;e3e{"Ax<<=$>L?@@" AP\Bf I 2 ~ulV 2003 A COVMPUTER PROCESSOR HAVI NG A
REPLAY UNIT FIELD OF THE | NVENTI ON The present invention is directed to a
conputer processor. Mre particularly, the present invention( 3 gynqmmgd to
a checker that checks instructions 10 within a conputer processor.
BACKGROUND OF THE | NVENTI ON The primary function of nost conputer
processors is to execute conputer instructions. Mst processors execute
instructions in the programmed order that 15 they are recei ved. However,
sonme recent processors, such as the i rocessor fromliIntel Corp.
are "out-of order" processors. An ou@mgﬂ%mﬂwwﬂmmrocessor can execute

i hstructions in any order as the dat ion units required for each
instruction becones avail able. Sone inst’F@®#i ons in a conputer systemare
dependent on one ot her through machi ne 20 registers. Qut-of-order
pfocessors attenpt to exploit parallelismby actively |ooking for

i nstructions whose input sources are available for conputation, and
schedul i ng them ahead of programmatically later instruction This creates an
opportunity for nore eAfGOMPETER BRACESSOR WAMINGNnA REPEAVUNES and overal |
faster execution. 0 2 JUN 2003 An out-of order processor can al so

i ncrease performance by reducing overall latency. This can be done by
specul atively scheduling instructions while assum ng that the nmenory
subsystem used by the processor is perfect. Therefore, the processor may
assume that all cache accesses are hits. This allows dependent 5 arithnetic
and | ogical instructions to be sch A ut the full latency of
receiving a confirmati on fromthe @ﬂmp@ﬂumwmmmsten1that t hey were executed
correctly. An out-of order process Specul atively schedul es
instructions requires a mechanismto re“éXecute incorrectly perforned

i nstructions. One } i Syt he replay systemthat is disclosed
in US. patent apIﬁEEE)éQPﬁ?EH N6,857, filed June 30, 1998. The
replay system rrust’l‘}iegﬂ-bs.bdeirﬁ'eﬁdikﬁﬂsidigecdsﬁi\/tio@cdrﬁp\ﬁeﬁWoﬁés@@r.\l\hﬁir&ler t he

instructions executed correctly or incorrectly. Based on the foregoing,
there is a naapidquisrlya tihprekemdnpatipe ds fdigected gepichgeker that checks instructions

10 within a computer processor.

BACKGROUND OF THE INVENTION

The primary function of most computer processors is t0 execute computer

instructions. Most processors execute instructions in the programmed order that
15 they are received. However, some recent processors, such as the Pentum® Il
processor from Intel Corp., are "out-of-order" processors.

An out-of-order processor can execute instructions in any order as the data
and execution units required for each instruction becomes available. Some
mstructions in a computer system are dependent on one other through machine

20 registers. QOut-of-order processors attempt to exploit parallelism by actively
looking for instructions whose input sources are available for computation, and
scheduling them ahead of programmatically later mstructions. This creates an
opportunity for more efficient usage of machine resources and overall faster

execution.



system of a conputer processor that specul atively schedul es instructions.
15 SUMMARY OF THE | NVENTI ON One enbodi nent of the presentoizﬁ\a 'thﬁﬂa is a
conmput er processor- that has a checker for receiving an instruction. The
checker includes a scoreboard, an input for receiving an external replay
signal, and deci siyon. | .agi t . | nput. The
deci sion |l ogic de er%ltggs&(\i/&%g#ﬁ%esgj?rhcgn}a%?tlr%grg? %%%F@xe%%te egqg{])@%ééct |y based
on both the sapslghasnd . amhischebexbss Bpkpdcapkiaylystigaaling BRridtidlESERePTI ON OF
THE DRAWNGS Fig. 1 is a block diagramof a processor with a replay system
havi ng a 25 assemidg tharthg memory subgiestenm need by Belprefeasgr anpasfech dherskte, havi ng
a scoreboard,in accordance wth, one enbodi nent of,.th resent .invention. g
o 5 T P QuRERY B Erlime RO GRS ) o puls ST SRR clFf
checker for &aGhetRuAMMSSicINAFuteibhOR be heduled withdut hNuf0Feht@of 4 1S a
detail ed bl ock diagram of a checker in accordance with one enbodi nent of
t he present renwiwmg @confiingatiod frdrh tist mamesy subisys¢m dfat ithegtware ekemsed hat ar e
di spatched in consecutive ' dispatch cycles by a scheduler. 5 Figs. 6A - 6J
show t he confftf§8Y-of a checker matrix engine during each dispatch cycle of
Fig. 5. DETAILED | BT, i - ' ' is a
processor that spg%lu at('ﬁvdéﬁ%l p%&ssgﬁggﬁl S@E&?l?\ﬂe}}tgﬁfﬂ%gg%ua{%ét?p% ugrl%lsjdes a
checker withi meahéigiphay re¥sécars intbeedtBppeaforiied imutigsaySnd sighr uct i ons t hat
were not executed correctly when they were initially despatched to an
execut i oh0 unmechgisre iprhegepley axsterndhas s disalaped/indéSe BaerlcEPalicrsiongfumles
i nstructions e r r M JWe Sl he | r I wer. ecut ed
correctly. 1%9/ pggg? :ﬁks% %aj ugﬁtg@k%oqug'rr%gn{ e(t)[)fl"lyag)}(g:%‘;rpprﬁ%i getrlgég‘?%ecaeglgeocr% Wth a
replay systegavi@viongetérntife Gethe hedaGfictians exathich coftectgnBropitomedtyof t he
present invention. The processor 50 is included in a conputer system 99.
Processor 50 is cBapideen the fotegemge trepoisennecdofor 8 shenkingrdesiostfern 9eplagsuch as
a nenory device n?t shovvne) : . .
system of a computer processor that speculatively schedules instructions.
15

SUMMARY OF THE INVENTION

One embodiment of the present invention is a computer processor that has
a checker for receiving an instruction. The checker includes a scoreboard, an
input for receiving an external replay signal, and decision logic coupled to the

20  scoreboard and the input. The decision logic determines whether the 1nstruction

executed correctly based on both the scoreboard and the external replay signal.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a processor with a replay system having a
25  checker.
Fig. 2 is a detailed block diagram of a checker having a scoreboard 1n
accordance with one embodiment of the present invention.
Fig. 3 is a flowchart of the steps performed by decision logic of the

checker for each received instruction.



t hrough a system bus 98. Processor 50 is an out-of-order processor. 20

Processor 50 includes an instruction queue 52. Instruction §ueufi)p20§Feds
instructions into a scheduler 30. In one enbodi ment, the instructions are
"mcro operations.” Mcro-operations are generated by translating conpl ex
instructions into Eigaplie a defailed bleelgdiagrans of yehackersinfageordanee with &Recut i on.

