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An Effective Hardware Architecture for Region Reuse
and Precomputation
Hisanori AMASAKI
Abstract

Recent studies have demonstrated that value locality exists in many pro-
grams. Many researches on value speculation and region reuse are reported for
absorbing data dependency by exploiting value locality. Value speculation is a
technique that speculatively executes the following instructions with predicted
input values, and eliminates the waiting time for the following instructions.
Though, when the predicted values are revealed to be incorrect, the results
should be squashed and the speculatively executed instructions should be re-
executed.

On the other hand, region reuse is a speedup technique that memorizes the
input and the output while executing a series of instructions, and reuses the
result when the instructions with the same input reappear in a program.

I propose a hardware mechanism that dynamically picks up a region such as
function and loop and that reuses the region, without adding special purpose
instructions for the existing load modules. Furthermore, I add a mechanism that
predicts the instruction region which must be reused in future, and memorizes
the result while executing by another processors in advance.

I also propose the mechanism that enables the reuse of not only a simple
region but also nested structure of functions and loops. Moreover, I achieve the
same performance with less amounts of reuse table by increasing efficiency by
introducing an additional small hardware.

I developed a cycle simulator considering instruction latency, cache miss
penalty, window miss penalty and reuse latency, and evaluated the performance
of the reuse mechanism with Stanford-integer and SPEC. I found that the max-
imum ratio of eliminated cycle reached to 75% in Stanford-integer programs,
and 45% in SPEC95 programs respectively.

Moreover, though the effectiveness is different among the programs, I found
the additional small hardware can maintain the original performance and can

reduce the amount of hardware for large reuse table.
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TR VRIZET D RBEAIEITIL, SETRIE AT R TR L ATFRICSHE
TED. IbIL, HIETFHNIRE L, FADIETH & BRI TR 2T 2 2
EBTES.
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TR LB REHEDIALFETH D, Ful T AFATHHICEIN 24508 T
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Last-value Fill FUCHST R VRIZEBT HHIEIOEEGEREEOEEMES 5
ETHD. 612, BIICTFHIFEEDE S 2% Hlr3 5 CT (Classification
Table) ZHAWT, FHIIZAZBWO THEIEREEINTVSD [3].

Stride-based Fifll HIED 2 BIOHEFFERDZES % Stride, BOEDHEFEER%
Base & LT23GEIZ, IROTFHNEL Stride + Base & 32 H1ETH D [4].

two-level Fifll MA T LICHRIED 4 FEOEABELRICGERL T, £
TRIDRIZEN D OFEARMB RSP BEEICHE LB EZRNT 5. BEOEX
DIERH LN CORD TIRBWIAEICE LT & 2, MISTHHEESRET
HEELT2HETHS.

Context-based Tl BEDEK L7-ARECEDERE (Context) &, 1@E
DEREL Z B L, MWERTEITIND NE—ICESINTTFHIZITS
FHETH 5.

NAT )y R FA Last-value Tl & Stride-based F#fll, Stride-based Tl &
two-level PRI ZALAEOEIZFIETH D [4].
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R, Il IhE, AB, C,DD4ODALy RIZHEENTWS ET 5,
AEB, A& C, B&D, CLDIZEENENHEKEFBGREDS. Fi2, A
EDWCiEe 2 LT — HEFBRERH 5. BONCFATTDAL YR ELTA
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ALy RIZD EFHEND. 72720, A & DIiZide 20 LT — XKFFRIR
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x = AQ);

i f(condition)
B();

else C();
D(x);

Thread A

Thread D
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TMERET—EHLTWENE ) hEIEEL, —& LA, BRAERIC
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¥£3EZ SPARC ABIDH#E

AETILX, SPARC ABI (Application Binary Interface) [1] OBEEEIZ-DUNT
FEAL, SPARC 7—F T 7 F ¥ IZBWTHEHEMNOH LA ED X 5 1I2{Tbh b
MIZDONWTIERD, Fz, EDOLOIC L THMAICKLERIERZINET ST
DWNTIRRD.

3.1 LYRAD4UED
Tl T MIWICEH R22FEONH VA X EHES Z N TED, WALV A X
IREL DT TUTD 4 DIZHETE .
global LR B (%g0~%gT7) EDEBEMNOLHHWIZT 7 EATEDLLVI AL
ThHY, REEHEOKWEFTE LTHOWLNS. %gd DIEIXHEIZ0 THD.

out LY RAZ (%00~%07) %o0~%05 1%, 5IEZEIET /-8, F-IIEEMIC
D, FRZ%o0 TRV EZZITIRD eI b AV DS, %obid 3.2 1
BWTHRTEIRAEZ Y IRALZELTHWLID. %ol IZBEBMOH L
DERIZ, call i d L <IZjmpl B DT K LV RAEREFT 5.

local LR E (%lo~R17) RFTAREEMNT D70, FIIMEERMICED
n5.

in LYRAR (%i0~%i7) %i0~%i5 XBE3 515 %Z T RABEICHW 5.
FRIZ%i0 38 L 0%l TRV EOKEMIZH AV HN D, %i6 1X 3.2 I8V T
FHRTDETVL—LRAFELTHWLNS. %iT IZBEEIFOH L oI,
B ZFEON L7z call (B DT N LA ZRFFT 5.

ETC, VOREZY 4R EIE, SPARC 7—F 77 F viZB\W\ T, BETE
O LEED/NTG A—F DZIFELOBRICETLRBENTHMEE 2 < T7DICH
ESINTZHDHD. K2 ITEERT. 57U 4 N 7IX EROY%o,, %l,, %i,
(0<n<7) ORI, %o, dBHEST DY A R U D%, EF—, 72, %i,
ERFHINCBEE T2 T 4V R U D%o, LRl DL Y RZEIRSoTWA. ZFHIT
LT, % 3BV 1 FUICERTHD.

BEDOT 4 KX, CWP (Current Window Pointer) L3 2 X DHNEIZ &
WIRETHIENTESD. CWP OfEiEsave iBICE o TAL 7 U AV b &,
restore MAIZE 2 TT 7 U A h &b, save fify & restore i, &I
BARCREONE LIk & BIBOK TIRFICEITSIND. CWP DIER A 27U A hEh



window #7

CWP=0

window #1

window #5 restore

%l

%0
window #2
M
window #3

X 2: LYREY 4R

LT 4 RUR 1 DED LI, PENC%o & LTERL TV L YR X 3%
L2V, DANZR BELUO% & LTBRLTWEL PR ZIMERTERLIRD.
ZOROVIE, FLLN BEVU%o BEV B THND. W CWP DIERT 7
UAVNEINBET A RUNRTDRED, LAENZ% &£ LTERL TV YR
03 %0 &7, ENC% BELV0 %o & LTER LWL VA HIERTE R
72%. Z2OROVIC, FHLLRBLO% BEV Y THID.

save I L VBN Y THNIZ LI RAXDOHNEIL, restore D2 FEITTHE
TIHRFESINS. LL, savefin i< &, VIREZY 4 U FUDKEZE
WL, FHrRVPAZEEVYCHZENTERLRD., ZOHAIITITY 1~
RO F—R_"Ta—EDABLREAEL, LIRAXONEN 3.2 IZBWTHEHIRT S
AHy ZIC—HBEIS LS. T, restore i aBFEl &, VAV RO T U HE T
0 —E|VIALNREEL, AFYZIGREL TCWERL VA ZICESNS. Z0
LR AN Ta—BLOT ¥ 7 u—DBRICIZETIERBNEL A0, 7



07T ADFETREND. FH4E TRRDEMAMEL, AWTBEEEELD
THAMTSZLICEY, BEEFCHLEZHEL, V4 Ny F—"T7n—x
VAR T T a0 =l KD MROETEIH 52 L 2 o7k L 7R o
TW5.

3.2 RA2vY
SPARCIZBITF DA Z v 7%, LFORA&EIZEDNS.

o U AVRUF—RTu—RNEBI STV YR EDEZ BT .
o BEXDIR YV ENEERDEAIC, BEER~DR AL ZE2HKNT 5.
o FABIFOH LDERIZE 7V — R LBFEDS | EKMNT 5.

o 5D —RrikkE.

o JHPTEE DIREE.

