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e ISO/IEC 15291:1999 - Ada Semantic Interface Specification
(ASIS) implemented by ASIS-for-GNAT
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Control Flow Graph (CFG)

directed graph
nodes represent statements

There is an edge from node u to node v if v can follow v in
some execution sequence.

unique start node called root or initial node



Example: The Source Code

procedure Test is

array (1 .. 3) of Natural;
Nat ur al ;

Nat ur al ;

begi n
(1,2,3);
0.

A0>T AN E

A; First;

| oop
if K<=
S

K:

A Last then

= S + A(K);
= K+ 1;

el se

exit;
end if;
end | oop;

end Test;
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Example: The Control Flow Graph (CFG)

A := (1,2,3);

S = 0;

K := A’First;
loop ‘

if K <= A’lLast

’ end loop;




Example: The Control Flow Graph (CFG)

A := (1,2,3);

S = 0;

K := A’First;
loop ‘

’if K <= A’Last

4\

+ A(K);
+ 1

7
end if; ‘

S S
K := K
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Example: The ASIS Abstract Syntax Tree (ASIS) - 2

N58: A_Statement SubType:
An_Assignment_Statement

K:=K+1;

N59: An_Expression SubType: N60: An_Expression SubType:
An_Identifier A_Function_Call
K K+1
Y

N61: An_Expression SubType:
An_Operator_Symbol

+

N62: An_Association SubType:

A_Parameter_Association

K

N64: An_Association SubType:
A_Parameter_Association

1

Y

Y

N63: An_Expression SubType:

An_Identifier

K

N65: An_Expression SubType:
An_Integer_Literal

1
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ntax Tree (AST) - 4

Example: The ASIS Abstract S

N1: A_Declaration SubType:
A_Procedure_Body_Declaration

N2: A_Defining_Name SubType: A_Defining_Identifier
procedure Test is
Test A: array (1 .. 3) of Natural;
S: Natural;
I: Natural;
begin
A= (1,23);
=0;
A'First;

A

N3: A_Declaration SubType: A_Variable_Declaration
I:=

A

loop
if I <= A'Last then
S:=S+A);
I:=1+1;
else
L exit;
S: Natural; end if; .
end loop;
end Test;

A array (1 .. 3) of Natural;

N12: A_Declaration SubType: A_Variable_Declaration

N20: A_Statement SubType: An_Assignment_Statement

N16: A_Declaration SubType: A_Variable_Declaration
A:=(1,23);

I: Natural;
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The Software

Ast2Cfg - the framework, designed as a library

Cfg2Dot - uses Ast2Cfg, outputs the CFG structure in dot
format

Ast2Dot - uses ASIS directly to output the AST in dot format

available under GPLv2 (Ast2Dot) or GPLv3 (Ast2Cfg,
Cfg2Dot)
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The Structure of the Transformation Process

:
at E . o 5

.a |4 =
- — g Child Has Finished 3 5
File 4 ]
3 2
AST Post Op &

Structure CFG

12



Flow World: The Main Data Structure

e World Object
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Flow World: The Main Data Structure

e World Object

e Flow Object
e Pkg Object
e CFG_Object
e Node_Object

e Pkg/CFG Tree (implicit structure)
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Example: Pkg/CFG Tree

Default PKG
procedure Quter CFG is ¢ )
package Quter _Pkg is
end Qut er _Pkg;
package body Quter _Pkg is OL?IG—C)FG
package | nner _Pkg is
end | nner _Pkg;
procedure | nner CFGis
begi n Outer_Pkg Outer_Pkg
end | nner _CFG, (spec) (body)
end Qut er _Pkg; /
begi n
end Quter CFG Inner_Pkg Inner_CFG
(spec) (bodly)

14



Flow World: The Main Data Structure (contd.)

World_Object
Flow_ Object
e Pkg Object
e CFG_Object
e Node_Object

Pkg/CFG Tree (implicit structure)

Parameter Tree (saved in nodes)

15



Example: Parameter Tree

Assignment Node 1.3.9:

Idents: V,FuncA,FuncA,FuncB
V(FuncA(X)) := FuncA(FuncB(0,Y));

,,,,,, R TN

‘ Parameter Node 1.3.8: | | Parameter Node 1. 3 13 1‘ Node 1.3.19:
o
\ ASSIGNILHS | |  ASSIGN/RHS J CFGEND
V: array(a..b) l I
of Integer; I Parameter Node 1.3.10: : | Parameter Call Node 1.3.14: |
| Variable: V | Dest: FuncA |
V(FuncA(X)) : I IDX/COMP | FUNCIPARAM/ROOT |
FuncA(FuncB(O Y)); 7777[7771 fffff l fffff
I Parameter Call Node 1311: | | Parameter Call Node 13.16: |
| Dest: FuncA [ Dest: FuncB |
| FUNC/IPARAM/ROOT | | FUNC/PARAM/ROOT |
I Perameter Node 1.312: | | Parameter Node 1.3.17: o | Parameter Node 1.3.18; |
| Varigble: X ! | | | Varidble: Y !
| PARAM/NODE J | _PARAMINODE |  PARAM/NODE J
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Flow Types: An Overview

