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Reconstruction of Boolean Control Networks via
State Feedback

LIU Yang,XUAN Ziyu

(College of Mathematical Sciences, Zhejiang Normal University, Jinhua 321000, China)

Abstract This paper mainly studies the conditions under Boolean control networks(BCN) are reconstruc-
table from the view of graph. Firstly, the reconstructable definition of BCN is given from the point of view
of state distinguish. It lays a foundation for the subsequent study of reconstructable problem from the view
of state transition graph. Secondly, perfect vertex partitions in BCN and its correlative corollaries are giv-
en. Thirdly, we give some sufficient and necessary conditions for reconstruction. One of the results shows
when dealing with large logical network systems, we can only consider fewer nodes to avoid the curse of
dimension. Finally, the biological example is given to illustrate the results obtained.
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P15 G I R S iy S 0



32 L7 SN S S | A= IS = 19

EH,
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CPVP, P, CP={P,} =, BHARR,

W (WEMBCN BUTEMK,BICHHHFINGFEET . REARETUHE—THE. FFUERZK
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HAMFE R L FS) . SRR AFRXT R E A LR, R R — R R KES R 2,84
8,0 ,6, € P, , 8,8 € P, , H&} =H&) =8, ,H8} =HG&} =8, n,,n; € [1,s] , ENIXBIK
ﬁiHjF?ZﬂJ% {5;» ,521) R

5 W, EATIXT L BB BRI A LR (80,802 1S (60,60 ) X5 | P, =1 HIFE. MBEHFEFHNA
%t 7 2 A R B 5 1 R 9, AR 2k — bk, (B 85 585 MR 850 =L 8,0 85 26,0 =L 8, 8y » H3 =H &, . I
FHEn € [1,5] 4186, .85 € P, . X5 | P, |=1 MF/E. % LR, BCN B EIMH.

#it 4 7 BON H, B RETRERIE T B A E 24 B ALY 2 AFEE—AF BB X i B9 58 38 TR R R 43
RWEERE 2 1.

F2 EREBEBAN. BCNESHWAFIH#Z R BN, AR EENENTURFEBENLRE. W
REVEE-NTEHEZM R—EFEETRERE u@) =Kx () , 73 BCN EHALBH R KA K F
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BON AT T, I8 8 RETREZMAEHN. 06 =U G, RRAEMI,EE GG o,
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(2) WEFIERRAM Py FEORE . Rk—MtE, %6 60 L EWE Ip.q9,L 8% 8 #L8. 8 .p €
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() 23 HHER), 6 RAFMBR. F—, BT G, HHRE MK EN B HBARE K CPVP R
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| {8t 5,84 |>1EXt Y p,q,L 8w 8 =L 8 6 MERARSERE., BH G, G, PELHFE—I
EUTEWE, M G, W ARTEM,

PAE , 8 3 WA LR [ BH AR A I 45 2R .

Bl 108 AR ARE T A RERIN TR, G+ D =—=x, &) Au@) , x,G+1)=—x,) A
x3(8) s x; G+ =x,&) Vu@), x1,x,,x3,u € D ZHREMHFNATEH (JAP), T caspase-3
(C3a), i ¥ caspase-8 (C8a) MM INFELEH F (TNF), EMEME FEN y&) =[—x.@) A x, )]V
[—=x,() A (x,;(Dox;e)D],y € D, it STP, ¥ ZHEERBERE W BOCN WREEBER. L=
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i A HIX LAY STG EIR TR LT R4, R ARET SBaHERCnE 2. XF G,,G,
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10010110

B2 HE—4F 8 MREK BCN, L =4§,[3345658723476687], H = L) L1010 o J
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FIAE SR B 1), A B2 W 46 5 JF S i M BTE AL AR BB IR, Sk — 20, T 3R I TR , 5 A 275 /R
W 28 S5 7 [R) 2R G2 T H T 2R [ A 1A % 5 S ) B T B A RE ST B BEARAF R SE A3 S5 4

Z % X W

[1] KAUFFMAN S A. Metabolic stability and epigenesis in randomly constructed genetic nets[J]. Journal of Theoretical Biology, 1969, 22
(3): 437-467.

[2] CHENG D. Input-state approach to Boolean networks[J]. IEEE Transactions on Neural Networks, 2009, 20(3): 512-521.

[3] CHENG D, QI H, ZHAO Y. Synthesis of Boolean networks via semi-tensor product[C]. //China: Proceedings of the 30th Chinese Con-
trol Conference, 2011.

[4] CHENG D, QI H. State-space analysis of Boolean networks[J]. IEEE Transactions on Neural Networks, 2010, 21(4): 584-594.

[5] CHENG D. Disturbance decoupling of Boolean control networks[J]. IEEE Transactions on Automatic Control, 2010, 56(1): 2-10.

[6] WU]J, LIUY, RUAN Q, et al. Robust stability of switched Boolean networks with function perturbation[J]. Nonlinear Analysis: Hy-
brid Systems, 2022, 46: 101216.

[7] LI H, YANG X, WANG S. Robustness for stability and stabilization of Boolean networks with stochastic function perturbations[]].



34

L7 SN S S | A= IS = 19

L8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]
[19]

[20]

L21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

IEEE Transactions on Automatic Control, 2020, 66(3); 1231-1237.

