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Optimization Method of Streaming Storage Based on GCC Compiler

GAO Xiu-wu, HUANG Liang-ming and JIANG Jun
Jiang Institute of Computing Technology, Wuxi,Jiangsu 214083, China

Abstract To solve the problem of cache pollution and mandatory loss caused by streaming memory access, some high-perfor-
mance general-purpose processor platforms provide a dedicated path and supporting instructions for accessing memory directly
without accessing the cache. The overall performance of chip memory system can be improved by using direct memory access in
common application scenarios such as streaming storage. However,it is a tedious and error-prone task for programmers to deter-
mine when direct access to main memory is beneficial,and an effective way is to implement it automatically through the compiler
Therefore, based on the in-depth analysis of the benefits of different types of access operations under the streaming storage access
mode, this paper proposes a streaming storage optimization method based on GCC compiler. In the SSA-GIMPLE stage of GCC
compiler, the continuous write or step write with stream access characteristics in the program loop is recognized,and optimization
objects are screened according to the benefit analysis and dependency relationship. Finally, the direct access main memory instruc-
tions are generated by matching instruction templates at the back end of compiler. The continuous/step-write case and STREAM
test set and their variants are used for experimental evaluation on SW domestic processor platform. The results show that the op-
timized method can significantly reduce the execution time of STREAM storage applications,and the average acceleration ratio of
STREAM test set after optimization is 1. 31. Additionally,in conjunction with loop unwinding optimization, the STREAM test set
has an average acceleration ratio of 1. 45.

Keywords GCC complier,Direct memory access,Compiler optimization,Code generation, Domestic processor
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Wil o 53 &b o 1 TR AN G DTl XA [ A7t 25 = TR) B U A7 5
VT Z (8] U 340 55 38 3 40 A A 2 A A 4 2 ok DR UE T 25
ZIR]FR U7 T MU 47 A AEfith e A2 M 4 iy B A S AR 93 5 05
AF B 10 ) T 2 5 TEAR B (14 45 R AL 4 A A7 i S R 4 4 .

ik 4 W

Hi A : (streaming_store_refs) / * Ji 5 P EE(R E. * /

#ii i : (direct_memory_access_{lag) / * E i EAFRIC * /

1. direct_memory_access_flag < false

2. ref<—streaming_store_refs

3. while(reD) do

4. dist<sell_reuse_distance(dr,loop_data_ size,n,loop)//31 5 &
FHHE B

o. if(dist > DMA_DISTANCE)

6. direct_memory_access_flag < true

7. gimple _ assign _ set _ direct _ memory _ store ( ref — => stmt,

true) // LY FAF P (1) 32 3 OB 0 ML U5 A7 v i) 3k X

8. endif

9. end if

10. if(direct_memory_access_{flag)

11.  emit_mfence_after_loop(loop)

12. end if

4.2 HiFEHFHEIRBEK
T FEAFAR AU AR B 3 BT 4 0 A 5 I o8 i, BRI

FRAVE BT HU7 E A7 ) R 3A 2,58 i SPN MR AL 1 AH R

INSN, I VE ¢ [81 € /9 BL U5 A7 38 A AR UL AR . AT

fai b BV E A7 48 44 L, H define_expand 5 define_insn 43l

XV AR BT E L. ST 5 TR, define_expand 2§

R4 BN THI TG SPN Jf 42 i INSN; W31 6 Fi7R - de-

fine_insn ZS U4 A B A T VG BE A gl e & L gm A0

&% 5 defin_expand ZE I H5 A 1R H

1. (define_expand “storentdi”

2. [(set(match_operand: DI 0 “nonimmediate _operand”) Cunspec:
DI [ (match_operand: DI 1 “input _operand”™) ] UNSPEC_NT-
DD) |

3 “flag_streaming nocache store==1"

4. {

5. if(sw_64_expand_mov(DImode,operands))
6. DONE

7. y

8.)

