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(b) Concept lattice

Attr−Val

Attribute−value

(a) Context table
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Baskets itemset

({F1,F3,F5}, {F2,F7,T3} )

F3 F5

T3F7F2

F1

frequent
3−itemset

Pre−

(c)

Vz:  variable−id

Ty:  type−id

Fx:  function−id

F2T2

F5F4F3F2F1

F2

V3
V2
T3
T1
F7

(d)

({Baskets},  {Itemset})

......

......

(b)(a)

Apriori
algorithm

T1
F7
F2

V3
V2
T1

T3
F7

sF(G  )
({F738,  F788,  F800},   {F171,  F173,  T40,  V298,  V324})

({F774,  F798,  F807},  {F209,  F308,  F812,  V259,  V312})

({F774,  F800,  F807},  {F209,  F811,  F812,  T5,  V259})

s
between entities in
Relationships

F5   use       V3

F4   use       V2

source−graph G

F1   call−F   F2

....

....F1   call−F   F7

sBaskets of items: B(G  )

T3

frequent

2−itemset

V3T1

F4 F5F1

({F1, F4, F5}, {T1,V3})
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Shared nodes
between groups

Extra edges

(d) Associated groups with the same number of entities

(e) Associated groups with extra elements and shared−entities

baskets and items based on the numbers of baskets and items.

b1 b2 b3 b4

 c) "Proposed association in a group": association in a maximal group of

a) "Association measure in clustering": association between baskets

b) "Association rule in data mining": association between items

entAssoc = 4 entAssoc = 4.5 entAssoc = 5

entAssoc = 5
entAssoc = 4

entAssoc = 3.5

entAssoc (b1, b2) = entAssoc (i1, i2) =   |{i1, i2}| + 0.5 * |{b1, b2}|

Extra nodes

b2b1

i2i1

based on the number of shared baskets.

based on the number of shared items.

Itemset

Basketset

g

g

y

x

confidence (i1 => i2) = 
|{b2, b3}|

|{b1, b2, b3, b4}|

i1 i2

|{i2, i3}|

i3i1 i2 i4

b1 b2

Jaccard (b1, b2) = 
|{i1, i2, i3, i4}|
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File−abs Function−abs Type−abs Variable−abs

Conn−entity

entity: Entity−abs

0..n

maxCont: Integer

Comp−placeholders

minCont: Integer
groupID: ’$ CL / CF / CT / CV’

1

imports: set (Conn−placeholders)
exports: set (Conn−placeholders)

1

entities: set (Entity−abs)

0..n

groupID: ’? R / F / T / V’ Integer  
type: Relation−abs

type: Relation−abs

SimpEnt−abs

Conn−placeholders

1
1..n

11

Attributes

Class−name

3

1

1..n 1

Component

Generalization
1

Aggregation

0..n

name: String
mainSeeds: set (Entity−abs)
part: Comp−placehoders

Subsystem

name: String
mainSeeds: set (Entity−abs)

Module

parts: seq (Comp−placehoders)

name: String
contains: seq (Component)

AQL−query use−F use−T use−V

minEntities: Integer
maxEntities: Integer

from: Component
to: Component

entities: set (Conn−entity)

index: Integer

to: Component
from: Component

Relation−abs

Entity−abs

1..n 1..n

exp−Rimp−R
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failed to produce result

(b) Multi−phase search space and backtracking
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C ed
in

1

3

deleted: cost 
x 0.25  

 

Example: r = 3 and 2 edges are matched

deleted: cost zero

deleted: cost zero

matched edge

matched edge

edge-bundle
Current

i,j k

matched node
n    = n 

Example: 2 edges are matched

Current
edge-bundle

matched edge

deleted edge

matched edge

deleted edge

i,j k

matched node
n    = n 

1
r

C ed
in

x 0.25  x

matched, is deleted with cost:
4- From "r" edges, each edge that is not 

Cost evaluation steps

r
including the current edge-bundle

1-  "r" =  number of remaining edge-bundles

(including edges that will be matched)
and delete the rest with cost "zero".

2- Keep "r" edges from the current edge-bundle

3- Match the edges from "r" edges in edge-bundle.

