two numbers to be added occurs, then through a
gate 63 said decimal carry is stored into a bistable device
RF. Therefore the bistable device RF when energized in-
dictates that there exists an end carry resulting from the
addition of the two most significant decimal digits.

Moreover the computer is provided with a shift register
K (FIG. la) comprising eight binary stages K1 to K8.
Upon receiving a shift pulse over a terminal 4, the bits
stored in the stages K2 and K8 are shifted into the stages
K1 to K7 respectively, while the bits which are then pres-
ent on the input lines 5,6, 7,8, 9, 16, 11, 12, 13 are trans-
ferred into the stages Ki, K2, K3, K4, K5, K6, K7, K8
and again K8 respectively.

The pulses M4 produced by the pulse distributor 46
(FIG. 1b) are used as shift pulses for the register
K, which therefore receives one shift pulse during each bit
period, that is eight shift pulses during each digit period.
The contents of each stage of the register K remains un-
changed from the pulse M4 of each bit period until the
pulse M4 of the next following bit period. Therefore it is
apparent that a bit fed to the input line 13 of the register
K during a certain bit period will be available on the
output line 14 of the register K after eight bit periods, that
is one digit period later, whereby under these conditions
the register K acts as a section of delay line having a
length corresponding to one digit period.

By connecting whatsoever memory register X and the
shift register K in 2 closed loop while leaving all the
remaining registers with their outputs directly connected
to their respeciive inputs to form a closed loop, said
register X is effectively lengthened one digit period with
respect to said remaining registers. In this lengthened reg-
ister X, the denomination which is read from the delay
line concurrently with the ntt decimal denomination of
the remaining memory registers, that is during the ntt
digit period since the reading of the bit B1R which starts
the generator 44, is conventionally defined as the nth
decimal denomination. Therefore during each memory
cycle the contents of the register X will be shifted one
decimal denomination, that is delayed one digit period,
with respect to the other registers.

Moreover the register K, due to its ability to acts as a
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delay line, may be used as a counter according to the
principles shown at page 198 of the book “Arithmetic Op-
eration in Digital Computers,” by R. K. Richards, 1955.
More particularly, when its output line 13 and its input
line 14 are connected to the output line 3 and to the input
line 1 of the adder 72, respectively, while the input line 2
of the adder receives no signal, said counter is adapted
to count successive counting pulses which are fed to the
carry storing bistable device A5 according to the follow-
ing criterion. By considering the eight bits contained in
the register K as a binary number comprising eight binary
denominations, a counting pulse may be fed into the
bistable circuit A5 whenever the less significant binary
denomination is read out of the register X over the output
line 14. Therefore the counting pulses shell be spaced in
time one digit period or a multiple thereof.

The register K is also adapted to act as a buffer
memory for temporarily storing a decimal digit or the
address part of an instruction or the function part of an
instruction to be printed by a printing unit 21 (FIG. la).

The register K is also adapted to act as a parallel-to-
serial converter when transferring data or instruction
from the keyboard 22 (FIG. 1b) into the delay line
memory LDR.

The computer comprises also an instruction staticisor
16 including eight binary stages I1 to 18 for storing the
eight bits B1 to B8 of an instruction respecitvely.

The first four stages 11 to I4 containing the address bits
B1 to B4 of said instruction feed an address decoder 17
having eight output lines Y1 to Y8, each one correspond-
ing to one of the eight addressable memory registers, and
being energized when the combination of said four bits
represents the address of said register. The address of the
register M is represented by four bits equal to “0,” where-
by the register M is automatically addressed when no ad-
dress is explicitly given. The remaining four stages 15 to
I8 containing the function bits B5 to B8 of said instruc-
tion feed a function decoder 18 having a set of outputs
F1 to F16, each output being energized when the com-
bination of said bits BS to B8 represents a correspond-
ing function.

Moreover the outputs of the stages I1 to I4 and the out-
put lines of the stages IS to I8 may be connected, via
gates 19 and 20 respectively, to the input lines of the
stages K5 to K8 of the register K respectively in order to
print out the address and the function respectively
staticized in said stages.

A switching network 36 (FIG. 1a) is provided for se-
lectively interconnecting according to various patterns
hereinafter specified, the ten memory registers, the adder
72, the shift register K and the instruction staticisor 16
in order to properly control the transmission of data and
instructions to and from the various parts of the com-
puter. Switching network 36 is made of a diode matrix or
transistor NOR-circuit matrix or equivalent switching
means having no storage properties.

The selection of the memory registers according to the
present address indicated by the decoder 17 is also per-
formed by the switching network 36.

The keyboard 22 for entering the data and the instruc-
tions and for controlling the various functions of the com-
puter comprises a numeric keyboard 65 including ten
numeral keys ¢ to 9 which serve the purpose of entering
number into the memory register M via the buffer regis-
ter K, in a preferred embodiment the register M being
the only memory register accessible from the numeral
keyboard. Moreover the keyboard 22 comprises an ad-
dress keyboard 68 provided with keys each one controlling
the selection of a corresponding register of the delay line
memory LDR.

The keyboard 22 comprises also a function keyboard
69, including keys each one corresponding to the func-
tion part of one of the instructions the computer can
execute.

The three keyboards 65, 68 and 69 control a mechanical
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decoder made of code bars cooperating with electrical
switches for producing on four lines H1, H2, H3, H4 four
binary signals representing either the four bits of a
decimal digit set up on the keyboard 65 or the four bits
of an address set up on the keyboard 68, or the four
bits of a function set up on the keyboard 69, said de-
coder being also adapted to energize either an oufput
line G1 or G2 or G3 to indicate whether the keyboard
65 or 68 or 69 respectively has been operated.

A decimal point key 67 and a negative algebraic sign
key 66, when operated, directly produce a binary signal
on the line V and SN respectively.

Some instructions the present computer can execute
are listed below, the letter Y ~designating the selected
register corresponding to the address staticized in the
staticisor 16:

(F1) Addition: transfer the number stored in the se-
lected register Y into the register M, then add the
contents of the register M to the contents of the register
N and store the result in the register N, that is sym-
bolically: Y—--M; (N4-M)—-N;

(F2) Subtraction: similarly Y—-M; (N—M)--N;

(F3) Multiplication: Y—-M; (N-M)--N;

(F4) Division: Y-~M; (N:M)~--N;

(F5) Transfer from M: transfer the contents of the regis-
ter M into the selected register, that is M—-Y;

(F6) Transfer into N: transfer into the register N the
contents of the selected register, that is Y~—-N;

(F7) Exchange: transfer the contents of the selected
register into the register N and vice versa, that is
Y-~-N; N--Y;

(F8) Print: print-out the contents of the selected regis-
ter Y;

(F9) Print and zeroizes: print-out the contents of the
selected register Y and zeorize same;

(F10) Program stop: stop the automatic execution of
the program and wait until operator enters a datum
into the keyboard; introduce said datum into the se-
lected register Y (thereafter either automatic program
execution or manual operation may be continued);

(F11) Extract from the register I one out of the first
eight characters as specified by the address contained
in the present instruction, and transfer said character
into register M;

(F12) Jump to the program instruction specified in the
present instruction, unconditional;

(F13) Jump, conditional.

The computer may be seclectively preset to operate
according to three modes, namely “manual,” “automatic™
and “entering program” depending on whether a three-
position commutator 23 generafes a signal PM, PA or IP
respectively. All the aforementioned instructions may be
executed in the automatic operation; the first nine in-
structions may also be executed in the manual operation.

During the program entering operation, the signal IP
being present, the address keyboard 68 and the function
keyboard 69 are operable to enter the program instruc-
tions into the registers I and J via the buffer register
K. For this purpose the outputs H1 and H4 of the key-
board decoder may be connected, via gate 24, to the in-
puts 8 to 11 respectively of the register K. In the mean-
time, the keyboard 65 is inoperative.

During the automatic operation, in which the program
previously entered into the memory LDR is executed,
the address keyboard and the function keyboard are in-
operative.

The automatic operation comprises a sequence of in-
struction-extract phases and - instruction-execute phases.
More particularly during an extract phase an instruction
is extracted from the program register I, J and transferred
into the staticisor 16; this phase is automatically followed
by an execution phase, in which the computer under
the control of said staticized instruction executes said
instruction; this execution phase is automatically followed
by an extraction phase for the next following instruction,
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which is then extracted and staticized in lieun of the pre-
ceding one etc. As long as an instruction is staticized in
the staticisor 16, the numeric register indicated by the
address part of said instruction remains continuously
selected, and the decoder 18 continuously produces the
function signal corresponding to the function part of said
instruction, During the automatic operation, also the
numeric keyboard is normally inoperative, because the
computer operates upon the data previously entered into
the memory. This keyboard is operated only when the
program instruction at present staticized is the stop in-
struction F10. It is apparent that this instruction allows
much more data to be processed than the computer
memory may contain.

During the mannal operation the numeric keyboard,
the address keyboard and the function keyboard may be
all operative. More particularly according to this mode
of operation the address keyboard and the function key-
board may be caused by the operator to cause the com-
puter to perform a sequence of operations similar to any
sequence performed during the automatic operation. For
this purpose the operator enters via the keyboard an ad-
dress and a function, which are therefore staticized via
gates 70 and 71 respectively in the staticisor 16 just
like during an instruction-extract phase in the automatic
operation. Moreover, by entering said instruction (ad-
dress and function) into the keyboard, an instruction-
execution phase is automatically instituted for executing
said entered instruction in a manner similar to the execu-
tion phase in the automatic operation. Upon completion
of said instruction-execution phase the computer stops
and waits for a new instruction entered by the operator
through the keyboard.

As previously mentioned, when no address key is op-
erated, the register M, which is specialized to receive the
data from the keyboard, is automatically addressed. There-
fore, when entering via the keyboard one of the instruc-
tions F1, F2, F3, F4 corresponding to the four funda-
mental arithmetic operations, the operator may select not
to operate the address keyboard but instead to enter a
number through the numeric keyboard; in this case said
operation will be performed upon said entered number.
Therefore during the manual operation any arithmetic op-
eration corresponding to the key depressed in the func-
tion keyboard 69 may be performed either upon a number
previously entered into the register M via the numeric
keyboard 65 or upon a number stored in a memory
register selected by means of the address keyboard.

Moreover it has been seen that during the automatic
operation the functions specified in the instructions are
executed upon the data previously entered in the memory,
Before pushing the button AUT to start the automatic
program execution, the operator after having set the
computer to operate in the manual mode, may enter
each one of said initial data, by first entering said datum
through the numeric keyboard into the register M, then
depressing the address key corresponding to the register
in which said datum is to be stored, and then depressing
the function key corresponding to the transfer instruc-
tion FS5,

The computer comprises also a group of bistable de-
vices collectively represented by a box 25 in FIG. 1b and
in more details in FIG. 6. These bistable devices are used,
inter alia, to staticize some internal conditions of the
computer, the output signals of said bistable devices
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representing said conditions being collectively designated ~

by the reference letter A in the block diagram of FIG. 1.