Each instruction (hn one. tgnbodi nment of the present invention has two | ogical

sources and oﬂ_ﬂb? TERLYT D8 PREER TYENBA™ The sources and destinations are
registers w thin prpCesHairmnls a FeNSHHs@hcRihs Mot RAL HESACIRA ihRDhEAGhION
received frominstruction queue 52 when the resources are available to
execut e t he i dispatcictyades and seleslnldérnput sour ces needed by the instruction

are ready. Schedul er Sg is coupled to a scaore ogéed 54. Scoreboard 54 tracks
the readi néss of sbl&scBa - vihie; GoRd 1R qf GrEhReKST anatiy eagine during eaqy > 7

N'2003 and itg; i nation) register holds correct data,
schedul er 30 ?les)ﬁa?gg}t’qtlégfgggﬁ'nati on in scoreboard 54 as ready. Sone prior
art out-of-order processors that have aggressive architecture designs
update the scoreboard ahead of the data actually being available while 5
being fully cogni zRETAJLEIZNDESCIRIRTIONat ure of the processor. This all ows

the processor to explqi e |l atency. fram di tc 0 I Lon.
However, the schedéﬁ%rm:br?h[}Pleepéé’tfg}?%éreegé@rlgvéﬁgﬁlls g%cggﬁéﬁﬁégﬁ%@?%@?on of
the correqp exfediePms@lictidiR dnasthatintingss a tReck@MWitASta replCSSRA. PR is nore
aggressi ve and updates scoreboard 54 10 ahead of the confirmation of

correct executdplay systetrheepilaystinsiotations thehiverahdtexscysed cersetly Bhen theewpteoi t
nore paralleli sm, ncg reduge Iatencl}/ furt.heF1 t han conv nti.onaI“ preéor rt

out - of - or der H‘étéar @n TP R Gt e P M hY fls Rieseivgabe griguptlyselsduledm 70
Lo re-execut egidapbf Hielih@Rfconat mr&ebmﬁfe&?ﬁﬁr{e&’ iShBsaidedoegause of the

hi ghly specul ative scheduling. 15 Schedul er 30 outputs the instructions to
a replay nult exycereésobi6ctlythe out put of nultiplexes 56 is coupled to an
execution unit 58. Execution unjt 58 0gxecut es received instryctions.

Execution ldnit 58 En 108 adMOgl AIABRIP 0 3| COHIPYIGHRYRCEESOANUM) a replay BitSThg poi nt
are the ool Sl aeficker IEEGHHLAR U apPohSof MR G Bk 8o RiiPay o o
data in regi sThE pr&e@ssoR60 iexeTedddia d dsthpiet JyoRs 99e Pta¥ssdy SVERtdipled to
other components of computer system 99, such as a memory device (not shown)
through a system bus 98. Processor 50 1s an out-of-order processor.
20 Processor 50 includes an instruction queue 52. Instruction queue 52 feeds
instructions into a scheduler 30. In one embodiment, the instructions are "micro-

"

operations.” Micro-operations are generated by translating complex instructions
into simple, fixed length instructions for ease of execution. Each instruction in
one embodiment of the present invention has two logical sources and one logical
25 destination. The sources and destinations are registers within processor 50.
Scheduler 30 dispatches an instruction received from instruction queue 52
when the resources are available to execute the instruction and when input sources

needed by the instruction are ready. Scheduler 30 1s coupled to a scoreboard 54.

Scoreboard 54 tracks the readiness of sources. When an instruction has executed



Processor 50 further includes a replay system 70. Replay system 70 repl ays
instructions that were not executed correctly after they Vﬁl’e gﬁh@gl ed by
25 schedul er 30. Replay system 70. |ike execution unit 58, Red BNy

instructions output fromreplay nmultiplexes 56. Replay system 70 incl udes

two staging sectiaons. e st agi secti i ncl yd a _pl [N S VANo) ages
80-83. The oanbits Py (7) e ERoN R BBl Pl B, AL 0 haRler 3

i nstructions ga§thasibAHESedrBbir@ B4 28Rty . sSystem 70 in parallel to being
staged t hrough execution unit 58. -4 0 2,1 UN 2003 The number of stages

80- 85 vary dependiSvgneqpricothart antsofrtrderf procesgdm ghad dsve agpressivearbhicecareat i on
channel . Replay, system 70 further, includes a checker 72. |In general,
checker 72 iﬁeg’lgé\gwfﬁ&%ﬁ’@e“cﬂﬁ Harfiﬁ’@e?f* Bg‘gﬁtda‘iaﬁ%’ﬁﬁl’ gﬁmgé‘(‘fé‘il ‘"swl%HS'tructi ons
and parse L [ RSLHiYSh i i : i do not.
't he emBodbei, ALy SepfitEidt i RRSnae incibiAle TRRARL L C0 Vst em
70, checker prodesarityegploitsthe latdrico rfsorhi disputsh agsctdhd eacmitidal dowaes, thei ch

i nstructions have executed correctly and which have not. If the instruction
has execut ed Selsdulestin fhese peeqessorsystilfjawpis farcopfignationtaf the ForRect CEpFUIPNS af e
and the inStI’Olfl?l]ié'l rhi&idorwarded to a 10 retirement unit 62 where
instructions are reti FEd i n programed order. Retiring instructions is
beneficial to proggpes@irasOpldResnuss0 ist mbree@gradflvd AT e5dRds scofebBhEest and
allows additional instructions to start execution. If the instruction has
not execufedabead efcthe gonfitmeasioarof ZRrneetxgguionrof the imgiwciions Tinie aillawsr uct i on

by sending the instruction to repla | tiplexer 56 vi tages 84 and 85.
15 I'n conj unBl9BHaRDHOSSRIRIHEOERE H ISP A TPoiee MiERayribey HB ay

mul ti pl exer afnvdrliBfdi§riof 2rSERDT-RderSdedRns Vi Ftfusies a$h i sghedul er
30. Stop sched]&\ll er si rgél %5&?15 sen% at F%ne’ast %thle f: oc%ﬂgll%%gsumaa vance of
t he repl ayedrepisy syseam OO tamedexeauge astro@pinayhamwletd inceptectl ysdzhedwied because

enbodi ment, stop schedul er signal 75 tells scheduler 30 to not schedul e an
i nstruction &hMRNEERESPeYIRENE SPRIWINgThi s 20 creates an open slot for the

(ot i _ _ | an open slot for the
Luo Cmatroeti ong. Banenetad SuBs A nkf BGHER, RYoIRY ERRICRARE 380 m@c, OO0

cycl e. Checkeutp(e o2 multheeker567i8 couléd fR4Y edebinidn @fit & ERefAioneund; 54 r eam of
instructions to determ ne which ones were correctly executed and which ones

were not. Anekemugsueeaived maluenons uthixerwear yndicid ganfigramanithmesigdegie uniThe nost
conmon reasons a source dep ency or an.external repla ondition. A

sour ce depenge“?’l@Ie E’e?nﬁ%‘%%rp%teﬁﬂgnai %‘P?ré‘@P?toﬁtCsdﬁt}?e(?'ém?rgu'&‘gagﬁﬁ%?ﬂpl?fg t he
result of ane$ b&fistdQ GO”ngircH%Fé R re EXRFPOEr oss FHEXELERAbN LER!5B0&ANdI L ON

include a cache mss, -t ‘ .
20 and stores data in registers 60 when executing instructions.