BT L&
KILEE KIREHK

[ [ [ [

LIMIT T T T T
[ [ [ [
[ [ save [ [
I P I
[ [ [ [
' ' restore ' '
[ [ [ [
[ [ [ [
[ [ [ [
I I %sp > A
[ [
[ [

% sp > %fp -»
A B 7 FE
%fp - A By 7 GEI
EALT RL A v
X 3: A&y

2 Ey71%, FRBOEMT R VANGERAT K L RZAT THOTL L. B
HEENRAZ Y ITDFRT R VRN, ZAZYIRAZEFIND LY R Z%o0b
(%sp) TSN TEY, K3 ICRTLIIZ, save mBREITINDE,
DA BB E R IR A TR T D 20, BENDBEE T L— A7) %ob
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(%sp) ZWAH L, TOMEIZT L—LR A ZEMFEND LU AZ%i6 (%fp) 1T
B E LD, restore B DHBAIIZ D OEIENTTOND. F-—/&B9IZ, £
FUEETIE, KIEBERNT D00 T —ZIWE AT v 7 DI2DDT — Xk
EDOBERNOSICEVERT ORD. ZO8ERE LIMIT LESZ SiI2L, KIRE
B L RFEZOXBNZHWS. 7238, %sp X LIMIT 12725 Z & 1372 <, LIMIT
LU E%sp R OEBII ST — ¥R TH 5.

3.3 BE#HETOFHEN

BRI, call fndy, F7203, BFED PC %07 IZEZ AL jmpl MAIZ LD
O Ens. BlEOT 07 T 5H0 % (PC) OIEDR%oT IZHMI i, BIED
FHAT R LVAICEERAONDS. 28, SPARC 77— 7 7F ¥ Tid, DIKSED
MBEFITTDHANCDIEATDORT K VADMENEITIND. BBEO515IX
%00~%05 \IZAD. BN T U—RULDLIHETIT, WEDOLI A Fy
CHANT D, ZOHE, BT U —NiE%sp4+92 18, B8 U —Fid%sp+96 ITHE
MEIND. ENLBEOFIEBRKICZA &y Z7ITHEND.

S DIZEABEONH U179 B3k (FF leaf BA%) X save B & 512, save i
DFEITITEY, %i0~%i5 T8, %i6 (%ip) \[CLRIDRA Z >y 7R A &, %iT
I call PFEHHEDOT R VARRLZS.

I Leaf BAEUZ, B 1 AT U R B3%IT 4ala > 0), H2 AT FH%g0 T
H 5 jmpl 4, BELORIIITH< restore I L VT T5. 2oLk X, %iT
(ZIZBIEFE LD PC DESKEMSA TN D, RV EIR 1 U —F DHE%I0
12, 2 9—FKDOHEIT%I0 8L O0%il ITEMIID. S 5HIT restore i &k »
TIRVEIE, %00 BE U %ol IZRAD X125,

Leaf B8 D5E1X, save S B L N restore a5 1L <, HIFIZIX, £ 1 4
RT7URB%oT+ala > 0) THD jmpl i m AW OND . 5IEIZ%00~%0b 23
Ao, RYEIZ%00 B LU %ol IZHMHIND.
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F4E REITIRHEBIAEBOHNE

ARETIE, £7, KinSUORET 2 BEFEFIFHEE OB L BiEE2 T3 5.
Wiz, ZOBBEANAEBELZILRTIZ LICE T, VW—7% %L FRICHE
FATEDZLZ3WTH. £, BICGBEOHBEEREZHANR T2 TR
<, ZOMOBHDOT vt vy PR AST —FZOTFRNTIE S CTHANMAXH
FIEITTHZ LIV EEILEXKD, WHIERTFEITHEEIC OV THHT S,

4.1 SPARC ABIICED<BA#EFA

AHiTIL, EEIZSPARC ABIZFIHLTED XS I L THEEBEFMZITS
PZHOWTEHAT 2. BApIE LT, B APBEEBZF0HL, 6B
B 3B C #MFOHTHAICONTE D, 228, B C T leaf B TH S &
T5. K412, ZOHEDO5EBLUOEET L—LERT.

(a) 1ZBAE A ZFATH O MK B OETEHBE L TWARWVWRETH 5.
LIMIT A D AR B FE L OKRIRES, F72, %sp BLEOESICHS)
REPEMENTWD. %sp+64 235 1 7 —F OEEICIE, B% B 2MEd&E A%z
KL T 255 ORISR E LT, MEERDOEHT R VARSI S. B
¥ B Ik 2 H/RIRBI1EUE, FBEED 6 U—RF B LY A X %o0~%05 12, H T
U — R PABEITX %sp+92 LA BT E NG, R—A VU R Z % Ysp & T DHAXT
YR %sp+92 MER SN 25E, ZOBEBITEE B ~DFE 7515, $obbH
BB ORFAEETHD. —F, TXTF K %sp+92 DHELRWES, ZOME
BB A ODRFIEHTHSD. ZDXHIZ, (a) OREETIE, B A ORFTE
BB B ORFMIEREXRNTDHZENTED., £, A DODATT—%
%, SIEBLOKRBEHKTHS.

(b) 1ZBI% B 2 FATH DO T C DETERBE L TORWRETH 5.
BA% A EEBRICEIBB I ORBEREZAN 5. £, RA Z %18 LT
DRIREFCBE A DRFTEE B AT L2 D ATREMENH 5. save A BFAT S
Wb &, Y%sp DIEZE %fp I L, HBERSTET %sp DIEZIRALT F L RIZE
B9 %. BB ORFIEBICIE, 5IEO%HE TV —RDT R VRAZHH 72DIC
VTR S D %fp+68~91, BEW, T U —RLUBRBTFET DHEICHE
SNB%p+92 UL EOEBNEEND. 72721, %fp X T R LRICL 5 TH
BEND EIFRLRWTD, RIS, %fp+92 DL EOfERIE, B A ORTE
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BT PR fird

KIRTEHC ! KT ! KIRTEH KIRTEH KIRTEHC
LIMIT Il Il Il Il Il Il Il Il Il Il
i i i i i i i i i i
I I I I — I I I I
I I I I o[ R I I I I
| | %sp > -- %fp > | | | |
| | +64 | BFBRGI%K | | | |
! U oo0|  Bi%m o g |8 % o ' ' ' '
| | o %i0 | g % | 9 |wio | | | |
1 1 . C 1H : 1 1 | |
| | %o5|  5l¥#6 %i5 | | | |
| R Y ' o :
! v e | Rk R o [ mmEs ! !
%sp > --%fp > %fp - : :
64| MEREI% i y w izl | |
%00|  SI%#1 5l 3 D) ' | |
: %i0 | §( ? §( i %ﬂO \ \
% 05 515 #6 %i5 ' : :
+92[ 7" EI#Z PR +92 I |
o JRATEERL SRS JRATEERL JRPTAE S o JRATEEEL
%fp -» %fp >
WERF & % % AE1
%i0 | ; %i0
i A A A LAV
%i5
+92
WAL R A
(a) BA%AZEATH (b) BI¥BHEATH (c) BagkCcHEsTH (d) BI%B# T il (e) Ba%kAK T il

Xl 4: B1¥E LT L— LoD

BB B ORFTEENOXHR TE 2. KA Z XAT 5720121, (a)
DRERIZBWTEIEDOE 7 U — R LIEZ R U7z BEEPFO UIXERH O x5
AL, BHLURWBEEBFFOH LIX, EANZ%sp+92 DEZ R L Tl S BLE
b, HTU—RLUBREERTLBEEFFOH Lo HBBEEMEN & FRIN
52200, ZORIRICKDEROE TITEMARbDEE 2D, DL EOEEIZ
L0, (b) BT BETEEBBT R LAR, HH2UDHEEE L TBU=%sp+92
DELL EOBEZEIIBIE A DRFTES, %sp+92 DERFEOHA LS B O /T
EHTHDZ ENah5. BB ETRITIE, BIE B ORFTEEERI L722R
B, KRIKZE#HI L OB A ORFTERE BRI HAERA~BREKT 5.

ST, HAHOERL, BB ORALIIAB/INOER S NS T2, B
B ORFIEBOT R VAR -H L TWAIRERR. ZO7H, Wnikday
TIANTH-TH, ANMEIx—KTHE, BAHATLIZENAETHS.
72U, BB BSRT 5 RIMEECEE A DRFTERIZ OV, TR LRE
LT — 2Ol G NBAARONE L ZRI—HTILERSHD. BB 2E
ITTDHNS, EDXIITLT, HBTI~NEERET F VRAEZMRET 20081
7%2%. BB MPERT D, RKBELESCHEEA ORFIEROT R LVRIL, £b%
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b, BB BICBWTAEKRESND TR VAT, KIREEK/5I8ERFRET5
RAVZIZESL D, ETEEPERI—BTI2HHARFO= Y 2%
RUBIZ, BETIERETR LA ZT_NTER LT 2T Z L1
L0, BEBABRIREERLRBT RN LAEZMWETIZENTE S, TTO
ANP—=B LIEHEICORHR, BEFEHOHS) (R0 HE, KEEH, BIOREK
A DRFER) Z2HFAIRTLHZ LN TES.

