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Circuit lor perlormmg arithmeuc operauons in a 3&-bit
architecture 'I'he circuit includes a five stage shift and rotate
circuit cnupled bet&veen first and second 32-bit busses in the
following sequence: an 8-bit shift and rotam circuit, a 16-bit
shift and rotate circuit, a I-bit shift and rotam circuit, a 2-bit
shift and rotate circuit anil a 4-bit shift and rotate circuit. For
ilouble word sized (32-bit) operands, the variously sized
shift aml rotate circuits may be selectively enabled to
perform between I-bit and 31-hit shift/rotateipass opera-
tions. I'or byte sized operands, the 8-bit anil 16-bit shift and
rotate circuits arc used to prc-process thc operands while thc
l-bit, 2-l&it anil 4-bit shift and rotate circuits arc sclcctivcly
cnablcd to perform thc full range, i.c., I-bit to 7-bit, of
possible shift/rotate operanons For word sized (16-bit)
operands, the 16-bit or 8-bit anil 16-bit shift aml rotate
circuits are used to pre-process the operands while the 1 -bit,
2-hit and 4-bit shift and rotate circuits are selectively
enabled to perform the full range of shift/rotate operations

Re. 33.664 8,,'1991 Kaag ei aL
4.49&,598 1&1985 Vahlstrom ei al.

3640i47
395/898 25 Claims, 8 Drawing Sheets

150

32 FROM

MICROCONTROLLER

26
1480

SHIFT CONTROLLER 162

148b

CNTL&0:13& EN&1& CNTL&14:22& EN&2& CNTL&23:29& EN&3&

IN&31:0& IN&31 0& IN&3H0&

EN&0& CNR&30:36& EN&4& CNTL&37.43&

IN&31:0& OUT&31:0&

a&31 0&
SHIFT-BY- SHIFT — BY- SH)FT-BY- SHIFT-BY- SHIFT-BY-

EIGHT CARRY SIXTEEN CARRy ONE CARRY Tyyo CARRY FOUR CARRY

CIRCUIT CIRCUIT CIRCUIT CIRCUIT CIRCUIT

152 154 156 158 180

Petitioner Zebra Technologies Corporation 
Exhibit 1006 - Page 1 of 18



U.S. Patent Oct. 5, 1999 Sheet 1 of 8 5,961,575

10 20

IDI
21 INSTRUCTION DECODER

ID2

AC CONTROL

128

I

I

I

PRE-
FETCH

BUFFER

ACX

ACY

128

30

INSTR

LINE

CACHE

32
256

C3
lX

C)

22X

AC I X

AC2X

REGISTER

TRANSLATION

UNIT

250 22Y

ATU

50

35

PRE-
FETCHER

ACIY

AC2Y
BPU 40

28

23X

DESCRIPTOR

CACHE

26

i TAG
~ RAM

FPU
'4

62 60

FROM

(

EX X

64

MICRO-
CONI'ROL

PHYSICAL

REGISTERS

24

WRITE

BUFFER

ALIGN

23Y

EX Y

29

DATA

ADS

I

ALIGN

32
32

ALIGN

128

64 64

64
128

UNIFIED CACHE

BIU

i 100 DATA I/O SYSTEM

64 32

ADDR SYSTEM BUS

CONTROL
I IG. 1A

Petitioner Zebra Technologies Corporation 
Exhibit 1006 - Page 2 of 18



U.S. Patent Oct. 5, 1999 Sheet 2 of 8 5,961,575

FIG. 1 J3

124~ 126

SYSTEM

CLOCK

INTERNAL

CLOCK

X-PIPE Y-PIPE

12B 130 132 134 136 13B 140 142

X PIPE

Y PIPE

Petitioner Zebra Technologies Corporation 
Exhibit 1006 - Page 3 of 18



U.S. Patent Oct. 5, 1999 Sheet 3 of 8 5,961,575

VLD[31:16]
245

P2VLDATA

'245

M
A B

OE A2B

PD[31:0

98

VLHDIR

VLDBUFNX

HTD[15:0] SD[15:0] 16

A B
ISA SLOT I

ISA SLOT 2

ISA SLOT 3

OE A2B

VLD[31:0]
VL2HHUENX

'245

VLD[15:0]

96 OE AZB

ISA SLOT 4

95

SD2XD
'245

M
OE A2B

X 0[7:0]

ADD R DATA
ROM

HLENX

HD)R

VLD SDATA

CTL

ADD R DATA
RTC

94

97 VIA SADDR
91 ADDR [/0 DATA

VL SLOT 1(ISA 1)

PD[63:0]+PD[7:0]
VL SLOT 2(ISA 2)

24

SA[19: 0]+ LA[23:1 7]

IDE
'245 PUTM

DATA

DRAM

DR CTLAD

RS232
SERIAL I

BUFFER
SERIAL 2

FLOPPY

MADDR

[11:0]
WE[1:0]

RAS [3:0]
CAS[7:0]

PD

30 YLADDR[31:2]

PARALLEL

CLOCK

GENERATOR

DATA

CLK

CTL

BE

ADDR 25 82

10

VLADDR[2]

CTL CTL g
CLK DATA

CTL CADDR

BE

ADDR

2g PADDR[31:3]

DATA

TAG

SRAM

ADDR

DA1'A

CACHE

SRAM

ADDR

15 CADDR

84

VLBUFNX

VLADIR

OE A2B

M
88

P2VLADDR

Petitioner Zebra Technologies Corporation 
Exhibit 1006 - Page 4 of 18



U.S. Patent Oct. 5, 1999 Sheet 4 of 8 5,961,575

CD

CD

CD

CD

CD

Petitioner Zebra Technologies Corporation 
Exhibit 1006 - Page 5 of 18



U.S. Patent Oct. 5, 1999 Sheet 5 of 8 5,961,575

START

202
FIG 6

YES
PERFORM

SHIFT-BY-EIGHT
OPERATION?

204 EXECUTE

OPERATION NO

20B EXECUTE

OPERATION

206
PERFORM

SHIFT-BY-SIXTEEN
OPERATION?

NO

EXECUTE

OPERATION

PERFORM

SHIFT-BY — ONE

OPERATION?

NQ

210

PERFORM
SHIFT-BY- TWO

OPERATION?

EXECUTE

214

OPERATION NQ

218
PERFORM

SHIFT-BY-FOUR
OPERATION?

220 EXECUTE

OPERATION NO

PERFORM ANY NECESSARY

POST-PROCESSING

END
224

Petitioner Zebra Technologies Corporation 
Exhibit 1006 - Page 6 of 18



U.S. Patent Oct. 5, 1999 Sheet 6 of 8 5,961,575

Petitioner Zebra Technologies Corporation 
Exhibit 1006 - Page 7 of 18



U.S. Patent Oct. 5, 1999 Sheet 7 of 8 5,961,575

Petitioner Zebra Technologies Corporation 
Exhibit 1006 - Page 8 of 18



U.S. Patent Oct. 5, 1999 Sheet 8 of 8 5,961,575

Petitioner Zebra Technologies Corporation 
Exhibit 1006 - Page 9 of 18



uon lo provide a shift and rotate circuit uniquely conligured
to both reduce the number of interconnections required to
perform rotate operations and eliminate the preconditioning
uttil.BA( KGROUND OI'1IL'NVL'N'llON

5,961,575
1

MICROPROCESSOR HAVING COMBINED
SHIFT AND ROTATE CIRCUIT

I I'ield of the Invention

Thc present invention gcncrally rclatcs to microproccs-
sors and, more particularly, to a microprocessor having a
multiple stage shilter which selectively performs pre-
processing aml shift,'rotate,'pass operations to produce
improved performance of shift/rntate operations thereby

2. Description of Rclatcd Art
Din&el circuitry Ior perlorming amthmetic operauons

such as shilL and&or rotate operauons have lon ~ been known
in the art In a shift operation, data store&I in a storage device,
commonly referred to as a shift register, is moved relative to
the boundaries of thc dcvicc. An arithmetic shift right cifects
a divide by 2 operation while an arithmetic shift left cifects
a muluply by 2 operauon. In a circular shift operatron, aLso

known as a rotate, the ri hlmost and leftmost positions in the
shift re aster are treated as being adlacent dur&ng the shift. A
rotate operation may be a rotate left (or "ROI.**) operation m
which all of the bits of an operand are shifted left by one or
morc positions and thc most significant bits arc shiftcrl
around to become thc kast si nificant bits or a rotate ri ht--'or

