
r repository unique identifier
m module name
pn package name
dcl name of derived class
Method , meth method name
Field , f field name
Var , var term variable
mi module instance identifier
Pointer , oid object identifier
amn abstract module name
j , k , l index

mf ::= module file
| repl superpackage mn{member pnj ;

j
impk ; k export fqnl ;

l } def.

repl ::= replication modifier
| default
| replicating replicating
| singleton singleton
| md repl(mdc) M get mdc’s repl

mn ::= module name
| core m core module
| m standard module

imp ::= import statement
| import m br default
| import shared m br shared
| import own m br own
| import m as amn br as

br ::= boundary renaming ((fqn × fqn) list)
| M no renaming
| with fqn1 as fqn ′1, ..., fqnk as fqn ′k M renaming pairs

fqn ::= fully-qualified name
| pn.dcl def.
| br [fqn] M rename if fqn in br , else leave alone

SRC ::= source files (cldc)
| cldc M def.

cldc ::= class def.’s, compile-time code (cldc list)
| cldc1 .. cld

c
k M def.

| cldc#cldc M cons

cldc ::= class, compile-time code
| pd am class dcl extends cl{fd meth def c} def.

pd ::= package declaration (pn)
| package pn; M def.
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am ::= access modifier
| default
| public public

C , cl ::= class name
| Object top class
| fqn fully qualified name

fd ::= field declarations (fd list)
| [ ] M empty
| fd1 .. fdk M def.

fd ::= field declaration
| cl f ; def.

meth def c ::= method def.’s, compile-time code (meth def c list)
| meth def c1 ..meth def ck M def.

meth def c ::= method def., compile-time code
| meth sig{meth bodyc} def.

meth sig ::= method signature
| cl meth(vd) def.

vd ::= variable declarations (vd list)
| vd1 .. vdk M def.

vd ::= variable declaration
| cl var def.

meth bodyc ::= method body, compile-time code
| sc1 .. s

c
k return y ; def.

sc ::= statement, compile-time code
| { sck

k } block
| var =x ; variable assignment
| var =x .f ; field read
| x .f =y ; field write
| if (x == y)sc1 else sc2 conditional branch
| var = new cl(); object construction
| var =x .meth(y); method call

TVar , x , y ::= term variable
| var normal variable
| this ref. to current object

x, y ::= term variables (x list)
| x1 .. xk M def

P ::= program
| (RC,MH) def.
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RC ::= repository context (rn ⇀ R)
| [ ] M empty repository context
| RC [rn 7→ R] M rn maps to R in RC

rn ::= repository name
| bootstrap r bootstrap
| r standard

R ::= repository
| bootstrap repository {mdc;φ} bootstrap
| repository r child of rn{mdc;φ} standard

mdc ::= module def.’s, compile-time code (mdc list)
| mdc1 ..md

c
k M def.

| mdc#mdc M cons

mdc ::= module definition
| repl module mn{cldc impk

k fqn} def.

fqn ::= fully-qualified names (fqn list)
| fqn1 .. fqnk M def.
| fqn ∩ fqn

′
M intersection of fqn and fqn

′

φ ::= R cache (mdc ⇀ (imp dep ⇀ mi))
| [ ] M empty repository’s cache
| φ[mdc 7→ imp dep 7→ mi] M map imp dep to mi in map for mdc

| φ \mdc M remove mapping for mdc

imp dep ::= import dependency
| Shared default import
| Own mi instance of imported module
| As amn ref. to imported module

MH ::= module hierarchy (mi ⇀ mhv)
| [ ] M empty module hierarchy
| [mi 7→ mhv] M maps mi to its def. and imports
| MH1 ..MHk M composes many

mhv ::= module hierarchy value (md ×mibr)
| (md,mibr) M def.

mibr ::= associated boundary renamings (mibr list)
| [ ] M empty
| mibr1 ..mibrk M def.

mibr ::= assoc. boundary renaming (mi × br)
| mi br M def.

md ::= module instance
| repl module mn{cld impk

k fqn} def.
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cld ::= class def.’s (cld list)
| [ ] M empty
| cld1 .. cldk M def.

cld ::= class def.
| pd am class dcl extends cl{fd meth def } def.

meth def ::= method def.’s (meth def list)
| [ ] M empty
| meth def1 ..meth defk M def.

meth def ::= method definition
| meth sig{meth body} def.

meth body ::= method body
| s1 .. sk return y ; def.

s ::= statement
| { sk k } block
| var =x ; variable assignment
| var =x .f ; field read
| x .f =y ; field write
| if (x == y)s else s ′ conditional branch
| var = newctxcl(); object creation
| var =x .meth(y); method call

ctx ::= context
| mi.pn def.

mi ::= module instance identifiers (mi list)
| [ ] M empty
| mi1 ..mik M def.
| mis of(mibr) M module instances of mibr

mdcopt ::= module def., compile-time code option (mdc option)
| null M none
| mdc M some

f ::= fields (f list)
| [ ] M empty
| f1 .. fk M def.
| f ; f

′
M append

f opt ::= fields option (f option)
| null M none
| f M some

meth ::= method names (meth list)
| [ ] M empty
| meth1 ..methk M def.
| meth;meth

′
M append
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meth defopt ::= method def. option (meth def option)
| null M none
| meth def M some

ctxmeth defopt ::= method def. in context option ((ctx ×meth def ) option)
| null M none
| (ctx,meth def) M some

cldopt ::= class def. option (cld list)
| null M none
| cld M some

ctxcld ::= class def. in context (ctx × cld)
| (ctx, cld) M def.

ctxcld ::= class def.’s in context (ctxcld list)
| [ ] M empty
| ctxcld1 .. ctxcldk M def.
| ctxcld@[ctxcld] M rev cons

ctxcldopt ::= class def. lookup result (ctxcld option)
| null M none
| ctxcld M some

ctxcldopt ::= class def.’s lookup result (ctxcld option)
| null M none
| ctxcld M some

pn ::= package names (pn list)
| pn1 .. pnk M def.

m ::= module names (m list)
| m1 ..mk M def.

miopt ::= module instance option (mi option)
| null M none
| mi M some
| φ(mdc, imp dep) M module instance lookup

mhvopt ::= module hierarchy value option (mhv option)
| null M none
| mhv M some
| MH (mi) M lookup

Ropt ::= repository option (R option)
| null M none
| R M some
| RC (rn) M repository lookup

rnmdcopt ::= module def., compile-time code lookup value (rnmdc option)
| null M none
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| (rn,mdc) M some

Type, τ ::= type
| Object supertype of all types
| ctx.dcl class identifier

τopt ::= result of type lookup (τ option)
| null M none
| τ M some
| Γ(x) M static type lookup
| H (oid) M dynamic type lookup

τ⊥opt ::= result of type lookup that can abort
| τopt result of type lookup
| ⊥ failed to find a type

τ ::= types (τ list)
| τ1 .. τk M def.

