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Recent development on observability and detectability of Boolean control
networks

WANG Biao, FENG Jun-et
(School of Mathematics, Shandong University, Ji’nan 250100, China)

Abstract: Boolean (control) network is an effective mathematical model of simulating gene regulation networks. By
quantifying the interactions among genes within cells or a particular genome and related variables, the expression,
replication, transcription and other activities of genes can be well reflected by a Boolean network model. Via a novel
tool, semi-tensor product, a lot of excellent results on Boolean networks are obtained. In recent years, there have been
frequent outbreaks of virus at home and abroad, causing great impact and loss to all aspects of the world. Virus detection
technology plays a key role against virus diseases. In view of this, the paper mainly summarizes some recent achievements
on observability and detectabitliy of Boolean control networks via semi-tensor product to attract more scholars’ attention
to such problems and methods. Firstly, the developments of observability and detectabitliy are reviewed. Then, from a
theoretical point of view, the relationship among four types of observability and three types of detectability is shown by a
network diagram. Moreover, some important works, including state feedback, output feedback, disturbance and so on, are
introduced. Finally, following an overview of some applications of observability and detectability, future development is
prospected.
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HENWE A T REEIT AR ] Rt 2 A ] il
=T

FE— MR (dE 1)) I 26 e, il 5 PR 2 08 A i 458
FE DRI P 2 AR B, AR T LR B =, Rt
TF 78 25 SR R 0 Ay HLAS B4R, 3T 4F, Cheng %5190 $2
TR gk AR, XA A H B AR AR B T A%
SR 4, 1T HLEL % — 0 AR B TR AR A He k. F)
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1572 28 G 1) 8 0P R0 BEAS 14 1) . 244 A 2R (2 )
I £ (1) f6 W0 R 6 A P AT 9 S5 45 5 A0 L, (RO %
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B, DAt — D AR R B 52T S AR 1 R, Ay i
W 2 23 B S A L 7 VR IR Yeid 22 1l R, AR SC
= 5 1T A R P 5 SRR A R (5 ) 9 4% 11
RE LA R B AS P 77 T ECAS 1 R AR

KRIE Fe B2 RS SRR ER K
AR P 28 IR AREORE AL 98 5 A 2 e WLV 5 R e M 11
R A, 543 3] e &5 RE AL AN REAS P I B B 18
S5 3 WAL 515 DA KM SR B RO e i e 4 4 SOt
P& HH AT R A A SRATTE 72 B0 AE.
1 &R

AR SCH B AL S W R R gm x n B il se
K B s Coly (M) 5 BE M I 55 1 41; Col(M)
NFRE M A S B8 A oL N HERE L, (51
B A, NEEALHERE L, B A 5, 6,[01, by - ., L] =
(6L 8tz 6l e N m AN SRR ¢ 2H R B 1)

e, 50 = 0034, = A, Ud; HEHFEL €

R<H (AT B3 2 Col(L) © Ay, MR I e
M, B AL € Lmxn, Hrp £mxn RoRm x n ) iZ2 5
PR G D NES {0, 1) M, ; NHEFE M i 17 5 51
MITCE; | M| REAR M HF LR
1.1 FKEH

A 30 1 B0 SR AR L SR A e S B A 9 B0 5 T A et
FERIATEL. HERE TR AN “ @7 2 S I i B i) 1) —
e, vl LAE I EAE = 4E B B AN R b, R T
AL M. RS AR A m e R . 2R,
FE G PRI R X B LK, N T AR S BRI AR Y i 2
— M U B R, Cheng 25161 $ HH A B 2 5K B AN

EX1T ¥ A e R"™™ B e R™, AM B
FREPNAX B = (A@1:)(BeI:), s Rn Al
p IR/ N AL

W, Hn = pht, (s = n = p)FikEMEZEL
SR AL e e R, R L AEAS 5| A VRS IR 1B 00 T 44 IS A
xR ERAMURE T A& R R 45 & 1
SrBCE, T H A —E R, TS Rk
A PR