More particularly, the bistable device A0 is energized
during each memory cycle upon reading in the register
M the first binary denomination T2 storing a digit indicat-
ing bit B2 equal to “1” and is thereafter deenergized upon
reading the first binary denomination T2 storing a digit
indicating bit B2 equal to “0,” whereby the bistable device
A0 remains energized during the entire time interval spent
in reading out the number stored in the register M, Other-
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10
wise stated, the bistable device A@ indicates within each
memory cycle the length and the position of the number
stored in the register M. It is to be pointed out that ac-
cording to a feature of the present invention said length
and said position are completely variable.

The bistable devices Al and A2 are adapted to give a
similar indication as to the length and position of the
number stored in the register N and Y respectively, Y
designating the register at present addressed and selected.
For this purpose the bistable devices A1 and A2 are con-
trolled by the output LN of the register N and by the
output L of the selected register Y respectively. The out-
puts of the bistable devices A0 and Al are combined to
produce a signal A01 which lasts, during each memory
cycle, from the reading time of the first decimal digit
among the decimal digits of the numbers M and N until
the reading time of the last occurring decimal digit
among said decimal digits.

The bistable device A3 is normally used to distinctively
indicate a certain digit period during which a certain
operation is to be performed, said indication being ob-
tained in that it remains energized during said digit period
and deenergized during the other digit periods.

The bistable device A7 is normally used to distinctively
indicate a certain memory cycle or a part thereof dur-
ing the operation of the input and output units of the
computer,

The bistable devices A6, A8, A9 are used to indicate
the occurrence of certain conditions during the execu-
tion of certain instructions.

The function of other bistable devices of the group 25
will be described later.

The computer is also provided with a sequence control
unit 26 comprising a group of status-indicating bistable
devices P1 to Pn, which are energized one at a time,
whereby at any time the computer is in a certain status
corresponding to one of the bistable devices P1 to Pn
at present energized. In its operation the computer goes
through a sequence of statuses, and accomplishes certain
elemental operations during each status. The sequence of
said statuses is determined according to a criterion estab-
lished by a logical network 27. More particularly on the
basis of the present status of the computer indicated by
the bistable devices P1 to Pn via the line P, of the instruc-
tion at present staticized in the staticisor 16 and indicated
by the decoder 18 via the line F, and of the present inter-
nal conditions of the computer indicated by the group of
condition-staticizing bistable devices 25 via the line A,
said network 27 decides what status must follow and gives
an indication of said decision by energizing the output 28
which corresponds to said status. Thereafter a timing net~
work 29 produces a change-of-status timing pulse MG,
whereby one of the bistable devices P1 to Pn correspond-
ing to said next following status is energized via the gate
30 corresponding to said output 28, while all the remain-
ing status-indicating bistable devices of the group P1 to
Pn are deenergized.

Entering a number into the memory via the keyboard

The status P21 is followed by the status P8 wherein
t];he data may be entered into the memory via the key-

oard. :

In the status PO the switching network 36 permanently
connects the memory register M and the shift register
K to build up a closed loop, whereby the register M is
lengthened one digit period. In the meantime all the re-
maining registers have their output directly connected to
their respective input so as to build up a closed loop,
whereby their contents is continuously regenerated so as
to rematin unchanged during the following memory cycles.
Also the tag bits B1 of said remaining registers are con-
tinvously regenerated through the control circuit 37,
whereby the entire contents of all the registers but the
register M remains unchanged during said status PO,

The timing signal MG which causes the computer to
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switch from the status 21 to the status PO resets the bi-
stable device A40. The operator pushes either the minus
sign key 66 or no key depending on whether the number
to be entered is negative or positive. In the first case the
signal SN produced by the pushed key causes a negative
sign bit B3=%1" to be written via a gate 76 in the third
binary denomination of all the decimal denominations
of the register M. Thereafter the operator pushes the
numeric key corresponding to the first decimal digit to be
entered. Therefore the electrical contacts associated with
the keyboard 22 produce the four binary signals H1, H2,
H3, H4 representing said decimal digit and a signal G1
indicating that said four signals pertain to a numeric
character entered via the numeric keyboard 65, The dura-
tion of all said signal produced by the keyboard is more
than one memory cycle.

The beginning (leading edge) of said signal G1 ener-
gizes the bistable device A7. At a certain instant which
may occur either before or after said leading edge, the
synchronizing bit B1R circulating in the delay line starts
the generator 44. During the first clock pulse T1 produced
by the generator 44 after the energization of the bistable
device A7, the pulse M4 by opening the gate 24 causes
the bits H1, H2, H3, H4 and G1, to be transferred from
the keyboard 22 into the stages K4, K5, K6, K7 and K1
of the register K respectively. Since the depressing of the
key in the keyboard 22 is not synchronized with the gen-
erator 44, said first clock pulse T1 may coincide with
the first bit period of whatsoever digit period C(n+1)
among the twenty-two digit periods of the present mem-
ory cycle, Therefore at the beginning of said clock pulse
T1 the stages K1 to K8 of the register K will contain
the binary denominations B1 to B8 respectively of the
nth decimal denomination of the register M. At the pulse
M4 of said bit period T1 the bits of the binary denomina-
tions B2 to BS of said nth decimal denomination and
the bit of the first binary denomination B1 of the mnext
following decimal denomination C(n41) will be trans-
ferred into the stages K1 to K8 of the register K respec-
tively. At the same pulse M4 the bits H1, HZ, H3, H4
and G1 are entered from the keyboard 22 into the Tegister
K. Therefore these bits are written into the binary de-
nominations BS, B§, B7, B8 and B2 respectively of said
nth decimal denomination Cr of the register M, the four
first-mentioned bits representing the entered digit and the
fifth bit being a digit-indicating bit. As previously ex-
plained, the binary denomination B3 has already been
occupied by a sign bit.

Therefore it is apparent that the first digit entered
via the keyboard is written at random in a certain n'®
decimal denomination, which is the first decimal denomi-
nation first reaching the reading and writing transducers
38 and 49 after operation of the corresponding key.

Moreover at said pulse M4 of said first bit period T1
of the digit period C(n--1) the output SM of the tag-bit
controlling circuit 37 is energized because the output of
the gate 78 is energized. Therefore a tag bit BIM="1"
is written in the first binary denomination of said nth
decimal denomination of the register M, just ahead of
the digit being introduced from the keyboard. Moreover
said clock pulse T1 energizes the bistable device A3, which
is thereafter deenergized by the next following pulse T1,
thus remaining energized only during said (n-1st) digit
period in order to designate the digit period during which
the digit set up on the keyboard is entered in the reg-
ister M.

The clock pulse T2 of said digit period C(n-}-1) de-
energizes the bistable device A7, to inhibit said digit from
being entered once more in the register M in the next
following cycle, whereby said digit is entered only once
in the register M, despite the fact that the corresponding
key is held depressed during more than one memory
cycle. It is thus apparent that the function of the bistable
device A7 in this case is to distinguish the first memory
cycle from the following memory cycles when entering
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a digit via the keyboard. Moreover the same clock pulse
T2 energizes the bistable device A40, which will thus
remain energized also during the setting up of the follow-
ing digits on the keyboard in order to distinguish the
first set up digit from the following ones. This is because
the first entered digit is written at random in a decimal
denomination of the register M, whereas the following
digits must be written in the successive decimal denomina-
tions of the register M according to an ordered sequence.
The purpose of the bistable device A4¢ is to determine
this difference in the digit entering operation. Said first
entered digit circulates during the following memory cycles
in the register M and in the register K which are con-
nected into a closed loop as previously explained. In the
tag-bit controlling circuit 37 also the tag bits B1IM are
caused to be stepped through the shift register K because
they are transferred from the output LM of the register
M to the input 13 of the register K since gate 79 instead
of gate 80 is opened, whereby said bit BIM="“1" re-
mains recorded in the nth decimal denomination occupied
by said first entered digit, while the tag bit recorded in
the first binary denomination of the remaining decimal
denominations of the register M continues to be
B1M="0." ‘

Thereafter the second decimal digit of the number to
be entered is set up on the keyboard, which therefore
produces the binary signals H1, H2, H3, H4 representing
said digit and the signal G1. As previously stated, these
signals have a duration corresponding to more than one
memory cycle.

As in the case of the first entered digit, the beginning
of the signal G1 energizes the bistable device A7. Upon
reading the tag bit BiM="1" recorded in the nt® decimal
denomination of the register M, that is the denomination
occupied by the first entered digit, the bistable device A3
is energized. The bistable device A3 will be thereafter
denergized by the next following clock pulse T1, whereby
it remains energized only during the nth digit period,
which begins when said tag bit BIM="1" is read from
the delay line LDR. It is to be pointed out that when
reading said bit BIM=1" located at the beginning of
the ntht decimal denomination of the register M, the
(n—15t) decimal denomination is in the register K, while
the (n—2rd) decimal denomination, having just been
rewritten in the register M, is at the beginning of the
delay line.

When reading said tag bit BIM, the pulse M4 by open~
ing the gate 24 causes the binary signals H1, H2, H3,
H4 and G1 to be transferred from the numeric keyboard
65 into the stages K4, K5, K6, K7 and K1 of the register
K respectively.

Moreover in the tag-bit controlling circuit 37 said bit
BIM=*1" read out of the nth decimal denomination of
the register M is directly transferred on the output SM
via the gate 30 opened by the bistable device A3 instead
of being stepped through the register K.

Therefore it is apparent that the tag bit BIM="1" is
recorded in the (n—15t) decimal denomination and that
the second digit set up on the keyboard is also written
in said (n—1st) denomination that is the denomination
which precedes the denomination where the first digit has
been entered.

It is thus clear that the tag bit BIM=%1" is shifted
from the nt® decimal denomination to the (n—1st) de-
nomination so as to be relocated any time at the begin-
ning of the last entered digit.

The bistable device A7 is deenergized by the first tim-
ing pulse T2 occurring after the reading of said tag bit
BIM. Therefore during the following memory cycles
the repetition of the transfer process from the keyboard to
the register K for the digit set up on the keyboard is
avoided and the first and second digits, included the tag
bit BIM="1" which at present is associated with said
second digit, circulate in the closed loop formed by the
registers K and M.
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In a similar manner the following digits of the number
are set up on the keyboard and entered into register M.
In general, any new entered digit is written in the decimal
denomination preceding the denomination of the last en-
tered digit, on account of the fact that the digits are
entered beginning from the most significant one and read
out of the delay line and processed beginning from the
least significant one.

