A ¥a—Fa427
(2001. 10. 26)

i el

N=FTra—=Yr 7, EELOFEE LTREEOMEICAS 0N, loop restructuring Mz
%% dataflow analysis 2 &% LELSTHEEAHIEMTELZ &6 [HLVREL] L LTARY
CERENTEL, —77, GNU-C 111980 #4484 5 7 ) — 0k a ¥ /34 7 L L THV i =
BTEL LL, BBLLOEFHBBEFOL 0NN, EF Y 2RBICEETELR Z>TE&TW
BIEAEREEELT, HRETATIZERLPHELVHEAE RO L) IIE>TEL,
Sparc/Solaris IZBWTIRT ¥ U~ ¥ FIEEQOMBMLHEUE > TWVD.

ARBKLTIX, Sparc/Solaris -0 GNU-C 2> /84 507 »0—1) Y 7IZBT 557 2L, £D
bug fix # L AR— b5, BEBFET > a0 P FREIMAT, LIASEOFFIR CBRT D0
AT T a—=) v FILRAT.

OV TFOYREREL, ERELTT I TONTEHTIETHF Y v ¥ 2 ITAN
FAF 4 OPRVAEY L XOFFFIFRTIE 46% (K E Vi £ XTI 8.4%), SHIHNAY Ya—1
FEUETHIET50%(KEVY A XTI 8.1%) DAE— F7 v IAfibhi.

SATO HIROYUKI

Loop unrolling, known as one of oldest optimizing techniques, is underestimated because it
can anyhow be applied without any dataflow analysis, and therefore it is an “easy” optimiza-
tion. However, it is not true for modern architectures.

GNU-C has occupied a position of the standard free compiler since its emergence — mid
1980s. However, its performance drawback to leading-edge compilers is now recoverable,
which is attributed to the old-fashionedness of RTL, (original) target architectures, and menu
of optimizations. Loop unrolling is its typical example.

In this paper, we report bug fixes on loop unrolling of GNU-C compiler on Sparc/Solaris.
Bugs are scattered in the part of loop unrolling and instruction scheduling related to register
allocation. By fixing those bugs, the performance of matrix multiply has been improved by
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Bug Fix on GNU-C Loop Unrolling, and its Performance Improvement

46 %(loop unrolling) and further by 50 % (loop unrolling + instruction scheduling).
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2. Preliminaries

. Definition of Loop Unrolling
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(insn 106 105 107 (set (reg:SF 115)
53 LIRS 115 #fEH

Toop 1i=1,N Toop i=1,N,2
loop j=1,M loop j=1,M
Statement(i,j) -> Statement (i, j)
endloop j Statement (i+1,3)
endloop i endloop j
endloop i

Eix T (avg FoRTo) BRELFEVHIC
[ERard

[i 12B8 L T loop unrolling] + [j 2B L T® loop
fusion]

Td5. loop fusion (28 L T dataflow analysis 25LE
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RTL of GCC
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3. Unrolling in GCC

GCCItBWT, V—TICHFRT 2 BELHITEBEL
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TurSAhELT, BHROEDIZUTOLDTELS.

(mem/s:SF (plus:SI (reg:SI 121)
(reg:SI 111)) 5)) -1 (nil)
(nil))

(insn 107 106 109 (set (mem/s:SF
(plus:SI (reg:SI 121)
(reg:SI 107)) 5)
(reg:SF 115)) -1 (nil)
(nil))

(insn 114 113 115 (set (reg:SF 115)
LYR% 115 i L

2

(mem/s:SF (plus:SI (reg:SI 125)
(reg:SI 111)) 5)) -1 (nil)
(nil))

(insn 115 114 117 (set (mem/s:SF
(plus:SI (reg:SI 125)
(reg:SI 107)) 5)
(reg:SF 115)) -1 (nil)
(nil)) '

(insn 122 121 123 (set (reg:SF 115)
VYRS 1152 E7 () FEVEIL

33

extern float al], bl];

loop()
{
int i;
for (i = 0; i < 100; i++) {

(mem/s:SF (plus:SI (reg:SI 127)
(reg:SI 111)) 5)) -1 (nil)
(nil))

(insn 123 122 125 (set (mem/s:SF
(plus:SI (reg:SI 127)
(reg:SI 107)) 5)
(reg:SF 115)) -1 (nil)
(nil))
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1d [o2+%03], %2

add %02, 4, %o0

st %£2, [Yo2+%o04]

1d [%o0+%03], %f2
## VYRS Y£2 REA

add %02, 8, %ol

st Y£2, [%oO+Y%odl

1d [hol+%oe3], %f2
#it LIRS Y2 R{EVEL

add %02, 12, %o0

st %2, [fol+%04]

1d [%o00+%03], %f2_
#its VIRY Y2 %7 () HivEL

" add %02, 16, %ol
st %£2, [%o0+%o04]
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Loop unrolling: I00 iterations.

