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" BACKGROUND¥ OF THE | NVENTI ON. 1. Field of the inventi &n: Ot
Pnventjoh relates to the field of 5 synchronization control in conputer
systens 2. Description of Related Art. The closest art known to the
Applicant is enbodied in the Intel 80386tm[err] m croprocessor

manuf actured by 10 Intel Corporation of Santa Cara, California. In
general, conputer systens utilizing the '386 mcroprocessor enbody a nunber
of conponents, such as the '386 m.cropretessor, a math coprocessor

(typically either th BOZSE orT 0387 nungrlc gggrgﬁiiﬁgri' giETnﬁg.conputer

15 systens-uti1§gﬂ¥ I
m croprocessor (i.e., the '3SALCKGROUND IOF MHE INUDWTIONEGSSOr are separate,

di screte conponents. Theiéldhof eghielrtnwdntiivn. 386, as in nany general

pur pose processors, includes synchronization instructions; 20 such
synchroni zati on i nstrucTherpe¢sent finmventniodr arelatieésotcotther ddeddi of bet ween
conponents in a conputer systemutilizing the '386. Further,

synchr oni 2at isyndhrnization reontpodviige cospuserosyshemsat i ng error

checki ng. ' ' )

2. Description of Related Art.

.- The closest art known to the Applicant is embodied in
N the Intel 80386tM ('386tM) microprocessor manufactured by
10 Intel Corporation of Santa Clara, California.

In general, computer systems utilizing the '386
microprocessor embody a number of components, such as the
'386 microprocessor, a math coprocessor (typically either
the 80287 or 80387 numeric coprocessor), etc. In computer

15 systems utilizing the '386 processor, the general purpose
microprocessor (i.e., the '386) and the math coprocessor
are separate, discrete components. _

The architecture of éhe '386, as in many general
purpose processors; includes synchronization instructions;

20 such synbhronization instruction allow for synchronization
of processing between components in a computer system
utilizing the '386. Further, synchronizatiop instruction

may provide means for initiating error checking.



-2- For exanple, the WAIT instruction in the '386 instruction set causes
the '386 to wait execution until a nunmeric coprocessor (such as the 80287
or 80387) has finished a task. In general, the nuneric coprocessor 5 .
activates a BUSY pin. Wen the BUSY pin is active (brought lowin the ™
'386), the WAIT instruction suspends execution of '386 instructions unti%=
the BUSY pin is inactivated (brought high). In this way, processing on the
' 386 m croprocessor nay be suspended to guarantee that a numeric 10
instruction being processed by the numric coprocessor has conpleted

execution. It is glgy #fede{{ﬁéoﬁA?‘r {,Qegué {od RPWHY (fYg | 9noring

duri ng execut I on) syc I’OI’] fion ins I ons I’OI'TI anh 1-nstruction sequence

[ computer systedeidf set causBEOhECeIbY cd hudst UBRIARI DD wiRMY! @ 2

system for speeding up the execution of an instruction sequence by

renovi ng, U”H@ﬁeffété%gf689§$6f00§ucHWﬁ$ Eﬁéﬂﬁﬁﬁsﬂ*ﬁﬁ‘Ebﬁ@ﬂ)shﬁ%hron'Zat'on
I nstructions Y OF THE | NVENTI ON A net hod for speeding up the
execution of £anisREdr actas. Senueﬁﬁﬂetalﬂ.ﬁh&ﬂhﬂmﬁrﬁaﬁﬂdyﬁdd§@s©ﬁentlng
5 activates a BUSY pin. When the BUSY pin is active (brought
low in the '386), the WAIT instruction suspends éxecution
of '386 instructions unﬁil the BUSY pin is ihactivated
(brought high);. In this ﬁay, proceséing'on the i386
microprocessor'may be suspendéd to-guarantee that a numeric.
10 instrucﬁion being processed by the numeric éoprocessor has
compleﬁéd execution. .
It is desired_tq develop a_method for removing (or
ignoring during execution) sychroniiétion instrudti§n$ from
an instruction sequence in computer systems. | |
15 Specifically, it is desired to.develop a system for _:.
speeding up the execution of an instruction sequence by |
removing, under.éertain.cqnditions, wait states created by

synchronization instructions.
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functions of a general purpose processing unit and a 5 special purpose
Rrocessing unit under common control is described. The nethod elimnates
certai R/treated by synchroni zation instructions. The nethod invol ves the
steps of detecting that a synchronization instruction has been encountered
during the 10 execution of an instruction sequence and repl acing or

substituting for the synchronization instruction a null instruction. In the
preferred enbodi nent, a one cl-ock cycl e_no-operation instruction is
utilized as the null instruction. 15 =3 = The m croprocessor of the

preferred enbodi nent conprises %ﬁﬂﬁﬂﬁgﬁﬁfﬂiﬂﬁ;ﬂﬁYﬁﬁfoﬁ'Jnit for fetching
instructions prior to the executron or a previous rnstruction. Such .
prefetch units arepideinerdl fiotr GpEREiIRY BYpStREBekOchfEbRASE dhe operating
speed of a conputer 20 system by ensuring a queue of i-nstructions is

avai |l abl e for jastragtivel sequeaeedenaddcbnphtest Pt &M eimdlamenting | n the

present invention, after encountering a synchronization instruction, but

bef or e execut ifanctfionlse ofyacheneiradt papposet protessing henitexand rst ructi on

("second 4 instruction") is fetched by the prefetch unit. If the

5 special purpose processing unit under common control is
described. The method eliminates certain created by
synchronization instructions.