π ::= method type
| τ → τ def.

Γ ::= type environment (x ⇀ τ)
| [x1 7→ τ1 .. xk 7→ τk] M type mappings
| Γ[x 7→ τ] M Γ with x 7→τ

θ ::= variable mapping (x ⇀ x )
| [x1 7→ y1 .. xk 7→ yk] M variable mappings
| θ[x 7→ y] M θ with x 7→y

Val , v , w ::= value
| null null value
| oid object identifier

vopt ::= result of value lookup (v option)
| v M some
| L(x) M lookup value of local variable
| H (oid, f) M lookup value of field

L ::= variable state (x ⇀ v)
| [ ] M empty variable state
| L[x 7→ v] M L with x 7→v
| L[x1 7→ v1 .. xk 7→ vk] M L with many mappings

H ::= heap (oid ⇀ (τ × (f ⇀ v)))
| [ ] M empty heap
| H [oid 7→ (τ, f1 7→ v1 .. fk 7→ vk)] M H with new oid of type τ
| H [(oid, f) 7→ v] M H with (oid ,f )7→v

config ::= configuration
| (P,L,H, sk k ) normal configuration
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| (P,L,H,Exception) exception occurred

Exception ::= exception
| NPE null-pointer exception

a ::= administrator action
| rn. install (mdc); install
| rn.uninstall (m); uninstall
| rn. initialise (imp); initialise

ia ::= internal action
| rn. install (mdc) install
| rn.uninstall (m) uninstall
| mi =rn.get instance(imp) initialise

ia ::= internal actions
| ia1 .. iak M def.

nn ::= natural number (nat)
| 0 M zero
| 1 M one
| nn+nn ′ M plus
| nn−nn ′ M minus
| size (dom RC) M size of domain of RC

imp name(imp)=m – extract the module name from an import statement

in default

imp name(import m br)=m

in shared

imp name(import shared m br)=m

in own

imp name(import own m br)=m
in as

imp name(import m as amn br)=m

imp br(imp)=br – get boundary renaming of an import statement

ib default

imp br(import m br)=br

ib shared

imp br(import shared m br)=br

ib own

imp br(import own m br)=br
ib as

imp br(import m as amn br)=br

imp dep of(mdc,mi, imp)= imp dep – generate import dependency from mdc, mi and imp

ido singleton

1.md repl(mdc)=singleton
imp dep of(mdc,mi, imp)=Shared

ido default shared

1.md repl(mdc)=
imp dep of(mdc,mi, import m br)=Shared

ido default own

1.md repl(mdc)=replicating
imp dep of(mdc,mi, import m br)=Own mi

ido shared

imp dep of(mdc,mi, import shared m br)=Shared
ido own

1.md repl(mdc) 6= singleton
imp dep of(mdc,mi, import own m br)=Own mi

ido as

1.md repl(mdc) 6= singleton
imp dep of(mdc,mi, import m as amn br)=As amn
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R name(R)=rn – extract repository’s name

R name bootstrap

R name(bootstrap repository {mdc;φ})=bootstrap r

R name standard

R name(repository r child of rn{mdc;φ})=r

R body(R)=(mdc, φ) – extract repository’s contents

R body bootstrap

R body(bootstrap repository {mdc;φ})=(mdc, φ)

R body standard

R body(repository r child of rn{mdc;φ})=(mdc, φ)

R update(R,mdc, φ)=R′ – update a repository with given contents

R update bootstrap

R update(bootstrap repository {mdc1;φ1},mdc2, φ2)=bootstrap repository {mdc2;φ2}
R update standard

R update(repository r child of rn{mdc1;φ1},mdc2, φ2)=repository r child of rn{mdc2;φ2}

mds rm(mdc1,mdc)=mdc2 – remove a module def. from a list

mds rm empty

mds rm(,mdc)=

mds rm cons true

1.mds rm(mdc1,mdc)=mdc2
mds rm(mdc#mdc1,mdc)=mdc2

mds rm cons false

1.mdc1 6= mdc

2.mds rm(mdc1,mdc)=mdc2
mds rm(mdc1#mdc1,mdc)=mdc1#mdc2

md name(mdc)=mn – extract the module name from a module definition

md name

1.mdc=repl module mn{cldc impk
k fqn}

md name(mdc)=mn

full name(cld)= fqn – extract the full name from a class

full name

full name(package pn; am class dcl extends cl{fd meth def })=pn.dcl

package name(cld)=pn – extract the package name from a class

package name

package name(package pn; am class dcl extends cl{fd meth def })=pn

class name(cld)=dcl – extract the class name from a class

class name

class name(pd am class dcl extends cl{fd meth def })=dcl

superclass name(cld)=cl – extract the superclass name from a class

superclass name

superclass name(pd am class dcl extends cl{fd meth def })=cl
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class fields(cld)= fd – extract class fields from a class

class fields

class fields(pd am class dcl extends cl{fd meth def })= fd

class methods(cld)=meth def – extract class methods from a class

class methods

class methods(pd am class dcl extends cl{fd meth def })=meth def

method name(meth def)=meth – extract the method name from a method definition

method name

method name(cl meth(vd){meth body})=meth

distinct fqns(cld) – fully-qualified names are distinct

df def

1. full name(cldk)= fqnk
k

2.distinct (fqnk
k
)