"ROR') operauon in which all ol lhe, bits of the operaml
shifted nght by one or more posinons and the least signili-
canl bits are shified arountl to become Ihe most iugnilicanl
bits.

icDigital circuitry to perform thc aforcmcntioncd arithmetic
operations is commonly founrl in thc cxccution unit of a
microprocessor. In 32-bit microprocessor architectures,
however, the circuitry becomes more combe&some due lo an
increase in the number of types of rotate operations which
may he performed Specifically, the size of the operand to be 33

rotated may he byte, word or douhle ivord 'I'o rotate a byte
size operand, bits 0 and 7 must bc intcrconncclcd. To rotate
a word size opcranrl, bits 0 and 15 must hc intcrconnectcd.
Finally, to rotate a double word size operand, bit 0 and 31
must be interconnected 40

One proposed solution tn this problem involves providing
a conditioning unit which prc-proccsscs byte and/or worrl
size operands bcforc they arc provided to thc shift unit for
the rotate operauon. More specilically, it has been proposed
that the contents of byte or word sized operands are repli-
cated or "smeared*'nto the other bytes of the 32-bit re cater.
I&or example, if a byte size operand is placed into byte 0 (hits
0—7) of a 4 byte (32 bit) register, the contents of byte 0 are
smeared into bytes I, 2 anti 3. Then, to rotak byte 0, thc only
connection rcquircd is bctwccn hits 0 and 31. When the
rotate operauon is complete, byte 0 holds Ihe result while
bytes I, 2 and 3 are discarded.

While the proposed solution ivould successfully reduce
the number of interconnections between the various hits of ss
the shift rcgistcr, such a reduction was achicvcd only at the
cost of adding an arlditional unit to precondition selcctcrl
operamls. Such a precomhuoning unit may be seen by
reference to U.S. Pat. No. 5,379,240 to Byrne.

Unfortunately, preconditioning units often add to the
ovcrhcad attributablc to arithmetic operations. Thus, it can
be readily scen from thc foregoing that it would bc desirable
to prov&&le a shiTI and rotate circuit which elimmates the need
for a precomhuoning unit wilhoul increasing the number of
interconnections required to perl orm rotate operations on the as
various sized operands used in arithmetic operations m
32-hit architectures It is, therefore, the object of this inven-

SUMMARY OF THE INVENTION

Thc present invention is directed to a circuit for perform-
ing arithmetic operations which both rcrluccs thc number of
inlerconnecnons necessary to provide a combined shifter,'otator

circuit while eliminating the need Ior a precondition-
ing unit used to pre-process byte and word sized operands to
he used in shift rotate operations performed in 32-lait archi-
tectures 'I'he circuit includes a five stage shift and rotate
circuit coupled bctwci,n first and scconrl 32-bit busses in thc
folloiving scqucncc: an g-bit shift and rotak circuit, a 16-bit
shift and rotate circuit, a I-bit shift aml rotate circuit, a 2-bit
shift anil rotate circuit and a 4-bil shift and rotate circuit. For
ilouble wort( (32-bil) operamlg Ihe variously sized sh&R and
rntate circuits may he selectively enable&I to perform
between 0-bit and 31-hit shift/rotate operations I'or byte
sized operands, the 6-bit anti 16-bit shift and rotate circuits
are used to pre-process the operands v hilc thc L-bit, 2-bit
and 4-bil shift aml rotate circuits are selecuvely enable&1 to
perform Ihe full range, i.e, 0-bit lo 7-bit, of possible
shift/rotate operations. Simdarly, for woril sized operands,
the 0-hit and 16-bit shift and rotate circuits are used to
pre-prncess the operands while the l-hit, 2-hit and 4-bit shift
and rotate circuits arc selcctivcly cnabkd to perform thc full
ran c of shift rotate operations. In this aspect, prc-
pri&cesinng of. Ihe word size operaml may include a swap
which, when combined with a shifurotate operauon between
0 aml 7 bits, efleclively results in a full range, &.e., 0-bit to
lfl-hit, of possible shift&rotate operations.

BRIEF DESCRIPTION OF THE DRAWING

The present invention may be bauer understood, and its
numerous objects, features and advantages will become
apparent to those skilled in the art hy reference to the
accompanying drawing, in which:

FIG. IA illustrates a block diagram of a microprocessor
circuit having a combined shift anil rotate circuit constructed
in accordance, with the teachings of lhe present invention,

FIG. IB illustrates a generalized block diagram of. the
instruction pipehne stages Ior Ihe microprocessor circuit
illustrated in I'IG IA;

I IG 2 illustrates a block diagram of a processor system
which incorporates the microprocessor circuit of I'IG IA;

I IG 3 illustrates a timing rhagram for the flow of instruc-
tions thrnugh the pipeline stages of I'IG IB;

FIG. 4 is a block ihagram of a combined shiit and rotate
circuit incorporated in an execution unit of the micropni-
cessor of I'IG IA;

FIG. 5 illustrates a 32-bit operaml input to the combmed
shift and rotate circuit of I I(L 4;

FIG. 6 is a flow chart of a method of performing shiTt
operations usmg the combine&1 shift and rotate circuit of
I'IG 4;

FIGS. 7A—E illustrate a 3-bit rotate operauon performed
on a byte sized operand using the combined shift anil rotate
circuit of 11G 4;

FIGS. SA—E illustrate a 3-bit rotate operauon performed
on a word sized operand using the combined shift and rotate
circuit of 11G 4; and

FIGS. 9A—E illustrate an 11-bit rotate operanon per-
formed nn a word sized operand using the combined shift
anil rntate circuit of I'l(L 4
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DETAILED DESCRIPTION

The detailed description of an exemplary embndiment of
the microprocessor of the present invention is organized as
follows:

1. Exemplary Processor System
I.l. Microprocessor
I 2 System

2. Gcncralizcrl Pipclinc Architccturc
3. Combined Shift and Rotate Circuit lo

This organizational table, and the corresponding headuigs
used in this detailed descriptinn, are provided for the con-
venience of reference only. Detailed description of iconven-
tional or known aspects of thc microprocessor arc omitted as
to not obscure thc description of the invention ivith unncc- is
cssary detail.
l. Exemplary Processor System

The exemplary processor system is shown in FIGS. 1A,
IB, and 2. I'l(iS IA and IB respectively illustrate the basic
functinnal blocks of the exemplary superscalar, superpipe- zo

lined microprocessor along with Lhc pipe stages of thc two
execution pipclincs. FIG. 2 illustrates an cxcmplary proces-
sor system (motherboard) design using thc microprocessor.

1.1. Microprocessor Refernng Lo FIG. IA, the mator
sub-blocks of a microprocessor 10 include.

(a) central processing unit (CPU) core 2U;

(b) prefetch buffe 30;

(c) prefetcher 35;

(d) branch processing unit (BVU) 40;

(e) address translation unit (ATU) 50; and

(f) unified l(i Kbyte code/data cache 60, including TA(i
RAM 62.

A 256 byte instruction linc cache 65 provirlcs a primary
instrucuon cache Lo reduce instrucuon fetches ui the undied ss
cache, which operates as a secondary msiruction cache An
onboard floanng point unit (FPU) 70 executes floaung point
instructinns issued to it by the ('VU cnre 20

The micrnprocessor uses internal 32-bit address and
64-bit data buses ADS and DATA, rcspcctivcly. A 256 bit ao

(32 byte) prcfetch bus (PFB), corresponding to thc 32 byte
line size of the unilied cache 6U and the instruchon line
cache 65, allows a lull line of 32 ms(ruction bytes to be
transferred to the instrucnon line cache in a single clock.
Interface to external 32 bit address anil 64 bit data buses is
through a bus interface unit (BIU).

Thc CPU core 20 is a supcrscalar design ivith two
execution pipes X and Y. It includes an instruction dccorlcr
21, address calculation units 22X aml 22Y, execunon units
23X and 23Y, and a register life 24 with 32 32-bit registers. o

An AC control unit 25 includes a register translation unit 25o
with a register scoreboard and register renaming hardware
A microcnntrnl unit 26, including a microsequencer and
microROM, provides cxccution control.

