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VARIABLE DIGITAL PROCESSOR INCLUDING A&
REGISTER FOR SHIFTING ANMD ROTATING BITS IN
EITHER DIRECTION

The invention described hercin was made by an employee
of the United States Government and may be manufaciured
and used by or for the Government for governmental purposes
without the psyment of any royalties thercon or therefor,

The present invention relates (o data processors, and more
particularly to & dats processor including « plurality of register
stages which are selectively interconnected with each other o
effect a multiplicity of operations.

With the advent of lerge scale integrated circuits, it has
beeome feasible to perform multiple operations which hereto-
fore have been considered impractical because of power and
space requirements. With discrete and individual integrated
circuits, it has generally been the praciice o interconnect
computer elements in a relatively rigid manner wherein the
number of possible functions that could be achieved was
limited.

In accordance with the present invention, a plurality of re-
gister stages are intercomnected with zach other and serial
data sources connected to the least and most significant stages
to effect wansfer of data in either direction and rotation
thereof at will. Data are transferred to and from the regisier to
lines connected to the least and most significant bit stages to
reduce the number of cuterna! leads to the system,

According (0 another embodiment of the invention, words
expressed as parallel bits are combined with words stored in
the register stages in seeordance with a plurality of diffcrent
operating instructions, viz., logical AND, logical OR, EXCLU-
SIVE OR, add, subtract the register word from the word on
the lings, subtract the word on the lines from the register
word, and load the external word into the register. In addition,
the register stages can be cleared to zere or set to one at will,
and the lowest order stage is selectively responsive to serial
data bits, as well as the parallel data bits. The most significant
bit stage is selectively coupled to a serial data line or o an
overflow indicator.

Freferably, the entire data processor comprises a large scale
integrated ciscuit that may be mounted on a single chip to
conserve space and power,

A further feature of the invention is that the paralle! data
lines can at will either {eed bits into the register or be respon-
sive to words stored in the register. Also, the logic between
slages s established so that negative number operations are
performed in the two's complement binary arithmetic.

it is, accordingly, an object of the present invention to pro-
vide a new and improved data processor having capability for
multiple connections between a plurality of register stages.

An additional object of the present invention is to provide a
data processor capable of performing multiple operations on
paraliel words; such operations being, for example, addition,
subtraction, logical AND, logical OR, logical EXCLUSIVE
DR, and one's and two's complementing.

A further object of the present invention is to provide a data
proceesor including a plurality of register stages, the operation
of which can be altered at will to enable left and right shifts, as
well as feedback.

A further object of the present invention is to provide a data
processor wherein serial and parallel data words can be fed
into and derived from the computer on the same leads.

The above and still further objects, features and advantages
of the present invention will become apparent upon con-
sideration of the following detailed description of one specific
embodiment thereof, especially when taken in conjunction
with the accompanying drawings, wherein:

FIG. 1 is a circuit diagram of a preferred network for a sin-
gle register stage;

FIG. 2 is a block diagram of a serial register in accordance
with one embodiment of the present invention;

FIGS. 3, 4 and 5 are block diagrams illustrating the manner
by which several registers of the type illustrated by FIG. 2 may
be interconnected; and

FIG. 6 is a block diagram illustrating an embodiment of a
paraliel processor sccording to the present invention.
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Prior to considering the apparatus of th
consideration will be given o the circuitry
shift register stage, by referring to FIG.
basic shift register stage of FIG. | compri
of inverters, each having inherent menu
scpurated by 4 pair of normally closed w
shift register stage s described in cong
oxide semiconductor feld effect trameistors
formed ax large scale integrated circuit compons
it i to be underatood, however, that other suit
may be wtilized in Heu of MOSFET s an
chips.

The basic register stage comprises inve
12, the former having an input responsi
terminal 13 and the latier derniving 2 bin
14. Input and cutput terminals 13 and 14
nected together by normally closed sw
and 12 are selectively connected t0 ea
closed switch 16,

Each of inverters 11 and 13 includes ¢
ductivity type MOSFET s 17 and 18,
paths thercof connected in series |
source at terminal 19 and ground.
MOSFET's 17 and £8 are connected i«
terminal of the inverter, whereby only o
58 is forward biased at any time, H
MOSFET's 17 or 18 has the source
tivated to a relatively low impedance s
drain path of the other MOSFET is virlu
Because of the relatively large MOSF
capacitance, MOSFET's 17 and 18 include ca
ries and store charge upon the removal of
from the gate electrodes.

Switches 18 and 16 comprise an ad
MOSFET's 21 and 22, having their source
nected together and their drain electrodes
nected. The gate electrodes of MOSFE’
responsive o complementary voltages, whe
elements comprising the switch are simultar
short-circuited.

In normal operation, with the tramsist
switches 15 and 16 driven to the closed sts
path is established between terminals
put voliage of stage 11 is of an opposite sense 3
at terminal 13. The voltage at the output of stage 11 is couple
to the input of stage 12 via switch 16, whereby
terminal 14 is of the same polarity as the
13. The voliage at terminal 14 is coupled b
through closed switch 15 to establish the s
back path.

To consider a specific example of the register stage opera-
tion, assurne that terminal 13 has applied thereto & voltage
equal to the voltage at terminal 19 whereby a low impedance
source drain path subsists in transietor 18, while the source
drain path of MOSFET 17 is virtually an open circuit. In con-
sequence, a ground volitage is coupled 1o the drain slectrode
of MOSFET 18 and fed through closed switch 16 to the gate
electrodes of stage 12. In response to the ground potential
plied to the gate electrodes of stage 12, the so drain path
of MOSFET 17 of stage 12 is virtually short-circuited, while
the source drain path of MOSFET 18 is open-

notion wit
{WAGEFE

% onachip,

ite con-

T
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al pair of

regenerative loop. The regenerative loap continu
a positive voltage at terminal 14 even though a source
coupling a positive voltage to terminal 13 is deco
the register stage of FIG. 1. The positive voltage i
terminal 14 until terminal 13 is connected (o 2 bi
dicating ground potential, while switches 15 and 16
circuited.

Because of the relatively large source gate capacity of
MOSFET's 17 and 18, inverter stages 11 and 12 remain in the
same state as they were previously driven even when no
ing voltage is at terminal 13 and switches 18 and 16 are o

TY 2EYO
> Open-
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ister wage Hlustrated has an
ient to enable the voltage at
y constant during the oceur-
which would open circuit
vouple terminal 13 from external

which the basic shift register stage of FIG. §
3 apiete large scale integrated circuit shif
ble of being activated to four different vperating
ated by the circuit diagram of FiG. 2, to which

made. The shift Aﬁgx,mr"r Hiustrated by F1G. 2,
iicity, comprises three stages 31, 32 and
ual practice the number of stages is
in excess of three, usually being on the

s 3033 be selectively con-
sonsive to binary bits on external serial
£ in accordance with {our different modes,

can

data in either direction {rom and into ter-

e y
data into and from terminal 34 at the left
cr without feeding data into and/or from

ata into and out of rerminal 35 at the
ister without feeding data into and/or

mﬂ of stages 3133, whereby terminals
irectly connected.

3 comprising the entire register can
ether whereby data are shifted left or right.
ations, binary bits s the highest and lowest
3% and 33, respectively, are selectively fed to
4 or 38 or decoupled from the remainder of
n addition to the ehifting instruction or opera-
25 31-—33 can be connected in a feedback
data are rotated either in the right or left
rotation, shift register stages 31—33 are in-
i 30 that binary bits propagate from register 33 to
register 31 and back to register 33. For right
ite direction of data flow occurs between

fes stnied SLQ"’LL are established by selectively
ches between lines 34 and 35 and the input and
vinals of register stages 31—~33 (the inputl and out-
always respectively shown on left and right
. In addition, the mode connections are
ctively grounding the input and output of
| 33 by closing switches. In particular, mode O
oiving shifting or rotating in the right direction is
losing switches 36 and 37, respectively con-
berween line 34 and the input of highest order stage 31
,xm “@ tween the output of lowest order stage 33 and line 35.
Left shift and rotate connections for mode 0 operation are
eatablished by closing switches 38 and 39, respectively con-
nected botween line 38 and the input of stage 33 and between
the output of stage 31 and line 34. Mode 3 operation, wherein
wesninals 34 and 35 are directly connected together and the
ues 5133 are isolated therefrom, is established by closing
%wm% 4% connected between terminals 34 and 35.

Selective opening and closing of switches 36—49
establishes ¢ different operating modes indicated rela-
rial bines 34 and 35, To selectively couple data
tween the varicus shift register stages 31—233 for left and
as weE 1 s rotations regardless of the mode configu-

wer siages are interconnected with each other
vis normaily open-circuited series switches 41—46. Switches
41 and 42 are respectively connected between the output and
input terminals of stages 31 and 32 and between the output
@m@ inp minals of stages 32 and 33 to enable the propaga-
bits in the right-hand direction for either shifting
on operations. In contrast, switch 43 selectively con-
the output terminal of stage 33 with the input terminal of

2 f

Ly

i0

20

25

)

30

35

40

45

50

55

60

635

70

75

68,483

4

stage 83, while switch 44 is connected between the cuiput and
input terminals of stages 32 and 31, respectively. To perform
right-hand rotation, the output terminal of stage 33 is con-
nected with the input terminal of stage 31 via switch 45, while
left-hand rotation i selectively established through switch 46,
connected between the input and output terminals of stages
33 and 31, respectively.

For a left shift operation in modes | and 3, wherein data line
3% is isolated from regisier stages 31—33, a binary zero is fed
to the inputl of least significant bit stage 33 by closing swiich
48, connected betwesn the input of stage 33 and ground. For
right shift operations in modes 2 and 3, wherein data line 34 is
decoupled from the internal regisier circuitry, a binary zero is
fed 1o the inpul of vage 31 by closing switch 47, connected
between the input of the left stage and ground.

Control of the various switches interconnecting stages 31~
—33 with each other and external lines 34 and 38 is in
response to timing pulses derived from timing and control

. source 51, Timing and control source $1 includes osciliator 52

that derives on leads 53 and $4 a pair of relatively low duty
cycle rectangular waves having the same frequency and identi-
cal center of occurrence times. The rectangular ¢ on lead
54 is designed to have a duty cycle Sazg“dy grc b
duty cycle of the wave deriv
on the former lead controls swite
33 while the signal on lead 55 controls Eh( switches ex
to the register slag

The wave on lead %4 is coupled through three cascaded in-
verters 56— 88, cach identical to the inveriers included within
register stages 3133, Thereby, cach of the opposite polarity
voltages derived at the inputs and outputs of inverters 56— 88
has a propagation delay equal to the propagation delay of each
inverter stage within register stages 31—33. The inputs to in-
verters 56, 57 and 38 are respectively applied as the comple-
mentary input signal pairs to switches 16 and 15, whereby in-
verters 11 and 12 in cach register stage are decoupled in
response 1o the positive portion of the wavetrain on iead 54 in
synchronism with decoupling of the inverter stages in the re-
gister stages.

The short duration pulses derived on lead $5 by oscillator
53 are coupled as timing signals to logic network 59. Logic
network $9 responds to the timing pulses and a pair of com-
mand signals, C, and C,, indicative of the register mode con-
figuration. In addition, logic network 39 responds to five bi-
nary signals, a—e, indicative of operating connections for the
register comprising stages 31—33. The operating code signals
a—e and the mode signals C, and C, are combined with the
short duration puises on lead $8 for selective activation of
switches 36—45, 47 and 48 only while a pulse is being derived
on lead 85. A pulse is derived on lead §5 only while the inver-
ters in register stages 31—33 are decoupled from each other,
No output signal is derived from logic network 59 to control
activation of switch 46 because, in an actual preferred em-
bodiment of the register, there is usually no need to employ
switch 46 as lefl rotate is, to a certain exlent, a redundant
function of right rotate.

