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Abstract In order to solve the problem of indirect branch efficiently in static binary translation, a
feedback static binary translation method is proposed, with two-level address mapping table to realize
the fast mapping of indirect branch target address. This method can solve the problem of less code
optimization and more redundant code in existing linear traversal translation. Firstly, the two-level
address mapping table is used to address the code location quickly, using array address to store the
target platform code block address in the order of the source platform base block start address and
using array index to save the index position of the basic block start address in array address. Then,
the monitoring feedback mechanism is added to the target executable program to carry on the code
discovery, and the uncertain indirect branch target address would be returned so that the source code
can be divided to new basic blocks and re-translated. The feedback static binary translation framework
FD-QEMU is implemented based on QEMU (quick emulator), an open source binary translator. As
the experimental results on SPEC2006 and NBENCH show, compared with QEMU, the speedup ratio
of FD-SQEMU ({feedback static QEMU) is 3. 97 and 6. 94 times on average; compared with SQEMU,
a static translator with all instructions’ address mapping originally proposed by our group, the average
acceleration ratio of FD-SQEMU is 1. 18 times, and the maximum speedup ratio is 1. 36 times, which

verifies the effectiveness of the framework and method proposed in this paper.

Key words binary translation; static binary translation; indirect branch; translator QEMUj; feedback
translation framework FD-SQEMU
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Fig. 1 Framework of SQEMU
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Fig. 3 Solving process of indirect branch
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Fig. 4 Re-division of basic block
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6] 275 P B o 2 B o B ML 98 4. 7R AR K
HARCAD Y o A8 b, A B E DL A, Sl G ik
[ o - S B e 2 SV S VR S 1 | B o S
LA, 3 B % Address (£ 17 AR ZEH , ILAR 2
RN H AR A5 2. 5340 A A, X A 191 7%
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AR RG] REB P E A7 H Y k.

54 T AR B R T ik W S 5 A o i
T S PP 5 A H A5 F 5 15 4 B bk B 5 B

S TRANZE T AP IR 5 A0S B bk 51 H
(1 3 ARG B o ik £ L B 20 ik i S R B

TR v T M i S 2 A LR A i in
22 PR AR 2l B Address fAARTRF
f M, 82 BBIE R M, 64842 By i bk i A
B Index 745 M, 482 HXF R 1 M, 48 4 B AE
B Address TR TILHE .

~ M Binary File M, Binary File
Ay LA )
M Coge Block TCG Code ~ M, Coge:. Block
4 L 0 L4,
1
M, Code Block el i M, Code Block
Code < B, —~ |—> Bj : Code After
Segment E Translation
3 TCG Code (| : Y
A [, Code Block MCdBlkLAx
s Code Bloc > > M, Code Bloc
: B, N B!
A i : IA
- M Code Block M, Code Block "
B B,

Index[Ay—Ag]=0 Address[0]= LA,
Index[Ay—Agl=1 Address[1]=LA,

Index[Ay—Agl=x  Address[x]=LA,

Fig. 5 Construction of two-level address mapping table

P05 TR hE R R AR 5 AR

Bk 2. bk W SR R A I Rk
TR A8 38 PR AL P b bk ) B FRF & R Uk 5
i 55 % 5
WA AL EEEAL B, EAG M HE A, F0S5 ok
E, MAEARFERET,;
i M B AE Address IR G134 Index.
@ FOR B—1{A LA A, ) A,
@ bR HhEY A, AT B, o #
A4 R A 5 O R 3 B 4 2R R R
TCG A
© W TCG AR #E 2 H AR HLas AL, Jf
i LA, 32 3¢ B pr bl AU B i dh
Witk , 2 Address| x |=LA, s Index[ A, —
Ay ]=x;
@ END FOR
TER 35 0 bk WS 3R 5 L AR SCBIE T ) e e
¥ o3 346 4 A Mk A9 A 4R 5500k L Bk 3 R,
Bk 3. R i8S H By sk A 4R k.
RE AT A HEHe B 73 3046 2 19 H A3 ik 5
A M, ET SR TR GG e hE A M, B AR B
IR R 5 4 0 H R M L 5
fanth s BARF& M, BRI B br .
@ BRI M, PFF ST R G AL A, AR
] e e ¥ H br ik A 5

@ A, AT A, R LA, — A
@ & El M, Hbp -6 1255 3 bR bk .
Address| Index[ A, —A, ]].

