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ABSTRACT OF THE DISCLOSURE

A shift and rotate circuit which performs a specified
shift or rotate operation of from 1 to 24 places cn data
stored in the binary cell stages of a register by a selected
sequence of three multi-place shifts of 1, 4, 7 or 8 places.
A first logic stage is empioyed to translate control in-
formation defining the nature, direction and magnitude of
a desired shift or rotate operation in combination with
the data in the register to define the destinations of
specific bits of that data. The output of the first logic
stage 1s combined with selected clock pulses by a second

logic stage to gate the data Into appropriate stages of the
register.

B,

This invention relates to datg processing systems, and
more particularly to circuits for controlling the rapid
shifting and rotating of bits in a multistage data register.

Shift and rotate circuits are commonly found not only
in general-purpose digital computers but in special-pur-
pose digital systems as well. A data register is provided,
cach stage of which Tepresents. a numerical value, most
often one of the twao binary values. Rotation of the bits
in the register entails the displacement of all digits by a
specific amount, to either the left or the right. The digits,
or bits in a binary System, are reinserted at the right end
after they have passed out of the left end of the register,
when the rotation is to the left, and are reinserted at the
left end of the register after they have passed out of the
right end in the case of 3 right rotation. Shifting is also
a displacement to either the jeft or the right, but a 0 is in-
serted In each of the vacated spaces at either end.

A major disadvantage of present-day shift and rotate
circuits is their low speed. An individual shift pulse is
usually required for cvery position the bits are to be
shifted. Each shift pulse causes the bit in each stage
to be transferred to the stage immediately to the right or
the left. If for example the register contains 23 stages,
numbered 0-22, to shift or rotate the word in the register
A maxitmum number of positions 23 shift pulses are
required. (The register would then contain 23 0’s if g
shift order was executed, or would remain unchanged if
a rotate order was executed.) If shift puises of 0.5 micro-
second duration are applied once each microsecond, the
€xecution of a maximum shift or rotate order on a 23-
stage register would require 23 microseconds. The exces-
sive time required for shifting or rotating may seriously
affect the efficiency of a system. In many computers only
one type of order may be executed at any time, Thus once
a shift or rotate order is given all other actions cease
until after the order is carried out. In many machines
the time required for a shift or rotate order is in excess
of a machine cycle, in which case two or more cycles
are required to execute a single shift or rotate order. The
situation is further aggravated i the many systems where
the same period is provided for a shift or rotate order
independent of the number of positions which the bits are
to be shifted. If the time allowed for the execution of
the order is always that required to shift the maximum
number of positions, a highly inefficient operation may
result. For example if the bits need be shifted only one
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position in a 23-stage register, the period allowed to
execute the order may be 23 times that requared to
actually carry it out. It would therefore be highly advan-
tageous to be able to shift ar rotate the maximum number
of positions in a very short time.

In addition to rotating and shifting the bits in a register
in either direction, in some systems 1t is advantageous
to provide an “abbreviated rotate” operation. A series
of stages within the register is selected, and the bits in
these stages may be rotated In either direction. Thus ;f
stages 6-21 are selected, when an abbreviated rotate order
to the right is executed the bit in stage 6 is inserted into
stage 21, and the bits in each of stages 7-21 are shifted
one position to the right. The bits in all stages of the reg-
ister other than 6-21 remain undisturbed,

It is a general object of this invention to provide a
high-speed and otherwise improved register control cir-
cuit for controlling the execution of shift, rotate, and
abbreviated rotate orders in ejiher direction,

In the prior art the magnitude of the shift is generally
determined by the number of shift pulses applied. Conse-
quently, the shifting time is determined to a great extent
by the repetition rate of the shift pulses, which in turn
15 a function of the time required for one bit to be trans-
ferred to the adjacent stage. In our invention, however,
a completely different approach is taken to control the
various shifting operations. Fach stage of the 23-stage
register in the illustrative embodiment of the invention is
connected through respective gating paths to the stages
i, 4, 7 and 8 stages away, to both the right and the left.
Shifting or rotating takes place in at most three steps.
For example, suppnse it is necessary 1o rotate the bits 19
positions to the right. When a first clock pulse (equiv-
alent to the prior art shift pulse} is applied, all gates
which connect a stage of the register to another stage
seven positions to the right operate. If the register has 23
stages, 23 pates are operated at this time. The gates from
the rightmost lower-numbered stages of the register go
to the stages at the leftmost end of the register, The reg-
ister may be thought of as a wheel with the last stage fol-
lowing the first (or vice versa depending on the direc-
tion of rotation). Thus the gate connecting the third stage
to the stage seven positions away fo the right would
terminate at the nineteenth stage. If a shift rather than
a rotate order is executed all gates going from the right-
most stages to the leftmost stages are not operated. In
either event the bits of the register which are to be writ-
ten into other stages are each eflectively shifted seven
positions when the first clock pulse is applied.

A second clock pulse operates each gate connecting a
stage of the register to another stage erght positions away
to the right. Thus in the second step of the operation all
bits are moved directly eight positions to the right. Finally,
when a third clock pulse is applied each gate connecting
a stage of the register to another stage four positions
away to the right is operated, and the various bits are
moved directly four positions to the right, In sum, each
of the bits has been rotated 7, 8 and 4 positions to the
right, or a total of 19 poasitions. The entire word in the
register is thus rotated 19 positions to the right in only
three steps, rather than 19. ‘The operation is the same
whether rotating or shifting to the right, except that in
shifting operations the gates connecting the rightmost
stages to the leftmost stages are not operated, and instead
(’s are inserted in the leftmost stages. In a similar manner
the gates connectin g cach stage of the register to the stages
1, 4, 7 and 8 positions to the lef are used during shift
and rotate operations to the left. In all cases, the word
In the regisier is shifted the desired number of positions
in at most three steps. It will he recognized that to im-
plement the principles of the invention it is required to
utilize a considerable number of gating circuits, However,
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the reduction in time required to execute an order more
than outweighs the increased cost of the gauipment.

Additional paths are required for implementing the
abbreviated rotate operation. Stages 6-21 of stages 0-22
are used when the circuit functions in the abbreviated ro-
tate mode. Accordingly stage 7, for example, must be di-
rectly coupled on the right to stages 6. 19, 16, and 13,
the stages which are respectively 1, 4, 7, and 8 positions
to the right of stage 7 within the abbreviated rotate range.
Similar remarks apply to all of the rightmost and left-
most stages within the group 6-21.

Some of the gating paths just described need not be
provided due to a certain amount of duplication inherent
i the scheme. For example, stage 10 must be connected
by a respective gating path to the stage positions to 1ts
left, stage 18. To accomplish the abbreviated rotate oper-
ation to the right stage 10 must be connected to the four
stages 1, 4, 7, and 8 positions to 1ts richt within the group
6—21. Stage 10 must thus be connected by a gating path
directly to stage 18, the stage 8 positions to the right of
stage 10 when the circuit is operating in the abbreviated
rotate mode. Thus stage 10 requires a gating path to stage
18 for both left shift, rotate, and abbreviated rotate steps
of § positions, and right abbreviated rotate steps of & posi-
tions. Rather than to provide two gating paths it is possi-
ble to provide only one, which one path cG ntrols the trans-
fer of the bit in stage 10 to stage 18 whenever a step of &
positions to the left on any order, or 8 positions to the right
on an abbreviated rotate order, is required.

Thus depending on the particular types of operations to
be executed in any system various gating functions may
be combined and redundancy avoided. In designing a sys-
tem utilizing the principles of the invention the various
eating actions may be defined by a set of Boolean equa-
tions. The implementation of the circuitry is based on
these equations, and redundancy may be avoided by re-
sorting to known techniques for simplifying the imple-
mentation of a set of switching operations defined by a
series of Boolean functions. The logic circuitry for con-
trolling the various shifting and rotating operations has
two types of inputs and one type of output. The first type
of input is from the register stages themselves, namely,
the state (1 or 0) of each stage. The second type of mput
information specifies the order to be executed—the num-
ber of positions which the bits are to be shifted, the mode
of operation, i.e., shiit, rotate or abbreviated rotate, and
the direction of shift. i.e., right or left. The outputs in-
clude a plurality of conductors extended to respective
stages of the register for the purpose of writing bit infor-
mation directly into the register. The logic circuit accepts
the input information which may, for example, indicate
a shift to the right of 13 positions. The logic circuit then
determines the descrete steps to be taken. For any order
where the bits are to be shifted 13 positions shifting takes
place in jumps of 1, 8 and 4 positions. When a first clock
clock pulse is applied, all bits are shifted 1 position to the
right. When the second and third clock pulses are applied,
all bits are shifted directly to the right 8 and 4 positions
respectively. If the order executed is a shift in either direc-
tion O’s are written into the stages at one end. 1f the order
is 10 rotate bits are shifted from stages at one end to stages
at the other.

If the order is to rotate in the abbreviated mode the
bits are rotated as if the register comprised only stages
6-21,

In the illustrative embodiment of the invention the
shifting takes place in discrete jumps of 1, 4, 7 and 8 posi-
tions. (Any of the numbers 1-23 may be formed by three
of these numbers. For example, 18=7-7--4.) Numerous
other possibilities exist; for example, it may be decided
in a particular application to shift by jumps of 1, 2, 4, 8,
16, etc. positions, in which case the shifting operations
would closely follow the binary code identifying the num-
ber of positions the register word is to be shifted. While
any order may be executed in the illustrative embodiment
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of the invention in at most three steps it 1s possible to de-
sign a system in which an order would be executed 1 at
most twa steps, or even one step. For example, it is possi-
ble to connect each stage of a register through a respective
gate to every other stage in the register. The logic circuit
would interpret each order, and for a 23-stage register,
would operate the 23 gates which connect ¢ach stage 10
the particular stage to which the bit in the former stage 18
to be transferred. While the speed of the circuit can thus
he increased the control circuit is of course more Coml-
plex due to the increased number of gates required. In
any given application a balance must be reached. An in-
crease in speed will generally resuit in an increase of cir-
cuitry. The final design depends upon such factors as the
use foreseen for a shift order in the particular system, the
cost of the total system as compared with that of the shift-
rotate control circuitry, etc.

It is a feature of this invention to provide a plurahity
of gating paths for connecting each stage of a data register
to other stages predetermined numbers of positions away.

It is another feature of this invention (O transiate an
order to shift or rotate the word in the register a given
number of positions into a series of pumerical steps, the
sum of which equals the given number.

It is another feature of this invention to shift the bits
in the register in parallel, and in a series of jumps, each
jump being equal to one of the numbers in the numerical
seTles.

Further objects, features and advantages of the inven-
tion will become apparent upon consideration of the fol-
lowing description in conjunction wiih the drawing, 1n
which:

FI1G. 1 is a block diagram of a prior art shift register
sysiem,;

FIG. 2 is a block diagram of the invention which high-
lights the different approaches taken in the prior art and
the invention;

FIGS. 3-5 are diagrams illustrating the method of the
invention, and the particular gating scheme on which the
Tlustrative embodiment of the invention is based;

FIGS. 621 disclose an illustrative embodiment of the
invention;

FIG. 22 shows the arrangement of FIGS. 6-21;

FIGS. 23A-23C disclose the details and the manner
of operation of the gate circuit utilized in the illustrative
embodiment of the invention;

FIG. 24 shows the timing of the clock pulses which
control the operations of the various gates in FIGS. 6-21;
and

FIGS. 25A-25D disclose the details and the manner
of operation of one of the register stages used in the
illustrative embodiment of the invention.

Prior art

FIG. 1 discloses a typical prior art circuit. Register 101
comprises 23 stages, 0-22. A writing circuit, not shown,
controls the initial writing of a word in the register. An
order is sent to control circuit 102, the order including
the type of operation to be performed (shift or rotate},
the direction of the shifting, and its magnitude. (Through-
out this description the terms shift and shifting are used
generically, that is, they include both shift and rotate
operations. The terms shift and shifting are also used to
identify a shift operation as distinguished from a rotate
operation, but it will be obvious when the terms are used
in their generic sense as distinguished from their more
restricted meaning.) Control circuit 102 applies a poten-
tial on conductor 103 to enable gates 104 and 105 only
if the word in the register is to be rotated. The potential
remains on conductor 103 throughout the duration of
application of shift pulses to conductor 106 or 167. Shift
pulses are applied to conductor 106 if the shifting or ro-
tating is to the right, and shift pulses are applied to con-
ductor 107 if it is to the left. In either case the number
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of shift pulses applied is equal to the number of posi-
tions the word in the register is to be shifted.

When each shift pulse is applied the bit in each stage
is shifted to the stage adjacent to it. Shifts to the right
are shown symbolically by the arrows at the top of the
register connecting each stage to the adjacent stage to
the right. Similarly, shifts to the left are shown by the
arrows at the bottom of the register. In the case of ro-
tation to the right, gate 194 is enabled, and each shift
pulse on conductor 106 causes the bit in stage 0 to be
written into stage 22. Similarly, when the register word is
rotated to the left, gate 105 is enabled, and each shift
pulse on conductor 107 causes the bit in stage 22 to be
written into stage 0. In the event of a shift order, rather
than a rotate order, a bit is not written into stage 0 or
stage 22 because gate 184 or 195 is not enabled. A O is
automatically inserted in stage 0 each time a shift pulse
appears on conductor 107, or in stage 22 each time a
shift pulse appears on conductor 106.

It is to be noted that in both shift and rotate opera-
tions an individual shift pulse is required for each posi-
tion the register word is shifted. A maximum of 23 shift
pulses are required to shift the entire word (leaving the
register contents unchanged in the case of rotation, and
all 0’s in the case of a shift). The speed of the circuit is
determined primarily by the time required to shift each
bit from one stage to the next. If this time is in the order
of 1 microsecond, a maximum of 23 microseconds may
be required to execute a particular order.

Block diagram of the invention—FIG, 2

In FIG. 2 register 201 is similar to register 101 in
FIG. 1. Control and Logic Circuit 202 however is con-
siderably more complex than control circuit 102 in FIG.
1. Shift pulses are no longer applied at either end of
the register. Instead, each stage is connected to Control
and Logic Circuit 202 by one of respective conductors
2030 through 203-22. Control and Logic Circuit 2072 is
in turn connected to each stage of the register by a re-
spective one of conductors 204-0 through 204-22. The
bits in all stages are transmitted in parallel to the Con-
trol and Logic Circuit on conductors 203—, and the bits
to be written into all stages are transmitted in parallel
from the Control and Logic Circuit along conductors
204—.

