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MiniMAO0
An Object-Oriented Base

MiniMAO0 Syntax

P :: = decl∗ e
decl :: = class c extends c { field∗ meth∗ }

field :: = t f
meth :: = t m( form∗ ) { e }

form :: = t var, where var "= this

e :: = new c() | var | null | e.m( e∗ ) |
e. f | e. f = e | cast t e | e; e

Soundness Theorem

Given a program P = decl1 . . . decln e,
with # P OK, and a valid store S0, then

either the evaluation of e diverges or else
〈e, •, S0〉 ∗

↪→ 〈v, J, S〉 and one of the
following hold for v:

• v = loc and loc ∈ dom(S),

• v = null,

• v = NullPointerException, or

• v = ClassCastException

Binding Soundness Lemma

Let S be a valid store and
J = (|. . . , t0 × . . . × tn → t|) + J′ be a stack
consistent with S. If B̄ = adviceBind(J, S),
then ∀+,b, loc, e, τ, τ′-. ∈ B̄ the following

conditions hold:

1. τ′ = t0 × . . . × tn → t,

2. ∅ # b OK, and

3. for Γ ≈ S the judgment

Γ, this : Γ(loc), proceed : τ′,
typeBind(Γ, b, 〈t0, . . . , tn〉) # e : t′

holds for some t′ ! t.

1
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MiniMAO1
Aspect-Oriented Extension

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

Soundness Theorem

Given a program P = decl1 . . . decln e,
with " P OK, and a valid store S0, then

either the evaluation of e diverges or else
〈e, •, S0〉 ∗

↪→ 〈v, J, S〉 and one of the
following hold for v:

• v = loc and loc ∈ dom(S),

• v = null,

• v = NullPointerException, or

• v = ClassCastException

Binding Soundness Lemma

Let S be a valid store and
J = (|. . . , t0 × . . . × tn → t|) + J′ be a stack
consistent with S. If B̄ = adviceBind(J, S),
then ∀*+b, loc, e, τ, τ′,- ∈ B̄ the following

conditions hold:

1. τ′ = t0 × . . . × tn → t,

2. ∅ " b OK, and

3. for Γ ≈ S the judgment

Γ, this : Γ(loc), proceed : τ′,
typeBind(Γ, b, 〈t0, . . . , tn〉) " e : t′

holds for some t′ ! t.
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Operational Semantics:
Join Points and Chains

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| chain B̄, j( e∗ )

| under e

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

T-ADV
var : t , pcd : ! u0 ! 〈u〉 ! u ! V ! V

var : t, this : a, proceed : (u0 × u → u) , e : s
V = {var} s " t " u

, t around( t var ) : pcd { e } OK in a

Soundness Theorem

Given a program P = decl1 . . . decln e,
with , P OK, and a valid store S0, then
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Operational Semantics:
Splitting the Call Rule

Call in MiniMAO0

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2



Operational Semantics:
Splitting the Call Rule

Call in MiniMAO0

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2



Operational Semantics:
Splitting the Call Rule

CallA in MiniMAO1

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc/ this|}{|v/ b|}], j + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉
∧ 〈−, a〉
∧ 〈p (→ locB,−〉
∧ 〈−,−, amt〉
∧ 〈p (→ locB,−, amt〉
∧ 〈p (→ locB, a, amt〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

2



Operational Semantics:
Splitting the Call Rule

CallA in MiniMAO1

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc/ this|}{|v/ b|}], j + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉
∧ 〈−, a〉
∧ 〈p (→ locB,−〉
∧ 〈−,−, amt〉
∧ 〈p (→ locB,−, amt〉
∧ 〈p (→ locB, a, amt〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

2



Operational Semantics:
Splitting the Call Rule

CallA in MiniMAO1

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc/ this|}{|v/ b|}], j + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉
∧ 〈−, a〉
∧ 〈p (→ locB,−〉
∧ 〈−,−, amt〉
∧ 〈p (→ locB,−, amt〉
∧ 〈p (→ locB, a, amt〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

2



Operational Semantics:
Splitting the Call Rule

CallA in MiniMAO1

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

Bind

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc/ this|}{|v/ b|}], j + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉
∧ 〈−, a〉
∧ 〈p (→ locB,−〉
∧ 〈−,−, amt〉
∧ 〈p (→ locB,−, amt〉
∧ 〈p (→ locB, a, amt〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