WS EE 3 AR 454 90 bk B 5L R A4 Bk
3 FI RS 5 12 A e ke 1 Mtk £ 8L (AT 3 4%
Fig 4 B A] A7 2 (8] #5575 H bR b k.

I T 2% 9350 B 22 T S Ml il I S R s e A R 5
TR HATROR. 24 M,y x86 F & M, JHEH = F
G, AL B, (4G ik A, =0x400530, /i 3 4
eI 1 2464 43 5 xor, pop,mov, Xf i
TCG Hy ] R AR A% He A AR i i i gl [ 7= o 65 46 4
P 6 fros.

B AR & ZE SO is 1T B R B AR A
 call «Yorax B, LLIE] 32 5% #5468 4 H i HL bk rax Oy
0x4005¢ce ] {5 FH [B] 42 5% # 43 S 46 4 B 09 bl 2
R AU A 3 45484 RI AT 4R 1345 28 L_0x4005¢ce
(R S SR 5 e B B b 28 1) A . B4 S 07 ] 42 Bk e
AR R B S AR AR VR T £ 1) 3 % B b ik 0x4005¢e,
58] Index[ 0x4005ce — 0x400530 J B Index[158],
FRAF LA 0x4005ce Ay e i M ik 9 £ RS B Xk B2 19 B Y
FE A He e 45 ik L 0x4005ce ZEE 40 Address
RS 1 kTR Address[ 113843 L_0x4005¢ce
(AL, BV o7 380 1) 422 5% % 43 S H 1 ik
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TCG Representation A Domestic ISA
Platform
—— 0x400530 L_0x400530 :

movi_i32 tmp0, $0x0
movi_i32 cc_op, $0x18
—{st_i32 rmp0, env, $0x14
discard cc_src
mov_i32 cc_dst, tmp0

1di $9,0($31) ;
] stw $9,20(815) ;
1di $10,24(831) ;
stw  $10,48(815);
stw  $9,44(815);

Source(x86) Binary
File
4(_)0530:xor %ebp, %ebp

——— 0x4005ce
|| 1d_i32 tmp2,env, $0x10
qemu_1d32u tmp0,tmp2, $-1

L_0x4005ce :

ldw $9,16(815) ;
ldw  $9,0(89);
| | zapnot $9, 15, $9;
ldw $10, 16 ($15) ;
1di $11,4(831);
addl  $10, 811, $10;
stw  $10,16(815);
stw  $9,24(815);

4005ce :pop %esi -
: 1d_i32 tmp4, env, $0x10

movi_i32 tmpl3, $0x4

add_i32 tmp4, tmp4, tmp13

40059 :mov %esp, %ecx
f st_i32 tmp4, env, $0x10
st_i32 tmp0, env, $0x18

—— 0x4005¢9 g
1d_i32 tmp0, env, $0x10 L_0x4005¢9 :

“—st_i32 tmp0, env, $0x4 ™ [ldw  $9,16($15);
: stw  $9,4(815);

Index[400530-400530]=Index[0]=0 Address[0]=L_0x 400530

Index[4005¢ce-400530]=1Index[158]=1 Address[1]=L_0x 4005ce
Index[4005e9-400530]=Index[185]=2 Address[2]=L_0x 4005¢9

Fig. 6 Example of translating x86 ISA to national ISA
Bl 6 x86 84 BB F A E 77 & 1y 48 428 4

MEEE 2 AT LUE th . Address /47 T A M, 48
At BB B RS B bk Index (RAE T ZTA
M, $8 4 AE Address RS E. Witkikit, —
BT R T RS, R AR R AR
RS H AR HbE SR & L DLk R 5 5 R A R
2 Uhde /NI A v AQ A i R T T 2 Bk 2 R ] 422 90
(AR5 & B )