The order given to the Control and Logic Circuit again
includes the type of operation (shift or rotate), the direc-
tion of the shift, and its magnitude. The Control and
Logic Circuit is designed to effect the entire shift in at
most three steps in the illustrative embodiment of the
invention. Bits are read out in parallel from the stages,
and transferred in parallel to other stages. In the case
of rotate orders, in each step bits are read out of all 23
stages and written into all 23 stages. In the case of ab-
breviated rotate orders bits are read out of all of stapes
6-21 and written into all of these same stages. In the case
of shift orders (’s are written into the stages at one of
the ends of the register independent of the contents of
the respective stages which would ordinarily determine
the bits to be written in these end stages.

The important thing to note in FIG. 2 is that the
Control and Logic Circuit 202 does considerably more
than does the Control Circuit 162 in the prior art cir-
cuit of FIG. 1. In FIG. 2 the Control and Logic Circuit
reads information from each of the register stages, deter-
mines the stage into which each bit is to be written, and
writes the bit in this stage. The complexity of the Con-
trol and Logic Circuit, as described above, depends inter
alia upon the number of jumps which comprise the execu-
tion of each order. In the illustrative embodiment of the
invention three spurts are required. In other applications
the circuit may be designed to shift or rotate the entire
word in only one jump, the bit in each stage being di-
rected to that stage determined by the initial order. In
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tween the decreased time required to execute an order
and the increased complexity of the Contro] and Logic
Circuit. By utilizing the principles of the invention a
circuit may be designed wherein an individual shift pulse
15 not required for each position the register word is to
be shifted, and instead the initial ordar is interpreted to
control the shifting or rotation in discrete jumps in a
considerably reduced time.

Method and gating scheme of the invention: FIGS. 35

FIG. 3 illustrates some of the gating path connec-
tions from stages 10 and 17 to other stages of a Z3-stage
register. (FIG. 3 does not show the gating paths required
for these two stages to operate in the abbreviated rotate
mode.) Each stage is connected through individual gates
to 4 other stages, to both the left and the right, a total
of 8 in all. The numbers in parentheses indicate the
number of stages separating stage 10 or 17 from cach
of the stages to which it is connecied. The bit in stage 10,
for example, may be transferred directly in one step to
any one of the eight stages 2, 3, 6, 9, 11, i4, 17 and 18.

The connections of stage 17 to other stages are simtlar
to those for stage 10. Because rotation orders may be
executed as well as shift orders, bits shifted out of the
left end of the register are inserted in the right end. In
determining the relative positions of the stages the regis-
ter may be considered to be circular in shape with
stages 22 and @ being connected together. Thus the
stage 7 positions to the left of stage 17 is stage 1, and
the stage 8 positions to the left is stage 2. The connec-
tions from stage 17 at the left end of the register to the
right end are required only for a rotation operation. For
a shift operation, bits shifted out of the left end of the
register are not reinserted at the right end. Thus the bit
in stage 17 is shifted out of the register during left
jumps of 7 or 8 positions in a shift operation, The gat-
ing connections to stages 1 and 2 are never established
during a shift operation, and may be made only when
the register word is rotated 7 or 8 positions to the left.

FIG. 3 shows the connections required from stages 10
and 17 to the other stages for executing both rotate and
shift orders. These stages require additional gates for
abbreviated rotate orders to be exccuted, as shown in
F1G. 4. When operating in the abbreviated rotate mode,
stages 6-21 are treated as an independent register, with
each stage being connected to the others 1, 4, 7 and 8
positions away to both the right and the left. The con-
nections of stage 10 to the four stages to its left for the
abbreviated rotate operation arc the same as those in
FIG. 3. The connections to the right, however, are the
same only for the stages 1 and 4 positions away from
stage 10. In the abbreviated rotate mode, the stages 7
and & positions away from stage 18 to the right are
respective stages 19 and 18, rather than 3 and 2 as In
FIG. 3. Similarly, the connections of stape %7 to the
stages to its right in the abbreviated rotate mode are
the same as those in FIG. 3. Only two of the connec-
tions to the left, however, are the same, those to stages
18 and 21. The stages 7 and 8 posilions to the left of
stage 17 in the abbreviated rotate mode are respec-

tive stages 8 and 9, rather than stages 1 and 2 as in
FIG. 3.

All of the connections required from stages 10 and
17 to other stages are derived by combining those shown
in FIGS. 3 and 4. Thus stage 10 1s connected to all of
stages 2, 3, 6, 9, 11, 14, 17, 18 and 19, and stage 17 is
connected to all of stages 1, 2, 8, 9. 19, 13, 16, 18 and
21. It should be noted that the bit in stage 10 must reach
stage 18 when rotating 8 positions to either ihe right or
the left in the abbreviated rotate mode, and when shift-
Ing 8 positions to the left in executing shift or rotate
orders. Similarly, the bit in stage 17 must reach stage
9 when rotating to either the left or the right in the
abbreviated rotate mode, and when shifting 8 positions
to the right in executing shift or rotate orders. Thus only



3,800,692

7

one gating path is required to transfer the bit from
stage 10 to stage 18, the gafes in this path operating
when either one of two steps occurs—a jump to the left
of 8 positions in any mode of operation, or a jump 1o
the right of 8 positions in the abbreviated rotate mode.
Similarly, only a single gating path is required for con-
necting stage 17 to stage 9, the gates In this path also
operating on either cne of two jumps.

The various gate connection required for the entire
register may be cderived from an analysis similar to
that above for stages 10 and 17. An orderly pattern
would be obtained were it not for the abbreviated rota-
tion which is possible within stages 6-21. As can be
seen in FIG. 4, shifting of the bit in stage 19 fo the
left and the bit in staze 17 to the right is the same for
both shift, rotate, and abbreviated rotate orders. Devia-
tions occur when shifting the bit in stage 10 to the right
and the bit in stace 17 to the left, both in the abbreviated
rotate mode. In fact, the bits in stages 6-13 always go
to the same stages on the left, and the bits 1n stages
14-21 always go to the same stages on the right regard-
less of the type of order. It is only when these two
groups of bits move in the opposite directions that ad-
ditional connecticns must be made for carrying out
abbreviated rotate orders.

In FIG. 5 all of the connections reguired from stages
3 and 10 to other stages of the register are shown. The
connections from stage 3 to the four stages I, 4, 7 and
8 positions to both its right and left are the only ones
required for this stage; the abbreviated rotate mode re-
quires no additional connections because stage 3 is not
within the eroup 6-21. The connections for stage 10,
however, are all of those shown In both FIGS., 3 and
4, FIG. 3 showing the connections normally required
for shifting and rotating, and FIG. 4 showing the con-
nections required when the rotation is in the abbreviated
mode. From FIG. 5 it becomes apparent that certain
simplifications, in addition to those described with refer-
ence to FIG. 4, may be made in implementing the de-
sign of the system. For example, stage 11 may be a
destination of the bit in stage 10 on all types of orders
where the shifting is to the left, and may simtlarly be a
destination for the bit in stage 3 on all types of orders
where the shifting is to the left. Stage 2 may be a
destination for the bit in stage 19, or a destinaticn for
the bit in stage 3 in normal shift or rotate orders to the
right. Stage 19 may be a destination for the bit in stage 3
on rotate orders to the right, or a destination for the
bit in stage 10 on abbreviated rotate orders to the right.
Stage 18 may be a destination for the bit inn stage 10 on
all orders where shifting is to the left, or on abbreviated
rotate orders to the right. Stage 18 may also be a destina-
tion for the bit in stage 3 on rotate orders to the right.
Many simplifications may be made to avoid redundancy
in the implementation of the system. The system shown
in detail in FIGS. 6-21 has been simplified in a man-
ner based on the observation just made, and will be ex-
plained below.

Basic gate circuit used in illustrative embodiment
of the invention—FIG, 23

All of the gates used in the illustrative embodiment of
the invention are of the same type. The basic gate circuit
is shown in FIG. 23A, FIG. 23B showing the symbolic
notation for the gate used throughout the detailed draw-
ing. FIG. 23C is a table indicating the output of a two-
input gate for the four combinations of input signal levels.

The operation of the gate may be succinctly described
as follows: the output is low (0) only if all inputs are
high (1). Conversely, the output is high if at Jeast one
input is low. Throughout the illustrative embodiment of
the invention, low level {ground) signals represent 0's,
and high level signals represent 1's. Referring to FI1G.
23A, if all inputs are high all of the input diodes are
reverse biased. Consequently, current flows from source
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2300 through resistor 2301, diode 2302 and the base-
emitter junction of transistor 23Q1. The transistor con-
ducts and the output is short-circuited through the
transistor to ground. Thus, if all inputs are high, the
output is low. However, if at least one input is low,
current from source 2300 flows through the respective
input diode to the low level input source. Current does
not flow through diode 23902, and transistor 23Q1 remains
nonconducting. The collector of this transistor, the out-
put of the gate, is thus high, equal in magnitude to the
potential of source 2303. All that is required is for one
of the inputs to be low for the output to be high.

FIG. 23C illustrates the operation of the gate when
only two inputs are provided. The output of the gate IS a
1 if either input (or both) is a 0. If a particular gate has
four inputs, for example, the output will be a 1 if at
least one of the four inputs is a 0. With only one mput
a pate functions as an inverter. If the input is low the
output is high, and if the input is high the output 15 Jow.

The particular gate employed in the illustrative em-
bodiment of the invention is particularly advantageous
for the following reason. An AND gate may be com-
structed merely by connecting various gate outputs 10-
gether. Referring to FIG. 23A it will be noted that even
though transistor 23Q1 may not conduct, the output may
still be low if the output terminal is shorted to ground
through the transistor in some other gate whose output
terminal is connected to the collector of transistor 23Q1.
For example, if the outputs of four other gates are tied
to the collector of transistor 23Q1, the junction, ie., the
common output, will be a 0 if the ocutput of any one of
the gates is a 0. The common output will be high only
if all of the individual outputs are high. Thus if the ou!-
puts of four gates, each having three inputs, are tied
together, the common output of the four gates will be a
1 only if the output of each individual gate is a I. This
in turn requires that at least one input of each of the
cates be a (.

Detailed circuitry of a register stage: FIG. 25

The register in the illustrative embodiment of the in-
vention is comprised of 23 identical stages. Each stage
has six inputs and two outputs. The stages are numbered
00 through 22, and the details of each stage are shown
in FIG. 25. The two missing digits in the various con-
ductors serve to indicate that the circuit represents any
one of the 23 stages. Some of the stages have two SP
conductors as inputs, and the others have instead two
SPS conductors as inputs. The two types of inputs serve
the same function, and accordingly no differentiation 1S
made between them in FIG. 25. FIG. 25A shows the
register stage in block diagram form, this form being used
to represent a register stage in the detailed iHustrative
embodiment of the invention. FIG. 25D shows the actual
circuitry of one of these stages. FIG. 25B shows the
voltage level on each of the output conductors K—0 and
K—1 for each of the two states of the stage. When the
stage rtepresents a 0, the 0 output is high and the 1
output is low. When the stage represents a 1, the 0 out-
nut is low and the 1 output is high.

A binary value may be written info a stage in one of
two ways. The input information may originate from an
external source, or from the shifting circuitry. In other
words, the digit for a particular stage may come from
an external source, or from another stage in the register.
The inputs S—0 and S—1 from an external source are
required in order for new words to be written into the
register. Otherwise, the circuitry of the invention could
only shift and rotate the word initially stored in the
register when it is first constructed. The N—@ and N—1i
leads are used when writing a bit derived from another
stage. A pulse must first appear on each of the SP or
SPS leads in order for a bit derived from another stage
to be written into the stage.

When the state of the stage is a 0 transistor Q2 1is
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off, and transistor Q1 is on. These two transistors Com-
prise a flip-flop. When transistor Q2 is off the potential
of source 25090 is extended 1o output K—0, and this out-
put is high. Output K—1 is at this time shorted through
transistor Q1 to ground. Similarly, when the state of the
stage 1s a 1 transistor Q1 is off, and the potential of source
25¢1 is extended to output K—1. At this time output
K-—0 is shorted through transistor Q2 to ground. A 1 is
written into the stage from an external sourge when a
high level input is anpliad to Input conductor S—8, and
a low level input is applied to input conduactor S—1.
Diode 2504 is forward binsed and the potential of scurce
2503 is extended through it to ground. This action re-
moves the base drive from transistor (1 to turn this
transistor off. The potential of source 2503 is then ex-
tended to the base of transistor Q2 to turn this transistor
on, since diode 2502 is reverse biased (S-——6=—1), as is
tne cross-coupling diode 2522 to ihe collector of Q1.
Stmifarly, a € is wrilten into the stage when a high level
input is applied to input S—1, and a low level input is
applied to input S——0. At this time diode 2502 is forward
biased and transistor Q2 tarng off. Output K—1 goes low
and output X-—8 goes high.

The state of the stage may also be changed depending
on the signals apnlied to the inpuis N—0 and N—1, As
seen frem FIG. 25C if a high level signal is applied to
input N—90, and a low level signal to input N-—1, a2 0 will
be written in the stage, ie., output K—~0 will be high and
otiput K—1 will be low. Similarly, a 1 may be written
in the stage when input N—=© is low and input N—1 is
high, output K—0 going low and output K—1 going high
at this time. No matter what voltages exist on inputs
N-—0 and N—1, however, no change in the state of the
stage occurs unless both of the SP or SP§ inputs are
pulsed. These inputs are normally connected to ground.
The state of the stage may be controlled in accordance
with the potential at inputs N—@ and N-—1 only if high
level pulses are frst applied to both SP or SPS
conductors.