C ed
in

0.25 x 

then delete unmatched edges with cost "zero"

Cost evaluation steps

If one or more edges matched from edge-bundle

else
delete all edges with cost:

(b) Exported connector-edge deletion

Cost = zero

(a) Imported connector-edge deletion
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n      = 16i,3

n      = 11i,2

n      = 3i,1

n

i,3n

i,1n

ii) third edge of ’bi1’ is deleted with no cost.

first matched node
n     = 4

5

8

9

i) edge−bundle  ’bi2’ is deleted with no cost;
(c) Two edges matched from edge−bundle ’bi1’: 

i,2n      = 11

n i,3

n      = 3i,1

i,2

 (f) Second matched node causes no edge−match,
(or the matched−edges already imported):

ii) if min−edges not matched, cost is  maxCost.
i) redirect edge−bundle to next node with cost.

matched node
third 

9

8

5

i) edge−bundle is deleted with cost
be matched with re−directed edge−bundle:

(g) Third matched−node has no import−edge to
matched node

second

9

8

5

p
iG

95 8

pr
iGu

mrG

5, 8, 9, ... = n  , n  , n   , ...

(a) A portion of the pattern−graph        at phase i.

2

edge−bundle
bi1

bi

5

8

9

i,2n      = 14

i,3n

i,1n     = 3
first matched node

i,1n     = 7
exceeds max edges

5

9

8

ii) no edge−bundle remains to be deleted, 

i,2n

i,3n

hence, the third edge is matched with maxCost.

i) edge−bundle ’bi2’ is deleted with no cost;
(d) Three edges matched from edge−bundle ’bi1’: (e) Two edges matched from edge−bundle ’bi2’:

first matched node

i,2

i,3

i,1

n

n     = 3

n

i,1

i,2n

i,3n
5

second matched node

duplicate
import

5

8

9

i) second matched edge imports node 9 that is already
imported, hence, no edge−bundle is deleted for it.

ii) rest of edges of ’bi2’ are deleted with no cost.

8

9

i) rest of edges of ’bi1’ are deleted with cost.
(b) One edge matched from edge−bundle ’bi1’:
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Rest of edges of ’be1’ deleted with cost zero.
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be2

n     = 7i,1
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(b) One edge matched from edge-bundle ’be1’.

n i,3

n     = 7i,1

 

Cost is zero.
(c) Three edges matched from edge-bundle ’be2’.

9

5
8

n      = 14i,2

second
matched node

(e) Third matched-node has one export-edge:

ii) one export edge must be inserted to be matched.
 The cost is maxCost since max edges exceeded.

i) no edge-bundle was there for matching.
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third
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i) edge-bundle is deleted with cost.

(f) Third matched-node has no export-edge

ii) if min-edges is violated, cost is maxCost.

to be matched with redirected edge-bundle:
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n i,3

n      = 11i,2

(a) A portion of pattern-graph at phase i
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n     = 7i,1
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matched node

(d) Second matched-node n    has no export edges.i,2
Edge-bundle ’be2’ is redirected to n    with cost.i,3
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− "Cimp" := get import−edge−matching−cost using ......
− "Cexp" := get export−edge−matching−cost  using ...

3 create−and−initialize−tree (Gq, Gm, i, S)

− "Gp" := generate and initialize a tree−path using "Gq" and "Gm"

− "Gsr’" := get elligible region−nodes of "Gsr" as search−space
− RETURN ("QGp", "Gsr’")

6
− FOR  every matched "node" in the matching−pairs of "Gpr"  Do

3

inside−edge−deletion−cost (Gp, nd, i, S)

% test edges between "node" and "nd"
− "cost" := cost for deleting 0 / 1 / 2 edges using similarity 
− "Cin" : = sum of "cost"

− RETURN "Cin"

− "Gm" := resolve−shared−entities ("Gm")

− "cost" := get total of "Cin", "Cimp", "Cexp"

2

1 main−analysis (AQLquery, S)

− "Gq" := Parse "AQL query" and check its semantics

− LOOP  for every "entType": F / T / V    DO

− "HTML pages & Graphs" := generate HTML pages 

− output  "HTML pages & Graphs"

− STOP

− "Gm" := control−iterative−recovery using .....

