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Homeostasis Tissue P Systems with Object Evolutional Rules
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Abstract: Membrane systems (also called P systems) are a class of distributed parallel computing models. In this
work,a new variant of tissue P systems is proposed, called homeostasis tissue P systems with object evolutional rules, where
there is no infinitely many objects in the environment. We prove that any Turing computable set of numbers can be generated
by such a P system by simulating register machines. Moreover , we introduce the time-free method into such P systems and
construct a time-free uniform solution in the framework of such recognizer P systems to solve the 3-coloring problem in line-

ar time. It is proved that the system constructed in our work is effective to NP-complete problem.

Key words: membrane computing ; P system;tissue P system ;time-free ; homeostasis

1 5|8

PR BRI — A 20 S LA St o i e £y 3
PUBLA BT U, T30 ey O k2 Be e 1 G Paun 4]
LT 1998 AR AR Gt b 45 A A S AT LA B —
SERTHRAS R I HL T USSR 2L R P, A
g B ARG AR E I T T RS W R
1, R GE VR 2 A ) A2 0K C e B e T3 R 7 AR
TR A Y BT R R T A
AR BER G, A A R 50 R B R G2
M P ARG RN RS L HAURFEHRR P RS Fiz
P RGP P RGE S FERME P RYG Iy, B
A IS BEAR R L K Rl 2 I R G2 (A B SNP R
G0). B, Ao PR T — SR SNP R 48 i S

Wk H 9 :2017-10-22 & 51 H 31 :2018-05-10; T 4T- 4 2= i 4%

RIS ST BT PR G, A8 5 A S B 1 T
JET AR TR 3 FRERGE, Ko — A FE T A
JERFTEIRE AR G2 B A B, o0 A 2R G RE 5 AE AT AT I 1S
FEL AL SR A NP R i) L. O T RT3 I AR 2 I
(923 T TR0 L e ) S AF 5 9 8 26 T 3 i 19 3 hep 2/
ppage. psystems. eu ¥ &

RHPGER G — KA AT R G %
Bl Se R YRR R A I BLR B9 JR S, e e 4R T — 28
YRR G ARIR" ™ AE S R o, o 3R 355 o
PIUEHE A TE BOR B, 18 R GE R ia AT i B vp R EE
MO SRR NGS5 2. SRR, BR8] O 4 i g 1t s K
Oy B RE B S, TR, SR AR X R R G b R A )
HEME.

FEGIH - [ R A ABHEHES (No. 61502063 ) 5 i 4< F A% b KB AT H .0 (No. 2015XJPT02) 5 FE P BZ& R H (No. KJ1601221)



o1 AN RE S DAE St WINbIEp sEsTival S 101

2 NRSALARRSNE

MAER A f FE KT, 4 17 PR P9 3185 1) A M 2R
Wy RIS 52 BRIEE 11— Ff 2 ZEALH. ZALHIFR A
Rads ™, B ki ek 0 5 S P A £ A
B PN BRIE T AR X 7 T A0 IR 52 B %R ) Sl
MR A AR SCR “ NS S AR AU RS, KR T
“IREE X R B N IO 2 XA, A S I
A K LR MBS . XA BN R R G D T8
PRET MM, AL T AR T IRAS. TR AR SR T —
PSS 22 G 19748 1, B O i 1 68 R gk A R U 1
WIS RGE. 73 5h, A SOR fi A 257 14 0 Gt
PR G GZ AR, B3 G2 R] LAE 240 i PN A AR
BEHELE T, I Ak T N AR A L UR M — R i W) o

PPN

HEEEL.

EX 1T —PERm (m=1) NTEEHLRR
ECIECN (IS

II=(0,w,,w,,,w, ,R,i,),

Hrp

0 IR FEER

wo FRTERI RS AE IR L B o

wy e w, FRTEVIIRIRAS T &4 ML N 0T 5 2
HAE;

1 07N A HE XI5

R FR NS X RN (a) ((b) Fl(e) =
TP .

