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Abstract

The computationél revolution in the 20th century has led to a new methodologi-
cal revolution since Galileo One outcome of this methodological revolution is the
birth of the new frontler science: Artificial Life (Alife) . Alife tries to use computer
to create entities whlch exhibit characteristics of life in computer or in real world,
and from the perspective of computation, it views life as a special algorithm. This
book Systematlca]ly explores the main contents of the Alife views of life.

Because of the uniqueness and novelty of the object, method and idea of Artifi-
cial Life, not only many scientists are attracted to do research in this area, but also
many philosc")phe‘ré"a're attracted to generalize new philosophical thoughts from its
concepts and theories. In chapter one of this book, the challenges of Artificial Life
to philosophy are’ illistrated .’

The ideas of Alife can be traced to John von Neumann. Von Neumann proved
that the logic of 'sélf-reproduction can be abstracted from life itself. After von Neu-
mann, John Conway proved that the cellular automaton is equivalent to a Turing
machine; Steplfehi‘*W olfram found that there are four kinds of cellular automatons;
Chris Langton realized that the rule space of cellular automaton closely relates to
phase transition and computation: cellular automata which are at the edge of chaos
can support complicated computation. Langton herein germinated the ideas of Alife:

if we can create the conditions of the edge of chaos in some kinds of media, then we
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might create life in them. Chapter two of this book mainly discusses the logic of life
and the relation of life, information, and computation, elucidating the theoretical
foundation of Artificial Life.

Chapter three explores the constructive methodology of Artificial Life. Differ-
ing from the traditional top-down analytical and centralized controlling methodolo-
gy, the new methodology of Artificial Life research is bottom-up and synthetic: it
tries to simulate individual units instead of one big complex unit; to use local control
instead of global confrol; to let the behavior emerge from the bottom ub, instead of
being specified from ,thﬁ top down. This kind of individual-based modeling has al-
ready become an important thinking paradigm not only for Alife, but also for com-
plex sciences. | R ’ .

There are two types of artificial life: virtual artificial life and realistic artificial
life. Virtual artificigl life mainly uses software to create artificial life entities in com-
puter; realistic artificial life usés hardware to create artificial entities in real world.
The main ideas and contents of the virtual artificial life and realistic artificial life are
analyzed in chapter four.and chapter five respectively.

There are two claims about artificial life. Strong artificial life believes that Alife
entities are or ultimately will be genuine life; while weak artificial life believes that
Alife entities are merely simulations of natural life. Two claims are closely related to
our definition of life. Chapter six first probes the definition of life, then theoretical-
ly elucidates whether artificial life, especially the virtual artificial life is real life or
not based on the definition. If we understand life from informational perspectives,
then we would support strong artificial life.

Chapter seven discusses the ontological status of artificial life. If we view virtu-

al life or digital life from the perspective of the interior processes themselves of com-
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puter, then their realness is indubitable. The creativity of computers has already
made us believe: we can create an independent world: virtual life world in comput-
er; virtual life world has the same ontological status as our real world. Godel’s in-
complete theorem can’t negate the possibility of digital life.

Artificial life views the essence of life as computation. If we enlarge our per-
spectives, we find that there are many contemporary sciences, such as DNA compu-
tational theory, artificial intelligence, computational biology, etc. , not only viewing
the essence of life as computation, but also viewing the essence of intelligence as
computation. We can go even further steps to say that the whole world is construct-
ed by some kinds of algorithm rules, and in some senses, the universe can be seen as

a huge computational system.

Key Words: Life, Artificial Life, Artificial Intelligence, View of Life, Com-

putation, Computationalism



B eenetttr e e et r et et e e st te s e se et e ane e e eaanes 1
TP PPPPP 1
....................................................................................... 1
B B ereeeeeeeeinnreee e e e ea e i
AT ARBFF B MR TIIEAEAR <+ oveomerereemreresreseninansennannans 1
AT AR A AT ZE[R] I o rvvveeeereeerrreesonneemnineesinenas 6
v AT AR A FIE 2 BEETIIYME -+ veevrernrernmesnessressreennnnns 9
o AT A ST RIS B TUAR B [AIET -vvvveereerrneesernrereeeninnennnnn, 11
GBS ATEGIEMER - oveeerrreeerrree e 13
WU RRBIA T creeeees nsgpannesenanene O I K.
. BREHMEE e S rerresieares e 15
 ERHRE R HEHL coeeeereeeeeeeeineeennnns weessssanienesnaane 21
. BB N EEMABNER e e 28
HIBEA T EBHITE - oooreervrrreeeeriomisiiinnieeseeesnnrreeeeeseenanns 48
CLEDBUTTIE creereeeeerenieninreiee ettt e e e s e e e e e e nnee s 48



B Y = 1 1., ST 51
I MEEEE et 54
M. HEHUEAESR: ATEamERERERTRRSEw - 58
oo HEFRFIZET ceevverreeereremrunmaeneeretitii et e 63
Ny —FEHHEAETR: BT AMERELE e, 79

EME BEHATES: MBS “PIREBHFE” e 87
e BEERRIR cerrrrerr e 87
= HHEHIREAEER e 92
= Tierra: AP CERGT weeveemrenvrnmranrn 99
DO, “BIIRELHHIRL”  creeererrmmmmmmmmiinii 112

ERE MEATEM: MEE Agent BHEEHLERA oooerevnnnn 120
— A TEREIE R BRI - eeeemeees fereerenirereniene s 120
. BTFAATE EHLIRATEGT teeeeereerennenens terenenennenns e 125
= BT BB AEELE T U BFFE - reererrrrnnesnmnenii, - 137
PO, HEALPLEEA . EBERIRIBISCHGLE D - vevvrrerrmrmrmrsrssnsiisninnnninnnnn 146

HAE SRNENESBATERGETTEENE - cveeerrereereene eeeas SO 152
e B ARG v werreeaerenanaans cireeees sirasenasrersorans 153
= “UNBFTRIERT e eereeeererreees rereeeterenetittteaetarraaaaa 155
=, EXEREBTRFE - e e 158
DG, PURR “HRASPEFR” GE N ceevvevrrereeeerernmmmnnrneeetiiuiiiieneeeeeiaiian 164
kil



W BBA T AEGTHIZSIRIR AL - vveeeeorerrrreeemrreeeeerneere e 188

R D1 =R O P P PP 188
o A TR ETE MBI TEIRIRIIE -+ vvvvevrereesereromremnerteessmnininiinenans 190
= BHEUREIREIR AT R v eeverrererrrerrreesssnnseesammeeeenaiaenees 194
H\EE RTINS -vvveeeeerorereeermminrreeaniiiteessiraes e siite e et 203
— R BB BREGERNERRE e 203
- i—fﬁjmz’;ﬁ ..................................................................... 205
=. ﬂﬂ]—'ﬁﬁ‘ﬁ ..................................................................... 206
PO, A Gt oo 211
T TG oo 213
N R T B TLBI SR - vvvverereeeerssnemmenessensmnnnneeeensnneneas 215
- P 217
%%Iﬁ .................................................................................... 218
B A IR HGE oo ovorererrer et 228
g ET T PSS 235