Logic network 59 responds to the C, and €, inputs to con-
trof the complete register into a selected mode in accordance
with:

TABLE I
Ca Ci
0 ¢
] 1
1 0
1 1

From Table I, it is appreciated that each mode number cor-
responds with the binary equivalent for the particular number.
In mode 0, generally switches connected to data lines 34 and
3%, namely switches 36—39, are selectively energized; in
mode 1, switches 36, 39 and 48 are selectively energized; in
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mode 2, switches 37, 38 and 47 are selectively energized,; and
in mode 3, switches 47 and 48 are sclectively energized, while
switch 40 is always energized.

in addition to controlling the mode connections of the
switches which selectively couple data between lines 34 and
35 and the register stages between them, logic circuit 59
responds to the operation code signals a—e¢ to control opening
and closing of switches 41--45 independently of the mode
signals C, and C,.

A complete analysis of the circuit configurations established
between register stages 31--33 and data lines 34 and 35 is in-

8,48
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each other. After each of switches 15 and 16 in reg
31--33 has been open-circuited, the second puls

on lead ‘w
is derived to close switches 38, 43, 44 and 39 agsin. The bi-
nary one signal stored in inverter 12 of register stage 33 is now
coupled to inverter 11 of register 32 via switch 43. Inverter 11
changes state from the zero previcusly loaded therein to one
in response to the signal coupled to it through swiich 43

because the inverter input is isolated from any other signal
source. Simultaneously, inverter 11 in stage 33 is responsive 0
the binary one signal on lead 35 and thereby remains in the bi-
nary one state. Upon completion of the second pu n lead

:

dicated by Table II: 55, each of switches 38, 43, 44 and 39 is again open-circyited
TABLE IT
Mode
independent
()p codc Mode Mode dependent switeh switch
a b ¢ d ¢ Cy ¢ Ra Rm Lm BY Rt LTw La Re R L
1 1 0 1D 6 o0 © 0 1 0 6 1 0 0 0 1
i 10 3D ¢ 1 ¢ © 't 0 6 ¢ 1 ¢ 0 1
11 0 1D i ¢ o ¢ 0o ¢ 0 1 0 @ 0 %
11 0 1D 1 1 0 o o 1 0 o 1 © o i
1 11 0D ©c 6 o 1 ¢ ¢ 1 0 B8 0 1 0
111 0b & 1 6 1 0 ¢ 0 ¢ ¢ 0 1 0
11 1 0D 10 1 ¢ 0 0 1 [ R 1 0
111 00D 11 t 6 ¢ 1. g ¢ 0 ¢ 1 0
1 11 1D 60 6 L 0 6 1 0 0 1 i 0
I 11 1D 6 1 0 1 6 0 o ¢ 0 1 1 0
i1 1 1D i 0 0 0o 0 0 1 o6 8 1 1 0
1111w 1 1 (I T [ 1 0
In Table I, the instructions, indicated by the columns to isolate the inverter stages 11 and 12 in e
denominated as I, L, R and R,, are indicative respectively of 30 from any external source. Shortly after inveriers 11 e
instructions left shift, right shift and right rotate. Mode depen- stages 31—33 are decoupled from the output d the ‘ g
dent switches 47, 36, 3%, 40, 37, 38, 48 and 45, controlled by register stage, both inverters 11 and 12 within eaci
signals C, and C,, are respeciively indicated by R,, Ry, Loy, connected in a regenerative feedback loop in response
BY, Ry, Ly, and R, while the mode independent right and left mination of the second pulse on lead 54. From the m‘eeedéng
- shift switches 41, 42 and 43, 44 are denominated R and L. In 35 description, it is believed obvious as to the manner in which
Table II, the presence of a binary ong indicates a particular stages 31—33 function in response to the signals applied to
switch is closed for the duration of a pulse on lead 55, a zero switches 38, 39, 43 and 44.
indicates an open circuit condition of the switch, while a D The complete repertoire of right rotate, right shift and left
can be zero or one, at the will of the designer. shift instructions for the four different modes will now be con-
To provide a more complete understanding as to the 40 sidered.
manner by which the register of FIG. 2 functions selectively to In the right rotate operation, data bits are transferred in
perform different instructions in the different connection sequence from stage 31 to stage 32 etc., from the highest
modes, an example will be considered wherein a binary one order stage to the lowest order stage. When a bit reaches
signal, having a positive voltage, is continuously applied to ter-  lowest order stage 33, it is transferred back to the highest
minal 34 while the C, and C, signals are both equal to zero and 43 order stage through switch 45. In response to the register
stages 31—33 are all cleared to zero; i.e., register connections being activated into modes 0 or 2, bits are serially coupled
are in accordance with mode Q and the operation code signals, from stage 33 through switch 37 to lead 35; in contrast, bits
abcde, are respectively 11010, As indicated by the first line of may be coupled from the register to line 34 from stage 31 via
Table Il, logic network 59 responds to the stated mode and __ switch 39 only while the register is activated into modes Qor 1.
operation signals to shift data in the left direction from line 35 30
to line 34, whereby switches 38, 43, 44 and 39 are closed in For shifting right, data bits are transferred in seqg wence from
response to each pulse on lead 55. While and for a short time the highest order stage to the lowest oxd i.e., from
before and after each of switches 38, 43, 44 and 39 is closed, stage 31 to stage 32 to stage 33 etc., from let L inmode
switches 15 and 16 in each of register stages 31—33 are open- 55 0 data bits are serially fed to the register from |
circuited in response to signals derived on lead 54. switch 36 and coupled to line 38 via switch 37. 1
In response to the first pulse on lead 53, switch 38 is closed source is connected to line 34, the signal stored in th
to gate the positive voltage at line 35 to the input of register order register stage 31 is not altered because the ¢
stage 33. Simultaneously, switches 15 and 16 in register stage inverter stages 11 and 12 is sufficient to enable the stored
33 are in an open circuit condition, whereby inverter stage 11 ¢ signal to be maintained between closures of the switches
in register stage 33 is loaded with a binary one. The binary one within the stage.
signal on terminal 35 is decoupled from the input of inverter For right shift in mode 1, any signal sou
stage 11 as the first pulse on lead 55 terminates; however, in- line 34 is fed 1o register stage 31 through switch 36. If line 34
verter 11 remains loaded to the binary one state because of is floating, most significant bit stage 31 remains activated to
the gate source capacity of MOSFET's 17 and 18. In response 5 the same state it had in response to a prior signal being cou-
to the termination of the positive voltage on lead 84, switches pled thereto. For both conditions of line 34, switch 37 is open-
15 and 16 are closed and the binary one state of inverter 11 is circuited, whereby line 35 is isolated from the remainder of
coupled to inverter 12 within register stage 33. The binary one the register. For right shift mode 2, all connections of the re-
state of inverters 11 and 12 is maintained after the trailing gister to terminal 34 are open-circuited, while any data bits
edge of the first pulse on lead 54 because of the regenerative 70 derived from least significant register stage 33 are coupled
circuit established between terminals 13 and 14 through through switch 37 to terminal 35. Switch 47 is closed in
switches 15 and 16. response to each pulse on lead 55, whereby most significant
In response to the second pulse on lead §4, switches 15 and bit stage 31 is continuously loaded with binary zéros. For right
16 in each of stages 31—33 are again open-circuited and in- shift, mode 3, any signals coupled to terminat 34 are fed to ter-
verter stages 11 and 12 in each register stage are isolated from 75 minal 35 via bypass switch 40, while the remainder of the re-



3,588,483

7

pled mm lines 34 and 38. Simultaneously, bi-
uously fed to the input of stage 31
through switch 47 and internal shifts within the register occur
without readout to line 38.

in all four modes, left shift generally involves shifting the
contenis of a lower order register stage to a higher order stage,
ifiing from the output of a stage to the right, as illus-
ted by FIG. 2, 1o the left. For example, the contents at the
output of stage 33 are shifted to the input of stage 32 and the
output of slage 32 is shifted to the input of stage 31.

In left shift, mode 0, data bits coupled to line 35 are fed
ihroug I 38 1w the input of register stage 33 and are ulti-
mately coupled {rom register stage 31 through switch 39 1w
. i terminal 38 is decoupled from a signal source
mai&%z‘%g register stage 33 remains in the state to which
is was previously activated in response to the last signal fed
therai left shift, mode 1, the output of register stage 31 is
coupled to line 34 through switch 39, while line 3§ is decou-
pled from stage 33 due 1o both switches 37 and 38 being open-
circuited. Binary zeros are continuously loaded into least sig-
nificant bit register stage 33 in response to switch 48 being
closed wpon the occurrence of each pulse on lead 55. For left
shift, mode 2, signal sources connected to line 38 are coupled
to the input of register stage 33 via switch 38 while the output
of stage 31 is decoupled from lead 34. If no signal source is
connected 1o line 35, but the line is floating, least significant
bit register stage 33 remains in the same state as the one to
which it was previously activated. In left shift, mode 3, data
lines 34 and 35 are connected together and are decoupled
from all of the register circuitry.

Internally of the register, the contents of stages 3133 are
sequentially fed from the lowest order register stage to the
highest order stage. As signals are read from the lowest order
stage 33, binary zeros are (ed thereto in response to switch 48
baing closed in synchronism with each pulse on lead §8.

The registers of FIG. 2 can be interconnected with other re-
gisters having the same configuration to form larger registers
having stages which can be selectively interconnected. The re-
gisters can be connected in series with each other, in parallel
with each other, or in series parallel combinations 1o provide
variable series operations. For example, it it were desired to
provide a variable register having 48 stages, three 16-stage re-
gisters could be interconnected in series. Once the 48-stage
register s established, it is possible, for example, to
segregate the 16-stage registers into separate parts which may
include 32 stages and 16 stages. Data can be independently
written into and out of the 16- and 32-stage registers, or dif-
ferent | 6-stage registers can be bypassed at will. In general, it
can be stated that if N registers of the type illustrated by FIG.
2 are intercomnecied, 4% different circuit combinations of
those registers are possible.

Exemplary of some of the different combinations possible
utilizing three registers of the type illustrated by FIG. 2 are cir-
cuits shown by FIGS. 3—35. In FIG. 3, each of registers 61, 62
and $3 is energized to mode 0 and the left and right data lines
of each register are connected to the data lines of the adjacent
register. Data are free to circulate between the various re-
gisters 6183 to form a complete feedback register having a
total of 48 stages. Data can be shifted in the right or left
direction betwegen registers 61—63 and the individual re-
gisters can be activated, one at a time, to a rotate mode.

In FIG. 4, the same three registers of FIG. 3 are intercon-
nected, whereby registers 64 and 66 are connecied with each
other and respectively activated to modes 0 and 1; register 65
being activated inte mode 3 is isolated from registers 64 and
§6, Thereby, register 68 is unresponsive to circulation of data
betweesn registers #4 and 6 but can be energized for internal
rotation and shifis as indicated by Table Il supra. Registers 64
and 66 are intsrconnected with each other so that, for exam-
ple, in response o 2 right rotate operation code, the output of
the least significant stage of register 64 is fed to the most sig-
nificant stage of register 6. Simultaneously, the most signifi-
cant stage of register 64 remains in the state to which it was
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previously activated by a signal source coupled thereto; the
most significant bit stage of register 64 is unresponsive to
signals from the least significant stage of register 66 because
the latter register is in mode 1 operation.

