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The High Speed Scheme of Simultaneous Equations Solution by the
Code Generation Method to Improve Instruction Cache

KAzuyosHi NEMOTO ,t HIROSHI SATA ,t YOSHITAKA MAEKAWA ,t
MITUHIRO IYODA t and YOSHINOBU MIYAZAKIt

This paper proposes a high speed scheme by the code generation method with using the
instruction cache effectively. The conventional code generation method generates a loop
free code which is enumerated arithmetic assignment statement without loop operation.
For this reason, when operations are executed, it is necessary to fetch instructions from
memory. It becomes the hindrance of speedup. Therefore, the proposed method generates
the intermediate code similar to CISC instruction. The intermediate code is decoded and
executed repeatedly. Hence, the intermediate code is able to fetch instructions from the in-
struction cache. The effectivity of proposed method is evaluated on the general processor
Pentium4. The result of evaluation is that the proposed scheme is obtained up to 2.53 times
speedup compared with a loop free code.
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opl = opl/op2 (2)

a— RAREE, X (1), R (2) 5D LU R
LORHERA, BaRAADHEEO S B, ¥YoBEis &
GIARER O & O BB EE 2 RV /29 72— R
éi&b TOFTA— R BEEIATT 5 2 & TR

B/EFETH L., a2— NERTRIC KV ERSIh LT
a— R, #0RUEBE DR OCERCASL 2556 L 72
N—=T T —a—Reb, ZON—T7Y—a—NK
V3, T ZREENEL L 2 OBR Y BRI AT B B
25, ARBATHOMEIZ I ZEZ TRV BLETETE 5 2
EMS, BFEEES I 2L — g TR & O RdEE
OEROELZFIELL, TF—FEEMNTE A BT
L7\ &) AU B O CRHSAIRI T 51979,

0 680

1: for i=1 to N

2: for j=4¢ to N

3: for k=1 to i—1
4: Aji = Gji — Qjk X Ak
5: end

6: end

T for j=i+1 to N
8: for k=1 to i—1
9: Qij = Qij — Gik X Qkj
10: end

11: Qi = ai]-/aii

12: end

13: end

14: for i=1 to N

15: for j=1 to N

16: bi =b;i —ai; X b;
17: end

18: bi = bl/a”

19: end

20: for i=N to 1

21: for j=i+1 to N
22: bi = bi —ai; X b
23: end

24: end

1 757 MRS & 5 52k R
Fig.1 An Equations Solution by Crout Method
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Table 1 An Arithmetic Expression and the Intermediate Code

A RN e 4 FRT R
element[z] = element[z] — element[y] * element|[z]; 1 T,Y, 2
element[z] = element[z]/element[y]; 2 z,y
element[z] = element[z] — element[y1] * element[z1];
3 Ty T, Y1, 21, - Yns Zn
element[z] = element[z] — element[y,] * element[z,];
_ 1 _
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1 2 element[9] = element[9] - element[8] X element[4];
AT R
31415 x=9,y=8,z=4
6 ! i 14 15 16 17
I
8910 cote - |1]o]8]4] -
I
Axp—x=1

B2 s — RS
Fig.2 An Example of the Intermediate Code Generation

IRV =% 31F, LUSRICBI =8V —THoD
wNV— 70, [A—2REE E— @B (5K (1) 12k
0, fEZiE0RLEHTIHEICERT ANV —4
THD., ANV =5 3ITHRT DIFADT T > R,
HE O R LIRS D, GG RET Tk
275, Wi T — REATER O % Fod{l § 2 71T
DR L OFER) & ERITHENIE T 508038 5 DT,
HORLEE S LTRSS W o1, SEERICEE 20
VETEE LD 2D e b, 2/HOANRT
R, EOEHHROBERONE 27 T IERA MM &
N5, 3FRBLUEOT RS > NI, SHIHROERD
{78 2R IHEROMASERE L TR S NS, [EHE L
VRETEEE n & T 5 LANT 2 ROREIL 2n 4 2
il &7 5.

ANV =L -LiFPE T — RoRE LRIV —¥
THod. oAV —=FITHEa— FORKIC 1 D7k
UHELET 5.