3.4 HEEBEMRMUN KRR

SRR b FE XRS5 2 8 ] SO ST SR AR P g
G3 V5 Gk BHE XS T R A3 I 422 8 b ik 3 AR g
% 7 — 2% b ik it S5 5 v A ) A5 2 3K 2 B oy A) B2
FH— M B 2 98 FH Y - ok 85, T oA AR A E b ik 2
Z2P AL B Ry B — FE A H % i Ih bk L O HLiZ b ik ©
ZAFAETE Gk WS 3R b AR S A AT I AT DL A
VA B 5 17X 3 A0 [a) $2 Bk i 48 4 R Bk s A Hb
HE B ASE 2 Ve LT e Bk A B AR Y 0 AR AT AL L L
Jir S 3 43 B AR B v ) B B ik L 06 B 2 E A HhE Y
By 0 2 P 2 L X R RS HIL R A TR A SR AR
SCiE i B QEMU 1 Helper ML 7€ 8 128 05 F &
AT PAT R T B S o S Ak B S o AR SR HH M 4R R
7 AT B O 2N AR B TE] 45 e 7% H b ik 2 A 45 e 7%
btk S5 R AN SR 4 BT

BE 4. AR o S A

B M, EEE EHRA LW callg % Y rax Ml
jmpq x0x200c04( % rip) 84 5

B th M, JEOF & BN R SOE ok Y [ R % H
b b k.

@ 34 M. V-6 B E 4R 4 1., R sk

YERYS opcodes FEEAVEER o prandss.

@ IF I, j2& [ #8454

@ IF Index[oprands—A, ]<<0

@ P ZRAET oprands T A 8] 7 7 b

HEZE 4 S IndirectAdd;

©, (EAR 2

©® ENDIF

@ ELSE

® WETFEIEL L BIER TCG HrE£mR ;

© HTCG il ER BiEs M, His 64

HALHS 5

@ END IF

RS B 4 B AR R AR IH LA 4
) IR] 42 0 FH 48 4 callq * Yo rax A 76 XF 31X 2k 35 4 iF
A7 BRI ARG A5 4 BT 1Y 18] 4 5 7% b il B 15t i
P TESC PR 4 2 B B AR F 5 98 210, | e
EZAEFE L IR T & H AR b bk Crax 25 £7 45 th 0900
0x4005ce) & 1 B £ 7 — 0 b b e 55 3 v L AR 4 — 4%
b bk e B A4 1 7 s L Index 0x4005ce— A, |>
0,0 Address[ Index[ 0x4005ce— A, ]]=L_0x4005ce
RIAy callq » 26 rax [0]4% 8 F H b5 °F & 19 Bk % Hb ik
IH B ] 7 26 248 1 % 1% 48 A B R ED AT

AT]# Bk % 4 4 jmpq *0x200¢04 (Y rip) g i,
# Address[ Index[ 0x200c04 (% rip) — A, ] ]==0,
W8I 2 Bk B H AR b bk R A7 AR Address T,
I BBk % H AR Hhik R 22 7 7E jmpq % 0x200c04
(Yorip) $8 4 PUATHIHE 0x200c04 (Yo rip) Hr i) {3
SO HEAT BBt I 2 R AR P B AT A5 DU AT i 23 1
AT TR S 2 1 OO 5 R R 2 R 4 R A i TR H
bV 5 7% b bk i o S5 B RT TR BE AR B fF LR
T, o 75 TP I K 32 (B) 422 56 7% 00 T5F- 5 H AR o kil 0
HFR-& i dik 72 A S04 Address, {1 B ] 76 72 7
PRAT Iy VB 5 6 12 T 432 2 B 1) H B i i