If the register configuration of FIG. 4 receives the operation
code indicative of a left shift, the most significant bit stage of
register 66 is coupled to the least significant bit stage of re-
gister 83, Simultaneously, the contents of the most significant
bit stage of register 63 are overflow, and can be indicated as
such as seen infra. The most significant bit stuge of register 63
i not coupled to the least significant bit stege of register 66
because the latter register is in mode 1, whereby the least sig-
nificant bit stage thereof is repeatedly loaded with binary zero
signals.

A further possible circuit configuration for a plurality of re-
gisters is illustrated by FIG. § wherein register 67 is energized
to mode 0 and is connected in series with the parallel com-
bination of registers 68 and 69, respectively energized to
modes | and 2. By virtue of the mode configurations, the right
side data terminal of register 67 is connected to the left side
data terminal of registers 68 and $9, while the right side daia
terminals of the latter registers are connected to the left side
data terminal of register 67.

With registers 6769 in the stated mode conditions and as-
suming 2 rotate right operation command, the least significant
bit stage of register 67 feeds binary bits to the most significant
bit stages of registers 67 and 68. The most significant bit stage
of register 68 responds to the signals fed to it from registers 67
and 69 as an OR circuit. The signal in the most significant
stage of register 68 is circulated or rotated to the right, but
output signals are not derived from the right output terminal
of register 68. Register 69, however, is unresponsive to the
contents of the least significant stage of register 67, by virtue
of the former register being in mode 2; but register 69 continu-
ously feeds the contents of its least significant bit stage to the
most significant bit stage of register 7. In addition, the bits
continuously derived from the least significant bit stage of re-
gister 69 are continuously fed back to the most significant
stage thereof in response to the right rotation operation.

From the foregoing examples, it is believed obvious as to
how a plurality of registers of the type illustrated by FIG. 2 can
be interconnected together to provide various programmable
functions as may be desired. The functions are not limited on
an a priori basis but are completely amorphous and may be
established at will in response to operation codes and mode
connections.

Consideration will now be given to the circuitry by which
the basic register configuration of FIG. 2 can be employed as a
large scale integrated circuit variable parailel pmws&o;, ie.,
as a computer responsive to signals derived on parallel wds
and fed to parallel arithmetic computing circuitry. The paral-
lel processor illustrated by FIG. 6 comprises three register
stages 71—73 interconnected with each other selectively in a
similar manner to register stages 31—33 of FIG. 2. Each of re-
gister stages 71—73 is substantially the same as the register
stage illustrated by FIG. 1. A difference, however, exists
between register stages 71--73 and the stage of FIG. 1 since
the variable parallel processor of FIG. 6 is required o derive
indications of the inverted state of a register. To this end, an
output is derived from the gate electrode connection of in-
verter 12 for each of the register stages 71~ 73.

While the variable parallei processor of FIG. 3 is illustrated
as including only three stages, it is to be understood that in an
actual practical system, the number of stages is considerably
in excess of three and is generally on the order of 16. By illus-
trating the variable parallel processor as having three stages,
redundant circuitry associated with the central stages is
eliminated from the drawing to simplify the exposition herein.

There are however many redundant switching componenis
associated with each of stages 71—73. To simplify the descrip-
tion of these redundant components, all switches associated
with register stages 78, 72 and 73, are respectively assigned
reference numerals in the 100°s, the 200’s and the 300’s. All
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switches that arc identically connected in each of the register
stage circuitry have identical unit and tens reference nu-
merals. [n general, only the circuitry for switches associated
with the central stage register 72 are described in detail. Any

10

response to a predetermined combination of
81 and 84. The inverters in the circuitry associa
gister stage 72 are not switched, however, but
operation.

differences in the circuitry associated with register stages 71 5 All arithmetic operations in the middle stage
and 73 relative to register stage 72 are described in detail. in full adder 201, having input terminals A, A, B
Register stages 71— 73 are selectively coupled to read bi- Full adder 201 responds to the three input sigr
nary bits in sequence to and from left and right serial data lines
74 and 75; in addition, each of the register stages is selectively 10
responsive to and from a binary bit on each of parallel data cuitry whereby the binary sum signal
lines 76—78. represented as the Boolean function:
Stages 71—73 are selectively interconnected by means of $=ABC+ABC+ABC+A B C7
switches 86—9S, 97 and 98 in the same manner as register  while the carry signal derived on lead 203 is indicative of the
stages 31—33 are interconnected with switches 36485, 47 15 Boolean function:
and 48 to perform the same operations as the circuit of FIG. 2, ABAC (A+B).
as indicated by Table [, supra. For purposes of convenience, The input signals to terminals A and A of full z
the similarly connected switches of FIGS. 2 and 6 have identi- derived from the true and inverted signals stored iz
cal unit reference numerals and tens reference numerals dis- stage 72. To this end, switches 204 and 205 are
placed by a factor of 5. 20 connected to the output and input of inverter 14 within
Control of switches 86—95, 97 and 98 is in response to tim- 72, and the outputs of the switches are fed (o 2 comm
ing signals derived on leads 81 at the output of timing and con- tion at the A input terminal of full adder Z0%. Th
trol network 82, which is generally similar to timing and con- junction of switches 204 and 205 is also fed to
trol network §1, FIG. 2. Timing and control network 82 full adder 201 via inverter 206.
derives output signals for controlling switching within register 25  The input signals to the B and B terminals '
stages 71—73 in the same manner as stages 31—33 are con- are selectively responsive to the binary bits on »@«m 77
trolled in response to the signals fed into and derived from in- binary one and zero signals derived resp&mmzefﬁy from the "
—_ volt source at terminal 207 and the ground vol
verters 56—58. . . erot
in addition to the time controlled signals derived on leads 10 2@8‘_({0“9‘“‘% Of_ signal from parallel mput les
81 and 83, timing and control network 82 responds to the and B input terminals of full adder 201 is via 51 Y
operation code bits a—e and mode control signals C, and C, to 212, the former of which is directly responsive o
selectively activate other switches associated with each of re- lead 77 and thel 13@1? being responsive to the cc
gister stages 71—73 independently of timing pulses. The time tﬁ';e bit, is C‘;‘;F; e ; ;2;8;1 inverter 213. The o f
: : . : nnection to th
independent switches associated with stages 71—73 respond 35 = switches an ave a common connection to i
. . . input of full adder 201 as well as a connection to the T
to the operation code bits a—d and the mode control signals . i,
. . . the full adder through inverter 214. The binary one and zero
C, and C, to enable 16 different instructions or commands to
. . signals at terminals 207 and 208 are selecti zm§ isﬁ to th
be performed by the parallel processor. The instructions are
R . . and B input terminals of full adder 201 via sv
fed to the computer switches via leads 84 in response to the 216, respectively.
;gerz;t;on Eo‘delb;ts la—'d t;::» enabilf th; cp;tepts ?f the staﬁe? 40 The C and € inputs of full adder 201 2
S | t% ?76( )758e e;nve ly cqmllne WIF signa ;m? paratie sive to the binary one and zero vehaou
lnp'utl ;ads " - d"?( .) se ectxveg combined wit sxgnal's on 208 via connections selectively establishe
Sel.'la ads 74 an‘ .S, (3) cleare I to zero or set to one; (4) junction at the output of switches 2&’?‘ a
sh:ﬂe§ left and right; (5) loaded in respgnse 1o the para?lel 45 input terminal of the full adder being fed by "( e o
data b:ts on leads 76—78; or (6? rendered mtp a nonoperating verter 219. The C and T input terminals
condition. Ex.emplar_y of how signals store_d in stages 71—73 also responsive to a carry signal derived from
may be combined with the parallel data bits on leads 71—78 associated with register stage 73, as coupled
are the logic operations of AND, OR and EXCLUSIVE OR; 221.
and binary addition and subtraction in either the one’s or ¢ Each of the just previously described switches
two's complement mode. Subtraction may be effected so that 204, 205, 211, 212, 2185—218, and 221,
the contents of registers 71—73 are either the minuend or response to logical combinations of the a—d o
subtrahend. The operation code bit e is derived at will for any signals fed into timing and control network $2
combination of operation codes a—d. Thereby, the contents output leads B4. Thereby, the selective zcti
of register stages 71—73 are read out to parallel data lines 76- 55 these switches is independent of any Eém‘ng oul
—78 whenever the operation code ¢ occurs. timing and control unit 82 and depends solely ¢
Consideration is now given to the circuitry associated with operation to be performed by the variable m
the middle register stage 72, FIG. 6. Each of the switches to be The exact relationship between operation ¢ —g
described in conjunction with register stage 72 is operated in and these switches is described by means of Table
TABLE III
Switches independent of time
Op code -
— - — G G G2 0L
a b ¢ 4d e N N X X K Bi LG B Z Out Q J ar 3
0 0 ¢ D 0 4] 0 0 4] [t 0 0 0 0 4 ] ¢ it G &
6t ¢ ¥ ¢ 1 ¢ 0 0 1 0 6 0 0 0 0 ¢ i g
i 90 1 ¢ © © © ¥ 0 ©0 1 O 0o 1 1 1 o i 0
1 1 ¢ 1 ] 0 0 1 0 0 G 1 0 1 [ 1 1 15 I3 0
¢ 0 0 0 1 1 0 4 0 0 0 1 0 1 G 1 1 [ 0
0 1 0 0 1 o 0 1 ] 0 0 1 0 1 0 i 1 0 G
1 00 1 0 1 ¢ o o0 o0 ¢ 1 0 0 I 1 1 0 1 0
11 90 1 [} 0 1 0 0 0 0 1 0 i 0 i 1 & 1 0
0 0 0 D 0 0 0 0 1 0 i 0 4] 0 g G 0 3 j 4]
¢ 1 ¢ 1t o0 1 ¢ 90 0 0 L @ 0 90 @ 0 © 1 0 G
1 0 0 D 0 4] Q 1 0 1 0 g g 0 4] 6 9 1 ¢ G
1 1 0 1 0 1 0 0 0 1 4] 0 o Y 0 0 G 1 0 G
0 0 0 D 0 0 (] 0 0 0 Y 0 0 0 0 0 O 3 4 1
0 1 0 D o 0 o o0 0 0 0 ¢ 0 © 0 ¢ © 0 o ¢
1 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 O g G ¢
1 1 0 D 0 0 0 0 0 0 ] 0 0 0 [0} 0 o 3} ¢ 0
D D 1 any of above 1 0 0 0 O

|
i
i
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To provide a complete understanding of Table (il, the follow-
ing legend is provided:

OEND

= instruction;

O = switch open;

I =switch closed;

D = switch either opened or closed;

NOP = processor not in operation;

XOR =EXCLUSIVE OR;

CNTD = countdown, i.e., for each timing pulse derived in
timing and control unit 82 a one is subtracted from the
contents of the register comprising stages 71-—-73;

CNTU = count up, i.e., a one is added to the contents of the
register formed by stages 7173 in response to each tim-
ing pulse;

5M = subtract the contents of the register comprising siages
7173 from the word on data lines 76—78;

SMZ = complement the contents of the register comprising
stages 7173 and add the binary signal on right data line
78 1o the register contents;

AD = add the conten “the register comprisi
73 with the binar rd on paraliei data i

SUB = subtract the binary word on parallel data lmw 76-

—T8 from the contents of the register comprising stages

7173,

SET = set the contents of each stage of the register compris-
ing stages 71—73 to one,

OR == combine the binary bits on each of leads 76—78 with
the signal stored in each of register stages 71—73 in ac-
cordance with the OR logic function;

CLEAR = clear each of register stag
nary level;

AND = combine the binary bits on each of leads 76—78
with the binary word stored in register stages 71—73 in
accordance with the logical AND function;

LOAD = load the binary bits on leads 76—78 into register
stages 7173, respectively;

L == shilt the contents of register stages 71—73 to the lefy;

R = shift the contents of register stages 7173 to the right;

R, = rotate the contents of register stages 71—73 to the
right and provide feedback from the output of stage 73 to
the input of stage 71;

OUT = feed the contents of register stages 71—73 to paral-
lel data lines 7678, respectively;

M ==switches 104, 204 and 304;

N = switches 165, 205 and 3085;

H==switches 111, 211 and 311;

K ==gwitches 112, 212 and 312;

i ==gwitches 116, 216 and 316;

B, = switches 115, 215 and 315;

LG =switches 118, 218 and 318;

Bo=switches 117, 217 and 317,

Z==switches 121 and 221; and

( ) = modes switch is closed; in all other modes switch is
open.