L The method involves the steps of detecting that a

' synchronization instruction has been encountered during the

10 exeCution of an instruction sequence and replacing or
substituting for the synchronization instruction a nuli
instruction. 1In the preferred embodiment, a one clock
cycle no-operation instruction_is utilized as the null
instruction.

15 The microprocessor of the preferred embodiment
comprises an instruction prefetch unit for fetching
instructions prior to the execution of a previous
insﬁruction. Such prefetch units are utilized in computer
systems.to increﬁse the operating speed of a computer

20 system by ensuring a queue of instructions is available for
an instruction decode and instruction execution unit.

In the present invention, after encountering a

synchronization instruction, but before execution of the

synchronization instruction, the next instruction ("second

- — TN e .



instruction is one of a predeterm ned set of instructions, the

synchroni zation instruction is not executed and a null
If the instruction 5 is not one of the predeterrined
set of instructions, the synchronization instruction is executed. (In ﬁ@%‘

t-he second instruction nmay not be prefetched in
n circunstances for a variety of reasons. If the second instruction
is not prefetched, the synchronization 10 instruction is executed in the

executed in its place.

preferred enbodi nent,

certai

nor nal
poi nt

pr edet er m nebtNSEFuGkion’s) rigi fetched hy ithe nyafetah gmid,ch I ¢&e ng poi nt
structign-set:of t he, m croprocessor of the

i IRFeAekadringst st dNSFraGtdNBat i on;

i nstructions, of 15 t

e |
preferred enhEEF?Hﬁﬁlbﬁj $ PR

floati
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set .

instruction i s -

execution sequence.) In the prefersed enbodi nent, many fl oating

instructions inherently provide for routine synchronization.

The-
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I nstructions. .
synchronization instruction is executed. (In the preferred

embodiment, the second instruction may not be prefetched in

certain circumstances for a variety of reasons. If the

second inStruction ié not prefetched, the synchronization

10 instruction is executed in the normal execution sequence.)

In the preferred embodiment, many'floating point

instructions inhefently provide for routine

syhchronizetion; The predetermined set of instructions

comprises the set of such floating point instructions of

15 the ihstruction set of the microprocessor of the preferred

embodiment which inherently provide for routine

synchronization; flbating point instructions which do not

inherently prbvide for such synchronization are not

included in the predetermined set. Further, non-floating

20 point:instructions'are not included in the predetermined

set.

e



Figure 2 is a block. diagramof portions of a conputer system of the present
i.nvention. "Figure 3 is a flow diagramillustrating a nmethod of 10 the

pr esen{ Fnventi on. - 6 - DESCRI PTI ON OF THE PREFERRED EMBCDI MENT A

met hod-for processing instructions in a conputer systemis described. In
the follow ng description, 5 nunerous specific details are set forth such
as specific instructions, etc., in order to provide a thorough
under st andi ng.of the present invention. It w El-be obvious, however, to one
skilled in the art that the -resent invention ma be -ractlced wi t hout
these specific 10 detail g =R ettt circuits,
structures and techni ques have not been shomn |n detall in order not to
unnecessarily obscure the present invention. OVERVI EW OF THE PRESENT

for use in the nod “GeRS atTors obL oW b1 nth EEMan kI A drlutn d4eRe )
(el Cor por ot} orey e it St R SRR 210, dagPefigrioh. e oy

m croprocegssor inplenments the

Figure 2 is a block diagram of portions of a computer

system of the present invention.

Figure 3 is a flow diagram illustrating a method of

10 the present invention.



20 functions of a general purpose m croprocessor (such as the functions of
the Intel 80386 m croprocessor) and the functions of a nuneric coprocessor
~ (such as the Intel 80387 nuneric coprocessor) in a single conmponent or . .

"chip". -7- It is desired to ensure that the '486 m croprocessor is <

capabl e of supporting instruction sequences witten for execution on the™

80386, including instruction sequences whi.ch utilize a nuneric coprocessor
such as the 80387. 5 Such instruction sequences often include.