4 SLIWMGER

T HEXF FD-SQEMU #4732 . W 3 1) 45 2R 43
H5 QEMU Ml SQEMU #EA7 H . Wik iy & 3%
ALFE 3 A7 18 < 1) 1E B PRI 5 2) P e 3t 3) = B
DA . 25 pE B 3 BAT Y Jm e B e e Dk
H A3 SR B RS ) 3k D A PR RE L 2 A .
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AR 328, 5 L X A6 PR AR 36 U1 R 58 A B
PACAS A I, 32 BAKFE NBENCH 32t 45 #5417, % 1%
P AR A5 %) ) 38 3= 2238 1 FIBONACCI, N-QUEEN,
QUICKSORT,MERGESORT # 17 il iz ; % A& #: fig
W 32 2 2 YE B SPEC2006 33 42 v i 36 40 1
HEAT DAL 55 ] B 7E A AN X I 10 Sk
AR TP 5 A7 0 A B R A Ak 3 ) 4 R
T 2 Bk A5

2 Trnsqenu » Taemu » Tsqemu 73913878 FD-SQEMU,
QEMU,SQEMU #1781 #%¢ J5 7l $047 #2 77 09 /AT B
V] 5 S B L

. o l/TF])SQEMU _ TQEMU
Ratio, =

- ’
1/ TQEMU TFI}SQEMU

1/TFI}SQEMU _ TSQEML'

Ratio, = = .
1/ Tsqemu Trpsaemu

4.1 SLWIREF

M.y x86 1R R HLH Y HL & - M, Ay [ ™ 3 b
%, F I 1. 4 GHz, W47 4 GB, #:1/E &R 4 & Fedora,
WA 3. 8. 0, 4 s Ny gee, LA 4.5. 3.

QEMU 5 FD-SQEMU iz 4776 M, HL 2§ L. il
WP NBENCH A 2. 2. 3. 38l S B 3= I i
I 55 2 Al SPEC2006 i £
4.2 EMENR

XS FD-SQEMU MY IE A #2500 2 4>
TR D484 BN 5 2) S B A e R 0 3t

54 BFEINLLAE B QEMU A4 A9 test-1386 il
AR L H O x86 4 P AR 18 2 b AT T DL K
i x86 573N L HARAY LS5 R a3k 1 o

Table 1 Correctness Test of Instruction Translation

F1 ECHENERENR

Test Instruction Test Result

Data Movement Instructions N
Destination Address Transfer Instruction
Arithmetic Instruction
Logical Instruction
String Instructions

Program Transfer Instructions

S N NN

Shift and Bit Instructions

TEQRIE T 54598 4 B 09 IE 80 P J5 X 52 Br AR
JPEREUEAT T OOE A I . BRI S R R
e 7E x86 A 4k SPEC CPU2006 1 NBENCH
D A2 4 IR P T s A7 il sk 45 2R R s 7R B AP
B LiEfr#iEE T RATRT . IF S x86 iz 114k
SRAH EE T, 2 AR E AR A5 SR ik 2 FR -

Table 2 Correctness Test of Program
*2 ZEREFHEMRMENK

Test Result

Test Case

NUMERIC_SORT

4

STRING_SORT
BITFIELD
FP EMULATION
FOURIER
IDEA
HUFFMAN
NUEURAL NET
LU DECOMPOSITION
FIBONACCI
QUICKSORT
MERGESORT
N-QUEEN
BZIP2
MILC
SPECRAND
MCF

[ N N S S S .

<

Notes: “</” mean that the test cases have passed the correctness

verification.

2 M A R, B W H bR R Y T
55U x86 P LRy AT S AR B UE 1A
SCARE H 1 A S R BEL 3k R A A AT IE B R A )
TRIT BN
4.3 EIHAE NI

NBENCH 04 fy 32 22 2y B J2 3 o 1+ 55— s i
() P C— 2 5 ) BRI 3 4 (A B Ay 70 2R 22 AR R Bk
PEAN R Gk R L e A — 4> 0 3 B R 2 A g AR
fity, B4 () NBENCH {4 4538 DI RE AN 3% 3 TR

Table 3 NBENCH Tasks
% 3 NBENCH Jif £ %

Test Case Tasks

NUMERIC_SORT Sort an array of long integers

STRING _SORT  Sort an array of strings of arbitrary length
BITFIELD Execute a variety of bit manipulation functions
FP EMULATION A small software floating-point package