% 9#

E O F X T RIZH] M LKA AL M Ao Al AR P 9 B ST ALK

2051

wE1T %X e RLY € R ANEE
Ae R™" B e RP*NEH

XY =XxY=XQY, (1

XA=XxA=(I,®A)x X, 2)

AXBY = (AX)x (BY) = (A®B)(X xY). (3)
B2 (1) 58 AL RE W, ) FIBERN R RS @,

Wign) = 6000, 0000, ... 0082, 606,

D, =[0108,0262,...,66"].

w2 KX e RLY € R
VYX=YxX=W,XxY. 4)

MX e A, A

X2=XX=XxX=,xX. 5)

MG WRY =X c A, Hn =¢ WH

(AX) x (BX) =

(A B)(X x X) = (A@ B)#, X = (A* B)X,
Hrp “%” A Khatri-Rao FRU71 H])
A% B = [Coly (A)Coly (B), Coly(A)Cols(B), ...,
Col,,(A)Col, (B)] € R™*"
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ooy n) NN B R, WA AEME— BB RE My €
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zi(t+1) = fi(a (), 22(t), .., 2a(t)),

yi(t) = hj(x1(t), 22(t), ..., z,(1)), (6)
ie{l,2,...,n}, j€{1,2,...,1}.
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45 (6) FI 5 i F R
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y;(t) = H;z(t), j € {1,2,...,1}.
FIH Khatri-Rao #3, @ - AEOE A0 T
t+1) = Fa(b),
z(t+1) = Fu(t) ®
y(t) = Ha(t).
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m NN R R R 2, ok R R ARE O 20
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SEXT R GRS 2(0) (1) A W, T BE AL 1 A2 X R4t
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u(0) » u(l) » ... > u(s) » ...

ooy

€))

i —» x(0) > x(1) > .. P x(s) > ..
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) R P AR ™ w7 5 15, 1R 40 SCRR [38] A di HY
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E X2 DI-AEM M) B i AL RRE, 1
FELE— DN T FIE A2 RS BE 08 A5 AH B 1) i LB 7
FIHH R, JUIFRAT 2R3 1) X 45 (9) 72 BE ML)

SCHR [33] BRI Y T DI1-AEULME, i it A R
FBRASTEA AT 51 R B H e 910, R 3 0 0 AR
B O 7€ Re A

EFEL 3 Y SRAG IR 45 1] X 4% (9) A& RE % 114, I
FR AL Y AW IAE BE O 1) BT 51 B AR .

B S, LU R O 7 R A ) 1) ok AR BT
Tofu 55 TRE39-401 SR T, 0 00 R B T R 0t ) BV S T IR
K2R, B4 B e, BRI T vl e S 3 A o 1k 3%
MR, AT TCTE SIS, X 43 F8 bR T 2 A A A
A5 V000 R O ) g 35 A A T . A9 B, SR [41] AE AT R
PR 28 1 3 3t E T KR I FE AR5 TR 1 XA E A,
SE LT AT IX 43 oy KL BOEE IX 2 R A SO X 0 RS T
8, WH T R E KT X 43 4RI B SCiRR [42] 38
s SCAT A AR A et D1-RERR I SN TN
REL M. — A B2 1 0] B, 3 1 s Sk o (X 70 8
bR B 77 35N A 5 R B8 1 2 AT 4 FE I 45 5o
UEAL, fE 1 B AR BT R G e AE T
P&, 78 Ja SRR T, SCHR [43] K I L R GiARE 2 H
RENL, IX R B DI-AE M 3 2= 4 1046 R (B
FIR T A e
3.2 D2-gEXM

D1-Re WL 77 R RS EAEAE — NN T 571,
A5 AR B B T 81 S AR S AN [R], XA IE A TR
B R GE, NG5 WA Hh St 4 BN SCHR [34] 4%
AR ME R G REE A B AR 45 1 T SB 2 Rl B LI

E X 3 (D2-AEME) BY 0T AN AN [F] IR,
FALTE— NN T F A B AT AR B 4 7 F1 AN
TFRIX PRSP X 7 1. 5 RS 9) FAEE A
ANTR] R RAS I A2 1T DX 43, DUIAR G A2 B WL ).