distinct fqns(cldk
k
)

find md in mds(mdc,mn)=mdcopt – module definition lookup in a list

fmim empty

find md in mds(,mn)=null

fmim cons true

1.mdc=repl module mn{cldc impk
k fqn}

find md in mds(mdcmdc2 ..md
c
k,mn)=mdc

fmim cons false

1.mdc=repl module mn ′{cldc impk
k fqn}

2.mn 6= mn ′

3. find md in mds(mdc2 ..md
c
k,mn)=mdcopt

find md in mds(mdcmdc2 ..md
c
k,mn)=mdcopt

find md rec(RC, rn1,mn,nn)=rnmdcopt – module def. lookup (recursive part)

fmr null

1.RC (rn)=null
find md rec(RC, rn,mn,nn)=null

fmr bootstrap null

1.RC (rn)=bootstrap repository {mdc;φ}
2. find md in mds(mdc,mn)=null

find md rec(RC, rn,mn,nn)=null
fmr bootstrap

1.RC (rn)=bootstrap repository {mdc;φ}
2. find md in mds(mdc,mn)=mdc

find md rec(RC, rn,mn,nn)=(rn,mdc)

fmr standard fail

1.RC (rn1)=repository r child of rn2{mdc;φ}
2. size (dom RC)≤nn

find md rec(RC, rn1,mn,nn)=null

fmr standard rec

1.RC (rn1)=repository r child of rn2{mdc;φ}
2. size (dom RC)>nn
3. find md rec(RC, rn2,mn,nn+1)=(rn3,md

c)
find md rec(RC, rn1,mn,nn)=(rn3,md

c)

fmr standard self

1.RC (rn1)=repository r child of rn2{mdc;φ}
2. size (dom RC)>nn
3. find md rec(RC, rn2,mn,nn+1)=null
4. find md in mds(mdc,mn)=mdc

find md rec(RC, rn1,mn,nn)=(rn1,md
c)
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fmr standard null

1.RC (rn1)=repository r child of rn2{mdc;φ}
2. size (dom RC)>nn
3. find md rec(RC, rn2,mn,nn+1)=null
4. find md in mds(mdc,mn)=null

find md rec(RC, rn1,mn,nn)=null

find md(RC, rn,mn)=rnmdcopt – module def. lookup

fm def

1. find md rec(RC, rn,mn, 0)=rnmdcopt
find md(RC, rn,mn)=rnmdcopt

find cld in module(cld, fqn)=cldopt – class lookup in an import

fcim empty

find cld in module([ ], fqn)=null

fcim null

1.¬distinct fqns(cld cld2 .. cldk)
find cld in module(cld cld2 .. cldk, fqn)=null

fcim cons true

1. distinct fqns(cld cld2 .. cldk)
2. cld =package pn; public class dcl extends cl{fd meth def }

find cld in module(cld cld2 .. cldk, pn.dcl)=cld
fcim cons false

1. distinct fqns(cld cld2 .. cldk)
2. cld =package pn ′; am class dcl ′ extends cl{fd meth def }
3. pn 6= pn ′ ∨ am 6= public ∨ dcl 6= dcl ′

4. find cld in module(cld2 .. cldk, pn.dcl)=cldopt
find cld in module(cld cld2 .. cldk, pn.dcl)=cldopt

find cld in core(P, fqn)=ctxcldopt – class lookup in the core library module

fcic no rep ex

1.RC (bootstrap r)=null
find cld in core((RC,MH), fqn)=null

fcic not bootstrap ex

1.RC (bootstrap r)=repository r child of rn{mdc;φ}
find cld in core((RC,MH), fqn)=null

fcic no core ex

1.RC (bootstrap r)=bootstrap repository {mdc;φ}
2. find md in mds(mdc, core m)=null

find cld in core((RC,MH), fqn)=null
fcic no core mi ex

1.RC (bootstrap r)=bootstrap repository {mdc;φ}
2. find md in mds(mdc, core m)=mdc

3. φ(mdc,Shared)=null
find cld in core((RC,MH), fqn)=null

fcic no mdmis ex

1.RC (bootstrap r)=bootstrap repository {mdc;φ}
2. find md in mds(mdc, core m)=mdc

3. φ(mdc,Shared)=mi 4.MH (mi)=null
find cld in core((RC,MH), fqn)=null

fcic false

1.RC (bootstrap r)=bootstrap repository {mdc;φ}
2. find md in mds(mdc, core m)=mdc

3. φ(mdc,Shared)=mi
4.MH (mi)=(repl module mn{cld impk

k fqn},mibr)
5. find cld in module(cld, fqn)=null

find cld in core((RC,MH), fqn)=null
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fcic true

1.RC (bootstrap r)=bootstrap repository {mdc;φ}
2. find md in mds(mdc, core m)=mdc

3. φ(mdc,Shared)=mi
4.MH (mi)=(repl module mn{cld impk

k fqn},mibr)
5. find cld in module(cld, fqn)=cld
6. package name(cld)=pn

find cld in core((RC,MH), fqn)=(mi.pn, cld)

(MH,mi,nn) ∈ reachable – there are nn module instances reachable from mi in MH

reachable empty

(MH, [ ], 0) ∈ reachable

reachable cons

1.MH (mi)=(md,mibr)
2. (MH,mis of(mibr),nn ′) ∈ reachable
3. (MH,mi2 ..mik,nn) ∈ reachable

(MH,mi mi2 ..mik,nn ′+nn+1) ∈ reachable

acyclic mhMH – a module hierarchy is acyclic

am def

1.finite (dom (MH))
2.∀mi.mi ⊆ dom (MH) −→

(
∃nn.(MH,mi,nn) ∈ reachable

)
3.∀mi ∈ dom (MH).∃md mibr.MH (mi)=(md,mibr) ∧ mis of(mibr) ⊆ dom (MH)

acyclic mhMH

find cld in imports(MH,mibr, fqn)=ctxcldopt – class lookup in imports

fcii empty

find cld in imports(MH, [ ], fqn)=null

fcii null

1.¬
(
acyclic mhMH ∧ mi ∈ dom (MH)∧
mis of(mibr2 ..mibrk) ⊆ dom (MH)

)
find cld in imports(MH,mi br mibr2 ..mibrk, fqn)=null

fcii skip

1.
(
acyclic mhMH ∧ MH (mi)=(md,mibr)∧
mis of(mibr2 ..mibrk) ⊆ dom (MH)

)
2.

