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BoogiePL[1], Why[2], BIRS

(Bytecode Intermediate Representation Specification)[3]
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2 mrdAd e S 28 [dole 5A4S A st oAl
£ B mmgch =R YL 230l BA AT 3%
oAX Fzk EE dlofe i 54, 4N v 2 3
7b mhx ek Sl = AEa FF A Aol del =9
g+ Ao|t},

2.1 A2 7% (Static program analysis)[4]

LZEg ] AL E AT fg WHoeR 22
o] A&3tr] Aol EAsE AAFE(Source Code)ot
BAE FE=(Object Code)E %3 #HZol o]Fojxt
A HEse AT WAL AFs A= wE gL
2o HI, 3" AX  HS(Extended Static

Checking)2.2 Y& 4 5]

2.2 BoogiePL[1]

BoogiePLS Apu} Zm @iz} 728 Az & a7
AsS f3 AP"E S x2d dofolty. Spec#l6],
BML[7] 55 Y822 ol BoogiePL HEHZ wlHo] +
t}. A E BoogiePL2 Boogie Pipeline[8]ell wz} A%

g71e Fdl A5s s

2.3 Whyl[2]

Whys 4= dojo] Al glo] #4 A€ 221

(Annotated Program)g ¢Jgo &

(Internal Language, WL)& W3t
=

3
Aarglem g AT =aE T Ase T

2.4 BIRSI3]

BIRS® Al =239 HEws 9e $3F 28 Ao
2A AR vlolE =S Y gtel Aggth 28 =R
o] Folzl zul nlolE =] HAFS A7 Y8
gy~ IZ=EZ ol Folx HIo FoltmE HAFHUG

[3].

3.1 Why

Whyte 94 AWs A8 2E g Adojd Ak glo]

T 2d doj= WEgY Whys 71E deoly g

F4 dlolH B, #HE =21 AAAE 8 e 74 1

Al(Annotated) & A&t} T3 dSo Aot AF =4
S 938 Require, Ensure, InvariantE 4 2Jsle] &

Whys F7F 548 o F Zzawdr) #5387
g Ao FER ZdEH vk [2]9 oA =

[[ya="3
2 Mo

Index ¥Ho] MeAA LS
Ab e W23 FEE e 9l

annotated programs ML C

the WHY ool

AN

proof obligations  Coq PYS Mizar HOL Light Sumplify haRVey
(19 2) Why &=

a% 2= Why =79 BE&S vepdth 23 24 e
9 A 4 ZAE MLER] 9 dojef CAo Tz
BE JPoR wh=t)h E i vhgde JEe T HEe
AZ EFES AT 19 29 FxE Whyd A4z
9Hs WEe] xdsich RS BE QdolEs AAlsk] o
ol A% 2d& AAdsted sty g A5 =4
S A7 WiEed o7 Azl A &3t AFS 3
g 4 Adrk GRS g dojwhs g F3 BH o
7F ol 7] Wi ASE % Anst §FE 9k 1
HEE ATS FIYS A AT AFE sl Ao
o E3® 7t %3 doz AFeE A woh vy =3
AT GA BFete H1E5S shed g AlaTS ALE
o &y 2y 3 Anl TR WS WhysS o] &89
AZHS oo wFolth. WhyE 3 AP Proof
Obligation= Krakatoa [9]5 ©]&3to] 7 5o] 3%t}

Proof Obligations

(298 3) Whye} Krakatoas ©]&3t Au} 2213 A5

3.2 BoogiePL

BoogiePLS Apu} Z =z a@iwp 728 Az & 27
AE5S H5Hoz #2349 T3 £d dAojolt} BoogiePL

C# dolell WAE F7F3E FEfQl Spectto] Ao + A4
H uvlolE mtE gyozw with w3 JML(Java
Modeling Language)[10]& AT dste] A== BML(B
-ytecode Modeling Language)[7]S 8oz ol A3t
=3

BoogiePL2 Z2713 RE WHo] TdS A 93dhd

=]
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dstH, Whyet w72 Aszd A4S 98l 28 g Feg WA FHEd ddE AT
Require, Ensure, Invariant, Assert, Assume< A ¢ 3hth BIRS+ o2 dol& xRdsHA] Xshe do] &A1)
Eo 22O AR ZES A4 F UEE NEE T3 AS5E e E HA Aoz o] I st st
ZAF )ES B9 BEY F UEE oA, 4 ARk Anpg A5 o 2 AYS ol g3t HTol st
o] &o|3== Back edgeZ havocd AM&3te] A A3 Sk, o B AR AgoR AT LTt By

