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Abstract In the research of cross-platform migration without source code, efficiency is the main
bottleneck restricting the development of dynamic binary translation technology. Using the method of
disposing the local function can effectively improve the performance of binary translation by jacketing
and replacing. However, in practical applications, as the number of library function calls in the source
program or the number of the library function supported by translators increasing., the benefit of using
disposing the local function is on decrease. The querying useless overhead in library function disposing
grows which weakens and reduces the optimization effect of the method of disposing the local function.
In order to address this kind of problem, a method is proposed based on the properties combined with
dynamic and static translation. It is based on the characteristic of dynamic binary translation and the
using of disposing the local function. The overhead for the query decreases with the method by
preprocessing the query table and realizing the query with Hash function. It can map the source
program addresses to corresponding processing function rapidly. Realized on a dynamic translator
QEMU, the optimization method is implemented and tested. Experiments verify the effectiveness of
this method to reduce query overhead in the process of using disposing the local function with dynamic

translation.

Key words dynamic binary translation; local function disposing; query overhead optimization; static

pre-processing; Hash function
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1 Bhas Tt 6 8FE P B e oR B Ah I8

1.1 HZ=ERHE SR
T PP AT IR L 5 A ok A Bl 2 3 e R T 1
JE7

— call func@plt

PLT:

plt[0]
call recolver

LIB:

Y

............... » _dl_runtime_resolve:

i L plt[n]: N
' =-1 jmp *got[n] > func:
' “-» prepare_resolver .

------ Jmp plt[0]

------- » First Connection ———> Later Connection

Fig. 1 The dynamic connection process of shared
library functions
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PRI A3 A 3 DX 531 T — e B o O R o R S IR A
AR AR 2 DR .

Pl 2 gt 1 225 =k i P e bR R R 2 B
AN TR] £ 28 Ak 215 5K

teg_gen_movi_tl(cpu_T1, next_eip); |- _ _
gen_push_v(s, cpu_T1); )
gen_op_ jmp_v(cpu_T0);
gen_bnd_jmp(s);
gen_eob(s);

"V call func@plt
PLT:
v jmp *got[n]
" prepare_resolver
Jmp plt[0]
call recolver
_dl_runtime_resolve:

-
S
backend code generator

gen_helper_func(cpu_env) func:

il

templet:
helper_func (env)

”/—P

——————— » General Translation =~ ———> Lib-function Processing

Fig. 2 Dynamic translation of shared library functions
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2.1 ERHAAIER call I5L T
FEPRBAL B call F84HI BRI WA 3 Fivs .

Translate call addr

Query Function Name
Jfunc_name

Call Corresponding
Processing Function
Sfunc_helper

Translate End

Fig. 3 Translation of call instruction in library
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Translate in
General Mode

function disposing
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1) 2] addr XN RS func _name ;

2) BIZ N func_name B bR BT B ) AL 3
PREL func _helper.
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FH — i) 28 455 =X A 3 09 A B B 58 BT DA Bk B 4
4> E b b b 381 B 13 Ak B R RS B

WIRARR T th 48 4 call 98 JH B9 H br b bk 5 5 0

- call func@plt

DYN.SYM:

A B i B SAAT REUA Ab BE PR B o IR 2 1% PR
Bk sy A P e i T8RS A BIES CULd W
R 2 R A 3 AR PR SA R AT

Ya€A,SAa)€E(CU{dD. (L
RIEXDOPITR o BH LR TLXES A
I OT R W4
Va€F,SA(a)EC;
Ya€EF,SA(a)€E{d}; (2)

A=F+F.FNF=.

Hrr,SA IR call 84 Bk%% Hpr b bk 3] call 454
T b 3 s 5 TR S5 AL A 2R R 8 3 Ak B R ST
FLAR B T oA B B — — DAL (2D C R
715 R 2 T P R BB R AL TR e B AR
2.2 FEEHBREER

B4 B THERBMAHRIERNES A MES
C W SF %) aoh 8 2 30 25 38 o) B 0k o R v R R )T b
hk o SR B Ak 2 oA BT S ME — AR R

KL NS A MRS B B iyt #, S 2
XF call 48 4> Hbhik 18 SCHY g AT B T W5 2 A W B bR b
SRR JE T PLT B A B I8 75 22 i B HEXTH 0 19 R

TERG & WA — #f il 3 O Capplication binary
interface, ABDHUE T , SMAHEHz pR 45 2% B 14 it A7 3k
FEJEE ). LL elf (executable and linkable format) #%
2R FE =2 PR R RO FR AT R N 4 BT RS

AR R fune 76 PLT BRA O F S n 78
RELA.PLT B &R 5| & AT 5 4 RG] R HK
£ DYN.SYM Bt .SYM.TAB Bt STR Bt & 5] 4
1, e 75 B AT BEHE bR AL func PRI FAFHR.

