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STRAIGHT Code Optimization and Evaluation:
Loop Unrolling and Inlining
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Abstract: STRAIGHT is an Instruction Set Architecture where source operands are identified by distance
between instructions in its assembly. STRAIGHT realizes low energy consumption and high performance by
simplifying the renaming logic in the source operand rule. In this rule, STRAIGHT compiler determines the
distances in the code generation process. Static analysis, however, cannot calculate all the distances because
of consumer instructions, especially, when there are loop and function calling codes. Forwarding and spilling
instructions should be added and may cause performance degradation. In this research, we revealed how
these optimization effects on STRAIGHT code, by using loop unrolling and inlining to CoreMark Benchmark
program compiled to STRAIGHT codes.
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10: ADDi [zero] 1
I1: ADDi [zero] 2
12: ADD [1][2]

//0 + 1
//0+ 2
//1(10) + 2(11)
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int GetNumber () {

return 2;

void main() {
int x = NUM;
int number = GetNumber();
int y = x;

}

Z Z T GetNumber B main BIEUIZ & - TIEOH X
N3, DF D main B caller iI2H 72D, GetNumber
B callee 1I2HT-5.
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void main() {

int x = NUM;
int number = 2;
int y = x;

}
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Logical register 128
Fetch width 2
Scheduler capacity 16
Issue width 2
Load / Store queue Load 16 / Store 16
Reorder buffer 64
Commit width 3
L1 Cache 32KB+32KB, 8way, 64B line, 4 cycle hit latency
L2 Cache 256KB, 8way, 64B line, 12 cycle hit latancy
Prefetcher stream prefetcher, 16 entry, distance 8, degree 2
Bk, 7Y bV FTHS clang lIZ2IT > R T4 VEIE 8000000  SHIFT
525 THEMUK. 1Y T4 VRFOBREIIETE 7000000 " o
I, 1VIAVERDOD A VI VERBRLD2DODS 6000000 m STORE
LELLMhE LT, 5000000 .JLS:E
STRAIGHT 7—*F 27 F ¥ DY Ial —v 3 ViTlE, J— B
SRSt (8] LI9E% X N7 STRAIGHT ¥ 3 2 L — X % B o000 e
W, THEYFDORTA—RER1IDOEY THS. S ] vl e
1000000 m bV
4.2 N—FFra—Y IO — R ADEE , 1N | [ | . "
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M6 khv—T7ra—1) oy, RMOV @4
@iﬁlﬁlﬁ%ﬁﬁwﬂ_é unroll-max (ZHKRICIV—T7 v

=)V T EFFoGETH Y, clang T 02 Hfb % 3%
ﬁ L72EDTH%. unroll-4, unroll-2 i% clang ® O2 HiE
{t% 7812, #pragma unroll # VW T =77 ro—1 v
7 ’i’?fl]lrﬁﬂj_é & T E L7z, unroll-1 & clang ® 02 fx
J# b1z -fno-unroll-loops & 7> a V& N Z 7=.

unroll-max T® RMOV 4748, unroll-1 TD
RMOV E7wmHE D 99%TH 5. unroll-4 ® RMOV X
unroll-2 ® RMOV & 0 $# TFHHZ <, RMOV D AIZHE
H3 2L HsROMERTHS. LLLE 7T TL—T TV
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00—V Y T OEBBEMT 2100 L TWD Z LA
5.

Z ORI CoreMark RV F X —2128WTC, V=77
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UAWEHENTHS. fifte U Tclang D 024 S a3 v %[
W=7 7ru—) Y VOB ERELTWE D, A
73 STRAIGHT 2 — FIZIEBIE D1 v 71 VIR D 0o
TW5. 32bit ® CRC ZEH5H 3 5B, 16bit D CRC %
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MOHLIZE D EREINTWS, unroll-2 DFE, V—7
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B E 32bit O CRCBABD LE S BIII TV, X
L T unroll-4 TLV—77va—1) v Z XN 8bit ® CRC
BI%I 16bit O CRC BIfZ 1 v I 4 VBRI L TWw5 D
DD, 32bit O CRC BHICIZA v 71 VBRI NTES
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