A numerical analysis routine for calculating

FOURIER series approximations of waveforms
ASSIGNMENT A well-known task allocation algorithm
IDEA A text and graphics compression algorithm
HUFFMAN A relatively new block cipher algorithm

NUEURAL NET A small but functional back-propagation network

simulator

LU
DECOMPOSITION

A robust algorithm for solving linear equations
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T R FD-SQEMU A4b 3 A% 5 i BE 1 . 3R A7
4331 FD-SQEMU, SQEEMU I QEMU # % & 45
X NBENCH a4 i 47 9032, I8 I 5 45 50 00 17 b
Fb. % NBENCH i £ . FS-QEMU Hl SQEMU
X F QEMU (11 GE 2 THE B An &l 7 /R

=1 SQEMU
Em FD-SQEMU

39.25
42. 57

Ratio/%

11.35

10. 18

1.34

111
3.15
3.51

1.63
1.91

0. 86
1.06
0.75
1.02

£ B E =
¥ 2 5 88 2 5§ 2 B &
2 2 B EE § 8 Z 2 E
T = E e o2 3
O v = e & Déo
- =3 m S &

o a B
Es . < 2 o
e 53
A
=)
—

Test Case

Fig. 7 Speedup ratio on NBENCH
7 FD-SQEMU,SQEMU 7£ NBENCH M 4E - ) Jin i Lt

e 7 fros 6 AR A B, SQEMU Al
QEMU JE/R T 45 H 19 PE G848 %5 1 FD-QEMU
T SQEMU Il QEMU W 4> i1 1 et #v . 34 —
R LRy PE e T X T STRING _SORT ) fig
W, P 7 45 5B A 00 2l ] stremp, strnemp
S5 F AT H3 A O JE R B, FD-SQEMU il SQEMU 43
WA 42, 57 £5 A1 39. 25 5 By fn ek b s b L [l
FOURIER,IDEA, FP EMULATION 3y g ] izt fiff
FT pow, sin, cos, memmove 2% J%E pR %1, FD-SQEMU
H1 SQMEU FR A5 AH L 14 72 b, I BB % ik 26 1) fig
R . FD-SQEMU # %t F SQEMU £ 12 % 2245 1)
I b, X 2 R FD-SQEMU 7E 4k 229 | SQEMU
JE RECAS AR 1 SRt B SR T SRR i B O 2
e ERT HEAT T 0 Z AL, B2 8 T AR B AT 1Y T
;% F NUEURAL NET #1 LU DECOMPOSITION
ek , SQEMU 32 47 & ifij btk QEMU ZL4% , {H it
if FD-SQEMU # Lt F SQEMU A5 %5 i 4 Jill 2, #¢
i B AT Ak B 3600, Ik SQEMU fE 5L 4% B 3%
NEURAL NET # LU DECOMPOSITION K f# /1>
FFXRRIFGIATEZHICRTE S, W FD-
SQEMU R HHEAL B2, — & B E LR TR
PAT S TR SCRR IR T A E
BN A4k J5 25 B A X F NUEURAL NET A LU
DECOMPOSITION gl if . FD-SQEMU # Lt F
QEMU A5 /05 19 in & , A1 X+ SQEMU 1y 4 fig $2
i B . X T NBENCH i 4 . FD-SQEMU

X T QEMU B ¥ By Lk 24 6. 913, AH X T
SQEMU K F-# sk Lk 1. 16.

M NBENCH 45 R % . FD-SQEMU 44 7
T SQEMU Ml s, JF A Bk T SQEMU %47 #l
PEgL AR 43 90 A2 48 4, FD-SQEMU # It T
SQEMU [ F- ¥ 42 T+ 1 16. 14 %.
4.4 BIFHARDMEEENK

30 9 B R S R AT I IR A L 8 05 rh X
— ol 2 pR Y B U FH 4 AR DR ) eR S00E R
IR [E] 46 4, fiE 75 o 25 b Ak B R BO0E P L 3% W H bR
TP AT R0, 7RSOOGS AU 1 388 05 590 3k 16 47 T 0
K. IFAH T FD-SQEMU #il SQEMU #{ Ht T QEMU
I L, HLAARTE B n 5] 8 B

