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COM 1205

* hasjust been renamed from
— Software Design and Development to
— Advanced Pattern Matching and Brain
Conditioning
e motivation:
— software development will change, but

— your pattern matching skills in your brain will
be useful for the rest of your lives




Pattern matching

 Our brains are good at matching patterns
 recognize commonalities and differences

e sometimes have three-way and multi-way
pattern matching



Three-way pattern matching

« Glven two instances of a pattern, find the
correspondences between the instances and
the pattern

— pattern = class dictionary
— Instance 1. sentence
— Instance 2: object



poi ntcut X1(S sl1) : this(s); sentence

Aspect JFragnent = <poi nt cuts> Li st (PointCut) EOF.

Poi nt Cut = "poi ntcut" PCNane

<| hs> PCList (ArgbDecl) ":" <rhs> PCExp ";".
PCNane = | dent.
PCList(S) ~"(" S{ "," S} ")". List(S) ~ {S}.
ArgDecl = <t> Type Vari abl e.
Type = | dent.
Vari able = | dent.

. Aspect JFragnent (

<poi ntcuts> : UNKNOMAN- PARSE1l {
<first> : Nonenpty PointCut List (
<it>: UNKNOM PARSE2 (

<pcnane> . UNKNOM PARSE3 (

<ident> : Ildent "UNKNOMN- PARSE4" ) iject

<| hs> : ArgDecl PCList {

<first> : Nonenpty ArgDecl PCList (
<it>: UNKNOM PARSES (

<t > : UNKNOWN- PARSE6G (

<ident> : Ildent "UNKNOWN- PARSE7" )

<vari abl e> : UNKNOWN- PARSES (

<ident> : Ident "UNKNOMN PARSE9S" ) ) ) }

class
dictionary



poi ntcut X1(S s1) : this(s);

sentence

Aspect J nent = <poi ntcuts> List(PointCut) ECF.
Poi nt Cut = "pointcut" PCNane

<I hs> PCLi st (ArgDecl) ":" <rhs> PCExp "
PCNane = | dent.
PCList(S) ~"(" S{ "," S} ")". List(9S
ArgDecl = <t> Type Vari abl e.
Type = | dent.
Vari able = | dent.

class
dictionary

~ {S}.

Aspect JFragnent (
<poi ntcuts> : UNKNOMAN- PARSE1l {
<first> : Nonenpty PointCut List (
<it>: UNKNOM PARSE2 (

<pcnane> . UNKNOM PARSE3 (

<ident> : Ildent "UNKNOWN- PARSE4" )

<| hs> : ArgDecl PCList {

<first> : Nonenpty ArgDecl PCList (
<it>: UNKNOM PARSES (

<t > : UNKNOWN- PARSE6G (

<i dent > | dent " UNKNOWN- PARSE7" )

<vari abl e> : UNKNOWN- PARSES (

<i dent> | dent " UNKNOMWN- PARSES" ) ) ) }

object

establish

correspondence
based on _context

knowledge




poi ntcut X1(S s1) : this(s);

sentence

Aspect J nmentl = <poi nt cuts> List(PointCut) ECF.
Poi nt Cut = "pofint cut" PCNane

<I hs> PCLi st ArgDecl) ":" <rhs> PCExp "
PCNanme = | dent
PCList(S) ~"(" S{ "," S} ")". List(9S
ArgDecl = <t> Type Vari abl e.
Type = | dent.
Vari able = | dent.

class
dictionary

~ {S}.

Aspect JFragnent (
<poi ntcuts> : UNKNOMAN- PARSE1l {
<first> : Nonenpty PointCut List (
<it>: UNKNOM PARSE2 (

<pcnane> . UNKNOM PARSE3 (

<ident> : Ildent "UNKNOWN- PARSE4" )

<| hs> : ArgDecl PCList {

<first> : Nonenpty ArgDecl PCList (
<it>: UNKNOM PARSES (

<t > : UNKNOWN- PARSE6G (

<i dent > | dent " UNKNOWN- PARSE7" )

<vari abl e> : UNKNOWN- PARSES (

<i dent> | dent " UNKNOMWN- PARSES" ) ) ) }

object

establish

correspondence
based on _context

knowledge




poi ntcut X1(S s1) : this(s);

sentence

Aspect J menty = <poin
Poi nt Cut = ofntcut" P

<l hs> PCLi st ArgDecl)

PCNanme = | dent

PCList(S) ~"(" S{ "," S} ")". List(9S
ArgDecl = <t> Type Vari abl e.

Type = | dent.

Vari able = | dent.

uts> List(PointCut) ECF.

