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Function Level Precomputation on SPARC
Architecture
Shingo Masanishi
Abstract

Recently, most commercial microprocessors depend on Instruction Level
Parallelism(ILP) to improve the performance . But, control dependences and
data dependences are major hurdles to exploit the amount of ILP. The tech-
nique for removing the former barrier has already been researched in many
cases, though the flow constraints have so far been considered to be the seri-
ous bottlenecks to gain ILP. However, recently, the speculative execution with
value prediction and value reuse attract attentions as the technique for remov-
ing the bottlenecks. The speculative execution with value prediction is the new
technique to overcome flow constraints by predicting the input value of the
instructions. Although the major value prediction focus on instruction-level
prediction, some researches which apply multi value predictions simultaneously
with multi processors are also beginning to be reported. The main problems
is that many speculative executions are needed, if the many dependences are
exist between many instructions. Moreover, the penalties occured by the wrong
speculative execution are too large.

On the other hand, in the case of value reuse technique, input data and
output data are registered into the reuse buffer. If the same input data has
been found in the reuse buffer when performing the same calculation again, the
calculation can squashed. As main features, it is mentioned that the number of
dependences during instructions doesn’t affect the complexity of a mechanism,
that the hardware cost is determined only by the amount of input data and
output data, and that the number of reusable instructions are not restricted.
However, because it reuses only the previos result, when input data changes
sequentially, it is completely ineffective. Also, if the mechanism is implemented
only by the hardware, the effectiveness will be smll because it is difficult to
detect basic blocks instead of a single instruction. Recent researches reported
some implementations based on special proposal instructions and support by

the compiler. However the problem that the existing load module can not be



v

reused exists.

Considering these situations, this paper proposes a new reuse technique
which doesn’t need an special proposal instructions utlizing SPARC ABI and
can improve the speed against the case that input data changes seaquentially, by
parallel precomputation. As informations required to reuse, input data which
are arguments and memory read data and output data which are memory write
data and return values are registered into the reuse buffer. Moreover, to perform
parallel precomputation, the additional processors which pre-executes functions
and register to the reuse buffer was prepared. A function is selected from the
functions registered in the reuse buffer, and precomputation is executed with
predicted argument by Stride-based prediction. The functions are classified into
four according to the characteristics and the timing of precomputations and the
replacement algorithm of reuse buffer are controlled according to each function.

Considering instruction latency, cache miss penalty, windows miss penalty
and reuse latency, I developed a cycle simulator and evaluated the precompu-
tation mechnism with some benchmark programs.

On the Stanford-integer, about a maximum of 80% of the number of instruc-
tions executions was reduced for the program which is not reusable at all when
precomputation is not performed. However, on the SPEC FP95, the effect of
precomputation is small. The improvement in the speed by precomputation was
at the maximum as 2%. It is because that there are few functions in which the
arguments change sequentially in SPEC FP95. Moreover, in Puzzle and Tow-
ers, precomputation gains smaller effect than normal reuse. It is because the
entry which should originally be reusable was eliminated by precomputation.
Moreover, as for the overhead of reuse, comparison of RB with cache occupied
many percentages.

These are future works whether methods other than Stride-based prediction
can reduce more cycles or not, and how to stop precomputation in the case of
program which gains larger performance under normal reuse than precomputa-

