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Abstract Binary translation is an important way for software migration between different hardware
platforms. For binary translation systems, how to simulate the flag register on target platform that
does not have the function of the flag register, is a key factor affecting system performance. Previous
flag analysis techniques delete the unnecessary flag computing via the flow analysis of flag definition
and usage during the process of flag translation. However, for the necessary flag computing, these
techniques still have to translate for simulation, which can lead to the expanse of generated native code
and the loss of system performance. A pattern translation method is presented for necessary flag
computing in binary translation system. Based on previous flag analysis techniques, this method
makes flag definition instruction and flag usage instruction a flag pattern, and chooses appropriate
instruction groups on target platform to translate flag computing based on the semantics of the flag
pattern. This method for flag translation can reduce the expanse of generated native code and improve
the performance of binary translation system. The experiment results demonstrate that, for the
programs in SPEC CINT2006, this method can reduce the amount of generated native code by 7.5%

and improve the system performance by 10% on average.
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3 Ao W 5% 3 B AR AT DL R B, BSR4 BT
BT LU R TC A 045 35 A7 %E 18 {5 )2 B IR 28 25
BEEIHbR R AL AT AR 2377 A R iy 48 4. L br
B TIR e H AR A A [ 1 SO RE R I 5 4R
Ay TR T R R A AT L S — % — A R 5 4510 A 7
PF 804a3ed Ab B F8 2 MOV X 4= i 70e62e00 Ab 1y

804a3cb: cmp %edx,%edi
804a3cd: mov  %edx,0x24(%esp)
804a3dl: jg 804a49a
804a3d7: nop

804a3d8: mov 0x20(%esp),%ecx
804a3dc: cmp  %ecx,0x18(%esp)
804a3e0: jl 804a480

éO4a49a: addl  $0x1,0x28(%esp)
804a49f: cmp  %esi,0x28(%esp)
804a4a3: jl 804a37b

Source instructions

Fig. 1

SW 354 M T F & Bobr S A E M54
o1 T FAR-F- 5 847 A0 [R]85 SCIDRE 998 4, TH oG B0 0%
BN B A 5982 AP h B 2 5 &
RLE AT 46 4 BRI 21 25484 B R AR
TN s 10 A, 33 T B il B3 A 48 00 1 g 2 AR
AFHY.

70e62dc4: subu _al.s7.at _ _ _
70e62dc8: ori  al,s8,0x40 compute
70e62dcc: andi  s8,s8,0xffbf 7F
17062dd0: movz s8,ala0 __ _
70e62dd4: dsrl a2,a0,0x18

70e62dd8: andi a2,a2,0x80 compute
70e62ddc: andi  s8,s8,0xff7f |SF
70e62de0: or_ _ 8,822
70e62de4: xor a3,s7.at

70e62de8: xor a4,s7,a0

70e62dec: and a3,a3,ad compute
70e62df0: dsrl  a3,a3,0x14 OF
70e62df4: andi a3,a3,0x800

70e62df8: andi  s8,s8,0xf7ff
70e62dfc: or  _ s8s8a3
17062e00: sw _ at.36(s4) __ _
70e62¢04: andi _a5,58,0xc0 _ _ | get ZF, SF
70¢62¢08: andi__a6,s8,0x800 _|get OF
70e62e0c: dsrl  a6,a6,0x4 compute
70e62e10: xor a5,a5,a6 ZF=0,
70e62el4: beqz a5,0x70e62e30|SF=OF,
70e62e18: nop then jmp

Instructions generated after flag analysis

The shortage of flag analysis.

I R A VT U R N

T RS ERBR AL T ER BN R i — 2P
R ALK DXL B b SR (0 17T 5 A P P BB R4 AR SCHR T
— TP ) R P XA R L AT A A B R Y
. 207 AR ERAR AL A B B B R
f B bR R ALE E TR 2 DI I8 S H G M — DR
R SR AR A Rl B HARTE e H AR &
bk BATHE I LI RE s S A& AT AR R AL
0 B XRESE AT LA — 20 ) B3R S 88 R R 4 A
AL E . X Fh bR 2 7 1 B 7 1 A AT AR A A
FHEAR AL TS B AU K L 38 AT LA $ T — 3k o
B R G TERE. BEAh A SOR K% 7 1 L A — A
© A I — 3 B % & 4 DigitalBridge 1, 3 %f
SPEC CINT2006 #4703, 52 9 45 R 3R B L % 07 ik
EHe B A I ARG B0 b 7.5 00 (Y TR B S K AR
P HERESR T 10 0.