( (
md =repl module mn{cld impj

j fqn} ∧ br [fqn] /∈ fqn
)
∨

(fqn /∈ dom (br) ∧ fqn ∈ ran (br))

)
3. find cld in imports(MH,mibr2 ..mibrk, fqn)=ctxcldopt
find cld in imports(MH,mi br mibr2 ..mibrk, fqn)=ctxcldopt

fcii self

1.
(
acyclic mhMH ∧ MH (mi)=(md,mibr)∧
mis of(mibr2 ..mibrk) ⊆ dom (MH)

)
2.

( (
md =repl module mn{cld impj

j fqn} ∧ br [fqn] ∈ fqn
)
∧

(fqn ∈ dom (br) ∨ fqn /∈ ran (br))

)
3. find cld in module(cld, br [fqn])=cld ∧ package name(cld)=pn
find cld in imports(MH,mi br mibr2 ..mibrk, fqn)=(mi.pn, cld)

fcii rec

1.
(
acyclic mhMH ∧ MH (mi)=(md,mibr)∧
mis of(mibr2 ..mibrk) ⊆ dom (MH)

)
2.

( (
md =repl module mn{cld impj

j fqn} ∧ br [fqn] ∈ fqn
)
∧

(fqn ∈ dom (br) ∨ fqn /∈ ran (br))

)
3. find cld in module(cld, br [fqn])=null
4. find cld in imports(MH,mibr, br [fqn])=ctxcld

find cld in imports(MH,mi br mibr2 ..mibrk, fqn)=ctxcld
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fcii next

1.
(
acyclic mhMH ∧ MH (mi)=(md,mibr)∧
mis of(mibr2 ..mibrk) ⊆ dom (MH)

)
2.

( (
md =repl module mn{cld impj

j fqn} ∧ br [fqn] ∈ fqn
)
∧

(fqn ∈ dom (br) ∨ fqn /∈ ran (br))

)
3. find cld in module(cld, br [fqn])=null
4. find cld in imports(MH,mibr, br [fqn])=null
5. find cld in imports(MH,mibr2 ..mibrk, fqn)=ctxcldopt
find cld in imports(MH,mi br mibr2 ..mibrk, fqn)=ctxcldopt

find cld in self(cld, pn, fqn)=cldopt – class lookup in the same module

fcis empty

find cld in self([ ], pn, fqn)=null

fcis null

1.¬distinct fqns(cld cld2 .. cldk)
find cld in self(cld cld2 .. cldk, pn, fqn)=null

fcis cons true

1. distinct fqns(cld cld2 .. cldk)
2. cld =package pn ′; am class dcl extends cl{fd meth def }
3. pn =pn ′ ∨ am =public

find cld in self(cld cld2 .. cldk, pn, pn ′.dcl)=cld
fcis cons false

1. distinct fqns(cld cld2 .. cldk)
2. cld =package pn ′′; am class dcl ′ extends cl{fd meth def }
3. (pn 6= pn ′ ∧ am 6= public) ∨ pn ′ 6= pn ′′ ∨ dcl 6= dcl ′

4. find cld in self(cld2 .. cldk, pn, pn ′.dcl)=cldopt
find cld in self(cld cld2 .. cldk, pn, pn ′.dcl)=cldopt

no core renaming in mibrs(P,mibr) – there is no renaming of core classes in mibr

ncrim def

1.∀br ∈ br1 .. brk .∀fqn.
(

(∃ctx cld .find cld in core(P, fqn)=(ctx, cld)) −→
fqn /∈ br

)
no core renaming in mibrs(P,mi1 br1 ..mik brk)

no core renamingP – there is no renaming of core classes in P

ncr def

1.∀mi ∈ dom (MH).∃md mibr.
(

MH (mi)=(md,mibr)∧
no core renaming in mibrs((RC,MH),mibr)

)
no core renaming(RC,MH)

find cld(P, ctx, fqn)=ctxcldopt – class lookup

fc err

1.¬no core renamingP
find cld(P, ctx, fqn)=null

fc core

1. no core renamingP
2. find cld in core(P, fqn)=ctxcld
find cld(P, ctx, fqn)=ctxcld

fc null

1. no core renaming(RC,MH)
2. find cld in core((RC,MH), fqn)=null
3.MH (mi)=null
find cld((RC,MH),mi.pn, fqn)=null

fc self

1. no core renaming(RC,MH)
2. find cld in core((RC,MH), fqn)=null
3.MH (mi)=(md,mibr)
4.md =repl module mn{cld impk

k fqn}
5. find cld in self(cld, pn, fqn)=cld
6. package name(cld)=pn ′

find cld((RC,MH),mi.pn, fqn)=(mi.pn ′, cld)
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fc imports

1. no core renaming(RC,MH)
2. find cld in core((RC,MH), fqn)=null
3.MH (mi)=(md,mibr)
4.md =repl module mn{cld impk

k fqn}
5. find cld in self(cld, pn, fqn)=null
6. find cld in imports(MH,mibr, fqn)=ctxcldopt
find cld((RC,MH),mi.pn, fqn)=ctxcldopt

find type(P, ctx, cl)=τopt – type lookup

ft obj

find type(P, ctx, Object)=Object

ft null

1. find cld(P, ctx, fqn)=null
find type(P, ctx, fqn)=null

ft dcl

1. find cld(P, ctx, pn.dcl)=(ctx ′, cld)
2. class name(cld)=dcl ′

find type(P, ctx, pn.dcl)=ctx ′.dcl ′

(P, ctx, cl,nn) ∈ path length – get the length of the inheritance path for cl

pl obj

(P, ctx, Object, 0) ∈ path length

pl fqn

1. find cld(P, ctx, fqn)=(ctx ′, cld)
2. superclass name(cld)=cl
3. (P, ctx ′, cl,nn) ∈ path length