"L class

(s dictionary

Aspect JFragnent (
<poi ntcuts> : UNKNOMAN- PARSE1l {
<first> : Nonenpty PointCut List (
<it>: UNKNOM PARSE2 (

<pcnane> . UNKNOM PARSE3 (

<ident> : Ildent "UNKNOWN- PARSE4" )

<| hs> : ArgDecl PCList {

<first> : Nonenpty ArgDecl PCList (
<it>: UNKNOM PARSES (

<t > : UNKNOWN- PARSE6G (

<i dent > | dent " UNKNOWN- PARSE7" )

<vari abl e> : UNKNOWN- PARSES (

<i dent> | dent " UNKNOMWN- PARSES" ) ) ) }

object

establish

correspondence
based on _context

knowledge




poi ntcut X1(S sl

sentence

Aspect J menty = <poin
Poi nt Cut = ofntcut" P

<l hs> PCLi st ArgDecl)

PCNanme = | dent

PCList(S) ~"(" S{ "," S} ")". List(9S
ArgDecl = <t> Type Vari abl e.

Type = | dent.

Vari able = | dent.

ut s> List(PointCut) ECF.

"L class

- (s dictionary

Aspect JFragnent (
<poi ntcuts> : UNKNOMAN- PARSE1l {
<first> : Nonenpty PointCut List (
<it>: UNKNOM PARSE2 (

<pcnane> . UNKNOM PARSE3 (

<ident> : Ildent "UNKNOWN- PARSE4" )

<| hs> : ArgDecl PCList {

<first> : Nonenpty ArgDecl PCList (
<it>: UNKNOM PARSES (

<t > : UNKNOWN- PARSE6G (

<i dent > | dent " UNKNOWN- PARSE7" )

<vari abl e> : UNKNOWN- PARSES (

<i dent> | dent " UNKNOMWN- PARSES" ) ) ) }

object

establish

correspondence
based on context

knowledge




pol ntcut X1(S si

sentence

Aspeci??ﬁnqgﬁn = <poi niN@ut s> Li st ( Poi
Poi nt Cut = "pofintcut" P

<| hs> PCLi st Argbecl) "
PCNanme | dent
PCLi st (S) "("s{"," S} ")".
Ar gDecl <t> Type Vari abl e.
Type | dent .
Vari abl e | dent .

~

Li st (S)

Cut) ECF.

"L class

(s dictionary

Aspect JFragnent (
<poi ntcuts> : UNKNOMAN- PARSE1l {
<first> : Nonenpty PointCut List (
<it>: UNKNOM PARSE2 (
<pcnane> . UNKNOM PARSE3 (
<ident> : Ildent "UNKNOWN- PARSE4" )
<| hs> : ArgDecl PCList {
<first> : Nonenpty ArgDecl PCList (
<it>: UNKNOM PARSES (
<t > : UNKNOWN- PARSE6G (
<i dent > | dent " UNKNOWN- PARSE7" )
<vari abl e> : UNKNOWN- PARSES (
<i dent > | dent " UNKNOMWN- PARSES" ) ) ) }

object

establish

correspondence
based on context

knowledge




pol ntcut X1(S si

sentence

AspectNEn = <pol nNfut s> Li st ( Poi
Pdi nt Cut = "pofintcut" P

| hs> PCLi st ArgDecl) "
P e | dent
PCLi st (S) "("s{"," S} ")".
Ar ¢Decl <t> Type Vari abl e.
Tyfe | dent .
Varj abl e | dent .

~

Li st (S)

Cut) ECF.

"L class

(s dictionary

Aspect JFragnent (
<poi ntcut s> : UNKNOAN- PARSEL1 {
<first> : Nonenpty PointCut List (
<it>: UNKNOM PARSE2 (
<pcnane> . UNKNOM PARSE3 (
<ident> : Ildent "UNKNOMWN- PARSE4" )
<|l hs> : ArgDecl PCList {
<first> : Nonenpty ArgDecl PCList (
<it>: UNKNOM PARSES (
<t > : UNKNOMWN PARSE6G (
<i dent > | dent " UNKNOWN- PARSE7" )
<vari abl e> : UNKNOWN- PARSES (
<i dent> | dent " UNKNOMWN- PARSES" ) ) ) }

object

establish

correspondence
based on context

knowledge




pol ntcut X1(S si

sentence

AspectNEn = <poi n
Pdi nt Cut = "pojint cut’

| hs> PCLi st§ Arg
PCNanme = | dent
PCList(S) ~ "
Ar ¢Decl

Li st (S)

Cut) ECF.