tion, and how to construct high-speed RB in order to accelerate comparison of

RB with cache.
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RB O & DHEGIC CAM %{FHT 2888 & Lo 3. (1)RF OB TF L
2B LUTRY = v+ ) ZFET %0 it T, (2) 5IBHBET—HT 5 RBOD
TV Y RREET S, 2L T (3)RF Dread TF L XA%ZEHAICHY HHL \ (4)
X% RB D read 77— X E BT %0 &2 T8 T 5=+ U BHEAETHIUE.
(5))RB O write 7 — X 35 X U8 (6))RB OiK b % LFtlEE L L VX 2 IcEX
Ao FRIHTE 2D IWE A7 — 23 X U0HII7 — 2 # BFIFHZEICRET
LEDRD B0 ATIT — Z1E BIERIBZER. S OICERA v 2 %N LIk
NESBDRIERTH 50 & 7o\ BUEFEITH OB D EETZER & Ao
JRFTEER L KB F B 71T, %sp ZHEXT 2 LERD 5, FAUESHET — X
s ZMT7F L X% RF D read TF LA~ {E% RB D read T — Z ~&§37
5o COEE,[FILTEF LAD write TF LA E ldread TF L RICEERI L
T\ b FirclOSsRs 5 BEA . —77 K7 — 23, &RV EE 723K
BEHTH 5, FECESMT — 213, BT F L A% RF O write 7F L A~
lE% RB D write 7 — Z~&54 5, CHOEE,[FILTF L XA write TF L X
IS T Wb write 7 — X ZHEHT 5,

¥\ RBER IR OICHRA v 2% Uie HVBBRO Rk il U
B\ BRPICSIRT 2 Dlk, RB @ write 7 — 2 TH %o £ CTiHAADRD 5T
5 RB D read 77— 2 2B T 50 X LICE T THHBADRD > T
F v v avBET 5,



T, X341, BIEERTE T2 /T SSP I&\ MSP & [HIiC RW, 15
et LYK, Fyy o, v—hnA®Y #HEOM, EECE. RF. RBZ4
Faty b CHETE, RiE, LY EDLLDOFHA LB LU RB ~DEE%
95 R1iE, FRHARCEEEDOTF LA bimr T HEE, Fvy v adh
LTS RB 220t 3T & R /RT o JolC write 7 — 2 2R L |, T
X read 7 — 2 > bEtAH o R2 &, FFIHECKRESEDO T F L 25 biiAsH
FTHEEES F vy v ahbithH L RB~EEEFTS CEEFET Wik, vy
AZBIUEF vy v a~DEEAR, BLUERB ~OERTY NI

SSP (& RF ICEFHINTWE T Y 2 b, FHRIFETTHEI8% 1 DR
L. X% RB 2205 [$% FHIT % C & IC X > THATEFT AT 5, SSP
2BER A IR U 518 THIL CBER A 5547375 & & PR AT 5 72
DDALy 7 HBBE L T2 %Bo MSP D57 b HaclhIC X Z v 7 Sl Z R T

MSP
PRI SSP
RW RF/RB I RW
\ L N, A=}
ik A
\% R R RB~Z4% RB~Z$% R
| W RE~E5} RB~Z52 W R iW
i T '
. & o | THG I . w
Y I wier—d________| LYRA
wiite>— /read7 — % R1 R2
R1 Iread7 — X
read 7 — % R2 R2
R R2 read7—# read7 — %
W write 7 — X R2
w write 7 — X W
o v
\ read7 — % \ 72— AL
LA o= e Frova || Yey
W R2 R2
A f v
FadlE

X 3.4: BEEEZERTESTHRE
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% 573, SSP i, FFtE~EFAATRALARWDT, TOR Xy 7%
R bda—hriel B5BETH L, FRIEIIRIVE IBUTL Y2 X 1C
AN S AL BERRIS Bt v — A v 2= U HICHERR L 72 2 X v 7 SEIBICKSAN S
%o HNBBBOBIER*ZRT 2553, vn—v A€ 22T 5, KK
ZR w i TS L. MSP & [FIEEIC write 7 — X read T — %, F ¥y v ad
IHTH 2%, 7\ SSP FEFEAEZEETAA TR A LR WOT, KIBZEHZ write
F—R L HRoTWAEAIIE, FECEICITEZIALE T, RB D write 7 — XD
HICEEALFELTS o XD EIX EHE RB O E~BEE T L X v BIFD
EKITHHET T % &\ MSP & [FEIRRICESH D RB ZAZNC L, RW 2big4= v
Y ZHBRL . BTL BB OETRBE T %0 7L, =R AEY DA
W EBRRD Y . Z Xy 79 4 B3 2D FREBZ H5E X, 7245
)5,

