
Term Rep

● Deep replacement: repla
to the leavesto the leaves

● Shallow replacement: re
l t th tclose to the root

● Full replacement: replac
Shallow

Deep

Introduction 

placement

ace only occurrences close 

eplace only occurrences 

ce all occurrences

Full
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Deep rep
d l  T d lmodule Tree-drepl

imports Tree-syntax
exports
context-free syntax

i(TREE, TREE)   -> TREE
drepl(TREE)      -> TREE {tradrepl(TREE)       TREE {tra

equations
[1] drepl(g(T1, T2)) = i(T1, T2)

Only the deepest occurren
are replaced

drepl( f( g( f(1,2), 3 ),
g( g(4,5), 6 )) )

Introduction 

lacement
Auxiliary constructor iAuxiliary constructor i

A bottom-up transformer that
f fi hi d

versal(trafo bottom-up break)}

stops after first matching node

versal(trafo,bottom up,break)}

nces of g

f( i( f(1,2), 3 ),
g( i(4,5), 6 ))
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Exam
drepl( g( g( 7, 8), 9))

drepl(      )gp ( )g

drdrepl(      )
g

drepl(      ) drepl(      )7 8p ( ) drepl(      )

[1] drepl(g(T1, T2)) = i(T1, T2)

Introduction 

mple trafo,bottom-up,break

g

g( i( 7, 8), 9)

g

repl(      )9
9i

7 87 8
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Shallow re
d l  T lmodule Tree-srepl

imports Tree-syntax
exports
context-free syntax

i(TREE, TREE)   -> TREE
srepl(TREE)      -> TREE {trasrepl(TREE)       TREE {tra

equations
[1] srepl(g(T1, T2)) = i(T1, T2)

Only the outermost occurre
are replaced

srepl( f( g( f(1,2), 3 ),
g( g(4,5), 6 )) )

Introduction 

eplacement

A top-down transformer that
stops after first matching node

aversal(trafo  top-down  break)}

stops after first matching node

aversal(trafo, top down, break)}

)

ences of g

f( i( f(1,2), 3 ),
i( g(4,5), 6 ))

to ASF+SDF 4



Exam
srepl( g( g( 7, 8), 9))

srepl(      )gp ( )g

g

7 8

[1] srepl(g(T1, T2)) = i(T1, T2)

Introduction 

mple trafo, top-down, break

i

i( g( 7, 8), 9)

i

9
9g

7 87 8
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Full repl
d l  T f lmodule Tree-frepl

imports Tree-syntax
exports
context-free syntax

i(TREE, TREE)   -> TREE
frepl(TREE)      -> TREE {trafrepl(TREE)       TREE {tra

equations
[1] frepl(g(T1, T2)) = i(T1, T2)

All occurrences of g are re

frepl( f( g( f(1,2), 3 ),
g( g(4,5), 6 )) )

Introduction 

lacement

A top-down transformer that
continues after each matching node

aversal(trafo top-down continue)}

continues after each matching node

aversal(trafo,top down,continue)}

) top-down and 
bottom-up havebottom up have 
here the same effecteplaced

f( i( f(1,2), 3 ),
i( i(4,5), 6 ))
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Exam
frepl( g( g( 7, 8), 9))

frepl(      )gp ( )g

gfrepl(      ) fr

7 8frepl(      ) frepl(      )

[1] frepl(g(T1, T2)) = i(T1, T2)

p ( ) p ( )

Introduction 

mple trafo, top-down, continue

i

i( i( 7, 8), 9)

i

9 i 9repl(      )

7 87 8
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Exam
frepl( g( g( 7, 8), 9))

frepl(      )gp ( )g

gfrepl(      ) fr

7 8frepl(      ) frepl(      )

[1] frepl(g(T1, T2)) = i(T1, T2)

p ( ) p ( )

Introduction 

mple trafo, bottom-up, continue

i

i( i( 7, 8), 9)

i

9 i 9repl(      )

7 87 8
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A real example: Co
● Cobol 75 has two forms

– “IF” Expr “THEN” Stap

– “IF” Expr “THEN” stat

Th id ti l (d● These are identical (dan
IF expr THEN 

IF expr THEN 

stats stats 

ELSE 

Introduction 
stats

obol transformation
s of conditional:
ts “END-IF”?

ts “ELSE” Stats “END-IF”?

li l bl )ngling else problem):