(P, ctx, fqn,nn+1) ∈ path length

acyclic cldsmiP – class inheritance hierarchy in P is acyclic (starting at mi)

acm def

1.∀pn fqn. (∃ctx ′ cld .find cld(P,mi.pn, fqn)=(ctx ′, cld)) −→ ∃nn.(P,mi.pn, fqn,nn) ∈ path length
acyclic cldsmiP

acyclic cldsP – class inheritance hierarchy in P is acyclic

ac def

1.∀mi .acyclic cldsmiP
acyclic cldsP

find path rec(P, ctx, cl, ctxcld)=ctxcldopt – class path lookup (recursive part)

fpr obj

find path rec(P, ctx, Object, ctxcld)=ctxcld

fpr null

1. (¬acyclic cldsP) ∨ find cld(P, ctx, fqn)=null
find path rec(P, ctx, fqn, ctxcld)=null

fpr fqn

1. acyclic cldsP ∧ find cld(P, ctx, fqn)=(ctx ′, cld)
2. superclass name(cld)=cl
3. find path rec(P, ctx ′, cl, ctxcld@[(ctx ′, cld)])=ctxcldopt

find path rec(P, ctx, fqn, ctxcld)=ctxcldopt

find path(P, ctx, cl)=ctxcldopt – class path lookup with a class name

fp def

1. find path rec(P, ctx, cl, [ ])=ctxcldopt
find path(P, ctx, cl)=ctxcldopt
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find path(P, τ)=ctxcldopt – class path lookup with a type

fpty obj

find path(P, Object)=[ ]

fpty dcl

1. find path(P,mi.pn, pn.dcl)=ctxcldopt
find path(P,mi.pn.dcl)=ctxcldopt

fields in path(ctxcld)= f – fields lookup in a class path

fip empty

fields in path([ ])=[ ]

fip cons

1. class fields(cld)=clj fj ;
j

2. fields in path(ctxcld2 .. ctxcldk)= f
3. f

′
= fj

j
; f

fields in path((ctx, cld) ctxcld2 .. ctxcldk)= f
′

fields (P, τ)= f opt – fields lookup in type τ

fields none

1. find path(P, τ)=null
fields (P, τ)=null

fields some

1. find path(P, τ)=ctxcld

2. fields in path(ctxcld)= f
fields (P, τ)= f

methods in path(cld)=meth – method names lookup in a path

mip empty

methods in path([ ])=[ ]

mip cons

1. class methods(cld)=meth defl
l

2.meth defl =cll methl(vdl){meth bodyl}
l

3.methods in path(cld2 .. cldk)=meth
′

4.meth=methl
l
;meth

′

methods in path(cld cld2 .. cldk)=meth

methods (P, τ)=meth – method names lookup in a type

methods methods

1. find path(P, τ)=(ctxk, cldk)
k

2.methods in path(cldk
k
)=meth

methods (P, τ)=meth

ftype in fds(P, ctx, fd, f)=τ⊥opt – field type lookup in a list

ftif empty

ftype in fds(P, ctx, [ ], f)=null

ftif cons bot

1. find type(P, ctx, cl)=null
ftype in fds(P, ctx, cl f ; fd2 .. fdk, f)=⊥

ftif cons true

1. find type(P, ctx, cl)=τ

ftype in fds(P, ctx, cl f ; fd2 .. fdk, f)=τ

ftif cons false

1. f 6= f ′

2. ftype in fds(P, ctx, fd2 .. fdk, f ′)=τ⊥opt
ftype in fds(P, ctx, cl f ; fd2 .. fdk, f ′)=τ⊥opt

ftype in path(P, ctxcld, f)=τopt – field type lookup in a path
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ftip empty

ftype in path(P, [ ], f)=null

ftip cons bot

1. class fields(cld)= fd
2. ftype in fds(P, ctx, fd, f)=⊥
ftype in path(P, (ctx, cld) ctxcld2 .. ctxcldk, f)=null

ftip cons true

1. class fields(cld)= fd
2. ftype in fds(P, ctx, fd, f)=τ

ftype in path(P, (ctx, cld) ctxcld2 .. ctxcldk, f)=τ

ftip cons false

1. class fields(cld)= fd
2. ftype in fds(P, ctx, fd, f)=null
3. ftype in path(P, ctxcld2 .. ctxcldk, f)=τopt
ftype in path(P, (ctx, cld) ctxcld2 .. ctxcldk, f)=τopt

ftype (P, τ, f)=τ ′ – field type lookup

ftype

1. find path(P, τ)=ctxcld

2. ftype in path(P, ctxcld, f)=τ ′

ftype (P, τ, f)=τ ′

find meth def in list(meth def,meth)=meth defopt – meth. def. lookup (list)

fmdil empty

find meth def in list([ ],meth)=null
fmdil cons true

1.meth def =cl meth(vd){meth body}
find meth def in list(meth def meth def2 ..meth defk,meth)=meth def

fmdil cons false

1.meth def =cl meth ′(vd){meth body} 2.meth 6= meth ′

3. find meth def in list(meth def2 ..meth defk,meth)=meth defopt
find meth def in list(meth def meth def2 ..meth defk,meth)=meth defopt

find meth def in path(ctxcld,meth)=ctxmeth defopt – meth. def. lookup (path)

fmdip empty

find meth def in path([ ],meth)=null
fmdip cons true

1. class methods(cld)=meth def
2. find meth def in list(meth def,meth)=meth def
find meth def in path((ctx, cld) ctxcld2 .. ctxcldk,meth)=(ctx,meth def)

fmdip cons false

1. class methods(cld)=meth def
2. find meth def in list(meth def,meth)=null
3. find meth def in path(ctxcld2 .. ctxcldk,meth)=ctxmeth defopt
find meth def in path((ctx, cld) ctxcld2 .. ctxcldk,meth)=ctxmeth defopt

find meth def(P, τ,meth)=ctxmeth defopt – method def. lookup in a type

fmd null

1. find path(P, τ)=null
find meth def(P, τ,meth)=null

fmd opt

1. find path(P, τ)=ctxcld

2. find meth def in path(ctxcld,meth)=ctxmeth defopt
find meth def(P, τ,meth)=ctxmeth defopt

