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A study of HPC processor using On-Chip Memory

Masaaki KONDO,t Suuichar SAKAILtt TAisukE BOKUt
and Hirosat NAKAMURA

In this paper, we describe our study of processor-memory integrated LSI architecture aim-
ing at performance improvement of HPC applications. The memory-integrated processor has
low latency and high bandwidsh in respect of access to the on-chip memory. In the HPC ap-
plications, however, their working sets are too large to fit into the on-chip memory. Therefore
we discuss VLSI architecture with both on-chip and off-chip memories, and we propose an
outline of extended instructions and hardware. In addition, to decide architectural factors,
the performance of some programs are evaluated with on-chip/off-chip memory throughput
and number of floating point pipeline units being parameterized. And Linpack benchmark ex-
amination shows that memory-integrated processor achieves high performance taking on-chip

memory blocking algorithm.

L. BL®I

B, I U IRASEREOBRERIZLD, CPUL
AEY R YT NVFyT LICRESELT 2y X
TYRBELSIPHEDNDLDLES>TETCWS, 71
EyH - AEYRKRELSI TR, nYy sty Fy
T AEYEOH Y FIRREVEEL -7V VY ETE
BATE27:0, YAFLAELTOEERILSHRS R
TWa, 2070 AFEE L E L7z PPRAMY

t RPEAE BT - WHRIER
Institute of Information Sciences and Electronics, Uni-
versity of Tsukuba
1t BRUKE THHMEH ERTEHK
Department of Electrical Engineering, The University
of Tokyo
tt HEKE EHFERAMHEL >~ 5 —
Research Center for Advanced Science and Technology,
University of Tokyo

RHYT F VT REN— 7 L—BKD IRAM?D % &
DRAM L uvy 72— KL ERLET—FT7F ¥ D
s ShTwb, BLZF0OEEELE, KEE
HEEmRECRARENINA T -y ATy
Ya—F 47 (BVFHPC LIER) FHEOT 7Y 7 —
VavICEBATAZLERILTWS.

—F, BNV FIRPEERL — 7 v v e vo -85
PIEBTAHI0ICE, T80t Fyv T AE) LI
HBLESH LN, HPCOT T ) r—va v itBwT
i, ERMICT—F 07y FATKEL, TREOYA
XX CPU BBHICIZIZRBIT 2. Pl EHERKERS
T O CP-PACS®) Dflr 5, 2004 EHICLER
AEVAREZFELTHSL. CP-PACSDPU H7:Y
DAE)EIZ256MBREETH D, 70y 7 HEKIT
150MHz TH 5. 2004 F£(CE 2 2 v 7735 2.1GHz,
ThbbHEED CP-PACS D 14 B2k o72L T2k,
#3.6GByte D AEY FUBILR B LEZ LS. —
%, STARCY oFHlIzk 5 &, 2004 EDT Ty ¥



TIRMTEER DRAM 812 1Gbhit BETH v, H#l
70y e A2 ) ERBELALZTTR, FUFy
T AR VERORED L OEMRILIE SRz,
A, COEPLRRDT Oy FT —%F s Fy
EZHEL, KEBOFEEZ /M DRAM TEH
T5—%, 70ty FREICIITEEERO AT R
Fofl-e 70ty d7 -5 7 F v 2 8BETS. 5
EDO DRAM iZ N 2303 % LTEHBANV—T v b 2%
BHL, ATV, (1) V=7 VEER, (2) PR
ROBHEBHEFABL, O200HMTHERTA.
AHETH, HPCAFO7 oty ¥ - XE) ERE
LSLiIiZoWT, v F o T AEV2ER LGS, B

LUN—F oz 7HEERET L, PREMERFMEIT

ZITEEAMET S, RETETOEYY - 2%
RBELSIICOWTRELEZOER, TR4DEE
FTRAT—%F 7 F X DERYT AT T ERT. 38T
X BB ICIERG S, RN —F 72 TICoWTRE
L, 48|2BWTC Linpack RV Fv— 2707 I Al
LoMEETFRERT. 5ECELDLSBROBEICD
WTHRS,