't —73 to a zero bi-

Additional switches are indicated in Table [If by the legends
Oup, Q, J, Cor, M, A, SUM and IN. As the description proceeds
and these switches are described, they will be referred to by
both reference numerals and letters initially. The letters to
which they are referred will correspond with the assignments
given in Table 1.

To read the contents of stages 71-—73 at will to parallel lines
7678, regardless of any other instruction fed to the parallel
processor, Oy, switch 222, closed in response to the operation

code ¢, is conneciad between the output of stage 72 and input
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lead 77. Since operation code ¢ controls no other switch than
readout switch 222 and corresponding switches 122 and 322
in the circuitry associated with registers 7173, it is seen that
data are read out from stages 71—73 at will, independently of
any other operation being performed. The system is generally
operated, however, so that switch 222 is never closed while
any of switches 211, 212 and readin switch (IN) 241 are
closed to obviate coupling of data read from stage 72 back to
the circuitry associated with that stage.

Consideration will now be given {o switches in the circuitry
associated with registers 71 and 73 which are respensive 10
both mode controf signals C, and C, and operation code
signals a-—d. There are no switches in the circuitry associated
with middle register stage 72 responsive to the mode control
signais.

Inmades | and 3, ] and  switches 331 and 33% selectively
connect the C and C input terminals of full adder 301 to the
binary zero and one levels at terminals 208 and 287, respec-
tively. For modes 0 and 2, switches 331 and 332 are always
open-circuited. In modes O and 2, the C and T inputs of full
adder 301 are selectively responsive to the serially derived bits
which may be fed to terminal. 75 as coupled through CAR
switch 333, always open-circuited for modes 1 and 3. Selec-
tive coupling of the carry output of full adder 101 on lead 103
to bh&’ eft oenal L.rmmai 74 is accomplished by selectively

in ith the system activated to modes 0 and
1. In response to the sy gum being energized to modes 2 or 3,
however, switch 134 remains always deactivated or open-cir-
cuited.

Each of the foregoing switches is activated independenily of
time in response to the signals derived from timing and control
unit 82 on leads 84. To control proper operation of register
stages 71—73 in concert with switching of data therein as con-
trolled by the timing signals derived on lead 83, the circuitry
associated with each of stages 71—73 includes additional
switches controlled by timing signals derived on leads 81. The
timing signals derived on leads 81 of timing and control unit
82 control activation of switches 86—95, 97 and 98 at a time
when the inverters in stages 71—73 are decoupled from each
other in a manner similar to control of the FIG. 1 circuitry in
response to the signals on leads 83. Similarly, the switches
about to be described are activated to the closed state only
while inverters 11 and 12 in register stages 71-—73 are decou-
pled.

The switches controlled by the time dependent pulses on
lead 81 are IN switch 241, SUM switch 242 and A switch 243.
Switch 241 is selectively closed between the input terminal of
stage 72 and the binary bit applied to lead 77 whenever it is
desired to load stage 72 with a signal. The sum and carry
signals respectively derived on leads 202 and 203 are selec-
tively fed through switches 242 and 243 to the inpus terminal
of register 72 during the counting, arithmetic and logic opera-
tions.

It is noted that the circuitry associated with register stage 71
does not include a SUM switch; instead, it includes SIGN and
SIGN switches 144 and 145 respectively responsive to the true
and complementary sum signals derived from full adder 101
on lead 102; the complementary; signal is fed to switch 145
through inverter 146. Switches 144 and 145 are actuated to
indicate the presence of an overflow from the highest order
stage 71 in certain mode configurations. In synchronism with
the operation of switches 144 and 145 overflow flip-flop 147 is
actuated whenever SIGN switch 145 is energized.

The sign or polarity of words in the present computer is ex-
pressed in the well-known manner wherein the most signifi-
cant bit in a word, as stored in register 71 or on lead 76, has bi-
nary one and zero values respectively for negative and positive
numbers. Hence, positive and negative numbers stored in the
register comprising stages 71—73 result respectively in stage
71 being activated to the zero and one states; positive and
negative numbers coupled to parallel input leads 76—78 are
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indicated by the presence respectively of binary zeros and
ones on data line 76.

Activation of switches 144 and 148 is in response to the a-
—d bits of the operation code, the polarity of the word applied
by the register comprising stages 71-—73 to adder 101, 8, the
polarity of the word applied by data lines 7678 to adder
101, §,, the mode of register stages 71 —73, as indicated by C,
for modes 2 or 3, or C, 2modes 1 or 2. These signals are logi-
cally combined in logic network 148 with the sum output
signal of full adder 101 on lead 182 and a timing pulse, P, oc-
curring in time coincidence with the timing pulse derived on
leads 81. In particular, logic network 148 responds to the in-
puts thereof to drive switch 144 to the closed state when the
following expression has a binary one value:

SIGN=S bS,$,+5,8,88, )C,+Cpaa( brcrd)+C,(abcabd) 1P
(1),

Logic network 148 also drives switch 145 to the closed state
while setting overflow flip-flop 147 in accordance with:

SIGN=(S,60S,5:455,25;)ab,P  (2),

and resets flip-flop 147 in response to:

(58,5,+88,5,)C,P (3).

Control of switch 144 in accordance with Equation (1) ena-
bles the switch to gate suwn signals on lead 142 1o the input of
stage 71 for three differcnt situations, viz: 1. for mode 2 or 3
configuration, any of the operations involving arithmetic
operations of the words on parallel data leads 76-—78 and the
contents of register stages 71—73 (SM, SMZ, AD and SUB);
2. for mode 0 or 1 configuration, any of the operations involv-
ing combining data on the serial and/or parallel data lines 78-
—78 with the contents of register stages 7173 (XOR,
CNTD, CNTU, SM, SMZ, AD and SUB); and 3. for mode 2 or
3 configuration, the counting and EXTLUSIVE OR opera-
nons (CNTD, CNTU and XOR) The first iltuatzon is in-

second and third result from fﬂ(%ﬁd} a.nid hz(aéﬁaba'),
respectively. It is noted that if (S,S,SZ+SEX§2) has a binary
value of one no overflow is propagated.

A distinction between the circuitry associated with stage 73
relative to the circuitry associated with stage 72 is that in the
former no carry switch, such as switch 221, is provided. The
carry switch is not required in the lowest order of the register
because there is no carry to propagate thereto, In effect, how-
ever, mode controlled switches 331, 332 and 333 function
similarly to carry switch 221 to feed binary zero and one
signals to the C input terminal of adder 301.

Adttention is now given to the manner by which the com-
puter of FIG. 6 performs each of the operations indicated by
Table 11, except for the left shift, right shift and right rotate in-
structions, L, R and R,, which are performed in the same
manner as described supra with regard to the embodiment of
FIG. 2 and Table IL. Initial consideration is given to the eight
instructions which are performed in the same manner re-
gardless of operating mode signals C, and C,. Thereafter, the
more complicated instructions relating to operations that are
controlled and changed by the mode signals are described.
The description is given at all times in conjunction with Table
111, supra.

For the nonoperating mode, NOP, the operating code bits a-
—d are all set to a value of zero. The abcd operating code bits
0000 are combined in timing and control logic unit 82 to open
circuit each of the switches in the system, with the possible ex-
ception of switch 204. The status of swiich 204 is irrelevant
because any response derived from full adder 201 on lead 202
cannot be propagated through switch 242. For the EXCLU-
SIVE OR function, XOR, the operating code bits a, b, c and d
respectively have the values 0f 0,0, 0, 1, o close switches 204,

211 and 218 while each of the other time independent

switches are open-circuited. Time dependent switch 242 is
closed in response to a timing pulse from timing and control

20

35

40

50

55

60

65

70

14
network 82 during the instant the inverters of
are decoupled from each other.

In response to switches 204, 211 and 218 being activated 1o
the closed state, the bits derived from stage 72 and fed to lead
77 are respectively applied to the A, A and B, B input ter-
minals of full adder 201, while the C terminal of the full adder
is grounded to terminal 208. In consequence, full adder 201
derives on sum lead 202 a signal indicative of the EXCLU-
SIVE OR function of the signals derived from stage 72 and the
input bit on lead 77. In response to a timing pulse from timing
and control unit 82, switch 242 is closed to feed %ﬁc EXCLU-
SIVE OR signal on lead 202 to the input of register stage 72
while the inverters of the register stage are decoupled from
each other, whereby the first inverter stage 11 in the register
stage 72 is loaded with the resultant of the logic operation.

To set register stage 72 to the binary one state, SET, opera-
tion code bits a, b, ¢, d respectively have values of 1,0, 0, O;
which results in switches 215 and 217 being closed indepen-
dently of timing pulses while switch 243 is closed | ;
to timing pulses generated by timing and control network 8%,
In addition, switch 204 can be set to be either open or closed,
depending upon the designer of the processor. In response to
switches 215 and 217 being closed, binary ones a
the B and C inputs of full adder 201 and the hkrlau; ST
derived on lead 203 has a binary one value regardie: the
value of the signal coupled to the A and A terminals af the full
adder. The bmary one signal on lead 243 is coupled through
switch 243 to the input of register stage 72 in se to the
derivation of 2 timing signal in timing and conirel 82,

To combine the signal on terminal 77 with the state of re-
gister stage 72 in accordance with the logical OR function,
OR, operating code bits 2, b, ¢, d respectively have valuesof |,
0,0, 1. In response to the operating code indicative of the QR
instruction, switches 204, 211 and 217 are actuated, while
switch 243 is closed in response to a timing pulse from timing
and contro! unit 82. In response to switch 217 being closed, &
binary one signal is fed to the C input terminal of full adder
201, whereby the signal derived by the full adder on carry lead
203 1s indicative of the OR logic function of the bits on lead 77
and stored in register stage 72. The OR function signal derived
on lead 203 is coupled through switch 243 to the input of stage
72 in response o a timing pulse from timing and control unit
82 while the inverters of register stage 72 are decoupled from
each other.