BEEL C 1%, leaf AL TH D728, %sp BELO%fp 1IZEL LRV, B C @
AN, RBEH, BLY, LIVRZ%0~%5 (save B & & ERVIGAEIT,
%00~%05) , FERIZT K LV A%fp + a (save B EE ERWEEIX, %sp + o,
a>0) IBMHINTWBEIETHD. —J7, B C oA, KIEES, B
L, VYR F%i0~%il (save B EEER2WVEAIL, %o0~%ol) IZHMMS
NHRVIETHD. 2B, RYEIPFEVNMUSEDOGEII%0~%1, #HEED
GE I %p+64 (save i & B ERVGE 1T %sp+64) 1M S LTV DGR
DT R VANEZIRAEND., RAUFEEBEUT, KA SO EABE#
A FEIEB ORFIEBB AN L 2D REERH D, (d) BIY (e) IZFAFKIZEE
BBBLOEEKA DK TERORREZRL TWND.

ST, (b) IZBWT, B CIZRTDANDBEBETH Y, xtind 51058
BEATHNL, BAAICL TR C OEITEAK TE S, 2L, ZOk
R CIIBE C DRFTER R HFTE L TFE LW, BAHOBRIZES C O
RFTEHEZSRL TR B2, BIE C OFATRACEI C DA & L TR ek
TRETV—AEDOT—FI1E, B ABLOBOREFEHTHS. ZDOX
ANZIE, BIFERATZEDIE, 5IBDE TV —FUBEEZHRDRWGE, BEA
B LB ORETEED %sp+92 L E, BA% C ORFTEED %sp+92 K2
Zsin sz EEFIATS.

T ERERI, (a) IZBWT, Bt Bloxtd 2 AAMBBEA THIUE, (b) (c)
BIO (d) #2 - EICAKTHZ LN TE 5. BB OETRHCEE B O AH
NELTRETRETL—A EOT— XX, M A ORFIEETHY, &
HOREE C DFEITRICEE B DA E LTEBETRETL—L EOT— 4%
72, BB A OREETHS. DXz, BEC DEITHTHH-TH,
EOBEBDOAES ZBE L THWENTE->T, BB ORFIEESAHNCE
ENDIDEDLRERS. ZOXBNZIX, BI% B ORFTEE, Bk A T
13%sp+92 Kiii, BAE B FATHRHI%sp+92 A ETH D Z L 2FMT2. oFD,
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RW

c |Top
B
A |BOTTOM
lﬁ RF
Read Write
V [LRU|STEP | Bi$7 FL 2 | #1 Wi | # .. #n
A ADDR| .. |ADDR
B
> C
RB
1% Read Write BYE
V [LRU| %sp | W& #0 .. #5 | # | s i | w0 %Il %0 %fl |offset
VifE (Vi |vifE [mask: M8 | .. [maskifE | .. |ViME|viE [vifE[vifE
ADR g, 1 1 1 1 1 : : : :
BOX iﬁ[ﬁu
CORERHFA
| Fryva |
| Tl

[ 5: fEsk DFEFI I OB Rk

BERBAARHRFD Yosp 2R 5 Z & TRET NS ABAEZRETE, HEL v
DA% FIRHCAT) 2N TED.

4.2 BEHEFIRAEE
BRI % EB T 2720 OFFAREEOREMKZIX 5 1~ 7. BFARI,
BAAY > FD (RW), BEEHER (RF), & (RB) »oEkIND.
BRIAY 4 F Y (RW) 1%, BUIEETHIOBEF ThHBEEFFOH LOA
NFBMRZRELLTEY, £ Vi34« OO LICHIET 5 RFE B
LORBDEZHEZV NI DAT I AERFEL TN,
BEEHEE (RF) OF= b UL, EVWCERZBEECHELTEY, T
DIFRERFFTS.
V B#H=o Y E2RRTH.
LRU LRUA Y V4 #BF2HRF=UFDBEHBIOLDIZANLND.
STEP #MUI2BBEZHEANATIZEICEVENETEEZAT YT EETT. &
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DB, BEBIMAFRC 0 I b S, BEFETRICEFHR INS.

BH%7r LR BROKEHT R LA,

Read FilEHAHLTR VA, £T7F VAL, A THINEDERT T T
7 (V) Z#RFEFLTVS.

Write FEitfBEZIAHLT R LA, Read LHEE, £7 R LV RIX, B THDH
Gt 777 (V) Z2RFLTVS.

BRARAK (RB) 1%, REOFHFZV NV IZHET2EH- NI AT ey
7ibENTEY, BEEOWOIEILZ RF & FR—TH25. RBIXLLTFOEHREREE
5.

V B U DREKATRE] T8GR [ BERF I O LEDRBIZH D0 2R

LRU LRU#B Y% RF LR, = MY DEZH|IDOTDIZHNS.

%sp BIEIEOH LEED %sp OfE. 4.1 THRR7= X512, BEORBHEH L
LB D BT R X BT A DI N S,

518 A= bV ERTTIT (V) BIOATMA.

Read RF D% Read 7R VA4 XA RNDENNNA N Zm-dT~<AZ (mask) B
L OATIE.

Write RF ®% Read 7R VA4 NA N DEMNA N ERTVRAZ (mask) B
L OH M.

BYE WHAVYRZEITFEVNUR VYR Z (%f0~%f1) IR S s H
IMEBLOED= L NI ERRTDHTTT (V).

offset BB LDEIRET R VADA 7Y b, EIRET R VAL, BEEIFEN
M UICHWZ call a5 dH L <UL jmpl B DT R LARIZ, ZOEZMZTZH
DERD. 2B, W2~%3 ZERAT 2RV E (FRIRAEHRE BB NEUS 0
IR ETHT BT T MUIFELRNL O EIET S.

Read 7K VADRNE L RBOEHEOT YV U 2 —FEICHERT572HIZ, Read
TRUZRIZRF B FEEHEL, RBIZIZAZBIMER T 2B T 5 HIELE
AL7Z%.

RICHFIARICETH%/37 A ZIZOWTHHT 5.

RFSIZE RF BMREFCE 22 b U D FEKME.

RBSIZE RB 23 1 DOBEHZ D ITRFFTEL = M VHDKRKIE. RB T
v b U D#¥ENE, RFSIZE « RBSIZE L7 5.

RFPURGETIMER RF ® LRU # v v 4%Vt v s +5MEEERTEK.
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Cache  Register Cache(Addr.) Cache(Addr.)
word 6words Iword word Registers
10 40 A
(1) @ 10
MULTIPLEX MULTIPLEX
RF | o
B Read Write
V |LRU[STEP |ADDR # S| # o
CS I I I I [ ©
Cache(Value) Cache(Value)
Iword Iword
A {0 40
Iword 6words
| [ . L/ﬂgULTIPLEX MULTIPLEX
RB
5% Read Write 'Y
V[LRU[ %% BB #0 .. #5 | # | o# S| %0 %Il %0 %fl
ViE [V [V [mask: ] .. |mask: fE | .. |ViE|ViE|VifE|VifE

[ 6: fER DR OWEEHE L

RF OZREEN ZDEICET LT LIV 208y h &b,
RBPURGETIMER RB ® LRU AUV %%Vt T 5MEERTEL.
RB ODSBEENZ DEIZET ISV 2Ry hanb.
RBMMRMAX RB 1 T2 b UMREFT 2 EFEEHTHAH LT N L 2ADERKRH.
RBMMWMAX RB1 =k UMRET2ELREEFEEZIALT N VADRRE.
B 6 1%, RF 1=K UBIicd 2BARAEROWEBREZRL TS, 5
BB LOERLEHRAH LT —FZ L RB ONEE OEEIZIE CAM 2FH$T5 2
EEBEL TS, B LOAFFIA NS EHET 720120, £
T, BEOEHETELAN BTDHRF= UMY (1) Z28EL, KIZ, 5%
DETC—HTHRB= LMY (2) ZFETD. Ebig, 2RlEb1 oD%
A IBENTHD Read TR LR (3) % RF 22DJHICEIRL, EFLEI O
ALK 4NA DT —% (4) & RBOXGT 250 TOMEE 2 —FEI
TS, AR THLETOEDR BLiceE, £ b UITEE
ENTVAEFLBEZIAALT —F (5) BIOEVME (6) 2LV AZBIV