Replay System 70

Processor 50 further includes a replay system 70. Replay system 70
replays instructions that were not executed correctly after they were scheduled by
25  scheduler 30. Replay system 70. like execution unit 58, receives instructions
output from replay multiplexer 56. Replay system 70 includes two staging
sections. One staging section includes a plurality of stages 80-83. The other
staging section includes stages 84 and 85. Therefore, instructions are staged

through replay system 70 1n parallel to being staged through execution unit 58.



a 2 ~~~ ~ ~incorrect .forwarding of data (e.g., froma store buffer to a

| oad)., hi dden nenory dependencies, a wite back conflict, an[]LQnIgUWﬂ

dat a/ address, and serializing instructions. Checker 72 utilizes two Sets of
criterion to determ ne whether instructions 5 executed correctly. The first

set are external reBI ang/ condi tions genercflt ed by an ext gr nal agenpt such as a
menory subsysiBsPERDEOIkges 8PS veRGAsPEnIRGON tlier HREHTE 196 S1e8NEraesiTRd AN an

instruction was %E&H-togqh%%@rrectly. The second set are when input sources
wer e not correcP At 1he start of the execution of an instruction. This

happens when i ncor Regihy d@témi7e frigagabdd akedkee apsdn@knéraf dheghery72 in
specul ative and super pipelined nature of processor 50. Wen input sources
were not cor resserdapge pih the pEeseiit iNvestipniteceiyes INSiEUGIOaR apdparsas Whirht o have
incorrectlg execu

ed. nman ependent | nstructions have alread een. .
despat oned® FURCHU i 2T s FREREPh bl Pty IBR B ABRML AR A o
anot her thrOUEl@.ﬂQQhéé@he&@P?M’@ﬂﬁt @fsrepl-ﬂf'@ysfte‘-hll 96, Qﬂ!‘cﬁempﬁ%ﬁ%bon I'S
simlar to |5 an ever-expanding tree and can severely deteriorate the

per f or mance ofnspragams $m SAge Byrnd Hetefminestwineh instructignsthawe exeantethl repl ay
conditions are received b hecker t hrough a repl ay, signal] 78. For the
Cotond ortt or SRS bty SRR 1(Ge INuRE B eiBe it P8y Aherkel ¢ o

det er m ne whes | COScHNR™ I : he
execution of ZZHHIEH%&%? E%tuiilhon. t}éﬁg?eﬂggf%?eg aggtﬂgeie@gtcriﬁ’%f&gggf iagr?%dr)n{oo% checker
72 that showsrduosmentsmitre2owherd insruos@n ardredicgioindavgrnimedoricenRetirimgnt of

the present invention. Checker 72 includes a scoreboard | 04 and deci sion
| ogi ¢ 101. DebBSYRYPns dypenetigial japrorssser J0hecauss ti 1easi WhRrogesspr FSOUS?s and

external repl Qﬁél %Bﬁv%iﬁﬁd?t?dﬁlgpﬁékﬁ&mﬁﬂs Itoogcjlr e)%e%uég&. fliutrhte qfsgburcglgﬁgl\ég Iﬁ?t' nputs

from scor eboar Ich 1Tnform deci Sion al |

| NpUt  SoUr CesexRLRACOfre@ly, chbci@X TeuplOR drirdexechfes@id Bistrattidiepy syndihgnal 78
is de-asserted and the source |nﬁuts were ready (or correct), decision

| ogi ¢ 101 decthgdsstrussion thecplasmpliplaxenSeyiesweeddeand 8211y and outputs the

I nstruct i ling 109 to reti nt unit, 62 . Qtherw se the Instyuction i
repl ayed 30 by out PUETVHEUPRV I ERTE thegisplgHed infuctiot ©epBYAYTHISRES pi'exer

56. Wien an -8 checker 72%eddN: 2463 séh{aﬁlgérucsﬁéngpﬁ o Sakeue? Bed Si&p Meaokrectly

execut ed, scoreboard 104 is set at
signal 75 is sent at least one clock cycle in advance of the replayed instruction

arriving at replay multiplexer 56. In one embodiment, stop scheduler signal 75

tells scheduler 30 to not schedule an nstruction on the next clock cycle. This
20  creates an open slot for the replayed instruction that is output from replay

multiplexer 56, and avoids two instructions being input to replay multipiexer 56

on the same clock cycle.

Checker 72
25 Checker 72's primary function is to parse a stream of instructions to
determine which ones were correctly executed and which ones were not. An
Instruction may execute incorrectly for many reasons. The most common reasons
are a source dependency or an external replay condition. A source dependency
can occur when an instruction source is dependent on the result of another

30 nstruction. Examples of an external replay condition include a cache miss,



appropriate tinme on register ready line 110 to indicate that the
destination is ready/avail able/correct. The el apse of the apﬁrpgmlag@gti e
equals the latency of ' the instruction. 5 In one enbodi nent, scor ard
104 is 10-bits wide and is used to keep track of which registers are ready.
Each bit represents a register, and, for exanple, a "0" indicates that the
regi ster i s motrrectdoywvanidingofalata (¢.¢., fnodi e atars bulffat ta & badpdiiddar memoryeady.
Deci sion logic 101 can regquest a readin f each bit, and hence determ ne
Che T eadi neodeRsTOHEES b L Back Confliel. phorRoevT sherdbngnind SaebegE The 10
result of thg souyrges read (i.e., the status of each bit of scoreboard 104)
is returned to decision logic 101 on line 108. Decision logic 101 can
updat e the stat usChéckar T2gtilze3riwiorsescall @ieaod td détetrminei witetetQnstheoibapoar d
104 is updated via line 103 to indicate that a destination is not

avai | abl ePnoexeceigd Foipel - aThefirss el are SXpragisplqyreongditiong gererated &y afhen t he

15 instructiogn.i ). St Lon C val e ess the
i nstruction %’Qggglftag?kg%r%b%gtal ri}éafngﬁrl %db?@t%@ve rc%ﬁ%éch%&(ﬁ%}ééaﬁ’gl {"r@%)l ts of
scoreboard 1@gbckdri - that drSingtrlidtINCRR éxcehitedNfcsdredly. per f or med by deci si on

| ogi c 10l of checker 72 for each received instruction. At step 120)

deci si on | ogi ¢ 10Thejsacendrbeicse whepanput sources svesé npheorress ay tnetstashobithe r eady.

