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Abstract In this paper, the authors consider the problem of performing multiplication of two ar-
bitrary natural numbers on a new class of bio-inspired computing devices— spiking neural P sys-
tems. To this aim, the authors first present a spiking neural P system with a single input neuron
for dealing with n-addition, i. e. , the addition of n natural numbers. Then, a family of spiking
neural P systems is constructed, where each system can perform the multiplication of two arbi-
trary natural numbers with given length of binary bits. This paper provides an answer to an open

problem formulated by Miguel A Gutiérrez-Naranjo and Alberto Leporati.
Keywords membrane computing; spiking neural P systems; multiplication

fih 1) HG B M 28 70 A 36 ik 9 AR T B R L Tonescu 2 A
HER N TR AR
1E SN P RZGEH AR 15 BT HR O i 2250
FRop 22 IR G (TRIC 0 SN P R G0 2R EATAT RUHA ) B89 25 5 30, 10 45 5 2 18] /9 92k
U — B AR YRR B T ATl R SRR R B AT S — BRI AT o o

1 5]

T

Wi B A :2009-10-15; Fe 218 B W 3 B 572 2009-11-11. A SR 845 3 [ K A 98 B} 2% 5 4 (60703047, 60674106, 30870826, 60533010,
60772122) 4 s 54 (20060487014) BT AT G THRI (200750731262) 48 th Bl 47 K2 4% T 5 42 (2007Z015A) LI 4 @ 9K Bl 2 4t
4:(2008CDB113,2008CDB180) fl % #4 £ & JT B AR Bl W 58 F 4 50 H (2008 A033) ¥E Bh. 3 3¢ ¢, I3, 1982 4 A: -, =B HF 5T I 1]
Sy Wt 8 AU B B R A #E. E-mail: xyzhanghust@ gmail. com. & ## %, 53, 1984 4F A4 058 A4 F 2058 7 Oy 3T
BWBCAMGIES) B, 1972 4848, 8482, LA S0, EBUF RS ES M THA. E-mail: lqgpan@ mail. hust. edu. cn. & &, 5% ,1963
A B T R, 32 B ST U R AR R 5 B PR AL



12 3 T4 SR bk i 22 B8R SR AR AT R AR By SR AR 2363

FAF a Ron k. [ BB Z 0I5 — S Uk
U 0 35 s B D 3R A R ) e bt 22 5 A K b T 2K )
Hetan k&GS e — & W 8] J5 T LU IR
31 33 2 fok . G SR — A i 28 T AE B A B 20 AS BE Al
R T DU e A T B8 AT DA P st A R P 35
T 408 B Bl 28 0 o 1 — 8 Bt i ik o

ik b 22 JIE R e A 7 AR A ORI e 2 U
RO &v) . M e R E AR
i 2L 0] R G AT AT PRI 5 T 0 SR E A
2T, W IRAR R T A6 TH 5 L Bk ol 2 R 458 AT LA
PHEPMIE R B R — R E S N T
ABUR RN TE T H 525 08 5 8 S R i P & s
EE R T A bk ey B 220 25 AE SCER L1 ], 2 &k B ik
hpi 22 58 3R G R B Y 7 A 2 R TR R A
BIRT LA™ A= B i 328 U5 T MO AR s o X P s AT L
(O] SUik Ve = Bria oS NN QUIEUEZY N5 Wi Dt
Z\ 2 VR X T AR S IR . S R
Xof o PR S A 8 30 R e R O 28 S A TE D
(LI Rk i VIR g L U3 5 2 G A
Horb o b0 AT LV AN B 4F - W] LUR 0 4 A
FEME U SCHRL2 JWFSE 1 Ik o 22 58 22 G 7 fdt )
7SRRI ] F 3 P AR R L SCHRE3 -4 143 S T
A [R) A5 45 2R 55 258 fet T RE U ASE =0T B8 & 7 AR B
1. G AR B AR 4 2 BT L ko w48 5 R
g ] LA s it A 2 o0 BOAE R DR B b o e A
P2 TC T . TEIX BTSSR ik o b 22 B AR 452 [
FEAT LUIAS B S0 SCHR O R A 258

ok A 22 B R A 2 T OR M 3 E M Tn) A
X E AR A R AP E R B
(semi-uniform) F14 — & = Cuniform) ™. ik np#t 2
JEEZR 58 LLAE 58 — T 2K il 0] 8 Q2 48 - X T ) & Q
eI REAS 45 8 S 2, A SR AT DL 3 — > 25 R R )
Gig RS ZAH R KM AR RS Do I EEZ
TR R] A (5 Z i FUBERH 26D BE % i D 55491 7, HL
M HACS A AR E A Z o8 5 RS TR ]
DU IE (ECTE 245 5E I T) P R 456 i s 4 7 20 B 1 ik
O BRI 2R S8 RE 0% LATE 48 — I8 U e i) i QL JF:
0 Fir 75 2 A Bk Sy AR G2 — B . SR n] DI 3 —
T Tk wh b 22 5 R B8 (g () b e s XF TN
A T€ Q. REL] [T, (n) WY F5 5 il A Bl 2T i A
AR B Bk i (5 A OG0 22 300 204 Bk o) & AT LA
15 22 35 I 8] N A e 5300 7, B2 HAL S A7 7 2AH
KA Z 2 L I R B8 1 358 AT A 1k (ERTE 45 8 I

[F1] A28 Gt i 4 7 BCH B BK vbD S IR (T () } e BE
% LL 58— T8 3k ke 1] 8L Q » I 41 FT 45 31 1) fff K 9 52
— . GG B A b 5 — TR R e
TEF & HA5 RS B i SRS AR 5% . T -5 2L 1A 1) 53 491
ook, bR b T ARG — I U - Tk b i 22 i
RGAETH I UGG F C 2553 T RS0 .
PRI B IE T REA T 2 AR 40T,