(1) Ca) MRl RN - (i yusv gl ) o @)
e{0,l,---,m},i # j,u,vo €0 ,pro €0, luwl > 0,i filj
3T LA @ FRANAE j. AN @ =0 B 7 =0, WX R Y
S Y HAE u ML pro A HHBLEAINE @ b,
M HZ A o BRI, X, Z T4 w AN @
RIEBIMM v, W 2 E A v AL j ik 3 40 i @
b QR PR R AR T, IR A N AT AR R A (i
w/v,j) . IR A B Tul + 1ol

(2) (b) RN X G HEALR : [a—bl ], Horp
i efl,~-,m}, a,pro €0,b €0". TEAEHEF] pro BY1E
T, = DRIy — D ZE A QR B AR5 Y
YER, AR A La—b ] S EE R Lal + 151,

(3) (e) BB g 408 73 2R [a],— [D],
Le],, Fmr i efl,-,m}| ,a,b,c €0,i # i, ZHNfH
JE 46 A 53 28 S WS EL AR () A 28 1 200 JH. 73X 1
BRI ANE X5 @ B AR N B b R e, [
Ji 0 200 e v ) HG ) S 3 S 2 80 7 A ) AR .

XF—ANFE R m NFRSHLE RS, o] LB
Hm AR Dy B TV, B0 46 6 Jmy b 200 Jf v Y 22 B
FEow, e w, VIR G 2 (w,) KR, LR

ARG AE D, £ HE N R IRE PR R 2 EH
IR T HHTAS R, RGENVIIG RS R T iR12 4T, 1l i 1A
AT AL AR, 2R GEAE SR e A e A% b i 52 B3R A
RAEFEAI 2, B A AT o] LI W] B HT T 25 5 4% Jay o i
X4, M HLBCA PAT 2 i g U D B4 0k X, 3
AR BTt DO R G AE R X LR
SEMERCRIFAT 1 7 2 R, B e B 320 Jd
AR P 5 2 T R R iy R 4

EX 2 — R A FR AT ] 42U 3R 48 ] DA
SO IR

II=(0,3wy,w,,w,,R,e,i, i),

H S FRMAFER, Y Nw, =Dse FRMA R
B PR PRAT I R Wt 50, e 11,2, - m | SRR R A4
0 53, 2 DX, FHOR R A i Je TS 4 2R AR
BER L S PIR BT yes Fl no, 24 RG4S (I, Hp iy
— My S e 2t BRAE B i X8 G, R T e
1 0w, w0, w, R FRIINESE XL 1 .

TR ATE S FRZHEE o, RARA w RS
MELFIEATHIR T

(w0, -+, (w, +w) ,=,w,)

AL R 48 2 — R A PR RE R WO 3 R e,
Hh g S L) 1 $AUE T I R) R AT B Y, O T AL 3
H (rule starting step, /] F& RS 2 ) o % ) 2 4t 1) 715334
R, RSy ST A2 R 28 GE 7 I (8] 6 A =X TR 3R
fift NP XEI AT T RS

XF TR PR )8 2 G FTPMC oy rpopn e 22718
A3 3 PR ) AR 2 2 I AR e A 2 T ) 9 A 2
LI ) TE G R 0 — it ey, o G A 0 DU R0 TR )
R SEN k.

3 NRESHEHEARERERE=EREE

3.1 EREAXEX THE=ZE®RBBNSE—FE
EX 3 =HOEA RN T E G
=(V,E) , HATSMIR,G, Bl REmBiE. HP R,G
B R, s fiE . T REL f(x) FoR Bl
ToURd o P, AR X A i fu vt eE BRA f (u) #
S (o) R & ] =36 Gy, &0, B AR — A
R =, MZ R AT =45 6.
EE1 —FHFGOREA]IELN: RS 2N — %
TR A RS AR ) 1) 2H 21 5 22 e A B I 1] I G 1) 49— fi
ERR FIE—DE 0 DTS m SR T m K y
=(V,E), b, V= {o, 0, | RRIZETCI E YT
oot eE RoR KPR
&R RGET
I oy = (0,3,w,,w,,w,,R,e i, i),
Hor



