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Abstract: The development of synthetic biology not only inherits the holistic framework for understanding
life phenomena in systems biology, but also displays a new perspective on reductionism in its practice. Unlike
traditional biology, which organizes life into hierarchical structures such as cells, tissues, and organs, synthetic
biology constructs systems with the aim of functional realization, adopting an engineering hierarchy of parts,
modules, and systems to achieve goal-directed control of systems’ behavior. Distinct from the entity emergence
emphasized in philosophical discussions—which stress the irreducibility of higher-order properties—the practice
of synthetic biology emphasizes pattern emergence, focusing on the affordance of structural construction, the
predictability of system behaviors, and the robustness of functional outputs. Rooted in the logic of “to build is to
understand”, this approach marks a significant shift from the traditional understanding of reductionism. Rather
than rejecting reduction, it reconfigures it through a pathway characterized by “controllable complexity”, using

engineering thought to build a bottom-up understanding of life systems.
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JE R UL IR R o S SO T A R RE Al
WG, RGP A BLHIEAE AR T
JITIC, 1 S o R 7 R - DR R R IR R
E, TR SRR M2E
PERAETT o UEHIHAT N B SR BEATE TR
il B AR 2 B AL ", e BEAE O ]
XFER BT AL A bR XA AT A AR
DR A0 JU e i) o AR AT S 4 mT 52 B f i
J5, AREE S A E R AIE ELO i A AL
Wi S BT A% 2= TR R SC B, i, i
REIE A L8 HAt Ty A X L6 52 2847 0, IR Al
EIRERA G HIEAYLR EA T Al B4R
PIARET o XSS B A A F AT X A i A b B o —
AARIRE] T RTREML S, KRR SE B BRI Bh 5 4
A B S B Bl e E RS

EIRUL, A A A O T AR ML AY
IEm B B CRET A EIFE T SRBUL “AE
TR RFIFHERL” T A7 AR ey ] S B
RBUR “HRPLRA B .

3. NIBHEHEEE @ BHiE AN

B2 IR R R N PRZE (kludging )



BRAEY IR RS R 9

AR (iterativity ) U FE. X —BLHHE
A A R, REH ARG
T B ST EA A AR B
Bl fin e B fr ( Christina M. Agapakis ) 45 i #7,
A A A R A B AR AR IR R IR B B EE S
BRI R A A S b - AR - E AR
i R AT B A RS S 16 1Y
“JERIEEKART FTRET AR CBSSETT -
WUEETT” MREEE, bR s friR”
mAE “ifFEm” .

e, PREE MR A AR Y N AT [l Y
WA KW, B F] (Maureen O’Malley ) i
kludging —id], 487~ T A EYREHEHEAZ
T B e O (O S R Y, T
BT, AR, EARERRT, @ E M’
K I I DF R S B T AR A . Y X Rk A
ez [ AEAE R R DERE . S8, R4
PEAS T S5 ()8, 9% 4 5 SRR 48 30 M T Bl
RSB P R KA T2 R R S

DL 2R B A ), 23 A )
TER A B e DL s s 17, W98 B BAAS TS AS
i — RANAE bR SR i AT AN Canfifb)s 3
T, B RIBIF . 5IAE A TR
SEP S [ AL A ), ARG REETT, JFE
KA S8 B e S R A — R 41 i
AT I TR e S P 28k T, MY
DCPP S B MR TSR R KRS =
IERRULEH” A, TR A AR S
FEPE” A TR YE,

FOR, EACHFRE R B G BUE Y R G
R —BE it it 72, B R AR DBTL ()
ARG IR o B — R AT A T 1) 390 I 15
XS B A ok 8 1E SR ARl B AR
N LA B GBI Rt i, = K>
B A5 515 8 5 e IR wik JEE JF AR R AR DM, T 2
FEE T 5 0 8 2 ARG R B TR . i,
A= ) R S AL 1) 28 38 I S AR T 1 R 8 1
Pfic (i, JLifiie S0 iE R FEsi & T 25
PR, ORISR — B B i AR B A ) ]
SEPIE Y AT, wmEffE Tt R, X
T3 1ok S 2 AR R B S R R T AR 2R, IE

Je AR LSS R A, WAREL T
S RIERE " T AU Y 2 B R AR A

XA AU AR A LA BB~ BRI T AU
RAMPLZAL, (AARNFELET, Jq# E—Msh
WA, MR S — R ARSI, T [ A% A AT
REMERIBF IERE . 32 b, W2 MR
A AR B I ARHR T A i PAE A, i e
TE S B - S B P T 28 11k
SRGEWEEEN amrErm. sk, ik
PR R I R SRR T H Y, BETEE A
e T W A 1 F At 2, i i e 7 A
B f) A TR 21 5 1) i e, SRR 4R 2 AR R
R AMEL, EHGE T TR P S
= R i .

F. HiF: EESEZERATEFRELR

B AR Y2 B R AR R 227 e
ARHF, AR A O 5 A D ) Y
TS, A TR SR SR
B & M EAF RIS T L BN AT R i, ksl
R J2gE . i, X — AR
A AR B . A A8 IR B A
HARN AT 2= %S, A AP 5 50 B
HE IS IR R I ) R R G T R AT Ik
P AT AR R FI SRR SR, X Ah i
HEVHER MZEEXNUERFEIEN AR, &
HAEBEAEIRE X FBZEIR iR, sF—
A DL TR TR A DG )23 48 SR06) A i 3 46 0 B
XA IE R Frdg iy AU E YA R R
TR ARE, Wk AW A F IR,
([18], p.409)

M %, AT LA S — R 5 A 2
S I IA IR ST Y —— S BRI R e, B, X
THEEHARRES, AR — N T RGH T
EORMEAR S TSR L STE R B 16 5 C iy )y
AE, ARATHAMAE T SR CT MULE ., XFh
WIFIEFFA AT L L “HRETE,
& VA BE SC B R ) A T 25 A 4 s AN 2 LA
W AR Z G A == B H AR, T DA
R E RGAT N HARE TGS, XA s
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WA, e ERRN TARESE
AR A S R TR, oy ER
LM d5 T ARG 5 D REA IR BAR AR

B AP AR R Gk S T RE S B = T
ESIAT MR 2 ouE a2, JFHE
I REAE X 5 A e IS RIS I8 I R AL
R RS T ik, S2Epidsie
FARBUC T HoAbad g, e HAB 2R RUE i
THAMEVED], WA EFRATE RS ik R
XA SR, EAMUEHE BRY U
WIA2y”, i Je 5% TR M &R gy e s qaf L n]
REMIANRIRE . YA EY SEEME (BT
ITEES ) WBERKE ST, &MY i
W5 B AL AR AL . 18 G 2 B S AT g daE ] R
W, o — A B AR A A R A TR R i
AR . SLER IR JRUE B E T TR SEIE e
AIAIE SRS, il AT BRAR A X (R A
A TSR 2

(5 % 3T #k]
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