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Improvements for Auto-Memoization Processor
by Considering Instruction Region Characteristics
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We have proposed an auto-memoization processor based on computation
reuse, and merged it with speculative multithreading based on value predic-
tion into a parallel early computation. Instruction regions, such as functions
and loops, will be applied computation reuse, and different regions will have
different characteristics. This paper proposes a way of saving the wasted entry
sets by predicting whether an instruction region is reusable or not from its be-
havior. This paper also proposes a way of limiting the number of usable entries
for an instruction region by considering its usage. The result of the experiment
with SPEC CPU95 suite benchmarks shows that the first method improves the

maximum speedup from 40.5% to 41.6%, and the average speedup from 9.6% to
13.7%, and the second improves the maximum speedup to 41.8%, the average
to 11.9%.
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Fig.2 Structure of a parallel early computation.
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Table 1 Simulation Parameters

D1 Cache #ix 32KBytes
FAVHAR 32Bytes
ETE 4ways
LATry 2cycles
Cache T AXF)ILT 4 10cycles
4 D2 Cache #itt 2MBytes
FAVHAR 32Bytes
VERE 4ways
LATvy 10cycles
Cache T AXF)ILT 4 100cycles
Register Window #{ 4sets
Window I AXFILT 4 20cycles/set
RB ¥4 X 32bytes x 4K {7 (32KBytes)
LY 2% & CAM 9cycles/32bytes
€Y & CAM 10cycles/32bytes

CAM = LY A% or A€V lcycle/32bytes

CAM (¥, V3 AT 727/ avikd R8A20410BGY 28 #IcL, 7ukyFornuy 7 [k
HH CAM 7 a vy 7 ]I 10 5 ERE L TRERA — 3~y FZEEL > T35,
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—J, 101.tomcatv, 102.swim, 104.hydro2d I22WCiE, Z“KFr v 2 I A% KE
T 22 EMNTETED, 104.hydro2d I2F > TFHERE TIHLIC AR T 20% 2L _E o sz i
DLTw3, ZhE, fERTIEA— "~y F7 4 V7 Ik o TERBTIEIN Tz di,
SpC I & 2 MFIHRIFATH T b Tk o i XK L Tdh, MR DL E MLl ki
ELTW37%5(3 4.1 fiTlR7: SpC DENEIC & > THITETH™TbN, ZOHE SpC ik
23772y FIRNEES D EEZ SN,

WiRrzELDDE, AL (N) TR, fEEFETIEEETI6%, &K 40.5%DH A
7 VEDHENEIZ > 7 DI L, (PS) T 13.7%, wK 41.6%D Y A 7 VB D HIIRIC KY)
L 7.

5.2.2 WRPRESOFERLRBREETIV

Bk MY ERBET T E #entry ZFH L 72BRIF LD ADE TN OWT b Rl 2
To7z. M3vo, £l 2 KD 75 713kd 6 HIC
(noS) RB ity FYDEELZVEA, RB OMRETORVETIL (BMRFILETI)
(L) maXEEosity P VO LRZ2FE L LETIV
MHELEYA IV EERL TV, T4 7 VEBONRIZ 5.2.1 itz EB) TH 3,

(noS), (L) #£i 102.swim, 103.su2cor, 124.m88ksim, 147.vortex D 4 DDy F2— 71
BWT, exec ZHIHT A Z £ TETCW A, ZHUE, TNEFTHAAINE L Chisdhrot-2 v
UK L CHAABRINT 2 L) IickhokkdFEEZoNS, L LAads, 125.turbdd,
107.mgrid Tl exec ML CTL 5T %, T3, MAXEEICERT Y FYEZEGIRL
7272012, TNETRERTE TV M)y F2BEBVWHLTLEI XIH IR0 TH
%, 7721, 107.mgrid 1% exec D¥INE & D RBA — N~y FOHIBELS o770, #&
T A 7 VEBUSHEIRTE T3, ¥/, 107.mgrid [HERIZ, 141.apsi, 129.compress, 130.1i,
134perl D 4 DD 70 77 L%, exec FERETNVICH L TH E D BN 2D > 7D, MR
F =N~y FDPHIRTE 720, YA 7 VEBIZHEIKTETw 3,

=T, (L) & (noS) 2T 2L, T 2 DDRFETHA I AEIIIEZEALELEDST
EREFET 2 2 Lo S 3L R BIRIE S s o, 22T, INSDTHEICOL
T Stanford X F <=2 FFT, Intmm, Mm TbiHlizfro7. ZOEE2ER 2 II7-T,

F2nobhbd k)T, 3207077 L42TT, (L) 23 (n0S) ICHANTH A 7 VB %E K E L
HIETE Tz, FFTIZ2E®/AL—7%FK>7 07 4T, AlOL—7 4 5L — a v El#ns
i, FERETATRMIONL—7DIY P YEBOHLTLE>TWAS, (L) TEZED
SHUD NV — 7 S HRHRIN T2 &k S Icmo770, EELLTw3, Intmm & Mm i3,
HHAMZEAERIIL L —7 oz, HAIHSERIIT 2B ELTwb k5 & 7m
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& 2 Stanford DY A 7 VIR
Table 2 Reduced execution cycles(Stanford)

FFT Intmm Mm
(M) fEkE TNV 11.3% 27.2%  33.2%
(noS) BFfEFILEF L 11.3% 24.3%  34.3%
(L) HRBEEE TV 14.0% 38.6%  37.9%

TI3LTHL, ZONV—7L T 1 ABNHZ0 Dz P EELO 1 AHEI2Y b D
BREAIBDL W, FERET LV TCIREE LRIy FVBVLHLSHAIfTbRTLE> Tk
B, ERZFRET S ZETMemoTbl N T2 iD=y MY BHETEL®, EHdbL 7.
iRz L0 E, SPEC CPU9 T X Btz L (N) I, FERFETIETHT 9.6%,
RKR 40.5% DY A 7 VROHIERE > DI L, HRfEIk e ERZFREx2flatbe (L) T
%, ¥ 11.9%, mK41.8%DY A 7 VEOHRICE L7, £72, Stanford ® 3 2D 71
77 5T (N) IR, FERFPETIZTFHE T 23.0%, KA 33.2%D% A4 7 VEOHIEE > 7D
xtl, (L) T, ¥ 30.2%, A 38.6%D A4 7 VEDHIIEIC I L 7=,

6. 0 O00O0O

AfTE, FHEERMAEMCESC AE A L7 ek y S OBEMARNRE LT 2 ma X
HORE» SHAHOREZFHL, MLy M)y FOBEEZNHT 2 FEE, G
BEOEFROBEEZEELT, 1 2OXMoy FYBERELEELAVEI I, ALYk
VBT ERZRET 2 FEIC O W TENF b7,

SPEC CPU95 Rv F 2 —2 % FlCiFli L 7<f5 58, #ERE 7L TRk 40.5%, 19 9.6% T
B oA ZIVEREEEDS, Wi TR 41.6%, ¥ 13.7%, B TIERA 41.8%, F¥11.9% %
THET 3 2R .

SHOMEE LT, FTEREZBET I FELZIEFIEFRNRNIA—FTEITTSHILT,
TRTILTEDRBERNT A=Y EFHRAT L b IFons, £, SPEC CPU9 Dt
DEEIERRVF—r 70l 5701k %3 32— avEELT, RGO
RER E EAAREROBGRZ S S ICHET S 2 LT, WAV 025 AEH A2 EEZ /B
252 EbHFons,
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