2. XEURBET—%79F v

21 #® ® ,

BEOIyEa—¥% - VAT AT, REEKEHO
EHEFERIL, Zuy 7#EORE, X—NAHFR
VLIW 2k 3270ty REFHL, HBHETL V-
FoHMTIC & Y MEEm AT L L, B OGS
DOEE, ThbbTry -/ ARY - FIhVRv oD
FIEIEIML L TETWwa, $77, JOMEBEERS
BESIHATAENICH L. BETRAT)VREZ
ZEALL, Fvv vaAEBYERITAILICEINIOD
BROHFR LTS, LALHPCHHOT T 7 —
arTiR, T3 Ty RANKREL, Fryvia
IADHERETHD, HEETHEELV.

FIT, XAy VaIATRELLEDORF VT 4
ZERBTAHELLT, (a) Fryy a7V 7 zv T,
Ty Va2 IRAEZDbDERIRTAFELLT,
(b) FxvvaTuy ks, ZEFELLRTEL
L2 LERSDEEICIEWL o0 ORBEERD 5.

I3 (@) F vy yas YTz FICBVTE, ¥y
Vol EZBRALTAZ LFEE L R ABETIE,
¥y a4 v ARDENRSL, EDFry
WK LTOT Y7 2y F 2359 PTEOREIED
5, BADF Xy all b o THRBERNETT Y 72y
FEITHRIIEBTERVD, TY T2y FICLy
EE LT — Y EEVELDI LD S,

I7, by FvyiaTuyFrricBnTd, 7
FDEXY Y aDI YT IHIETES, HEL
Fry L allFELRVEEVH L. FIZITEFITA X
A5 2 DD & % self-interference 12X A F vy o

ALU
sz etd B
GR Ole}—s Off-Chip Memory
B = (DRAM)
1 %
On-Chip Memory
(DRAM or SRAM)  [*™]
J GR: Global Register
FPR: Floating Point Register

Bi1 sovsH

IAPELE, ChiLTR/hERTay 234X
BRE%, EFIY A X%EE LT self-interference %
BOHTE, ZEPREINTVEYN, WFRbF—¥
FAX, Fry Y aBRCELTI O 7 AR EET
BLENDY, ThTUSSLADEBICRE. 51
BHORNE %%y ¥ 2 0B 3 LEND 2BE0OMH
HF#, T7%D5 cross-interference 2HERT5 2 &
gLV,

2.2 BBRMICHETES X Fy T XEY

RIET CREA L, RN —F o7 CREERM
I 2 Fyy ok a—FRAITHBLLI LT
L0k S, F0LHELIE, Fyvvaizftb
D 2= (YA F) TS T L THREIHE
TELATVET Oy YRBIERTLET, #
OMEAICHRT A LERF LTS, HPC DT
TV —ayTRAEY)T 7L AHER LB EH
£, —FLRVTT 7L ARHHTELLELS.
MU HAORETZT —*7 7 Fvn70y 7 ®%
AT 7Oyt Fy 7RI Yy 28E 1 REFry
S aDMICH VF VT AR RBHRT L, —FLA
VTRBEADNLEWT 7 ADHEZ L 2ERL, 1
KREvy Va2 bERLTVAS, LdoT, T7ER
FERB TRV DI,
register & cache & Off-Chip RAM
DEIIREROF Xy V2 2fIHLIF—9T7 72 A
ETRV, T2 AERN L b O,
register <+ On-Chip RAM ¢ Off-Chip RAM
DEICRBLZZ ARV ERBALAET 7 A 272,

