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seplogD:iHEI{ in Coqg
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seplog CESFRIEXZ VT —2 3 > EER

Definition assert := store.s -> heap.h -> Prop.

(bipl.v, 74717 B 371)

IZK7, & TeE—7) ICHKTFET S
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* BYa2—)L mapZzEE> TEESINTWLS (@heap.v)

Module Type HEAP.
Parameter emp : h.

— mapEY1—JUIE HEAPE! Z H D

Parameter singleton :| -> v -> h.

Parameter lookup : 1 -> h -> option v.

Parameter lookup_singleton : forall n w, lookup n (singleton n w) = Some w.

Parameter extensionality: forall hl h2, (forall x, lookup x hl = lookup x h2) -> hl = h2.
Parameter update :| -> v -> h -> h.

Parameter update_singleton : forall n w w', update n w' (singleton n w) = singleton n w'.
Parameter union : h -> h -> h.

Notation "k '+++' m" := (union k m) (at level 69) : heap_ scope.

.. (BEY 5mENDDL) ...

TS TR

— NIV R R

mapZff-> TERSINTVDID, EUSRIVBCVWLDBERICE > TWe (EBIE-0BRIF0NFES)
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seplog Tk > FmEBZE(]) -

biplv TEEZ=NTWS

BB (27417

)

[nElLiciiiE 2xalr . SEi =
var_e :var.v -> expr

Int_e : val -> expr

add_e : expr--> expr -> expr
Mmin_e : expr -> expr -> expr
mul_e : expr -> expr -> expr
div_e : expr -> expr -> expr.

z\ _ o

7—JU{E (47017 H)
Inductive expr b : Set :=

true_b: expr b

eq_b : expr -> expr -> expr_b
neq_b : expr -> expr -> expr_b
ge_b : expr -> expr -> expr_b

gt_b : expr -> expr -> expr_b
neg b :expr b ->expr b

and_b : expr_b > expr_b > expr b
or_b :expr_b ->expr b -> expr_b.

15
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seplogTik>FmEBZE(2) -
5 ‘ X

axiomatic.v, 401T

Inductive cmd : Set =

skip : cmd
assign : var.v -> expr -> cmd
lookup : var.v -> expr -> cmd
mutation : expr -> expr -> cmd
malloc : var.v -> expr -> cmd
free : expr -> cmd
while : expr_b ->cmd -> cmd
seqg:cmd ->cmd -> cmd
ifte : expr_b ->cmd -> cmd -> cmd.

16
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* FIEER IO LDA I FU S %CogLicEs

x fcf2UCoqTik TIEESLHWEEL #E(FRW, FI T

x = JAEBA{R exec axiomatic.v, 7317H~

Inductive exec : option state -> cmd -> option state -> Prop =

et T e

COYEREMNS OO TALT BEDOWRREIEZISKDS

execscs Z s--c-->s &F < (Notation N EFR S N T\ D)

Big step semantics& W5,
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| 7075 LDOEEELR(T)

* exec_skip : Some (s,h) -- skip --> Some (s,h)
% skip lg A b7 - E—FDIREEEZE Z /3Ly

* exec_assign :
some (s,h) - x<-e >
Some (store.update x (eval e s) s, h)

% A NTADRA
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7075 LDEEEK (2)
! B - Dk (IRF)

* exec_seq:
(s—-c-—>s)>(s—-d-—->58")>(s-c.d-->s")

* exec_Ifte_true :
eval b b s = true ->
(Some (s,n)--c -->s’) >
(Some (s,h) —- ifte b thendo c elsedo d > s’)
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707 7 LOEMESK (3)
o ‘ V=T

* exec_while_true :
eval b b s = true >
(Some (s,n) --c -->5s’) >
(s’ —-while bc -->5s") >
(Some (s,h) -- while b ¢ --> s")

* exec_while false:
eval_b b s = false -> |
(Some (s,h) -- while b ¢ --=> Some (s,h))

20
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707 LDEEEK (4)
XEY R

FTLWEeE—"IEBED
E—THhSnEES N TS

x(THT U WKL > Fnze A

* exec_malloc : \
h # heap.singleton n (eval e s) ->
(Some (s, h) -- (x <- malloc e) >
Some (store.update x (Z_of nat n) s,
h +++ (heap.singleton n (eval e 3))))

|

Mte DR EEIET, EWSFHLLWDE—TERES
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+ 3IEEH{R semax axiomatic.v, 172{TH~

