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Introduction of Concept Analysis

e Concept
— Intent :Attributes
— Extent: Objects
e Concept analysis

— transforms any relation between ‘objects” and
“attributes” into a complete lattice.



Introduction of Concept Analysis

Formal context C=(0,4T)

Comr_non attributes #(0) = {a € A|Voc O: (0.a) € T}
of objects

Common objects of

attributes T(A)={0€0|Vac A:(0a)€T)
Concept Is

pair(O,A) A=0(0) and O = 7(4)

Partial order (01, A1) < (00, 43) &= 01 C Oy = A1 D 4



Construction of concept lattice:example

v31v4
SUBROUTINE R3(...)
COMMON /C2/ V3, V4 VB V7 V8B
SUBROUTINE R1{...) Vi V2 W
COMMON /C4/ V6, VT V8
COMMON /C1/ Vi,V2 Lo Bl AR L oL R1 R3
END
B R4
SUBROUTINE R4(...)
' COMMON /C3/ VS . o e ey T
VB — VTV6V4V3
coMIE /C3/ VB COMMON /C4&/ V6,V7,V8
V7 — VEVE VIV3
END END V6 & V8VTIVAV3
Vi = V4V3
VI V2 V3 V4 V5 V6 V7 V8 V4avavayl o VEVT Ve VS
R} x x V4 -+ V3
R2 X X X VvVl = V4
R3 >{ % by . )
it4 % x X % % % v: = Vi
Vi = V2

Figure 1: A formal context, its concept lattice, and its minimal implication base; extracted from a source text.



Construction of concept lattice:example

VI V2 Vi vd Ve Ve V7T OVR
Rl x x
R2 X X X vavs
R3 XX X X X
4 Ed W ¥ ¥ W '
V1\Vv2 V5
R1 V6,V7,Vv8
Top: {R1,R2,R3,R4}{}) R2 R3

Cl: R1}{V1,V2})

C2: ({R2,R3,R4}.{V3,V4}) /. .

C3: ({R2,R4},{V3,V4,V5})

C4: {R3,R4},{V3,V4,V6,V7\V8}) *A lattice element is labeled with attribute a,if it is the largest concept
having attribute a
C5: ({R4}.{V3,V4,V5 V6 N7,V8}) *A lattice element is labeled with object o, if it is the smallest concept

having object o
Bottom: ({},{V1,v2,v3,V4,V5V6,V7\V8})



Construction of concept lattice:example

 Interpretation

— The lattice show that all the subroutines(R2,R3,R4)
use V3 are below u(V3)

— All variable above r(R4) -V3,V4,V5,V6,V7 are used
by R4
— S0 the concept labeled by R4 ,and V5/R2 is
e = y(R4) = ({Rd}, [U’:l,W,\-’ﬁ,Vﬁ?W,VS])
o= p(V8) =1(RY = (RLRA} (VA V4 V)

Hence ¢; < ¢y,




Construction of concept lattice

« Connections between relation table and concept lattice
— They can be constructed from each other

(0,a) €T &= (o) < pla)

Hence the attributes of object o are just those which
show up above o in the lattice, and the objects for at-
tribute a are those which show up below .



Improve software components retrieval

« Assume the components are represented by keywords

- g
- Py
v S — . 4 &
05yl Tuv.siliiviis
#ﬁﬁh%ﬁh&ﬁ;ggiﬁﬁa?ﬁﬁi
aCCess x X x
chdir X X
chimod i x x =
chown x » X x
creat > x, 4
fork 4 bt W
fstat x XK ™
mkdlr o ®
open x  OX X x x
read )4 b4 4
rmdir X X X
write ® * ®




Improve software components retrieval
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The search key Q={file,new } identify component create.
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Improve software components retrieval

 Lattice can support searching and narrow search space

Figure 3: Narrowing the search space

10



Exploring configuration tables

A
gifdef DOS DOS 082 X._win
L II. .. I

. il »
#endif I11 -
#1fdef 052 Y * ot

.II -:':.'

..WIIIL., vil
#endif 1
#if defined(D0S) ’

bk defined(X _win)
L I DOS
fendif 0573 TT
#ifdef X_win 111
'

. IV
#endif
'

Figure 4: A simple CPP file and its configuration lattice
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Source file of rcsedit, uses
1656 lines and 21
variables for configuration
management

C1 is represent code piece
not governed by anything.

The left side of lattice is
quit flat,

However,the right side
has some interference.