S A 230 & 58 AN ] SCRRL6 J82 T ik
I 28 AR G 1) — RO 9 8 7 3 A ko e 2
RGN AL B RGBSR B RAR U i T
THERA n A5 A 20 Bk b dp 22 R 58 BT
O3 B FRTH SN 3% 08k P B2 7 A 2 DL [
9 AR BCEAE T — A A R B e AR, 7R T #4314 X
BER G A RE AR oh 7 A I A B R G
TERE TR AL IR ARG 20 A 1SR B A — 3k
HArRE 1 ik 2 0, ) fig AR 2 o0k A 1 a0 A4S ik
i A SR SR L g B D ko P 40 Y Bk R X
i i e s B ER B . 53 Ah, SCRRE6 14
T — SR E g — A W A o O ) e — A [
U - AT BETH— 4> ik nbdft 22 1 AR 4 8 AT DICR i
A B AR B e 1.

AR SO B2 TF R BEAT T 5. 1 J itk 13
HRL6 I I A4y 3 oK e A AR BORI ) Jik o o 22 B 2R
GCEEA n MAMEZID RN T T B AREOKR
FIHY BAT — A AP 28 7T Y Tk i 22 158 2R 8. LI
PR T — WG H AT — > dag A M 22 T8 /Y K o e 28 R &R
G (% P B AR G AT RASK i 45 5 ik AR
JERAT P B AR B e BL O AU P A B AR %L
Jes il 1o i A TR U A B R G b 5 SCHRE6 T
(0 20 B 7 38 —HE X LA A B R S Y B AR B 2
Foon o I 5 AR5 TR oh e 8 g L b 1A
ok wh 7 i A SR RO R 1Y BE R A 1,0 ik
R B R A2 0. AR T A Rl 2
2 B o ok o e 3] 9 2 1R X e T e o 20
B i B RS . R A ST BT TS SR B2 T B
ARG

ASSCES 24 [l JBAR SO B P Y — 26 R L il
AR IR IR EP 5D I QUL L E2Y LS WILPI W A
S 4 AR A — A AR 28 0T B0 K i b 22 R R
Gt TR g A% o — kR SCROAE A B AR B A
5 WM I — A — A 22 TR K b 22
ARG TR BT B ARBIRA Ja — 1 8
LEASTIWT T R I BT A 2 2t — 2 AR ST 7 1)



2364 it =

Bl

i 2009 4F

e
£

2 EAFEIR

15 5 BRI RO 20E F e b iy — sk
FEAME S O T B M N2 T L2 W SCHk 7] D)
XL FRATT AT A A SOK A T — 2 RN
Shrid.

MFFREV.V FRV EFAHRZR R
A HPHARREFZ/FEV EWAAES AR
FAFRA VI RR AR V="{a) GXBFRV JyHpF
BES) W {a) Aa) M HIEEN a va’.

FHRERV ERIENREAE LW .

(DA Fa€V HEIEM R

(DWMPE LE 2V EWENFRKRLL N EE,,
E UE, E7 #8J& V R IE N k0

(3)V B 3BAT 5 H g 1E ) 225k 2K

IENR E X T —MNES L(E) B
T EE X

(D L) =AU a €V A Lla)={a};

XV EMEERSEXE, E . H

L(E,UE)=L(E)UL(E,),
L(E,E,))=L(E)L(E,),
L(Ef)=L(E)™.

FEAR G SCRY AT HE T o 1E W) 3R 5K 2 v ) it
S LI . 35 X TAE R IEN R KA E, 8
ETU{A e E-.

3 BRRHEZERS

e 7|5 R Tk o e 2 B R 8 S B bR — 2R R
NI B 7Y TN W EP TSP 3 QUIE L
2Ty Re AR 20 A, IR AT R A 4 K bl
R 2 48 1 2 fk e .

—NER m=1 kPR B AR
45K

II= (0,0, ,0,,"
Horpr,

(D O={a} NHFEES a Fm—"Dkib;

(2) 01,0, 0, RKIRZRG I T m ANPETC,
MZTC o, %m Mo =n R 1<<i<<m, H,

O n, =0 FRFETHEIF M B0 2: 50 o4 5 1 ik
ik

QR /R ZTT o, 1 T AT LU HE B 1) A BR 4
HoERWMFHMIER .

20, s SYN 1N s 0Ul)

(D E/a"—>a’;d, Hh E FRFA4Fa L BYIEN
RKIAX,c=>1,d=0,p=1,H c=p;

G E' /a2, Horr E' &R F4F a B IE N 3%
K s=1, HHE I 2 % R, R 288 (D Y f54
N E/a‘—a’sd, A

L(EYNL(EH=;

(3)synT{1,2,+ym} X{1,2,ym} FTRMPZ
TCZ AR EERR TN 1<i<m.f G, &syn;

(4 insout € {12, ym} 4y B FE 7R &y A F iy 4
£ G,

RGO R HEIMFR S ) S0 R L 28 B (i) 1Y
FIIFR Ry ) SCast o B0 I, Xy b o 7 2R 0 (1) A A0 )
Wit p=1RPEX K E/a"—asd BN LS R
GD BRI R E=a (BB R a'/a" =2 BRI ,
W) 3 30 R € A1T] Ay s T8 24 0 D) AR A o 35 A B DU

R AE R AR E/a—>a’ 5d Wi E=
a S MBAF I EE N o —>a’sds 5N E/a—
a’sd WR d=0, W EER E/a"—a". HIL.
KM E/a—a’;d Wi /& E=a" H d =0, W E A
W a —a’ UM, B SN E/a* A 3 2 E=
a WA LB E RS N o —>A.