102 H, ¥

2 4R 2019 4

0 W%,
0=3U{R,,T G B R R G, G B, B,
P' Q" \R,;,G. B, 11 <i<j<n|
UtA Il <i<n+11U{C 11 <k <m+1]
Ula,,d,d ,t,yes,nof.
Horp X4 R BRI WAL fa, X5 G 3 7R TS ol 4
0 X BRI N W A5 R T TR A TR v, F1 v,
TERNELLA (G, RN B, 43 iR A 2 [ vp A TS 75
NEREAEER) ;
3=1{D,ID;eE,1 <i<j <n{ JTE O NN TFEE
1, BIAE m R
wy, =A;w, =yes,no;w, =A,C,d;
i, =2 EH AN i, =0 J2h i X
R T HE RN AEA
PR
R, :[A],—[R],[T],,1 <i<n.
R,,:[T],—[6G],[B.],,l <i<n.
R;,: [R,—a,R'.R",],,1 <i <n.
R, ;: [ G,—a,G'.G".],,1 <i <n.
R, ,:.[B,—a,B',B".],,1 <i <n.
R .:(2,R'./A,1) 1 <i <n.
R,:(2,6'/A,1),1 <i<n.
Ry .:(2,B'/)\,1),1<i<n.
R, :[G' —P' |, ] ,1<i<n
Ry ,: [B/iHQ'ilp,’] 1 <i<n.
R, il Q' —AL 1,1 <i<n
Ry .:(2,a0/A,1) 2 <i<n+ 1.
G By B
s [ D—tRBG L, ], 1 <igj<n.
i C—C 11,1 <k <m.
silt—A ],
6:(2,d/A,11, ).
I (2 ,CYHIRUR"iR”j//\ 1), <i g <n.
(2,6, ,6,6"6G" /A1) 1 <i<j<n.
I (2 ,leBijB"iB"]/)\ 1)1 <igj<n.
w:ld—d'],.
L (2,C, ., /d" ).
fi 3 B B
Ry, :(1,n0/1,0).
R, :(2,d"/yes,1).
R,,:(2,yes/no,0).
R LAE = AR R A R 8 43
(1) A= Bir B
XF T4 B AT n DT m 230 i TE 0] 14, 5056
AT AR R v 36m, 1 < <n 85—, RG PRI AT,
TEAAML 2 XS R A PERTT R 20 280 R, K 4

=

)

°

S 3 xR DD X >

2 43R WA ELAT R [R5 25 (080 240 L, 54 3K 7 4 400
H AR BRI XT G RN T, FESR— 20 B 1 N TR R, |
ZAN N Ry, I AR hAT. P X A i BRAA A — A
RS 2. SR A3 200N R, | FFOCK (3 5 X5 T 19 4
ff12 43308 X4 G R B, XA 2 R 3 AN
ML, A X SR R, G AT B O A R TS, v, =R ] B
B . AN R, B Ry 77 A 93X =4S % R 59 ] ik
L EHE a,R'\R", ,a,G',G", Fl a,B',B",.

FUWM R, B Ry F 41 2 A X 42 R, G,
B’ Ay B AN 1 .t T R GRS ) TR T
TAE, PP A X ZASXT R RN (N Ry B Rs ) AT REAS A&
[P TS SR, TR U 3 EEL A R0 A R 1) Ry I AN J2:
[ R IATIY, BIET 2L 3 > RS 45,

FU R, F1 R, FEAH AL HEFINE IR A BEINAT.
Ja ANRA R T RS QBRI 1 T X S
R'\,G' FUB' BRI Ry 5 R | B 22 AT 45 .
PRI, B R, R0 R, HA HE [E]25 B e, #2 Tk, il it
PATHN R, W5 Q' #EAE N =3 X R A, SR 5
FHR R, . 7 — 2 RGEPHATHN R, ,, TR 178 &
x0T — RGN Z R G LR 0 7 A7 R
BB T TR B 1 A8 1 A B B o R AT S R R
TE § RAEER A TH B A2 rp U] B AT 2 AR A ] 1
iR

Ry i—>» R,
Rlﬁ{

Ry, i—»
Riyi— R, i —>
Rz_,—b{ Rl().z‘)RlL,—)RuJ

Rs—> Ry, ————»>

B BRUAEER AL A PIAT  A

SRR, RGEL T 100 A RS D5, 7 A B Bl 1
FTEER. JEIE R 227 A 3" bRt o 2 I 2.

(2) #a B B

HXTR A, L M BAERREE N 2 A AR P, BER ™ A=
BB P LN © 22 PRAT 45 0. X ip, 7R 2E 7 A, L 1Y
PERIR B R 5, JFIG PRAT. AL ) Dy X0 m 2%
21, AT AR AL Ry, A m 2RI DR G 3
A m RN R THR AT RS 2 D it Z E A R,
B,G. BN Ry, 9 — 2R 2 7 — iy X
Z0 AEXR ¢ BIERTE B Ry, R R s[RI TT B 3R AT
RS TR B C A M hn I 1 i ad BRI AT, e &
A2 X R C, Ly, TR Ry LA R B
Ry R ARy TR AR 0AT. Q2R B AT AT — 2534

TEAMM 2 b, s R, Ry, 1Ry,
A2 — 2T R IAT. RN R, IRAT 455, B Ry, IT B3
PAT KA 1 AP IORS G d AN d. eI A 2RAT



o1 AN RE S DAE St WINbIEp sEsTival S 103

i — AN 2 HAEAEXS B C, ., WU U5 Y 32 200 JH % 7 )
fiff e — A U DR, BRI Ry, T 46 AAT , (75 20 i 2
XSG d SRR B G [ B 2 T B m + 4
4~ RS #.

