=
@
3
O
O
=
=
C
—
=)
Q
i
=
®
o8
Q@
=
p)

Buljndwo)d vYNQa

DNA1+H

— B @ R

G. Paun
(%) G. Rozenberg
A. Salomaa

WO EEE EME F

(B) kgt ) Springer




SWblpoIOd Buyndwiod mep

Buiindwod vNg

DNA it &

— BB 1 $F R R

JERUE B L% b 10

AU

02254
() BEXFHARE  2) Springer

e[

@ frmeir|
frur)




WERN

BMEAMEATHARKX ST EBEEARAFEX B FHARRANED TR &4
BP & %} 4 3t B R (DNA HEBZD W IFRA A AE D BRM R L Watson-Crick A 35481,
BA-WRRE WERE AT HREWERAE WEREFSR . SHXHRZES. FHAF4
LB ARHBRAR AU THRNEFTENEYETEHERMADA.

ABAEIEYERFELLNEMN AR - FRABRHRARHBREFHSEH.

ARRERT 1998 4 H I, AR H i i AR A F BT A
PR HERA AR HEL AR, REXEHBEMRHE. REHEEBERWF,
FRUEAFXEHLDREEHE.

KA E , BN 50, HIMEIE. 010-62782989 13901104297 13801310933
AHHFNEWNEXFLHEHENXB RS, THREEFTBHN.

SRR EFERESRZRICS . BF 01-2002-4919

BB ER M B (CIP) ¥ {7

DNA H5 . —Fr B 93+ B/ (8D #i8 (Paun, G.), (#8)% 2% W #% (Rozenberg, G.), () ¥
¥ O (Salomaa, A.)¥; ¥, TG, BARE. —dJbm WEKR¥E U, 2004, 9

4 4 R :DNA Computing: New Computing Paradigms

ISBN 7-302-08658-3

I.D- H.0OH- QOF- Q- @OF OX- ©OF - II.HT7HEHEK NN.TP30L5
B MR A B HBE CIP BB EF(2004) 8 0;;6955 g

W ORE & BEXEHEY M b EEEEKREERKE
http://www. gup. com. cn BB 2. 100084
# B #Hl. 010-62770175 EFARE: 010-62776969

HERB. & B "y

OB & BEREGRT

BT & =MW ERITERAA

2 T & FESELSELERGH

F &, 175X245 EP. 22.75 ¥ 437 FF

B R:20044E 9 A 1R 2004 €E 9 A1 KETRI

1 8. ISBN 7-302-08658-3/TP » 6209

21 8. 1~2000

£ #r:39.007C

ERMFEXFRAE REOURGRT AR B AEOERRAE, E5HER RS
B R R, BEEBIE. (010)62770175-3103 B (010)62795704



Preface to the Chinese Translation

It is a great honor and pleasure for us to see our book translated into Chinese,
and we take this opportunity to welcome our new readership. We also wish to thank
Professor Xu Jin and his associates (Wang Shudong, Pan Lingiang) for the work of
translating the book. In view of the continuously growing importance of Chinese
both generally and as a language of science, we are very happy to see our work
published in Chinese. We have had many Chinese scientific collaborators in the past.
For instance, one of us (Salomaa) has published a book about the Chinese Remainder
Theorem with Cunsheng Ding and Dingyi Pei.

In the few years since the first appearance of our book, the interest in and activ-
ity around DNA computing has been growing continuously. Membrane systems due
to one of us (Paun) have gained in importance. Apart from theoretical work, labora-
tory techniques have been developed towards the specific needs of DNA computing.
Many new research groups work in the area in Europe, North America and Asia.
Particularly close to us has been the European Molecular Computing Consortium,
http://www.tucs.abo.fi/EMCC, which consists of groups in various countries and has
overall meetings at regular intervals. Our book has appeared also in Japanese and
Russian translations.

The field of DNA computing in its present form started with Adleman’s cele-
brated experiment in 1994. The details are found below in the book. On March
14, 2002 (on the 60th birthday of one of us, Rozenberg!), Adleman and his asso-
ciates published another experiment: a DNA-based computer was used to settle the
satisfiability problem for propositional formulas in 3-conjunctive normal form, with
24 clauses in 20 variables. This involves going through 22°, roughly one million,
possibilities.

