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METHOD AND APPARATUS FOR UTILIZING CACHE MISS LATENCY
USING PRIORITY BASED EXECUTION CROSS-REFERENCE TO
RELATED PATENT APPLICATION 5 This application claims the benefit
of Korean Patent Application No. 10-2008-0083540, filed on August 26,
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THE INVENTION 1. PRIQ B tNeBAEdnXEepFOdht invention relates
to utilization of cache memory latency, and more particularly, to a method
and apparatus for ut|I|Z|ng cache mlss Iatency by 15 usmg a prlorlty
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Related Art Embedded processors today are facing mcreasmgly larger
memory latencies. With the growing disparity between processors and
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memory access operations resu Itin approxmately 30-40% of the total o
Offm@nﬁi‘ﬁnéﬂﬁﬁi@%@ﬂ? WRIRIhE HRSRINALAIRE BespiyiNTiie moleiQysEeiprenes.
crucial for any type of architectures. While high-end processors can use
elaborate technlques I|ke multlple |ssue out-of-order execution,
speculative 25 exeeQfick R\ HIVENEION e the high
memory latencies, it is often not a V|able solution for the embedded
processors due to the significant overheads of these techniques in terms
1. ofipldohBednGiieRip complexity. The fundamental problem with the

B HpELENRIIRCeR%NS I8IHat teuliis it HATsCAEH-NMaKINateiepCcrnd
stall ,theé)rllpellne and do not allow the |ngom|n§Fl3O mstbuctlons to be

more PATtGHIATY dRd A1ETS0RI RO ABRAT BHE &P RAFapaeRfSHatency by

usingragsiicritgiages) xatihe cdotie caedkRis doptisspeyrthe independent
operations in the schedule and execute them. The hardware required for

the analysis often consumes too much power and has complex logic. 1
2. Tﬁleﬁ@d@ti@dsjfrtg@mb%tﬂddoknrocessors are single-issue and

n?:nm%%dpdle% processors today are facing increasingly larger memory latencies.

With the growing disparity between processors and memory speeds, the operations
that cause cache misses out to main memory take hundreds of processor cycles to
complete execution. As memory access operations result in approximately 30-40%
of the total of instructions in applications, reducing the average memory access time
is crucial for any type of architectures. While high-end processors can use
elaborate techniques like multiple issue, out-of-order execution, speculative
execution, value prediction, etc., to tolerate the high memory latencies, it is often not
a viable solution for the embedded processors due to the significant overheads of
these techniques in terms of area, power, and chip complexity.

The fundamental problem with the single-issue processors is that the
instructions which have long latency stall the pipeline, and do not allow the incoming
instructions to be executed. Hardware solutions, e.g., out-of-order and speculation
mechanisms perform the complex analysis to discover the independent operations in
the schedule and execute them. The hardware required for the analysis often

consumes too much power and has complex logic.



10

15

20

25

30

processors. Therefore, embedded processors require alternative
mechanisms to hide the memory latency with minimal power and area
costs. 5 SUMMARY OF THE INVENTION The present invention provides
a method and apparatus for utilizing cache miss latency by using a

ARG e cR e R e
processarspect g tbio fresaitaddedtivocessers eaiideal e mativedegchanisms to
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instructions and low priority instructions in the compiled program;

executing the classifiggh (ARt Ba$ed Q0 ENighagNorities; and if a

cache miss occurs, executing the Tow priority instructions until the cache

mTéseiQw@g@Neavqtstwed@w@ﬁﬁamﬁa@gpe@m%@twé@éHttliw@gmhe
miss FRIGAY BYQYHRS 2P riBRRALAYSI UXUiAIB SBIRSTHESRERRON RS YHBAG for

riority based execution, the apparatus comprising: an instructions
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an erg grasResasimaHisinathbilaed dithomiaimALReYRHIRIARERW
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processing unit executing the classified instructions based on high 20

utilizingiGAGES, AYRE [REBRYHY MEBDHARMS bk EasRyRAINP Rribitynethod

comphstigciensdiath the grashecraissfiang e priBRIER M SidREPdHa N Whriority
) THE DRAWINGS The above and other features and advantages of the
instrugtions,inAbeRRSARIRC B5q58a8M EXREHING TaerapS iRA ingiivG e kased on