AL 14 B0 4% R Oy X - A R e )
RMAITT oL F b DRkl HA o' € LE) K k=
I st pft 22 56 e B AT DAGE FH ORI E/af —>a” 5d. Y
M2 IT o Af IR S B FE ¢ A Bk b (T2 il &
JC oI ke —c AR s R TE d A B ) S 7
A p ASE K e IS B ] 5 B % B TR Bl 400 48
AR p ARkl o5 8 TE AT S HL I S 3 ik
B K X B[R] Y 3 Bl 28 TG0 B AT 1Y S RE 4R IR
AEART ok v TR AN 49T o TR AR ¢ 25l R R D
E/a‘—a’;d,d=1, WM ZEITCIES tot+1, 1+
d—1LH R E . 2 — D& ookt T EH AR, &
ST B A A e A DU A BB s U Y AR S
ARG A VTR RN 25 B4 28 50 ] — A B A Y
P25 50 & K i U3 A 5 A i 28 5 B B R 2 0
) 3 2 Jpk i, 3 26 Jok o SR O X T S Rl 28 o0 ok
Bt B ] DA ] RS A ik o

SR GO R FL 4 i T 7 X 40 o g
G R Ak, A o € LCED) Jo k' =5, M #2550
WA A DA s ) /@t AL 3 T U K A el
22U B T O N RS BE . S & T o (il
FHUCHEI IS B T FE s A ik s ABAS 277 A2 8 ik .

@ P systems Web page: http: //ppage.psystems.eu/



12 4 T4 SR bk i 22 B8R SR AR AT R AR By SR AR 2365

T PR E : at —>a” sd, Fl E, 1 —
a’ ;d, ATRET AL L(ED NL(E,)# o [H I AE— > il
2 e ] BB AE 2 45 0 BT DA A . ZE AT ]
i 2, 5 4 29T o, P 22 45 AT DA F S R 4 B e
28 G HE H L RE A T — A5 B0, I L o 0 00 1 32 B2
SERINION

PO RN U N )T SUIE R Ay N W PN e A U
Jay s SUR SRy [ty sky [ty s sk, /0,0 s ot R TR P22
JC o AR AD BB & B ik op S B 1 R M 4ot o, i B
PR HE A N T BCIR S R TR Z S5 1< <m.
1M FETH 3 TT G B, R G A% R AT LA R R Ok (ny /0
ny /050 ym,, /00 FRATHE B FR R 2R 58 (1 90 bR 4% J). i
i BRI, R GE T DL — A R AR S —
AR XA T FRFR R R G A R e B . NI LR A% SR
TFIR 09— RIS SR e B Pk o R Ge 1 — AN 15

T Rk oo 2 IR G Sk R R JB B T BT
BT B AR B A B R G A SCR FH SCEkL6 ]
(4 4 5 5 3k A i AT B SR B i R — ik 2
Fe an R 5 A BB A M 20T AR D U B
SRR R R Bk o e 51, 1A Bk ol 67 i B SR B0 B
() R R 1.0 A ik b 27 B % Y R A
0. %A kA~ B IR BT, 78 ok w28 B AR 40 < 4l o
B R PRI 7 T A X 2 AR B B — Rl Ok R R
I R AN A 200, HE X 2 1 SR B TE] 5 A
RGN RO R Bk M S R 5 R — A
A ZTT, kA B SR BOR T8 13X A ME— %A pi 2
TCRKE AR R G . th FREBW RS A
A —AH A BTG AR R U R R W i B
AR SC TR A 1) K o A 8 R R G A O X R 2 T Y R
Gi. 3 Ab VT I A A G A R K e B 1 kTR
WSS TRUE T R P i B S

4 BEHE-TENHEZTH IS ME
Bk ip 2 IR R 4

AT 3 — A B ME— A B 22 5T 1 ik
SIERGE X R G SR Z 3E ALK R & 1Y 7
A BRB R =2,k 1.

Ry BGA TR R FRATTHE I N R A
B ARBH I FRIC o n-addition , o B AR ok
WiE n=>2,k=>1. KM n-addition 0BG —Hi A
LD 0) QUIE YT (1] 3 B W N <0 = v
T

Maga (nsk) = (0104, +0uue, 0

o *Oauz, | 27790,

auxy 4o b

Input
P
7
2 2
a4 qux,, a —a’;nk
1 aux,

whi i
a —a;l
1=1,2,-,n

sum,

sumy_

Bl SR TR KB & B2 A B AREZ AN
ok i e 222 B AR B8 CRAT — N A 20T

Oauz, »Obity +Obit, 2" 9O0bit, | »Osum, »

9t 90y,

,,,,,,, 1 wny | 2OAdd »SYM 105 0UL) 5

E

(LO={a};
(2)01,, =(0.R,,.,)s Ry ={a—>a}s;

(30, , = Rue, Vs Ruwe) , ={a—>al;
D Ouwnz, , = (0 ’Rau.rl_’. ) Rau.rl_’. ={a—>a},
i=1,2, ok
(5 e, =25 Ruwe, )
R,  ={a*—a’snk};
NES

(6) 0uue, = (13 Ru, ) s Rupe, ={a"—a" snk+1};
(7)oy = (0,R, ) s
Ry, ={la—>A,a’>a},i=0,1,k—1;
(8) o, = (03 R ) s
Rm,,lj: {a"=>A,a" " —=a' 55 i€ (1,2,
7=0.,1,,k—1;
(9) 6400 =(0,Raua) s
Ryu={a"""/a" "' —>a,a” /o’ >
i€ {0, 1, Hoje (1,2, am} 5
10) syn={Unput,bit;) | i€ {0,1,,k—1}} U
{Cauxy ;sauxi ;1) ]| i€E{0, 1, kb—1}} U
{Cauxi o1 saux, ) s Caux, ,saux; ) U
{Cauzy iy sbit) i€ {01, k—1}} U
{(bit; ysum) |[1E€{0,1,k—1}} U

N



2366 it =

Bl

i 2009 4F

L
£

{Cauzs ysum;) |1 E{0,1,+--
{Csum; sAdd) |iE{0,1,++

(D) in=Input;

(12) our=Add.

