r
m

pn

dcl

Method, meth
Field, f

Var, var

mi

Pointer, oid
amn

g, k1

mf

repl

mp

br

fan

SRC

cld®

cld® =

pd n=

repository unique identifier
module name

package name

name of derived class
method name

field name

term variable

module instance identifier
object identifier

abstract module name
index

j ; 1
repl superpackage mn{ member pnj;] TMPE; g export fgn;; }

replicating
singleton
md_repl(md®)

core_m

import m br
import shared m br
import own m br
import m as amn br

with fgn, as fgn, ..., fgn, as fqn;,

pn.dcl
brfqn]

clde

clds .. cldj,
cld#clde

pd am class dcl extends cl{fd meth_def°}

package pn;

module file
def.

replication modifier
default
replicating
singleton
get md®’s repl

module name
core module
standard module

import statement
default
shared
own
as

boundary renaming ((fgn x fgn) list)
no renaming
renaming pairs

fully-qualified name
def.
rename if fgn in br, else leave alone

source files (cld®)
def.

class def.’s, compile-time code (cld® lis
def.
cons

class, compile-time code
def.

package declaration (pn)
def.



am = access modifier
| default
|  public public
C, c = class name
| Object top class
| fgn fully qualified name
fd = field declarations (fd list)
| ] M empty
| fdy .. fdy M def.
fd = field declaration
| cf; def.
meth_def = method def.’s, compile-time code (meth_def° list)
| meth_def; .. meth_def; M def.
meth_def° = method def., compile-time code
| meth_sig{meth_body°} def.
meth_sig = o method signature
| el meth(vd def.
vd BES variable declarations (vd list)
| vdy .. vdy, M def.
vd = variable declaration
|  clvar def.
meth_body* e method body, compile-time code
| s§..s5returny; def.
5¢ n= statement, compile-time code
RS block
| Var =T} variable assignment
| var=ux.f; field read
| z.f=y; field write
| if @ == y)sS else s conditional branch
|  wvar=new cl(); object construction
| war=z.meth(y); method call
TVar, z, y = term variable
| war normal variable
|  this ref. to current object
T,y = term variables (z list)
| T .. Tk M def
P = program
|  (RC,MH) def.



RC = repository context (rn — R)
| [] M empty repository context
|  RCpn— R M rn maps to R in RC
™ = repository name
| bootstrap_r bootstrap
| r standard
R = repository
| bootstrap repository {mdc; ¢} bootstrap
|  repository r child of rn{mdc; ¢} standard
mde = module def.’s, compile-time code (md° list)
| md§..mds M def.
| md°#mde M cons
md° = module definition
| repl module mn{cld® impy, i fqn} def.
fqn = fully-qualified names (fgn list)
| @1 . % M def. o -
| fan N fgn M intersection of fgn and fqn
o = R cache (md® — (imp_dep — mi))
| [] M empty repository’s cache
| @md® — imp_dep — mi M map imp_dep to mi in map for md°
| ¢\ mde M remove mapping for md°
imp_dep n= import dependency
|  Shared default import
| Own mi instance of imported module
|  Asamn ref. to imported module
MH = module hierarchy (mi — mhv)
| ] M empty module hierarchy
| [mi— mhy M maps mi to its def. and imports
| MH, .. MH, M composes many
mhv = module hierarchy value (md x mibr)
| (md mibr) M def.
mibr = associated boundary renamings (mibr list)
| [] M empty
\ mibry .. mibry, M def.
mibr = assoc. boundary renaming (mi x br)
|  mibr M def.
md n= module instance
| repl module mn{cld imp; " fqn} def.



cld n= class def.’s (cld list)
|0 M empty
| cldy .. cldy M def.
cld n= class def.
| pd amclass dcl extends cl{fd meth_def} def.
meth_def = method def.’s (meth_def list)
| [] M empty
| meth_defy .. meth_defy, M def.
meth_def = method definition
| meth_sig{meth_body} def.
meth_body = method body
|  $1..s;returny; def.
s n= statement
| {&*) block
| var =u; variable assignment
|  wvar=ux.f; field read
| wf=y; field write
| if (@ == y)selses’ conditional branch
| var = new ., cl(); object creation
| wvar=xz.meth@); method call
ctr = context
| mipn def.
mi = module instance identifiers (mi list)
| [] M empty
| miy .. miy M def.
| mis_of(mibr) M module instances of mbr
mdg,,; = module def., compile-time code option (md® option)
|  null M none
| md® M some
f = fields (f list)
| M empty
| A Ji M def.
AT M append
Fopt = fields option (f option)
|  null M none
| f M some
meth = method names (meth list)
| [] M empty
| methy .. methy, M def.
| meth; meth’ M append



meth_def,pt

ctrmeth_defopt

cl dopt

ctxeld

ctxcld

ctxcldopt

ctxcldopt

3l

Miopt

MhVopt

Ropt

C
rnmdg,,

null
meth_def

null
(ctz, meth_def)

null
cld

(ctz, cld)

[]

ctreld; .. ctxeldy,
ctzcldQletzcld)

null
ctxzeld

null
ctxcld

pny .. prg

my .. mg

null
mi
@(mde, imp_dep)

null
mhv

MH (my)

null

RC(rn)

null

<L

<L

=L

<L

=L

=L

method def. option (meth_def option)
none
some

method def. in context option ((ctz X meth_def) option)

none
some

class def. option (cld list)
none
some

class def. in context (ctz x cld)
def.

class def.’s in context (ctzcld list)
empty
def.