high remiRierdeinpadiateis ey eebwiy) drieleneetke hnairegd drudaess until
in which: FIG. 1 i? a block diagram of an apparatus for utilizing cache miss

the cache B85 1215659 4GS iority based execution according to an embodiment
ofAbeoptRse Rt dMEREPasEEdt 63 tRdpeckionkitagiiaom ahardnsisvelidesl an
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apparsing coprinin pasedrexecitors atessiingdg o pin dayxgimg isifubions
Hr%sgnt inventjon;. o . . o L
compiled by a complier’into low priority instructions and high priority instructions; and

an instructions processing unit executing the classified instructions based on high
priorities, and, if a cache miss occurs, executing the low priority instructions until the

cache miss is resolved.

BRIEF DESCRIPTION OF THE DRAWINGS
The above and other features and advantages of the present invention will

become more apparent by describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

FIG. 1 is a block diagram of an apparatus for utilizing cache miss latency by
using a priority based execution according to an embodiment of the present
invention;

FIG. 2 is a block diagram of an instructions processing unit according to an
embodiment of the present invention;

FIG. 3 is a flowchart illustrating a method of utilizing cache miss latency by
using a priority based execution according to an embodiment of the present

invention;
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2 FIG. 4 illustrates an assembly instructions code and a data flow graph

(DFG) according to an embodiment of the present invention; and FIG. 5 is
an exemplary diagram of an instructions processing unit of the apparatus
for utilizing the cache miss by using the priority based execution according

5 ne ' to 1 j {i T, D I

oS TR e R LR et i Uil T ioro
accoriginig tailary epleoiingn o boeipreaenbinentivendod with reference to the

A .'%diéiﬁf’é%ﬁw .{j‘ﬁiaér’érﬁ Blagk iﬂ@%@[@ﬂé IR SR of the

utilizing cache miss’latency Dy using a priority based execution according
appatates @nbdizmerihefaaensrassatbinvsinbin Referitidasst@xeatiéon according
to an FRBERAHRFRBPIRESRLdAIHRLigRSclassifying unit 120 and an

instructions processing unit 140. The instructions classifying unit 120

classifies instructions compiled by a 15 complier 100 into low priority

instructions qﬂgﬁ,éghmquji@si@ﬁ{pqq@p@(ﬁlmg IOSEReHRMG, all branch

instructions, and all instructions that define operands for the_high priority
inseiRNGHearheIRseaRY Ky ARiepriviherdeariked inmdaial korexpiaimng
embddfFEiEAYPhel iEPHIBHN ITHOETAEPR NBY IS AESELI drallifgs.

instructions. For example, if O is added to an instruction, the instruction
miakPhd faaRakiriBarR0f 8l pRRAIRtHSIRICHHIKHNa rdahe iBissdaterry by
usingB PRRITIIF IR @ XREUHBHOACBIRAIRG tolassiin® dafene iotherresent
) instructions. The instructions processing unit 140 executes the classified, .
inveniipg RS8N BIPhisniprGRRAafHE EQEHYIRfSAHRMEUGans classifying

unit 1PStEMIaRSHIYRGERsY protes4M§Xattiterpthe low priority instructions until
solved. 25 FIG, 2 is a bJock diagram of the instructions

the cache miss is r

R A RS Y 2 M AR CoRUNIE RA
compﬁbegogtlihﬁ?i%\(ﬁ %Fm%%ﬁoﬁwwﬂdk@aﬁdm@jliﬁpzﬁ%it?mm@ﬁbh%llm\lﬂlzogd
. reorder hyffer (ROB , @ rename manager 210, "a prigrity selector, 230,
St O A AORS G e R AL e el B Ao Eits Tor the
high @¢rigyaresroctfapisgireforasaiiwtaisiienl peigisty insteuatidAgenamedpport
ool A5 TR P20, s S L R0 T IR EHRRRons.

For example, if 0 is added to an instruction, the instruction may be classified into the

low priority instructions, and if 1 is added to an instruction, the instruction may be
classified into the high priority instructions.

The instructions processing unit 140 executes the classified instructions
based on high priorities. If a cache miss occurs, the instructions processing unit
140 executes the low priority instructions until the cache miss is resolved.

FIG. 2 is a block diagram of the instructions processing unit 140 according to
an embodiment of the present invention. The instructions processing unit 140
comprises a rename table 220, a reorder buffer (ROB) 200, a rename manager 210,
a priority selector 230, a multiplexer 240, and an instructions executer 250.