EE L X TE LR ESRE n-addition 1)
ok e 22 55 R L 1) R AR 22T o, DA E
I AR U A S AL B & B 2 A4S B AREL
W] 1 28 4t e LA — Bk R X o e AT e AL

. E e, ATE A W ARZTC 0y, MR
Gif A 1A ASREL A ¢ 2R 2], HAETF 46 %
A =0 G r=1 1, 55 14 8RB0 — ik
NG LEC AR O VA< 1 5 G NS DN L2
ESESE AU PVAIL IS k& o R B IUITE AN 2T
NS 7 QU LEE SRS o0 0 pIA: 1 Il i1 & b O U
i AP ZETTH A O A k. AR AR 22 oo #E R
— Ak WAE TR — B RAMAEIC 0, (0=i=k—1)
K50 Y — A Bk o R FE e =1 B 4 Bh b 2200
G AT BN S TE 0,0, %% A Bkh. 7 F
T 0 o 25 BENCE] B,
W TE =2 B W &0 0, 2135 2 A4S ik e, T H
BEMATC 0, (1<i<<k— 1) #8 AL & — 4k .
I 1 =3 W MEIT o, P AT @® —a W] LU .
PR R 46 151 W28 9 0 23— A ik
TE t=nk~+2 B XA K b #0485 8 e e 22 o0 b, 4
MTT 0, (1<<i<<k— 1) A& AR Bk vh 78 =3
R gos . e RATE KB 5% 14 B AREBAE
2° Qb 8y ) KR I A K e B R 22 TG o, R
ChRic Bk vh 7267 0 80 1 A o, U T g A SR B0xk
VA b 1R S P VN A D

TE =2 B, 55 1A BARETE 2" Ak g — ki %
TS L ok i 2 [ I R A A B M 20T o4, TETR
— XAk W K 3 B MATT 0 [ I B2
M TE 0,0, Bl Bk ab. R ZE T 0, S5
Wz 2 A ok o, DU Sl L @” —>a 5T
0 i, XF BT RHEZETC 0, SHEMC— Bk 0l I HAE 1=
wh-+2 BB B A B 25T o, e T
TC 0y, FARWCE) — >k o, WAE R — 25 65 35 55 G ik
R TR =2 N M LTt o, WA AT
o RIES PP, Hrp =08 i=2,3,.k—1.H
JEAE T — A AL @ —A 2> X 28k w7 35t
B G, RG] DL A 5 28 1 S B AR EE 2!
Qb F18y A 0 R IO T TR A 22 0T 0, T

i, EE EE AR RSE S
S5 1A A SREAE 27, ee 20 A Y R B R £

akil}}§

Ik AR U TE B TT Gy » s O, T BT
FIANBABRBCaEewmAR RS . b ek
2 Jab 1y 28 ) B DA o 9 T XA A B TT 0,
L 0<li<lk— 1. 8 Tk, B & R G R A
%2 AR SR 1A BRBINE LR S
B2 AN EARECAE 20+, 281 4 1 R SR BT R I Y
“Rk i 23 G5 K AT TE A 22T G, s
W JE HAE 1= nk 42 Fik 2 fkih 2 B A X L i 28
JCH.

fE t=nk+2 B, REWAR R T 55 2R
(9 7 A B IRETE 20, -+, 20 b g = 1 B %k v 7Y
“Bk b &S RAEAEAEAR LB 28 TC O, 22+ O,
AR — 2 AW ETT 0, (0==i=k—1)2x &l
B 22T 0o, 53 BIFEWC n A BK DR CFESE 125 . W& 0T
G, WU - I FLHE R mk—+1 2 5 7 24 7 B ik o).
PR S B A2 TC 0, (0<<i<<k— D[ RELFH n,
nt1, 5 2n APKIP X ER T 0 A B ARBCRTE
2R ZHEFRI RO E T LR A 5 AAE 20 b
THERBCEET LM EAREL 0= <, MM LT
O, WAL E 45 ARk .

TE t=nk—+3 W, P 420 o,,,, B BERGE » He
H0=j=k— L RBEMZIT 0., BAE n+i Dk
g w] AN @' —>a' 55, Hod [=i. P& T
G, VIR IN T 5 A7 1) S 3R T DAAR B B 45T 0.,
T SE M ZTT 0ana KL K (FE 1 =nk+3) . M & T
O, TE t=nk~+4 IF Z 3% Bk oo 1A 22 9T 0., | AE
t=nk~+k+2 B} 2] K35 Bk, AR — ek AR B A
AN tonk+3<t=nk+k+2, 15 R — iz B )5
ZTC O TR m AP (LB E 7R c=nk+3 B A
m=0), XK n > HIRBAE 2 " hb iy 3k %
FR] LGB R — AL B m. R BB 2
TC O, (OO0 <"k — 1) AE ¢ B 2 [0 M 2 TC 0 pas K3 L
Ak ip GX X R TAE n A BRECP A (A5 t—nk—2
THERIALA . BB A TT oas BB AT T AT LS
K ULTF P FEE -

D m+L AFBEEAm+I=2+1,0 t+1
IR 2 T paa AT AR I RR N @' /0 ! —>a.
T UG KO IS 3K 57 B 7 A — AN Bk b O & % B A B
XK IR 2 A BARBOI S £ —nk—2 A 3]
{06 s B O 1 I 3 L= T = SO e W
MBI TT oa RIS j AR X RN » A A REL
FE 20772 R iy RO B R ) L B R — AL Y
BTEH .

