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1
FAST FORWARDING ALU

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the field of electronic
circuits. More specifically, embodiments of the present
invention relate to Arithmetic Logic Units (ALUs), and in
particular, ALLUs included in a pipelined processor.

2

pipelined execution units in a processor. Processors that
include multiple execution units are often referred to as
“superscalar” processors, and such processors include
scheduling circuitry that attempts to efficiently dispatch
instructions to different execution units so that as many
instructions are processed at the same time as possible.
Relatively complex decision-making circuitry is often
required, however, because oftentimes one instruction can-
not be processed until after another instruction is completed.

2. Description of the Related Art 10 For example, if a first instruction loads a register with a
Users of data processing systems such as computers and  valye from memory, and a second instruction adds a fixed
;he like Cloiminue to (}emind &‘%lr cater and grealter perfolrmancg number to the contents of the register, the second instruction
rom such systems for handling increasingly complex an ically cannot be executed until execution of the first
difficult tasks. Greater performance from the processors that zstmcgon is complete.
operate such systems may be obtained through faster clock 15 . 1se of relatively complex scheduling circuitry can
spe?eds, so that indiVidilal instructions are processe?d more occupy a significant amount of circuitry on an integrated
quickly. However, relatively greater perfoimance gains haYe circuit device, and can slow the overall execution speed of
EZ?:I 1:1C$iilegntehraorilo%ﬁeferformmg multiple operations in aprocessor. For these reasons, significant development work
. e e has been devoted to Very Long Instruction Word (VLIW)
One manner of parallehz.ation 1s.kno.wn as pipehning » 20 processors, where the decision as to which instructions can
Wh.er.e instructions are fed into a pipehne for an execution be executed in parallel is made when a program is created,
unit n a processor that peri“orm; different operations nec- rather than during execution. A VLIW processor typically
eiii?; ;Oali;oi::i ;}:;;fllzggznaonis lgﬁﬂfl'iigfuiaipz;iz includes multiple pipelined execution units, and each VLIW
Is)tages for fstching the instr,uctliolii from m};:mory, exeguting 25 :;S;aurcczlosntﬁlaltc zieﬁnglxﬁlgebgréxmsgl\;zbﬁszutcﬁéog asmlzntoiglié
Eﬂfouﬁxgg?’?ﬁssw?;nf tiil{le;lcls g?ﬁiiﬁjg?g;:?e%aciﬁ as one anothei‘. Each Primitive instruction in a VL.IW may
. D . therefore be directly dispatched to one of the execution units
sequence 1nto the.pipehne, as the results of the ﬁrst. ustruc- without the extra overhead associated with scheduling.
tion are being written back into memory by the third stage VLIW processors rely on sophisticated computer programs
of the pipeline, a next instruc.tion is .beii.ig e)fecuted by the 30 known as compilers to generate suitable VLIW instructions
second stage, and S.tlll a next instruction is beiiig fetched by for a computer program written by a computer user. VLIW
the first stage. While each 1nd1V1dua1. Instruction may iake processors are typically less complex and more efficient than
Zf:e; ?lg%ﬁ;giiiégszz(?r Ztcetsli:d;asiiilget?itilil:r ltIlliSemé i]t;?:ﬁ superscalar processors given the elimination of the overhead
throughput of the processor is much greater. With respect to 35 assoc.iated with schedilling the. exs:cution 9f instructions.
