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Abstract There are two popular methods for variable identification. One is based on specific compiler habits and matc-
hing on memory address access mode, another is based on memory model and abstract interpretation technology. The
former method is applicable to some specific compliers; the latter one often gets coarse-grained variables and higher
wrong identification rate, because it has to consider the balance of accurate and time costs. In this paper,a fine-grained
memory access model was defined firstly, which can simulate the fine-grained memory operation. And an abstract-state
generation algorithm was given based on this model, which can track and record the fine-grained data information for ad-
vanced intermediate language HBRIL. Then a novel variable entity identification algorithm on memory region was de-
signed according to data information, At last, the variables” refinement proportion and recognition rate were given. The
test results show that our approach gets higher identification ratio for dynamic allocated variables.
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U, A Balakrishnan % A 32 H )18 48 53 #7 ( Value Set
Analysis, VSA)E %459 | semi-naive B3 3% F I A 8
FRMBF P RIESHTED, HFIEREBESTFEHTES
ESP #1 EBP A%} 34t i) PR 77 bl » X S b ik S Ryl g4
B(a_loo) RN EBEZRIMHNEFRRAEEE—NFHER,
KR R BARTE B, {52 T 4k ESP # EBP F/F88% T
WA B R B AR, H S B PR, A RN
HEHRRE. VSAEREXTET X86 LEMNFMEBER,
ETHSAARAELRD ) gk BUE & A B A X [AD 7 h fb
S4B aE Xt X86 W& b i R AT XA MR RME B
HATIRER GE R, B A RESWIRPIBE L ASIO #HTRR 2
B BRI AF R MR HA MR TR. ZERS
H B BRI A LU BUR T IR K B 281, R 4 i 4
A& BT hE 2R AE B R, 3 7E BAP(binary analysis
platform) | TIE (type inference on executables)!™! | Bitb-
laze" M LA RIS AT E A PR BN, RTREE
WAETER BRGNS . 5 R R EEERERENHRE. AT
fEERREB A 1L , BEHITOE R IMEERIE (Widing) , X Bl &
FERUEEAEBEMABR T, BN — R EEELEIE
IR e AMZE BT VSA-ASI 2 AH R %, if A &
HERS.

A A semi-naive B B Fl VSA B 5k BBk 45, X Balak-
rishnand Y A TR AR RU AT T B0l , BT T — R 4R E
WA RER (FMAM) , B TR A B TSRS E
M ERAE BB BG & TSR TR L&A
MEL, HEL LR RE BN A REHRTT T RIE.

2 RRIEREYEER(FMAM)

MpLENFIAERRE - A TREMOREFPEN
HEES AR B U ) BR AR, R IRTE I /R
FAEIRERIR R 4 . H P IR IR R R R R 18 5T A X I Y
RS b AR , ST AR S [RDARLE A R oy s AR SR
PERAE RN R R X AR/ B ERIIT  LANFE
() SR B4
2.1 FfEmEHRR

I~ X b 765 3 (Memory Environment) 35 B #l A
FF (Virtual Memory) . B 7728 FbR B 15 8, T4 CH
MRS T B M EUAFEBHER A FRFFEHRR
FREDE A,

TN V(P X 38 MR(Memory Region)) RiEFFF 31
WK 77 At 23 8] R 43 S 2 F RO, 5 28 KR GE Fk 77 i X 4k
HAprEffss a1 R — - 8 A 8B 4 A 89 i 0L 9 A =5 [T (Vir-
tual Memory Region),

TN 20HiZ Hiht Abs_addr(Abstract Address)) # P
B HH AT BUTRE, MR Z5TH (MR, of fset) 3 P 1 EHh
sk, b MR RR P MFERE R I, of fser RonBE B E A
KR sk MR B R

| VCEFER RSN RIBAGE S RIFEAEEIEHE
FEHABN7E A% 3 (storage duration)!'™) ALY 774 2 (B R 73 D9 45
FAEER , AESSETER  AHEFR IS ERXSE,

Xt F— A AT PATRR R I R LN 7R 2 8], TR 43 0 LA R 3
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FTIMEEX I ANBSEFX(MR_S) n A SIAEFERX (MR_
ADF m AMERBRAEFX (MR_D) ., Ho, 0<i<n, 0
JS<mn RABFHPEAETHABRE . m ERBFHEIA 8 IER
.