2



Operational Semantics:
Splitting the Call Rule

CallA in MiniMAO1

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

Bind

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc/ this|}{|v/ b|}], j + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉
∧ 〈−, a〉
∧ 〈p (→ locB,−〉
∧ 〈−,−, amt〉
∧ 〈p (→ locB,−, amt〉
∧ 〈p (→ locB, a, amt〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

2



Operational Semantics:
Splitting the Call Rule

CallA in MiniMAO1

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

Bind

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc/ this|}{|v/ b|}], j + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉
∧ 〈−, a〉
∧ 〈p (→ locB,−〉
∧ 〈−,−, amt〉
∧ 〈p (→ locB,−, amt〉
∧ 〈p (→ locB, a, amt〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

2



Operational Semantics:
Splitting the Call Rule

CallA in MiniMAO1

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

Bind

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc/ this|}{|v/ b|}], j + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉
∧ 〈−, a〉
∧ 〈p (→ locB,−〉
∧ 〈−,−, amt〉
∧ 〈p (→ locB,−, amt〉
∧ 〈p (→ locB, a, amt〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

2



Operational Semantics:
Splitting the Call Rule

CallA in MiniMAO1

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

Bind

Advise

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd
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û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types
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〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc/ this|}{|v/ b|}], j + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉
∧ 〈−, a〉
∧ 〈p (→ locB,−〉
∧ 〈−,−, amt〉
∧ 〈p (→ locB,−, amt〉
∧ 〈p (→ locB, a, amt〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

2



Operational Semantics:
Splitting the Call Rule

CallA in MiniMAO1

Bind

Advise

CallB

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $% + B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc/ this|}{|v/ b|}], j + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉
∧ 〈−, a〉
∧ 〈p (→ locB,−〉
∧ 〈−,−, amt〉
∧ 〈p (→ locB,−, amt〉
∧ 〈p (→ locB, a, amt〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

2
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Running Example

• Assume Author 
includes: royalty(int)
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Running Example

• Assume Author 
includes: royalty(int)

• Log every call to 
Author’s royalty 
from any Pub
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Pub

Author
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Advice

aspect Logger {
 void around(Author a, Pub p, int amt) :
  call(void royalty(..)) && target(Author a) &&
  this(Pub p) && args(int amt)
 {
� � this.log(“Before:” + p + “ calls ” + a );
  a.proceed(amt);
� � this.log(“After:” + p + “ calls ” + a );
 }
� …
}



Advice

aspect Logger {
 void around(Author a, Pub p, int amt) :
  call(void royalty(..)) && target(Author a) &&
  this(Pub p) && args(int amt)
 {
� � this.log(“Before:” + p + “ calls ” + a );
  a.proceed(amt);
� � this.log(“After:” + p + “ calls ” + a );
 }
� …
}



Advice

aspect Logger {
 void around(Author a, Pub p, int amt) :
  call(void royalty(..)) && target(Author a) &&
  this(Pub p) && args(int amt)
 {
� � this.log(“Before:” + p + “ calls ” + a );
  a.proceed(amt);
� � this.log(“After:” + p + “ calls ” + a );
 }
� …
}



Advice

aspect Logger {
 void around(Author a, Pub p, int amt) :
  call(void royalty(..)) && target(Author a) &&
  this(Pub p) && args(int amt)
 {
� � this.log(“Before:” + p + “ calls ” + a );
  a.proceed(amt);
� � this.log(“After:” + p + “ calls ” + a );
 }
� …
}



Advice

aspect Logger {
 void around(Author a, Pub p, int amt) :
  call(void royalty(..)) && target(Author a) &&
  this(Pub p) && args(int amt)
 {
� � this.log(“Before:” + p + “ calls ” + a );
  a.proceed(amt);
� � this.log(“After:” + p + “ calls ” + a );
 }
� …
}



Advice

aspect Logger {
 void around(Author a, Pub p, int amt) :
  call(void royalty(..)) && target(Author a) &&
  this(Pub p) && args(int amt)
 {
� � this.log(“Before:” + p + “ calls ” + a );
  a.proceed(amt);
� � this.log(“After:” + p + “ calls ” + a );
 }
� …
}



Advice

aspect Logger {
 void around(Author a, Pub p, int amt) :
  call(void royalty(..)) && target(Author a) &&
  this(Pub p) && args(int amt)
 {
� � this.log(“Before:” + p + “ calls ” + a );
  a.proceed(amt);
� � this.log(“After:” + p + “ calls ” + a );
 }
� …
}



