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Decreasing the Reuse Overhead of Auto-Memoization Processor

YusHt KAMIYA,t YUSUKE SHIMAZAKI,t AKIHITO NIIMIL,t
ToMOAKI TSUMURAt and HIROSHI MATSUO!

We have proposed an auto-memoization processor. This processor automatically and dy-
namically memoizes functions and skips their execution. Multi-core CPUs have become gen-
eral in recent years, so it is necessary to consider the way of using multi-core effectively. This
paper describes a speedup technique for auto-memoization processor using multi-threading.
Speculative thread and no-memoization thread reduce the reuse overhead. The result of the
experiment with SPEC CPU95 suite benchmarks shows that proposing method improves the

maximum speedup from 13% to 22%.
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1 Structure of Auto-Memoization Processor

BB LUOBHBENTERIND KIEEHRTHY, HAk
HEEORVEB L UBEBEATEERZ LN KERE
BThH5.

B A ek ey OB ER 11277, B8
AT ey FRBAEOAR A EERT I D0
% (MemoTbl) & MemoTbl ~&E&ALsl=bDT —
5 % —BsHIZE 2 5y 7 7 (MemoBuf), £ LT
HEHFMAZTORDOINOLEBRERLEHTS
Memoization Engine % &0.

BRIA a7 BaaEROA %2 MemoTbl ~B46%
THE, A XBKEL CPU a7hsDT 7 EAIZ
R D)3 MemoTbl (25X L THEICBREZ1TH &,
F—~y FRREL 2D, ZDOF =1~y FEER
T 50, EERDEXAL/NY 77 & LT Memo-
Buf "AEWLH, BMAREOETRTRIZ—FELT
MemoBuf DA% MemoTbl ~ & BT 5.

MemoTbl iZUA T OBBOERNLEBRINS.

RF : S XEOBRBT NLAR2REET IR

RB : i FREEOANE Y bEEETDIE

RA : #SEBDOAAT FL Xty h2EETIER

W1 : (S KEOHA2EET 5%

I 5 MemoThbl 2R T5ERD 5> H, RF, RA,
W1 iZ RAM THERINTWA. —F5TRB iLh#ERR
FEHIWEEZ2 CAM(Content Addressable Memory) T
BEEINTEY, Ay NOBREREZEBRIZITOZ &
T& 5.

— R BEFEZEORFTRERACBNTIL, HDASD
BIZL o> TRIZBRIREANT FUVARET .
FBEIZERET FLABMMIN TV I HEE0KHES
BEOFEENRZOFEETHS. 2V HoraFEE0E
ARNRE =V ZAEBETRT LN TE, BHRO1IA
FHEy MIZFOKREEZBITA 1 AKD XL LTER
T&5. BEO call iRt T5L, LIRFIROA
EYIZEAIN TV SBEHDOATESE MemoThl |23
BUEEOBEITH. ZO8EEZ ADERE LT
S ANMERFEOER, BHEDOATI1H MemoTbl D&
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ot RA=V PVIZEMEIN TS W1 ~DA »
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WHBIC T AR EBAANKRSILEZL D E LT,
WEBAEKIC XIS T A H 1% MemoThl nHEXEL,
BEDOMA KRB L BB ETTIREA LY N EE
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Bz, —FK, AMERBOFER, ®ETH5AN
£ v b3 MemoTbl IZTEE Lo 2354, BRIFAX
Ly FIZBREHE2@E @) ETLR2TER ST,
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T=a7 2R, ANERBEREEED a2 M ERET 5.
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2 Execution Model

iR&aT7TRZERTHh, BRIAALVY K, BBV

K, BEETAVY FOZ&F 2O LOLTS.

(A) 25BE ¢ TR £() 12T 5 call i 2R
L, ANEREZBRHET D LR, (B) BXU(C)
F(A) DD TRIT LAV ZEVLIRZEY FOR
BXHERANRAZFALTar—T 5. REMNGEFEE
FAVY RE2ETTS (C) RANEREETLT, A
HERBRDORRE 72> T 588 £() OETEZBAT
5. (A) BANERTEEITV, Bt TAHO—HR
—F L LR TEL, BEAL Yy F2EITLT
VW5 (B) IR EBEBUC ST S HiS1 %2 MemoTbl 225
FAHL, BERM X 2ETLEDS.

