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Pre-selection Optimization for Spill Heuristic on Shenwei Platform

CAI Chunhao, LIANG Shuping.JIANG Jun and SHAO Ningyuan
Wuxi Institute of Advanced Technology, Wuxi,Jiangsu 214122, China

Abstract The C2 just-in-time compiler implemented on the SWJDK allocates registers according to the graph coloring register
allocation algorithm. The just-in-time compiler ignores the characteristics of the SW processor when allocating registers, which
results in excessive memory access codes. In order to get the most out of SW processor, this paper proposes a compilation optimi-
zation algorithm. The optimization algorithm is based on the graph coloring register allocation algorithm. And the spill strategy is
adjusted based on a priori assumptions about the characteristics of registers representing special information on the SW server.
The proposed algorithm has been implemented in SWJDK. The optimization of the algorithm also has been verified based on the
benchmark SPECjbb2015 and SPECjvm2008. After optimization,the max-jOPS of SPECjbb2015 increases by 4. 20% and critical-
jOPS of SPECjbb2015 increases by 5. 98%. The SPECjvm2008 increases by 2.02% .

Keywords Register allocation via graph coloring, Memory addressing, Spill code,Compiler optimization
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H 7= 2o A% B g AL B 0 PR BE . JE T Java BB BLHL (JVMD 3
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2 fEGEERTHFRSEE XM H R

G 1 i 10 T A 2 23 C I B A T 000 Ak B B R e 2T 4 AR
A B 2 18] ek B B Y P ] 3R OR (Intermediate Rep-
resentation, IR) & 7E 5 T H b WL 4% B A JC BR Flca iy o 5@ A
CPU A MRS L T g5 M . 75 47 48 40 Tl 45 3 75 2
H IR b JC BRE 194545 27 A7 4% B8 37 & A 56 CPU 2B
FETER) N AT % 7. N TS HAS TN TR
T TR T 1 B Y R AR AN 04 T AR AR K A5 S A AT
i P IR BN 25 A7 85 Vi B A A L AR R TE T S M U7 E R
IR EAT . X VA AT R S T B AR,

B o0 L 3 T 58 U S PR o ) AR B B
7 ZEAR AT 5 AH O v i) 2 7R P ok AR (Build) £y 43 TiC 75 A7 %
BT L 5 B AR 4 T 5 B T 5 1R AT 2 € (Select) £ R
F 2K 58 A A7 A L . SRR R AR 1 TR .

build

a0

>

ill code

A

spill cost

'f

select

P A o e R Bk oA

Fig. 1 Original algorithm flow for register allocation
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TR Sy i A R O DR Y AN R RS L o AR s A A
I M5 1 5 R AB W L, BB 0] DL EAT A L 58 AR AT AR
fit A 1k,

T LR LB R, A A 0 R R B A
PRI RMEN T WE RGeS NI HEaE6, fEAR
I E R LT, N A BRI T R AR Ok /AR g AR
i, e/ Mbs RS ) S 6 ] A W], # R NP
SE4 W, Chaitin f J7 4R 05 76 45 4% 58 SR TS N A7 il B 1
TERR A RTINS BUCERAED . 0 — ST & 2 L fb 5 ik
AR E] T L Ab A T s i AT B B AR, Kurlander
SEDVUR S B T — Bl ORI a5 28 R R BT A R R AR RS A ok
WS AR A R, Koseki 28020 3 F 2 0 7 % I AC S
Bl o B s . Bergner SR A T 0 X %8 B L 2
—FP B F Chaitin 5 609 20 5T P8 XA 6 15 0k ax s el 3%
F B A JR TG v B L B3 T U AR R A U B ER A
T B4 65 1 85 AR 4%, B Z X7 B A C R R IR

AR SCHE TR (0B A7 A 20 TC VR B 0 1 2 A B e T
T CPU - 1 4 B AL SR . B 52 580 126 3 o 48 b
TR A5 0 SF £5 A0 56 Hh ] 27 19 75 o0 i Hh RS . DA T 78 i
A LA W BRI U5 AR A 4R T T R .