As di scussed, decision 20 lo ica,ﬁogmldeter ines this Q recei vi ng, t he status
of each regi SEHIG OfANSBSTUERE, TRRIPBANS MHED TRROTTEt fip i PIOBABYES are not

ready at pte ofthenigh LihGfe Afa SR it Polpfb i, forwarded
to replay rmP%('}]dﬁ)ﬁgeoxer 5§.ﬁﬁdégotﬁ%sourc§§' rlgglreac@hgt %?‘éé’@%gb?éat step .
122 checker Whededpeit sburess wéreendt eorratt, bgphayinsd gmalstré&iomshdsadesr, 25
therefore indicating that no replay is required because the instruction

execut ed cor figeriged tprhave pogyresily gxgcures.j manjpdepegdens 1ntrugtiops N2t he
. _cort . e
56 11 r et ap el g BEAY SGon ARl BlodabalsQ RN R el O BhEInsRdoP, o'

safe at steplaptirnehrosgh apidrdRPehdencaisi F'Bﬂﬁefhﬂsef:’&wpidpagéflion is sfifarJON 2003
If the instruction is replay safe) at step 128 decision [ogic 101 wites in
scor eboarld 1emeves-expriiding Eeq i canheveresy degrionie teggpesfarmapee ohgrocessor uct i on
is "ready" . (l)n ot her words, decision logic 101 wites a " 1" in the bit

of scoreboard’104 t hat represents the destination register of the

instruction. ' 5 AoPheRir&mBridlieK QRUEXBEndI HepIal @BAdIBbnd ad redibalbp | S€ as
processor clock cycles becone increasingly short as newer processors

operat e at f astcksr RndirdughtaareplayesigrahdB e ForTihe secay arasnbdrt, dhackdn&2need to
write and r egtciilizfeg grpcérggoasrg r1r1'13 Ollé) (e:r%%)iogirr]nent to determine when input sources were not
20 correct at the start of the execution of an instruction.
Fig. 2 is a detailed block diagram of checker 72 that shows how a
scoreboard is used in accordance to one embodiment of the present invention.
Checker 72 includes a scoreboard 104 and decision logic 101. Decision logic 101
recetves the instructions on line 107 and external replay signal 78. Decision logic
25 101 further receives inputs from scoreboard 104 on line 108 which inform
decision logic 101 if all input sources were correct at execution time. If external
replay signal 78 is de-asserted and the source inputs were ready (or correct),
decision logic 101 decides that the instruction executed correctly and outputs the

mstruction on line 109 to reurement unit 62. Otherwise the nstruction s replayed

30 by outputting the instruction on line 111 to replay multiplexer 56. When an



in scoreboard 104 in very close timng proximty. For exanple, if each

cl ock. cycle of processor 50 is 1.0 ns |long, consider a situat]ll% U\N?_zg@
takes about 0.5 10'ns each to read and wite from scoreboard 4! is
very difficult to acconplish, but suppose it can be done by building an
extrenmely fas t ; t wo

i nstructions, nts qét{()%g's dEteHgYi@égége% p’%ggg%%&%dés <§§9&fr@3%4 I%i)gb% Ejﬁ}reose 1
and 12 are dapﬁ;ra@gmzhedmefbrb&@i@térofeb@ychn@yq:d)ecsmdﬁcfataiaa@: S @Rstigion 13101 begi ns
readi ng scoreboard 104 at tinme t=0.0 15 for I 1, it wll finish reading
scor eboar d 1mdﬂavaliafbb‘:/@efoe% Nesc elapseef G @apIopgite tima equpdy thedaeney ofe t o
determne if %xegut ed correctly. Suppose that takes about 0.25 ns. Add
0.5 ns for a“WPSt C‘%S} the tine the wite is conpleted, the tine elapsed is
t=0.5+0.23+0.5 = fh g aﬁbod‘meﬁtv%&@rebaaﬁaaWOksagqﬁmﬂae an&yscus%dl@@neqﬂ 1.
Hence it nust start its read 20 at t=1.0. Now there is a causality problem
The wite frumleofpwbmhmugstemearatreaﬂy hEsclnbmt rqmcqnhestaertgtsm‘roaed doread from

t he next one begl ns. Add electri Cg?gl nterference and w re del

associ at ed WEXATAG.n st Indicatss $hajihe seaiRpLENqf é‘f"&e‘! vy ?taank"eg‘d card ”i% Weconmes
| t
nearly i ”posgééﬁigangea\?}e ’béé‘r‘ﬁSﬁ‘é&%}@ lég%ﬁ%du\é& d fe%i’i‘@ dJrequ B§1”§ﬂzl§ent9%

conpleting r Ites makes 1t i npossi
oper at e pr ocedasaiind theateadinessi sfaheasumgd yf ekehiinecichibg Ithrbnglq liee¢0@s The
Therefore, there is a need for a nmechanismthat provides a faster access

time for IBackestloohHeksonFses seadifi@ . r BgERtEOR ??éh%‘n@ SICG’E?QPiifélnlo‘*Ufecker 72
provi des_a S%tﬁ’rtn '?o Bé(cx%r??tﬁo 901 05 lﬂl%ntJSegi)éé?%lurtl ﬁﬁc Eﬁ‘f b9y Bé(%e ically,

checker 72 uses e conven scor eboar escri ove f or

dependenci ess@@p@fatregiséﬂnbycogétﬁﬁwnon danidewgocycl es. However, it also uses
a checker matrix engine for -s D Z JUN Q03 resol ving dependenm es

bet ween instructi &n@emwéﬂw ¢4 wpdatet wiai liriet 103 totindicats thad abdestivatonns mphg

whi ch instructio cl os oxi m ependent op whi.ch jnstructions
Ahead of i1 navairpiess sSay s FeR e s sputianey Tous e B tins 11 ow

t hrough deci ﬁsﬁﬂctﬁcﬁﬂi‘s%ll%@dteé)he}é{ &b&%ﬂon%ﬁﬁ&@fe év'ﬂﬁé(bl&"%ﬁ%s@ﬁx%%&ﬁ@u@ﬁr rectly
Sor not. This information i's used along with the dependency information to

qui ckl'y det eexdcneedichrrantly.ribliis ichowrchbder 2 etestrethedotsrod storgboarti ud4t he

checker matri x engi ne of rs a eed solutijon faor. a small _tinme slice.
Fig. 4is a bl ock% wd@ﬁfe%fg@ﬁ S?e@ s parfgunest By Aedsign degi6A8! 8fbodi ment

f th 100 d 10
scor eboar Ssigﬁ“k%ﬁﬁdf%ﬁ e DA A AT o BRI 01 O S 3

a hi gh- speed dt@ghinedif bbae sepedsadii e uqn‘:mhs@mr red@y r i aagsied, dedisiean best
be described with an _
20 logic 101 determines this by receiving the status of each register from scoreboard
104 on line 108.
If both sources are not ready at step 120, the instruction is replayed at step
124 and is forwarded to replay multiplexer 56. If both sources are ready at step
120, at step 122 checker 72 determines if external replay signal 78 is false,
25 therefore indicating that no replay is required because the instruction executed
correctly.
If replay signal 78 is not false at step 122, the instruction is replayed at
step 124 and is forwarded to replay multiplexer 56. If replay signal 78 is false at

step 122, the instruction 1s replay safe at step 126 and is forwarded to retirement

30 unit 62.



