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A parallel algorithm for constructing concept lattice based
on hierarchical concept under MapReduce
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(1. School of Information Science and Technology . Southwest Jiaotong University . Chengdu 611756, China
2. Key Laboratory of Cloud Com puting and Intelligent Technology, Chengdu 611756, China)

Abstract: Concept lattice is the core data structure of formal concept analysis. A parallel algorithm is
focused on for constructing concept lattice under the framework of MapReduce using the methods of divide
and conquer based on partition and constrains in layers which aim to construct concept lattice effectively.
Firstly, sub-formal contexts are formed by partitioning the formal context by objects and the concepts in
each sub-formal context are calculated. Then the global concept is formed by merging concepts in different
nodes. Next, different layers of concepts are formed by partitioning the global concept. Finally. constraints
in different layers are used to compute the scope of search and concept lattice is constructed by searching
and merging parent-son nodes in dilferent layers ol concepts. The proposed algorithm is realized in the
framework of MapReduce. Extensive experiments carried out on public datasets verify the effectiveness of
the parallel algorithm based on concept layer to deal with the formal context in big data.
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Map Bir Bt

Input: key:g,value:K;

Output: key:Intension(C,) .value: Extension(C,)

1 function Map(key.value)

2 A<

3 for each x€ values do
4 if x70 then

5 A=A Ux

6 end if

7 end for
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8 for each B, € A; do
9 Emit (B, key)
10 end for

11 Emit (0 key)

12 end function

Reduce BB

Input: key:Intension(C,) ,value: Extension(C,)

Output: key:Intension(C,) ,value: Extension(C,)

1 function Reduce(key,value)

2 V<=J

3 for each val€ values do

4 V<VUval

5 end for

6  Emit(key V)

7 end function

Hik32 HITERBSEZ

Map B¢

Input: key:Intension(C,) ,value: Extension(C,)

Output: key:Extension(C,) ,value:Intension(C,)

1 function Map(key,value)

2 Emit(value key)

3 end function

Reduce B Bt

Input: key:Extension(C,) ,value:Intension(C,)

Output: key:Extension(C;) .value: Intension(C;)

1 function Step(M)

2 multipleOutput<—new MultipleOutputs (context)

3 Emit(J.M)

4 end function

1 function Reduce(key.value)

2 V<)

3 for each val€ values do

4 V<VUval

5 end for

6 multipleOutputEmit (key V key.length)

7 end function
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Setup BBt

Input: inputFiles
Output: searchArea
1 function Setup (inputFiles)
2 searchArea<()
3 dealSplit<-inputSplit
4 for each split€ inputFiles do
5 if dealSplit.extSize << split.extSize then
6 searchArea<—searchArea U split
7 end if
8 end for
9  return searchArea
10 end function
Map B Bt
Input: key:Extension(C),value:Intension(C)

Output:

key: Number ( C), value: Extension (C),

Intension(C) , fatherSet

1 function Map(key,value)
2 fatherSet< ()
3 for each file€ searchArea do

4

5

for each C, € file do

if Intension(key) D Intension(C, ) & &. | Intension

(key) |-|Intension(C,) | =1 then

6
7
8
9
10
11
12

fatherSet<fatherSet U (Number(C,))
else
flag<—true
breakFlag:
for each file€ searchArea do
1for each C, € file do
if Intension (key) D Intension (C;)

&. & Intension(C, ) Dlntension(C,) then

13
14
15
16
17
18
19
20

21:

{lag<—false
break breakFlag
end if
end for
end for
if flag=true then
fatherSet<—fatherSet U (Number(C,))
end if
end if
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23 end for

24 Emit (Number(C) key, value, fatherSet)

25 end function
3.3 EiERG

PLTR 81 26 — A 1] 7 fi 3 b 3 50k i A i
AE-NEREF K =(G.M. D Ik 1 Fim,
HpW 4458 G =1{1,2,3.4) J@MWEM="{a.b,c.
dsesf}.

*1 EXEZK
Tab.l Formal context K

J&ME (VD
K&

a b c d e f

1 0 1 1 0 0 1

2 1 0 0 1 0 0

X (G)

® 3 0 1 1 0 0 1

4 1 0 1 0 1 0

HT RS AR F R IR AT BAT IR KR 1 B
HMIENE = K Qa8 K, #1 K, ASSMEM S T
RN 1 B A KR R 5k 3.1 A B R A
PR 3 WA BUE o3 e AR R B 3.2 B A B
Bk 3.1 3.2 EE S K 1 #) MapReduce 4
TP AR Sy A P 1 A 2 B, LA O R AR 4 i
Map—Combine—>Reduce ZA~Br B W] LUk B, &40
P4~ MapReduce /B4 4 BRJE A 5 T 7 NI M &
HBESH T 5 2. B A B HE &1 B
3.3 WM ABHE . 5515 3.3 19 MapReduce 47 i 72
A 3 s, AT i B 283 Setup—>Map A4 Fir
B H A AE Setup B Bl 2 5 — DS E EH R