I, AVF T RAEY ELTIRDRAM #i3T
% { SRAM 2w Z L b BEL TV, Zhid, 3
BOLIWCHPCOT TN r—YarilkoTHyFy
T AE) OBREIIENNICARET 2720, KBEETH
20V —F v DOKE% DRAM 27 5%, DRAM
CHANBERTIERS DL —F 22 O/ME R SRAM
2T 55T, £ L0MEBIREVPIRREE TIXHIETL
BW/iHThHb. T F v 7 SRAMIEF—RFryia
DEIWCRZBY, "—FI72T7ICEBEBY S L —
AEF RO, BRNART 7AW T 27— 0
FOr—av Ay Ta—) I iRrioTenE



#1 N—FyxT70RE
R5E W clock | bus clock | data bus pin 3 | Ofi-Chip DRAM V—F ¥
HW1 2 [GHz] 500 [MHz] 512 [pin] 20 [ns]
HW2 | 2[GHZ 1 [GHz] 512 [pin] 20 [ns]
HW3 2 [GHz] 1.6 [GHz] 1024 [pin] 20 [ns]

{hrbLEILNSD. ‘
Eagsob k, FICROFETHEMLEEZES.
o FTFVT A UFvT AEYETE, TLIof
B DT — ¥ D prefetch, poststore £1T% 9 Z &
CEYATF T AEIOV—T ¥ VRS
o FUFuT AEY - LIAFETH preload/post-
store % {7% 9
o LU 7]”/‘7‘/7}%‘)ﬁaﬁfﬂ)preload/post-
store &, FYF VT - FT7FvT AEVHTO
prefetch / poststore & 4 —/N—7 v 7 &€ 5
o AUF YT AR EAVLT Uy XL IFELRY
ZHV, BRARARZESITILT, £7Fy 7R
YT 7 AOEKBER ST, WEAE ) OK
V—=Fry, BNAYFBRErLIT-3T7 7%
Az Xy HEEm LA
512, EROFETT - FHERPR I VA 7
L b RiFE, A=A H TR VLIW 2 L OFik
T, B L REVMNOTEESEEECL, LN
WIFIEE BT LT, Mtk bmLE sz
EWTCEDLERS.

3. GEBLUN—FIz70HLH

3.1 MERH S
UTFIRBTRETLT — =\“7‘7?-’1'L33U'Z> B
eeB L CHEGFICOWVWTHRT 5.
extend-load, extend-store VA% EFVFv
7T AR EOT — R EAT S ) YRGS 4 v
Fo T AE)OENSYFIRERAL, #ELIA
Z 23T BT — F OFEF preload/poststore
P17 2 5. REILETIZ, n extend-load/store
EL, niZEFMT - FE2ERTELPEL, n
T A—F L LTEMETS.
page-load, page-store FUFvSAENETT
F oS AEY HDOT— FERETE D BNGS: 8
B - VAT R VRO - DI B
Brar-—nN—5978¢bILIZEYL—FTV
VEBERTA. FR=UH L AETETHA.
INLEHDT =Ty P R LT EHEICTERL
TWhWVY, IHFELYV AT LVALTF 4 AT 4
m—/a/7PvX/v)19%%m?%z§ﬁ$é
3.2 FIEAOMERESHE
RETIE, MIROGEFEDL LICRERN-FTT
HAE BT 5720, 2003 FEHICTREEDTHS
IN—-F I T EIREL, WL2PDHA—FNVNV—T

WAV T LRBIzOTHE.

B TR 2 AT 2 .
PFiRELV—F ¥ BIUEMS, TR
BRZELEN—-FY 27 %2R
o % DV=T ¥ ’
— extend-load/store 4 5 [clock]
— multiply #4: 2. [clock]
— multiply and add &% 4 [clock]
o REY 25N ‘
-T«T®ﬁﬁ$ﬁﬁ@ﬁ%@ﬂ4774/yv
multiply and add €y & HSEAT T EE
— page-load/store @ page ¥ 1 X: 4KByte
B
— extend-load/store IXEHBERN TIT 2 2 5
-~ F¥F 9T AEYY A X: 2MByte
%10 HW3 2oV T RELMETES
2003 £ICBITAFI T 2 b LIEL .
Ihos&BOdL, HWL3 L4 7F v 7 X%
AN—=Fy MNT7EART AL EE{EE, 51
extend-load/store 7 —F# n /X7 A—-% L LTH
VFITARYDAN-Ty b RS FHEIC
Awa 71 Al livemore kernel & ) “KERNEL
17, “KERNEL 7, 3 X U°“KERNEL 21" # 4%
B L7z fT5R” o7y s A B, ZRL0T
0ysARLTIORT, &8, S LEEICLS
bDTH 5.