exanple of a series of dispatched instructions. Fig. 5 illustrates a |ist
of instructions that are dispatched in consecutive di spatc[hjiycl es by
schedul er 30. 15 Each instruction ("11 ", "I2", etc.) incl sJUNR08Dur ces
and one destination. Therefore, for exarrpl e) on di spat ch cycl el, Ilis

di spatched. I11's sources are register ! g and r 11, 1's
destination is r iﬁtheaﬁ“ﬁ‘i'%lﬁatltfppé%b’cﬁa@ 21‘ StFQ 12 dé‘i'%‘%ﬂ%r‘fébm l""i“"ss Wour ces

are rl2 and r I because one
of its sour cEesQ?boaanzlgg% 1%&4&%@1@3% d]e%ina%]%nfgglggrp&}iﬂgmsc{%?| nation 20
register). O‘rdﬂ.ﬂ?Daﬂl@bt&Y&kﬁdﬁ dediBidnSoglt Ipatvriteda " BN the biarof stoiebogd ten

di spatch cycl es. However, on dispatch cycles 7, 9 and 10 no instructions
are di spat chéd4 t}ratggpresﬁms the Jesthnnsion egigtone the dMstgetichecker nmatri x engl ne

100 d h di I f

5. checkar matr 4 BONHE B 6t ok Beckens of e D LI 2 PEe AR TR f on
register filegy av%@beé@if% ﬁac?e‘ésﬂg@%@ﬁ%mew&t pioteOR-opklakdidstBuffPras O
i ncludes nmultiple entries, rows, that correspond to an instruction.

Dependency néteguenc30 Tmslmuyemsumm thplneed wwsricondaspbitdinrthe same hecagonr i es

in holding buffer 210, and nmultiple colums. Each col urm corresE) Pds to a
dependency off seredrard 106 Imyery choseiping Profiity) Fogiexamplgail_eagh clogk gi ng

buf f 210
but for 210 1 e Ror BRAEREE ST i pefifte, Rl %gﬁig‘ﬁtg’%%&mtr%z&w 3003
destinatijon a9katmo2Red aAd vihte Iﬁmmvaddreboaﬁd v PRY id vdy@iaﬁfeﬁltttdaat avalid

instruction is in the correspondi ng entry. The destination of the
i nstruction fegomyHisbnbuisupgossr it ceiehe riﬂn«?dassbmhh@a Fhexsmehn faspeircyit.write flag

h d | d buf f
210 mist contai n_ TG T oRpierE STl Lol ¢ Bl E Rt ol ARl g

source mat ChSﬁlg_;bésé 19qstd MAtQMNstRER 11 hSuBRRkE IPhAE e rH ARPRLEEE Y Pick tbs set .
Ther ef or e, ig. 6A at dispatch cycle 1, 11 is witten into hol ding

buffer 210 i had;kheycﬂttsr skf denisiop. log‘llqelOdé@gmmacadmg fmtbrelboardl W4rat 1me &R0 0t he

sour ces rer and r t ces. for instruct.io oi nt ed
to by wr??e f‘l’ra 11;88‘5 ﬁﬁﬁdé% %‘i(fl’r%?aﬁﬁm“h%‘ tHB‘ifo‘h‘B foH‘éi gl‘?cﬁijo%&g\g 210).
The second ang; dtnhﬁ Hidfgrtﬂn@ma%é‘@lhé' lﬁlgzxe&r‘%edjeor%tl ’S&M& Lﬁatvtg')tésdﬂb.oat

instruction an ore a or those entries ten 1n vall

col um 204. DIl25 ss.da@dradems femna wnié.r Bgtth@ﬁmevuws/e:tads%mpwmd)rtheratnehes l1's
sources (i ri0 or rl1l) De{:)endenCé matrix 200 includes bits, or
el enent s, thaiapéﬁﬁr#sés&ﬁdocﬁ fe f5l-dependency of an instruction in one

entry of hol di ng Q_gffevrﬁé Ow%xﬁgcélgnqt'%}??é Csy% | O%ld#]la?@hheﬁ r}E LYo JS J&?bdl ng

buf fer 210. A "D' instruction is

dependentoonat e 1 i00S NoWCiheRis qrﬂawamyt thhaﬂm.nqhQert@ frodil® FtMusccverzﬁmonds
to the colum nunber of dependency matrix 200. For exa referring to

Fi g. 6B, thehapnotepmpieteflibefare ageadirony the nexisenedgingnt dlettiealt es that 20
the instruction in the cond entry of .hol di buf f er ndent on

Lhe 1osul i pidaERacognd AR Ve Pk pShcirRt MHEPhP i Gl Sipalsch SR SR "ot t er
210. In ot hey;\ofds., ijdzlt()E&fr'nésr}%%{]gqlfnh%lﬂl@[&a%nsré‘zﬁzﬁriﬁe %ﬁré%n@m‘ﬂmgd' ng

buffer 210) is dependent on struction in the rst entry of
hol di ng buf f eequddeentBeteninsicrny feads auCtviicss indnfhod. Tagenakesnt imm®Bkible each

box al ong; t h%o ((ZI)I agonal of dependency 25 matrix 200 is marked with an "x."
perate processor 50 at the inCreasingly desired high frequencies.
Therefore, there is a need for a mechanism that provides a faster access
time for back-to-back writes and reads to the same location. Checker 72 provides
a solution by breaking the problem into two parts. Specifically, checker 72 uses
the conventional scoreboard solution described above for dependencies separated

30 by greater than two cycles. However, it also uses a checker matrix engine for



In Fig. 6A (dispatch cycle 1), I1is witten into holding buffer 210 at
entry 1. In Fig. 6B (dispatch cycle 2), 12 is witten into[hQI ngggffer
210 at entry 2. 12's sources (rl10 and rl2) are natched agai nst Vv
destinations in holding 30 buffer 21 0. Dependencies are determ ned based on

the matches @ugy Qﬁ‘(fé‘ﬂ}éles bé@.'een FrsfructisZR 0 r@ésre'p?foﬁ Byl Sit dBgkAged

accordingly. In thi s exanple, D" Is wrlttenln col um entry 2, of
matri x 200 tly dedrmoming vhieh 1m52ruceorde1p@rlmietprom1ty are cﬂ'dpiendmat pnd'drit}ng di spat ch
cycle 2 an external replay indication is recejived by checker 72 on '

external r eplﬂé?u%ticﬁ‘ﬁéheaﬂ@ﬁ‘we | 1t sets ypna magix @C@CP%HQ?B%X -cf S AQSITUSHIGRS 13 j g

witten into I Lt . entries
2 and 3 of rr% tﬂ}d%ggla?%g@é 1%%9@ Lt}fe gl %h?t@&gtp gy 39 pen gﬁgbgﬁnf%’lyA "D

i n col ums 2, oendtr YTHs efformationxs 26K d166H @ahelse depahdendy iifordepRnde Rfuickdy | 2.
Further, at dispatch cycle 3, 11 is checked by checker 72, and fails the
check (i.e. determipgpf aay@atfqu@@d@sexwtqdrv@rr@&tberfﬁbms the shegkes mgfriy engine

di spatch 10 cycle 2. sent to replay multiplexer 56

B fail
on line 11| eréﬁe%'ﬁ}éispecg ﬁ'ﬁ’lo'lg—'lf%ral e EH“&?!isch cycle 4), 14 is witten

into hol ding bUffFIg 419 aadloﬁcn@lﬁg’raﬂﬂ MCél@:rWD i Rddoydaticé Svithlpeked by checker
72. 12 fails the check and is replayed because there is at least one "D' in

the row cor respodidiengoft the praseit lnvemlonuhartummcm 2@beckiendiatrax emgjne had anQ |s
dependin n an . ins n. that did not te correctly :