FBITHEHT D,
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Wiz, FEBUZ SPARC ABI ZF|H L TED L H I L CREKFERHZITO Mic
DWTHAT %, DIFTIE, BB A B8 B ZFFOVHH L, S 623 B 25
B CEZFOHTHEICONTERD.
3.3 1BV THR7=LH1Z, BEEFOH Lo, call S FZITHED
PC % %o7 IZ&EZAL jimpl 55 TH 5. RF 2B L, pikOFIEIC L FHAF
MERA2S. BAHALEZEE (B2Xohz CET5%) 280 MBI A BX
OB B3%EF THIHE, C OFFAZITo72 RB = b U OFLIESRICE
TOHNEE, ABLOBOESEF RB = FVIZEMT . 72720 4.1 Tk
72&912, A BI OB OO LEFIZEIT 5 %sp+92 Rk 5 2 BT x4
seT5.
EZAT, EROFECL>TANTOREEZEHEL TV E, LV Lo
BI% (Bl 21X B) ICB W TRET & ELESRE T, RB OF% T2 b U 2L
RTEXDHEREHEAS. ZOHAIE, RB=U M) OHIRZE X 2Bz &t
FABEE (ZDEAIFA BLOUOB) s T5%8F RB= U B
FORW =Y 28 L, Bl &k&BEATREZRR C DA%, RBBLURW
25 L TR E AT T 5.
—J7, BRIATE edoTc i, £ OB RE ICBGE I Wit iug, %
4% LRU 7T Y XAIZESO T RF ICESFICHRRSET 5. S5, RF
DBy M VIZHIETHRBOT 2y ZIZLRU 743U XAZESWTHiZ
TN AL, RWIZ, ZhnbFETLES L 358%, J74bb, RF
BXORB DY Y 2ffte. Z D& X, RWITBREETRER LIRMEAE X
7% alE, &b MoBEEICxIE T RB =M UBIUNRW = 8 U % )
b4 %.
BSEAAN TE RN BGAE, 51T, BEREOFIITEMBTD.
7z, LAMEROBEFAICH 2T, BRAICLERBEBEOANB LI OH 258 T
WL BEIFLLT DX ST LTITS.
trap @ VAT Aa— L EESTREEIIEAACE RV L HET L, RW 2MEE
LTWBEITHFOETOEEKIZHOWT, RBZUVFNIBIORW UMY
LT D.

LORESHB LA X%0~%i5 (save D 2D 2 WEIE Tl %o0~%05)
(IR RABI B DSEEE 6 7 — R S LD, BIENICB W T E 35 H
LEAIToT2%58 %, 51%E LTRBICRET D, EFEEALEIToT-HE
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B TIT RN DSt & U CB kT 5. 72721, %i0~%il (save
i m Z DRV TIE%00~%01) B X O%I0~%1 ~DEFEZIALIL, &K
DIEDOFREMERH DD T, IKVfELE LTH RBICEETH. T

2B BRI, BEBA~DODATIDPLELNIFRERTH D120, BT 24

B0,

LIMIT Uk, FEUH LB %sp+64 Kl AR L7z X912, Z OXMEIXES)E
IBF 721X BB D AT A S D FEIK /R DT, RB ~DOEEGIIARET
H5b.

PR LB %sp+64~67 FEERAMIBIE WS NS, BENICBWCEFZ D

BTN DHA L EIT -T2 56, 518 E LT RBICEET D, F9HEE
ABEAT S T2BA X5 TIX R WD BRI R & L TRET 5.

FEUH LB %sp+68 LLE  %sp+68~91 OFEIRITRATEEIEM I TV D5
BThD. %sp+92 L E~DEXIALREZRE LGS, 5IBOETU—F
LIEDNIFAET D78, BHEFAT LTV 5B HER T 5 BNk O BEE
FEONH SNT35E, ROBEE &1 LA BRROREGE T3 5.

ZTOMDOERLESE LS OGS, KIRERE 21X BB O RTEK
ThHY, BT IAHSE LTRETINERHSD. RW ICEHIN
TWHLTHORF =M UBIORBZ Vb UICH LT TOBRIEEZITS.

o Limit LAk, & RB ®%sp+92 Kiiti TH DT K LA ITEAHT 5.

o HAHAHLT KL AN Write £721% Read & LTI TIZEEFEI N TV D
BA, NENLEEX I, 203, BEEATH DD, -
BERITITOR.

o EXIALT R LAN Write & LTI TIZBREEINTWEEE, BN
KEBEHT5.

o BELINTWRWGS, BEEOD LRZBZ TS, Read/Write
IS CTRERETITS . 0, EREBXEHGAIE, ToBKEzEt L
MBI DR ERE RS 5.

RE, KIBEHKZRDLWVCR AL Z &I Lic BB O BFTE % Hirirte s
&, PN TH5DIL, RBD Write T—# Th D. =2 THRHIADIRNST-
BE, WICBRT2501X, RBO Read 7T—F ThD. IHIZEZ THitAiAD
RINSTEHEEE, ¥y v a2BRT5.

%g0 ~BFED PC 2 EXIARK, %i7 (save i & ED RV BIE TId%o7) DM
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BN 5 jmpl A Lo TR LERTH L, RB ~DREENTE
TT5. BENETLEZRBZ UMY OIRREZR TREF | 25 TBEFA] 12
EEL, HEICRWPOZYT N ZHIBRT 5.

RF B XO'RBIZ, HAIRICHERBEBEDO AL ZR2IEEL TN E, W
TNETOFEATRZRT MU [BREGFH] ORBICRD. S OIZBETD
TeliX, BEFOT b U D BREREFA SN S TREEORVW = | U A2 4R
LCTEVWHITHRENELD., £22C, UTRBERZ2= NI BEEHZ T LAY
ALZWEWHT 5.

E2TORF =V MVIKIXLRU BV U ZE&HE2 TS, LRU AT > X OFIH
B0 THY, ZORF = h VIZREFINTWHEEICKET S RB= 2 b
UNBGSETRFEZIZe v F LEBRIZA V27U A anb. £77, KiFER
RIZE2, RE- VI, S T5B80BHAICE-THIBTE S ATy
THEFT STEP Z{RFF L TW5. RB b v MEgndix<, 7>, STEP ®
ER/PNSNZ U R UR, BESNTHWEZ U M) ORDTROAETHD L&
2D, LRUI T VZDEL STEP Ol & OFERER/NERDT N %
B LCGEVHET.

FERIZ, ETORB=VFNVIZH LRUAY U FEfExTWA. LRUA Y~
ZDIMIEIZ0 TH Y, £ RF = b V2RI TWDBEEIZKHET D RB
TR UDBBGSETRELIZIE N LEBIZAY 7Y A &5, RBey
FEIEDA RPN N BRBARETHDH B L O6NDTD, LRUID
Z DEN RO N Y ZEE L TEVHT.

4.3 IL—T~DEH

712, B EA—TOEUMERT. BEICE TN ML, call B D
IS return S (BEBIZIZT AL A Ay h2&Te) £TTHD. Rk
2, W—TIZEENDMEIL, BTG T OIS, R U# Tk aS
EFTTHD. ZDLHIZ, RKEOEMEREEZ R TMBOREIIRE LD,
BRIA T OGP HETH Y, FEIXES ThH 7, ik B FI A%
BEIZxF L CHREER L, —7 12 oW TH A EBEFREE T5Z L2k b,
B L RIRRIC NV —7 OFFHEZIT) 2N TESD. 2720, BETIIRME
DEGERINT D ENTELDIIX LT, =T TREINERITERV. &
X, —7RNORFTEEN ABI TIIHESN TV RVWEDTH S, Lizdo

20



— AR — — R —

BE%k
START —1TQ sTART
_~
callfiy 4
\ v
END N - END
returnén 4 Sl Sy
FERLST
(a) BA% (b) L—7

X 7. BEAE L L— T OEELIME

T, V—7EARICBNTE, V7N TERLEETOL YR ZBLOERL

BT R LVRAZAENE LTHAARICBRE L TBLE DD, £, B

IXRVIL—T R DIEM AN T D 72012, BEEOLOFF AMED RF B X

O'RBIZx LT, AFD T 4—/VK ZiBINT 5.

F/L (RF) BMINTWAERIEH, +—7TDONTHDOEDTHL0% X
BT BIDIZHND.

End (RF, RB) W—7DKTTRLVR., ' —7OFAHB~DBRENTET
L72BEIZ, RB=> U D End DfE%, %5925 RF =2 kU D End I24%
AT 5.

taken/not (RB) /W —7# & TIKED 4355 H.

Regs, CC (RB) BIESEVEDAND L VR 2 I VGG OFHE 21T 5 728

DEMa—FR
w~7ﬁ%7¢5%ﬁ@ﬁ#%@ﬁbk@,%ﬁﬁﬂ%k@%@%ﬁﬁ%i
THREDERBIZLY, V—TDAHTIOBEGENFIEINRTIUE, B&E&F D

—"7 _ﬁmﬁéﬁﬁAﬁéA%@mbtﬁmT,bevmﬁﬁ%F%ﬁ$J
MND BRG] ICEZTRGRET T T5. BEDBME BRI TH5E1E, K
DON—TNEBRIHFEENE S YW 5. 2FD, BFDETHEIZLLTIC
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MSP R Sgp
RW > RFRB < RW
HESS HEE
3 3
w R R R R W
> H#TRB HEHRB |«
W, wgrre BEHRE [
v Y
518 HIE >
e »| search search | b
LIORE [ A B Y il :I I: K Y ﬁiﬁuﬂq' LIOARAHK
« Rl | wgmre T LS
RZA R2 y y
BEHTRB e
W R2__ | sghre ol | ro w
W W
> B RB BETRB |-
Y y
s W | search search | M a—H
Frovi=a < p——_— R0 fiE :I I: & i ﬁiufﬁ=ﬂ?—\"yv; ey
3 3
Fyrvan~D
Read dD A
A4
Fioi&
] 8: N F1 = A A TR AR
NTRLER AT .