Moreover, any time a new digit is entered via the key-
board, the tag bit BIM="1" is shifted from the last en-
tered digit to said new entered digit to allow the decimal
denomination containing the last entered digit to be sub-
sequently recognized.

It is thus apparent that any digit counter is dispensed
with in this phase of the computer operation, due to the
use of the shiftable tag bits.

It is also apparent that, contrary to the known com-
puters, the operator may set up on the keyboard any num-
ber without any care as to its alignment.

For entering the decimal point the operator pushes the
key 67 after having entered the units integer digit, where-
by a signal V having a duration of a few memory cycles
is produced. As the digit indicating signal G1 is absent,
the bistable device A7, and thus also the bistable device
A3, is not energized, whereby the gate 24 connecting the
keyboard to the register K remains closed, and the mech-
anism for shifting the tag bit BIM="“1" to the next fol-
lowing decimal digit is inoperative.

As the bit BIM=“1" associated with said units integer
digit, which is now the last entered digit, is read out
of the memory LDR, a bistable device A8% is energized.
The bistable device A86 is thereafter deenergized by the
next following clock pulse T1, whereby, assuming this
digit has been entered in a certain decimal denomina-
tion Cm of the register M, said bistable device will re-
main energized during the entire digit period Cm. There-
fore during the fourth bit period T4 of said digit period
Cm a decimal-point indicating bit B4=%1" is entered
in the stage K8 of the register X via a gate 81. Said deci-
mal-point indicating bit is thus written in the binary
denomination T4 of the decimal denomination occupied
by said units digit.

It has been thus explained how a number is entered
from the keyboard 65 to the register M of the mem-
ory LDR.

In this status PO, should the operator set up an address
on the keyboard 68 instead of a number on the key-
board 65, whereby the signal G2 instead of G1 is pro-
duced, the four bits Hi, H2, H3, H4 representing in
this case said address would be transferred via the gate
76 into the stages 1%, 1Z, I3, 14 of the instruction staticisor
16 respectively. Thus the computer receives through the
decoder 17 the address Y1 to Y8 of the selected register.

In the manual mode of opsration, in the status PO
the entering of a number and the selection of a register
are always followed by the entering of a function via the
function keyboard 69. The actuation of the keyboard 69
generates a signal G3, whereby the four bits H1, H2, H3,
H4 which in the present case represent the function set-
up on the keyboard, are transferred via a gate 71 into
the stages I5, I6, I7, I8 of the staticisor 16 respectively,
so as to indicate to the computer, through the decoder
18, the function F1 to F16 set up on the keyboard. More-
over, whatever said function may be, the beginning of the
signal G3 energizes a bistable device A6, whereby in
the change-of-status timing circuit 29 the leading edge
of the signal A10, produced at the beginning of the next
following memory cycle when the generator 44 starts,
generates via a gate 83 a timing signal MG which causes
the computer to switch to the next following status, said
next following status being determined according to the
particular instruction at present set up on the keyboard
and staticized in the staticisor 16, The same signal MG
deenergizes the bistable device A6, which is therefore
effective to prevent the circuit 29 from unduly producing
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other change-of-status timing signals MG in the follow-
ing memory cycles occurring during the signal G3, In
said next following status, the computer will execute
the instruction set up on the keyboard.

Addition and subtraction

The addition and the subtraction of two numbers
stored in the registers M and N respectively are accom-
plished according to the following rules. A true addition
is performed when either the signs of the numbers M and
N are equal (bistable device A8 is energized) and the
instruction at present staticized in F1 (addition) or the
signs of the numbers N and M are different (bistable de-
vice A8 is deenergized) and the instruction at present
staticized is F2 (subtraction). In the other cases a sub-
traction is effectively performed.

To perform an addition, during a first memory cycle,
in which the computer is in the status P5, the two numbers
N and M are added together digit by digit, a decimal
carry being transmitted to the next higher decimal de-
nomination if the sum digit either is greater than 15 or
lies between 10 and 15, the first circumstance being in-
dicated by the presence of a final binary carry R8 pro-
duced by summing up the most significant bits B8 and
the second circumstance being indicated by the energiza-
tion of the bistable device 58. For this purpose the output
of the bistable device 58 during the execution of an
addition is connected to the summing network 48 via a
gate 62. The result obtained by adding together the two
numbers in the above manner is not correct, in that some
digits of the result may be greater than nine and there-
fore have no meaning in the binary-coded decimal code,
whereby a radix correction from the binary code to the
binary-decimal code is to be performed. To this end dur-
ing the single memory cycle in which the computer is in
the status P5 allotted to the computation of the uncor-
rected sum a tag bit BIM is recorded in each decimal
denomination to indicate the nature of the radix correc-
tion to be performed upon the corresponding sum digit,
during a following memory cycle (in which the com-
puter is in the status P6) said sum being corrected digit
Ey digit according to the indications given by said tag

its.

More particularly, in the case of the addition, during
the second memory cycle, in which the computer is in the
status P§, each digit of the sum is corrected from the
binary code to the binary-decimal code by adding the
filler digit -6 to each digit of the result which in the
first memory cycle (while computing the uncorrected
sum) had produced a decimal carry.

Therefore the addition is accomplished  within two
memory cycles, in which the computer is in the status
P5 and P6 respectively.

In order to execute the subtraction, during a first mem-
ory cycle, in which the computer is in the status P35, the
numbers M and N are added together, after having
complemented to 15 each decimal digit of the number
N. During this cycle a decimal carry is transmitted from
a denomination to the next higher denomination only if
the sum digit for the first mentioned denomination is
greater than 15 (this circumstance is indicated by the
presence of a final binary carry R8 from the highest
binary denomination T8 of said denomination), no deci-
mal carry being transmitted if said sum digit lies between
10 and 15. For this purpose the gate 62 is held closed
for preventing the output of the carry indicating bistable
device 58 from being connected to the summing network
48. The absence of an end decimal carry RF resulting
from the addition of the two most significant decimal
digits of the numbers M and N respectively indicates in
this status PS5 that the number M is less than the num-
ber N, where as the presence of said final carry RF indi-
cates that the number N is less than the number M.

In the first case, during a following memory cycle (in
which the computer is in the status P6) the radix cor-



3,495,222

15

rection is performed by adding either the filler digit +6
or -0 to each digit of the uncorrected sum depending on
whether in the status P5 when adding the pair of most
significant bits B8 of the corresponding decimal denomi-
nation a binary carry R8 had been produced or not.
Moreover in the status P6 each digit of the sum, while
being corrected, is also complemented to 15 again,
whereby the subtract operation is completed within two
memory cycles. If, on the contrary, the number N is less
than the number M (this circumstance is indicated by
the presence of said end carry RF in the status P5) in
the status Pé6 the filler digits to be added to each digit of
the uncorrected result are -0 and -+10 respectively for
the two cases previously considered; moreover in the
status P6 the result is not recomplemented, but instead
during a new memory cycle (in which the computer is
in the status P7) the number -}-1 is added to the corrected
result, thus obtaining a new result which is in turn cor-
rected from the binary to the binary-decimal code during
a following memory cycle (in which the computer is in
the status P8). Therefore in this case the operation is
completed in four memory cycles (corresponding to the
four statuses P5, P&, P7 and P8 respectively).

The operation of the computer during the addition and
the subtraction will now be described in more detail.

After having aligned the two numbers M and N with
respect to their decimal point in the statuses P3 and P14
respectively, and after having examined the signs of the
two addends in the status P9, the computer switches to
the status P5. During this status the bistable device A8
continues to give an indication as to the agreement of
the signs of the two addends as determined in the status
P9, whereby in the status P5 the circuit 64 (FIG. 4)
produces a signal SOTT if either there is a sign disagree-
ment and the instruction at present staticized is F1 (ad-
dition) or there is a sign agreement and the instruction
at present staticized is F2 (subtraction), whereas in any
other case the circuit 64 produces a signal ADD.

In the status P5 the switching network 36 permanently
connects the outputs LN and LM of the registers N and
M to the two inputs 1 and 2 of the adder 72 respectively,
the output 3 of the adder to the input 13 of the register
K and the output 14 of the register K to the input SN of
the register N. Moreover the output of all the memory
registers, except the register N, is corrected to the respec-
tive input. Therefore in this status, which lasts a single
memory cycle, the contents of the register M, without
being destroyed, is added to the contents of the register
N, the latter contents having been either complemented
to 15 digit by digit via the complementer 54 or not de-
pending on whether the signal SOTT or ADD is present,
the result being written in the register N via gate S5,
while the contents of all the other registers is regenerated
so as to remain unchanged.

More exactly, the connection between the inputs 1 and
2 of the adder and the outputs LM and LN of the regis-
ters M and N exists only during the bit periods T5, T6,
T7 and T8 of each digit period.

During the remaining bit periods T1, T2, T3 and T4
the switching network 36 directly connects the output of
the register N to the input of the register K, so as to by-
pass the adder 72, whereby the bits B1, B2, B3, B4 of
each decimal denomination, which are tag bits to be held
unmodified in this phase, are regenerated.

On the contrary during the bit periods T5, T6, T7, T8
of the generic nth decimal denomination the bits B5, B6,
B7, B8 respectively of the corresponding decimal digit of
the number M are added to the bits BS, B6, B7, B8
respectively of the corresponding decimal digit of the
number N (the four last mentioned bits being inverted
by the inverter 53 if the signal SOTT is present), each
pair of corresponding bits being fed to the adder along
with the binary carry produced by adding the next pre-
ceding pair of bits and staticized in the bistable device
AS, whereby the added 72 produces in each digit period
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during the bit periods TS, T6, T7 and T8 respectively,
four bits representing a decimal digit of the uncorrected
sum. Due to the previous explained connection of the
register, said uncorrected sum digit, assuming it has been
produced by adding two addend digits stored in the n*®
decimal denomination of the registers M and N respec-
tively, is recorded in the (n—15t) decimal denomination
of the register N.

During said generic »th digit period, and more exactly
at the end of the last bit period T8 thereof, the binary-
carry staticizing bistable device AS5 is as usually energized
or not depending on whether the sum of the last pair of
bits B8 has generated a final binary carry R8 or not. The
bistable device A5 thereafter remains as usually in the
energized state until it receives from the bistable device
A4 the new binary carry produced by summing up the
next following pair of bits, which in this case are the
first bits BS of the next following digit period C(n+1).
Therefore it is apparent that the bistable device A5 is
adapted to feed said final binary carry R8 of the nt® deci-
mal denomination to the adder 72 when the adder receives
the first pair of bits B5 of the (n-+15¢) decimal denomina-~
tion. As said final binary carry indicates also the presence
of a decimal carry, it is clear that said bistable device AS
is also adapted to transmit the decimal carry between said
two decimal denominations. This happens both in the
case of addition (signal ADD is present) and in the case
of subtraction (signal SOTT is present). Moreover in the
case of addition, but not in the case of subtraction, gate
62 is opened during the bit period T1 immediately fol-
lowing said bit period T8 for connecting the bistable de-
vice 58 to the bistable device A5, whereby in the case of
addition when the adder receives the first pair of bits BS
of the (n--1st) decimal denomination the bistable device
A5 feeds a decimal carry to the adder not only if the sum
digit in the nth denomination was greater than fifteen but
also if said sum digit was between ten and fifteen.