7
sl 5.92 =1 SQEMU
-1 5.0 B FD-SQEMU
L 4} 3.56
§ 2.92
€ 3f 1
2l 1.81
1.57 L og 1.23
'l i [N |
0

FIBONACCI N-QUEEN QUICKSORT MERGESORT
Test Case

Fig. 8 Speedup ratio on recursive algorithms
8 FD-SQEMU,SQEMU %} QEMU 71& 3 3R %1y
N L

WK 8 frx, FD-SQEMU 4k 7& 7 SQEMU Xt
B IH BT B A B RE T IR AEPERE A —E AR T
X PERERE T T 17, 25 %. X &Kk FD-SQEMU 4k
AT SQEMU [y A i % 5 Ry 5% F 4% SE B H P A
E SCRRBCAS s Ak R B SEARL A AL 2 T ek 0
IR [0 B AR5 46 1 3 FE L AR UE T AR X QEMU 1y
PERESR T 4F LRl - FD-SQEMU i FH i 7% £ 7
KB, —RANERT SQEMU %47 8% (k7T
RACH I XA AT T — o AR B A B AR AR 7E B
AT K2 | FD-SQEMU # {4 Lt SQEMU [ 1%
T4 20%.
4.5 EMEMERENHR

FEXT FD-SQEMU #& {4k fig 3 17 0 1 i, £ 1]
[ SPEC2006 il ££. SPEC2006 izt 4 i iy 72
J7 AR S B o rh R B R T i R AR
PAT S5 R R 08 S et — > B E R G 0 R IR 1 e
9 /R T X SPEC2006 w13 43 v FH #E 47 0 il B FD-
SQEMU #iI SQEMU #f%f QEMU M e 2 15 .



HENMR S R B 2019, 56(4)
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8
7t &= sQEMU el
¢| = FD-SQEMU 5.98
5.15
= 5 4.50
N
R 3t
2.
X 1.131.35 1 14 1.36
il N
BZIP2 MILC  SPECRAND  MCF

Test Case
Fig. 9 Speedup ratio on part of SPEC2006
K9 FD-SQEMU,SQEMU 7 SPEC2006 il i 2 I A%
i L

wE 9 fr s, X T BZIP2, MILC #2 %, FD-
SQEMU #1 SQEMU Mt F QEMU 1% 7 1 15 £
(4TI 5 33 2 PRI A 36 26 5 B o F v o o AR A 3 AR IR
B, ok BCE 2 80 . FD-SQEMU FI SQEMU
e H AR PAT B B AN 5 2 1 B AL b, T
BrT QEMU fy QRS S b 46 i if 1], $2 i 1 B A5 F
AR 1Y AT %% A SPEC 2006 ) 3 4
SPECRAND 1 MCF 2 5 345 1 ¢ = 9 I 2 Lo, %
F SPECRAND #2 5%, FD-SQEMU #f lt. ¥ QEMU
N B = ik 6. 91, 3 & R SPECRAND #2 )7 2
SAE BT A B LA R B YT MCF #2 )7
[Fi] A A, 2 G .

5 SQEMU M I, % T SPEC2006 H i FH J o5
B b 5 12 #1708 . FD-SQEMU . SQEMU
RYERE PR T T 19. 1% xF T A U e LY
SPEC2006 F& % #4711 , FD-SQEMU X% SQEMU
PEREAIE T T 2 15 % , X J& o8 FD-SQEMU A L
T SQEMU 7 % i pR B B - I WA 3R 1 el ik
SR L X EB 4r SPEC2006 F2 % 1)l i , FD-SQEMU
M F SQEMU % & PEBEF- B4 T+ T 16. 75 %.