Clearing register stage 72 to a zero state, CLEAR, is per-
formed in response to the operation code abed=1010. The
1010 operation code actuates switches 216 and 218 to the
closed state and enables switch 243 to be closed in response 1o
a timing pulse. The clear instruction can be utilized to open or
close switch 204 at the desire of the process designer. In
response to switches 216 and 218 being closed, binary zero
signals are fed to the B and C input terminals of full aﬂdm 201,
whereby the signal derived on carry lead 203 is
regardiess of the signal level fed to terminal A.
response to switch 243 being closed by a timing pulse, a sz}.?‘}'
zero is coupled to the input of register stage 72,

The logical AND function, AND, combining the bit on lead
77 with the contents of stage 72, is performed in response to
the operating code bits a, b, ¢, d having values respectively of
1,0, 1, 1. The abcd=1011 operating code closes switches 204,
211 and 218 and enables switch 243 to be closed in response
to a timing pulse from timing and control unit §2. In response
to switches 204 and 211 being closed, the signals derived from
register 72 and on lead 77 are respectively applied to the A
and B inputs of full adder 201. Closure of switch 218 results in
the application of a binary zero signal 1o the C input terminal
of full adder 201, whereby the signal derived on carry output
lead 203 of the full adder is indicative of the AND logic func-
tion combining the contents of register stage 72 with the bhi-
nary bit applied to lead 77. The AND function cutput on lead
203 is gated to the input of register 72 through switch 243 in
response to a timing pulse being derived in timing and control
unit 82.

stages 7h—73
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inary bit at terminal 77 into register stage 72,
iW, pccurs sponse to the operating code bits a, b, ¢, d hav-
ing values of 1, 1, 0, 0, respectively. In response to the load
operating code and a Uming pulse from timing and control
unit 82, switch 241 is closed while each of the other switches
in the network is open-circuited, with the possible exception
of switch 284 which may be either open or closed, depending
upon the computer design. The status of switch 204 is irrele-
vant because neither the sum nor carry signals derived by full
adder 201 on leads 202 and 203 is coupled to any other circuit
elements in the computer.

Each of the instruction codes which is not dependent upon
an operating mode has now been described; the operating
codes for left shift, right shift and right rotate, as well as for
feeding data to parallel line 77 from the output of register
stage 72 have been discussed supra. Consideration, therefore,
will now be given to the relatively complex instructions relat-
ing to: countdown, CNTD: count up, CNTU; subtracting the
contents of the register comprising stages 71—73 from the bi-
nary word applied to lines 76—78, SM; complementing the
contents of the register stages 71—73 and selectively adding
the complement with a signal on right data line 75, SMZ, ad-
ding the word stored in the register comprising stages 7173
with the word on data lines 76—78, AD; and subtracting the
data word on lines 76—78 from the word stored in the register
comprising stages 71--73, SUB.

Connections between left and right serial data lines 74 and
75 and the internal register circuitry comprising stages 71—73
for these six instructions depend on the mode configurations.
In general for a particular mode, the connections are the same
regardless of the instruction. In particular, for modes 0 and 2,
the signal on right serial data lead 75 is added to the word
stored in the register comprising stages 71—73 through the
connection established by switch 333 being closed in response
10 a timing pulse from unit 82; in mode 1 and 3 configurations
the signal on Jead 78 is decoupled from the register because
switch 333 is always open. In modes 0 and 1 left serial data
line 74 is responsive to overflow data derived on highest order
carry lead 103 by closing switch 134 in response to timing pul-
ses from unit 82, In contrast, for modes 2 and 3, switch 134 is
always open but the overflow indication is derived from flip-
flop 147, responsive to an output of logic network 148.
Hereafter, the connections between the register and terminals
74, 78 are not generally described for the different mode con-
figurations, except in considering specific examples.

Consideration is now given to the specific connections for
each of the instructions denominated as: CNTD, CNTU, SM,
SMZ, AD and SUB.

The operating code bits a—d for the countdown, CNTD, in-
struction are respectively 0, 0, 1, 0. For all of the modes,
switches 204, 215 and 221 are energized to the closed state,
while switch 242 is energized to the closed state in response to
a timing signal from timing and control unit 82. Switches 134,
331 and 333 are selectively energized to the closed state, de-
pending upon the operating mode of the computer, while
switch 332 is always open-circuited, regardless of the mode
condition.

To provide a better and more complete understanding as to
the manner by which the register comprising stages 71—73
functions in response to the countdown instruction, the inter-
nal operation of the register, in mode 3, will be initially con-
sidered. In mode 3, switches 134 and 333 are open-circuited
whereby register stages 71—73 and the circuitry associated
therewith are decoupled from external serial lines 74 and 75.
The mode 3 signals, in combination with the countdown in-
strugtion signals from the operational code, result in the clo-
sure of switches 331 to load a binary zero on the C input ter-
minal of full adder 301, Switches 104, 204 and 364 are closed,
whereby the true output signals of register stages 71—73 are
fed 1o the A input terminals of full adders 101, 201 and 301,
respectively. Switches 118, 215 and 315 are closed to load bi-
nary ones into the B input terminals of each of the full adders.
The carry signals from the lower order full adders 301 and 201
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are coupled through closed switches 221 and 121 to the C in-
puts of full adders 201 and 101, respectively. Because of the
stated connections, the count stored in the register comprising
stages 71—73 is reduced by a factor of one in response to each
timing pulse generated in timing and controf unit 82.

The subtraction operation can be fully appreciated by con-
sidering an example wherein stages 71, 72 and 73 are respec-
tively loaded with the binary bits zero, one, one indicative of
the binary number representing +3. In response to the staled
conditions, the inputs to and outputs of the full adders are: for
full adder 301, A=0, B=1, C=1, carry lead 303=1, and sum
lead 302=0, for full adder 201, A=1, B=1, C=1 (the carry out-
put of full adder 301), carry lead 203=1, and sum lead 202=1,
for full adder 101, A=G, B=1, C==} (the carry output of fuli
adder 201), carry lead 103=[, and sum lead 102=0. In
response to the first timing pulse derived in timing and control
unit 82, switches 242 and 342 are both closed to load register
stages 72 and 73 with binary bits respectively indicative of 1
and 0 since switch 144 responds to the signal on sum lead 102
to load a zero into stage 71 when the time dependent switches
are closed. The sign or polarity signal stored in stage 71
remains a binary zero even though switch 146 is open-cir-
cuited because of the inherent memory properties of the cir-
cuitry within the stage.

Upon the completion of the first timing pulse and stages 71-
—73 respectively storing binary bits zero, one, zero, the inputs
to and outputs of the full adders are: for full adder 301, A=0,
B==1, C=0, sum lead 3021 and carry lead 303=0; for full
adder 201, A=1, B=1, (=) (the carry output of full adder ¥ _
carry lead 203 =1 and sum lead 202=0; for full adder 101,
A=0,B=, C=1 (the carry output of full adder 201), sum lead
102=0 and carry lead 103=1. In response to the second timing
pulse derived by timing and control network 82, switches 242
and 342 are closed, whereby stages 72 and 73 are respectively
loaded with the binary signals 01, the resuit of subtracting one
from the binary number 10. Again a zero remains loaded in
stage 71. From the preceding description, it is believed
evident as to the manner by which numbers stored in the re-
gister comprising stages 71-—73 are subtracted from one in
response to each timing pulse derived from timing and control
unit 82, while the count down instruction operaling code
abedx 0010 is being derived.

The operation of the system for the count down instruction
in mode 1 is similar to the mode 3 operation in that mode
switch 331 is closed to feed a binary zero level to the C input
of full adder 301. The sole distinction between the mode 1 and
mode 3 operation is that switch 134, connected between carry
lead 103 and left serial line 74, is closed. Thereby, any carries
derived from full adder 101 in response to the subtraction
operations are fed from the full adder carry output terminal to
the left serial line 75.

The manner by which the polarity indication is obtained for
mode 1 operation is seen by initially reviewing the examples of
subtracting one from the positive numbers three and two,
respectively stored as bits 011 and 010 in registers 71—73. As
indicated supra for both numbers, the sum signal on lead 102
is a zero. The zero is fed back to the input of regisier stage 71
to maintain the stage in the zero, positive indicating state after
each timing pulse. Now consider the situation if the number
zero is stored in the register, whereby stages 71—73 are
loaded with 000 and the inputs and outputs of each of full ad-
ders 301, 201 and 101 are: A=0, B=1, C=0, sum lead 302=1,
carry load 303=0. In response to a timing pulse, each of
switches 144, 242 and 342 is closed to load stages 71— 73 with
111. The binary one stored in stage 71 indicates that the result
is negative and the binary ones in stages 72 and 73 are indica-
tive of the two’s complement of one. When the next or second
timing pulse occurs, binary ones are fed to the A and B inputs
of adders 101, 201 and 301; a binary zero is applied to the C
input of adder 301. Adder 301 derives a binary zero and one
on its sum and carry leads 302 and 303, whereby the sum and
carry outputs of adders 201 and 101 are all binary one in
value. Thereby, upon completion of the second pulse, stages
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respeetively foaded with (10, indicating &
aving & value of two in two's complement

an T3 are

In mode O swi wnm 134 and 333 are both closed, while
iteh 144 e closed in response 1 gach timing pulse, wh reby
the regi mm‘irg i coupled with left and seried m‘m
4 polarity indications are subject to change.

g 3, «m;m‘x 331 i closed 1o enable the binary bits on f’gm
serial line 78 1o be coupled to the C input of full adder 30L.
Coupling the right serial line 74 to the C terminal of adder 201
enables the register to subtract the contents of stages 7173
by one, while sddm;& the binary signal on the right serial line.
This operation is evident if it iz considered that the cccurrence
of & binary zero on the right serial line has the same effect as
closing switch 331, ﬁ,mmg} a zero to terminal C of adder
30%. The presence of & binary one on right serial line 7§ has
the effect of adding one to the inherent subtraction operation
occusring during the count down instruction,

With the registers interconnected with external lings 74 and
T8 during the count down instruction, mode 2, the same con-
nectione to full adder 301 subsist as existed during mode O
operation. The only difference between the mode € and mode
2 connections is that switch 134, connected between the carry
autput o ter 103 and left serial line 74, is open-cir-
cuited. signals from full adder 10T are cou-
pled 1ot e and swiich 144 is closed 1o enable
gm! to be stored in Magc 7.

the
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2 {0 cacm siming pula@ damcu in
i uw 3% the count up iastruction, CWTU,
operation code bits abed=0011. In response
code for the count up instruction, swilches
16 and 221 are closed independently of time and re-
gamﬂe@s of the mode configuration. Selectively closed are
mode switches 134, 332 and 333, while switch 321 is always
open citcuiled. In response to each timing pulse, switches 144,
243 and 342 wre closed to gate the sum signal outputs of full
wdders 101, 201 and 301 respectively o the inputs of register
stages V1, T4 and 73.

In mode 3, the count up operation is independent of any ex-

ternail data sources and no data fmr" within register stages 71-

73 gre coupled to either of werisl lines 74 or 78. These con-
lished by open circuiting switches 134 and
3, while switch 332 is closed to gate a binary one level to the
C input of full adder 3&% The B input of full addes 301, as well
as the B inputs of full adders 201 and 101, are responsive to
ground voltages indicative of 2 binary zevo level, as coupled
through closed switches 316, 216 and 116. The A input ter-
minal of cach of full adders 101, 201 and 301 is responsive o
the cutput of register stages 71, 72 and 73, respectively. In
response to sach tming pulse derived in timing and control
network 82, switches 144, 242 and 342 are closed enabling
the sum signals on leads 102, 202 and 302 1o be respectively
stored in stages 71, 7% and 73 to effect a binary addition of
one. The carry signals propagated from full adders 301 and
287 1o the C inputs of full adders 201 and 101, respectively,
enable the count up operation to proceed in a conventional bi-
nary counting manner. Because the input levels vo each of the
B terminals of adders 101, 201 and 301 are of opposite polari-
ty from the B inputs to the adders for the count down instruc-
tion, it should be evident thet the count up operation functions
in @ similar, but opposite, manner from the count down opera-
tion.