Therefore, in every case, in the status P5 the fact that
the bistable device A5 is energized during the bit period
T1 of the (n--1st) digit period indicated that a carry has
been transmited from the nfh to the (n415t) decimal de-
nomination. In said bit period T1 the tag bit con-
trolling circuit 37 causes a tag bit BIM=%1" to be
written, into the (n--15t) decimal denomination of the
register M via a gate 85 if said decimal carry has
been produced in the n*® decimal denomination. The
same happens for each one of the successive digits
to be added. It is to be noted that said tag bit is effectively
written via gate 85 in the proper denomination because
writing in the register N is now effectively delayed one
digit period with respect to writing in the register M due
to the fact that in the present status the contents of the
register N recirculates through the register N and the
shift register K while the contents of the register M re-
circulates only through the register M itself.

Furthermore, it is to be noted that, due to the aforesaid
connection of the registers N, K and M (register M has
its input directly connected to its output, while register N
has its input and its output connected to the output and
to the input respectively of the register K, which is long
one digit period) at the end of the status P5, which lasts a
single memory cycle, the uncorrected result of the addi-
tion, stored in the register N, will appear as delayed one
digit period with respect to the contents of the register N.

Only in the case of subtraction (signal SOTT is present)
in the first bit period T1 following the digit period in which
the last (most significant) pair of decimal digits of the
numbers M and N has been added, the decimal carry
signal, if any, produced by adding said last pair of decimal
digits is sent via gate 63 to energize the bistable device
RF. The bistable device RF will thereafter indicate during
the following memory cycles the existence of said end
carry, whereby the circumstance that said bistable device
RF is either energized or not will indicate whether the

number N was less than the number M or not,
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It is to be noted that gate 63 may be opened only after
disappearance of the signals Al and A0 indicating the
length and position of the number N and M, whereby the
bistable device is responsive only to the end carry pro-
duced by adding the last pair of digits.

Upon completion of this summation cycle, the leading
edge of the signal A01 produces via gate 87 in the circuit
29 a change-of-status timing pulse MG which causes the
computer to switch to the next following status. This
status, as determined by the logic metwork 27, is the
status P6, which lasts a single memory cycle and is spent
for the correction of the sum.

The status P5 is always followed by the status P8,
whatever the internal conditions of the computer may be.

In the status P6 the switching network 36 connects the
register M and the register K so as to build up a closed
loop, whereby the contents of the register M is delayed
one decimal denomination with respect to the register N.
Since in the preceding status P5 the contents of the regis-
ter N had been delayed the same amount with respect to
the register M, the two numbers M and N are thus re-
stored into their previous alignment with respect to the
decimal point. Moreover the switching network 36 con-
nects the inputs 1 and 2 of the adder to the output LN of
the register N and to the output 32 of a filler digit genera-
tor 31, and the output 3 of the adder to the input SN of
the register N. As previously explained, due to the rela-
tive displacement of the numbers stored in the registers
M and N, in this status P6, when beginning to read out
of the delay line the n'® decimal denomination of the
register N, the tag bit BIM is read out of the delay line,
this tag bit indicating what kind of radix correction is to
be performed upon said ntR digit of the uncorrected sum
stored in the register N. More particularly the reading
signal LB1IM produced by reading said tag bit from the
memory LDR either energizes the bistable device A7 or not
depending on whether its value is “1” or “0,” said bistable
device A7 being thereafter deenergized at the beginning
of the next following clock pulse T1, whereby during the
entire nth digit period the bistable device A7 indicates
what kind of correction is to be performed upon the un-
corrected sum digit stored in said »t! denomination of the
register N.-

More particularly, if an addition is being performed
(signal ADD is present), the bistable device RF is surely
deenergized, because, as previously stated, the existance
of an end carry RF produced during the status P5 by
adding together the most significant pair of digits has no
relevance in the case of addition. )

In the case of addition, in the status P6 the output S of
the addition network 48 is connected to the output 3 of
the adder 72 via gate 55, whereby the corrected sum pro-
duced in said status P6 is not recomplemented. Moreover,
while feeding the input 49 of the addition network 48 with
the digit of the nth decimal denomination of the register N
(uncorrected sum) via gate 52, the filler digit generator 31
simultaneously feeds the input 2 with the filler digit 6,
whose code representation B5=0, B6=1, B7=1, B8=0(
is produced via gate 33 provided the bistable device A7 is
simultaneously in the energized state; if on the contrary
the bistable device A7 is deenergized, generator 31 feeds
the input 2 with the decimal digit 0, which is represented
by four binary zeroes.

In the case of subtraction (signal SOTT is present) and
if in the preceding status P5 no end decimal carry RF has
been produced, whereby the bistable device RF also in
this case is deenergized, in the status P6 the output S of
the addition network 48 is connected to the output 3 of
the adder 72 via gate 56 and inverter 57, whereby each
bit B5, B6, B7, B8 of the corrected sum is inverted (and
so the decimal digit represented by said four bits is re-
complemented to 15) before being rewritten into the regis-
ter N, The radix correction of the sum is accomplished
by adding to each digit of the uncorrected sum either the
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filler digit 6 via gate 33 of the filler digit generator 31
or 0 as in the previous case.

If, on the contrary, in the case of subtraction, the sig-
nal RF is present to indicate that in the preceding status
P5 an end decimal carry had been produced, the corrected
sum produced by the adder 72 in the status P§ is written
into the register N via gate 55 without compiementing.
Moreover in this case while feeding the addition network
48 via gate 52 with the bits BS, B6, B7, B8 of the un-
corrected sum digit contained in the generic ath digit
period of the register N, the filler digit generator 31
simultaneously produces via gate 34 the bits B5=0,
B6—1, B7=0, B8=1 representing the decimal number 10
if the bistable device A7 is in the deenergized state during
said digit period; if on the contrary the bistable device
AT is energized, the decimal digit 0, represented by four
binary zeroes, is fed.

In all the three aforesaid cases (addition, subtraction
with M less than N, subtraction with N less than M),
during the status P6 the leading edge of the signal A01
produces, via the gate 87 of the circuit 29, a change-of-
status timing pulse MG which causes the computer to
switch to the next following status.

So in the first two cases the addition, respectively the
subtraction, is completed, whereby the logic network 27
designates as the next following status either the status
P17 (extract the next following instruction) if the com-
puter is preset for the automatic mode of operation and
the instruction F1 (addition) of F2 (subtraction) is at
present staticized, or the status P18 (begin to print out
the first addend) if the computer is preset for the manual
mode of operation and the instruction F1 (addition) or
F2 (subtraction) is at present staticized.

On the contrary, in the third case, in which the bistable
device RF remains energized, the status P6 is followed
by the status P7, in which the number -1 is added to the
result stored in the register N and by a status P8 in which
the digits of the new result thus obtained are corrected
from the binary code to the binary decimal-code, the
operation of the computer in said statuses P7 and P8
being similar to the operation in the statuses P5 and P6
respectively. In the status P8 the leading edge of the
signal A01 indicating that there are no more digits to be
added, causes the computer to switch (see FIG. 7) to the
next following status, which is either the status P17 or
the status P18 or another status as previously explained.

As to the sign of the result, in the status P6 the sign
bits recorded in the register N are regenerated without
modification if in the status PS5 no end decimal carry RF
has been produced, whereas they are inverted by obvious
means not shown in the drawings before being rewritten
into the delay line LDR if the final carry RF is present.

According to 2 second embodiment of the computer
according to the invention, not shown in the drawings,
the addition an the subtraction are performed according
to the following rules.

In a first memory cycle (in which the machine is in
the status P40) the number M is added to the number N
after having complemented each digit of the number N
to 15, for the only purpose of determining, on the basis
of the existance of an end decimal carry RF, whether N
is greater than M or not.

The operation of the computer in this status P40 is
quite similar to the operation in the status PS5 according
to the first embodiment when the signal SOTT was pres-
ent, apart that now the register N is not connected to
the register K but has its output connected to its input
via the adder 72.

During a second memory cycle (in which the computer
is in the status P50) the number M is added to the num-
ber N, the several digits of the greater one of the two
numbers M and N being either complemented to 15 or
not depending on whether a subtraction or an addition is
being performed. For this purpose the switching network
36 connects either the output LN of the register N and
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the output LM of the register M to the inputs 1 and 2
respectively of the adder 72 or vice versa depending on
whether said signal RF is present or not, the input 1 being
anyway connected to the input 49 via the complementer
54. In a third memory cycle (in which the computer is in
the status P68) the correction from the binary code to
the binary-decimal code is performed by adding the filler
digit -6 to each uncorrected sum digit which has pro-
duced a final binary carry R8 and the filler digit 4-0 to
each other uncorrected sum digit. Moreover the digits of
the result are recomplemented to 15 if a subtraction is
being performed.

The modifications to be made in the adder shown in
FIG. 4 to make it capable of operating according the
preceding rules are obvious to those skilled in the art.

From the foregoing it is apparent that whenever the
instruction staticisor 16 staticizes the instruction Y, F1
(addition) or Y, F2 (subtraction), the computer is adapt-
ed under the control of the sequencing circuit 26 to auto-
matically go through a sequence of statuses which, ac-
cording to the second embodiment of the adding device
of the computer, is as schematically shown in FIG. 8a.

More particularly, starting either from the status PO
in which said instruction is set up on the keyboard in
the manual operation or from the status P17 in which
said instruction is extracted from the memory LDR in
the automatic operation, the addition (or subtraction)
sequence comprises:

status P2, wherein the contents of the register Y addressed

by said instruction is transferred into the register M;
statuses P3 and P14, wherein the numbers stored in the

registers M and N respectively are aligned so as to have

their decimal point located in the first decimal denomi-
nation C1;

status P9, wherein the two numbers M and N are ex-
amined to determine whether their algebric signs are
in agreement;

status P40, wherein the two numbers M and N are ex-
amined to determine whether number M is greater than
number N or not;

status P50, wherein the two numbers M and N are added
together;

status P60, wherein the radix correction for the sum so
obtained is performed.

After this sequence, the computer, if preset for the au-
tomatic mode of operation, automatically reverts to the
status P17, wherein the next following instruction is ex-
tracted; if preset, on the contrary, for the manual! mode
of operation, it goes through the sequence of statuses
P18, P19, P22 during which the number Y is printed
out and thereafter it reverts to the status PO wherein the
next following instruction is set up on the keyboard.