15



mtype (P, τ,meth)=π – method type lookup

mtype

1. find meth def(P, τ,meth)=(ctx,meth def)
2.meth def =cl meth(clk vark

k
){meth body}

3. find type(P, ctx, cl)=τ ′

4. find type(P, ctx, clk)=τk
k

5. π=τk
k → τ ′

mtype (P, τ,meth)=π

P ` τ≺τ ′ – subtyping

sty obj

1. find path(P, τ)=ctxcld

P ` τ≺Object

sty dcl

1. find path(P, τ)=ctxcld
2. find cld(P,mi ′.pn ′, pn ′.dcl ′)=ctxcld
3. ctxcld ∈ ctxcld

P ` τ≺mi ′.pn ′.dcl ′

P ` τ≺τ ′ – normal, multiple subtyping

sty many

1. τ=τk
k

2. τ ′=τ ′k
k

3.P ` τk≺τ ′k
k

P ` τ≺τ ′

P ` τopt≺τopt′ – option subtyping

sty option

1. τopt=τ
2. τopt′=τ ′

3.P ` τ≺τ ′

P ` τopt≺τopt′

P,H ` vopt≺τopt – well-formed value

wf null

1. τopt=τ

P,H ` null≺τopt

wf object

1.P ` H (oid)≺τopt
P,H ` oid≺τopt

P,Γ,H ` L – well-formed variable state

wf varstate

1.finite (dom (L))
2.∀x ∈ dom (Γ).P,H ` L(x)≺Γ(x)

P,Γ,H ` L

P ` H – well-formed heap

wf heap

1.finite (dom (H))

2.∀oid ∈ dom (H).

 ∃τ.H (oid)=τ ∧ ∃f .fields (P, τ)= f ∧

∀f ∈ f .∃τ ′.
(

ftype (P, τ, f)=τ ′ ∧
P,H ` H (oid, f)≺τ ′

) 
P ` H
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Γ ` config – well-formed configuration

wf all ex

1. ` P 2.P ` H
3.P,Γ,H ` L

Γ ` (P,L,H,Exception)

wf all

1. ` P
2.P ` H
3.P,Γ,H ` L
4.P,Γ ` sk

k

Γ ` (P,L,H, sk k )

P,Γ ` s – well-formed statement

wf block

1.P,Γ ` sk
k

P,Γ ` { sk k }

wf var assign

1.P ` Γ(x)≺Γ(var)
P,Γ ` var =x ;

wf field read

1.Γ(x)=τ
2. ftype (P, τ, f)=τ ′

3.P ` τ ′≺Γ(var)
P,Γ ` var =x .f ;

wf field write

1.Γ(x)=τ
2. ftype (P, τ, f)=τ ′

3.P ` Γ(y)≺τ ′

P,Γ ` x .f =y ;

wf if

1.P ` Γ(x)≺Γ(y) ∨ P ` Γ(y)≺Γ(x)
2.P,Γ ` s1 3.P,Γ ` s2

P,Γ ` if (x == y)s1 else s2

wf new

1. find type(P, ctx, cl)=τ
2.P ` τ≺Γ(var)

P,Γ ` var = newctxcl();

wf mcall

1. y=yk
k 2.Γ(x)=τ

3.mtype (P, τ,meth)=τk
k → τ ′

4.P ` Γ(yk)≺τk
k

5.P ` τ ′≺Γ(var)
P,Γ ` var =x .meth(y);

P `τ meth def – well-formed method in τ

wf method

1.distinct (vark k )

2. find type(P, ctx, clk)=τk
k

3.Γ=[vark 7→ τk
k ][this 7→ ctx.dcl]

4.P,Γ ` sl
l

5. find type(P, ctx, cl)=τ
6.P ` Γ(y)≺τ

P `ctx.dcl cl meth(clk vark
k
){sl l return y ; }

P `ctx (dcl , cl , fd ,meth def ) – well-formed class in ctx (generic rule)

wf class common

1. find type(P, ctx, cl)=τ

2. ctx.dcl 6= τ 3.distinct (fj
j
)

4.fields (P, τ)= f 5. fj
j ⊥ f

6. find type(P, ctx, clj)=τj
j

7.P `ctx.dcl meth defk
k

8.method name(meth defk)=methk
k

9.distinct (methk
k
)

10.methods (P, τ)=meth ′l
l

11.mtype (P, ctx.dcl,meth ′l)=πl
l

12.mtype (P, τ,meth ′l)=π′l
l

13.meth ′l ∈ methk
k −→ πl =π′l

l

P `ctx (dcl , cl , clj fj ;
j
,meth defk

k
)

P `mi cld – well-formed class in mi

wf class

1.P `mi.pn (dcl , cl , fd ,meth def )
P `mi package pn; am class dcl extends cl{fd meth def }
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P `mi md – well-formed module instance

wf module

1. full name(cldj)= fqnj
j

2.distinct (fqnj
j
)

3. (RC,MH) `mi cldj
j

4. acyclic cldsmi(RC,MH)
5.MH (mi)=(md,mibr) ∧ no core renaming in mibrs((RC,MH),mibr)

(RC,MH) `mi repl module mn{cldj
j

impk
k fqn}

MH ` φ – well-formed module instance cache

wf rmis

1.∀mdc imp dep.∀mi .φ(mdc, imp dep)=mi −→ mi ∈ dom (MH)
MH ` φ

P ` R – well-formed repository

wf bootstrap rep

1. find md in mds(mdc, core m)=mdc

2.MH ` φ
(RC,MH) ` bootstrap repository {mdc;φ}

wf normal rep

1. r 6= rn 2. rn ∈ dom (RC)
3.MH ` φ

(RC,MH) ` repository r child of rn{mdc;φ}

MH ` RC – well-formed repository context

wf rc

1.∀rn ∈ dom (RC).∃R. (RC (rn)=R ∧ R name(R)=rn ∧ (RC,MH) ` R)
2. bootstrap r ∈ dom (RC)