rev cons

class def. lookup result (ctzcld option)
none
some

class def.’s lookup result (ctzcld option)
none
some

package names (pn list)
def.

module names (m list)
def.

module instance option (mi option)
none
some
module instance lookup

module hierarchy value option (mhv option)
none
some
lookup

repository option (R option)
none
some
repository lookup

module def., compile-time code lookup value (rnmd® option)

none



Type, T

Topt

Topt

hl

Val, v, w

Vopt

config

(rn, md°)

Object
ctx.dcl

null
I'(z)

H (oid)

Topt

T .- Tk

[Tl = T1 .. T '_’Tk]

Il — 7]

[T1 =Y. T yk]

O — 4

null
oid

L
H(oid,

(]
Lip — o
Lty — vy .. — vy

Hloid — (1, fi = v1 .. fi, = vg)

H{oid, f) — 4

(P, L H, 5,%)

=L

<L

=L

=L

some

type
supertype of all types
class identifier

result of type lookup (7 option)
none
some
static type lookup
dynamic type lookup

result of type lookup that can abort
result of type lookup
failed to find a type

types (7 list)
def.

method type
def.

type environment (z — 7)

type mappings
I' with x+—71

variable mapping (z — )
variable mappings
0 with z—y

value
null value
object identifier

result of value lookup (v option)
some
lookup value of local variable
lookup value of field

variable state (z — v)
empty variable state
L with z—wv
L with many mappings

heap (oid — (7 x (f = v)))
empty heap
H with new oid of type 7
H with (oid,f)—v

configuration
normal configuration



| (@ L H, Exception) exception occurred

FException = exception
| NPE null-pointer exception
a n= administrator action
| rn.install (nd°); install
|  rn.uninstall (m); uninstall
|  rn.initialise (imp); initialise
ia n= internal action
|  rn.install (nd°) install
|  7n.uninstall (m) uninstall
|  mi=rn.get_instance(imp) initialise
ia = internal actions
| 1a; .. tay M def.
nn = natural number (nat)
| 0 M 7Z€ero
| 1 M one
| nntnn 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 IN_SHARED IN_OWN

imp-name(import m br)=m  imp_name@import shared m br)=m  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 IB_SHARED IB_LOWN

imp_br({import m br)=br  imp_br(import shared m br)=br  imp_brimport own m br)=br
IB_AS

imp-br(import m as amn br) = br

imp_dep_o f(mdS, mi, imp) = imp_dep | — generate import dependency from md®, mi and im
P-GEpP y M, 1mp, p-a€Ep g p 1% Yy » P

IDO_SINGLETON IDO_DEFAULT_SHARED

md_repl(md®) =singleton md_repl(md®) =

imp_dep_o f (md®, mi, imp) = Shared imp_dep_o f (md®, mi, import m br) =Shared
IDO_DEFAULT_OWN IDO_SHARED

md_repl(md®) =replicating

imp_dep-of (md®, mi,import m br)=0wnmi  imp_dep_of(mdS, mi, import shared m br) =Shared
IDO_OWN IDO_AS

md_repl(md®) # singleton md_repl(md®) # singleton

imp_dep_o f (md®, mi, import own m br) = Own mi imp_dep_o f (mdS, mi, import m as amn br) = As amn



’ R_name(R)=rn ‘ — extract repository’s name

R_NAME_BOOTSTRAP R_NAME_STANDARD

R_name(bootstrap repository {md<; ¢}) =bootstrap-r ~ R_name(repository r child of rn{mdc; ¢p})=r

R _body(R) = (md¢, ¢) | — extract repository’s contents

R_BODY_BOOTSTRAP R_BODY_STANDARD

R_body(bootstrap repository {mdc; ¢})=(mds ¢  R_bodylrepository r child of rn{mds; ¢}) = (md<, ¢)

R_update(R, md®, ¢) = R' | — update a repository with given contents

R_UPDATE_BOOTSTRAP

R_update(bootstrap repository {md¢y; ¢ }, md®s ¢2) =bootstrap repository {mdc,; ¢»}
R_UPDATE_STANDARD

R_updatefrepository r child of rn{md¢; ¢1}, mds ¢o) =repository r child of rn{mdcs; 2}

mds_rm(mdcq, md®) =mdcy | — remove a module def. from a list

MDS_RM_CONS_FALSE

MDS_RM_EMPTY MDS_RM_CONS_TRUE
mds_rm(mdecq, md®) =mdc, mdi # md®_ Jp—
d 9= d d°#mdey, md9) —mde mds_rm(ndsy, mdS) =mds
mds_rm(md®) = mds_rmmd°#mde,, md®) =mde, mds_rm(mds #mdey, md®) = mdS #mdes

’ md_name(md®) =mn ‘ — extract the module name from a module definition

MD_NAME

md® = repl module mn{%wk Jan}
md_name(md®)=mn

full_name(cld) = fqn ‘ — extract the full name from a class

FULL_NAME

full_name(ackage 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



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(d){meth_body}) = meth

distinct_fqns(cld) | — fully-qualified names are distinct

DF_DEF

full_name(cldy) = fqny g
distinct (fgny, k)
distinct_fqns(cldy k)

find_md_in_mds(mde, mn) =mdg,, | - module definition lookup in a list

FMIM_EMPTY FMIM_CONS_TRUE

md® = repl module mn{cld® impy, ’ Jan}
find_md_in_mds(, mn) =null find-md_in_mds(md® mds .. mdg, mn) =md°
FMIM_CONS_FALSE

md® = repl module mn’{%m g J%}

mn # mn’
find_md_in_mds(mds .. md§, mn) =mds,,
find_md_in-mds(md® md; .. md§, mn) =mds,,,

find_md_rec(RC, rny, mn, nn) =rnmdg,, | - module def. lookup (recursive part)