3.3 BHIE{TFIE
3.3.1 RBIBGER

rf Iru ZFIHF 50 SSP [\ RF ICEFRI LT 2B OH 2 b—D% 3R L
T FHAFHTEITS o HATETL TRDEWRIRIME OIS D, EEHOE 03
Ziey VEBDBENDDTH B EEZ D, F e BEEETICH FERET
Wnd 20T, EDOREEHCr v VEEZERIT 2005 E L\,
3.3.2 5|%FHl

FERIN BT B % FHIF 5 1CE RF @ value_history & pred_dist %
3%, value_history (X BIEC & ICEITH L 7%z RB @ index % 4 {E{RFF
L TW\w5%, value history[0] D EATHFH L 72 RB @ index & LT, 2 HZHIE
value_history[1], 3 % H (& value_history[2],4 ¥ H & value_history[3] & T 5, &%
D5 FUCH LT K3.5D K5 AT HIBEREZ1T5 o value history[i](0 < ¢ < 3) 23
83 RB D5 |BUE% history; & 350 Base = historyg Stride = historyy —
history, & U CTHIE = Base+ Stride x pred_dist &3 % Stride-based FHIT®»
5o Tz X3.504AMI257R3 X 5 I history, — historys = history, — history,
DAL Stride = history, — historys &£ 350 SSP (322 % 353X Base
2 OEENTAED THIE %0 L L, BHUEE fEZ THIL T | kAT v b
Y 23 RBICER I N5 T DT IR 5 LEA D %o pred dist (3 FHIL
TNEDESLEEHRT HY v 2 THY , ZOHEFHIL 2 < pred_dist < 7 vty 4
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history2-history3=historyLhitory272 bif,

stride=history0-history1 £ 725, stride=history2-history3 & 724,
history1
history0! - history2
history0| ’
Base
history1] history3| /
Iru_index[1] Iru_index[0] Iru_index[3] Iru_index[2] Iru_index[1] Iru_index[0]
IEEET (24 A

£43.5: 5 HH

Hx2Thb,

3.3.3 IvhYDANEZ

FFRFOZ Y Y DAMBZICONWTIER S, ZL DmiSE SR ATN
LEEBUT RO S E W E B2 60 T2y By PEBEFHDZ T v+
U DRIRDBE N EE X Do Ko T value_history[0] 2MET = v + ) OFEfTMS
Bxrfirui/MNCT 2y Y REIRTHCEIC Lk, HIFRTHv VU IC
535 RBOZ v U Tyl nbd,

VT RB DAL DEFICONTIHR S o BIUZRD 4 FEEHICHSET
¥5 LTINS,
F1TEEK T A ZHFHICE L L . MSP 20 OFFIFEC 4 < R0

W23, SSPIC X B EidEsA[RE L E 2 biLd D Do
B2 7 A—Z2DZEHVNE L, MSP 2T OFEFIHTHRIRED 5

D3y SSP TX LA 5@ bR AlREL E 2 bitd b Do
B 3EEK MSP ZTOFEFIHTINRLED S LE2 bILD DD,
B 4TBEK T A —ZOZEHBAHAIT, MSP 7200 T4 SRR 23

SSP TH L ZIRIHN EEZ HILE DD,
AN Z HiEE LT, tbdru ZFIHT %0 rblru /PN ATV Y 2HEE
T 5575 (LIFLRU) & rhlru ®iRDKE AT Y+ Y 501HE (BUF FIFO)
b h1EnEZ o oy MSP TEER I/ v+ J % m_entry, SSP TR
ANz Y% s entry & T 5,

12



LRU &\ 0 IRLEFIHS = v+ U BEL . FFIHE T v b
U 22biHET 20T, FHCHE 3 ERIICEH E L WHIETH 5, L, KD
BIOBZEICHE L < R\o
for (i =1; i <= 100; i++ )
for ( j = 1; j <= 100; j++ )

function(i,j~ &alil[j]);