People have for centuries tried to enhance their computational abilities by man-
ufactoring various devices. Adleman’s second experiment seems to provide the first
molecular device for such an enhancement. ‘

In spite of the rapid development in the field, we believe that our book is still
quite up-to-date. This is due to the fact that the material consists mainly of the
foundations, upon which further research can be built.

We hope that our new readers will find the book interesting and useful!

Tarragona, Leiden and Turku in June 2002,
Cheorghe Paun Grzegorz Rozenberg Arto Salomaa
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BEFBHER L, BIOBBEERN, TESRIVKBREEHRIZS
MR THAEHOEE. RIOBET 0 BREHFHE M MR 24 TR, B vA
BRI R ITE. PN —HEECHNE S EERCREENEA,
Hit, IN+oEMEREEHHRBREETFXUR. 2%, RNS5HENH
PGV E RIFWBK R, BN, Salomaa ¥ HARE Cunsheng Ding #il
Dingyi Pei Je & i (PEFBKEH) —B.

MNEHHERBIBEN JLER, DNA HEUHRMBHITHRREREBE L
AR REHARR Paun 4B ITHEREREH WA ERERE. BT HEE
PR TAESh, et T RFRB KRR Y DNA i+ EER L TS RE. &
RS Rt ZE . JE MR T AR FE B TAE. A4S B RBRM B 4> it 8
A S BARFE IR R, ZEMAE http:/ /www.tucs.abo iy EMCC L7 I R|&
PTERGFRIRMGTA EHETHSI. Bob, REFEFFEIFRE TR

HETHY DNA i+ SEEET 1994 4F Adleman e ER LR, BRI S
RAFHRENZ. 20024 3 A 14 H (Rozenberg 554ERY 60 ¥4 H), Adleman I
e FI TR T B— AR DNA {HEHMBILT 20 ME & 24 T 3- A1
RS, XES R 220—— Bi-k2y 100 J7 ] REME.

JLIEER, ATAERESFHRERERITEAES. Ademan KRR
BRAXENENRET HTFRE.

R4 DNA HESUSARRMBR, BRIMDIBEEZSENNERETN, X2
RAZH EERE BB TN —H B R .

RNTABIEE AL PRE) KB !

38& (Paun,G.) ¥ & N4 (Rozenberg,G.) %% & (Salomaa,Arto.)
2002 6 A TREXNA, R¥LRE
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1984 4E, WHBITEH REBFIERTHEFEZHKT]. NERSHULITH,
HHRESHEMATEARCTEET T ARZE. BHeHE, S§4EREL
BIAEXRSASMATEHFEREI, BRBIWERENIGEBEFEE. M 1990
EFh, BRBHFERTAALHEMERBESRILHBEHTE, ERXEST
FREEENEIIR X SHERRBRSHSRANE. EdXERR, ERE
BRMALRE LA T —EME. HH52%8, HRNBHEINRE, AMER—&
HHRGELEERRATIHEME L, BEEE. SRR KEHRSE, EIER
FHENXANTE L, mx—BEEEY NP- T2 A8, Ehr LR TN
B X AR — Sk, — SR BREKENWRESK (85
AAFER), AEFENE NP- ZLMBE - SIFHREASFT, SEEREE/ MY
FETREBME, BXkF L, MTF-BRELTXXREN NP- Z2HE, EFN
FEE B & AR RO !

1996 FERMFE—K, WL “Science” B, TR KI Adleman ERHHH
“Molecular Computation of Solutions to Combinatorial Problems” {3 &. BT H
HREZ G, X8k EH AA DNA 5-FRK% “RIMNERFHAE Hamilton
B ¢ BT EREEOL, HiEEAE | RRERAE DNA S FRER, ER
TR 2 RERE. RiEy R_RMNERS R, MbNERFRE—FHBEN
Mgy, RO EERTLIC.