(SIA) ®

----- livemore kemnel 1 -----
DO 1k =1,1000
1 X(K)= Q + Y(KHR*ZX(k+10) + T*ZX(k+11))
== livemore kernel 7 ~----
DO 7 k=1,1000
X(K)= Uk )+ R*(Z(k )+ R*Y(k )+
T*( U(k+3) + R*( U(k+2) + R*U(k+1)) +
. T*( U(k+6) + R*( U(k+5) + R*Uk+4))))
7 CONTINUE
i AR e
DO 21k=1,25
DO 21j=1,25
DO 21 = 1,1000
PX(i,)= PX(i) +VY(i,k) * CX{k,))
21 CONTINUE -

livemore kernel 1

212 KERNEL 1 O&Flif R %77~ 7. KERNEL 1
1% 2load, 1store \2¥f LT 5HE%2TRI I — RV L—
TThHY, VIRAIOBFHRAEFELAL RN, LI
#oT, extend-load/store 77— F ZDMWINLEVVIERE
AEET A, LL, 5L AT extedload/store
77— F Bosimcoxt UEESETbICR5. T,
FTFT A TFIT AE)VEDAL=T P AR D
ZoTay g LTIEE Y



KERNEL 1, HW1

32 T .
Sdeal
28 1_extend-load/store —-sw-—
2_extend-load/store -
@ 94 4_extend-load/store —o-—
3 8_extend-load/store -
T 20 .
oA
3 16
E 12
s
T 8
4
0
1 2 3 4 5 8 7 8
Number of FP pipeline unit
KERNEL 1, HW2
32 I 7
28 1_extend-load/store -—-—-w—
2_extend-load/store -
@ o4 4_extend-load/store —a—
3 8_extend-load/store --a—-
o 20t
g
g 16
S; 12
2 B}
4
[

1 2 3 4 5 6

Number of FP pipeline unit
KERNEL 1, HW3
32
‘ideall ——
28 F 1_extend-load/store
2_exiend-load/store
@ o4 4_extend-load/store —e—
S 8_extend-load/stora -~
g = gl
" e
16 -
% -
g 12
3 e
4
0

1 2 3 4 5 [ 7 8
Number of FP pipeline unit

B2 livermore kernel “KERNEL 1" O RESFMHfs 5

F T XA OFFBMSE WD, REN—F Y
TOHWL 75 HW3 L ANV =7y b OEL & BIZD
h, BHbLICEBEROT 4 Y OWENEELTYS,

livemore kernel 7

312 KERNEL 7 D&k R %~ 9. KERNEL 7
1% 3load, Istore (23 LT 12 HEZITL I I —F NV
V=7ThY, LIRXIOBFARIFEICE . L
72455 T extend-load/store & D HEAR VA 7
K&D%<,ﬁﬁ$ﬁﬁﬁ§ﬂffifywﬁmmﬁ

, HREEAH EL TW L Ddthas

Ti”é?b SEITHIC R A DI0% KERNEL 1EeELECA Y
F o7 AEVICBRBEESE V2D TH 555, HW3
@i5ui7+w7-iy%77}%uﬁoxw—7v
T HEEICRCSEES, BEAAEERENIT IR
73‘ W0 EIZRoT %) F— S AP E D o), &
SIS M ELTWS .

