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Near Fine Grain Parallel Processing
on Single Chip Multiprocessors

KENI KIMURA,t WATARU OGATA,t MASAMI OKAMOTO
and HIRONORI KASAHARA{

With the increase of the number of transistors integrated on a chip, how to use transistors
efficiently and improve effective performance of a processor is getting an important problem.
However, it has been thought that superscalar and VLIW which have been popular architec-
tures would have difficulty to obtain scalable improvement of effective performance because
of limitation of instruction level parallelism. To cope with this problem, the authors have
been proposing a single chip multiprocessor (SCM) approach to use multi grain parallelism
inside a chip, which hierarchically exploits loop parallelism with large parallelism and coarse
grain parallelism among subroutines, loops and basic blocks in addition to instruction level
parallelism. This paper evaluates effectiveness of single chip multiprocessor architecture with
a shared cache, global registers, distributed shared memory and/or local memory for near
fine grain parallel processing as the first step of research on SCM architecture for supporting
multi grain parallel processing.

May 1999

i L &I

1F v 7 ECTHERTRERE NS VA TBoBERIZHE
W, HEFRAZEEORMR~ A 7070y 7 —
FTIFYPRESINTVE, FNEDT —F 57 F %
DREMZLBIE LT, A——ZXHF, VLIW » 5\
BENZHEAEDET —F 7 7 F v L THREBNESRT
TRV, SRV ARVEFIMEYTE ) LT 50D,

1.

t RMARFH TEBEAETIER LY
Department of Electrical, Electronics and Computer
Engineering, Waseda University

t HRAHEE

Toshiba Corporation

1924

0 v 7 DRAM BB L ) KED DRAM % H
W, N7 M LVEERTED L T530%, DRAM &H
¥D CPURRB LIV Y I VF oI NFraty
HD9) 0D F vy L HREDT, BEBHEGFLE
LD AL v N OBFIEITICL ) 7 — S #rpkd —
NNy RERETIVFAL Y K7 —F 57 7 F 98~
VBT ON L. I T) TRF Y THOT Ok
YHETT— Y ERTHRNIIT I DOF vy o
BRIBECET A85EMThbhTB Y, L2 ¥ vy ot
FLLF vy V2B L BRRALMRENH L L V)
REHBTND,

—F, EEHS TR ELFILIE D~ sz, v—
TAF V=T ar Lo BKERTILED, BLO



Vol. 40 No. 5

FTN—F v HEWIEN—F, ERT T 7 B0
FEBFIMES) 2 RERBMICEASDE CTHERT AL
XN, BOERMRETERT AL EERT VT
7L A YRS 2RSS REL TS, 2O
TNF TV AV BFIEE S S VFy T FT T
oW (SCM) IZ@ATAZ LIZXY, EREROE
VR SRR Y AT AR EHT AN TELL
FZTWAH,

FIT, KELTR, TOXVFI LA BEFILE
PR ERTESL SCM 7 =% 7 7 F v RO H
1 A5y 7 LT, EMHETFMEEZ SCM ([Z#EH
L, Fa—n"\WLI Ry, #£EXFryya, a—Av
AE) SEIE A E) ORREFML ZERICOW
THR5,

L, 2 8TV FI LAY BFRBEIZONT, 3
BOINVFIV AV BFIEES K- $57—F7
7 F v, BLOKRBILCTHFMEST % SCM iIZ2WT, 4
BETINLDT —FF 7 F v |\ HEMAELY0EE &
AL CEEL 7RISV THERS,

2. TILFITL A AFIIIE

RETIE, EZOLIRETEVVIINVFyTINVTF
Ty T —%7F 7 FrWERET S, INVTFT L
4 Y EFRBEFEICONTHENRS.

TNFZ LAY BFRBEFES LiE, V7Y
TN —F v EORRESY X 7O NEE FIHT
L OF —4& 70 —ESLD LS Lol
FIETH 5 R ELFLE, K70y 7 N
F— bk A¥ b U RVOEFIMEE T % E A
FULERI13) % BRI LA ST, EHREE AT
FFETH L. TOILVFI LA v BFIMEFERT,
OSCAR < WVF 7 L A~ Fortran 5L » /34 72
FRINTVHY,

2.1 vv/AaF—4270-038

< ruFr—%7a—-NBTIX, V—RA& %5 For-
tran 717 5 L% BEMEATT T v 7 (BPA), ##iE
L7ay 2 (RB), ¥7Vv—Fr7uav 2 (SB) ®3
BEOMMESY A2 (vruy 27 (MT)]'® 24
&5 5.

22T, BPA IZEARMICIIBEOEARTO Y T
»BHS, BHIERHBO DI E—DRRT Ty 7 28
BIZAEL 720, #2120 BPA OMIEBERHE L,
FAFI v AT a—) Y TBOF =N~y FIE
BWTERVEAITE, O BPAZRELT1I 20
BPA 2 KT 5.

RB X, BT FaIv—FThHA. 12151,

SUTNF 9T NF T Ok y LT Ok R IR 1925

Doall V—7%, V=T A7 7 REE*SET 5T
LT k) BEEOES Doall V—TIIHEIL, FEIED
#55 Doall V—7 % #7212 RB &L BHT 5.

72, YTV —F U, TEEREBI AV T4V EHA
T5, a—FEEZRLMENA Y T4V RED
TCERWH TNV —FIESB ELTEHT 5.

%512, SB % Doall X% RB OBE, Thb
OWNBOEFIEICHL, BB/~ 707 —F 70—l
AT 5.

