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Abstract

A conceptual framework for product ecosystem was proposed. System dynamic method was used to
analyze the effect of system elements in product survival and evolution. First, similarities between the
product environment system and natural ecosystem were analyzed. Then, a model for product ecosystem

was constructed, and the key relationships between the product and its environment was analyzed by using

system dynamic method for describing the effect of environment in product evolution. Lastly, a

phylogenetic analysis of self-priming pump was given as an example.
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Tab.1 Trait contrast of product environment system and natural ecosystem
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Fig. 1  Structural frame model of product ecological

environment system
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£ 6 3]

FYRREL 45 . JET RGES0J1 #1077 dh BEAL YLK AT 52 199

T 3 7 i B R SR SR Bl i 7 R AR R A
P A AR 7 e B T 37 R R R, AR AR R
T 23 ], AR O 3R 1Y & 7 il i BR— o 1 5t 0] 43
BC A &5, A A FH B A 5 A BG I, A 2 7 itk Ak o
2.3 FRREIFEHIERADH

B ) DAL 2R 4 A 50 08 77 il 118 38 B 2 SR w8 ik 2
PR S5 . Anik s 0 BOR bR ME B I e A5 R A
S SR 7 b B R AR i A s
(8 A= 77 B A8 P X B 555 38 18 B T 52 0, AH G ER TDRE
65 FF N PRV O R AT B A, AT 3B o A
Ty i i A B S B R AR G, 3 R B R A T A b
DA i Wit % Nl A W 2 K o BT BN/ i S A N
A 0T R A AL o BRI R ZR R AR AR
FH7R B R OC R AL S FEL 6 s o

7= AL
(MBI 4\
f wiEs) T
HiA

e +)
GRFENE _*, EmRe
F AR

B 5 BRI RO R B (R4

Fig.5 Parts of causality graph of resource limitation

il
FrEL .
77 PR

e HTF
;ﬁﬁ + @i;}
mEm T
6 75 RLBR ) XA O R B (FE 4 )
Fig. 6 Parts of causality graph of regulations limitation
L A0 R 26 i B B v ot 7 i LA I 1 A
BRI, R A A, KRB HR I KR T
DA R B 1 7= oM DG H AR 2, AR T R (A 9T i
TSR AR M A [ 5 AR KR R B AR A B it 25
AL T AP A o R HE R 3 7 A A s )
PR SR R AN 8 TR

\ FFF
FREB,_— mhpeB T
/ A B
+ FRREASIAR S
FBE B A *\ AT ﬁﬁf
HIBUKPN T
el
Tl 12 S i

s FHEHA
NG \i KF
YRS T

HBUKF W5
7 B R 7 i A AR T R 26 &R (AR Y
Fig.7 Parts of causality graph of technology

development effect

2.4 HEEAMNATTH

2.1 ~2.3 1R 0 & B O &R K 3L W AR ] T
rilt 7 i A PR B P A IS AR AT R, B B AR
5 7 e A AR AR BOR T .

W5 B S AR L0 7 A i R B R B
355 DR X 77 b 0 A PR B A Oy R R AR by . 2B
FBN DA R BREE PR R ) 7 i T 3 R 2 45
Wi B, AR 0k R e S PR T, 3k 26 R R FR Ry
FRHEER, BEREW A, FEFFHERATRELS
FRHEER,RZIMR . QW TH B W55 M5 5T
B BB (], PR PR R AR A B HO6E 7 i 7 AR R
FEAEIS 22, I8 R B9 B — 0 B9 SR M, i
FeAR 85 A0 4 AR N A e ] SE SR . DI BE [ E
77 il B VR PR R B sl A P st ) B — s R .
B BALIG , SNFHE R B G S 5 A R
AR 7 i, T 4 AR 5300 T4 AR A ol 5% Wi 7 85 19 AN
Ivi] , #2455 552 T 2 AR o P A st i) s 9 L, AR TR 56 &R
w8 R .

kA 4
fri B TRl
+ = g
N A
R =
B b B
S e el
IR sk

LB
=i —
/ FIRIEIR
P8 ERIEAE FIAE IR A R OC &R (B 4)
Fig.8 Parts of causality graph of environment effect delay