pipelining, the term “stage” generally refers to the combi- It is common practice fOF pipelined logic to be synchio-
national logic between registers or latches. npusiy clocked..That 18, & single t.imebase clo.cks .the entire
Pipelining is the placing of logic between various types of circuit. Altemative?ly, various portions of tlie pipf:hned logic
memories. Known memories include registers, latches, and can bf,: clocked with diﬂ“erent tiniebases (ie., different fre-
Random Access Memory (RAM). A register is a type of 40 quencies), and thesg diﬂ“eient timebases are usually (al-
word-based memory that stores a set of bits, and generally, though not necessar‘ily) rational numbei multiples of.each
all the bits are written in parallel on the edge of a clock or other, thereby allowing them to be derived frpm a single
similar event in time. A latch is a type of word-based frequency source. in the case of asynchronous circuits, there
memory that stores a set of bits, and generally, the bits are can be muitiple timebe}ses that are asynchronous to one
stored while an enable signal is active, thereby allowing 45 anothe?r. It is also possible fqr registers to be .clocked by
input changes to propagate to outputs while the enable signal (ietecting \yhen th.e computation of nput data is complete
is active. A latch is sometimes called a “half-register”. (ie., ;elf-timed circuits), resulting in fully asynchronous
Putting logic between half-registers has the advantage of behavior.
partial cycle stealing from a prior stage, and can reduce the One design consideration in pipelined circuits is stalling.
cycle time of a pipelined circuit. Random Access Memory so Stalling occurs in a pipelined circuit when at least one stage
(RAM) is an array-based memory that stores a plurality of waits for some data. A simple example is an execution unit
words, each word being a set of bits. RAMs can have a waiting until a next instruction is available; that is, the
plurality of access ports, thereby allowing multiple reads execution unit stalls. In general, mitigation of stall is desir-
and/or writes from/to the RAM. Fast RAM, generally with able, but it is the average sustainable performance that is
multiple access ports, is sometimes called a register file. 55 being maximized in most designs. Hence, introducing infre-
Individual arithmetic operations, such as addition and quent stalls in order to increase overall performance can be
multiplication, can also be pipelined. For example, a mul- a fruitful design choice.
tiplier can be designed with four stages, and take four clock Another design consideration in pipelined circuits is the
cycles to compute a result corresponding to a particular critical path. The critical path is the path through a circuit
input, but accept new inputs each clock cycle. Pipelining can 60 that takes the longest time to propagate from input to output.
be applied to memories as well. For example, a memory The critical path determines the smallest allowable clock
could have the following stages: address decode; memory period where, the smaller the clock period, the higher the
array access; and data output. A pipelined circuit can be performance. Accordingly, the performance is inversely
composed of many stages, and include a plurality of related to the clock period. In pipelined circuits, this critical
memory, arithmetic, and logic circuits. 65 path is measured from register-to-register or latch-to-latch