Suppose the stage is in the 0 state with transistor
conducting, and transistor Q2 off. To switch to the 1
state a high level signal must be applied to the N—1 in-
put. Transistor Q3 is normally nonconducting. The SP
or SPS lead is at ground potential and current from
source 23505 flows through either diode 250§ or both
of diodes 2506 and 2507 to ground. The base of tran-
sistor Q3 is thus held at ground potential and the tran-
sistor remains off. A positive potential applied to con-
ductor N—1 has no effect on the circuit as long as the
right-most SP or SPS conductor is grounded. Diode 2506
shorts the base of the transistor to ground independent
of the voltage on the N—1 input, Hoewever when the
SP or SPS conductor goes high diode 2506 is reverse
biased. Transistor Q3 remains off if conductor N—1 is
low in potential for diode 2507 now shorts the transistor
base to ground. But if input N—1 goes high both of
diodes 2506 and 2507 are reverse biased. At this time
transistor Q3 conducts, and the emitter of this transistor
goes high in potential. Diode 2598 is reverse biased, and
the junction of this diode and resistor 2509 is no longer
connected through the diode and resistor 2510 ta ground,
Current now flows from sounrce 2511 through resistor
2509, and charges capacitor 2512 through diode 2513
and transistor Q1 to ground. At the termination of the
pulse on the SP or SPS conducior transistor Q3 ceases
to conduct and the junction of capacitor 2512 and diode
2508 goes low. Capacitor 2512 begins to discharge
through diode 2514 and resistor 2515 to ground. The
negative potential applied to the base of transistor Q1
diverts the base drive to Q1 and turns this transistor off.
Due to the cross coupling between transistors Q1 and

Q2, transistor Q2 turns on at this time. Thus to switch
the stage to the 1 state a high level signal is applied to
input N—1. A low level signal is applied to input N—0:
transistor Q4 remains nonconducting and exerts no con-
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trol on the conduction of transistor Q2. When transistor
Q1 turns off transistor Q2 turns on.

Similarly, if transistor Q2 is conducting and a high
level signal is applied at input N—@ and a low level
signal at input N—1, transistor Q2 turns off and tran-
sistor Q1 turns on. The circuit is symmetrical and a
stimilar operation occurs each time the state of the stage
13 switched.

If transistor Q1 is off, 1.e., the stage is in the 1 state,
the high level signal on conductor N-—1 has no effect
on the circuit, The stage is already in the 1 state and
need not be switched. With transistor Q1 off the con-
duction of transistor Q3 has no effect on the circuit)
Capacitor 2512 is not charged because there is no path
through transistor Q1 to ground. Consequently when tran-
sistor Q3 turns off at the termination of the SP or SPS
pulse there is no discharge of the capacitor as it has not
charged to begin with. Similar remarks apply if the stage
iS in the (O state and 3 high level signal is applied at
imnput N—@.

In summary, the state of the stage may be controlled
by external complementary signals applied to inputs S—
( and S—1. The siate of the stage may also be controlled
by complementary signals applied to inputs N—@ and
IN—1. In the latter case no changes occur unless pulses
appear on the SP or SPS conductors, and the state of the
stage switches (if there is any change) only at the termi-
nation of the SP or SPS pulses.

Detailed illustrative embodimeny of the invention:
FIGS. 6-21

A 23-stage register is shown in FIGS. 19-21. Each of
the stages has respective S—@ and S—1 input conductors.
These conductors are extended to 2 write circuit (not
shown) and complementary signals on any pair of input
conductors control the state of the particular stage. The
invention is a circuit for manipulating the bits within the
register once they are first wrilten jnto it. The SPS con-
ductors are extended to each of stages 0-5 and 22. A
pair of SP conductors are connected to each of stages
6-21. Only the SP conductors £o high when the circuit
IS operating in the abbreviated rotate mode. Three suc-
cessive pulses may be applied to each of these conductors
for enabling three or fewer bits ta be successively written
into each of stages 6-21. The SPS conductors go high
along with the SP conductors only during a normal shift
Or rotate operation.

Each of the stages is also provided
N—@G and N—1 conductors.
control the writing of bits in
tion of SP or SPS pulses) in accordance with FIG. 25C.
Each stage is also provided with a K—0 conductor. In
FIG. 25D the detailed register stage contains two output
concuctors. However only one is required in the inven-
tion. A K—0 conductor is high if the respective stage
is in the O state, and is low if the respective stage is in
the 1 state. The potential on the K—08 conductor thus
provides all the information that is required regarding the
present state of the respective stage, and if is the K—¢
conductors which are used in the ilustrative embodiment
of the invention for determining the state of each stage,
(The K—0 and K—1 conductors of each stage may be
used for reading bit information out of the register when
it is required by other parts of the data processing SySs-
tem. The reading equipment is not shown since it is not
necessary for an understanding of the present invention.)

The input control information to the shift and rotate
circuit of the invention is of three kinds. First, it is
necessary to specify the type of operation: shift, rotate,
or abbreviated rotate. Second, the direction of the shjft-
Ing or rotation must be specified. Third, the magnitude
of the shift must be given.

The input information is derived on FIG. 6. A single
switch controls the application of complementary poten-
tials on conductors S8 and S1 on FIG. 0. When the switch
1s to the right, S1 is high, S& is low, and the shifting is

with a pair of
Signals on these conductors
each stage (at the termina-
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to the right. When the switch is in the left hand posi-
tion SO is high, S1 is low, and the shifiing is to the
left. Although in FIG. 6 the 1aput information 18 con-
trolled by a series of manually operated switches, it
<hould be understood that in a typical present-day data
processor the input information would be derived from
the electronic decoding of an order. The switches have
been shown only to simplify the drawing.

A single switch controls the application of a positive
or ground potential to the Q conductor, and another
switch controls the potential of the H conductor on FI1G.
6. The high petentials represent binary I’s, and the low
potentials represents binary 0’s. Table A shows the type
of order executed for the four combinations of H and
Q contro! signals:

TABLE A

]

' Type ol Order H | Q
Rotate . . e 1 1
Abbreviated Rotate__.__i 1 0
Sl e e oo Q 1
NONC o e - 0 O

The signals on the HC conductors are merely the com-
plement of the signal on the H conductor due to the in-
verting action of gate 001 on FIG. 6. Thus the potentials
on conductors Q and HC determine the mode of opera-
{ion, and the complementary signals on conductors SO0 and
S1 determine the direction of shifting.

On FIG. 6 five switches are provided for applying
complementary signals to the ten conductors QRO1
through QR40. When any switch s to the right the po-
tentials on the respective QR-0 and QR-1 conductors
represent a binary 1. When a switch is to the left the po-
tentials represent a binary 0. The five bits thus provided
are sufficient to represent shifts of any magnitude re-
quired for a 23-stage register. The switch connecting con-
ductor QRS50 to either a positive or ground potential con-
trols the complementing of the bits supplied by the other
QR switches. When conductor QR30 is at a positive po-
tential the potential on each of conductors QR#1 through
QR40 is extended to the respective one of conductors
E0_A1l. For example, when QRS0 is at a positive poten-
tial, the potential of EO is the inverse of the potential
of QRO1, and the potential of El is the same as that of
QR&1. When conductor QR50 is at ground potential the
potential on each of conductors E¢-Al is the inverse of

the potential on the respective one of conductors QRO1- '

QR4¢. The complementing action provided by the switch
connected to conductor QR30 is included in the 1llus-
trative embodiment of the invention to illustrate the
flexibility of the invention. The signals which directly
control the magnitude of the shift appear on conductors
EQ—A1, These signals may be derived in any known man-
ner, two of which (depending on the position of the QR 3V
switch) are shown in FIG. 6. Table B illustrates the po-
entials appearing on conductors EQ and E1 for each
position of the respective switch, and for each position of
the “complementing” switch. A “C” indicates that the in-

put bits are complemented, and a “C” indicates that they
are not.

TABLE B
QRO | QRO0 | QROL | QRS0 | 064 | 083 | K¢ | El
(1) 0 1 0O 1 1 1 0
0 1 1{C) 0 1 0 1
(0) 1 0 GLC) 1 0 0 i
1 0 1{C) 1 1 1 0
i d
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Assume that the rightmost switch of FIG, 6 15 in the right
hand position, i.e., it represents a binary 1. This is shown
in the table by a (1) in the QRO column. QRO0 is thus
at a low potential and QROI 15 at a high potential. If
OR50 is high (no complementing) positive potentials are
applicd to beth inputs of gate 064. The output is thus
low. Bacause conductor QRO$ is low in potential the out-
put of gate 663 would normally be high, as shown in the
table. But since the outputs of gates 663 and 064 are
tied together to form an AND gate, the low potentlal con-
trols and E0 is low. Gate G790 serves as an inverter and A §
is high in potential. On the other hand, if the potential
on conductor QRS% is low, to complement the 1 repre-
sented by the rightmost switch, the cutputs of both gates
063 and 064 are high. Conductor QRS59 1s connected to
one input of gate 064 and the O on this conductor causes
thz output of gate 664 to be high. Althcugh gate 031
inverts the potential on conductor QRS# and applics a
high potential to one input of gate 063, the other input 1s
connected to conductor QR@0 which is low. Consequently
the output of gate 063 is also high. Since both outputs
are high, conductor E0 is high and conductor El 1s low,
Similar remarks apply to the remaining four pairs of
switches and output conduactors DE-AT,

in summary, if any switch is to the right, representing
a binary 1, in the absence of complementing the respec-
tive one of conductors AD-E9 is low and the respective
are of conductors Al-F1 is high. 1f the input bit 1s com-
olemented the potentials are reversed. The particular cir-
cuit for supplying the potentials on conductors Al1-EQ
may be one of many. It is the polentials on these ten con-
duciors which control the magnitude of the shitt. A par-
ticular pair of conductors such as E9 and El represent
a1 if B8 is low and E1 is high, The same palr represents
a 0 if EQ is high and EX is low. The five bits represented
by the ten conductors AI-E® determine the magnitude
of the shift, with the rightmost digit being the least signif-
icant. Thus if the potentials on these ten conductors
represcnt the number 10010, the register word is shifted
18 positions. The direction of the shift is determined by
the potentials on conductors SO and S1, and the maode
of operation is determined by the potentials on conduc-
tors H and ().

The potentials on the four conductors HC, Q, S0 and
Si on FIG. 6 determine both the mode of operation and
the direction of the shift. The Q conductor is extended
to FIG. 7, and all four of conductors Q, HC, S0 and S1
are extended to FIG. 10. The circuitry of FIG. 7 will be
shown below to control the energization of the SP and
SPS inputs of the register stages. All the information re-

uired to determine whether the SPS conductors are to be
energized as well as the SP conductors may be determined
by the potential on conductor Q. As seen in Table A only
if the Q bit is 0 does the circuit operate in the abbreviated
rotate mode, i.e., only SP leads are energized. If the Q bit
is a 1 the operation is either a rotation or a shift, and the
SPS leads are energized together with the SP leads. Con-
sequently, the Q bit is sufficient to determine whether
the SPS leads are energized together with the SP leads.

The circuitry on the right half of FIG. 10 derives cer-
tain signals required to operate various gates in the sys-
tem. In a shift operaticn in either direction it 13 necessary
to write 0's in the stages at one end of the register. For
a shift to the right 0's must be writien in the leftmost
stages. For a shift to the left 0’s must be written in the
rightmost stages. The H conductor is low only for shiit
operations, as scen above in Table A, Consequently, only
in a shift operation is the HC conductor high. The S1
conductor is high for a right shift. Thus both inputs to
egate 017 on FIG. 10 are high for a right shift. The HR
conductor goes low only when a right shift is executed. At
this time the HL conductor is high because cenductor S0
is low. For a left shift conductor S1 is high. Thus when
shifting is to the left both inputs of gate 015 are high
and the HL conductor is low, If the order being executed
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is either rotate or abbreviated rotate, the HC conductor
18 low. Both the HIL and HR conductors are thus high
since it 1S not necessary to write 0’s at either end of the
register, In summary, the HL and HR conductors are both
normally high. The HR conductor goes low only when a
shiit order (as contrasted with both a rotate and ab-
breviated rotate order) is being executed, with the direc-
tion of the shift being to the right, The HL conductor is
normaily high and goes low only when an order to shift to
the leit is executed.

If voth the H and Q bits are 0 no order is to be exe-
cuted. The HC conductor on FIG. 10 is high at this
tinte, and a 1 1s applied to one input of gate 003. Gate
G399 iuverts the low signal on the Q conductor and ap-
plies a I to the second input of gate 003. The output of
this gate is thus low only if no order is to be executed.
The output of gate 003 is connected to one input of each
cf gates 004-0038, The clock pulser 1000 applies three
successive pulses to conductors CT0, CT1 and CT2, at
the times shown in FIG. 24. A first 0.5 microsecond Te
pulse is applied to conductor CTQ. This pulse controls
a first parallel shift of the bits in the register, A half
microsecond after the end of T0 a second Tl pulse is
applied 1o conducter CT1 to control a second parallel
snift of the bits in the register. A third 0.5 microsecond
T2 pulse is applied a half microsecond after the end of
Tl for controlling the third parallel shift of register
bits. The execution of any order requires approximately
only 2.5 microseconds. All of condnciors CT0, CT1 and
CT2 are normally low, and the outputs of gates 006008
are thus nermally high. The outputs of these gates go low
only in the respective time periods when a shift is to be
carried out. If an order is not to be executed however the
outputs of gates 006-008 should remain high. The out-
put of gate 003 is low when no order is to be executed.
This output is one input of gates 006-008, and conse-
quently the clock pulses are not transmitted through gates
006--008 unless an order has been given. Gates 018-020
serve as inverters. Thus successive positive pulses appear
cn conduclors 18T0, 10T1 and 10T2 when an order is
executed. Successive inverted pulses appear on conductors
IOTON, 10TIN and 10T2N.

The output of gate 003 is normally low and thus the
output of each of gates 004 and 005 js normally high.
When any of the three possible orders is to be executed
the output of pate 003 goes high. If the shift is to the
right conductor S1 is high and at this time the output of
gate €45 goes low. Similarly, when the shift is to the left
conductor SO goes high and the ocufput of gate 0064 poes
low. Gates 011 and 013 invert the signals at the outputs
of respective gates 004 and 005. Thus conductor (H4+Q)R
is normally low in potential, and goes high only when
the direction of shift in the order to be executed 1s to the
right. Conductor (H-+Q)L is normally low and goes high
only when the shifting in the order to be executed is to the
left. It will be noted that conductor (H4+Q)R changes in
potential on any order where the shifting is to the right.
Conductor HR on the other hand changes in potential
only on a shift order, as distinguished from the two ro-
tate orders, where the shifting is to the right. Similar
remarks apply to conductors (H4+Q)L and HIL..

The Q bit is a 0 only on abbreviated rotate orders.
Conductors QSN on FIG. 10 is thus therefore low only
on abbreviated rotate orders. Gate 002 serves as an in-
verter, and conductor QSA is thus high only on abbrevi-
afed rotate orders.

