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cant byte of the 16-bit operand if a carry or borrow occurred during the
first processor cycle. Finally, Carry anticipator circuit and method
during a third processor cycle, the most significant byte of the result has
stabilized, and the 16-bit result 5 This invention relates generally to
adder circuitry.  70 can then be transmitted to the stored program and more
particularly to an adder circuit adapted for  memory to fetch an operand or
a next instruction. use within an integrated circuit data processor.     It
will be appreciated by those skilled in the art that Microprocessor devices
are currently being used   a circuit and a method for reducing the number
of in a wide number of applications. As the speed of   processor cycles
required to perform the above 10 operation of microprocessor devices
increases and  75 described addition of an 8-bit operand to a 16-bit as the
cost of such devices decreases, the number of  operand will result in
faster overall speed of opera- applications for such devices is extended.
Typically,  tion and represents a significant improvement over such
microprocessor devices are coupled to a clock  the prior art. signal which
is used to synchronize operations        It is an object of the present
invention to reduce 15 within the microprocessor device. The clock signal
80 the number of processor cycles required by a defines periodic processor
cycles during which      microprocessor device in order to perform an
arith- various internal operations take place. The microp-  metic
operation. rocessor device operates under the control of a       It is
another object of the present invention to stored program which consists of
a plurality of     anticipate a carry or a borrow which may result from 20
processor instructions. Generally, one or more pro-    85 an arithmetic
operation upon least significant oper- cessor cycles are required to fetch
each instruction  ands while forming a least significant result in order
from the stored program and to implement each       to reduce the time
required to compute a most instruction. Thus, by reducing the number of
proces-  significant result. sor cycles required to implement particular
instruc-  According to one aspect of the invention there is 25 tions, the
overall speed of operation of a microp-  90 provided a carry anticipator
circuit suitable for use rocessor device can be increased.
within a data processor for reducing the time Many prior art microprocessor
devices are de-     required to perform arithmetic operations, compris-
signed to operate upon 8-bit data words and 16-bit  ing first means for
providing a first digital signal address words. An example of one such
prior art     having a first predetermined number of bits and 30
microprocessor device is the MC6800 microproces-    95 including a polarity
signal having a first and second sor provided by Motorola, Inc. which is
generally  logic level, the polarity signal being at the first logic
described in U.S. Patent No. 4,030,079 "Processor  level when the first
digital signal is positive and Including Incrementer and Program Register
Struc-   being at the second logic level when the first digital ture"
issued to Bennett et al and assigned to the   signal is negative, second
means for providing a 35 assignee of the present invention. The instruction
set  100 second digital signal having a second predetermined for this prior
art micro-processor includes an addres-  number of bits, the second
predetermined number sing mode known as indexed addressing. In this
being greaterthan the first predetermined number, mode, an 8-bit operand
stored in the program        the second digital signal being provided as a
most memory is added to the contents of a 16-bit index   significant group
and a least significant group of 40 register to generate the address of a
memory    105 bits, the least significant group having thefirst location
where an operand is stored. This prior art  predetermined number of bits,
and the most signifi- micro-processor also includes a mode of addressing
cant group of bits corresponding to a first binary known as relative
addressing, typically used with   value, arithmetic means having a first
input coupled branch instructions, wherein the address of the next  to the
first means for receiving the first digital signal 45 instruction to be
executed is computed by adding an   110 and a second input coupled to the
second means for 8-bit operand in the form of a 2's-complement
receiving the least significant group of bits, the number to the contents
of a 16-bit program counter.  arithmetic means performing an arithmetic
opera- In prior art microprocessor devices that employ an  tion upon the
bits received by the first and second 8-bit ALU (arithmetic-logic unit),
instructions which  inputs to provide a least significant result having the
50 require the addition of an 8-bit operand to a 16-bit    115 first
predetermined number of bits, the arithmetic operand are performed in the
following manner.      means also providing a carry signal for indicating
During a first processor cycle, the 8-bit operand and  whether a carry-out
resulted from the operation the least significant byte of the 16-bit
operand are  performed by the arithmetic means, third means provided to the
input ports of the 8-bit ALU to     coupled to the second means for
receiving the most 55 generate the least significant byte of the result. As
is  120 significant group of bits and for providing an well known in the
art, a byte equals 8 bits. The    incremented group of bits, the
incremented group of operation performed by the ALU may generate a
bits corresponding to a second binary value which is carry-out if the 8-bit
operand is a position number, or  one larger than the first binary value
and said third it may indicate a borrow if the 8-bit operand is a  means
including a control input for receiving the 60 2's-complement negative
number. In this case, the    125 polarity signal, the third means providing
the in- most significant byte of the 16-bit operand must be  cremented
group of bits when the polarity signal is incremented or decremented
accordingly. During a    at the first logic level, and the third means
being second processor cycle, the most significant byte of  adapted for
providing a decremented group of bits the 16-bit operand is transferred to
an increment/  when the polarity signal is at the second logic level, 65
decrement network which modifies the most signifi-  130 the decremented
group of bits corresponding to a 
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2 third binary value which is one smaller than the first  to a first binary
value, arithmetic means having a binary value, and fourth means coupled to
the third  first input coupled to the first means for receiving the means
for receiving the incremented group of bits   first digital signal and a
second input coupled to the and coupled to the second means for receiving
the   second means for receiving the least significant 5 most significant
group of bits, the fourth means  70 group of bits, the arithmetic means
performing an being responsive to the carry signal for selecting
arithmetic operation upon the bits received by the either the most
significant group of bits or the    first and second inputs to provide a
least significant incremented group of bits and providing the
result having the first predetermined number of bits, selected bits as a
most significant result, the arith-  the arithmetic means also providing a
carry signal 10 metic means including a binary adder circuit suitable   75
for indicating whether a carry-out resulted from the for adding two binary
words to provide the least    operation performed by the arithmetic means,
third significant result, each of the binary words having  means coupled to
the second means for receiving the first predetermined number of bits, the
binary  the most significant group of bits and being respon- adder circuit
also being suitable for providing the  sive to the most significant bit of
the first digital 15 carry signal as a first logic level when an addition
of    80 signal for selectively providing an incremented the two binary
words generates a carry-out and as a  group of bits when the most
significant bit is at the second logic level when the addition does not
first logic level and providing a decremented group generate a carry-out.