IF expr THEN IF expr THEN 
IF expr THEN 

stats stats 
ELSE 
stats

to ASF+SDF 9

A real example: Co
module End-If-Trafomodule End If Trafo
imports Cobol
exports
context-free syntaxcontext-free syntax
addEndIf(Program)-> Program {traver

down)}
variablesvariables
"Stats"[0-9]*       -> StatsOptIfNotClo
"Expr"[0-9]*         -> L-exp
"OptThen"[0 9]*   > OptThenOptThen [0-9]    -> OptThen
equations
[1] addEndIf(IF Expr OptThen Stats)  

IF Expr OptThen Stats END IIF Expr OptThen Stats END-I

[2] addEndIf(IF Expr OptThen Stats1 
IF Expr OptThen Stats1 ELSE 

Introduction 

IF Expr OptThen Stats1 ELSE 

obol transformation
END IFAdd missing END-IF keywords

rsal(trafo,continue,top-

osed Impossible to do with regular 
expression tools like grep since
conditionals can be nested

 =
IF

conditionals can be nested

IF

ELSE Stats2) =
 Stats2 END IF

Equations for the two cases

to ASF+SDF 10

 Stats2 END-IF

A funny Pico

● Replace all variables by
– x +3  type(natural) +

● Simplify type correct exp y yp
– type(natural) + type(na

R ll● Remove all type correct
– type(natural) := type(nyp ( ) yp (

● A type correct program 
Oth i l i

Introduction 
● Otherwise, only incorrec

o typechecker

y their declared type:
+ type(natural)

xpressions:p
atural)  type(natural)

t statements:
natural))

reduces to empty
t t t t i

to ASF+SDF 11
ct statements remain

Exam

begin 
declare x : natural,

y : natural,
s : string;

x := 10; s := "abc";x :  10; s :  abc ;
if x then 

x := x + 1
ls  else 

s := x + 2
fi;

Ey := x + 2;
end

E

Introduction 

mple

Yields after typechecking:

begin
declare;

Yields after typechecking:

declare;
type(string) := type(natural);

end

Erroneous statement leaves a residueErroneous statement leaves a residue

to ASF+SDF 12



Pico-type

module Pico-typecheck
imports Pico-syntax
exports
context-free syntax
type(TYPE)                         -> ID
replace(STATS, ID-TYPE) -> STATS {tr
replace(EXP     , ID-TYPE)  -> EXP {trave

The traversal function repla
b f i t Emay be of various sorts.  Ea

has to be declared here.

Introduction 

echeck (1)
Extend identifiers so that we can 
replace them with type information

raversal(trafo,bottom-up,break)}
ersal(trafo,bottom-up,break)}

ce. In the equations, the first argument
h i t th t i d i th tiach variant that is used in the equations

to ASF+SDF 13

Pico-type

equations
[0] begin declare Id-type, Decl*; Stat* e

begin declare Decl*; replace(Stat*, I
end

[1] replace(Id     , Id : Type) = type(Type)
[2] replace(Nat-con, Id : Type) = type(nat
[3] replace(Str-con, Id : Type) = type(str

[4] type(string) || type(string)  = type(str
[5] type(natural) + type(natural) = type(na
[6] type(natural) - type(natural) = type(na

Introduction 

echeck (2)
Vi it h i bl d l ti

nd =

Visit each variable declaration 
and use replace to replace 

the variable by its type
d-type)  

Replace variables and
)
tural)
ring)

Replace variables and 
constants by their type

ring)
atural)

Replace type-correct
expressions by their type

atural)

to ASF+SDF 14

Pico-type

[7] Stat*1; if type(natural) then[7] Stat*1; if type(natural) then
= Stat*1; Stat*2; Stat*3; St

[8] Stat*1; while type(natural) d[8] Stat*1; while type(natural) d
= Stat*1; Stat*2; Stat*3

[9] Stat*1; type(Type) :  type(T[9] Stat*1; type(Type) := type(T
= Stat*1; Stat*2

Introduction 

echeck (3)

n Stat*2 else Stat*3 fi ; Stat*4n Stat*2 else Stat*3 fi ; Stat*4
tat*4

do Stat*2 od; Stat*3do Stat*2 od; Stat*3

Type); Stat*2Type); Stat*2

Remove type-correct
expressions and statements

to ASF+SDF 15

Disambiguation vDisambiguation v

S ti di t d di b● Semantic directed disamb
– Based on the concept of re
– Applications

● C typedefsyp
● Nested constructs in COBO

Introduction 

via traversals (1)via traversals (1)

bi tibiguation
ewriting parse forests.