Greater parallelization can also be performed by attempt-
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One possible critical path in pipelined logic is through an
ALU. A typical ALU performs at least some of the following
operations: adds, shifts, rotates, AND, OR, NAND, NOR,
and the like operations. Generally, the critical path through
an ALU occurs for the add operation, primarily due to an
arithmetic carry through all the bits. An arithmetic carry is
the “carry our” from a bit position into the next most
significant bit. For example, in an 8-bit adder, adding the bit
patterns ‘01111111” and ‘01111111 causes arithmetic carries
to propagate through all the bit positions. A simple type of
adder allows carry values to ripple from the least significant
bit to the most significant bit, but this is slow due to a long
critical path. More sophisticated adders use a carry-look-
ahead circuit to generate carry values. But, even for carry-
look-ahead circuits, wider (i.e., more bit position) adders
have a longer critical path.

Recently, microprocessor architectures have been
extended from 32-bit architectures to 64-bit architectures.
This change increases the width of the AL U, increasing the
critical path delay through the ALU (e.g., by increasing the
number of bits for the carry-look-ahead logic) and reducing
performance. Hence, it is desirable to reduce the critical path
though 64-bit ALUs.

Prior art solutions split each of the AL U’s two 64-bit two
operands (A and B) into two 32-bit operands by separating
the high order bits from the low order bits (respectively, A,
and A, and B and B;). A; and B, are fed into a first 32-bit
adder, and A,, and B, are fed into both a second adder and
a third adder. The second adder has its carry input set to “0”,
while the third adder has its carry input set to “1”. The output
sum from the first adder forms the lower bits of the result.
The carry out from the first adder selects (by a multiplexer)
between the output sum from the second adder and the
output sum from the third adder to form the higher bits of the
result. The three adders operate in parallel. Three adders are
used so that the addition of the upper bits can start before the
carry output from the low order bits is determined. While the
critical path is reduced, the disadvantages are: additional
area due to three adders (rather than two); circuit delay due
to the multiplexer; and additional power consumption due to
additional switching of circuits.

In the context of an ALU, forwarding of an arithmetic
result refers to making use of the result in the next clock
cycle. For example, if X+Y+Z is to be computed, then X+Y
is computed in a first arithmetic unit and forwarded to a next
arithmetic unit that adds the Z value. Forwarding must be
done in an efficient manner, without increasing the critical
path or causing the pipeline to stall frequently. Forwarding
is generally done by routing the wires of a data bus from the
first arithmetic unit to the second. In the prior art, in order
to reduce the critical path delay, wide metal wires are used
for forwarding, but this has the significant disadvantages of:
consuming numberous routing tracks (e.g. 4x width wires
instead of the smallest 1x width wires); and requiring larger
buffers to drive a larger wiring load, thereby increasing area
and power consumption.

Therefore, there is a need for a fast forwarding ALU that
overcomes the deficiencies described above.

SUMMARY OF THE INVENTION

An apparatus and a method for performing faster arith-
metic operations in a pipelined circuit is described. For
example, a 64-bit adder can be implemented with two
independent 32-bit adders, thereby both decreasing required
die area and improving performance.
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4

The apparatus and method operating on a first binary
number and a second binary number comprise: a first
arithmetic logic unit (ALU) operating on a first lower
portion of the first binary number and a second lower portion
of the second binary number to produce a first result and a
carry out signal; and a second ALU operating on a first upper
portion of the first binary number and a second upper portion
of the second binary number to produce a second result;
wherein at least a portion of the pipelined circuit stalls in
response to the carry out signal.

Another embodiment, for a pipelined circuit apparatus
comprises: an arithmetic logic unit (ALU) operating on two
binary numbers, the ALU comprising: a first logic circuit
generating a carry out signal from a bit location that is not
the most significant bit of the ALU; wherein at least one
stage of the pipelined circuit stalls in response to the carry
out signal.

Another embodiment includes memory comprising a plu-
rality of words, each word comprising data bits and a flag bit
indicating a predetermined number of the most significant
data bits are all zero.

Another embodiment of a pipelined circuit comprises: a
memory with a plurality of words, each word comprising a
plurality of data bits and a flag bit indicating a predetermined
number of most significant bits of the data word are all zero,
the predetermined number not being all of the data bits; and
an arithmetic logic unit (ALU) receiving contents of at least
one of the words, the ALU using the flag bit within the
received word to determine whether an upper portion of any
input data can be forwarded.

In another embodiment, an integrated circuit comprises a
pipelined circuit for performing operations on a first binary
number and a second binary number, the pipelined circuit
comprises: a first arithmetic logic unit (ALU) operating on
a first lower portion of the first binary number and a second
lower portion of the second binary number to produce a first
result and a carry out signal; and a second ALU operating on
a first upper portion of the first binary number and a second
upper portion of the second binary number to produce a
second result; wherein at least one stage in the pipelined
circuit stalls in response to the carry out signal.

An integrated circuit comprising a pipelined arithmetic
logic unit (ALU) operating on two binary numbers, the ALU
comprising: a first logic circuit generating a carry out signal
from a bit location near a middle bit position in one of the
two binary numbers; wherein at least of one stage in the
pipelined ALU stalls in response to the carry out signal.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features,
advantages and objects of the present invention are attained
and can be understood in detail, a more particular descrip-
tion of the invention, briefly summarized above, may be had
by reference to the embodiments thereof which are illus-
trated in the appended drawings.

It is to be noted, however, that the appended drawings
illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the
invention may admit to other equally effective embodi-
ments.