(1) REIZBWTA—TDEHET R VAEKRETS.

(2) LYRIDANENRE2IZ—HTDHRBZ MY Z2IRT S,

(3) AETHIETOERBTFLVRAZZRL, JHICHETS.

(4) ZETOANMER—BLIZHEIT, BEEHLOHNME (LY A ZBLOERT
BEXALT—F) 2EXRT.

BAHCTE 7254, RBICERESN TV B RIEFICESNT, EHIZKRD
N—TIZEA L CHRBEOLEZ Y IET. RONL—TBEHHTERVWEET,
N—T DR E & EBIZFEITL, FRFZ RB ~DXEE AT 5.
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4.4 WH|IBFIETHEEDEMN

ZIVETITRA T, BN — 7 OFFIAIL, RB= MU O&FRHED b
[ — AN T — ZBHBETLREBRREWGEEC, AT — 2 BHERICELT 256
21, 2<RERBRV. 2T, BE EBYBAAETORE HHE 2 BIRFELT
LTWab 7t v¥ (Main Stream Processor: AN MSP &#g42) &ixBliz,
SATLTRB = MU ASNATNMEB L O AEE BT 27 2t v (Shadow
Stream Processor: AT SSP L W89 5 ) ZEEERTHZ LI LT-. 8 I3,
WHEFTEITHEOMEZ R LD TH D, RW, HER, LIRAE Ty
Vald{ ey LIS LTEY, RF, RB, EREITET 0y a3k
BHI5H. F£iz, SSP i, 5% % FH L TSN — T 2FTT BB, B
RN—TNDRFFTEEEENT DT2ODAE v 7 BB D. MSP OBEAIL,
FEBICA Y v 7 EBEZHBETHZENTEEHDD, SSP 1%, EiE~EE
RAATIERBRVDT, ZORZy VHEBERRTDTDIZe =NV AEY &
RT5. FHISHEHRPEEIIL DR ZITHEH S, BRASIEITa—h L
AEYNICKMNT . £z, BN ORIIEREZSRT581, v—D
WAEY ZBRT L. RKEERZHAHTHEIEL, 4.2 1R L MSP D56
DFIEELFEKTHD. £z, SSPITERBEAFIRDLIENTERNVD, K
B A~D Write T — 12O\ TiX, EFEETIE2 <, RB ® Write 7— &%
PRI~ FEZ AL ZITO . RVEIX, EfE RB DRV E~BERTDH. B EL
IFNV—TDFEITNETT5HE, MSP LFRERIZRB = F U OIREEZ [ B gk
2D TRERGEH] IEFEL, RWrbES— MY ZHIBR L2 BT, Fic/edm
SXMOFEITERETS. 727FL, a—hIAAEY OV A RIT EERH ST
W, TNEBXZHAICE, BEELRIAN—TOEMETEITBES. £, 0
BHOBRR LY, T2 CTE RWEINLRELTGE S, ET2THE5.
7B, BRO XS, FRIFETOBBIIFDBICES ATV, FHfHE
ITORREE T, SOITROFFIFATEITI ZLITTER.

M8 DRIIVIVAIRLF vy ahbDFiAt LEL O RB ~D&E, Wik
LIURERF ¥y v a~DEIALBIORB ~DBHEEZNENR L TN5S.
R1i%, T TICRBIZEEHINTNDET R LANLDOFHEAH LIE, RB2HLT—
FEEERDIZEERLTNT, ZHUEF vy v a3 RVTEDDOTRICH
2o TS, R21%E, RBICELEBREFSNTWHWRWT R VAL, 1ERED ¥ vy
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VakBRTLHZ xR 5.

T, ARDOE ST, MSP XL VR ZRLEFRICK T 550 % RB ITRE L
RN LBEE ERBYMAIIEFEITL, FHRETHIVUIBEEIFOH LIRS X O% F
IRz BSZIRFIC BRIV 2 3B 5. 2t LT SSP I, $E DRI DA% AT
L, SSPBETER—HINRAEY BIURB ~DOmAEZIIITI bOD, ¥ ¥y
VaBXUOEREA~DOFEZIARIT -UTORY. ZDOXKD REVDRD, SSP
DEDHEVIIMSP EIFELRDEBPNLO0H5S.

FHTFATICEE L TiX, RB OfEABREICESWTRRERO AT ZTFHIL, SSP
WCETHERDH D, ZDEDHIZ, RFOKFEZU NII/NS T vy 2T,
MSP 3 XSSP LIIMSZIZ FREZ Sk 5. BRI, KED 2 BIOAT)
EDFESy % Stride, ITHE LT AJMEE Base & L2561, ROTFHIER
Stride + Base &35 Stride-based fEFHI TH BH. 72721, Stride + Base |25k
BB KMOETIE, FHMEDRE o7-KEE T MSP 33 TIZBAEL T3
bDEEZEZD. DFEV, NBED SSP #EHT 546, HET I AN THIEIL,
Stride x 2 + Base 725 Stride * (N + 1) + Base DO L 72 >TV 5.

4.2 TR X512, % RF = b VIZEWICE R 2 HaREICxHE L TR
0, AJ1EHAOXIGERD RBICE&EIND. ZHUTHOWTIE, BT T
RAN—=FIWZONWTHREDZ ENEZD. ZDEE, MSP & SSP 28 RB =
YRUEEDLSITHENGT R E 2D, A XHEIE, MSP DA THHE
FRAOBEN DD DL, BINERD V—TD K5I MSP IZ X B8R B2
B, RESHFTHZENTEDEEZLNS. RB=U M DANZXIT
A& CHIULLRU IZ, BEH THIULFIFO IZEDWTITI DBEITHD. L
L, HIMBFXERELLOWED LD TH D0 EERNHIBTT 5 D13 L
Wiz, £ 42D RFIZxET2 RB= Y % MSP H & SSP RHicoEIL, %
NEHUCLRU & FIFO Z@EA 354 L Lz, B X9z, ADTFHIEZ

N #THY, SSP 28 RB ~DRET TR, 7272HIZ MSP DT kY DfF
WEFATHZLEZHELT, SSPHICHIV Y THARB= U MU A N2 &
L7c. ZORkFZK 9 ITRT.

F7z, SSPICHEMIE TSI L2MBXMEE LD LD ITEIRT 500308 E 72 5.
[[f—/37 A 2B HELT MBS RWaEXER, /N7 A ZPEFICE Ll
LA XM L THERIEITODRBI S DR TFHRENDI OO, GFXHE

OME R L OEBEOFEFIFATOFRIIEINIT O 6R. 22T, RFIZH
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t ¥

yfor MSP
A

N * 2 for SSPs

RF RB
%] 9: RB D4yE|

ser "STEP*M * S M =vy Mi1o@k S=vty ME10#K

4 4
A 11 1] 11— 1| 1| 1] 1} o] 2] of o]-F—
B 000l 0 0l0{ 0 of o[ 0| 0] 0 00/ 0| 0

C 1] 1] 0| o] ™| 0/ 0| 2| of | 0| 0| 0| 0]

v
o
o
o
(e)

v

|/ o
RF RFREOTNICY 7 M B soppmLiRBEY 11 it
MSPIZ L ARBADEGEOMRIZLE TS BREINERIZLETS

10: A4 X R SRR kA

HUZBEGR SN =M B X OWNTIE, 727252 SSP I L 2 HEISDOFERIEITE
A, ZORER, MSPIZ L DBEBEEDE <, 7D, SSP &KL= MY
OFFAOHEESEWRF =t U %, fiffe LT SSP OFETXEHRE Lz, £,
BRI L D B EREEE JS L OVEA FHBEE 2 FERFESR L TR <72 diT, —iERF
MICBIT 2 8&EB L OHEARORNEZ V7 b LY RAXICEEET 5. BRI,
X 10 ITRTEIIC, —HDY T LY RZTIE, MSP 28 RB = k U 28k
SNTBRZ, EFORBZ NI DETD RF =MV THY 7YX
ZDE Yy %21 ET5. b5 —FDU 7ML TURAKXTIE, SSP B3EEL
7ZRBZVNUDBHFHINEL, TORBFNIDETAHARF =LY
IR T DLV ARy h &1 L35, £z, L BICRFBRBNRE
NHZTELICEYy N2V T N5 FREROY TR LI AZAOE Yy MEL O
W EZENEN M, S 95, RFICRIT /NS T ey ¥R, Zndboff
& RF. STEP Ofx b &1 STEP « M + S Z3E L, 4% SSP 23, Z DEN K
REBRDRF MY ZBIRL, %A T 5mnXEOETEkRT 5.
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F5F BIRAREIDIE-OHDRE

4281k ~_Te X9z, BRIAREHKRDOKRE 3L, RFSIZE, RBSIZE,
RBMMRMAX + RBMMWMAX @3 SOECHEZIVRESNS. 20D
9%, RBSIZE, RBMMRMAX 3X O RBMMWMAX 225\, %
DEBOMHEIC L > THREENRESINDDIZK L, RFSIZE 1%, BEKATHE
ZEBOEHETHS.