The rename table 220 stores mapping information of a real register into a
renamed register.

The ROB 200 stores the classified instructions. The instructions stored in
the ROB 200 may include the 1-bit priority information indicating that a
corresponding instruction is the high priority instruction or the low priority instruction.
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the ROB 200 may include the 1-bit priority information indicating that a
corresponding instruction is the high priority instruction or the low priority
instruction. 3 The rename manager 210 renames names of the
instructions stored in the ROB 200. When the instructions are stored in

t %9&59%%%?1{?%?%‘?@%%@% hEHROMASAH f Ao Qe P he

instructions whic ne the source oper OW priority
ROB i28fructidhendhe restinasio iscase wtosashisr el 3413 208 drestirdarnds stage, the

renarﬂg%ﬁ'ﬁ%ég %'gﬂ’#raﬂ%iéﬁﬁé{?ﬂé?ﬁé@y RS IE BICE G B operands of
rename table 220. The priority selector 230 compares a source register
the lowithrio fibissirughions naikdaeracaes dnansotister amesands @astthv degbaation

operdldd RIAFRSRAL; gr’i’t?riﬂf %&?ﬁ&fioﬁ%sog"ﬁ %ﬁ?“?@@r@%?ﬁ)%% RO RIOTY e

execution mode and a low priority 10 execution mode. In the high priority
220. execution mode, only the high priority instructions are executed. The

ORHEPIR Mf@%l&?&@@@%@?ﬁoﬁé%@ﬁ%ﬁ[ﬁcée Qr%ﬂwtﬁer%@:ﬂé?%%h

are stored for a while in the ROB 200. As a result of comparing the

missafpareacheianst JRiRMNRG RIS RRIIOM BSSRb 2 REACSTINEN ol AgLRrOCessOr
has tWBEERUSSRFRLEDSIR RIAEASSAEFHISRESIR I RIRI S| SKaSHIRLY

mode and 15 controls the multiplexer 240 to start executing the low

execHiRstifp 3etructiohe MahmyiaHY IB¥eRHbAR BREBuRGH, theBIgAdPIRORNES is
instru@rRsHYasklRREUQRRPSOTREMEFINGES BIUHBIR R AdPiRiNBRdisiR)Yare

resume the high priority execution mode. The multiplexer 240 selectively

renarggeh ARSI HHSHAS SR ctiarem ORI DI LR fAAG &Pthe éohadpsHt Of

compiiengy iy Gelestrs S r hatrerrimBlgistbiRIiashAisYss tRE 646HES RN a data
multiplexer 240 outputs the low p&?rity injﬂtructions, The instructions
i

p
Cache, RUESHBF YIS REERSRRANSICHSR-IR (RSUIOKY RHETHM SpRGLTY e and

contr@idhié ﬂn@lﬂ@%@%@@@iﬂﬁ @NW&@QH@MMi@imﬁaeﬁdhg. During
cache. FIG. 3isa flogchart iIILéstrating.a method of utilizinFct)?cache mis

the IowBAGy P asHURRy 1 fioRar Ba-RIFS e Kanel et DGR R SR contiols the
multigiexeedides ohthedizessnte suvestine. iRgigsriogtiogxiésudoim mpekation

e A S A L R SR8 o 200
according to the control of the priority selector 230. For example, if the cache miss
occurs, the multiplexer 240 outputs the low priority instructions.

The instructions executor 250 executes the instructions output by the
multiplexer 240, and, if the cache miss occurs, outputs the register which misses the
cache.

FIG. 3 is a flowchart illustrating a method of utilizing cache miss latency by
using a priority based execution according to an embodiment of the present
invention.

Referring to FIG. 3, in operation 300, a program is compiled. In operation
310, the compiled instructions are classified into high priority instructions and low
priority instructions. In operation 320, the classified instructions are executed based
on high priorities. In this regard, the low priority instructions are for a while stored in
the ROB 200.