SYM.TAB: STR:

PLT:
, RELA.PLT:
*P{f [n]: index  sym.name
Jmp got [n] : : :
push n n x X

index  name

index  string index  offset

y vz 2

func_name

Fig. 4 The name analyzing of shared library function
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LA A EZN 2 Ay aE AT D ik
A0 2 B AL ZUE5 A 5 2) P Ak A TR S B k.

3.1 EgRMMAK
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objdump B I g T H A 2554 52 3UFN 7 H .

B S — A0 5 1 B R A L L SRR I eR BIOAE B Y
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HR 4l 2 W09 50 AT, 8 A0 4 45 pR B call 48
A H H bR H 4k — 5 2 PLT B A O, N Bk B AR
bk ASTE PLT B P i) ikl — a2 25 25 9 2% e Lk, Bk
e H bRk 2 PLT B sk A REEE bR — il # K
JE B b hE— i AR R W R S L B R B PLT Boid sk K
FE R 25 AR N PLT BEA O Mokt 25 38 B9 2 51 (E. 1%
R ) 0 58 &1k K Al R MO R T A o — 1.

FR R GIE 7T LR B call 45 4 B85 04 4b 3
PRI 5. 7 T A A B A A 0A) R L AR i B R AR 0 SRR
155 0 5 4 Ab 35 pRES 1Y oR B T SRS AR R 5 1 R Y
B, 1M B RS AN R PLT BEA ik R 51 LA K&
Fol—1 XN A (E ) R85 call 5 4 B340 2 1Y R
BAs
33 RMUMEAIAREE LR

) R PG Ak K A B 0 O Ak SE B 5
FiR.

K5 ik T A&m Rk, BN TAB_ A,
TAB_B,TAB_C, TAB_D &3t i TAB_E #Jid 2.
Horp 38 TAB_A 0] 3 2 X — ok i) 8% 17 8 245 4 B 3K
HU; 3R TAB_ B3R 1 AT 35248 AL PR B 4L funce _
name FIEH LA R BN O helper _pointer BY Xt
0 F sl it TAB_A il TAB_B BJVAT 52 9 7% oR B0 b
PRI 2 KA.

TAB_C X PLT Bt AT plt _entry 3847 T HE
F.oHBE N T A LISZ 48 S call B 5 M ik AF &
addr TE plt _entry PP E L) ; TAB_ D W& X
WA BR BN T helper _pointer AT T HEF , RN TE
BIPEes AT W B % TAB_D &% 3 NfEM, 3F B

LR AL addr BB m + 1

TAB_C: TAB_A: TAB_B: TAB_D:
index plt entry || plt entry  func name | func _name helper pointer || helper pointer op num
index_m  entry_m entry_m Sunc_m fune_n *helper n *helper n num_m
index_n  entry_n entry_n func_n Sfunc_m *helper_m *helper_m num_n
TA BiE . &
index - index_m | index n .o -1
op_num num_m | num_n . -1

Fig. 5 Optimized query table and query processing
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FEAS B B A H Y — BE R IR 95 4 il B 8 1) S Al
JE 3 Jok e ) 12 9 R 6T IO AR B o K S IR Y L A g Al
FHASAR b6 B8 S 0p _nam S BB o8 554 I8 FH AT
PLS S5 B B S AT AL S A i RS

W RGI R E I AR TAB_E, 56 1L
T AP ARG index FIBIAR oh AU E R 515 B XT
MR RG] index TICRME —1 RN TN RE] 5
X R 0p _num W IC A — 1, 378 TC XS I (Y AL Al
BRERC 5 L — i 1 3h A R A B R A R SR Y
A I 2k B AT DAAE B 0 2T B R i
R P 52 i SR T I T RUA AR B B b AT B A
A ) T 5.

2ok A h) A A ) I B A D0 AL 8 IR 1 2R
A AR 1 TR 2 R TIBE A R,
B X4 4 call B9 HARMuHEZE 5 addr {1 BREL hash
AT AT RN tab e FARREL tab _d SEF X £
TAB_E fiZ TAB_D 251 HUE B i 72
helper pointer =tab d[tab e[ hash (addr)]]. (3)

i AR it index F7m BRI 2 TR HR oR 21 1A
5 oA A i S il R A 3 1 R

=87 WA DEC ST N7

T RE « M 3 IR R Y M ik B B bR B R bk Y
i 5 % 5

iy A :call $§4 HirHihtk addr

B H X AR AR PREC A I Mo hel per  pointer.