ST, AR L7 FFI A CIE, WIZETT5m B XM RF DB ST
WRITHIE, LRU 743 Y XAIZESNT RF 1TSS SR T5. RF
TN Y FEEICEES B HAMADOFE E T, MR INHEENS
WeEZLbNLIMAXEOT =28, FHEOS BIChloTr— 2z EEEX SN
TLEI D, ZTOEFERF OV NV EEHKT S &, BRAHOENEL
<HEARbhDZ EBRTRINS.

KiwL TliE, B@ELTCOROBRVWERKEZH O LOREL, RF O |
UEHE LWL TRTZZLiICLY, BRARESERDOKE S &2HE/ LoD,
FZEDMEREZHEFF T 2D TIE RV EEZ 2T,

BekEBME L CHRIRBP VBRI T RRET b s.

o VAT Lha—LEELHD
o RWIZEGARER AN T ORI ZHETHH D
o FTU—NUBROBIHEP/REINDHD
o Read/Write 7 F LV ADBREED LIREZE X5 H D

b 2 XD, £ 6T bHEAAORIEIR TERUVEHXENE D% HE
T 5729012, RE= M UADSTEP (LT, RF.STEP) OfEZFIH$ 2. STEP
%, %435 RF = b VIZH2maXEIREIND & X, 0oL
TEL. MEXBOEITB I RB ~DBRENTET LIS, ToMeXE%
FEITTHDICETEAT 7 $% RB= F YNDSTEP (LLF, RB.STEP)
IREER L, FRRICHR%ZIZE SN RB.STEP Off% RF.STEP /M7 5. %
HbEHEAATERVASXME L HW SN2 HATE, RB ~OBERET L2
W=, RE.STEP OfELFEH INT0OEE L5, RiwLTIE, ZofFHz
RS&@&,RF&@%@%m_ﬁﬁﬁé_k_i@,ﬁﬂm@@%ﬁ%éRF
TR Y DBBOHINRNWTIRE L.
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RS RE 1(1) RF& R

V [STEP| LRU| Start addr. () RS& R V [STEP| LRU| Start addr. | Read | Write
A
(3) RSIZRF= Y BV T B
C

A

MmO |w|>

(4 ZBVERFTY b Y IS HTH R GR

Y
(3) RSSTEP=072 HRF~DXE % 11

X 11: RS O#EE

51 RS DEA

RS 1%, RF L[EKE, K b UREWVCER DB EIIL—71Cx LT
W3, 72770, ERBRAHLTF VABLIOETLBEEZIAAT R VRIMRE
LTV, 2F D, REBMRETIEHEDS b, LER/NROFER THLED
T RMUERR (V), BRACLVERTE 2 AT v 74 (STEP), BfEL
IINV—TDRET R VA, BIBROLRU AT ZOHNOLERIILD. LR -
T, RS=V MY O AXERF ITHARTIEFIT/NEW. RE=> F Uit
T, BRAEREOY A XBNEIMT501cxt L, RS= b oML, BFIA
REROV A XK LT, SIETEREERKIF IR,

5.2 RS Ok

X 1112, RS OEMEZRT. ESXMOFITRRIGIND &, ETRER@EDY
2 (1) RF %K T 2. MBXEOEEHT N VAR —FT25 RF = F IR
ROMbRFHUT, WiT (2) RS ZMRT5. BEEELIINV—TDEET N L
A (Start addr.) X—E 35 RS = MU NRHo7=HE, STEP OfER 0 ThH
i, Ao Loz, 262 bHAHATERVMAXMTHLD T, (37) B
RFE~DBREEFIETSH. —J5, STEP OMER 0 TRITNE, (3) 4.2 filck
WTHHALZZ LRU 74T ALIZESWWGBIRLZRF = Y ONE% RS
T hU~NEBWHT, ZobkE, RFALEVWHEINS = MY OB E I
N—TDHHT R VAL —HKTHTRK VAR RS = M VIZAS20UE, 20D
RSV MUIWCRF =V RUZBEWVWHT. 25752812k Y, RS= YD
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Start addr.

BENHIZTZEOZ N ZBVWHT

LRU*STEP

8
72X N2 HUE LRU*STEP 23
:;' /DT Y BBV

X 12: RS= MU DEEHZ T LI Y XA

NENEETDHZEEZEREL TS, E51Z,(4) U LOBEICL > TRYLE
IZ72 o7 RF = b VICHHB&EEZRGT 5. o, FATLEI & LTWHm
SXMOKIEET R VAR RS THRODL BT HANE, 5.3 THHATST
NAY ZBZHESHNTERLZRS = FUVICRF = MY ZBWHL, RFIC
BHBEREITS .

53 RSIVFVDEEH|ATILI) XL

EdRoDEHiZ, RS=YFUVIZRF = h U ZBUVHTEEIZ, £TORS =

U BT TIZBEFADEHE, RFZ MY DBWHLEE LT, NEE LE

XT2DHRST=U MU %1 OBRTIMLERDHD. ZDEX, RSOZZV MU

FIFTZLRU A % (LUF, RS.LRU) BLOLLFOEZFIATS.

pt X—U X A~. MSP BBEEIFEOH Lo —72RH L CHRAZEZRET
HIzNA 7Y A ESnsd. FIHMEIX 0.

RSPURGETIMER pt DEZ0IZV By b TB5% A7 2 RETIHEK.
L DOFETIL, ZOEZRS = N VD 2#5L L.

delay line RS OFT M UBMRFFTS32E Y FOETH Y, BEICHFH
ENBRENTZBZZ RS ~D RF =2 b U DBWH LA EOREThZ
NERT, BERIZE, By ME1OHIMNEN EIEY N THHIEE, &
TN L2 EWRT 5.
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RSZMRBELTCRF = MY DIBWHLEZ S N U BRELIZE L, £OxT
K U @ delay_line O EALE > k231 TZF U, RS.LRUDEZ 4> 27 U A b
L, delayline D > h & 1128 %%, £z, pt DfEA RSPURGETIMER
IZE L72BRIZ, delay line D& FALE > M 23 1 ThL, STz MY D
RS.LRUDfEZT 7V A h 45, &5IZ, RSDOFHFTU R U D delay line 2%
NENHFEIZ1IEy 78935, 20, RS.LRU DfEIX, HIZ delay_line N
DEy ME1 OREEET LIRS TS, ZOFETRS.LRU OfEN 0 T
b, 2O M BRHEEELEBRINTWRWEE X, REZ TR A
2D [BEGRFRE] ICAE T 5.

ZDEIHIZ, delayline BE W pt ZHWTCLRU AT U FICTREMT Z &
kY, REMICHOZ21BED RS OSRBEELZHRETLIZ LN TEH X
20, THIZE ST, WERED B EMICKRDARER RS = N ZRFETDHZ
ENRTED., ZOLRIF, REF-UMNIBEEHZICKITSILRU MY V%, BX
OFEFTE TR OmA XHERFUIHERT2E M, S THERA LTS5,

%72, RSIE, RF LA, BRIAICL>THIBTE 2 X7 v 7 %&£ STEP
ERFEFTAS. RFZ UMY DBWHLEERD RS = MU IE, RSICZEET Y
NI DRBHDIHEENE, IR ON-TEE =Y L, BE UMY RN
Bald, LRUAZ D ZDfEL STEP DIEORENR/NERD RS U L§5.
ZhuE, REZ> MU DBWHLEE LTERINDEES KTV L, STEP
DEP/NSNZ N YRR BARETHDHEEZIDTDTHS.
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LRU STEP 32bit

24 ojojojo| | --- 1/ 1|0
B| 10 ojojolo| |--- 0/ 0|0
C| 3 i/ 1|{o|o| | --- 0| 0|1

RS delay line

RSIRFE (HAXEBOHEA)

AV IAPTD vy MEZUZT D

\ 4
LRU STEP
\24 0/ 0] 0|0 1/ 1|0
B alolojo| |---| |olo|o
_11 1{ 0/ 0 0/ 0| 1
delay line
LRU STEP - 32bit .
24 o/ o[ 0|0 1| o| k1
B| 10 0/ 0] 0|0 10| 0| 0| 0
= g5
3 1| 1l0r0[ | --- | {Br0[OFk
RS delay line
delay_lineDf FALE > 31T HiVIE HRARRE pteA> 27V 221
LRUB Y w5 %77 DAY P2 pt=RSPURGETIMER & 72572
\ 4 FiZIEy b7 b5
LRU STEP

il
0| 0| 0] 0 =l | 0] 1] 0] 1
0| 0| 0| 0| =it | 0| 0] 0| 0
0| 1] 1| 0| 4——| 0/ 0] 0] 0

RS delay line
13: RSOILRU WY &
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Fe6E b

AETIE, FH4E CHALCEANABELZHER LY a2V —F2FHL,
N Fv—r7Fay 7 5RO THEMOZITV, BEZMZ 5.