DB AT X 1 R 50E N T 1R 21T SR 4 B A i) 4
th,—EFEERFIETER, HAL N FRANFE —uat
L. BRERENREFRUREFAEXNEECERETE,
HbhZHayrERAE RiEENE RO.BFAEXNLBEE
BEATEABEHE WR,

2) AT X PR EE RIR IR g o B ERR LA
8, R R/ R Local, AT BB R MBS H Para, HBEF
BT E e AR BT 7R £ b 4 BC A R B 28 fR) BB AT 45
FRAT X R A AR A5 [ B R

3 EAS S ELAE XX R R AR T i i mallocO B new
SRR RSEMNESR, X HES BEERF
BT EBRPHEDEN, BE free)ELE delete HEHAEA &
BB

KB _ LR R A 770 X T AT R A R A AT
ntm—+1 JTARNE R, KB BHRME 1 FR,

MR=(MR_A:,+sMR_A,,MR_S,MR_D,, -+, MR _
D,)
Memory Region
N T T T 1
MR_A, MR_A, MR_8 MR _D; MR _D,

Bl RNAREREEEH

2 B—B C++HEF, B 3 BIXBFXNHFERX
BEHRER).
# include (iostream)
using namespace std;
const double Pi=3. 14;
double area(double pl);
int main(){
double Radius1=5;
double Radius2=6;
double Area=0;
Area=area(Radiusl);
Area=area(Radius2);
double* heapl =new double;
* heapl = Area;
double* heap2=new double [10];
for(int i=0;i <C 10;i++)
{ heap2[i]=i; }
delete heapl;
delete [] heap2;
return 0; }
double area(double p1){
static double Sum=20;
Sum += pl;
return Pi* pl = pl;}
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Memory Region

J 1

MR_D, MR D,

New/Delete

heap2(0]
heap2[1]

heap2(2)

hea.;;éIB]
heap2[9]
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&, BERBHBRAELRL L EBHEEA.
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FHREGR A S SRR BT S RE R 2 MR R
MR _D; (O<i<Sm) B 5 o f fset e 2RI sk AL A R B 47
Hisik 5 X450 B A2 (AR fR bk AR X RS & .
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FEH AR A2 HuhE  NAFEEBR (BB NFEE A ZDF
THEEURBENNERMFA"E-RIIEEMEM. B
HERBFBEE L —MAFUIRE BB, HKES B FTH
AEF PR RBANFRE RS,

A R A AR R AEAS 0L T8 ] — R A R R A o (BB T
3 HBRIL, B0 & F 3 F & (815 & BRIL"®, 2 it FE oG $iR
107181 (45 mallocOF new BRAERYIRFD S B —RES
itk E e . HBRIL A B FEQRE . (DREE
) Assigny. , Assign, , Assign,,; (2) Bk # 15 %) Evaluate (e,
e:); () FARIIEA Call; (4) R EI7EA] Ret 4. BRIL BFEHE
ML K AALER 46 4 B BRIL o (B)i5 5 M3 #6321 i B 4 4B
BUARAIRMR AT % CER(16, 19], XEARHEER. £TF
HBRIL FERBEHNFSRER T L REDRIERFORE
XAFEAR.