Advice

aspect Logger {
 void around(Author a, Pub p, int amt) :
  call(void royalty(..)) && target(Author a) &&
  this(Pub p) && args(int amt)
 {
� � this.log(“Before:” + p + “ calls ” + a );
  a.proceed(amt);
� � this.log(“After:” + p + “ calls ” + a );
 }
� …
}



Advice

aspect Logger {
 void around(Author a, Pub p, int amt) :
  call(void royalty(..)) && target(Author a) &&
  this(Pub p) && args(int amt)
 {
� � this.log(“Before:” + p + “ calls ” + a );
  a.proceed(amt);
� � this.log(“After:” + p + “ calls ” + a );
 }
� …
}



Advice

aspect Logger {
 void around(Author a, Pub p, int amt) :
  call(void royalty(..)) && target(Author a) &&
  this(Pub p) && args(int amt)
 {
� � this.log(“Before:” + p + “ calls ” + a );
  a.proceed(amt);
� � this.log(“After:” + p + “ calls ” + a );
 }
� …
}
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locB:Book locA:Author

royalty

Pointcut Matching



locB:Book locA:Author

royalty

Pointcut Matching

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Γ - call(void move(..)) && target(Point p) &&

this(Shape s) && args(int x, int y):
Shape ! Point ! 〈int, int〉 ! void ! {s,p,x,y} ! {s,p,x,y}

2



locB:Book locA:Author

royalty

Pointcut Matching

matchPCD(j + J,
 call(void royalty(..)) 
 && target(Author a)
 && this(Pub p)
 && args(int amt)
) =

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Γ - call(void move(..)) && target(Point p) &&

this(Shape s) && args(int x, int y):
Shape ! Point ! 〈int, int〉 ! void ! {s,p,x,y} ! {s,p,x,y}

2



locB:Book locA:Author

royalty

Pointcut Matching

matchPCD(j + J,
 call(void royalty(..)) 
 && target(Author a)
 && this(Pub p)
 && args(int amt)
) =

^  matchPCD(j + J,this(Pub p) )

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Γ - call(void move(..)) && target(Point p) &&

this(Shape s) && args(int x, int y):
Shape ! Point ! 〈int, int〉 ! void ! {s,p,x,y} ! {s,p,x,y}

2

matchPCD(j + J,call(void royalty(..)))
^  matchPCD(j + J,target(Author a))

^  matchPCD(j + J,args(int amt))



locB:Book locA:Author

royalty

Pointcut Matching

matchPCD(j + J,
 call(void royalty(..)) 
 && target(Author a)
 && this(Pub p)
 && args(int amt)
) =

^  matchPCD(j + J,this(Pub p) )

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Γ - call(void move(..)) && target(Point p) &&

this(Shape s) && args(int x, int y):
Shape ! Point ! 〈int, int〉 ! void ! {s,p,x,y} ! {s,p,x,y}

2

^  matchPCD(j + J,target(Author a))

^  matchPCD(j + J,args(int amt))

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Γ - call(void move(..)) && target(Point p) &&

this(Shape s) && args(int x, int y):
Shape ! Point ! 〈int, int〉 ! void ! {s,p,x,y} ! {s,p,x,y}

2



locB:Book locA:Author

royalty

Pointcut Matching

matchPCD(j + J,
 call(void royalty(..)) 
 && target(Author a)
 && this(Pub p)
 && args(int amt)
) =

^  matchPCD(j + J,this(Pub p) )

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Γ - call(void move(..)) && target(Point p) &&

this(Shape s) && args(int x, int y):
Shape ! Point ! 〈int, int〉 ! void ! {s,p,x,y} ! {s,p,x,y}

2

^  matchPCD(j + J,args(int amt))

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Γ - call(void move(..)) && target(Point p) &&

this(Shape s) && args(int x, int y):
Shape ! Point ! 〈int, int〉 ! void ! {s,p,x,y} ! {s,p,x,y}

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉
∧ 〈−, a〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

2



locB:Book locA:Author

royalty

Pointcut Matching

matchPCD(j + J,
 call(void royalty(..)) 
 && target(Author a)
 && this(Pub p)
 && args(int amt)
) =

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉
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〈E[chain "#b, loc′, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Γ - call(void move(..)) && target(Point p) &&

this(Shape s) && args(int x, int y):
Shape ! Point ! 〈int, int〉 ! void ! {s,p,x,y} ! {s,p,x,y}
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Author × int → void |)
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matchPCD(j + J,
 call(void royalty(..)) 
 && target(Author a)
 && this(Pub p)
 && args(int amt)
) =