FIG. 1 shows a computer system.

FIG. 2 is an embodiment of the ALU.

FIG. 3 is another embodiment of the ALU.

FIG. 4 is an example register file storjng t
bit. A
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following detailed description of a fast forwarding
ALU, numerous specific details are set forth in order to
provide a thorough understanding of the present invention.
However, it will be recognized by one skilled in the art that
the present invention may be practiced without these specific
details or with equivalents thereof. In other instances, well
known methods, procedures, components, and circuits have
not been described in detail as not to unnecessarily obscure
aspects of the present invention. As a example, specific bus
bit widths, data bit widths, and arithmetic unit bit widths are
used to illustrate concepts, but the concepts can be applied
to an apparatus with any number of bits. In the examples that
include numbered bit positions, the most significant bit is
numbered “0”.

In the recently available 64-bit processors, 64-bit
addresses are beginning to dominate over 32-bit address,
but, it is almost never the case that a value greater than 32
bits (232-1) is ever added to a 64-bit base register. In some
application programs, 95% of address adds are “D-form”,
where a 16-bit constant (i.e., a displacement) is added to a
64-bit base register for load and store address generation.
Similarly, nearly 90% of ALU adds are adding a 16-bit or
less constant value (from an immediate field in an instruc-
tion) to a 64-bit base. Conversely, the remaining register-
register additions that are performed are adding 16-bit,
24-bit, or 32-bit offset values to a 64-bit base. However, the
average number of significant bits in an offset is small,
typically only about 10 to 12 bits, so that a carry out of adder
bits 32-63 is very unlikely under these conditions.

FIG. 1 shows a computer system 80 according to an
embodiment. [llustratively, the computer system 80 includes
a system bus 86, at least one processor 81 coupled to the
system bus 86 via a data cache subsystem 82 and an
instruction cache subsystem 83. The data cache subsystem
82 includes a data cache RAM 84. The instruction cache
subsystem 83 includes an instruction cache RAM 85. The
computer system 80 also includes an input device 94
coupled to system bus 86 via an input interface 95, a storage
device 89 coupled to system bus 86 via a mass storage
interface 88, a terminal 91 coupled to system bus 86 via a
terminal interface 90, and a plurality of networked devices
93 coupled to system bus 86 via a network interface 92.

Terminal 91 is any display device such as a cathode ray
tube (CRT) or a plasma screen. Terminal 91 and networked
devices 93 are desktop or PC-based computers, worksta-
tions, network terminals, or other networked computer sys-
tems. Input device 94 can be any device to give input to the
computer system 80. For example, a keyboard, keypad, light
pen, touch screen, button, mouse, track ball, or speech
recognition unit could be used. Further, although shown
separately from the input device, the terminal 91 and input
device 94 could be combined. For example, a display screen
with an integrated touch screen, a display with an integrated
keyboard or a speech recognition unit combined with a text
speech converter could be used

Storage device 89 is a DASD (Direct Access Storage
Device), although it could be any other storage such as
floppy disc drives or optical storage. Although storage 89 is
shown as a single unit, it could be any combination of fixed
and/or removable storage devices, such as fixed disc drives,
floppy disc drives, tape drives, removable memory cards, or
optical storage. Main memory 87 and storage device 89
could be part of one virtual address space spanning multiple
primary and secondary storage devices.
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The contents of main memory 87 can be loaded from and
stored to the storage device 89 as processor 81 has a need for
it. Main memory 87 is any memory device sufficiently large
to hold the necessary programming and data structures of the
invention. The main memory 87 could be one or a combi-
nation of memory devices, including random access
memory (RAM), non-volatile or backup memory such as
programmable or flash memory or read-only memory
(ROM). The main memory 87 may be physically located in
another part of the computer system 80. While main memory
87 is shown as a single entity, it should be understood that
memory 87 may in fact comprise a plurality of modules, and
that main memory 87 may exist at multiple levels, from high
speed registers and caches to lower speed but larger DRAM
chips.