FMR_BOOTSTRAP_NULL
FMR_NULL

RC(rn)=bootstrap repository {mdc; ¢}

=null '

RC(m)=nu find_md_in_mds(@mde, mn) =null
find_md_rec(RC, rn, mn, nn) =null

find-md_rec(RC, rn, mn, nn) =null

FMR_BOOTSTRAP FMR_STANDARD_FAIL
RC(rn)=bootstrap repository {mds; ¢} RC(rny) =repository r child of rny{mds; ¢}
find_md_in_mds(mdc, mn) =md® size (dom RC)<nn
find_md_rec(RC, rn, mn, nn) = (rn, md°) find-md_rec(RC, rny, mn, nn) =null

FMR_STANDARD_SELF
FMR_STANDARD_REC

RC(rny) =repository r child of rny{mde; ¢} gg&’gg;rgfgilzry r child of rn{md*; ¢}
stze (dom RC) > nn find-md_rec(RC, rng, mn, nn+ 1) =null
find-md_rec(RC, rng, mn, nn+ 1) = (rng, md°)

; d d RO — dc findfmd,’in,mds(mdg mn) — de
find_md_rec(RC, rny, mn, nn) = (rn3, md®) find_md_rec(RC, rny, mn, nn) = (rny, md®)




FMR_STANDARD_NULL

RC (rny) =repository r child of rny{md<; ¢}
size (dom RC) > nn

find-md_rec(RC, rng, mn, nn+1) =null
find-md_in_mds(mde, mn) =null

find_md_rec(RC, rny, mn, nn) =null

find-md(RC, rn, mn) =rnmds,,, | — module def. lookup

FM_DEF

find_md_rec(RC, rn, mn, 0) =rnmdg,,

find-md(RC, rn, mn) =rnmds,,

find_cld_in_module(cld, fqn) = cldp; | — class lookup in an import

FCIM_EMPTY

FCIM_NULL
—distinct_fqns(cld cldy .. cldy)

find_cld_in_module(]], fgn) =null

find_cld_in_module(cld cldy .. cld, fqn) =null

FCIM_CONS_TRUE

distinct_fqns(cld cldy .. cldy) B
cld =package pn; public class dcl extends cl{fd meth_def }

find_cld_in_module(cld clds .. cldy, pn.dcl) = cld

FCIM_CONS_FALSE

distinct_fqns(cld cldy .. cldy,)

cld =package pn'; am class dcl’ extends cl{fd meth_def }
pn # pn’ V am # public V dcl # dcl’
find_cld_in_module(clds .. cldy, pn.dcl) = cldyp

find_cld_in_module(cld cldy .. cldy, pn.del) =cldop,

find_cld_in_core(P, fqn) = ctxcldop: ‘ — class lookup in the core library module

FCIC_NO_REP_EX
RC (bootstrap_r) =null

FCIC_NOT_BOOTSTRAP_EX

RC (bootstrap_r) =repository r child of rn{mdc; ¢}

find_cld_in_core(RC, MH), fgn)=null

find_cld_in_core(RC, MH), fgn) =null
FCIC_NO_CORE_EX

RC (bootstrap_r)=bootstrap repository {mdc; ¢}
find_-md_in_mds(@nde, core_m) =null

find_cld_in_core(RC, MH), fgn)=null

FCIC_NO_CORE_MI_EX

RC (bootstrap_r)=bootstrap repository {mdc; ¢}
find_md_in_mds(mde, core_m) =md*

¢(md<, Shared) =null

find_cld_in_core(RC, MH), fgn)=null

FCIC_NO_MDMIS_EX

RC (bootstrap_r)=bootstrap repository {md¢; ¢}
find-md_in_mds(mde, core_m) =md*

¢(md<, Shared) = mi

MH (m2) =null

find_cld_in_core(RC, MH), fqgn) =null

FCIC_FALSE

RC (bootstrap_r)=bootstrap repository {md¢; ¢}
find_md_in_mds(mde, core_m)=md°

¢(mdc, Shared) = mi

MH (mi) = (repl module mn{cld impy, g faqn}, mibr)
find_cld_in_module(cld, fgn) =null

find_cld_in_core(RC, MH), fgn) =null
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FCIC_TRUE

RC (bootstrap_r) =bootstrap repository {md<; ¢}
find_md_in_mds(mde, core_m) =md*
¢(md<, Shared) =mi
MH (mi) = (repl module mn{cld imp;, g fqn}, mibr)
find_cld_in_module(cld, fqn) = cld
package_name(cld)=pn

find_cld_in_core(RC, MH), fgn) = (mi.pn, cld)

’ (MH, mi, nn) € reachable ‘ — there are nn module instances reachable from mi in MH

REACHABLE_CONS

REACHABLE_EMPTY MEH (mi) = (md, mibn)
(MH, mis_of (mibr), nn’) € reachable
(MH,[],0) € reachable (MH, mig .. mix, nn) € reachable

(MH, mi mig .. mig, nn’+nn+1) € reachable

acycliccomh MH ‘ — a module hierarchy is acyclic

AM_DEF

finite (dom (MH))

Vmi.mi C dom (MH) — (3nn.(MH, mi nn) € reachable)