PG, Al o RE DR AT O A SO BE PR I R
I B A LR AR S, BEAR S e, L RE SR R 1
(13 58 18 I BE, AE R 7 7 Je L, R4S T 2 58
L

3 NMARA

fili - e Sy o 2T K W H R B BB KR
WEE 3 AR AL AR, O BOR Y A AT
Yyt SR B34, 2 2 Al & J a3, A7 Mk A BE A
SN O T B M AR A RN R R ARl T B B oA ) 4
{277 dhFRT, G BB b, 4R R A 0 PR 5T 8 B
Pho DI Aok A /Y Bl b 3 35 35 7K o 3l LB
B W TG, k= b A A ad

G RO b B BEAE R RS i RS
TR, 4] 53 7 i R o

Fili L 30 3 315 7K HE B HLEC & A R (EZXB) 7=
MERBBIEN My pne,yy, = (M My, My,

Mpp sMyp s Mypsy s Msyp s Mepp s Mepy s Mgy s Mpg s Mpp 5, Mgy ) =



200 gk Bl ¥

2012 4

(ot R, B, O T TR, b Ak, B TR
R A I B R AR MR A IR )
o, BN EBR 24 VT 5 IR 2 45 B
SE —F = (5505 SugsrSus) = (LA IR S5,
R AR A0 T I Bt AL T, T 45 VR L IR 25 T
V) 7 O RCTR 1B SE — W = (5,00 25,0 5umans
St oSuas) BN IRSS HERREE S SE — E = (JF, 8
U, — B, %), SE R AR, 7o i £ S R —
PSR SE K 4 7 B TF IR, W, =
(W, W, W, W,) = (RERE REHE  BEMPERE , 6045 |
PEREBEHE W, = (Mg myy s Mg, My Moy Moy,
Mg ) HEPEEER B W, = (my, ) , BT
HEW, = (mpy gy my, ) RS BEBW, = (m,, ), H
MR R 4R A A R R (o BZXB R 5]
MR By IWZB - 35 ) H R 1Y 4 0 B 8 %
RN
C =

PI=PRE g zxp(1wzB-35)
e 2 (0.4,0.16)
E{n,m 15 (0.4,0.18) g
SmRS 2850 (0.4,0.08) %
Cim 26 (0.4,0.15) O]
O O
e 0.37 (0.4,0.1) O
- 2.8 (0.4,0.1) 5
%Jnm 3.5 (0.4,0.15) g
SmP, 100 (0.4,0.17) g
CInpy 2.5 (0.2,0.08)
O . O
[T su %‘ﬁﬁi,ij% (0.1,1) O
s el (0.2,0.17) B
Empp 300 (0.3,1) U
Cm, 80 (0.2,0.17) 0

Horp JEME RS A LA RCTE O 1 AL SR AR 5
240 2 FALEAEIR
EZXB ) Fft i 2 B 24RO

MPP—PREEZXB = (Mg s My Mg My sy

M psi > Mg s Mopy )

¥ rr 2~200 g

S 8~100 5

Sm,{s 1450 ~2 900 S

U, 26~75 UJ
CPP—PRF xR Ll
“EZXB D?’LMP O 25 ~45 D
O O
(Mwpsn 2.5~6.5 O

| O
ftsuo 3~5 |

Hn,,  100-~250 H

i 6 R gy A, o B TR, LA
EZXB  H g AL R 30 0 R 4 S R

SRIG , HEAT 7 i A S IR A0 BT, S ™ i AR A A
BRI,

P AESHEREART 4, H ARG, Ak
JURVIERELH ERHER, ELBIEN RS, H—
A AR SR A FRRERDRE TR R M5 B, DL R
IBE ) 4307 , G ST AR OGR4 A4S G MR RS 4 il
XF AR R OC B R R OC R & 9 FHIE 10 fir s,
Sy AT BRI AT RE PR S AR R B T,
M ET () RZHT 1y > 05 >0, >0, 2D J Y Pro -
E o BAG I3 HT R Anylogic S5 814 %) HgE 17477 ¢
M BESETE AL A VR R B, L &
Hfr FAR G H S B WU ORI BE, g2
R Pro — E ., 58, DY B 26 58 ob 3k UM G {5
BLHIAR] Pro — E ., R SEF 224 i A HU 7 3
AR B3CHRE |, 43 BT 77 i 22 R R ke T T 3 A 3 R M
T 77 ity B T S N BE o G, 7 R T 33 I EE AT
FH L B[] 7 i 6 B 28805 T S 0k 772 it 9 2R 22 [ 1
218 (DIF ) >k % /R, DIF |, ., (1,) = (CYeiwans)
(W) = Yeczm (WD), s (Yegwmas) (Wy) =
Yoz (Wi) ) ) o 4l A (7= i 22 5 17 37 10 223
SSEER ARl an & 11 froR . 7EE LR A
ZHLCTRST) TR, AR AE oy, Ty, 2 DS EART

i Tk )