1 FREMAER

TEA bn G AL AL B85 b b A — SO AR o 4
B Z A B A AT 0 R O S AR AR A
S MAE A bR S AL A B B 48 BARTTE ]
B Ao AEAT 9K AT L SE A 1] 9 S RE. T T L 26 1

SR A HEAT U .

Bl 2(a) 2 — B Pk & A0 i A RS AR 4 1Y
(B R AT 5 2 T T 8K S5 MR B0 AN ] A 0 0 285 SR BRUA T
ANTRV Y 0 325 B 2D S 3 B AR S 7 A s 7 o7 114 Ach B
7 IA-32 L gmid e i de 2 7 915 1B 2 (o) J& ik B AR
T TE A b i L A R B 2§ MIPS | 4 3 2E i 1Y 45 4
NI S R SR T VAL LSS E Al B R S
R B A 25 SR %ot s 7 2 0 A7 2 SR U5 P8 AR G
DL HEAT 25 A 53 35 W E A b i 0 1 b BE 2 I, 75 4

AT DL B AR A L A g R AT AR
intx,y; movl x,%eax w  $3,x
cmpl y,%eax Iw $3,y
IF (x<y) ip L2 nop
S1; S1 slt $2,$2,8$3
ELSE jmp L3 bnez $2,L2
S2; L2: nop
S2 S1
(a) Source L3: b L3
Code G nop
L2:
(b) Instructions with S2
flag register 3:
(b) Instructions without
flag register
Fig. 2 Different implementations of conditional branch.
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{E B2 P 2 () H i s 75 (67 458 2 mT LS5 B SH
TR SRR 3. TR 2 (o) BRI AR AT A
7 AH 38 A3 B 9 A A S B T A R A4 S
AE. b A A7 AR Lk TR 33l S A A 25 AL 0 B B AR 1Y
S L 3d o A P B R R I P AR AR AR L AR
i IRBE U BARTE SC, 2 8 A AR & B BAT M )i
SCIIREBIHE 4 A« S BUbR 367 14 B PE . 38 23X 7o 7
VDT W IR LAy 5 R X o 5 52 9 5 | P 7 A Y
PR AL E (EL PR Sk A A 0 E 4T B 5. SRl v
DA E— 25 /0 75 2 B E B AR A 5 .

P S L B A7 A — & A 2 b A TR A E
(E B85 B9 b 25 A3 T B AR s 5 A3 A7 4 114 30
IrAR AL S T BT ARG AL AE . AR
PS5 H YA [ AT RUREAR AR A a0 W LATR 3 26
SR RSk ZRMZ KPR K 3 4l T X 3 il
F Y 7 A Hr P Sk R AR AR ALY E B S OC &R
B 3 Ca) 2 Bk B R AN A L X Rl AR 78 (048 20 AT F A
3k AR L B SR 51 B A a6 1 el A
A E(H [ 3(b) 2 sk 2 B 45K X s 36 o 45
X EHA PR 2 A0 I B A R
S B bR ALK B TARACK e E: B 3o 22
S B AR 3K b AR AR AR S A 2 Sk A
AR BUR 5 B AR B AR B T A R A Sk
P8 7 {3 S PR R A T A9 Sk 1 T AN TRl B9 A 7
B, MR G H T X sehr i fir. X R Z P LA £
S 22 R WY A5 o R Ry 33 b 45 4 T L2 fige il L 5k
3 FhEs AT 0.

Pattern Head Pattern Head 1
Pattern Head Pattern Head 2
Pattern Tail 1
Pattern Tail Pattern Tail 2 Pattern Tail

(a) Single head
and single tail

(b) Single head and
multiple tails

(c) Multiple heads
and single tail

Fig. 3 Different structures of flag patterns.

