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Function Level Reuse on SPARC Architechture
Katsuya OGATA
Abstract

Recent studies have demonstrated that value locality presents in many pro-
grams. Computation reuse and value prediction techniques are proposed for
improving microprocessor performance by exploiting value localities and col-
lapsing data dependencies. Value prediction is a technique that reduces the
waiting time by executing next instructions speculatively with the predicted
input values based on previous results. Though, if the prediction turns out to
be incorrect, speculative results should be squashed and all instructions should
be re-executed.

On the other hand, computation reuse is a technique that holds the inputs
and outputs of previous execution instances of a computation. When the same
computation is encountered later with same inputs, the held results are retrieved
and used directly without actually executing the computation. Then, no penal-
ties like cancellation are occured. For the implmentation of reuse, there are three
ways. First, hardware implementation only. Second the compiler generates the
objects for reuse. Third, compiler supports the special purpose instructions
for reuse that are executed by hardware directly. By hardware implementation
only, recognizing the basic block is very difficult. And since its target is a single
instruction only, only few cycles is reused. By compiler, existing hardware can
be used, but computation reuse takes long time. By compiler and hardware,
instructions as basic block can be reused, but existing load modules are out
of services. Even if by hardware implementation only, by supposing specific
ABI(Application Binary Interface), the basic block would be recognized when
executing.

For these reasons, this paper proposes function level reuse machanism on
SPARC architecture without any special purpose instructions and evaluates its
effects.

RB(Reuse Buffer) holds informations required for reuse. Arguments and
memory read data are stored as inputs, and return values and memory write

data are stores as outputs of each function. Then, I supposed CAM mechanism
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for comparison all RB entry about one address in every function and memory
read data. And RF holds memory read/write address. RW holds relations
between caller and callee functions.

The minimum referenced and reused RB entry is replaced first. And the
RF entry that the product of reused count and reduced steps is minimum is
replaced first. In order to prevent the entry which is not used for a long time
are remaining, hit counters are cleared when RB or RF access reaches to a
constant.

Considering instruction latency, cache miss penalty, window miss penalty
and reuce latency, I developed a cycle simulator and evaluated the reuse mech-
anism. On the Stanford-integer, 8.2% of cycles of Perm are reduced, 63.3% of
Puzzle and 51.3% of Towers. And on the SPEC INT95, 23.1% of 124.m88ksim,
12.6% of 126.gcc, 23.9% of 134.perl(primes) and 27.6% of 147.vortex. From
these results, computation reuse is suitable for interpreter or simulator pro-
grams which include repeting computing, or object-oriented programs which
include value locality.

Moreover, the following facts were found. 1)20% of the window miss over-
head will be reduced. 2)Reuse does not affect for cache miss overhead. 3)On
the programs on which reuse can reduce many window miss overhead, many net
cycles would be reduced.

On the other hand, the effects of reuse are not stable and on some bench-
mark, no cycle will be reduced. And it is declared that this implementation
cannot reduce many cycles on image processing programs, whose imputs take
various values, and game programs, in which the input pattern changes coutin-
uously.

In order to reduce cycles of these programs, executing functions speculatively
based on input prediction and registering its result in RB will be effective. The

evaluation of such technique is the future work.
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HFIHY 4 »F v (RW). BIEEEEEER (RF) . FFIHEARIA (RB) 2> bR S 1156

FHFIHY 4 v F v (RW) & AN T-OBEEE HFIFT 2 201c, & oBIEm:
E DRI AT L 72 0% /i T %0 A= VIE RF BLURB O~ b
YDA VT Y 7 Z%ERT5 (M3),

BESCEEEE (RF) (E. RB ICEFRINTVWEEHOTF LR, RBZ v U IC
BT 2 GEF A L TR L ABLUETARTE L ARREFT 5 (M4), &
TV NYSEED 7 77V Ik, v b Y ORERNEFE T LRU AV v Xk,
#3525 RF =+ ) OEEHIX O7cDICHwHILS,