synchroni zation instructions for syncHTénTzing execution of the 80386 and
t he 80387. DESCRI PTI OYhyf#r® N AT HEN BT R iraye fl ow di agram
illustrating use of such 10 synchroni zation instructions 1n an instruction
sequence. A typical .instruction sequence may include a synchronization

i nstruction which causes the main processor (e.g., the '386) to wait
further processiny methodt fier nprecessingrinstasoet iensvin |aldompguteaxecut e
anot her instruction, 15 block. 101 and bl ock 102. Typically, the

synchroni zat $ystémsis idesernibeda \¥u Tthesfoliowing dEserdptdloneni zat i on

instruction is placed in the instruction sequence to ensure the nuneric
coprocesSor numerous specific details are set forth such as specific

instructions, etc., in order to provide a thorough
understanding of the.present invention. It will be
obvious, however, to oﬁe skilled in the art that the
.preéent invention may be practiced without these specifié
10 details. 1In other instances, well-known circuits,
- structures and techniques have not been shown in detail in
order not to unnecessarily obscure ﬁhe present invéntion.
OVERVIEW OF THE PRESENT INVENTION
The preferred embodiment of the present invention is
15 proposed for use in the next'generation of microprocessor
in the intel 8086 family, commdnly referred to as the |
80486tM microprocessor ('486tm), manufactured by Intel
Corporation of Santa Clara, California.
The proposed '486 microprocessor implements the
20 | functions of a general purpose microprocessor (such as the
functions of the Intel 80386 microprocesso:)-and the |
functions of a nume:ic coprocessor (suéh as the Intel 80387

numeric coprocessor) in a single component or "chip".
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has conpl et ed execution of- any prior floating point 20 instruction before

" presenting'the next floating point instruction for execution. (As discussed
i'n the%?ackground of the Invention section, the 80387 asserts a BUSY signal

whi | e pfocessing an instruction. After conpleting processing of the

“instruction, the 80387 deasserts the BUSY -8- pin. The 80386 wil |

suspend execution during the tinme the BUSY pin is asserted if a WAIT

instruction is executed.) It is worth noting that in nmany 80386/ 80387

i npl erent ati ons, programmers do not have to coegde WAIT 5 instructions in

I nstruction sequences., Many, assenbl ers for the 803 111, aut ticall .
encode the WAI T i ndttr d& idﬁ%irleﬁi e W%Fu%ntg@qggﬁgemiﬁf'ggg‘%ﬁégﬁﬁngri c

Dt Coccron (85 SoPahus o sRHRRAIng AU RRRETER, BahatiE BEltsen cor
I nstr t "t i.nst ; . : ;
A R e e R e T T T

Corarn ot SRR RA1%5 o EectE, BopRBctbgtt! oS! chirheset on ) 12
integral part sofent Reistruction sequences often include synchronization
instructions for synchronizing execution of the 80386 and
the 80387. _
W DESCRIPTION OF 80386 SYNCHRONIZATION
Figure 1 is a flow diagram illustrating use of such
10 synchronization instructions in an instruction sequence. A
typical instruction sequence may include a synchronization
instruction which causes the main processor (e.g., the
1386) to wait further processing until the numeric
- coprocessor is available to execute another instruction,
15._ block 101 and block 102.

Typically, the synchronization instruction is a WAIT
instruction. The synchronization instruction is placed in
the instruction sequence to ensure the numeric coprocessor
has completed execution of any prior floating point

.20 instruction.before pfesenting the next floating point
instruction for execution. (As discussed in the Background
of the Invention section, the 80387 asserts a BUSY signal
while processing an instruction. After completing

processing of the instruction, the 80387 deasserts the BUSY



i nstruction. In such cases, branch 110, the nmain processor waits execution

of the next instruction in the i nstruction sequence until the nuneric . '
processor signals it has 20 conpleted processing, block 105 and bl ock- 166 :
Typically, floating point instructions include a WAIT state as an |ntegpm

part of the instruction where the instruction will affect menory or o

regi sters which nmay al so be effected by -9- instructions executing on

t he general purpose nicroprocessor. In other cases, the floating point

i nstruction do not include a WAIT state as an integral part of the

instruction. In such cases, the main progessor does not wait for the

numeri c coprocessor to csggpete processing of the instruction, branch 111.

As exanpl es, PR idd swspenc eFesution GBTing thettime i ehe

Lo;£ggesgoIA?bgﬁtfﬁgﬁh%ﬂ%f f%FéfEﬁ/%&E%n&&§{F5§IESBr %gégﬁ?ugggohtrol
word); (3) FSAVE 1 Jave§, (ﬁﬁ%%%&&%&;%%rt ans 80(3@)6/%}?{\/ (Store the

coprocessor's st atus Wor he "copf 0C&SsSor' s exception
flags); implementations, programmers do not have to code WAIT

5 instructions in instruction_sequences. Many assemblers'for
the 80386 uill automatically encode the WAIT:instructions_
in the instruction sequence. |
After the numeric'coprocesSor indicates}it is —h
available for processing of the next instruction (by

10 deasserting the BUSY pin), block 103, the next instruction
in the_instruction sequence.is.presented for e#ecution,
block 104. fGenerally, the next'instruction is'a floating
pOlnt instruction; however, in certain cases, it may be a
non—floating point instruction )

15 Certain instructions in the '386 instruction set
include a WAIT state.as an integral part of_the
instruction. In such cases, branch 110, the-main processor
waits execution of the next instruction in the instruction
sequence until the numeric processor signals it has