In operation 330, it is determined whether a cache miss occurs. If itis
determined that the cache miss occurs, in operation 340, the low priority instructions
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priority instructions. In operation 320, the classified instructions are
executed based 30 on high priorities. In this regard, the low priority
instructions are for a while stored in the ROB 200. In operation 330, it is
determined whether a cache miss occurs. If it is determined that the

are eXBE0RG)'SSPS ‘éﬁ’%’u‘@n?gga méﬁg ed‘ﬁ@’s%‘%@éi@é %ﬁ E)ﬁfgrlty

executed. In operation e cac € MISS IS resolve riority
mstrumamyamadm@mmwmmmmLﬁMwmaim@w 320.

A e%é”ﬁ%ﬂ%?%%é’@ré”é%‘éﬁ%@%%%‘é&’%ﬁ*‘tﬁ'éP‘B%ﬁ’%s‘”ur‘?E?f‘)é’*r%%n 360,

If there are no more instructions to execute, the processor

if thenﬁ@muaﬂtmbeemtw@ueaatt@remeamthle nreeessgdinighiesitjie priority based
execidiuctions are executed at the end of the execution of a loop. The

method and apparatus for utilizing cache miss latency by using the

phieiy wadedrerdingda wiker iydsstupiieniarcax erutasead daertidiahthe
execdﬂBF?cFF qg 0 FIG. 4 illustrates an assembly instructions code and a

ata flow gra h (DFG) according to an embodiment of the present
mVEﬁtrBﬁt?R’é? anhgrReFRiuS fonatiizngaaghesmisgibieyeshesirariee
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he high priority instructions are those which are required to continue the

FIG. 44UBRARB RN SHOMRYGPSIBHPRIGREE ABAG SR iam GRRRAREC)

accor'él' 'Qﬁfeﬁfﬁogﬁhﬂéﬁﬁ(ﬂﬁh@Sr@%@?ﬁhd@éﬁh’@ﬁor‘ﬂ@élﬂﬂé ¥aSEEtigNthe
all instructions that generate the source operands for a high priority

aSSGWE'&dEﬁHH%%%‘?Qﬁ’%ﬁé‘WsuH%?rﬂ&ﬂﬁ%oﬁll'%?QHEHhﬁs?R@ﬁE%%P@@ﬁQmark

from RidhipEenkyestnGiKRs. because if the branch 20 instructions are not
X&ﬁﬁ uted, it is not known what to fetch ne mﬂarg(gﬁjl load instructions
ar

'ﬁfbﬁ%‘?fb%?ﬂé%t‘ﬁ&%?rt% hass é(" tigd pocRaugresihe
operaigiascomestaiytiisietehashiitgmaaitanstaretionEnd ai gt pEEie) e sotiods are

B A P e e S
generagirtiaticosir@d dber anidsify 04 thig nstroktions icuddtermioddgis gateitying
mstructt é)s In a first step,

All branch instructions are the high priority instructions because if the branch
instructions are not executed, it is not known what to fetch next. Similarly, all load
instructions are the high priority instructions to keep a bus between the processor
and a data memory busy. In addition, all instructions that generate the source
operands for the high priority instructions also need to be executed with high priority.
All the other instructions in a loop are the low priority instructions.

The priority of the instructions is determined as following steps. In a first step,
all load and branch instructions of a loop are marked. In a second step, user define
(UD) chains are used to find instructions that define the operands of already marked
instructions and to mark them. In a third step, conditional instructions of which
already marked instructions and control-dependent on are found and marked. Ina
fourth step, the steps are recursively continued until no more instructions can be
marked.

In a fifth step, the marked instructions are high priority, and unmarked
instructions are low priority.

A low priority selection algorithm operates on a DFG of the loop. The loop is
5



10

15

20

25

30

all load and branch instructions of a loop are marked. In a second step,
user define (UD) chains are used to find instructions that define the
operands of already marked instructions and to mark them. In a third
step, conditional instructions of which already marked instructions and

repre88ﬂ{é‘24'98 %ef?g@t%ﬁ%fég c l,'t’ 8@@8#?6'%3@&%%@%%89 nﬁ%‘ﬁ?ﬂ%%%

are recursively co il N0 more instructions can'be marke
body fiftil sesp akistmardisadtagdradtiens ar@high pridrit oartatiomarkéd@ny loop
L nstruct rigfi iotity selecti ith r :
teratl B e A o At AT R T RRSLRGT i e
direciedcpdg € baibvae b pemape iativrsieypnbbtieyrhave edeapLdairaddreggdency.