of bits when the most significant bit is at the. second According to
another aspect of the invention there  logic level, the incremented group
of bits corres- 20 is provided a method of adding a first operand   85
ponding to a second binary value and the de- having m bits to a second
operand having m + n bits  cremented group bits corresponding to a third
grouped as a least significant group of m bits and a  binary value which is
one smaller than the first most significant group of n bits, the method
com-  binary value, and fourth means coupled to the prising the steps of:
second means for receiving the most significant 25  (a) adding the first
operand and the least signifi-    90 group of bits and coupled to the third
meansfor cant group in an m-bit adder circuitfor generating a  receiving
the incremented or decremented group of least significant result having m
bits and a carry  bits, the fourth means being responsive to the carry
signal for indicating whether a carry-out occurred;  signal and responsive
to the most significant bit of (b) storing the most significant group of
bits in a  the first digital signal for selecting eitherthe most 30
register;                                        95 significant group of
bits or the incremented or (c) modifying the most significant group of bits
decremented group of bits and providing the to form a modified group of n
bits, the modifying   selected bits as a most significant result. step
including the step of selectively incrementing  In an embodiment of the
invention there is the most significant group of bits in an incrementer
provided an adder for adding a first operand to the 35 circuit to form an
incremented group of bits; and  100 least significant portion of a second
operand in order (d) selecting either the most significant group of  to
form the least significant portion of the result, bits stored in the
register or the modified group of  while also providing increment/decrement
circuitry bits to provide a most significant result having n bits,  for
generating an incremented or decremented the selection being a function of
the carry signal, the  version of the most significant portion of the
second 40 first operand including a sign bit for indicating both   105
operand. Additional circuitry is provided which is positive and negative
magnitudes, the modifying     responsive to a carry-out signal generated by
the step including the step of selectively decrementing  adder and which
may also be responsive to the sign the most significant group of bits in a
decrement   bit of the first operand for selecting either the most circuit
to form a decremented group of bits, the    significant portion of the
second operand or the 45 selection of the incrementing or decrementing
steps   110 incremented or decremented version of the most being determined
by the sign bit of the first operand.  significant portion of the second
operand to be the According to a further aspect of the invention    most
significant portion of the result. there is provided a carry anticipator
circuit suitable  The invention will now be described by way of for use
within a data processor for reducing the time  example only with particular
reference to the accom- 50 required to perform arithmetic operations,
compris-   115 panying drawings wherein:- ing first means for providing a
first digital signal  Figure lisa block diagram which shows working having
a first predetermined number of bits, the first  registers, an ALU, and
internal digital buses for a digital signal including a most significant
bit having  data processor; a first and a second logic level, the most
significant  Figure 2 is a timing diagram showing various 55 bit being at
the first logic level when the first digital   120 processor clocking
signals which define first and signal is positive and being at the second
logic level  second processor cycles; when the first digital signal is
negative, second     Figure 3 is a circuit schematic illustrating one means
for providing a second digital signal having a  register cell for the high
order temporary register second predetermined number of bits, the second
and one registercall forthe high orderindex register 60 predetermined
number being greaterthan the first   125 and interconnections to the
internal processor predetermined number, the second digital signal
buses; being provided as a most significant group and a      Figure 4A/4B
is a logic diagram which illustrates a 



least significant group of bits, the least significant  1-bit slice through
the high order increment/decre- group having the first predetermined number
of bits,  ment network and the high order program counter 65 and the most
significant group of bits corresponding   130 register;    3
GB2029613 B         3 Figure 5 is a circuit schematic showing circuitry
unit 28 (ALU) has a first input A which can be used to buffer a carry-out
signal which is output by  selectively coupled to either DB bus 6 orthe
output the ALU;                                           of correction
block 26. A second input B is coupled to Figure 6 is a circuit schematic
showing circuitry  ABL1 bus 4. ALU 28 has an output terminal (E) which 5
used to buffer the most significant bit or sign bit  70 can be selectively
coupled to either DB bus 6 or NDB transmitted by the data bus; and
bus 8. In addition a condition code register 30 is Figure 7 is a logic
diagram which illustrates the  coupled to ALU 26 for recording various
conditions generation of various control signals which deter-  generated by
an ALU operation such as carry- mine the selection of the most significant
byte of the  borrow, overflow, result equal to zero, result nega- 10 result
for an airthmetic operation.             75 tive, interrupt mask, and a
half-carry from the least The block diagram shown in Figure 1 illustrates a
significant four bits of the result. The contents of the plurality of
internal working registers, an ALU, and  condition code register can then
be tested to control several internal buses. The internal buses are used
various branch instructions. to transmit digital information among the
internal   In Figure 2, timing waveforms are shown for clock 15 working
registers as well as to transmit digital  80 signals [err]for first and
second processor information to and from other portions of the      clock
cycles. Referring again to Figure 1, it will be processor. A first low
order address bus 2 (ABL) is  assumed that during the two previous clock
cycles, eight bits wide and is shown being coupled to a    an instruction
indicating indexed addressing was switch 3 which, when closed, couples ABL
bus 2 in  decoded and that the 8-bit offset to be added to the 20 series to
a second low order address bus 4 (ABL1),    85 contents of the index
register has been fetched from which is also eight bits wide. A first data
bus 6 (DB)  the program memory. During the first clock cycle and a second
data bus 8 (NDB) are each eight bits  following the previously mentioned
clock cycles, the wide and are used to transmit data among the
contents of IXL registers 21 are enabled onto ABL1 working registers and to
input/output circuitry. A  bus 4 following the high to low transmition of
clock 25 high order address bus 10 (ABH) is also eight bits  90 signal 02'.
ABL1 bus 4 transmits the contents of IXL wide such thattheABH bus 10 andABL
bus 2 are       register 21 to the B input of ALU 28. Simultaneously
suitable for transmitting the high order byte and the  the 8-bit offset
word previously fetched from the low order byte, respectively, of a 16-bit
address  program memory is driven onto DB bus 6 for word.
coupling to the A input of ALU 28. At the same time, 30  A 16-bit
increment/decrement network is formed  95 the contents of IXH register 20
are enabled onto ABH by INCH block 12 in conjunction with INCL block 13
bus 10 to transmit the high order byte of the index for incrementing the
high order byte and low order  register. During this time, ABH bus 10 is
enabled into byte, respectively, of a 16-bit word. A 16-bit program  both
TEMPH register 16 and INCH block 12. After counter for storing the address
of the next instruc-  clock signal 02' switches from the low level to the
35 tion to be executed is formed by high order register   100 high level,
the internal buses are precharged to a 14 and low order register 15, each
of the registers  high level to prepare for the transfer of data during
having eight bits. The 8-bit result formed by INCH  the next clock cycle.