K3 AR Ay 3 AR Rl 45

B 1 g B T ST 1) AT SR A o AN TR Y s A A A
TR SR A i A7 R e AT RE AT 22 i, i S 58
B E A B A G T X 3 R AR R R s AL
B 4 Ca) SRR A1 S 3 M A JR) 3R s — AR 7 8 5K
2RI AE 55 — AR LR A R Sk P U 2
[6 5 18] 4 (b) J&: 58 A1 Joy o 3 Fft A Jag 26 7 — > s Ao
A 3B S A DXCIBORI 575 — o R 7 5 i ) X 2
[ FFAE A 5 18] 4 Co) S T A Jm » 3 o A Jmy o 2
AR B A A ARk s R AP A . —
P s o A A 5 3 2 9 — A s S A 2 A 5
S o BV A48 4 We 5 b 8 A 3 (i AR A A0

Pattern Head 1 j«— Pattern Head 1 [«—

Pattern Head 2 —;|
Pattern Tail 2

Pattern Head 2 [« Pattern Head 1
|: Pattern Tail 1

Patieen Tail 1= Pattern Head 2 :|
Pattern Tail 1 —— Pattern Tail2 —— Pattern Tail 2
(a) Nest (b) Overlap (c) Reuse

Fig. 4 Different layouts of flag patterns.
B4 praR AR 3 FiOK [F A6 5

AR 2 BB AR A R AT BEAE A A [
F 45 K AT J) + AELJR: A SE PR P i B /0 1) o A
Jadh . 223k TR I S5 A R £ 2 & W A6 R A D
L. 3T A g« —T5 T & 5 SR 3 b AL B 4 4 A 5K
PRy rf OB D UL 5 5 — 5 T 20 19 g e AR ARG v
B SCHEAT IR A B9 AR B T — B e ST B9 X
TR B 25 A R A Sy BT S B il an 18] 2 rp gt <l
TS LG BRARRR i 54 S kR i AU L 4 R
— AR D 2 A U A S A EE R A R 48 4 .
1 TR SR AA SR 9 B A A2 AR CFE SPEC
CINT2006 #4 A 5 T H9 8w, Nk 1 B LLA
H S R0 s S A AR X R R B A SR 11 RSk B R A
S Z AT DI 78 AT AR A e A XAl B R
I AT LI % T A Jap 14 5k AR RIAAL Sk 22 FE 45 A
0 B3 H AR 3 AN ASURT LSS 20 1) T A 3407 A6 5
A AEBIL2x + 38 W] LA R AR B 3 7 1k M AR L

O R SPEC CFP2006 b 77 7 b i 7 A5 5K AH 2 ol T 9% ASURR 7 v AR e — B O, B3 o o Ao T 2 i %) 2 i 080 5 48 0508 20 B 2, YL b A
SCALEF X SPEC CINT2006 #EA7M3K. 2 1 o [R] — 4 A5 T A Rl bR s 7 AR XOR 240 T ).
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Table 1 The Number of Flag Patterns with Different Structures and Layouts
x1 AEZEMMGENRESLEXHE
test train ref

Applications
SS SM MS N O R SS SM MS N O R SS SM MS N O R
400. perlbench 12037 35 0 0 0 3 12803 37 0 0 0 0 14788 46 0 0 0 0
401. bzip2 2189 4 0 0 0 0 2274 4 0 0 0 0 2272 4 0 0 0 0
403. gee 39059 274 0 0 0 0 34711 261 0 0 0 0 38892 248 0 0 0 0
429. mcef 1398 1 0 0 0 0 1444 2 0 0 0 0 1417 2 0 0 0 0
445, gobmk 13175 47 0 0 0 0 13914 50 0 0 0 0 14755 51 0 0 0 0
456. hmmer 2135 5 0 0 0 0 2155 5 0 0 0 0 2568 6 0 0 0 0
458. sjeng 2520 12 0 0 0 0 2547 12 0 0 0 0 2564 13 0 0 0 0
462. libquantum 1110 17 0 0 0 0 1098 17 0 0 0 0 1112 17 0 0 0 0
464, h264ref 5626 20 0 0 0 0 5636 20 0 0 0 0 5639 20 0 0 0 0
471. omnetpp 3491 14 0 0 0 0 4097 16 0 0 0 0 4776 18 0 0 0 0
473. astar 1840 3 0 0 0 0 1831 3 0 0 0 0 1807 3 0 0 0 0
483. xalanchmk 13330 24 0 0 0 0 10525 22 0 0 0 0 13567 24 0 0 0 0