~ {S}.

class
dictionary

(
uts> : UNKNOWN PARSEL

<first> : Nonenpty PointCut List (
<it>: UNKNOM PARSE2 (

<pcnane> . UNKNOM PARSE3 (

<ident> : Ildent "UNKNOMWN- PARSE4" )
<|l hs> : ArgDecl PCList {

<first> : Nonenpty ArgDecl PCList (
<it>: UNKNOM PARSES (

<t > : UNKNOMWN PARSE6G (

<i dent > | dent " UNKNOWN- PARSE7" )
<vari abl e> : UNKNOWN- PARSES (

<i dent> | dent " UNKNOMWN- PARSES" ) ) ) }

object

establish

correspondence
based on _context

knowledge




sentence
AspectNEn = <poi nNut s> Li st ( Poi r’§Cut ) ECF.
Pdi nt Cut = "pofint cut
s> PCLi stjArg <rhs> PCExp ";". class
e | dent C .
i st (S) List(S) ~ {S}. dictionary
Ar ¢Decl
Varj abl e 3
Aspe
<poi nttuts> : UNKNOAN- PARSEL1 {
<first> : Nonenpty PointCut List (
<it>: UNKNOM PARSE2 (
<pcnane> . UNKNOM PARSE3 (
i dent> : ldent "UNKNOAN- PARSE4" ) object
<I hs> : ArgDecl PCList {
<first> : Nonenpty ArgDecl PCList ( establish
<it>: UNKNOM PARSE5 ( I
<t > : UNKNOWK- PARSE6  ( correspondence
<i dent > | dent " UNKNOWA- PARSE7" ) based on_context
<vari abl e> : UNKNOM- PARSES ( knowledge
<i dent > | dent " UNKNOWN- PARSES" ) ) ) }




sentence

Aspecth ut s> Li st (Poi M§Cut) ECF.
Pdi nt Cut

s> PCLi stjArg <rhs> PCExp ";". class

ne = . "

i st (S) List(S) ~ {S}. dictionary
Ar ¢Decl
Varj abl e 3
Aspe ment (

<poi nt UNKNOWN- PARSEL  {
<first> : enpty PointCut List (

. UNK PARSE2 (
<pchame> : KNOMN- PARSE3  (
i dent> : Ifent "UNKNOAN- PARSE4" ) object
<I hs> : ArgDecl PCList {
<first> : Nonenpty ArgDecl PCList ( establish
<it>: UNKNOM PARSE5 ( I
<t > : UNKNOWK- PARSE6  ( correspondence
<i dent > | dent " UNKNOWN- PARSE7" ) based on context
<vari abl e> : UNKNOM- PARSES ( knowledge
<i dent > | dent " UNKNOWN- PARSES" ) ) ) }




sentence
ut s> Li st (Poi l{Cut) EOCF.
<rhs> PCExp ";". class
List(S) ~ {S). dictionary
ment (
UNKNOWN- PARSEL  {
enpty_Poi nt Cut _List (
PARSE2 (
KNOM- PARSE3
: ent " UNKNOMW- PARSE4" ) Object
ArgDecl PCList {
<fifrst> : Nonenpty_ArgDecl _PCList ( establish
<i UNKNOAN- PARSES  ( d
<t > : UNKNOWN PARSE6 ( COrT ONQence
<ident> : Ident "UNKNOAKPARSE7" ) based on context
<variabl e> : UNKNOM\ PARSES ( knowledge
<i dent > | dent " UNKNOMN- PARSES" ) ) ) }




poi ntcut XI1(S s1) : this(s); sentence

Aspect JFragnent = <poi nt cuts> Li st (PointCut) EOCF.
Poi nt Cut = "pointcut" PCNane
<l hs> PCLi st (Argbecl) ":" <rhs> PCExp ";". class
PCNane = | dent. g
PCList(S) ~ "(" S{ ",” S} ")". List(S) ~ {S}. dictionary
ArgbDecl = <t> Type Vari abl e.
Type = | dent.
Variable = | dent.
. Aspect JFragnent (
<poi ntcut s> : UNKNOM- PARSE1l ({ :
<first> : Nonenpty PointCut List ( establisn
<it> : UNKNOM: PARSE2  ( correspondence
<pcnanme> . UNKNOM\- PARSE3  (
<ident> : Ident "UNKNON\-PARSE4" ) object
<|l hs> : ArgDecl PCList {
<first> : Nonenpty ArgDecl PCList ( establish
<it> . UNKNOWN- PARSES (
<t> : UNKNOW\- PARSE6  ( correspondence
<ident> : Ident "UNKNONW\-PARSE7" ) using
<variabl e> : UNKNO/W- PARSES ( colors
<ident> : Ident "UNKNOM\-PARSES" ) ) ) }




poi ntcut X1(S s1) : this(s);

sentence

Aspect JFr agnent

Poi nt Cut = "pointcut" PCNane

<l hs> PCLi st (Argbecl) ":" <rhs> PCExp "
PCName = | dent.
PCList(S) ~ "(" S{ "," S} ")". List(9S
ArgbDecl = <t> Type Vari abl e.
Type = | dent.
Vari able = | dent.