Unrolling loop 10 times.

(insn 106 105 107 (set (reg:SF 125)
VYA 125 A
(mem/s:SF (plus:SI (reg:SI 121)
(reg:SI 111)) 5)) -1 (nil)
(nil))

(insn 107 106 109 (set (mem/s:SF (plus:SI (reg:SI 121)

(reg:SI 107)) 5)
(reg:SF 125)) -1 (nil)

(nil))

(insn 114 113 115 (set (reg:SF 128)
VIRY 125 SO LT AY R
(mem/s:SF (plus:SI (reg:SI 126)

(reg:SI 111)) 6)) -1 (nil)

(nil))

(insn 115 114 117 (set (mem/s:SF (plus:SI (reg:SI 126)

(reg:SI 107)) 5)
(reg:SF 128)) -1 (nil)
(nil))

(insn 122 121 123 (set (reg:SF 131)
VYRS 125, 128 DADOL YA S
(mem/s:SF (plus:SI (reg:SI 129)
(reg:SI 111)) 6)) -1 (nil)

(nil))

(insn 123 122 125 (set (mem/s:SF (plus:SI (reg:SI 129)

(reg:SI 107)) 5)
(reg:SF 131)) -1 (nil)
(nil))
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Pseudo Register# | 125 128 131 134 137
{(Allocate)
Real Register# 34 35 34 35 34
140 143 146 149 152
{(Allocate)
35 34 36 35 34

TE-d—-FRNZRBEISLEx k. D%

1d [7i5+7gll, 2

add %i5, 4, %i0

st %£2, [hi5+%ho7]

add %i5, 8, %i1

1d - [4io+igll, 4f3 } )
U2 L BB VI ASER)

add %i5, 12, %i2 -

1d {hil+%gll, W2
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st %3, [Ai0+%07]
st JAE2, [hi1+%o7]
add %i5, 16, %i3
1d [4i2+%gl], %£3
(D D2BWT 4£3 IZEF)
add %i5, 20, %i0 '
1d [4i3+%g1], %f2
(B LDBWT YE2 IZER) -
st %3, [%i2+Y%o7]
st 4£2, [hi3+%oT]
add %i5, 24, %i4
1d [%i0+%g1], %£3
add %i5, 28, %i2
1d [hia+igll, %£2
st %£3, [%i0+Y%07]
add %is, 32, %i1
1d [4i2+%gt], %f4
RealRegister 36 |AfIE
st 412, [%i4+o7]
add %i5, 36, %i0
1d [%i1+Yg1), %£3
st %4, [hi2+o7]
1d [4io+igl], 4f2
st %£3, [4it+%o7]
st #£2, [4io+%o7]

FNTHINT 4 —v V7 ARBEMELTLEYEY, £
LCEBENRTO—) Y IOHREERTEL L)
Bof. IR (V- 7ikikj) Efo R Fe—2
TRY. BFIOF AL X3 256 £ 1000 2V THEL .
manual unroll DE¥ 12 GNU-CH 7y u—1) ¥ 7 DB
ERUCICLTEHMLZ. $4bb, 4 X256 Cid 8 &,
1000 T 5 X TH 5B

256 fixed | 1000 - fixed
unroll % L 52.4 524 | 30.7 30.7
unroll % 9 55.9 - 81:8 | 318 34.5

manual unroll - 729 - 375
(Sun E3500[Ultra-Sparc II(336MHz)] in MFLOPS)

4. Further Improvement
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(c) HFHFEOZVIO.
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if (#Live LY XY < # LIV R¥ [2) {
switch (f59) {
case load:

W OBEEE += 128;

* 2.95 TIX, EHIIINEHELT,

o LYY DAETFRMATEBIETELZEED
FHEOBLTVA, ZDRDIstore ROBGADEAIZEDY, FE
7z spill code 2Hi%E L 7=,
2.96 Tld, ZOWBELILL TS, A% spill code %4 L %<
Lol ftb LY RS - A€ HD bandwidth ZHiV:E) 6 224
LR VIRy OV LA 7.



case store:
mEDEEE /= 4;
}
} else if (#Live LY R < # LIVAY){
switch (&%) {
case load:
wHDEEE +=8
case store:
HEOERE /=2
}
else /* Register Pressure X */
/* Do Nothing */