BY3NEHEERE D SAFETREMRCHEYE
BREARRANTHLITHMER:

I=(Abs_addr,Content,Size , R/W)

Abs_addr FaRFIR AL (MR, of fset) , WiE X 2; Content 3
TRIE AL Abs_addr B AT P H IR R E; Size
RRUFTHBEAMAFVR KN R/W RRiZEE BT, i
BAER R /W=0, B#{Em R/W=1,

X ARBURER A REGREF LI bIERER
e BihS Hi it Abs _addr BYBRET, BN # R ¥ A e—>Abs_ad-
dr, VEERSE XN

Nes=

(MR_S,e), if e REH:FHEH P R3S ik

(MA_A; sof fset(e)), if e BIET esp/ebp KylE)FEFHE 5]
HTF esp/ebp By HEF 4k

(MR_D; ,offset(e)), if e BEE malloc OB new 1& B{EHE
Hihk

EX SGERRERFC) BRBEMHLHM HBRIL
EURESIEA] stat BYNFFRME BE A B, BB REO:
stat—>2' , RARE X AIT »

Ostar) 1=

(Ae) sFe(nh) s Size(e(nt)) 1), if stat=[mle) : =e(nt)]

(ACe)) s Fmle) , Size(mle)) ,0) , if stat=[nt : =m(e)]

(Aey) ,Fm(e;) ,Size(m(e;)) 1) U (Aler) s Fmlez) s

Size(m(e;),0), if stat=[m(e;) 1=mle;)]

0, other
H, A RRRBURIER, star 7~ HBRIL o8] X7 F #iF
) ym FARTAERBRNER A RN EFEH . pe TR B
B e(nh) RIRAH A TR BRI RIER; Fm(e) KRR TR
KIAEB I, Fe(nf) BRAHE MARIEH R B HE;
Size(++) RANBRAERET 5 BFHL.

LA 2 IR EAE BT SR ATRIF AF L. R 151

T &3 TFEREEIE RN TSR . HPFE—TRRTH
TP P — &I 4384 % M % HBRIL H[E 5, U R &
FHREEDREMNAFEFHGE. KIEXENFTRIER
BB YT 1 Bl 20 B B R A0 PO X388 P 0 IO TR AT O, Stk
— 55 SR N X R A SRL B R o B R R

#1 WFRFELLNERMER

. text; 00414406
HBRIL 4
REFFER

movsd [ ebp+Radiusl ], xmm0
m_ub4[ r_ebp_u32—0ch]=R_xmm0_u64
((MR_A,—0Ch), (xmm0),8,1)

. text; 00414413

movsd [ebp+ Radium?2], xmmQ

HBRIL % % m_ub4[ r_ebp_u32—Ich]=R_xmm0_u64
B AR ((MR_A, —1Ch) , (xmm0),8,1)

. text; 00414418 mov ?Pt@@3HA,4E20h
HBRIL R & m_u32[41220h]=4e20h
HREY B R ((MR_S,41{220h) ,4e20h,4,1)

. text; 00414432 movsd xmm0, [ ebp-+Radiusl]
HBRIL £ & r_xmm0_u64=m_u64[r_ebp_u32~—0ch]
W I 45 8 ((MR_A,~—0Ch), ([ebp—0ch]),8,0)

. text: 00414437 movsd [esp+158h+v_158], xmm0
HBRIL & & m_ub4[ r_esp_u32]=R_xmm0_u64
AEHFE A ((MR_A, —158h), (xmm0),8,1)

. text; 00414469 mov [ebp+v_140],eax
HBRIL & & m_u32[r_ebp—140]=r_eax_u32

WA I &

((MR_A, —140h), (eax),4,1)

. text; 0041446F

mov eax,[ ebp+v_140]

HBRIL & & r_eax_u32=m_u32{r_ebp—140]

A R ((MR_A, —140h) ,(ebp—140) ,4,0)
. text: 0041341E movsd xmm0, Sum

HBRIL & % r_xmmO_ub4=m_u64[41{228h]

W R

((MR_S,411228h),([41228h1),8,0)

. text: 00413426

addsd xmm0, [ebp+pl1]