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
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| under e
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B̄ :: = B + B̄ | •
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α :: = var (→ loc | −
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〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $%+ B̄, j( v )], J, S〉 ↪→
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〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)
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û ! û′ ! U ! û′′ ! V1 ! V2

Γ - call(void move(..)) && target(Point p) &&

this(Shape s) && args(int x, int y):
Shape ! Point ! 〈int, int〉 ! void ! {s,p,x,y} ! {s,p,x,y}
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adv :: = t around( form∗ ) : pcd { e }
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pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉
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〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Γ - call(void move(..)) && target(Point p) &&

this(Shape s) && args(int x, int y):
Shape ! Point ! 〈int, int〉 ! void ! {s,p,x,y} ! {s,p,x,y}
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decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉
∧ 〈−, a〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

2

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉
∧ 〈−, a〉
∧ 〈p (→ locB,−〉

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2
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decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc′, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)
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 && target(Author a)
 && this(Pub p)
 && args(int amt)
) =

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
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e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
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B :: = "#b, loc, e, τ, τ$%
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j = (| call,−,royalty,−,
Author × int → void |)
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Γ - call(void move(..)) && target(Point p) &&
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〈E[under e′{|loc′/ this|}{|v/ b|}], j′ + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉
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Type rules

T-ADV
var : t ' pcd : ! u0 ! 〈u〉 ! u ! V ! V

var : t, this : a, proceed : (u0 × u → u) ' e : s
V = {var} s " t " u

' t around( t var ) : pcd { e } OK in a

Soundness Theorem

Given a program P = decl1 . . . decln e, with
' P OK, and a valid store S0, then either the

evaluation of e diverges or else
〈e, •, S0〉 ∗

↪→ 〈v, J, S〉 and either:

• v = loc and loc ∈ dom(S),

• v = null,

• v = NullPointerException, or

• v = ClassCastException
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Advice Chaining

decl :: = . . . | aspect a { field∗ adv∗ }

adv :: = t around( form∗ ) : pcd { e }

pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

e :: = . . .
| joinpt j( e∗ )

| under e
| chain B̄, j( e∗ )

B̄ :: = B + B̄ | •
B :: = "#b, loc, e, τ, τ$%
b :: = 〈α, β, β∗〉
α :: = var (→ loc | −
β :: = var | −

〈E[v0.m( v1, . . . , vn )], J, S〉 ↪→ 〈E[joinpt (|call,−, m,−, τ|)( v )], J, S〉

〈E[joinpt j( v )], J, S〉 ↪→ 〈E[under chain B̄, j( v )], j + J, S〉

〈E[chain "#b, loc, e, , $%+ B̄, j( v )], J, S〉 ↪→
〈E[under e′{|loc/ this|}{|v/ b|}], j + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉
∧ 〈−, a〉
∧ 〈p (→ locB,−〉
∧ 〈−,−, amt〉
∧ 〈p (→ locB,−, amt〉
∧ 〈p (→ locB, a, amt〉
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〈E[under e′{|loc/ this|}{|v/ b|}], j + J, S〉

〈E[chain •, (|call,−, m,−, τ|)( v )], J, S〉 ↪→ 〈E[( l ( v ) )], J, S〉

Sample joinpoint abstraction

j = (| call,−,royalty,−,
Author × int → void |)

〈−,−〉
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û ! û′ ! U ! û′′ ! V1 ! V2

Γ ' call(void royalty(..)) && target(Author a) &&

this(Pub p) && args(int amt):
Pub ! Author ! 〈int〉 ! void ! {p,a,amt} ! {p,a,amt}

Type rules

T-ADV
var : t ' pcd : ! u0 ! 〈u〉 ! u ! V ! V

var : t, this : a, proceed : (u0 × u → u) ' e : s
V = {var} s " t " u

' t around( t var ) : pcd { e } OK in a

Soundness Theorem

3

Binding Substitution

e{|locA,100 / 〈p "→ locB, a, amt〉|}
= e{|locB/ p|}{|locA,100 / 〈−, a, amt〉|}
= e{|locB/ p|}{|locA / 〈−, a〉|}{|100 / amt|}
= e{|locB/ p|}{|locA / a|}{|100 / amt|}

Advice Chaining

where e′ = 〈〈e〉〉B̄,j

〈〈this.log(...); a.proceed(amt)〉〉B̄,j
= 〈〈this.log(...)〉〉B̄,j; 〈〈a.proceed(amt)〉〉B̄,j
= 〈〈this〉〉B̄,j.log(...); 〈〈a.proceed(amt)〉〉B̄,j
= this.log(...); 〈〈a.proceed(amt)〉〉B̄,j
= this.log(...); chain B̄, j (a,amt)