1997 48, M —AEEAERBT Ouyang HARRLE “Science” LGN (B
K H ARG DNA #% (DNA Solution of the Maximal Clique Problem) » #3CE.
EZE, %85 Adleman I XERRL, HERERE. TR REEIRXE,
HHTBRAMEXEEMRY—OEREN. ETHXZEREGEERE. RiE
REH S “F DNA 4 FRMBER T NP- T2 X—Hik, NI, FiEES
AXROFEVEHTDR FET —SAEZE, REFFEX—S8#z, #
R BHILAE T EBF NS M SR E R SMBEBT R, KM% DNA it
HAEMEAEHR. 2IEW, RELSHHEEFHT A E DNA HHEFRNIEL
FE24, BtT74A.

1999 4, F3) Paun FARERXTF DNA HEFHHFEAREE, STHFFET
FEF, FHETRREBLFXNMBEREEENEL. 2REHERN XS
EENE, EEH FHREREZRESA HR

ABRERR LSBT DNAHHFENEAREE. HEFFTERLET 1998



vi DNA it #: —##eyit X

FERRULA FE DNA (TEHBRAN BB EM P EATRRE. 281 E
%1 AN T DNA A FHERSEHSHER. 8 2 EFENET Adleman Fl Lipton
PATE DNA HHHEAEHAEETE FI3IELHTREENTANERNESTY
HERERER. NE 4 EFE, (EENMET DNA HEFHIJUMIRIB SR,
A 4 iR RS (sticker system), ERTFEH Roweis 88 A$ H fRE GBI
(sticker model) BIFEERE b IR 1 Ay —Fhoi B FRAL. 5 5 T|PF I Watson-Crick
B, ERAEXIMEBAZNBIVAOERER. 6 EHHTHA - Wk
R B TENETHENHNERS, WESRHM¥EIFREN—PHFREM
B, F8EITRTAY H REMEAE, DBIXRKMER DNA HHILE R H#
FTHRE BIBFHTHEBTRSE. FI0EKHTETXRREIAREHN
AR H RE. B 1 BHXUERENE RN AENEAR T TH ST B

Paun A B XA E AR L EX DNA HENFRSKBER TRAHRE
HER. FERREEEN 3 ~ 4 FantE N, NBEER AR B Lk DNA 3t
FARGEST TRIFMTER, BH T —EHaRE. BR DNA {HEHATRABR
B, HXEEEHRES, BRMER EXF DNA HEMTFREARIFHIESE
. BEE R, FHREW K DNA HHHME.ONE —DNA M £
K DNA i+ HER L SRS E.

FHHRRGEPRERERARURRFARN TR OESATFH.
i1l WHBFR L, AL, FEEREL, TAZESE, WB¥5 58, KE
HEHEE, kKt —HE FARNERE, FREE IMESHEBURREE T ERE
Hic.

REAS MK T H B, DHEE. BRmEE. GRTHE. FTLIH
. BBHEEE.

REBERHABHEE Paun 8, BRI ELTT AT, SHER
FUH A — S EHR, TR RITNT BB MR T H— 3 i S VERF 5%,

BMASHFNEAENCRE L. ET S SR LU RKERT TS

BT FEKTIR, CAFIRPREEHARE. ARDEERS, E446
EXERKEEREFBH.

% #
2004 %3 A 26 8 FL LA



5% DNAEEA

MEERL HERIBR. WBOE A L% DNA 207, ZTEHH RN, MAENLS THE
BAL IR S RAE ST I LA, X DNA HEMEA T

LA ETH H BHLBOR B I MRUL R B B RS RRYE, Br LA BT R
R LT A AR AT BN R AT Z L L BRI FAF, XHE—E,
B S HARATH A LT AR & AR EEHE/MEL. ®FiHHM DNA 3t
HREYHX BB PHARRE, ABEENS DNA HH.

BAVIGE, HEIEFRARGSE, Bt ARER T E AR 5 9 5 E 5
ERT, BENRRATHIHANERREREE. 45, &FHHEN (B &
KRN SEEFCLBE T X, BATNNEE, RIS EE
SELMER. R, L5 EVERFBHRE, O FFEXRBTHMELE
e, PR RIS R R R R A&,

WEX -RREMETE, WFRATA DNA HEVIE, WA 2 R,
AEWIEREH AP BTRR.