& &

Inductive semax :assert -> cmd -> assert -> Prop ;=

SIS ST SREH

semax Pc Q Z {{P}} c {{Q}} &£EK
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= semax_skip: {{P}} skip {{P}}

* semax_assign: {{update_store? x e P}} x<-e {{P}}

* update_store2 x e P (&

Ple/x} GRENPROO—NILEE ZelcE#E)

fi&:/EE\’) T—Fé L) .
Hoare LogicDH#EFAR A IC I L TWBS Z EZHERR UKD (& XE)
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IN—rmIEDNIE
. 83w 7AT7 7 LDOREBHNEMKE(Z2) .

* seplog!

* semax_malloc : |
{{ n-e -* P[n/x] }} x<-malloc e {{P}}

* semax_free :
{{exists |, valZloc (eval e s) =1 /\
exists v, heap.lookup | h = Some v /\ P s (h - 1)}}
free e {{P}} ’ '

24,
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{{ fun s (_:heap.h) =>
== T = store.lookup m s =n /\

store.lookup x s =1 }}

(while' ((var_e m) =/=int_e 0O)

M—7mBEDY : EREETRE DR

(fun s (_:heap.h) =>

store.lookup x s * V=T RERAF

facto (étore.lookup m s) = facto n A

store.lookup m s >= 0)

(X <-var_e x *e var_e m;

m<-var em-e int_ e 1))

- o { fun s (_:heap.h) => |
it store.lookup x s = facto n }}.

examples.v, 2341 TEH D 5

SHIRG O—NWILEE m=nHDx=1

707 5 LA
while'(m!=0) { (JL—7)

IW—"TAREEZE: x*m! =n!

(facto |& Cog TOREDEE

X:=x*m: // IL—TA&NIK

m:=m- 1;}

SHREGF  O—NILEH x=In
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sFTBALTH &K S:

o =7 w2 (7 5EmIER L)

* Lemma factorial : foralln, 0 <=n ->
forall x m, var.set (x:m:nil) ->
{{ fun s h => store.lookup m s = n /\ store.lookup xs =1 }}
while (v‘ar_e me=/=Jnt & O%Z) (

)

X <-var e x *evar e m;
m<-var em-e int e 1

{{ fun s h => store.lookup x s = facto n}}.

Q)
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sFEALTH &K S
o IN—TiRIE + o ERIE

* A VIXYDETE—TDODRBZANEZS

* Lemma swap: forall x y z v a b, var.set (x::y:z:vinil) ->
{{ (var e x |->Int.ea) ™ (var_ ey |->int_e b) }}
Z <-"var_e X;
vV <-*var ey;
var e X *<-var_e v;
var ey *-var_e z
{{ (var_ex |->int_e b) *™ (var_e y |-> Int_e a) }}.
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Bl : XEVIRF=ZHFS70T7 7 LDLH

HBEFROS Topsyd X EY EEEHhmAllocD itk (E#H Reynald AffeldtK S & 5*)

* >

Y adr x sizex size, adr >0 — size >0 —

(3 I, Heap_List | adr A adrizBiFE—7IDEETH D
E=YeNEJ0s In_hl | (x,sizex,alloc) adr A X [ZEGEOEERESATOY Y AT
(s |= var_e hmStart == nat_e adr) } YIHA{L B A T B (hmStarth’adrzigd)

Al ¥N | hmAlloc(result,size);

BB a7 e 0A (7AY I DAY F2T—R/EBRVTNS)

(s |= var_e result == nat_e (y+2)).A ROMEIFFR IO Y IANDINA > (y+2)

J size", size" = size A R ITOY 701 XIFERKLDKEWN
Hipai (Heap_List | adr ** Array (y+2) size")A TR TOY Jide—"honEInTW5S

In_hl | (x,sizex,alloc) adr A XISBEFEDOEFREHATOY V28T

In_hl | (y,size",allog) adr A yidta Zsize"® 7Oy V%=

X#Yy} yiFFHLWRA Y5 TH B

(DEfzR I EET)