MULTIPLICATION AND DIVISION

If the instruction at present staticized in the staticisor
16 is Y, F3 (multiplication) the sequence of statuses the
computer goes through, starting either from the status
PO (if in manual operation) or from the status P17 (if
in manual operation) or from the status P17 (if in auto-
mation operation) is as follows (FIG. 8b):

status P2 (lasting one memory cycle) wherein the num-
ber stored in the register Y (multiplicand) addressed
by said instruction is transferred into the register M;

status P3, wherein the number stored in the register M
(multiplicand) is repeatedly shifted until its first (least
significant) integer digit containing the decimal point
bit B4=%1”, reaches the first decimal denomination
C1 of the register M;

status P14, wherein the number stored in the register
N (mnultiplier) is repeatedly shifted (one digit period
for each memory cycle) until its most significant digit
reaches the first decimal denomination C1 of the reg-
ister N;

status P9 (lasting one memory cycle) wherein the two
numbers to be muitiplied are examined as to sign agree-
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ment, while the contents of the register N (multiplier)
is transferred into the register R for allowing the reg-
ister N to subsequently accumulate the product;

status P40 (lasting one memory cycle) wherein the two
eperands are examined to determine which is thé great-
est one (this has no relevance when multiplying, but
rather only when dividing);

status P10 (lasting one memory cycle) wherein the
digit of the multiplier which is stored in the decimal
denomination occupied by the decimal point of the
multiplicand is diminished one unit, while the multi-
plier itself is delayed (that is shifted toward the most
significant denomination one digit period;

status P50 (lasting one memory cycle), wherein the
multiplicand M is added to the number stored in the
accumulator N;

status P60 (lasting one memory cycle), wherein the
radix correction of the sum obtained in the preceding
status is performed.

From this status P60 the machine reverts into the status
P40 for repeating the partial sequence P40, P10, P50,
P60, which partial sequence is repeated r times if n is
the most significant decimal digit of the multiplier. It is
to be noted that the numbers stored in the registers R, N
and M are delayed one digit period, that is shifted one
decimal denomination toward the most significant de-
nomination, in the statuses, P10, P50, and P60 respectively
whereby after each one of said partial sequences P40,
P10, P50, P60 said three numbers are restored into their
previous alignment. After the nth of said partial sequences,
in order to shift the multiplier (register R) and the par-
tial product (register N) one decimal denomination to-
ward the most significant denominations, a reduced par-
tial sequence comprising the statuses P40, P10, P50 is
executed. In the status P50 of this reduced partial se-
quence, contrary to the normal operation of the com-
puter in the status P50, the switching network 36 does
not connect the register M to the adder 72, whereby the
number N is shifted without being altered.

Thereafter 7 partial sequences P40, P10, P50, P60 are
executed as previously explained, if m is the second most
significant digit of the multiplier, and so on.

By examining in more details the operation of the com-
puter, it is to be noted that in the status P9 the multiplier
is transferred from the register N to the register R via a
binary inverter, whereby each decimal digit of the multi-
plier itself is complemented to 15.

In the status P10 the switching network 36 connects
the output LR of the register R to the input 1 of the adder
72, whose output is connected to the input 13 of the reg-
ister K, whose output 14 in turn is connected to the input
SR of the register R so as to build up a closed loop. As
the second input 2 of the adder 72 receives no signal, the
contents of the register R recirculates in said loop without
being altered and is therefore delayed ome digit period
in each memory cycle. Moreover, under these condi-
tions said loop is adapted to act as a counter in ithe way
previously explained in the general description, in order
to count the adding cycles performed for each digit of the
multiplier. More particularly it will be remembered that
for having said loop to act as a counter, it is necessary to
feed the binary-carry storing bistable device A5 with a
counting pulse (that is, to simulate a binary carry) in the
bit period in which the minimum-weight bit contained
in the counter is fed into the adder. In the present case
this bit will be the bit B5 of that decimal digit of the mul-
tiplier which is now to be modified by means of the count-
ing pulses. In the present case, when reading the decimal
point bit B4="1" of the regitser M, the bistable device
AS is energized to simulate said binary carry, which carry
will be fed to the adder 72 concurrently with the first bit
B5 of that digit of the multiplier which, having been
complemented to 15, is now processed. Therefore the last
mentioned digit will be increased one unit during each
partial sequence of statuses P40, P10, P50, P60 as well ag
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during each reduced partial sequence of statuses P40,
P10, P50.

Therefore, if n is the digit of the multiplier now con-
sidered, after n partial sequence P40, P10, P50, P60 said
digit of the multiplier will become 15. In the meantime,
the computer begins to repeat once more said partial
sequence, whereby in the status P10 said digit of the
multiplier becomes 16, thus producing a final binary carry
R8 coming out from the last bit period T8 of said digit of
the multiplier. This carry energizes the bistable device
A6, which during the following status P50 will affect
both the switching network 36 for preventing the register
M from being connected to the adder and the logic cir-
cuit 27 for causing said status P50 to be followed by
status P40 instead of status P60, whereby the partial se-
quence of statuses the computer goes through in this case
will be the reduced sequence P40, P10, P50 in which the
partial product produced in the register N is not altered
and the partial product itself along with the multiplier
are shifted. Immediately after said binary carry R8 has
been produced, the bistable device A5 will be deenergized
by the clock pulse T2 so as to clear out said carry stored
therein, for preventing said carry from being unduly trans-
mitted to the other denominations of the multiplier, be-
cause said other denominations must not be modified in
this phase of the multiplication.

It is to be noted that, due to the shifting of the mul-
tiplier R during said reduced partial sequence P40, P10,
P50, the digit of the multiplier next following the digit
just considered is shifted into the denomination corre-
sponding to that denomination of the register M which
contains the decimal point of the multiplicand and that
said relative alignment of the multiplier with respect to
the multiplicand will remain unchanged throughout the
following partial sequences P40, P10, P59, P60 until also
the partial product of said next following digit and the
multiplicand will be computed and accumulated, whereby
the decimal point bit B4=%1" of the multiplicand M acts
as a mark for identifying the digit of the multiplier R
which is now to be considered.

From the foregoing it is further apparent that the re-
duced partial sequence P40, P10, P50 executed after com-
pletion of the computation of the partial product relating
to the last (least significant) digit of the multiplier R
will cause said last digit to be shifted one denomination
beyond the decimal point of the multiplicand M. There-
fore, in the following status P40, during the digit period
wherein the decimal point bit B4 of the register M is
read out of the memory LDR, no digit-indicating bit
B2="1" will be concurrently read out in the register R.
Upon occurence of this circumstance the bistable device
A9 will be energized by the reading signal produced by
reading out said decimal point bit, whereby the bistable
device A9 will affect the logic circuit 27 so as to prevent
it from determining as the next following status the
status P10. Thus the multiplying operation ends. The next
following status will be either the status P17 (extract the
next instruction) if the computer is preset for automatic
operation or the status P18 (first status of a sequence
P18, P19, P22 wherein the multiplicand Y is printed out)
if the computer is preset for manual operation.

In a similar way the division is performed according
to the repeated subtraction method.

Entering a program through the keyboard

Having preset the commutator 23 so as to produce
signal IP (“entering program”) the operator sets up on
the address keyboard 68 and on the function keyboard
69 the successive instructions of the program to be en-
tered.

Since entering a program via the keyboard into the
program registers I and J is similar to entering data via
the keyboard into the register M, which operation has
been previously described, no further description is
deemed to be necessary to those skilled in the art.
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After having entered the program into the memory, by
actuating a push button AUT the operator may start the
automatic execution of said program.

Extracting an instruction

The program having been entered in the memory LDR,
actuation of a push button AUT starts the program ex-
ecution.

The actuation of said button AUT sets the computer in
the status P17, in which the switching network 36, be-
side connecting the input of each memory register to the
respective output so as to continuously regenmerate its
contents, connects the output of the register I or 7 (or
any other instruction register involved in the transfer
operation) to the instruction staticisor 16 only during the
digit period in which the instruction to be extracted and
executed is being read out of the delay line, said digit pe-
riod being identified by the energization of the bistable
device A3.

More particularly, in the first memory cycle occurring
during the actuation of said push button AUT, the syn-
chronizing bit BIR=*1" which starts the oscillator 45
at the beginning of the first bit period T1 of the first
digit period C1 energizes the bistable device A3, which
thereafter is deenergized at the end of said bit period T1.
Moreover the beginning of the signal AUT energizes the
bistable device AI, which when energized, causes the in-
struction register I to be addressed and selected via the
switching network 36, the instruction register J being in
turn addressed and selected when said bistable device AT
is deenergized. The bistable device AT acts as an address
counter to sequentially address the successive instruction
registers I, J, since the program is normally executed by
first sequentially executing all the successive instructions
stored in the register I, then all the successive instructions
stored in the register J.

Therefore during said first digit period C1 the output
line LI of the instruction register I is connected to the
instruction staticisor 16, whereby the eight bits B1 to BS
of the first instruction are written in the eight stages I1
to I8 respectively of the staticisor 16, wherein they are
staticized until, after execution of said first imstruction,
the next following one is extracted.

Moreover in said first digit period CI1, as the bistable
device A3 is energized, the clock pluse T8 energizes the
bistable device A9, which is thereafter deenergized by
the next following clock pulse T8. Therefore the bistable
device A9 is adapted to identify, by being in its energized
state, the digit period next following the digit period of
the instruction being now extracted,

As said bistable device A9 is energized, the tag-bit con-
trolling circuit 37 causes a tag bit BIN="1" to be written
via gate 91 into the second decimal denomination C2 of
the register N, said tag bit BIN being a mark which will
be used to identify said next following instruction to be
extracted, which in this case is the second instruction.

Moreover, as said bistable device A% is energized, the
clock pulse T1 of sad second digit period C2 energizes
the bistable device A6 to indicate that the instruction to
be extracted has been recognized and extracted. There-
fore, at the end of the memory cycle, the leading edge
of the signal A10 causes the gate 83 of the circuit 29
(FIG. 7) to produce a change-of-status timing signal MG
which causes the computer to switch to the next follow-
ing status, this status being identified by the logic net-
work 27 on the basis of the instruction just extracted and
staticized. This next following status is the first status of
a sequence of statuses during which said instruction is
executed.

At the end of the execution of said first instruction,
the computer is caused by the sequence control circuit 26
to automatically revert to the status P17, wherein the
second instruction is extracted, and so on.