O WIIEALECA tab e FRBL plr stare F 4G HLIE

B K length s
@ for each addr

@ il addr ANTE plt BHEFN

@ index—=—1;

®  else

©) index =tab_e[ (addr-plt_start)|length ];
@ endif

® if index=—

© i JH— 7 B E SR 2 call;

@ else

) P * tab_d[index JAb WA AT PREL.
@ endif

® end for

4 TWMEER

25 Ak B B0 2 A A 1 A9 AR O DT IS A 9 R
e S THE A B X Bl A8 T B R R R A

A I AR A R A P S B B AR R T
HE— 2 50 UE 0 Ak 09 0O L TE B A B A
QEMU I S8 T 15 oR FI0h 311 BRI ML, 776 Uk 2
filt b 52 0T AR SR 0 B Ak T kS B AR R EURIE 5
PRl A SWF & F#EAT T S5 K E. OC T 1 R 4L
Aok BEAL A 4 I B 1 56 E AE SR AL 2 TR P B &
W T A S B I R e

4.1 XN

SEE AL B AR 1 R .

Table 1 Binary Translation Environments

®1 ZHEBERE

Items Source Platforms Target Plantforms
OS Fedora 2.6.27.5-117.{c10.1686 NeoKylin 4.0.0
Intel® Core™?2 Quad CPU
CPU SW410

Q9500@2.83 GHz

Compiler gee-5.1.1 gee-5.1.1

WA & 5% 09 02 B 7 B gl SWAT0 4b R %, 2
— T [ 5 18 15 3 50 0 0 A AR 2 R R I
2R Gk H AL B2 SW2061077 (1 K TR JRL.
SW410 # SW20610 JORE T 4 D EMW N 1.4 GHz
FA% KGN N A A A A

S AH FH B B PR RS A gemu-2.5.1, 3@ i B M, X
AR C FEAH math.h,stdio.h,string.h F & XA K
P54 BRSO LA B At 38 43 A R 51 B 135 Ak .

S A T A I 3 A AL AR qemu B 4 A 09 P g
TE 7] nbench LA K b o 1 RE MK 4R spec cpu2006.
HAR A 932 T 1 42 45 nbench-2.2.3 benchmark suite
T A, W 2 FEREY 5 LA spee cpu2006
HETE I C S BP . gk 3 i,

Table 2 nbench Description
% 2 nbench iz F3 ) & 47

Test Case Tasks

NUMERIC_SORT  Sorts an array of long integers

STRING_SORT Sorts an array of strings of arbitrary length
BITFIELD Executes 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

LUDECOMPOSITION A robust algorithm for solving linear equations
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Table 3 spec cpu2006 Description
% 3 spec cpu2006 i A B & v

Test Case Tasks

401.bzip2 Compression
403.gcc C Compiler
429.mcf Combinatorial Optimization

445.gobmk Artificial Intelligence: go

456.hmmer Search Gene Sequence
458.sjeng Artificial Intelligence: chess

462.libquantum Physics: Quantum Computing

464.h264ref Video Compression

433.milc Physics: Quantum Chromodynamics
470.1bm Fluid Dynamics
482.sphinx3 Speech Recognition

4.2 ZIWHER

I 6 X A A 0 3 080 B R A T A s R AT 3 A
DR, 43 0] kg — P %) 38 5 2K oA 22 A Ak 16 1) 22 v
Hiuh B 25 ORI P 1 2 160 1 28 o Ak R 3
5 2. TR AT A5 0 G Ak A TR A eR RO BB
=X I L B Original 375, P84k 5 100 8 5 1 R 5K
Ab FRENIF 7 A9 b A Optimized R,

MR 25 i 6 AR 7 s A8 R Ak 4 i i
FE 3543 5] 128 o 50 Ak B B4 i 25 /N T A i R4 L [
I B A 5 BN N T TR R B B X L T 6 AR 7
T TR AR e B AR bR Y B A T L
11157 N1 ) 1 B0 35 R R 7)1 B0 = S S SR R

10*
M B Original
10 [ Optimized
e .,
s 10
&
(=9
3
B
2 10
wn
10° H H H A
loilr—r:oznir—<z[—z'
¥ &£ O O m z W < B O
g g 2 £ 2 &8 2 5 # E
20 B < o5 20T B o205
o o E 4 ° Z = <5 &
= z @ 2 = 9 2 5 £
[ = 4l m =
= = = < > O
D(/} [-9 ZQ
z = =
)
)
-
Test Case

Fig. 6 Speed-up ratio contrast of nbench
&l 6 nbench Jil# Lk Xf #]

A R, WA BRSO DT B spee P11
FH B (0 35 SR B2 AR T X6 nbench I3 FH 1] ) 4 Fb 851
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Fig. 8 Instruction ratio of disposing library functions
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