OL

to ASF+SDF



Disambiguation vDisambiguation v

A li ti C t d f● Application C typedefs:
– In C certain identifiers can be 

variable identifiers due to opervariable identifiers due to oper
{ Bool *b1; }
The above statement is either– The above statement is either 

● a statement expression multiplyi
● a declaration of a pointer variabl● a declaration of a pointer variabl

– The latter derivation is chosen
● if Bool was declared to be a typ

earlier in the program, otherwise
● the former derivation is chosen.

Introduction 

via traversals (2)via traversals (2)

parsed as either type identifiers or 
rator overloading:rator overloading: 

ing the Bool and b1 variables, 
le b1 to a Bool.le b1 to a Bool. 

n 
pe using a typedef statement somewhere 
e

to ASF+SDF

Disambiguation vDisambiguation v

A li ti C t d f● Applications C typedefs
– Compact specification tha

in the C language. 
– Depending on the existenc

identifier is either interpre
● a type name or 
● a variable name. 

● We construct an environm
types.

Introduction 

via traversals (3)via traversals (3)

at filters one of the ambiguities 

ce of a typedef declaration an 
eted as 

ment containing all declared 

to ASF+SDF

Disambiguation vDisambiguation v

A li ti C t d f● Applications C typedefs
– If the first Statement after a lis

of an identifier that is declaredof an identifier that is declared
tree is removed. 

context-free syntax
"types" "[[" Identifier* "]]" -> En
filter(CompoundStatement, Env) -> C
{traversal(accu,trafo,top-down,bre{ ( , , p ,

equations
[] Env = types[[Ids1 Id Ids2]]

====>
filter(amb(CSs1,{Decls Id * Expr

Introduction 

via traversals (4)via traversals (4)

st of Declarations is a multiplication 
d to be a type the corresponding subd to be a type, the corresponding sub-

nv
CompoundStatement
eak)})}

r;Stats},CSs2),Env) = amb(CSs1,CSs2)

to ASF+SDF

Disambiguation vDisambiguation v

N t th f t C● Note the use of concrete C sy
● The filter function searches a

h h fistatements where the first sta
variable which was declared 

i il l dd d f● Similar rules are added for ev
an ambiguity is caused by the
identifiers and variable identiidentifiers and variable identi

● This amounts to about a doze
– they solve the ambiguities and
– document exactly where our C

Introduction 

via traversals (5)via traversals (5)

t i thi lyntax in this example.
and removes ambiguous block-

id ifiatement uses an identifier as a 
earlier as a type. 

f h hvery part of the C syntax where 
e overlap between type 
ifiersifiers. 
en rules:
d 
C grammar is ambiguous.

to ASF+SDF



Disambiguation vDisambiguation v

Th l bl th● The example resembles th
construction

● It is more complex due to
constructs are optional.

0001 ADD A TO B
0002 SIZE ERROR
0003     ADD C TO D
0004 NOT SIZE ERROR
0005 CONTINUE
0006 .

Introduction 

via traversals (6)via traversals (6)

h d li lhe dangling else 

o the fact that more 

to ASF+SDF

Disambiguation vDisambiguation v

Th SIZE ERROR d NOT● The SIZE ERROR and NOT 
optional post-fixes of the AD
considered as a kind of excepconsidered as a kind of excep

● In order to understand what i
COBOL grammar:COBOL grammar:

Add-stat ::= Add-stat-simple Size
Size-error-phrases ::= Size-errorSize error phrases ::  Size error
Size-error-stats ::= "SIZE" "ERRO
Not-size-error-stats ::= "NOT" "S
Statement-list ::= Statement*

Introduction 

via traversals (7)via traversals (7)

SIZE ERROR t tSIZE ERROR constructs are 
DD statement. They can be 
ption handlingption handling. 
is going on we show a part of a 

e-error-phrases
r-stats? Not-size-error-stats?r stats? Not size error stats?
OR" Statement-list
SIZE" "ERROR" Statement-list

to ASF+SDF

Disambiguation vDisambiguation v

Th h th t th● The grammar shows that the 
not provide explicit scope de
Statement-listsStatement lists. 