4.6 REBHERNIK

Vi B i =X A = 3 o #HE 4F FD-SQEMU,
TE B PR T I BT A5 S A5 B 2 L BB Y o A
PR,

FEM T o B AT BE A7 AE 1 K 2 850K R AT %
FEATR] B 0« AR SCABC T 22 b 2 80 i ik, I 4 -l
T2 S 5 A A5 B v T A ] 42 Bk 2 R I 422 8 P D R R
3 o 5 At Ak 3 (] 422 B R R] 42 0 T A #E AT 42
T 4 iR,

nzk 4 R, FD-SQEMU i 4% il 3 10 19 Js2
Bz 4T B B JF N 4 T8l . MCF, FIBONACCI,

QUICKSORT, MERGESORT, N-QUEEN, SPECRAND
Hh RS B 03X g2 PR 7 3 28 57 R e o 114 )
P2 B A0 1 422 0 L A ik kg i — pR B Bl S AR
Pty & s bl AR AEAE Bk i 2 3 — B A He b a] (915 0
T FERCZH Address va] DL 045 2% 8k 5 H A5 i
HE7E BARE & L A48 A Huhk AN 75 2R PAT 5 1 6
F NBENCH i % ) BZIP2 1 MILC, [A & ik £t
R v 43 ] 42 Bk A 0 1) 422 0 ] A ik 7 i S Rl
3 WA Y], B DL B0 5 S 5 R AR A5 12 b ik
FH R 52 56 e AR HeHi o R 43, DAy R 32 b ik AE A
9 by ik e S vh g AT TR) 4 e B8 H bR E L. SEBR B E
NBENCH, BZIP2, MILC H B KA 55 2 1Y [ 42 Bk e
AR FH 484 B 2575 AT R B B IF A 2
Horp G Ay () e 55 7% H bR b bk Ry B — 7R R 1R
by bk B — A B ) S h b B S PR 58 8 AR
BRI 0 19 S5 RS R P v 1) 5 B H A ik
TE Z i3 43 1) e A B v ) 1) 5 7 48 2 BUR 1 ¢
RORVIFEARIAEER T, AR, HHEE mE R
J i BT St L B RE Y OE
Table 4 Translation Feedback Situation of FD-SQEMU
% 4 FD-SQEMU #iF¥ R i=iE R

Indirect Jump Indirect Call

Test Case Instructions Sum Instructions Number of
/Solved by Sum/Solved by  Feedback
Feedback Feedback
NBENCH 9/3 4/0 3
FIBONACCI 2/0 2/0 0
QUICKSORT 2/0 2/0 0
MERGESORT 2/0 2/0 0
N-QUEEN 2/0 2/0 0
BZIP2 6/2 20/1 3
MILC 502 9/2 1
SPECRAND 0/0 5/0 0
MCF 1/0 5/0 0
5 & &

AR SCAE A BT IR A 0 25 0 1 B A o 1) 4
o Inl T B LRl L, BT X BUA (8] 35 5 A% 1) i 4k B
T3 W v sl g R R O AR B AR A TR RS
LR BLE A T 3 & QEMU B 25 — if il
Pt SQEMU HEAT T Ricatk, $2 1 1 3 T I AR BB %
(14 2 Bt =X e 2 i o B R AE 42 FD-SQEMU, Jf 45
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B G WS RSB T IR RS b ki f PR
L. 5 FD-SQEMU 7E4k 7k SQEMU J bR 51U i
BRI L 51 A SEA B #1055 fig th T SQEMU
AT R ICIE AR ¢ bR SCHE AT e LAk A K
FIARAR TOAACHS (0 B B 5 H2 35 2R BB P O
L5 HTI Gl i S SR e A R DA R AR
fifp PR T A ) SRR e I b B R I 4 T o Y
A e B B o Y 1) L5 B+l 5 5 SQEMU Al
QEMU [P REXT L5256 o B Ul 1 e 5 X 4 — 3k o
B FD-SQEMU A9 1E 3 P A &L 1.

(RAE St g 2 0 ) 3B 3 o B R 3 o
PRI B Wl BE A B AR B3R Ty WL 4R K R B
Tt UK n e ARG A 2 o R e R R A S S I Y
A Uy REAS AR R 3 LA D S 5t ORGE T 2 — 2
Brs 7350 e iz B A T R AT AU AL T B A L i
A A BT B QRS D0 A 7 35 2 — 28 X B AR R A T
DU » AR 10 g o 1) E AR AURD » £ i H R AR Y
AT,

2 % X #
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