6.1 N—F 7 DIRE

KImX T, H4FE CTHHA LHA S L HEE L7 SPARC-VE A 7L -
V3alb—FEFEHLE., FATL LD & LTV Sa0XENER A TRENE 2
DHER L OB A B EROBMEICNE R A7V EER 1 DX ITKE LT,
¥ vy ¥ a RO L 47 U UiT HAL @ SPARC64 [21] 28E&1Z LT,

ST, AgwXoBEE, BEENICEFAMTbh2Z LItk -»T, EZFT
BHLRARECTH DI ERTIEIEHD. LrL, EEREDV I 2L —T 3
VZIFBRRa AN ZET L7720, EEREO LR, 77405, RFI= R
X35 RB = b Uk, BLEMRE256 & Liz. —J, RB ORIEICED
HZERBT R LAEKIZOWTIL, Y a2b—ya URNARERBY k&< L, 3
HHLEEZRABZNENE 1024 TR VAL LTHIE L. LY AFZDONEL
RBHDLVIYRAEZANT—FLDOHBIZIZ1I A7V, Fyvi 2DRNEL RB
WOERBAST —F (BK1024 TR L R) OHEIZ1 U—FH=0 19 A
JIVERE LT, 728, HBOBERICx vy a2 IAZKRE LIEHEITX, @%
Dx ¥y aIRALFECRNTAT 4 BBAETS. BFIHOEREOEZIARIL, RB
NOETLEEZIABLT —F5 MSP DL AZNI1L U—RHTE0 1 A2
vy RBRNOVIURAZHIT—FMNEMSP DVIURAZNIL A I NVEETH
EARE LTz,

HIEIZIE, Stanford Integer, SPEC INT95 3 X O'SPEC INT2000 % gece-3.0.2
(-supersparc-02) 2LV aXANVL, RET 47V 72X VAR LIz —
REY a2—&Hiz.

6.2 Stanford Integer [Z & %l

Stanford Integer I&, WD 10 HDV T N—F Db IINL TS, 2L,
FFT & Queens IZ8BWT, HIZFE CAE% 20 Bl & 50 BF#ED IR L TW5 K
=%, BAADRMETRICE HENRVWES, F1EICEE LZ. LT
2, TNODOMEL FHRINDIFAHOMELIR~D.
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F1:. VI —FDET

Fe B Xy a 64 Kbytes
FALVYFAR 64 bytes
e 4
FryiaIARFLT ¢ 20 cycles
VOREY 4Ry 4 sets

7 4R IARTIVT 4

20 cycles/set

a—RNLb AT 2 cycles
BHORE VATV 8 cycles
BEBREL ATV 70 cycles
FE/NBUGSEONBERE VAT v 4 cycles
HRERENURESRE L AT 16 cycles
EREFESNRBRE L AT v 19 cycles
RW D RIE S 4

RF = MU %k 32/16
AHLT R LA 1024/RF
EEIABT R L AE 1024 /RF
RE1T=FUBHEYVDRBT M UH | 256

RS =~ Uk 0/256
RB (B1%¥%) & VIR F DL 1 cycle

RB (Read) &% vy oDl
RB (Write) B F ¥ ¥ a~DEXIAL
RB GEVE) B LA F~DEX AL

4 bytes/cycle
4 bytes/cycle
1 cycle
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Quick 5000 HOEHKIZH L TCr/ Ay 7V — &7, VY — 3T 5BEEHRY
LT 00, RIUESNEY — K352 Li3Runics, MSP O&IZ
X2EFHETERVWEEZLND. £, ANT—FOEABRRHEAN:
e, FHIFATONRITNINEEZZXLNS.

Bubble, FFT ZhZhN\T7 /Y —h, @7 — U = EHEITH . BEKFER
HUIEEGHRE 2175 B2 ©h 5. LavL, HIBCTE 227 v 7 ix
RENEW®D, PRI THD ETFRIND.

Trees 5000 EOEEICK LT, 1 HTOEREMHAL ToRBEARLERT
5. ZhiX, OERDOERE 2 LT2LE, TOEHIARNOERIIE
Tz LVREL, AEOSANOERIIE Tz LV/INEWNE WD R 2HT
7. AT LB TBEEE FIREICECH . ROREN ST T
WITEFHA SIS, L ETOIEICHEAT 5720, MSP ORI X % HFH
TTERVEEZONS. £, KOREIIHIBEETHFRELEZ 2 N
DD, BERIFATICE 2B LA H/FTE S,

IntMm, Mm ZhZi, BEE L O/ NURBOITFIBOFHEZ1TS . &
PIL—7" RNEFRE A0 OFEMZ RO 2B ZFFRH L TWH 72D, MSP D
X BEEMITIHHETERV B OO, FRTETOPRITREVETHES
n5.

Perm E¥| EOfEZ FIRANC AN Z D, 2 fEE AN X 5720 OBIED Y
EUMOHENTWS 2, MSP OATHLHEFAOEN G & F1E
INhb.

Queens 8 x 8 DEMHIZ, 8 DD A— L ZBAWIZENLRWE S IZEET
%, Whwd I 74— 2. 2A—VDPEETENE ) 1%
FIWTI 2B AR D IR LIEFOH S5, BE TSRV IENE T Lk
FIVTEFIATE RV, BIBITHEIAICEILT D8, FHIETODICHA
AT read 7R VAN, MSPIZX o CTHAH SNAEHIIZILLTWD
72, FRIETICLD2HRITNENETFREND. £z, FBERKRE/NES
Wz, BRIAINIBRID RN ETRIND.

Towers 1SEHDT 4 A 72X 2 [N ADEME] 2. TARAIE2FD
T AR JOBICEE T A B A VIR LEAHT. BEL LD &
BT AR DRESBIOEOREN - BTIIEFHATES. T 427
DBV IRNTZ®, MSP DA THHHNHDOMENFGOND & TRIND.
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Puzzle 5x5x5 DN HFRZEM%Z 4FEEOE—RAEHES>THOR T, 1x2x4
DE—A13fH, 1x1x3DE—A3E, 1x2x2DE—A1#, 2x2x2 D
E—2 1 AEZEEERTS. £, E—22HDIAL 9 LT ABFTNZE
TWDMNE ) DPEFRDEEZFFOE Y. 20Tt — R 28 0HiATe
B ETFOH L, Z20TWiF i e — 2 280 43 B &2 O §. LA
FLoEMEE, STHEERNETE—ATHEOLNAETHRYIET. Zhb
DEAFILTRT, MSP ORI L 2FFIHOBRERREOND & FHEND.

15 12, BAAZEA L2WGEORIATOEA Ty 7 (VAT Uh2
U EOGBIILVATUVEMER) 21 &35, MSP DETMHARAT v THOMH
oy BT, MSP OHEZRWLHE (MSP), MSP BXT3 5D SSP 2 M
WHE%aE (MSP+SSP*3) &, BEEFIHOADOSE (F) &, BAHEZL—T
WCHEA LA (F+L) ZMAAbEZ 4@ ORIESRMEE2E . 2B, RF
=N UEE 32, RS> M UE%E 256 & LT,

Trees TITFHRIEITIIN—TZ2MA 5 EHENMET T E2RE, BB
REHRERPMEON TS, KAL—7DESEROBEMFE TH S IntMm
B L Mm TIEHEFELT, V—7HICHFFECH L2 H 5 Queens TIINV—T
BAH, v—7NICBEEFFOH LRV FFT Ti—7F=4i%17, BEROHR
FEONH L2ASZ6U Towers CTIXBAEERID, T2 hvEmEfbickE <HEBRL T
W5, Eie, V7 L BFRFOH LABEMER AN FHEIE L 7R 5TV 5 Puzzle T
FRR 90% 1T < D H AT TEHEIBIZRII L TV D.