While clock signal 02' is at the block 12 is coupled to the input of
program counter  high level, ALU 28 performs the addition of the data
register 14 by conductor 11', and the 8-bit result  received by the A and B
inputs and forms an 8-bit 40 formed by UNCL block 13 is coupled to the
input of    105 sum. ALU 28 also provides a carry-out signal which program
counter register 15 by conductor 11. A     indicates whether the addition
generated a carry. 16-bit temporary register which is useful for tempor-
Also while 02' is at the high level, INCH block 12 arily storing data is
formed by high order register 16  generates an 8-bit value which is one
larger than the and low order register 17, each of the registers being
value received from ABH bus 10. 45 eight bits wide. A 16-bit stack pointed
is formed by   110   As clock signal 02' switches from a high to a low high
order register 18 and low order register 19, each  level, the second clock
cycle begins and the 8-bit of the registers being eight bits wide. The
stack  sum generated byALU 28 is enabled onto NDB but8 pointer may be used
to address a portion of memory  which can be coupled to output buffer
circuitry for used to store return addresses for subroutines and
transmission to the eight least significant address 50 for saving the
contents of various registers when the  115 input ports of the program
memory. Also while 02' processor is interrupted. A 16-bit index register is
is low during the second clock cycle, logic circuitry formed by high order
register 20 and low order     responsive to the carry-out signal generated
by ALU register 21, each of these registers being eight bits  28 enables
either the output of INCH block 12 or the wide. A first accumulator 22
(ACCB) is an eight bit  output of TEMPH register 16 onto ABH bus 10 to 55
wide register and, in the preferred embodiment,  120 supply the high order
byte of the address which can includes logic gates (SR) which allow the
contents of  be coupled to output buffer circuitry for transmission
register 22 to be shifted to the right one bit position.  of the high order
byte of the address to the program A second accumulator 24 (ACCA) is also
an eight bit  memory. If the carry-out signal generated by ALU 28 wide
register. Correction block 26 is coupled to   is a logic "O", then the
value stored in the most 



60 ACCA 24 and is responsive to the contents of ACCA    125 significant
byte of the index register need not be 24 for generating an eight bit
correction factor. When  modified, and the contents of TEMPH register 16
are added to the contents of ACCA 24, the eight bit    selected onto ABH
bus 10. However, if the carry-out correction factor allows the contents of
ACCA 24to  signal generated by ALU 28 is a logic "1 ", then the be
decimally corrected from straight binary format  most significant byte of
the index register should be 65 to binary coded decimal format. An
arithmetic logic   130 one larger, and the incremented value produced by
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4 INCH block 12 is enabled ontoABH bus 10.Thus,    ated by INCH block 12
isenabled onto ABH bus 10; only two processor clock cycles are required to
however if the exclusive-or yields a logic "0", then generate the indexed
address as compared to three  the value saved in TEMPH register 16 is
enabled onto clock cycles in the prior art.                    ABH bus 10.
Whichever value is selected is coupled 5  In the previous example, the
8-bit offset to be  70 by ABH bus 10 to output buffer circuitry for
transmis- added to the index register was an 8-bit unsigned  sion of the
high order byte of the branch address to value such that INCH block 12 is
always selected to  the program memory. operate in the increment mode.
However, relative   In Figure 3, one bit of TEMPH register 16 and one
addressing used for branch type instructions incor-  bit of IXH register 20
are illustrated together with the 10 porates an 8-bit 2's-complement offset
which can  75 internal buses to which they are coupled. With represent
either a positive or negative offset to be  regard to TEMPH register 16, a
first inverter 32 has added to the value stored by the program counter.
its input coupled to an input node 33. The output of For this type of
instruction, INCH block 12 may be  inverter 32 is coupled to the input of
inverter 34, and selected to operate in either the increment mode or  the
output of inverter 34 is coupled to output node 15 the decrement mode as
determined by the sign bit of   80 35. A feedback coupling MOSFET36 couples
the the 2's-complement offset value. Again referring to  output of inverter
34 to the input of inverter 32. The Figures 1 and 2, assume that, during
the previous  gate terminal of MOSFET 36 is coupled to the two clock
cycles, a branch instruction has been   positive power supply terminal for
receiving a decoded by the processor and the 8-bit offset value  positive
supply voltage VDD. Thus, inverter 32, 20 has been fetched from the program
memory. As  85 inverter 34 and feedback MOSFET 36 from a latch clock signal
02' switches from a high to low level,  circuit for storing one bit of
information. As MOS- the first clock cycle begins and the output of INCL
FETs (metal-oxide-semiconductor field-effect tran- block 13, which
initially equalsthevalue stored in  sistors) are well-known in the art, the
operation of PCL register 15, ie enabled onto ABL bus 2. Switch 3  these
devices will not be described in further detail. 25 is closed which couples
ABL bus 2 to ABL1 bus 4 to    90 For further details concerning the
operation of allow the output of INCL block 13 to be transmitted  MOSFET
devices, see "Physics and Technology of to the B input of ALU 28. At the
same time, input  Semiconductor Devices" by A. S. Grove, John Wiley
circuitry drives the 8-bit 2's-complement offset,  and Sons, Inc., 1967.
which was received from the program memory, onto   Input Node 33 is coupled
by MOSFET 38 to one of 30 DB bus 6 for transmission to the A input of ALU
28.    95 the eight DB bus conductors 6'. The gate terminal of Also at this
time, the contents of INCH block 12 are  MOSFET 38 is coupled to conductor
40 which enabled onto ABH bus 10, and the inputs to INCH  transmits a
control signal generated by timing and block 12 and TEMPH register 16 are
enabled to    decoding circuitry (not shown). When conductor 40 receivethe
high order byte of the program counter,  is at a high level, MOSFET38 is
enabled and the 35 since the value initially output by INCH block 12  100
voltage at input node 33 is forced to correspond to equals the value stored
by PCH register 14. The most  the voltage on DB line 6'. Since MOSFET 38
has a significant bit of DB but 6, which corresponds to the  much lower
impedance than feedback MOSFET 36, sign bit of the 2's-complement offset
value, is used  MOSFET 38 will override MOSFET 36 in establishing to select
the increment or decrement mode of     the voltage at input node 33
whenever MOSFET 38 is 40 operation for INCH block 12. If the sign bit is a
logic   105 enabled. Similarly, input MOSFET42 couples input "0", then the
offset value is positive and INCH block  node 33to one line 10' of the
8-bitABH bus, and the 12will perform an increment; if the sign bit is a
logic  gateterminal of MOSFET42 is coupled to conductor "I", then the
offset value is negative and INCH block  44 which, when at a high level,
allows the voltage 12will perform a decrement.                      level
on line 10'to betransferred to. input node 33. 45  When clock signal 02'
returns to the high level  110  Output node 35 is coupled by MOSFET46 to DB
during the first clock cycle, the internal buses are  line 6', and output
node 35 is also coupled by precharged to prepare for the transmission of
data  MOSFET 48 to ABH line 10'. When enabled by during the second clock
cycle. During this time, ALU  control conductors 49 or 50, MOSFET device 46
or 48 28 adds the 2's-complement offset to the least   forces the DB line
6' or the ABH line 10', respectively, 50 significant byte of the current
address and generates  115 to assume the logic state stored by the TEMPH an
8-bit result. ALU 28 also generates the carry-out  storage circuit. The
logic circuitry used to generate signal during this time.