Vmi € dom (MH).3md mibr. MH (mi) = (md, mibr) A mis_ofmibr) C dom (MH)
acycliccmhMH

find_cld_in_imports(MH, mibr, fqn) = ctxcldop | — class lookup in imports

FCII_NULL

( acycliccmhMH A mi € dom (MH) A

- — B mis_of (mibry .. mibry) € dom (MH)
find.cld_in_imports(MH, [} fqn) = null find_cld_in_imports(MH, mi br mibry .. mibrg, fgn) =null
FCII_SKIP

FCII_EMPTY

acyclicmhMH AN MH (mi) = (md, mibr) A
mis_of (mibry .. mibry) C dom (MH)
md = repl module mn{cld imp;” fgn} A brifqn] ¢ j%) v
(fen ¢ dom (br) A fgn € ran (br))
find_cld_in_imports(MH, mibrs .. mibry, fqn) = ctxcldop

find_cld_in_imports(MH, mi br mibry .. mibry, fqn) = ctxcldop
FCII_SELF

( acyclicmhMH AN MH (mi) = (md, mibr) A )
mis_of (mibry .. mibry) € dom (MH)
(md = repl module mn{cld imp;’ fqn} A brlfgn] € J%) A
(fqn € dom (br) V fqn ¢ ran (br))
find_cld_in_module(cld, br[fgn]) = cld N package_name(cld)=pn

find_cld_in_imports(MH, mi br mibry .. mibry, fqn) = (mi.pn, cld)
FCII_REC

( acycliccmhMH A MH (mi) = (md, mibr) A )
mis_of(mibry .. mibry) C dom (MH)
(md:repl module mn{cld imp;’ fqn} A br|fqn] € ]%) A >
(fgn € dom (br) V fqn ¢ ran (b))
find_cld_in_module(cld br[fgn]) =null
find_cld_in_imports(MH, mibr, br[fqn]) = ctzcld
find_cld_in_imports(MH, mi br mibry .. mibry, fqn) = ctzcld
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FCII_NEXT

mis_of(mibry .. mibry) C dom (MH)
(md: repl module mn{%ﬁpjj fan} A brifen] € ]%) A >
(fqn € dom (br) V fgn ¢ ran (br))
find_cld_in_module(cld br[fgn]) =null
find_cld_in_imports(MH, mibr, br[fgn]) =null
find_cld_in_imports(MH, mibrs .. mibry, fqn) = ctxcldop
find_cld_in_imports(MH, mi br mibry .. mibry, fqn) = ctxcldop

( acyclicmhMH AN MH (mi) = (md, mibr) A )

find_cld_in_sel fcld, pn, fgn) = cld,p | — class lookup in the same module

FCIS_LEMPTY FCIS_NULL

—distinct_fqns(cld cldy .. cldy)

find_cld_in_sel f (], pn, fgn) =null find_cld_in_sel f (cld cldy .. cldy, pn, fgn) =null
FCIS_.CONS_TRUE

distinct_fqns(cld cldy .. cldy)
cld=package pn’; am class dcl extends cl{fd meth_def }
pn=pn’ V am=public
find_cld_in_sel f(cld cldy .. cldy, pn, pn'.dcl) = cld
FCIS_.CONS_FALSE

distinct_fqns(cld cldy .. cldy)

cld=package pn’’; am class dcl’ extends cl{fd meth_def}

(pn # pn’ A am # public) V pn' # pn” V del # dcl’

find_cld_in_sel f (cldy .. cldy, pn, pn'.dcl) = cldop;
find_cld_in_sel f(cld cld; .. cldy, pn, pn’.dcl) = cldop

no-core_renaming_in_mibrs(P, mibr) | — there is no renaming of core classes in mibr

NCRIM_DEF
(Fetx cld. find_cld_in_core(P, fqn) = (ctz, cld)) —
Yor € bry .. bry Vfgn. ( fqn ¢ br
no_core_renaming_in_mibrs(P, miy bry .. miy bry)
no_core_renaming P ‘ — there is no renaming of core classes in P
NCR_DEF
. —— ( MH (mi) = (md, mibr) A\
Vmi € dom (MH).3md mibr. ( no_core_renaming_in_mibrs(RC; MH), mibr)

no-core_renaming(RC, MH)

’ find_cld(P, ctz, fqn) = ctxzcldop: ‘ — class lookup

FC_CORE
FC_ERR
no_core_renamingP
find_cld_in_core(P, fqn) = ctzcld
find_cld(P, ct, fqn) = ctacld

—no_core_renaming P

find_cld(P, ctz, fgn) =null

FC_SELF
FC_NULL no_core_renaming(RC, MH)
) find_cld_in_core(RC, MH), fgn) =null
no_core_renaming(RC, MH) N :

. . MH (mi) = (md, mibr)
find_cld_in_core(RC; MH), fgn) =null o
MH (mi) =null md = repl module mn{cld impy, " fqn}

Find_cld(RC, MH), mi.pn, fqn) —null find_cld_in_sel f (cld, pn, fqn) = cld

package_name(cld) = pn’
find_cld(RC, MH), mi.pn, fqn) = (mi.pn’, cld)
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FC_IMPORTS

no-core_renaming(RC, MH)
find_cld_in_core(RC, MH), fgn)=null

MH (mi) = (md, mibr)

md = repl module mn{cld impy " fqn}
find_cld_in_sel f (cld, pn, fqn) =null
find_cld_in_imports(MH, mibr, fqn) = ctzcldop
find_cld(RC, MH), mi.pn, fqn) = ctxcldopt

’ find_type(P, ctz, cl) =Top: ‘ — type lookup

FT_DCL
find_cld(P, ctz, pn.dcl) = (ctz’, cld)
class_name(cld) = dcl’

find_type(P, ctz, pn.dcl) = ctz’.dcl’

