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Static Control of Boolean Networks Using Semi-Tensor Product Operation

IV el S s
(Ji Suk Park - Jung-Min Yang)

Abstract - In this paper, we investigate static control of Boolean networks described in the framework of semi-tensor product
(STP) operation. The control objective is to determine control input nodes and their logical values so as to stabilize the
considered Boolean network to a desired fixed point or cycle. Using topology of Boolean networks such as incidence matrix
and hub nodes, a set of appropriate control input nodes is selected, and based on STP operations, we assign constant control
inputs so that the controlled network can converge to a prescribed fixed point or cycle. To validate applicability of the
proposed scheme, we conduct a numerical study on the problem of determining control input nodes for a Boolean network

representing hierarchical differentiation of myeloid progenitors.
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Fig. 1 Boolean network of hierarchical
myeloid progenitors.
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Table 1 Fixed points of the Boolean network of hierarchical
differentiation of myeloid progenitors.

&
%)
N
o]
b
2]
S

X1
X2
X3
X4
X5
X8
X7
Xg
Xg

X10

O O O O O = O H = = O
O O O O O H H O~ +H O
S = o H O O O O O O

= O O = H O O O O o O

X1

F 2 LE S0keo] mE dEFY &AL

Table 2 Loss of fixed points according to knock-out of
each node.

S

X1 O

X9 X

X3

X4
X5

o\

X

X

X6
X7
X8
Xg
X10
X11

x x> OOOOO0OO0&

X

x OO0OD>x OO0OO0OO0OO0 0|2

OO0 O0OO0OO0ODP> O x
OO O0OO0O0ODP> x O x

(@]

Semi-Tensor Product 24t2 0|23 22|91 HESTe| HE Hof

Trans. KIEE. Vol. 66, No. 1, JAN, 2017

e dalg Aotk xh soke E mii=1,.,11) S48 1
Ao X, EUER g2 1gde 'O'E #VI6IItE Eot &
et vgde 7 « QR o0k O EAF xE 0012 L
Al =B df g sdet ge v o o 2et
1EFe 2l Uil st ‘A'E 315

NO| QIFAY 7 (N)& AlblstH ofefiet ZTt

11100001000]
11001001000
01000000000
01001000000
01010000000
J(N)={01000001000
01100110000
11000011000
00000001001
00000001101
00000010010]

TS BAEW Ng xenE THE 207 AR N,
xo~xn% THE No2 Lk 4 Arh T Nl &8 =5 xqalt
2 N9 e =2 FAgshtad 1 #
2 R0 siMshd Akt BFEE £Y ¢

ol 1Hg mopeol Z2mE FA olsiE 4= Utk

ARE 1l

A S, So= Nk 0] A1, S;, Si= N #&o] QAT

J (N2 E5 gaHr B2 9 838 24 e kB &
slH LEE = O kge £k g3 8ekdgo] e 2ud
HEIoNM = sl LEE Mo geozs A JAR9 Hal
o dgkg & 7Fsdol JEE dH =8 ng| mleshs de
EQoltt J (N HH %= #Ha o] 718 ge 1 A4E 7K
I QAL OIAL x7t NojlA] 512 QEe o= Q% BEAlees

AHdE Cnfeith
42 gH Rojg olg&e 18y B

B2 UEYZY TP S0k Wi Al WEHZ}
THHOR +Ysh Rl WY B& BT UEYIY B
g PETOEN SVt & 4 U= PHEOL E
g 0 £ 1R AEAYIE B Ao HY Duas
(=)

3H0) ke dsDAZIE 87 o288 ASHCRE FY

oF AojA meret tiz WA shtel Ao oY =tite 44
oto] E4E 1Ede 5rAle die 2 Eee 49 oY
LEE FURIIA gt 2 AR ATtolAde ® 200 e &
Add 18 & 28 188 As AMoig 2ert glttal 848
oIt} &k Aol 82 54 kUt w0k Hele o WEHA
7h7H o gle &R EdE EE&E 2004 Y2 BU1Ehe
Ao gt sLet wEFo 2 18y, & =02 ' k&
g AQstiE BE LE7F 3 19 1FF0] ZIKe gl 7
I LR[S BFATIE Aol ¥ LEE ddcke oItk