)& m+l BB m+I(=2;, 0 t+1 4%

tee, O,

um,, _

*s 0



12

T4 SR bk i 22 B8R SR AR AT R AR By SR AR

2367

B TE P 22 TC oaaa AT LAAE AR I @ /a? —A. i F ik
R G A2 7= A8 ik ol s 35X R 16 A 3 SR ECRN
M t—nk— 2 A Z 3 H A 507 0. A B, #2800
Oraa TG G APk e TR A
AL BT 1 — &R 5. HRTE AL TE onn HRIR 7 A
Pkt Ramt n A B IREAE 207 b iy kTR BT
(8 ) LB R — AL T

BT LA B 2 AT DL IE X T 45 n=>2,
k=1, b 3R T AR 35 1 K o i 28 JE 2R 48 WT LA I Aff SR
TN B R By n A AR BLZ AL HEEE.

oL WIS N O QUK YT s N N E O By
ATHY L FRATE 8T R oK 3 N A AR K 3.2.5
ZHLX 3 AN B AR B R O 2R L4 B R
011,,010,,101,. WK, X H A n=3,k=3. K Lik
SMBAREBZ AWK R G ME 2 iR, Y
Ik b 28 R B I (343D SR A, 76 44N 54
L B ER L EZ W R ORail) i QIR A= RV & e B2
52 I ik e gk D 2 1. A R O B R PR AR AR
R BRGNS 2y (=13 ik 1 A]
DVE ), B3 A R BUW Al 1010, =10.

Input

= L
2 2
42 quz,, a—a’;9

sumo

2 RTHEHIMKEE N 38934 A ARKL
ZAMBY ok b 2 5 R S

x1 ZEiTE 011, +010,+101, =1010, {9372, B 2 iR MRk R Z R R 5 M (3.3) %
SNMNTESBREHZ TS B R % % 2388 pY ko 3

t Input auxi.o auxi,1 auxi,1 auxiz AUI1,3  AUT1.4 bity bity auxs sumo sum; sumsy Add  Output
0 0 1 0 0 0 0 2 0 0 3 0 0 0 0 0
1 1 0 1 1 0 0 0(9) 0 0 0(10) 0 0 0 0 0
2 1 0 0 0 1 0 0(8) 1 1 0(9) 0 0 0 0 0
3 0 0 0 0 0 1 07 2 1 0(8) 1 0 0 0 0
4 0 0 1 1 0 0 0(6) 0 1 0C7) 1 1 0 0 0
5 1 0 0 0 1 0 0(5) 0 0 0(6) 1 1 0 0 0
6 0 0 0 0 0 1 0(4) 2 1 0(5) 1 1 0 0 0
7 1 0 1 1 0 0 0(3) 0 1 0(4) 1 2 0 0 0
8 0 0 0 0 1 0 0(2) 1 1 0(3) 1 2 0 0 0
9 1 0 0 0 0 1 (VIQ@V] 1 0 0(2) 2 2 0 0 0
10 0 0 1 1 0 2 0 1 2 0ol 2 2 0 0 0
11 0 0 0 0 1 2 0 0 0 0 5 5 4 0 0
12 0 0 0 0 0 3 0 0 0 0 0 0l 0(2) 2 0
13 0 0 0 0 0 3 0 0 0 0 0 0 0 3 0
14 0 0 0 0 0 3 0 0 0 0 0 0 0 2 1
15 0 0 0 0 0 3 0 0 0 0 0 0 0 1 0
16 0 0 0 0 0 3 0 0 0 0 0 0 0 0 1

5 —RMERZESIFIER PR RS

5| A L SCHRL 614 H T T Ik — A
SRS — A PR 1 2R8B80 ok o i 22 0 R .
A T 46 M s — W T DR AE B 1 R B BLAY
W Rl 22 2 . g 5 SRR 6 ] e g B o i 22 0
AT I 530 LT AT 0L B — 1 — 3 o e i

Jok b 28 S AR 8. N R A BE Dy R AT B A
EARE m Flon R maon=0 H k=1, AT 0E 3
JIT 7R B T ok i 28 I 3R B { Ina,, (R e, =1 K
WH moen Ok h SR SR S5F T

My, (&) = CO5 01,00 5 Ouie, 3 Cuue, | 5" 5 Oue, 3O, »

Obie, 2" 2 Opir, | 20, > Oauz, | 2" 2 Oaux, , 2 Obit,

k=1 auts o

Obit, 1 2" % Obicy 2 Obity | 5 Obit, , 5 *"" 9 Opir, 9 °** s

s Opir s O

O-blfk_k, ’ O-luzk_k s b2k —2 sum 9 Gmml s

1



2368 it = . 2 i 2009 4F

a— A
a’—=a;k—1

a— A
a—=a;k—1

bit,, bit ,, \

bit,,

bit 4

/ S
7)+1/a1‘|_)a
a* /a - )\
]71 2,°
A

B3 SRAEE IR B & B PIAS B IR KO TR koo 4 2218 R 42

SUM 55

dd

Oumy, , +0nda +SYM s i s 0uUl) s (6) 04, , =(0sRuue, ) s Riwe, , = {a"—>a};
Horr (1) 64,, =(0,Rue, s Ruwe, ={a—>a},
(D O={a}; =1,k
(2)05,,,=.Ry,,.0 (8 Obir, , = (0 aR/,,',w, )
R, =la—>a,a®>Aa’—>d’ }; R, = la—>A,a* Ja—>ask—i},
(3) 04, , =(2:Rue, s Ruwe, , ={a*—>a’}; i=1,2 0k j=i— 1,y it h—2;
D)0, =0.Ru s (9 00m, = (0, R ) s