FT_OBJ FT_NULL
find_cld(P, ctz, fgn) =null
find_type(P, ctz, 0bject)=0bject find_type(P, ctz, fqn) =null

’ (P, ctz, cl, nn) € path_length ‘ — get the length of the inheritance path for ¢l

PL_FQN
PL-OBJ find_cld(P, ctz, fqn) = (ctz’, cld)
superclass_name(cld) = cl
(P, ctz, Object, 0) € path_length (P, ctz', ¢l nn) € path_length

(P, ctx, fgn, nn+1) € path_length

acyclic_clds,; P ‘ — class inheritance hierarchy in P is acyclic (starting at mi)

ACM_DEF

Vpn fan. (3ctz’ cld. find_cld(P, mi.pn, fqn) = (ctz’, cld)) — Inn.(P, mi.pn, fgn, nn) € path_length
acyclic_cldsy,; P

acyclic_cldsP | — class inheritance hierarchy in P is acyclic

AC_DEF

Vmi.acyclic_clds,; P

acyclic_clds P

find_path_rec(P, ctx, cl, ctzcld) = ctzcld,yy, | — class path lookup (recursive part)

FPR_OBJ FPR_NULL
(macyclic_cldsP) V find_cld(P, ctz, fgn)=null
find_path_rec(P, ctr,Object, ctxcld) = ctzcld find_path_rec(P, ctz, fqn, ctzcld)=null
FPR_FQN

acyclic_cldsP A find_cld(P, ctz, fqn) = (ctz’, cld)

superclass_name(cld) = cl

find_path_rec(P, ctz’, cl, ctxcldQ[ctz’, cld)) = ctaxcldyp
find_path_rec(P, ctx, fqn, ctzcld) = ctzcldop

find_path(P, ctz, cl) =ctxcld,y | — class path lookup with a class name

FP_DEF

find_path_rec(P, ctz, cl, []) = ctzcldop
find_path(P, ctz, cl) = ctxcldop
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find_path(P, 7) = ctzcld,p | — class path lookup with a type

FPTY_OBJ FPTY_DCL

find_path(P, mi.pn, pn.del) = ctzcldop
find_path(P,0bject) =] find_path(P, mi.pn.dcl) = ctzcldop

fields_in_path(ctzcld) = f | - fields lookup in a class path

FIP_CONS
FIP_EMPTY class_fields(cld) = cl; f; ;j
fields_in_path(ctzcldy .. ctocldy)=f
fields_in_path(]) =] f/ :fjj . f

fields_in_path((ctz, cld) ctzclds .. ctzcldy) = f

fields (P,7)=f

opt | — fields lookup in type 7

FIELDS_SOME

FIELDS_NONE
find_path(P, 1) = ctzcld

ind_path(P, 7) =null ) ' =ctxcia
éeldsp(P T)(: Izull fzelds,m,path(cemcld) =7
’ fields (P, 7)=f

methods_in_path(cld) =meth | — method names lookup in a path

MIP_CONS

class_methods(cld) = meth_def; :

_— l
meth_def; = cl; meth;(vd;){ meth_body; }
methods_in_path(clds .. cldy) —meth

meth=meth; ; meth
methods_in_path(cld cldy .. cldy) =meth

MIP_EMPTY

methods_in_path(])) =]

methods (P, 7) =meth | — method names lookup in a type

METHODS_METHODS
———k
find_path(P, 7) = (ctay, cldy)

methods,in,path(clidkk) =meth
methods (P, 7) =meth

ftype_in_fds(P, ctz, fd, f) :TOLpt — field type lookup in a list

FTIF_EMPTY FTIF_CONS_BOT
find_type(P, ctx, cl) =null

ftype_in_fds(P, ctz, [], /) =null ftype_in_fds(P, ctx, cl f; fdo .. fdy, ) =L
FTIF_CONS_FALSE

FTIF_CONS_TRUE

. _ f#r
find_type(P, ctx, c) =7 Ftype_in_fds(P, cta, [y . fd, ) =725,

Jtype_in_fds(P, ctx, cl f; fdy .. fdy, f) =T Ftgpe.in_Jds(P, cta cl f; Jig - Jan =1L,

ftype_in_path(P, ctzcld, f) =Top | — field type lookup in a path
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FTIP_CONS_BOT
FTIP_EMPTY

class_fields(cld) = fd
ftype_in_fds(P, ctz, fd, f) = L
ftype_in_path(P, (ctz, cld) ctxclds .. ctacldy, f) =null
FTIP_CONS_FALSE

ftype_in_path(P,[] f)=null

FTIP_CONS_TRUE .
class_fields(cld)= fd
ftype_in_fds(P, ctz, fd, f) =null
ftype_in_path(P, ctxcldy .. ctzcldy, ) =Topt
ftype_in_path(P, (ctz, cld) ctzelds .. ctzcldy, ) =Topt

class_fields(cld) :fidi
ftype_in_fds(P, ctx, fd, f) =T
ftype_in_path(P, (ctx, cld) ctzclds .. ctzcldy, f) =T

| ftype (P,7, f) =

— field type lookup

FTYPE
find_path(P,7) =ctzcld
ftype_in_path(P, ctxeld f)=1'

ftype (P, 7,f)=1"'

find_meth_de f _in_list(meth_def, meth) = meth_def,p; | — meth. def. lookup (list)