T 5

B 4T OFFMERERT. So7 s 58l

KERNEL 7, HW1

" ideal ——
28 | 1_extend-load/store ---s---
2_extend-load/store -----x--
24 | 4_extend-load/store ~—e—-
8_extend-load/store ---s--

performance [GFLOPS]
>

[
1 2 3 4 5 PR .
Number of FP pipeline unit
KERNEL 7, HW2
82 -
‘ideal’ ———o
28 1_sxtend-load/store s
2_extend-load/store -w-
[ 4_extend-load/store —o—
5 i 8_extend-load/store -—-=—-
L. 2
g ——
16
E 8 /
s
° i
1 2 3 4 5 5 - o
Number of FP pipeline unit
KERNEL 7, HW3
40
ideal ——
36 1_sxtend-load/siore. --s-—- ~
2_extend-load/store -----w-- g
7 2 4_extend-load/store —o— A -
& o8 8_extend-load/store --~-»---
=] ¥
§ ]
3 20
E 16
e 12
g /
4=

1 2 3 4 5 6 7 8 9 10
Number of FP pipeline unit

B3 livermore kernel “KERNEL 7" DM EBEFHE R

2load, lstore XX L 1EEEZ{TL ). Co7urs s
ATRFF o7 AR OBFIBEED Y, BREI
BT RTELF Y F v 7 AR IS Z LHFTTHER
2w, AYFvT ATFT AT IEDAN—T v b
ICL BMEREMNITEAE R RD, LT, HW1
H HW3 L ICTRCRLFHERER 5.

Fi, ZOTUY T AL TR Y OFEFBEMEISSE
Vv 7z®, extend-load/store SR b VA v 7 L5,
% D 72 [Fl extend-load /store FDIINHEV HEEE
MEXFEECHEDbNS,

3.3 N—Fz7H#% '

Bk, W oD —FNT 055 M0 L THEE
SHE#1T R 07275, FREFNOFEMERLY, aX b
DEOBELN-F 7 o TR TS,

I, FT7FvTRAENVEFVF T AEYEDOR
V=T v+ THoHH, THIFE1DI/O dock &7 —
INRADEYBICEYRESNSE, UAHWL 26
HW3 L ANV =T b O LEIEN T X7 A DHRE



MATRIX*MATRIX Product, HW1-3

“deal —— B

D)

L}iii

OO

-

N
o
[

performance [GFLOPS]
>

1 2 3 4 5 8 7 8
Number of FP pipeline unit

W4 IR ORRREGRR

LT 545, 2 A SEFICHMTE. ERESHE
LEDEZT, HEN—FY7x2T7TOHW?2 250 17
TEHEL D S,

KICBEB N EEFEE AT I4 08, BLUH
¥ extend-load/store 7 — F# n IO WTRE T 5.
£ A DFMHFRIZBWTHW2 DY 57215k, 8

extend-load /store TIREVNMIURE S 177 1 VEAS

3NH5DHH THENFFEITHICE>TW 5, 2003
FEICBI L MEHEN L IRE L ZHE, VIRY -
% ¥ Fv 7 A€ HIZ8 x double precision word, 3
Zbb 512bit DF - FNRAEFL T L, BL R
WweEZ bR, LT, KFFETIE 8extend-
load/store, 4 x REI/NEIE/ ST T 4 VHERIEE
Tl vk %K 5. Usfit- @*ﬁﬁ&;% & bs?ﬁu—j‘%
%9,
LEON-FTT7TEREUTICELDS, $7-/
S5ICF— SRR GOV AT AEROBEEERT.
o internal clock: 2 [GHz]
I/O clock: 1 [GHz]
number of pins(data bus): 512 [pin]
BEI/NEHESS (M7 714 ) B 4 [F)
[F1#% extend-load/store $: fEHEE x 8
B KMEE: 16 GFLOPS/PU '

4. linpack IC & Z14EEFH

4.1 1% 88 FR M@

RETHAH ORI LAN—F 7= 7THEES LI,
BRI Linpack XV F v — 77"13 7T h ’i‘ﬁﬁ\/‘f’ﬁﬁﬁ
BT ).