3 BRIERFHESNSEMML

3.1 iR H AR AE B B RO R AR

1E Chaitin £2 H} 1) 1815 8 %5 7 &5 43 B 5506 v s 3 B Be
R AL R P REAE iR ) B TR 4 B AR 4% 4 T 2%
S MM s 1D R R B B U h AR . HY R JDK PR S — Rl
B g S B AR T T R e B WIE R P BT ERE
BRI TIAE , i A WA T 0 L B G o b R S L AR
B fe /N AR 1 HEAT IR . 3K HL A YRR L R AT LR I b R R
PLR A0

1) HE 4037 A7 45 A5 i Jo] 00 7 A0 B AT B A v A O e S/ fi
JH 4 42 750 24 10 MR 10035 A7 A 19 U th AU

2) J T35 A7 25 2B A R AE — A K b, B BRI 2 i A
W HL2F AE 45 10 U6k A AN

HH g JDK R B 2 198 25 i A0 Y 44 A RRE v 2 40025 filf FH 1) 4%
T M BE b hE 5505 B AR HOX S0 R BR A5 B 1Y AF A 45 BORR R Bk
YERI 2R A7 4% . K85 B 08 % 43 0 B & B A5 B R, 1 4n
R HETE SR B Tava RIUNLG AN BB 0, KRB ME B AE LR
N B 8 SR AN 23 9k B B, BV TR — SRR N RO [ O ik i
LBRE DA B E 0. M T 05 M s, SRR R
HE b hE B AR A 0 A= i R T X R O iR 2 SRR B AF I AR
B EAT AR IR AN 2 iR SRR I TE T IR A E B L

WA &1 (527 A i 20 FC SR R TE 8 SRR 0023 47 48 A= A 5] 20
B I AN 25 24 BT 7 I Y AR A R 0 O i R F AR A A T
LA IR 5k T R K DR BB AT B AR AE A o SR AE IS %
TP, K 28 T vk AR A R R AE B S I Dy UEE O 1 S
FE SCTT A= A R TR TR A AT S BOR 24 19 3
TR W AT R TUAY 1Y 8k T8 A TCAY BV AF B
(a) A =thread
(b) Ay =disp
(A3 =A1+A;
(DA=0P Ay
(e)As=0P A,
(DAs=0P A1, As
() A7=0P Ag
(hyreturn OP Ay, Az

&l 2 Hf g AL BT VT E 58 S 09 A
Fig. 2 Code after matching of SW processor
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T AE A B LR A BN R AR TR A Bk 1 3 BT R
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K3 wfras T

Fig. 3 Register interference graph of the code

Sy YA B A R AR R T R € X & 3 AT
. AREEE AT EREEANT 218 AL AL A
AR BB, R T E2R 2 W AL ALAK R =B g
L. AT LSS E 6 32 A A A P 9 A 0 8, 5 BN 78 4% A
10 3 €0 PR O 7 SR U o SR Ik 2 0 A T R

MG BT & DK b s2 30 Y [ 6 5 A7 48 43 I 30k 1
T L1 SR R BE AR iR R TR AU B AR T S, i
B4, TSGR ME 4 s,
(a) A11 = thread
(MO[S1]=An
(c) Az =disp
(DA3=A11+A2
(e)A;=0P A3
(DA =0P A4
(@) A12=[S1]

(W Ag=0P A1z, A5
(D A7=0P Ag
(preturn OP Ay, A7

K4 BFESRMRD
Fig.4 Code alter rewriting
PR ETHECNE 5 Jia) . 2ok 8 5/ 51k
fRIJE AKIBEAE R A A AR = B g 2 /. B FARTE
HEE & JDK RSB 5805 AR S IR B AL R A, R
PR AR V6 ) SR w e P AL VR ¥ v a5,

(4
@‘@ ()
O ®

K5 @S AR T A
Fig.5 Register interference graph of code after rewriting
W AT BT S, 0 A% AL SR L X B RS e A8 T A4
FFAEAE R R, S A A7 A A e . AL AR RS AN &l 6 T .

()R =thread
(B[S1]=Ry
(c) Rz =disp

(DR =R1+R:
(e)R2=0P Ry
(D[S2]=R>
(g)R2=0P Ry
(MWR1=[S1]
(DR1=0P R1.R>
(PR2=0P Ry
(MR =[S2]
(Dreturn OP Ry, Rz

6 a7 o Bl m i AU

Fig. 6 Code after register allocation

3.2 EFEBRENKMHMBEHMAEML
A S B F R AR AFAE I 7 BRI B AL A AT A
S BE %S R,

(a)Ry =thread
(b)Ry =disp
(c)R2=R1+R>
(DR2=0PR>
(e)[S2]=R:
(DR2=0PR:>
(g)R1=0PR1.R
(h)R2 =0P R,
(DR1=[S2]
(pDreturn OP R1,R»