20 completed processing, block 105 and block 106.' Typicaliy,t'
floating point instructions include a WAIT state as an
integral part of the instruction where the instruction will

affect memory or registers which may also be effected by



(6) FINNT (Initialize the coprocessor); and (7) FSETPM (Place the

coprocessor in protected node). (8) FEN (Enable interrupt) 5 (9) FDI'S
(Disablg interrupt) (Note that the codes listed in Table | are operation
codes ¥ opcodes”) in‘the '386 instruction set, not meunonics.) - 10 -

In the case of either type of instruction, the nmain processor wll begin
execution of the next instruction in the instruction sequence at sone point
in time, block 107. Further information on the 80386/80387 processors nmay 5
be found wth reference to Chris H Pappap & WlliamH Mrray, 111, 80386
M croprocessor Handbook, Osborne MG awHi ||, 1988. GENERAL 80486

ARCHI TECTURE @WERVMEHAb&s executihg pnopbeeceae¢86 RpuUrpPoOPeOCcessor conprlses
a general purpose nicroprocessor and a nuneric coprocessor integrated on a
singl e chip. TiernopPaeees$0r486 ni croprocessor further conprises instruction
prefetch circuitry and instruction decode circuitr

. 15
Prefetch Gircuitry Imeothen aagese the tfrly?aiténﬂegeni%fieinﬁfﬁcFé?ﬁr%ﬂc%mfo
include a WAIT state as an integral part of the

instruction. In such cases, the main processor does not
wait for the numeric coprocessor to complete processing of
the instruction, branch 111. As examples, this second type

W, of instructions include the instructions listed in TABLE I,

below:
IABLE I
Opcode  Function |
(1) FSTENV (Store the coprocessor's environment);
(2) FSTCW (Store the coprocessor's control word);
(3) FSAVE (Save the coprocessor's state);
(4) FSTSW (Store the coprocessor's status word),
(5) FCLEX (Clear the coprocessor's exception flags):
(6) FINIT (Initialize the coprocessor); and
(7) FSETPM (Place the coprocessor in protected mode).

_ o (8) FENI (Enable interrupt)
. N\ 5 (9) FDIS (Disable interrupt)

(Note that the codes listed in Table I are operation
‘codes ("opcodes™) in the '386 instruction set, not

mneumonics.)



Figure 2. A prefetch unit 202 is coupled wth a bus 201. This allows the
prefetch unit to fetch instructions for processing. The prefetch unit: 202
is further coupled with 20 an instruction decode unit 203. The instruction
decode unit 203 is provided with instructions for decoding by the prefetch
unit 202. Finally, the instruction decode unit 203 is coupled with an *~
.execution unit 204 for providing mcrocoded instructions for execution.
The prefetch unit 202 requests an instruction and stores the instruction in
a prefetch queue until the instruction dec _203 is available to process
the instruction and translate the instrucfion’into nmicrocode. 5 An

i nstruction queudn theheaisesofueitberdtypecofininst@8chibrs the maimocoded
instructions until they are executed by an execution unit 204. Requirenent
for Synchr opresessar néllubepdnseracukdopr efcthednexnbolingerrectipn in  As
di scussed above in the prior art it-is known to include synchronization

i nstructi on¥hen Pﬁ§FPG§§PBnS§SHG§ﬁSe§tt§°@ﬁsB?énE et ingeRAedhh 1

present invention teache certaip c roni zati on |
i nstructions areENGt c3§§h PneﬁeuFSﬁg%§§§56§§B§9 RECCRRRRLT iTAY of t he
|r5ternéonb%e ouna’ “with reference to Chris H. Pappas & William H.

Murray, ITI , 80386 Microprocessor Handbook, Osborne

GENERAL 80486 ARCHITECTURE OVERVIEW

10 The proposed 80486 microprocessor comprises a general
purpose microprocessor and a numeric coprocessor integrated
on,swsingle chip. The proposed '486 microprocessor further
comprises insiruction prefetch circuitry and instruction
decode circuitry. . _ _

15 | " Prefetch Circuitry

The prefetch circuitry is described with reference to

Figure 2. A prefetch unit 202 is coupled with a bﬁs_ZOl.
This allows the prefetch unit to fetch instructions for | \;J
processing; The prefetch unit 202 is further coupled with

20 an.instructioh decode unit 203. The instruction decode |
unit 203 is provided with instructions for decoding by the
prefetch unit 202. Finally, the instruction decode unit
203 is coupled with an execution unit 204 for providing

microcoded instructions for execution.



Specifically, the present invention teaches that synchronization

I nstructions may not be required depending on the instruction innmediately
fdllomnng\a synchroni zation instruction. If the instruction inmediately
follow Mg the 20 sychronization instruction includes a WAIT state as-an
integral part of the instruction, it has been observed that coding of a
WAI'T instruction previous to such an instruction is not necessary. -12-
As one objective the present invention, a conputer systemis to be

devel oped whi ch ensures conpatability Wit h-i fst4 uction sequences witten

for systens such as the '386. As a second objective, it is desired to _
i ncrease the 5 perfo?%rfb’?fﬂtqmé”@&r&?@elr%ﬁ an drstauetian andention

by effectively renovi éhcertaln nchronlzaté% structlons%iron1such
i nstruction sediFIR&R ®Rot-fng PH. etF fngugyupE othe he

