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CSP-Prover: a Theorem Prover for a Process Algebra CSP

0 YOSHINAO ISOBE' and MARKUS ROGGENBACHT t

We are developing a proof-assistant tool called Csp-Prover for the process algebra Csp by
embedding the theory of CspP into the generic theorem prover Isabelle. In Csp-Prover, both
of the theory of complete metric spaces and the theory of complete partial orders are con-
tained, and Banach’s fixed-point theorem and Tarski’s fixed-point theorem are proven. These
theorems can be used for analysis of recursive processes. In the current Csp-Prover, the se-
mantics of processes is defined based on the stable failures model F, and recursive processes
are analyzed mainly by Banach’s fixed-point theorem. Then, many CspP-laws are proven, and
also semi-automatic tactics are given based on the Csp-laws for proving a refinement rela-
tion between processes. Therefore, Csp-Prover is available not only for academic researches
such as proofs of new models and laws, but also for verification of practical systems. Espe-
cially, infinite state systems can be verified by fixed-point inductions. In this presentation,
we introduce CsP-Prover and demonstrate the availability by applying it to verification on
a practical electronic payment system called EP2 and a classical example called the dining
mathematicians of infinite state systems.
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SKIP

STOP

a->P

clv->P

X -> P(x)
c !l x: X > Pk
c !l x -> P
?7x: X ->PX
'x : X -> P(x)

c?x:

%% 0000

%% 000000

%% 00000000000

%% 00000 c00 vOOO (%)

%% 00000 c000 xex 000 (¥)

%% 00000 c0000000 xex 000 (%)
%% 00000 c0000000 x000 ()
%% 0000000000

%% 0000000000 (%)

P[+]P %% 0000

PI7| P %% 0000

''x: X .. P %% 0 x€x 0000000
IF b THEN P ELSE P %% 0000

P |[XI| P %% 000000

PIIl P %% 000000 (%)
PIlP %% 000000 (%)

P —- X %% 00

P [[r]] %% 0000

P;; P %% 0000

P[>P
<C>

%% 000000 (x)
%% 00000

::(Cv=>a),
:Cv=>’a), x:
::’a, X::(’a set))
::’a, X::(’a set))

::’a)

:Cv=>’a), v

:Cv=>a), x:i:
X
x

117v)

17v)

::’a, X::(’a set))
::bool)
::(a set))

::(a set))
::((Pa * ’a) set))

::'n)

'v, X:: (v set))
t:’v, X:: (v set))
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traces(STOP) = {()}
failures(STOP) = {((), X) | X C AV}

traces(SKIP) = {(), (v')}

failures(SKIP) = {({), X) | X C A}U{((v),X) | X C A"}

traces(a => P) = {()} U {(a) " s | s € traces(P)}
failures(a => P) = {((), X) | ag X} U {((a) ™ s, X) | (s,X) € failures(P)}

traces(? x:A -> P) = {()} U {(a) " s | a € AN s € traces(P[a/x])}
failures(? x:A -> P) = {({(), X) | XNna={}}uU {({(a) ™

s,X) | a € AN (s,X) € failures(P[a/x])}
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theorem Banach_thm:
"contraction (f::(’a::cms=’a))
—> f hasUFP A
(An. (£f"n) x0) convergeTo (UFP f)"
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types ’a failure = "’a trace * ’a event set"

types ’a domTF = "’a domT * ’a domF"

typedef ’a domT = "{T::(’a trace set). HC_T1(T)}"
typedef ’a domF = "{F::(’a failure set). HC_F2(F)}"

typedef ’a domSF = "{SF::(’a domTF). HC_T2(SF) A HC_T3(SF) A HC_F3(SF) A HC_F4(SF)}"
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theorem cms_fixpoint_induction:
"[I (R::’a::cms_rs=-bool) x ;
continuous_rs R ;
constructive_rs f ;
Vx. Rx — R (f x) |]
—> f hasUFP A R (UFP f£)"
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syntax "QExt_pre_choice" ::
"pttrn = ’a set = (’n,’a) proc

= (’n,’a) proc" ("? _ : _ > _")
translations
"?x : X->P==7:X->(\x. P)"