FFIFHZEAIR (RB) (k. AJICTH 55 8 & EaclEstat L7 — 4, HiJIcHh B

E#MFIORITAHRES BN EK2EF VLT B#2ARTT S

RW

RW T2 RW

1 1 1

RF RF RF

f2 f2

A 4

RB RB RB

54 3: HFIFHY 4 v F 7 (RW)




B &R (RF) MMRMAX MMIWMAX

v i . ?ﬁ"ﬁﬁbjb"l/x ¢ %i‘éi&ﬁ?(lfl/x ‘
v AR AR NE
A
RFSIZE B
C
BRARAAK (RB) MMRMAX HHWMAX
v Iﬁ 4sp . 515 Bt LT—4 EERAHT—4E ] ,‘5!.)1]5 of{
e I N I 5

AD

P RBSIZE

B
#HE

0]
FEE

4: BERCETE (RF) & FHFIHEAK (RB)

WO B & FFEEEEAART — %, 3L, BEWFOH S N0 Y%sp DIE%
PR % (M4)o B v L VSFEED 7 77 VKT v+ Y 23 [EEFATRE | 5%
W TSRS O L DIRAECH B 0% KT o 1| DOBISH ) DRB = v + U
F—ETH D BB IEIZ RF & —8T 5, /. it LB L UE
EABT —ZDOTF VARG RF MREFLTEY  F-—BIICET 5 7N LR
M ECFE—TH 5, TNENDT —ZDFARE 4~ A THY | XiclE
HFHLT — 2 L EERABRT —Z2DOHFF)NA b & MASK fEIC & > TZFE T, offset
[CIBIRET F LADF 7 €y + #EREFT %0 BRETF L REBEE A FOHIL
7o call B L & jmpl Ai DT K L RIC offset XMz 72db D E AR B, LRU A
vy ARt S5 RBZ Y Y OBEETHZ OLDICHALbN S,

HFIFFAZRICEEF %37 A= 2 %I TICHIPET %0 ZHLEHL, RFSIZE:RF 230RFF
T3z Y HORA; RBSIZE:RB 23 1 BE#» 72 0 BREF 32 = v + ) Bl Ko
RB oz v+ J O#EE RFSIZE*RBSIZE i & % % ; RFPURGETIME:RF @
LRU AV v 2% 7Y T3 5[E. RF OSEEE: c OEICGET ST L IChY v
25270 TENS;RBPURGETIME:RBOLRU AV v 2% 7 Y 73 5[E. RB
DOBROBA C DIEIGET B L IChY v 2537 ) TE 5 ; MMRMAX:RBI
T v+ Y 2MREFT 5 EECEGEAH LT — 2 O A s MMWMAX:RBI =~ b
Y 2ERFFT B EECURE X IADRT — 2 OmAEL ;s TH D,
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4.2 B RABEOE

ARETCIR . FFRIAKEOBWE, 53X, RF ¢ RBZv ) OBEEHZ T
TY XALLCONTIRR B,
4.2.1 BEHFUHL

BEEAFFIHE T call B L < (& jmpl e 23 TI N5 & AR ISRSE T
F LR RF ICEFEINTWEDE S i b, BT P LA I LT
ARWESE, RF KBS T %, 2 TDORF 23 F > T 3B, 424107
BEZ TATY LS TEFOT v U BV, BEEhTwiks
Bk AJMESHETH 55 5 L UE5eEGAH L7 — 223335 RB =
YN U DBAET B 0L S %D, 354 T BTV U D5 EBICE, RB
CEFHIN TR ES LVEREEEALT — X E->T, LY RZEBX
CEELROMBEL E XX PC DEZFFLET N L RACEE#HZ 5,
HFRIHTE R ngGEIcik, 3 K82 [BERrIRE | TH 5 RB 2 L <HIM
L. JRAE% [BE | KL%, &2Thx v+ Y 2 B O5EE, 4.2.4
CRTBEEHZ T Y XA > TREFDOZ v + ) ZIBWHIF . IRIC, %sp
DfE% RB ICEET 5, w=RIC, BEEHBLZRBZ v I DA VT v 7 R
# RW ICHEEs 0 RW 25—PRIC R > 55 13 i b _EALOBH I Z RW 2 HHIBR L |
Z DEEB OB HFTHUIN . RB = v + Y DIRAE%R TEEFAIRE | IKZE2 %,
4.2.2 BEAEKDOET