<poi nt cut s> Li st ( Poi nt Cut)

class
dictionary

,g
)

Aspect JFragnent (
<poi nt cut s> : UNKNOAN PARSELY {
<first> : Nonenpty PointCut List (
<it>: UNKNOWN PARSE2 (
<pcnanme> . UNKNOM\- PARSE3  (
<ident> : Ident "UNKNON\-PARSE4" )
<|l hs> : ArgDecl PCList {
<first> : Nonenpty ArgDecl PCList (
<it>: UNKNOWN PARSES (
<t > : UNKNOMWN PARSE6 (
<i dent > | dent " UNKNOWN- PARSE7" )
<vari abl e> : UNKNOMNN- PARSES (
<i dent > | dent " UNKNOMWN- PARSES" ) ) ) }

~ {S}.
establish
correspondence

object




poi ntcut X1(S s1) : this(s); sentence
Aspect JFragnent = <poi nt cut s> Li st ( Poi nt Cut) (EOCF.
Poi nt Cut = "poi ntcut" PCNane ‘\\\\\

<l hs> PCLi st (ArgDecl) ":" <rhs> PCExp ";". >class
PCName = | dent. L.
PCList(S) ~ "(" S{ "," S} ")". List(S) ~ {S}. dictionary
ArgbDecl = <t> Type Vari abl e.
Type = | dent.
Vari able = | dent.

w>:

<l t>

Aspect JFr agnent
<poi nt cut s>
Nonenpty Poi nt Cut Li st
~» UNKNOWN- PARSE2

(
UNKNOMR PARSELS {

(
(

(

<i dent >

<vari abl e> :

| dent

UNKNOVWN- PARSES

<pcnanme> . UNKNOM\- PARSE3  (
<ident> : Ident "UNKNON\-PARSE4" )
<|l hs> : ArgDecl PCList {

<first> : Nonenpty ArgDecl PCLi st
<it>: UNKNOWN PARSES (

<t > : UNKNOMWN PARSE6 (

<i dent > | dent " UNKNOWN- PARSE7" )

(
" UNKNOWN- PARSES" ) ) ) }

establish
correspondence

object




poi ntcut X1(S s1) : this(s);

ArgDecl\ = <t> Type Vari abl e.
Type = ldent.
Vari abl e = | dent.

sentence
Aspect JFragnent = <poi nt cut s> Li st ( Poi nt Cut) (EOCF.
Poi nt Cut = "pointcut" PCName \
<l hs> PCLi st (ArgDecl) ":" <rhs> PCExp ";". >class
PCNane, = | dent. L.
PCList(S) ~ "(" S{ "," S} ")". List(S) ~ {S}. dictionary

Aspect JFragnent (

<poi ntcut's>

UNKNOMR PARSELS {

Nonenpty Poi nt Cut Li st

(

w

<l t>

<i dent >

| dent

> UNKNOWN- PARSE2  (
<pcnanme> : YUNKNOW- PARSE3  (

" UNKNOMWN- PARSE4" )

<| hs> :

<|t> :

<first> ;:

Ar gDecl PCLI st

UNKNOWN- PARSES

<t > :

UNKNOMN- PARSEG

(
(

{

Nonenpty ArgDecl PCLi st

(

<i dent >

<i dent >

<vari abl e> :

| dent

| dent

" UNKNOMWN- PARSE7" )

UNKNOWN- PARSES  (

" UNKNOWR- PARSES" ) ) ) }

establish
correspondence

object




poi ntcut \X1(S s1) . this(s)_ sentence
Aspect JFr agnjgnt = <poi ntcut s> Li st ( Poi nt Cut) (ECF.
Poi nt Cut = "poi ntcut” PCNane \
<l hs> PCLi st (ArgDecl) ":" <rhs> PCExp ";". >class
PCNanme = | dent. -
PCLi st(S) -~ S{"," S} ")". List(S) ~ {S}. dictionary
ArgDecl\ = <t> \Type Vari abl e.
Type = ldent.
Vari abl e = | dent.

\ 1

Aspect JFr ag

; ment  (

<poi nt cut's> : UNKNOAK PARSELY {
w . \Nonenpty Point Cut_List (
<i t > T UNKNOM PARSE2  (

<pchame> : YUNK PARSE3 (

<ident> : |dent ¥UNKNOM- PARSE4" )

<|l hs> : ArgDecl PCList {

<first> : Nonenpty ArgDecl PCList (

<it> . UNKNOWN- PARSES (

<t > : UNKNOMWN PARSE6 (

<i dent > | dent " UNKNOWN- PARSE7" )

<vari abl e> : UNKNOMNN- PARSES (

<i dent > | dent " UNKNOMWN- PARSES" ) ) ) }

establish
correspondence

object




sentence

poi ntcut \X1(S s1) . this(s)_
AspectJFragnEnt = <poi ntcut s> Li st ( Poi nt Cut)
Poi nt Cut = "pointcut" PCNane
<l hs> PCLI sft (Argbecl) ":" <rhs> PCExp ";"
PCNane = Iden :
PCLi st S} ")". List(S)
gDecI = <t> Type Varlable
ype = dent

arlabl

| de t

~ {S}.