HBRIL 1% 4 r_xmm0_u64=r_xmmO_u64+m_u64[r_ebp_u32+8]
WA R ((MR_A,8h), ([ebp+8]),8,0)
. text:0041342B movsd Sum, xmm0
HBRIL & 75 m_ub4[41f228h]=r_xmm0_u64
WA & ((MR_S,41§228h) , (xmm0),8,1)
. text: 00413433 movsd xmm0,ds: Pi
HBRIL & % r_xmmO_u64=m_u64{41cacOh]
R FER ((MR_S,41cacOh) , ([41cac0h]),8,0)
text; 004144C0 movsd gword ptr [ecx+eax * 8], xmm0
HBRIL & & m_ub4[r_ecx_u32+r_eax_u32 * 8]=r_xmm0_u64

WA AR

((MR_D_414486,eax * 8) , (xmm0) ,8,1)
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3 ETHRHNEFRTIEMHHMFREER

2.2 WA T AaE S R BURVE R AR A AR 1R
RESPRINFTIRIE R . Hrp SRR AR R E T P 77 )
Hulik e BP9 AT IX SR 18 B H A ] A R ik Abs_addr;
BRI R R Sutbt B Fal b, i+ A RER Fe(--O R
Fm(-) MERRBBENNEERER . TRETR L e |
Fe() IR Fm(-) WIHEE T 5 SR B F A8 LU RAFHT
FOEAR SR , Y BLAAZ BB H 10 SR X o (R E PR A e 52
BRAAF 7 )5 B AR R R L.

3.1 HSRAEMEXL

RN 6GHERA D) MPRESREHRETOXE
R4% HBRIL DT , A S 258 (95 LL B B 1 )
3 19 P BT B AT R W 5 LR AOTE R . S= Sre X S X
Su.

BHEA] stat FTEERIHLNE S o, BATSE stat B F — &iBH]
Mk o, MIS(a ) FR BATIE AT star ZIEMHERA, K
$(a"). Sre B star AT SR HBOE pe BOME, BDS ().
Sre t =porA,A FRMIHES; S(a). S BRI
R, B1S(a)). S¢ : =R—>Exp.R RRFMERES  Exp £
Fi53; S (). Su %R U7 I o HO A B T MR 25, B
5(a"). Sy t =M(Ezp1)—>Expy Exp T MIEBITHIHAL
Exp, FRNIEBITIFHEORIE.

B T 2 S T R T A 0 T 6, 4678 £ L 60
PO (VBRI 4 3 R ] 6 I 43k 7 7 X B B 04 72 26,7
AT MR KBRS 2, B A7E TR Sve 1 H 7Y
FeHuht Exp, th3577 WANS s 5 (07058 , L 400 B B B R 25
EXH. go = (start, {esp—~ (MR _A,0), eax/ebx/ecx -+ —
null}, {(MR_S,addr;) =val, | 1<i<n,n hL2R/HEEH
B, BIFTR pe 391 A CLHBEE ; esp 1 1A% 25 R BOMRG , L1
EAFIIGAL NS s ML addr, BIRTEEATE (2R B B
%]J{Eyﬂ "Ua[i °
3.2 MSWALREE

B EHRT HBRIL fEHRE GERBEETS %X
BRI197) » Eqo BRE ST E P M , 51 B =84 (a,
statsa’) T Fo a Bl ' 4F B3R M AR 4 ML A B B
hb, star HoRHUAE o ZbRYIEA], BRATIEA] stat Z BT B SORE
IS ()7, BT IEH stat JE BORBRA IS (D) ER, M
G(S5(a) »stat) T R RO AS 0 H FRE T » B0 p 2 06 i 5
SRS () MU BIB A stat A AR B BOHUAE BT SORAS (0 3
& SRR (Ko Fe(e) | S() FmFE Mt o AHRRE T
HE AR e BE, Fr(o) | SO BRIEHIL o IHRRE T
HE M ¢ 4R TP EIEHIME, S(2). Sre+1 TRMIE o hbdg

& star BT — 2395 RIH st SCLib) 377 21k B OV PR
15 RS «
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A
G(S(a),stat) + =

A A A A A
(Fe(e)|S(a),S(a). Sk ,S5(a). Su) if star=[pc *=¢]