MT &%, 2734 513 BPA, RB, SB%0DO MT
Moaybo—yao—kF -y IKERBITL, Th
LERELAEYIOT7U—F7 (MFG)?02 % &K
3. 252 MFG 5 MT B #5142 R RET
ER ST 202D 12 DB &L, ZOKRE< Y
Uy A77 57 (MTG)2? £ LCHIT 5. 20
% MT 1, &5 ESEOETRAEEESFLET S
BB AFIv Iy ArYa—=) v 7T, £hlst
OBV ATTF A I Ay V2= LY &S
ntv#HrIA% (PC) KEWHTORETEN S,

2.2 RRUEANFIMIE (JL— T WHIMNIE)

PC 2%l ¥TH N7z MT %% Doall % RB T
H5%E, TORBIEZPCAHOT Oy Y7L X
v} (PE) LT, 1%L —varyLRUVTHE
ENFFIETEIN S,

2.3 KL 5I4LIE!)13)

PCIEID Y THNS MT A, BPARY—F ¥
WL —FTHEINLEE, TRHEAT—F AT}
LDy 27 IHE SR, PCAY PE L1 iEF)
MEENS.

E1ix7 9y MNECLBRAS—AFHIOREE, ¥
VERYw IV AL - avERERBWOL—=T 7)) —
I-FICRBELTFHIFar954TH%S. OSCAR 2
VAT, TOXIRERTTY IHDAT—

LAV IERSAZELTERL, FATEOT— Y IREE

BT A, FO%, B20X ) %KI X 7BOT —
YIREE, ThbLETHBERLZIAZ ST 7 LR
EN2EF A I NVERT 72K TH. B, &%
AZIEE —FIIBLTwWs, B2 i2BnwT, /—
FROKFIZIA BT i #FRKL, /—FORBOET
i3 PE ECO5 AVMBERHt £RT. 4, /-
FN; 6 N; KA Clpniny Pz, ¥ A7 Ty
T WHRITT ALV EEFRHBHERL TS, ¥
A7 BOT — AR O ERT A58, £4DTY
TR HEREARRFD. YA T; &£ T; BE
LhAHPENENWSTOENIBE, TOEA ti; BT —
FEERRE 2 5. ©2 TR, F—-yERB IUER



1926 BRI S 27 SCRE

<< LU Decomposition >>

l)u12 = aqy /111

2)[124 = 324/122

3)1134 = 334/133

Hlgy, = ~lgz *uyy

Suys = ags/ lag

6)1g55 = ag5~lsa ™ Ugs

<< Forward Substitution >>

Ny, =b1 /i

8)y2 = b2 / 122

9bs = bs — o V2
10)y, b3 / lgg

II)Y4 = b4 / 144

=bs -lss * 3
= bs / lss
<< Backward Substitution >>

xa=y4 — s *x

15)x3=y3 —uzyg * x4
16)x2=y2 — w4 * x4
1M x1=y1 —up * xa

B 1 EHRES A7 O]
Fig.1 Near fine grain tasks.
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Fig.2 A task graph for near fine grain tasks.
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Fig.3 Elimination of redundant synchronizations.
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Fig.7 Speed up ratio of random sparse matrix solution
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¥/, ZOFOEE, 4PE T OSCAR #* 3.02 &,
CACHE-WB T 2.76 EDAY - K7 v 7 THY, 8PE
T OSCAR %F 5.29 f&, CACHE-WB T 3.95 ffD X
¥—F7v7bkolz, #12 8PE OBETIE OS-
CAR 7 —% 7 79 ¥ O )" CACHE-WB @ 1.34 &
DAY —=F7 o7 %ERLTEY, OSCAR ® LDM,
DSM, CSM D& A€ 2 RFEMIHVE I LIZLY
SEELGHREMEEHBONLZ EHIDLNT:.
ZZT, OSCAR BL U CACHE-WB 7 —%7 7
Fy (O—ANVAE)BIT XYy 277X 1 7
Oy 27) 2BV, 4PEETROEPEDEFr7 Oy
IJBORFIHTHAEVT 7L AOEEER2 I
AT, £23Y, BETF-YBIUOCRBTII SOy
F (ThbbYE-FDSMALT) 47Ty
E5 5% OSCAR Ti&, [EHi/7 — ¥ Bk EBIc ¥ 5
TR RIC16.1%E KEVW IOy T EEERLL TV
A, FBONLE (ThbbEXyy Y a~DART)
%1270y 7 Tiiz2 % CACHE-WB T
T57 7 EAF 6B TITATVWAIEFFRbL. —
F, TUSAVECEREF OV AEVICE Y HT
BT LATTE B OSCAR TRER/ Ef/—HIEEH
FRICHT A7 7 A&7 Ty 7HD 172% L D8
Lawvoizxtl, 94 VOB 7ar7) 7
4L 5 CACHE-WB TiX, 4HEOFHTIIEL D
F—FEFry 2 llB LIy P AY— MEETOE

May 1999

OSCAR

--0

OSCAR/GR

ps—

CACHE-WT
Pa—

4 CACHE-WT/GR

.....

ek
‘CACHE-WB/GR

Speed—up ratio

3

OSCAR : 200,235 clock
CACHE-~WB : 203,781 clock

B L ]
“,g‘—:‘v.—,.-,,—..-.,
"
0 1 T —r—»
Number of PEs

K8 U—HWNVAEYTZLAZ 70y FJHOT VY AAN—RAT
b2 AOKREEC B B EBE R L
Fig.8 Speed up ratio of random sparse matrix solution
with 3clock local memory access.
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Table 2 The ratio of memory access clocks to executed in-

struction clocks for random sparse matrix solution

with 4 PEs.
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Fig.9 Speed up ratio of NS3D/SUB4 with 1clock local
memory access.
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Table 3 The ratio of memory access clocks to executed
instruction clocks for NS3D with 4 PEs.
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