(o spat o0 oysepgetnrd §] CRRRer Farrt Foedih SRR Bt B SEp SLF 6 13 2 and 13
inentry 3 |ﬁlgﬁt§§g&pﬁsmgnchecker 72. 13 fai I s the check and is repl ayed
because there”Is at least one "D' in the row corresponding to entry 3 in
matri x 20 200, |nmheapmﬂgomhﬁtmkaﬁnamdemagmenQOOmuaﬁtbaﬁmmmmbdmnﬁtmat did
not execute correctly. In Fl(g. (sdls patch cycle 6)) 16 is witten into
hol di ng buff@?anﬂgoéﬁ S@:fr*ﬁsr(g/f spaiehed msiricieasy Vg J ﬂll’é‘lﬁ@ékéﬂsb‘gf checker 72.

|4 passes t hes GGG A AL ERLRY BRLRRIANGIAEIIES DR S0 N the Tow

correspondi ng
15 Each instruction ("I1", "I2", etc.) includes two sources and one destination.

Therefore, for example, on dispatch cycle 1, 11 is dispatched. I1's sources are
register 10 ("r10") and r11. I1's destination 1s r12. On dispatch cycle 2, 12 is
dispatched. 12's sources are r12 and r10, and destination is r13. 12 is dependent
on I1 because one of its sources, r12, is produced by I1 (r12 is I1's destination
20 register). On dispatch cycle 3, I3 is dispatched, and so on, through ten dispatch
cycles. However, on dispatch cycles 7, 9 and 10 no instructions are dispatched.
Figs. 6A - 6] show the condition of checker matrix engine 100 during each
dispatch cycle of Fig. 5. As shown in, for example, Fig. 6A, checker matrix
engine 100 includes a holding buffer or destination register file 210, and a
25 dependency matrix 200. Holding buffer 210 includes multiple entries, or rows,
that correspond to an instruction. Dependency matrix 200 includes multiple rows
corresponding to the entries in holding buffer 210, and multiple columns. Each
column corresponds to a dependency on an entry in holding buffer 210.
In Figs. 6A - 6] holding buffer 210 and dependency matrix 200 include

30 three entries. Holding buffer 210 further includes a valid column 204 and a



25 indicating that 14 is not dependent on an instruction that did not
execute correctly. Further, there is no external replay condptz ?WZ |ved
for 14 on external ‘replay signal 78. t4 is sent to retirenen

line 109, and because 14 executed correctly, the entire colum in natrlx

200 t hat d 14 (i 6w Lhe fi st | . deari
the cot umm rSSRGT B gel iy Aid-' A5 1h G bl A s 308 S 005 T Fi .

6G (di spat Chngynfdu%n 19 in (08 cbxra@stpbﬂ&hg QArkS ﬂiesmhﬁm §Otha indructisn Y6ri 4 en
into holding buffer 210 at entry 1. Fuither, I5 in entry 2 is checked by

checker 72. dnfypasseentihdeginetdn emdmnﬁ%ephaayrlstaﬂzg Oeraud@ poiatssodhe no

"D's in the row corres to e indicating that IS
i s not deperfB@ﬁt’e‘?nH)‘ls ﬁch'ﬂé psion; %Olpﬁ’zgtbﬁfeg%ﬂ&m\é%é:@maé“ Sole P%"&P

Fur t her, o%ec'g? t@%ﬁo%étaede?@ﬁatloﬁpllﬁx sﬁmg'rﬁdteﬁks @C@ési{ﬁ% ({)Otrhell) WeOn external

replay si gna ent to retirenent unit ecause 1S execut ed

correctly, tdpprepiiate dependenopbitris salri x 200 that corresponds to IS (i.
t he second columm) is cleared. In Fig. dlsElatch cycle 8) I7|s vvrltten
i nto hol di ng buf fEiercfow, ag Fegqt%atlcbsrzatcahwc li B srviyeminte hpldegdeufTasy

hecker 72. . th d | f
"D in t he YRS B ERRus 15E At Dby o PPl Mar B NS ArdkE R BT e 16
i's not depeng@niQe @Buﬂcébsfo'flﬂl%t inStPudtioat pothdd r@@bfyam&tﬂa% 2O §r@GhdiYatedur t her,

there is no external replay condition received | 6 on external replay
signal 78) | ihs betom of holdeng buffae®10uniThe Gecand dridnthe 10i9d enmits b EaguLeA | 6

execut ed 15 orrectl , the entire col,u et I, 00 that correspaonds to ..
16 (i Giirlvdot YAl rsicsPa P dRetelre g 0" for iR saR i (S YERERgT. no
Instructlon dy 1S i lO at
entry 3. Fur\ﬁec&)ﬁ%g;?érﬁtlrlu]gtd?%n Frsul C %tbgﬁg‘y ecke%g%%n%gtéﬁ%alﬁl y, in
Fig. 6J (di sfoateh (ica/cti® dd)lino instruction is d| spatched so a "0" is

witten into holding buffer 210 at entr){),l. | 7 is checked by checker 72 and
because there ar eD¢psndgncy m&ﬁ“’éﬁ@ﬁ?ym?“@ﬁ wiat F Klepsots, ﬁkwtucgrrleamnéyog%ﬁe and

Is sent tor etg'ﬁzfﬁge{lgf :lentStrgcl%*onAﬁ ol %ﬁ g%‘?%l 1H§%kﬁ{ﬁr Z?oé I%S?rgctlon

i nstructions erm nes struc ave correctl Y.
Checker 72 npk@sthehentfledflidiiingbuer DEsed an" as %ﬁ@b@h@élém@ﬂ@ iddica¥d er nal

replay signal. In order to quickly nmake the

that the instruction is dependent on the instruction entry of holding buffer 210 that
corresponds to the column number of dependency matrix 200. For example,
referring to Fig. 6B, the "D" in the first column of the second entry indicates that

20 the instruction in the second entry of holding buffer 210 is dependent on the result
produced by the instruction in the first entry of holding buffer 210. In other
words, 12 (the instruction in the second entry of holding buffer 210) is dependent
on I1 (the instruction in the first entry of holding buffer 210). Because an
instruction cannot depend on itself, each box along the diagonal of dependency

25  matrix 200 is marked with an "x."