BEEL function (X 25 1 FERAEICTH %5 s_entry TH D 2>D MSP CHFIHEI N2
Ty, T EREFIHI NS C & 3N b Iru (X1 DEFTH 5,
L TAHB, s_entry TH Y 2>D MSP THFHEILTWwAWZ v+ Y &, rblru
F0TH5%0 LRU ICfE> TAIUMAZ %775 &\ THELEFFHE AW v}
Y BABSNCEE T s_entry TH D 2»D MSP THAHI NG EZF Dz~
MY & AT ARTNICHELTLE 90 —/), FIFO BREH L W FIFHL T
BTy Y EREL RIZLFIH LT b Y 2biHET 5, 5 1 FEEIRUC
FHELWHETH 05, YK LHEFHI NS = Y OHEELTLES
Ted | B 3 EEEIC I E LS AWk TH %,

£ ->T. LRU & FIFO 2 HICELETYIY 12 52IC L e, Hilk L7BRIC
SSP [Z LRU & OFIWESTE A7, LRU IChE> T 285513 SSP (€ & 258k
o I Lo T Bl XT A =% L LT, fmsp,fssp XTEFKT Do
fmsp (X« rblru > 1 O m_entry AMEAETIUL 1 FAEEL ATIUL 0 & LT, fssp
. rblru > 1 D sentry BAAAETIUE 1L FAELATIUE 0 & T 5. fmsp=1
ROEL MSP IC K> TSRS AT v b Y 3R &b 1 BEFEFIshTEs
D fmsp=07%AbIE, MSP ICX>TERI N+ Y BELHFIHINT
W \ng

fmsp = 0 25D fssp = 0 DA B 4 FERAR ¥ 350 fmsp = 0 2D
fssp =1 OEEIE. B 1 FEEEE L ¥ I35, LoT. AFUZ I FIFO & L
TSSP 2#B(#) 550 fmsp =1 25D fssp = 0 DAL 55 3 FEEIE & FIkr5
o £o Ty AMUMAZIZLRU & LTSSP IC X 2B Th AR\ fmsp =12
D fssp =1 O F2 MR LM%, K oT, SSP ZRR@3 5 25, H
MIC FIFO IC X 5 APz 2175 & iRV K LHEFIHE NS 33D mentry %
BRMICHIRLTLE S0 £oTy TORMICKHILT B ®IC, RB % 2 73E]
L+ m_entry. s_entry 2T & 2588 % [X5r L 7z T m_entry {& LRU (€.
s_entry (X FIFO ICRE> TATMZ 2175 o
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B4F FHHE

AREETIE, B3 ECTRE L S FEC L 2B8ESRIET AR v 3 2
L—ZICXDVEHL, RvF~—r7 0l I L% HAHEEHE#1T5 o

4.1 JOtvvyHETIL
AGROLT I HRTETIC X B EFFIFHERE 2 3BE L 2 SPARC-V8 T—F 7 7
Fxe i Ialb—FBVER Lo R I 2L —2TlH, FAIUGRTIRER Lk,
#&//;%&%ﬁ L A7 v d HAL @ SPARC64 #ZEIC L % [2]o

B FFIHEZBRHCES 29 4 7 AR 3HHT 5. BFIFHAIRED & 5 2>

FyyvahAX 64KB
TAVHAX 64Byte
vz A 4
Fryal AXNFALT 4 20 7
Register-Window 6t b
Window I AXF7 4 20 4 7 v
R—F L AT vy 29 A7
BHRELVAT v SH A
BREGE VAT v 0% A7 0
Ry NIRRE LV A 7 v > A¥ A7
HASREEy MRV A T v v 163470
SRR MRV A 7 v v 194470
RW DX 6
RFDOZv+ UH 32
RB(5IH) & v ¥R 201l I
RB(read) & F v ¥ 2 DL 1 ¥ 470
RB(write) b ¥ vy v 2 DEEAR (1 A7 1
RB(EV fB) 2»bL YR ZDEEAL |1 A7 1
SSP Due—Ahrn Ax) 64KB