BE L7203 —FRBOEVT 7 ADHRELITH
BT DOWTTH Y, pivoting % EORERIZED 72\,
% 74754 4 X1 1000x1000 2 HH & L, BEEE
THEETR . TRCOFHRA Y F v 7 AEY IS
F57201213% 7.6MByte LEL % 5.

UFIHaE+2 EcofktbtRwT.

o MFDL—F L UEELL.

e page-load/store M page % 1 X: 4KByte EE
o FrF v T AEYH 4 X 2MByte
F v Fv T AT % 2MByte LIRET 2720, 75T

octal-extend
load / store

5 ¥ AT ALKOWERE

NRTEPDZ ZLHFTELV, 2010, BikkLH
6tbuu7nv#y7$&klb,17%/7x%
VT 7t ADEREEELESED 5.

FHMEICi 3 BT VT X8k Fvi.

(1)  Linpack R¥F < — % default D7 VT XL
(SVRBIT 7 ADHEE)

(2) AVFoTAER)TUYF VT ETRSIT N
T X A )

(3) QKMAVIAYTUy Xy T %fTholzT
)i 2= N

(1) BLU(2) TR, TTOFIA FvT AE
Y ICFo 12 HADOMERRIL 10.6[GFLOPS] &2 b, HE
LI BERREEL 25 & hidextend-load/store iy
S EBE/NIREE AT T A VBB L UEBROHEE
D/3F v A (2load, lstore \xfLC2{HE) Tk .
F7, B)OTNT)XADHEE, FrFv T AE
) BT RTOITHIISE - 2354, # 15.6[GFLOPS)
DEREPHEOLNS.

Q) RT7AIY XL LTIR, W2PDFEE
L. FHMESERZE2CRT. BPDOCASE 37
hERRIFIET .

e casel: (1) D7 INITY XLT, HITRICEHET
55 % prefetch L, B8 L# X 7-51% poststore
T3

o case2: (1) DTNV ITY X LT, BB Fy
T AEVIATHIAUNE 5 £ CEHEIEALS, £
DOHRTEHET S

o cased: (1) DTN T XALT, ﬁ*ﬂ?)‘ FrFy
T AT OFMAEEER LT 7t A%TR S

o cased: (2) DT VITY XA

®2 REHER
CASE Performance
casel 4.56 GFLOPS
case2 5.03 GFLOPS
caséd © 7.20 [GFLOPS
cased 10.6  [GFLOPS
caseb - 15.6 - [GFLOPS




o case5: (3) DTN TY XA

4.2 # = o

FHERER L Y, Linpack RV F3—7707 740
default D7V TY XL (1) T, ¥ F 97 AEY D
BRIAMECRESS Y, HIEM%EED 10.6[GFLOPS] 2
13# L RIERV. casel B TFv T AEYDAN—
Ty FCRELD, RELTVE VAT AHRTO
BEMELER A, case2 HIEITF vy 2 DEIEIC
%<, 2MByte DHEFFEY DF vy L a P’ HLHED
HWEEEELOND. F 7z cased IDWTH, TATY
X LDOEELR LIELodm EsR oS, LaL,
RS BEOFECTITIY A X450 124 v Fy
FRAEVICELELIENTELLZDTHY, FTHY A
ZA%10000x 10000 D & JWCHEFIKEL kDL, £
DRI casel BEFTHEHTLE Y.