− "solution" := accumulate resuling "Gm" for F / T / V

% S represents the ’source−graph’ and ’domains of nodes’

4

 "Gm" not found   DO
− WHILE  search−tree "QGp" is not empy  OR 

− "Gp" := remove multi−phase tree−path from head of  "QGp"

− "Gpr" := get single−phase tree−path from "Gp"
− IF "Gpr" is fully−matched   THEN  

− ELSE
− "ph" := get the current placeholder−node  from "Gpr"
− FOR  every region−node "nd" in "Gsr’"  DO     

− IF  new tree−path with "nd" is not duplicate THEN

− RETURN   ("Gm",  "QGp")

% perform node / edge  matching for "ph = nd"
% evaluate graph−edit cost for match "ph = nd"

− ("Gp", "cost") := evaluate−node−matching−cost

− IF "cost" < "maxCost" THEN
− "QGp" := insert new "Gp" into queue  and sort it

BQ−A*  (QGp, Gsr’, i, S)

4

2

− LOOP for every module in "Gq" till ’all fail’ or ’all success’  DO
− "QGp" := retrieve search−tree from global list "LQGp"

% Control the iterative generation of the architectural solution.
% All computations are based on current "entType" F or T or V.

− RETURN "Gm" 

− IF no "QGp" for this phase, THEN create one using .....

− IF "Gm" found in the last phase THEN ’all  success’

− restore partially expanded "QGp" to global list "LQGp"

− "Gm" := search "QGp" for "Gm" using BQ−A*  in ........

control−iterative−recovery (Gq, entType, S) 

5

i

iGm = Gm

Gpr = G pr
i

Gmr = G mr
u

Gsr = G sr
g(i)

p
QGp = QG

qGq = G
p

2

3

4 5

6

7

1

8

Gp = G

i

− "Cimp" / "Cexp" := maxCost    % exit loop

− perform consistency checking to delete the duplicate 

− RETURN  "Cimp" / "Cexp"

− get existing edges between "Gpr" and "Gmr" in source−graph

6

8

7

5 evaluate−node−matching−cost (Gp, nd, i, S)

− "Gp" := insert matching−pair  ("ph", "nd") into tree−path "Gp"
− "Cin" := get inside−edge−deletion−cost  using ...

− RETURN   ("Gp", "cost")

− "Cimp" / "Cexp" := total cost of edge deletion / insertion

LQGp = LQG
p

7 8

− IF existing edges are within range THEN
− generate matched edges and add to connector−edges

− IF existing edges violate Min or Max threshold THEN 

un−linked nodes in other modules.

import−edge−matching−cost (Gp, nd, i, S) 
export−edge−matching−cost (Gp, nd, i, S) 

− For every link−module "Gmr" in "Gp" that is linked to "Gpr"   DO

− check edge−bundles between "Gpr" and  "Gmr"

and Rigi graphs from the "solution"

− "Gm" := "Gp"  with "Gpr" in "Gp",  and  exit the loop

− "QGp" := create a single−path search−tree for BQ−A* using "Gp"

− IF "Gm" found in a middle phase THEN go to next phase
− IF no "Gm" found THEN Backtrack to previous phase

− "Gp" := restore "Gpr" in  "Gp"

− IF no "Gm" found in the first phase  THEN ’all fail’
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C5

C5
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Connector: 

Component: 
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Incr. clustering Patt. matching

component
Partitioning

Pre−process
component

Commands to
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C1

Alborz
Reverse Engineering

Tool

Reporistory: 

HTML

Result of

AQL query
file

Working data
M2

USER

Refine / Rigi
Parser:

R2

Source code

Parsed code
AST / RSF

Stored

from memory (M1)

component

 M1

O
n−

lin
e
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CommandRepositoryMemory

C3:  Inititialize tool

− Emacs Text files
− Rigi  RSF files
− Netscape HTML pages 

Source
code

System−data

Emacs / Intervista

Output
component component

HTML gen.

Netscape
HTM browser

Rigi
Graph visualize

Component
Query analyzer

Editor / Launcher:

system−data

C2

R1

R4

R1

....

R4 (output)

(input)

.

− Domains of entities

C2:  Annotate source files
− Entities & relations
− Baskets of items
− Frequent itemsets

− Similarity matrix

and store them in R2

and store them in R5

C1:  Generate system data

− Refine  AST objects
− Rigi  RSF tuples

− Partitioned clusters
− Association views
− Recovered components
− Search tree of graphs

− Metrics
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.