class
dictionary

)

: Aspect
<ppi nt cu
I\rst>
<t
<pcnane>
<i deqnt >
<l hs>\ :

<first> :

~» UNKNOAN- PARSE2

Fragme

ts> . U KNON\I—PARSEl {
. \Nonenpt y_Poi nt Cut _Li st
: YUNK PARSE3

. ldent T UNKNQ/\N PARSE4
Ar gDecl PCLI st

hbnenpty_ArgDecI_PCList

(

)

(

establish
correspondence

< t>
<t> :
<i dent

<| dent

<vari abl e> :

: YUNKNOWN- PARSES

UNKNOWN- PARSEG
> | dent

> | dent

" UNKNOAN- PARSE/ "
UNKNOWN- PARSES  (
" UNKNOAN- PARSE9S"

(
(
)

) ) )}

object




poi ntcut \X1(S s1) -

this(s);

sentence

Aspect JFr ag

nt = <poi ntcuts> List(PointCut)
oi ntcut”

~ {S}.

Poi nt Cut = PCName
<l hs> PCLI st (Argbecl) ":" <rhs> PCExp ";"
PCNanme = Iden :
PCLi st 'S} ")". List(S
gDecI = <t> Type, Varl abl e.
ype = dent
arlabl | de t

class
dictionary

)

Aspect

U KNOJ\N—P SE1 {

: Fragme
<poi ntcut's>

\rst> : \Nonenpty_ Poi
<i t®> T UNKNOWN- PARSEZ2

nt Cut _List (
(
<pcname> : YUNK PARSE3 (
<ideht> : Ident “U PARSE4" )
<l hs>\ : ArgDeCI_PCL| St
<first> : Nonenpty Arg _PCList (
<it> : YUNKNOM- PARSES
<t > : UNKNOMWN- PARSEG ¥ (
<i dent > | dent " UNKNOWN- PARSE7" )
<vari abl e> : UNKNOMNN- PARSES (
<i dent > | dent " UNKNOMWN- PARSES" ) ) ) }

establish
correspondence

object




poi ntcut \X1(S s1) -

this(s);

sentence

Aspect JFr ag
Poi nt Cut

<pQi nt cut s> Li st ( Poi nt Cut)

nt
"poi ntcut "

CNane

<l hs> PCLI st (ArgbDecl)

PCNane = Iden :

PCLi st S PN List(S)
gDecI = <t> Type, Varl abl e.

ype = dent

arlabl | de t

" <rhs> PCExp ";"

~ {S}.

class
dictionary

)

Aspect

U KNOMN—P SE1 {

<i dent >

<vari abl e> :

: Fragme
<poi ntcut's>
\rst> : \Nonenpty_ Poi nt

| dent

UNKNOWN- PARSES  (
" UNKNOAN- PARSE9S"

t List (
<i t® T UNKNOWN- PARSE2  (
<pcname> : YUNK PARSE3 (
<i deht > | dent YU PARSE4" )
<l hs>\ : ArgDecI_PCLlst
<first> : Nonenpty Arg _PCList (
<i t> : YUNKNOWN- PARSES
<t > : UNKNOMWN- PARSEG ¥ (
<i dent > | dent " UNKNOWN- PARSE7" )

) ) )}

establish
correspondence

object




| N 1 1) : thi '
Aspect JFragnent = <paqi ntcut s> Li st ( Poi nt Cut) (EOCF.
Poi nt Cut = anoi nt cut " e \
<l hs> PCLi st (ArgDecl) “:"~<rhs> PCExp ";". >class
PCNane = Iden : L.
PCLi st(S) ~ "(" S{ "," S} List(S) ~ {S}. dictionary
gDecI = <t> Type, Varl abl e.
= dent
arlabl | de t
Aspect. establish

<pi nt cut's>

Fragme
. \Nonenpt y_Poi nt
> UNKNOWN- PARSE2  (

I\rst> t List (
<it
<pcname> : YUNK PARSE3 (
<ideht> : Ident “U PARSE4" )
<l hs>\ : ArgDecI_PCLlst
<first> : Nonenpty Arg _PCList (
<it> : YUNKNOM- PARSES
<t > : UNKNOMWN- PARSEG ¥ (
<i dent > | dent " UNKNOWN- PARSE7" )

<vari abl e> :

<i dent >

U KNOMN—P SE1 {

UNKNOVWN- PARSES

| dent " UNKNOMWN- PARSE9"

) )}

correspondence

object



poi nt c

ut X1(S s1) =

this(s);

sentence

Aspect JFr agnjgnt

Poi nt Cut
<| hs>

PCNane

PCLi st
gDecI

ype
arl abl

'poi ntcut" PCNane
PCLI st (ArgDecl)
Iden :

S}
<t> Type, Varl abl e.
dent
| de t

e

Li st (S)

<poi nt cut s> Li st ( Poi nt Cut)

:" <rhs> PCExp ";"

~ {S}.

class
dictionary

Aspect
<pi nt cu
I\r St

<|

<pcha
<i deqnt >
<l hs>\ :

<first> :
: YTUNKNOWN- PARSES /' (
UNKNOWN- PARSEG * (

<|t>
<t> :
<i dent >
<vari abl
<i dent >

(‘.v..

