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Abstract: How to migrate binary code between different ISA efficiently is a difficult problem in binary
translation. This paper analyzes this problem at the aspect of register mapping and an innovative register mapping
method combining segment mapping and function cutting out of special-purpose register has been presented in this
paper. An implementation of the method has been done on trend, which is a dynamic binary translation system
translating and executing binary code of PowerPC on Alpha. The testing results of NPB-serial and SPEC2000 show
that the method can simplify instruction translation, decrease code expanding and improve the execution efficiency
of binary code obtained after binary translation evidently.
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1 HIFERmRET

TR TR AT AT A WA i K U 5 R TR A AT A L B H ) R R N T — R A A A
VT 1 25 A7 35, SR P 1) RS SR 8% 2 — — WS, B0 9050 45 ) 140 T A7 R b A7 T 110 5 — /3 T 35 A7 28 0k 2 ol ke S5 1)
H b5 &5 ¥ AN 7] (1) 5 388 FH 25 A7 2, U8 45 4 18R] AT B2 17 v A I 5 — A7 0 25 A7 2 0 2 ) A 21 B b 4 A A )
1) I V7 b, B AT 3, I BT AT 85 5 S B 25 A7 2% 140560 B 10) /880 Pl = 18 1038 135 3R 40 1) 25 A7 2 20 FC A B At e AE e X T
BRI RE 0L FH 25 A7 2, — WIS 10 SR M A Bk 4 S i A0 128 )5 ) (VD8 AT 0 R TREAT R 40 (1) 40 BT D 1.

HEL MR LA AT — 2o R TR A7 A T RS SR &5 5L JF HAB 3 40 X SE 1) 49 i X86 B4y ity
EFLAGS? 17 228 i %5 17 303t — LR SFR G . —4lEbIbi S/ — 4L R Sihi 6. 8 1 JEEFLAGS % 17 22 Hks &
7 3 B, Hod CF PR, AR, ZF,SF,OF A J& TR A5 & A, K R BB R H8 20817 &5 R BIREE s . e [REEH
AREH, 5. 3. REREEHRIZE DAE .. AL TEE S EAEM S W X SOR SR E AL 6 i fs & SR
P X LR A5 b A SR A 8 B 1K AE )

31 2221 20 19 1817 16 1514 1312 11 10 9 8 7 6 5 4 3 2 1 0

0 I | V|V|A|V|R|O|N|IO O|D[!I | T|S|z/0o|AlO]|P|l1]|C
DI |l |C|M|F T| PL F|FIF|FIFI|F F F F
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System flag Status flag Control flag