B OBFIHATE REE . T &k CBBARADIA T2 T 5, LY
2 ZREFUREBIRT 5 2 0NC, 3.4 IR L72HIBIHIEICHRE > TATIERHT
% RB ~&§t3 5, 7272 L iR EEEO ATy H 50T,
RW LA v Ty 7 ZAPMRFEI N TV BEETD RBICDWT BEERRSBZLEDNE S
DO¥F TN, BETHIEEERT D, e BT 7 —F LIRS $3d %
Trares trap i IC L > TV AT L a— AR > 7858 IiE, RWIKA v Ty
7 ZDRFHFEINTVWBELETORB v U OEEEFIBUID . ZZhox v
b U OARAEER [EERATRE ] ICEX B,

4.2.3 18/)F

B F T ¥ 53%i7(leaf BEOEEE 3 %0T) TH Y L 552 27 v F 53%g0
TH 5 jmpl i FIC K > TEEBIFUHE L2 T35 & RB ~DOBEEIISE T 5%,
%3\ RBOdRAER TR | 0 RS | IKEZ b0 IRIC, BEAETT L
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RBZV YV DAYF v 7 2% RW BblEAT. COFRENTE T 5 &
Lz b Y 3ARNE 20 DIRE, FAFIFHICHW5 C L3 T 5,
4.2.4 BARAXHNTI VNI EEHMZTILITY) XL

RB3b LLIZRFICZ Y} Y ZEILTWL &, WL RF £ RB (Z—HRIC /K
5o XILICRET B0, BEFOT v ) % BWHTHERE U 5o ARHi
Tl FHRIEECET 2B &z TA Y XAICDOWTiIEN 5,

ETHORF vV IKIELRU A7 v 2536 nwTwb, LRU 27 v Z DA
EZ0THY, ZDORF = v+ UMRFFFTHBDORBOE Y M ICXoTA v
7Y AV END, Fiey RZCEED LLBEHLAZRB Y Y DRXT v
THIRF LT, by MoOZnwz v b USCETE LR T v THOE
Wy Y BERTHSE EEZ, LRU AV v 2 EXT 9 T HOMBER PN S D
L TEWE T LAl LEOLL By F LTWAVERREAKD e Y b
T B AJREMEAMER N L HET L RF ~OZE 23— ERE (RFPURGETIME) (C32
T3ELRUAY Y Z2% 27 Y TT 5,

[FRRIC, 2R TORB TV FYICH LRU AV v 253D 5, LRU 7 v ZDF)
WEZ 0 THY . RBZ vV Dy F BLUERICE>TA Y27y AV &
b, by MEDZnwz oy Y FEHRATHS EE 2, LRU 1Y v X DED K
N D DRI L TEWHT . L2xL RF 05 & FIRROYW- 6 | [Fl—EE
T»% RB v+ Y OS2 EBE (RBPURGETIME) ICG# 3 % & LRU 7
VAN &/ N e R

F5E

51 N—FJ 7 EBRDORE

5 LU EEEGR A LT — 2 & RB ONA & DRI CAM v 3
CERBEL, "—F V7 2 THRZX 50 X5 IKREL 2o FEHIE LK S &
¥ 2 BB IR ATRE D & 5 2:0¥E s L U EFIHOFIEZLL To@) Tth 5,
1. BTN v A05—F3 5 RF =+ Y %,

2. FIEETETERB VY BT,

3. AR EH—2D MASK [ERERTH 5 RF OFFAHLTF L RO
T RB DfE & EECIBOH#FT9 o
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1) TRLREE  2) 5IHE 3) HAHLT—FLHE 4) LRI BLUVEREOEESHTR

RF k FAHLT FLR EETRAATFLR
u

B#H7 FLXR : : : : : :
V7FV7FV7FVZ;VZ;V7"