the control signals conducted by control conductors As clock signal 02'
switches to a low level, the  49 and 50 is discussed hereinafter. second
clock cycle begins and, assuming that the   The storage circuit forthe IXH
register shown in 55 conditions for the branch are met, the output E of
120 Figure 3 operates in a similar manner. Inverter 50', ALU 28 is enabled
onto NDB bus 8 for coupling to  inverter 51 and feedback MOSFET 52 again
form a 



output buffer circuitry for transmission of the least  latching circuit.
MOSFET 53 initializes the logic state significant byte of the branch
address to the prog-  stored by the IXH register to the logic state on DB
ram memory. In order to determine the source of the  line 6' when MOSFET 53
is enabled by the control 60 most significant byte of the branch address,
the  125 signal conducted by conductor 54. The output of the carry-out
signal generated by ALU 28 is exclusive-  IXH storage circuit can be
coupled to DB line 6' by ORed with the sign bit of the 2's-complement
offset  MOSFET 55, to NDB line 8' by MOSFET 56, or to ABH value by gating
circuitry which will be discussed  line 10' by MOSFET 57. MOSFET devices
55,56 and hereinafter. If the exclusive-OR yields a logic "1",  57 are
enabled by control signals conducted by 65 then the incremented or
decremented value gener-   130 conductors 58,59 and 60, respectively.    GB
2 029 613 B   5 In Figure 4A/4B, a one-bit slice of INCH block 12
connected MOSFET devices is at a low level, the and PCH register 14 is
shown including one line 6' of  propagation of the ground potential along
the series the DB bus 6 and one line 10' of the ABH bus 10. The  connected
path terminates and the subsequent input of inverter 61 is coupled to ABH
line 10', and  nodes remain at the precharged high level. Those 5 MOSFET 62
couples the output of inverter 61 to node   70 skilled in the art will
recognise the above-described 63. The gate terminal of MOSFET 62 is coupled
to  circuitry as a series carry circuit or low-level ripple conductor 64
which is used to conduct a control  carry circuit. voltage generated by
logic circuitry (not shown), and  Node 72 isalso coupled to a first input
of NOR gate MOSFET 62 is enabled when the voltage level      76 and a first
input of AND gate 77. The second input 10 conducted by conductor 64 is at a
high level. Node  75 of NOR gate 76 and the second input of AND gate 77 63
is coupled to a first input of AND gate 64 and also  are coupled to the
output of inverter 65 which to the input of inverter 65. A second input of
AND  corresponds to the logic state of the signal received gate 64 is
coupled to DEC line 66. The output of  at the input of inverter 61. The
output of NOR gate 76 inverter 65 is coupled to a first input of AND gate
67,  is coupled to a first input of NOR gate 78 while the 15 and the second
input of AND gate 67 is coupled to  80 second input of NOR gate 78 is
coupled to the output DEC line 68. The logic circuitry which generates the
of AND gate 77. Those skilled in the art will realize control signals for
DEC line 66 and DEC line 68 will  that the output of NOR gate 78 is
logically the be discussed later with reference to Figure 7. The
exclusive-OR of the logic levels provided by node 72 outputs of AND gate 64
and 67 are received by the  and the output of inverter 65. 20 two inputs of
NOR gate 69 such that either the true or  85  The output of NOR gate 78 is
coupled to the input complement form of the signal received by the input
of inverter 80 by series-connected MOSFET devices of inverter 61 is
selected at the output of NOR gate  81 and 82. The gate terminal of MOSFET
81 is 69. Those skilled in the art will recognize that the  controlled by
clock signal 02' while the gate terminal output of gate 70 is the
Exclusive-OR function of the  of MOSFET 62 is controlled by clock signal
02- 25 DEC signal and the data on ABH line 10'. In the  90 Referring to
Figure 2, 02' is at a high level during the increment mode, AND gate 67 is
enabled, while in  second half of the first clock cycle and switches to a
the decrement mode AND gate 64 is enabled. The   low level when the second
clock cycle begins. output of NOR gate 69 is coupled to the input of
Similarly clock signal 02 switches to a low level inverter 70 and the
output of inverter 70 is coupled to  shortly after the second clock cycle
begins such that 30 the gate terminal of MOSFET 71.               95 the
result of the increment or decrement operation, One terminal of MOSFET 71
is coupled to node 72  formed during the first clock cycle, is dynamically
which is coupled to one terminal of precharge    stored at the input of
inverter gate 80 for use during MOSFET device 73. Node 72 is also coupled
to a   the second clock cycle. The output of inverter gate 80 terminal of a
MOSFET device (not shown) in the next  is coupled to an output node 83
which corresponds 35 least significant bit stage of INCH block 18. The
other  100 to the output of the particular bit stage for INCH terminal of
MOSFET 71 is coupled to the terminal of  block 12. Node 83 can be coupled
to DB line 6' by a MOSFET device (not shown) in the next most     MOSFET 84
which has its gate terminal coupled to significant bit stage of INCH block
18. Thus, MOSFET  conductor 85. Output node 83 can also be coupled to 71
and other MOSFET devices within the other bit  ABH line 10' by MOSFET 86
which has its gate 40 stages of INCH block 18 form a series connected  105
terminal coupled to conductor 87. The logic circuitry path.