B 14 12, MSP IZ 3 5D SSP AN L% & —Tizxt L CHAIAZ1T -
72356 (MSP4SSP*3 F+L) 128\ T, BFIAFEThH - ema KMo AT
DX (Levell, Level2, Level3, Leveld LLE) ZEIZH¥E LT, BFAHZEA
LRWEBIZRT T 2EBA Ty 7ok (EB), FFAIA 1 E%72 0 OFIRA
TyTH (FE) , AMAV—F#EEAN VYA F (in-regs) , Read TR L
A (read), Write 7K X (write), 1V A% (out-regs) Z &IZFH)
L7ebD (TE) 2R 7. ANTOWRID 4 L ETIXEEA 7 > 7 H O 31
0 &7, Stanford TIIANTOWS 3 FTOMAXMEZBETILTI VT
&, BAA 1 EHZY OBRA T v 7, RE 2 L LOZEHFATIIEE
WCETHZ L, AMMUVPREZEIIBEBETCHDZ L, £, BHIERAT v 7H DL
% 2% L LIZBRE L Ch, Read/Write 7 K L ADEEMESUL, 80/8 iz v
eI B.
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ST, EBICEEILEZER T DO, BARICED A=~y N EZEL
el Z2AT O MEXRHD. K16 1%, T ATy 7 (exec) 1T, R1ITRLEZ
RB (510 &LV A XD LURB (Read) &% ¥y ¥ = DL (test)
RB (Write) 226F ¥y ¥ 2a~DFEZRALBLO RB (BVE) "b LR %
~NDEZIAH (write) , F¥v =2 I R (cache), VIRAHT 4V R IR
(window) DEA— "~y R &ENx 72, MSP BFELT LIV A 7 VEOWNRTH
5. EMEEZ 7 7 13BFAAZER LR2WEE, A7 J 713 TMSP+SSP*3
F+L] OHBEDOHRRTH 5.

Towers TlX, BAIHIC LV EBEEOFRMFEOCHLABA L, ZOREER, VIR FZ
U AR U IARKIBIHD LTS, BRAD A=~y F DKESIE, test
BEDTNS. RB (Read) & F ¥y oD A )V—"T > | % dbytes/cycle >
5 8bytes/cycle ICHIN I 572 L, HOFmBLNEELFETHDLEER 5.

6.3 SPEC95 [ & 55
IZ, Stanford KV b 70/ T LY A XDKENWRF~<v—27 TH5H SPECYS
ZHRWTEHMEZ1T -7, SPEC INT95 8 X O SPEC FP95 0% 7 v/ J AlZiX
test, train, ref D 3FFHLSHEBEINTE Y, FEITRMIL ref B K <, test 2
RbHEV. AFRILTIE, train Z V2. SPEC INT95 3 X ONSPEC FP95 O
ny 7LD L, K@ CIHMIXRE LizbDDORNEEZLLTIZHRRS.
124.m88ksim ¥ IalL—& L TETTL 0l T AT —FKER D 125
BT, BFMONENTZTHFOLERD D0 EFHET B E, MHFET
TERZT V= RA S DHEEATO BED, FATHMREDOELHU Lx b
D5, HEE, ANBETHOMBTORETHY, HABRFONEY A2
NMETHDHOT, BRANARETHD. BEIX, TL—I R A2t BEFE
LB AEEE NS L7 7 AV~DHAREET DT, HRIAT
WV, L, TU—I2 R A2 hBFEELRWEESIIEFANTTRETH
5., Va2l —F L TEFEREZTuS FAIN—TRELEENIBE
WCHAHOMERE L D ENRTRINS.
126.gcc GNU C a4 T D=V 3 253, FHEN 5 B 0 13720
HOD, FUXFHNDANANEEVBERTHGERH Y, FRIHOEN
HOREEND Z ERTFHEIND.
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130.1i Lisp A %7V & WEOH5530 < BILFFNDOFi il H & XM T G
oD, FFNFHRIAIIL trap B ED OTHAHATER2V. XFH
R ZERVE LT 2580855720, 2kE LT, BRIAOHE
DHHBEBNDZ ENTHEIND.

132.ijpeg A€V L TOBEBEMHBS IOMEEETTY . EITORESE, EED
BEHbBXar A UER, o7 7, RGBOD YCC ~DOE
B, "I BB, WETEB IO Y (U EHELTO FBEIC X -
ThHEOLND., ZTNHOBEKITIS xS B 7B ERE L L, AOWEIX16
By M ThDHd, ANMER—BT 5 rREHIIR <, BRHAORITHED
TENTRIND.

134.perl v/ 7 IV EFEPal DAL FTY & B2 bl —#EDILFF
DB DIEFREEZ b DO ND, REFEFICTEHRINTVWIHGEL —
BT25HbD%2THE LET scrabbl.pl 227 U 7' N ZFtAiAH, FEITT 5.

147.vortex A7 V= MERIDOT —FX—RX, FT7 V=7 NERT 0T T A
BV, EBLAT Vs METHE0IC, EQRFTENEL D729,
BRRAOHEIHFHTE S.

101.tomcatv X7 bUbLENTE Ay v aEmR. 2IRTD Ay 2 2B R -
THRT 5.

102.swim  ZESEENIC L B SR ORM. 1024 x 1024 OFTHIEFHT 3.

103.su2cor EUTHNvE FBRITFOEEZ QCD 2F|HLTRD 5.

104.hydro2d FV 4= « A b —27Z2FHEA. BT =y NEEZ, WRIEDOF
V4T e A =7 Z2H5BAEFH L THE L.

107.mgrid 3 RITLART ¥ ¥/ 3IRITRT Y VBO~VFT U v Rik
2 & B KA.

141.apsi KRETFH. KR, BEAE, BEEH, HREOTLEIZEE 2 NOKME.

X 1712, K14 EEUCFECLHPEEREZRT. BRI 1 EHZ Y OHI

WA T > TR, ANTORS 2L EOZEFAATIIHEICETLIZ &L, A

NV VA ZEIIEECTHS Z &, Read/Write 7 K L ZADFEHEEIT & 12100

K THDHZ ERED LGNS,

1812, K15 LR CHEIC X 2HEREZRT. 126.gec B L U253, perlbmk

(SPEC INT2000) TiX, BAIHZL—7ICHEHATS EHREMET 52 L 2%

X, BHRERMELN TS, £/, 124.m88ksim B L W 147.vortex D, B
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BEAAICE 2 AT v THABRE L.

£, K191, M 16 LRUCFECLDHPERRETRT. AL T, RB
DA &L EFREBOHBKICF ¥y Va2 ZRALTEBY, Fyy oI A0MEIMCK
LUK FRBESINEbO0, BRAZEA L2WGE &L AREOMIZT vy
VaIADENIEALELRWNWZ ERGnD. 12, 13001 & 147.vortex T,
Stanford @ Towers & [AAEE, VIAXT 4 R U IARBOLTNDE I &Ny
N5,

RIZ, BAARICRS 2609254 &M LARWEAED MSP OFEFT LY
A I NVEDH I T 7. AW=71r J A%, 124.m88ksim THD. X 20 IZ
ZFOWHERERZRT. HRBEMDS T 7%, BRHAZERLRWEED, X 16
ERIBRD A — "Ny R E2BEICANTET A7 VEORNRTHD. TOMOES
7 713 M5, TMSP Fi, TMSP F+LJ , TMSP+SSP*3 FJ , I MSP+SSP*3
F+L] ORNRTHY, N0 4 KOS Z 71, (RF= s U, RS
NU%) = (8, 256), (16, 0), (16, 256), (32, 0) PR TH 5. HEMIZ
%, A7 NVERBERIZOWT, (8, 256) > (16, 0), (16, 256) > (32, 0) 2%
%D SEoTWOIUE, RS D&EFZHSICRIZL WD EE 2D, ZOFHEERT
FEARRR B DIV, HARICER BTV S DI TMSP FI OROBETH
5. EOMOHERLTIE, RSICEDIPIENENZ L035025. RS M ik
DI LGB A ZVEIREN E S BT 50, ZTofMoTas T A
TIXRSMINC L B%RI1ZE 5 Dy, RF= U b UE S HICB LSBT HEEITE
IMIREEREL, £, RS B2MANT 22 LIk o THRER BB 820 GE
IZoWTiE, HREM ELARWEBZHALMNICT I ENSBROBETHD.
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= I I | |
B [ rLevel1 [ Level2[ Levelz M Levela~
40 —
g 30
w
o —
<]
@ 4 |
=
j<]
Z -
£
E 20 .
@
10 — — ]
o 1 [ ||
Quick Bubble Perm Trees Intmm Mm Queens FFT Towers Puzzle
1000 I I I I I ._
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