L LX L LX

o] ] |

PC *rwvia LOZR% Frva Frvya LYoRA PC
b b bt sena BEna Bena
| 0 (Gl
el [ sim Ba LT 4 BEnaT—4 U .
U I ) v i e e =W | W | 15| WA m I m 0 [y [& st
u VR2IV | B[V | 1B gk | 1E| sk | 8|gk | 1B|gq |18 | gk | M| gk [ |V oo |V |aony| V [¥FO] V [%F1

B4 5: FHFIHED N—F 7 = THER

4. MASK {EDSERNTH 22 COMER—B L 7HEicid, EEAHRT —2 LK
D EEEEF LU L 2 X ICHINT 5,
5. PC DEZBIE AU U7z call B L < X jmpl S DT K L RIC offset D
[ExNz7edbDEF 5,
PLEED, cNOoBWECET 2 A7 A BEE1DOLS CRE Lo TDX
S5hyIalb—2eVERL. FHZT- %o

52 NyFv—7o7077LOBE TR 2R

S I 1% Stanford-integer 3 X U8 SPEC CINT95 % gee-2.7.2(-msupersparc
O IEY v R"ANL, REZT 4y 7 ) v 7 ICE VR LR —F £V 2 —
AEFH L 720 LT TR £7 07 7 20 S X OFEI L FHRIFHOZE
COWTIER 5,
5.2.1 Stanford-integer

Stanford-integer [ZEL FO 10 FEHO YT A —F v bl b7 07 7 LTH b,
Stanford-integer DZNENDH T N—F v —DD7 7 7L EL T2 A
AMLELS 1007 a2 7 4k LTHIEZRTo 720 7272 L FFT & Queens IC
FFR CHUH % 24 € 20 [B] & 50 [m#ED RIAL—T"BHY | 2D E ETRIES
RICEFIHORERDNE K 57 Wi)j & bW %E 1 2075 LS er m”
TLEEFE Lo LFCENENDT 07 T L0 X ST X 1 5 A
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1 I 2L —FDE AT A—X

T—AFxyia

NE 64Kbyte
FAVHAX 64byte
vz AE 4

Fryval AXNFAT 4 20cycle

LYRZYT 4T
VAV NE 6
T AVRE T IARFALT 4 20cycle

e ATy

r—RFL AT vy 2cycle
TR 8cycle
A 7 T0cycle
CFEl NS IR - ~ 4cycle
BB NS BR A 16cycle
RS By NS R 7 19cycle
A2
RW D K& 6
5 B leycle
TRt A LT — 2 & F vy ¥ 2 D 4byte/cycle
FRUREEIALT —Z Db F vy ¥ a2 ~DEEAIN | dbyte/cycle
WY B & AH leycle
DEPRIC DT~ B

Perm FHRIVICHI EOEDO ANEZ 1T o BV LD 2 [EZ AVE X 558
KM DRI D o 2 EDGET & EA—BEHEAFFIHATFRETCH D L &
LR HFIHORRYE S 5 & TREI S,

Tower -/ ADEREZEL . 7 4 2 7 #E B LU _HT 2 BEE:
ARSI o 7 4 %7 DRE X LIMEL L5 &5 3HORME (B L
CHDBTAZ7DRKREX, FEENTVET 4 X7 D) H3—B U FEFIH
DARETH ) . THCHFIFHORER 2B S & L3 TFREX LS,
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Queen 8 DD A —riBHWBENAWEICEL 8 7 f— VRTEZ#EL .
7 A= v RBET 5085 HO¥ET HEIEAAE DITFEN S, BT R
FT AR —B I IEFFIHAAAECH b0 LA L Fx RABIFXITEKRE
K BRwDT, BRI TE R & LT REARRIIED A& TSN S,