The SCF8hdWrik 1 @PAraHER & QéMdBBBnHEF%@Qé@pW ﬁ%‘%ﬁﬁ@gﬂ%‘%‘f‘ loop of

operation n; of any loop iteration. Thus there will'be'a directed edge

the coyapvess BRoW B ond BOaNTARNPRR ealeld edaeris R digraniaidyoperand.
The BeholPiNBHGHGhAR B SEHOSPRNIRRAS SHERE RidhBictions

innermost loop of the compress benchmark. The annotation on each

Therefgp i9siTusHenacnt2RBMA@reNighenBathngsticsionare bedRiaRsd as
instri@foRigh tREsiY BsthecliRnsid AR RS EURIATE 1o 2A0 ReareRistictions.

priority instructions. The branch instruction at the end of the loop is

ThergippprpRtrHEEBRLHUE 9O AkY; iRgtuetiehs. LoermeiemRIgmaraEisn
instrutfldhdiigi RINEEABIIGERTY J@shmarmi NIBriwEds INSKIAHORSAhs which

detected by using second and thirds steps. All instructions which compute

compyie e ssrR ARRIBASAIHRMIRBFE SiSoaRoRR REGHBtRSBIRoNS.
Instrudssiv FtiabTratliregistadisteid ead sei8rd 7Rk ifaa dnchiripmidtisdescodtch is

used by the branch instruction 10 to decide an executiop flow. In

used By Br430ATIEHEHS b HECHRAR GRS Hath v BOULER by

instrudtohigheprigifiedrvlsueipser ko2wamich3vihseeiedtstniesinm A [riolsy a

A R L
feleidality highgritptiie e of therdismaskedsashe lowpoeyibpesindgionstore

e U R T T

mark§dhendhewmimsisoinstruction. Referring to FIG. 4, the instructions 4, 5, 6 and

8 are marked as low priority instructions.

The instructions only in the loops are considered. When the processor
finishes the execution of a loop, the processor flushes an instruction window by
executing the pending low priority instructions.  Since a cache miss rarely occurs
outside the loop body, all the pending low priority instructions are executed rather
than let them wait in the ROB until a next cache miss. For a transformation, there
should be no other branch instructions inside the loop. If there are branch
constructs like “if-then-else”, they have to be converted into a conditional execution,
or predicated instructions. Predication is a mechanism of converting control
dependencies into data dependencies, and allows more candidates of the low
priority instruction in the loop to be considered.

For the memory operations, a compiler statically disambiguates the memory
dependency. If the static memory disambiguation approaches cannot disambiguate
memory operations in the loop, those operations are not considered as the low

priority instructions. It is worth mentioning that the priority based execution
6
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finishes the execution of a loop, the processor flushes an instruction
window by executing the pending low priority instructions. Since a cache
miss rarely occurs outside the loop body, all the pending low priority
instructions are executed rather 25 than let them wait in the ROB until a

techr iU e ASRal B e A RO HicHcly Ry B2 e
hidderifenen-witeouthagmavy tsaebigvatitstl bubd ihaompridoundeitertidmesnory

depelg&%wff%tggéﬂ%@ﬁﬁi@ﬂér gfggﬁq&%{g& mechanism of converting control

ependencies into data depend es, and allows more candidates of the
loho3RVpRertilussingopeiative anshroasdycolaseiépationroittiseneeersgyy to

modiﬁ%@ﬁ@ﬂﬁcﬁ&?%@cﬁﬁ’él%”é S .biQUBiﬁeﬁrfgﬁtg]ﬁfBﬂWat%P%"QﬁHSYated

the static memory disambiguation approaches cannot disambiguate

for eviglaniiesiy epiirationsakeHbeddiP e pesietbsRiierivlaseseeeudion, and a
flush RV IPMb R FR&YHIRSIEHCECASa Hd S vexBr Tie tHabRadY 1BR Brvrly ResiRtktions

execution’6 technique is orthogonal to the memory diSambiguation;
at thengsil Gy thadeep exABEIaRidden even without memory disambiguation, but