The first step in controlling the execution of an order
Is the determination of the magnitude of each of the
three steps or shifts required. The three displacements are
determined solely by the binary number represented on
conductors AI-E0 on FIG. 6. The ten signals on
these conductors are combined with the three clock pulses
on FIGS. 14 and 18. At the bottom of FIG. 18 are four
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conductors TS1, TS4, TS7 and TS8. These conductors
are normally high and go low when respective shifis of 1,
4, 7 and 8 positions are required. For example, assume
that the magnitude of the shift on a particular order is 13
positions. During the first clock pulse a negative pulsc
appcars on conductor TS1 and all bits in the regisier are

shifted one position. (The direction is determined by the
signals on conductors (H+Q)L and (H4+Q)R.) When the
second clock pulise is applied a negative pulse appears on
conductor TS8, and all bits in the register are shifted
another eight positions. When the third clock pulse is
applied a negative pulse appears on conductor TS4 and
all bits in the register are shifted the final four positions,
to make a total of 13. The circuitry on FIGS. 3-9, 11-13,
15-17 and 19-21 need not distinguish between the three
different clock pulses. All this circuilry needs to be told
1S the type of order, the direction of shift, and the num-
ber of positions to be shifted at any 1nstant. The transla-
tion of the magnitude of the shift into three or fewer
successive pulses on conductors TS1, TS4, TS7 and TS8
is accomplished on FIGS. 14 and 18.

The derivation of the three or fewer successive
on the TS conductors

pulses
from the three clock pulses and
the input signals on conductors A1-E0 proceeds as fol-
lows. Associated with each of conductors 10T0, 10T1
and 1072 is a plurality of conductors such as TOS1, TOS7
and TOS8. During clock pulse TO shifts of 1, 7 or &
positions are permitted. Similar remarks apply to clock
pulse T1. During the application of clock pulse T2 shifts
ot four positions are possible as well as shifts of 1, 7 or
5 positions. For this reason conductor 10T2 has con-
ductor T2S84 associated with it as well as conductors
T2S81 T287 and T2S8. On FIG. 14 the potentials on
conductors TOSI, TOS7 and TOSS are controlied by the
IO clock pulse. These three conductors are normally
high in potential. Conductor T0S1 goes low only if the
bits in the register are each tg be shifted one position
when the first clock pulse is applied. Conductor T0S57
goes low only if the bits are to be shifted seven positions
when the first clock pulse is applied. Similar remarks
apply to conductor T9S8. Conductor T1S1 goes Iow only
during the application of the T1 clock pulse if the bits in
the register are to be shifted one position in the second
step of operation. Similar remarks apply to conductors
T'187 and T1S8. Conductor T251 goes low only if the
bits in the register are each to be shifted one position when

the third clock pulse is applied. Similar remarks apply
to conductors T2S4, T287 and T2S8.

As described above it is not necessary to distinguish
beltween clock pulses as far as the remainder of the cir-
cuitry 1s concerned. For this reason conductors T6S1,
T1S1, and T2S81 are tied together to form an AND zate
on FIG. 18, conductor TS1 being connected to the junc-
tion. Each of conductors T0S1, T1S1 and T2S1 js nor-
mally high in potential. If any one goes low conductor
TS1 similarly poes low to control a shift of one position,
I*jor €xample as will be seen below for a shift of six posi-
tions the shifting takes place in steps of 1, I, and 4 posi-
ttons. Thus conductor TST goes low when both of clock
pulses T® and T1 are applied by the clock pulser. Simi-
larly, conductors T0S7, T1S7 and T2S7 are tied together
to form an AND gate, and a negative pulse may appear
on conductor TS7 when any one of the three clock pulses
is applied if during that time slot a shift of seven positions
i required. Similar remarks apply to conductors TOSS,
TI1S8 and T288, and conductor TS8. As for conductor
TS4, it is tied directly to conductor T2S54. Shifts of four
positions are possible only when the third clock pulse is
applied. Since there are no T0S4 and T1S4 conductors,
conductor TS4 is connected only to conductor T254. A
negative pulse may appear on conductor TS4 only in the
third step of operation if a shift of four positions is re-
quired.

The four conductors T51, TS4, TS7 and TS8 each 1S
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connected through an inverter to a respective one of con-
ductors S1, 84, S7 and S8 on FIG. 7. Thus a positive
pulse appears on one of these conductors whenever a shift
of the respective magnitude is required. A pulse may ap-
pear on at most one of conductors S1, S4, S7 and 58 at
any time. It is these four conductors which conirol the
actual parallel shifting of the bits in the register. Table
C indicates the steps required for any given displacement.

The output conductors A1-El carry the binary Dbits
whose decimal equivalents are shown in the *Shift No.”
column. For each possible shift magnitude the shifting
takes place in a maximum of three steps. The number
of shifts cceurring when each of the three clock pulses
is applied is shown in the third section of the table. The
fourth section shows essentially the same information as
the third, except that instead of merely showing the num-
her of shifts per clock pulse, the lcad which controls
the number of shifts is designated. For example, to shift
13 positions a puise appears on conductor TO0S1 when
the first clock pulse is applied, conductor T158 when the
second clock pulse is applied, and conductor T254 when
the third clock pulse is applied. The fifth section is an-
other representation of the same information, and merely
shows when each of the shift control conductors S1, 54,
S7 and S8 goes high. The last section shows when the
SP or SPS leads are energized. Whenever any shift oc-
curs during the application of a particular clock pulse
the SP or SPS leads must be energized to allow bits to
be written into the register stages. For example, to shift
five positions, shifts of 1 and 4 positions occur when the
respective first and third clock pulses are applied. Since
no bits are written into the stages, i.e., no shifting oc-
curs, during the application of the second clock puise,
the SP and SPS leads go high only during TO and T2.
(The SP leads go high as described above, on all orders.
The SPS leads go high only on shift and rotate orders,
not on abbreviated rotate orders.)

The interpretation of almost all of Table C is straight-
forward. The entries for a shift of 23 positions require a
bit more explanation. On a shift order, where the
shifting is 23 positions, the word in the register 1s shifted
completely out, and all ('s appear in the register.
It would be possible to shift 23 positions with two
shifts of seven positions each, and a third of eight.

As will be described below, however, it is simpler to de- |

rive a command to shift eight positions three times in
succession, and for this reason three shifts of eight posi-
tions each are provided when the entire word in the reg-
ister is to be erased. These three shifts each of eight posi-
tions should not be executed however for rotate and ab-
hreviated rotate orders of 23 positions in magnitude. The
asterisks in the last row of the table indicate that on ro-
tate and abbreviated rotate orders no action takes place
if the magnitude of the shift is 23 positions. A rotation
of 23 positions results in no change in the register con-
tents. Consequently an order to rotate 23 positions may
be ignored. An order to rotate 23 positions in the ab-
breviated mode is similarly ignored. It 1s not necessary
to ever give such an order. Since only stages 6-21 are
nvolved in the abbreviated rotate mode, all possible ab-
hreviated rotate orders may be given by specifying a shift
of 1-15 positions. If a number greater than 15 appears on
conductors A1-E1 the abbreviated rotate order is still
carried out. But the number of positions effectively shifted
is merely the number specified minus 16. Thus an order
to shift 21 positions in the abbreviated mode results In
three successive shifts of seven positions each. The final
contents of the register however will be the same as that
obtained on an abbreviated rotate order of only 5 posi-
Gons. If a shift of 23 positions is specified on an abbrevi-
ated rTotate order as shown by the astericks in the table

no shifts take place.

When clock pulse TO is applied one of conductors
T0S1, TOS7 and TOS8 may be energized with a negative
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going pulse. The logic circuitry tor deriving a pulse on
one of these three leads comprises two basic parts. A
positive pulse normally appears on conductor 10T® when
the first clock pulse is applied. However it will be noted
in FIG. 14 that the outputs of gates 101-105 are tied to
conductor 10T0. If the output of any one of these gates is
low the positive pulse does not appear on conductor 10T9.
If the positive pulse does not appear on conductor 10T
to begin with, no negative puise may resujt on one of
conductors TOST, T0S7 or T0S88. Conductor 1010 15 COn-
nected to one of the inputs of each of gates 106-110,
and if a O appears on conductor 10TQ all three conduc-
tors TOS1, T0S7 and TOS8 remain high in potential. As-
suming that the first clock pulse does appear on <of-
ductor 10T0, the output of one of gates 106-110 goes
low only if all of its inputs are high. If all of the input
conductors to one of the gates are high the correspond-
ing output conductor goes low.

The operation of the gates 101-110 may be best un-
derstood by considering a few examples. Referring to
Table C, consider all of the binary numbers whose re-
spective B1, D1 and E1 bits are one. The only two num-
bers having all 1’s in these three positions are 11 and 15.
For shifts of either 11 or 15 positions it is seen from the
tahle that none of conductors TOS1, TOS7 and TBS8 go
low when the first clock pulse is applied. Referring to
F1G. 14 it is seen that the three inputs to gate 101 are
conductors B1, D1 and El. Thus on an order to shift 11
or 15 positions all inputs to gate 101 are hich and the
output is low. Conductor 1979 13 shorted to ground and
the first clock pulse does not appear on It. Consequently,
none of gates 106-110 may operate and the outputs of
all of conductors T¢S1, TOST and TOS8 remain high.

Consider next gate 104 and its input conductors A0,
D and E6. The output of gate 104 goes low whengver
the three inputs are high. If conductors AU, D0 and EG
are high, conductors Al, D1 and FE1 are low. It will be
seen from the leftmost column of Table C that conduc-
tors Al, D1 and E1 are low when total shifts of 0, 4, 8,
and 12 positions are specified. Thus when the order 1S
to shift either 0, 4, 8 or 12 positions, gale 184 prevents
any pulse from appearing on oue of conductors TGS1,
TO0S7 and TOS8. Referring to the columns headed TOS1,
T0S7 and TOS8 it is seen that none of these conductors
coes low when shifts of U, 4, 8 or 12 positions are speci-
fied.

Assume now that at least one of the inputs to each of
aates 101-105 is low, and that a pulse dogs appear On
~onductor 10T0 when the first clock pulse 1s applied to
conductor CT® by pulser 1809. If conductor A0 is high
gate 106 operates and conductor T0S1 goes low. If boih
conductors Al and D1 are high, or all three of conduc-
tors Al, C1 and E1 are high the respective one of gates
107 and 108 is operated, and conductor TOST7 goes low.
Similar remarks apply to gates 109 and 119, and conduc-
tor TOSS8. Consider, for example, that bits Al1-E1 repre-
serit a shift of 17 positions, i.e., the bits on conductors
A1-E1 form the binary number 10001. Conductors Bl
and D1 are low and thus the output of gate 101 is high.
All three of conductors B1, C1 and D1 are low and the
output of gate 102 is high. Conductors C1 and D1 are
low and the output of gate 103 is high. Conductors A0
and EG are low and the output of gate 104 is high.
Finally, conductor B1 is low and the output of gate 105
is high. Thus conductor 10T goes high when the first
clock pulse is applied. However, gate 106 does not op-
erate. Conductor AQ is low, and the output of gate 106
remains high., Conductor D1 is low and the output of
sate 107 remains high. Conductor C1 is low and the out-
put of gate 108 rcmains high. Since the outputs of gates
106108 remain high a negative pulse does not appear
on either of conductors T0S1 or T0S7. Conductor EQ 1s
low and the output of gate 182 would normally be high.

However, conductor TOS8 goes low because gate 110
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operates. All of bits Al, C0 and DO are high. The output
of gate 110 goes low and a negative pulse appears on
conductor T0S8. Thus in FIG, 18 conductor TS8 goes
low, and on FIG. 7 a positive pulse appears on condic-
tor S8. This positive pulse controls an eight position shift
of all bits in the register. As seen in Table C if a shift
of 17 positions is specified conductor TOS8 goes low when
the first clock pulse is applied, resulting in conductor S8
ooing high.

A similar scheme is provided for deriving pulses on
conductors T1S1, T1S7 and T1S8 and conductor T251,
T2S4, T2587 and T2S8. Shifts when the second clock pulse
is applied may be inhibited if any one of gates 111-113
is operated, Even if the outputs of these gates remain high
a negative pulse appears on one of conductors T1S1, T157
or T1S8 only if the second one of the mputs to one of
gates 121-123 goes high. Continuing with the example
~bove where a shift of 17 positions is specified, from
Table C it is seen that conductors C1 and D1 are low.
The output of gate 111 remains high. Conductors A0,
B0 and DO are all low and the output of gate 112 re-
mains high. Conductor B1 is low and the output of gate
113 remains high. Consequently a positive pulse appears
on conductor 10T1 when a second clock pulse is applied
to conductor CT1 by pulser 1000. Conductor T151 re-
mains high however. Conductor A0 is low and the out-
put of gate 114 is high. Conductors B1, D1 and EO are
low and the output of gate 115 is high. The junction of
the outputs of gates 114, and 115 is thus high, and the
output of inverter gate 119 is low. This output is one of
the inputs of gate 121 and conductor T151 remains high.

Both conductors D1 and EO are low and the output
of gate 116 remains high. Conductor C1 is low and the
output of gate 117 is high. Conductors A0 and D1 are
low and the output of gate 118 is similarly high. Since
all three outputs are high the junction is similarly high
in potential. The signal is inverted by gate 120 which
applies a low input to gate 122. Conductor T1S7 also
remains high. However the second input of gate 123 1S
high and this gate operates at this time. A negative pulse
appears on conductor T1S8, (The term “negative pulse”
throughout this description refers to the potential of a
conductor going from a positive value to ground, since
the output of the basic gate utilized in the circuit is
either positive or ground.) The negative pulse on con-
ductor T1S8 appears on conductor TS8. Inverter 207 on
FIG. 7 again applies a positive pulse on conductor 58
to control the shifting of all bits in the register by eight
positions. Referring to Table C it is seen that this is the
desired result. When the second clock pulse T1 is ap-
plied, conductor T1S8 pgoes low and conductor S8 goes
high.

Similar remarks apply to conductor 10T2 and the
various gates on FIG. 18. Gates 151-155 prevent a posi-
tive pulse from appearing on conductor 10T2 when par-
ticular combinations of bits are specified on conductors
AI1-F0. However, even if a positive pulse does appear on
conductor 10T2 at most one of gates 166-169 may
operate, the particular gate which operates depending
upon the various operations of gates 156-165. An anal-
ysis similar to those above will show that when the third
clock pulse is applied, gate 166 operates to apply a nega-
tive pulse to conductor T2S1 if the shift specified 1s 17
pOsitions.