A A A A A A A
(S(@). Spc+1,S(a). Sg U[r>Fe(e)[S(a)},S(a),SMD,

if stat=[r*=¢]
A A A A A A A
(S(a). Spc+1,5(a). Sk, S(a). SuU {Fm(e) | Sa))—
A
Fe(es |S(ad}),

if stat=[m(e,)* =, ]
A A A A A
(Fe(ez) |S(a),S(a). Sk»S(a). Sm) »
if stat + =[Evaluate(er »e;) Jrand FeCey) | S(a) 70
A A A A A A
(S(a). Spc +1,5(a). Sk, S0@) »Sm) »
if stat t =[Evaluate(e, ,e;)],and Fe(e;) Ig(zz):O
A A A A A A
(S(a). Spc +1,S8(Lib). Sp,S(Lib). Sm) , if stat : =Call Lib
A A A A A
(Cesp) | SCa),SCa). Sk U {esp—>esp+4},5(a). Sm),

if stat : =Ret

PV RZRAES, LR B Eae P84, 1%
P2 RS R A A R T BT S B B IR 7 1 A AR 1

Abs_State Generate(So » Ecre) » PRI T BF7%
Hik 1 MRS ERES
SN B HRES So » R I Eceo
i MERAHES
Proc Abs_State _Generate( éo » Ecrg)
WA SIS BB stat AUERAERIIES 5

KA staty R ERERIIES ;
HA O RIEH] staty BT7ERIMBHE a0 MDA worklist;
While(worklist #@) do
M worklist BUH— i dk a;
7€ Ecra FEREL a RS HMIEHIH
For(i=1;i<k;i++) do
/7R a kiR ih s bt -5
H(G(8 (@), statd) T SCa) do
/1188 ar s a HIHHE ISR
g(ai)=g(a;) UG(g(a) ,stat;) ;
¥ a MATHEFIZR worklist;
End If
End For
End While
End Proc

BRI P . B TS AR R
e R TR SRR IR S O IR T R , R 5 HE SRR
25.5=Sre X 8¢ X Sy Bt BUARF & TG R AR B o B U
SR FUAE T B AT DAL L. o1 T4 4 1 U
TRAEMITELE ot o O RRA TR R TR E R 0 T
(RS B B RS 4 1, BV BR324, AT P widing 41158
WAE. B SR SCRRL 18] b A E P 8 S, BD 2 LA
RS T B U B B — A B, BR AR SETE  , LRA
T8 A T 47 P 2 [ BB — A4







End If
If(winb <<q[i+1]. offset<C wina & & q[i+1]. offset+q[i+1].
size>wina) do
/1% q[i+115 qliJ#A e et
V 1=V (qfi]. MR, winb, q[i+1]. offset);
V +=VJ(q[i]. MR, q[i+17. offset, wina) ;
End if
If(qli+1]. offset > wina) do
/7% qli+115 o[iJ8A L X EHN
V +=VU(q[i]. MR, winb, wina);
End If
winb :=MAX(winb, q{i+1]. offset );//{E% & O Ay {LHbak
wina :=MAX(wina, q[i+1]. offset + q[i+1]. size);
/R O R
End while .
End Proc
BRMEREEE . 2R ERERHER 1 WIEH
HRIER, BAE S 1 B2 ERERXT LRRERT
B, TR THESREEBRNAFETREEWRALRFEART
VilaME B MR TEIE, RAETRAF RE BN ERTIKRE
AR T S RRE B SR MR TEE . RNV RE B RH
H n, BB 2 BT EREER O .