Intmm,Mm ZIZIVEEL. FEYINIOTIFEZ TR T 5. BHREAEREHE L
W 2 KOTEANICHAA S LT WL 728, TR v & FREE M B,

Puzzle M HAEZEEOHFICG 2 6N E—ZX DD T WL NZAAZRHEL ,
T3 FCHRITEEET 2720, E— X %00 % B & N3RS b R
b, E—XOFEHL DD L5 & T 2GF RN —B I IEFHFIHLA]
HECH B M UEREIIRD RS HRIHORSKE L BINE C &3 T
HEINnd,

Quick 7 Ay 7Y —} %175, Y — BEAZHROCFERESCc itk >
THHbN D, FIULEFIEREY R LY —F $5C 2 iEAR L FRHORE
FaweFHEINS,

Tree bt—7Y—}F%175, /—F %>V —DRIGEINLTY — 3 55503
OIRUFFEN S, L L /—F 2BINT 205 ToY ) —HICy —
F ENIRBETH D | FCIRBEICF UED /7 —F %21BINFT 5 C 350 2
3 HFRHORR T AV EFEE NS,

Bubble 7Y —} %2175, BESIFUHI L 2D ICY —+ 2175 O,
FIHORN R L A\~ & FAEE L D,

FFT EiR7 — Y 2ZH1% 175 —D2 DB REN 2 Z0TdH b . FFlHD
IR AR E TSNS,

5.2.2 SPEC CINT95

SPEC CINT95 LI RO 8T ED T v 7 I bbb, ZNENDT v s T

I3k ref train,test D 3 DD bR | ref 235 b EFHHEIRE L | test 23R D F o

AR TlE Y I 2 v— a VIRFEEERED 72 DIC test FH W0

099.go HEBRT v 7 DD v 7T L, BT 2 ZEATIECREATRIE. &
B fi . MRS 2. HAa L o2 Y 2 P CEEELCTED . 20
Z ¢ OEE GEIN, HIBR, &HE 2 €—, =~— ) BB Ex G
D5, BFIHDOZDICEY 2+ DIREESS, JBI-CHIBRCTIE—E8. 2N
TRETH—HKIFT 2LEND 570, FHFIHTE 2/HEBDE L BRI
TnETREINS,
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124.m88ksin Tt r2—7 88100 vf /7 r7 rty $DLIal—%, ¥3I=a
V—2 bCEFGTET vl I LCT — ZMEER D - IGE I, Bimans
ENTETFRFONEDD b %t H T 5B &, mnFEFC T v—7 R
A v+ D¥IE%ATS B FATMAHE O L2 5D 5, RiEDOAT]
FEFHOMBDIREETH Y  HIIBFFOREF A7 AV TH B0,
FIHATRECTH b0 BEDANNRMEDOTF LATH Y . HITFFIERER
THbo Tv—0 KAV BFELLGEREEE IR L ET7 7 A v~
DHIIHFET 2 DO THFIHTE A\ FHEL Ao IS IR A]
BECH Do v I alb—ZX LCEFTT LT vl 7 AT BEGEICH
FIFHOR R EL b T e 3 FREI NS,

126.gcc GNU C 2 v A4 F7DN—Ya v 253, FENSEICKY A
23\ FIUFHND 2 v RALN TG BIGEHRDH D . FFRIHORERSE S 5
FEEIHN B C LR TFREE LS,

129.compress AEY _ETOT7 7 A LDEHEE X MHIREZITS o FRCEDOFH]
HUEDRETFME RO RS % 5D 5 o T DEEEUE 69000 ED RIBZER H —
BICHIEMET 27295, RBICRET 5 ERTES, FFIHTE v, K
CFEFTFREEBLZ D, 2—F % —DFHAATZD 2 —F 23 EOF 2
&5 »&¥IE L EOF TRONWEAN 2 ZDF 5B CH B, AT1e
A5 a—F OEITXIEEEL Ankd, CoBBuCK L Tk iHFl
O ED D 5 L bbb, ke LTHIBEDRIERTHRIND,

130.1i Lisp 4 v Z—7"Y X, MBI < 2353 FHNDFe Al & AGHIC
HD O Do LFFNDFEH ARG trap D ELES 720, FAIHTE v,
AGHIE X R U Zf 0 R LEHET 255035 0 « BFIHABFRETH 5. &
RE L TR IBEEORELEINSG T & TIN5,