Writes from CPU core 20 arc queued into twclvc 32 bit s
wmte buffers Z9—wnte buff'er allocanon is performed by the
AC control unit 25. These wmte buffers provide an interface
for writes to Lhe unified cache 6U—noncacheable wntes go
directly frnm the ivnte bufl'ers to extenial memnry. The write
buffer lo ic supports optional read sourcing and write gath-
erliig,

A pipe control unit 28 controls instruction floiv throu h
the execution pipes, including: leaping ihe instrucnons in
order unul it is determined that an instruction will not cause
an exception; squashing bubbles in the instrucnon stream, ss
and flushin the execution pipes behind branches that are
mispredicted and instructions that cause an exception. I'or

each stage, the pipe control unit keeps track ol which
execution pipe contains the earhest instrucuon, provides a
"stall" output, and rcccivcs a "rlclay" input.

BPU 40 predicts thc direction of branches (taken or not
taken), and provides target addresses fnr predicted taken
branches and uncnnditinnal change of flow instructions
(lumps, calls, returns). In addition, it monitors speculauve
execunon in the case of branches and floanng point
instructions, i.c., thc cxccution of instructions spcculativcly
issued after branches which may turn out to bc misprcdickd,
anil floating point instructions issued to the I'VU which may
fault after the speculatively issued instructions have com-
pleted execution. If a floating point instruction faults, or if a

branch is mispredicted (will not be known until the EX or
WB stage for the branch), then thc cxccution pipclinc must
bc repaired to the point of thc faulting or misprcdictcd
instruction (i e., the executinn pipeline is flusherl behind that
instruction), and instructinn fetch restarted

Pipeline repair is accomplished by creating checkpoints of
the processor state at each pipe stage as a floating point or
prcrlictcd branch instruction cntcrs that stage. For thcsc
checkpointcd instructions, afl rcsourccs (programmer visible
registers, instruction pointer, conditional cnde register) that
can be modifled by succeeding speculatively issued instruc-
nons are checl pointed. If a checkpointed floating point
instrucnon faults or a checkpointed branch is mmpredicted,
the cxccution pipclinc is flushed bchinrl thc chcckpointcd
instruction for floating point instructions, this will typi-
cally mean flushing the entire execution pipeline, while for
a mispredicted liranch there may be a paired instruction in
EX and two instructions in WB that would be allowed to
complete.

For thc exemplary microprocessor 10, thc principle con-
straints on thc dc rce of speculation arc: (a) spcculativc
execution is allowed for only up to four tloating point iil
branch instructinns at a time (i e, the speculatinn level is
maximum 4), and (b) a wmte or floahng point store will not
complete to the cache or external memory unul Lhe associ-
ated branch or floating point instruction has bccn rcsolvcd
(i.c., thc prediction is correct, or floating point instruction
dnes not fault)

Thc unified cache 60 is a 4-ivay sct associative (with a 4k
sct size), usin a pscurlo-LRU rcplaccmcnt algorithm, with
wmte-through aml write-back modes. It is dual ported
(through banking) to permit Lwo memory accesses (data
read, instrucnon fetch, or data wmte) per clock. The instruc-
tion line cache is a fully assnmative, lnnkasirle implemen-
tation (relative to the unified cache), using, an I.RU replace-
ment algnrithm.

Thc FPU 70 includes a loadrstorc stage v ith 4-dccp load
and store queues, a conversion stage (32-bn Lo 80-bit
extended formaL), and an execution stage. Lotuls are con-
trolled by the ('PU core ZU, and cacheable stores are directed
through the write butfers 29 (i e, a write buffer is allocated
for each floating pnint store operation)

Rcfcrring to FIG. IB, the microprocessor has seven-stage
X and Y cxccution pipclincs: instruction fetch IF), two
instrucnon decode stages (IDI, ID2), two address calcula-
non stages (ACI, ACZ), execution (EX), and write-bacl
(WB). Note that the complex ID and AC pipe stages are
superpipelined.

I'he II'tage provides a continuous code stream into the
CPU core 20. The prcfctchcr 35 fctchcs 16 bytes of instruc-
tion data into the prcfctch iiuft'cr 30 from cithcr thc (primary)
instrucnon hne cache 65 or the (secondary) unified cache 60.
BPU 4U is accessed with the prefetch address, aml supplies
target addresses to the prefetcher lor predicted changes of
flow, allowing the prefetcher to shift to a neiv cnde stream
in one clock
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The decode stages ID I and ID2 decode the vanable len uh
Xg(i instruction set 'I'he instruction rlecoder 21 retrieves l(i
bytes of instruction data from the prefetch buffer 30 each
clock. In ID I, the length of two instructions is decoded (one
each for thc X anti Y cxccution pipes) to obtain thc X and
Y instruction pointers a corrcspondin X and Y bytes-use(i
signal is sent back to the prefetch buffer (which then
incremenos for the next 16 byte iransfer). Also in IDI, certain
instruction types are determined, such as changes of flow,
and immediate and/or displacement operanrls are separated
fhe IDZ stage completes decoding the X and Y instructions,
generating entry points for thc microROM and decorlin
addressing modes anti rcgistcr fields.

Dumng the ID stages, the opumum pipe for executing an
instrucuon is determined, and the instrucuon ts rssued into is
that pipe Pipe sivitching allow~ instructinns to be switched
from ID2X to ACIY, and from IDZY to A('IX. For the
exemplary embodiment, certain instructinns are issued only
into thc X pipclinc change of flow instructions, floatin
point instructions, and cxclusivc instructions. Exclusive zo

instrucuons include any instrucuon thai may fault in the EX
pipe stage and certain types oi. instrucuons such as protected
mode segment loads, string instructions, special register
access (control, debug, test), Multiply/Divide, InputiOutput,
Push All,'Pop All (PUSII/POPA), and task switch L'xclusive
instructions arc able to usc thc rcsourccs of both pipes
because they are issued alone from thc ID sta c (i.c., they are
not paired with any other instruction). Except for these issue
constraints, any instructions can be paired aml issued into
either the X or Y pipe io

The address calculation stages AC I and AC2 calculate
addresses for memory references and supply memory oper-
ands. The AC'.I stage calculates two 32 bit linear (three
opcraml) addrcsscs pcr clock (four operand adrlrcsscs, which
are relatively infrequent, take iwo clocks). Data depemlen- ss
cies are also checked and resolved usm ~ the re nster trans-
lation unit Z5u (register scoreboard and register renamin ~

hardware) the 3Z physical registers 24 are used to map the
8 general purpose programmer visible logical registers
defined in thc X86 architccturc (EAX, EBX, ECX, EDX, ao

EDI, ESI, EBP, ESP).
The AC'nit inclu iles eight architectural (logical) registers

(representing the X86 delined register set) that are used by
the AC'nit to avoid the delay required to access in ACI the
register translation unit hefnre accessing register operands
for address calculation I'or instructions that require address
calculations, ACI ivaits until thc required data in thc archi-
tectural rcgistcrs is valid (no read after wrim dcpcndencics)
before accessing those registers. During the AC2 sta e, the
register Iile Z4 and the unilied cache 60 are accessed with the o

physical address (ior cache hi(s, cache access time Rir the
dual ported unified cache is the same as that of a register,
etfectively extending the register set) the physical address
is cithcr thc linear address, or if address translation is
enabled, a translatcrl arlrlrcss gcncratcd by thc ATU 50. s

Translated addresses are generated by the ATU 50 from
the linear address using information from pa e tables in
memory and workspace control re nsters on chip. The um-
lied cache is virtually indexed and physically tagged to
permit, ivhen address translation is enabled, set selection
with the untranslatcrl address (available at thc cnd of ACI)
and, for each sct, tag compamson with thc translated address
from the ATU 50 (available early in AC2). Checl s for any
segmentation anrlior address translauon violatrons are aLso

performed in ACZ. os

Instructions are kept in program orrler until it is deter-
mined that they ivill not cause an exception. For most

instructions, this determinauon is made dumng or before
AC2 floating point instructions and certain exclusive
instructions may cause exceptions dunng execution Instruc-
tions are passed in order from A('2 to LX (or in the case of
floating point instructions, to thc FPU) bccausc intcgcr
instructions that may still cause an cxccption in EX arc
ilesignated exclusive, and therefore are issued alone mto
both execution pipes, hamlling excepuons in order is
ensured

I'he evecution sta es L'XX and LXY perform the opera-
tions defined by the instruction Instructions spend a variable
number of clocks in EX, i.c, they arc allowed to cxccutc out
of order (out of order completion). Both EX stages include
adder, logical, aml shifter funcuonal units, and in addition,
the EXX stage contains muluplyidivide hardware.