The register funciions in mode | {or the count up operation
in a manner similar to the count up operation in mode 3, The
only difference botweonn the twoe modes is thet in mode 1
switch 134 is closed, whereby the carry output of full sdder
101 on lead 103 i coupled to left serial data line 74, Thereby,
the register state is advanced in response to sach timing pulse
from timing and conirol unit 82 regardless of signals on right
serial data line 78, while feeding carry pulses to left serial data
line 74 and the siate of polarity indicating stage 71 is subject
to variaticn.
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hnmry ZeT0S b&mg ;ed 0 ah@ 3 input ter
full adders 101, 201 and 301, In ad
the signal stoved in each of register st
respectively fed to the A input terming
201 and 301, The C input terminals of £
are respectively responsive to the carry
201 and 301, while the C input term
dependent upon mode switches 332 and
in modes | and 3, the C input ter
connected with the binary one voltage
since switch 332 is closed, In response
closing switches 242 and 342, the conte
are two's complemented; in mode | the
is two's complemented since switch 144 i
to each timing pulse in the same mannes
stages 72 and 73 are two's complement
The two's compiemﬁ*mmg operation of
register comprising stages 7173 while |
connected in mode 1 and responsive to
struction can best be described by con
wherein stages 71, 72 and 73 store the bi
tively. The two's complement of 001 is |
plementing 001 and adding ! 1o the com
The 001 signals stored in stages 71, 72
A input terminals of adders 101, 201
signals 10, respectively, because swit
are closed. Full adder 301 responds o th
ABC inputs to derive on sum and carry le
nary one and zero signals, respectively
on carry lead 303 is coupled through switch 2
of full adder 201, the A and B inputs of wi
responsive to one and zero levels coupled thy
205 and 216. Full adder 201 responds to the
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72 an 73, respectively, when each of
nd 343 is closed in TEBpOREE 10 the next
, the register wmpm;aag stages T1—73
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ation of switch 134 in mode I,
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switch MAS, as well as
selectively Lﬁerng
i paz' ticular, switch 144 is
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and the set nput of fip-flop 147
low is extant.
e complement operation instruction
gister connections for the circuitvy as-
3 are changed whereby the one’s comple-
| stored in the register comprising stages 71-
ed with the level on right serial data line
e xz%"'«m of full adder 341 is responsive to
a8 c{)upi@d through closed switch
mu data line 75 is a binary one, the
es U and 2 in a very similar manner to
fm modes | and 3. This is evident since
on dma iead 78 feeds the same input to
wrminal C as the closure of switch 332.
¢ complementing the contents of
g stages 71—73 and adding a one
as forming a two's complement.
sro on right serial data line 73, the contents
71--73 are inverted. Inversion occurs
nal can be derived by full adders 201 and
3B3, with binary zeros applied to the B
s of the full adders. The full adders
ted states of register stages 71—73 as cou-
ch 108, 208 and 305 o derive on sum leads
signals indicative of the inverted register
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: "mm‘ﬁy the register stages store the com-
sl originally loaded therein.
wections and operations of modes 0 and 2 differ
in the same manner as between modes | and
0 and 1 the switch 144 invariably closes in
the timing pulse generated by control unit 82.
ceding instruction operations involve adding
nplementing in response to signals stored in register
73 and data on wgm serial data line 78, In neither
do u/m count up nor complement instructions is data
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1o parallel dats lines 74--76 from re-
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are: (1) subtract the contents of the m’gisszxcr comprising stages
T1—73 from the data word on paralle] input lines 7678, SM;
{2} add the word stored in the register sta TE~73 0 the
word on data lines 7678, AD; and {(3) subtracl the word on
data lines 7678 from the word stored in regisier stages 71-
~73, BUB.

The SM instruction, involving subtracting the register con-
tents from the word on lines 76—78, is performed in response
to operation code bits abedbeing equal wo 0100. In response o
the 8M operation code, time independent switches 208, 211
and 241 are energized to the closed state, while switches 332,
333 and 134 are selectively energized to the closed state de-
pending upon the operating mode. Switches 242 and 342 are
activated to the closed state periodically in response to the
derivation of a timing pulse by timing
while switches 144 and 145 are selectively ¢
manner indicated supra Tor the SMZ instre
upon mode configurat

In response 1o the stated switch cmadé&éoaesu the
minals of full adders 101, 200 and 301
responsive 1o the complements of the mgmgﬁs
stages 71, 72 and 73, ¢ the B input tern
ders are directly respwwswz to the mgw
and 78, in all four modes §
and 3, switch 332 is closed wm:rcf@y a ‘mm
C input of Tull adder 301, while the C inputs of full adders }.@J}l
and 101 are responsive to the carty ouipuis on leads 303 and
203 of full adders 301 and 281, respectively. In response 1o
the one level being coupled to the C input of {ull adder 301,
the contents of register stages 7173 are two's comple-
mented and added to the word fed to parailel data lines 76~
—78. Thereby, two's complement subtraction is achieved.

To provide a clear description as to the manner by which
the word stored in register stages 71—73 is subtracted from
the word on paralle! data line 76-—78, with the system in mode
i, CODSF-@?,“ the example wherein the word on data lines 76, 77

:

and control unit 82

fos CL\ in the same
1, depending

put ter-
pectively

for

and 78 is the positive number three, represented by the binary
levels 011, and that the word stored in the register comprising
stages §~’?3 is the positive number two, represented by the

binary levels 010. The 010 levels stored in register stages 71,
T2 and 73 are fed thwough switches 105, 208 and 308 to the A
input terminals of full adders 101, 201 and 301 respectively.
The C input terminal of full adder 301 is connected through
switch 332 to the binary one voliage level at terminal 367,
Thereby, full adder 301 derives a binary one level on each of
itz output icads 302 and 303. The binary one level on the carry
output lead of full adder 301 is coupled through switch 221 to
the C input of full adder 201, the A and B inputs of which are
respectively responsive 1o zero and one levels. Full adder 201
responds to the A, B and C inputs thereof 1o derive a binary
zero level on sum lead 202 and a binary one level on carry lead
203. The binary one level on lead 203 is coupled through
switch 121 to the C input of full adder 101, the A and B inputs
of which are respectively responsive to binary one and zero
levels. Adder 101 responds to the A, B and C inputs thereol to
derive a zero on sum lead 102 and 2 one on carry lead 163.

In response to a lming pulse being derived by timing and
control network 8%, switches 144, 242 and 342 are activated,
whereby register stages 71, 72 and 73 are loaded with the bi-
nary bits 001, the result of subtracting two from three. The
resultant subtraction stored in register stages 78, 72 and 73 s
read out from the register stages at will to pawll el data lines
T6—78 in response to the ¢ operation code bit having a binary
one value which causes switches 122, 232 and 323 10 close.

The SM instruction operations performed for modes | and 3
are distinguished in exactly the same manner as indicated
supra for the two modes with regard to the SMZ instruction.

The subtraction operation, SM, for modes 0 and 2 involves
one's complementing the contents of the register comprising
stages 7173 and adding the complement to the binary lavel
on right serial data line 75 and to the binary word on parallel
data lines 76—78. To this end, switch 333 is closed to connect
the right serial data line 7% to the C input of full adder 301.

4
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The internal connections within thic register remain the same
as indicated supra with regard to modes | and 3. The presence
of a binary one on right serial data line 78 causes the register
to function in exactly the same munner as indicated supra for
modes | and 3 since, in both instances, binary ones are fed o
the C input of full adder 381. Hence, the presence of o binary
one on right serial line 78 enables subtraction of the contents
of register comprising stages 7173 from the word on parablel
data tines 76—78. In response 10 a binary zero on right serial
line 78, however, the word in the register comprising stages
71—73 is onc's complemented and then added with the word
on paraliel data lines 76—78.

To consider the operation of the register more fully with a
binary zero on right serial data Jine and the register activated
to mode 0, again assume that stages 78, 72 and 73 have 010
respectively loaded therein and that parallel data lines 76—78
are fed with 011, respectively. The binary zero signal stored in
stage 73 is coupled as 2 binary one to the A input of full adder

301, the B and C inputs of which are respectively at the one .

and zero levels in response to the signals on leads 78 and 78,
The output of full adder 381 is thereby a binary zero on sun
lead 302 and a binary one on carry lead 303 %i‘w »mmy one
level on carry lead 300 is ¢ v the

201, where it is combined mplemen ¢
stage 72, a binary zero level, and the binary one input on lead
77. Adder 201 responds to the ABC=011 inputs thereof to
derive on leads 202 and 203 binary zero and one levels,
respectively. The binary one level on lead 203 is coupled 10

the C input of full adder 101, the A and B inputs of which are 3

binary one and zero levels derived from the complement of re-
gister stage 71 and the true value of data line 76, respectively.
Adder 101 responds to the inputs shermf to derive on leads
1062 and 103 binary zero and one levels. In response to the
derivation of a timing pulse, switches M»é, 242 and 342 are
closed whereby register stages 71—73 are all loaded with bi-
nary zeros, the result of complementing the binary number
010 and adding the complement to 01 1.

In mode 0, the zero carry signal on lead 103, indicative of
lack or presence of overflow, is cougles through switch 134 to
left serial data line 74. In made 2, however, switch 134 is open
circuited, but one of the set or reset inputs to overflow flip-
flop 147 is enabled in response to a timing pulse by the logic
network 148, depending upon the overflow condition de-
tected by logic network 148 from the A and B inputs to and
the sum output of full adder 101, Switches 144 and 145 are
also controlled by network 148 to be selectively open and
closed for mode 2 operation, in dependence on the presence
or absence of overflow.

To understand more fully the functioning of switches 144,
145 and flip-flop 147 for mode 2 and 3 operation, again con-
sider the SMZ operation of subtracting +2 from +3, assuming
mode 3 configuration. Under the assumed conditions, the
word stored in stages 71, 72 and 73 1s 010 and the input word
on leads 74, 75 and 76 is 011, whereby the inputs and outputs
of full adders 101, 201 and 301 are given supra. Repeating,
the inputs and outputs of full adder 101 are: ABC=101, carry
=1, sum =0, whereby §=0, §,=1 and $;=0. Thereby, §,5,5
’+SIS s, 74 so that switch 144 is clesed to gate a zero to the
mput of stage 71 and flip-flop 147 is reset in response to a tim-
ing pulse. Since stages 72 and 73 are loaded with 01, as in-
dicated supra, the word stored in the register comprising
stages 7173 is indicative of a positive integer having a value
of unity. Since no overflow is mmsated by flip-flop 147, the
correct result of the operation is realize

Next consider SMZ, mode 3 o
stages T1-—73 as 011 and is sub
lines 76—78 as 010, Under th tione the time in-
dependent input and output signals of the hall adders ure; for
full adder 301, ABCH00T, sum <1, carry =40, for full adder
208, ABC=010, sum =1, carry ={0; for full adder 101,
ABC=001, sum =1, carry =0, Switch 144 is closed and flip-
flop 147 reset in response to each timing pulse since 88,8

eration when 43 is stored in
ed from 42, applied o

-

2+8,8:8:=0. Thereby, in response to 4 timing pulse, the binary
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one output on each of sum leads 102, 202 and 302 is loaded
into stages 78, 72 and 73, and the negative binary valug of
one, in two's complement code, is stored in the register.