(*) Nicolas Marti and Reynald Affeldt and Akinori Yonezawa, Formal Verification of the Heap Manager of an
Operating System using Separation Logic, 8th International Conference on Formal Engineering Methods (ICFEM
2006), Macao SAR, China, Octdber 29—November 3,2006
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+ BE wp (weakest precondition)

 BREZEEIO7SLDS 555, Bt sste

* B L BRIRN = RPFJBEIFRMG ZAAT NIEL X L

= BE#X ve (verification condition)
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CoqTR S HENREIFADSFRIS :
E1E wp_vc_utll 5

* Lemma wp_vc_util: forallc Q P,

----------------------------------------

(lopallEchcic @ s 3 b\jvcb\‘}j—\zl'zé

_____________________________________________________________________________

P==>wpcQ-> 2 %@ %m\a—%% =a*ﬁ%1¢fa§~%;
_____________________________ s
(P} proj_emd ¢ {{QN.- 1}y (0} £ 104

w B LEEARITE2ONEZLS (ve, wpDESEL E FSE )

* SR, TR—7 B OBBEERRIERD2A T 7
Ji: i’fd)forj(@loop invariantz =& 2%
2.VCEEAY %
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kGRS
Characteristic Formulae for the Verification of Imperative
Programs

LL

2 IR RGN e | BT (e iTFG?‘%%?‘CF(ﬁli I

) Z R
% N 7ZEERAT 1Lid K LY

+ Y —JlL . CFML nttp://www.chargueraud.org/softs/cfml/

« BEIEFAAD ®Camld— R 15 CoqTH 2 HRFEmER % £ K
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Characteristic Formulae?

& &
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* 7Ot Rpx KRBT Z2HREHER L(p) h'H 2
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* p & g MIRBFVWEMGSIE. L(p) & L(g) (FmERNICEM<TH
z)

Algebraic laws for nondeterminism and concurrency

Full Text: TEPdf &) Buy this Article

Authors: Matthew Hennessy Univ. of Edinburgh, Edinburgh, Scotland
Robin Milner Univ. of Edinburgh, Edinburgh, Scotland

Published in:

+ Journal
Journal of the ACM (JACM) JACM Homepage archive
Volume 32 Issue 1, Jan. 1985

ACM New York, NY, USA
table of contents doOi> 10.1145/2455.2460
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Characteristic Formulae?

& | | | &
x JOBA(ZATSL)pDIRZEVWE —ZICREIT IHREADC &

* HERFTALAFRENENS, WITTOT LR SIDTEDEZA

w JOEApERET Z2HMEHER Lp) B'H 3

l'l'

* p & gMRBEVEMGSIE. Lp) & L(g) (EHENICEMTH

THEOREM 2.2. If each R, is image finite then
p~q ifandonlyif Lp)= Lq).

This characterization theorem (proved in Appendix A), together with our ex-
amples, which indicate that in % it is possible to discuss deadlocking properties of

ancrnnranac ne tn haliaua that anr natinn Af ahecarvatinn annivalanca ic
Published in:
- Journal

Journal of the ACM (JACM) JACM Homepage archive

Volume 32 Issue 1, Jan. 1985

ACM New York, NY, USA
table of contents doOi> 10.1145/2455.2460
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M B, 7AY 7 ARG (BREFHEE), FI7HhR, 1995.

Ole-Johan Dahl, Verifiable Programming, Prentice-Hall, 1992.

. KZDBRERED WpEVCDERDFTTICBI > 2D TEEIC L)

OOZRKE 7O ZIVIESEBEBOER H#HExER

http://www.cs.colorado.edu/~bec/courses/cscibb535-s09/schedule.html

SVIRKRE BRFE BRER (R—IJRBNILNAIEBLENS. XT7A4 RIFERE

http://www3.di.uminho.pt/~jno/html/mfes-0809.html @ Hoare Logic,

Verification Conditions 73):
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% Separation Logic: A Logic for Shared Mutable Data Structures
http://www.cs.cmu. ~|Cr logic.pdf

* Reynolds [C&k25Fa—hkUPI)I, 2TIHEHRHDBDEEF?

* Formal Verification of Memory Properties

http://staff.aist.go jp/reynald.affeldt/seplog/
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* Practical Tactics for Separation Logic
http://web. Jodx. ~mccreigh I
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