FMDIL_EMPTY

find_meth_def _in_list(], meth) =null
FMDIL_CONS_TRUE
meth_def = cl meth{vd){meth_body}

find_meth_def _in_list(meth_def meth_defs .. meth_defy, meth) = meth_def
FMDIL_CONS_FALSE

meth_def = cl meth’ (vd){meth_body} meth # meth’
find_meth_def_in_list(meth_def .. meth_defy, meth) = meth_defop:
find_meth_def_iin_list(meth_def meth_defs .. meth_defy, meth) =meth_def,p:

find_meth_de f _in_path(ctzcld, meth) = ctzmeth_def,p; | — meth. def. lookup (path)

FMDIP_EMPTY

find_meth_def in_path(], meth) =null
FMDIP_CONS_TRUE

class_methods(cld) =meth_def
find-meth_def_in_list(meth_def, meth) = meth_def

find_meth_def iin_path((ctz, cld) ctzclds .. ctzcldy, meth) = (ctx, meth_def)
FMDIP_CONS_FALSE

class_methods(cld) = meth_def

find-meth_def_in_list(meth_def, meth)=null

find_meth_def _in_path(ctzclds .. ctzcldy, meth) = ctzmeth_def,p,
find_meth_def _in_path((ctz, cld) ctzclds .. ctzcldy, meth) = ctzmeth_def,p,

find_meth_def (P, T, meth) = ctzmeth_def,p; ‘ — method def. lookup in a type

FMD_OPT
FMD_NULL

find_path(P, 7)=null
find_meth_def (P, , meth)=null

find_path(P, 7) = ctacld
find_meth_de f in_path(ctxcld, meth) = ctzmeth_def,p:
find_meth_de f (P, T, meth) = ctrmeth_defop:
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’ mtype (P, 7, meth) =7 ‘ — method type lookup

MTYPE

find_meth_def (P, 1, meth) = (ctx, meth_def)
meth_def = cl meth(cly, vary k){meth,body}
find_type(P, ctx, c) =1’

k
find_type(P, ctx, cly) =Ty
T=T% E_, 7!

mtype (P, 7, meth) =7

— subtyping

STY_DCL
STY-OBJ find_path(P, 7) = ctzcld
find_path(P,7)=ctxcld find_cld(P, mi'.pn/, pn'.dcl’) = ctzcld
P 71<0bject ctzcld € ctxcld
Pt m<mi'.pn'.dcl
— normal, multiple subtyping
STY_MANY
=T "
7/ :T,Qk
S —
PF =< Tlg
PET<7
— option subtyping
STY_OPTION
Topt =T
Toptl =7
Prr<7
P Topt= Topt/
P, H = vopt=Topt | — well-formed value
WF_NULL WF_OBJECT
Topt =T P+ H(0id)=< Topt
P, H F null<7,,, P, H F 0id=<Topt
P, T, H + L |- well-formed variable state
WF_VARSTATE
finite (dom ()
Vz € dom (I).P, H - L(x)<T'(2)
PLHFL
— well-formed heap
WF_HEAP
finite (dom (H))

3r.H (oid)=7 A 3f fields (P,7)=f A

Yoid € dom (H). 7o ( ftype (P )=7"A
Wef%”<RHFH@mﬂ<ﬂ

P-H
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I' F config | — well-formed configuration

WF_ALL_EX
P P+H
PTHFL

I+ (P, L, H, Exception)

— well-formed statement

WF_BLOCK

WF_ALL

- P
PHH
PTHFL
PTF s

I'- (P LH 5")

WF_FIELD_READ WF_FIELD_WRITE

WF_VAR_ASSIGN T@)=r T@)=r

PTF s b P+ T'@)<T (var) ftype (P, 7, f)="1" ftype (P, 7, f)=7'

PTF {5} PT F var=u; P+ 7'<T (var) PHT@=<1
PTFuvar=x.f; PTFaxz.f=y;

WF_MCALL

WF_IF WF_NEW T=T " T@)=r
P+T@=<T({y) v P+TIy=<I( find_type(P, ctz, c) =T mtype (P, 7, meth) =7 % — 7/

PTFs PTF s P+ 7<T(var) Prigo<m"

P T Fif (z == y)s; else sy

P . meth_def | — well-formed method in 7

distinct (vary *)

P, '+ var = new iy Cl()’

P+ 7'<T(var)
P, T+ var=x.meth(y);

WF_METHOD

k
find_type(P, ctz, cly) =Ty
I = [vary — 71, *]bhis — ctz.dcl]

PTF s
PrFT@y=<T7

find_type(P, ctx, cl) =T

Pt iiz.aer ¢l meth(cly vary k){?ll return y; }

P \ciz (del, cl, fd, meth_def)

— well-formed class in ctz (generic rule)

WF_CLASS_COMMON
find_type(P, ctz, cl) =1

cte.del £ 1
fields (P,7)=f

distinct (EJ)
5 AT

find_type(P, ctz, cl;) =T, !