BB ALV Y FRHERE X OFETERIET S0
1%, BRIAR LY R To CWAATEREOXLX
Micis Lz h 2B 0ENHD. Z0D7D), Mem-
oTbl IZ¥EEEMZ, RA DEZE=V FVICFRIARS >
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B%l ts T (A) BANORE—EERHTZ L, BF
OB ETHRII Th o= &5, ZORAT,
BRAALV Y FEETHO (A) LEBAL Y REET
$0 (B) L DM TETALV Yy FEANER S, BER
TAL Y FEEFTLTWE (C) DFHERRIL squash
Ehd. BEAL Yy NROBEETA Ly FIREFIAX
Ly REIIMSI L CEMET 3729, BRIAXVY RO
MemoTbl RAEY ~DT 72 AZIHTH Z &1ER0.
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MEDATNIAEEZ R L T MemoThl IZBEFINT
WA, FRIRA VZONEBRATIPTEE—EKLE
EEXIZAWD WL ~DA UF7RERMBHTLBREIT
TRV, 2O, ANhO—RB—EK LU, &=
TOAREEBOETERBELTYL, Bi#aT7Ho0H
HEEREOBEBOHALNRRZZLBHDB. Dk
%, BERHOBRBRIETIIRKE25.

Bl t3 T (B) MERIE OB ETICRI LTz,
Flef& 7T AR ETL, BRARAVY REEST
LTW5 (B) 23884 1 TR g() W&t T D call i &
RT3 L, (B) RAIERRERSTS. Z0L %,
Bl t, T B0 LR L FRR, (C) RASER
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BRIAT 5. BZl ty T (B) BANERRIZEKK L= Z

prediction pointer
W1 poi

3 Prediction pointer

LT3 E, (B) & (C) LOMTALY FEAR
Bz5. Zhicky, (ORSEEAAALVY FEE
7L, (B) ILEEETAVY FEFETTHI LIRS,
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BHETLUTIRERNRLE RS> TVWEEBOETEITS
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PUETRAREMEETNVEERT DD, BFEOHE
Aoy IR L, EEXMELRD. B
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MemoBuf 1327 THEF L TV 5.

BA¥ D ASEA 00FF, 044F, 084F Thol=HBH
OBREOHF%E 312577. MemoTbl @ RB ° RA
PRETIE, Yo V) E2BRRICAWENZRE
LTHL. ELTANERFEICESL, Hh%E Mem-
oTbl ® W1 O HEAHTEIZ, BEORA VR
PEELTWS WL ~DA T 7 A%, ZTRETERE
LTE#L2TORA =V MY BEEOTFRIRA » ZITH
LTEXAD. TNICEVEEALV Y N, BRAAR
Ly RBANMEREEZIT-oTWARTTY, BLET
BRENFEATEY MTHIST A Ay bEREEL
TWB W1 NI EMBILATED.
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AU A7 SPARCA-IIY 28&F L. £7-
MemoTbl ® RB ##5k L TV % CAM %, MOSAID
#D DC182888%) DHEREBEIZL, BEA— 1~y
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1 _SSal—gyFr—k
D1 Cache && 32 KByte
FALUHAL X 32 Byte
VETE 4 way
vATF Y 2 cycle
IR RFNTF 4 10 cycle
D2 Cache & 2 MByte
FA Y4 X 32 Byte
VEXE 4 way
VAT oY 10 cycle
2R RNFAT 4 100 cycle
Register Window #f 4 set
Window IR 2T o 20 cycle/set
CAM %A X 128 kB