Rauzl'i :{QZ_)az}ﬁi:leq"'vk; R.\'uml :{aj_)aj”"].e {1’27"'vk}}7
(5)51“';[:(0’R/n‘11)v 1=0,1,,2k—2;
R/m, :{6129/1vas/azélyas/aéa»aé;{} s (10) 6400 = (0, RAua)

. . 2i+1 i+ 1 2j j
i=0,1,k—1; Rowu=1{a"""/a'"'—>a,a” /a’—>a



12 4 T4 SR bk i 22 B8R SR AR AT R AR By SR AR 2369

i€{0, 1,k i Hoje (1o uk) s

D) syn={Input,bit;) | i€ 0,1, ,k—1}} U

{Cauxy ;s Input) |iE {01, ,b—1}} U
{Cauz,;vaux, ;) i€ {01, k—1}} U
{Caux, ;rauxs,,) U

{Cauzs.; sauxs ;1) |iE{0, 1, b—1}} U
{Cauzxy jirsbit))|iE{0, 1, kb—1}} U

{ (it bit;, )| 1€ {0,100 s k—1},
FXIE{ i) (24i+1) e Cbyi+R—1) ) U
{Cauzy,; s bit;, ) [1€ (1,2, ,k},
jE{i—1,i,i+k—2}} U

{(bit,; ysum;) 1€ (1,2, ,54+1},
J€L{0, 1, k—1}}1 U
{(Dit;;ysum) i€ —k+2,]—k+3, .k},
j€{ksk+1,-,2k—2}} U

{Gum; s Add) |i€{0,1,+,2k—2}};

(12) in=Input;

(13) our=Add.

EI 2. X TAE 3 RS By Bk eh & R R G
Mo + 25 W4 =306 S SO T 5 A28 o,
A WAL BE S ke B B AR B m A U it
F G Re LA DY Xk i e L m -,

. BIX 7n:§7ni2i,7z:§71]2j’mUﬁ

i=0 j=0
k=1 k—1

k—1 k—1
men = (Zm,Z’)* (an21>:2 Zm,-njziﬂ
i=0 i=0

i=0 j=0

k—1 k—1
:Znom,-Z';jJrZ ;20T e -
i=0 i=0

b1
E ny_ym; 20

= (nymo 2" +ngm, 2"+ +nom, 1 28+
(mymo 2  +nym 28+ oo +nymy_ 28) 4+
(g yme 2t ' Hn, ym 28 e 4
Ny, 2%7%)
=nomo2° + (ngmy +nymy )2  + -+
nomy—1 +nymy_s+o+np_ymy) 21+
ymy  Fnomy_y+ o +nym )28 404
e ymy, 2777,
L ERB AT LUE W IR moen ol LA
Fe A Jy oKl 2k —1 A7 B AL Hop 5 20 i
¥ RIR RNl om e n 15 2 WA 2740 1 B A Al
AE —HEHI BT R L 02k —2.

Pl 3 7 B IOk b i 22 165 R e R3S AT 3 B AT LA 43
HUT AABrE

(D KA BB m. @ 5 & IT 0., M
HAERO=i<k .4 BRE n M AB R H, Hrp
HAf j A BT AR e &0 0, . 0=j=
k—1.

(2) FiiH&. FHERE n 05— R ECF
5 BHRBOm W A ki B A R X R AT DL A
m Fln () 3BT 0 IR R B SR .

(3) RFRIXAX M AL R E 2° % pj (19 7 R 5
K AIFIG BRI — AR IR WAL IF k%
E'JTEFZéJTz OAdd EF'

() B . FEAN L TT opaa 1 38 3 X R 20
(0 055 Hy X T 20 8 R A B 2 AR AR AR
20 4ib ity R BT O R R DT R ik
FIFREEH L, 0="i<"2k—3. TETT B IF AR I, BT 7= A 1
fii Ky 0.

HAERANNAE LA B A ARE m. H
SRE m Fln F R 7 N A B R G0 rp L IR 5 48
QAP A DIy i & KSR iR QAR DIVA i3
B0 B UK 1] 2R G i A 28 BT 4
¢ CRRET Z) BAER R M RN A 1 =0. 16 c=1 i),
RS TAR Gl i R &S S G VAU QUL NE S N
298 0y, KRR I B SR EOH B — 2F H 80702 0 18 2
LA 0 80 1 ASFkm. 25 m 8955 0 4> i Hl 80F
& L& TT o, 3 8] 3 Ak, Jorp—A ik o A
IBEHC, T3 SR PIAS ik b DAl B o 42 0T o, H2UR
W HETT 0y, RAFE] 2 A kool © A& N Bl
MATT 0, BN X FH 1 MIEIE . AT 0.,
TEF — PR 403 4 A Bkoof, For 2> ik ooid i 78
20 oy, FEHIIN o —a M5 2] 55 4 2 4> Bk
UIDNE i I 2D v 31 G|« A a9 1 QU LY 8t (2
T O, IR R HARE m A 2° 0 1 R B 2
L5 2 MBI . M4 TC 0, HURE] 2 A Bkh &
112 N TC 0,0, HEMUHY. 76 F — BB six 2 4
Jik it 33X R HARE m AE 2° A ZE BT A 0.
FRX R T30, A RE m A2 2° b iy — 1 ) 5507 g A B
RGE AR K AR M & TC 04, T 42T KL IF