Bl 7 2R S m R A
Fig. 7 Code after register allocation

XA 6 S 7 AR TT LA . DX AL R L A7 AR AY
T AR AE SR 22 A0, ORI SR A5 S0 1 T IR D A R AR DT 5 i
LR B PR BE s 2) Vit A7l R A5 LAY AL R 10097 A7 28 38 AT
FE 23 25 28 (0L B 3 WA B 152 55 5% B 1t 5 i R A A I U A7 4R

1 I 3 AN S0 7 A 0 B IR HE T A A A% 40 0 B Y S
SR TS A VA 3 R L e 0 Y B A AR N L T R . B A L
WS TE 45 08 )T (0 LRGN T B AR R 2 19 A0 R B0E L
W FE R A

def,(x)+use,(x)
degree(x)

FRATE 2§ 7R AR b PR B o A 28 A 40 7 B AE A
Ay As 2 ORI R B ARG A . gk 1 Enal .

F 1 AEm A

D

cost(x) =

Table 1 Spill cost of the variables
*E W E degree cost
Ay 3 4 0.75
Ay 3 4 0.75
As 2 2 1

1 i ) A R BT DAAR O R, AR i AL R
A3 AR AR R B R e/

FEXT R E AR AR B A9 1 D0 . DT A7 4% 20 TE 9 Ve 5K
W £ 8 TT LA 0 9 4 T 1 03X 2 AR B i R AR (AR S T
A R ULAFAF A5 09 o RN BROBOT B R A0 TR I X AR AR
S FN W TESSt BAA AR RMERE . TR A 4% 4 I B B e
A EBEZ T SRR TS B AR AE e SRR get 77
R PR TR 52 B I U 22 DE I 3] 5k SE AR IR 1Y get T U AT LA
A AL ) 33% B P S A7 ORI AR S IR ST AR A . X LR R
I AR R < 2 T WU 0 R AR AE RS (e s e ) U AR
M AR ] I AR 52 AT UAR 0 45 45 5 09 AR TR0 A A R R A L Y
T 2. €{xi a0z, b A 2 A BT R HLE
i PSR B0 TUAG H 36 0 A (B DK HOm A U A A R A
BTSRRI B 22 481 b i TR A . AE SE IR R Sk A
TR AR R R B U Dy
def,(x)Fuse, )+ || x|,

degree(x)

(2

cost(x) =

oo

num(G), x=ux,
[l .= (3)
0, TF a3,



BEVESE AR LT T 6 A A AR G SRS ) Bk S R fE 1k

85
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EE snum (G AR /RS AP of WAL 6 2, 9% H
A . B IR B0E IR P A8 s 0 A0 AN 3 48 0% KL 06 38 9 g A
PRSI 17 N

Sdef, (x)Fuse, )+ | x|l ) XA

cost(x) = degree(x) «w

FUE R B A1 3R Ui N AE R 1 vh B A A% AH AT R
HNZ AR TR A A B 00 AR . DA Y SR R A
& 8 Fiom .

build

.

select-pre [l —>| new spill cost | | spill code |
T

4
B8 Tk ST I Ak 5 1 A A7 25 4 Tl 5 1k O

Fig. 8 Flowchart of register allocation algorithm optimized by

pre-selection

X RS L D AL S RS vk (I ) 7T L
2o Al 5 0 550 S T T T 1 A R AR S B B AL A
i FL YA S A B0 PR B8 TR M 0L T A b T M DL Y A
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A B A BRI S A UL 2 A0 SR A 4
T Y AF i RS B B0 A DL AE A L TR U T R R AL TE
64 F Berh B R 0 B 2, BT LL num =2, AR SR AL )5
B AR A BR RO BB R AR i AR Sk 2 B,

H2 ERERBE B

Table 2 New spill cost of the variables

T E mE degree e cost
Ay 3 4 2 1.25
Ay 3 4 0 0.75
As 2 2 0 1

M T BTN TR A AR B A B A R R AR A d /)
B Ay it A BOR AR LT S AN IEL 7 R

4 ETHHTFANTFEFRSEMAL

4.1 B R E R

B 7= R Ah B R R — 3K RISC 32 44 1Y 1 o il 22 4% Ak 3
A B EMPUE R4 S A . HAE I BT A
T8 UL 1A A R 1 3 6l R T S A B AE H g b B
0 5 0 B il 4 1% T HL A g GCC b il — D% 3 B Java %5
I g . AR SCLLE B JDK A 2SI X R L BT 4
AR RRCR

AR [ 7= B g Ak B0 g5 ) 18 > T U5 A7 4R 4 AR AT i AR
84 WA 9 R .