vl o5 1o compEFYRE %“Aldgé : t??‘if 43 BeRaIEbIR. SoyEPRRFE T8 precent
et o o et M CARTASEEM SR AL 1R TpkaShEdL g
enbodi ment,, 5t heu W stRRAAIIrP duiet@l L heEné ihgek»uae%ﬁ b8Eode unit 203
holds the microcoded instructions until they are executed
by an execution unit 204.
o Requirement ‘for Synchronization Instructions
dn the Preferred Embodiment
10 As discussed above, in the prior art it is known to
| include synchronization instructions in instruction
seduences to ensure proper execution. The present
invention teaches that in certain cases, synchronization
instructions are not necessary for ensuring'the proper
15 execution of the instruction sequénce.- _
Specifically, the present invention teaches that
synchronization instructions may not be required depending
on the instruction immediately following a synchronization
instruction. If the instruction immediately following the
20 sychronizétion instruction includes a WAIT state as an
integral part of the instruction, it has been observed that

coding of a WAIT instruction previous to such an

instruction is not necessary.



15 execution. METHOD OF THE PREFERRED EMBCDI MENT A nethod utilized by the
preferred enbodi.nent to i nprove execution tinme of an instruction sequence
by renovi ng sel ected synchroni zation instructions is described 20 w t h,

reference to the flow diagramof Figure 3. In an instruction'sequencngyﬁ%nﬂﬁ

synchroni zation instruction may be encountered, block 301. As stated ™~
previously, instruction sequences commonly utilize the WAIT - 13 -
instruction of the instruction set for the 8086 fam |y of m croprocessors
as a synchroni zation instruction As described previously, the WVAIT

I nstruction is used to cause the generaﬂzpnrpose processor portion of the
conputer system tms Vignd ,olfectiisRetthe PLRBENtoAinventish; uat computiaki | the
nuneri c processor portion of the conputer system has finished a task. The
system of thsyqtremseig tionbenideveloped: whdchmeasuresr cainpatability wikh '

instruction in the instruction 10 sequence to be fetched and exami ned prior

t o execut i ngingterunhdion mequencesn winittien ifost systeBs sugheascthe| H3R6202.
In the preferred enbodi nent, the prefetch unit waits until the bus is
avai | abl e arfs fatssrand biestd vensdtudsi desixgd to increase the

5 performance of the'computer_system“cf the present invention’
by efféétively femoving cértain'synchronization
instructions from Such instruction sequences.
It is worth noting that, in the system of the
preferred'émbodimenﬁ, a WAIT instruction requires a minimum
ld bf 3 cléck cycles to complete. As will be detailed below,
thé system of the present'inventibn.effeCtively'removes |
from éxécution certain WAIT instructions and replaces the
WAIT instruction with a null operation. In the preferred
| embodiment, the null operation teQuirés 1 clock_éycle for
.15 execution. |
METHOD OF THE PREFERRED EMBODIMENT
A method utiliZed by the preferred embodiment to
improvejexecution'time of an instruction sequenée by |
rémovihg:selected synchronization instructions is described
20 | with référence to the flow diagraﬁ of Figure 3.
| In an instruction sequénée,=a=synchronization
instruction may be encountered, block 301. As stated

previously, instruction sequences commonly utilize the WAIT

-

v



stores it in a prefetch queue. In certain cases, such as 15 when the bus is
servicing hirgher priority requests, prefetching does not occur. Assum ng
the prefetch was successful, block 103, the present invention teaches
deterniﬁtﬁg whet her the instruction fetched is one of a set of instruction
for 20 which the previous synchronization is not necessary. |t has been
determ ned that synchronization instructions are not necessary in

i nstruction sequences before certain so-called "safe" instructions. - 14
- In the preferred enbodi ment, thesel3safe" instructions include

tatc as. an i AOEDFUEC AN Obr ChRot PREFRELL PBIEST  Fon et osq ey B2 |
nstructi on aPscPrErPPEaBeR S A syfico ARt AELSE Bs AR+ Fape®

FADD/ FADDP, FBLD, EQSE@FcQHﬁghéﬁggeiBﬁgﬂ?Eefﬁé”ﬁﬂIfei?%ﬁfﬁéfqéﬁ_is used

i nstructions in the preterre odi nent~ does nhot 1 nc e certain floating

10, PELTY TSRS, Gondontop et procsemta st el (e
TABLE |, a&oveomputkbebystbf to wait, or suspend, execution of
instructions until the numeric processor portion of the
computer system has finished a task.
\~) - The system of the present invention comprises means
for allowing the next instruction in the instruction
10 sequence to be fetched and examined prior to executing the
next instruction in the instruction sequence, block 202,
In the preferred embodiment, the érefetch unit waits until
the bus is available and fetches the next instruction and
stores it in a prefetch queue. In certain cases, such as
15 when the bus is servicing higher priority requests,-
prefetching does not occur.