SS: single head and single tail; SM

2 REA R EE

i 7 AL AR XAk B B A m LU Oy 2 A 20 B
D) A FoRE AR A 2) B AR R A =, Horp
5 1B TEHE A BIVE Z AT HE AT L 8 o 4 R AR A R
I (basic translation unit, BTU)C N 45 4 3k & #%
Fr i AR 2 I 10 s A AR AR AR S A0 5 2 2P
TEAE A BPET BEAT MR AR5 1 Bl sy br i A =X
7 A 2 S AAASE X R I SR JBCRH N7 1 3893 R s, DA
i B Ak BH PR AL AR
2.1 BRMERBFEMER

P R LA 2 Y A 4R 2 o IS 1] B 4 il BTU
PN ) B 25 2 R 5 LY. Eﬁﬁﬁﬁz*ﬁﬂﬁ‘ﬁ?%
BLEAT 5 B 46 2 I, ks A D e R L 4R
J&5 INIZ AR 4 BT — 2548 2 TF IR 1) H'Jﬁ-&ﬁ@ﬂﬂ"ﬁ%ﬁ
kL BE s e R 51 I AR S AL T8 4. 24
Ly i R Sk AR A R il sk R ok e RS
T A s B Y B3R LA 78 A 4R R v il 75 R
FRVTREM 2 3k B R 454 A Mo & A8 & e 46 A
R BT bR bR R AR A oA S R AN 1A 5
7 :

@ BTU J& = it il B i
B LR T BTU W] figfife £
FeE AT AL B E

; single head and multiple tails; MS: multiple heads and single tail;

1162 BRI A SO0 . — i B R A B BRSNS AR B AL B A 2 Y
A TR S 4k S T LS i 1 A 4 R R L B IR . e b

N: nest; O: overlap; R: reuse

| * scan every instruction in current BTU btu from back to front * /
FOR (tail= last_instruction(btu) ; tail = first _instruction (btu) ;
tail--)
| * if current instruction does not use any flag,it is not a pattern
tail > |
IF (tail uses no flag)
CONTINUE;
ENDIF
| * tail is a potential pattern tail, and find pattern head from
tail % |
FOR (head=tail—1;head= first_instruction(btu) ;head--)
IF (head defines no flag || head uses any flag)
CONTINUE;
ENDIF
IF (flags defined by head#flags used by tail)
| * head and tail cannot construct flag pattern x /
BREAK;
ELSE
| % head and tail may construct flag pattern,check pattern
layout % /
IF (there is no nest, adjacent, reuse in pattern (head,
tail))
record pattern (head ,tail) ;
re-compute the needed definitions of flags at head;
ELSE
BREAK;
ENDIF
ENDIF
ENDFOR
ENDFOR

Fig. 5 Finding and recording of flag patterns.

5 AR A i A 4R T SR

B 2 e, BTU 2 [a] o n] BET A 5
X PR TR AR P it LB PR AR SCAS RS
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MHT BTU /4 € 2 T i b o 47 B X9k i 5g
TE— AR AR BAS . R 2 35 ik s A 5
A ALE PR B bR WG AL 3 2 Sk B R 1 25 4, AU
Sk Z R EER. I, % 2 A b A A s —
MR B HE tail List Feid sk 2R, 7810 R A
B (head tail) W B 5E A8 A 707 455 28 B 41 op
BTG LL head ARk AR 7 45X i di
ANAEAE S U B X — B X 75 B A A R 0 AR =
BA 1 Hh s I i A R 2 8 X LLe 5 head Fll tail 5 7%
W], 358 B X — A sk Z R AR, RN tail A
FIEIC SR PR B tail_Lise TP RIAT. AE 0 SR
SEhR B W B E BT R AEBI A kL head Kb
e R I b R AL L DA 83 A0S e S e A5 =R
b A B 5 L T ™ AR A AR A A