I'he WB stage updates the register file 24, condition
corles, and other parts of the machine state with the results
of the previously executed instruction The register file is
written in Phase I (PHI) of WB and rcarl in Phase 2 (PHZ)
of AC'2.

I Z. System
Refermng to FIG. Z for the exemplary embodiment,

microprocessor 10 is used in a prncessor system that
includes a single chip memory and bus cnntrnller 82. The
memoryifius controller 82 provides the interface between the
microprocessor and thc cxtcrnal memory subsystem Icvcl
two cache 84 and main memory 86—controlling data move-
ment over the 64 bit processor data bus PD (the data path is
external to the conuoller which reduces ios pin count and
cost).

(:ontroller 82 interfaces directly to the 32-hit adrlress bus
PADDR, and includes a one hit ivide data port (not shown)
for reading and writing registers within thc controller. A
bi-rlirectional isolation buffcr 88 provides an address inter-
lace between microprocessor 10 anil VL and ISA buses.

Controller 82 proviiles control ior the VL aml ISA bus
interface. A VL ISA interface chip 91 (such as an HT321)
prnvides standard interfaces to a 32 hit VI. Iius anti a l(i bit
ISA bus The ISA bus interfaces to BIOS 92, keyboard
controller 93, and IiO chip 94, as well as standard ISA slots
95. Thc intcrfacc chip 91 intcrfaccs to thc 32 bit VL bus
through a bi-directional 32,'16 multiplexer 96 formed by
ilual high/low word [3E16]'[15.0] isolation buffers. The VL
bus interfaces to stamlard VL slots 97, and through a

bi-directional isolation buffer 98 to the low dnuble word
[31 0] of the (i4 bit processor data (PD) bus
Z. Gcncralizcd Pipclinc Architccturc

FIG. 3 illustrates thc flow of four instructions per pipclinc,
showing the overlapping execuuon of the instrucuons, for a

two pipehne architecture. Additional pipelines and adih-
uonal stages for each pipeline mtuld aLso be provided. In the
preferred embodiment, the microprocessor 10 uses an inter-
nal clnck 122 ivhich is a multiple of the system clock 124
In FIG. 3, thc internal clock is shown as operating at two
times thc frequency of the system clock. During thc flrst
internal clock cycle 126, the IDI stage operates on respec-
uve instructions XO and YO Dunng internal clocl cycle 128,
instrucuons XO and YO are in the IDZ stage (XO being in
IDZv and YO heing in ID2y) and instructions X I anti Yl are
in the ID I stage During internal clock cycle 130, instruc-
tions X2 and Y2 arc in thc ID I stage, instructions Xl and Yl
are in the IDZ stage (Xl being in IDZx and Yl bein in
ID2y) and insiructions XO and YO are in the ACI stage (XO
being in AClx and YO being in ACly). Dunng internal clocl
cycle 132, instructions X3 anil Y3 are in the IDI stage,
instructions X2 and Y2 are in the ID2 stage, instructions XI
anti Yl are in the ACI stage and instructions XO and YO are
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in Ihe AC2 stage. The instructions conlmue lo flow sequen-
tially throu h the stages of the X and Y pipelines. As shown
in clocks 134—140, the execution portion nf each instruction
is performed on sequential clnck cycles. 'I'his is a ma]or
advanta c of a pipclincrl architccturc thc number of
instructions complctcd pcr clock is incrcascd, without rcrluc-
ing Ihe execunon lime of an imlividual instruction
Consequently, a greater instrucnon throughput ts achieved
with greater demands on the speerl of the harrlware

The instruction flow shown in Irl(L 3 is the optimum case
As shown, each pipe stage completes nn time and no stage
requires morc than onc clock cycle. In an actual machine,
however, onc or morc stages may rcquirc additional clock
cvcles to complete, thereby changing the flow of instrucoons
through Ihe other pipe stages. Furthermore, the flow of is
instructinns through one pipeline may be dependent upon
the flmv of instructions through the other pipeline

A number nf factors may cause delays in various stages of
onc or all of thc pipclincs. For cxamplc, an access to
memory may miss in thc memory cache, thcrcby prevcntin zn

access of lhe data in the nme required ni process the
inslrucnon in one clock. This woukl require that either, or
both, sides of the ACI stage tn delay until the data was
retrieved from main memory. I'or a particular stage, other
stages of the pipeline may be using a needed resource, such
as a multiplier, which is only in onc of thc cxccution stages
in thc illustrated cmborlimcnt. In this case, thc sta c must
delay until the resource is available. Dale depemlencies can
also cause delays. If an inslrucnon needs the result from a

previous instruction, such as an ADD, it must wait until that
instructinn is prncessed hy the executinn unit.

Other delays are caused by "multi-box'* instructinns, i e.,
instructions which arc implcmcntcd using multiple
microinstruct iona, and thcrcforc rcquirc morc than one clock
cvcle to complete. These instructions stop the flow of ss
subsequent instructions through lhe pipeline at the output of
the ID2 stage.

The flow of instructions through the pipeline is controlled
by the pipe control unit 28. In the preferred embodiment, a
single pipe control unit 28 is used to control thc flow of an

instructions through both (or all) of the pipes. To control the
flov, of mstructions through the pipes, the pipe control unnl
28 receives "delay'ignals from the various units compris-
ing the pipehnes 102 aml 104, and issues "stall'i mals to
the various units a.

Althou h a single pipe control unit 28 is used fnr both X
and Y pipclincs, thc pipclincs thcmsclvcs arc controllcrl
independent of onc another. In other words, a stall in thc X
pipehne does nol necessanly cause a stall in the Y pipeline.
3. Combined Shift aml Rotate Circun n

Refernng now lo FIG. 4, a combined shift and rotate unit
150 cnnstructed in accordance with the teachings of the
present inventton ivill now he described in greater detail
Such a unit is typically located within thc cxccution unit of
a microprocessor or other processing dcvicc. In thc embodi- s
ment of the invennon illuslraled herein, Ihe microprocessor
10 would include a combined shift and rotate umt 15U as part
of both lhe execunon unit 23X and lhe execunon unit 23Y.

In the embndiment of the invention illustrated herein, the
combined shift and rotate unit 150 is comprised of five
stages a shift-by-eight circuit 152, a shift-by-sixteen cir-
cuit 154, a shift-by-onc circuit 156, a shift-by-tivo circuit
158 and a shift-by-four circuil 160. In an alternate emboth-
ment of the invennon not illustrated herein, the combined
shift anrf rotate unit may be compnaed of three stages—a as
shift-by-eight circuit, a shift-fiy-sixteen circuit and either a
shift-by-nne, shift-by-two or a shift-by-four circuit In a

secoml alternate embodiment of the invennon nol illustrated
herein, the combined shill and rotate unit may be comprised
of two stagcs~ithcr a shift-by-eight or a shift-by-sixtccn
circuit and either a shift-by-onc, shift-by-two or shift-by-
four circuit

I'he five stages of the illustrated combined shift and rotate
uml 150 are coupled together, in nenes, between Ihe 32-bit
buses 148a-b. Each shift circuit 152 through 160 is config-
urcrl to perform either a shift kft, shift wght, rotate left or
rotate ri ht operation, of thc spcciflcd size, i.c., g-bit, Id-bit,
l-hit, 2-bit and 4-bit, nn a 32-bit, douhle word sized operand
input thereto. In a shift left or shift right nperation, the
conlents of. Ihe leftmost bit (bn 31) or wghlmost bit (bn II)
is respectively shifted out oi: the operaml while in a rotate
left or rotate ri ht operation, thc contents of thc leftmost bit
or ri htmost bit is placed in thc nghtmost bit or icftmost bit,
respectively. As will be more fully described below, the
shift-hy-eight circuit 152 and the shift-by-sixteen circuit 154
are also configured to perform selected pre-processing
operations on byte sized (8-bit) and word sized (16-bit)
operands input thcrcto.