0000000 (LET:fp df IN P)ODOOODO OO
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00000000000000000000Cn,’a)
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datatype ('n,’a) proc = STOP

| SKIP
| Act_prefix "’a" "(’n,’a) proc" ("= > ")
| Ext_pre_choice "’a set" "’a = (’n,’a) proc" ("7 — > )
| Proc_name "o ("<>")

type (’n,’a) procDF = "’n = (’n,’a) proc"

datatype fp_type = Ufp | Lfp

datatype

(°n,’a) procRC = Letin "fp_type" "(’n,’a) procDF" "(’n,’a) proc" ("LET:— _ IN _")

05 Csp-Prover 00000

"7+ X -> Pf]r

"[<c>]r = (Xe. fstSF (e C))"

primrec

"[<c>]r = (Xe. sndSF (e C))"

defs evalSF_def :

defs evalDF_def :
"[af]pr == (Xe. (AC. ([df C]sp e)))"

recdef evalRC "measure (Ax. 0)"
"[LET:Ufp df IN Plgc = [P]sr (UFP [df]pr)"
"[LET:Lfp df IN Plgc = [P]sr (LFP [df]pr)"

consts
evalT "’a proc = (’n,’a) domSF_prod = ’a domT" ("[_]t")
evalF "’a proc = (’n,’a) domSF_prod = ’a domF" ("[_]¢")
evalSF :: "’a proc = (’n,’a) domSF_prod = ’a domSF" ("[_]sr")
primrec
"[STOP] 1 = (Xe. {e}e)"
" [SKIP] T = (e, {[¢, [VIe}d"
"[a => Pt = (Xe. {t. t=[1¢ V (3s. t=[Ev aly @& s A s €¢ [P]r &) }¢)"

(Xe. {t. t=[1y V (Fa's. t=[Ev aly & s A s €¢ [Pf aJr e A a € X) })"

(3X. £=([l¢, X) A X C Evset) V (3X. £=([V1¢, X)) }g)

(3s X. £=([Ev aly @ s, X) A (s, X) €¢ [P]r e) }¢)

"[sTOP] ¢ = (Ae. {f. 3X. £=([¢, X) }£)

"[SKIP]F = (Xe. {f.

"[a => PJg = (Xe. {f. (3X. £f=([1¢, X) AEva¢gX V

"[? 2 X > Pflr = (Xe. {f. (AY. £=(¢, ) AEWXNY={} V

(Ja s Y. f=([Ev al¢ @ s, Y) A (s, Y) €s [Pf aJr e A a € X) }f)

"[Plsr == (Xe. ([P]r e ,, [P]r &))"

consts
evalDF :: "(’n=>(’m,’a) proc)=>(’m,’a) domSF_prod =>(’n,’a) domSF_prod" "[-Ioe™
evalRC :: "(’n,’a) procRC=>’a domSF" C"[-Tre™

(* note: f£stSF (T ,, F) =T x)

(* note: sndSF (T ,, F) = F %)

(* based on cms x*)
(* based on cpo *)
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(x data part *)
typedecl init_d

datatype Event = c Data

(* process part *)

0O U W=

9 consts ACDef ::
10 primrec

21 constdefs AC ::

typedecl request_d
typedecl response_d typedecl exit_d
datatype Data = Init init_d | Exit exit_d | Request request_d | Response response_d

datatype ACName = Acquirer | AcConfM | Terminal | TerminalConfM
"(ACName, Event) procDF"

11 "ACDef (Terminal) = c !! init:(range Init) -> <TerminalConfM>"

12 "ACDef (TerminalConfM) =

13 c ? x -> IF (x:range Request)

14 THEN c !! response:(range Response) -> <TerminalConfM>

15 ELSE IF (x:range Exit) THEN SKIP ELSE STOP"

16 "ACDef (Acquirer) = c 7 x:(range Init) -> <AcConfM>"

17 "ACDef (AcConfM) =

18 c !! exit:(range Exit) -> SKIP |~|

19 c 1! request:(range Request) -> ¢ 7 response:(range Response) -> <AcConfM>"
20

"(ACName, Event) procRC"
22 "AC == LET ACDef IN (<Acquirer> |[range c]| <Terminal>)"

08 0000000 ODOODOOOOOOO EP2000 (O0O)

datatype AbsName = Abstract | Loop
consts AbsDef ::
primrec

"AbsDef (Loop) =

constdefs Abs ::
"Abs == LET AbsDef IN <Abstract>"