It $RB BROATTHASKENHIREEIRY SJeRERERN S are88HMBhtion will now be

disambiguated. To Zléppqrt flushing operation and priority classification, it
descri9pdceddiyme B RIiNtiHANGSIRGEBRN S IUFEHRERAGERYS R NG- BB TRy

basedEXEBation iFsaBNASIRRHIES BY ik IBRELIANON; 1D &M Py @asQition mode
erform a priority based execution, and a flushLowPriority instruction is

p
and the iRy RyieUbeEXCHAIDR AP Iow priority instructions at the end of the

PP TRGHITICH SXSLIMOTHACIESIHG 10 PRI NGRS are
nventi WIII NOwW be escriped. I he methQd O UIIZII’]g e cacne
SRR s A RN

instr&ﬁ@f@tmhﬂf@;‘r@dﬁfb%w&m&mwﬂ@m ] gWh@r?@ﬁ@ﬁaﬂﬁéfﬁvm@@J the

., mode. In the hj riorify execytion mode, only the high priqtit

high RGeS B U A R, A TR B Aty b g rocessor
switclage terthgkshamdoitity &xdoationtinogensictatda@avhiteyithe R@WBriority

. hen a data.cache miss accurs, the high priority instructions are flushe
St o BEELEH B RIE 8 ARG G Be P SANARLE TS (iaToR riP
processeclitonetiadel pnekstars &xetugingtioeilp\wxaroutiyn mode.  If there are no
more low-priority instructions to execute even before the cache miss is serviced, the
processor switches back to high priority execution mode and stalls until the miss is
resolved.

The low priority instructions cannot stall the processor pipeline due to the
cache miss since no load instruction is low priority. This scheme results in
performance improvements due to two main reasons. Firstly, since the low priority
instructions are skipped during the loop iteration, the number of effective instructions
in a loop is reduced and therefore the loop executes faster. Secondly, the low
priority instructions are executed on the cache miss and the cache miss latency is
therefore utilized for a useful work.

The processor micro-architecture should provide support for renaming a full
register so as not to violate the dependencies between the instructions.

FIG. 5 is an exemplary diagram of an instructions processing unit of the
apparatus for utilizing the cache miss by using the priority based execution according

to an embodiment of the present invention. Referring to FIG. 5, the instructions
7
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instructions. During the low priority execution, if the cache miss is
resolved, the processor immediately resumes the high priority execution
mode. If there are no 20 more low-priority instructions to execute even
before the cache miss is serviced, the processor switches back to high

proc A ACHIRDEE OB TOER B1 TONE HBY provy
selectaisst WMid& na moaih dgteundtian dow-pliorityenmierscig maitrasditeiinFAs

corre BESRUTRIGE imw&e{?gﬁgfgﬁe@gﬁotm%gtﬂgwr{?ﬁ%q@s_.zlzirstly, since the low

priority Instructions are skipped during oop iteration, the number of

efféa@itAIBstataots decadedpnistiections and eeriseetiiit nsliceieicttesThe
indicdfie mESPRANe 135! B0 RO HSTHLI? ArS FaSRE R W@W?ﬁéﬁhﬁ The

miss and the cache miss latency is therefore utilized for a useful work: 30
renampéahledeacps Mirpeiatciliethriamhel r waviegisgspoie reaaammifgaster.

The iftdlr JEGGHE TS ARSHOBIA MR NEAFPAIARIC D P FNGBRLNR manager by

~instructions. FIG. 5 is an exemplary diagram of an‘instructions processing
using RfesmgionsiHedg tBE denampetRbgche miss by using the priority

basRAHRYIUNRIEPEYRGisIe BR PEIAPHPARTOHRR FBRTSATEINE iR ee

~ Referring to FIG. 5, the instructions 7 processing unit comprises an ROB,
regisigigmaing fregieigevhiroraREaRRE AR IR derides: RenmsCIRRmedp of
the ptdtibsad. an FU. The memory unit and the FU correspond to the
instructions executor 120 shown in FIG. 2. The ROB contains decoded

indfARTIEN: RS ueTieRs 2eMarRACA I PREHR MO B GREPYS Si8gRs e rename

mandg¥t BrstfiYdE riindisaefrictibeansties distnereidisolifce imaedRbiahe low

. .keeps mapping information of a real register into a rename register. The
priority IRRTAHEHRN i REB NS S JRRRAGE (ERRITIRS (1o SAde QRstands of

the |0bY pHSIfly inttronatsm iarekbiadegrenamsp@tiadd bt tdosiysrtlamauctions
EﬁnSiStShOf 3 coﬁn{;far tors that compare the source 10 registers with a
accor, B%lt(grt\/vﬁiE‘:H1 gda &ache, and decides the execution mode of the

pieessarc\Wireedbedratititioneraimstoraddgehedr@Bdoumter degurrent
mstr AR o BTl S S R LA RS R0 50 B
instruction has already been issued to the operation bus and is not in the ROB. In
the second case, to suspend the execution of the low priority instructions, values of
the source registers are preserved before the values are changed by the already
issued instruction. To do this, a mov instruction which shifts the values from the
real register to the rename register is inserted to the ROB. Then the source
operand of the low priority instruction is renamed.