Hi% 6 defin_insn ZERIFE A BAR

1. (define_insn “ * storentdi”

2. [ (set(match_operand:DI 0 “nonimmediate_ operand” “=m")
(unspec: DI[ (match_operand: DI 1 “input_operand” “r]”)]
UNSPEC_NTDD) ]

3. “register_operand(operands[ 0],DImode) || reg or_0_operand
(operands[ 1], DImode)”

4. “stl_nc %rl, %0”

5. [(set_attr “type” “ist”) (set_attr “isa” “ * ) (set_attr “usegp”

“ * 7))]
6.)

5 I§
ARXHELRFERAESH B L EA BB RG . ETIF
PR GCCURA GCCT. 1. 0) 52 30U = A2 6% 0 4k o s, il

R &S/ B 25 O 50 5T AR AT B 2846 A
FE Pk BE IR 4 STREAM(S. 10 MR A,



75 I A BT GCC G A A4 L =X A7 fif £ Ak T s

5.1 EZ/BSEIENEHH

BB/ LT IR 7 BT % — A TR KAk
R SEATAE PR (E , JF 8 03 STEP Z 6l 85 45 5, i A
gettimeofday PRER T,

double mysecondO) {

struct timeval tp;

struct timezone tzp;

gettimeofday ( &tp. &tzp) ;

return ( (double) tp. tv_sec + (double) tp. tv_usec * 1.e—6 );
y
void main() {

unsigned long sum=0,i;

unsigned long al ARRAY_SIZE];

double t,t) sty 3

for (i=0;1<ARRAY_SIZE;i+=STEP) a[i]=1;

t1 =mysecond() ;

for(i=0;i<_ARRAY_SIZE;i+ =STEP) ali]=i;

t, = mysecond() ;

=t

for (i=0;i<ARRAY_SIZE;i+ =STEP)

sum+ =ali];
printf(“sum= %1d,t= %1f\n” ,sum, ) ;

7 RS AR T A8 A5
Fig. 7 Write only stored test case code

X i 2 / 5 2 5 AR B AT 4 % 6 i v R 02
FE IG5 O A D 3 R A0 O T I U A A O A s 0, A i B
HEEMEN R 4. DLELES G086, LA wT 5 L5
HIC S AR AR 18] 8 T 7, AL T F 5 #L U7 A7 48 4 stl AT 8K
oA DAL S B U7 B RS stlone AT RO A6 L T
TEE PR R B S IAF A2 M 4 4 memb,

$L5:
$1L5:
st_ne $1.,0($2)

st $1.00$2)

Idi $1.1¢$ 1D
Idi $1.1¢($D

Idi $2.8(%$2)
Idi $2.8($2)

Idih $3,—3584($ 1)
Idih $3,—3584($ 1)

bne $3,$L5
bne $3.$ L5

memb
Ca) DAL HITIE 4 A1 [OF/ RN T T

&8 L5 A7 s B O Ak i 5 66 S R 4w AR
Fig. 8 Write only stored assembly code before and after test

case optimization

B9 g5 1S/ B0 S MBI AL TR A e [, mT e
A, T U AR A T B 32 AT e ] T AR T T
WVTAEHE 2 LA SCHR R B A0 Ak J7 58 W1 LAA S84 T 2/
5P 5 AR AR T G S e RE . A T PR R E T
AR D010V BE L 25 & 08 20 J T S R X T 81 #E 47 Ak L AP rp T
L AEER JRTT X W5 A7 2 TR T 5 AR — 4R
Tho 3R DR ML A7 o SR S LS L B B S B 2 A7
J5i 3 AN S BIVE [ 2 A 1 AR Y o SR RS B 32 A 5 T B
Vi EAF I 1 6 R R IT AT ARG N E 1R A I B2 L b 3 3
A7V 1] AR K8 o AT 42 T I A i

81
30
m E AP
25 O B RH R R
— A
2 AR R

R EATH ] /s

i,lﬂﬂﬂ&&&

B9 Mgk /B 8 MR 1 1 32 47 6 ]
Fig. 9 Running time of continuous writing and stride to write