Fragrre t(

t\s> :  UNKNOWN- PARSEL {
Nonenpty Poi nt Cut Lj st

SQARSE2  (

- CUNKNOWN- P (

- Tl Y UNKNOW

Ar gDecl PCm

Nonenmpty Ar gDe

DCl | st
| dent " UNKNOWN- PARSE7"

e> : UNKNOWN- PARSES (
| dent " UNKNOMWN- PARSE9"

(

)

) ) )}

(

object

—_—

X _List = <first> Nonempty X List.
Nonempty X List=
it> X
[<next> Nonempty X List].




For phases 3 and 4. List Structure

o List(X)

- -




poi nt cut UNKNOWN- PRI NT1
(A UNKNOWN- PRI NT2,
B UNKNOWN- PRI NT3, C c3)

sentence

Poi nt Cut = "pointcut" PCNane

<l hs> PCLi st (ArgDecl) ' <rhs> PCExp ";
PCNane = | dent.
PCList(S) ~"(" S{"," S} ")".

ArgDecl = <t> Type Vari abl e.

class dictionary

Type = | dent.

Variable = | dent.
<it>: PointCut (
<pcnane> : PCNane (
<ident> : Ildent "X3" )

<|l hs> : ArgDecl PCList {

<first> : Nonenpty ArgDecl PCList (
<it>: ArgDecl (

<t> . Type (

<ident> . Ildent "A" )

<variable> : Variable (

<ident> : Ildent "al" ) )

<next> : Nonenpty ArgDecl PCList (

obj ect



poi nt cut  UNKNOVK- PRI NT1
(A UNKNOWA- PRI NT2,
B UNKNOWA- PRI NT3, C ¢3) :

sentence

Poi nt Cut = "poi ntcut" PCNane

<I hs> PCLi st (ArgDecl) ":" <rhs> PCExp "
PCNane = | dent.
PCList(S) ~"(" S{ "," S} ")".

ArgDecl = <t> Type Vari abl e.
Type = | dent.
Variable = | dent.

class dictionary

<it>: PointCut (
<pcnane> : PCNane (
<ident> : Ident "X3" )
<l hs> : ArgDecl PCList {

<first>: Nonenpty ArgDecl PCList (
<it>: ArgDecl (

<t> . Type (

<i dent > | dent " A" )

<variable> : Variable (

<ident> . ldent "al" ) )

<next> : Nonenpty ArgDecl PCList (

establish
correspondence

obj ect



poi nt cut UNKNOWN- PRI NT1 < |
(A UNKNOMR- PRI NT2, «————
B UNKNOWA PRI NT3, C c3) :

Poi nt Cut = "poi ntcut" PCNane
<I hs> PCLi st (ArgDecl) ":" <rhs> PCExp ";".
PCName = | dent.
PCList(S) ~"(" S{ "," S} ")".
ArgDecl = <t> Type Vari abl e.
Type = | dent.
Variable = | dent.

<it>: PointCut (
<pcnane> : PCNane (
<ident> : Ident "X3" 4//””””””/ﬁ
<l hs> : ArgDecl PCList {

<first>: Nonenpty ArgDecl PCList (
<it>: ArgDecl (

<t> . Type (

<ident> . Ildent "A" )

<vari abl e> : Variable"jj/////////////
<ident> : ldent "al"

<next> : Nonenpty ArgDecl PCList (

class\dictionary



Two-way pattern matching

e Glven apattern and and ause of It, find
correspondences between pattern and usage.