Zead Bk e AR JE . a0 BTU I
b A S B IR AR TE AR A B BA 1 rhr. R T
AT LLAE T 4 BH 35 B AR A X 28 LR A B {5 8 X bR i A6
1 AT B
2.2 BEREMCER

fEXT BTU W19 B 4548 & #6147 B ad, &5 26 )
W B 2 A5 A b i 67 A5 2 BB T B A B A6 A 2 g A
Ak sl AU, a2 2, k4 IR Sk s B X B i
O AT BRE. T35 A 10 R 2 e IR AR A b dik
ML P 1845 1 s R M A X Sk 1 3B 55 A S A AR R 22 i
2.2.1 AR

1 B0 A AR A A Sk B X IR 2 3 Pl A
3R XS A AL 8 51 T 7 A 0 B 75 A R (BT AN 24T
FHPE 2 AR X A AR 4l A s A X 4 & i H AR
W EEPRA S AR A AT B L, 7 B AR K
3 Bof 5 5 2 OR A TR R R AT b o A7 B 3R T
A5 B a0 ST T P9 AR R A X 245 B IR 4 7 A7 HL
H RIS I AR VT AEFT Y. R L, AR SCaE Rl
FHEBRE & F 02517 R SR A7 X 265 B

PR el - AHFERASNEHRER. A
S N TR AR R AL a0 TA-32 S & B CF 1 OF
bR, 25 (X AR 5 7 1) & ADD, ADC %454
Ao 3 T A I A s B Al R R R A ROk S A
AL T AER R Sk b i A AR R IR AR B
U WAR BE R AR IR E B AR P s B 3 R4 20
T2 3N X SR A A R E . R
TN B R g T AR R I SR A9 AR A A AR S B
TR AR e T B RAE S B

IDISIUE 3 et R T VA e A e R B O
205 AR A iB A5 3

2) T A X e B A AR 6 B R TR R E 4 R

2 FRAT TRARAE L

3) T R R B I b 07 I B B s AR
S BEIRARAE R I 2 R AR IR AR R IO
1z B 45 2R AT LU R T SR R

Xt LSk 22 R 4 Al B B A AL AR S AN TR A A X
JR& T P8 A 5 R P X D458 A1 ORI 3 B 45 2R 1) 75 K T
ANTE] s i — AR s s B AR T ) — X
FE T BEUR B AE B AR AR DL T Ll R AR A PR AR A
B RO T s A R iR R T DUERT I 3R AR
R

TERESK AL TR AF 2 A IR A SO0 35 77 45
IR Ry AR, s T fR A7 38 55 45 R 0 2 A7 & e 1F
Ry AR 2R AT I A5 S 37 R $58 A B ol 25 A7 45
10N FEAS VAR AT B 2T A7 4 - OF HLIZ %5 47 8% IF R #
3k AR R 2 ) Y 48 e AL IR 4 R il 3 &
S BP R IR AR AR R B A7 AR S UL A AR
N BARAT S BATLE R, MR, .

BeAh SR AR A A R R 2 A % X
Sk 58 (E B AR AL B A 4 2 51 IR 4 1 B P A
2 IR 0 75 2 1 13 3 8 s 2567 9 (L. A8 Sk ) R
FEEEA VAR 6 B, Ho IR AR RO R A7 2 1
A R Sk ) BE A 1 22 i T B B 45 R B PR AT A
JEAE 2R R RO PR R R A n] R H bR A
B0 Ak I SEAS BR AR AT RE 2218 2K AR N 7.

| % head is pattern head of some flag pattern in current BTU % /
fp=search_head (FLAG_PATTERN_LIST . head) ;
check which type information needs to be saved according to the
type of fp;
IF (source operands need to be saved)
IF (source operands are not register or immediate || (source
operands are register &.&. not defined between pattern head
and tail))
generate instructions to save source operands to Ry and R; ;
ENDIF
record the source of source operands in fp;
ENDIF
generate instructions to simulate the base function of head;
IF (result needs to be saved)
IF (result is not register || (result is register & &. not defined
between pattern head and tail))
generate instructions to save result to R ;
ENDIF
record the source of result in fp;
ENDIF
IF (flag definitions used by instructions that are not pattern tails
need to be translated)
generate instructions to define these flags;

