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Abstract; This paper designs a register allocation method tailored to the characteristics of the RISC-V architecture. The method is
based on the information interaction between register allocation and instruction scheduling optimization, combined with historical
allocation strategies to adjust the register allocation results. The aim is to reduce instruction dependencies after register allocation,
thereby facilitating subsequent instruction scheduling optimization, reducing instruction latency, and improving execution efficiency.
In the RISC -V architecture, due to the simplified instruction set, all computational operations depend on registers, register
allocation has a significant impact on performance. A reasonable allocation strategy can fully leverage hardware advantages. The
core of the method in this paper is the establishment of a feedback compilation framework between register allocation optimization
and instruction scheduling optimization. By guiding register allocation through global allocation records, the method achieves more
adaptable register allocation optimization. This approach not only optimizes register allocation and reduces memory access
requirements , but also improves instruction execution continuity. Based on the RISC—-V architecture, the SPECCPU2006 benchmark
suite is tested, achieving an average 1. 4% performance improvement on integer benchmark programs, demonstrating significant
improvement over the traditional LLVM register allocation method. This method effectively improves register utilization, and further
validates the potential of global register optimization strategies in enhancing the performance of the RISC-V architecture, providing
valuable reference for future RISC-V compiler optimizations.
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Fig. 1 Compiler backend optimization process
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Fig. 2 Diagram of system design

TH6
Greedy
A A S A
AT SE A

i H A 5

HE LR A7 3 TiC
F W ERA A

JELE PR AT A7 A

45

3 Greedy HEixHRIEE
Fig. 3 Greedy algorithm flowchart

TR — A s B L A7 SR ) o0 B 45 SR AN ] 4 B

N 4 rp BRI AEAE I slot T, AN 1
PLAF A 7 A8 it ) B 2T A7 3 44 R, o AT b 2 3l i
slot TR IR R RN FAHAR%X %Y %L WA
JEBA T $ 1 AN $ 2 BB B RC LA A . A

K 4 gk il LI, %X 5%Y S5%Z 1F slot hE8A
HATSY, LA 3 4 1 LA A7 25 & AS BEHCAE TR
— NIRRT

[l s, A= i JE 40 94 K B 2 5 i B8 S BA B A
T, RSEBAIN A R T AE BT IR Rk e i
B W B A AR BRI L e A W L A A . A
JEVH A D S 90 g, AR P9 43 e L 2 B A T, 42
Jr 72 B AR ST R e, T SRR AR B A S R AR,
PREFAEAR ST BOBT | BE BRI SE 200 = ) i UL 35 A2 2 0
Bk 2547 B I PATRICR

$1
$2
%7,

register

%Y

Yo X

slot
E 4 EaEESR
Fig. 4 Live interval analysis
2.1.2 Vi thACGE 5T
i A SRS B R AU A A A B R



64 oo ®m M5 M OH

ERRES

Y PRZFAF AR R R T A RO 2R, U R AE
TR BRI e D TS R
IR veh SO B Y R AU AT A A EA T 20 I, LA TR AR
JP RGBT YA AR A RS AE A
FLAF A I, S0 2 AR A U A R A A
HCAE AT b, 75 PR 25 v ) 20k B
AR T AAHRE A R FERT AT ATt AR
Je 38 e R AU A A i Al R 15 A i P U BE 9 L
(ERTTEAL S PR 3R O BEA SR AT IR 48 4 i kb Az
B AR A R R, BRI ETTE T
Weight = 3. ((isDef + istse) x 000 M)
Loop Factor X Remat Factor)/
size of Livelnterval (1)

Horp, isDef 5 isUse 3 37 1% M UL 37 A7 45 2
H & X Al FH; Block Frequency F1 Entry
Frequency 43332 7~8 LLVM 4 13 28 XF 1 $U 25 17 5 X
7 14) 5 A e AA T 8T 23 R R S ERA T R Y SR
Loop Factor JLJ& T R AR He i B J& 5 AL F I3
5= R 3.2, 0K 1; Remat Factor WU L%
FERS R AT 7 BIAE G, 2 U 0.5, Ak 1,

KU Weight WTHREAZ, FEH AR0R 8 %
JIE She A ek F UL 2 A e 1 EE 2R ST R L0 T 4
e 1Y) KB FUA 2 A7 2 B 815 43 TC 80 0 B2 A e v T 22
AT IR S A e R KR LU, B2
— BB A5 (00 5 BB A R, 9 I AEAE B b Y
S SO BT | 3 S R AN A 1 E A
A A R s R B RE R B 2, 5
Ab AR AF A S O 1E AT AR P35 o IR
TP He— EARAF A AR TP, BT LA 0 B Y
B
2.1.3  YAAF R I

SR S BAF v R R 427 A7, O %
WO MY BT . R —d R h ke
Eoelilifa e Semar S L 7/BL ik Red e e S U=
eIyl 0, W He A 2 7 BE-5 155 23 IO Y READL 27 A7 A
Ui 1A AIRAC S MR 0L AR Al e I Ok, %
JECRE FARUAE i J) 001 PR EA T EORT 0 G, B UG
AbFR AR A A B b Wy BT A A o0 TG D B A
K5 FR

MIE S B3 BBALE R Z>% Y >% X , 4% g T
M SE AT (%X, %Y , % Z) AR IR BEAT ) B0 25 47 4%
SYEE, EEHE $ 1 AL % X, 1 ORI $2 AL 45
WY , X %7 FATAAF AR TN, REC LA =

NP4 7,3 B F%Z 5%X %Y A4
& ER g RU LI s 8 e a7/ B R e A i N W
A E R E R E R T %X MNEHENTFRZ, ¥ %X
ST HER B $ 1 BT %Z, Z S5 X %X
HEAT 43 B0 AR A R ) F0B /0 B B 20 15 2200 s
M Ab

JoX

slot
5 MESERSE

Fig. 5 Physical register allocation
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Fig. 7 Dependency analysis flowchart
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Table 1 Physical registers and the corresponding category
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Table 2 Register allocation experimental results

Benchmark Basic Fast PBQP Greedy Ours
400. perlbench 1503.6 793.0 73.7 5.4 -14.74
401. bzip2 1 804.3 1452.2 -142.7 -156.5 -175.25
403. gee 1161.5 514.0 70.9 -11.8 -22.93
429. mef 1372.5 900.9 -10.9 5.5 ~14.69
445. gobmk 1317.5 921.5 167.7 -42.6 -76.18
456. hmmer 1452.8 2042.7 10.8 -33.7 -47.47
458. sjeng 2379.9 1057.7 -510.3 -591.3 -574.78
462. libquantum 1032.1 772.3 -52.4 -65.6 -68.17
464. h264ref 2545.0 888.8 -86.3 -299.5 -355.57
471. omnetpp 1556.0 276.7 159. 4 42.8 19. 80
473. astar 1434.8 455.5 133.9 -110.8 ~145.70
483. xalanchmk 1277.3 763.6 107.7 14.0 -13.60
&it 18 837.3 10 838.9 -78.5 ~1244. 1 ~1489.28
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