A further example involves SM, mode 3 operation wherein
~3 is stored in stages 71—73 in the two's ezﬁmg}fomm‘i code 28
101 and is subtracted from 42, applied to lings 76~ T8 a5 010,
the operation of +2-(- +5 s performed. The input
und output signals of the haff sddern under these conditions
are: for full adder 301, ABC=001, sum m!@, =}; for (ull
adder 201, ABCs110, sum =0, carry [, Voadder 108,
ABC=001, gum =1, carry =0. §8,5,4 g\%‘ §, equals unity so
that switch 148 is closed to couple the nverted sum signal to
the input of register 71 and the set input ¢
energized in response to a timing pulse. The tir
currence thereby loads stages 7173 with the by
the four's complement of 2—(~3 ¥=8. The activation or setring
af overflow flip-flop 147 indicates that any positive number
stored in the register comprising stages 7173 must be added
to four to provide an accurate indication of the operation.

C()ﬂgideya&éw;{a will now be given to the manner by which
variable parallel processor adds words stored in th g
comprising stages 71— 73 with words on parallel data lines
~—7k‘§ th\. A instruction energized by the opers tn(s& code hav-

bed=31 10, In response to the adc
dlowing me independent s
nwn&a,hm 104, 204 and 304 to feed the truc
gister stages 71, 72 and 73 o the A input ferm -
ders 101, 208 and 301, switches 113, 211 and 311 1o feed the
true bits on data lines 76, 77 and 78 to the B inputs terminals
of full adders 101, 201 and 301, respectively; and switches
121 and 221 to feed the carry outputs of full adders 30} and
201 o the C inputs of full adders 101 and 201, respectively. In
addition, switches 331, 333 and 134 are selectively closed de-
pending upon the mode conditions established while switeh
332 always remains open circuited. The sum signals developed
on output leads 202 and 302 of full adders 101, 201 and 301
are periodically gated through switches 242 and 342 to the in-
puts of register stages 72 and 73 in response to the derivation
of a timing pulse by timing and control unit 82, while switches
144 and 148, as well as {lip 147 are selectively energized in
response to the timing pulse, depending on the mode configu-
raton.

in modes | and 3, switch 331 is closed to feed & binary zero
to the C input terminal of full adder 301. Thereby, the sum
and carry outputs of full adder 301 on leads 302 and 303,
respectively, are indicative solely of the result of adding the
contents of stage 73 with the bit on lead 78. We L&Wy signal
on lead 303 is propagated to the C input tern of full adder
201 which functions in the uvsual manner ponse (o &hc
signals derived from stage 72 and on lead 77.
functions in the usual addition mode in respon:
and data signals applied thereto.

In modes 0 and 2, the binary level of right serial lic
added to the sum of the words stoved irs register stages 7§73
and on data lines 76—78 by virtue of switch 333 being closed
and switch 331 being open circuited. For a binary zero on
right serial line 78, full adder 301 functions in 2 i
same manner indicated supra for modes | and 3. In response
to a binary one level being on right serial line 75, the full adder
301 functions in the same manner as a higher order full adder,
for example, full adder 201 or 101, responding to a carry
signal. Thereby, the effect of coupling right serial line 74 to
the C input of full adder 301 is the same as adding the signal
on the right data line to the sum of the word stored in the re-
gister comprising stages 71—73 and the word on data lines 76-

For modes 2 and 3, switch 134 is open circuited whereby ne
overflow on lead 103 is propagated to left serial line 74, but
overflow indications are derived selectively by logic network
148 feeding Nip-flop 147, For modes 0 and 2, switch 134 is
closed, whereby overflow indications can be coupled to left
serial data line 74, but the logic in network 148 inhibits actua-
tion of flip-flop 147 to the set or overflow indication cutput.

L.,
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ion is now given to the instruction for subtracting
1 vrd on lings 76—~78 from the contents of register
stages 7173, as controlled by the operation code bits abed
having values of 0111, respectively. In response to the SUB in-
struction, the following tme independent switches are in-
variably closed, regardless of mode configuration: switches
104, 204 and 304, 10 feed the owtputs of registers 71, 72 and
73 w0 the A inputs of full adders 101, 201 and 301, respective-
ly; switches 112, 292 and 312, w feed the complements of the
bits on dats lines 76, 77 and 78 to the B input terminaly of {ull
adders 101, 201 and 301, respectively; and switches 121 and
221 connecied between the carry outputs of full adders 201
and 301 to the C inputs of adders 101 and 201, respectively.
The mode switches selectively energived to the closed states
are switches 332, 333 and 134; switch 331 is never energized
to the closed state for the SUB instruction. Switches 242 and
342 are closed in response to each timing pulse generated by
timing and control unit 82 while switches 144 and 145 are
selectively closed, depending upon the mode configuration, in
response to the timing pulse.

In modes 1 and 3 of the subtraction instruction, the two’s
complement of the binary word on data leads 76—78 is taken
and added with the word in register stages 71—73 to perform
the subtraction. To this end, switch 332 is closed to load a bi-
nary one ievel on the C input of full adder 301. Full adders
161, 201 and 301 respond to the inputs thereof in the same
manner indicated supra with regard to the SMZ instruction,
except that the word on the parallel data line is two’s comple-
mented, rather than the word stored in stages 71—73. This
result should be evident since the complement of the word on
the parallel data lines and the true indication of the register
stage word is fed to each of full adders 101, 201 and 381 since
the full adders respond to their A and B inputs in the same
manner. Utilizing similar reasoning, the processor one’s com-
plements the word on data lines 76 —78 and adds the comple-
ment to the signal on right serial line 75 with the word stored
in register szages 7173 with the system in mode 0 or 2 opera-
tion, wherein switch 333 is closed and switch 332 is open-cir-
cuited.

For modes 0 and |, switch 134 is closed whereby overflow
indications derived on the carry output of full adder 103 are
gated to left serial line 74 and the sum signal is fed to the input
of register 71 through switch 144 in response to each timing
pulse. In modes 2 and 3, switch 134 is open and the overflow
signal on lead 103 is not coupled to left serial data line 74, but
logic circuit 148 selectively energizes overflow indicator 147
and one of switches 144 or 145 in response to each timing
puslse.

A plurality of parallel processes of the type illustrated in
FIG. 6 can be advantageously cascaded together or connected
in parallel in the same manner as the serial registers as in-
dicated, for example, by FIGS. 3—8. If, for example, binary
words having parallel bits of the same order are derived in
sequence for different orders, as frequently exists in binary
coded decimal notation, are employed in the processor, all of
the bits in one word can be applied to one of the registers com-
prising stages 7973 and then shifted 10 a second register
prior to the application of the next lower order word.

While there has been described and illustrated one specific
embodiment of the invention, it will be clear that variations in
the details of the embodiment specifically illustrated and
described may be made without departing from the true spirit
and scope of the invention as defined in the appended claims.
For example, it is to be understood that other types of circuits
can be employed for the specific register stages and that in-
stead of utilizing 2 pair of timing pulses as described, master-
slave flip-flops may be employed.

{claim:

1. A data processor comprising a plurality, N, of register
siages, each of said stages having an input and an output ter-
minal, one of said stages being the highest order stage and
another being the lowest order stage, first and second data
lines for feeding signals to and from said highest and lowest
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order stages, respectively, switch means for seleciively con-
necting: (1) said first data line to the input terminal of said
highest order stage while connecting the output terminal of
said lowest order stage to said second data line and while con-
necting the output terminal of cach higher order stage, n, to
the input terminal of the next lower order stage, n—1, or (2)
the output terminal of cach lower order stage, m, to the input
terminal of the next higher order stage, m+1, while connecting
the output terminal of said highest order stage to said {irst line
and while connecting the input terminal of said lowest order
stage to said second line; where a2, 3 . N, and me=1, 2 . N-
I, and means for shifting signals stored in said stages toward
cither of said lines, said switch means including means for at
will connecting the vutput terminal of the lowest order stage
with the input terminal of the highest order stage; and means
for at will connecting said lines together and for decoupling
said highest and lowest order stages from said lines while
enabling the stored signals to be shifted.

2. The processor of claim 1 further including means for
loading a predetermined binary signal in one of said stages in
response to each shift of the signals between said stages while
said highest and lowest order stages are decoupled from said
fines.

3. The processor of claim 2 wherein said switch means
further includes means for seleciively decoupling either of
said highest or lowest order stages from said first and second
lines.

4. The processor of claim 3 further including means for
loading a predetermined binary signal into the highest or
lowest order stage in response to the lowest and highest order
stages being respectively decoupled from the data lines.

5. A data processor comprising a plurality, N, of register
stages, each of said stages having an input and an output ter-
minal, one of said stages being the highest order stage and
another being the lowest order stage, first and second data
lines for feeding signals to and {rom said highest and lowest
order stages, respectively, switch means for selectively con-
necting: (1) said first data line 1o the input terminal of said
highest order stage while connecting the output terminal of
said lowest order stage 10 said second data line and while con-
necting the output terminal of each higher order stage, n to
the input terminals of the next lower order stage n—1;0r (2)
the output terminals of each lower order stage, m,to the input
terminal of the next higher order stage, m—1, while connecting
the input terminal of said lowest order stage to said second
line and while connecting the output terminal of the highest
order stage to said first line; where n=2, 3 ... N, and m=1, 2 ..
N—1, and means for shifting signals stored in said stages
toward either of said lines, wherein said switch means further
includes means for at will connecting said lines together and
for decoupling said highest and lowest order stages from said
lines while enabling the stored signals to be shifted.

6. The processor of claim $ further including means for
loading a predetermined binary signal in one of said stages in
response to each shift of the signals between said stages while
said highest and lowest order stages are decoupled {rom said
lines.

7. A data processor comprising a plurality, N, of register
stages, cach of said stages having an input and an cutput ter-
minal, one of said stages being the highest order stage and the
other being the lowest order stage, first and second data lines
for feeding signals to and from said highest and lowest order
stages, respectively, switch means for selectively connecting:
(1) said first data line to the input terminal of said highest
order stage while connecting the output terminal of said
lowest order stage to said second data line and while connect-
ing the output terminal of each higher order stage, n, to the
input terminal of the next lower order stage n—1; or (2) the
output terminal of each lower order stage, m, to the input ter-
minal of the next higher order stage, m+1, while connecting
the output terminal of said highest order stage to said first line
and while connecting the input terminal of said lowest order
stage to said second line; where n=2, 3 ... N, and m=1, 2 ...
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M~1, and means for shifung signals stored in said stapes
soward either of suid lnes, wherein said switch means further
includes means for selectively decoupling either of said
highest or lowest order stages from said first and second lines.