Assuming the prefetch waé éuccessfu;, block 103, the
present invention teaches determining whether the
instruction fetched is one of a set of'inst:uction for

20 which the previous synchronization is not necessary. It
has been determined that synchronization instructions are
not necessary in instruction sequences before certain

so-called "safe" instructions.



predet ernm ned set of safe instructions of the preferred enbodi ment does not *

include any instructions to be executed 15 by the general pur pose
processor (e.g., non-floating point instructions such as LOOP, LSL, MOV:.
MJL, etc.). By way of exanple, the instruction sequence detailed in TAEUE
Il may have been witten for execution on a conputer systemutilizing at

80386: - - 15 - TABLE Il Instruction # I'nstruction (1)

VAIT (2) FINIT (3) VAIT (4) FILD - Word
Ptr (0006) (5) ' VWAI T (6) FLDPI (7) VAIT.
(8) - FDI V ST, ST(1) Synchroni zati 3k Tnstructions numbered 3, 5

~and 7 in TABLE | IIrarthen @referasshienbodinent)crhesec rsage"of nsbeuctsbhgct i on
sequence on a conputer system enbodying the '486 processor. Therefore, the

met hod of tHagiuekeerdnstructhiensi te bepkeaecstelebyyther nuneaicon
instructions (WAI'T .
processor which include a WAIT state as an integral part of
the instruction. (In_general, in the_instruction set of
5 the processot ef thelpreferred embodiment, these
.instruction are the floating point instructions, such as
F2XM1, FABS, FADD/FADDP, FBLD, FBSTP, etc.).
.The predetermined'set of "safe" instructions in the = . ;J
preferred embodiment doeS-not include certain floating
. 10 point instructions which do not have synchronization bnilt_
into tne insttuetion. Examples of these instructions are
listed with reference to TABLE I, above. Further, the
predetermined-set of safe instructions of the preferred
embodiment does not include any instructions to be executed
15 by the general pnrpdse'processor (e.g;, non-floating point
instructions such as LOOP, LSL, MOV, MUL, etc.).
Byzway_of'enempie, the instruction sequence detailed
in TABLE II mey have been written for execution on a o _\~)

computer system utilizing an 80386:



%
instructions) with a null instruction, block 305. The null instruction
requires one clock cycl'e for execution as opposed to a mini'mum of three
clock cygles for the WAIT- instruction. 10 Synchr oni zat i on
i nstrucyron nunbered 1 in TABLE Il is required by the conputer system of
the present invention and, therefore, is not replaced by a nul
I nstruction. This synchronlzation instruction is required because the FINIT
instruction does not include a WAIT state as an 15 integral part of the

instruction. In general, in the systemof tRhg present invention,
synchroni zation instructions preceding_floating point - 16 -
I nstructions which provide routine sy tion are replaced with a null

“instruction. The null instyugtion.,doeg not perform any,operation; rather it
only affects the (E)IP re&&gﬁg?uﬁﬁﬁgriuction poy ter). 5 I n.
ot her cases, such as synchronizgfion instructi q;ecedlng non-fl oating
poi nt instructions and synchronjzzati on instruc i precedi ng fl oating point
i nstructions not providing rout)jje synchroniza t he

P g y Word Ptr (0006)

I
(5) WAIT
(6) FLDPI
(7 WAIT
(8) FDIV ST,ST(l)

Synchronization instructions numbered 3, 5 and 7 in
(Y TABLE II are not necessary for proper execution of the
instruction sequence on a compﬁter system embodying the
'486 processor. Therefore, thelmethod of the present
5 invention replaces the synchronization instructions (WAIT
inetructions) with a null instruction, block 305. The null
instruction requires one clock cycle for execution as
opposed to a minimum of three clock cycles for the WAIT-
instruction. |
_ 10 Synchronization instruction numbered 1 in TABLE II is
| .required by the computer system of the present invention
and, therefore, is not replaced by a null instruction.
This synehronization instruction is required because the
FINIT instruction does not include a WAIT state as an
15 integral part of the instruction.
In general, in the system of the present invention,

synehronization instructions preceding floating point



- 17 - synchronization instruction are executed in the nornmal course of the
instruction sequence, block 306. Thus, a nethod for avoiding tine penalties
associ ated 5 with synchronization instructions is described. Al though the %
present invention has been described with specific reference to a nunﬁg?k@#-*'
details of the preferred enbodinent, it will be obvious that a nunber of" '
nodi fi cations and vari ations may be enpl oyed wi thout 10 departure fromthe
scope of the present invention. Accordingly, all such variations and '

nmodi fications are included within the intenged scope of the invention as
_defined by the foll ow ng clains.: - 18 - CLAIMS 1. A et hod for
processi ng dnstmettiohsowhiehuppoeide soubinat synshsoérbzatidl seeput er

system conprising a general purpose processor having a prefetch unit o
coupl ed wi t heplBgedt with| awnpdadf énshrugtdéni nsThecvudbhsihstrpeodbassi ng, an
instruction decode unit coupled to receive said instruction sequence from
sai d pref et ReEnnPt RRFLAFMcABYUPPERALAPR; coabhed ib onlyi atfectddhe

i nstructions,_.
(E) IP register (instruction pointer register).