Operation ol the shift-by-eight circuit 152, shift-by-
sixleen circuit 154, shift-by-one circuit 156, shill-by-two
circuit 158 and shift-by-four circuit 160 are controlled by
shift contrnller 162 respectively coupled thereto 'I'he shift
contrnller 162 prnvides plural control signals to each shift
circuit 152—160 which instructs that circuit as to which
operations arc to bc pcrformcd thcrcby. Spccifically, when a
shift operation is to be performed using Ihe combmed shiit
and rotate circuit 151), lhe microcontrol unit 26 instructs the
shift controller 162 as to size of the input operand, the type
of shift operation tn be performed on the input operand and
which of the shift circuits 152—160 are needed tn perform the
sclcctcd shift operation on thc input operand. In turn, thc
shift controller 162 cnablcs sclcctcd ones of thc shift circuits
152—16U anil instructs the selected shift circuits as to which
operation is to be performed. For example, if lhe microcon-
trol unit 26 instructs lhe shift controller 162 that a 4-bit
rotate left operation is to be performed on an 8-bit operand
using the shift-by-ei ht circuit 152, the shift-by-sixteen
circuit 154 and the shift-by-four circuit 160, thc shift con-
troller 162 vvould cnablc thc shift-by-eight circuit 152, thc
shift-by-16 circuit 154 aml the shill-by-four circuit 16U and
instruct Ihe shift-by-mght circuit 152 lo pre-process the inpu I

operaml by performmg an 8-bit "smear', or replicate,
instruct the shift-by-16 circuit 154 to pre-process the input
operand by perfnrmin ' 16-bit smear and instruct the
shift-by-I circuit to perform a rotate left operation. It should
bc noted that full details as to what is encompassed by a
"smear'peranon is sel forth in greater detail later in this
applicanon.

The shift-by-eight circuit 152 is coupled to lhe shiit
contrnller 162 by an enable input LN[0] and control inputs
(.'N ll.[0:13] f.'N[0] instructs the shift-fiy-eight circuit 152
to cithcr pass the input operand to thc shift-by-sixtccn circuit
154 or perform cithcr a shift or prc-processing operation on
the input operanif. If enabled, CNTL[0 13] instructs the
shift-by-eight circuit 152 as to which shift or preprocessing
operation ts lo be performed on lhe input operand. The
shift-hy-eight circuit 152 performs pre-processing opera-
tions on 8-bit input nperands by smeanng, the cnntents of
bits 0—7 in bits 7—15. Thc shift-by-eight circuit 152 may also
bc sclectivcly cnablcd to perform 8-bit shift/rotate
operations, lor example, shift left, shiit wght, rotate lefl and
rotate nght on 32-bil input operands received from Ihe bus
148a.

In addition tn perfnrming an 8-bit smear nperatinn on
8-hit operands, the shift-by-eight unit 152 may alan perfomi
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a swap operation on 16-bil operands whereby the contents of
bits 0—7 nf an operand are swapped with the contents of b&ts

8—15 of the operand Of course, other 8-bit operations not
necessary to an understanding, of the present invention may
also bc cnablcd by CNTL[0 13].

Thc shift-by-sixtccn circuit 154 is coupled to thc shift
controller 16Z by a enable input EN[1] aml control inputs
CNTL[14.ZZ]. EN[1] instructs the shift-by-sixteen circuit
154 tn either pass the input nperand to the shift-hy-one
circuit 156 or perform either a shift or pre-prncess&ng
operation nn the mput operand. If enal&fed, ('N'11.[14:22]
instructs thc shift-by-sixtccn circuit 152 as to which shift or
pre-processing operation is to bc pcrformcrl on thc input
opera&ul. The pre-processing operation which may be selec-
tively performed by the shdl-by-sixteen circuit L54 is a

l(i-bit smear nperat ion in which the contents nf bits 0—15 are
replicated, or smeared, into bits 16—31. The shift-by-sixteen
circuit 154 may also he selectively enabled to perform the
previously discussed types of shift operations, now 16-bit
operations, on 32-bit input operands rcccivcd from the
shift-by-eight circuit 152.

The shift-by-one circuit 156 is coupled to the shiTt con-
troller 162 by an enable input L&N[2] and control inputs
(IN'ff.[2329] EN[2] instructs the shift-by-one circuit 156
to either pass the input operand to the shift-by-two circuit
158 or perform an shift operation on lhc input operanrl. If
enabled, CNTL[23:29] instructs thc shift-by-onc circuit 156
as to which shift operation is to be performed on the input
opera&ul. The shilL-by-one circuit 156 may be selectively
enabled to perform the previously discussed types of shift
operations, now I-bit operations, on 32-bit input operands
received from the shift-by-sixteen circuit 154.

Thc shift-by-two circuit 158 is coupled to thc shift con-
troller 162 by an cnablc input EN[3] and control inputs
CNTL[3U.36]. EN[3] instructs the shifhby-two circuit 158
to either pass the input operand to the shift-by-four circuit
160 or perform a shift operauon on the input operand If
enabled, ('NTI {30:36] instructs the shift-by-two circuit 158
as to ivhich shift operation is to be perfnm&ed on the mput
operand. Thc shift-by-two circuit 158 may bc sclectivcly
enabled to perform thc previously discussed types of shift
operations, now 2-bil operauons, on 32-bit input operamfs
received from the shift-by-one circuit 156.

The shift-by-four circuit 16U is couple&1 to the shift
controller 162 by an enable input LN[4] and control inputs
(IN'ff.[37 43] LN[4] instructs the shift-f&y-four circu&t 160
to cithcr pass thc input operand to thc bus 148b or perform
a shift operation on thc input operand. If cnablcd, C:NTL
[37.43] insnucts the shill-by-four circuit 1611 as to whmh
shift operation is to be performed on the input operand The
shift-by-I'our circuit 16(l may be selecuvely enabled to
perform the previously discussed types nf shift operat&ons,
no&v 4-f&it operations, on 32-hit input operands received
from thc shift-by-two circuit 158.

It shoukl bc clearly understood that thc foregoing rlcscop-
tion of the operation of: the shift circuits 152—16U and slufl
controller 16Z has been greatly simplified by omiuing ven-
ous details, generally known in the arl, as to how the shift
circuits perform the aforement&oned shift and pre-prncess&ng
operations.

Prior to describing thc method of performing shift opera-
tions using the combined shift and rotate circuit 150, it may
be useful to briefly describe lhe input operand itself. Turmn ~

momentarily to FIG. 5, therefore, a register 164 capable of
holding 8, 16 amf 32-bit input operands may now be seen.
In alternate aspects of the invention, the register 168 may be
coupled to the bus 148a or even located outside the execu-

10
uon um&23a, for example, within the physical re osiers 24.
An 8-bit input operand would be held in byte 0 (hits 0—7) of
the register 164 ivhile a ivnrd sized (16-b&t) input operand
would be held in bytes 0— I (hits 0—15) Of course, a douhle
word sized (32-bit) input operand would occupy bytes 0—3

(bits 0—31) of thc rcgistcr 164.
Turning now to FIG. 6, the method of performing shiTt

operations using the combined shift amf rotate circuit 1511

shall now be described in greater detail. I'he method cnm-
in mences at step 200 by propagating the mput operanrl to the

shift-hy-eight circuit 152 If it is determined at step 202 that
a shift rntate or prc-processing operation is bc performed by
the shift-by-eight circuit 152, thc mcthorl proceeds lo step
2U4 and the selected shiTUrotate or pre-processing operation

is is perlormed.
Upon completing the selected arithmetic nr pre-

prncessing operation at step 204 or &f it was determined at
step 202 that no shift,'rntate or pre-process&ng operation is to
bc pcrformcd by thc shift-by-eight circuit 152, the method

zo proceeds to step 206 by propagating thc output nf thc
shift-by-eight circuit 15Z to the shift-by-sixleen circuit 154
in a pass operation. If it is determined at step 2U6 that a
shift/rntate or pre-processing operation is f&e perfnnned by
the shift-by-sixteen circuit 154, the method proceeds tn step
208 and the selected shift,'rotate or pre-prncessing operation
is pcrformcd.