(3) fa i B Be

LRI B B LA SRR R, AT A I B 2 AR
PR DL

HOE WA S B AEE— DA = 6. I RAE T
RN 2 s BEXS G " DU B S AR R Y S
— AR B2 BT yes SR BIFREE rp RN B
B2 %42 RS .

TE R BIPAETE— DA = 6. AR
TEOLT B Ry, 1 Ry AT, B4, M R G4 1k
BF 3R no ASRFERREE P I FEANTR 22 RS 25,

3.2 EFEHER

XPTFEA n AT A m 25300 =55 0 [n) @1, 14 i
I1, cor oy VB — TR L BEGR PR AT ISR AN R

YRR R :4m + 130 + 8

WG A0 A A - 25

HIUG Y T B 25

BRI B 5m +12n + 7

TR Je KA 5.

WERE R — DA =G, NERZE 100 +m
+6 1~ RS )5, P RGURHTF 1E TAE; iR B A —
MY =EO,NEHRKZ 10n +m +4 RSB ZJE,P
ARG IR TAE. AR, RGBS T8 B[R] JE G4
AT B, = 35 €0 [n) R AT DL e — A N AR A B ) 2 41
JBE R GEAEL M RS 20 N DA ] TG e 1Y 75 2 A e

FI 2 3-COLORING € PMCyy mpoms-

4 NBETHELERSRIEFAMIER

FHE3 NOP,((a),(b)) =NRE.

IERA T A AR A MLE B N R S AL AU R
G108 P, T H (LB X6 A v S 2R 0 {6l R ) 28 7Y
H(a) (). NOP, FiR RGL =1 () HARBUE B i,
W on Fon P AN . A A m AT
WML M = (m, H, Ly, 1, 1) 77 A BB e T D s 1
WL A ARG TEEE 1 H B AR 4 IR H S A A
W BT BRTEMRES 146, e MR . Rgt s
mF

= (0,w,,w, ,R,i,,),

Hrpr

O=1{all<r<mlUfill',I%,09,1% 1%
Hi;

Wy =As;

w, = {111 eH}

i, =1

TR S B AEA R

(D)X FRFMZEFR4 L. (ADD(r),1,1,) ,#56%
EAMEWT

R, :[ li—>a,lj] -
R,:[l—al],.

THBINETE S L REERE -2, KRG EfE
PEHLZE PR R B FLN R, , W L A0 2 B4R al,
o al, WG STEZANNM AR — X 5 o, TS a 1
Bomhn 1, NI SE B 1 mikds 4 LK. W, BERLAE
BT L L, RETF IR — 45464

(2) X FRFRWIEFES 1 (SUB(r),L,1L) 4544
A TR

R,:[1,—l'],.

R,:[I'-IP177,.

Ry: (1,07/0,01,).

R,:(1,1%a/1",0).

R, . [l}”alf” 1,

R:[ 1V —L1,.7,.

Ry:[ 171107,

Ry:[1% 197,

AR A L RGEAERE— 2 il N
FHALI Ry %52 LatEAR R 17, R 05 I FH AL R, FE32E 4R
ZHEE IV —HRGH T ETXGR U, X% 4
VERAEBER], U R IF UG IAT , A 5 1Y 5 B AE 3R 5%
v SR, K T BE HH BELL R W AP O -

MXPIRIEFR A LI A ELIET  AE AN 1 v 2= /D471
— XL a. FEX PG BT BN R AN R, [A] B $HFT. 31X
BEEAM 1 P S B 4 1Y ALY N, E TR —
AN HLN RE2TF WA T AR 5 1 B9 VE
TR LY SN L TR e ST R R, , 2 5
1) WHRESG HEAL X 42 1 MESIE R — YR 1L 200 i 1
RAFAERT G 1)) xR, RGITIABHUIE S L.