Pointcut Types
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û ! û′ ! U ! û′′ ! V1 ! V2

Γ ' call(void royalty(..)) && target(Author a) &&

this(Pub p) && args(int amt):
Pub ! Author ! 〈int〉 ! void ! {p,a,amt} ! {p,a,amt}

Type rules

T-ADV
var : t ' pcd : ! u0 ! 〈u〉 ! u ! V ! V

var : t, this : a, proceed : (u0 × u → u) ' e : s
V = {var} s " t " u

' t around( t var ) : pcd { e } OK in a

Soundness Theorem

3

Binding Substitution

e{|locA,100 / 〈p "→ locB, a, amt〉|}
= e{|locB/ p|}{|locA,100 / 〈−, a, amt〉|}
= e{|locB/ p|}{|locA / 〈−, a〉|}{|100 / amt|}
= e{|locB/ p|}{|locA / a|}{|100 / amt|}

Advice Chaining

where e′ = 〈〈e〉〉B̄,j

〈〈this.log(...); a.proceed(amt)〉〉B̄,j
= 〈〈this.log(...)〉〉B̄,j; 〈〈a.proceed(amt)〉〉B̄,j
= 〈〈this〉〉B̄,j.log(...); 〈〈a.proceed(amt)〉〉B̄,j
= this.log(...); 〈〈a.proceed(amt)〉〉B̄,j
= this.log(...); chain B̄, j (a,amt)

Pointcut Types
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Pointcut Types
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pcd :: = call( pat ) | execution( pat ) |
this( form ) | target( form ) | args( form∗ ) |
pcd && pcd | ! pcd | pcd || pcd

pat :: = t idPat(..)
e :: = . . . | e.proceed( e∗ )

Pointcut Types

û ! û′ ! U ! û′′ ! V1 ! V2

Type rules

T-ADV
var : t # pcd : ! u0 ! 〈u〉 ! u ! V ! V

var : t, this : a, proceed : (u0 × u → u) # e : s
V = {var} s " t " u

# t around( t var ) : pcd { e } OK in a

Soundness Theorem

Given a program P = decl1 . . . decln e,
with # P OK, and a valid store S0, then

either the evaluation of e diverges or else
〈e, •, S0〉 ∗

↪→ 〈v, J, S〉 and one of the
following hold for v:

• v = loc and loc ∈ dom(S),

• v = null,

• v = NullPointerException, or

• v = ClassCastException
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Pointcut Types
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this(Pub p) && args(int amt):
Pub ! Author ! 〈int〉 ! void ! {p,a,amt} ! {p,a,amt}
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T-ADV
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V = {var} s " t " u

! t around( t var ) : pcd { e } OK in a

Soundness Theorem

Given a program P = decl1 . . . decln e, with
! P OK, and a valid store S0, then either the

evaluation of e diverges or else
〈e, •, S0〉 ∗

↪→ 〈v, J, S〉 and either:

• v = loc and loc ∈ dom(S),

• v = null,

• v = NullPointerException, or

• v = ClassCastException

Binding Soundness Lemma

Let S be a valid store and
J = (|. . . , t0 × . . . × tn → t|) + J′ be a stack

consistent with S. If B̄ = adviceBind(J, S), then
∀*+b, loc, e, τ, τ′,- ∈ B̄ the following conditions

hold:

1. τ′ = t0 × . . . × tn → t,

2. ∅ ! b OK, and

3
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Invariant Target 
Matching

• AspectJ

• Matches A.m(), 
A <: Object

• Fails at runtime

• MiniMAO1

• Does not match, 
A ≠ Object

A

m(): Number
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Number around(Object t) :
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 && target(Object t)
{
 new B().proceed()
}



Alternatives to Invariant 
Target Matching

• Subtype matching without allowing 
target changes
• Two forms of target pointcut?

• Global typechecking
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Alternative to Return 
Type in Pointcut

• Calculate least upper bound on return 
types from pointcut
• Object if not specified
• Might require casts
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3. for Γ ≈ S the judgment

Γ, this : Γ(loc), proceed : τ′,
typeBind(Γ, b, 〈t0, . . . , tn〉) ! e : t′

holds for some t′ " t.
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• Pre- and post-conditions
• Implicit under-specification

• Investigate practical implications



Questions?