MH ` RC

RC ` MH – well-formed module hierarchy

wf mh

1. acyclic mhMH
2.∀mi ∈ dom (MH).∃md mibr.MH (mi)=(md,mibr) ∧ (RC,MH) `mi md

RC ` MH

` P – well-formed program

wf p

1.MH ` RC
2.RC ` MH
3. acyclic clds(RC,MH)

` (RC,MH)

find pkg clds(cldc1, pn)=cldc2 –

fpc empty

find pkg clds(, pn)=

fpc cons true

1. cldc=package pn; am class dcl extends cl{fd meth def c}
2. pn ∈ pn
3. find pkg clds(cldc2 .. cld

c
k, pn)=cldc

find pkg clds(cldc cldc2 .. cld
c
k, pn)=cldc#cldc

fpc cons false

1. cldc=package pn; am class dcl extends cl{fd meth def c}
2. pn /∈ pn
3. find pkg clds(cldc2 .. cld

c
k, pn)=cldc

find pkg clds(cldc cldc2 .. cld
c
k, pn)=cldc
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SRC ` mf  mdc – packaging a module file to a module def., compile-time code

pcg mf

1. find pkg clds(cldc1, pnj
j)=cldc2

cldc1 ` repl superpackage mn{member pnj ;
j

impk ; k export fqnl ;
l } repl module mn{cldc2 impk

k fqnl
l}

`ctx sc  s – context insertion for a statement

ci s block

1.`ctx sck  sk
k

`ctx { sck
k } { sk k }

ci s var assign

`ctx var =x ; var =x ;

ci s field read

`ctx var =x .f ; var =x .f ;

ci s field write

`ctx x .f =y ; x .f =y ;
ci s if

1. `ctx sc1  s1 2. `ctx sc2  s2

`ctx if (x == y)sc1 else sc2  if (x == y)s1 else s2

ci s mcall

`ctx var =x .meth(yk
k); var =x .meth(yk

k);
ci s new

`ctx var = new cl(); var = newctxcl();

`ctx meth def c  meth def – context insertion for method def.’s

ci meth def

1.`ctx sc  s
k

`ctx cl meth(vd){sck
k

return y ; } cl meth(vd){s k return y ; }

`mi md
c  md – module def. translation

ci module

1.`mi cldcj  cldj
j

`mi repl module mn{cldcj
j

impk
k fqn} repl module mn{cldj

j
impk

k fqn}

`mi cld
c  cld – context insertion for class def.’s

ci cld

1. cldc=package pn; am class dcl extends cl{fd meth def ck
k
}

2.`mi.pn meth def ck  meth defk
k

3. cld =package pn; am class dcl extends cl{fd meth defk
k}

`mi cld
c  cld

θ ` s  s ′ – variable translation for a statement

tr s block

1. θ ` sk  s ′k
k

θ ` { sk k } { s ′k
k
}

tr s var assign

1. θ(var)=var ′

2. θ(x)=x ′

θ ` var =x ; var ′=x ′;

tr s field read

1. θ(var)=var ′

2. θ(x)=x ′

θ ` var =x .f ; var ′=x ′.f ;
tr s field write

1. θ(x)=x ′

2. θ(y)=y ′

θ ` x .f =y ; x ′.f =y ′;

tr s if

1. θ(x)=x ′ 2. θ(y)=y ′ 3. θ ` s1  s ′1
4. θ ` s2  s ′2
θ ` if (x == y)s1 else s2  if (x ′ == y ′)s ′1 else s ′2

tr s new

1. θ(var)=var ′

θ ` var = newctxcl(); var ′ = newctxcl();

tr s mcall

1. θ(var)=var ′ 2. θ(x)=x ′

3. θ(yk)=y ′k
k

θ ` var =x .meth(yk
k); var ′=x ′.meth(y ′k

k
);
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config −→ config ′ – reduction of a statement

r block

(P,L,H, { sk k } s ′l
l
) −→ (P,L,H, sk k s ′l

l
)

r var assign

1.L(x)=v
(P,L,H, var =x ; sl l) −→ (P,L[var 7→ v],H, sl l)

r field read npe

1.L(x)=null
(P,L,H, var =x .f ; sl l) −→ (P,L,H,NPE)

r field read

1.L(x)=oid 2.H (oid, f)=v
(P,L,H, var =x .f ; sl l) −→ (P,L[var 7→ v],H, sl l)

r field write npe

1.L(x)=null
(P,L,H, x .f =y ; sl l) −→ (P,L,H,NPE)

r field write

1.L(x)=oid 2.L(y)=v
(P,L,H, x .f =y ; sl l) −→ (P,L,H [(oid, f) 7→ v], sl l)

r if true

1.L(x)=v 2.L(y)=w 3. v =w

(P,L,H, if (x == y)s1 else s2 s ′l
l
) −→ (P,L,H, s1 s ′l

l
)

r if false

1.L(x)=v 2.L(y)=w 3. v 6= w

(P,L,H, if (x == y)s1 else s2 s ′l
l
) −→ (P,L,H, s2 s ′l

l
)

r new

1. find type(P, ctx, cl)=τ 2.fields (P, τ)= fk
k

3. oid /∈ dom (H) 4.H ′=H [oid 7→ (τ, fk 7→ null
k
)]

(P,L,H, var = newctxcl(); sl l) −→ (P,L[var 7→ oid],H ′, sl l)
r mcall npe

1.L(x)=null
(P,L,H, var =x .meth(yk

k); sl l) −→ (P,L,H,NPE)
r mcall

1.L(x)=oid 2.H (oid)=τ

3. find meth def(P, τ,meth)=(ctx, cl meth(clk vark
k
){s ′j

j
return y ; })

4. var ′k
k
⊥dom (L) 5.distinct (var ′k

k
) 6. x ′ /∈ dom (L)