132.ijpeg A€V L CoOEIGEITHEE L MHEREZ1TS o EFTOREIEEIROE:
FAbBL 2 [ 2, X7 vH 7 ) v 7 RGB b YCC ~DZE,
N7 = b BE b LY a4 v B 75 KRB Ic k- Th
BDHND, CIHDOERILS*S B 7 v %wiiR e L, BOFEEI 16 € b
THbo ZDDATNEL—EF B AIREM R . BFIFHORR E# N &
TSNS,

134.perl Perl DA ¥ 27 Y X, FEHONFHNBG 2 bIL, ZNENDILFS
DYFDNEF% T v X LILCANEZ D jumble 27 U 7+ ERE%ERD D

16



prime 27 U 7"+ #5795, malloc BB Z SRV D o malloc BEEE
D IR UFEN TG T H > T HRERITKIBER O TRRDO RIS T 5
720, SIEAFEICCHRY [EHE—FEF, FRHTEA N, 7 er 744
ROFEFIFHOMNEGEA v 27 Y 2 L CEFTE22 Y 7+ OFEICIKS
jumble “TEEACHE LOMED ANRZ pSHEICE C 523, B—LFHI25 4
ThWeD, D) FHFHORR G A EFREII S, prime TEATIIC
xt U CIEHER Ty 720 # i L Th bREO¥IE 2115 -
ANENDLFHNFETHEL &5 B2 —vTH B DIC, Froftio
O CHFIHZFEETH ) | ZDORERTFHEIN D,

147.vortex F7 ¥z 7 VEAIT—2ZXR—Z, A7 V7 VAT 0l J ALIC
BATE BRI AT V27 MET 501, [EDRPMERFET 5. Lo
THEREEORRITHIE NS,

5.3 JHIEMER
5.3.1 Stanford-integer

T3, [ XD/NE\» Stanford-integer # FHWTETHIZfT57% 0 FFT , Mm,Intmm,
Bubble,Quick, Tree IC DO WTEFREL 2180 2L ZIRB R Do Te 7D, 777 7 1%
B 720

%4, RBSIZE ¥ X (f RBPURGETIME ¢& BIBEROBIRIC O TR RB
NICEUBET&E 5+ Y$TH % RBSIZE, FLUBEEHZ TATY XL CEH
WTLRU A7 v 2% 7Y 735 T» % RBPURGETIME & Bl 0Bz
CONWTEFHI % F7 - 720 fiER#%X 6-91C/7 T RBSIZE.RBPURGETIME DAY
D8 A — &%, RFSIZE=32 MMRMAX=1024 MMWMAX=1024 & L7o 2F
fliicid FHFRIAZTD RS GBCET 29 4 7 VEuC 35, AigCE %
A7 AVBOEH N,

Stanford-integer Cl&\ RBSIZE 23 256 HIUE T AR LEH b, £/ C
DiERS>H RBPURGETIME (& RBSIZE @ 2 f5& 335 C & IC Lo BLFTH
RBPURGETIME (& RBSIZE @ 2% &%, C OfERICH~, RFPURGETIME
b RFSIZE D 2 f% ¢ L zo

