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OHMEGA : A VLSI Superscalar Microprocessor
Architecture for Numerical Applications

- Hardware Organization and Pipeline Structure -

Masaitsu Nakajima Hiraku Nakano Yasuhiro Nakakura  Tadahiro Yoshida
Yoshiyuki Goi  Yuuji Nakai Reiji Segawa Takeshi Kishida Hiroshi Kadota

Semiconductor Research Center , Matsushita Electric Industrial Co ., Ltd.

We have developed a VLSI superscalar microprocessor for numerical applications, it's
called OHMEGA processor . OHMEGA processor adopts superscalar architecture that
operates instruction - level parallel execution, statically code - scheduling by compiler ,
dynamically hazard resolution with out- of - order execution. OHMEGA processor realizes a
very high performance by taking advantage of these techniques.

This paper describes OHMEGA processor architecture , especially its hardware
organization and pipeline structure.
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44 (BR) X x|o oiojo oioiolo O
PRI ( CTRL) x x|o of{oJo o:o0io]o o©
$MALU (PALU) o olo oiolo oioiof|o o
MV (PMV) o olo oiojo oioio|lo0o ©
----------------------------------------------- R Stttk Ebsiadedhedbbeecher bty Al —————mm———
3% 7 b (PSFT) o o|lo o{x|o ojoio|o O
AR IEAMRE(FA/S) |0 OO0 oio[x X tojolo o
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F— S DREABLART L, VV—R.- 227y
P RUETERES S RE S W2 T hid, 2064
2, MER, B BHVIEIZRITT 5,

BATS RA®GE ., 4754 BT & - TEF
EN, VY=R-AYTYI b, F- S RERE K
UHHERIERMR AT S L v & ) 2 BAER e 4 7 ¥ =

7 b3 — FOBEITIR: B2 Ad T O MEII £

MBHEATW L, T, G4HBITHIZ Fout- of - order
DEERTE. B2 5B/ 4 7H T idout-of-
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T, 0.8pmCMOS7 Ot X ¥ v, Bdissss. A £
VEREHEMT. RU Y U F 4 AR ORBILIC &
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HHEFMRA O 7o /5 4 8 LT, BTEET &
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Wk, TNEFROD—-FNVADOERN—- T O R %R
To EBOA—F VT, E5I2ZDN— 704l
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Kernel 1 Hydro Fragment
dolk=1,n
1 X(k)=Q+Yk)*(R*ZX(k +10)+T*ZX (k+11))

Kernel 3 Inner Product
Q=0.0
do3k=1,n

3 Q=Q+Z(k)*X(k)

TR ANE, N FTUNL NI E o T,
=TT ru—rrLihnwaryrRrrafiix

Livermore | H-EPU |[OHMEGA |OHMEGA
Kernel' | (40MHz) | (hit) (miss)
Kernel 1 15 | 24 | 20
Kernel 3 14 2.8 2.5

£4 V=S TrUO—) T TORWE

AYNRANFEIZLoTar AN LG TS 2y
bea—=F&, V=T ER4BIZT O -y 5 LTR
BUAAT Y2y b a— FERARL, BEfLa
YNRAZGIZELBT U= Y SOMELEAR, T
A=) T EfFo kT s AL TIER, &5
2, PLD(Pair Load) &4 % #HLTA 7YY =2 }
DORBEILER > T b, ¥/, HEo 702 EPU(
¥ — 7 4 §k 20MIPS / 20MFLOPS ) o FF1li #& & &

EPU @ 7 0 v 7 Bik$ % BALIZ40MHz 2 BEfL L 72

BE&(H-EPU ¥ — 7 f488 40MIPS / 40MFLOPS ) @
FHMlifER %R L. H-EPUOHBEY Y1 E L7 & 204
AR S FF IR Y,

®3IZ, BFIONZ P VEFEL, TRTOF— ¥
MF—F T xy ‘/:.b:*ﬁfﬁ’iﬂ‘fiﬁfrf%é\(( *yxy o
A—eby b)) OREE, BNy FLENE
Ay F= 90 F—FFxy P ailBHLEhivig
BlFryvia-F—).I2)OMHETERIZET,.
NBF— 5 AEVDOT A% 4 2 vik, H-EPU
HOHMEGA b & 1229 4 & )L (50nsec) . @4
FryvialdF—-—ney beT b, T/, ELIC
. K3 OHEREIFMERE b EIT, Tru—) v ik
FHISLITEY, Tru— )Y i fihbivigs
DTG DOHREH T2 » EHIHETRL TV 3,

F#3 LWL ML & HIZ, OHMEGA® Hhk i3 | —
79y 7 EHEH(40MHz ) H-EPU o3t L T,
T—FFxyvanky MRETLT~3.7H. ¥—
PFx v a0 ARETHLI~1IBEVIF
HHENERTE TS, X, F— ¥ Frvan
IARETIR, F=rF vy P2 IALEB A~
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Livermore EPU H-EPU OHMEGA (40MHz) | OHMEGA (40MHz)
Kernel. (20MHz) (40MHz) DCU all hit DCU all miss
Kernel 1 5.9 MFLOPS 11.7 mrFLoPs 20.0 mMrLOPS 16.2 MFLOPS
( unrolling %) (0.5) (1) (1.7) (14)
Kernel 1 8.8 MrLOPS 17.6 mrLoPS 47.8 MrLOPS 33.0 MrLOPS
(4 loop unrolling) (0.5) (1) (2.7) (1.9)
Kernel 3 4.5 MFLOPS 8.9 MFLOPS 15.8 mrLOPS 9.8 MFLOPS
(unrolling 4E) (0.5) (1) (1.7) (1.1)
Kernel 3 6.6 MFLOPS 12.3 mrLOPS 44.2 mrLOPS 24.7 MFLOPS
(4 loop unrolling) (0.5) (1) (3.6) (2.0)
#3 MALEEIE
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2O RABICRETE S L) REbs <A
rsasatyHThb,

PRI BV T, BELShTwizwd 7
Jxzbea— FEHLTOBETHELRT L E
bz, =TT vua—)rrEnpar43i2ks
a— FoORELIZE Y., S HEHVETEEEERT
LILENTEE,
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