Upon complctin thc sclcctcd shift rotate or prc-
procesiung operauon at slap 2U8 or if il was determined at
step 206 that a pass operahon is lo be performed by the

in shift-hy-sixteen circuit 154, the method prnceeds to step 210
by propagating the output of the shift-by-sixteen circuit 154
to the shift-by-one cirruit 156 If it is determined at step 210
that a shiftrotate operation is to bc pcrformcd by thc
shift-by-onc circuit 156, the method procccds lo step 212

ss and lhe selected shiT(&rotate operation is performed.
Upon completing the selected

shift &rotate

operation at step
212 or if il was determined at step 210 that a pass operation
is tn be performed by the shift-hy-one circuit 156, the
method proceeds to step 214 by propagating, the nutput of

ao the shift-by-onc circuit 156 to thc shift-by-lwo circuit 158.
If it is dctcrmincd at step 214 that a shift&rotate operation is
to be performed by the shiTt-by-lwo circuit 158, the method
proceeds to slop Z16 and lhe selected shift/rotate operation
is perlormed.

Upnn cnmpleting the selected shift/rotate operation at step
216 or if it ivas determined at step 214 that a pass operation
is to bc performed by the shift-by-two circuit 158, thc
method proceeds to step 218 by propagating lhc output of
the shift-by-lwo circuit 158 to the shift-by-four circuit 160.

o If. it is delermmed al slap 218 that a shift,'rotate operauon is
to be performed by the shiTt-by-four circuit 160, the method
prnceeds tn step 220 and the selected shift&rntate operation
is performed.

Upon cnmplcting the sclectcd shift&rotate operation at step
s 220 or if it v,as dctcrmincrl at step 218 that a pass operation

is lo be performed by the shill-by-four circuit 160, the
method proceeds to step Z22 where any necessary post-
procesiung of lhe operamf is performed. For example, if. the
input operand propagated tn the shift-by-eight circuit 152

en was an 8-bit operand pre-processed with an ff-bit smear
operation in thc shift-by-eight circuit 152 and a 16-bit smear
operation in thc shift-by-sixteen circuit 154 lo expand thc
input operand to 32-bits, the 32-bit result is placed on bus
148b where u is propagated to a 32-bil re aster located

os within the register Iile Z4 There, bias 8—31 of: lhe, result
output fiy the shift-by-fnur circuit 160 are rliscarded
gimilarfy, if the input operand propagated to the shift-hy-
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eight c&rcu&t 152 was a 16-bit operand pre-processed with a

i(i-bit smear operation in the shift-by-sixteen circu&t 154 to
expand the input operand tn 32-bits, bits 16—31 of the result
output by the shift-by-four c&rcuit 160 would be discarded
after thc result is placed in thc register filc 24.

Rcfcrring next to FIGS 7A—E, a 3-bit rotate left operation
performed on a 8-b&t operand w&ll now be described &n

greater dele&L As previously ihscusseci, an 8-b&t operaml
occupies the rightmost byte of the register 164. 'I'hus, as
shnivn in I I(i 7A, the contents nf the 8-hit operand 230n
input the shift-hy-eight circuit 152 is held in bits 0—7 ivhile
hits 8—31 arc "don't cares'. Thc shift-by-ci ht circuit 152
smears the contents of bits 0—7 into bits 8—15 while bits
16—31 remain "don't cares", thereby produc&ng the operaml
2306 illustrated in FIG. 7B. The operand 23Ub rs propagated
to the shift-by-sixteen circu&t 154 where the contents of b&ts

0—15 are smeared mto hits 16—31 to prnduce the operand
230c illustrated in I I(L 7C.

Thc operand 230c is then propagated to thc shift-by-one
circuit 156. As thc shift operation being pcrformcd is a 3-bit
rotate left operauon, lhe sh&ft-by-one circu&t 156 shiTts the
contents of b&ts 0—3U one b&t lo the lefi and places the
contents of bit 31 mto hit 0, thereby producing the operand
230d illustrated in I I(L 7D. The operand 230d is then
propagated to the shift-hy-twn circuit 158. Again, as the shift
operation being pcrformcrl is a 3-bit rotate left operation, the
shift-by-two circuit 158 shifts the contents of bits 0—29 two
bus to the left and places the contents oi bits 30—31 into b&ls

U—1, thereby producing the operand 230e illustrated in FIG.
7E. As nn further shift or rotate operations are necessary,
operand 230e passes through the shift-by-four circu&t 160
and is placed on the bus 1486 for transport to the register file
24 whcrc bits 8—31 arc discardcrl. As may bc scen, bits 0—7
of thc result placed on thc bus 148b is a 3-bit rotate left
opera&&on performed on an 8-b&l operand. In th&s manner, a

3-bit rotate operauon is performed on a byte srzed operaml
w&lh only a single interconnect between b&ts 0 and 31 aml
withnut need for either an interconnection between hits 0
and 7 or for a separate conditioning unit to pre-process the
byte sized operand.

Rcfcrring next to FIGS SA—E, a 3-bit rotate left operation
performed on a 16-b&t operand w&ll now be ileaenberi &n

greater dele&L As previously ihscusseci, a 16-b&t operaml
occupies the nghtmosl word (bytes 0—I) of. the register 164.
fhus, as shown in I'IG SA, the contents of the 16-bit
operand 232a input the shift-by-eight circuit 152 is held m
hits 0—15 while bits 16—31 arc 'don*t cares". Thc opcranrl
232n passes through thc shift-liy-eight circuit 152 without
pre-processing. Thus, as illuslrated in FIG. SB, the operaml
232b output the shift-by-eight c&rcuit 152 remams
unchanged. The operaml 232b is propagated to the sh&ft-by-
sixteen circuit 154 where the cnntents of hits 0— 15 are
smeared intn bits 16—31 to pro&luce the operand 232c
illustrated in FIG. SC. Thc operand 232c is then propagate(I
to thc shift-by-onc circuit 156. As thc shift operation bein
performed is a 3-b&l rotate leil operanon, the sh&ft-by-one
circu&l 156 sh&fts the contents of bi&s 0—3U one b&t to the left
and places lhe contents of bit 31 into b&l 0, thereby produc&n ~

the operand 232d illustrated in I'IG 8D 'I'he nperand 232d
is then props ated to the sh&ft-by-two circuit 158. Agam, as
the shift operation being pcrformcd is a 3-bit rotate left
operation, thc shift-by-two circuit 158 shifts thc contents of
bus 0—29 lwo bus lo lhe left and places the contents of b&ls

30—31 into b&ts U—1, thereby produc&ng the operand 232e
illustrated in FIG. SE. As no further sh&it or rotate operauons
are necessary, operand 232e passes through the shift-by-four
circuit 160 and is placed on the bus 1486 for transpnrt to the

12
register Iile 24 where bits 16—31 are discarded. As may be
seen, i&its 0—15 of the result placed on the bus 1486 is a 3-bit
rotate left operation performed on an I(&-hit operanrl In this
manner, a 3-bit rotate nperation is performed nn a wnrrl sized
operand using only thi, same intcrconncct bctwccn bits 0 and
31 needed for performing rotate operations on byte sized
operands and without need for either an &n&erconnection
between b&ls 0 aml 15 or ior a separate condition&ng un&t to
pre-prncess the word sized operand

in As one skilled in the art will rearlily appreciate, the
combined shift and rotate circuit 150 must also be able to
perform 8-bit to 15-bit shift rotate operations on word sized
operands. To provide this capability, a rotate operation, for
example, an 11-bil rotate operation illuturated &n FIGS.

&s 9A—E, which includes a secoml pre-processing technique
may be alternately performed on a i(i-bit operanrl I iere, the
operand 234a input the shift-by-eight circuit 152 and illus-
trated in FI(L 9A is identical to the operand 232e Rather
than passin through thc shift-by-eight circuit 152 without

zo prc-processing, howcvcr, thc shift-by-cight circuit 152 pcr-
R&rms a swap operauon, i.e, the contents of bits 0—7 are
placed in b&ls 8—15 and the contents of bits 8—15 are placed
in b&ts 0—7 'I'he operand 234b output the shift-hy-eight
circuit 152 and illustrated in I'l(L 90 is then prnpagated to
the shift-by-sixteen circuit 154 where the contents nf bits
0—15 arc smcarcd into bits 16—31 to produce thc operand
234c illustrated in FIG. 9C.