4,
Spec# Compiler

Why$} BoogiePL 183 BIRSS u|wal7]9ls] [2]9}
(8] 2y x [3lolA veElves oA ZzzaRs 243
Zzke] F3F 18 doje 949 dojrt trE2r] Wi §)
oot  Hanslaton gelole Autz BAwT B F7 Ed Ao} Agol
ranslation = =R = &AL a4 3}
7V 2bdek BIRSE 7o 2 S8},
(718 4) Boogie pipeline X 1, % 2% WHAY o, A5 18y & 282 A
T AR 5 F BY Adoj9} nluste]l YER ST
Whye} v wste] AA A 2] 53}ste] B E 12 [3], [BlAM FE oz vehd oA m=e] vl
o] Az A An gaoke] FAHAT EI 2 T <olt) BIRSE BoogiePLEth %S AW &S X ¥ st
np Zeade A=s u 1 BAo] AN 7roe|A %3¢ BoogiePLAI A WEE FRE R BIRSHA e

Whys 3 259 A2d8 o]g3ta A9 Boogie: 2 <3 1> BoogiePL¥} BIRS®] A= H]al
7o A2dE olgsta glrt AWt BoogiePLS 2~ E) BoogiePL BIRS
Ak Al ZE o AFE u A7)E BARES Sds Sae o P 0
A 5kl AR TS 2
HEHH 1 6
5.3 BIRS 2 13 30
BIRS:= Apvp 2208 3o S3tete] 44d o3 &
A dojolth. Aul wlolE mEE Yo wob F3 K
A qdolzh AAETh 28 Jw Avie]l EAE A5 ¥ 2 (219 el Whysh [2] =8 BIRS® W§ 3
e zdjels mmw AASAG £ A gas DS BRSAS vl Lgeld BIRSL Whyid we
= EE WHoel FYx AZF =, CFG(Control Flow ArFs #ddoh EE Whyeld qeds us
Graph)s A%el Ba@ wE 4uE A4 olv, BIRS)A Herd.

<¥ 2> Why¢} BIRSY AHF v

JAVA Source Code
Why BIRS
HHo ¥ 5 9
Class File AR FEE 2 8
HEA KR 3 4
A 10 21
13 =T 29 Z#+E BIRS7F BoogiePL# WhyH.th
Slieldlens G I g o 4RE AL Y5S & F A F, 25
1 FPPAS o AHI}Er =L FEZ BIRSZF Whyst

o
BoogiePLE.t} =thE AS on] 3o
BIRS(ByteCode Intermediate g q— - E]— = /] ] E]—
Representation With Specification) I 3& BOOgiGPL‘ﬂ} Why ﬂ A BIRSE] 0‘:1 a O‘_']_ Oi
= =
a =

a , A

T EF, AT 9AE Uehd Folth g¥ o= F3t

(19 5) BIRS A4 x2d Aoz W] rheg A E YE I, HF EFE

AARE F ZE o7 98T F e HAF =Y F

3 5= BIRSS A4 ©AES UEld mAwolt) FE Uit A5 dAE S0 328 Aot A5E F
Sawja Library[12]12 o]&3le] ~8j7]ute] nlolE m-= gt wf AgstE Al el JieE vET
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<3 3> BoogiePL, Why, BIRS H] il

BoogiePL Why BIRS
Qe ool A A ML EFS] A
o] 3lo], Calo]
Coq, PVS,
Mizar, HOL
AsE = Boogie Light, JBVF
Simplify,
haRVey
A5 2 3 1
5. 28 ¥ &=z aH
Zeage] sl dae wags] A9 G
% = 24U d7e) 4F mrE g folaE
2 xzzmost PAE £FtE A2e e F0 Ed
Aoz WEsith AAdE S 128 Ao A= oE 5
A& 7HAAL Ak B =4 = Why, BoogiePL, BIRS
o] T3 B3 Adojo] SAel il vl EAstATh Hla
w24 ARE T3 78 <Aoot 7 A we HFS
T EE ol M™ow HFo A4 ZEAHS T
A
FT AFHAR FH 2E doE T8 A5E TR
= A5 57EY #4E T BERY eSS HtET
AR FEA BN d3s Tzaye Alolzel 70|
upe} AlZbskete] RS o5 I AT AT A
S TG
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