—F, FVFoT AR TR X T BT
cased, FNIICMA VIR T7T Ay R I 2{Fhot
caseb £ b, 7av W, HHwiITuy 7RELOERE
%7 5MI2, pageload/store s & &k AV /izA V5 v
7T A7 F v T AEY MO prefetch/poststore FTEE
WA—=NSG T LTITRZAB, LIzdSoT, v Fv
T FTFTRAEVEHDANV=Ty b BRI VR
ZELRLRwD, FRELOEERRICETSLZ L
HTE, FYukyd . AEVERBLSITOL Y Fv
TAEYOFHEERTERL B0

CHDEHETAvF T TNI) A NnEB, /2
FvFvTS AR EDOF— RS ELHET LI LA
TERIE, VATFLDE— 7HEBISEWEESEO R
BT ldbhol. OTF IS5 HIIBWTY, Lin-
pack /\\‘:/_1_7_751*%7]_:/%_77,){:&“) BRI
BAWwa I CHERIBONBLEZLNS.

5. EEDESHDRE

ABETIX, Yoty - AEVEREER LSIiIcow
T, FICHPCAHDOT7 IV r—=varyx¥—4v}b
E LT =% 77 FxOE, BLUEOMRBTHEZ
T o>TET.

Taeyi - AEYRBEILSI TR, A Fu 7R
EY LOF—F T BT 7L APE L —F ¥ D
BNVRIBTH L7120, BHEERILSIHREES, +
CFVTAEVIIRY ELLVEILT—F Ty
FOKEBT SN r—avTh, TOvFRLTLYE
DFFEIC L) S LR CTH S, T FOR, B
ROF Yy Y2 TORESYL, F0Fv 7T - FT7F v
FRAEVEOF— 57 7 AR ERMCHETAZ
TRETETHLEEZONS.

TERREEMCIE, 2003 EEICTREL 2B TH S H/H—
Foz72W{oMREL, FHBEITZV, 61N —
F o 7THEICOWTHRET L. 72, Linpack X~
Fw— 2L BURFMTE, Tavx LT ATY

AL X v F o7 AR VOBEFIBEERERTAL S
ET, BWHEREBONALZ LRI,

SBOBEL LTI, ,

DT TN - a UTOMRREHE
YIalb—F RV, R MEREEEM

T —%F 7 F ¥ OFM R :

BN - IR S Db DT V8L T DR
BETAT—F7F7F v 0¥~ LNVORKFE
WHIEHER~OEH .

R EDRET LN, ‘

RBICBER, AR THRELTWET %775
DIy 7 LNV Y I L= Y EERPTHY, VI
L—va it W bos 77 ) r—Yarysyay
FREZDNWTOEREERL TV FETDH 5.

BB AMERTRICHRY, HPE, BHRE
W KFEE E R Y v ¥ — DR EEMIC
BEHBLET. 28, R BFEMIRRIKRH
EMEREESE [SHERE] o7/ udc 7 b0 —
DL LTI EbR TV,

5 % ¥ @t

1) &Lk fig, &T BE, Bk & Al B, F
H B AEY-vNFF Oy F—KE AS-
SP (Application-Specific Standard Product)
7 —¥%F Z7F % . PPRAM, {8 %5#, 1ICD96-13
CPSY96-13, FTS96-13, 1996 4£ 4 A

2) David Patterson, Thomas Anderson, Neal
Cardwell, Richard Fromm, Kimberly Keeton,
Christoforos Kozyrakis, Randi Thomas and
Katherine Yelick: A Case for Intelligent RAM:
IRAM, IEEE Micro, April 1997

3) G E—, B EE 130 MW L i
FUEI 4% — CP-PACS 51 -, 1§1LE, Vol.37,
No.1, pp.10-42 1996 4

4) URL <http://www.starc.or.jp>

5) Monica S. Lam, Edward E. Rothberg and
Michael E. Wolf: The cache performance and
optimizations of Blocked Algorithms: Proc. of
ASPLOS-1V, pp.63-74, April 1991

6) Preeti Ranjan Panda, Hiroshi Nakamura,
Nikil D. Dutt and Alexandru Nicolau: A Data
Alignment Technique for Improving Cache Per-
formance: Proc. of ICCD’97, pp.587-592, Octo-
ber 1997

7) The National Technology Roadmap for Semi-
conductors 1997 Edition:Semiconductor Indus-
try Assosiation (SIA), 1997 4F