In Fig. 6A (dispatch cycle 1), I1 is written into holding buffer 210 at entry
In Fig. 6B (dispatch cycle 2), 12 1s written into holding buffer 210 at entry
2. 12's sources (r10 and r12) are matched against valid destinations in holding

30 buffer 210. Dependencies are determined based on the matches and dependency
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determ nation, checker.72 may include a checker matrix engi?g. tjggvml
enbodi nents of the present invention are specifically illustra / or
descri bed herein. However, it will be appreciated that nodifications and 30
variations of the present invention are covered by the above teachings and
within -12  mapix 200 ipopduadeccpidinglpw lafthisexamplseaddd isIvaiitien i qohng 1,

d ti f t iri.t I nt ended f.the i tion., F I
a1 hough i he Sk aedt 2R i R B REfpBinen) Suuly TR HER oiBcker ban
be used in of gkl QRRSEN oA FdPARIGHER (AFcBAE b ABARKDGy any memory

operations, checking address dep cies, or any other application that
needs to det eextérng rdplpengealci®&for 113 0 2 JUN 2003 WHAT IS CLAIMED I S: 1.

A conput er _processor o jsing; a checker far receivjr n..i ruction,
Sat 0 CheokSt compr 1 Fifg SLLaSpaR IS S Whte Fop moLits Gitiey N ALty na
r'epl ay signal; Bydeci $i | og I i aid

i nput; wher ei Er}] @g?{d%etg dsoiﬁ?)rﬂﬂIlb%?eg%fjgﬁdlganfﬁg@qm%@erﬁﬁ%g&?ﬁ%ﬁ%%@?ilgn
execut ed corrgetdependasen A0 ACDT naiothmse Ar ebwaBdfanariz 00 indicaendlat I2pl ay
signal. 2. The processor of claim1l, wherein the instruction conprises at
| east one 10 depandeat peld.sFurthernat dispaieh crieleiBon! isglesked by ahrgkerai4 and
scoreboard ingludes, a.status of the.source.register, and the desti nation
register, sai %‘lﬁg' icglfa%&Ieoglis({e?lg%e R&C*}“ﬁ% o&tig?aéer&al {eﬁ’gayssd%ﬁagéﬂalé%% er
from sai dgcogehonr BedadsdRifgildd NE ikt Refepliemultlisxes Sbm 1eeeriuted
correctly. 15°3. The processor of claim1l, wherein said decision |logic
repl ays the ie¢heckanci on if the instruction is determned to have not
executed correctly, claiml1,. wh

. 4. ; f , ' Ld i Si
o1 c i spat ches {Rd Er@dTARERGRCTaL ¢k memen 1t Rudgdtlise oA pu
deter i ned to; hayp fefyied BLeaedtier 2. ThRiRMACERRRanAfs FpRlydl 2,

wherein said decision |0gic updates the status
because there is at least one "D" in the row corresponding to entry 2 in matrix

15 200, indicating that 12 is depending on an instruction that did not execute
correctly.
In Fig. 6E (dispatch cycle 5), 15 is written into holding buffer 210 at entry
2 and I3 in entry 3 is checked by checker 72. I3 fails the check and is replayed
because there is at least one "D" in the row corresponding to entry 3 in matrix
20 200, indicating that I3 i1s depending on an instruction that did not execute
correctly.
In Fig. 6F (dispatch cycle 6), 16 is written into holding buffer 210 at entry
3 and 14 inentry 1 is checked by checker 72. 14 passes the check and 1s replay
safe because there are no "D"s in the row corresponding to entry 1 in matrix 200,
25 indicating that 14 is not dependent on an instruction that did not execute correctly.
Further, there 1s no external replay condition received for 14 on external replay
signal 78. 14 is sent to retirement unit 62 on line 109, and because 14 executed
correctly, the entire column in matrix 200 that corresponds to 14 (i.e., the first

column) is cleared. Clearing the column means erasing all "D"s in that column.
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of the destination register if the instruction is determ ned to have
executed correctly. 25 6. The processor of claiml, said deii]i n ISZ%%C
conprising: a checker matrix engine. 7. The processor of cl »EUN

checker matrix engi ne conprising: -14 Z June 2003 a hol di ng buffer having

| [ i f i hol di di i i +nnand
Gependanty” ot r i x TRAJEnBOHARPaFhRTEE Hof 7 BRRS RS s Mrbhifd PR g 10 an
entry i1 sai deh@hdingnolhizebufiand oha¥hg 12 RIrtich! ist i hlry %% WA ed B3N

colum 5 corresponding to a dependency on an entry in said holding buffer.

8. The proceskarkenf72¢c|laipasses tihelieek and a8 cepthyciafd eralieghaeded o DAem whet her

the instruction executed correct Ily based on%(ﬁ dependency i ndication in the
S

dependency nHiErIOV FOWERAABIOF RN G MoKl fnqieating hat ié) isgnot fpReNSEBcessor
of claim 8, i i S e j f j ion is
determ neg tgﬂﬁgeg&égée{@&? fgﬁts@gﬁjrogg%#% Cfl(s&cq‘%'eq%?glg}éstg%?%oﬂgl&%f[é#rgnf 8,

wher ei n sai dregpeoosdiciyn ireedivedt fop (5 b exenal regesy apndlF8stls ansenbtd set in the
dependency matrix row caorresponding to the instruction. 11. A nethod of
checki ng a c&pement Rk OLyuaRqd becaksp/iSixeatted eargectbh dheseine eolumaiig mastihod

conpri si ng: rmuning<if the source.is (ea by reading a status
of a scor ebogg%?ﬁ%ﬁg’?%&%r}%tﬂ?%él'?‘f nlaenseg%dg‘m%mi 5pﬁq%a&rledgondi tion is fal se;
(c) replaying therhrgr egtiRpadch chhie 8§,qq_ri§®rlt§3n_ﬂﬁ§o K@iy beffed O Lehaynal
replay condition is not false; and (d) dispatching the Instruction to

retiremerd i anHd6sownty 3 i cheekiyl tyncheckes 725 qassasahe clepk agd conepliayi on i s
R R TR R S G R Y e T
wherein st epi{atn@Rai BSR ol Beptin@ht¥h an instruction that did not execute correctly.
Further, there is no external replay condition received for 16 on external replay
signal 78. 16 is sent to retirement unit 62 on line 109, and because 16 executed
15 correctly, the entire column in matrix 200 that corresponds to 16 (i.e., the third
column) is cleared.
In Fig. 6l (dispatch cycle 9), no nstruction is dispatched so a "0" is
written into holding buffer 210 at entry 3. Further, no instruction is checked by
checker 72.
20 Finally, in Fig. 6J (dispatch cycle 10) no instruction is dispatched so a "0"
is written into holding buffer 210 at entry 1. 17 is checked by checker 72 and
because there are no "D"s in entry 2 of matrix 200, I7 is replay safe and is sent to
retirement unit 62.
As disclosed, checker 72 receives instructions and determines if the
25 instructions have executed correctly. Checker 72 makes the determination based
on a scoreboard and an external replay signal. In order to quickly make the
determination, checker 72 may include a checker matrix engine.
Several embodiments of the present invention are specifically illustrated
and/or described herein. However, it will be appreciated that modifications and