ZHONG J, PAN Q, XU W, et al. Asymptotical stabilization for probabilistic Boolean control networks under operators and inputs con-
straints[J]. TEEE Transactions on Automatic Control, 2022,DOI; 10.1109/TAC. 2022. 3203019.

LIU Z, ZHONG ], LIU Y, et al. Weak stabilization of Boolean networks under state-flipped control[J]. IEEE Transactions on Neural
Networks and Learning Systems, 2023, 34(5) :2693-2700.

PAN Q, ZHONG J, TONG S, et al. Structural controllability of Boolean control networks under partial information[J]. Complexity,
2021. 9442358.

LI H, WANG S, LI X, et al. Perturbation analysis for controllability of logical control networks[J]. SIAM Journal on Control and Opti-
mization, 2020, 58(6): 3632-3657.

ZHONG J, PAN Q, LI B, et al. Minimal pinning control for oscillatority of Boolean networks[J]. TEEE Transactions on Neural Net-
works and Learning Systems, 2021, DOI: 10.1109/TNNLS. 2021. 3134960.

WANG Y, YANG Y, LIU Y, et al. Fault detection and pinning control of Boolean networks[J]. Applied Mathematics and Computa-
tion, 2022, 429. 127232.

ZHU Q, LIUY, LU J, et al. On the optimal control of Boolean control networks[]J]. SIAM Journal on Control and Optimization, 2018,
56(2): 1321-1341.

PAN Q, ZHONG J, LIN L, et al. Finite-time observability of probabilistic Boolean control networks[J]. Asian Journal of Control,
2022, 25(1): 325-334.

ZHANG K, ZHANG L, SU R. A weighted pair graph representation for reconstructibility of Boolean control networks[J]. SIAM Jour-
nal on Control and Optimization, 2016, 54(6): 3040-3060.

SARDA K, YERUDKAR A, VECCHIO C D. Disturbance decoupling control design for Boolean control networks: a Boolean algebra ap-
proach[J]. IET Control Theory & Applications, 2020, 14(16): 2339-2347.

CHENG D. Disturbance decoupling of Boolean control networks[J]. IEEE Transactions on Automatic Control, 2010, 56(1): 2-10.
FENG J, LIY, FUS, et al. New method for disturbance decoupling of Boolean networks[J]. IEEE Transactions on Automatic Control,
2022, DOI: 10.1109/TAC. 2022. 3161609.

FORNASINI E, VALCHER M E. Fault detection analysis of Boolean control networks[J]. IEEE Transactions on Automatic Control,
2015, 60(10): 2734-2739.

ZHANG Z. Observer Design for Control and Fault Diagnosis of Boolean Networks M]. Springer Fachmedien Wiesbaden GmbH, 2021,
DOI: https: // doi. org/10. 1007 /978-3-658-35929-4.

CHEN Q, LI H. Robust Weak detectability analysis of Boolean networks subject to function perturbation[J]. IEEE Transactions on Cir-
cuits and Systems II; Express Briefs, 2022, 69(12): 5004-5008.

FORNASINI E, VALCHER M E. Observability, reconstructibility and state observers of Boolean control networks[J]. IEEE Transac-
tions on Automatic Control, 2012, 58(6): 1390-1401.

ZHANG K, ZHANG L. Observability of Boolean control networks: A unified approach based on finite automata[J]. IEEE Transactions
on Automatic Control, 2015, 61(9): 2733-2738.

XIANGRU X, YIGUANG H. Observability analysis and observer design for finite automata via matrix approach[J]. IET Control Theo-
ry & Applications, 2013, 7(12): 1609-1615.

FORNASINI E, VALCHER M E. Fault detection analysis of Boolean control networks[J]. IEEE Transactions on Automatic Control,
2015, 60(10): 2734-2739.

ZHAO R, WANG B, HAN L, et al. New results on model reconstruction of Boolean networks with application to gene regulatory net-
works[]]. Mathematical Methods in the Applied Sciences, 2022, 46(4): 3741-3757.

SRIDHARAN S, LAYEK R, DATTA A, et al. Boolean modeling and fault diagnosis in oxidative stress response[J]. BMC Genomics,
2012, 13(6): 1-16.

JIAY, WANG B, FENG J E, et al. Set stabilization of Boolean control networks via output-feedback controllers[J]. IEEE Transactions
on Systems, Man, and Cybernetics: Systems, 2022, 52(12): 7527-7536.

e, AL, EX,F. IS RPERBEERGER R BER SBOTT]. WIRKEERAAREMR , 2018, 04: 65-71.
HEME, FRAE, 8,5 HEREEIDRBIRBRERGERN S H_cosh B4 il RREH BBITT]. WIRKFZRARBER,
2021, 03; 1-11.

ZHANG K, ZHANG L, SU R. A weighted pair graph representation for reconstructibility of Boolean control networks[J]. SIAM Jour-
nal on Control and Optimization, 2016, 54(6): 3040-3060.

FORNASINI E, VALCHER M E. Reconstructing the state of a Boolean control network via state feedback[J]. IEEE Transactions on
Automatic Control, 2022, DOI: 10. 1109/ TAC. 2022. 3218617.

POTUCEK R. Construction of the smallest common coarser of two and three set partitions[J]. Analele Stiintifice Ale Universitatii Ovidi-
us Constanta Seria Matematica, 2014, 22(1) : 237-246.

CHAVES M. Methods for qualitative analysis of genetic networks[C]. //European: ECC, 2009.

(STAE G 8 - X BRARD