Interference analysis

[ NORA-RECS L
File Action  Options Help
Gena off
o g
14 £3t
! i
).
o
Extent
COT 1R = 420 [ lewieninfbsps3 (~restrucl) Mﬁéﬂ
! # if thas_rename
Intent Labels do_tirk(from,ta) =0 7 =1 : wun link(from)
=] L alap
C26 | bad_unlink OF has_NFS) . rename(From, ko) !=0
oK - - C3: has_rename )
[J has_hF3 143;{. 1424 # If has_HFs
- 1428 - 1428 & orrno != ENOENT
1432 - 1492 # , ol
1 i pros— 1f bad_a_rename
|§ oK, I iHeIp; : mode = mode_while_renaming P chmod{to. m
- [P v |
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Assessing modular structure

A module consists of a set of
procedures in P use only
variables in V and all variables
in V are only used by P.

Good modular structure has
low interference.

The right software system has
492 global variables and 42
common block.

It has very high interferences
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A Concept Analysis Inspired Greedy Algorithm
for Test Suite Minimization

Motivation and Goal:

«Software test is expensive,so we need to minimize the test suite
satisfying the requirement set.

«Selecting a minimal subset of T that covers all the requirements
IS a NP complete problem.Min-test-suite is equivalent to min-set-
cover problem,which is a NPC problem.

S0 a heuristic algorithm which could lead to a sub optimal
solution is needed
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A simple greedy heuristic algorithm

o Strategy:Always choose the test case covers max
requirements.

Table 1: An Example showing the requirements exercised by
test cases in a test suite.

"1 o "3 | Ta | Ts | Te
[T XX XT [ T 1
ta | X X
ta X X
ta X X
is b

The result is (t1,t2,t3,t4)
The optimal is(t2,t3,t4)

Reason: make decision to choose t1 too early
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HGS

Consider the subset of Test suites T, such that any one of the test case t; in T; can be used to test r;.

»  Firstincludes all the tests cases that occur in Ti’s of cardinality one and mark all Ti’s containing any
of these test cases.

» Then consider Ti’s cardinality two,test case that occurs in the maximum number of Ti’s cardinality

two is choose.

»  repeat this process until reach cardinality max and.all unmarked Ti’s containing these test cases are
marked.

» If atie, choose the test case that occurs the max number of unmarked Ti of cardinality m+1 is chosen.

17 [r2afrsfrafrs |

h | X
ta | X

X
X

X
X
X

X

P4

T1 = {t1,t2}
T2 = {t1,t3}
T3={t2,t3,t4}

T4 = {t3,t4,t5}

T5={t2,16,t7}

Firstly,consider T, and T, (each with cardinality two) and select test
case t1.

Next consider T3,T4,T5(each with carnality three),choose t2.

Only r4 is not covered, and T4 is not marked, so we randomly choose
one of t3,t4,t5,suppose choose t3, the final result is {t1,t2,t3}

However, the optimal is {t2,t3}

Reason: the decision to choose t1 is too early.
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Using concept table to do reduction

| Concept | (Objects, Attributes) |

TOP I:{fl ta,ts, ta, f5 })
c1 ({t2}.{r1,74})

Ca ({t1}{r1.r2, 73 })

c3 ({ta}.{ra,re})

Cy (1ts }{f‘z rs })

Cs5 {{h ta} {f‘l}*)

C‘E E{;& :4 {f‘a}')

s {}fa fsfH i

BOT {{}-{T‘l ra, 3, ra, s, T‘b}j

Figure 1: Context table, concept lattice and the table of concepts.
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Using concept table to do reduction

* Object reduction.

— If aconcept labeled with object 01 is lower than concept labeled with object o,
and the two concept are ordered,all the attributes covered by o, will also be covered
by 0,,50 we can safely remove o0,.

e Attribute Reduction.

— If a concept labeled with attribute al is lower than concept labeled with attribute a,
and the two concept are ordered, in the case,the coverage of al will imply coverage
of a2,s0 requirement of a2 is redundant,so we can safely remove the column
corresponding to a2 in the context table.

e Ownership reduction.

— Define the strongest concepts as the elements in the lattice which is next to bottom.
If any strongest concept s is labeled with attribute a,then it implies we must choose
the ojects, since only objects in that concept covers the attribute.

18



Reduction

[ Concept | (Objects, Attributes) |

__rﬁ re+ | s | Ts TOP Htl.fz. ts, 14 }{]’]
T_X C1 L{fg }'{i“z rg }')
ta X C2 ({ta}.{ra})
ts | X X c3 ({tat.{re})
fa X 4 ({t1,ta}.{r2})
BOT .{i‘“z_.i'“.;,i'“s,?“ﬁ

Figure 2: Reduced context table, concept lattice and table of concepts after applying object reduction {3 = {5 and attribute reduc-
tions 7 = r3 and ry = r; to context table in Figure 1.

