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Rapid Knowledge Reduction of Large-scale Truth Table Based on Variable Granularity

SONG Bo YAN Ji-xiong CHEN Ze-hua

(College of Information Engineering, Taiyuan University of Technology, Taiyuan 030024 ,China)
Abstract In the analysis and design of large-scale logic circuits, the process of obtaining the simplest logic function ex-
pression from the large-scale truth table is often complicated. Aiming at this problem,a rapid knowledge reduction algo-
rithm based on variable granularity for large-scale truth table was proposed in this paper. With the change of the granu-
larity of the input logical variables,the simplest logical function expression is quickly acquired from the large-scale truth
table by introducing the marker matrix and the heuristic operator. Then, the algorithm is described in detail through an

example,and its correctness is proved mathematically. At last,the comparative experiments of data sets are carried out

to further prove the rapidness and effectiveness of the proposed algorithm.
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Fig.1 Seven-segment designation
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Table 1  Truth table of seven-segment decoder
U Logic input A Logic output Y
Az A, Ay Ag a b é d e f g
1 0 0 0 0 1 1 1 1 1 1 0
2 0 0 0 1 0 1 1 0 0 0 0
3 0 0 1 0 1 1 0 1 1 0 1
4 0 0 1 1 1 1 1 1 0 0 1
5 0 1 0 0 0 1 1 0 0 1 1
6 0 1 0 1 1 0 1 1 0 1 1
7 0 1 1 0 1 0 1 1 1 1 1
8 0 1 1 1 1 1 1 0 0 0 0
9 1 0 0 0 1 1 1 1 1 1 1
10 1 0 0 1 1 1 1 1 0 1 1
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Table 2 Rule extraction process when w equals 1

X - He  Universe elements Rule
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Table 3 Rule extraction process when w equals 2
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Table 4 Experimental results

Data set |U| |A] ‘YO‘

Running time/s

5okl Hik 2 Hik3 Fka
Data setl 426 9 43 0.389 0.812 2.606 0.729
Data set2 780 10 78 0.673 1.078 24,628 1.879
Data set3 2000 11 200 2.312 3.369 86. 754 16. 487
Data setd 2700 12 270 6.752 13.313 270. 084 58. 359
Data set5 3500 13 350 14.103 21.796 606. 446 150. 315
Data set6 5400 14 540 51.425 93.993 2314, 926 378. 639
Data set7 6700 15 670 108. 366 179.712 8626. 109 1446. 828
Data set8 7800 16 780 206. 701 310.537 10052. 898 5649. 658
Data set9 8400 17 840 566. 044 949,138 29205. 617
Data set10 9500 18 950 709.722 1054. 793 32381. 057
Data setl1 12000 19 1200 2323.028 3667. 742 107460, 697
Data set12 15000 20 1500 4702. 116 7366.171 —
Data setl3 18000 21 1800 15646. 442 27990. 873 —
Data setl4 21000 22 2100 18109. 523 49185, 634 —
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of input logical variables

Z 4 ", Data setl —Data setl4 e A T4 B A0 05 £
HECE & P AR AE TR T | U | 3078 B8 4R i - 40, 2 A
[ A4~ 32 5848 B W 4 A A8 B B 230 ml B i A 24 B |l R B
AR RE A TA I R A B BB 840G 1Y | &
TR IE R O 0 BB — 7 R R AT e VRN TR
A HE

STk 4 7E Logic Friday ™™ 8 1 52 3 . % 32§84 10 B 1
WHE R K A B A% 16, 5% ] Logic Friday i

Tk 4 REE—ERE LT QM Sk LR AT 4 K R
AR, WA 1 AR b JFC AU 8 3 e R D) S B (] b B LA 95
R 3 TR AR B R A SO 3 (B DAY T 88 Bk
A EATTH,

ERIEFEXTRCT L R B b RO (R 0 R 24
[ R0, B T — ol R T AR Y £ B LM R R A Rk
A E N B R R A N 0 B BT RE R,
SR 5 MR R B A8 AL SR A% PR B L O L3 5 2 SOAR IC AR
558 S G R v A BT ) 8 R[] [ i g ST R LA
AR, SR IR T T AT B B AT B LU o A SO BB R B | S A5
A A0 52 2 At 2 A O TG U] AR SO Rk Y TE A 1 R A L T
I 30 5 ok L S, R AE TAR SRR R X T SOk 26-27 TP Bk
PRGBS AT . (HA SCH LW AFTE R I 2 4k - BB i A



587 FN

o B < TR JRE A R AR (L DR IR 24 ]

171

BRI BN ERESEEER LT T2
HOBIESE AR v, AT DA i 2 728 0 2 i A o L B0 TR AT TR BT
B3 v o T A IS R RIOR IR AT AL B 2 AR i A o L DL — 4 4R
o B B AT SR

(1]

(2]

(3]

[4]

(5]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

2 % x B

] A B BRSO LM, bt i R 0E A
2006:29-54.

AR R B IR B Rt A s R o (ML b
5T AR AL L 2005 221-226.

XFBE, B, B BE RS RGN 2 BO LM LR
AR AL . 2007 :39-56.

MCCLUSKEY E ]. Minimization of Boolean Functions[ ] ]. Bell
Labs Technical Journal,1958,35(6) :1417-1444.

JAINT K, KUSHWAHA D S,MISRA A K. Optimization of the
Quine-McCluskey Method for the Minimization of the Boolean
Expressions[ C] // International Conference on Autonomic and
Autonomous Systems(ICAS 2008). DBLP,2008:165-168.
HUANG ] B. Programing implementation of the Quine-McClus-
key method for minimization of boolean expression[ OL]. (2017-
06-26) [ 2017-08-111. http://pdfs. semanticscholar. org/6cb2/
c79bac6bf7ef341276490707b579760361d9. pdf.