For the great majority of ALU additions in a processor 81,
which are address additions where dependencies can occur,
a 32-bit adder with no carryout is sufficient for more than
99% of the cases that are likely to be encountered. Full
64-bit additions are not dominant, but can and do occur.
However, the vast majority are not cycle-cycle dependent
and most would occur in independent inner loops. It is one
of the objectives of the present patent to exploit this high
probability of the likely cases. The present patent describes
an advantageously faster adder that handles these likely
cases.

In one embodiment, rather than construct a wide ALU
(e.g. 64 bits) with one monolithic block of combinational
logic, a wide ALU is split into an upper ALU and a lower
ALU (e.g., 32 bits each), with upper and lower portions of
the operands input to their respective ALU. The lower ALU
produces a carry out signal that indicates the result from the
upper ALU needs to be incremented. When this carry out is
false, no additional action is take. When this carry out is true,
it is used to stall the pipeline in order to introduce a clock
cycle to perform the increment. This is particularly effective
for adding offsets to base addresses. In one aspect, a carry
out signal is generated from a bit location near a middle bit
position within a wide AL U, and this carry out signal is used
to stall at least part (i.e., some stages) of the pipelined logic.

In another embodiment, a fast forwarding bus carries data
that assumes the carry out is zero (i.e., no carry) and that the
upper ALU can be bypassed. The fast forwarding bus is
useful for cases where the full result is needed on the next
clock cycle. The fast forwarding bus holds an “only specu-
latively correct” result for the wide ALU, and the determi-
nation as to whether this result can be used on the next clock
cycle is determined by the carry out signal. This “specula-
tively correct” result can be written to various memories,
and then only used on subsequent clock cycles if determined
to be correct. This embodiment takes advantage of recog-
nizing when the most significant bits of either operand are all
zeros. Since the upper ALU is bypassed by one of the
operands, that part of the operand can be forwarded to: (1)
the next unit or ALU; and (2) fed back to upper register bits;
and furthermore, the bypassing allows that part of the
operand to reach its destination well within one clock cycle.
For this reason, very small and area efficient wires can be
used for these bits on the fast forwarding bus, thereby saving
power and die area.

In another embodiment, as an aid to use the fast forward-
ing bus, a special flag bit is used to indicate the upper bits
of an operand are all zeros. This special flag bit is carried
along with the data, and stored in memories along with the
corresponding data. In other words, a special flag bit indi-
cates a predetermined number of most sj

ﬁﬁiﬁcam 12112 of
data value are all zero, the predetermine A%, %ﬁg

an Limited
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all of the data bits. In contrast, the prior art includes flag bits
that indicate all the bits of a data value are zero.

As shown in the example embodiment of FIG. 2, a wide
ALU (e.g. 64 bits) is split into an upper ALU 105 and a
lower ALU 107 (e.g., 32 bits each). The inputs to the wide
ALU 101, RA 111 and RB 113, are split, respectively, into
RAH 121, RAL 123, RBH 125, and RBL 127, and input to
the upper ALU 105 and the lower ALU 107. The two ALUs
105, 107 each produce a result 131, 133 that is written to a
register 135. The lower ALU 107 also produces a carry out
signal 141. When carry out 141 is zero (i.e., no carry), then
the result in the register 135 is the correct sum of RA 111 and
RB 113. But, when carry out 141 is one (i.e., a carry), then
the upper ALU result 131 must be incremented, and that is
done with incrementing logic 137 (shown after the register
135 in FIG. 2). While this may at first appear to have
worsened the critical path (due to the incrementing logic
137), the critical path is improved by bypassing the incre-
menting logic 137 for all cases, except when carry out 141
is one (i.e., a carry out of the lower adder 107 has occurred).
In that exception case, the incrementing logic 137 is not
bypassed, but a pipeline stall is introduced to account for the
additional delay through the incrementing logic 137. The
pipeline stall inserts a clock cycle (or two clock cycles, if
necessary) to account for not bypassing the incrementing
logic. The carry out signal 141 goes to 143 stall logic. Stall
logic is know in the art, and is not described here. A carry
out signal 141 from a bit location near a middle bit position
in the wide ALU 101 is generated, and then using the carry
out signal 141 to stall at least part of the pipelined logic.
Alternatively, the carry out signal 141 can be generated at
any bit position other than the most significant bit.