O © WO AWN =

=

"(AbsName, Event) procDF"
"AbsDef (Abstract) = c !! init:(range Init) -> <Loop>"

c !! exit:(range Exit) -> SKIP |~|
c ! request:(range Request) -> c !! response:(range Response) -> <Loop>"

"(AbsName, Event) procRC"
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1 (* empected correspondence of process-names in Abs to AC *)

2 consts Abs_to_AC :: "AbsName = (ACName, Event) proc"

3 primrec

4 "Abs_to_AC (Abstract) = (<Acquirer> |[range c]| <Terminal>)"
5 "Abs_to_AC (Loop) = (<AcConfM> |[range c]| <TerminalConfM>)"
6

7  (x guarded and mo hiding operator *)

8 lemma guard_nohide[simp]:

9 "11 C. guard (ACDef C) & nohide (ACDef C)"

10 "1l C. guard (AbsDef C) & nohide (AbsDef C)"

11 by (induct_tac C, simp_all, induct_tac C, simp_all)

12

13 (% the main theorem *)

14 theorem ep2: "Abs =F AC"

15 apply (unfold Abs_def AC_def)

16 apply (rule csp_fp_induct_cms[of _ _ _
17 apply (induct_tac C)

18 by (auto simp add: image_iff | tactic {* csp_hnf_tac 1 *} | rule csp_decompo)+

"Abs_to_AC"], simp_all)

0 10 AC =F Abs 0O 0OOOOOOO0O0OOOO.

Mathematician 0 Mathematician 1

Shared Variable

WRO!(n/2) @ Back0

WR1!(3n+1) @ Back1l

RDO RD1
WRO WR1
RDO!n RD1!n
(sync) (sync)
WR0?m WR1?m
(n:=m) (n:=m)

011 00000OO0OO0OO00OO0O0O0O0

syntax "_CHO" :: "Event set" ("CHO")

consts SysDef :: "(SysName, Event) procDF"
primrec
"SysDef (THO)

"SysDef (TH1)
"SysDef (EATO n)
"SysDef (EAT1 n)
"SysDef (VAR n)

datatype Event = EatO | BackO | End0 | RDO int | WRO int
| Eatl | Backl | Endl | RD1 int | WR1 int | NUM int

translations "CHO" == "(range RDO) U (range WRO)"

datatype SysName = VAR int | THO | EATO int | TH1 | EAT1 int

RDO ? n -> IF (EVEN n) THEN EatO -> <EATO n> ELSE BackO -> <THO>"
RD1 ? n -> IF (ODD n) THEN Eatl -> <EAT1 n> ELSE Backl -> <TH1>"
End0 -> WRO ! (n div 2) -> <THO>
Endl -> WR1 ! (3 * n + 1) -> <TH1>

WRO ? n -> <VAR n> [+] WR1 ? n -> <VAR n>

[+] RDO ! n -> <VAR n> [+] RD1 ! n -> <VAR n>"

constdefs Sys :: "int => (SysName, Event) procRC"

"Sys == (An. LET SysDef IN (<THO> |[CHO]| <VAR n> |[CH1]| <TH1>) -- (CHO U CH1))"

"_CH1" :: "Event set" ("CH1")
"CH1" == "(range RD1) U (range WR1)"
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syntax "_0BS"

consts SpcDef ::

primrec
"SpcDef
"SpcDef

"SpcDef

constdefs Spc ::
"Spc == LET SpcDef IN <THO_TH1>"

:: "Event set" ("OBS")
translations "0BS" == "{EatO, BackO, EndO, Eatl, Backl, Endl}"

datatype SpcName = THO_TH1 | EATO_TH1 | THO_EAT1
"(SpcName, Event) procDF"

(THO_TH1) = ! x:0BS -> IF (x=Eat0) THEN <EATO_TH1>
ELSE IF (x=Eatl) THEN <THO_EAT1>

(EATO_TH1) = ! x:(0BS - Eatl) -> IF (x=End0) THEN <THO_TH1>
(THO_EAT1) = ! x:(0BS - Eat0) -> IF (x=End1) THEN <THO_TH1>

"(SpcName, Event) procRC"

ELSE <THO_TH1>"

ELSE <EATO_TH1>

ELSE <THO_EAT1>
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