[ Concept [ (Objects,Atiributes) |
TOP ({t2, t3, ta}.{})

L [rafra]rs ||

72 X c1 ({ts}{r2,7s})
ts | X X C2 ({t2f{ra})
t, X c3 ({ta}.{re})

BOT | ({}.{r2,74,75.76})

Figure 3: Reduced context table, concept lattice and table of concepts after applying object reduction {3 = {; to context Table in
Figure 2.



DELAYED GREEDY ALGORITHM

Input: Context_table for given test suite T.

OQutput: Set of test cases in minimized suite T in.

procedure Delayed-Greedy(Context_table)

T'min=cmpty:
while (Context_table # empty) do
tInter=tfalse; detectInter=0:
while not(fInter) and (Context_table # empty) do
fInter=true:

Step 1: For each object implication o; = o5 do
Remove row for test case 0; from Context_table;
fInter=false:

endfor
Step 2: For each attvibute implication v = »r; do

Remove column for requirement »; from Context_table:

fInter=false:
endfor
Step 3: For each attribute r; resulting in an owner reduction do
Remove row for test case ¢ that covers requirement 7
Remove columns for attributes covered by test case ;
Tmin = Tonin U {t}
fInter=false:
endfor
endwhile

20



DELAYED GREEDY ALGORITHM

Ty e

Step 4: Choose the objects that

if (Context_table # empty) then cav_e:brstthe most number of
. . - attributes.
Let t be test case picked using greedy coverage heuristic.
Remove row for test case ¢ from the Context.table; If more objects covers the

Remove columns for attributes covered by test case ¢ Sf[itmﬁ ntU mtt))er ?(fth .
Toin = Tonin U {T_}Z detectInter=1: attrioutes,oreak the tie as

endif Select the object covering
an attributes that is least
covered by all other
objects. To be as good as
classic heuristic algorithm

endwhile
if (detectInter=0) then
report minimized test suite Trip 15 of optimal size.
else
report interference encountered.
endif
return( L imin )
endprocedure

Figure 4: Delayed-Greedy algorithm
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Comparison with other heuristic algorithms

Algorithm Reduction strategy before heuristic
selection

Simple greedy heuristic No reduction

HGS No Reduction

SMSP Only consider the strongest

concept,reduce others

Delayed greedy algorithm Object reduction
Attribute reduction
Ownership reduction




Experiment

Table 3: Experiment Subjects

Prog. loc. Ave size of Toral No. of
un-minimized suite requirements
[ Dranch Cov. | Del-use Cov. || Branches | Del-use pairs
space 6218 533 530 1336 5179
tcas 135 20 21 41 51
print 402 G4 ol 127 275
tokens
print 483 77 79 154 233
rokens?
schedule | 200 ET; 16 RE| XS
replace 516 83 108 135 739
totinfo 346 53 53 83 287
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Experiment

Table 4: Frequency of ( size of Tmin by Algo. - size of Tmin by DelGreedy ) for Branch coverage and Def-Use coverage test-suites

