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Chapter 1

Overview

These theories, called Bali, model and analyse different aspects of the JavaCard source language.
The basis is an abstract model of the JavaCard source language. On it, a type system, an operational
semantics and an axiomatic semantics (Hoare logic) are built. The execution of a wellformed program
(with respect to the type system) according to the operational semantics is proved to be typesafe.
The axiomatic semantics is proved to be sound and relative complete with respect to the operational
semantics.

We have modelled large parts of the original JavaCard source language. It models features such as:

e The basic “primitive types” of Java

o Classes and related concepts

e Class fields and methods

o Instance fields and methods

o Interfaces and related concepts

o Arrays

e Static initialisation

e Static overloading of fields and methods

e Inheritance, overriding and hiding of methods, dynamic binding
e All cases of abrupt termination

— Exception throwing and handling

— break, continue and return
o Packages

o Access Modifiers (private, protected, public)

A “definite assignment” check

The following features are missing in Bali wrt. JavaCard:
o Some primitive types (byte, short)
o Syntactic variants of statements (do-loop, for-loop)

o Interface fields



e Inner Classes

In addition, features are missing that are not part of the JavaCard language, such as multithreading
and garbage collection. No attempt has been made to model peculiarities of JavaCard such as the
applet firewall or the transaction mechanism.

Overview of the theories:

Basis Some basic definitions and settings not specific to JavaCard but missing in HOL.

Table Definition and some properties of a lookup table to map various names (like class names or
method names) to some content (like classes or methods).

Name Definition of various names (class names, variable names, package names,...)
Value JavaCard expression values (Boolean, Integer, Addresses,...)

Type JavaCard types. Primitive types (Boolean, Integer,...) and reference types (Classes, Inter-
faces, Arrays,...)

Term JavaCard terms. Variables, expressions and statements.

Decl Class, interface and program declarations. Recursion operators for the class and the interface
hierarchy.

TypeRel Various relations on types like the subclass-, subinterface-, widening-, narrowing- and
casting-relation.

DeclConcepts Advanced concepts on the class and interface hierarchy like inheritance, overriding,
hiding, accessibility of types and members according to the access modifiers, method lookup.

WellType Typesystem on the JavaCard term level.
DefiniteAssignment The definite assignment analysis on the JavaCard term level.
WellForm Typesystem on the JavaCard class, interface and program level.

State The program state (like object store) for the execution of JavaCard. Abrupt completion
(exceptions, break, continue, return) is modelled as flag inside the state.

Eval Operational (big step) semantics for JavaCard.

Example An concrete example of a JavaCard program to validate the typesystem and the opera-
tional semantics.

Conform Conformance predicate for states. When does an execution state conform to the static
types of the program given by the typesystem.

DefiniteAssignmentCorrect Correctness of the definite assignment analysis. If the analysis re-
gards a variable as definitely assigned at a certain program point, the variable will actually be
assigned there during execution.

TypeSafe Typesafety proof of the execution of JavaCard. ”"Welltyped programs don’t go wrong”
or more technical: The execution of a welltyped JavaCard program preserves the conformance
of execution states.

Evaln Copy of the operational semantics given in theory Eval expanded with an annotation for
the maximal recursive depth. The semantics is not altered. The annotation is needed for the
soundness proof of the axiomatic semantics.



Trans A smallstep operational semantics for JavaCard.
AxSem An axiomatic semantics (Hoare logic) for JavaCard.

AxSound The soundness proof of the axiomatic semantics with respect to the operational seman-
tics.

AxCompl The proof of (relative) completeness of the axiomatic semantics with respect to the
operational semantics.

AxExample An concrete example of the axiomatic semantics at work, applied to prove some
properties of the JavaCard example given in theory Example.
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Chapter 2

Basis

1 Definitions extending HOL as logical basis of Bali

theory Basis
imports Main
begin

misc

(ML)

declare if-split-asm [split] option.split [split] option.split-asm [split]
(ML)

declare if-weak-cong [cong del] option.case-cong-weak [cong del]
declare length-Suc-conv [iff]

lemma Collect-split-eq: {p. P (case-prod fp)} = {(a,b). P (fa b)}
(proof)

lemma subset-insertD: A C insertt B=—= A C BNz ¢ AV (3B’ A= insertz B\ B’ C B)

(proof)

abbreviation nat3 :: nat (3) where 3 = Suc 2
abbreviation nat/ :: nat (4) where 4 = Suc 3

lemma irrefl-trancll: r=' N rt = {} = Va. (z,z) ¢ r*

{proof)

lemma trancl-rtrancl-trancl: [(z, y) € v (y, 2) € 7*] = (z, 2) € r*

{proof)

lemma rtrancl-into-trancl3: [(a, b) € r*; a # b] = (a, b) € rT

{proof)

*

lemma rtrancl-into-rtrancl?: [(a, b) € r; (b, ¢) € r*] = (a, ¢) € 1
{proof)

11
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lemma triangle-lemma:
assumes unique: Aa b c. [(a,b)€r; (a,c)€r] = b= ¢
and az: (a,z)er* and ay: (a,y)er*
shows (z,y)er* Vv (y,z)er*

(proof)

lemma rtrancl-cases:
assumes (a,b)er*
obtains (Refl) a = b
| (Trancl) (a,b)er™
(proof)

lemma Ball-weaken: [Ball s P; \ . P t—Q 2]=Ball s Q
(proof)

lemma finite-SetCompr2:
finite {f y x |z y. Py} if finite (Collect P)
Vy. Py — finite (range (f y))
(proof)

lemma list-all2-trans: YVa b c. P1ab — P2bc¢c — P3ac—
V 282 x83. list-all2 P1 xsl xs2 — list-all2 P2 xs2 xs8 — list-all2 P3 xsl1 xs3

(proof)

pairs

lemma surjective-pairings:
p = (fst p, fst (snd p), fst (snd (snd p)), fst (snd (snd (snd p))),
snd (snd (snd (snd p))))

(proof)

lemma fst-splitE [elim!]:
assumes fst s' = 1’
obtains z s where s’ = (z,s) and z = z’

(proof)

lemma fst-in-set-lemma: (z, y) € set | = = € fst ‘ set |

(proof)

quantifiers

lemma All-Ez-refl-eq2 [simp]: Vz. (3b. 2 =fbAN Qb)) — Px)=(Vb. Qb — P (fb))
(proof)

lemma ez-ex-miniscopel [simp]: (Gwv. Pwo A Qv) = (Fv. Qw. Pwv) A Q)
(proof)

lemma ez-miniscope2 [simp]: (3v. Pv A QA Rv) = (Q A (Jv. Pv A R))
(proof)



Theory Basis

lemma ez-reorder31: (3zzy. Pryz) = (3zyz Payz)
{proof)

lemma All-Ez-refl-eql [simp]: (Vz. (3b. z = fb) — Px) = (Vb P (fb))
{proof)

sums

notation case-sum (infixr '(+') 80)

primrec the-Inl :: 'a + 'b = 'a
where the-Inl (Inl a) = a

primrec the-Inr :: 'a + 'b = 'b
where the-Inr (Inr b) = b

datatype (‘a, b, 'c) sum3 = Inl 'a | In2 'b | In3 'c

primrec the-Ini :: ('a, 'b, 'c) sum3 = 'a
where the-In1 (Inl a) = a

primrec the-In2 :: ('a, 'b, '¢) sum3 = 'b
where the-In2 (In2b) = b

primrec the-In3 :: (‘a, 'b, 'c) sum3 = 'c
where the-In3 (In3 ¢) = ¢

abbreviation Inil :: 'al = (‘al + ar, 'b, 'c) sum3
where Inll e = Inl (Inl e)

abbreviation Inir :: ‘ar = (‘al + 'ar, 'b, 'c) sum3
where Inlr ¢ = Inl (Inr c)

abbreviation the-Inil :: (‘al + ‘ar, 'b, 'c) sum3 = 'al
where the-Inil = the-Inl o the-Ini

abbreviation the-Inir :: (‘al + 'ar, 'b, '¢) sum3 = 'ar
where the-Inlr = the-Inr o the-Inl