BANERJI S. Computer Simulation Codes for the Quine-McClus-
key Method of Logic Minimization[ OL]. (2017-06-26) [ 2017-
08-11]. http://arxiv. org/abs/1404. 3349.

MAJUMDER A,CHOWDHURY B,MONDAI A J,et al. Inves-
tigation on Quine McCluskey method: A decimal manipulation
based novel approach for the minimization of Boolean function
[C]// International Conference on Electronic Design, Computer
Networks & Automated Verification. IEEE.2015:18-22.
HUANG X,WU N,ZHANG X. Quine-McCluskey Repair Tech-
nique for Evolutionary Design of Combinational Logic Circuits
[J]. Lecture Notes in Engineering & Computer Science, 2015,
2(1):674-678.

ASHMOUNIE F, RAMADAN R A,RASHED A A. Espresso
for Rule Mining []J]. Procedia Computer Science,2014,32;:596-
603.

WILLER. Restructuring lattice theory:an approach based on
hierarchies of concepts [ M]//Ordered sets. Springer Nether-
lands,1982:445-470.

WEIL.QIJ J,ZHANG W X. Attribute reduction theory of con-
cept lattice based on decision formalcontexts[]]. Science in Chi-
na (Series E: Information Sciences),2008,38(2):195-208. (in
Chinese)

BMF AT, k. R R H RS m LR ] F
[ RL4% (E 8 5 BRH¥) . 2008, 38(2) :195-208.

L1J H,MEI C L,KUMAR C A,et al. On rule acquisition in de-
cision formal contexts [ J]. International Journal of Machine
Learning & Cybernetics,2013,4(6):721-731.

L1J H,MEI C,LV Y. Knowledge reduction in decision formal
contexts[ J]. Knowledge-Based Systems,2011,24(5):709-715.
CHEN Z H,YAN ] X,CAI J. Formal Concept Analysis Based
Parallel Reduction Algorithm for MIMO Truth Table[ ]J]. Jour-
nal of Electronics and Information Technology, 2017, 39 (9):

2259-2265. (in Chinese)

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

BREEAE I AR, e S TR AME T 2 A 25 7 E
FIATATA L] B T 515 8244, 2017,39(9) : 2259-2265.

LIANGJ, WANG F,DANG C,et al. A Group Incremental Ap-
proach to Feature Selection Applying Rough Set Technique[]].
IEEE Transactions on Knowledge & Data Engineering, 2014,
26(2):294-308.

ZHOUT,YANG X,FANG X,et al. Influencing factors research
on CHF at low pressure,low flow conditions in narrow channel
based on Rough Set Decision Model[J]. Annals of Nuclear Ener-
2y.2015,77,161-164.

SHIEHM D,YEH Y E,HUANG C L. Eliciting design know-
ledge from affective responses using rough sets and Kansei engi-
neering system[ J]. Journal of Ambient Intelligence and Huma-
nized Computing,2016,7(1):107-120.

DAIJ H,TIAN H W,WANG W T,et al. Decision rule mining
using classification consistency rate[ ] ]. Knowledge-Based Sys-
tems,2013,43(2) :95-102.

HU S P,ZHANG Q H.YAO L Y. An Algorithm for Rule Ex-
traction based on Changing Granularity [ J ]. Journal of
Chongging University of Posts and Tele-communications(Natu-
ral Science Edition),2016,28(6) :856-862. (in Chinese)

MG K3 e ok e v — i R A B0 4R RS LD ). ER
S HL 2 25 4 (A SR AR . 2016, 28(6) : 856-862.

CHEN D G,YANG Y,DONG Z. An incremental algorithm for
attribute reduction with variable precision rough sets[J]. Ap-
plied Soft Computing,2016,45:129-149.

JING Y G,LI T R,HUANG ] F,et al. An incremental attribute
reduction approach based on knowledge granularity under the
attribute generalization [ J ]. International Journal of Appro-
ximate Reasoning,2016,76:80-95.

ZHANGX, MEI C L,CHEN D G, et al. Multi-confidence rule
acquisition and confidence-preserved attribute reduction in inter-
val-valued decision systems[ ]J]. International Journal of Appro-
ximate Reasoning,2014,55(8):1787-1804.

QIAN Y H.LI S Y,LIANG ] Y.et al. Pessimistic rough set
based decisions: A multi-granulation fusion strategy[ J]. Infor-
mation Sciences,2014,264(6):196-210.

DOU H L,YANG X B,SONG X N,et al. Decision-theoretic
rough set: A multi-cost strategy[J]. Knowledge-Based Systems,
2016,91:71-83.

CHEN Z H,CAO C Q,XIE G. Granular Matrix Based Rapid
Reduction Algorithmfor Multivariable Truth Table[ ] ]. Pattern
Recognition and Artificial Intelligence,2013,26(8) :745-750. (in
Chinese)

BRPEAE R L . TR I 1) 2 7 i B 2R U 2 R 5
LT BRI 5 N TR R . 2018, 26(8) £ 745-750.

CHEN Z H.MA H. Granular Matrix Based Rapid Parallel Re-
duction Algorithm for MIMO Truth Table[]J]. Journal of Elec-
tronics and Information Technology, 2015, 37 (5) . 1260-1265.
(in Chinese)

WRPEAE T8 L TR B 09 2 i A 22 4t O SR PR T A7 29 1y
kL] BT 565 B2, 2015,37(5) : 1260-1265.

University of California. Free software for boolean logic optimi-
zation, analysis. and synthesis ( Version 1. 1. 4) [ EB/OL ].
(2012-09-09)[2017-04-197. http://www. sontrak. com.