30 variations of the present invention are covered by the above teachings and within
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5 checking a dependency matrix for a dependency indication in a row
corresponding to the instruction if the instructionis in cl 3?5 3 oxén‘ity
with a second instruction. 14. The nethod of claim 13, furth c aﬂr(w3ng
the step of clearing a row |0 of the dependency matrix if the source is
ready and t heheepibr@iidvabf fiRpdppyndednddiis avitiont f&aseng om tHe it md fmdendethecki ng
a conputer instruction having at |east one source, said system conprising:
15 means for seRpecRfhAiRMENLiPNt he source is ready; means for determining if

an external replay condition,.is false; s f.or. replaying the instruction
if the source is ﬁ:o f "17‘85‘8'&6 ’3}*&?%6%%?%?0%%@ H‘FSgB %‘c&,lsggﬁytairgglaygyﬁgm, &gl se;
and neans fochéikePahf BE MSed MEothtSprotssdrodpplifationt ki@ B Harity cHetRingOLMEE | S
ready and 20 the external replay condition is false. 16. "A conputer system
conpri sing: andmery epenatias ycliteking eddrsepdentndencisaj dr anysqthexrapppPsationghaicessor
tthat executes a,conputer. instryction, said processor conprising: a

scor eboar d; RACHOACKIGHNG QeRENFENCHSan ext ernal replay signal : and deci sion
| ogi ¢ coupled to said scoreboard and said i nput; wherein said decision

| ogi ¢ determ nes whether the instruction 30 executed correctly based on
both said scoreboard and said external replay signal. -16 2 June 2003 17.
The conputer system of claim 16, wherein the instruction conprises at |east
one source register and a destination register, and said scoreboard

i ncludes a status of the source register and the destination register, said
decision logic reading the status of the source register fromsaid
scoreboard to determ ne whether the 5 instruction executed correctly. 18.
The conputer system of claim 16, wherein said decision |logic replays the
instruction if the instruction is determ ned to have not executed
correctly. 10 19. The conputer system of claim 16, wherein said decision

| ogi ¢ di spatches the instruction to retirenent if the instruction is
determ ned to have executed correctly. 20. The conputer system of claim 17
wherein said decision |logic updates 15 the status of the destination
register if the instruction is determned to have executed correctly. 21.
The conputer system of claim 16, said decision |ogic conprising: a checker
matri x engi ne. 20
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22. The conputer systemof claim 21, said checker matrix engi ne conpri sing:
a holding buffer having a plurality of entries for hol ding t{gz Wﬁi
instructions; and 25 a dependency matrix having a plurality ach
row corresponding to an entry in said holding buffer, and having a
plurality of col gﬁﬂaqﬁgﬂ (ﬁ%@ﬁ corresponding to a dependency on an entry
in said hol ding e 2003 23. The conputer systemof claim
22, wherein saiddegi whet her the instruction executed
correctly based on é‘% gtr?dg%lgﬂg/ssgﬁd&%atl on in the dependency matrix row
correspondi ng t oatdheckensdr rdcdiviag an stdictidnGatbeipdker caymtising.of cl ai m 23,
wherein one of said columms is cleared if the instruction is determned to
have execut ed coﬁrséetelbglard% The corrputer system of claim 23, wherein said

dependency i ndic in the dependenc
maltorl X rozv correg}ﬁon@ftngp{% ?lﬁg % CFI%Z pq%f ‘%ngl %ﬁé g Y
. Ay& As[ sA. A Af . d&isidn.lodie fipidd: D@V s0Brobbardod@ifdaRt] imda®. AS9. AHs%<=T &nHseS"

.x{+ A {vgkfa[V]ca]c”a]ca]ca]c”a]ca]ca]ca] ca] ca] ca] ca]ca) calca]ca]ca]c
a] ca] ca] ca] cal c'\a]h@ae}laa]ndal%i@s\laql deipamate whetpe thel mstruct!on executed

s g

Fl'1("{vql gb] X]]ca] ca] ca] ca] ca] ca] ca] ca] ca] c$al] c$a] ca] ca] ca] ca] ca] ca] c™a] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! (""#H#HZPS$~FSUELLEX&E&' R "' +(Vv( ()
KE***7+++ S, |, C pwTicprébdsharalf cddimal], crtjeceihahd aslrnalicmfomprisdscat]leas) oad cal ca]
ca]ca] ca ca] ca] ca] c4a] ca ca] ca] ca]c”a] ca] ca] ca] ca] ca! C-. F////D0011. 2b222

QB33/ 4448( 630{7e IREISEATEBESIIIa T8 P b aRihicorehgasd Mjcdudes A ware 8f ca] calc -

aJ cal]ca] ca 18f9:S::
]2<<]<C:]—/ >]>> %ﬂg%%é@ W&gﬁ] gfdz(]qﬁ ]qgét?cé% gg% clz% g%] ca] ca] ca]

ca] ca] ca] Ca]sﬁl&]scbf the source register from said scoreboard to determine whether the

a] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal DEQFF7GGGEA VI Xl

¢l JJIKbKKLd L LtvpRavioe XaerEds CXDRRIR: W mhcX] U c0a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] c"alU]c"a]ca] ca] ca]ca] ca] cal ca] cal RRhRR

S SWSxSTU! UoUWV_ V] VWWYWIWNKOQXXXMYYYEZGZPZRZUZZ} xsmhb] X] ] cajc"alc"a]c"alc"a
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of the destination register if the instruction is determined to have executed
correctly.
25
6. The processor of claim 1, said decision logic comprising:

a checker matrix engine.

7. The processor of claim 6, said checker matrix engine comprising:
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10. The processor of claim 8, wherein said dependency indication
15 comprises at least one bit set in the dependency matrix row corresponding to the

instruction.

11. A method of checking a computer instruction having at least one
source, said method comprising:
20 (a) determining if the source is ready by reading a status of a scoreboard;
(b) determining if an external replay condition is false;
(c) replaying the instruction if the source is not ready or the external replay
condition is not false; and
(d) dispatching the instruction to retirement if the source is ready and the

25  external replay condition is false.
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20 the external replay condition is false.

16. A computer system comprising:

a bus;

a memory device coupled to said bus; and

25 a processor that executes a computer instruction, said processor comprising:

a scoreboard;
an input for receiving an external replay signal; and
decision logic coupled to said scoreboard and said input;
wherein said decision logic determines whether the instruction

30 executed correctly based on both said scoreboard and said external replay

signal.
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20.  The computer system of claim 17, wherein said decision logic updates
15  the status of the destination register if the instruction is determined to have executed

correctly.

21.  The computer system of claim 16, said decision logic comprising:

a checker matrix engine.

20
22.  The computer system of claim 21, said checker matrix engine
comprising:
a holding buffer having a plurality of entries for holding corresponding
instructions; and
25 a dependency matrix having a plurality of rows, each row corresponding to an

entry in said holding buffer, and having a plurality of columns, each column

corresponding to a dependency on an entry in said holding buffer.
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