5.2 STREAM iEfll 5 4> #7

STREAM it C i 5 4’5 58 B . &1 X SOKE BE ¥ o5 5l
4T Copy, Scale, Add, Triad 3% 4 4 4E, BK N3 1 frsl,
B 5 U STREAM iz £ v i1 4 /4~ 000 3 15048 EL A W) S 1) 98
AEAHRRAE , BP 3% 22 U5 A7 (0 BU06 72 Cache 25 1 5 BN AN & 8
HEH. SN T TR R A S0 B A A O AR s
B AR AL R AT X STREAM 1 4 AWK B E 47 T
s KRR E I AR RN 1 B AR B 8 FE AT
XF o R AL 58— iy 24 9 STREAM-Sx,x R H K,

# 1 STREAM i 15

Table 1 Test items of STREAM
Test item Operation Memory access
Copy cljl=alj] IRIW
Scale bl j]=scalar % ¢[j] 1R1W
Add cljl=alj]+0blj] 2R1W
Triad al j]=b[j ]+ scalar * c[j] 2R1W

X} STREAE-Sx WA 77 40 4k &5 SR 0 3700 5 32 5 3% 4/
5455 B A TR S BRI B U AR I AR OR R S A R
WEF— LR EE. B 10 B TIRARIF . H U
FAEUA T OV A5 ORI R JF A4 A X 3 R AR Ak X
STREAM-Sx B Pk g #2 A& 0 . A vl 0, H 17 £ 47
oAk A b X B 32 7B &, STREAM-Sx 14 - 34 4 fiE £ 7+
T 31.6%,STREAM-S8 (W PERE#E T F2 B e s, o 70%0. 55
Hh 0 K BUHE IR X IR B LT A ROR L TS BT AF
AL ZS & )5 7 R K42 FH R 89 1 fE . STREAM-Sx ) - 1
PERBARTE T 44, 9%, I8 T HF AR AL, Bk, i 3 A8
PR TF B AR T LI I 5 U5 3 4238 SR G I 8 X 32 A7 19 3 )
YOBC T 3E— 2B 42 & STREAM-Sx 1585 iy P BE

| =mEFEF
8 CouyE#
14 | VEXZLEY S
2 12
g 10
& 08
3
06
04
02
0
S P @ P P P S P
@ o o & @
ENE = S-S S

10 STREAM #:fg#2 7+ i1 Lt )
Fig. 10 Percentage of STREAM performance improvement
B %f STREAM-Sx #2 5 B9 VL BRI I 1 15 5 47 1 Ak 39 47
B WL B P BE R T 5 U B AR SO S B 0 U A G O A e B
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A AL R A AP rE R . 534, B 10 TR LR
i, STREAM-Sx 1 g #& 7+ # £ ) #E /¥ y STREAM-S8 >
STREAM-S87>>+-->>STREAM-Sx>>--->STREAM-S1, I %
MG 0 R 2 L 20 A0 1 K — > Cache B 5 48 4E 2D
HA I AT BB IG  0 FAAZ RIR B0 D . AR R B b
B K F o %5 F Cache LR/, —A> Cache $t 15 — k5,
P BB I 25 R T 18 TR — A e B T L

GERIE  ASCE X A 25 IR 0 A % 8% R A A8 U =X M
FAYG 55 T %R MLV AE S U 32 A TR U A 0 $R VR RO 5 1
W zs BB AT T X A BT, LA R AR AE GCC gm i3 Hh S8 T 4
Xof i A 0 G R A AL T HEAT T SEIRINE . E S TE IR A
GIMPLE Wy B H 2l 17 3] 8 77 118 26 A B A U 2077 il R 1E 19 3%
S5 51500 SRR SRS K WA R AR TR B T A R R R
B H U5 A7 T R SRR f S TE G 3 4% S i AR 2R i 7R
HVCEC A B T EAAAR A RO I A G R B s A s
B, A OR T 36 s MR, LW AR I b D AR AR R B 4
AT M, S B 2 L A S0 B Y AR Ak e 0% A D
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