E41. Ko I 21 —2DRE
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FARBICIE ATIT—23RB & —B L TV E MR T 2 08B H 5, X bIC,
HFIHINS &L B EEZ L IR XA, wiite 7T — X% F vy ¥ 2 CEEALL
3D b, Bl LT, 51526l EcEGiAH L7 — 22310 T %D (B2
LA, EECEEZE &AL T — 223 10 [HOBE A FHFIH T 55481Cid, RB oLt
BIC 16 A4 7 v, EEABMELIC10 VA 7 DD 5 LIRE L 7o

4.2 Stanford-integer (Z X % AITE
HIEXTRIC L Stanford-integer X v F~—7 % gce-2.7.2(-msupersparc -02)

CED vy ALl REZT 4w 7 ) v 7CEVER LR —F EYVa—1%

i L7co 2% L FFT & Queens ICH T, HIC[HE CALE% 20 [a] & 50 [AlfE

DIRL T aEiNr—7"1k, BFIARER S EERICE B AvwE S 1[E[E L

7zo Stanford-integer (X {RD 10 DY T L —F v b S Tn5, IF

b O E L UFRI L2 BRI Z R 5,

Bubble, FFT ZhZ#, ~T AV —L, @7 — ) 281 % 175 . BIEF
UCH L GEEGTE A7 58 1 FESZ T TH 5, Lol BRI s
2Ty THERENS WD, ) EdbInane 7SS,

Intmm, Mm ZhZi, B, FHy NOTIIRBORFE 2175 o IAAL—7
DSESEEL 40 OFEMI%Z KD 555 1 FRERZ U HE L T B 720, MSP 7210
TEHHFHORGED e L L FRIEFTICE > TKRE L EddkT
X5 LTINS,

Perm Pi5l EOMEZFHRIICANILZ 5o 2 [ER ATUZ 5 720 D5 3 8
e UM HIE T WS, MSP 20T BEFIHOREEME b 5 &
TIN5,

Puzzle 5 x5 x5 O JHAZER % 4 O ¥ — X &> THDIAT, 1x2 x4
DE—=Z 13, 1 x1x3DE—Z3EH, 1 x2x2DE—Z 1, 2x2x2
DE—2 1 fAZFEHEHES o 3 E—X%#HDIAD 5 LT HFIMRZENT
V55 E S IR BB AU T, BT il € — 2 & HDA T BESL
EIEHL , BT iud € —2 20 N3 B8 Mo 3 BLED
BWER ST R THLE 2 2 CIRED IR T Ciu b ORI EE . &5 3 FEEEL
EEZ b, MSP 20 Td o amEndibsifi s s,

Queens 8 x 8 DEMHIC, 8 DD/ f — v EEBBHWCHEINAWIEICEL 8
7 A—VRTEEELS o 7 A — VBB TE 2008 5 » a3 5 B0 R
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DKL A NG o BIB T & AWNERS T8 L AT WEFEFIFHTE
B\ LT b, COBEE 4 UG EZ biLd. 515
FHFNCEAL T 525 BRIFETDO 2D ICEEHAATE read T — Z 53, MSP
IC & > THAF I N BFHCRZIEE N TS 20, ERTFETORRIZ/NE
WETFEINDG, o, ARIOEREIARE NS Wizd, BFRIHI A
FohweEFREINS,

Quick 5000 fHDBEICKH L T2 Ay 7Y —+ %175 Y — T BEEEERRD
WUPFFUCHT 23, FICEGIE Y —+ F5 2 L 3o, MSP 20 Tl
FIHC&E RneEEZEZXbND ey ATIT—ZOZAEARNHAICH 5720,
HHIRTORMRI NI N EEZ bILD, Lo Ty T OB 4 FERI% &
EZz ol FRHZADE) TEARWE FEIND,