(ML)

quantifiers for option type

syntax
-Oall :: [pttrn, 'a option, bool] = bool ((8! -/ -) [0,0,10] 10)
-Oezx :: [pttrn, 'a option, bool] = bool ((3% -:-:/ -) [0,0,10] 10)

syntax (symbols)
-Oall :: [pttrn, 'a option, bool] = bool ((8V-€-:/ -) [0,0,10] 10)
-Oezx :: [pttrn, 'a option, bool] = bool ((33-€-:/ -) [0,0,10] 10)

translations
VzeA: P = Vxe CONST set-option A. P
dxz€A: P = 3z€ CONST set-option A. P
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Special map update

Deemed too special for theory Map.

definition chg-map :: ('b = 'b) = ‘a = (Ya — b)) = (‘la = 'b)
where chg-map f a m = (case m a of None = m | Some b = m(a—f b))

lemma chg-map-new[simpl: m a = None => chg-map fa m = m
(proof )

lemma chg-map-upd[simpl: m a = Some b => chg-map fa m = m(a—fb)

(proof)

lemma chg-map-other [simpl: a # b = chg-map famb=mb

(proof)

unique association lists

definition unique :: ("a x 'b) list = bool
where unique = distinct o map fst

lemma uniqueD: unique | = (z, y) € set | = (¢, y) € setl =z =2’ = y =1y’

(proof)

lemma unique-Nil [simp]: unique []

(proof)

lemma unique-Cons [simp]: unique ((z,y)#1) = (unique | A (Vy. (2,y) ¢ setl))
(proof)

lemma unique-ConsD: unique (z#1s) = unique xs
(proof)

lemma unique-single [simpl: A\p. unique [p]

(proof)

lemma unique-append [rule-format (no-asm)|: unique I’ = unique | =
(V (z,y)eset 1.V (z'yeset I'. ' # x) — unique (I Q 1)
(proof)

lemma unique-map-inj: unique | = inj f = unique (map (A (k,z). (f &k, g k z)) 1)

(proof)

lemma map-of-Somel: unique | = (k, x) € set | = map-of | k = Some z
(proof)

list patterns

definition Isplit :: [['a, a list] = 'b, 'a list] = 'b



Theory Basis

where Isplit = (\f 1. f (hd 1) (¢ 1))

list patterns — extends pre-defined type "pttrn" used in abstractions

syntax

-lpttrn : [pttrn, pttrn] = pttrn (-#/- [901,900] 900)
translations

Ay # z # xs. b = CONST Isplit (\y x # xs. b)

Az # xzs. b = CONST Isplit (A\x xs. b)

lemma Isplit [simp): lsplit ¢ (z#xs) = ¢ z xs

{proof)

lemma Isplit2 [simp]: lsplit P (z#xs) yz=Pxasy z
(proof )

end

15
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Chapter 3

Table

1 Abstract tables and their implementation as lists

theory Table imports Basis begin

design issues:

o definition of table: infinite map vs. list vs. finite set list chosen, because:

+ a priori finite
+ lookup is more operational than for finite set

- not very abstract, but function table converts it to abstract mapping
 coding of lookup result: Some/None vs. value/arbitrary Some/None chosen, because:

++ makes definedness check possible (applies also to finite set), which is important for the
type standard, hiding/overriding, etc. (though it may perhaps be possible at least for
the operational semantics to treat programs as infinite, i.e. where classes, fields, methods
etc. of any name are considered to be defined)

- sometimes awkward case distinctions, alleviated by operator 'the’

type-synonym (‘a, 'b) table — table with key type ’a and contents type 'b
— g — '

type-synonym (‘a, 'b) tables — non-unique table with key ’a and contents ’b
="'a = 'b set

map of / table of

abbreviation
table-of :: (‘a x 'b) list = ('a, 'b) table — concrete table
where table-of = map-of

translations
(type) (‘a, 'b) table <= (type) 'a — b

lemma map-add-find-left[simp]: n k = None = (m ++ n) k= m k
{proof)

Conditional Override

definition cond-override :: ('b ='b = bool) = ('a, 'b)table = (’a, 'b)table = ('a, 'b) table where

17
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— when merging tables old and new, only override an entry of table old when the condition cond holds
cond-override cond old new =
(M\E.
(case new k of
None = old k
| Some new-val = (case old k of
None = Some new-val
| Some old-val = (if cond new-val old-val
then Some new-val
else Some old-val))))

lemma cond-override-emptyl [simp|: cond-override ¢ Map.empty t = ¢
(proof)

lemma cond-override-empty2|[simp|: cond-override ¢ t Map.empty = t

(proof)

lemma cond-override-None[simpl:
old k = None = (cond-override ¢ old new) k = new k

(proof)

lemma cond-override-override:
[old k = Some ov;new k = Some nv; C nv ov]
= (cond-override C old new) k = Some nv

(proof)

lemma cond-override-noQuerride:
[old k = Some ov;new k = Some nv; = (C nv ov)]
= (cond-override C old new) k = Some ov

(proof)

lemma dom-cond-override: dom (cond-override C s t) C dom s U dom t

(proof)

lemma finite-dom-cond-override:
[ finite (dom s); finite (dom t) | = finite (dom (cond-override C s t))
(proof)

Filter on Tables

definition filter-tab :: (‘a = 'b = bool) = ('a, 'b) table = ('a, 'b) table
where
filter-tab ¢ t = (M\k. (case t k of
None = None
| Some x = if ¢ k x then Some z else None))

lemma filter-tab-empty[simp): filter-tab ¢ Map.empty = Map.empty
(proof)

lemma filter-tab-True[simp]: filter-tab (Az y. True) t =t
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(proof)

lemma filter-tab-False[simp]: filter-tab (A\x y. False) t = Map.empty
{proof )

lemma filter-tab-ran-subset: ran (filter-tab ¢ t) C ran t
(proof)

lemma filter-tab-range-subset: range (filter-tab ¢ t) C range t U {None}
(proof)

lemma finite-range-filter-tab:
finite (range t) = finite (range (filter-tab c t))
(proof)

lemma filter-tab-SomeD|dest!]:
filter-tab ¢ t k = Some v = (t k = Some z) A ckx
(proof )

lemma filter-tab-Somel: [t k = Some z;C k x] = filter-tab C' t k = Some x
(proof)

lemma filter-tab-all-True:
V ky. tk= Somey — pky=filter-tabpt =1
(proof )

lemma filter-tab-all-True-Some:
IV ky. tk= Somey — pky;tk= Somev] = filter-tab p t k = Some v
(proof )

lemma filter-tab-all-False:
VY ky. tk= Somey — - pky=filter-tab p t = Map.empty
(proof )

lemma filter-tab-None: t k = None = filter-tab p t k = None
(proof)

lemma filter-tab-dom-subset: dom (filter-tab C t) C dom t
(proof)

lemma filter-tab-eq: [a=b] = filter-tab C a = filter-tab C' b
(proof)

lemma finite-dom-filter-tab:
finite (dom t) = finite (dom (filter-tab C't))
(proof)
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lemma filter-tab-weaken:
[Vacthk: 3 be sk Pab;

A kzy. [tk = Somex;s k= Some y] = cond k x — cond k y
] =V a € filter-tab cond t k: 3 b € filter-tab cond s k: P a b

(proof)

lemma cond-override-filter:
[\ k old new. [s k = Some new; t k = Some old]
= (= overC new old — = filterC k new) A
(overC new old — filterC k old — filterC' k new)
| =
cond-override overC' (filter-tab filterC t) (filter-tab filterC' s)
= filter-tab filterC (cond-override overC't s)

(proof)

Misc

lemma Ball-set-table: (V (z,y)€ setl. Pxy) =V z.V y€ map-of lax: Pz y
(proof )

lemma Ball-set-tableD:
[(V (z,y)€ setl. Pz y); xz € set-option (table-of | xa)] = P za x