MXPIRIEFR A LI A EIET  FE A 1 s X4
a. TERXFPE LT, N RO 2307, R AT H R, | X
G10 BEAE N 1. I, 6 — AN B Ry k4
TP AT e 17 MVERR 5 4 17 ik R 1.
), S AT R R AT 1) T RE IR L R 4
LY MRAIE R — kA R 40 1 rR e et 4 Y. 3% kE,
ARG REIIE S 1.

PRI, 2R 40 AT DL IE A A B 400 M rp (%) Jn 32 4 4> ek
BAEL. Ba, RAERASE IR X, XS 1, IR A
g 1 .

5 M

Ry =|

AT T — PR LU R G i A A, %07 1%



104 H, *

2 4R 2019 4

AT T PR H 2 ABh Il 1 SR A, {51 4 % K
SR T AL, T 5 i ) A, R AT [ 26 45
NS A B A AT B i A SO R, SR
fift PSPACE 5¢ 4 [ BB ) THI R A Fr itk — 20 5E. )
Sh R RER MRS MBS Y R B B AR S, 440k
MR RS, AT — P OF 5. AR SCER I RN AR S
HAERG AL 1 TR S R kA R ) i ade
FIATAEHEF. QIR AR p A 2 500 (9 4 T, et
SRR 5 R 138 A 5 i — 2 9, )2 AE I ]
ToHRBET KA — L8 NP 58 4 [a] IR fE A — 2P WFE.

5% ik

[1] Pan L,Pdun G. Spiking neural P systems with anti-spikes
[ J]. International Journal of Computers Communications &
Control ,2009,4(3) ;273 - 282.

[2] Zeng X,Xu L,Liu X, et al. On languages generated by spi-
king neural P systems with weights[ J]. Information Sci-
ences,2014,278(10) :423 —433.

[3] Zeng X,Zhang X, Song T,et al. Spiking neural P systems
with thresholds [ J ]. Neural Computation, 2014,26 (7):
1340 - 1361.

[4] Pdun G. Introduction to membrane computing [ A ]. Pro-
ceedings of Brainstorming Workshop on Uncertainty in
Membrane Computing [ C ]. Palma de Mallorca, Espafia,
2004. 1 -42.

[5] Cabarle F G C,Adorna H N, Jiang M et al. Spiking neural
P systems with scheduled synapses[ J]. IEEE Trans Nano-
bioscience ,2017 ,doi;10. 1109/TNB. 2017. 2762580.

[6] Song T,Rodriguez-Paton A,Zheng P, et al. Spiking neural

FRE(BEEE) 55,1979 FET )
L TR A S AR L A, B T
WA BT WL 2 B S 38 il AT 5 7 1) Oy i
NGk
E-mail ; ygluo@ cqu. edu. cn

P systems with colored spikes[ J]. IEEE Transactions on
Cognitive & Developmental Systems, 2017, doi: 10. 1109/
TCDS. 2017.2785332.

[7] Guo P,Chen H,Zheng H. Arithmetic expression evaluations
with membranes[ J |. Chinese Journal of Electronics,2014,
23(1) .55 -60.

[8] Liu X,Li Z,Liu J,et al. Implementation of arithmetic oper-
ations with time-free spiking neural P systems [ J ]. IEEE
Transactions on Nanobioscience ,2015,14(6) :617 —624.

[9] Freund R, Piun G, Pérez-Jiménez M J. Tissue P systems

[

with channel states [ J]. Theoretical Computer Science,
2005,330(1) :101 — 116.
[10] Song B,Pan L,Pérez-Jiménez M J. Tissue P systems with
protein on cells [ J ]. Fundamenta Informaticae, 2016, 144
(1) :77 - 107.
[11] Song B,Pan L. The computational power of tissue-like P
systems with promoters [ J ]. Theoretical Computer Sci-
ence 2016 ,641 .43 —52.
[12] Tamori Y, Deng W M. Compensatory cellular hypertro-
phy : the other strategy for tissue homeostasis[ J ]. Trends
in Cell Biology,2014,24(4) :230 —237.
[13] Song T, Macias-Ramos L, Pan L. Time-free solution to
SAT problem using P systems with active membranes
[J]. Theoretical Computer Science,2014,529 .61 —68.
[14] Song B, Song T,Pan L. A time-free uniform solution to
subset sum problem by tissue P systems with cell division
[J]. Mathematical Structures in Computer Science,2017,
27(01) :17 = 32.

LB 20,1983 AR TWALLL A, RSy
FrS®s L b+, B R TR R A AT
REFBERI AR, KNS5 k0 45 07
T Y TAE.