7. x ′ /∈ var ′k
k

8.L(yk)=vk
k

9.L′=L[var ′k 7→ vk
k
][x ′ 7→ oid]

10. θ=[vark 7→ var ′k
k
][this 7→ x ′] 11. θ ` s ′j  s ′′j

j

12. θ(y)=y ′

(P,L,H, var =x .meth(yk
k); sl l) −→ (P,L′,H, s ′′j

j
var =y ′; sl l)

config ia−−→ config ′ – reduction of internal actions

r no action

config −→ config

r action list

1. (P,L,H, sl l) ia−−→ (P ′,L,H, sl l)
2. (P ′,L,H, sl l) ia2 .. iak−−−−−−→ (P ′′,L,H, sl l)

(P,L,H, sl l) ia ia2 .. iak−−−−−−−−→ (P ′′,L,H, sl l)
r install

1.RC (rn)=R 2. R body(R)=(mdck
k
, φ)

3.md name(mdc)=m

4.md name(mdck)=mnk
k

5.m /∈ mnk
k

6. R update(R,mdcmdck
k
, φ)=R′

7.RC ′=RC [rn 7→ R′]

((RC,MH),L,H, sl l)
rn. install (mdc)−−−−−−−−−−−→ ((RC ′,MH),L,H, sl l)
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r uninstall

1.RC (rn)=R 2. R body(R)=(mdc1, φ)
3. find md in mds(mdc1,m)=mdc

4.mds rm(mdc1,mdc)=mdc2
5. R update(R,mdc2, φ \mdc)=R′

6.RC ′=RC [rn 7→ R′]

((RC,MH),L,H, sl l)
rn.uninstall (m)−−−−−−−−−−−−→ ((RC ′,MH),L,H, sl l)

r existing instance

1. imp name(imp)=m
2. find md(RC, rn1,m)=(rn2,md

c) 3.RC (rn2)=R2

4. R body(R2)=(mdc2, φ2) 5.mi ′ /∈ dom (MH)
6. imp dep of(mdc,mi ′, imp)= imp dep
7. φ2(mdc, imp dep)=mi

((RC,MH),L,H, sl l)
mi=rn1.get instance(imp)−−−−−−−−−−−−−−−−−→ ((RC,MH),L,H, sl l)

r new instance

1. imp name(imp)=m
2. find md(RC, rn1,m)=(rn2,md

c) 3.RC (rn2)=R2

4. R body(R2)=(mdc2, φ2) 5.mi ′ /∈ dom (MH)
6. imp dep of(mdc,mi ′, imp)= imp dep′

7. φ2(mdc, imp dep′)=null
8.mdc=repl module m{cldc impk

k fqn}

9. ((RC,MH),L,H, sl l)
mik=rn2.get instance(impk)

k

−−−−−−−−−−−−−−−−−−−→ ((RC ′,MH ′),L,H, sl l)
10.mi /∈ dom (MH ′) 11. imp dep of(mdc,mi, imp)= imp dep

12. `mi md
c  md 13. imp br(impk)=brk

k

14.MH ′′=MH ′ [mi 7→ (md,mik brk
k
)] 15.RC ′(rn2)=R′

2

16. R body(R′
2)=(mdc3, φ3)

17. R update(R′
2,md

c
3, φ3[mdc 7→ imp dep 7→ mi])=R′′

2

18.RC ′′=RC ′[rn2 7→ R′′
2] 19. (RC ′′,MH ′′) `mi md

((RC,MH),L,H, sl l)
mi=rn1.get instance(imp)−−−−−−−−−−−−−−−−−→ ((RC ′′,MH ′′),L,H, sl l)

config a−−→ config ′ – reduction of an administrator action

admin install

1. ((RC,MH),L,H, sl l)
rn. install (mdc)−−−−−−−−−−−→ ((RC ′,MH),L,H, sl l)

((RC,MH),L,H, sl l)
rn. install (mdc);−−−−−−−−−−−−→ ((RC ′,MH),L,H, sl l)

admin uninstall

1. ((RC,MH),L,H, sl l)
rn.uninstall (m)−−−−−−−−−−−−→ ((RC ′,MH),L,H, sl l)

((RC,MH),L,H, sl l)
rn.uninstall (m);−−−−−−−−−−−−→ ((RC ′,MH),L,H, sl l)

admin new instance

1. ((RC,MH),L,H, sl l)
mi=rn1.get instance(imp)−−−−−−−−−−−−−−−−−→ ((RC ′,MH ′),L,H, sl l)

((RC,MH),L,H, sl l)
rn1. initialise (imp);−−−−−−−−−−−−−−→ ((RC ′,MH ′),L,H, sl l)

(P,mi,P ′) ∈ wf P change – well-formed program change (proof related)

wrc install

1. ` (RC,MH) 2.mi /∈ dom (MH)
3.RC (rn)=R 4. R body(R)=(mdc, φ)
5.md name(mdc)=m
6. R update(R,mdc#mdc, φ)=R′

((RC,MH),mi, (RC [rn 7→ R′],MH)) ∈ wf P change

wrc uninstall

1. ` (RC,MH) 2.mi /∈ dom (MH)
3.RC (rn)=R 4. R body(R)=(mdc1, φ)
5. find md in mds(mdc1,m)=mdc

6.mds rm(mdc1,mdc)=mdc2
7. R update(R,mdc2, φ \mdc)=R′

((RC,MH),mi, (RC [rn 7→ R′],MH)) ∈ wf P change
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wrc new instance

1. ` (RC,MH) 2.mi /∈ dom (MH)
3.RC (rn)=R 4. R body(R)=(mdc, φ)
5.mik

k ⊆ dom (MH)
6.md name(mdc)=m
7. R update(R,mdc, φ[mdc 7→ imp dep 7→ mi])=R′

8.RC ′=RC [rn 7→ R′]
9.MH ′=MH [mi 7→ (md,mik brk

k
)]

10. (RC ′,MH ′) `mi md
((RC,MH),mi, (RC ′,MH ′)) ∈ wf P change
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