(proof)

declare map-of-SomeD [elim]

lemma table-of-Some-in-set:
table-of | k = Some v = (k,z) € set |

(proof)

lemma set-get-eq:
unique | => (k, the (table-of 1 k)) € set | = (table-of I k # None)
(proof )

lemma inj-Pair-const2: inj (k. (k, C))
(proof)

lemma table-of-mapconst-Somel:
[table-of t k = Some y'; snd y=y'; fst y=c] =
table-of (map (M(k,x). (k,c,x)) t) k = Some y
(proof)

lemma table-of-mapconst-Nonel:
[table-of t k = None] =
table-of (map (A(k,x). (k,c,x)) t) k = None
(proof)

lemmas table-of-map2-Somel = inj-Pair-const2 [THEN map-of-mapk-Somel]
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lemma table-of-map-Somel: table-of t k = Some r —>
table-of (map (A(k,x). (k, fz)) t) k = Some (f x)
(proof)

lemma table-of-remap-SomeD:
table-of (map (A((k,k),z). (k,(k',x))) t) k = Some (k';z) =
table-of ¢ (k, k') = Some x
{proof)

lemma table-of-mapf-Some:
Vey fe=fy—z=y=
table-of (map (A(k,z). (k,f z)) t) k = Some (f ) = table-of t k = Some z
(proof)

lemma table-of-mapf-SomeD [dest!]:
table-of (map (A(k,z). (k, fz)) t) k = Some z = (Fy€ctable-of t k: z=fy)
(proof)

lemma table-of-mapf-NoneD [dest!]:
table-of (map (M(k,x). (k, fz)) t) k = None = (table-of t k = None)
{proof)

lemma table-of-mapkey-SomeD [dest!]:
table-of (map (M(k,x). ((k,C),z)) t) (k,D) = Some v => C = D A table-of t k = Some z
{proof)

lemma table-of-mapkey-SomeD2 [dest!]:
table-of (map (M(k,z). ((k,C),z)) t) ek = Some v =
C = snd ek A table-of t (fst ek) = Some z
{proof)

lemma table-append-Some-iff: table-of (xsQys) k = Some z =
(table-of zs k = Some z V (table-of xs k = None A table-of ys k = Some z))
(proof)

lemma table-of-filter-unique-SomeD [rule-format (no-asm)):
table-of (filter P xs) k = Some z = unique s — table-of zs k = Some z

{proof)

definition Un-tables :: ('a, 'b) tables set = ('a, 'b) tables
where Un-tables ts = (\k. |Jtets. t k)

definition overrides-t :: ('a, 'b) tables = (‘a, 'b) tables = (‘a, 'b) tables
(infix] @ 100)
where s ®® t = (\k. if t k = {} then s k else t k)

definition
hidings-entails :: ('a, 'b) tables = ('a, 'c) tables = ('b = '¢ = bool) = bool
(- hidings - entails - 20)

21



22

where (¢ hidings s entails R) = (Vk. Vzet k. Vyes k. R x y)

definition
— variant for unique table:
hiding-entails :: ('a, 'b) table = ('a, 'c) table = ('b = '¢ = bool) = bool
(- hiding - entails - 20)
where (¢ hiding s entails R) = (Vk. Vet k: Vyes k: R z y)

definition
— variant for a unique table and conditional overriding:
cond-hiding-entails :: ('a, 'b) table = ('a, 'c) table
= (b = ‘¢ = bool) = ('b = "¢ = bool) = bool
(- hiding - under - entails - 20)
where (¢ hiding s under C entails R) = (Vk. Vzet k:Vyesk: Caxy — Rz y)

Untables

lemma Un-tablesI [intro]: ¢t € ts = x € t k = z € Un-tables ts k

(proof)

lemma Un-tablesD [dest!]: © € Un-tables ts k = 3t. t € ts Nz €tk
(proof)

lemma Un-tables-empty [simp]: Un-tables {} = (Ak. {})
(proof)

overrides

lemma empty-overrides-t [simp]: (A\k. {}) &®® m = m
(proof )

lemma overrides-empty-t [simp]: m &® (k. {}) = m
(proof)

lemma overrides-t-Some-iff:
(zesdpat)k)=(zetkVitk={}ANz€Esk)
(proof)

lemmas overrides-t-SomeD = overrides-t-Some-iff [THEN iffD1, dest!]

lemma overrides-t-right-empty [simp]: nk ={} = (m ®® n) k=mk
(proof)

lemma overrides-t-find-right [simp]: nk # {} = (m @& n) k=nk
(proof )

hiding entails

lemma hiding-entailsD:
t hiding s entails R = t k = Some x* = sk = Somey — Rz y

(proof)
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lemma empty-hiding-entails [simp]: Map.empty hiding s entails R
(proof)

lemma hiding-empty-entails [simp]: t hiding Map.empty entails R
(proof )

cond hiding entails

lemma cond-hiding-entailsD:
[t hiding s under C entails R; t k = Some z; s k = Some y; Czyl = Rzy

(proof)

lemma empty-cond-hiding-entails[simp]: Map.empty hiding s under C entails R

(proof)

lemma cond-hiding-empty-entails[simp]: t hiding Map.empty under C entails R
(proof )

lemma hidings-entailsD: [t hidings s entails R; z € tk; y € sk] = Rz y
(proof)

lemma hidings-empty-entails [introl]: t hidings (Ak. {}) entails R
(proof)

lemma empty-hidings-entails [intro!]:
(Ak. {}) hidings s entails R{proof)

primrec atleast-free :: (‘a — 'b) => nat => bool
where
atleast-free m 0 = True
| atleast-free-Suc: atleast-free m (Suc n) = (Fa. m a = None A (¥ b. atleast-free (m(a—b)) n))

lemma atleast-free-weaken [rule-format (no-asm)]:
YV m. atleast-free m (Suc n) — atleast-free m n

(proof)

lemma atleast-free-Sucl:
[| b a = None; ¥ obj. atleast-free (h(a|—>0bj)) n || ==> atleast-free h (Suc n)
(proof)

declare fun-upd-apply [simp del]

lemma atleast-free-SucD-lemma [rule-format (no-asm)]:
VYm a. m a = None — (¥ c. atleast-free (m(a—c)) n) —
(Vb d. a# b — atleast-free (m(b—d)) n)

(proof)
declare fun-upd-apply [simp)
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lemma atleast-free-SucD: atleast-free h (Suc n) ==> atleast-free (h(a|—>b)) n
(proof)

declare atleast-free-Suc [simp del]

end
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Name

1 Java names

theory Name imports Basis begin

typedecl tnam — ordinary type name, i.e. class or interface name
typedecl pname — package name
typedecl mname — method name
typedecl vname — variable or field name
typedecl label — label as destination of break or continue
datatype ename — expression name
= VNam vname
| Res — special name to model the return value of methods
datatype Iname — names for local variables and the This pointer
= EName ename
| This
abbreviation VName : vname = Iname

where VName n == EName (VNam n)

abbreviation Result :: Iname
where Result == EName Res

datatype zname — names of standard exceptions
= Throwable
| NullPointer | OutOfMemory | ClassCast
| NegArrSize | IndOutBound | ArrStore

lemma zn-cases:
an = Throwable V azn = NullPointer V
zn = OutOfMemory V zn = ClassCast V
an = NegArrSize V zn = IndOutBound V xn = ArrStore

(proof)

datatype tname — type names for standard classes and other type names
= Object’
| SXcpt'”  zname
| TName tnam

record g¢tname = — qualified tname cf. 6.5.3, 6.5.4
pid :: pname

25
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tid :: tname

class has-pname =
fixes pname :: 'a = pname

instantiation pname :: has-pname
begin

definition
pname-pname-def: pname (p:pname) = p

instance (proof)
end

class has-tname =
fixes tname :: 'a = tname

instantiation tname :: has-tname
begin

definition
tname-tname-def: tname (t::tname) = t

instance (proof)
end

definition
gtname-qtname-def: gtname (g::'a qgtname-scheme) = q

translations
(type) gtname <= (type) (pid::pname,tid::tnamel)
(type) 'a gtname-scheme <= (type) (pid::pname,tid::tname,...::'al)
axiomatization java-lang::pname — package java.lang
definition
Object :: qtname
where Object = (pid = java-lang, tid = Object’)
definition SXcpt :: zname = gtname

where SXcpt = (A\z. (pid = java-lang, tid = SXcpt’ x)))

lemma Object-neq-SXept [simp]: Object # SXcpt zn
(proof )

lemma SXcpt-inject [simp: (SXept an = SXcept am) = (zn = zm)
(proof)

end
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Value

1 Java values
theory Value imports Type begin
typedecl loc — locations, i.e. abstract references on objects

datatype val

= Unit — dummy result value of void methods
| Bool bool ~ — Boolean value

| Intg int — integer value

| Null — null reference

| Addr loc — addresses, i.e. locations of objects

primrec the-Bool :: val = bool
where the-Bool (Bool b) = b

primrec the-Intg :: val = int
where the-Intg (Intg i) = i

primrec the-Addr :: val = loc
where the-Addr (Addr a) = a

type-synonym dyn-ty = loc = ty option

primrec typeof :: dyn-ty = val = ty option
where

typeof dt Unit = Some (PrimT Void)
| typeof dt (Bool b) = Some (PrimT Boolean)
| typeof dt (Intg i) = Some (PrimT Integer)
| typeof dt Null = Some NT
| typeof dt (Addr a) = dt a