Therefore, using the example of a 64-bit ALU, the critical
path is improved from that of a 64-bit ALU to that of a 32-bit
ALU. If a 32-bit ALU is 30% faster than a 64-bit ALU, then
the average mount of time would change from 1.0 (normal-
ized) to (% no_stall)(1.0-0.30)+2(% stall)(1.0-0.30). The
“2” is due to taking two clock cycles. If stalls occur 1% of
the time, then the average would be 0.707, an improvement
of 29.3%. If stalls occur 5% of the time, then the average
would be 0.735, an improvement of 26.5%. If this ALU 101
is included in a synchronously clocked pipelined machine,
then the entire machine’s performance can be improved if
the ALU is the limiting factor in determining the clock
period. Additionally, die area is reduced because two 32-bit
adders require considerably less area than one 64-bit adder.

The register 135 can be replaced by any type of memory,
and the advantages of the invention remain. Also, the
incrementing logic 137 can be incorporated into the register
137 so as to provide a means to increment the upper adder
result 131 and store the incremented value back into the
register 137.

If a suitable fast 2-tree level Domino 32-bit adder imple-
mentation is used, the ALU delay plus the forwarding delay
path is comparable to a desired limit of minimum cycle time
(latch +3 trees per cycle) and can typically match the delays
of other critical 1-cycle elements, such as register files,
cache arrays, translation look-aside buffers (TLBs), etc.

A more detailed embodiment of the ALU 200 is shown in
FIG. 3. The figure shows the input for the upper ALU 105
and lower ALU 107 coming from registers 201, 203, 205,
207. These registers 201, 203, 205, 207 receive input from
busses 211, 213, which are driven from a plurality of
sources. This particular embodiment shows the busses 221,
223 driven by multiplexers 211, 213, 215, as well as other
sources. The lower ALU 107 outputs its result onto two
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register 135; and (2) the fast forwarding bus 233. The upper
ALU 105 two buses: (1) the bus 235 used to write to the
output register 135; and (2) the fast forwarding bus 233.
Depending on implementation details the three busses 231,
233, 235 could be a single bus. An instruction register 237
for controlling the operation of the ALUs 105,107 is also
shown in the FIG. 3.

To deal with the case of carry out 141 being a one (i.e., a
carry exists), the output register 135 includes an upper part
241 that includes increment capability. Hence, if carry out is
one, the ALU 200 stalls, and the stall cycle (or cycles) is
used to increment the upper portion of the result. Therefore,
the correct result of the ALU 200 is available on RBUSO
243 in either: (1) one clock cycle; or (2) more than one clock
cycle due to a stall. In other words, the data in the output
register 135 may be used as a second cycle dependent
forward for all cases, but this is unlikely.

An embodiment includes the use of a fast forwarding bus
235 that carries data that assumes carry out is zero (i.e., no
carry). The fast forwarding bus 235 is useful for cases where
the full result is needed on the next clock cycle (as described
above). If, during use of the AL U 200, next cycle forwarding
is desired, carry out is zero, and the ALU 200 is adding a
small offset (e.g., significant bits contained in only RBL 207
and none in RBH 205) to a base address value, only the
following needs to be forwarded: (1) the result bits from the
lower ALU 107; and (2) the upper bits of the base address
value, which is data from either RAH 201 or RBH 205.
Therefore, for this case, the upper bits of the base address
(either RAH 201 or RBH 205) do not need to pass through
the upper adder 105. The upper adder 105 is bypassed by
having both RAH 201 and RBH 205 capable of driving the
fast forwarding bus 235 (and the bus 231 used to write to the
output register 135). Selecting the output from RAH 201 or
RBH 205 is done by detecting an “all zeros” case for one or
both. For example, if RBH 205 is all zeros, then RAH 201
is selected to drive the fast forwarding bus 235.