In general, at the end of the sequence of statuses in
which the »th instruction has been executed, the com-
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puter automatically reverts to the status P17, under the
control of signals indicating the completion of the cor-
responding operation. In the status P17, which lasts a sin-
gle memory cycle, the delay line is scanned for searching
in the register I or J the instruction to be extracted, which
is the (n+15t) instruction. Recogniiion of this instruc-
tion is made on the basis of the presence of the tag bit
BIN=“1" in the (n-+15t) decimal denomination of the
register N. Upon reading out of the delay line said tag
bit BIN, the bistable device A3 is energized to identify
the digit period in which the instruction to be extracted is
delivered at the output of the delay line LDR. Under the
control of said bistable device A3, the switching network
36 connects the output of the register I or J to the in-
struction staticisor 16 only during this digit period. Due
to energization of the bistable device A3, the bistable
device A2 is subsequently energized to identify the next
following digit period C(n+-2), whereby in the tag-bit
controlling circuit 37 a tag bit BIN="1" is written via
gate 91 into said digit period C(n+2), whereby said tag
bit is shifted from the (rz-4 15t) instruction being at present
extracted to the next following (r-27¢) instruction to be
extracted.

Should the aforesaid nth instruction be the last (22nd)
instruction of the register 1, the bistable device A%, which
in any case in the status P17 is always energized during
the only digit period next following the digit period of
the instruction being at present extracted, will happen to
be energized during the first digit period C1, in which the
synchronizing bit BIR=%“1" starting the next following
memory cycle is read out of the memory. The concur-
rence of said two events (energization of bistable device
A9, reading out the start bit B1R) causes the instruction-
register addressing bistable device AI to switch so as to
be deenergized, whereby in the following statuses P17 the
instruction register J instead of I will be addressed and
selected, The tag-bit controlling circuit 37 causes as usual-
ly a tag bit BIN="“1" to be written via gate 91 into
the decimal denomination (C1 in the present case) next
following the instruction being at present extracted, where-
by the first instruction of the register J will be thereafter
extracted.

1t is thus apparent that the use of a tag bit shiftable
along the delay line allows the register 1 and T to be se-
quentially scanned for extracting one at a time the suc-
cessive inmstructions of the program stored therein, the
same tag bit being effective upon reaching the end of
an instruction register to advance an instruction-register
selecting counter Al for addressing the next following in-
struction register.

Jump

According to an embodiment of the invention, in the
jump instruction the four bits BS, B6, B7, B8, which are
used, as in any other instruction, to represent the function
part F£2, of the instruction itself, are

B5=B6=B7=B8="“1"

The presence of this four-bit combination in an instruc-
tion of the program indicates that the instruction itself
is concerned with a jump operation during the execution
of the program. In this instruction, the bits B1 and B2
represent an address, while the bits B3 and B4 are used
to further specify the nature of the instruction.

More particularly, if B3=B4=%1," the instruction is
not a true instruction, because, upon being entered into
the staticisor 16 the instruction does not cause the com-
puter to perform any operation. On the contrary, this
instruction is merely a “reference instruction” used as a
reference point within the sequence of program instruc-
tions, whereby among the 44 instructions of the program
stored in the registers I and J it is possible to establish
some reference points, each one represented by a refer-
ence instruction. There are four different types of refer-
ence instructions depending on the value of the bits Bl
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and B2 of the reference instruction, which bits define the
“address” of this reference instruction. Each reference in-
struction marks the beginning of a subroutine, whereby the
reference instructions have the function of marks divid-
ing the program into subroutines.

If B3=*“0,” the instruction is a true jump instruction,
the jump being conditional or unconditional depending on
whether B4 is equal to “1” or “0.”

Each one of said jump instruction, having been ex-
tracted from the delay line and staticized in the staticisor
16 during the status P17 of the computer, as any other
instruction, causes the computer to switch to the status
P23, in which the program registers I, J are scanned
to search a reference instruction having the address spe-
cified in said staticized jump instruction, that is, having
the bits B1 and B2 equal to the corresponding bits of said
jump instruction. More particularly, in this status P23
during a first memory cycle the successive instructions
stored in the first instruction register I are read out of
the delay line and, besides being regenerated, are fed to
a comparator, not shown in the drawings and well known
in the art. This comparator is adapted to receive each
series of eight bits representing an instruction, and to pro-
duce an output signal if said instruction is found to be
equal to the required reference instruction, that is to
have all the bits B3, B4, BS, B6, B7 and B8 equal to “1”
and the bits B1 and B2 equal to the bits B1 and B2 of the
jump instruction at present staticized.

For instance said comparator may be made of a binary
comparator having one input connected to the output of
the instruction register at present addressed and selected
for receiving said series of eight bits of each scanned in-
struction and the other input fed by a logic network
mechanizing the function

T1-d14-T2- 124+ T3+ T4+ T54+T6-+T7+T8

wherein T1 to T8 are the clock pulses produced by the
generator 44 and I1 and I2 are the outputs of the two
corresponding stages of the instruction staticisor 16, said
comparator being adapted to produce an output signal
upon receiving at its inputs a pair of simultaneous bits
having different values. Said output signal is used to de-
energize a bistable device which is energized by the clock
pulses at the beginning of each digit period. It is thus
apparent that at the end of each digit period this bistable
device is energized or not depending on whether the in-
struction at present scanned coincides with the required
reference instruction or not.

If coincidence occurs, said bistable device causes the
tab-bit controlling circuit to write a tag bit BIN=“1" in
the next following decimal denomination to indicate that
the next instruction to be extracted (first instruction of
the required subroutine) is the instruction stored in said
denomination, For the purpose of extracting and staticiz-
ing said first instruction of the subroutine, upon detecting
said coincidence the computer switches into the instruc-
tion-extract status P17, whereby execution of said sub-
routine begins.

In order to revert to the interrupted main program after
completion of said subroutine, it is possible either to put
a suitable jump instruction at the end of said subroutine
according to a known technique, or to use a tag bit
B1U="1" which is recorded in the register U when in-
terrupting said main program, so as to mark the instruc-
tion of the register I or J last executed in said main pro-
gram. For this purpose in the status P17, if a jump in-
struction is being extracted, contrary to the procedure
previously explained, the tab bit BIN=“1" is not shifted
to the next following decimal denomination of the regis-
ter N, but instead is transferred into the corresponding
denomination of the register U by means obvious to
those skilled in the art and not shown in the drawings.

According to a feature of the invention, the reference
instructions may be used also in the manual mode of
operation for executing certain subroutines, For this pur-
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pose the keyboard 22 is providéd with four subroutine
keys V1, V2, V3, V4, corresponding to the four possible
“addresses” of the reference instructions respectively,
whereby each subroutine key V1 to V4 has associated
therewith an “address” represented by the two bits Bl
and B2.

In the manual operation, while the computer is in the
status P¢ waiting for the setting up of a new datum and
a new instruction on the keyboard 22, the operator may
push one of said four subroutine keys V1 to V4. Actua-
tion of one of said four keys causes the bits B3=B4="0"
and BS=B6=B7=B8="1" to be written into the binary
stages I3 to I8 respectively of the instruction staticisor 16
via a circuit not shown in the drawings, and the address
bits B1 and B2 corresponding to said key to be written
into the stages I1 and 12 respectively. Therefore it is ap-
parent that in the status P the actuation of one of the
subroutine keys V1 to V4 simulates the extraction of an
uncenditional-jump instruction from the delay line to the
instruction staticisor 16. Moreover actuation of said sub-
routine key causes the computer to switch to status P23,
in that a signal issued from the keyboard directly sets the
bistable devices P1 to Pr into said status by energizing
the bistable device P23 and deenergizing the other bista-
ble devices. As previously explained, in this status P23 the
program registers I and J are searched for a reference
instruction having the same address B1, B2 of the sub-
routine key now actuated, and upon finding said refer-
ence instruction the computer automatically switches to
the status P17 for extracting the first instruction of the
subroutine headed by said reference instruction.

As the execution of this subroutine must be automatic,
the actuation of the subroutine keys V1, V2, V3, V4
must cause the commutator 23 to switch from the posi-
tion PM (manual) to the position PA (automatic). There-
fore it is apparent that said commutator may be con-
veniently replaced by a bistable device which is energized
upon depressing said subroutine key and deenergized
upon terminating said subroutine.

Splitting the memory registers

According to an embodiment of the invention, the reg-
isters Q, U, Z, D, E may be split into two parts for storing
two short numbers. For this purpose a tag bit B1Z=""1"
is recorded as a permanent mark in the first binary de-
nomination (bit period) of a fixed decimal denomination
(digit period) of the register Z, for instance the denomi-
nation C12,

A bistable device, not shown in the drawing, is ener-
gized upon reading the synchronizing bit BIR="1" which
starts the oscillator 45 at the beginning of each memory
cycle and is there after deenergized upon reading said
fixed tag bit B1Z="1,”" whereby the bistable device is
adapted to identify the first part of each memory cycle
and distinguish it over the second part thereof, that is to
identify the first part of each memory register and dis-
tinguish it over the second part thereof.

Since each instruction contains four address bits B1 to
B4, it is possible to use the three bits B2 to B4 for iden-
tifying one out of the eight addresses Y1 to Y8 of the
eight addressable registers Q, U, Z, D, E, M, N, R, the
remaining bit B1 being used for addressing either the first
or the second part of the register concurrently addressed
by said three bits B2 to B4.

The splittable registers Q, U, Z, D, E are never directly
involved in arithmetic operations. Otherwise stated, their
contents (apart from the tag bits B1) is never directly
modified, in each memory cycle these contents being
either regenerated without modification or transferred to
or from the registers M or N.

Therefore each one of the two parts of each register
Q, U, Z, D, E may be addressed and selected by the
switching network 36 under the control of the address
bit B1 at present staticized in the instruction staticisor 16.
More particularly, if said staticized bit is B1=1,” the
switching network 36 connects the splittable register Q, U,
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Z, D or E at present addressed by the staticized instruc-
tion to either the register N or the register M (depending
on the function part of said staticized instruction) only
when said bistable device is energized, whereby the trans-
fer operation is performed only to or from the first part
of said splittable register, whereas if said staticized bit is
B1=%0" the connection is effected only when said bistable
device is deenergized, whereby the transfer operation is
performed only to or from the second part of the split-
table register.

It is obvious that any transfer operation to and from
a selected part of a splittable register must be preceded
by suitable aligning operations performed on the number
stored therein.

In the embodiment considered in the general descrip-
tion, each address key was effective, when actuated, to
enter four address bits Bi to B4 into the computer. In
another embodiment each address key is effective to enter
only the three address bits B2 to B4 used to address a
register, a separate split key being provided for entering
the remaining address bit B, whereby any part of any
splittable register may be normally addressed through the
keyboard.

In an alternative embodiment, the address bit B1 may
be effective, depending on its value, to cause the trans-
fer operation to begin upon reading either the start bit
B1R (beginning of the memory cycle) or the tag bit B1Z
(beginning of the second half of the memory cycle), in
both cases the transfer operation being continued wuntil
the end of the cycle.