ID: ID flag OF: Overflow flag DF: Direction flag

VIP: Virtual interrupt pending SF: Sign flag

VIF: Virtual interrupt flag ZF: Zero flag

AC: Alignment check PF: Parity flag

VM: Virtual-8086 mode CF: Carry flag

RF: Resume flag AF: Auxiliary carry flag

NT: Nested Task

I0PL: 1/O privilege level
IF: Interrupt enable flag
TF: Trap flag

Fig.1 EFLAGS Register in X86
1 X86 [¥] EFLAGS % f7#%

PowerPCHL 4 r th 47 AL 1 Tk 2 17 2% 32 7 1) 4 1 25 A7 SR CRAT 8 ANIsk, 5 — AN 4 o7, AR TR 4 4k Uk
HCRO,CRYL,....,CR7, W14 2 Ji7r.PowerPCH 48 B3z S48 2 5 av . 9 i “add.”, YW BR 7 kAT 30 18 5141, 10 5 2
HRHE E b 75 7 45 [0 (D0 CR 75 77 4% I CRO Hl B {EL, CRO 111 4 A7 Ak R ML B &5 R 2 G /M 0. KT 0. T 0
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Fig.2 CR Register in PowerPC
¥l 2 PowerPC [¥) CR % {788
T SR R B VR R A IR SRR R T A A T B AR R B I A AR R P B A5 bk B % 18 A AR A L
1) 1] R
¢ TR BRI 27 A7 25 BRSNS U7 V2 B R WO R IR 1 SOR IR R G b (W R K A7 AR 28 WU B H AR RSN R
JE A LR R S & PowerPC. HAR RS2 Alpha Jyfil, i LI PowerPC L[] CR %7 /745 Wes) 2] Alpha 11
T8 H 5 A7 2% Regb 7R 1A WL 7 2UF, e B CRO 38k I 04 20 17 5635 2 Regb Wk 7212 4 A7 (6 N 2 CRO 1), 58 )5 13
MR 2 H bR 27 7725 10 45 0 B 40 R (E, 5805 1 4 AR EHF N Reg5; 188 CRO 3 ¥ 7%, A\ Reg5 Hh gt ATl EX.
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(1) SO {7 AH Al K £ A-E % B CR A7 473511 CRO 158 2 45384 addi 17 SUZ rL 25 4745 IR N Sz B3R 8, T8N
1798 12958 3 4484 bs [ U CRO B HIEE 2 A n 5k 1,0 Bk 3] 0x1000dd48 4b AT, 75 ), 34T F — %
fq4.

Kl 3 45 2 Alpha _EFR0S B PF 7 51, 25 47 2 FO WS OC 3R 4 PowerPC ) r3 27 17 & WL 51| Alpha fJ$0 5 17
2% PowerPC (] CR 7 fZ#s Wit 1] Alpha (K)$5 75 72 %%, PowerPC 1) rl % 7£ 45 Wit #1] Alpha (K)$7 25 7% %%, PowerPC
i) 129 251728 Welt ) Alpha (11$8 25 1728, PowerPC [ XER 7728 Welif 2] Alpha (11$4 %5177 2% . A R BHPR S2 B T
PowerPC $i5 4 [ 52 3415 X, 22 #5110 cmpwi 75 4 #8173 4 Alpha (1) 14 4384 34T T 4R 10 % B RN 25 17 2% 1 P
FETRAE ;addi Fi5 4 LR S, B RN 1 4548 2 0 SCIR AR B0 3 45482, AT T S 30 @ A I Al B L EBAR.
1 Bl 3 T LUE $1,3 4% PowerPC 5475 R A 27 A7 28 LU (0 7 20 R, S b BRI A 18 454 B A T 54
TFAF AT IR AFR AL S IR E . PHER T AEa R e A A, LR TR ZE TN 3 A B 25 47 38 A7
Hp RN BT DA RARHE 2 K 26 o, P A7 98 T SR K FEA B W & - ] CRO 3R 1% D i g 7 3 1 2 28 A
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01. pc=0x1000dccc cmpwi ¢r0,r3,0 01. sll $0,32,$1
02. pc=0x1000dcd0 addi r29,r1,8 02. sra $1,32,$1
03. pc=0x1000dcd4 bs 2,0x1000dd48 03. cmplt $1,0,$2
04. Ida $3,4($31)
Code block on PowerPC 05. cmovlbs $2.8,$3
06. cmpeq $1,0,$2
07. cmovlbs $2,2,$3
08. srl $4,31,%2
09. and $2,1,$2
10. bis $2,$3,$3
11. sll $5,36,$2
12. srl $2,36,%2
13. sll $3,28,$3
14. bis $2,$3,$5
15. Ida $8,8($7)
16. srl $5,28,$2
17. and $2,2,$1
18. bne $1,lab1

Code block on Alpha after translation
Fig.3 PowerPC->Alpha translation Examplel (direct mapping)
Kl 3 PowerPC->Alpha B/~ i) 1(H #2We)
2 FEHSBRRY
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01. pc=0x1000dccc cmpwi ¢r0,r3,0 01. sll $0,32,$1

02. pc=0x1000dcd0 addi r29,r1,8 02. sra $1,32,$1

03. pc=0x1000dcd4 bs 2,0x1000dd48 03. cmplt $1,0,%$2
04. Ida $3,4($31)