Towers 18fADT 4 X7 ICK B ADERTEZHEL o T AR 7 %FFD HIT 5
B X B ICELE T 2B A /0 IR LA 3. BEL X5 L3587 4
27 OKE S BLCBORES—HITNWEHFFETE 5, 7 4 X7 OB
DT Enb, TIH OBIBUILE 3 FERER & & 2 b, MSP 2 Th 1
i bR T & %,

Trees 5000 fADEEICK LT 1EFTOEREHA L T OEERKEVER T
5o TN HIHIFHOER, ¢ L T5 L&, ZOLEFDIARNOER T4
Tz LYV KREL, ZOLHDIARNOERIZET 2 LD /DT v ns &Ex
7z 3o AT 25T % ST B % FIRIVICPF U F RodRagss T —
BTN HFIHI IS, 1ETOIHICFEAL TW 5728, MSP 20Tk
HFHCTEAVWEEZEZ OIS, T, ROKEER D 2FEE FHIFIREL B X
OiILs T b, TORBBUTE 1 R & & x biv, SSP ToOmEmRIEs
FFEiLbd,

4.1C, HFRIHZEHL 2 WBE0RFETR T v 7HICKHT 5 27 v 7 HH|

IR Z M IcE S, MEECiZ. RF1 = U HAD O RB = v + U BEET

MSPl B% 5 EGT vty 3% 2, 4, 8B L LTHIEL o %3 RF ICEER

AJAEZ: read /write 7 F L A&Ax DT b YL 4096 & L7co 77 L Bubble,

FFT. Queens, Quick (X @Y X7 v 7HNERIZ/PNE < ATDH 10%AK

THBEEDOEML 720 Intmm~ Mm-< Trees [ 7 2w 38 1 BT D

BTRIEEAEFFHINLTWAWE, 7 vty P Z 5 ICONTRIERS

KELAD  BERERARI20~T5% £ > T\nwbo THIE, FAEE D FEFIET
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Intmm Mm

100 100
Ty =1 —— Ty o1
7 u-&y‘}%:? e f'u-t:-y*igzz e
Tat s HHfi=4 - TatoF =4 %
7wuty =8 8 TRty H =8 8
80 80
% 60 g 60
3 =
< R~
N a
< 40 T 40
£ £
20 20
0 0
32 64 128 256 512 32 64 128 256 512
RBSIZE RBSIZE
Perm Puzzl
100 . 100
Tty -1 —— Faty Ha=1 ——
7‘!1{"7"?‘%:2 e iutyvgzg e
Taty =4 % Taty =4 %
TRty ¥ =8 & TatyHi=8 8
80 80
—
g 60 E 60
= =
2 =
N AN
~ 40 x40
EN +
20 o 20
0 0
32 64 128 256 512 32 64 128 256 512
RBSIZE RBSIZE
Towers T
100 . 100
Tty V=1 —— Tat s =1 ——
TRty H =2 -x- TRy =2
LTS Ty 7Rty =4
TRty ¥E=8 8 TRty HH=8
80 80
g 60 e E 60
= =
2 =
N N
~ 40 x40
EN +
20 20
0 0
32 64 128 256 512 32 64 128 256 512
RBSIZE RBSIZE

4.1: Stanford IC T BEFT R T v 7 BIEER

BEToOF 1 EERICE 2D TH B, 7. Puzzle 3 LUK Towers (L, MSP
2T OLHBEMEREIRE < 7 rty FHBDEEHBEIERIEIRE <, —E8
Towers Tldy RB ¥ + U 522256 250 512 ([CHEZ 72 1C b B & FHINEER 2508
PLTn5,

120, 7'ty =8, RB =¥ I Y $=256 DRERICE T, FHFIHZ
NI BHE ANT-OHRE C & (L1~L6) IKH%EL « FFI%EH L A WHE o
BETRAT v T HOOMBFETRAT v TR IR 7 7 ¢, HFIH 1
BB 7 0 OBFATEBR B3 7 7 CE LD DTH b, A, Linkid
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steps