primrec defpval :: prim-ty = val — default value for primitive types
where
defpval Void = Unit
| defpval Boolean = Bool False
| defpval Integer = Intg 0

primrec default-val :: ty = val — default value for all types
where

default-val (PrimT pt) = defpval pt
| default-val (RefT r ) = Null

27
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end



Chapter 6

Type

1 Java types
theory Type imports Name begin

simplifications:
e only the most important primitive types

e the null type is regarded as reference type

datatype prim-ty — primitive type, cf. 4.2
= Void — result type of void methods
| Boolean
| Integer
datatype ref-ty — reference type, cf. 4.3
= NullT — null type, cf. 4.1

| IfaceT gtname — interface type
| ClassT qtname — class type
| ArrayT ty ~ — array type

and ty — any type, cf. 4.1
= PrimT prim-ty — primitive type
| RefT ref-ty — reference type

abbreviation NT == RefT NullT

abbreviation Iface I == RefT (IfaceT I)

abbreviation Class C == RefT (ClassT C)

abbreviation Array :: ty = ty (-.[] [90] 90)
where T.[| == RefT (ArrayT T)

definition

the-Class :: ty = qtname
where the-Class T = (SOME C. T = Class C)

lemma the-Class-eq [simp]: the-Class (Class C)= C
(proof)

end
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Chapter 7

Term

1 Java expressions and statements

theory Term imports Value Table begin

design issues:

invocation frames for local variables could be reduced to special static objects (one per
method). This would reduce redundancy, but yield a rather non-standard execution model
more difficult to understand.

method bodies separated from calls to handle assumptions in axiomat. semantics NB: Body
is intended to be in the environment of the called method.

class initialization is regarded as (auxiliary) statement (required for AxSem)

result expression of method return is handled by a special result variable result variable is
treated uniformly with local variables

+ welltypedness and existence of the result /return expression is ensured without extra efford

simplifications:

expression statement allowed for any expression

This is modeled as a special non-assignable local variable

Super is modeled as a general expression with the same value as This
access to field x in current class via This.x

NewA creates only one-dimensional arrays; initialization of further subarrays may be simulated
with nested NewAs

The ’Lit’ constructor is allowed to contain a reference value. But this is assumed to be
prohibited in the input language, which is enforced by the type-checking rules.

a call of a static method via a type name may be simulated by a dummy variable
no nested blocks with inner local variables

no synchronized statements

no secondary forms of if, while (e.g. no for) (may be easily simulated)

no switch (may be simulated with if)

31
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o the try-catch-finally statement is divided into the try-catch statement and a finally statement,
which may be considered as try..finally with empty catch

e the try-catch statement has exactly one catch clause; multiple ones can be simulated with
instanceof

e the compiler is supposed to add the annotations - during type-checking. This transformation
is left out as its result is checked by the type rules anyway

type-synonym locals = (Iname, val) table — local variables

datatype jump
= Break label — break

| Cont label — continue
| Ret — return from method
datatype zcpt — exception
= Loc loc — location of allocated execption object
| Std zname — intermediate standard exception, see Eval.thy

datatype error
= AccessViolation — Access to a member that isn’t permitted
| CrossMethodJump — Method exits with a break or continue

datatype abrupt — abrupt completion
= Xcpt xept — exception
| Jump jump — break, continue, return

| Error error — runtime errors, we wan’t to detect and proof absent in welltyped programms
type-synonym
abopt = abrupt option

Local variable store and exception. Anticipation of State.thy used by smallstep semantics. For a
method call, we save the local variables of the caller in the term Callee to restore them after method
return. Also an exception must be restored after the finally statement

translations
(type) locals <= (type) (Iname, val) table

datatype inv-mode — invocation mode for method calls
= Static — static
| SuperM — super
| IntVir — interface or virtual
record sig = — signature of a method, cf. 8.4.2
name ::mname — acutally belongs to Decl.thy

parTs::ty list
translations
(type) sig <= (type) (name:mname,parTs::ty list))
(type) sig <= (type) (name:mname,parTs::ty list,...::"a|

— function codes for unary operations

datatype unop = UPlus — + unary plus
| UMinus — - unary minus
| UBitNot —  bitwise NOT
| UNot  — ! logical complement

— function codes for binary operations
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datatype binop = Mul  — * multiplication
| Div  — / division
| Mod  — % remainder
| Plus — + addition
| Minus — - subtraction

| LShift — « left shift
| RShift — » signed right shift
| RShiftU — »> unsigned right shift

| Less — < less than

| Le — <= less than or equal

| Greater — > greater than

| Ge — >= greater than or equal
| Eq — == equal

| Neg¢ — !'=not equal

| BitAnd — & bitwise AND

| And  — & boolean AND

| BitXor — = bitwise Xor

| Xor  — " boolean Xor

| BitOr — | bitwise Or

| Or — | boolean Or

| CondAnd — && conditional And
| CondOr — || conditional Or

33

The boolean operators & and | strictly evaluate both of their arguments. The conditional operators
&& and || only evaluate the second argument if the value of the whole expression isn’t allready
determined by the first argument. e.g.: false && e e is not evaluated; true || e e is not evaluated;

datatype var
= LVar Iname — local variable (incl. parameters)

| FVar gtname gtname bool expr vname ({-,-,-}-..-[10,10,10,85,99]90)

— class field
— {accC,statDeclC,stat}e..fn
— accC' accessing class (static class were

— the code is declared. Annotation only needed for

— evaluation to check accessibility)
— statDeclC'": static declaration class of field
— stat: static or instance field?
— e: reference to object
— fn: field name
| AVar expr expr (-.[-][90,10 190)
— array component
— el.[e2]: el array reference; €2 index
| InsInitV stmt var

— insertion of initialization before evaluation
— of var (technical term for smallstep semantics.)

and expr
= NewC gtname — class instance creation
| NewA ty expr (New -[-][99,10 ]85)
— array creation

| Cast ty expr — type cast
| Inst expr ref-ty (- InstOf -[85,99] 85)
— instanceof
| Lit wal — literal value, references not allowed
| UnOp unop expr — unary operation

| BinOp binop expr expr — binary operation

| Super — special Super keyword
| Acc var — variable access
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| Ass war expr (==- 190,85 185)
— variable assign
| Cond expr expr expr (- 7 - : - [85,85,80]80) — conditional

| Call gtname ref-ty inv-mode expr mname (ty list) (expr list)
({-,--}---"( {-}-)[10,10,10,85,99,10,10]85)

— method call

— {accC,statT ,mode} e-mn( {pTs}args) "

— accC': accessing class (static class were

— the call code is declared. Annotation only needed for

— evaluation to check accessibility)

— statT": static declaration class/interface of

— method

— mode: invocation mode

— e: reference to object

— mn: field name

— pTs: types of parameters

— args: the actual parameters/arguments
| Methd gtname sig — (folded) method (see below)
| Body gtname stmt — (unfolded) method body
| InsInitE stmt expr

— insertion of initialization before
— evaluation of expr (technical term for smallstep sem.)
| Callee locals expr — save callers locals in callee-Frame
— (technical term for smallstep semantics)

and stmt
= Skip — empty statement
| Expr expr — expression statement
| Lab  jump stmt (- - 99,66]66)
— labeled statement; handles break
| Comp stmt stmt (- - [ 66,65)65)
| If ' expr stmt stmt (If'(-') - Else - [ 80,79,79]70)
| Loop label expr stmt (- While'(-') - [ 99,80,79]70)
| Jmp jump — break, continue, return

| Throw expr
| TryC' stmt gtname vname stmt (Try - Catch'(- -') - [79,99,80,79]70)
— Try ¢l Catch(C vn) c2
— c1: block were exception may be thrown
— (' execption class to catch
— on: local name for exception used in c2
— ¢2: block to execute when exception is cateched

| Fin stmt stmt (- Finally - [ 79,79]70)

| FinA abopt stmt — Save abruption of first statement
— technical term for smallstep sem.)