In other words, the fast forwarding bus 235 holds an
“speculatively correct” result for the ALU 200, and the
determination as to whether this result can be used on the
next clock cycle is determined by carry out 141. This
“speculatively correct” result can be written to various
memories, and then only used on subsequent clock cycles if
determined to be correct.

Since the upper bits (from either RAH 201 or RBH 205)
do not go through the ALU, they have ample time within a
clock cycle to be forwarded to: (1) the next unit or ALU; and
(2) fed back to upper register bits (RAH 201 and/or RBH
205). For this reason, very small and area efficient wires can
be used for these bits on the fast forwarding bus 235, thereby
saving power and die area.

In the prior art, in order to reduce the critical path delay,
wide metal wires are used for forwarding, but this has the
significant disadvantages of: consuming numerous routing
tracks (e.g. 4x width wires instead of the smallest 1x width
wires); and requiring larger buffers to drive a larger wiring
load, thereby increasing area and power consumption. In
contrast, one embodiment of the fast forwarding AL U uses
1x pitch metal wires for the upper bits (from either RAH 201
or RBH 205) on the fast forwarding bus 235. In addition,
two copies (i.e. driven by two buffers, or “drivers”) of the
most critical lower adder 107 result bits can be utilized,
thereby further improving performance on the forwarding
bus 235 by cutting its load and wire length in half. (The term
“Ix” is used to designate metal lines of “minimum width”,

which means the smallest metal (or other conductg lﬁf Limited
widths that can be manufactured by a MARQNLAE -'an_ _'ml e
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ductor fabrication process for a particular metal layer. The
specification for a fabrication process is called the “design
rules”, and these include minimum widths for various con-
ductive layers.)

As an aid to use the fast forwarding bus 235, it would be
advantageous to know whether RAH 201 and/or RBH 205
contain all zeros at the beginning of the clock cycle, thereby
aiding in limiting the stall for a forward to one cycle. As
exemplified in the register file shown in 300 FIG. 4, this is
achieved by keeping a flag bit Z 301 in each memory word
303 (similarly included in other memories, such as registers,
etc.) that indicates the high order bits are all zeroes. Arith-
metic units can be designed to generate this condition code
301 along with the usual data and condition codes. If, when
an addition is to be performed, the flag bits 305, 307 for the
two operands are examined, and the upper adder 105 is not
used if either flag 305, 307 indicates the presence of all
zeros. The fast forwarding generates the correct result when
there is not a one value at carry out 141. To further limit
potential unexpected carry out 141 one values from the
lower adder 107, the zero flag can be extended to indicate
that more bits of the value is all zeros. For example, in a
64-bit ALU, the Z bit 301 could indicate that the upper 40
bits are all zeros, reducing the rate of unexpected carry outs
by a factor of 25=256.

In general, the carry out signal 141 can come from any bit
location. In the above discussion, the carry out signal was
assumed to be from a bit location at the center (e.g., bit 32
out of bits numbered 0 through 63). The carry out signal can
come from any bit location near the middle of the operand
bits, and, in fact, can be any bit location which is not the
most significant bit location.

The above descriptions assume a wide ALU to be split
into two equal smaller portions, but that assumption was
used for illustrative purposes. The wide ALU can be split
into three or more portions. Also, the portions do not need
to be of equal size. While the discussion used the term ALU,
those skilled in the art appreciate that any arithmetic unit can
use the invention effectively, including pure adder circuits.

While the present invention has been described in par-
ticular embodiments, it should be appreciated that the
present invention should not be construed as limited by such
embodiments, but rather construed according to the below
claims.