‘ Flow_Object ‘

| |

‘ CFG-Object ‘ ’ Node_Object ‘ ‘ Pkg_Object ‘

! ! !

abstract
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Flow Types: Package

Pkg_Object

|

1

*‘ Body-Object ‘

Spec_Object ‘

Def_Object

Simple_Spec_Object

—{Simple,Body,Object

Gen_Object ‘

Prot_Object

Single_Prot_Object

11 1

abstract
Prot_Type_-Object
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Flow Types: CFG

CFG_Object

Body_Object ‘ Spec_Object ‘

Abort_Object

Generic_Object ‘

Block-Object

Task_Type_Object ‘

IR

Entry Object

Single_Task_Object ‘

Except_Object
Func-Object
Init_Object

Proc_Object

abstract
Task-Object concrete

19



Flow Types: Node

y

-

Node_Object
Return_Node_ Object

Call Node_Object

Terminate_Node_Object
Accept_Node_Object

Param_Node_Object
Entry_Call_Node_Object

Paramjlloc,Node,Object‘
Abort Node Object
Param_Call_Node_Object
Jump_Node_Object
Goto_Jump_Node_Object

Exit_Jump_Node_Object

Trivial Exit_Jump_Node Object ‘

1

Loop_Node_Object

Finite_Loop_Node_Object ‘

Infinite_Loop_-Node_Object ‘

Assign_Node_Object

Branch_Node_Object

Complex_Exit_Jump Node Object ‘

\J

20



Usage

with Ada. Text .1 O, use Ada. Text | O, with Ast2Cfg. Pkgs; use Ast2Cfg. Pkgs;
with Ast2Cfg. Control; with Ast2Cfg. Fl owWorld; w th Ast2Cfg. Qut put;

procedure Run is
World: Ast2Cfg. Fl owWorld. Worl d_Obj ect _Ptr;
Pkgs: Pkg-Cl ass_Ptr _Li st.bject;
Pkg: Pkg.Class_Ptr := null;

begi n
-- Initialisations
Ast 2Cf g. Qut put . Set _Level (Ast 2Cf g. Qut put . War ni ng) ;
Ast 2Cfg. Control . Init("—CN foo. adt bar.adt");
-- Fill the World with flow data
World := Ast2Cfg. Control . Generate;
-- Qutput the nanme of all top-Ievel packages
Pkgs := Ast2Cfg. Fl owWorl d. Get _Pkgs(Wrld.all);
Pkg_Cl ass_Ptr _Li st. Reset (Pkgs) ;
whil e Pkg.-Cl ass_Ptr_Li st. Has_Next (Pkgs) | oop
Pkg_-Cl ass_Ptr _Li st. Get _Next (Pkgs, Pkg);
Put _Li ne( Get _Name(Pkg.all));
end | oop;
-- Finalisation
Ast 2Cf g. Control . Fi nal ;
end Run;

21



Excursus on the Command Line

= - Konsole M =6

georgBpc2002 ~ S cd flowworlds

georg@pc2002 ~/Tlowworld § cd clg2dot
georg@pc2002 ~/flowwor 1 cfg2dot ‘s .scfg2dot —h
[cfg2dot] Unknown option: —h

CfgZDot version 0.6.1, Copyright (c) 2007, 2008 Raul Fechete, Geory Kle\\esherger
CtgzDot cames with ABSOLUTELY NO WARRANTY: for details tupe ./cfgZdot —

This is free softuare, and you are welcome to redistribute it under .:enam
conditions; type ".ccfyzdot —1° for details.

Using AstZCfg version: 0.1

.scfg2dot [-o DIRECTORY [-c11 [-ul-uul [-f FILE1 FILEZ .. FILENI

options all adt files in the current directory are processed
dot contents are written to stdout.

(create DIRECTORY) and save a dot file for every graph there
force DIRECTORY creation. If a directory with same name already
exists, it will be deleted.
only consider adt files FILE1 to FILEN
be verbose (shou debug output)
be very verbose

yeory@pcze0z ~/flowor ldcfgzdot § []
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Examples: If Statement

Branch Node 1.2.5:
if/case
Node12.7: Node 1.2.14:
Idents: > .
if (x>10) then elsif (false) then
if (X>10) then } l
nul | ; e oialiey
S Parameter Node 1.2.8: | | Node 12.12: Node 1.2.16:
elsif (false) then | evemeter ode | ¢ ¢
nu! I | STMT/PAR | null; null;
end if; ;777{777 \ /
| Parameter Call Node 1.2.9: ! Node 1.2.6:
! Dest: > !
| FUNC/PARAM/ROOT ! end iffcase
N :
| Parameter Node 1210: | | Parameter Node 1.2.11: | Node 1.2.18:
| Variable: X !
| PARAM/NODE J | PARAM/NODE J CFGEND
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Examples: Case Statement

Branch Node 1.3.9:
Name: Start
Idents: X
if/case
Node 1.3.11: Node 1.3.15: Node 13.19
. Idents: A Idents: B h hers=
<<Start>> case X is when A => wheng=> | | Whenothers=>
when A =>
nul | ;
when B =>
nul l'; Node1313: | | Node13.17: Goto ?‘r’:g;\,“g;tl's'za
when ot hers => dorts Sart
null; null;
goto Start;

goto Start;
end case; \ /

Node 1.3.10:

end if/case

!