ZOEFEH2.95 LB DD store DEXEFTIFSHZ
LEDbload DEEELE LT TVWAI L AEERTAAT
5. load DEEELY LT THHERMICL VRS D life AF
E(RBET295 Dl B2 57, store £EA T
FTEZVD, spill code DRAETERIL 2.95 L HBIL T
VY,

WEORR, ROT— FHFERSNDE L) TR0

add %ol, 32, %il
add %ol, 36, %i0
1d [%ol+%02], “f2
addcc %o4, -10, %o4
1d [%o0+%02], %f11
1d [fo7+%02], %£f10
1d [Yg1+4o2], %f9
1d [%i5+%02], %£8
1d [4i4+)o2], U£7
1d [/i3+%02], %f6
1d [4i2+/o21, %f5
1d [hii+%o2], %4f4
1d [%i0+%02], %f3
st %£2, [Yo1+%03]
%£11, [hoO+o3]
%£10, [hoT+%03]
%9, [hgl+io3]
%£8, [%i5+%03]
%ET7, [hid+%o3]
%£6, [%i3+%03]
st %£5, [%i2+%03]
st %f4, [hil+%o3]
add Y%ol, 40, %ol
bpos .LL6

st %£3, [%Ai0+}o3]

st
st
st
st
st
st

0BT a—LER, LYRAZEHFITS Ehvniads o
ITHANTVAEIENBETES, : .
TR (EHE3BOL D EFA—) TR EERS.

+4 X 256 fixed | 1000 fixed | *
unroll % L 52.4 524 | 307 307 |1
unroll 1) 55.9 81.8 | 31.8 345 2
scheduler 2(# - 839 - 344 |4
(MFLOPS)
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. TV [ERBWMET o= v VEBE] i, LV
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5. Unrolling in x86 Architectures

Z D bug ix IRISCRDOLDIH LTHDAFHTD
%, x86 AT, LYASENHIN (RHASELALVT)
BETHoThH, Z0OHOI= FERBS TRIRSATL
v, B (GCC OHTIZ) BRI L. _

ZZTIEGNU-COHit x86 25—+ v belLia—F
EWEET A, RO T ARE .

FEEELANVTE, VIZATOSHIEI T (FFoTw
5.

(insn 46 16 47 (parallell
(set (mem/s:SF (plus:SI (mult:SI (reg/v:SI 21)
(const_int 4))
(symbol_ref:SI ("a"))))
(mem/s:SF (plus:SI (mult:SI (reg/v:SI 21)
(const_int 4))
(symbol_ref:SI ("b")))))
(clobber (scratch:SI))
1) -1 (nil)
(nil))

(insn 49 48 50 (parallell
(set (mem/s:SF (plus:SI (mult:SI (reg:SI 25)
(const_int 4))
(symbol_ref:SI ("a"))))
(mem/s:SF (plus:SI (mult:SI (reg:SI 25)
(const_int 4))
(symbol_ref:SI ("b")))))
(clobber (scratch:SI))
1) -1 (nil)
(nil))

LoL, ELYRSEHDHITaRICZBE, x86 DL
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movl Yeax,a(,%edx,4)



movl b+4(,%edx,4),%eax
movl %eax,at+4(,%edx,4)
movl b+8(,%edx,4),%eax
movl %eax,a+8(,%edx,4)
movl b+12(,%edx,4),%eax
movl %eax,a+12(,%edx,4)
movl b+16(,%edx,4),%eax

SO, FEAMEEREEL LTx8T ROBEELBET
L, GNU-COUyy s ##3RY, LIASIRY v 2
OUEPSRLLVVAS #EVES S 5EY, Tra-)
YT OREN T o KHIFTE LY. TO&KRIZ Pentium
266MHz T/TFIEZMWEL 2 b D THE. GCCD/8—T =
Y3272, 234 V4t T ¥ a -funroll-all-loops
Tid, B A X256 1 LT4EiCunroll 8115, 20
* 7Y arDHY L, manual unroll KDOWTENREN
HHe %% L7, manual unroll i manual T4 BRIZER
LI DEDOWTHELLZLDOTHS.

unrolling = L 17.2MFLOPS
unrolling 9  17.9MFLOPS
manual unroll  15.8MFLOPS

TRl DA VR TTRVIRAY RS v DFENEIL
FIRLTENR ) OBERENRONS. TRELHEOC
2734  (Version 1.0 May 19 1999) TOHI5E. -Kfast
T8 B unroll #17> CTv*%. manual unroll $ Z1ZHf
T 8 &D unroll 7> T 5,

-Kfast 2 L 25.8MFLOPS
-Kfast » 1 30.2MFLOPS
manual unroll  29.2MFLOPS

6. Concluding Remarks
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