The operations of the gates on FIGS. 14 and 18 may
be described by a series of Boolean equations. The po-
tentials, or bit values, on conductors TO0S1, T0S7 or
T0S8 may be easily defined after first defining an inter-
mediate signal T0. T0 is the bit value on conductor 10T0.
It is a 1 only if the outputs of all of gates 101-105 are
high when the pulse on conductor 10T0 (represented as
10T0 in the eguation) is applied. In the following expres-
sion defining TO a number appears under each paren-
thesis. This number identifies the gate on FIG. 14 which
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contributes the respective factor to the overall eXpression.
TO is defined as follows:

TO0=(10T0) (Al B1)’ (A0 DO E0)" (C1 Dl E1) (Bl C1 D1}’
018 135 104 103 102
(B1 D1 E1)
101

The signals on conductors TO0SI, TOS7 and TOS8 may
then be defined in terms of TO. It is to be remembered
that the values of T0S1, T0S7 and TOS8 are normally 1.
Each conductor goes negative in potential only when a
shift of the respective number of positions s to occur
when the first clock pulse is applied. In the following
three expressions the number under each parenthesis again
indicates the gates in which the respective factor con-

tributing to the overall expression is formed:
T0S1=(T0 A0)’
106
T087=({T0 Al D1’ (T0 Al C1 E1Y
107 108
ToSs=(To Al C0o DO)’ (T0 D0 EQ’
110 109

In a similar manner an expression for T1 may be
defined. The bit values on conductors T151, T157 and
T1S8 may then be defined in terms of the expression
for T1:

Ti={10T1) (Al B1l)* (A0 Bo Do)’ (B0 C1 D1 E’

019 113 112 111
T181=(T1 A0 B0)’ (T1 Bl Co D1 E0)’
114, 119, 121 115, 119, 121
T188=(T1 A0 C0 D1’ (T1 A1 C1 E1)’ (T1 D1 E0)’
118, 120, 123 117, 120, 123 116, 120, 123
T187=(T181- T188)’
192

It will be noted that once the expressions for T151 and
T1S8 are formed they may be used for defining T157.
On FIG. 14 the junctions of the outputs of gates 116-118
and 114—115 are used for controlling the derivation of the
signals on conductors T1S1, T157 and T1NS8.

In a similar manner expressions for T2 and then T251,
T2S4, T2S7 and T2S8 may be defined as follows:

T2=(10T2) (A0 C0 D0)’ {A0 B0 C0 EB)’ (CO DO ED)’
020 154 152 153
(A1 C1 D1 El)’ (Al BYY
151 156

T281=(T2 A0 By CO)’ (T2 CO DO’
157, 163, 166 156, 163, 166

T287=(T2 Al C1 E1)’ (T2 B1 C1 D1)’ (T2 C1 DI El)’
160, 164, 168 159, 164, 168 158, 164, 168

T288= (T2 A0 CO0 E0)’ (T2 A1 Ct DY’
162, 165, 169 161, 165, 169

T254= (T 281.T287.T288)’
167

The expression for T254 is simplified because the signals
used for deriving the values of all of T2S1, T287 and
T2S8 are used for deriving the value of T254, This may
be seen on FIG. 18 where each of the signals T2S1, T257
and T2S8 is applied as one of the inputs of gate 167.

Gates 209 and 210 on FIG. 18 are provided for con-
trolling three successive shifts of eight positions each if
a 23-position shift order, as distinguished from the two
rotate orders, is specified. Referring to Table C it will be
recalled that if a shift of 23 positions is specified three
shifts of eight positions each occur in the execution of the
order. But if the order is to rotate in either the normal
or abbreviated mode, no action takes place. A shift of
23 positions is specified by the binary number 10111.
Thus all of conductors A1, B0, C1, D1, and E1 (five of
the seven inputs of gate 209), are high. Conductor HC
is high only on shift orders as described above. Conduc-
tors 10TON, 10TIN and 10T2N are all normally high,
and thus the output of gate 210 is normally low. How-
ever when a clock pulse is applied one of these three
conductors goes low and the output of gate 210 goes high.
Thus if a shift order is given, and the number of posi-
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tions specified is 23, the normally high output of gate
209 goes low on each of the three clock pulses. The out-
put of gate 209 is connected directly to conductor TS8,
and thus a negative pulse appears on this conductor with
the application of each clock pulse to control three suc-
cessive shifts of eight positions each as desired.

The purpose of the circuitry on FIGS. 14 and 18 is
o provide positive going pulses on conductors S1, S4,
57 and S8 on FIG, 7. A pulse appears on at most one of
these conductors when each of the three clock pulses is
applied. Gates 211-218, 221 and 224 on FIG. 7 control
the energization on the SP and SPS conductors. It will
be recalled that before any bit may be written into a
register stage the respective SP or SPS conductors must
go high, the bit being written at the termination of the
pulses. On shift or normal rotate orders all stages of the
register have bits written into them. Consequently on
these orders both the SP and SPS leads are energized. On
abbreviated rotate orders only the SP leads, connected
to stages 6-21, are energized. Conductors S1, S4, S7 and
58 on FIG. 7 are normally low. The outputs of all of
gates 211-218 are thus normally high. Inverters 221 and
224 thus normally provide ground potentials on conduc-
tors SP and SPS. When any one of conductors 51, S4,
S7 or S8 goes high the output of one of gates 211-214
goes low. The junction is thus low and the SP conductor
goes high. Thus when any shift occurs, no matter what
the order, a positive pulse is applied to conductor SP;
stages 6-21 may have bits written into them on any type
of order.

Each of gates 215-218, in addition to having one of
conductors S1, S4, S7 and S8 connected to one of its
inputs, has one of its inputs connected to the Q conduc-
tor. Referring to Table A it is seen that this conductor
1s high on rotate and shift orders, and it is low on ab-
breviated rotate orders. Thus on abbreviated rotate orders
one input of each of gates 215-218 is low and all of the
outputs are high. Conductor SPS remains low even if a
positive pulse appears on one of conductors S1, S4, S7
or 58. On abbreviated rotate orders stages 0-5 and 22,
to which the SPS conductor is connected, cannot have
bits written into them. However on rotate and shift
orders when the Q conductor is high, one of gates 215-
218 may operate if the respective one of conductors S1,
S4, S7 or S8 is high. On rotate and shift orders a posi-
tive pulse appears on conductor SPS whenever a shift
occurs during the application of a clock pulse.

Before proceeding to the description of FIGS. 8, 9,
11-13 and 15-17, the circuitry which controls the writ-
ing of bit values into the register stages, a review of the
various signals controlling the operation of this circuitry
will be helpful. The potentials on conductors K000—
K220 represent the bit values in the 23 respective register
stages. These conductors control the operations of the
gates on the above figures, the gates in turn . applying
potentials to conductors N000-N221 which control the
writing of bit values into the register stages. A positive
pulse appears on the SP conductor whenever a shift is
to take place, i.e., whenever a positive pulse appears on
one of conductors S1, S4, S7 and S8. A positive pulse
appears on conductor SPS only if the circuit is operating
in the shift or normal rotate mode. The positive pulse on
one of conductors S1, S4, S7 or S8 controls the magnitude
of the shift during the application of each clock pulse,
On FIG. 10 conductors HL and HR control the writing
of 0’s into the end stages of the register whenever a
shift order, as distinguished from either rotate order, is
executed. The complementary signals on conductors QSA
and QSN distinguish between an abbreviated rotate order,
and either a shift or normal rotate order. Finally, the
potentials of conductors (H+Q)L and (H+Q)R indi-
cate whether the shifting of the bits in the register is to
the right or the left.

As mentioned above the circuitry of FIGS. 8, 9, 11-13
and 15-17 controls the writing of bits into the register
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stages. These figures may be best understood by consid-
ering FIGS. 11 and 15 separately from the others. Each
of the other figures includes gates which apply the com-
plementary signals to the N-0¢ and N-1 conductors for
writing the bit values into the various register stages,
The circuits on FIGS. 11 and 15 derive signals which
feed into the gates on the other figures. The signals de-
rived on FIGS. 11 and 15 may be called “destination
signals.” These destination signals are derived from the
signals on the KO000-K220 conductors, and frem the
signals on the QSA, QSN, (H4-Q)L and (H+Q)R con-
ductors. The destination signals are combined in FIGS.
8, 9, 12, 13, 16 and 17, together with HR, HL, S1, S4,
S7 and S8 signals, to produce the writing signals on the
N-0 and N-1 conductors.

In the following analysis of FIGS. 11 and 15 no djf-
ferentiation is made between shift and normal rotate
orders. In fact, the destination signals are derived without
taking into account the fact that O’s must be written in
the end stages of the register on shift orders. As far as
FIGS. 11 and 15 are concerned shift and normal rotate
orders are treated alike. On a shift order either the HL
or HR conductor is low and 0’s will be written into the
stages at one end of the register, as will be described
below. The destination signals are derived however in the
same manner for both shift and rotate orders. In FIGS.
11 and 15 the only distinction between the various orders
1s that made between abbreviated rotate orders on the
one hand, and shift and normal rotate orders on the
other. -.

The destination signals are of the form (34-105)R,
or 10L. The latter signal is interpreted as follows: the Sig-
nal is normally high and remains high if a shift order, as
distinguished from an abbreviated rotate order, to the left
1S being executed, and the bit in stage 10 of the register is
a 1. The expression (3-4+108)R is interpreted as follows:
the destination signal is normally high and remains high
if the bit in stage 3 is a 1 and a shift order to the right is
being executed, or the bit in stage 10 is a 1 and an order
to shift to the right in the abbreviated rotate mode is he-
ing executed. An S in a destination signal foliowing the
number of a stage limits the control of the respective sig-
nal by that stage to those instances in which an abbrevi-
ated rotate order is being executed. An L or R following
a stage number or a parenthesis indicates that the control
of the respective conductor is limited to shifts in either
the left or right direction.

The reason for deriving destination signals in this man-
ner is the following. Consider the signal (34-10S)R. Re-
ferring to FIG. 5 it is seen that the bit in stage 3 may be
written into stages 2, 22, 19 or 18 on shift or rotate orders
to the right (except that in shift orders it is blocked from
stages 22, 19 and 18). On abbreviated rotate orders to the
right, the bit in stage 10 may be written into stages 9, 6,
19 and 18. The signal on the lead (3-1-105)R represents
the bit value in either stage 10 or stage 3 on any order
where the shifting is to the right, the bit in stage 3 con-
trolling the signal on shift and rotate orders, and the bit
in stage 10 controlling the signal on abbreviated rotate
orders. Conductor (3+4105)R is extended to the various
gates which control the writing of bits into stages 2, 22,
19 and 18. These are all the stages into which the bit 1n
stage 3 may be written on orders where the shifting is to
the right. On abbreviated rotate orders to the right, the
bit in stage 10 may also be written into stages 18 and 19.
The bit to be written into stages 18 and 19 may come
from neither of stages 3 and 10, or from one of them, but

obviously never from both for any one order. In execut-

ing different orders the bit value may come from one of
these two stages so it is convenient to connect both of
them to the writing gates for stages 18 and 19, but to con-
trol the signal on conductor (3--10S)R in accordance
with either the bit in stage 3 or the bit in stage 10 depend-
ing on the type of order. A single conductor is thus used
o transmit appropriate writing information not only for
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more than a single stage, but from more than a single stage
as well. In addition to stages 18 and 19 the bit in stage 19
is directed via conductor (3+10S)R on abbreviated ro-
tate orders to the writing gates for stages 2 and 22. It
will be recalled that on abbreviated rotate orders the SPS
conductors for these stages are not pulsed. Consequently,
on abbreviated rotate orders the bit in stage 10 has no ef-
fect on these stages.

The bit in stage 10 may also control the writing into
stages 9 and 6 on abbreviated rotate orders, and the writ-
ing into stages 9, 6, 3 or 2 on right shift or rotate orders.
Another destination signal is provided for these purposes.
Conductor 10R, the signal on which is controlled by the
bit value in stage 10, controls the writing of bits into
stages 9, 6, 3 and 2. Stages 9 and 6 may be written into
on shift, normal rotate, and abbreviated rotate orders to
the right, and consequently the destination signal on con-
ductor 10R controls the writing of the bit in stage 10 into
stage 9 or 6 on any order, including an abbreviated rotate
order. It also controls the writing into stage 3 or 2 on shift
or normal rotate orders to the right when the SPS con-
ductors are pulsed as well as the SP conductors. Thus only
two conductors {34+10S)R and 10R, are required to
transmit the two bits in stages 3 and 10 to the writing
gates of all the four and six respective stages into which
bits may be written on orders where the shifting is to the
right. The particular writing gates which operate depend
on the pulsing of one of conductors S1, S4, 57 or S8.

Table D shows the stages controlled by each of the des-
tination sigmals when the shifting is to the right. The right-
hand column “Stage Destination” indicates the stages
whose bit values may be controlied by the associated “Des-
tination Signal” in the left-hand column. Each destination
signal of course controls the writing of a bit into only one
of the four associated states. The particular one of the
four is determined by the pulse on one of the conductors
S1, S4, S7 or S8. Table E is interpreted in the same man-
ner, and shows the destinations of the various signals de-
rived on FIGS. 11 and 15 on any order where the shifting
is to the left.

TABLE D TABLE E

Right Shift, Rotate or

Left Shilt, Rotate or
Abbreviated Rotate

Abbreviated Rotate

Destination Stage Destination Stage
Sipnal Destination Signal Destination
(24+620R__ ... 91,18,15,14 |1 6L__. .. ____._. 07,10,13,14
{(0+7S)R _______. 2 19,16,15 1] 7L __._____. 08,11,14,15
74 . 06, 03, 00, 22 |} 8L, _ 09,12,15, 16
(1-+83)R___.___.. 00,20,17,16 || 9L ___ ... 10,13,16,17
BR .. .. : 07,04, 01,00 | 10L__ 11, 14,17, 18
(2H9DR__. . ... 01,21,18,17 {| 131l ... ... 12,15,18,19
QR _ . ... 08,05 02,01 1 12 .. .. 13,16,19, 20
(3105 )R .. ... 02, 22,19, 18 |t ¥3L__ .. ____. 14,17, 20, 21
10K . . .- 09,06,03,02 || 14L_ ... ... 15,18, 21, 22
4+11SY R .. 03,00,20,19 || 16L___ . _..._. 16,19, 22, 0
) ) 2 = 10,07, 04,03 || (224+158) L. - _. 00, 03, 06, 07
(5128 R ... 04, 01,21,20 1y 161 ___ . _.__- 17, 20, 04, 01
12R . . 11, 08,05,04 || (04165)L..... 01, 04, 07, 08
{(64-133)R ... ___ 05,02,22,21 || 17L_ . __.__... 18, 21, (1, 02
13R ) 12,09, 06,05 || (14-178)L_.__. 02, 05, 08, 34
14R_ .. 13,10,07,06 {| 18L. .- ______. 19, 22,02, 03
18R . 14,11, 08,07 || (2+185) L. ___. 03, 06, 09, 10
K 3 A 15,12,00,08 |} 19L__ .. . .. 20, 00, 03, 04
1TR .- 16,15,10,09 |1 (34195 L. ___ 04, 07,10, 11
IsK__ ... 17,16,11,10 ] 201 . ... 21,01, 04, 05
19R . 18, 17,12, 11 || (4+208)L._.__ 05, 08, 11,12
208 . s 19,18,13,12 [} 21L. . _____.... 22, 42, 05, 06
21K .. . 20,19,14,13 }| (54+218)L__ ... | 06, 09,12, 13
1 .