5 MRS

WiRAY B B9 500 B B 0978 bk . BRI 2 B 2k Xt A 4,
TERFPERLARNANRURAEEES . TREH[FRE
EA¥ coreutils8. 20 FHIFR TR F, U R FTHIBE . BEEH
C++#J¥ . pointer, cpp FI funcpp. cpp, BIFHEE(Z RINFE
2 Frd ., ScES MR HBEAE ThinkCentre M8400s, Zb ¥ 285 In-
tel BE28 i5 2400,4GB WAE, EHIERE RSN Windows 7, I
PIEER SR A& Ubuntu 12. 04, WA BF LB R F
GCC-04 73 B AT AT R » SR R B RIC 4w %% (7T LA DA 8
Hbt@dHRLED PERBERBFMELMALE
FpLio 18 L AT AT B2 3 X 2 A9 HBRIL 1485, B J5
SRS A RBEE T HSORAS 408 A2 R R 5
BB NMER BN R E AR LA, AR
SR INE 3 .

2 coreutils }z C+ -+ AR FEI| R

R KA & #A %% el Malloc/ calloc/new %
(Test Prog) (Insts) (Proc) # 4% (Dyn)

dd 2303 36 2
factor 2531 35 2
install 1002 19 1
join 1185 26 1

Is 4882 78 9

cat 783 6 3

nl 627 11 4

od 1916 22 2

or 2876 38 10
ptx 2150 22 8
sort 4709 96 16
tail 2219 32 8

tr 1947 35 9

we 800 7 1
pointer 312 4 3
funcpp 549 8 5

Ak LR B R S AR B S R B S IR A A R
ANBE WAE AR IR, 2 3 P BIA R TN RAEREE
S B DR B R RS R B AN U L LA R EER
SR B N 1. 8, S AR B LR 4k Lk
Bk 2.4,
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23 BELHERMNRAER
L AL kS S5

A ln Hn REXE  RER  AXE  AZW

RHAK  WREH EEAK  mlkn
dd 603 19 896 1.5 42 2.2
factor 597 19 875 1.5 39 2.1
install 369 10 598 1.6 31 3.1
join 402 9 676 1.7 21 2.3
Is 1375 32 1996 1.5 76 2.4
cat 292 21 478 1.6 48 2.3
nl 284 19 587 2.1 43 2.3
od 576 16 1045 1.8 37 2.3
pr 631 28 1254 2.0 58 2.1
ptx 612 22 1356 2.2 45 2.0
sort 1372 58 2537 L8 121 2.1
tail 623 22 1134 1.8 50 2.3
tr 605 21 1323 2.2 46 2.2
we 314 8 556 1.8 17 2.1
pointer 168 10 378 2.3 38 3.8
funcpp 269 18 596 2.2 49 2.7

AHEERHHMNTELHREAMETHER,. TESHER
BT EMNMUGETEHERE BB BRI ERESRFEEH
S ERAEFFHEEERSE P, TS EHER NG D BERS
feg o, B bk B ) R R AR B SR T I RN
EARIERAT BT & B /N HLE SRR B R R B R B2,
HTFAMREE LT FEATEN N B REERNF
HIRBIEA 85% ., (EAEEF AMSREE BT EH
1£3% T malloc/new ZEN A4 B NFHRIER B I, s A 4B
AR MFEHIRHER R 98% , 5 semi-naive Fl VSA-ASI B EIE
BB R ARG R L E A A B

ERE AHEBECFHBREORENRFRRGES. B
ARAREE SR BABRT AHHBRE, FET X MR
REIRGIHEREE ., hNERE R A, R k732 6 3
EAEARMYTHIRAEY 98%., BIME VSA h R F#5
B R X AR RS A L, AR R BN TR B HE R
AR ASEIMBESRETMEREE. AREEERER
T, A5 58325 1T LATE i R OF PR e il S AR A TE BT A9 IR 8, °] LA
AERTBIEE TR TR R E 2R, W VSA-ASI B %
FEAWANMEEZ R ANITRERE, EERERE.

AXFHHEREEREE T, BT RARBEREHE
BRE e, &38R B ATRIRE] X R IR LGE A
FIAT R A I BB IE 5 B &850 ) 40 RE pR g, B e A T
§ 5 R B H A E RS E N, £ LR TAES , 7T AR
BN A0 R s SR AT R, R A RR
BERFEMESLAEN. HTFEABEXTREEART,
WET KBSTFRLEMAXRNER, LSBT RS
4 R X s B & AT AL 17 & F0 R BB AT %
H A B Sk 2 A B R, T E LR B R BB KR IR S
M EBRFRIREESE TE.