| Init gtname — class initialization

datatype-compat var expr stmit

The expressions Methd and Body are artificial program constructs, in the sense that they are not
used to define a concrete Bali program. In the operational semantic’s they are "generated on the
fly" to decompose the task to define the behaviour of the Call expression. They are crucial for the
axiomatic semantics to give a syntactic hook to insert some assertions (cf. AxSem.thy, Eval.thy).
The Init statement (to initialize a class on its first use) is inserted in various places by the semantics.
Callee, InsInitV, InsInitE,FinA are only needed as intermediate steps in the smallstep (transition)
semantics (cf. Trans.thy). Callee is used to save the local variables of the caller for method return.
So ve avoid modelling a frame stack. The InsInitV/E terms are only used by the smallstep semantics
to model the intermediate steps of class-initialisation.

type-synonym term = (expr+stmt,var,expr list) sum3

translations
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(type) sig <= (type) mname x ty list
(type) term <= (type) (expr+stmt,var,expr list) sum3

abbreviation this :: expr
where this == Acc (LVar This)

abbreviation LAcc :: vname = expr (!!)
where !lv == Acc (LVar (EName (VNam v)))

abbreviation
LAss :: vname = expr =stmt (--==- [90,85] 85)
where v:==e¢ == FExpr (4ss (LVar (EName (VNam v))) e)

abbreviation
Return :: expr = stmt
where Return e == Expr (Ass (LVar (EName Res)) e);; Jmp Ret — Res := e;; Jmp Ret

abbreviation
StatRef :: ref-ty = expr
where StatRef rt == Cast (RefT rt) (Lit Null)

definition
is-stmt :: term = bool
where is-stmt t = (J¢. t=Inlr c)

(ML)
declare is-stmt-rews [simp]

Here is some syntactic stuff to handle the injections of statements, expressions, variables and ex-
pression lists into general terms.
abbreviation (input)

expr-inj-term :: expr = term ((-)e 1000)

where (e). == Inlle

abbreviation (input)
stmt-inj-term :: stmt = term ({-)s 1000)
where (c); == Inlr c

abbreviation (input)
var-inj-term :: var = term ({-), 1000)
where (v), == In2 v

abbreviation (input)
Ist-inj-term :: expr list = term ((-); 1000)
where (es); == In3 es

It seems to be more elegant to have an overloaded injection like the following.

class inj-term =
fixes inj-term:: 'a = term ((-) 1000)

How this overloaded injections work can be seen in the theory DefiniteAssignment. Other big
inductive relations on terms defined in theories WellType, Eval, Evaln and AzSem don’t follow this
convention right now, but introduce subtle syntactic sugar in the relations themselves to make a
distinction on expressions, statements and so on. So unfortunately you will encounter a mixture
of dealing with these injections. The abbreviations above are used as bridge between the different
conventions.

instantiation stmt :: inj-term
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begin

definition
stmi-inj-term-def: (c::stmt) = Inlr ¢

instance (proof)
end

lemma stmt-inj-term-simp: (c::stmt) = Inlr ¢

(proof )
lemma stmt-inj-term [iff]: (z:stmt) = (y) =z =y
(proof)

instantiation ezpr :: inj-term
begin

definition
expr-inj-term-def: (e::expry = Inll e

instance (proof)
end

lemma expr-inj-term-simp: (e::expr) = Inll e

(proof)
lemma expr-inj-term [iff]: (x:expr) = (y) =z =y
(proof)

instantiation var :: inj-term
begin

definition
var-ing-term-def: (vivar) = In2 v

instance (proof)
end

lemma var-inj-term-simp: (v:ivar) = In2 v

(proof)
lemma var-inj-term [iff]: {(z:var) = (y) =z =y
(proof)

class expr-of =
fixes expr-of :: 'a = expr

instantiation expr :: expr-of
begin
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definition
expr-of = (A(e:zexpr). e)

instance (proof)
end

instantiation list :: (expr-of) inj-term
begin

definition
(es::'a listy = In3 (map expr-of es)

instance (proof)

end

lemma expr-list-inj-term-def:
(es::expr list) = In3 es

(proof)

lemma expr-list-inj-term-simp: {es::expr list) = In3 es
(proof)

lemma expr-list-inj-term [iff]: (z::expr list) = (y) =z =y

{proof)

lemmas inj-term-simps = stmt-inj-term-simp expr-inj-term-simp var-inj-term-simp
expr-list-inj-term-simp
lemmas inj-term-sym-simps = stmt-inj-term-simp [THEN sym]
expr-inj-term-simp [THEN sym)]
var-inj-term-simp [THEN sym]
expr-list-inj-term-simp [THEN sym]

lemma stmi-expr-inj-term [iff]: (t::stmt) # (w::expr)

{proof)

lemma expr-stmt-inj-term [iff]: (¢::expr) # (w::stmt)

(proof )

lemma stmt-var-inj-term [iff]: (t::stmt) # (w:var)

{proof)

lemma var-stmt-inj-term [iff]: (t::var) # (w::stmt)

{proof)

lemma stmi-elist-inj-term [iff]: (t::stmt) # (w::expr list)

{proof)

lemma elist-stmt-inj-term [iff]: (t::expr list) # (w::stmt)

{proof)

lemma expr-var-inj-term [iff]: (t::expr) # (w::var)

{proof)
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lemma var-expr-inj-term [iff]: (t::var) # (w:expr)

(proof)

lemma expr-elist-inj-term [iff]: (t::expr) # (w::expr list)

(proof)

lemma elist-expr-inj-term [iff]: (t::expr list) # (w::expr)
(proof)

lemma var-elist-inj-term [iff]: (t::var) # (w:expr list)

(proof)

lemma elist-var-inj-term [iff]: (t::expr list) # (w:var)
(proof)

lemma term-cases:

[A v. P (v)y; N\ e. P {e)es\ c. P (c)s;\ 1. P (I)]

== Pt
(proof)

Evaluation of unary operations

primrec eval-unop :: unop = val = val
where
eval-unop UPlus v = Intg (the-Intg v)
| eval-unop UMinus v = Intg (— (the-Intg v))
| eval-unop UBitNot v = Intg 42 — FIXME: Not yet implemented
| eval-unop UNot v = Bool (- the-Bool v)

Evaluation of binary operations

primrec eval-binop :: binop = val = val = val
where
eval-binop Mul vl v2 = Intg ((the-Intg v1) * (the-Intg v2))
| eval-binop Div vl v2 = Intg ((the-Intg v1) div (the-Intg v2))
| eval-binop Mod vl v2 = Intg ((the-Intg v1) mod (the-Intg v2))
| eval-binop Plus vl v2 = Intg ((the-Intg v1) + (the-Intg v2))
| eval-binop Minus vl v2 = Intg ((the-Intg v1) — (the-Intg v2))

— Be aware of the explicit coercion of the shift distance to nat

| eval-binop LShift vl v2 = Intg ((the-Intg v1) * (27 (nat (the-Intg v2))))
| eval-binop RShift vl v2 = Intg ((the-Intg v1) div (2 (nat (the-Intg v2))))
| eval-binop RShiftU vl v2 = Intg 42 — FIXME: Not yet implemented

| eval-binop Less vl v2 = Bool ((the-Intg vl) < (the-Intg v2))
| eval-binop Le vl v2 = Bool ((the-Intg v1) < (the-Intg v2))

| eval-binop Greater v1 v2 = Bool ((the-Intg v2) < (the-Intg v1))
| eval-binop Ge vl v2 = Bool ((the-Intg v2) < (the-Intg vl))

| eval-binop Eq vl v2 = Bool (v1=02)

| eval-binop Neq vl v2 = Bool (v1#£v2)

| eval-binop BitAnd vl v2 = Intg 42 — FIXME: Not yet implemented
| eval-binop And w1 v2 = Bool ((the-Bool v1) A (the-Bool v2))

| eval-binop BitXor vl v2 = Intg 42 — FIXME: Not yet implemented
| eval-binop Xor vl v2 = Bool ((the-Bool v1) # (the-Bool v2))

| eval-binop BitOr vl v2 = Intg 42 — FIXME: Not yet implemented
| eval-binop Or vl v2 = Bool ((the-Bool v1) V (the-Bool v2))

| eval-binop CondAnd vl v2 = Bool ((the-Bool v1) A (the-Bool v2))
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| eval-binop CondOr vl v2 = Bool ((the-Bool v1) V (the-Bool v2))

definition
need-second-arg :: binop = val = bool where
need-second-arg binop vl = (= ((binop=CondAnd N — the-Bool v1) V
(binop=CondOr A the-Bool v1)))