What is claimed is:

1. A pipelined circuit apparatus for performing operations
on a first binary number and a second binary number,
comprising:

a first arithmetic logic unit (ALU) operating on a first
lower portion of the first binary number and a second
lower portion of the second binary number to produce
a first result and a carry out signal;

a second ALU operating on a first upper portion of the first
binary number and a second upper portion of the
second binary number to produce a second result; and

a logic circuit selecting one of the first upper portion and
the second upper portion in response to the first flag bit
and the second flag bit, the selected upper portion used
as the second result;

wherein at least one stage in the pipelined circuit stalls by
one or more clock cycles in response to the carry out
signal to account for additional delay introduced by
incrementing the second result when the carry out
signal indicates a carry;

wherein the first binary number is associated with a first
flag bit, the first flag bit indicating a first predetermined
number of most significant bits of the first binary
number are all zero; and
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wherein the second binary number is associated with a
second flag bit, the second flag bit indicating a second
predetermined number of most significant bits of the
second binary number are all zero.

2. The apparatus of claim 1 further comprising:

a memory having a first memory portion receiving the
first result and a second memory portion receiving the
second result.

3. The apparatus of claim 2 further comprising:

a logic circuit for incrementing a value stored in the
second memory portion when the carry out signal
indicates a carry.

4. The apparatus of claim 3 wherein:

the incremented value is stored into the second memory
portion in response to the carry out signal.

5. The apparatus of claim 2 wherein:

the second memory portion is configured to increment a
value stored in the second memory portion in response
to the carry out signal.

6. The apparatus of claim 2 wherein:

the memory stores a value used to address a random
access memory.

7. The apparatus of claim 1 wherein:

the first binary number is split in two at a first bit boundary
to form the first upper portion and the first lower
portion; and

the second binary number is split in two at a second bit
boundary to form the second upper portion and the
second lower portion.

8. The apparatus of claim 1, further comprising:

at least two buffers for each bit position in the second
result, each the buffer receiving a corresponding bit
value within the second result, each the buffer driving
an electrically conductive line that has minimum width.

9. The apparatus of claim 1 wherein:

the second binary number is split in two at a second bit
boundary to form the second upper portion and the
second lower portion.

10. A pipelined circuit apparatus, comprising:

an arithmetic logic unit (ALU) operating on two binary
numbers, the ALU comprising:

a first logic circuit generating a carry out signal from a bit
location that is not the most significant bit of the ALU;

wherein at least one stage of the pipelined circuit stalls by
one or more clock cycles in response to the carry out
signal to account for additional delay introduced by
incrementing the second result when the carry out
signal indicates a carry; and

a logic circuit selecting an upper portion of one of the two
binary numbers, the selecting done in response to the
first flag bit and the second flag bit;

wherein a first flag bit is associated with a first of the two
binary numbers, the first flag bit indicating a predeter-
mined number of most significant bits of the first binary
number are all zero; and

wherein a second flag bit is associated with a second of
the two binary numbers, the second flag bit indicating
a predetermined number of most significant bits of the
second binary number are all zero.

11. The apparatus of claim 10, the ALU further compris-

ing:

a first logic unit operating on lower portions of the two
binary numbers to produce a first result;

a second logic unit operating on uppelréolﬁlac%ls I'Olf Iﬂfet\ry{ﬁan Limited
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a second logic circuit for incrementing the second result 13. The apparatus of claim 11, the ALU further compris-
in response to the carry out signal to form an incre- ing:

mented value.

first toring the first 1t; and
12. The apparatus of claim 11 wherein: a frst iemory sTorifig the HIst fest an

a second memory conditionally storing either the second

a final result for the ALU is formed by combining: 5 - -
the first result. and result or the incremented value, the condition deter-
selection of one of the second result and the incre- mined in response to the carry out signal.
mented value, the selection being done in response to
the carry out signal. I T S
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