● The NOT SIZE ERROR can 
statement on line 0001 or 000statement on line 0001 or 000

● The period on line 0006 close
● The COBOL definition states

should always be taken with 
is the ADD statement on lineis the ADD-statement on line

● There are 16 of such ambigui

Introduction 

via traversals (8)via traversals (8)

COBOL l d i dCOBOL language design does 
limiters for some deeply nested 

be either part of the ADD-
0303. 
es both statements.
s that the “dangling” phrase 
the innermost construct, which 

e 0003e 0003. 
ities in the COBOL definition.
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Disambiguation vDisambiguation v

Th t d d li t● The nested dangling construc
using a simple specification. 
Th i i f i● There is no context informati
structural analysis. 

h i l fil h d● The rewrite rule filters the de
block of code was not assign

equations
[] amb(ASs1, 

AddSt tSi l 1AddStatSimple1
SIZE ERROR Stats1 AddS
NOT SIZE ERROR St t 2NOT SIZE ERROR Stats2, 

Introduction 

via traversals (9)via traversals (9)

t i COBOL b filt dcts in COBOL can be filtered 

i i l d j i lion involved, just a simple 

i i h h d lierivations where the dangling 
ed to the correct branch:

tatSimple2
AS 2) b(AS 1 AS 2)ASs2) = amb(ASs1, ASs2)

to ASF+SDF



Compila

● A well-defined process
output and constraintsoutput and constraints

● Input: source program in
ll d fi d t dwell-defined syntax and

● Output: a fixed target la
syntax and semantics

● Constraints are known (● Constraints are known (
● A batch-like process

Introduction 

tion is ...

with well-defined input, 

n a fixed language with 
d tid semantics
anguage with well-defined 

(correctness performance)(correctness, performance) 

to ASF+SDF

Compila

Source
Single, 

Sourcewell defined,
source

Single,
Target

Single, 
well 

defined,
targettarget

Introduction 

tion is ...

ee

A batch-like process withA batch-like process with
clear constraints

t

to ASF+SDF

Understan

● An exploration process 
if (– system artifacts (source,

– implicit knowledge of it
● There is no clear target l
● An interactive process:● An interactive process:

– Extract elementary facts
– Abstract to get derived f
– View derived facts throu

Introduction 

nding is ...

with as input
d i ) documentation, tests, ...) 

s designers or maintainers
language

s
facts needed for analysis
ugh visualization or browsing

to ASF+SDF

Examples of under

● Which programs call ea
Whi h h● Which programs use wh

● If we change this databag
programs are affected?

● Which programs are mo● Which programs are mo
● How much code clones 

Introduction 

rstanding problems

ach others?
hi h d b ?hich databases?
ase record, which ,

ore complex than others?ore complex than others?
exist in the code?

to ASF+SDF



Examples ofExamples of 
underst

● Textual reports indicatin
parts (complexity use oparts (complexity, use o

● Same, but in hyperlinke
● Graphs (call graphs, use
● More sophisticated visu● More sophisticated visu

Introduction 

the results ofthe results of 
tanding 
ng properties of system 
of certain utilities )of certain utilities, ...) 
ed format
e def graphs for databases) 
ualizationsualizations

to ASF+SDF

Other aspects of

● Systems consist of sever
A l i h i● Analysis techniques ove
a language-independentg g p
needed

● A very close link to the● A very close link to the 

Introduction 

f Understanding

ral source languages
l i l ler multiple language =>

t analysis framework is y

source text is neededsource text is needed

to ASF+SDF

Relation-bas
● What happens if we use

software analysis (ex: fi
● What happens if we use

Wh t h if● What happens if we use
computational mechanis
– relations can represent g

● Could yield a unifying fy y g
and transformation

Introduction 

sed analysis
e relations for fine grain
ind uninitialized variables) 
e a relational calculus?

t iti b ie term rewriting as basic 
sm?

graphs in the rewriting world
framework for analysis y

to ASF+SDF

Toy pr

begin declare x : natural, y : na
  t lz : natural;

x :=  3;
if       3 then

z := y + x
else

x := 4x := 4
fi
y := z

dend

Introduction 

rogram

atural, 

y is undefined

z may be undefinedz may be undefined 

to ASF+SDF



Toy pr
l[i ] DEFS

begin declare x : natural, y : n

rel[int,str] DEFS

z : natural;
x :=  3;
if       3 then

[1]
[2] rel[int,stif       3 then

z := y + x
else

x := 4

[ ]
[3]