The operand Z34c rs then propagated to lhe shift-by-one
circuit 156. As the sh&it operauon being performed &s an

in 11-b&t rotate left operation, the shift-by-one circuit 156 shifts
the contents of bits 0—30 one bit to the left and places the
contents of bit 31 into bit 0, thereby producing, the operand
234d illustrated in FIG. 9LL Thc operand 234d is then
propagated to thc shift-by-two circuit 158. Again, as thc shift

ss operation be&ng performed is an 11-b&t rotate left operation,
the sh&fl-by-lwo circu&t 158 shills lhe contents of b&ts 0—29
two bits lo the left and places the contents of b&ls 30—31 mto
b&ts 0—I, thereby prnducing the operand 234e illustrated in
I'l(i. 9LL As no further shift or rotate operatinns are

ao ncccssary, operand 234e passes through the shift-by-four
circuit 160 and is placed on thc bus 148b for transport to thc
register Iile 24 where bits 16—31 are discarded. As may be
seen, by combin&ng an 8-bit swap w&lh a 3-bit rotate left
operation, b&ls 0—15 of the result placed on the bus 148b &s

an 11-bit rotate left operation performed on an i(i-bit oper-
anri In this manner, an 11-bit rotate operation is performed
on a word sized operand using only thc same interconnect
bctwcen bits 0 and 31 necdcd for performing rotate opcra-
uons on bvte sized operands without neeil for e&ther an

o interconnection between bits U aml 15 or ior a separate
comhlioning un&t lo pre-process the word sized operand.

I inaily it should be noted that I-hit to 31-bit shift/rotate
operations may be performed on 32-bit operands hy propa-
gatin the 32-bit operand through thc combined shift and

s rotate circuit 150 while enabling sclcctcd ones of the shift-
by-eight, shift-by-sixteen, shill-by-one, shift-by-&wo and
shift-by-four circu&os 15Z—160. For shift operanons using
32-bit operands, neither pre-processing nor discard&ng &s

necessary
en I'hus, there has been described and illustrated herein, a

circuit for performing shift operations in 32-bit architccturcs
which climinatcs thc need for cithcr an interconnection
between b&ls 0 and 7 and an interconnect&on between b&ts 0
and 15 or R&r a precond&uon&ng umt to pre-process byte and

os word sized operamls to be used in shift operauons performed
in 32-bit architectures Instead, a circuit capable of perform-
ing shift nperations in 32-hit architectures which requires
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only a single interconnecuon between bias II and 31 while
simultaneously eliminating the need for a precomlrtionin ~

unit to pre-process byte anil word sized operands has been
proviiled. The aforemennoneil circuit greatly reduces data-
path logic while mimmally increasing control logic.
Furthermore, by the simultaneous elimination of the need
for a preconditioning unit, nverhead resulting fmm such
shift operations may be significantly reduced. Ilowever,
those skilled in thc art should recognize that many modifi-
cations and vanations bcsidcs those specificall mcntionctl io
may be made in the techniques descnbetl herein without
deparhn ~ substantially from the concept of the present
invention. Accordingly, it should be clearly umlerstood that
the form of the mvention describerl herein is exemplary only
and is not intended as a limitation on the scope of the is
invention.

What is claimed is:
1. A method of perlorming up to (8N— I)-bit shift rotate

operahons on an operantl of any of a plurality of sizes
beiween 1 aml N bytes, comprising the steps of: zo

sequentially propaganng said operand through a lirst
roup of at least one shift aml rotate unit,

said first group of at least onc shift anil rotate unit
selecuvely performing shifu'rotate,'pass operatrons on
saitl operantl if said operand is N bytes in size aml
replicating said operand into N bytes if said operand is
less than N bytes in size; anil

sequentially propagahng said operand through a secoml
group of at least one shift and rotate unit;

saiil second group of at least one shift anil rotate umt
selecuvely performing shifu'rotate,'pass operatrons on
said operand

2 A method of performing, up to (SN — 1)-bit shift/rotate
operations on an operand sized between I anil N bytes
according to claim 1 whcrcin said first group of at least one zs

shift anil rotate unit includes an 8-b«shift and rotate unit aml
further comprising the steps of:

propagating sairl operand through said 8-bit shift anil
rotate unit;

40
if said operand is I byte in size, replicating said I byte

operand to produce a 2 byte operand; and
if said operand is N bytes in size anil saitl rcqucstctl

shiftrrotatcrpass operation is bctwecn an 8-bit shift,'otate

and a (8N— 1) bit shift rrotate, performing an S-bit
shifbrotate operauon on said operaml.

3. A method of perlorming up to (8N— I)-bit shift rotate
operations on an operand sized between I and N bytes
accordin to claim 2 wherein said first group of at least one
shift and rotate unit includes a 16-bit shift and rotate unit antis
further comprising thc steps of:

props sting said operand through said lfi-bit shift and
rotate unit;

if said operand is2 bytes in size, replicating said 2 byte
operand to produce a 4 byte nperand; and ss

if said operand is N bytes in size and said requested
shift'rotate/pass operation is between a 16-1»t shift/
rotate anil a (SN— I) bit shiftrrotatc, performing a 16-bit
shiftrrotatc operation on said operand.

4. A method of performing up to (SN— 1)-bit shift/rotate eo
operations on an operaml sized between 1 aml N bytes
accordm ~ to claim 1 wherein said Iirst roup of at least one
shift and rotate unit includes an S-bit shift and rotate unit and
a 16-bit shift and rotate unit anil further comprising the steps
of: ss

props sting said operand thrnugh said S-bit shift and
rotate unit;

14
if. said operand is 1 byte in size, replicaun ~ sa«l 1 byte

operand to produce a 2 byte operanrl;
if said operand is 2 bytes in size, passing said operand

without pmforming an operation thcrcon; and

if. said operaml is N bytes in size and said requested
shiftirotate operation is betiveen an 8-bit shift/rotate
and a (SN — I) bit shift rrotate, performing an 8-bit shift/
rotate operation on saitl opcranrl; and

propagating said operand through said 16-bit shalt and
rotate unit,

if said operand is 2 bytes m size, replicating said 2 byte
operand to produce a 4 byte operand; and

if. said operaml is N bytes in size and said requested
shiftirotate operation is between a 16-b«shift/rotate
and a (SN — I) bit shiftrrotate, performing a 16-bit shift/
rotate operation on sairl operand.

5 A method of performing up to (SN — I)-bit shift/rotate
operations on an operand sized bctwccn I and N bytes
accordin to claim 1 whcrcin said first group of at least onc
shift anil rotate, umt includes an 8-bit shift and rotate unit and
a 16-bit shift and rotate unit and further comprising the steps
of:

propa ating said operand through said 8-bit shift and
rotate unit;

if. said operand is 1 byte in size, replicaun ~ sa«l 1 byte
operand to produce a 2 byte operanrl;

if said operand is 2 bytes in size, swapping bytes of said
operand; and

if. said operaml is N bytes in size and said requested
shiftirotate operation is betiveen an 8-bit shift/rotate
and a (SN — I) bit shift rrotate, performing an 8-bit shift/
rotate operation on saitl opcranrl; and

propagating said operand through said 16-bit shalt and
rotate unit,

if said operand is 2 bytes m size, replicating said 2 byte
operand to produce a 4 byte operand; and

if. said operaml is N bytes in size and said requested
shiftirotate operation is between a 16-b«shift/rotate
and a (SN — I) bit shiftrrotate, performing a 16-bit shift/
rotate operation on sairl operand.

6 An arithmetic operation unit for performing shift/rotate
operations on operands of any of a plurality of sizes bctwccn
I and N Iiytes, comprising:

a Iirst shift and rotate circuit having an input lor receiving
an operand sized between I and N bytes and an output,
said first shift and rotate circuit selectively perfomiing
shiftrrotatcrpass operations on N byte sized operands
and prc-processing operations on less than N byte sized
operands, aml

a second shift and rotate circmt having, an input coupled
tn said output of said first shift and rntate circuit and an
output, said second shift and rotate circuit selectively
performing shiftrrotatc'pass operations on N byte sized
opi:r iflcls.

7 An arithmetic operation unn accortling to claim 6 and
Iurther comprising:

a third shift and rotate circuit coupled between said output
of said first shift and rotate circuit and said input of said
second shift and rotate circuit, said third shift and rotate
circuit selectividy perlorming shtftrrotaterpass opera-
nons on N byte sized operantls and pre-processing
operations on less than N byte sized operamls.

8 An arithmetic operation unit according to claim 7 and
further cnmprising a fourth shift and rotate circuit having an
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input coupled to said output of said secontl shift and rotate
circuit and an output, sairl fourth shift and rotate circuit
selectively perform mg shift/rotate ip ass operations on N byte
sized operands.