In this manner, the low priority instructions are accumulated in the ROB during
the high priority execution mode. The low priority instructions start their execution if
the priority selector generates ‘0’ and gives it to the MUX, or if the ROB is full of the
low priority instructions (even if the cache miss has not occurred yet). During the
high priority execution, the priority selector keeps generating ‘1’ until the cache miss
occurs. When the processor cannot issue the instruction, the priority selector gives
inverted P to the MUX, and the low priority instructions start their executions. The
low priority execution continues until the missed value is available in the cache.
When the priority selector detects that the cache miss is now serviced, the priority

selector generates a high priority signal to the MUX and the processor resumes the
8



10

15

priority instructions. Then the rename manager renames the source
operands of 15 the low priority instruction and the destination operands of
the parent instructions according to the rename table. There are two
cases that the rename manager can encounter; a parent instruction which
. >fines th e operand resides in the ROB, and the parent instruction
high Fﬁisnﬁrsg%%?ggﬁi issued to the operation bus and is not in the ROB. In 20
thEhseperbohiwaotiuspenditbe eeatnhodietitae tampriteityaagabtgionde on a
comp@&%%gﬂ%?@bﬁ?&gg%&%ﬁﬁﬁ(%@%%ﬂéﬁi}t@??é@d%é@&%ﬂﬂﬁ% medium is
changed by the already issued instruction. To do this, a mov instrtiction

any datdcHeseige deyiestiea!feam stererdalacyitict eantertheleritergieast by a
compEs' A g ihe Igg‘sptﬂ?&ﬂﬂnﬁﬁﬁepP@é@%l@fr%l‘a‘mgrr‘%@fum include

instruction is renamed. 25 In this manner, the low priority instructions are

read-gebuMaREY RAMReDdammacesshHrPaE it UEBhRRIYe, magnsiic
tapesPHBHRY BRRECIAR SIYAA %o?é%&%mdéé,hgﬂ s 8lRRIgE generates
'0’ and’gives it to the MUX, or if the ROB is full of the low priority o
inSfacISHOGREH RRRaEHERLOh LRI TRChe THER I FEaN Ay ingSIRG Figtority
base@eREBLESRCAEINS %i%EyﬁS%PH%?%H%Wﬁ%Mé%@%%M cache
cu

miss 30 occurs. When the processor cannot issue the instruction, the
perfopnanae By RIES Rt HE NS TRIMADXARREMYITBVIYRiGR Power and
area ddfsictions start their executions. The low priority execution continues

until the missed value is available in the cache. When the priority selector

ddiule thamiRseaEHY RIIES ISP SBR RIGCHR SRRy R &BeigFscribed with

referé}ﬂftﬁfth ° @F@ﬁe@dpjh _ 'Q{ﬂypéi@fﬂidtcﬁiﬁ@_flﬂ_rhéQHBﬁeM,Ltl%ﬁiﬂC?@@rili@ﬁﬁléé@gtﬁ??zhgwof
. the gh priority execution. The present jnvention can also be embodie ,

ording S BB S5 S S AT EFRLD A PR therein
witholih@epartimgeraratrbipiiecand g spedit thésp arsedaiasintiepeadayism by the

can store data which can be thereafter read by a 5 computer system.
fOIIOV\@& B|€£Sof the computer readable recording medium include read-only

memory (ROM), random-access memory (RAM), CD-ROMs, magnetic

tapes, floppy disks, optical data storage devices, and carrier waves. The

method and apparatus for utilizing cache miss latency by using a priority
based execution according to the present invention can increase system
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10 performance by using efficiently utilizing memory latency with minimal
power and area costs. While the present invention has been particularly
shown and described with reference to exemplary embodiments thereof,
it will be understood by those of ordinary skill in the art that various
Whaﬁgac'I] ﬁ’?e' é)rm and details may be made therein 15 without departing
and scope of the present invention as defined by the
followindictagiingd WHahzmga)amm igigs ratardydoyofsititizéngreathidates