RICMMRMAX, MMWMAX & BRIz % F~7zc MMRMAX & HIfER
DEAFR % 101IC, MMWMAX & HBEROBHRZ X 111~ o MMRMAX,
MMWMAX BI85 4 — %% RFSIZE=32,RBSIZE=512 & L 7z
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10 70
m
8 RESIZE 80
® B =
# g —~ 15 & 50
) e =32 D 40
" 2 — g4 £ ‘—‘———A‘“‘_\
=0 =30 -
(Y\ - M\—-‘_ﬂ —e— 128 {\;
/-,—/—"——4_\}—_.‘
. 20
& 256 £ —
— Y,
& 10— e
5 ‘ ‘ ‘ . ‘ ‘ . o ‘ . ‘ . ‘ ‘
16 82 64 128 9256 512 1024 2048 1§ 82 64 128 256 512 1024 2048
REPURGETIME RBPLRGETIME
v . Y .
6: Perm 7: Puzzle
2 B0
o RBSIZE 0 RESIZE
= — 18 = —~16
# g B a0 B —
5 32 5 —— 32
' 64 a0 o 64
2, el 128 T4 —128
g - —— 256 ;_: —L
5 10
” ‘ o ‘ . ‘ . ‘ ‘
16 82 64 128 9256 512 1024 2048 1§ 82 64 128 256 512 1024 2048
REPURGETIME RBPLRGETIME
8: Q 9: T
. ueens : OwWers
—+— Perm —=— Pizzle —&— Qlueen —— Tower —+—Perm —=— Pizzle —— Qlusen —— Tower
80O 00
700 0.0
600 500
3 3 -
& 400 =
= Z w00
S 200 S 200
100 o
o 0 0 w0 00 000 0 0 © 0 50 100 150 200 250 300 30 &«
-100 -100

WMRIVAX

10: MMRMAX & B 0B

MMATMAX

11: MMWMAX & BiligEEoBR

Stanford-integer ICE\WT X MMRMAX (& 150 (& & HIUE T AZIRL:D % o
F 7o« MMWMAX (& Puzzle DINTIE 50 12 EHIET5rTH %53, Puzzle B
BB TR HT 72DICiE 1000~2000 (X & B L D T &5
Do Tzo
5.3.2 SPEC CINT95

fE\T SPEC CINT95 IC X 25Hli%#{T> 7o Stanford-integer Dk & A &
%~ RFSIZE=32,RBSIZE=256 & L7%zo MMRMAX & MMWMAX #%1L< L
TR X R DOHIEER & ORIFR% B 121C7R T (L Stanford-integer D5
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250
Tt It 2 Pl
. 200 2.
= MR
Et 15.0 B4
% E12a
E{ 10.0 B 256
o BE12
LA, 81024
0.0
=50
@ & & & @S\ o B & rv&
S h@# »{f?g %9&‘& A \@s? @g_\,\»@ é@@ &
\‘\» \q, \@‘Q \{9‘9
12: CINT
#2: MMRMAX BX X MMWMAX & 4 v F 7 3 X[aEoRIR
I 64 128 256 512 1024
Bl
126.gce 897076 792804 786106 780362 775004 771388
(100) (88.4) (87.6) (87.0) (86.4) (86.0)
130.1i 5512368 | 5378576 | 5284514 | 5083052 | 4757450 | 4625798
(100) (97.6) (95.9) (92.2) (86.3) (83.9)
134.perl 27383 20961 20929 20925 20923 20939
(prime) (100) (76.5) (76.4) (76.4) (76.4) (76.5)
147.vortex | 16841217 | 15391291 | 14757091 | 13967097 | 13826801 | 13829533
(100) (91.4) (87.6) (82.9) (82.1) (82.1)

[Fkk FFIFHZTO R Do GG EICET 59 4 7 VBUCHT 5, B CE 54
A I ABDETH B,

132.ijpeg THEPEIC A>TV EDERET R, £2TORvF=—7 BT
RO TV 5, FFIC 130.1i,134.perl(prime),124.m88ksim, 14 7.vortex Tl AT
20%LL EOERIEBE b BEA YDy F<—7TlE MMRMAX ¥
LU MMWMAX OfERKE < 72 5 IChE> THAHORREE L A>Tw5b,
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compress (X MMRMAX B XX MMWMAX DK% X ICHELZZIT Tnh .
CINT 4tk & LTI MMRMAX 3 XX MMWMAX Offi(% 512 (& & HAUE T4y
BENRIMG OIS T & 3o T