G 1] R GE B TT 0, i ATE 21 b B 3 E 0T

FIH bR 25 Ly 77 o, 8 5 5 5l B & oo
O, , IEAE T AR B AR B m 19 AH R — 30 11 B0
JE 1R JE 00 M 40T o A 4 82 AN Bkvh. 25
MZETT 04, FRWCE] 4 A ik ol J0) 5 2 ik oot B8 7 ot
M TCH A B TT 0 HEWCE] 2 A Rkofr, WIAE R —



2370 it =

Bl

e IR 2009 4F

AR BRX 2 AR eh. B S E 20 A i kR
T L LRI o KEALE 4 IR X AR 2T AR Y
THERIECT R O WL A TT 0 LT O A M. LA
ERF BT UER £ UG HES A REm 1 27,
27y eee s 28 TR R A B X O 3 I R R
TEAMZTC 04, o+ 500, . BEIE S AR K m 58 &
WABIRGE A A ok i B A A AR 28T
T, 1,0k —1.

FESS t=k+1 ) R E M T A AR B m
() B, BLIEE T 46 T 38 B BE. R e =&+ 1 0, A
SRB n A 20 b 1 i O A B 20T 04,
A AE 20 A0 ) BT R 1 A 20 o, 1R
1A ok e ot B A B3 o 22 0 S 2% 1) 0 M 48 O 2 ik ik
MO FET — & BAMEATT 0, (0i<k— 1) M
HHEETT 0y, AFF] 1A Rkop. XFF5 A KRB m 19 ik
BT LB BT 0y, (RIX 6200 4
(2R I SUIDRNCS N E LR ONEaEI T QUM S P AL PR [
FHR @ /a —a. Fe 48 BERL )G #0028 50 0,0, H 17]
BAMLLIC 0 Rk — A Bkob b 1< <k, i<
[<it+k—1. HFFE (=k+3 B W LT 0, H
] B A LT 0, (0=i=<k— 1) Kk —Aik b, A
B RAMLEIG 0y, FTLAAG ] 2 ARk o AT HE A 28
Bon W55 0 A Ak W B07 4 A B i A M 20T 0y,
Ja s R MATC 04, (0<i<<k— DT REAL & 2 4Nk
af K EAREE 0 B 0 A R BT 5 A R m
(25 ¢ A R O R R B R . A Ry 1,
20 0, ALE 2 AWkl WL ER A 0 A kb
COl Bl M 2 TC 0, | BB HSCHR) — A I o 30 5 £ A
W a—>A D . LI SER T H AR f95 0 Ak
R LA m B — A~ R e R O
GRMRRATAEAE LT 0, H0ik— 1. 26
Mo T DL FAAE e B L B e — 1 D T
il 5 B AR m B O R R B IR B
AT ROy I AF AL B 20T 0,0 oo -
G=i;<j+hk—1,1<j<k—1). W, 7 t=2k+2
AT LA A AR m R n ) RO 0 T A T
AETR A, B S8 J T WU B B

FE t=2k+3 BF RETFIREE 3 BBk T3&
IR AL A B ARE o A n 1) HE BT R AR
FEAR RV 7= 2 (R o T A 2R 0T 0y, H BRI BT X
IOF 19 S 3R 3 SE 4 22 TO A IR I ik ik v el D3 BT
W RGEAKER h 2 j=0,1, - k=11, 1A
MWLEIC 04, (i=1,2, 0 j+ D HMAEIC 0, B
M4 j=kokt 1, 2k—2 1, AFTHZTE 0, (i =

s Obir, .

J=hH2. k3 ) ST o, . AT
MZETC 0. FITELE B WK IhFR XTI T 271 F K38 K
8 0. S8 3o A 22 0T 0., (0Zi<22k — 2) BT AL 11
ORI ok 2 801 DU [R]85 B B ik e AR Tk 3% 3
MZETC Opga . T L X B 5 20, 7T DATHER S B A1 3R 58
L TF HHI RS R K 3% B2 T oaua -

TE t=2k+4 W RGEHE A B Be, X T 2°
(1 F 3R 0 A B 20T 0.0, K 3K BN 2T 0nua.
FE.ZGEHHITFERF m «n B9 0 4 B 5
FoOfm A AL R T E m en WA T
AT 1 R LTI 1 B R B ik s e v B 4
(77 1% 5 DR 3R AT gl A 2 1 EL A i . Sl
AL TR B mo«m () H T B R KK
A A B RS L R, BT DL SE A B o FR
m s n, FFHTT 25 B k% B BB . UEEE.

U BT IEL 3 i 7 8 ik il 28 JRE R 458 LA 2 G ey
IBAT Y FRATT 5 RN ] B H SRR 3 - 2=6.
A H el LR R K 11,10, =110, [Nt m=11,.,
n=10,, k = 2. T 55 I I B Y Pk of #h & I R 42
My, COUNTE 4 Pr7s. 3 2 IS 3 45 T AERAN T

F2 EITEFRMR11,-10,=110, 1 d . B 4 FTRH
BRI RS M (D ESAHESBFE

MEZTH KB E
t  Imput auxy,o auxi,y auxy, bity bity auxs,o auxs, auxs.s
0 0 2 0 0 0 0 0 0 0
1 3 0 2 0 0 0 0 0 0
2 3 0 0 2 4 2 0 0 0
3 0 0 0 0 6 6 2 0 0
4 1 0 0 0 4 4 0 1 0
5 0 0 0 0 5 5 0 0 1
6 0 0 0 0 4 4 0 0 0
7 0 0 0 0 4 4 0 0 0
8 0 0 0 0 4 4 0 0 0
9 0 0 0 0 4 4 0 0 0
10 0 0 0 0 4 4 0 0 0
11 0 0 0 0 4 4 0 0 0
3 EHERR1L,-10,=110, TP . E 4 TR