Code block on PowerPC 05. cmovlbs $2,8.$3

06. cmpeq $1,0,$2
07. cmovlbs $2,2,$3
08 bis $4,$3,$5
09. Ida $7,8($6)
10. and $5,2,$2
11. bne $2,labl

Code block on Alpha after translation

Fig.4 PowerPC->Alpha translation Example2 (segment mapping)
4 PowerPC->Alpha Bl BE7R ] 2(5r BEWLST)
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ST o AN Sk

AN 3. 0T CR A f£4FH) CRO S8 (1 oAb dig 4 BRI, B /0 TEUEAT BB 2,48 )5 T E4T CRO 481
1.

MELE 3 AN UEIU AT BUE H BR3P A7 2 T 6 BY 38k 11 EAEUR 76 58 (8 s5 B B CRO k1 4% -8 1 B, 76 A FH A AR
AL FH 454 I 10, g AT I Wk 2, ol T e Aol P 405 SR 2 A7 8 I (B B AT Bk 7 1) A T A PowerPC 1 4 )
CR HAF 2811 3 HKIRA, —LRLM LI 4,—FE CR FH AW H#, IHe 4 0 — 22 CR H s MR
W BT FH A7 AR A I AT AR AR IR IR A AR X 3 KA h M IR A AT &R Z WA R R AT 8 Th e oy
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Bl 5 &Rk A7 A7 2 T BE BT R I — AN TR ] 22 8 PowerPC IRIASHD 4 A& 3. [ 4 & —RE(R, A 30 2 4l P 4%
TR 254725 DI RE BT 5 B0 Alpha B ACRE F 81 N 1R AT LUE 21, LG HR 4 cmpwi B BH R0 3 45484 R EEAT
ZAE I B, FUR K LB i 2 I P AN IR VE BT 22 TON T CRO 3511 WS 25 47 38 $5, 45 A1 70 S HR A H B2 T $5
58 23 3B 1, AN 23 S BT T 8, B 4 11 bne(RZ5T- 0 MIBEAE )48 beq(Z% T 0 NIBkEE). ARG B
M 3 SARAAE N 5 4HR A K I B B4 — 3% DA P9, g EL IR R AN BEAT 4% (L 1) 1 8, B DA I ) 2 17 8 110 75 SR ik
b W AR AR AT ).

01. pc=0x1000dccc cmpwi ¢r0,r3,0 01. sll $0,32,$1
02. pc=0x1000dcd0 addi r29,r1,8 02. sra $1,32,%1
03. pc=0x1000dcd4 bs 2,0x1000dd48 03. subq $1,0,$5
04. Ida $4,8($3)

Code block on PowerPC 05. beq $5,lab1

Code block on Alpha after translation

Fig.5 PowerPC->Alpha translation Example3 (function cutting out optimization)
Kl 5 PowerPC->Alpha Fl i  3(Bhiig By &AL 1b)

4 SLIGFONR
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trend Z ZE 2 FATWGI 9 —A>sh A “ IR R 58, 7T LLSEIL PowerPC 34T Linux i 7] #4742 7 /& Alpha
L IERIZAT trend HEAT B A 3k TR PR (0 RE AR SRS 2 1 20 A R AR AN B, DUIE A TNy B BEAT AR 4 (K0 AR,
[ B £ RE AR DR SRS I A EAT FE A HRANAT IR BT profiling, 28 Jm AR 2 75 234 38 AT U8 B AR 0 o R PP 3s 47 ) 4
B AR 0T F AR AT R . UL RIPAAT A trend R GUH BATI I BR AT ELE ST 505 2 BOWLR T AR A5 A7 48 D)
REBTHBEAT T A5 A7 s WL (1 S 562
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bt cg ep ft is Iu mg sp

B executing time using register direct mapping: second

M executing time using register segment mapping: second

Fig.6 Performance comparison between register direct mapping and register segment mapping
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Fig.7 Performance comparison between register segment mapping and register function cutting out
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