ENDIF

Fig. 6 The process of translating pattern heads.
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2.2.2 AR BE

B 0 5 T SR AR IR AR L R A 15 B
B BT S B 538 18 2 A6 AT bR & AL
(14) TR () B AR 8 T B3 23 R o i = ) AR A2
WA 53 32 A B A5 R Y AR B iR R A
Bl 7 FiR

| * tail is pattern tail of some flag pattern in current BTU * |
fp=search_tail (FLAG_PATTERN_LIST.tail);
IF (source operands in pattern head are recorded in fp)
extract the information from the source of source operands
recorded in fp;
ELSE
extract the information from the source of result recorded in fp;
ENDIF
generate appropriate instruction combination according to the
extracted information and the type of fp.

Fig. 7 The process of translating pattern tails.

K7 g MR AR B R

BTS2 A A B, 7T DR IR & L bR &7
B8 LU K bR & b B4 A e S e B Gl 1)
AW A. LUET& 1A-32 f1 B & MIPS K,
2T S DL bR A O AR A B A R
PEFE TR 2 H G X B B X R 3 A i o I feff
AR5 B ¥k A TRk 2 AW @ n 577 ROA
R,. 3 2 Wf Rtemp 2Bt & 1F 4% s Rdest 1 Rsrc 4y
Sl Ry A =R ) VR 45 VR BORD B AR B AVE B carger
R JE S0 AR AW 43 3 H AR s bk, A FR 2 T
DLE PR Z 45 &AL, an CMP_JZ, TEST _
JL & FERiEE X B HUG 2 HAn P 6 L — %48
A XA R EAR T B A AT A B AR K

T TR LA A R A R Ak B R T VR R 1
() P AARAD | Bt 17 B 1. 85 S8 HE 804a3ch~804a3d1
) BTU W frprak X & 4R, s &4k, A3
% BTU A5 CMP_JG #25, I Ho il SR 78 bR 7 7
R BB . SR G X% BTU w45 4 3617 % 5 8l
P IE B IERLR S CMP i), i THRE JG B
AL AT 2 A IRERAER 5 — T 2 S IR PR AR R
By Ry 2 A dn  IF H AR Sk s =X 22 1) o 4 8
PRI I R AR XSk A IR 5 220 B T ORAF A [ 5 2 A7 4
Ry FI R, v, Hfs B s B X R i AT A i v i 55
At ) R VR ROk L. AR BB R JG B S SR
TR BAEBOR WAL WU PR A7 15 B, JF # l CMP_JG
R B G A 1 4 4 7 9 HEA T R

8 ¢ th T Zead ik A7 i A XAk B I A
B2, AT LA o X A s o i A7 B XAk B )
A6 B 2 Fbr i B 48R T B

P B 3 AR AR 70e51668 Ak i SE R A
164 b AR AL AR AL B PR RE AR S B Tk BAUAS DA
W15 2 H AR 15 10— Xk — B .

Table 2 Translation of Pattern Tails in Flag Patterns

£2 L#HERAGRESMEXHEXENTIF

Instructions Generated
Flag Patterns During Translating

Pattern Tails

slt Rtemp,R, , Ry

CMP_JG.SUB_JG
bnez Rtemp . target

slt Rtemp Ry ,R:

CMP_JL,SUB_JL
bnez Rtemp . target

slt Rtemp R> R,

CMP_JLE,SUB_JLE
beqz Rtemp ,target

. . . . slt Rtemp,R;1 ,R;
CMP_JGE.SUB_JGE
beqz Rtemp .target

TEST_JG,OR_JG,AND ]G bgtz Ry starget

TEST_JL,OR_JL,AND_JL bltz Ry starget

TEST JLE.OR_JLE,AND JLE blez R, »target

TEST_JGE,OR_JGE,AND_JGE bgez Ry ,target

CMP_JZ,SUB_JZ, TEST_JZ,

beqz Ry ,target
OR_JZ.AND JZ cazr fi-targe

CMP_JNZ,SUB_JNZ,TEST_JNZ,

bnez Ry ,target
OR_JNZ,AND_JNZ fes Ko farge

CMP_CMOVZ,SUB_CMOVZ,
TEST_CMOVZ.OR_CMOVZ,
AND CMOVZ

xor Rremp,R, ,Rzero
movz Rdest,Rsrc,Rtemp

CMP_CMOVNZ,SUB_CMOVNZ,
TEST_CMOVNZ,0OR_CMOVNZ,
AND_CMOVNZ

sltiu Rtemp Ry .1
movz Rdest,Rsrc,Rtemp

804a3cb: cmp %edx,%edi
804a3cd: mov  %edx,0x24(%esp)