Before the operation of the circuitry on FIGS. 8, 9,
12, 13, 16 and 17 is described a few examples illus-
trating the derivation of the destination signals will be
helpful in understanding the invention. Consider for €x-
ample destination signal conductor (34105)R on FIG.
11. This conductor is connected to the outputs of both
pates 362 and 258. Conductor (H4+ Q)R is normally low
in potential and the output of gate 258 is therefore nor-
mally high. When a shift or rotate order, as distinguished
from an abbreviated rotate order is executed, conductor
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QSN is high. Thus on a shift or normal rotate order to
the right, both conductors QSN and (H+Q)R are high.
The third input to gate 258 is conductor KO30. This con-
ductor is high if the bit value in stage 3 of the register
is a 0. Thus the output of gate 258 is normally high,
but goes low whenever a shift or normal rotate order to
the right is executed if the bit in stage 3 of the regis-
ter is a 0. When the output of conductor 258 goes low
destination signal (34+10S)R goes low, Consider now
cate 362. The output of this gate is also normally high
since conductor (H+Q)R is normally low. This conduc-
tor goes high when the shifting is to the right. Conduc-
tor QSA is high only on abbreviated rotate orders. The
third input to gate 362 is conductor K100 which is high
only if the bit value in stage 10 of the register is a 0.
Thus the output of gate 362 goes low only on abbreviated
rotate orders to the right if the bit in stage 10 is a 0.
The outputs of gates 258 and 362 are both normally
high. The signal on conductor (34 10S)R is thus normal-
ly high, and may go low under the control of either gate
258 or 362. The output may go low due to the action of
only one of these two gates at any time because only one
of conductors QSA or QSN, each connected to a different
one of the two gates, may be high at any time. Thus des-
tination signal (34 10S)R is normally high, and goes low
only if an abbreviated rotate order to the right is being
executed and the bit in stage 10 is a 0, or a shift or nor-

mal rotate order to the right is being executed and the
bit in stage 3isa 0.

Consider next destination signal conductor 12L. Con-
ductor (H+Q)L is normally low and conductor 12L 18
thus normally high. This conductor goes low on any
type of order when the shifting is to the left if the bit
in stage 12 of the register, whose respective conductor
K120 is the second input of gate 355,15 a 0.

Consider now destination signal conductor (5+421S}L
on FIG. 15. The output of gate 303 is normally high be-
cause input conductor (H4Q)L is normally low, and the
output of gate 253 is normally high because its input
conductor (H4-Q)L is again low. Thus destination sig-
nal (54+21S)L is normally high, and goes low only if the
output of one of gates 303 or 253 goes low, Gate 253 op-
erates if its three input leads all go high. Conductor QSN
goes high on shift and normal rotate orders. Conductor
(H4+Q)L goes high on any order where the shifting is
to the left. Conductor K050 is high only if the bit in
stage 5 of the register is a 0. Thus destination signal
(54+218)L is low whenever a shift or normal rotate order
to the left is executed if the bit in stage § of the register is
a 0. Similarly, the output of gate 303 goes low if its three
input conductors are all higher. Conductor (H4+Q)L is)
high on any order if the shifting is to the left. Conduc-
tor QSA is high only when an abbreviated rotate order
is being executed. Conductor K210 is high if the bit n
stage 21 is a 0. Thus gate 303 controls destination signal
(54-21S)L to go low whenever an abbreviated rotate
order to the left is executed if the bit in stage 21 1s a 0.

As a final example consider destination signal conduc-
tor 19R on FIG. 15. Gate 308 has only two imputs, con-
ductors (H4+Q)R and K190. Thus conductor 19R goes
low whenever an order in which the shifting is to the right
is executed provided the bit in stage 19 of the register
isa Q.

The destination signal on each of the similarly labeled
output conductors on FIGS. 11 and 15 may be deter-
mined in a like manner. All of the destination signals are
normally high, i.e., they normally represent binary 1’s.
Some of the destination signals are controlled by the bit
value in only one stage of the register, on any order where
the shifting is either to the left or to the right. Destina-
tion signals 10L and 19R are exemplary. The other desti-
nation signals are controlled by bit values in either one
of two register stages. If the bit in the first stage 1s a O
on a shift or normal rotate order and the shifting is in
a particular one of the two directions, the destination
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signal is a 0. If the bit in the other stage is a 0 and an
abbreviated rotate order in the same direction is being
executed, the destination signal is again low. These com-
bined destination signals may be controlled by the value
in only one of the two specific register stages, depending
on whether a shift or normal rotate order is being
executed, as distinguished from an abbreviated rotate
order. As seen in Tables D and E the destination signal
conductors are used in determining the bit values to be
written into the register stages. Each destination signal
conductor is an input of a writing gate for four different
stages. Which one of the four gates actually controls the
writing of a bit in the respective stage depends on whether
the shift taking place is 1, 4, 7 or 8 positions. Further-
more, on shift orders the HR or HL conductors control
the writing of 0’s into the end stages of the register no
matter what the values of the various destination signals
extended to each group of writing gates on FIGS. 8, 9,
12, 13, 16 and 17,

The operation of the writing gates may be understood
by considering a typical example. Gates 401-404 and
417 on FIG. 8 control the writing of the bit into stage
22 of the register (provided the SPS conductors are
pulsed). If a shift order to the right is being executed
conductor HR is low. This conductor 1s one input of
each of gates 401-404. Consequently on a right shift, the
output of each of these four pates is high, Conductor
N220 is high and conductor N221 is low. As seen in FIG.
25C these are the signals required to write a 0 into stage
22 of the register. The SPS conductors connected to stage
22 of the register are pulsed on every shift order, i.e.,
whenever conductor HL or HR goes low, because as seen
in Table A when a shift order is executed the Q bit is a 1.
The Q bit controls the pulsing of conductor SPS on FIG.
7, and a 0 may be written into stage 22,

The output of only one of gates 401-404 can go low
at any instant. Each of the SI, S4, 87 and S8 conductors
is an input of a different one of these four gates. These
conductors are normally low and the outputs of all the
gates are therefore normally high. Since only one of the
S1, 5S4, S7 and S8 conductors may go high at any time
only one of the four gate outputs may go low. One of
these four conductors goes high, and only if the other
inputs to the same gate are high does the output go low.
When the output goes low conductor N220 is low and
conductor N221 is hish. When the SPS pulse terminates
a 11s written into stage 22 of the register. |

Assume that a shift order to the right is not being
executed, and that therefore a 0 should not necessarily be
written in stage 22. Conductor HR is high and therefore
does not control the automatic writing of a 0 into stage
22. The bit in stage 22 remains unchanged if an abbrevi-
ated rotate order is executed because the SPS conductor
i1s not pulsed. For this reason, if a bit (other than an
automatic 0 on a right shift order) is to be written into
stage 22, the order being executed must be either a left
shift, or a left or right rotation. As far as stage 22 is con-
cerned there is no difference between a left shift and a
left rotation. In either case if the shift is of one position
the bit in stage 21 must be written into stage 22. Similarly,
if the shift is of 4, 7, or 8 positions, the bits in respective
stages 18, 15 and 14 must be written into stage 22.

Assume that the shift is of eight positions and that of
conductors S1, S4, $7 and S8, only S8 is high, Gates 402-
404 are not operated. Three of the inputs to gate 401 are
high. Conductor HR is high because this conductor goes
low only on a right shift, Conductor S8 is high because
a shift of eight positions is taking place. Destination sig-
nal conductor 7R is high because this conductor goes low
only when the shifting is to the right and the bit in stage
7 is a 0. Thus the output of gate 401 depends solely on
destination signal 14L. This signal is low only when the
shifting is to the left and the bit in stage 14 is a 0. If the
bit in stage 14 is a 0 the output ofgate 401 is high and a
0 is written into stage 22 because the outputs of al] of
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gates 401-404 are high. If however the bit in stage 14 1s a
1 destination signal 14L is high, all four inputs of gate
401 are high, and the output is low. Conductor N220 is
low, conductor N221 is high, and a 1 is written into stage
22. Thus on a shift of eight positions to the left the bit
in stage 14 is written directly into stage 22.

Similarly, if the shift to the left is of seven positions
gate 402 controls the writing of the bit into stage 22. The
outputs of gates 401, 403 and 404 are their usual high.
Three of the inputs, HR, S7 and (64-13S5)R, to gate 402
are high. Gate 402 goes low only if conductor 15L is
high. Thus a 1 is written into stage 22 of the register only
if a 1 is in stage 15 of the register prior to the shift. If a
0 is in stage 15, a 0 is writlen into stage 22 at the ter-
mination of the SPS pulse. Similar remarks apply to gate
403. On any shift to the left of four positions the bit in
stage 18 Is transferred to stage 22.

On a shift to the left of only one position three of the
inputs to gates 404, conductors HR, S1 and (0+7S)R,
are high. The fourth input, conductor (214+14S)L is
normally high and goes low on either of two conditions:
the bit in stage 21 is a 0 on any order when the shifting is
to the left, or the bit in stage 14 is a 0 on an abbreviated
rotate order to the left. If an abbreviated rotate order {o
the left is being executed and the potentials on conduc-
tors N220 and N221 are controlled in accordance with
the bit in stage 14, stage 22 remains unchanged because
the SPS conductor is not pulsed. The SPS conductor is
pulsed only on shift and normal rotate orders. 1f a left
shift or rotate order is being executed the bit in stage 21
controls destination signal (21+14S)L. If this bit is a 0,
a 0 is written into stage 22: if it is a 1, a 1 is written into
stage 22. In effect, the 14S part of destination signal
(214-14S)L is never used as far as stage 22 1s concerned
because whenever the bit in stage 14 controls the potentials
of conductors N220 and N221 stage 22 remains unchanged
because the SPS conductor is not pulsed to begin with.
It would be sufficient to provide a destination signal of the
form 21L as an input to gate 404, rather than destination
signal (21+4+14S)L. Destination signal (214-148)L is re-
quired however for others of tha writing gates. Rather
than form a separate destination signal 21L, destination
signal (21414S)L may be used because the 14S part
of the signal may exert no control on stage 22. The 145
part of the signal controls the signal value only on ab-
breviated rotate orders, and when such orders are executed

the bit in stage 22 remaijns unchanged becaused the SPS
conductor is not pulsed.

Thus far the writing of bits into stage 22 on any order
where the shifting is to the left, and on shift orders (as
distinguished from either of the rotate orders) to the
right have been considered. The only remaining types of
orders to be considered are normal rotate and abbreviated
rotate orders to the right. It will be noted that destination
stignals (64-13S)R, (3-+10S)R and (04+7S)R are each
an mput of one of gates 402404,
these gates may be controlled by the bits in respective
stages 13, 10 and 7 on abbreviated rotate orders. Al-
though the complementary signals on conductors N220
and N221 may thus be controlled by these bit values on
abbreviated rotate orders, the bits have ne effect on stage
22 because conductor SPS js not pulsed when an abbrevi-
ated rotate order is executed. The remarks directly above
concerning destination signal (214 145)L on abbreviated

rotate orders apply to destination signals (6F13S)R,
(34-10S)R and (0+7S)R.

Thus the only time a bijt in another stage of the register
controls the writing of a bit Into stage 22 on an order
where the shifting is to the right is when a norma] rotate
orde'r to the right is being executed. At this time the four
HR inputs to gates 401-404 are al] high, Similar remarks
apply to the four inputs 141, 151, 18L. and (214148)1..
Only one of conductors S1, S4, S7 and S8 s high, and thus
Only one of gates 401404 controls the Writing of a bit

shift to the right is of eight
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positions only conductor S8 of these four conductors 1s
high. When the shift 1s eight positions to the right the
bit in stage 7 controls the hit written into stage 22. If stage
7 contains a 0 conductor 7R 1s low, the output of gate
401 is high, and since the outpuls of gates 402—404 arc
also high, a 0 is written into stage 22. If on the other
hand the bit in stage 7 is a 1 conductor 7R is high and
<ince the other three inputs of gates 401 arc high 1is out-
put is low. A 11is thus written into stage 22.

1f a normal rotate order to the right is executed where
the shifting is of seven positions gate 402 controls the
writing of the bit into stage 22. Three of the inpuis of
cate 402 are high, and destination signal (6-+13S)R deter-
mines the value of the bit written into stage 22. In a
normal rotate order to the right, destination signal
(6--13S)R is determined by the bit in stage 6, rather than
the bit in stage 13. If the bit in stage 6 isa 1 the destination
signal is high and a 1 is written into stage 22. If the bit
in stage 6 is a O the destination signal is low and a 0 is
written into stage 22. Similar remarks apply to shifts of 4
and 1 positions to the right on normal rotate orders,
designation signals (3--10S)R and (04+7S)R, and the
values of the bits in stages 3 and 0.

The gates for controlling the writing of bits into stages
21, 20 and 19 also appear on FIG. 8. These three indi-
vidual groups of gates are similar to the group just con-
sidered which controls the writing of a bit into stage 22.
There is one difference however. The HR conductor is
an input to only three of the four gates in each group.
Gates 408, 412 and 416, which are the gates controlling
the writing of bits into respective stages 21-19 on any
order where the shifting is of one position only, do not
have the HR conductor as an input. It will be recalled
that the HR conductor controls the automatic writing
of a2 O into the left end stages of the register when a
<hift order to the right, as distinguished from both of
vhe rotate orders, is being executed. As far as stage 22
s concerned a 0 must be written when a shift to the right
of any magnitude occurs, However, 0’s should be written
automatically into stages 21-19 only if the shift to the
right is of at least four positions. Consequently, gates
408. 412 and 416, which control the writing of bits 1nto
respective stages 21-19 on shifts of only one position,
do not have HR inputs, If the register word is being
shifted only one position to the right a 0 should be
written only into stage 22. The bits toO be written into
stages 21-19 should be determined by the bit values pre-
viously found in other respective ones of the stages. The
bit in stage 22 determines the bit written into stage 21,
the bit in stage 21 determines the bit written into stage
20, and the bit in stage 20 determines the bit written into
stage 19. The operations of the writing gates for stages
21-19 are in all other respects similar to the operation
of the writing gates for stage 22. For example, on a right
shift of three positions (three successive jumps of one
position each) on each jump the HR conductor controls
the writing of a 0 into stage 22. The 0 written into this
stage on the first jump 18 transferred to stage 21 in the
usual manner during the second jump. On the third jump
the HR signal again controls the writing of a 0 in stage
22. The 0’s previously in stages 22 and 21 are transferred
in the normal manner to respective stages 21 and 20.