Pt iiz.gc1 meth_defy, i

method_name(meth_defy) = methy, g
distinct (methy, k)
methods (P, 7) = meth, :

1
mtype (P, ctz.dcl, meth) =m

!
mtype (P, 7, meth)) =,

l

[E—
meth; € meth;, — m =

P b (del, cl, ol [ meth-def, ")

P+, cld | — well-formed class in mi

WF_CLASS

P }_mi.pn (dd7 Cl,ﬁ, W)

P I-,,; package pn; am class dcl extends cl{fd meth_def}
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— well-formed module instance

WF_MODULE

full_name(cld;) :fqnjj distinct (%])

(RC, MH) b, cldjj acyclic_clds,;(RC, MH)

MH (mi) = (md, mibr) A no_core_renaming_in_mibrs(RC, MH), mibr)
(RC, MH) +,,; repl module mn{dej Tmpy " fan}

MH + ¢ | — well-formed module instance cache

WF_RMIS

Vmde imp_dep N'mi.¢mdS, imp_dep) = mi — mi € dom (MH)

MH F ¢
— well-formed repository
WF_BOOTSTRAP_REP WF_NORMAL_REP
find_md_in_mds(mde, core_m) =md° T #Tn rn € dom (RC)
MH + ¢ MH + ¢

(RC, MH) F bootstrap repository {md¢; ¢} (RC, MH)  repository r child of rn{mdc; ¢}

MH + RC'|— well-formed repository context

WF_RC

Vrn € dom (RC).3AR. (RC(rm)=R A R_nameR)=rn A (RC, MH) F R)
bootstrap_r € dom (RC)

MH + RC

RC + MH | — well-formed module hierarchy

WF_MH

acycliccmh MH
Vmi € dom (MH).3md mibr. MH (mi) = (md, mibr) A (RC, MH) b, md

RCF MH
— well-formed program
WEF_P
MH = RC
RC+ MH
acyclic_clds(RC, MH)
F (RC, MH)

find_pkg_clds(clde,, pn) = cld®y | —

FPC_CONS_TRUE

FPC_EMPTY cld® =package pn; am class dcl extends cl{fd meth_def°}
pn € pn -
find_pkg_clds(,pn) = find_pkg_clds(cld§ .. clds§, pn) = cld®

find_pkg_clds(cld® clds .. cldS, pn) = cld®#cld®
FPC_CONS_FALSE
cld® =package pn; am class dcl extends cl{fd meth_def°}
pn ¢ pn L
find_pkg_clds(clds .. clds, pn) = cld®
find_pkg_clds(cld® clds .. cldS, pr) = cld®
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| SRC = mf ~ mde

— packaging a module file to a module def., compile-time code

PCG_MF

find_pkg_clds(clde,, pn; ) =cld®

= - I — % —1
cld®y - repl superpackage mn{ member pnj;j Tmpj; i export fgn;; } ~» repl module mn{cld¢y impy, g fani }

Fetz S€ ~ | — context insertion for a statement

CI-8-BLOCK CI_S_VAR_ASSIGN CI_S_FIELD_READ CI_S_FIELD_WRITE
—
Fete 5(12 ~ Sk
—k — . — . _ . _ . - )
Few {55}~ {F}  Few var=a;var=u;  beg var=z.fi~~var=z.f;  Fog 2.f=y;~ z.f=y;
CI_S_IF CI_S_MCALL
Fctz 5c1: ~ 51 Fctz 55 ~ 52
Fet if (@ == y)sS else s§ ~ if (t == y)s;else sy oy var =z.meth(yg *); ~ var = z.meth(gg *);
CI_S_NEW

F et var=new cl(); ~ var = new ., cl();

Fetw meth_def® ~ meth_def ‘ — context insertion for method def.’s

CI_METH_DEF

e —
Fotg S€ ~ 8

Fetr cl meth@{gk return y; } ~ cl meth(wd{5* returny; }

Fs md® ~ md | — module def. translation

CI_MODULE
Foi clds ~ cld;’

F.mi repl module mn{chJC»j Impg b fan} ~ repl module mn{chjj impg i fan}

Foms cld® ~ cld | — context insertion for class def.’s

CI_CLD

cld® =package pn; am class dcl extends cl{fd meth_def*, k}

Fmi.pn meth_def, ~» meth_defy, g

cld=package pn; am class dcl extends cl{fd meth_def; k}
Fos cld® ~ cld

— variable translation for a statement

TR_S_BLOCK TR_S_VAR_ASSIGN TR_S_FIELD_READ
OF s 5] Owar) -var 0(war) -var
— )=z @)=z
oF {5* T
{5~ {s } 0+ var=z;~ var' =1, O+ var=xz.f;~ var' =x'.f;
TR_S_FIELD_WRITE TR_S_IF
O(x) =1 O)=z' Oy) =1y’ OF 51~ 51
0) =y’ O+ 55~ s
OFx.f=y;~ o' .f=y'; Ok if (z == y)s; else sy ~ if (' == y)s] else s
TR_S_MCALL
TR_S_NEW
) O (war) =var’ O@)=xz'
O(var) =wvar ———k
tar) 0y) =y,

0+ var = new oy cl(); ~ var’ = new gy cl(); —
- - 0 F var =x.meth(gg *); ~ var':z’.meth(yl’gk);
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— reduction of a statement

‘ config — config’

R_BLOCK

— 1 — 1
(P.LH {5 }s; ) — (P.LH 5"s])
R_FIELD_READ_NPE

L(zx)=null

R_VAR_ASSIGN
Lx)=v

(P, L Hyvar=x; 5;') — (P, Lvar — <}, H, 5;")
R_FIELD_READ

L(x)=oid H(oid, f)=v

(P.LH var=x.f; 5') — (P. L I, NPE)
R_FIELD_WRITE_NPE

(PvL Hﬂ UaT:$.f; ?ll) - (R L[’UG,T’ = ’0]7 H7 ?ll)
R_FIELD_WRITE

L(z) =null L(x)=oid Liy)=v
P LA =y 5" — PLENPE  (BLAzf=y 50 — B LAGd]) —q 5
R_IF_TRUE R_IF_FALSE
L)=v Liy)=w v=w Lix)=v Ly =w vEw
(PLHif @ == g)sielsesy 5] ) — (P LH s 5] ) (PLHif @@ == s elsesy s, ) — (P, L H, 55, )
R_NEW

find_type(P, ctz, c)=T

fields (P, 7) =

oid ¢ dom (H) | H'=Hloid — (r, fy — null "

