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Binary code sharing among VLIW processors

with different parallelism
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1-5-1, Chofugaoka, Chofu-si, Tokyo, 182 Japan

A concept “prime block” representing an abstraction of instruction level parallelism, is pre-
sented, and methods sharing the same binary (object) code among VLIW processors with differ-
“ent construction of parallel execution are proposed. In one méthod, instructions are scheduled
at loading time. In another method, they are scheduled at execution time by the processor.
For both methods, compilers add information to the binary code to help scheduling. Presented
methods enable the VLIW processors in a family to share the same binary code, even if the
number of concurrently executable units differ with each other.
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(a)

float a[l, b[l, ip = 0;

for (i = 0; i < 1000; i++)
ip = ip + a[il * b[il;
(b)
for (i = 0,i < 1000; i+=4) {
ip0 += ali + 0] * b{i + 0]
ipt += a[i + 1) * bli + 1]
ip2 += ali + 2] * b[i + 2]
ip3 += ali + 3] * b[i + 3];
}
ip = ip0 + ipl + ip2 + ip3;

Fig. 1: A code for inner product calclation

ZOFIE Sparc BN I —-F TH b, [ | ] s
DX TH 5,

- COBID XS R WFIETT R FFOPE
N7 SMLTAYIERRZLIZTE, 7T
4270y 7DBEIZRDBYTH S,

.79 4870y 7 ADGSRERDIER
THEHFIMIZEFTLTD v, (DlEHas%
<)

2. B EhHsrLTNE, 17514470
vy ZIZ12ICEoh, UTFEOTOY D
RECEIN S,

3. 7740670y I \ORFRAAENHB L
FThid, EHEHICELNh 5,

EIENS, T A7y 7ABEDN—
Yy rsTuavrilEinsZ LicEERESNE
Vi, 72, F1ENERT 01X, AL T4
AT Oy 7 AOSOMICITEEREREH T
B2bR0wElVnHIZETHa, FlzIZ. AL
Oy 7HDH5HG50V AT ICKEERE
WL, Bloesds OfEERBEICHAVS LS
Za—-FREFshizv, 2826, ThoD6
VBTN EFTENEH, HIAVIREARIEE
THEIICETENEPIFHELZDT, ET0D
RV —BILEETFL R 2570 TH 5,
TRETEIHRD I NAFITRELTVWED
2. DS a7y R RELTHILT
Hbo IPRLAEARITIR, IV 345D DE

- =
S e

R B EER IOV TIRERL 2\,

XT, RETE2005RDEHKLEOEF
i, 7oty u—-Sicrs a7y %
BEIEL-DOMFIMERE . T4 T
NAFYa—-FizfmL. LS AROHEITT
Oy A00—FEIZ, ES FROBEITEST
B2, EhEh FOEHRETICLTHRT D
o TEHETHEFIEBTILTHE, &
OfFINERIZ. REMICIE Fig3 DEDKD X
I, IWEELULV IV Y PDAT —IF
ELTEBRTES, a3 M5k . BYVEST
FGAATOY IDAT A= VFDOEZEVE
WILTT 54 a7ay 22K RTH, FALTS
FALTOY FTHOGREDA 74—V IE,
RILEE %%,

3 0O—KEREFHE

O— KB DAT V2= U T %24T% D
LSAHRTIE. A7 4—NVF (/)44 1Y)a—F
DA77 4= IVFROZYTICEHOTEREERT 5,
A7 A= NVFDDILELRERERIL. 7§
EANREY FOBAIRIEHSTFEOH %A
Ev, O—%i3 VLIW $EB0EBROHBR
(—ECRITTRRGFSOEG AL €Dl
_F) ERoTWT, FRIZETVT NOP fy
FTEBALLOREETF LV AOBE21TR
WihS, T4 aT7ay r e SEIL. Lk
R 7Oty HD VLIW S 4E0RTRRE
T2

O—¥A5% VLIW 5% LB LEICE
LTS R, RDOEHNTH 5,

1LUOEDODTSALT 0y yOGEERY
Hlo'CﬂEZ)o R

2.5L., F0O70y INREETHI LD,
[ Ek] ICBED VLIWHSDTF L
AREHFET 5o

3. ZOHNL | NRT Ot v TEITTRER
BT HEL., 120 VLIW 40
YT A=V ICEBDRAAR, FE EREC



mov 0,%04 | sethi %hi(999),%07 | sethi %hi(a),%03 | sethi %hi(b),%g2
or %o7,%10(999),%07 | or %o03,%lo(a),%o3 | or %g2,%lo(b),%g2