In another preferred embodiment of the invention, the
memory cycle lasts 24 digit periods instead of 22 as here-
tofore described, each register being able to store either
a 22-digit number or two 11.digit numbers. In this case
the digit periods C12 and C24 are void, in order to give
the computer sufficient time to detect overflow during the
arithmetic operations. This arrangement entails modifica-
tions which are obvious to those skilled in the art. It is
to be pointed out that the lengthening of the memory
cycle to 24 digit periods involves only a modification .of
the number written into the register K at the beginning
of the start-computer status P21, because, due to the
use of the tag bits in the delay line, no digit counter is
used in the normal operation of the computer.

Program card

According to an embodiment of the invention, the com-
puter is provided with a device for recording and read-
ing data and instructions on record cards, for instance
magnetic cards.

It has been previously explained how the data and the
program instructions may be set up on the keyboard and
stored into the delay line registers.

Having been so stored in the computer via the key-
board, the data and the program are made available for
controlling the computer. '

Moreover said data and instructions having been set
up on the keyboard may be read out of the delay line and
recorded on a card for subsequent use, whereby the op-
erator may prepare a card file for subsequent use.

According to a feature of the invention, each card has
sufficient capacity to store at least an entire program.
Otherwise stated, it has a capacity not less than the pro-
gram registers of the computer.

In a preferred embodiment, the card may store the con-
tents of the five memory registers I, J, Z, D, E. The reg-
isters I and J are permanently allotted to store program
instructions. Each one of the registers Z, D, E, being
splittable, may contain either a 22-digit number or two
11-digit numbers or 24 program instructions or a 11-
digit number and 12 program instructions, whereby ac-
cording to the present embodiment of the invention also
the registers Z, D, E, may be used, either partially or
totally, as program registers.

The storage capacity of a card being related to the
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storage capacity .of the program registers in the above
manner, it is apparent that by merely reading a card into
the computer the operator may have immediately avail-
able any desired program, the only operation required
being inserting the card into the reading unit. This gives
substantial advantages especially in the manual mode of
operation. As a matter of fact, since the operator in the
manual operation may institute by means of the subrou-
tine keys V1, V2, V3, V4 the automatic execution of any
subroutine, by merely introducing a properly coded card
and then pushing a subroutine key the computer may be
caused to perform any desired operation, whereby the
computer may be regarded as being provided with an
unlimited number of function keys.

Otherwise stated, the computer comprises, besides the
function keys of the keyboard 69, four function keys V1
to V4 whose function may be changed by associating
therewith a different program card.

More particularly each subroutine key has a fixed four-
bit code combination associated thereto and correspond-
ing to a certain setting of the code bars in the keyboard
decoder. Actuation of said key causes the computer to
search the program registers for a reference instruction
having the same code of said key. Upon finding said ref-
erence instruction, which marks the beginning of a pro-
gram subroutine, the computer begins to execute said
program subroutine. If said code combination is used to
identify in the program stored on a first card a subroutine
contrelling the computation of the sine and in the pro-
gram stored on a second card a subroutine controlling
the computation of the cosine, for instance, then said
key will be given the meaning of “sine key” and “cosine
key” upon reading into the computer said first card and
said second card respectively.

Therefore by first manually entering for instance said
first card into the computer and then depressing said sub-
routine key, the sine of a datum either previously set
up on the keyboard or previously entered on the memory
LDR and now addressed via the keyboard is computed.

Fach card 15¢ is made (FIGS. 9 and 10) of a flexi-
ble sheet having on at least one face a strip of magnetiza-
ble material which constitutes a recording track, the op-
posite face being adapted to bear visible designations per-
taining to the information recorded in coded form omn
said recording track.

The path for the card is defined by a pair of guides 144,
115 between an inlet opening 113 and outlet opening 144
of the computer frame.

Two driving rollers 116, 117 are located along said
path for cooperating with pressure rollers 118, 119 re-
spectively in order to feed the card along said path.

The driving rollers 116, 117 are connected, by gear
means not shown in the drawings, to a motor 129, which
is also adapted to drive the movable parts of both the
printing unit 183 and the keyboard decoder 101.

The pressure roller 119 is pivoted on oscillating arms
121 journalled to an axis 122 and spring urged against
the roller 117.

Also pivoted around said axis 122 is an eccentric hub
124 on which an oscillating arm 123 is mounted. Arm
123 bears .a read-write magnetic head 129 spring urged
against roller 117.

By rotating the eccentric hub 124 through an adjust-
ing screw the position of the head along the path of the
card may be adjusted.

Arms 125, 126 also pivoted around axis 122 have jour-
nalled thereto a first sensing roller 126 lying before the
magnetic head along the card path and a second sensing
roller 128 respectively, lying beyond the magnetic head.

The sensing rollers 126 and 128 are urged by springs
136, 132, toward the path of the card, whereby when card
is absent they partially enter two corresponding openings
of the guides 114 and 115 so as to lie in said path, to an
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of an adjusting screw 133, 134 born by said arms respec-
tively.

The card 150, upon passing under the sensing rollers
126, 128 causes them to be raised, so as to counter-clock-
wise rotate the arm 125, 127 respectively.

An arm 135 also pivoted around axis 122 is provided
with a first projection 136 adapted to engage the actuating
button of an electrical switch 137 against which it is urged
by a spring 139 and with a second projection 138 adapted
to engage corresponding projections 140, 141 of the arms
of the sensing rollers 126, 128 respectively, whereby when
at least one sensing roller is at rest (that is, does not lie
in the card path the corresponding projection 138, keeps
the arm 133 rotated in the clockwise direction, because
the spring 130, 132 respectively, overcomes the spring
139,

.On the contrary, when both the sensing rollers are
raised by the card, the arm 135 is free to rotate counter-
clockwise, whereby its projection 136 is allowed to actu-
ate the switch 137.

The card 150, having been manually introduced info
the inlet opening 113, is engaged by the first pair of roll-
ers contirously rotating 116, 118 and pushed toward the
second pair of continuously rotating rollers 117, 119,
which causes the card to advance past the magnetic head
129 at substantially constant speed. The first sensing roll-
er 126 is raised upon been reached by the leading edge
of the card. However, as the second sensing roller remains
in the rest position, the arm 135 remains in its clockwise
position, whereby the projection 136 is prevented from
actuating switch 137 until the second sensing roller 128,
upon being reached in turn by said leading edge, is raised.

When, thereafter, the trailing edge of the card reaches
the first sensing roller 126, the arm 125 rotates clock-
wise pushing the arm 135 in the same direction, whereby
the switch 137 is disengaged. Therefore the switch 137 is
adapted to generate an electric signal A® beginning when
the leading edge of the card reaches the second sensing
roller 128 and ending when the trailing edge of the card
reaches the first sensing roller 126, so as to identify the
time interval during which the good part of the track 151
passes under the mangetic head 129,

At the end of its path the card 150 is disengaged from
the pair of rollers 117 and 119, whereby it is stopped by
friction in such a position that its leading edge projects
out of the outlet opening 144 so as to allow manual ex-
traction. In this end position a predetermined portion of
the card adapted to bear visible designations pertaining
to the information recorded in code form thereon lies
under an opening 142 of the computer cover, in front of
the subroutine keys VI, V2, V3 and V4.

More particularly each card may bear on the position
facing a subroutine key a brief written statement or sym-
bol of the operation performed by the computer under
the control of the program subroutine which in the pro-
gram is headed by the reference insiruction having the
same code of said key. Therefore, with reference to the
previously cited example, the subroutine key will be
labelled “sine” and “cosine” when the first card and the
second card respectively is inserted in the computer.

The keyboard 100, the printing unit 103 and the card
handling unit are three independent mechanical groups
fixed to the frame 148 which may be counter-clockwise
rotated (FIG. 9) around an axis 143, whereby all the
mechanical parts of the computer may be raised as block
for inspection and maintenance.

According to an embodiment of the invention, the card
150 is provided with a single magnetic track 151 for stor-
ing the entire contents of five registers of the memory
LDR.

On the track 151, the eight binary denominations of
each character are followed by four blank denominations,
whereby each character, as recorded on the card, com-
prises twelve denominations.

Therefore, assuming each memory register containing
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10. The program controlled electronic computer of
claim 9 further comprising:

(a) a keyboard including a set of control keys for

controlling said computer and

(b) means for drawing said received card along a

curved path passing below said keyboard, the en-
trance and exit of said path being substantially co-
planar with said keyboard.

11. The apparatus of claim 9, further including con-
trol keys operable when actuated to record different in-
structions into said memory means, said said processing
device being operable to record onto a record card in-
serted into its receiving means a series of instructions
recorded in said memory means.

12. A program controlled electronic computer com-

prising:
(a) a storage for storing at least one series of in-
structions,
(b) control keys for entering instructions into said
storage,

(c) means for selectively reading said instructions
from said storage for controlling the operation of
said computer, and

(d) record processing means inchuding:

(1) means for receiving individual mannally
insertable record members,

(2) read-write means for transferring informa-
tion between said storage and said record mem-
bers and,

(3) means seitable by an operator for selectively
controlling the direction of the transfer of said
information.

13. In a data processing apparatus:

(a) astorage having an access time,

(b) a buffer memory having a storage capacity of a
predetermined number of bits,

(c) means for scanming individual record members
bearing at least ome track of digitally coded in-
formation arranged in groups of bits, each of said
bits of a group being separated from adjacent bits by
a distance corresponding to an interval between
scanning adjacent bits which is less than said access
time, each said group containing a number of bits
whose maximum is equal to the capacity of said
buffer memory, adjacent groups being separated by a
distance corresponding to an interval between scan-
ning the last bit of one group and the first bit of the
next group which is at least as great as said access
time, and

(d) means for writing the bits of each group of said
scanned information into said buffer memory while
that group is being scanned and for transferring
each group to said storage during scanning of the
distance separating adjacent groups.

14, The apparatus of claim 13 further comprising
checking means associated with said scanning means for
counting said scanned bits including bits recorded be-
tween said groups.

5

10

15

20

25

30

35

40

50

55

38
15. The apparatus of claim 13 having check bits re-
corded between said groups for checking the contiguous
groups.

16. A generally desk-top size program controlled elec-

tronic computer comprising:

(a) memory means having addressable locations for
storing data to be processed and a program compris-
ing a series of instructions for controlling the opera-
tion of said computer;

(b) record processing means, including:

(1) record receiving means; and
(2) means settable for automatically reading by
scanning in a single scanning operation an in-
dividual manually insertable record member
containing a program inserted into said record
receiving means and for entering the program
so read into a portion of said memory means,
with programs from successive record members
superimposed on instructions previously stored
in said portion of said memory means;
(c) means for serially reading said instructions from
said portion of said memory means; and
(d) means responsive to the reading of said instruc-
tions from said memory means for selectively per-
forming arithmetic and logical operations on the
data stored in selected locations of said memory
means.
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for transferring the first character into the register J.
Said trailing edge may occur at any point of a memory
cycle. At the end of this cycle, the bistable device A9
is energized via gate 220 in the manner previously ex-
plained for the recording operation, whereby at the begin-
ning of the next following memory cycle (beginning of
the first digit period C1) the bistable device A3 is ener-
gized to identify the digit period C1 as the digit period
in which the character is to be transferred.