L(z)=null

(P, L H,var = new .y, cl(); ;') — (P, Lvar — oid, H', 5;")

R_MCALL_NPE

(P, L, H,var =z.meth@ ¥); 5;') — (P, L H, NPE)

L(x)=oid

R_-MCALL

Hoid)=T1

find_meth_def (P, T, meth) = (ctx, cl meth(cly, vary, k){sjﬂ return y; })

vary, * 1 dom D
z’ ¢ vary,

L' = Llvar] — vy k][t’ — oid)

0= [vary, — var;, |this — 2/

0y =y’

—k
distinct (var;, )

2’ ¢ dom ()

R
Liyy) = vy,

J
/ "
I— . Ay Sl
9 5] SJ

(P, L H, var = z.meth(yy, *); 5

ia . . .
config —— config’ | — reduction of internal actions

R_NO_ACTION

Y — (P, L, H, ?j var=vy'; 5)

J

R_ACTION_LIST

(P LH 5" " (P LH 5"
(P L H, 5') —2 % (pr I H, 5

config — config
(P, L

RC(rm)=R
md_name(md®)=m

k
md_name(mds) =mny,

H, 5t

3

) Q 1ag .. 1a)
el A NN

(P" L H, ")
R_INSTALL

R_body(R) = (mdS, k7 ®)

m ¢ mng *

R_update(R md® mds. ", ¢) =R’

RC'=RCfn — R

(RC,MH), L H, 5")

rn. install (md°)

(RC', MH), L H, 5")
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RC(n)=R

R_UNINSTALL

R_body(R) = (md°1, ¢)

find_md_in_mds(@md®, m) =md°

mds_rm(mdecy, md®) =mdc,

R_update(R, mdes, ¢ \ md®) =R’

RC'"=RCfn — R

(RC,MH), L H, 5")

imp_name(imp) =m

find_md(RC, rnq, m) = (rng, md®)

R_body(Rs) = (md®s, ¢o)

rn. uninstall (m)

(RC, MH), L H, 5"
R_EXISTING_INSTANCE

RC(’I‘TIQ) = R2

mi’ ¢ dom (MH)

imp-dep_of (mdS, mi’, imp) = imp_dep

¢P2(mde, imp_dep) = mi

mi=rn;.get_instance@mp)

(RC.MH), L H, 5")

imp-name(imp) =m

find_md(RC, rny, m) = (rng, md®)

R_body(Ry) = (md<y, ¢o)

(RC,MH), L H, 5;")
R_NEW _INSTANCE

RC (7“712) = RQ

mi’ ¢ dom (MH)

imp_dep_of (mdS, mi’, imp) = imp_dep’
¢2(mdS, imp_dep’) =null
md° = repl module m{cldc impy, b fqn}

(RC,MH), L H, 5")
mi ¢ dom (MH')

i mde ~~ md

MH" = MH' fmi v (md, miy, br, ')

mi=rnsy.get_instance(impy,)

(RC' MH'), L, H, 5;")
imp-_dep_o f (mdS, mi, imp) = imp_dep

imp_br(impy) = bry,
RC'(rng) =R},

R_body(R5) = (md®s, ¢s)
R_update(R}, mdes, ¢3md® — imp_dep — mi) =Rl

RC"=RC'[rny —

R (RC" MH") * i md

(RC,MH), L H, 5")

mi=rni.get_instance@mp) ((RCH, MH”), L H, ?ll)

config —— config’

(RC,MH), L H, 5")

— reduction of an administrator action

ADMIN_INSTALL

rn. install (md°)
It AN

(RC, MH) L H, 5")

(RC,MH), L H, 5")

(RC,MH), L H, 5"

rn. install (md°);

(RC', MH), L H, 5")
ADMIN_UNINSTALL

) rn. uninstall (m)

(RC', MH) L H, 5")

(RC,MH), L H, 5"

(RC,MH), L H, 5"

) rn. uninstall (m);

(RC', MH), L H, 5")
ADMIN_NEW _INSTANCE

) mi=rn;.get_instance@mp)

(RC', MH), L H, 51")

(RC,MH), L H, 5"

’ (P, mi, P") € wf_P_change ‘ — well-formed

) rny . initialise (imp);

(RC',MH", L H, 5"
program change (proof related)

WRC_UNINSTALL

WRC_INSTALL

F (RC, MH) mi ¢ dom (MH)
RC(@rm)=R *. R_body(R)=(md-, ¢)
md_name(md®)=m
R_update(R, md*#md, ¢) = R’

F (RC, MH) mi ¢ dom (MH)
RC(@rn)=R . R_body(R)=(md<, ¢)
find_md_in_mds(mdc,, m) =md®
mds_rm(mdey, md®) =mdc,

(RC, MH), mi, (RC|rn — R}, MH)) € wf_P_change

R_update(R mdcs, ¢ \ md®) =R’
(RC, MH), mi, (RC'[rn — R, MH)) € wf_P_change
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WRC_NEW_INSTANCE

F (RC, MH) mi ¢ dom (MH)
RC(rm)=R 4. R_body(R) = (md<, ¢)
min," C dom (MH)
md_name(md®) =m
R_update(R, mde, ¢Imd® — imp_dep — mi) =R’
RC'"=RCJrn — R/
MH'= MH [mi — (md, miy, bry, k)]

(RC', MH') - md

(RC, MH), mi, (RC’, MH")) € wf_P_change
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