for generating the control signals conducted by The gate terminal of
precharge MOSFET device 73  conductors 85 and 87 will be discussed later
with is coupled to conductor 74, and the third terminal of  reference to
Figure 7. Output node 83 can also be MOSFET73 is coupled to the positive
supply termin-  coupled to the input node 88 of one bit stage of PCH 45 al
VDD. Conductor 74 is coupled to clock signal 01  110 register 14 by MOSFET
89. The gate terminal of (see Figure 2) and to the drain of MOSFET 75 which
MOSFET 89 is coupled to conductor 90 which has its source coupled to ground
potential and its  assumes a high level whenever a transferfrom INCH gate
coupled to clocksignal 02- When clocksignal [err]  block l2to PCH register
14 is desired. The PCH goes to a high level while clock signal 02 is at a
low  register is similar to the TEMPH and IXH registers 50 level, MOSFET 75
is disabled and conductor 74 is at a  115 already described with reference
to Figure 3, and it high level. MOSFET 73 is then enabled and couples  will
not be further described. node 72 to the positive supply voltage. Similarly
In Figure 5, a buffer circuit is shown for estab- corresponding nodes in
other bit stages in the series  lishing a control signal based upon the
carry-out 



connected path are also precharged to a high level.  signal developed by
ALU 28. Referring again to 55  In performing an increment or decrement
opera-   120 Figure 2, the carry-out signal from ALU 28 is tion, a node
corresponding to node 72 in the least  generated during the second half of
the first clock significant bit stage is coupled to ground potential  cycle
when clock signal 02' is at a high level. The after clock signal 02 goes
high and the precharge  carry-out signal is generated by a series-carry
circuit MOSFETS have been disabled. A MOSFET device      within ALU 28
similar to the one described within 60 corresponding to MOSFET 71 in the
least significant  125 INCH block 12 with reference to Figure 4A/4B. The
bit stage will propagate the ground potential along  carry-out signal is
received by the input of inverter the series connected path towards the
most signifi-  92 which has its output coupled to the input of cant bit
stage provided that the gate terminal of the  inverter 93 by
series-connected MOSFET devices 94 corresponding MOSFET device is at a high
level.  and 95. The gate terminal of MOSFET 94 is coupled 65 Whenever a
gate terminal of one of the series  130 to clock signal 02' while the gate
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6 MOSFET 95 is coupled to the clock signal [err] When  such that the status
of the D76 control signal will the second clock cycle begins, clock signal
02' goes  control the output of gate 110. A control signal to a low level
and MOSFET 94 is cut off. Similarly,  conducted by conductor 111 may be
used to select shortly after the second clock cycle begins, clock  either
the increment or decrement mode of opera- 5 signal 02 goesto a low level
and MOSFET95 is cut  70 tionforlNCH block l2forinstructionsotherthan off,
and the carry-out signal, generated by ALU 28  branch instructions. For
example, conductor 111 during the first clock cycle, is dynamically stored
on  may be a logic "0" level to select the decrement the input of inverter
93 for use during the second  mode of operation in orderto perform a
decrement- clock cycle. The output of inverter 93 is coupled to
index-register instruction. Alternately, conductor 111 10 the input of
inverter 96 and to the gate terminal of  75 would be at a logic "'1 " level
to select the increment MOSFET device 97. The source of MOSFET 97 is
mode of operation for inch block 12 during the coupled to ground potential,
and the drain of     execution of an increment-index-register instruction.
MOSFET 97 is coupled to the source of enhancement   The output of gate 110
is coupled to the input of mode MOSFET 98 and to the source of depletion
inverter 112 by MOSFET 113. The gate terminal of 15 mode MOSFETdevice 99.
The output of inverter 96    80 MOSFET 113 is coupled to clock signal 01.
Referring is coupled to the gate terminals of MOSFETS 98 and  to Figure 2,
clock signal 01 switches to a low logic 99, while the drain terminals of
MOSFETS 98 and 99  level during the second half of the first clock cycle
are coupled to the positive supply terminal VDD   such that the output
level of gate 110 is dunamically Conductor 116 is coupled to the drain of
MOSFET 97  stored on the input of inverter 112 following the high 20 for
conducting control signal B7C.             85 to low transition of clock
signal [err].It will be recalled In Figure 6, a buffer circuit is shown for
developing  that the increment or decrement operation begins a control
signal DB7 corresponding to the sign bit of  after clock signal 02 goes
high and the incrementor the offset value input to ALU 28 during the first
clock  precharge devices are disabled. The output of inver- cycle. The DB7
line 6 is the most significant bit line  ter gate 112 is coupled to
conductor 68 to provide the 25 of DB bus 6. DB7 line 6" is coupled to the
input of  90 DEC signal and is also coupled to the input of inverter 100
which has its output coupled to the  inverter 115. The output of inverter
115 is coupled to input of inverter 101 by MOSFET 102. The gate
conductor 66 to provide the DEC signal. Assuming terminal of MOSFET 102 is
coupled to clock signal 01  that a branch instruction is being executed,
and which is at a high level while the data bus is enabled  assuming that
the 8-bit offset value is a positive 30 during the first clock cycle but
which switches to a  95 number, then D76 will be a logic "0", and control
low level before clock signal 02 rises to a high level  signal DEC will
also be a logic "0". However if the and precharges the internal processor
buses. Thus  offset value is a negative number, then D76 will be a the
status of DB7 line 6" is dynamically stored at the  logic"1" and control
signal DEC will also bea logic input of inverter 101. The output of
inverter 101  "1' " in order to select the decrement mode of 35 provides a
control signal D76 which corresponds to   100 operation. the polarity of
the sign bit of the offset value.   Conductor 116 receives the control
signal B7C as Figure 7 is a logic diagram which shows the logic  discussed
with reference to Figure 5. Conductors 116 circuitry used to develop the
DEC and DEC control  and 106 are coupled to logic circuitry within dashed
signals for controlling INCH block 12 as well as the  block 117 which
produces an output on conductor 40 logic circuitry used to develop the
control signals  105 118. Those skilled in the art will recognize that the
which enable eitherthe output of INCH block 12 or  outputof dashed block
117 is the exclusive-OR of the output of TEMPH register 16 onto ABH bus 10.
control signals B7Cand D76. Conductor 118 is Conductor 106 received the D76
control signal     coupled to a first input of AND gate 119 and to the
already discussed with reference to Figure 6. Con-  input of inverter 120,
the output of which is coupled 45 ductor 106 is coupled to a first input of
NAND gate    110 to a first input of AND gate 121. The second input of 105.