S In other cases, such as synchronization instructions
preceding non-floating point instructions and
synchronizatipn_instruction preceding floating point

instructions not providing-routine-syﬁchronization, the g‘)
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said nethod conprising the steps of: (a) said prefetch unit fetching an
instruction fromsaid bus; (b) said instruction decode unit determ ning
sai d inFjuction is a synchronization instruction in said instruction
sequenc®y said synchronization instruction for causing said execution unit
to wait further processing until the occurrence of sonme event; and (c)
conditionally replacing said synchroni zation instruction with a nul
operati'on instruction. 2. A nmethod as-recited by Claim1 further
conprising the steps: (d) said prefet unit fetching a second

instruction in sajd |nstr¥ct| n sequence; :%% exanlnlng said second
instructi on $¥ngbrepizatip %FB’%% 3 t?ﬁREWQﬂgl dhe groxpal

predeterm ned _set of i.nsiru if said s ruction is one of
L bredet or APREASSRE Bhei ForFRReron semididen RIGh A (o) i t° *"eard
second instruction is not one of sald predeternlned set of |nstructions
executing said sync reC|ted

by Caim1l wherei pngal, danmeth8lcEst| Q'G'oi@fﬁé U@ixh@rbéﬁélw{ﬁ ﬁ%é&.‘a@@a
cycl e for-execution.

5 with synchronization instructions is described. Although

the present invention has been described with specific
reference to a number of details of the preferred
\.) embodiment, it will be obvious that a number of
modifications and variétions may be employed without
10 departure from the scope of the present
invention. Accordingly, all such variations and
modifications are included within the intended scope of the

invention as defined by the following claims.
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- 19 - 4. The nethod as recited by Caim?2 wherei n said
predeterm ned set of instructions conprises floating point instructions
Wi th routine synchronization. 5. The method as recited by daim4 .-

~wherein said synchroni zation instructiongips_a WALT instruction—6- By

B

met hod for processing an instruction seqlUénce in a conputer em said
conputer system conprising a general purpose prgﬁ“ﬂﬂ“ ' Huuﬁiﬁﬁruction
sequence conprising at |east one syncigLiEMSti onli¥ X norsaryl” a second

i nstruction, said synchronization instruction for causing synchronization
. of execution of said general purpose processor and a coprocessor,

said method donpri sPn@athodstifor Processing @nyectpstruptionsseguenessor
recei ving saif @y Edniiietspsteist BHERI Computers Ak & CE3pPHERAGE a
processor fetchlng_sald-second lnstructroqﬁgéq% Salﬁ generaL puregéf
processor i nPENSFRAGPUXPOSE &rosessatyhaying (3 Prehetrhppadit soupled
synghroln: zatw@thi nat rbus | @ uadabwa ﬁféﬁé‘}:chingf ﬂedﬂiﬁﬁﬂdﬁbﬁmn(ﬁ}dﬁ ons,
said nu i nstruction caysi enal._Rpurnos r ornt r.f. or m
Subst ant i al | S RGSBEART; 81 ARASPBCEARN AdSoRFoRBa RERRIRR te FedBayRy’

said instruction seguence from said prefetch unit, and an

execution unit coupled to receive decoded instructions,
said method comprising the steps'of:" ' '

'~ (a) said prefetch unit f‘e’téhing an "instruction
from said bus; _

- (b) said instruction decode unit determining said
instruction is a synchronization instruction in said
instruction sequenée,' said sYnchronization instruction
for causing said execution unit to wait further
processing until the occurrence of some event; and
' (c) conditionally replécihg said 5ynéhronization'
instruction with a null opératibn'instruction.

2. A method as recited by Claim 1 further comprising
the steps:

(d) said prefetch unit fetching a second
instruction in said instruction sequence;

_  (e) examining said second instruction to
determine if said second instruction is one of a
predetermined set of instructions;

(f) if said second instruction is one of said
predetermined set of instrﬁctions, performing step (c¢);

(g) if said second instruction is not one of
said predetermined set of instructions, executing said
synchronization instruction.

3. The method as recited by Claim 1 wherein said
null operation instruction requires one clock cycle for
execution.
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I nstruction. 7. The mnmethod as recited by —QLa+ﬁ+—6-—+urrh€——’

conprising- the step of initiating execution of said s

tnstructi on under a second set of predeternined cond i\mim “he
nethodkﬁﬁ recited by Claim6 wherein said 19rst ernlned
conditions conprises determning said second |nstruct|on |s one of

a predeterm ned set of instructions. - 20 - 9. The net hod as
recited by O am 8 mherleenn&mrﬁd)rséetﬁdﬂtw Bt dlfatllxd”'sﬁr YHdrUEh EQHP?' ses
floating poin royti pe foni zation in an instruction
set of saldcf}nl %§%§1 of TﬁﬁsﬁﬁYﬁ $ons [ GePPELSBF CfaPatdng
wherein said fncnsnt smstilfuqatednsewi]therloubﬁﬂetspﬂehfdnibetléﬁtrprI sing said
second instruction was successfully fetched. 11. The nethod as recited

by daim7 wherein said second set of predeternined condi tions :
conprises det énini ng e dmesbhodd amsmegitiedh bis Glainsuécodemainy saidhed

or said SecondsyrtHroKizOPibs ﬂ@étﬂw@tpénalarsdﬁiﬁnméérﬁ«%h{aﬁ
instruction. 12. In a conputer system conprising a general purpose
6. A method for processing an instruction sequence

in a computer system, said computer system comprising a
general purpose processor, said instruction sequence
comprising at least one synchronization instruction and a
second instruction, said synchronization instruction for
causing synchronization of execution of said general
purpose processor and a coprocessor, said method
comprising the steps of: .