— pattern = method
— usage = inlined code




lterator It = used.iterator();

while (it.hasNext()){
Vari able curvar = (Variable) it.next();
Systemout.println(); curvar.print();

stati c UNKNOWK- ABS3 show( UNKNOARN- ABS4) {
UNKNOWN- ABS5
while (it.hasNext()){
UNKNOMN- ABS6
Systemout.printlin(); curvar.print();




lterator It = used.iterator();

while (it.hasNext ()){
Vari able curvar = (Variable) it.next();
Systemout.println(); curvar.print();

L

stati d UNKNOAK- ABS3 show( UNKNOAR- ABS4) {
UNKNOWN- ABS5
while (it.hasNext()){
UNKNOMN- ABS6
Systemout.println(); curvar.print();

L

establish correspondence based on context knowledge




lterator It = used.iterator();

while (it.hasNext()){
Vari able curvar = (Variable) it.next();
Systemout.println(); curvar.print();

L

stati d UNKNOAK- ABS3 show( UNKNOAR- ABS4) {
UNKNOWN- ABS5
while (it.hasNext()){
UNKNOMN- ABS6
Systemout.println(); curvar.print();

il

establish correspondence based on context knowledge




lterator It = used.iterator();

while (it.hasNext()){
Vari able curvar = (Variable) it.next();
Systemout.println(); curvar.print();

L

st at i  UNKNOMN- ABS3 show( UNHNOWK- ABS4) {
UNKNOWN- ABS5
while (it.hasNext()){
UNKNOMN- ABS6
Systemout.println(); curvar.print();

il

establish correspondence based on context knowledge




lterator It = used.iterator();
while (it.hasNext()){
Variable curvar = (Variable) 1t.next();

/ Systemout.printlin(); curvar.print();
3

voi d java.uti|l . Coll ection used
static UNKNOME- ABS3 show( UNKNOWA- ABS4) {
__» UNKNOAR- ABSS establish
while (it.hasNext()){ cor respondence
, UNKNOWN- ABS6 ===
Systemout.println(); curvar.print();
|3

make method as general as possible! Who supportsiterator()?




Two-way pattern matching

e Glven apattern and and ause of It, find
correspondences between pattern and usage.

— pattern = a programming pattern
— usage = an application in a specific context




Aspect JFragnent {

{{
/'l method process finds all Conpound-objects inside
/1 an AspectJFragnent - object and prints the nessage:
/[l "This is a Conpound expression:
/'l for each Conpound- object.

void process() { CommandVi sitor ¢V = new ConmmandVi sitor ();

UNKNOMN\- AP1: o«
Mai n. cg. UNKNOMN- AP2 ( UNKNOWN- AP3,  UNKNOWN- AP4, cV);

}

b} this
} "from AspectJFragment to Compound"




Aspect JFragnent {

{{
/'l method process finds all Conpound-objects inside
/1 an AspectJFragnent - object and prints the nessage:
/[l "This is a Conpound expression:
/'l for each Conpound- object.

void process() { CommandVi sitor ¢V = new ConmmandVi sitor ();

UNKNOMN\- AP1: o«
Mai n. cg. UNKNOMN- AP2 ( UNKNOWN- AP3, « UNKNOWN- AP4, cV) ;
} A

H this
} "from AspectJFragment’to Compo

nd"

—

\

DJ programmivng patte}g‘n: \ /
class-graph.traverse(what, where-to-go, what-to-do)
what = an object

where-to-go = atraversal strategy

what-to-do = avisitor




ConmandVi sitor {
{{
[l prints the nessage:
[l "This is a Conpound expression:
[/ for each Conpound- obj ect.
voi d UNKNOMN- AP5( UNKNOWN- AP6) {
Systemout.println("This is a Conpound expression:. ");
host. print();
Systemout. println();

}
1}
}




ConmandVi sitor {
6
[l prints the nessage:
[l "This is a Conpound expression:
[/ for each Conpound- obj ect.
voi dv UNKNOWN- APS ( UNKNOWN- APG) {
Systemout.println("Thi's is a Conpound expression:. ");
host. print();
Systemout. println();

}
%L Conpound host
\
Sel ective visitor pattern: _
\Asif\or { establish
L\ cor r espondence

voi d¥before (X host) { ...use host ...};
void after (X host) { ...use host ...};

34
}




Aspect JFragnent {
{{

// Find all Variabl e-objects on the |eft-hand-side
/'l (before the colon) of PointCut-objects
static String definedVarsSpec =

UNKNOWN-ARY

Answer :
from Aspect JFragnent via PointCut via -> * | hs,* to Variable";

Aspect JFragnent = <poi ntcuts> Li st (PointCut).
Poi nt Cut = "poi ntcut" PCNane

<| hs> PCList (ArgbDecl) ":" <rhs> PCExp ";".
PCNanme = | dent.
PCList(S) ~ "(" S{ "," S} ")". List(S ~ {S}.
ArgDecl = <t> Type Vari abl e.
Type = | dent.
Vari able = | dent.




Aspect JFragnent {
{

// Find all Variabl e-objects on the |eft-hand-side
/'l (before the colon) of PointCut-objects
tatic String definedVarsSpec =

UNKNOWN-ARY

r:
Aspect JFragnent via PointCut via -> * | hs,* to Variable";

Aspect JFragnent = <poi nt cut s> Li st ( Poi nt Cut).
Poi nt Cut = "poi ntcut" PCNane

<| hs> PCList (ArgbDecl) ":" <rhs> PCExp ";".
PCNanme = | dent.
PCList(S) ~ "(" S{ "," S} ")". List(S ~ {S}.
ArgDecl = <t> Type Vari abl e.
Type = | dent.
Vari able = | dent.