804a3d1: jg 804a49a
Pattern
Translation
for Flags
70e5f65¢: sw at, 36 (s4)
70e5f660: slt t2,at,s7

70e5f664: bnez t2,0x70e5f680
70e5f668: nop

Fig. 8 Pattern translation for flags.
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DigitalBridge Jt— > 5 25 ¥ 72 4¢ — 3 ] % 5 5 »
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B LUTE HART-& MIPS |52 B30 #4757 &
IA-32 IRy a0 47 R . H AT DigitalBridge % 3 i
- b5 R Y N AR B AN RR R is B AR R
B 2% R FH 25 DigitalBridge DL 3L A Bl BTU %f
FRTF FEAT B0 70 B B v 5 A R 7 1) S
5| FH 43 B I 5 X5 oA b 67 2 L 1 5%
3.1 wEXLfmEXE

% 35 T SPEC CINT2006 fE4i A% ref T

JURl e L2 IR S AL =X R i B R B i, R 3
AT LU . CMP R TEST J2 458 5 Sk v f i UL #9 4i8
4287, CMP #1 TEST Z3 %t 2 A~ IR A Bt 47 5%
AT BHIE B LA SR 5 AR A 4 2R B A5 A b
A BRI 6 _E% TR E (bR AL 1 15 2
BrRT X 2 Kig4 A HARIZH 154 SUB. ADD H
INC DU KB 3iE 5154 OR 1l AND 2 4 WL 26 7
Lk

Table 3 The Number of Common Pattern Heads and Tails

*3 EREXLMEXENHE
Pattern Heads Pattern Tails
Applications
CMP SUB TEST OR AND DEC ADD INC Jee CMOVece SETcc

400. perlbench 7380 86 6824 27 318 5 182 25 13978 440 456
401. bzip2 1459 27 700 2 24 0 28 16 2143 89 38
403. gce 22341 290 16 189 840 269 2 286 21 37421 1026 1455
429. mcf 704 28 554 1 26 6 41 32 1340 33 31
445, gobmk 8569 40 6012 9 88 6 39 23 13641 426 1076
456. hmmer 1212 52 1013 9 36 6 67 43 2412 86 49
458. sjeng 1532 26 869 10 47 4 37 25 2388 106 83
462. libquantum 502 20 470 24 26 3 33 18 1042 30 53
464, h264ref 3386 58 3022 47 45 2 134 22 5659 597 438
471. omnetpp 2105 38 2373 3 41 5 67 67 4457 203 100
473. astar 1004 43 642 2 30 2 42 18 1657 81 39
483. xalancbmk 6588 142 6600 7 61 3 60 18 12905 456 208

B R h Bl W 4R 20 Jee 8484 X R
oS L T WAl 0 s A | A VA e Y G o
Bk B0 03 S H AR & WUOR AT AT Bk 5% BR T Jec
HKIg A I 5B 525454 CMOVee RS B 2%

R4 SETce W% WA R B0 X 2o 45 4 th 2
R i 57 BUMEL A9 AS [R) 47 AS ] ) 45 1
B9 25 T i ALE ref T 5K B S5 4G 1 A A

= Adjacent = nonAdjacent
1.0
o 0.8
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~ 0.6
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g 0.4
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Fig. 9 The relative ratio of the adjacent and nonadjacent

flag patterns.
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Fig. 10 Percentage of native code reduced.
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Fig. 13 Percentage of L1 I-Cache miss reduced.
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(a) Miss ratio of L1 D-Cache (b) Miss ratio of L1 I-Cache

Fig. 14 Miss ratio of L1 D-Cache and I-Cache.
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Fig. 15 Performance overhead of flag pattern translation.
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