CondAnd and CondOr only evalulate the second argument if the value isn’t already determined by
the first argument

lemma need-second-arg-CondAnd [simp]: need-second-arg CondAnd (Bool b) = b

(proof)

lemma need-second-arg-CondOr [simp]: need-second-arg CondOr (Bool b) = (= b)
(proof)

lemma need-second-arg-strict[simp]:
[binop# CondAnd; binop# CondOr] = need-second-arg binop b

(proof)
end



40



Chapter 8

Decl

1 Field, method, interface, and class declarations, whole Java programs

theory Decl
imports Term Table

begin
improvements:

o clarification and correction of some aspects of the package/access concept (Also submitted as
bug report to the Java Bug Database: Bug Id: 4485402 and Bug Id: 4493343 http://developer.
java.sun.com/developer/bugParade/index.jshtml )

simplifications:
e the only field and method modifiers are static and the access modifiers
e no constructors, which may be simulated by new + suitable methods
e there is just one global initializer per class, which can simulate all others
e no throws clause
 a void method is replaced by one that returns Unit (of dummy type Void)
e no interface fields
o every class has an explicit superclass (unused for Object)
o the (standard) methods of Object and of standard exceptions are not specified

e 1no main method

2 Modifier

Access modifier

datatype acc-modi
= Private | Package | Protected | Public

We can define a linear order for the access modifiers. With Private yielding the most restrictive
access and public the most liberal access policy: Private < Package < Protected < Public
instantiation acc-modi :: linorder

begin
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definition
less-acc-def: a < b
+— (case a of
Private = (b=Package V b=Protected \V b=Public)
| Package = (b=Protected V b=Public)
| Protected = (b=Public)
| Public =~ = Fulse)

definition
le-acc-def: (a :: acc-modi) < b<+— a<bVa=1b

instance

(proof)

end

lemma acc-modi-top [simp]: Public < a => a = Public

(proof)

lemma acc-modi-topl [simp, intro!]: a < Public

(proof)

lemma acc-modi-le-Public:
a < Public = a=Private V a = Package V a=Protected V a=Public

(proof)

lemma acc-modi-bottom: a < Private = a = Private

(proof)

lemma acc-modi-Private-le:
Private < a = a=Private V a = Package V a=Protected V a=Public

(proof)

lemma acc-modi-Package-le:
Package < a = a = Package V a=Protected VV a=Public

(proof)

lemma acc-modi-le-Package:
a < Package => a=Private V a = Package

(proof)

lemma acc-modi-Protected-le:
Protected < a = a=Protected V a=Public

(proof)

lemma acc-modi-le-Protected:
a < Protected — a=Private V a = Package V a = Protected

(proof)
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lemmas acc-modi-le-Dests = acc-modi-top acc-modi-le- Public
acc-modi-Private-le  acc-modi-bottom
acc-modi-Package-le  acc-modi-le-Package
acc-modi-Protected-le  acc-modi-le- Protected

lemma acc-modi-Package-le-cases:
assumes Package < m
obtains (Package) m = Package
| (Protected) m = Protected
| (Public) m = Public
(proof)

Static Modifier

type-synonym stat-modi = bool

3 Declaration (base "class" for member,interface and class declarations

record decl =
access :: acc-modi

translations
(type) decl <= (type) (access::acc-modi))
(type) decl <= (type) (access::acc-modi,. . .::"al)

4 Member (field or method)

record member = decl +
static :: stat-modi

translations
(type) member <= (type) (access::acc-modi,static::bool))
(type) member <= (type) (access::acc-modi,static::bool,. . .::'a))

5 Field

record field = member +
type :: ty
translations
(type) field <= (type) (access::acc-modi, static::bool, type::ty|)
(type) field <= (type) (access::acc-modi, static::bool, type::ty,...::"a))

type-synonym fdecl
= vname X field

translations
(type) fdecl <= (type) vname x field

6 Method

record mhead = member +
pars ::vname list
resT ::ty

record mbody =
lels:: (vname X ty) list
stmit:: stmt
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record methd = mhead +
mbody::mbody

type-synonym mdecl = sig X methd

translations

(type) mhead <= (type) (access::acc-modi, static::bool,
pars::vname list, resT::tyl)

(type) mhead <= (type) (access::acc-modi, static::bool,
pars::vname list, resT::ty,. . .:: al)

(type) mbody <= (type) (lcls::(vname x ty) list,stmt::stmi))

(type) mbody <= (type) (lcls::(vname X ty) list,stmt::stmt,. . .::"a))

(type) methd <= (type) (access::acc-modi, static::bool,
pars::vname list, resT::ty,mbody::mbody))

(type) methd <= (type) (access::acc-modi, static::bool,
pars::vname list, resT::ty,mbody::mbody,. . .::"al)

(type) mdecl <= (type) sig x methd

definition
mhead :: methd = mhead
where mhead m = (access=access m, static=static m, pars=pars m, resT=resT m)

lemma access-mhead [simp]:access (mhead m) = access m

(proof)

lemma static-mhead [simp]:static (mhead m) = static m
(proof)

lemma pars-mhead [simp]:pars (mhead m) = pars m

(proof)

lemma resT-mhead [simp|:resT (mhead m) = resT m

(proof)

To be able to talk uniformaly about field and method declarations we introduce the notion of a
member declaration (e.g. useful to define accessiblity )

datatype memberdecl = fdecl fdecl | mdecl mdecl
datatype memberid = fid vname | mid sig

class has-memberid =
fixes memberid :: 'a = memberid

instantiation memberdecl :: has-memberid
begin

definition
memberdecl-memberid-def:
memberid m = (case m of
fdecl (vn,f) = fid vn
| mdecl (sig,m) = mid sig)
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instance (proof)

end

lemma memberid-fdecl-simp[simp]: memberid (fdecl (vn,f)) = fid vn
(proof)

lemma memberid-fdecl-simp1: memberid (fdecl f) = fid (fst f)
(proof)

lemma memberid-mdecl-simp[simp|: memberid (mdecl (sig,m)) = mid sig
(proof)

lemma memberid-mdecl-simp1: memberid (mdecl m) = mid (fst m)
(proof)

instantiation prod :: (type, has-memberid) has-memberid
begin

definition
pair-memberid-def:
memberid p = memberid (snd p)

instance (proof)

end

lemma memberid-pair-simp[simp]: memberid (c,m) = memberid m

(proof)

lemma memberid-pair-simpl: memberid p = memberid (snd p)

(proof)

definition
is-field :: gtname x memberdecl = bool
where is-field m = (3 declC f. m=(declC,fdecl f))

lemma is-fieldD: is-field m = 3 declC f. m=(declC,fdecl f)
(proof)

lemma is-fieldl: is-field (C,fdecl f)
(proof)

definition
is-method :: gtname x memberdecl = bool
where is-method membr = (3 declC m. membr=(declC ,mdecl m))

lemma is-methodD: is-method membr = 3 declC m. membr=(declC ,mdecl m)
(proof)
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lemma is-methodl: is-method (C,mdecl m)

(proof)

7 Interface

record ibody = decl + — interface body
imethods :: (sig X mhead) list — method heads

record iface = ibody + — interface
tsuperlfs:: qgtname list — superinterface list
type-synonym
idecl — interface declaration, cf. 9.1
= gtname X iface

translations

(type) ibody <= (type) (access::acc-modi,imethods::(sig x mhead) list|

(type) ibody <= (type) (access::acc-modi,imethods::(sig X mhead) list,. . .::"a)

(type) iface <= (type) (access::acc-modi,imethods::(sig x mhead) list,
isuperlfs::qtname list)

(type) iface <= (type) (access::acc-modi,imethods::(sig X mhead) list,
isuperlfs::qtname list,. . .::'a|)

(type) idecl <= (type) gtname X iface

definition
tbody :: iface = ibody
where ibody i = (access=access i,imethods=imethods i)

lemma access-ibody [simp]: (access (ibody 7)) = access i

(proof)

lemma imethods-ibody [simp]: (imethods (ibody ©)) = imethods @
(proof)