2 % X ®

[1] Lin Zhi-giang. Reverse engineering of data structures from binary
[D]. West Lafayette: Purdue University,2011

[2] Van Emmerik M . Single Static Assignment for Decompilation
[D]. Queensland; University of Queensland, 2006

(3] #hdesn. I BHRH EABIBRB ST HHIR 5 LH[D]. 3
MRS R TR K%, 2007
Sun Wei-xin. Study and implementation basic data type analysis
in static binary translation [ DJ. Zhengzhou: PLA Information
Engineering University, 2007

(F#% 182 )



vents/fast02/patterson/sld001. htm

[2] S KM Lustre BEEX B REXEHANHA [D]. K
U BRI K, 2011, 97-118
Qian Ying-jin. Research on Key Issues in Large Scale Clustered
File System Lustre [ D]. Changsha: National University of De-
fense Technology,2011,:97-118

(3] ZFm ETHEMEBMHALETHXLEHABKID]. 4t
B EREBR T BB AR BRI AT, 2005.:9-10
Li Hui. Research on Journal Based High-availability Mechanism
of Cluster File Systems [DJ. Beijing: Institute of Computing
Technology, Chinese Academy of Science,2005:9-10

(4] SWi#, PR, 4, %. Lustre X RETHAER SR I H
R U] BHRITEHER(E 19 BB EBREEEARKRSK
3%),2013,255(6):10-16
Qian Ying-jin, YiRui-hai, XiaoNong , etal. ResearchonReco-
very Mechanism for Lustre Metadata Service [J]. High Perfor-
mance Computing Technology (19 Annual National Conference
on Information and Storage Technology),2013,255(6):10-16

[5] Bhide A,Elnozahy E N, Morgan S P. A Highly Available Net-
work File Server [C] // Proceedings of the Usenix Winter 1991
Conference. Dallas, TX, USA; USENIX Association, 1991 :199-205

[6] Devarakonda M, Kish B, Mohindra A. Recovery in the Calypso
File System [J]. ACM Transaction on Computer Systems, 1996,
14(3).:287-310

[7] Mogul J C. Recovery in Spritely NFS []]. Computing Systems,
the Journal of the USENIX Association, Spring, 1994, 7(2);
201-262

[8] Baker M, Ousterhout J. Availability in the Sprite Distributed
File System [J]. Operating Systems Review,1991,25(2) ;95-98

[9] Welch B,Baker M, Douglis F, et al. Sprite Position Statement:
Use Distributed State for failure Recovery [CJ // Proceeding of
the Second Workshop on Workstation Operating System. Pacific
Grove,CA, USA. IEEE Computer Society,1989:130-133

[10] Baker M. Fast Crash Recovery in Distributed File Systems [D].
California; University of California at Berkeley, 1994 ;34-104

[11] Kistler J,Satyanarayanan M. Disconnected Operation in the Co-~
da File System [J]. ACM Transactions on Computer Systems,
1992,10(1).:3-25

[12] &, £ 1358, Bk Lustre X RS /O B B S5tk
U1 &N TR 55 H,2011,47(3):1-5,26
Qian Ying-jin, Jin Shi-yao, Xiao Nong. Application and Optimi-
zation for Lustre File I/O Locking [ J]. Computer Engineering
and Applications,2011,47(3):1-5,26

[13] ki, B4k, £+ 38. Lustre S A NG BB 5 st
[ HEN TR 5R%,2009(S1): 146-149
Qian Ying-jin, Xiao Nong, Jin Shi-yao. Analysis and Improve-
ment of Lustre Distributed Lock Manager []J]. Computer Engi-
neering & Science, 2009(S1) ; 146-149