(a) said general pufpose processor receiving said
synchronization instruction;

| (b) said general purpose processof fetching said
second instruction;

(c) said general purpose processor initiating
execution of a null instruction in place of said
synchronization instruction under a first set of
pPredetermined conditions, said null instruction causing
said general purpose processor to perform substantially
W, no operation and to continue processing with said second

instruction.

7. The method as recited by Claim 6 further
comprising the step of initiating execution of said
synchronization instruction under a second set of
predetermined conditions.

8. The method as recited by Claim 6 wherein said
first set of - predetermined <conditions' comprises
determining said second inétruction is one of a
predetermined set of instructions.
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processing unit and a special purpose processing unit under conmon control,
sai d conputer system executing an instructioqﬂigﬂggﬂgg_ﬂg_gthQd_ConprlS|ng ;
the steps of: (a) sai d comput er system ount eri ng ~;__
synchronlzatlon instruction in said |nst§5cLlo ﬂ S e
synchroni zati on instruction for provi dI \mﬂm“mmm “ of F '. a
execution between said general purpose processing nit ahd ¥ai'd speC|aI
purpose processing.unit; (b) said conputer system conditionally renoving
sai d synchronization instruction fromsaid instruction sequence prior-to

the executi 0. of sai Theymethod zasi arec¢ited ubyi cblais. 8 wh@heinetsadd as
recited by %féakézﬁm B8l Nsgdl dogt e&ng%}utcg;bggr i3es el

det er ni ni ng a_second instruction sequent
synchr oni zatP‘ahnFns%‘ﬁH‘il%ﬁl‘PﬁsorY@fé‘f goptdnet e$¥ﬂ"ﬁ€§°§é?a§1l°nnsm u@ ons

and the condihsbpattiefivget of said tofputelr eyetwen. f said second

I nstruction is one of said predeterm ned set of instructions. 14.
The nethod aggrecitegdnRY fdenda 135“"1%@1&&3 s?' P OB Z@hbPE1h NEaigct i on
conpri ses an nstruction for causing sald genéral purpose processor, to

enter a wai tf3¥skeset of predetermined condit:.ons further comprising
said second instruction was successfully fetched.

11.. The method as recited by Claim 7 wherein said

second set  of | predetermined . conditions cpinpri.ses _
determining said second instruction was not _successfully' /
fetched or said second instruction is not one of a |
predetermined set of instruction.

12. In a computer system compr1s1ng a general purpose
process:.ng unit and a special purpose proce581ng unit-
under common control, said computer system _executlng an .
instruction sequence, a method comprising the steps of:

A e) said computer s'ystem‘ encountering a
synchrbnization instruction in said instruction seq_uence.-,
said synchronizat:.on _ nstruction for providing -
coordination of execution between said general ‘purpose
processing unit and said special purpose processing unit;

(b) said compizter' sYsteﬁ conditionaliy removing -
said synchronization instruction from said  instruction.
sequence prior to the execution of said synchronization
instruction. " |

13. The method as recited by Claim 12 wherein said
step (a) further comprises the step of determining if a
second’ instruction, immediately subsequent to said
- synchronization instruction is one of a predetermined set
of 1nstructlons and the conditional removal of said step
(b) occurs if sa1d ~second 1nstruction is one of sa1d
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15. The nethod as recited by Caim14 wherein a null instruction is
executed in place of said synchronization instruction.
ias reciged by Caim 15 wherein said null instruction req I
cycl e"&ﬁpr execution. 17. The met hod-agirecited by C q miii ﬂil {HI d
synchroni zation instruction is a WAIT instruction. 18. ' "HFAT .
processing an in§t£uctLon seggen e.inta cg. uter system substantially as
her ei nbef or e BEERPFBERLRCEH SFEr 8F cABELFYC g8§§°2 and 3 of the acconpanyi ng
dr awi ngs. ' _ .
14. The method as recited by Claim 13 wherein saiad
synchronization instruction comprises an instruction for
causing said general purpose processor to enter a wait

state.

15. The method as recited by Claim 14 wherein a null
instruction is executed in place of said synchronization
instruction.

m 16. The method as recited by Claim 15 wherein said
o/ null instruction requires one clock cycle for execution.

17. The method as recited by Claim 16 wherein said
synchronization instruction is a WAIT instruction.

18. A method for processing an instruction sequence
in a computer system substantially as hereinbefore
described with reference to Figs. 2 and 3 of the
accompanying drawings.