9. An arithmetic operation unit according to claim 8 anil
further comprising a fifth shift and rotate circuit havin an
input coupled to said output of said fourth shift and rotate
circuit and an output, said lifth shifi aml rotate circuit
selectively perform mg shift/rotate ip ass operations on N byte
sized operands. lc

10. An arithmetic operatinn unit accorrling to claim 9
whcrcin said first, second, third, fourth and fifth shift anil
rotate circuits further comprise S-bit, l-bit, 16-bit, 2-bit anil
4-bit shift aml rotate circuits, respectively.

11. An arithmetic operanon unit for performm ~ shiTU is
rotate nperations on operands of any of a plurality of aims
betiveen 1 and 4 bytes, comprising:

an 8-bit shift and rotate circuit having an input for
rccciving an operand sized bctwccn 1 anil 4 bytes and
an output, said 8-bit shift and rotam circuit sclectivcly zo

performing shiftirotatcrpass operations on 4 byte sizcrl
operamls and pre-processing operauons whrch replicate
1 byte sized operands into 2 byte sized operamls,

a 16-bit shift aml rotate circuit havm ~ an input rxiupled to
said output of said 8-bit shift anil rotate circuit and an
output, said 16-bit shift and rotate circuit selectively
performing shiftirotatcrpass operations on 4 byte sizcrl
operands and prc-processing operations which cxpanrl
2 byte sized operands into 4 byte sized operamls;

ic
a 1-bit shift anil rotate circuit having an input coupled to

sat&i output of sat&i 16-bit shift and rotate circuit aml an
output, sairl 1-hit shift anil rotate circuit selectively
performing shift/rotate/pass nperations on 4 byte swed
operands;

33
a 2-bit shift and rotate circuit having an input coupled to

said output of said 1-bit shift and rotate circuit and an
output, saul 2-bn shift and rotate circuit selectively
performing shiftirotateipass operauons on 4 byte sized
operamlm and

a 4-bit shift and rotate circuit having an input coupled to
said output of said 2-bit shift anil rotate circuit and an
output, sairl 4-hit shift anil rotate circuit selectively
performing shiftirotatc pass operations on said 4 byte
sized operands.

12. An arithmeuc operation unit for performing shrft aml
rotate operations on operamls of any of a plurality of sizes
betiveen 1 and N bytes, comprising,

first means for selectively performing shift/rotate/pass
operations on N byte sized operanrls and pre-processing so
operations on less than N byte sized opcranrls to
rcplicatc less than N byte sized opcranrls into N bytes,
and

second means for sclcctivcly performing shift/rotate/pass
operations on N byte sizcrl operands output by said hrst 3

means.
13. An anthmeuc operation unit according to clarm 12

wherein said lirst means for selectively performing shiTU
rotate,'pass operations on N byte sized operands and pre-
processin nperations on less than N byte sized operands
further comprises means for sclcctivcly performing 8-bit
shift rotatcipass operations on 32-bit operands and prc-
processing S-bit operands into 16-bit operands.

14. An anthmeuc operation unit according to clarm 13
wherein said second means lor selecuvely performmg shiTU as
rotate,'pass operations on N byte sized operands and pre-
processin nperations on less than N byte sized operands

16
lurther comprises means for selectively performing 16-bit
shift/rotate,'pass operations on 32-hit operanr13 and pre-
prncessing lfii-bit operands into 32-hit operands

15. An arithmetic operation unit according tn claim 14
whcrcin said secoml means for sclcctivcly performing shift/
rotatepass operations on N byte sized operands further
comprises means for selectively perlorming 1-bit shiit,'otate/passoperauons on 32-bit operan&ls.

16. An arithmetic operation unit according tn claim 15

wherein said second means for selectively performing shift/
rotate/pass operations on N byte sizerl operands further
comprises means for sclcctively performing 2-bit shift/
rotatepass operations on 32-bit operands.

17. An anthmehc opera»on unit according to claim 16
wherein said secoml means for selecuvely perlorming shiit,'otate/passoperations on N byte sizerl operands further
comprises means for selectively performing 4-bit shift/
rotate/pass operations nn 32-bit operands

18. A microprocessor, comprising:
a register for holrling an operand of any of a plurality of

sizes between 1 aml N bytes, and
an execution unit for performing anthmetic operations on

saiil operand;
said execuuon umt including.

a first n-bit internal bus;
a second n-bit internal bus; and
a multiple stage, shift and rotate circuit having an input

coupled to said first n-bit internal bus and an output
coupled to said second n-bit internal bus;

saiil multiple sta e aloft anil rotate circuit conligured to
perform (1 to (n— 1))-bit shiftirotate/pass operahons
on (8 to n)-bit operands propagated thereto via said
first n-bit internal bus;

whcrcin at least onc stage of said multiple sta c shift
and rotate circuit sclcctivcly performs shift/rotam/
pass operations on n-bit operands and replicatcs
operamls sized less than n-bit operands to protluce
n-bit sized operands.

19. A microprocessor according to claim 18 wherein said
multiple stage, shift and rotate circuit further comprises

an 8-bit shift and rotate circuit having an input cnupled to
said first n-bit internal bus anil an output coupled to said
second n-bit internal bus, said 8-l»t shift and rotate
circuit selectividy perlorming shtftrrotaterpass opera-
uons on n-bit operands aml pre-processing operations
which replicate 8-bit operamls into 16-bit operands.

20. A microprocessor according to claim 18 wherein said
multiple stage, shift and rotate circuit further comprises

a 1 fii-bit shift and rotate circuit having an input cnupled to
said first n-bit internal bus anil an output coupled to said
second n-bit internal bus, said 16-bit shift and rotate
circuit selectividy perlorming shtftrrotaterpass opera-
uons on n-bit operands aml pre-processing operations
on l6-bit operands ivhich replicate 1 ti-bit operands into
32-bit operands

21. A microprocessor according to claim 18 wherein said
multiple stage, shift and rotate circuit further comprises:

an 8-lait shift and rotate circuit having an input coupled to
said first n-bit internal bus and an output, said 8-bit shift
anil rotate circuit selecuvely performin ~ shift/rotate,'ass

operauons on n-bit operamls and pre-processing
operations on 8-bit operands which replicate 8-bit
operands into 16-bit nperands;

a 16-bit shill and rotate circuit having an input coupled to
said output of said 8-bit shift and rotate circuit and an
output coupled to said second n-bit internal bus, said
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16-bil shift and rotate circuu selecnvely perh&rmin ~

shift'rotate/pass operations on n-bit operanrls and pre-
processing operations on 16&-bit operands which reph-
cate if&-bil operands &ntn 32-bit operands

22. A computer, comprisin:
a system bus;
a memorv subsystem; and

a microprocessor;
s;nil memory subsystem aml said microprocessor coupled

to said system bus for bi-directional exchanges of
address, data and control signals therebetween;

said microprocessor including:
a multiple stage, shift and rotate circuit conligured to

perform (1 to 31)-bit shift&rotale/pass operations on is
(8 to 32j-t&it operanrls propagated thereto;

wherein:
a first stage of said multiple stage shift and rotate

circuit is an 8-bit shift and rotate unit which
sclectivcly performs 8-bit shift/rotate/pass opera- zn

uons on 32-bit operands and replicate 8-brt oper-
ands into 16-bit operands; and

a seconrl stage of. said multiple stage shift and rolale
circuit is a 16-bit shilL aml rolate circuit which
sclectivcly performs 16-bit shift,'rotate,'pass opera-
tions on 32-bit opcranrls anti rcplicatc 16-bit oper-
ands into 32-bit nperands

23. A computer according to claim 22 wherein
a third stage of said multiple stage, shift and rotate circuit

is a 1-bit shift and rotate circuit which sclcclivcly
perh&rms 1-bil shift,'rotate,'pass operations on 32-bit
operands.

24. A computer according to claim 23 wherein
a fourlh stage of saul multiple stage, shift aml rolale

circuit is a 2-bil shift aml rotate circuit which selec-
tively performs2-bit shift/rotate/pass operations on
32-bit operands

25. A computer according to claim 24 whcrcin:
a lifth stage of said multiple stage, shift and rotate circuit

is a 4-bit shift and rotate circuit which selectively
performs 4-bit shiftrotatepass operations on 32-bit
opi:r if&cia.

r r s
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