frequency qf { size of Tmin by Algo. - 5ize of min by DelGreedy ) || frequency of ( size of Lmin by Algo. - size of Imin by DelGreedy )
Prog. | Algo. Branch Coverage Suttes Dei-Use Coverage Suttes
Ol T2 4 3loel 789 =00 01T 2[3[4]>[6]7[8]Y]=0
space | Greedy | O | 4 JI0(20(22 1221 2[8 [21]-1] - O[T {3511 ||H16(8]6] 1
HGS | 4 |02 (B85 [3[1]-] - T[4 16114[9[412]14]-] -
SMSP L O[O (O] OOfOfOpOjOfOfjl00fOJO]jOfOQfO]0]oO 010|100
icas | Greedy | F |4l | 2 - -1 - o8 [0 2] -1 - -
HGS | 58 | 36| 6 B 1210
SMSP L O [ O[O QOS5 [6 |1l 10]13]18] 3 O[T [8 2628|1471
prmt | Greedy | 82 | 17| 1] - | -1 -1-1-1-1-1-1®[1]3]-
fokens | HGS | B3 [36 (151412 (-|-|-|-1"-1] - 0 |12]61°2 -
SMSP L O[O fOQOpOfOf23]2]2]0M O fOofOolOoLOofOofLl 25|78
print | Greedy [ 86 [ 4| - | - | - | - -|-|-|-1| - 62 [ 31
tokens2 | HGS | 99 | H 17| 0 ---1-1|-1|-1 - B3B3 -1-1-1-1-1-1-
SMSP L O fOfOop21foOofopr Lt ffojojpofofjoptirptryp210p0]29%
schedule [ Greedy (10O O [ - - - -1-V-(-1-- W00 -1-1-01-1-V(-0-1-1-1-
HGS [ 37 |81 -1-1-1-1-1-1- 62 | 32 - | -
SMSP [ 90 [ O [ 1 - - - - -] -] - 66 (191122 1] -
replace | Greedy [ 49 |14 2 - -|-1-|-1|-1 - D68 10]3 )1
HGS [ B 3712713 - -1-1-1-1-]1 - W ufs1]- -
SMSP L O fOfO0QOyOfOfOoOjojLry9ffolojofofoopoj0yjo]0]Io0
totinfo | Greedy | 84 | 16 - - -{-|-|-1|-1|-] - W2 -1-
HGS [ 420511 -1-1-1-1-1- 66 | 20141 -1-1-1-1-1-1-
SMSP | L2 (812101217129 [4]3 O fofopopr {227 1[12]6




Experiment

The average size of test suite are significantly reduced, the size of minimized suite
generated by DelGreedy was of the same size or smaller than that generated by o other
algorithms

, Vo * 1 Average branch coverage suites of DelayGreedy is
Table §: Average size of minimized suite by DelGreedy ~ smalter than other algorithms,the smaller percentage

Program | Branch Coverage | Def-Use Coverage Greedy HGS SMSP
opace 153 143 Smaller% | 35% 64% 86%
feas . .
print—mkena ) 7 Percentage Average def-use coverage suites
, - of DelayGreedy is smaller than other
print-fokens? 1 ) algorithms, the smaller percentage
schedule ) )
A
feplace 9 0 Greedy HGS SMSP
notilo ! ) Smaller% | 39% 46% 91%
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Experiment

In most of the time, the delayGreedy algorithm will output the optimal result

Table 6: Number of Oprimal size (7Opt) and Non-Optimal size
(ZNon-Oprt) test suites produced by each algorithm and time
performance

Frog. Alzo. Branch Coverage Suites D~ Lize Coverage Suites

Fouon- Flpt Fun- Time =on- FpL. =ln- lime
Opt Diec. {zec) Crpr. Dhec. {zac)
space DielGreedy - Q32 ] 737 - oo 1 1912
CGraady 1100y o o 444 100 0 0 1.032
HiGE o6 4 o 307 a3 7 0 S66

SKISE 10 0 0 - 100 0 0 -
fCcas DelGreedy - &8 32 00G - 2] = Lih]
Gready 3 37 20 004 32 63 3 D0
HiGE 42 3o 19 00z 2 ot 4 01

SHRISE 110 o o - 100 Q0 a -
print DielGreedy - 71 249 000G - oz ] 011
tokens CGrraady 18 52 20 00s 22 TO B 0o
HiGE 57 35 g D0E 30 [:14] 4 0E

SMEP 10D 0 0 - 100 0 0 -
print DelGreedy - B4 14 010 - E0 2 011
nokens2 Gready 14 T 14 007 38 0 12 010
HiGE 51 2o 20 007 52 40 a8 0OE

SHRISE 10 0 0 - 100 0 0 -
schadule DielGreedy - B 1 003 - o1 Q (11T
Grraady L] ag 1 003 0 a1 a D04
HiGE 63 ET 1 D0E 38 36 5 0E

SNEP 1 oo 0 - 34 [:1+] 0 -
replace DelGreedy - 53 47 011 - o4 [+ 7
Gready 51 25 24 000G TE 11 11 21
HiGE &7 17 14 00 Tl I8 1 o0

SKRISE 1D 0 0 - 100 0 0 -
totinfo DielGreedy - 44 54 o4 - 88 1% 010
CGrraady 16 32 52 004 2 &7 11 0o
HiGE 73 1 15 D04 34 58 a3 0E

SKISE o0 1 0 - 100 0 0 -




Summary and Questions

e Contribution:

— Based on the framework of concept analysis, uses object
reduction and attributes reduction and ownership reduction
to reduce the size of concept relationship table,then do the
heuristic search of the min-test-suite.

e Question:

— |Is there a more advanced mechanism to deal with the
reduced table?
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