Node 1.3.24:

CFGEND
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Examples: Loop Statement

Infinite Loop Node 1.6.12:

Name: Loopl
Loopl: loop
Call Node 1.6.15:
Dest: Increment
Idents: Increment
Increment(X);
Loopl: | oop \
Increment (X);  _ _ _ _ _ _ _ -
exit Loopl | Parameter Call Node 16.16: | | C =Xt mp Node 16.20:
- ; Target: Loopl
when Condition; I Dest: Increment I |dents: Loonl Conditi
- PROC/PARAM/ROOT | dents: L-oopl, Conaltion
end | oop Loopl, I PROCIPARAM/ROOT - | exit Loop1 when Condition;
| Parameter Node 1.6.17: | Parameter Node 1.6.19: | Node 1.6.22:
| Variable: X ! | |
| PARAM/NODE J | STMT/PAR Loop End

77777777 T

| Parameter Call Node 1.6.21: | | Node 1.6.23:
| Dest: Condition |
| FUNC/PARAM/ROOT | CFGEND

25



Examples: A few words on the word static

Infinite Loop Node 1.1.5:

loop
procedure Not _A_Loop is
I: Integer := O;
begi n T-Exit Jump Node 1.1.8:
| oop exit;
exit;
I =1 + 1;
end | oop;
Node 1.1.16:
end Not _A_Loop;
Loop End
Node 1.1.17:
CFG END

not _a_l oop. adb: 7: 09: war ni ng: unreachabl e code

26



procedure Not _A_Loop-2 is

I: Integer := 10;
begi n
| oop
exit when | >= 10;
=1 + 1
end | oop;

end Not _A_Loop_2;

Examples: A few words on the word static (2)

Infinite Loop Node 1.1.5:

loop

\

C-Exit Jump Node 1.1.8:

Idents: >=
exit when | >= 10;

!

Assignment Node 1.1.14: Node 1.1.19;
ldents: |,+
=141 Loop End
Node 1.1.20:
CFG END

27



Examples: Tasks

Node 1.3.1:
select/acc
. / Node 1.4.4:
— Cal I er QObj ect Node 1.3.4:
Task_Obj ect. Entryl,; Idents: Condition
. Entry Call Nodel.6.7: select or
sel Called Object Dest: Task_Object.Entryl
sel ect Idents: Task_Object.Entryl i l
accept Entryl do Task_Object EntryL;
nul | ; Accept Nodel.3.8: Accept Nodel.4.8:
end Entryl; l Dest: CFG[1.4.0] Dest: CFG[1.5.0]
or o accept Entry1 do accept Entry2 do
when Condition => Node 1.6.9:
accept Entry2 do \ /
nul | : CFGEND
end Entry2; Node 1.3.3;
end sel ect;
end select
Node 1.5.4:
CFGEND

28



Examples: Protected Objects

package body Prot _Pkg is

protected body
Prot _Type is

entry Entryl
(A in Integer)
when True is
begi n
null;
end Entryl;

end Prot _Type;
Prot _Obj : Prot _Type;
begi n

Prot _Obj . Entry1(0);
end Prot _Pkg;

Prot_Pkg
(body)
-VARS--
Prot_Obj: { ST: Prot_Type}

/

Prot_Type
(body)

Entryl
(body)
—-PARAMS--

: {ST: Integer}

|
[

Entry Call Node2.2.3:
Dest: Prot_Obj.Entryl

Idents: Prot_Obj.Entryl
Prot_Obj.Entry1(0);

Parameter Call Node 2.2.4: | [ Node22.6:
Dest: Prot_Obj.Entryl !
PROC/PARAM/ROOT | | CFGEND

s

| Perameter Node 2.2.5: |
|

|
PARAM/NODE
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Examples: Types

package Types is

type Rec_TypeO is
t agged
record
F: Float := abs(3.14);
B: Bool ean;
end record;

type Rec_Type.l is
new Rec_Type.0
with null record;

end Types;

Types
(spec)
-TYPES-
Rec Type 0
[COMPONENTS]
F: {CT: Float}
B: {CT: Boolean}
Rec_Type 1{ST: Rec_Type O}

.y

| F

INT

4

Parameter Node 1.0.2: |

-1
|

e

I Parameter Call Node 1.0.4; |
! Dest: abs I
! FUNC/PARAM/ROOT !
= 4
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Further Information & Downloads

e http://cfg.w3x.org

e For comments, bug reports and feature requests please
contact us:

e cfg@w3x.org
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updated documentation in the next few months
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Thank you very much!

Any questions?

http://cfg.w3x.org

These slides are licensed under a Creative Commons Attribution-Share Alike 3.0 Austria License. http://creativecommons.org
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