AR, — N IR ) X 45 45 2 D1-RERL I, U — &

BRI, A EAME T2 220l E RS W T 78 6P,
BLFETIHAT 7R 28 1) X 20 1441 | S S A R o) IO 45 145 ey
N S BRARCIR 75 D) A7 ZR I 251461 2 Ji5 SCHR [47] 4 5
RGHRETRER SN

xR #35%
z(t+1) = Lu(t)z(t),
2(t+1) = Lu(t)z(t), (10)
y(t) = Hx(t).

TEXAFIIPREE Py = {22|2 # 2, Hz = Ha}
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45 1) D2- e WA 0] RS e A Dy B 45 e 42 1) .

EE2W RG99 2 REME, M HALY RE
(10) \\ Py 3| Py R B A REIZ .

GHEA TR G Re I, kD T HE
TR, T EL T DL B e i B 18 R A A S8-S0
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TE X 4 D3-FERAE) T I R AFAE — DN P
A, A5 AT 4 PR 2 e 4 FEAH I P A A 20 S, DU
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5E X 472 SCHR [35] 7 BF 70 A0 /R 428 1l ) 265 1) % iR
5] T3 26 3 R BE M. %2 UESRAFE— A5 —
FRIEI NP 1), B SR AE IR 25 7 LB N i 28 1 1 i e
J7 5135 R AN IR 1, BRI L6 25 32 48 (9) /2 D3-BE ML I, T 42
JEDI(D2)-AE ML 1. F G0 iR 2 AR i N\ A H 1) 4
PTG %S SN L, % T A R 4 i X 4% (9) T
AR SR R SE MR LA H . SCHR [34] 73 2 0 A oK 32 6]
W2 (9) & RTHER Y, 24 HACYS H R feds i) H.D3- 2 fg
M. % 58 BEAE 24 T 0 1 D3-RE W 1 78 40 45 1, 7E
SCHR [52] gt — b kil ERAR D3-REMPE [ 0 531 2
NP e AH 2 LA T 48— M7 1, R AR
SEH AR 2 223 2R F L RE WL 154531,

SCHR [56] 38 3 S 44 3 T — AN BT 10 0000 A
On(N), 45 H 7 H52 D3-Re MM R B 44, AT R
i et K.

EFE3 O AR R 4% (9) & D3-AE ML, 24 .
SO AFAE ERB N, 13 On(\) BDFIE—AN T HR
HAMIFEFH.

ZITVEAR LR R 4 2 11 7 =X, 4 A )
iy £ P 51 Bl ST 8 22 T AA S W HE B O v (X)), 5 01
FEARAS T RUECE N BB (n + m < 10)H)
SE 153 7 8. B J5 %7 VEARHE T B D) A IR Y 45 A
FF AT R I 26, FE45 H PR FN I 2 N I 5E 4 R RERLAE 1)
PR FAFIT38I,
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AN T B3 AE AR AR IR A R A3 FCAH S 7 51 1
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ME S EE, DA-REWLMEAE 4 F e 00 2R $
P e, AL T A B T B R L AT,
P EHL, BVEEMERTC T DA-REMLTERON. Sk
[431AGNZE L T 4 Fhae L, R A BR B 201 77245
HH A 3 4 B L 1) A8 2 R A, B TS K AT IR B 3
MU AT B A7 7% 9 285 (1) D3 - BE UL 34 751 1621,

Xf T IX 4 R REMLE A 7, 1 2 BHT 25 R T de
(R W0 B2 CELFE R B Y R B B LT 72 I R IR
P B v B FH T 4 VD B AT R A o X 5
KA 45 R G AR 22 05 1k T8 I X 15 5 o b B — 30
53 LA B A 22 Ge i) 43 #, KX Rk 43 07 U5\ REWR
PRI 50025 2 i ok 22 45 RO I — Fh RS S5 Ah—Fh R
2 NP ARAS (Rt v 72 B2 B N ) e v BR 1, 451 2
I A L IR S R UL PO e e N BT D
FERut) = Kt)yt) @A RE) Bu(t) =
Ky (t) (St ).