31 2625 2120 1615 0
| Opcode | Ra | Rb | disp

P9 BAL BE AR A fi) Bm R i

Fig. 9 Memory instruction format of SW processor
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iE. B L JDK 76 C2 BIV B 2t %% 2% i 38 i 0038 4 2 1 5 (Do-
main-specific Language, DSLYf{iR T — MG &Y BN T8 &
B4 T T R AKFE AR ) b EE S Y DT EC R0 S5 3 A B A S
B ke (A Pl S R [ T s S e A n U A kT 5
4.2 ETHBTFENTERISBEELERMAL

B R & FE R T k0 R ML 3. 2
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S, B R 3.2 W s i A PRk S VE  7E B gk JDK
F 3 T s RERAE 0 BT B T TAE 3G B A IR A A
PRAT B R 027 17 20 5 SRS o AR A0 B30 O IR B 0 8 A A A A
TR AN I A AN bR 88 s e e MR Al A B A A o RS AE T
AR AR TH R RS L A S I Y S AT S . R TR AR
BB BLE 1A R R AE R L ARG 0 i LA, X
AT DAAE — 28 T B b 0 3 A7 it R R A 2 B 4L 25 A7 4 8 s o

e AL BE v Rl 4% 00 2 iR e S I a4 3 30 A ) A R AR
[AJC VPP 28 3 R A 1325 o e X 28 TDK X i 400 25 77 2% 4l
FA R BN AT . % RS E - i g A 2R 32 4%
BT AE A BN R L 257 3. 2 WAL SRR R B A D H
W nem (E WO B 4 3% 28R R4 2. 43 BBC 3 29 7 8 1 & IR A7
B FE A2 W) 2T A 45 PN -0 X 02 4 3 B A e HE B AT AR A A I
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THEAS Rk JDK A AEE A h BUER JDK 3 gl 8 e S T
RIVISE g B AR e, 2 301 f gl Ak B8 AH T = & A A A A 4R, X
Fh LA TT LA 88008020 3 2645 B 1Y A7 A7 A i A5 00

B 2 s AR oh Ay 5 (DD 45 g EL AR R R I A, AL
SRR 45 R AR TR 25 L 2R () — (o) B 4] ko1 550 i ik 1) i 7%
ERVE AL B AF B B 10 TR
(a)A; =thread
() Ay =disp
(OA3=A1+ A,
(DA, =CALL Ay
(e)A5=0P A,
(DAs=A1+As

(g) A7=LOAD As
(h)return Ay + Az

I 10 A77E 8 A 7 4 A0

Fig. 10 Code with call instruction
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205 MR FH R AR, 2 AE A 43 O 4 i 28 I A A A R

B RO HE A R R AR R R B b, ERXCR, HA A

LBERN A FESWAMENER TG, TRFE

A RHETRE A G #ITHFARERNIKE., i

454 T 5 A A7 A PR S o BE B B AR AR B0 20, 4%
BOg AL an & 11 iR,

(a)Ry = thread
(b)Rz =disp
(c)R2=R; +R2
(D[S 1=R,
(e)Ry =CALL Ry
(DR1=[S1]
(g)R3=0P Rz
(h)R3=R;+R3
(DR3=LOAD R3
(j)Return 2 +R3

B11 g A RS AU 58 U AR AR RS
Fig. 11  Optimized code after matching of SW processor

AR AR, b s G 32k 38 s A R 451 2 bR Y T 2OK i Ao X
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(Use) X R A7 8. 1Y # 4E B 0] DL 42 DA 3 26 25 77 245 o 32 1L, 1k
VE 9 I #% S+ bk B3 0 3 S5 5L, BIOAT LUK Pl 11 %48 oy 1]
12 fimmyIE s,

() Ry =disp

(b)R1 = Rihread + R1
(c)R1 =CALL Ry
(DR, =0P Ry
(e)R2 = Rihread + R2
(DR, =LOAD R»
(g)return R +R»

RV RiA R S 0 Wl RN
Fig. 12 Code after optimized register allocation
XPECIE 11 AR 12 0] RUE e AR T 2 T —
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Table 3 Description of tests in SPECjvm2008
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def satb_write_barrier(field,newobj) :

if $ gc_phase==GC_CONCURRENT_MARK:

oldobj= * field

if oldobj !'=Null:

enqueue( $ current_thread. stab_local_queue,oldobj) * field=newobj

B 14 SATB 5 BB thCig

Fig. 14  Pseudo code for SATB writing barrier
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