.LL17:

fadds %£0,%£4,%10
fadds %f1,%f6,%f1
fadds %£2,%£5,%12

fmuls %£4,%£5,%f4
fmuls %£6,%£7,%16
fmuls %£6,%£8,%15
fmuls %£7,%f9,417

1d [%03]1,%f4
1d [4+%03],%126
1d [8+%031,%f5
1d [12+%03],%27
add %o4,4,%04

fadds %£3,%£7,%£3
ble .LL17

fadds %£0,%f1,%f0
fadds %£0,%£2,%t0

add %g2,16,%g2 cmp Y%o4,%07

fadds %f£2,%£3,%12

1d [%g2],%t5

1d [4+%g2], %7
1d [8+%g2],%f8
1d [12+%g2],%£9

|
|
I
|
| add %03,16,%03

Fig. 2: An optimized assembly code for ILP processors

‘4 d [%0:;;“ [~ — << Instruction Scheduling in ES method >> —
| PR2I D EU1 EU2 EU3
muls %f4,%f7, %14
155 [ wenonme 1 [ 1d [%03].9%4 1] 1d [%g21.%5 NOP
T avog2l 7 0 | fmuls %(4.%17,%(4_ | 0 | id [4+%03],%f6 0 | Id [4+%g2]. %17
" tacds %1 6.0 3 | fadds %M %(6,2%01 | 1 | fmuls %f6,%I7,%16. | 1 | Id [8+%03},%!5
2. J ] fmuls %16,%(7 %6 1 | Id [B+%g2].%f8 NOP NOP . .%
£ o o5 0 | fados %11.9%16.%H | 0 | fmuls %15,%8,%i5 | 0 | Id [12+%03)%17 g
Er T g2, 0 0 | 1d [12+%92).%f9 NOP NOP g
T adds %11 916,961 1 | tadds %12,%(5,%12 | 1 | fmuls %f7,%19,%f7 | 1 | add %o04,4.%04 g
18] tmuts 25 3018.9015 ; '“dd %03,16,%03 NoP NOP
1 1d [12+%03].%(7 ladds %13,%17,%13 | 0 | add %g2,16,%g2 0 | cmp %04,%07
1o [2%g2) 60 1| bl .LL17 NOP NOP
[ facds 12,905,712 0 | fadds %f0.%11,%10 | 0 | fadds %I2,%3,%42 NOP
imuls %I7,%f9,%f7
2dd %od 4 %01 —<< Instruction Scheduling in LS method >>
dd %03,16.%03 ;
dds %13,%17,%13 1uo 1U1 or BRU FASU FMDU Lsuo LSU1
0d %g2,16,%g2 NOP NOP NOP NOP 0 03T %14 @ g2l 715
mp %04,%07 NOP NOP NOP Tmuls 914,967, %14 | 1d [4+%603],3616 10 [4+%02) J617 -
e .LL17 NOP NOP Tadds 911,916,911 | Imuls 916,%17,3616 | 10 [8+%03],%15 1d [8+%02), %18 g
fadds %f0,%1.%f0 NOP NOP Tadds %I1,9616,9611 | Tmuls %l5,9518,9616 | 1d [12+%03),%7 1 [12+%02], %10 =
adds %12,%13,%f2 add %04 4,904 2dd %03,16,%03 | 1adds 912,915,962 | fmuls %i7, %00, %17 NOP NOP g
- ] 2dd %g2,16,5g2 | omp %04,%07 Tadds i3, %17 %13 NoP NOP NOP
Bhonap In 5 binary code. NoP Bl6 LL17 NOP NOP NOP NoP
produced by LS method.
Fig. 3: Instruction arrangement by LS method and ES method
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Table 1: Execution times

Operation

Latency
(Clocks)
fadds 1
fnuls 3
| fdivs 6
ALU 1
imul 4
idiv 18
8000 !
unre >H%:xmels —-—
SN uni IMes...+=
7000 ! unroll 8 timgs ~a--
€ 6000
(&)
'g 5000
S 4000} ; '
g . *- ...... e \ \/
3000 - -
I.E ! \\\.
. 2000 }— A..ii‘ﬁ-‘:.
1000
2 3 4 5 6 7 8

Number of exection units

Fig. 4: Execution time for Fig. 1(a)
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