M2

C5:  Analyze query

C4:  Generate query
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Precision = 68.5%
Recall = 66.3%

��
��
��
��

��
��
��
��

accuracy
Average

��
��
��
��

��
��
��
��

7010 50 80 90 10020 30 40 60

10

40

70

20

30

50

60

80

90

100

Recall

Precision

U

A    B

U

A    B
B

A

All files

A

B

Software System

subsystem
Recovered-documented

Recall = 

Precision =

Documented
subsystem

subsystem
Recovered

(a) (b)

U

A    B

.���
� @%>B ,�- �
�����
� ��� 7����� ���
��� �
� ���� �� ��� �����
� 
� ����
���%
,�- &�� ����
��� 
� ��� 	����
� �������� 	

���� ��� ��� ���
��� ����
���%

����
� ��� 7����� �����
� 
� � 
��
��
�� ��������� �� �)
 ���� ������� ���� )���

�� ��������� �� �����
�� @%?% ��� @%?%"% &�� ���
��� ����
���� H�
�����
� <@%;NI

��� H7����� <<%"NI� �� 
������� �� ���
����� ��� ������ 
� �
�����
� ��� 7�����

�

 ��� �
���% &�� ���
��� ����
��� 
�	
������ ��� �
��

����� 
� ��� 
��
��
��

�
��������
� )��� ��� �
�������� ��������� ��
����
� 
� ��� �)
 ���� ������� ���

��� �� �
�����
�� �� � ��
� 	

������ ����
���%

!�� 9�
	2���
�����
 �
���	
�

&�� 	

	
��� ����

����� 	

����� ���������� ��� ���
��� �� ��0�
��� ������ 
� ���


��
��
� 	

���� �
 �������
�8� ��� �������
 )��� ��� �
��)�
� ������� ��� �
 ������

�� ��� 
��
��
� 	

����% $� ���� �����
�� ��� �
�	� �������8���
� ��� ����*����



 !< ������� �	 ���� ���

��

(a) Import / export of entities among 8 modules (b) Association among modules in part (a)
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subsystems
No. of
files

No. of Precision

28X-windowing

 utility  &
editing & 

S1-S4

files

utility &
editing & 

S2

37 47 81%
63%   e-
45%   u-

31%   e-

Recall

S3 39%   u-

(b) Arcitectural recovery evalution 

Recovered

rest-of-sys

Xfig subsystems

file manipulation

(a) Recovered subsystems of the Xfig system

Rest-of-system
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drawing 100%   d-

5 zero size files

Xfig subsystems: 
1) editing:  19 files
2) utility: 18 files 5) X-windowing: 28 files

4) file manipulation: 16 files

3) drawing:  10 files
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(d)  Adding "loose" association links to part (b) (e)  Adding "weak"  association links to part (d)

(b) Final recovery of Xfig system:
the subsystems  S1 and S4 are 
merged into subsystem S1-S4

resulting subsystems in part (b). 

(c) Association links among  the

S2

e_scale

u_drag e_edit

S3

f_readtif

S5

rest-of-system

u_elastic

rest-of-system are shown
using "strong" and "medium"
association links. 

(a) Five Selected main-seeds
for five subsystems and the

S1- S4

rest-of-system

u_elastic

e_edit S2

S1

u_drag e_scale
S4 S3

d_ellipse

e_movept

f_readtif S5
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General

file #: Integer
line #: Integer
id: Char Integer

+, −, x, /, &, |, >, <, <<,>>, ...
Arithmetic−expressions:

.....

type: Type−specifier
name: String

Declaration

value: Expression

Variable

If−then−else
.....

Return
.....

Block
.....

Switch
.....

Statement

Library−fileSource−file

Function

parameters: seq (Declaration)
declarations : seq (Declaration)
statements: seq (Statement)

.....
Iterate

Generalization

Type−specifier

Pointer−type

type−deref: Type−specifier

name: String

return−value: Expression

Expression

type: Type−specifier

arguments: seq (Experssion)

Function−call

Set of attributes 

Class name
.....

Aggregate−type

Assignment

dest: Experssion
src: Expression

Scalar−type:
Int, Real, String, Char, ..

.....

Array−type

elements: seq (Declaration) size: Expression
type: Type−specifier

path−name: String

includes: set (File)

File

defines: set (Declaration)
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