500 100

g0

400

g0

300

40

200

20

100

o EEgggggﬁﬁggmmmmmm
fEEFi s v ig s b ELEE
a L =5 - 5 % & & 8B GO0 &5 &5 - F F = F &
e T < N VR N N
- | — T O i} pll i
il - _IEIS 709

teps/call —— stepst%) |

4.2: Stanford ICBIF RS L OFEFHR T v 7B L UFE TR T v 7H
ERS
2% L2-Puzzle DI THIIEUL 2068.4 TH %0 TRE 4 LILLEOBHO R T
7 HIHREIZIZ 0 TH D7, RE 3 T TCORBEZERC I NE L WL &,
27y 7 HIEER 5% DL LICRRE L 725G Th . 27 v 7 #1200 BLEOBIEIZSHE
FICHFIHEI N TS T & 23585,
4.31% B 4.2 L [FRRICHHFIFH S BB AN FoTRE & L ICHHL .
FIFH 1 B 72 0 O ATV E % ET o args (3518 mmrs (& read 7 — Z
mmws (& write 7 — & retvs (JIR V) HEZ*FE T AE. Lin%iflz % L2-Puzzle
I mmrs=226. mmws=1. retvs=1 TH 5, 5| BUIIT LA E2MEHLITTH B C
& A7y THIBER 5%LL FICRRE L 7255 Th \ read TF L X /write TF L
2 44/8 LITTH B C & AHTHREIARBI30 LITTH 5 C L23593D%0
ST, FHROT vty HEREEEHE T 5 ik, BFIARHCET 54—~ —
~y N #EBETILERD S, 44E, E4ITRLEF—N—~y F ZITIC
L7t A 7 L OWER%E 7R T 6 exec [ZAH AT v 78 ZDMIE. cache IX
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50

40

30
Hratvs

B rrirmwes
B mmrs
O args

20

o mm n E n
o £ = £ £ L o = i ° o o o a
£ E £ = 5§ 5 % % f £ oz § 95 § § 8 8 § 8
Z ! = - & L z g E ] i 3 3 - [ - u = -
. 5 T ha T & : : 3 T T i 2 I | | 1 | L
- b B = | T ha b L il\l ha | a 3 k| 3
]} |

4.3: Stanford ICBF BRI T & D AHTIE

Fryval X, window ALY RAXY 4 F U I X, test [ RB(read 7 — X ) —
F vy 2 R, write (X RB(write 77— %) > F v v 2 B EALDZ 2 D F —
N~y N &RT ZEflos7 7 7 dFFIHZERA L 2 WG AHIdER L
T D& 2 DWNERZ /R T Towers Tl LY RAAT 4 Y F 7 I ZADF—N—
~v F ZFFIHC L > THBE N TS, T FBFIHCE 2 A==~y ¥
DRFEERB —F vy v 2 OHBAED TS,

4.3 SPEC FP95 (L %%

Stanford X F=—7 X BHEDH. RB = v b UL 256 FEA5@EUITH
5EExTco Tl 7 rty PRI 4 BDIEERIETOMRI MR TE B C
LD oTco SPEC FP95 TIRRIA TR 2 & TREINEA, v Ial—v =
VIRfEI % FIET 5 723D RF ICREKFIRE read /write TR L AZx DT v + Y
(31024, RB =¥ b UH=256\ 7' 2ty =1 BLU4 & L HEZT> 70
101.tomcatv X7 F ML Ay 2K 2IRIED Ay o 2 BIEFICE 5

B THR T %
102.swim ZE0IC & % ook if. 1024x1024 T4 o
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B write
N test