B 3 Hik T —FhERsCa A, EXENBRAMEFIHES DNA 84
gie, MRAEHARSRIETH SR, TEFHEAEMA.

LS HHLAIE 4 %K Charles Babbage K97 1810—1820 £ FF 48 F 7
—FE LRI RN — “<EAHL, L RIMEEERHILE — B,
HEZPETRY, HFEEETRSZE/REN TR, 0 A7 20 e A4 H1l



xii DNA #&: —Ar#rédit L

BAETFERE. W4, BEDNA HEN, WFRITEEERCRE: S8R
EBAF R RMAEREIAK T, FFHR, ZEHATRA WHF DNA HHX
REREFTEYSRR. A, X—SFRERIRTTREE I Babbage /5185

MNZ BT DNA H+HHEA TR MRS, FEETHA:
(i) DNA #1E KH1TH:;
(ii) Watson-Crick f) B #M5H).



3]% DNA HE&EH xiii

BRAE R B B X AP ALE -

() W EFE R RERTH R BRT OB 55 R TR FTRERER RO, R, XHERY
ERABT TEXR, PAYHTHBARRITETHA. DNA SHESEEEHE
(5 R, FFEERT G4t T KRN, RUWIFMUEFRERR YT —4
LRI B F IR X B SGHATE RS AMT:  RATAT AR B 223 B T REAS 35491,

(ii) Watson-Crick BJR R HAR “RB” REN—MHE EEERHET),
Y% DNA B2 G, MM MRERBHEA. B, WEMET —&
LR — 0, WRAME T XA AR - RE, WA LERR 2
R, X—FEBRET - MEHINHE TR, RAYEAEWE T EEYRA
BaEEwa T iHERY, @Bk EEURRB A5G TESSH DNA &,
BMEERBHETESRENEHE PR,

THE#— 2B XFEATES: DNA AR GEAR, FEHH A DNA
#. DNA #EHBTRMR, BHRAE 4 TARNERE: ARER) . G(9E
1e) . CUHIMERE) . T(HIBRWERE). % WMoy DNA SUBHELSH b BT &MLy s & T
M, FRA Watson-Crick HAMUEESH. b TRERIMEERS. A5 T i,
G 5 C##, EBRmE 4 Frmay ik,

AR

Bl 5 ME 6 W T XMEAMEHNERE. HHE, DREAARRELAR
REGIFMEAGH, HHHLEBMLES. B 5 DNA HEHUH P EEEAK
MR I RICMIRERENES. MEE 5 YRERELWE DNA HHENY
RRRRNRTNE T, WFAHHE B RENERORERA TS T. B 5
MRIFE RS, SRS EARIUE, A TURREEIE 6 R,



xiv DNA i+ &. —##He5it L4 K

X EAMNEGIR— L R R TEAR 5 304 — S Eb Sk Bk
HA. F—WoRXT DNA HHEM BN G, AERBFHTINS FEY SRS
MSHNF (B 1 %), AN EREFRGITRAT T L. G, FH DNA 4
HTRAER, —H/ VMRS SR AHERE, FTLl, DNA HHEMBZM
DRARE LR THNNEREHEARANER.

BR T RIH DNA S 1ENHE RO E T EAEMBZ 40, BF5% DNA it
HEEWEFEE. —H, BERARFRNM “HH” WX —SHLEE (THRE
R AR BN B R R MTEN DNA BIEBEN); B—HE, ETENE
FHRaEAR, @9 DNA #E” FETHENN SFNEESN, 250H
fERA, FHHHERR, X—S54MTENBETNIREM/ARE. B
IEA#E DNA HENARE (i B R EHER), T 5 —MEETT U RERIER
E Kp gy ij:sha =N

AU#H—PEBXEG N fRER LT EREERTERSRE X



2] DNA i+ E &N XV

MF RIS BESPBCRENESEREARIERN. AW, EHETIH, AR
S #4E DNA - FRIAM SRR RRERE: U], K. &8 mA. MR
F ORIMESIEH, MAXERETURITERE, FHEDSBELENTER
Pl TR, EXMGFUERERTREEFWETHEER. 4%, X—FHEYxt
FHEHBENARERA LRE R hA A .
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