More particularly the bistable device 1A3 being ener-
gized opens gates 231 and 222 to connect the register K
to the memory LDR and to feed the register K with a
train of eight shift pulses M4 synchronized with the
pulses in the delay line, whereby the first character is
written into the first denomination of the register J.

In the card reading phase, the bistable device NL
receives every signal OSF produced upon sensing a clock
flux transition and every signal issued by the gate 228
upon sensing an information flux transition.

Therefore the bistable device NL when reading the
card gives a replica of the signal which had been fed to
the input 207 of the amplifier 206 when recording. When
scanning the end of the ninth binary denomination of the
card (signal H9 is present, signal OS is absent) the bi-
stable device NL must be energized, because it must have
made nine non significant commutations and an even
number of significant commutations. If on the contrary
the bistable device remains then deenergized, the out-
put of a gate 232 is energized to provide an error signal
ERL.

In a similar manner the following characters are read
on the card.

At the end of the reading operation, when the signal
AL has disappeared, counter 216 must have its output
H12 deenergized, since a multiple of twelve denomina-
tions should have been scanned on the card.

If this condition does not occur, the output of a gate
233 is energized to produce an error signal ERL.

As shown in FIG. 1la, when reading the card, the
output of the shift register K is connected to the input
of the register I, J, Z, D, E via gate 200, 201, 202, 203
and 204 respectively when reading the first, second, third,
fourth, fifth group of 24 characters recorded on the card
respectively.

For this purpose said five gates are sequentially opened
by address signals produced by the address decoder 17.
According to an embodiment of the invention, the in-
struction staticisor 16 is also used as address register for
sequentially addressing said five registers in the card
reading phase.

As shown in FIG. 1le, in this phase (signal AL is
present) the register I and J, which cannot be addressed
by the address signals Y1 to Y8 issued by the decoder
17 and allotted to the normally addressable register M,
N, R, Q, U, Z, D, E, are addressed by the address signals
YI1-AL and Y2- AL respectively.

Since the registers I, J, Z, D, E involved in the card
reading operation must be addressed sequentially, means
must be provided for causing the address decoder 17
to sequentially generate the corresponding address sig-
nals Y1, Y2, Y6, Y7, Y8. To this end the instruction
staticisor 16 is conditionable by the signal AL (card
reading phase) to act as a counter having suitable in-
ternal feedback connections for generating said sequence
of address signals upon receiving successive counting
pulses. Alternatively, the code representation of said ad-
dresses may be selected in such a way that by entering
a certain group of bits into the instruction staticisor 16
working as a shift register and then shifting said bits,
the successive address signals are generated.

Each counting pulse for stepping the decoder 17 from
an address to the next following address is generated when
filling up a register with the characters read on the card
is completed.

More particularly, when reading on the card the last
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(24th) character to be entered in the register J, the tag
bit BIM (which is shifted along the delay line to mark
the denomination in which the next following character
must be entered) will be in the last decimal denomination.
This means that the register J has been filled up and that
register I may be subsequently addressed. As previously
explained, the bistable device A22 is energized during
the last digit period of each memory cycle. Therefore a
signal indicating the coincidence of the signals A22 and
A3 is used as a counting signal for stepping said in-
struction staticisor to generate the address of said next
following register J. .

It is thus apparent that the instant in which the next
following register must be addressed is determined with-
out counting the number of transferred characters, where-
by an expensive character counter is dispensed for.

In a similar manner the memory registers are ad-
dressed when recording on the card.

According to an embodiment of the present computer
(FIGS. 9 and 10), the keyboard 101, comprises a slide
169 for each key having code slots corresponding to the
code of said key. Upon depressing said key, the cor-
responding code slide 160 is moved by the motor 120
rightward (FIG. 9), whereby seven code bars 161 to
167 are positioned according to said code. Each code
bar in torn causes a separate code slide similar to the
slides 160 to be moved rightward so as to actuate a
corresponding switch 102. Therefore the code bars 161,
162, 163, 164 produce four binary signals representing
the depressed key. The code bars 165 and 166 produce
a pair of signals which are combined to obtain the sig-
nals G1, G2 and G3 indicating whether the numeric
keyboard 65 or the address keyboard 68 or the function
keyboard 69 has been operated. The code bar 167 pro-
vides a strobe signal for the computer upon actuating
any key. Moreover the slides 160 associated with some
keys, for instance the minus key and the decimal point
key, are adapted to directly actuate a corresponding
separate switch 102,

The serial printing unit 103 comprises a fixed type
drum 104 and a traveling printing hammer 105 for print-
ing on a paper roll 106.

The back part of the computer comprises the electronic
circuit modules 107 mounted on printed circuit cards
108 interconnected by means of edge connectors 109 and
printed circuit cards 110. A box 112 contains the delay
line LDR.

We claim:

1. A program controlled electronic computer com-
prising:

(a) means for storing a program comprising a series
of instructions including normal instructions and
jump instructions, and also comprising marks for
designating program’ subroutines, each one of said
jump instructions corresponding to at least one of
said marks,

(b) means for selecting one of said instructions,

(c) means responsive to said selecting means upon
selecting one of said normal instructions for con-
trolling said computer to perform predetermined
operations,

(d) means effective upon completion of said opera-
tions for conditioning said selecting means td select
the next following instruction in said series, and

(e) means responsive to said selecting means upon se-
lecting one of said jump instructions for sequentially
searching said program and for conditioning said
selecting means, upon finding 2 mark corresponding
to said selected jump instruction, to select the first
instruction of the corresponding subroutine.

2. A program controlled electronic computer com-

prising:

(a) means for storing a program comprising a series
of instructions including normal instructions, jump
instructions and reference instructions, each one of



3,495,222

35

said reference instructions heading a program sub-
routine, and each one of said jump instructions cor-
responding to at least one of said reference instruc-
tions,

(b) means for selecting one of said instructions,

(c) means responsive to said selecting means upon
selecting one of said normal instructions for con-
trolling said computer to perform predetermined
operations,

(d) means effective upon completion of said operations
for conditioning said selecting means to select the
instruction next following said selected normal in-
struction in said series, and

(e) means responsive to said selecting means upon
selecting one of said jump instructions for sequen-
tially searching the instructions of said series and
for conditioning said selecting means, upon finding a
reference instruction corresponding to said selected
jump instruction, to select the instruction next fol-
lowing said selected jump instruction in said series.

3. A program controlled electronic computer com-

prising:

(a) means for storing a program comprising a series
of instructions,

(b) an instruction register,

(c) means confrolled by said stored program for
transferring a predetermined instruction from said
program storing means to said instruction register,

(d) means automatically operative upon entering an
instruction into said instruction register for execut-
ing said last mentioned instruction, and

(e) a set of control keys for entering an instruction
into said instruction register.

4. A program controlled electronic computer com-

prising:

(a) means for storing a program comprising a series of
instructions,

(b) means for indicating an instruction,

(c) means controlled by said stored program for trans-
ferring a predetermined instruction from said pro-
gram storing means to said instruction indicating
means,

(d) means responsive to said indicating means for
executing said indicated instruction, and

(e) control keys conditionable for entering an instruc-
tion into either said indicating means or said program
storage means.

5. A program controlled electronic computer com-

prising:

(a) means for storing a program comprising a series
of instructions including normal instructions and
jump instructions, each one of said jump instructions
designating a corresponding subroutine in said stored
program,

(b) means for indicating an instruction,

(c) means responsive to said indicating means upon
indicating one of said normal instructions for con-
trolling said computer to perform predetermined
operations,

(d) means effective upon completion of said operations
for conditioning said indicating means to indicate
the instruction next following said normal instruction
in said series,

(e) means responsive to said indicating means upon
indicating one of said jump instructions for control-
ling said computer to execute the subroutine desig-
nated by said jump instruction, and '

(f) subroutine keys operable for causing said indicat-
ing means to indicate predetermined ones of said
jump instructions respectively,

6. A program controlled electronic computer com-

prising:

(a) means for storing a program comprising a series
of instructions,

(b) an instruction register,
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(c) sequence control means,

(d) means controlled by said sequence control means
for executing an instruction contained in said regis-
ter,

(e) means controlled by said sequence control means
and operative upon completion of the execution of
said instruction for transferring a predetermined
instruction from said program storing means to said
instruction register,

(f) and a set of control keys for manually entering an
instruction into said instruction register.

7. A program controlled electronic computer com-

prising

(a) storage means,

(b) a plurality of subroutine keys,

(¢) means for reading and entering into said storage
means at least one subroutine recorded on a record
member, each subroutine having associated there-
with a designator, each designator corresponding to
a separate one of said subroutine keys, the actuation
of a subroutine key being effective to select from said
storage means the entered subroutine having asso-
ciated therewith the corresponding designator and

(d) means responsive to the actuation of a subroutine
key for causing the computer to automatically exe-
cute the selected corresponding subroutine.

8. An electronic computer controlled by a program in-

cluding a plurality of subroutines, comprising:

(a) a plurality of subroutine keys, each one cor-
responding to one of the subroutines of said pro-
gram;

(b) means for receiving a record member;

(c) means for reading the record member entered
into said receiving means;

(d) said record member having recorded thereon said
program, and having portions bearing visible desig-
nations of the subroutines of said recorded program
respectively;

(e) means fed by said reading means for storing said
program;

(f) means for holding said entered record member
with said portions lying in visual correspondence
with the corresponding subroutine keys respectively;

(g) and means responsive to actuation of said sub-
routine key for causing the computer to automa-
tically execute the corresponding stored program
subroutine.

9. A generally desk-top size program controlled elec-

tronic computer comprising:

(a) memory means having a plurality of addressable
locations for storing both data and a program com-
prising a series of instructions for operating the
computer;

(b) a plurality of record members each having re-
corded thereon a program and each having associated
therewith a visible designation for indicating the
program recorded thereon;

(¢) record processing means including:

(1) record receiving means, and

(2) means settable for automatically reading by
scanning an individual one of said record mem-
bers inserted into said record receiving means
in a single scanning operation and for entering
the program so read into a portion of said
memory means with programs from successive
record members superimposed on instructions
previously stored in said portion of said memory
means;

(d) means for serially reading said entered instruc-
tions from said portion of said memory means, and

(e) means responsive to the instructions read from
said memory means for selectively performing
arithmetic and logical operations on the data stored
in selected locations in said memory means.
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