Conductor 107 conducts a control signal BCHO  AND gate 119 and the second
input of AND gate 121 which is generated by instruction decoder circuitry
are coupled to conductor 122 which conducts a (not shown) and which assumes
a high level        control signal BHC. The logic equation for control
whenever a branch instruction is received by the  signal BHC is the
following: 50 data processor. MOSFET 108 couples conductor 107   115 



to a second terminal of gate 105. The gate terminal    BHC = BCH1.(BRANCH +
BSR). of MOSFET 108 is coupled to clock signal 02, and the status of the
BCHO control signal is dynamically  Referring to Figure 2, conftrol signal
BCH1 is a logic stored on the second input of gate 105 shortly after  "1 "
during the second clock cycle only if previously 55 thefirstclockcycle
begins when clock signal 02  120 mentioned control signal ECHO is a logic
"1" during switches to a low level. The output of gate 105 is  the first
clock cycle to indicate that a branch coupled to a first input of NAND gate
110. The output  instruction has been decoded by the data processor. of
gate 105 will always be a logic "1' " unless a branch  Control signal
BRANCH is a logic "1 " during the instruction is being executed in which
casethe    second clockcyclewheneverthe condition forthe 60 output of gate
105 is the complement of the D76  125 BRANCH has been met. for example, if
a BEQ control signal.                 -                 (branch if equal to
zero) instruction is being ex- A second input of gate 110 is coupled to
conductor  ecuted, and if a flag in condition code register 30 111 which is
coupled to other decoder circuitry (not  indicates that the result of the
most recent ALU shown). Conductor 111 is at a logic "1" level     operation
was equal to-zero, then BRANCH is equal 65 whenever a branch instruction is
being executed  130 to a logic "1". Control signal BSR is a logic "1"    7
GB2029613 B         7 whenever a branch-to-subroutine instruction is
conductor 87 and conductor 50 to a low level. It will being executed. Thus
control signal BHC is a logic  be recalled that during this time, ABH bus
10 is being "1 " during the second clock cycle only when a    precharged to
a high level. When the second clock branch will actually occur, i.e. only
when the address  cycle begins, signal 02' switches to a low level, 5 of
the next instruction is differentfrom the address    70 enabling gates 128
and 130. In the example where specified by the program counter.
B7C is a logic "1 " and D76 is a logic "0", conductor Conductor 116, which
conducts control signal B7C,  87 now switches to a logic "1" level to
select the is also coupled to the input of inverter 135 and to a  output of
INCH block 12 onto ABH bus 10, while first input of AND gate 136. The
output of inverter  conductor 50 remains at a logic "0" level. 10 135 B7C
is coupled to a first input of AND gate 137.    75   During the execution
of an instruction which The second input of AND gate 136 and the second
employs an indexed mode of addressing, conductor input of AND gate 137 are
coupled to conductor 138  138 is a logic "1" while conductor 122 is a logic
"0" which conducts control signal DX1 which is gener-  level. Since no
branch instruction uses indexed ated by instruction decoder circuitry (not
shown).  addressing, control signal BHC is a logic "0" level at 15
Referring again to Figure 2, control signal DX1 is a  80 this time. It is
also assumed that conductor 126 and logic "1" level during the second clock
cycle     conductor 127 are at a logic "0" level. Assuming that whenever
the decoder circuitry detects that an    control signal 87C is a logic "1"
level, indicating a instruction which uses indexed addressing is being
carry-out from the addition from the low order executed.
operands, then the output of gate 123 is a logic "0" 20  The outputof gate
119 and the output of gate 136    85 level whilethe outputof gate 124 is a
logic "1" level. are coupled to first and second inputs, respectively,
When the second clock cycle begins, and signal 02' of NOR gate 123 which
has a third input coupled to  switches to a low level, then conductor 87
switches conductor 126. Similarly, the output of gate 121 and  toa logic
"1" level to selecttheoutputof INCH block the output of gate 137 are
coupled to first and   12 onto ABH bus 10 while conductor 50 remains at a
25 second inputs, respectively, of NOR gate 125 which    90 logic "0"
level. has a third input coupled to conductor 127. The.    Conductor 126
and conductor 127 are coupled to output of gate 124 is coupled to a first
input of NOR  other decoder circuitry (not shown) for allowing gate 128 by
MOSFET device 129. Similarly, the     INCH block 12 and TEMPH register 16,
respectively, output of gate 124 is coupled to a first input of NOR  to
drive ABH bus 10 for instructions otherthan those 30 gate 130 by MOSFET
device 131. The gate terminal    95 involving inxdexed or relative
addressing. of MOSFET 129 and the gate terminal of MOSFET 131 are connected
to clock signal 02. The second  CLAIMS input of gate 128 and the second
input of gate 130 are coupled to clock signal 02'. The output of gate  1. A
carry anticipator circuit suitable for use 35 128 is coupled to conductor
87 for selectively  100 within a data processorfor reducing the time
enabling the output of INCH block 12 onto ABH bus  required to perform
arithmetic operations, compris- 10 as illustrated in Figure 4. Similarly,
the output of  ing first means for providing a first digital signal gate
130 is coupled to conductor 50 for enabling the  having a first
predetermined number of bits, and output of TEMPH register 16 onto ABH bus
10 as    including a polarity signal having a first and second 40
illustrated in Figure 3.                      105 logic level, the polarity
signal being at thefirst logic Assuming that a branch instruction is being
ex-  levelwhen the first digital signal is positive and ecuted and that the
conditions for the branch have  being at the second logic level when the
first digital been met, then conductor 122 is a logic "1 " level and
signal is negative, second means for providing a conductor 138 is a logic
"0" level during the second  second digital signal having a second
predetermined 45 clock cycle. Since no branch instruction uses inde-    110
number of bits, the second predetermined number xed addressing, control
signal DC1 is a logic "0"  being greaterthan the first predetermined
number, level at this time. It is also assumed that conductors  the second
digital signal being provided as a most 



126 and 127 are at a logic "0" level during the   significant group and a
least significant group of execution of a branch instruction. If control
signal  bits, the least significant group having the first 50 B7C is a
logic "1 ", indicating that a carry-out was  115 predetermined number of
bits, and the most signifi- generated during the addition of the low order
byte  cant group of bits corresponding to a first binary operands, and if
control signal D76 is a logic "0",  value, arithmetic means having a first
input coupled indicating that the 8-bit offset value is a positive  to the
first means for receiving the first digital signal number, then conductor
118 is at a logic "1 " level. In  and a second input coupled to the second
means for 55 this case, gate 119 is enabled and gate 121 is  120 receiving
the least significant group of bits, the disabled such that the output of
gate 123 is a logic  arithmetic means performing an arithmetic opera- "0"
and the output of gate 125 is a logic "1 ". The  tion upon the bits
received by the first and second output of gate 123 is dynamically stored
on the first  inputs to provide a least significant result having the input
of gate 128 when clock signal 02 switches to a  first predetermined number
of bits, the arithmetic 60 logic "0" level shortly afterthe second clock
cycle    125 meansalso providing a carry signal forindicating begins.