Consider next the writing gates for stages 18, 17 and
16 on FIG. 12. These gates operate In a manner similar
to that of the gates on FIG. 8. It is now seen that the
gate in each group of four which controls the writing of
- bit in the respective stage on a shift of four positions
1so does not have an HR input. If a shift of four posi-
tions is specified when the order being executed is a right
<hift 0’s should be written automatically into stages 22—
19, the four leftmost stages of the register. 0’s should not
be written automatically into stages 18-16. ('s should
he written into these stages only when shifts of seven
or eight positions are specified on right shift orders, For
this reason the HR signal is an input tO only the two
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gates in each group which control the writing of bits into
the respective stages when the shift specified is of seven
or eight positions.

Similar remarks apply to the writing gates of stage 15
but it will now be observed that the HR conductor 1s
an input to only one of the four gates. On shifts of
1, 4 or 7 positions to the right, on a shift order, 0’s should
be written automatically only into either stage 22 stages
19-22, or stages 16-22. A 0 should be written into stage
15 only when a shift of eight positions to the right, on
a shift order, is specified. For this reason the HR con-
ductor is an input to only gate 463 of the group 463-466.
The four groups of writing gates for stages 11-14 on
FIG. 16 have neither HR nor HL inputs. Stages 11-14
never have (’s written into them as a matier of course
on shift orders in either direction. Each of the gates has
only three inputs. As an example illustrating the opera-
tion of the writing gates consider those controlling the
writing of the bit into stage 14. Bits may be written into
stage 14 on any one of the three types of orders where
the shifting is in either direction. Table F shows the stage
whose bit controls the value of the bit written 1nto stage
14 on each of the six possible order-direction combina-
tions. The bit in a different stage controls the value of
the bit written into stage 14 depending on which shift
magnitude is specified,

TABLE ¥

qtage Whoase Bit Controls Value
of Bit Written Into Stage 14

Shift Magnitude Specified

Direction of

QOrder Shift

1 4 7 8

—t

Shift. _ . oo ooaa-
Raotate . o e L
Abb. Rotate_ . _.....
Shift . - ]
Rotate. _ - cnccoove-
AbD. Rotate. - _.._.-

13
13
13
15
15

15 |

10 7
13 7
10 7
1X
1%
13

by

ol

b I
Lo o O &= &R

l

——

For example, consider a shift order where the left
direction is specified. If the magnitude of the shift is one
position the bit in stage 13 is written into stage 14, and
if it is four positions the bit in stage 13 is written nto
stage 14. 1f 1t 1s seven positions the bit in stage 7 is writ-
ten into stage 14, and if it is eight positions, the bit in
stage 6 is written into stage 14. There is no difterence
between shift, rotate and abbreviated rotate orders to the
left as far as stage 14 is concerned. Stages 6-13 are all
of the stages included within the stages in which abbre-
viated rotate orders are executed. Consequently the three
uppermost rows of Table F are alike. On shift and rotate
orders to the right the bit in stage 13 is written into stage
14 if the shift magnitude specified Is only one position.
The bit in stage 18 controls if a shift or four positions
is specified, and the bits in stages 21 and 22 control if
respective shifts of seven and eight positions are to OCCUr.
When an abbreviated rotate order to the right is executed
however there isa slight modification. Stages 15, 18 and
21 are within stages 6-21, the stapges in which ab-
breviated rotation takes place. Consequently, if a shitt
magnitude of 1, 4 or 7 positions is specified the stage
whose bit controls the value of the bit written into stage
14 is again one of respective stages 15, 18 and 21. If
o shift of eight positions is specified when an abbreviated
rotate order to the right is executed however, the bit in
stage 6 controls the value of the bit written 1nto stage
14, rather than the bit in stage 22. It will be noted that
in the abbreviated rotate mode stage 14 is eight positions
to the right of stage 6.

The operation of gates 501-504 may be understood with
reference to Table F. The output of each of the gates 1s
normally high since each of conductors S1, S4, 87 and 58
is normally low. Assume that a shift of one position 18
specified, and that gate 504 therefore controls the com-
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plementary signals on conductors N140 and N141. On
orders where the shifting is to the left conductor 15R, as
conductor S1, is high. If the bit in stage 13 1s a 0, conduc-
tor 13L 1s low because designation signal 13L is low when-
ever the bit in stage 13 is a 0 and the shifting is to the left.
The output of gate 504 is high and a 0 is written into stage
14. If the bit in stage 13 is a 1 all three inputs to gate
S04 are high and the output is low. Conductor N14G is
low and conductor N141 is high; a 1 is written into stage
14. Similarly, if the shifting is to the right, conductor 13L
is high, and destination signal 15R controls the value of
the bit written into stage 14. Thus as seen in Table F on
all three orders where the shifting is to the left, the bit
in stage 13 controls the value of the bit written into stage
14, and on all three orders where the shifting is to the
right, the bit in stage 15 controls the value of the bit writ-
ten into stage 14. Similar remarks apply to gate 503. As
seen in the table when a shift magnitude of four positions
is specified the bit in stage 10 controls the value of the
bit written into stage 14 if the shifting is to the left, and
the bit in stage 18 controls the value of the bit written
into stage 14 if the shifting is to the right. The inputs to
gate 303 are thus conductors S4, 10L and 18R.

When the register word is shifted seven posttions to the
left on any type of order the bit in stage 7 controls the bit
written into stage 14. When a shift of seven positions to
the right is specified on any type of order, as seen from
Table F it is the bit in stage 21 which controls the writing
of the bit into stage 14. Thus the three inputs to gate 502
are conductors S7, 7L, and 21R.

Referring to Table F it is seen that when a shift of
eight positions is specified the bit in stage 6 controls the
value of the bit written into stage 14 on all three types of
orders where the shifting is to the left, and on an abbrevi-
ated rotate order where the shifting is to the right. Destina-
tion signal 6L provides the first type of control, and the
6S part of desiination signal (224+65)R provides the
second type of control. On shift and normal rotate orders
to the right as seen from Table F the bit in stage 22 deter-
mines the value of the bit written into stage 14. The 22
part of destination signal (22+6S)R provides the required
control.

The writing gates for stages 10-8 on FIG. 9 are similar
to the writing gates for slages 14-11 on FIG. 16. No HL
or HR inputs are required for these stages because ’s are
not automatically written into them on shift orders, How-
ever, an HL input is provided to gate 563, which controls
the writing of the bit into stage 7 when the shift magnitude
specified is eight positions. When a shift of eight positions
to the left is specified a 0 must automatically be written
into stage 7. Conductor HL is low when a shift, as distin-
guished from both rotate orders, to the left is executed.
Thus the output of gate 563 is high, as are the outputs of
gates 364-566 whose respective mput conductors S7, S4

and S1 are all low. Conductor NO70 is high and con- :

ductor N071 is low, and a 0 is written into stage 7. If an
abbreviated rotate, normal rotate or right shift order is
specified the HL conductor is high and exerts no control
on gate 563 as required.

On FIG. 13 it is seen that an HL input is provided for
each of two of the gates in each group of writing gates
for stages 6—4. 0’s must be written automatically into these
stages when a left shift order is executed and the magni-
tude of the shift specified is seven positions, as well as
eight. Similarly, the writing gates for stage 3 on FIG. 13,
and stages 2 and 1 on FIG. 17 each has three HL inputs
because 0’s must be written automatically into these stages
on left shift orders when shifts of four positions are
specified, as well as shifts of seven or eight. Finally, the
writing gates for stage 0 have four HIL inputs because a
O must be written into stage ¢ on a left shift order when
a shift of any magnitude is specified.

The signals appearing on the 46 conductors NOJ0
through N221 may be defined by a set of Boolean equa-
tions, The signals on the 23 conductors NO01 through

10

16

20

25

30

35

40

40

] |
k) |

60

()

75 1s executed. But on an

30

N221 are defined in terms of the various destination sig-
nals, the S1-S8 signals, and the HL and HR signals. The
signals on conductors N0GO through N220 are merely the
complements of the respective N0O01-N221 signals. In in-
terpreting the equations it is to be remembered that all
high level signals are represented by the binary number 1,
and all low level signals are represented by the binary
number 0. The equation defining the signal on each of the
N—1 conductors may be easily determined by an inspec-
tion of the respective writing eates. The equations are in-
cluded to serve as a summary of the operations of the
various gates on FIGS. 8, 9, 12, 13, 16 and 17.

N221=HR[S8-TR-14L-+57-(6-+138)R-15L
+54- (3+10S)R-18L4-51- (04-7S)R- (21--14S) L]
N211=HR[S8-(6+135)R-13L+57 (54 125)R- 14L
+84- (2+985)R-17L]+S1-(224+6S)R-20L
N201=HR[S8- (5-+128)R-12L-+57- (44 115)R- 13L
+854-(14+8S)R-16L]+-81-21R- 197,
NI191=HR[S58  (4-+11S)R-11L+ST- (34+10S)R-12L
+84-(0+7S)R-15L1+51-20R- 181,
N181=HR[58-(3+10S)R-10L+S57-(24+95)R-11L]
+54:(22-+68S)R-14L+51-19R- 171
N171=HR(S8" (24+95)R-9L+S7-(1+8S)R-10L]
+854-21R-13L+S1-18R - 16L
N161=HR[S8-(14+8S)R-8L-}S57+ (04-7S)R-9L)
S4-20R-12L+4-S1-17R - 15L
N151=HR-S8-(0--78)R-7L+57- (221 65)R- 8L
+854-19R-11L4+S1-16R - 14L.
N141=58-(22+65)R-6L--57-21R-7L+454-18R - 10L
+81-15R-13L
N131=58-21R-(54-215)L4-57-20R-6L 1 54-17R 9L
+51-14R- 121
N121=58-20R- (4+205)L+-S7-19R- (54-215)L
+854-16R-8L--51-13R- 111,
N111=58-19R-(3+4-19S)L+S7-18R- (4208} L
+84-15R-7L4-51-12R- 101
N101=S8-18R- (24 185)L+S7-17R- (34+-195) L
+54-14R-6L-1-S1-11R -9
N091=58-17R-(14+17S)L+S57-16R - (24-185) L
+84-13R-(5+215)L+S1- 10R - 8L
NO81=58-16R - (0+165)L+57-15R- (1--175) L
+S4-12R - (4+-208)L+51-9R - 71,
NO7T1=HL-S8-15R- (224+15S) L+57-14R- (0+165) L
+84-11R-(34-195)L4+S1-8R-6L,
NOG1=HL[§8-14R- (21+14S5)L+S7-13R- (22 155) L]
+-54-10R- (2+185)L-+-51- 7R+ (5--218) L
NOSI=HL[5813R-20L+57-12R- (21 ++145) L]
+-54-9R- (14-17S) L+-S1- (6+13S) R- (4+205) L
NO41=HL[S8-12R-19L 1 §7-11R-20L]
+54-8R- (04+16S) L +-51-(5+125)R- (3+4195) L
NO31==HL[S8-11R-18L+57-10R- 19
+84- TR (224-15S) L1451+ (44-11S)R- (24185) L
NO21=HL[S8-10R - 17L+S7-9R- 18],
+54- (6413S)R- (214-145) L]
+S81-(34108)R- (141785) L
NO11=HL[S8-SR-16L+S7-8R-17L
+54-(54125)R-20L]+-51- (24-95)R -
NOO1=HL[S8-8R-15L+S57-7R-16L.
+54 (4+115)R-19L451- (14-85)R- (224155 L]

It must be borne in mind that the remarks made above
with reference to the writing gates for stage 22 similarly
apply to the writing gates for stages 0—35. When the circuit
18 operating in the abbreviated rotate mode complemen-
tary signals will appear on the respective N—0 and N—1
conductors associated with each stage, the signals depend-
ing on the values of the bits in other stages of the register.
For example, when a shift to the ri ght of one position is
specified in the abbreviated rotate mode, the signal at the
output of gate 658 on FIG. 17 is controlled by the value
of the bit in stage 9. This is due to the fact that destina-
tion signal (24-9S)R includes a 95 component the desti-
nation signal going low whenever a 0 appears in stage 9
of the register and an abbreviated rotate order to the right

abbreviated rotate order the bit

(04+165)L
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in stage 1 is to remain unchanged. Although the bit in
stage 9 controls the complementary signals on conductors
NO10 and NO11, these signals have no effect on stage 1
because the SPS conductor is not pulsed when the circuit
is operating in the abbreviated rotate mode. It would be
sufficient to extend a destination signal 2R to gate 658
rather than destination signal (2+95)R. However, the
latter designation signal is required, as seen from Table D,
for the writing gates associated with stages 21, 18 and 17.
Since the combined destination signal is available it 18
extended to gate 658. The 2 component of the destination
signal is used to control the writing of a bit into stage 1
when shifts of one position to the right are specified on
shift and normal rotate orders, The 95 part of the desti-
nation signal controls the complementary signals on con-
ductors N010 and NO11 in accordance with the bit value
in stage 9 when abbreviated rotate orders to the right are
specified. The signals however have no effect on stage 1
of the register whose contents remain unchanged because
the SPS conductor is not pulsed on sbbreviated rotate
orders.

It is to be understood that the illustrative embodiment
of the invention is only exemplary of the type of system
which may be designed based on the principles of the in-
vention. It is possible to design a system in which the bit
in any stage is transferred to other stages which are not
necessarily 1, 4, 7 or 8 positions away. Gates may be pro-
vided for example to allow the transfer of any bit from
one stage to other stages 1, 2, 4, 8, etC. positions away.
Similarly, while shifts in the illustrative embodiment of
the invention are accomplished in at most three steps it
may be possible to shift the entire register word in only
one or two steps. 1f time limitations are not severe more
than three steps may be allowed. In the illustrative em-
bodiment of the invention destination signals are formed,
and these signals are used to control the writing gates.
It is possible to provide other gating schemes to accom-
plish the same objectives. While in the illustrative em-
bodiment of the invention three particular types of orders
may be executed, it is possible to apply the principles of
the invention to systems capable of executing different
types of orders. Thus it is to be understood that the illus-
trative embodiment of the invention 1s merely exemplary
of the principles of the invention, and that various modi-
fications may be made therein and other arrangements
may be devised without departing from the spirit and
scope of the invention.