8. The processor of claim 7 further including means for
ipading a predetermined binary signa! into the highest or
ioweat order stage in responss o the lowest and highest order
slages being respectively decoupled from the data lines,

9. A data processor comprising & plurality, N, of register
stages, each of said stages having an input and an oulput ter-
minal, one of said stages being the highest order stage and the
other being the lowest order stage, first and second data lines
for feeding signals to and from said highest and lowest order
stages, respectively, switch means for selectively connecting:
{1} said first data line to the input terminal of said highest
order stage while connscling the outpul terminal of said
lowest order siage to said second data line and while connect-
ing the outpus terminal of each higher order stage, », to the
input terminal of the next lower order stage, n—1; or (2} the
output terminal of cach lower order stage, rm, to the input ter-
minal of the next higher order stage, ri+4-1, while connecting
the output terminal of said highest order stage to said first line
and while connecting the input terminal of said lowest order
stage to said second line; where =2, 3 ... N, m=1, 2 ... N—1|,
and means for shifting signals stored in said stages toward
gither of said lines, N logic networks, means for connecting
each of said Jogic nelworks to be responsive to the signal
stored in & different one of said stages, and means for coupling
ancther signal to each of said logic networks, and means for
coupling an oulput signal from each of said stages, except
slage N, as un input to the logic network responsive to the
signal from another register stage, and means for selectively
coupling an output from each logic network to the input ter-
minal of 2 different one of said stages.

16, The processor of claim 9 further including a data lead
for each of said stages, and means for selectively coupling 2
signal from each of said stages to a different one of said data
leads.

1%, The processor of claim 1€ further including means for
selectively combining the signal on one of the data lines with a
word stored in the register stages.

12. The processor of claim 11 further including means for
selectively coupling the signal stored in one of the highest or
lowest order stages to the other of said lines.

i3. The processor of claim 12 further including means for
conpling a signal on each of said data leads to an input of a dif-
ferent one of said logic networks.

14. The processor of claim 13 wherein said switch means in-
cludes means for connecting each of said logic networks with
a different one of said stages and data leads so that the signal
stored in each stage after each activation of said shifting
means ig a predetermined logic function of the signals previ-
ously stored in the stages and on the data leads.

15. The procsssor of claim 14 wherein said function is OR.

16. The processor of claim 14 wherein said funclion is
AND.

§7. The processor of claim 14 wherein said function
CLUSIVE OR.

18. The processor of claim 14 wherein said switch means in-
cludes means for selectively establishing the predetermined
function as any of AND, OR, or EXCLUSIVE OR.

19. The processor of claim 18 wherein said switch means in-
cludes means for establishing the predetermined function so
that a word on the data leads is added with a word stored in
the register stages.

20. The processor of claim 18 wherein said switch means in-
cludes means for establishing the predetermined function so
that 2 word on the data leads is subtracted from 2 word stored
in the register stages.

21. The processor of claim 20 including means for selective-
ly performing the subtraction in one’s or twe's complement bi-
nary arithmetic.
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22. The processor of claim 18 wherein said
ciudes means for establishing the predete
that a word stored in the regisier stag
word on the data leads.

23 The processor of claim 22 including
ly performing the subtraction in one’s or two's co
nary arithmetic.

24. The processor of

L0

ment o

taim 18 wherein said g
cludes means for selectively establishing the p
function so that: (1) a word on the data feads
word stored in the regist ages; (2 a
13 subtracted from & word stored in the re
word stored in the register stages is subtyas
the data leads.

Iy performing either of the subtractio
plement binary arithmetic.

26. The proce 25 wher
responsive o the highest order stage includ
dicating an overflow condition of the registe
selectively coupling overflow s
stage W said indicating means o1 b

27. The processor of claim 26 wherei
cludes means for selectively adding a b
stoved in the register stages.

28. The processor of claim 26 wher
cludes means for selectively subirad
word stored in the register stages,

29, The processor of claim 26 wherei
cludes means for selectively complementing 2 we
ihe register stages.

30. The processor of claim 29 wherein sai
cludes means for selectively one’s complem

31. The processor of cluim 29 wherein sal
cludes means for selectively 1wo's complementing the wore

32. The processor of claim 29 wherein sa
cludes means for selectively one’s or two
word.

33. The processor of claim 26 wherein sai
cludes means for selectively: (1) adding a t
stored in the register stages; (2) subtractir
a word stored in the register stages; or
word stored in the register stages.

34. The processor of claim 33 wherein e
networks comprises a full adder having sum ane
the ith one of said full adders having a first in
the state of the ith register stage, a seco
responsive to the signal on the ith lead, and
tively responsive 1o the carry output of th
where &1, 2,3 ... M, for the full adder of
selectively coupling binary levels to the third §

35. The processor of claim 9 further i

ol e

i
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word stored in the register stages.

36. The processor of claim 38 further inch
selectively coupling the signal stored in one of
lowest order stages to the other of said lir

37. The processor of claim 9 further 2
for each of said stages, and means for coupling a
each of said data leads to an input of a different one of said
logic networks.

38. The processor of claim 37 wherein said sw
cludes means for connecting each of said log
a different one of said stages and data le:
stored in each stage after each activat
means is a predetermined logic function of
ously stored in the stages and on the data |

39. The processor of claim 38 wherein said fu

406. The processor of claim 38 wherein
AND.

43. The processor of claim 38 wherein
CLUSIVE OR.




3,588,483

27
- of claim 38 wherein said switch meansn-

¢ tively establishing the predetermined
*JD, ’)R of EYCK USE“/:“: UR

\Li ¢ predetermined fum:uon 50
is added with a word stored in

w of claim 37 wherein said switch means in-
establishing the predetermined function so
ata leads is subtracted from a word stored

br of claim 44 including means for selective-
subtraction in one's or two's complement bi-

of claim 37 wherein said switch means in-
tablishing the predetermined function so
in the register stages is subtracted from a

red

r of claim 46 immdmg means for selective-
ubtraction in one’s or two's complement bi-

zgsor of claim 37 wherein said switch means in-
selectively establishing the predetermined
1} a word on the data leads is added with 2
ister stages; (2) a word on the data leads
ord stored in the register stages; or (3) a
ister stapes is subtracted from a word on

claim 48 including means for selective-
¢ subtractions in one’s or two's com-

ssor of claim 37 wherein the logic network
highest order stage includes means for in-

w condition of the register, and means for
overflow signals from the highest order

ng means or the first data line.

ot of claim 50 wherein said switch means in-

cr stages.

ocessor of claim 50 wherein said switch means in-
for selectively subtracting a binary one from a
1 ihe register stages.

essor of claim 80 wherein said switch means in-
selectively complementing a word stored in

essor of claim 53 wherein said switch means in-
as for selectively one's complementing the word.
he processor of claim 33 wherein said switch means in-
ectively two's compiementing the word.
processor of claim 33 wherein said switch means in-
s means for selectively one’s or two's complementing the

=8
=

{ claim 83 wherein said switch means in-
lectively: (1) adding a binary one 10 a word
r stages; (2) subtracting a binary one from
e register stages; or {(3) complementing a
& register stages.
cessor of claim 37 wherein each of said logic
rises a full adder having sum and carry outputs,
said full adders having a first input responsive to
of the ith register stage, a second input selectively
2o Lbf; signal on the ith lead, and a third input selec-
16 the carry output of the (i—1)th full adder,
for the full adder of stage #1, means for
‘siﬁary levels to the third input.
ssor comprising N register stages 1 .. N, N
, first means for selectively couphng the
w F}e responsive to the signal stored in the
k ™, second means for selectively coupling
om stage »n through the nth logic network as
n+1 logic network, where 1 n N—I, third
ively coupling an output signal from me kth
input of the kth stage, Ndataleads 1 ... N,
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stored in ?%9@ I
a word store

i stored in

selectiv w &
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fourth means for selectively coupling a signal on the kth data
lead to an input of the Lih logic network, and means for con-
trolling said first, second, third and fourth coupling means so
that the signals stored in the stages are one of a plurality of
predetermined logic and binary arithmetic functions of the
signals previously stored in the stages aszd on the data leads.

&0. The processor of claim 59 wherein one of said functions
is OR.

61. The processor of claim 59 wherein one of said functions
is AND.

52. The processor of claim 59 wherein one of said functions
is EXCLUSIVE OR.

$3. The processor of claim $9 wherein said swiich means in-
cludes means for selectively establishing the predetermined
function as any of AND, OR, or EXCLUSIVE OR.

64. The processor of claim 3% wherein said switch means in-
cludes means for establishing the predetermined function so
that a word on the data leads is added with a word stored in
the register stages.

65. The processor of claim 59 wherein said switch means in-
cludes means for establishing the predetermined function so
that a word on the data leads is subtracted from a word stored
in the register stages.

66. The processor of claim 65 ‘W"sw@ém means for semmw
ly performing the subiraction in s or (wo's complern
nary arithmetic.

&7. The processor of claim 59 wherein said swit
cludes means for establishing the prad
that a word stored in the register stages
word on the data leads.

68. The processor of claim 67 incﬁudixﬂg means for selective-
ly performing the subtraction in one’s or two’s complement bi-
nary arithmetic.

69. The processor of claim 59 wherein said switch means in-
cludes means for selectively establishing the predetermined
function so that: (1) a word on the data leads is added with a
word stored in the register stages; (2) a word on the data leads
is subtracted from a word stored in the register stages; or (3) a
word stored in the register stages is subtracted from a word on
the data leads.

70. The processor of claim 69 including means for selective-
ly performing either of the subtractions in one’s or two’s com-
plement binary arithmetic.

71. The processor of claim 59 wherein each of said logic
networks comprises a full adder having sum and carry outputs,
the ith one of said full adders having 2 first input response to
the state of the jth register stage, a second input selectively
responsive to the signal on the ith lead, and a third input selec-
tively responsive to the carry output of the (i—1})th full adder,
where =1, 2,3 ... N, for the full adder of stage /=1, means for
selectively couplmg bmary levels to the third input.

72. The processor of claim 59 wherein said switch means
further includes means for selectively shifting the biis stored in
the stages from one stage to another in ither direction.

73. The processor of claim 59 wherein said switch means
further includes switch means for coupling signals between
said stages so that a word stored therein is selectively either
complemented, advanced by a count of one or subtracted
from by a count of cne.

74. A data processor comprising a plurality of register
stages, and switch means for coupling signals between said
stages, said switch means including means responsive to a sin-
gle pulse for selectively complementing a word stored in the
register stages, for advancing a word stored in the register
stages by a predetermined count, and for subtracting a count
of one from a word stored in the register stages, said switch
means further including means for selectively shifting bits
stored in the stages to other s&ages ir: either direction.

75. A data processor comprising N register stages, N logic
networks, means for connecting each of said logic networks to
be responsive to the signal stored in a different one of said
stages, means for coupling another signal to each of said logic
networks, means for coupling an output signal from each of
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said stages, cxcept stage N, as an input to a logic metwork
respongive to the signal from another register stage, means for
selectively coupling an output from sach lopic network to an
input of 2 different one of said stages, and means for selective-
Iy coupling shift and carry bits from a single input lead to the
first of said stages and the logic network responsive to the
signal siored in the first stage, respectively,

T6. A data processor comprising N register stages, N logic
networks, means {or connecting cach of said fogic networks o
be responsive w the signal stored in a different one of said
stages, means {or coupling anothey signal to cach of ssid logic
networks, means for coupling an output signal from cach of
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said stages, except stage N, as an impul (o a log
responsive to the signal from another registe
sclectively coupling an output from each lo
input of a different one of said stages, and m

tast of said stages and the logic network resg
signal stored in the last stage, respectively.
77. The data processor of claim 76 furth
for selectively coupling shift and carry bits fr
lead to the first of said stages and the logic net
to the signal stored in the first stage, respectively
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g means
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