T, COWEDF vy v a3 ZABXEY 4 v F Y I XOEEDEFHIL 720 F v
v a2 I RCOWTEHFFARAEZT- 5E L ITb R IS IR & Rl R D>
Teo V4V E T I RACDNTORREE2ICORT o EEZOEMEIX MMRMAX ¥ X
CMMWMAX DETH Y | 71y 2 RIEEFIR% T Ao 7S OfEC 35 )
BTH 5. BB BALD D> 7 129.compare,132.ijpeg,134.perl(jumble),099.go
BIUTGEA DT 4 v F U I 2B DR D35 7 124.m88ksim ICDOWTIZEIE L 720
IRLBTDON Y F=—7 BT, MMRMAX XX MMWMAX 235470
THCRESTY 4 v F U I 2B BELIAED L TED L RAT20%HIEDY 4
YEF U IAREIN TS,

54 &R

Stanford-integer ICIH T, BRIHORRODH b7 vl I Lt hnT ar s
LOFERICKE BZEDPFE Ve TNEENENDT 0 T LDOF A XH/PNE L
BIE DNz TH B EFEZ2 bbb,

Stanford-integer DD v F~<— 7 ICHET, Puzzle TR S
7z DICHE R MMRMAX DIEZHIHICKE VW THUE Puzzle IKEZELDTE
L 22 OFECEGAH L 25 BIRFE L « ZNENDOBEM SRR A>T
F L 2DEZGAETHOTH S, DX S ABEETE, RBSIZE # K& L
7zELThHs RF CEEFHTE S TF LREUCERD 235 % 7201, FFIFHORE
FEAL AV,

SPEC CINT95 ICBWT, MMRMAX XU MMWMAX Ofix K& L
&5 L AFIHOMEDE LT 25505 50 CHUIBETE 5 EETEAH L
BLUEEALORDIENNT 5 € & 1> T RB ICEET & 2B 0B 2
57D, ZibDEEE LU EELREH OB 2 2 DL FHFIH
TE BEHOBBHEINL T hAWEDTH S, CDT &b, MMRMAX F X
UCMMWMAX DEEHE ) KREL LT ERVWTRIVEEZZ LIV, 129.com-
press Tlks MMRMAX ¥ X T MMWMAX DfE#ZE X 4T b HFIHORRIC
ZbF U T, CHEEE RSP 7 < s MMRMAX XX MMWMAX
DI THEERCT & 2B Z D L EZ biLb,
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Bl2icR L2 L5 Ic, HFRFHIC X > TY 4 v F 7 3 23T 2 ~vF<—
7 3T 20%RTHBOBLE HAETED  HFRFHCY 1 v F 7 I X% O TR
BHDLLENS CENEZL D0 £y VAV VI ZABKNBCEHDLTnERY
F~—2 3%tk LTOBRFIHOME D EL o T & \» 5 HHEIREMR2 R &
Nd, chiextl, BRIHREF vy &2 3 RICKREARELY KIEX R\

PLEoRER LY | BB OMEHFIFEGEY v 7 5 LoETEE#ETE 5 &
S250 L, 70l 74CE>THIREELEHBTHY | ELIAERR
Boid L EE i, ORI EES f v 27 Y Z2s I aL—2 kY
DT ey I Lo, HICRIMOEET LA Y27 MEAZ S T LICDONWT
FFEFIFHOREDRE DS ATHED AR X — v BT H B BRI | HRiTss
F—ZN 2L . AJMEDSHEZ AL T BT —oh DT 07 J LATHH
FIFHOSIRFIEL o TWd, TbDT vl I LkE# T30k, A
TIE% THIL TR A BAEIICET L. ZORER% RB I[CHTD > TR L T
S\ BREDFERZHAAEDLETWILERD B EEZ IS,

B6E bIh'I(C

AERX Tl SPARC T—F7 7 F v ICB T, BIEE BT & 3 2 EFHFIH
FHEHAMS A LICFEHT 5 —F U = THEEORE S LUFHTE %175 2o EFF
FIH%ZfT9 Cc L Ick b, 4 7 A BT L T Stanford-integer TEHENT63.3%-
SPEC CINT TRRAT 27.6% DR LS AIRECH 5 C L 3L ANC R o 7o %
7oy FRIHIC X 5 TRAT 20%E DY 4 Y F 7 I ZZ@BOED L WS T &,
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