4 BERETERFFUBUR
— R &, IR A6 IR S B, 1R E SR AR 21 %
THE I RS 2R 45 AR 3K L AN BRI )R 25 9 2 3
BN PR S, TEZR M R Ge b, A A )8l X X 7
T FRVRI 92 Re i PR RN R B AL PR, 28 1 DXl 7E T R A
YRR R I R0 S BPRES AT Re i, B Y i [A) iR T
TR, REBIETE, e(t) — 0,t — oo;AEEMME
FHIAR A PR 1] Py R 5 24 BIRES o] B 1, RO A7 A5 B[]
T AR R ZE e(t) — 0,t — T. FEAI R (P ) &,
H TR A4 A2 3502 FREE, ek MR A ge A P
S E BT, B E A I X H FTA PR, AR AR
5 REMLE B D3 A1 D4 2846, 3X B ad  D3-RE 58 A
D4-fig A .
E X 6 (D4-REE AL 1) PO I AR A — D IE B
s € Z X — NNy, 8 kA F D
iy N H U L (8) Yoo R0 Ly () oy, AT LAMEE — M 1
JE (), WIAT R 35I| 25 (9) 72 Re A 1.
2558 — AN T B {u(t) Y220, M o R IR ZS
IR A H B R4y e
{x(t,xo,{u@) S t=1,2,
y(t, o, {u(p)},=0), t=1,2,... .
TRAFTEPT N EER g1~ qo RPN JE 150 ) R ey A Koy
FPRAS P, B
x(rky)=a(rky, 21, {u(p)},55 )
(rka) = (rks, 2, {u(p)};527Y)
r=12,...,

an

z(0),
#0), (12)

FEAF N f NP 51— 2

{up) s {u) ' =

q1

{u(p)}po"s -

q2

Hrfg Mg ARME—. FREk = min{klk = g1k =
Qokeo } P Z R A e 5 A2 2K (12) 1 B5e /N D A 3.
LE S5 /INAR A B e R IR 2 A g FHSE A2 BRI B HH
L JE AR K, DR A 2 4 O S R E ART B

Aulp) eyt

TETE4 B A IR 58 M 2% (9) & D4-RE R[], 24

HA 2508 T4 — %o AR [ e/ JA 300 & A [RDIRAS -
B2, IR A{(21(p), u(p) =1 # {(22(p), u(p))}i=1.
W {Ha(p) §=1 # {Hf'??(p)}];:r

AR I ) 7 vk EORAR B, EE R ) Ky AN
ko B/ kRSP ADRZS -4 N PR R T SR
et o3 SR, R il 2 H) 0 J7 V8 (G B 4) TR S
AT RE 0 FE AT R MBS LR [65] 45 HE T 3 Ah—
T FE A PE I E .

TE X7 (D3-fig EALPE) O EAELE— DN
T {u(t) Yo, MEFXS T HTA BPIRESXS o # 29,6

{x(t,l‘?,{u(p) ;;%)) ?ill i
{(t, 23, {ulp)};=o)}i1 =
{nn()} 20 # {y2(0) )21
Hr:y,(t) = Ha(t, 29, {u(p) ;;%),i = 1,2. A /R
P 45 (9) A2 ] EE L) 7).

F LA tH, D4-6E T A4 1 SR AT DA 0 1 2K
FEZ R A N 51, D3-5E B A4 P 28400 D3- 58 M 1 2
RGE— KRN 5. SCHR [65] 255 B Sh LA B i,
gyt 7 E D3-Re E A VE R RE, BE S SCHEST 3R
A IR P ) ) 45 1661 7 AR = sz b, NATTE 2 3 B2 T
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