(L#% 176 7D

(41 IR, FH,HRE S REFFRELEAHEREARTR
(5], MR, 2012,39(5) . 133-136
He Dong, Yin Qing, Xie Yao-bin, et al. Automatic data type re-
construction in decompilation{ J]. Computer Sciense, 2012, 39
(5):133-136

(5] D& FHE, 284 .% —FHEH _HHARDPARMEHN
Tkl HHENBIR S & &, 2013,50(11): 2418-2428
Ma Jin-xin, Li Zhou-jun, Hu Chao-jian, et al. A reconstruction
method of type abstraction in binary code[]]. Journal of Com-
puter Research and Development,2013,50(11):2418-2428

[6] Ding Wei, Gu Zhi-ming,Gao Feng. Reconstruction of data type
in obfuscated binary programs[ CJ// 16th International Confe-
rence on Advanced Communication Technology. PyeongChang,
South Korea, 2014 :393-369

[77 Balakrishnan G, Reps T. WYSINWYX. What you see is not
what you execute J]. ACM Transactions on Programming Lan-
guages And Systems, 2010,32(6):202-213

[8] Balakrishnan G, Reps T. DIVINE: discovering variables in exe-
cutables[ C] // Proceedings of the 8th International Conference
on Verification, Model Checking, and Abstract Interpretation.
Nice, France, 2007 ;1-28

{9] Anand K,Elwazeer K,Kotha A,et al. An accurate stack memo-
ry abstraction and symbolic analysis framework for executables
[C1// 29th 1IEEE International Conference on Software Mainte-
nance. Eindhoven, Netherland, 2013:90-99

(10] Cousot P, Cousot R. Interpretation: A unified lattice model for
static analysis[ C]//Proceedings of the 4th ACM SIGACT-SIG-
PLAN Symposium on Principles of Programming Languages.
New York, USA 1977.238-252

[11] EWX.ERZMH, H K, % ETHEERNZRELE S50 RN
H[1]. BB F223R,2011,39(2) : 296-302
Wang Ya-wen, Gong Yun-zhan, Xiao Qing, et al. A method of

« 182

variable range analysis based on abstract interpretation and its
applications[J]. ACTA Electronica Sinica,2011,39(2):296-302

[12] Brumley D, Jager I, Avgerinos T, et al. BAP: A binary analysis
platform[C] // 23rd International Conference on Computer Ai-
ded Verification. Snowbird, UT, USA, 2011.463-469

[13] Lee ], Avgerinos T, Brumley D. TIE; Principled Reverse Engi-
neering of Types in Binary Programs[C] // Proceedings of the
Network and Distributed System Security Symposium, San Diego,
USA, 2011 session 5

[14] Song D, Brumley D, Yin Heng, et al. BitBlaze: A new approach
to computer security via binary analysis[ C] // 4th International
Conference on Information Systems Security. Hyderabad, India,
2008:1-25

[15] Aho A V,Lam M S, Sethi R, et al. Compilers: Principles, Tech-
niques, and Tools(2nd Edition) [M]. Boston: Addison Wesley,
2007

[16] XEH. ReumEFEHREH SEHSHREEARBRLD]. &
M SRR B TR K%, 2011
Liu Xu-ying. Research on technology of control flow reconstruc-
tion and control structure recovery in decompilation[ D], Zheng-
zhou; PLA Information Engineering University,2011

[17] Durfina L,Kroustek J,Zemek P,et al. Detection and recovery of
functions and their arguments in a retargetable decompiler[C]/
19th Working Conference on Reverse Engineering, Kingston,
Canada,2012:56-60

(18] R LR FH B3 i E R BURSI R AR R LD]. ¥
MR ER B LIRS, 2011
‘Wu Bin. Research on library function identification technology in
assemble level program auxiliary analysis[ D7, Zhengzhou: PLA
Information Engineering University, 2011

[197 Jing Jing,Jiang Lie-hui, Liu Tie-ming, et al. A precision-tunable
CFG reconstruction algorithm[C] // International Conference on
Mechatronic Sciences, Electric Engineering and Computer. Shen-
yang, China, 2013;2095-2099