21— RoEfZRd. K2 hoZflo
17500, HENT AR T KR T SBROREATH %2, Al
L 7o — RoflERd. ATHINORFL LU St
ICRAET S fill-in 22O 1IFFEROMBEZRL T
5. FEFIERITEY] element [ITHIN S h, HHITRT
HFTTr72ATEL DT 5, 21080, HH
element|9] % 21— NAREZ FAWTC LU 2 21213
element[9] = element[9] — element[8] X element[4]
EWOTEBRE LTI, BEIC, element[7] £ T LU &
AHET LT T code[13] £ THEIZ— RMBER ST
TWbeT5L, element9) OEEEFHT H7-DIC


研究会Temp
テキストボックス

研究会Temp
テキストボックス
－69－


AT HHEEROAT NV —F1F, 1 LD 1THS
DT code[14] 1ITIF 1 2SN D, E£72, Zhidhi
CANRTYRIEE, R (1) £V 32THY, £115
x=9, y=8, z2=4¢%5. ZTD®, code[l5] IZ
B S N5 a—RI1X9, code[l6] ITH&IS D a— R
138, code[l7] IS NLa—NiZ4 245, 2D
LT LU fR%E4TH 2o Tohf]a— K&K
NEWC AT 5. CoFEa— Re4EkL 726, code
DEBIAT 7T V2w T ARV —2-1 Z2iL, &
Bla— RoAERE&TT5.
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PR — REATERY, B3 kI, HAXL—F
TR L 7208 & AT T B IRy & R oL — 7
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IO NL =5 EFGEdahTy, £ 1IHE- TRITT HiH
BREPET S, KRICANT Y ROFGEIRARELT.
XV —=FMW 1 THLIGEEIFIANT Y NE 3D, X
V=22 THIHERIFANT V RE 2 DFialds,
FRU—=F 1 ROARV =% 204 RT5 R, #HE
AP L TLHEBENT VAT LD T v
2 LTSHRL, BiRAERE2ET 5. £4X
V=23 THHEET, FIHUELEEE b
NT Y RE 1 DHBAL. 2O, BVIEL OFRY)
OB — REREBOARNT 2R 5720, EFRHC
e e 5 FEARAERE O LY 2 DT s, K
ICANRT Y K& 3 DF5AR, AL —4 1 LEREIC
FRG ROz A T v 7 28 UTERT 25
MNEEZEITT 5. KIHRVELEELETH T VR
% 2 D OFMAR, MIST HEMRAEREOETE
HeRY, BORELHEPOMEOFEHIL VA Y T
179 OTERIWIMNTE B, Bk, AT K%
2 OFHRIAL, WIGT SEMARAEEZIATT 5. £
TeA RV —= 2031 THALGETFETERT T 5.
X412 — RERLETT 052 RT. 22
T, =T — NiE code[13] ¥ TR K OEITEIEA
TV T 5., PRija— REITEIE, 9o — R
code[14] ZFirhls. XV —F1d code[14] =1 T
HoHOT, £1EOKX () ZHEBET LAV —-F &
RS 2. RIS, £1 LVAXRT U RE 3 OFHA
I, BEZLIVAZICA— TS, LYAZICa— T
LB, code[15] =9, code[l6] = 8, code[l7] = 4
L, WHEERAOAL Ty I AEE LTSRS N,
element[9] = element[9] — element[8] X element[4]
DEMRAEBE 2 EITT 5. HEMROETER
element[9] ZEHT 5.

0 7od

while
if(code[i] = 1)
code[i+1]» Hrlicfliz 1 — N
code[i+2]0 621 fE & 11— K
code[i+3]7* 51312 fEi % 1 — K
r4 = element[r3] X element[r2]

r4 = element[rl] - r4
element[rl] =r4

izi+4

else if(code[i] = 2)
code[i+1]2* HrLicfEi % 1 — K
code[i+2]» Hr2I1flix 11— N
r3 = element[r2] / element[rl]
element[r2] =r3

i=i+3
else if(code[i] = 3)
code[i+1] Hrlilfli%x 1 — R
code[i+2]» 612l ffix 11— R
code[i+3]7 Hr31Cfi & 1 — K
!

codefi+4] Hralfix 1 — N

r5 = element[r4] Xelement[r3]

r5 = element[r2] - r5

i=i+5

for( j=0; j<rl; j++)
code[i]» 6131 fEZ 1 — K
code[i+1] Hr4llfliz 1 — N
ré = element[r4] Xelement[r3]
r5=r5-r6
izi+2

end

code[i]» 5r31fEZ 10— N

code[i+1] Hr4l iz 1 — N

r6 = element[r4] X element[r3]

5=r5-r6

element[r2] = r5

i=i+2

else if(code[i] = -1)
AT
end
3 rhfEa— REATH O

Fig.3 Structure of the Intermediate Code Execution

FATT S OWE
code[8] = 1

TNV = FHidA B

14 1516 17 element[x] = element([x] - element[y] X element(z];

i
code - |1]els[a] -

FRT v RO
code[15] = 9, code[16] = 8, code[17] = 4
|

TNT Y RGEmds

x=9,y=8,z=4
|
R OFT
element[9] = element[9] - element[8] X element[4];
4 3 — RO L/ TH)
Fig.4 An Example of the Intermediate Code of Decoding
and Execution
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Fig.5 Relation Between the Number of Non-zero
Elements in the Matrix Size 2000 and Speedup
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Fig.6 Relation Between Matrix Size and Speedup
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Fig.7 The Number of Non-zero Elements After
Execution Time and Operation
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