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Optimization Algorithm of Complementary Register Usage Between Two Register Classes
in Register Spilling for DSP Register Allocation
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QIU Ya-qiong HU Yong-hua LI Yang TANG Zhen
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Abstract Register allocation has become one of the most important optimization techniques for compiler for that regis-
ters are limited and valuable resources in hardware architecture of computer. One of the key factors affecting the results
of register allocation is the access and storage costs incurred from spilling signed registers. For DSP architectures with
two classes of generalfpurpose registers, this paper proposed a complementary utilization strategy between the registers
and a corresponding register spilling optimization algorithm on the basis of graph coloring register allocation method.
Through distinguishing the interference between candidates of the same register class from those of different register
classes,an undirected graph is built by improving the analysis for variables’ live ranges. Compared with the conventional
graph coloring register allocation, the improved algorithm fully consideres the interferences among the register allocation

candidates for two register classes,thus achiving less memory access operations in register spilling and higher code per-

formance.
Keywords Register allocation.Compiler,Graph coloring algorithm,Register spilling, Optimization
. AR AN L RO B 5 AR R b 3 0 T AR RS 52 % BE R B
=

AR AR R R P R B AR —.
WFFE A B i K8 BB 5T, & B3 77 2% 4 il & NP (NP-com-
plete) 56 & Ia] 41, Bl Ab #E 28 LA — A4~ 2 A a2 an k™7,
SR, BF A AV N T B MR R 854 vh i35 o B due B 00 A7 £t &5
VF1) o [vi) F A0, S 5 A B0 R 52 5 4 A At 0 U0 R AR 1 e
R T 422 5 ) Ak B2 A P R

20 2t 80 44X, Chaitin 2517 B 5 P H ¥ 25 17 25 43 i [7)
RO Al et — Bl 25 A7 B i 2 T Y e £ ) 0T, TR 2 6
YA AF R 43 T ) B B A A0 vk o {J: Chaitin 559 )3 & U5

FH H]:2018-04-17 & & HH.2018-07-16

P IR TE RS Tk R BT W B R DR . A S8 Y R Ak B
TR LR AR 1 Gl RO AT S W AT ) A7 B AT R A Fr F
3 B I HLIE LA 25 PR B0 2 A7 e I TR B0 T 5 B A A
AL PR U — i 2 B Bl A A I X — O A
B RN RN T A A A TR R A () L (H B R
FORD ShAT T 3 0 25 PR R ) T R IR BB RE

VE4E K B T T 5 A 3 % BEOR A BE 25 0 Ab B 2% R
B9 K i . DSP AL B 4345 21 1 P ke, — 46 55 9 iy DSP 4k
TS AFAE P2 s P 26 DL L Al A AR R &
30 4 4 Y B A B R R b A B — b A A (BT DLE i

ARICZ E R HRBF IS (61308001) IR 4 H SRFBL 3 4 (2017]]3087) ¥ By,

BERIFER (1991 —) . %, A% 1, FEEHFFE 405K 9 DSP 4 i%; 4 B 4 (1981 —), B 11, #% . T EHF L 40BN DSP 4i %, E-mail : hyhyt@ 126. com
GEEEHS);ZE B995—) % Mt , FEBF AN DSP 4% $H(1994—), W, W+, EEAFFAIRA DSP 4 A K (1986—),. 5,

F RS GUR H EDE Ab B8R 5 4 A



56 1Y

BRI B, 45 2 T PSS A7 4% B A7 J7 UL 19 DSP 75 474 73 B i (1 AL 2RO AL 5 05 197

L ITH B A2 48 TR R B A A7 4% Z [l A2 R 5 . B0
X BE R AT A SCHR R T — Al 2k 4 R 1R 35 (R A A e )
FE i AR SR W o A SR W X A% G A A7 i U b 2 Tk
177 et A A m X A i S 3 09 2 A o A [ 2501 B9 A
3 T 24 2R 5 28 KR 1 78 — 3K TC il 18] b 7R RS () 288 5] ) A A7 45 A
B B A A R U R EE B PR R S B A A A BT R B 1A
HH

2 [EBESH

R G A AF RS T b i A B S A T TR 2
Tl H PO (— b L8027 A7 88 4 T 10 fi 3 3 ] < 17, I 2 2 A7 28
A3 HE AT G, B8 A A8 Y 5B (L D B B 2 0 M 2
A AR O 0 36 98 4 RV B 48 4 K B s B B AR A s T
T RS R R Syl T AE B B s AR BN T B
Tl A HH L B 3R 4 4 R R 48 A B A, EAE B whgs G
R rpe s AR /N B R I A B AR R SXORE TE AT A
AR IR (& () B ad B w3 1B AR AR A A 56 20 T 27 A7 4 L 72
AU R BT M R AR BN