VURY & CAM b8

AEY & CAM H#&

CAM = VYRE, A®JBEAA
a7oLYVREar—

9 cycle/32byte

10 cycle/32byte
1 cycle/32byte
2 cycle/8 &

exec (@ test(r) B test(m) W write [ D$1 D$2 8 window

14 EfT94 2 V¥ (SPEC CPUY5)

A=~y R, 32bit VYR 8RR AL —THD
WC2YAMI7 V2B THbDE LTRMEb o/,

4.2 SPEC CPU95

SPEC CPU95 % gcc-3.0.2(-0O2 -msupersparc) (2
LYV aLRINl, RET 4T V7KV ERLT
2—RETa—AERAWE. B4 IERE2TT. BR
DY ZZENPLIEIZ A EETDRVES (N), A
EEITIHE (M), 1ERFHECER 2 7EROIGR
ZEMRIZARREFIE(S) DT T 7THD. £hEh (N)
Z1 & LTERILLE. BNIEIDIRICHEDOET
(exec),
£ Y & MemoThl & DLEE (test(m)), MemoThbl A>
DR/RIEHADV PR ZRLRAEY ~DOFEEIRAH (write),
—KRT7—FFryaIR (DS1), ZRT—FXry
V23R (D$2), VYAEZ YA KU IR (window)

WELEVAINVETHS.
099.go, 129.compress, 130.1i TiX, (M) DF52s (N)
LD LRI A I NVBBERLTWS. —F, REFE

(S) #AWAZ & T, (M) TIRERIAA— A~y RIZ
Lo T(N) KD bRRYA 7 AEBRBRL TN T r S
ZAZRLTYH, BRAA— A~y FEREKT I L
ATET7-. 099.go X 129.compress Tix (M) LV b
WA 7 NVEEERL, 1301 TIZ(N) LY b &b

LU RH L MemoThl & DHE (test(r)), A
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B A7 NVEBEZEIRTE . 2, (M) TRANE
BRRBICKBLIZL &, ZOA =1~y FHEFRST
FETYAINBEBLTNED, BEETaTICLD
ZDZ =~y RERBRTE LD THS.

%72 (S) Ti, 124.m88ksim, 126.gcc, 147.vortex
EWolTa s I AMIBWT, (M) LD bRELKRY
AINEEHBTE . ZOBRELT, bEbLEE
FIRA =3~y FORY A 7 VBT S5 2B E BB
HIREL, ARBFERICLDIPDEN L Y BT o

TeZeBEBEZLND. REFIE (S) THEkRD A EL

(M) IZHA_TH T 5%, AT 12%0YA 7 A%k Hl
BT,

5. BhHh Y Iz

AR TI, BHROaT7TE2EMERTEZD, BEO
B8 AT vy ikt LIEEEZ ML, MemoTbl
BRaX MR TAFELBR L. BRFHEOH
Zhik % R4 2729, SPEC CPU95 Ry Fv—2r %
AWTEHlZTo 25, 2L D7l T 12BN
TEE{LZER L.

SHOBEL LT, FRIRA ¥ ORBEDR ENE
zbh3. BAEOFEETIE, BBV Yy FABMELE
BT 2BICAWVWSTRIRA V2%, BEbEESR L
TV MURBRIZESOTREL TV, ZOFRFRA
VEIREET D WL A~DA T 7 ARERTHZDD
TNIYRALZHWBL, TRRA L ZORBEEZSREL
7= (7, 12D RA = FY BNEBEOTFRIEA
ZEEDH, BEA Ly REBEEAVTESNIZHEFH
AOBBAETHITE S X H5HBEITVEV.

HHE AHEO—EIL, CHBFER LIRS
4 (3PS 18650005, & F#FZE (B) 19700041) ,
() fEZRERRFEERMEAMREERE, (M) BER
BHIREMEAREBREIC LS.

£ F X &

1) R&&x, NHES, HEkESE, BHWE 1
FIV_N=AVF Ry BMea— FERFIEE
D, FRABZESRIGE : N R T v
AV Ea—F 4T AT A, Vol42, No.SIG
1(HPS 6), pp.70-80 (2003).

2) Tsumura, T., Suzuki, I., Ikeuchi, Y., Matsuo,
H., Nakashima, H. and Nakashima, Y.: Design
and Evaluation of an Auto-Memoization Pro-
cessor, Proc. of Parallel and Distributed Com-
puting and Networks, pp.245-250 (2007).

3) Norvig, P.: Paradigms of Artificial Intelligence
Programming, Morgan Kaufmann (1992).

4) HAL Computer Systems/Fujitsu: SPARC64-
IIT User’s Guide (1998).

5) MOSAID Technologies Inc.: Feature Sheet:
MOSAID Class-IC DC18288, 1.3 edition
(2003).

(% 1 2