<a 2>
<b 1> <a 2> j‘)’dl>2>
<c I> <d 2> e 1>
<f 1> <ad 2> <b»° £ 1>
<b,c 1> <02> < <a 2.4>
<C:f 1> > i)’fli> <ac 4>
<] >
<E£ tl > <c,f 1> ia,c,e4 >4>
.C, <d 2> ae
<0 1> < 1> <ad 2>
012> <b 13>
2 <b,c 1,3>
<a 4> <b,c.f 1,3>
<ac 4> <b,f 1,3>
<ac,e 4> <c 1,3.4>
<b 3> <a 4> <ae 4> <ce 4>
<c 3> < 4> <b 3> <cf 1,3>
<f 3> <e 4> <b,c 3> <d 2>
3:0,1,1,0,0,1 | |<b,c 3> <ac 4> <b,c.f 3> <e 4>
4101010 P<cf 3> <ce 4> P|<bf 3> <f 13>
<b,f 3> <ae 4> <c 34> <012,34>
<b,c.f 3> <ac.e4d> <ce 4> —
<0 3> <0 4> <cf 3>
<e 4>
<f 3>
<0 3,4>

B 1 &% 3.1 MapReduce H 1T 12
Fig.1 MapReduce execution flow of algorithm 3.1
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Bl 2 ZEi%k 3.2 8 MapReduce #1177 72
Fig.2 MapReduce execution flow of algorithm 3.2
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Fig.3 MapReduce execution flow of algorithm 3.3
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Bk 2 s,
z2 EBAES
Tab.2 Formal context
KDD 20 000 42 18%
Census 103 950 133 7.6%

T I UE A B AT E T — A
A 1AE AR 16 ST SR Hadoop SERF . R
T LA CR AR TR BT A7) M B & o8 4 — 3. 3
T A5 EL R A SR 3 R,
4.2 EEMEEST

J T VR SR AT AR I T SR TR R R
G B AAL  F LB s BCE AR S A AN
AR A% L ) 3 TN ACHE S R A 4R TR B0 H S L
K 3 FEOL R B3 17 e R) T SR S g B A

EBCRH T ABIEEARFE SAHBE &R
AT HRRE NS 4 i BT 55 L B e A BCE BE AL T EL 3 &I
B 128 NHEUE T .

x3 HETABRERR
Tab.3 Computer configuration information
x5 &A% i 5 UL W]/ AR A B
M7 4.0 GB
fE AEE# Intel Corei5-2400@3.10 GHzX 4
il 8 = 1A 500 GB
""""""" BfERZ%  Ubuntu 1504 64 bit

W JDK 1.7.0_25
Hadoop 2.6.0

24 MK 5 R T KDD 1 Census ££ A
AR B AR [ A AR AE T s AT (R, R 6
T 2 B AR AR R B AR B S A E
L Z 285

k4 EHEEHEE KOD EHIETRE (B FD)
Tab.4 Running time of algorithm on KDD(unit:second)

RN B Bt A AL R R — [ 1

W B IBAT A T i 1B 47 B [7] T i BATHEA]
16 2/16 162 2 16/16 1 885 2 2/16 332
16 4/16 228 4 16/16 1013 4 4/16 324
16 6/16 254 6 16/16 788 6 6/16 364
16 8/16 316 8 16/16 665 8 8/16 401
16 10/16 379 10 16/16 641 10 10/16 489
16 12/16 431 12 16/16 602 12 12/16 468
16 14/16 455 14 16/16 536 14 14/16 474
16 16/16 496 16 16/16 496 16 16/16 496

RS EEREHIEE Census ERIEITHE (AL R
Tab.5 Running time of algorithm on Census(unit:second)
RN B R ot A ARy e U — [ 49 m

RS Kt & A7 i IR TR Bt 3 A [ s e B[Rl
16 2/16 7277 2 16/16 150 946 2 2/16 11 750
16 4/16 10 340 4 16/16 81 592 4 4/16 13 662
16 6/16 14 336 6 16/16 51 871 6 6/16 15 671
16 8/16 18 993 8 16/16 43 499 8 8/16 18 952
16 10/16 22 849 10 16/16 39 412 10 10/16 21 364
16 12/16 25 251 12 16/16 36 997 12 12/16 22 595
16 14/16 28 745 14 16/16 32 672 14 14/16 28 659
16 16/16 30 129 16 16/16 30 129 16 16/16 30 129
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Tab.6 Concept number and concept layer

number under different dataset scale

AR Bds 26 T RS A RO & 2

B B KDD Census
ME MEEH BE MEEK
2/16 18 494 63 248 532 127
4/16 32 933 83 475 997 145
6/16 48 719 117 715 629 162
8/16 65 142 124 843 391 172
10/16 80 927 141 1060 013 187
12/16 95 284 149 1302 708 194
14/16 108 669 153 1769 801 213
16/16 120 555 167 1 857 342 219

VLAE 2 A0 50 58 B A 5000 (4 38 A 7 s ) 4 2R
TS BT B, DAAE 2 AT AR EE 2/16 IR
T FH B B ) A A B SR Ak, DAE 16 97 4
LB AT 2/16 (B 2 17 B R) O 3 v 43 BT 5 vk IR
B EAEFRAMES WRELH TEEE
Census #1 KDD %4 48 & 09 0 38 b, 37 J 1 A AR
WM ME 5—7 PR,
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Fig.5 Speedup
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Fig.7 Sizeup
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an == B0 1 o= YA - 00 NP = 1 Dl 5 A

AYATIEL 7 S B B B A K M A 4
K52, HE AT RIS Census FAYIEKEH
b 4, 7EEHE S KDD B FUBEHE K Bk 21 3. 8k 4
SRR, B () AR K M e 4

g5 LA b AR SCER G IS AS T AT B B IA R
A RAT B IRATHERE L 24 B AT R T S B E HE
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5 #ig
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P AF 58 10 LA, A SCHE 1 3 F MapReduce g7 f2HE
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