execu‘m%wﬁ QH&EH&%%B ¥IH% sed execution, the method comprising:

compile a program; assitying high priority instructions and low priority
ineRmetiens Rapeamompiled program; executing the classified instructions

b%FféjsfP}ZH’%& ﬁﬂ‘in%?i&&rﬁ?tﬁr ﬂﬁ‘ﬂrh&uﬁﬂﬁ%ﬁ"ﬁ%&/ﬁﬁ @ﬁ%‘&?&%@ﬁ]'%

priority i the cache missisr 10 2. The method of
compiRghPrOYk&iBrein the classifying comprises: marking load and branch

INSUISHANG e PR SUARATREIR MIRIALHR8S thﬁ?ﬂﬁ?ﬂ)ﬂ%‘é‘%{ms that

define the'operands of the instructions marked as'the high priority

inéPUCHTNS BIRPrAGRKIFY WQQQH@%@W&F&W’M&MM&@ Ll@'bthﬁ@aChe
miss B¢t ehclaim 1, wherein 1-bit priority information is annotated for each

of the instructions. 4. The method of claim 1, wherein the low priority

instructions are stored 20 in a buffer during the execution of the high

priority iINg{EugtiaRs o ThiIMmathaf crewipin biadasin thersyasutng of

the classified instructions comprises: executing pending low priority

i EAERSHS 36 RS RERBP I BSBHSHIARS: At oligar oty Insiructions; and

finding instructions that define the operands of the instructions marked as the
high priority instructions and marking them as the high priority instructions.

3. The method of claim 1, wherein 1-bit priority information is annotated
for each of the instructions.

4. The method of claim 1, wherein the low priority instructions are stored
in a buffer during the execution of the high priority instructions.

5. The method of claim 1, wherein the executing of the classified
instructions comprises: executing pending low priority instructions at the end of the
execution of a loop.

6. An apparatus for utilizing cache miss latency by using a priority based
execution, the apparatus comprising:

an instructions classifying unit classifying instructions compiled by a complier
into low priority instructions and high priority instructions; and

an instructions processing unit executing the classified instructions based on
high priorities, and, if a cache miss occurs, executing the low priority instructions until
the cache miss is resolved.

10
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6. An apparatus for utilizing cache miss latency by using a priority based

execution, the apparatus comprising: an instructions classifying unit

classifying instructions compiled by a complier into low priority

instructions and high priority instructions; and 30 an instructions

p‘RC?SS"FHéJgBF?éﬂ%‘%H Lo HT%'%S%?&éﬂWr‘[‘e?‘i‘rﬁ’ﬁﬁ}%%‘ﬁ‘% .%P(%@égging unit

priorities, and, It a cache miss occurs, executing the fow priority
compifid@sictions until the cache miss is resolved. 10 7. The apparatus of claim

5 i the i : . - . |

S e BT Fopame

regist@sorder buffer (ROB) storing the classified instructions; a rename manager

OSBRI SRR SRR bR SRR ARG RECtor comparing

a source register with a’register which misses a cache and deciding an

eRe@RBINGTHABIL Hroesring theninsiipielienssiesaddly bah@Ryg the

InstRiRDS eletest 8o RME alORreaT s har A NEdiinGMERsses a

selector; and an instruction executor executing the instructions output by
CaCthf_tnFﬁGﬁ@@i@@raﬁr@ﬁﬁbﬂ!ﬁtﬁ@ﬁ*ﬁs@fcﬁ:@(@&eéﬁﬂfutting the rt_agister yvhich

MISERAIPRLECE6IRIVEE BRRRIHG HE R IcMRISIBre INsHYFHoRS

stored in the ROB 15 include 1-bit priority information indicating that the
accorging igit1es caratabef fhs myorHy¥ RRa6IY @ N8w priority instructions.

an instruction executor executing the instructions output by the multiplexer
and, if a cache miss occurs, outputting the register which misses the cache.

8. The apparatus of claim 7, wherein the instructions stored in the ROB

include 1-bit priority information indicating that the instructions are high priority

instructions or low priority instructions.

11