B window
E cache
Bexec

Intmm Mm Puzzle

4.4: Stanford IC 3BT 5FLTH A 7 VEDONER

103.su2cor Ev 7 Ak, R FOEEY QCD #FIHL TRKD 5,

104.hydro2d F+V 4 x « X} —7 25 #FTY = + OfEZ kD F
T AL e X+ —7 ZGEAEFIHL L

107.mgrid  3KITLET v & v A 3IKIGERT v v v MFEDO=AF 7 Y o F
B X B3Rf#

110.applu B FEHHE O IR HEEX DK

125.turb3d ELFDET Vo SLHARHOE FEELFOET A% 1IROGF F T
ZFIHL T o

145.fpppp Gaussian ¥ J — X0k EH L B FLFEEOR vy F~—7,
Gaussian92 @ Link702 @O 2 EFE0 OEEIMZ KD 5 —F v,

146.waves ~7 RV =z AR, FBHHCOMBIF-OEEO L I 21—
I Vo

4.5 FFIFZEH LA WS & L a0 mBFETA T v 7" OFIEER

T o oY 7 737 vty HH=1. GET 2ty 3 =4 OG5%

F T Stanford & FFEAY | 7 vty H =1 DG & 4 ODGEOHIEEROZE D

INELIRTH 3URMCTH oo LUT 4.6+ 4.7\ 48T RT ~rE Y
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%
25

20

0
101 tomocaty 102 swim 103.sulcar 104 hydroZd 107 mgrid 11 0applu 125 turk3d 145 fpppn 146 wave

B2 7 JElRE)

X 4.5: SPEC FP95 IC BT 3FEfTZ T v 7 HiljEE

steps
2000

1500

1000

200

. .

L2
L3
L4
L5
LG
L2
L3
L1 —suZcor
L2
L3
L4
LS
LG
L2
L3
L4
L5
LG
L2
L3

-
o
=)
=
T
|

L1 —tomcaty
L1 —swim

L1 —applu

Lt —turk3d

,_,.

o
=
o
[
w
2
o

=
=
=

X 4.6: SPEC FP95 IC BT BEXC E0FFIHZR T v 7B L UFEHFZT v 7
Bl
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200

150
B retvs
100 B mmws
B mmrs
Oargs
50
o e B E.-:EE . -.E.E.g. e,
2 -gﬁﬂéﬁﬂjﬁﬁaﬁﬂjﬂﬁgﬁﬁjﬁﬁé
£ P g F ¥
o .I_ w s ] i
? g 1 T a -
| - hai

S 4.7: SPEC FP95 IC BT 2EX T & D AHTIH

0g

08

07

06

a5
101 tome 102 5wim 103.5u2cor 104.hydroed 107 merid

110:applu 125 turb3d 145.foppp 146 wave’5

4 4.8: SPEC FP95 I B\F 2FEfTH A 7 LB DONER
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PH=14 DEEH RS, M4.TCH T, %z T3 L1/L3-turb3d i&,
2545/40130 TH %, Standord & 1ZHEAD | BRE 4 LLEOBIROHIEER b K&
REEEEDOTHE T L3005, 41BN T, Hinkz T\ns L1/13-
turb3d (X mmrs=282/90, mmws=243/210+ retvs=2/2 TH 5%, £ [} 4.8
F A==~ N 2N 7EHETH %o Stanford & HHLT 5 & | test DENEA
INES L BoTWnB T L, cache DEIEHBRKEL BA->TWB T 3905,

4.4 EX

Puzzle 3 X8 Towers D X 5T, 7 vty HEHBEZ B IO A 7 AVEBHI
BB DB, Chid, B3RO vy VD LT LICK B, C
D 3 FEBASUL s _entry D FHFIFHE 5 72 03R-> CTHS 2 MRS L FkrE B0 D
U+ 27 3 PR & ¥ L T aud MSP & TO RB v b Y ICRSRTE 525,
2 2 TEEERL & HIMT L 72 729 RB I& m_entry« s_entry 23:#HC & 2 &iFicEy+°
D53 biILb o meentry (X LRUS s_entry (X FIFO ICRE-> TAIUEZ o s_entry
X0 b, ZRIC X > THIRE Lz m_entry D3RR 2 G125 72 T & B3
FINCTH 5, £/ B3R L=+ U 20 IR LUHFIFET %, ##D X
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