Similarly, the logic level output by gate 124  whether a carry-out resulted
from the operation is dynamically stored an the first input of gate 130
performed by the arithmetic means, third means when clock signal 02
switches to a low level.     coupled to the second means for receiving the
most Immediately before the second clock cycle begins,  significant group
of bits and for providing an 65 clock signal 02' is at a logic "1 " level
which forces  130 incremented group of bits, the incremented group of
GB2029613 B         7 whenever a branch-to-subroutine instruction is
conductor 87 and conductor 50 to a low level. It will being executed. Thus
control signal BHC is a logic  be recalled that during this time, ABH bus
10 is being "1 "during the second clock cycle only when a     precharged to
a high level. When the second clock branch will actually occur, i.e. only
when the address  cycle begins, signal [err] switches to a low level, 5 of
the next instruction is different from the address    70 enabling gates 128
and 130. In the example where specified by the program counter.
B7C is a logic "1 " and D76 is a logic "0", conductor Conductor 116, which
conducts control signal B7C,  87 now switches to a logic "1" level to
select the is also coupled to the input of inverter 135 and to a  output of
INCH block 12 onto ABH bus 10, while first input of AND gate 136. The
output of inverter  conductor 50 remains ata logic "0" level. 10 135 B7C is
coupled to a first input of AND gate 137.    75  During the execution of an
instruction which The second input of AND gate 136 and the second   employs
an indexed mode of addressing, conductor input of AND gate 137 are coupled
to conductor 138  138 is a logic "1" while conductor 122 is a logic "0"
which conducts control signal DX1 which is gener-  level. Since no branch
instruction uses indexed ated by instruction decoder circuitry (not shown).
addressing, control signal BHC is a logic "0" level at 15 Referring again
to Figure 2, control signal DX1 is a  80 this time. It is also assumed that
conductor 126 and logic "1" level during the second clock cycle
conductor 127 are at a logic "0" level. Assuming that whenever the decoder
circuitry detects that an    control signal B7C is a logic "1 " level,
indicating a instruction which uses indexed addressing is being  carry-out
from the addition from the low order executed.
operands, then the output of gate 123 is a logic "0" 20  The output of gate
119 and the output of gate 136    85 level while the output of gate 124 is
a logic "1" level. are coupled to first and second inputs, respectively,
When the second clock cycle begins, and signal 02' of NOR gate 123 which
has a third input coupled to  switches to a low level, then conductor 87
switches conductor 126. Similarly, the output of gate 121 and  to a logic
"1 " level to select the output of INCH block the output of gate 137 are
coupled to first and   12 onto ABH bus 10 while conductor 50 remains at a
25 second inputs, respectively, of NOR gate 125 which    90 logic "0"
level. has a third input coupled to conductor 127. The     Conductor 126
and conductor 127 are coupled to output of gate 124 is coupled to a first
input of NOR  other decoder circuitry (not shown) for allowing gate 128 by
MOSFETdevice 129. Similarly, the     INCH blockl2andTEMPH register 16,
respectively, output of gate 124 is coupled to a first input of NOR  to
drive ABH bus 10 for instructions other than those 30 gate 130 by MOSFET
device 131. The gate terminal    95 involving inxdexed or relative
addressing. of MOSFET 129 and the gate terminal of MOSFET 131 are connected
to clock signal 02. The second  CLAIMS input of gate 128 and the second
input of gate 130 are coupled to clock signal 02'. The output of gate  1. A
carry anticipator circuit suitable for use 35 128 is coupled to conductor
87 for selectively  100 within a data processor for reducing the time
enabling the output of INCH block 12 onto ABH bus  required to perform
arithmetic operations, compris- 10 as illustrated in Figure 4. Similarly,
the output of  ing first means for providing a first digital signal gate
130 is coupled to conductor 50 for enabling the  having a first
predetermined number of bits, and outputof TEMPH register 16 onto ABH bus
1O as    including a polarity signal having a firstand second 40
illustrated in Figure 3.                      105 logic level, the polarity
signal being at the first logic Assuming that a branch instruction is being
ex-  level when the first digital signal is positive and ecuted and that
the conditions for the branch have  being at the second logic level when
the first digital been met, then conductor 122 is a logic "1 " level and
signal is negative, second means for providing a conductor 138 is a logic
"0'" level during the second  second digital signal having a second
predetermined 



45 clock cycle. Since no branch instruction uses inde-    110 number of
bits, the second predetermined number xed addressing, control signal DC1 is
a logic "0"  being greater than the first predetermined number, level at
this time. It Is also assumed that conductors  the second digital signal
being provided as a most 126 and 127 are at a logic "0" level during the
significant group and a least significant group of execution of a branch
instruction. If control signal  bits, the least significant group having
the first 50 B7C is a logic "1 ", indicating that a carry-out was  115
predetermined number of bits, and the most signifi- generated during the
addition of the low order byte  cant group of bits corresponding to a first
binary operands, and if control signal D76 is a logic "0",  value,
arithmetic means having a first input coupled indicating that the 8-bit
offset value is a positive  to the first means for receiving the first
digital signal number, then conductor 118 is at a logic "1 " level. In  and
a second input coupled to the second means for 55 this case, gate 119 is
enabled and gate 121 is  120 receiving the least significant group of bits,
the disabled such that the output of gate 123 is a logic  arithmetic means
performing an arithmetic opera- "0'" and the output of gate 125 is a logic
"1 ". The  tion upon the bits received by the first and second output of
gate 123 is dynamically stored on the first  inputs to provide a least
significant result having the input of gate 128 when clock signal 02
switches to a  first predetermined number of bits, the arithmetic 60 logic
"0" level shortly after the second clock cycle    125 means also providing
a carry signal for indicating begins. Similarly, the logic level output by
gate 124  whether a carry-out resulted from the operation is dynamically
stored on the first input of gate 130  performed by the arithmetic means,
third means when clock signal 02 switches to a low level.     coupled to
the second means for receiving the most Immediately before the second clock
cycle begins,  significant group of bits and for providing an 65 clock
signal 02' is at a logic "1" level which forces  130 incremented group of
bits, the incremented group of    8      GB2029 613 B
8 bits corresponding to a second binary value which is  the most
significant group of bits in an incrementer one larger than the first
binary value and said third  circuit to form an incremented group of bits;
and means including a control input for receiving the     (d) selecting
either the most significant group of polarity signal, the third means
providing the in-  bits stored in the register or the modified group of 5
cremented group of bits when the polarity signal is    70 bits to provide a
most significant result having n bits, at the first logic level, and the
third means being  the selection being a function of the carry signal, the
adapted for providing a decremented group of bits   first operand including
a sign bit for indicating both when the polarity signal is at the second
logic level,  positive and negative magnitudes, the modifying the
decremented group of bits corresponding to a    step including the step of
selectively decrementing 10 third binaryvalue which is one smaller than the
first    75 the most significant group of bits in a decrement binary value,
and fourth means coupled to the third  circuit to form a decremented group
of bits, the means for receiving the incremented group of bits   selection
of the incrementing or decrementing steps and coupled to the second means
for receiving the   being determined by the sign bit of the first operand.