[4]

[ ,

l[int inx := 4
fi
y := z

[4]

[5]

rel[int,in

end

Introduction 

rogram
S  { 1 ” ”  3 ” ”  4 ” ”  5 ” ” }

atural, 

S = {<1,”x”>, <3,”z”>, <4,”x”>, <5,”y”>}

tr] USES = {<3,”y”>, <3,”x”>, <5,”z”>}] { , y , , , , }

nt] PRED  {<0 1>  <1 2>  <2 3> <2 4>  nt] PRED = {<0,1>, <1,2>, <2,3>,<2,4>, 
<3,5>,<4,5>}

to ASF+SDF

Finding uninitia

Start of progr

DDef 1 of x

Use of x

Introduction 

alized variables

ram
Along these path, we encounter

d fi i i

Def 2 of x

a definition

Along this path, we can
reach a use without passing
a definitiona definition

Value of x may be undefined here

to ASF+SDF

Applying the un

begin declare x : natural, y : n
z : natural;

x :=  3;
if       3 then

[1]
[2]if       3 then

z := y + x
else

x := 4

[ ]
[3]

[4] x := 4
fi
y := z

[4]

[5]
end

Introduction 

ndefined query

atural, 

y is undefined

z may be undefined 

Result:

{<5,”z”>, <3,”y”>}

to ASF+SDF

Some Qu

● There are several additio
I h l f– In the example so far we
numbers but how do we 
source text?source text?

– How do we extract relati
from the source text?from the source text?

Introduction 

uestions

onal questions:
h k d i he have worked with statement 
make a connection with the 

ions like PRED and USE

to ASF+SDF



Use locations toUse locations to 
sourc

rel[int,str] DEFS = ...[ , ]
rel[int,str] USES = ...
rel[int,int] PRED = ...

rel
relrel
rel
rel

Variable  occurrence 
in a statement

Introduction 

connect with theconnect with the 
e text

Use location instead of number

l[loc,str] DEFS
l[loc str] USESl[loc,str] USES
l[loc,loc] PRED
l[str, loc] OCCURS

to ASF+SDF

Example

<PRED, rel[loc,loc],
{<area-in-file("/home/.../example

rstore(

( p
area-in-file("/home/.../exampl

<area-in-file("/home/.../example
area-in-file("/home/.../exampl
 }>... }>,

<DEFS, {
<OCCURS, rel[str,loc],

{ " "  i fil ("/h / /{<"y", area-in-file("/home/.../examp
<"z", area-in-file("/home/.../examp

... }>
}>}

) 

Introduction 

e Rstore

e.pico", area(4, 2,4, 8,84, 6)), p ( ))
e.pico", area(5, 2,5, 8,94, 6))>, 
e.pico", area(5, 2,5, 8, 94, 6)), 
e.pico", area(6, 2,10, 4, 104, 56))>,

l i " (11  2 11  3 164  1))ple.pico",area(11, 2,11, 3,164, 1))>,
ple.pico", area(11, 7,11, 8,169, 1))>,

to ASF+SDF

Extractin

● Goal: extract facts from
input for queriesinput for queries

● How should fact extract
● How to write a fact extr

Introduction 

ng Facts

m source code and use as 

tion be organized?
ractor?

to ASF+SDF

Extracting Facts 

● Dump-and-Merge: Fact
and be merged laterand be merged later

● Extract-and-Update: Fac
d d ith iand merged with previo

● Both styles can be used,

Introduction 

using ASF+SDF

s can be extracted per file 

cts are extracted per file 
l t t d RStusly extracted RStore

, matter of taste

to ASF+SDF 40



Extracting Facts 

● Write traversal function
source filesource file

● All-in-One: one function
t ltraversal
– typically an accumulator
– makes contribution to na

● Separation-of-Concerns● Separation of Concerns
each fact to be extracted
SoC is more modular an

Introduction 
● SoC is more modular an

using ASF+SDF

ns that extract facts from 

n extracts all facts in one 

r that returns an Rstore
amed relations in Rstore
: separate function for: separate function for 

d
nd preferred

to ASF+SDF 41
nd preferred

Extracting Facts fr

● Use RStore for creating
U ili i /P I f [● Use utilities/PosInfo[S
information for specific 