What is claimed is:

1. A circuit for controlling the shifting of the bits con-
tained in the stages of a register comprising

a plurality of groups of unidirectional transmitting

means, one end of each transmitting means in each
group being connected to a respective one of said
stages, the other end of each transmitting means in
each group being connected to another respective
one of said stages such that all transmitting means
in each group are connected to two different stages
which are separated from each other by the same
number of intermediate stages,

means for operating all of the transmitting means In

any one of saitd groups simultaneously for trans-
mitting the bits in all of said stages to the respective
stages at the other ends of the respective operated
transmitting means, and

means for sequentially energizing said operating means

:n accordance with the total number of positions
which the bits in said register stages are to be shifted.

2 A circuit for controlling the shifting of the bits con-
tained in the stages of a register in accordance with claim
1 wherein said plurality comprises four groups of trans-
mitting means, all of the transmitting means in each of
said four groups being connected between stages sep-
arated respectively by one, four, seven and eight inter-
mediate stages.

3 A control circuit for a data processor having a muliti-
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stage data register and instruction means fof indicating
the number of positions which the bits in said register
are to be shifted, said control circuit comprising a plu-
rality of gating path means individually connecting each
stage in said register to other stages in said register a
predetermined number of positions away from said each
stage, means for decoding the information in said instruc-
tion means, and means responsive to said decoding means
for controlling the sequential operations of said gating
path means in accordance with the information in said
instruction means, said controlling means controlling the
simultaneous operations of all gating path means con-
nected between stages separated by the same number of
stages.

4. A logic circuit for controlling the shifting of bits
within the locations of a memory cOmprising

means for registering a magnitude of shift,

a plurality of gating path means connected fo each
location of said memory for transferring the bit in
said each location to selected other locations of said
memory, each of said selected other locations being
one of a predetermined number of positions away
from said each location,

a plurality of means each for operating all of the gating
path means which transfer the bits in respective lo-
cations to locations the same number of positions
away from said respective locations, and

means for sequentially energizing said operating means
in accordance with the shift magnitude registered in
said registering means.

5. A logic circuit for controlling the shifting of bits
within the locations of a memory in accordance with claim
4 wherein said plurality of gating path means includes

a first plurality of groups of gates, each group being
directly connected to one of the locations in said
memory for writing a bit in said one location, said
plurality of operating means being directly and selec-
tively connected to said gates in said first plurality
of groups of gates, and

a second plurality of gates selectively connected to said
first plurality of groups of gates, said second plurality
of gates being controlled by the values of the bits
contained in said memory locations.

6. A shifting control circuit for a multistage register
comprising

a plurality of groups of gates, each group having the
same number of gates and each group controlling
the writing of a bit in a respective one of said register
stages,

first means for registering the type of order to be
execuied,

second means for registering the magnitdde of the
shift to be made in executing the registered order,

third means for registering the direction of said shift,

a plurality of energizing means equal in number 1o
the number of gates in each of said groups of gates,
each of said energizing means being connected to a
different one of said gates in each of said groups
of gates,

means for sequentially operating said energizing means
in accordance with the shift magnitude registered n
said second registering means,

a plurality of signal means each connected to predeter-
mined ones of said gates together with said energizing
means for controlling the operations of said gates,

means for controlling the operations of said signal
means in accordance with the values of bits con-
tained in respective stages of said register, in ac-
cordance with the type of order registered in said
first registering means, and in accordance with the
direction of shift registered in said third registering
means, and

means responsive to the type of order registered in said
first registering means and connected to said register
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stages for enabling bits to be written by said groups
of gates only in selected stages of said register.

7. A shifting control circuit for a multistage register
in accordance with claim 6 wherein said means for se-
quentially operating said energizing means in accordance
with the shift magnitude registered in said second register-
Ing means comprises

a clock pulser,

a plurality of pulsing means sequentially operated by
sald clock pulser,

a plurality of means each responsive to particular shift
magnitudes being registered in said second register-
ing means for inhibiting the operation of a respective
one of said pulsing means, and

a plurality of groups of means, each means in each
group for operating a different one of said energizing
means, each of said plurality of groups of means
being controlled by a respective one of said pulsing
means and in accordance with the shift magnitude
registered in said second registering means.

8. A shifting control circuit for a multistage register

in accordance with claim 6

wherein the types of orders registrable in said first
registering means include shift, rotate and abbreviated
rotate orders; and said enabling means is responsive
to shift and rotate orders being registered in said first
registering means for enabling bits to be written in all
of said register stages, and is responsive to an ab-
breviated rotate order being registered in said first
registering means for enabling bits to be written in
preselected fewer than all of said register stages; and
further including

means responsive to a shift order being registered in
said first registering means and to a first shift direction
being registered in said third registering means to
operate said gates to control the writing of a pre-
determined bit value in the stages at one end of
said register, and

means responsive to a shift order being registered in
said first registering means and to the second shift
direction being registered in said third registering
mecans to operate said gates to contro] the writing
of said predetermined bit value in the stages at the
other end of said register.

9. A logic circuit for controlling the shifting of bits

within the stages of a register comprising

first means for indicating a direction of shift,

second means for indicating the magnitude of the shift,

third means for indicating whether the bits in said
register are to be rotated within said register or
shifted out of one of the ends of said register,

a plurality of gating path means connected to each stage
of said register for transferring the bit in said each
stage to selected other stages of said register, each
of said selected other stages being one of a predeter-
mined number of positions away from said stage in
both directions, said gating path means transferring
the bits in the stages at each end of said register 1o
selected stages at the other end of said register,

a plurality of means, equal in number to one-half the
number of gating path means connected to said each
stage, each together with said first indicating means
for operating all of the gating path means which
transfer the bits in respective stages the same number
of positions away from said respective stages in the
same direction, said direction being determined by the
direction registered in said first indicating means,

means for sequentially energizing said operating means
in accordance with the shift magnitude registered
In said second indicating means, and

means responstve to said third indicating means when
the bits in said register are to be shifted out of one
of the ends of said register for controlling said gating
path means to write a bit having a predetermined
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10. A circuit for executing shift, rotate and abbreviated
rotate orders, to both the left and the right, on the bits
contained in the stages of a register comprising

first order indicating means operative only when a
shift order is to be executed,

second order indicating means operative only when
an abbreviated rotate order is to be execufed, with
neither of said first and second order indicating
means being operative when a rotate order is to be
executed,

first registering means for registering the direction of
shift on any order,

second registering means for registering the magnitude
of the shift required in executing any order,

a plurality of pulsing means sequentially energizable
in accordance with the shift magnitude registered

in said second registering means,

a plurality of means controlled by said first and sec-
ond order indicating means and by said first register-
ing means for deriving destination signals represen-
tative of the bit values contained in respective stages
of said register when predetermined types of orders
in predetermined directions are to be executed,

means responsive to said pulsing means, said destina-
tion signal deriving means, said first order indicating
means and said first registering means for applying
signals to write bits into said register stages, and

means responsive to said second order indicating means
for enabling bits to be written by said signal apply-
ing means in all of said register stages when a shift
Or rotate order is to be executed, and for enabling
bits to be written by said signal applying means in
fewer than all of said register stages when an ab-
breviated rotate order is to be executed.

11. A circuit for executing shift, rotate, and abbreviated
rotate orders, to both the left and the right, on the bits
contained in the stages of a register in accordance with
claim 10 wherein said signal applying means includes a
plurality of groups of gating means, each said group of
gating means including a number of said gating means
€qual to the number of said pulsing means, said gating
means in each said group for applying signals to write a
bit into a respective one of said register stages associated
with said each group of gating means, each of said gating
means in each of said groups being controlled by a dif-
ferent one of said pulsing means and by respective ones
of said destination signal deriving means, some of said
gating means being additionally controlied by said first
order indicating means and said first registering means.

12. A circuit for executing shift, rotate and abbreviated
rotate orders, to both the left and the right, on the bits
contained in the stages of a register in accordance with
claim 10 wherein said plurality of means for deriving
destination signals includes

a first group of gating means each controlled by said
first registering means to derive a destination signal
representative of the bit value contained in a respec-
tive stage of said register when the direction of shift
registered is a predetermined direction, and

a second group of gating means each controlled by
said first and second order indicating means and said
first registering means to derive a destination signal
representative of the bit value contained in 2 respec-
tive stage of said register when the direction of shift
registered is a predetermined direction and a shift or
Totate order is to be executed, and representative of
the bit value contained in another respective stage
of said register when the direction of shijft registered
is said predetermined direction and an abbreviated
rotate order is to be executed.

13. A logic circuit for controlling the shifting of bits

register comprising
first register means for registering a direction of shift,

second register means for registering the magnitude of
the shift,
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third register means for registering an order which
specifies whether the bits in all of said register stages
are to be rotated within said entire register, the bits
in preselected fewer stages of said register are to be
rotated within said preselected fewer stages, or the
bits in the stages at one of the ends of said register
are to be shifted out of said one end of said register,

a plurality of first gating path means connected to each
stage of said register for transferring the bit in said
each stage to selected other stages of said register,
each of said selected other stages being one of a pre-
determined number of positions away from said each
stage in both directions, said first gating path means
including gating path means for transferring the bits
in the stages at each end of said register to selected
stages at the other end of said register,

a plurality of second gating path means connected to
each of said preselected fewer stages for transferring
the bit in said each one of said preselected stages
to picked other stages of said preselected fewer stages,
each of said picked other stages being one of said
predetermined number of positions away from said
one of said preselected fewer stages in both direc-
tions, said second gating path means including gating
path means for transferring the bits in the stages at
each end of said preselected fewer stages to stages
at the other end of said preselected fewer stages,

a plurality of first operating means equal in number
to one-half the number of said first gating path
means connected to said each stage, each said first
operating means responsive to said third registering
means having registered therein an order to rotate
the bits in all of said register stages within said
entire register and to said first registering means for
operating all of said first gating path means which
transfer the bits in respective stages to stages the
same number of positions away from said respective
stages in the same direction, said direction being
determined by the direction registered in said first
registering means,

a plurality of second operating means equal in num-
ber to one-half the number of said second gating
path means connected to said each one of said pre-
selected fewer stages, each said second operating
means responsive to said third registering means
having registered therein an order to rotate only
the bits in said preselected fewer stages within said
preselected fewer stages and to said first registering
means for operating all of said second gating path
means which transfer the bits in respective stages to
stages the same number of positions away from said
respective stages in the same direction, said direc-
tion being determined by the direction registered in
said first registering means,

means for sequentially energizing said first operating
means in accordance with the shift magnitude regis-
tered in said second registering means when said
third registering means has registered therein either
an order to rotate the bits in all of said register
stages within said entire register, or an order to shift
the bits in the stages at one end of said register out
of said register,

means for sequentially energizing said second operat-
ing means in accordance with the shift magnitude
registered in said second registering means when said
third registering means has registered therein an
order to rotate only the bits in said preselected fewer
stages within said preselected stages, and

means responsive to said third registering means hav-
ing registered therein an order to shift the bits 1in
the stages at one end of said register out of said
register for controlling said first gating path means
to write a bit having a predetermined value into the
stages at the other end of said register.

14. A circuit for executing shift, rotate and abbreviated
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rotate orders, to both the left and the right, on the bits
contained in the stages of a register comprising

first instruction means operative only when a shift
order to the left is to be executed,

second instruction means operative only when a shift
order to the right is to be executed,

third instruction means operative only when an ab-
breviated rotate order is to be executed,

¢ourth instruction means operative only when an order
to be executed is to the left,

fifth instruction means operative only when an order
to be executed is to the right,

sixth instruction means for registering the magnitude
of the shift required in executing any order,

a plurality of pulsing means sequentially energizable
in accordance with the shift magnitude registered in
said sixth instroction means,

a plurality of gating means for deriving destination
signals, a first group of said gating means being re-
sponsive to said fourth instruction means for deriving
destination signals representing the values ot the bifs
contained in respective stages of said register when
the order to be executed is to the left, a second group
of said gating means being responsive to said fifth
nstruction means for deriving destination signals
representing the values of the bits contained 1n re-
spective stages of said register when the order to be
executed is to the right, a third group of said gating
means being responsive to said third and fourth in-
struction means for deriving destination signals rep-
resenting the values of the bits contained in respec-
tive stages of said register when the order to be
executed is a shift or rotate order to the left and
for deriving destination signals representing the
values of the bits contained in other respective stages
of said register when the order to be executed is an
abbreviated rotate order to the left, and a fourth
group of said gating means being responsive to said
third and fifth instruction means for deriving destina-
tion signals representing the values of the bits con-
tained in respective stages of said register when the
order to be executed is a shift or rotate order to
the right and for deriving destination signals rep-
resenting the values of the bits contained in other
respective stages of said register when the order to
be executed is an abbreviated rotate order to the
right,

a plurality of groups of write means, each group of
write means including a number of said write means
equal to the number of said pulsing means, said
write means of each group for applying signals to
write a bit into a respective one of said register
stages associated with said each group of write
means, write each means in each group of write
means being controlled by a different one of said
pulsing means, by one of said gating means in one
of said first and third groups of gating means and
by one of said gating means in one of said second
and fourth groups of gating reans, some of said
write means being additionally controlled by said
first and second instruction means, and

means responsive to said third instruction meaps for
enabling bits to be written by said write means 1Tk
all of said register stages when a shift or rotate order
s 10 be executed, and for enabling bits to be writ-
ten by said write means in fewer than all of said
register stages when an abbreviated rotate order 1s
to be executed.

15. A circuit for shifting the bits contained iIn the
stages of a register comprising a plurality of means each
connected to a respective one of said stages for trans-
ferring the bit in said respective stage to an adjacent
stage; characterized in that said circuit comprises addi-
tional pluralities of means, the means in each of said
additional pluralities each being connected to a respec-
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tive one of said stages for transterring the bit in said
respective stage to another stage separated from said
respective stage by a number of positions unique to said
each additional plurality, and means for controlling the
selective and sequential operations of said plurality of
transferring means and said additional pluralities of trans-
ferring means for transferring the bits in said stages such
that the bits originally in said register are shifted a se-
lected number of positions in a number of transferring
operations smaller than said selected number of positions.
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