most significant group of bits, the fourth means      6. A method as
claimed in claim 5, wherein the 15 being responsive to the carry signal for
selecting  80 step of selecting the most significant group or the either
the most significant group of bits or the    modified group of bits is also
a function of the sign incremented group of bits and providing the
bit of the first operand. selected bits as a most significant result, the
arith-  7. A carry anticipator circuit as claimed in claim 1 metic means
including a binary adder circuit suitable  comprising a means for
generating clocking signals 20 for adding two binary words to provide the
least  85 for effecting first and second clock cycles, the first
significant result, each of the binary words having  clock cycle occurring
prior to the second clock cycle, the first predetermined number of bits,
the binary  the arithmetic means and third means being opera- adder circuit
also being suitable for providing the  tive during the first clock cycle to
provide the least carry signal as a first logic level when an addition of
significant result and the incremented group of bits, 25 the two binary
words generates a carry-out and as a    90 respectively, and the fourth
means being operative second logic level when the addition does not
during the second clock cycle to provide the most generate a carry-out.
significant result. 2. A carry anticipator circuit as claimed in Claim  8.
A carry anticipator circuit suitable for use 1, wherein the fourth means
comprises a temporary   within a data processor for reducing the time 30
register and a digital bus, the temporary register  95 required to perform
arithmetic operations, compris- temporarily storing the most significant
group of   ing first means for providing a first digital signal bits, and
the digital bus being coupled to the      having a first predetermined
number of bits, the first temporary register and to the third means for
digital signal including a most significant bit having transmitting the
selected bits.                     a first and second logic level, the most
significant bit 35  3. A carry anticipator circuit as claimed in claim
100 being at the first logic level when the first digital 2, wherein the
fourth means select the most signifi-  signal is positive and being at the
second logic level cant group of bits from the temporary register onto
when the first digital signal is negative, second the digital bus when the
carry signal is at the second  means for providing a second digital signal
having a logic level and selects the incremented group of bits  second
predetermined number of bits, the second 40 from the third means onto the
digital bus when the    105 predetermined number being greaterthan the
first carry signal is at the first logic level.           predetermined
number, the second digital signal 



4. A carry anticipator circuit as claimed in claim  being provided as a
most significant group and a 1, wherein the fourth means includes gating
means  least significant group of bits, the least significant responsive to
the carry signal and responsive to the  group having the first
predetermined number of bits, 45 polarity signal for providing a selection
signal hav-    110 and the most significant group of bits corresponding ing
first and second logic levels, the fourth means  to a first binary value,
arithmetic means having a being operative to select the most significant
group  first input coupled to the first means for receiving the of bits
when the selection signal isat the first logic  first digital signal and a
second input coupled to the level and being operative to select the
incremented  second means for receiving the least significant 50 or
decremented group of bits when the selection  115 group of bits, the
arithmetic means performing an signal is at the second logic level.
arithmetic operation upon the bits received by the 5. A method of adding a
first operand having m    first and second inputs to provide a least
significant bits to a second operand having m + n bits grouped  result
having the first predetermined number of bits, as a least significant group
of m bits and most     the arithmetic means also providing a carry signal
55 significant group of n bits, the method comprising  120 for indicating
whether a carry-out resulted from the the steps of
operation performed by the arithmetic means, third (a) adding the first
operand and the least signifi-  means coupled to the second means for
receiving cant group in an m-bit adder circuit for generating a  the most
significant group of bits and being respon- least significant result having
m bits and a carry  sive to the most significant bit of the first digital
60 signal for indicating whether a carry-out occurred;    125 signal for
selectively providing an incremented (b) storing the most significant group
of bits in a  group of bits when the most significant bit is at the
register;                                           first logic level and
providing a decremented group (c) modifying the most significant group of
bits  of bits when the most significant bit is at the second to form a
modified group of n bits, the modifying   logic level, the incremented
group of bits corres- 65 step including the step of selectively
incrementing  130 ponding to a second binary value which is one larger    9
GB 2 029 613 B         9 than the first binary value and the decremented
group of bits corresponding to a third binary value which is one smaller
than the first binary value, and fourth means coupled to the second means
for 5 receiving the most significant group of bits and coupled to the third
means for receiving the in- cremented or decremented group of bits, the
fourth means being responsive to the carry signal and responsive to the
most significant bit of the first 10 digital signal for selecting either
the most significant group of bits or the incremented or decremented group
of bits and providing the selected bits as a most significant result. 9. A
carry anticipator circuit as claimed in claim 8 15 further comprising a
means for generating clocking signals for effecting first and second
clocking cycles, the first clock cycle occurring prior to the second clock
cycle, the arithmetic means and third means being operative during the
first clock cycle to provide 20 the least significant result and the
incremented or decremented group of bits, respectively, and the fourth
means being operative during the second clock cycle to provide the most
significant result. 10. Acarry anticipator circuit substantially as 25
hereinbefore described and as shown in the accom- panying drawings. Printed
for Her Majesty's Stationery Office, by Croydon Printing Company Umited,
Croydon, Surrey, 1983. Published by The Patent Office. 25Southampton
Buildings, London, WC2A lAY, from which copies may be obtained.    