M) x=0: & 20JA & & AXO| x,0] H0k2 HUHe HE
HYAE ot 18H SSE AL VDL mEtd o] e

141



7|5t =2X 663 13 20174 1€

R Mo7t HRsHR Lt

(i) x=0: FOIA AFAZ0] x,= N9 FH wTolth x7t
=0t i AR S, Syt SAHEHE 2 #BR), xivxs AN
o] Bl Eot 002 FELD) oA Shto] Aol ¥e wsut
OFE S, $E B Xt AME sttt oieta] aEd
St S, ke 29d A8 N9 i BAEQ xevxes B
T Aol Yoz AlgsloF St

(i) x3=0: x,=091 A9} HEVIKZE x50] =02 EQ]
T IEFE S, S SAED x:& AQsh N9 IFH™
s(NDE2 ThSah 2t

o

i
J

1100000
1101001
0101000

J5(N)={0110000
0100001
0000010
1100011

O71A 51EQ x.2 Mo oY =2 FAY%s W 288 S,
S5 HF 57 & Atk £E= xE Ao LEE FOoW IF
St $i12, x:& Ao LEE HOH IFsE S5 4 BE ¢
ACh N0l S, S;& E+ole #e® 18" o Ni2RE UQe
= 98 xt x:& He E O 298 98 bk S, & 8
Tole fo2 1FEERE & Edo] dEHrh

(iv) x4=0, %5=0, x6=0: x40 B¢ x33 IRV Z FH x5
12 V881 x%= 12 Z0] IF8HERE §& H+6k7] floiAl
%% xs8 SAIO] IHAIAOE SHTHx=1, x5=0). x5=02 x,0] &4
20 FAISH At REHEZ V|sg dEFeith & B 20 L}
QF A=O] x60] =0F2 HOE 1IEE A2 UoLER] gorg
x6=0Q] =op2o] tieiil= &of ge & €7t gtk

) x7=0: x70] =OF2 & A2 x3;0] 002 JIFHEZ St
SAEN x E Ao 9 kB2 AEshl T gtg 12 18A
o st S & 878 4= k. & 29 8 N&E St
3% e Ve 18FEoE FHoith

(i) x3=0, x¢=0: x5=09] BRE x5, x0=091 ZBRE x73t FAL
St ZiF UQEE V=S MRt

(i) x10=0: x109] AF S;0] AL S.1t S,= 2o 48
No@F #H0] JOEZ N9 Y =201 x:at x5 SOlAl Ao
A48 LEE T 2ol B6ith 2 Ao 4 =2 dF6)
112 IFAREE W xpE 12 1F8EH0 UEYA S9solA
RQIELE & x=101HA x;;=0Q 1EF 2l EVlssith m
oHA SIS Alo] Y LEMORE S8 B4 4+ girts 2
0] Y42ttt ot Fo Y MNeE F AR =0t FE A
o19] SIE HE 4 Urh x30=09] =029 B2 W x18 &
Ao Mo 8 LE2 FA & 18, xue 092 42 1EA
Aoz I $E 3t ¢ AL

(i) x11=0: x;02t FIEIZARIZ x;1=0Q1 B &A% S,E 8

X10 5]:_,;0_1' 1§ :ﬂggt} X7:11O_]_ %/\]Oﬂ XQQ]' Xl()o] OOE]

ol

BA
oz siel xol g LEZEE SE 5 & otk x#
OREt xe@t xi0& MO ¥ k=E= Ferthd E4E

142

% 33" A 9gY kE.
Table 3 Static control input nodes.

Knocked-out node . LOSt. control nodes
fixed point
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