R E R M, (D ESHESBFE
0425 5T B KOs 50 LR % ) TR o 0 Bk o

t  bit1,o bit1,1 Bity,  bity,, sumysumz sums  Add  Output
0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 1 1 0 0 0 0 0 0 0
6 1 1 2 2 0 0 0 0 0
7 0 0 0 0 0 1 1 0 0
8 0 0 0 0 0 0(l) 0(2) 0 0
9 0 0 0 0 0 0 0(D) 1 0
10 0 0 0 0 0 0 0 1 1
11 0 0 0 0 0 0 0 0 1




12 4 T4 SR bk i 22 B8R SR AR AT R AR By SR AR 2371

BB IR S Mo, (2) %A 2656 57 6 4 B9 Bk o
HCH ARV T 915 9 SRR BRRL k. e
FRELHOH 4 A A M 2 00 A IR 2 A K A
Bk B 11 4E SR S K o B 33, 7 R
WU 1| AT 2 =9,

a—A
2—a; 1

\ bit,

sum, sum,

B 4 SRIEF 11,10, =110, ks 2 R 52

ZHANG Xing-Yi, born in 1982,
Ph. D.. His main research interests in-
clude membrane computing, pattern rec-

ognition and digital image processing.

6 HZLSRE

A SCHIFSE T J o] ) Tk v ol 28 J5 2% 58 R AT SR
iz B ). BAR MU AT TM 5 1 — R AT LA
EPIAS HARBOR R ok v w28 JBE 3% G2, TN i ke 17
Miguel A Gutiérrez-Naranjo il Alberto Leporati fiif
P2 A — A TR IR) L AR S0 A S B Bk e 4
NERGEH CPU Wit ik — B 32 i 1 B SE Al

B 15 BT Tk ol 2 5 AR 4 0 T 1R
Hb B VF 22 0] R B4R SR ST . (8 Ik b bl 28 B R B
A LAAE BB AT RE R SR IS B X B, FRATL A
A P38 T A [ e« 5% — A [ R o] 35 1 ok o o
SR G e LIRS AR B BR . 55 A
R R < 3 R RO I S AL i el et
Jik ot 28l R SR AT AR IS 5.

& % x Mt

[1] Tonescu M, Pdun Gh, Yokomori T. Spiking neural P systems.
Fundamenta Informaticae, 2006, 71(2-3). 279-308

[2] Chen H M, Freund R, Ionescu M, Pdun Gh, Pérez-Jiménez
M J. On string languages generated by spiking neural P sys-
tems. Fundamenta Informaticae, 2007, 75(1): 141-162

[3] Zhang X Y, Zeng X X, Pan L Q. On language generated by
asynchronous spiking neural P systems. Theoretical Computer
Science, 2009, 410(26) . 2478-2488

[4] Zhang X Y, Zeng X X, Pan L. Q. On string language genera-
ted by spiking neural P systems with exhaustive use of rules.
Natural Computing, 2008, 7(4);: 535-549

[5] Leporati A, Zandron C, Ferretti C, Mauri G. Solving numeri-
cal NP-complete problems with spiking neural P systems//
Lecture Notes in Computer Science 4860. Springer, 2007:
336-352

[6] Gutiérrez-Naranjo M A, Leporati A. Performing arithmetic
operations with spiking neural P systems//Proceedings of the
7th Brainstorming Week on Membrane Computing, Vol. I,
Spain, Sevilla, 2009. 181-199

[7] Pdun Gh. Membrane Computing. An Introduction. Berlin:

Springer, 2002

ZENG Xiang-Xiang. born in 1984, Ph. D. candidate.
His research topic is membrane computing.

PAN Lin-Qiang, born in 1972, professor, Ph. D. super-
visor. His main research interests include graph theory and
membrane computing.

LUO Bin, born in 1963, professor, Ph. D. supervisor.
His main research interests include pattern recognition and

digital image processing.



2372 it =

Bl

i 2009 4F

Background

Learning computing ideas from biology was a permanent
concern for computer science, but in the last decades this be-
came a real fashion. All the areas inspired by biology form
what is now called natural computing. Membrane computing
is one of the youngest branches of natural computing. It was
initiated by Gh. Pdun in 1998 and soon became a “fast emer-
ging research front of computer science”, as Thomson Insti-
tute for Scientific Information, ISI, called it—see http://esi-
topics. com. A recent tendency in membrane computing is the
study of models which are called spiking neural P systems
(SN P systems, for short). They are inspired from the way
the neurons cooperate in the brain by exchanging spikes. Af-
ter the SN P systems were developed, more and more re-
searchers begin to get interested in this topic and there have
been published over 50 papers in no more than 3 years.

In this paper, the authors provide an approach to an

open problem formulated by Miguel A. Gutiérrez-Naranjo
and Alberto Leporati. Specifically, spiking neural P systems
are viewed as components of an Arithmetic Logic Unit and a
family of spiking neural P systems was constructed to deal
with multiplication of two arbitrary natural numbers. This
work can be considered as a further step towards the design
of a CPU based on the working of spiking neural P systems.
In the past four years, the authors and their research group
mainly had paid more attentions on the area of membrane
computing, especially, SN P systems. A lot of problems on
this topic are solved by this group, and also a lot of ideas are
proposed. The group has obtained 7 projects on the area of
membrane computing from National Natural Science Founda-
tion of China and other institutes and they have published

more than 20 papers.