MU AF R IR AN A HEAT I A 3 R DA AR A b i e X
A Ta) 8, AR R ORI T AR AR A AR R
TR A7 A 0 U 0] AR R T o AR S LA U 58 3 R 5 1 Sy
B As - % B e HE (Y DSP Ab 3 285 b 77 78 W0 25 5 95 2% DL L 3 F 2F
FERR B B, 7 HEAT I 5 F 4745 U H A 38 Jon XoF 79 25 25 A7 #8 1
RNR R AR B AW D DL R RS i, AR SO A B ek R
TE 75 A7 A 22 18] % 38 B0 LU 78 25 A7 28 FLAE A 24 0 4% 32 40308 ol
PRGOS 78 K& A v O 8 B T O R A B D) — K EH A A
rh L BB T L A B AT O SR AT K R RO . (E AR
TR 3 LR I B4 AT A2 2% B LA 2K ) B A AR AT 52
AT o U SR8 P Bl 5% A7 1) B0 AT 0 b b 3 AT 4R 2 S B o
3% [ A AN ZFAE A5 . BRAh IR AT B W 28 B A7 2 14 o
i AH R A R SRy AR SR R A S AN ) 2 5 2 A7 28 19 25 TN
WL USRS — Ko fr A if .

AR SO LA G2 09 T 2 6035 A7 2% 43 T 5 vk g Bl Btk
B HH A B D5 LR LA O 2 1) etk 40 B 0 e A AR
AR PR A MR R R — R Ik, SRR E -
e, Hh R UKD S T W AR 5 IR BT ) B AR
fHB . ARSCRALF L 10 ST I T e 95 28 3 A7 2% Rl kA7
B A% 2% BB 2 AU, DL IRURT 55 — 28 1 & A 3 77 7 14 oh 2
KR, WINME SR E BN —RHE TR B REE
Mo 2) T W2 35 A7 o IV AOHE A% 3% 0B 1 AU . B ) FF 47
A0 BC SRR AR VT B U B PR A A O 5 A A e 1 i L A
FPK 52 48 4 (load/store 1§ 4 AL E R M. AWK A
LT 25 8 S BN B0 AL — A A 827 A7 8545 2% 31
—A B R AR 1018 A BIE FF R RUE MOV a— >, 8% 50
Wiz B RAF SRR TR A TS T8 A B0 5745 B2
MOV b—>>a, 0 HAF 7606 2 T 4bF) H JE 0 09 o — 2K 55 47
A TECHE T LB A 83X — i B A A AR an b . IXRE R U
FPK & I DA% 3% 48 4 ok S B0, BL s 8 AR A B2 3% L MOV
T8 A AT R . ) HIW W Z A s g€ 56 & . W Z [A] B u
98 K F A TR 4R TR WP — > FF A A 0 AR L (B A e i A

- 23 TE FUHN BT [ 26 530 0 22 [ i i e 6 &, FEA SCIRAR S 1k
Hh L DR A T T 4 S A A A L T RE S L R B
B 2 A A7 0 0 AR T R IXC 18] A o 45 Y T LA R A BT e 5 G
BN 2 R A 2 BT A B 2 M i RO R . O R
it AR A A A I Wy 7ESCBR AT S0P L B D — SR A AR A
B A% 2 AR AN — 52 LU YR 11 20 i A o 8 AR /N R R
HEFT RSB B4 75 LR AR AT AT RE R A Wi 2

3 EETHM

3.1 HiEaRim A=

A SC T Y A o BC T VR LA G B 42 R AR AE AR Jr I T 1
LR, T AR AF A o BC AR b L T 2B AR AR B BE AR AF B A4 BT
B AR AR 15 2 1 H i AR AR B . RAMRZ T A UD &
i 258 DU B G B8 A5 L 9 59 75 B IXC ) 45, A
SCHY 0 AR i B TR G5 R A R LA AP BR

1) Judge_NeedSpillRegisters() , ¥ Wi 15 75 B k47 35 17
anids th o FUR TEAFTE A7 A7 a5 6 1 00 AT L A AT )R 2225 IR
HIAL T

2)Find_SpillWebs O H I BT A7 15 3 H i 19 .