8 Class

record cbody = decl + — class body
cfields:: fdecl list
methods:: mdecl list

init  : stmt — initializer
record class = cbody + — class
super i qtname — superclass

superlfs:: qtname list — implemented interfaces
type-synonym

cdecl — class declaration, cf. 8.1

= gtname X class

translations

(type) cbody <= (type) (access::acc-modi,cfields::fdecl list,
methods::mdecl list,init:: stmt))

(type) cbody <= (type) (access::acc-modi,cfields::fdecl list,
methods::mdecl list,init::stmt,. . .::"a)

(type) class <= (type) (access::acc-modi,cfields::fdecl list,
methods::mdecl list,init::stmt,
super::qtname,superlfs::gtname list|)

(type) class <= (type) (access::acc-modi,cfields::fdecl list,
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methods::mdecl list,init::stmt,
super::gtname,superlfs::qtname list,. . .::'a))
(type) cdecl <= (type) gtname x class

definition
cbody :: class = cbody
where cbody ¢ = (access=access ¢, cfields=cfields c,methods=methods c,init=init c|)

lemma access-cbody [simp]:access (cbody ¢) = access ¢

(proof)

lemma cfields-cbody [simp]:cfields (cbody ¢) = cfields ¢
(proof)

lemma methods-cbody [simp|:methods (cbody ¢) = methods ¢
(proof)

lemma init-cbody [simp]:init (cbody c) = init c

(proof)

standard classes

consts
Object-mdecls :: mdecl list — methods of Object
SXept-mdecls  :: mdecl list — methods of SXcpts

definition
ObjectC' :: cdecl — declaration of root class where
ObjectC = (Object,(access=Public,cfields=[],methods= Object-mdecls,
init=Skip,super=undefined,superlfs=[]|)

definition
SXcptC' ::zname = cdecl — declarations of throwable classes where
SXeptC an = (SXcept zn,(access=Public,cfields=[],methods=SXcpt-mdecls,

init=_Skip,
super=if zn = Throwable then Object
else SXcpt Throwable,

superlfs=]]))

lemma ObjectC-neq-SXcptC [simp]: ObjectC # SXceptC an
(proof)

lemma SXcptC-inject [simp]: (SXeptC an = SXeptC xm) = (zn = zm)
(proof)

definition
standard-classes :: cdecl list where
standard-classes = [ObjectC, SXeptC' Throwable,
SXcptC NullPointer, SXcptC OutOfMemory, SXcptC ClassCast,
SXcptC NegArrSize , SXcptC IndOutBound, SXcptC ArrStore]
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programs

record prog =
ifaces ::idecl list
classes::cdecl list

translations
(type) prog <= (type) (ifaces::idecl list,classes::cdecl list))
(type) prog <= (type) (ifaces::idecl list,classes::cdecl list,. . .::a))

abbreviation
iface :: prog = (gtname, iface) table
where iface G I == table-of (ifaces G) I

abbreviation

class :: prog = (qtname, class) table
where class G C == table-of (classes G) C

abbreviation
is-iface :: prog = qtname = bool
where is-iface G I == iface G I # None

abbreviation
is-class :: prog = qtname = bool
where is-class G C == class G C # None

is type

primrec is-type :: prog = ty = bool
and isrtype :: prog = ref-ty = bool
where
is-type G (PrimT pt) = True
| is-type G (RefT r1t) = isrtype G rt
| isrtype G (NullT) = True
| isrtype G (IfaceT tn) = is-iface G tn
| isrtype G (ClassT tn) = is-class G tn
| isrtype G (ArrayT T ) = is-type G T

lemma type-is-iface: is-type G (Iface I) = is-iface G I
(proof )

lemma type-is-class: is-type G (Class C) = is-class G C

(proof)

subinterface and subclass relation, in anticipation of TypeRel.thy

definition
subintl :: prog = (gtname X gtname) set — direct subinterface
where subint! G = {(I,J). Ficiface G I: Jeset (isuperlfs i)}

definition
subclsl :: prog = (qtname x gtname) set — direct subclass
where subcls! G = {(C,D). C#Object N (I ceclass G C: super ¢ = D)}

abbreviation
subcls1-syntazx :: prog => [gtname, gtname] => bool (+-<c1- [71,71,71] 70)
where GHC <¢1 D == (C,D) € subcls1 G
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abbreviation
subclseg-syntazx :: prog => [gtname, gtname] => bool (-+-=¢ - [71,71,71] 70)
where GHC <¢ D == (C,D) €(subcls! G)*

abbreviation
subcls-syntazx :: prog => [gtname, gtname] => bool (-+-<¢ - [71,71,71] 70)
where GH-C <¢ D == (C,D) €(subcls1 G)*

notation (ASCII)
subclsl-syntax (-|—-<:C1-[71,71,71] 70) and
subclseq-syntaz (-|—-<=:C -[71,71,71] 70) and
subcls-syntax (-|—-<:C -[71,71,71] 70)

lemma subint1l: [iface G I = Some i; J € set (isuperlfs i)]
= (I,J) € subintl G
(proof)

lemma subclsi:[class G C = Some ¢; C' # Object] = (C,(super c)) € subcls1 G
(proof)

lemma subint1D: (I,J)esubint] G= Ficiface G I: Jeset (isuperlfs i)
(proof)

lemma subcls1D:
(C,D)esubcls1 G = C#O0bject A (3 c. class G C = Some ¢ A (super ¢ = D))

(proof)

lemma subinti-def2:
subintl G = (SIGMA I: {I. is-iface G I}. set (isuperlfs (the (iface G I))))
(proof)

lemma subclsi-def2:
subcls] G =
(SIGMA C: {C. is-class G C}. {D. C#Object N super (the(class G C))=D})

(proof)

lemma subcls-is-class:
[GFC <¢ D] = 3 ¢. class G C = Some ¢

(proof)

lemma no-subcls1-Object: GFObject<c1 D — P
(proof)

lemma no-subcls-Object: G+ Object<¢c D = P
(proof)

well-structured programs

definition
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ws-idecl :: prog = gtname = gtname list = bool
where ws-idecl G I si = (Y J€set si. is-iface G J A (J,I)¢(subintl G)*)

definition
ws-cdecl :: prog = glname = gtname = bool
where ws-cdecl G C sc = (C#Object — is-class G sc A (sc,C)¢(subclsl G)T)

definition
ws-prog :: prog = bool where
ws-prog G = ((V (I,i)€set (ifaces G). ws-idecl G I (isuperlfs i)) A
(V(C,c)eset (classes G). ws-cdecl G C (super c)))

lemma ws-progl:
[V (I,0)€set (ifaces G). ¥ Je€set (isuperlfs i). is-iface G J A
(J,I) ¢ (subintl G)T;
YV (C,c)eset (classes G). C#Object — is-class G (super c¢) A
((super ¢),C) ¢ (subcls1 G)*
] = ws-prog G

(proof)

lemma ws-prog-ideclD:

[iface G I = Some i; Jeset (isuperlfs i); ws-prog G| =
is-iface G J A (J,I)¢(subintl G)T

(proof )

lemma ws-prog-cdeclD:

[class G C = Some ¢; C#Object; ws-prog G] =
is-class G (super c¢) A (super ¢,C)¢(subclsl G)*

(proof)

well-foundedness

lemma finite-is-iface: finite {I. is-iface G I}
(proof )

lemma finite-is-class: finite {C. is-class G C}

(proof)

lemma finite-subintl: finite (subintl G)
(proof)

lemma finite-subcls1: finite (subclsl G)
(proof)

lemma subinti-irrefl-lemmal:
ws-prog G = (subint! G)~' N (subint1 G)* = {}
(proof)

lemma subclsi-irrefl-lemmal:
ws-prog G = (subcls1 G)~! N (subcls1 G)* = {}
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(proof)

lemmas subinti-irrefl-lemma2 = subintl-irrefl-lemmal [THEN irrefl-trancll’]
lemmas subcls1-irrefl-lemma2 = subclsi-irrefl-lemmal [THEN idrrefl-trancll’]

lemma subinti-irrefl: [(z, y) € subint! G; ws-prog G| = z # y
(proof)

lemma subclsi-irrefl: [(z, y) € subclsl G; ws-prog G] = = # y

(proof)

lemmas subinti-acyclic = subinti-irrefl-lemma2 [THEN acyclicl]
lemmas subclsI-acyclic = subcls1-irrefl-lemma2 [THEN acyclicl|

lemma wf-subintl: ws-prog G = wf ((subint! G)~1)
(proof)

lemma wf-subcls1: ws-prog G = wf ((subclsl G)~1)
(proof)

lemma subintl-induct:
[ws-prog G; Nz. Vy. (z, y) € subint]l G — Py = Pz] = Pa
(proof)

lemma subclsi-induct [consumes 1]:
[ws-prog G; Nz. Vy. (z, y) € subclst1 G — Py —=— Pz] = Pa
(proof )

lemma ws-subintl-induct:

[is-iface G I; ws-prog G; NI i. [iface G I = Some i A
(VJ € set (isuperlfs ©). (I,J)€subintl G N P J A is-iface G J)] = P I
|= PI

(proof)

lemma ws-subcls1-induct: [is-class G C; ws-prog G;
AC c. [class G C = Some c;
(C # Object — (C,(super c¢))€subclsl G A
P (super ¢) A is-class G (super c))] = P C
]=PC
(proof)

lemma ws-class-induct [consumes 2, case-names Object Subcls|:
[class G C = Some c; ws-prog G,

N\ co. class G Object = Some co = P Object;

A Cec. [class G C = Some ¢; C # Object; P (super ¢)] = P C
|=rcC
(proof)
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lemma ws-class-induct’ [consumes 2, case-names Object Subcls]:
[is-class G C; ws-prog G

N co. class G Object = Some co = P Object;

N C c. [class G C = Some ¢; C # Object; P (super ¢)] = P C
]=PC
(proof)

lemma ws-class-induct’’ [consumes 2, case-names Object Subcls]:
[class G C = Some ¢; ws-prog G,
N\ co. class G Object = Some co = P Object co;
A Ccsc. [class G C = Some ¢; class G (super ¢) = Some sc;
C # Object; P (super ¢) sc] = P C ¢
]=PCc
(proof)

lemma ws-interface-induct [consumes 2, case-names Stepl:
assumes is-if-1: is-iface G I and
ws: ws-prog G and
hyp-sub: NI i. [iface G I = Some i;
Y J € set (isuperlfs 7).
(I,J)esubintl G N P J A is-iface G J| = P I
shows P I

(proof)

general recursion operators for the interface and class hiearchies

function iface-rec :: prog = gqtname = (gtname = iface = 'a set = 'a) = 'a
where
[simp del]: iface-rec G I f =
(case iface G I of
None = undefined
| Some i = if ws-prog G
then f11i
((NJ. iface-rec G J f)‘set (isuperlfs i))
else undefined)
(proof)

termination

(proof)

lemma iface-rec:

[iface G T = Some i; ws-prog G] =

iface-rec G I f = f1i ((NJ. iface-rec G J f)‘set (isuperlfs i))
(proof )

function

class-rec :: prog = gtname = 'a = (gtname = class = 'a = 'a) = 'a
where
[simp del]: class-rec G C't f =

(case class G C of

None = undefined
| Some ¢ = if ws-prog G
then f C ¢
(if C = Object then t
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else class-rec G (super c) t f)
else undefined)

(proof)
termination

(proof)

lemma class-rec: [class G C = Some ¢; ws-prog G| =
class-rec G C't f =
f Cc (if C = Object then t else class-rec G (super c) t f)

(proof)

definition
imethds :: prog = gtname = (sig,qtname X mhead) tables where
— methods of an interface, with overriding and inheritance, cf. 9.2
imethds G I = iface-rec G 1
(A i ts. (Un-tables ts) &®

(set-option o table-of (map (A(s,m). (s,I,m)) (imethods ))))

end

93



54



Chapter 9

TypeRel

1 The relations between Java types

theory TypeRel imports Decl begin

simplifications:
e subinterface, subclass and widening relation includes identity
improvements over Java Specification 1.0:

e narrowing reference conversion also in cases where the return types of a pair of methods
common to both types are in widening (rather identity) relation

e one could add similar constraints also for other cases
design issues:

e the type relations do not require 7s-type for their arguments

o the subintl and subclsl relations imply is-iface/is-class for their first arguments, which is
required for their finiteness

definition
implmtl :: prog = (gtname X gitname) set — direct implementation
— direct implementation, cf. 8.1.3
where impimt1 G = {(C,I). C#Object N (3 ceclass G C: I€set (superlfs c))}

abbreviation
subint1-syntaz :: prog => [gtname, gtname] => bool (-+-<11- [71,71,71] 70)
where GHI <I1 J == (1,J) € subintl G

abbreviation
subint-syntazx :: prog => [qtname, qtname] => bool (+-=XI- [71,71,71] 70)
where GHI <IJ == (1,J) €(subint! G)* — cf. 9.1.3

abbreviation
implmt1-syntaz :: prog => [gtname, gtname] => bool (-+-—~»1- [71,71,71] 70)
where GHC ~1 1 == (C,I) € implmtl G

notation (ASCII)
subintl-syntax (-|—-<:I1- [71,71,71] 70) and
subint-syntax (-|—-<=:I -[71,71,71] 70) and
implmt1-syntaz (-|—-~>1- [71,71,71] 70)
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subclass and subinterface relations

lemmas subcls-direct = subcls1I [THEN r-into-rtrancl]

lemma subcls-direct!:
[class G C = Some ¢; C # Object; D=super ¢] = G-C=c D
(proof )

lemma subcls1l1:
[class G C = Some ¢; C # Object; D=super ¢] — G-C=<c1 D
(proof )

lemma subcls-direct2:
[class G C = Some ¢; C # Object; D=super c¢] — G-C=<¢ D
(proof )

lemma subclseq-trans: [GFA <¢ B; GF-B <¢ C] = G+A =<¢ C
(proof)

lemma subcls-trans: [GFA <¢ B; GFB <¢ O] = G+-A <¢ C
(proof )

lemma SXcpt-subcls- Throwable-lemma:
[class G (SXcpt an) = Some xc;

super x¢ = (if an = Throwable then Object else SXcpt Throwable)]
—> GFSXept zn=<¢c SXept Throwable

(proof)

lemma subcls-Objectl: [is-class G C; ws-prog G] = GHC=¢ Object
(proof)

lemma subclseq-ObjectD [dest!]: GFObject=<¢ C = C = Object
(proof)

lemma subcls-ObjectD [dest!]: GFObject<c C = False
(proof)

lemma subcls-Objectl! [introl]:
[C # Object;is-class G Ciws-prog G] = G+C <¢ Object
(proof)

lemma subcls-is-class: (C,D) € (subcls] G)* = is-class G C

(proof)

lemma subcls-is-class2 [rule-format (no-asm)):
GFC=¢c D = is-class G D — is-class G C

(proof)
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lemma single-inheritance:
[GFA <¢1 B; GFA <¢1 C] = B=C
{proof )

lemma subcls-compareable:

[[G"A <c X; GFA < Y
]]:>G|—ch YV GLHY Z¢ X
(proof)

lemma subclsi-irrefl: [GH-C <c1 D; ws-prog G |
= C#D
(proof )

lemma no-subcls-Object: G-C <o D = C # Object
(proof)

lemma subcls-acyclic: [GFC <¢ D; ws-prog G] = = GFD <¢ C
(proof)

lemma subclseq-cases:

assumes GHC <o D

obtains (Eq) C' = D | (Subcls) G-C <¢ D
(proof)

lemma subclseq-acyclic:
[GFC =<¢ D; GED <¢ C; ws-prog G] = C=D
(proof)

lemma subcls-irrefl: [GHC <¢ D; ws-prog G]
= C#D
(proof)

lemma invert-subclseq:
[G-C =¢ D; ws-prog G]
= - GFD <¢ C
(proof)

lemma invert-subcls:
[GHC <¢ D; ws-prog G|
— = G+D <c C
(proof)

lemma subcls-superD:
[G-C <¢ D; class G C = Some ¢] = GF(super ¢) ¢ D
(proof)
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lemma subclseq-superD:
[GFC <¢ D; C#D;class G C = Some ¢] = GH(super ¢) <¢ D
(proof)

implementation relation

lemma implmt1D: G+C~1I = C#Object A (3 c€class G C: I€set (superlfs c))
(proof )

inductive — implementation, cf. 8.1.4
implmt :: prog = gtname = gtname = bool (-+—~»-[71,71,71] 70)
for G :: prog

where
direct: GFC~1J — GFC~J

| subint: GFC~1] = GFI=IJ = GFC~J

| subclsl: GFC<¢1D = GFD~J = GF