● Use  utilities/Parse[Sor
a string (unparse-to-strin

● Write (example) functio
fl f i– cflow for extracting con

– countStatements for 
Introduction 

rom Pico Programs

g and extending Rstores
] f i i iort] for getting position 

sorts
rt] for unparsing a tree to 
ng)
ons

l flntrol flow

making a statement histogram
to ASF+SDF 42

g g

Fact exFact ex

languages/pico

languages/picoutilities/RStores

utilities/PosInfo

Introduction 

xtractorxtractor

o/syntax/Pico

o/extract/Pico basic/Integers

utilities/Parsing

to ASF+SDF 43

RStoRSto

A t f t d t/ l ti● A set of typed set/relation
● Primitives for

– Creating a new Rstore (cr
Declaring a new variable w– Declaring a new variable w

– Setting/getting the value o
M dif i h l f– Modifying the value of a v
or replacing elements (ins
Ch i i i bl– Changing integer variable

Introduction 

oresores

l i bl ( R i t)nal variables (see Rscript)

reate-store)
with its type (declare)with its type (declare)

of a variable (set/get)
i bl b i i d l ivariable by inserting, deleting 

sert, replace, delete, lookup)
(i d )es (inc, dec)

to ASF+SDF 44



Sets andSets-and-

P id t f th R● Provides most of the Rscr
ASF+SDF

● Uses one common elemen
– less type-safe than Rscriptless type safe than Rscript

● Provides all Rscript primi
– union, difference, inters

– size, subset, superset, ez , u , up r ,

Introduction 

RelationsRelations

i t f ti lit i idript functionality inside 

nt type: Relem
tt
itives:
section

element-of, ...m n f,

to ASF+SDF 45

Fact exFact ex
module languages/pico/extract/Pico

imports utilities/RStores
imports languages/pico/syntax/Pico
i  b i /Iimports basic/Integers
imports utilities/Parsing[PICO-ID]
imports utilities/Parsing[STATEMENT]

 l /P E Pimports utilities/Parsing[EXP]
imports utilities/PosInfo[STATEMENT]
imports utilities/PosInfo[EXP]

hiddens
context-free syntax
controlFlow(PROGRAM, RStore)             
statementHistogram(PROGRAM, RStore

Introduction 

xtractorxtractor

Declare the two extraction functions

  -> RStore  
e) -> RStore  

to ASF+SDF 46

Fact exFact ex
countStatements is defined as trave
that will be applied to the sortsPROG

context-free syntax

that will be applied to the sorts PROG
STATEMENT; It accumulates an RS

countStatements(PROGRAM, RStore)    

countStatements(STATEMENT, RStore

cflow({STATEMENT ";"}*)                      

context-free start-symbols
PROGRAM RStore RElem

cflow is an ordinary function that retu
each Pico language construct of the f
<entry points internal connections ex

Introduction 

<entry points, internal connections, ex

xtractorxtractor
ersal function

GRAM andGRAM and 
Store

  -> RStore   
{traversal(accu, bottom-up, continue)} 

) -> RStore 
{traversal(accu, bottom-up, continue)} 

   ->  <RElem,RElem,RElem>                                  

urns triples for 
form:
xit points>
to ASF+SDF 47

xit points> 

Fact exFact ex
variables
"P " [0 9]*  PROGRAM           "Program" [0-9]* -> PROGRAM           
"Decls" [0-9]*     -> DECLS             
"Stat" [0-9]*      -> STATEMENT         
"St t*" [0 9]*      {STATEMENT " "}*  "Stat*" [0-9]*     -> {STATEMENT ";"}*  
"Stat+" [0-9]*     -> {STATEMENT ";"}+  
"Exp" [0-9]*       -> EXP               
"Id" [0 9]*          PICO ID           "Id" [0-9]*         -> PICO-ID           
"Entry" [0-9]*    -> RElem             
"Exit" [0-9]*      -> RElem             
"R l" [0 9]*         REl              "Rel" [0-9]*        -> RElem             
"Control" [0-9]*  -> RElem  

variables
" "[0 9]*      R  { i }"Store"[0-9]*     -> RStore {strict}
"Int" [0-9]*        -> Integer {strict} 

Introduction 

xtractorxtractor

  

to ASF+SDF 48



HistoHisto
equations

[hist] statementHistogram(Program, Store) 
countStatements(Program, 

declare(Store  declare(Store, 
StatementH
rel[str,int])

equationsequations

[] countStatements(Id := Exp, Store)   = 
inc(Store  StatementHistogram  "Assignminc(Store, StatementHistogram, Assignm