3) Get _ SpillWebsWithOther Ty peRegistersCon flictShip
O BRI 058 2 A7 A7 4% 1wl 58 G 2R 5 90 19y A= i 10 700 2
7 16 R DX TR) AN 7, D 3R X > B 2 af A a2 A I L 78
RHFR BT F WP IR flag=0 KArid.

4) Determine _OtherTypeUsableRegister (), 1 i 1J & H
M ERAFAMIIENMATR, HH 2 W T 2RE 74 B 410
ARl P B 0 2 A7 A 1A% 8 AR B /N B G B A et T LA
Tt PO AP B 4 T A i 0 % A B0 AR LB S AR AR

5)Gen_SpillCodeO) s i 8 4 AR 16 4 . KBNS
T 0B 28T A A oK G A7 B bk 1 0L LA AR R 4 Y R A2
G 3648 4 LG IE B AL E 4H AR T8 25 IR B X R B
ST AF A AE g B i 1 B G DDA T U I B A B A
A% L 3K 5 A% G 4 Y6 A BT VR R — 20 .

[ mapawtann |

REFERYE

JA#E X R
R ERANFEE
JEit S AR
N
AR WA
HEXFHER ) 4
W 2| % 1 5 1
P 277 8 2 H AR b 2 771 2

gy H R K2

) |

A
[ #rsmgEss |

BT BT AR AR U AL B

Fig. 1 Flowchart of register spilling processing
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Determine_UsableOtherTypeRegister()
begin
i.j» MinSpillCost : interger
if (web[i]. UsableRegsofOtherClass. length)
MinSpillCost: = CostofDiffrentClassReg
(web[i]. UsableRegsofOtherClass. head())
for j* =1 to web[i]. UsableRegsofOtherClass. length
do
if (MinSpillCost << CostofDiffrentClassReg
(webli]. UsableRegsofOtherClass[j1))
continue
fi
if(MinSpillCost = CostofDiffrentClassReg
(web[i]. UsableRegsofOtherClass[j]))
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if(web[i]. UsableRegsofOtherClass[j]. Num)
MinSpillCost= CostofDiffrentClassReg(
web[i]. UsableRegsolOtherClass[j])
fi
fi
od
if (MinSpillCost << CostofRegToStorage)
return web[i]. UsableRegsofOtherClass[j]
fi
fi
end//Determine_OtherTypeUsableRegister
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Table 1 Source program

WA ERFRD S

xR ey CiEE R

11 s1<<—2 a=2
12 s2<<—1 b=1
13 §3<C—5 c=5
14 s4<<—2 d=2
5 s5<C—sl * 53 e=a * ¢
16 $6<T—s2 % 54 f=bx*d
17 ST<<—sl % s4 g=axd
18 $s8<T—s2 % 53 h=bx*c
19 s9<<—s5—s6 nl=e—f
t10 s10<<—s7+ 58 n2=g+h
print f(* f=%d+ Y%d\n", print f(* f=Yd+ Yd\n",

59,510) nl,n2)

ot 3K B AR, FRAT i — 25 B R 5 7R 0 Y B A A
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Fig. 2 Conflict graph of source code variables
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Table 2 Cost of spilling to storage

1z i KA cost

sl 4+6+6=16
52 4+6+6=16
53 4+6+6=16
s4 1+6+6=16
55 4+6=10
56 4+6=10
s7 4+6=10
58 4+6=10
59 4+6=10
s10 4+6=10
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Fig. 3 Result of popping-stack of symbol register webs
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Table 3 Spilling cost transfering web to register of class B

b WA A K F R R
55 2+2=4
56 2+2=4
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Table 4 Code after instering spilling and resyoring instruction

Hy O\ R A WAL R
11 s1<<—2 s1<<—2
12 s2<<—1 s2<<—1
3 $3<C—5 $3<<—5
t4 s4<<—2 s4<<—2
15 s5<C—sl * 53 s5<T—sl *s3
16 Rp1<<—s5
17 $6<C—s2 % 54 $6<C—s2 * 54
18 Rpz<<—s6
9 ST<"—sl % s4 ST<"—sl %54
110 8T —s2 % 53 $8<T—s2 % 3
111 s5<X—Rp1
112 s6<<—Rp2
113 s9<Z—s5—s6 s9<Z—s5—s6
114 s10<<—5s7+58 s10<<—s7+58
/s printf(“ f=%d+ Y%d\n" . printf(“ f= Y d+ Y%d\n”,
59,510) 59,510)
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Table 5 Comparison of test results
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