Aspect JFragnent {
{

// Find all Variabl e-objects on the |eft-hand-side
/'l (before the colon) of PointCut-objects
tatic String defiYedVarsSpec =

UNKNOWNAERT

r:
Aspect JFragnent vRa PointCut via -> * | hs,* to Variable";

Aspect JFragnent = <poi nt Qut s> Li st ( Poi nt Cut).
Poi nt Cut = "poi ntcut" PCNane

<| hs> PCList (ArgbDecl) ":" <rhs> PCExp ";".
PCNanme = | dent.
PCList(S) ~ "(" S{ "," S} ")". List(S ~ {S}.
ArgDecl = <t> Type Vari abl e.
Type = | dent.
Vari able = | dent.




Aspect JFragnent {
{

/[l Find all Vari abl e® ects on the | eft-hand-side
/'l (before the colon) of PointCut-objects
tatic String defiYedVarsSpec =

UNKNOWNAERT

r:
Aspect JFragnent vRa PointCut via -> * | hs,* to Variabl e'

Aspect JFragnent = <poi nt Qut s> Li st ( Poi nt Cut).

Poi nt Cut = "poi ntcut" PCNane

<l hs> PCLi st (ArgDecl) ":" <rhs> PCEX ;
PCNanme = | dent.
PCList(S) ~ "(" S{ "," S} ")& 1st(S) ~ {S}.
ArgbDecl = <t> Type Vari abl e.
Type = | dent.

Vari abl e = | dent.




// Find all Variabl emeft-hand-side

/'l (before the colon) of PointCut-objects
static String definedVarsSpec =

UNKNOWN-ARY

Answer :
from Aspect JFragnent Wi a PointCut\via -> * | hs,* to Vari abl e";

\ N
Traversal strategy pattern: f r omA M Vi ey_/ to B
t).

AspectJFragnent*fﬁf”””/’s> Li st ( Poi )
Poi nt Cut ="pointcut" PCNane

<I hs> PCLi st (ArgDecl)
PCNane =
PCLi st(S) ~ "(" s{ "," S} ")"
ArgbDecl = <t> Type Vari abl e.
Type = | dent.
Vari able = | dent.

touched by
ist(S) ~ {S}. | traversal




/[l using an inlined visitor
UNKNOWN- AP8 v = UNKNOWN- AP9 {
/] construct a new enpty set
HashSet return_val = new HashSet ();
voi d UNKNOWN- AP10( Vari able v1) {return_val.add(vl);}
public Cbject getReturnValue() {return return_val;}




/[l using an inlined visitor
UNKNOWN- AP8 v = UNKNOWN- AP9 {
/] construct a new enpty set
HashSet return_val = néw HashSet ();
voi d UNKNOMWA- AP10( Vari abl e v1) {return_val.add(vl);}
public k)oj ect get ReturnValue() {return return_val;}

;Sel ective isit%pattern (inlined):
Visitor v ¥ new?Visitor {

/1 1ocal/ variable declarations/definitions
voi d before (X host) { ...use host ...};
void after (X host) { ...use host ...};
public Object getReturnValue(){return ...;}




[l 1 n Aspect JFragnent
HashSet collectVars(String travspec)/{

[/ using an inlined visitor

UNKNOWN- AP8 v = UNKNOWN- AP9 {
/] construct a new enpty set
HashSet return_val = new HashSet ();
voi d UNKNOWN- AP10( Vari able v1) {return_val.add(vl);}
public Cbject getReturnValue(){return return_val;}

b

return (HashSet) Main. cg. UNKNOM AP11( UNKNOWN- AP12,
UNKNOWA- AP13,  UNKNOWN- AP14) ;

. t ravspec
this P \Y;




[l 1 n Aspect JFragnent
HashSet collectVars(String travspec)/{
[/ using an inlined visit
UNKNOWN- AP8 v = UNK AP9 {
/'l construct a enpty set
~val = new HashSet ();
AP10( Vari able vl) {return_val.add(vl);}
(bjlect get ReturnVal ue(){return return_val;}

}s
return (HashSet) Min. cg. UNKNQ/\N—APll(UNKNQ/\N AP12.
UNKNOWN- AP13,

( thlsﬁm

DJ progra ng pattern;s
cl ass- graph. traverse(mhat wher'e-t o- go, mhat t 0- do)




Conclusions

Now Isthe timeto |earn those pattern
matching skills

Use color pensto help your brain detect
correspondences

Final exam will exercise ssmilar skills

Y ou will exercise those skillsin hw 5 and In
the project