[] countStatements(if Exp then Stat*1 else 
inc(Store, StatementHistogram, "Conditio

[] countStatements(while Exp do Stat* od  S[] countStatements(while Exp do Stat* od, S
inc(Store, StatementHistogram, "Loop")

Introduction 

ogramogram
Declare the variable
StatementHistogram and

= 
StatementHistogram and 
apply countStatements

Histogram, 
)

Only declare the cases

ment")

Only declare the cases 
of interest and increment
relevant counter

ment )
Stat*2 fi, Store) =

onal")
Store)  = Store)  = 
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Cflow:Cflow:
equations

[cfg] Store1 := declare(Store, ControlFlow, r
<Entry, Rel, Exit> := cflow(Stat*)
=====================================
controlFlow(begin Decls Stat* end, Store
set(Store1, ControlFlow, Rel)

[cfg-1] 
<Entry1, Rel1, Exit1> := cflow(Stat), 
<Entry2, Rel2, Exit2> := cflow(Stat+)Entry2, Rel2, Exit2   cflow(Stat )
=================================
cflow(Stat ; Stat+) = 
< Entry1  union(Rel1  union(Rel2  product(Ex< Entry1, union(Rel1, union(Rel2, product(Ex

[cfg-2] cflow() = <{}, {}, {}>

Introduction 

: series Declare the variable: series Declare the variable
ControlFlow and 
apply cflow

rel[<str,loc>,<str,loc>]),

===================

pp y

e) = 

Compute control flow for ap
series of statements
<Entry1,
Rel1Rel2(Exit1Entry2),

xit1  Entry2)))  Exit2 >

Exit2>

xit1, Entry2))), Exit2 >
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Cflow:Cflow:
equations

[cfg-3]  
<Entry, Rel, Exit> := cflow(Stat*),
Control := <unparse-to-string(Exp), get-locaControl  unparse to string(Exp), get loca
========================================
cflow(while Exp do Stat* od) = 
<  
{Control},
union(product({Control}, Entry), union(Rel,
{Control}{Control}

> Comp
<{Cont
({C({Co
{Cont

Introduction 

: while: while

ation(Exp)>ation(Exp)
==========

, product(Exit, {Control}))),

ute control flow for a while statement:
trol},

t l} E t ) R l (E it {C t l})ontrol}Entry)Rel(Exit{Control}),
trol}>
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CflowCflow
[cfg-4]  

E 1  R l1  E 1   fl ( *1)  <Entry1, Rel1, Exit1> := cflow(Stat*1), 
<Entry2, Rel2, Exit2> := cflow(Stat*2),
Control := <unparse-to-string(Exp), get-loc
=======================================
cflow(if Exp then Stat*1 else Stat*2 fi) =
< {Control},

union(product({Control}, Entry1), 
union(product({Control}, Entry2), 

union(Rel1, Rel2))),
union(Exit1, Exit2) > 

[default-cfg]
Control := <unparse-to-string(Stat), get-loc
=======================================
cflow(Stat) = <{Control}, {}, {Control}>

Introduction 

w: ifw: if an if statement:

ation(Exp)>
==========

Compute control flow for
an if statement:an if statement:
<{Control},
({Control}Entry1)
({Control}Entry2)({Control}Entry2)
Rel1Rel2,
Exit1Exit2>

cation(Stat)>
============
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Connecting tConnecting t

[main] Store1 := create-store(),
Store2 := statementHistogram(Progra
Store3 := controlFlow(Program, StoreStore3  controlFlow(Program, Store
===================================

start(PROGRAM, Program) = start(RSt

Introduction 

the piecesthe pieces ...
Create a new RStore

Add histogram facts

am, Store1),
e2) Add control flow factse2)
============
tore, Store3)

Add control flow facts

Extraction of a givenPROGRAMExtraction of a given PROGRAM
will result in an RStore
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Graph viewGraph view

Introduction 

w (factorial)w (factorial)
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Barchart viewBarchart view

Introduction 

w (factorial)w (factorial)
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Traversal fu

● ... automate common kin
d b f● ... reduce number of req

significantly
● ... lead to easier to under
● can be implemented e● ... can be implemented e
● ... have been applied in 

Introduction 

functions ...

nds of tree traversals
i d iquired equations 

rstand specifications
efficientlyefficiently
a lot of applications
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