PUREE IR \

S| n l‘i & ‘LJ‘XL.:W

Hljg A i itk
g MR FRm s

alplL e Ed
B9 HARKHEHRI)

Fig.9 Parts of technology relation

K10 Bf k& ()

Fig. 10  Parts of related units

e ARAE TR A5 A Al Y F bS5
TS B 25 1R 45 0 kAL T 1) BEAT HR F 28 5 45 W] 47
PRI BT, B £ A HE AL T 16

4 it

(D) XFEE T A AR AR ZS R GER7™ il PR 58 R 58 2 1]



% 6 3] FHER AL 2% BT R GBI 107 dh BEALHLHI BT 58 201

FR P, 28 BH 7 o 2 ) B A AR B AR

(2) FeF W g AL, 5 B R AR S RS
FHOGTRE N, 1 el 7 i A A 7 A FRRE 7 R TR
FIE 7 il PR 5T P - 4 DR 2R A 00 7 il S L ISR i A
S RGMSHEL

(3) &t 777 il 5 HER B R 2 (A i LA oG B
VEFI A T R GE 8 Ty 2 5 vk o3 B 173k 26 56 R )
7 i A AE A IR R 5G9 3 T RO 25 5 P ) ik
L P adt 1 R Y SC IR 2R —— )7 il 1 T 37 ) B ) Rk
" E II\J'lFFTJ <w¢14{|: ) “ B,
B 7RISR S T R S HCE I R (R 4))

Fig. 11 Parts of time curve of product phenotypic value

HfE

— i
""" Nk AFE T

%

and market expected average

& % x Wt

1 John S Gero, Vladimir Kazakov. A genetic engineering extension to genetic algorithms [ J]. Evolutionary Systems, 2001,
9(1). 71 ~92.

2 ERRBRVK IR, A BE T AR MO s (] MU AR 24 4R, 2002,38(10) ¢ 1 ~6.
Feng Peien, Chen Yong, Zhang Shuai, et al. Product gene based conceptual design[J]. Chinese Journal of Mechanical
Engineering, 2002,38(10): 1 ~6. (in Chinese)

3 Huang Kezheng, Chen Hongwu, Wang Yandong, et al. Product genetic engineering[ M ] // ElMaraghy H A, ElMaraghy W H.
Advances in Design, Springer, 2006 121 ~ 132.

4 BRUEE VP E SR LS R SEERAE R BB RSE ()] AR KR4, 2009,30(3) ¢ 13 ~21.
Chen Hongwu,Xu Zhe, Cao Shouqi, et al. Research on product gene growth design[J]. Journal of Engineering Graphics,
2009,30(3): 13 ~21. (in Chinese)

5 B BEE. R S BIRREE R R RS [ T] . LRSI KA, 2007,41(9) ¢ 1465 ~1469.
Tai Ligang, Zhong Tingxiu. Research on population of product cases and product gene[ J]. Journal of Shanghai Jiaotong
University, 2007,41(9) : 1465 ~1469. (in Chinese)

6 TRHTHE,RE. BT HRIEIIE KT SRS B IE R (T]. ST HLAE MUK & AR 48, 2010,16(3) « 469 ~475.
Xu Xinsheng, Cheng Xin. Self-adaptive methods of product family architecture based on directed evolution theory [ ]J].
Computer Integrated Manufacturing Systems, 2010,16(3) : 469 ~475. (in Chinese)

T K R L. BT AR RSB R Y] ISR RS RS, 2007,13(7) 1 1249 ~ 1254,
He Bin, Feng Peien, Pan Shuangxia. Conceptual design based on product ecological model [ J]. Computer Integrated
Manufacturing Systems, 2007 ,13(7) : 1249 ~1254. (in Chinese)

8 Francis E H, Tay ] Gu. A methodology for evolutionary product design[ J]. Engineering with Computers, 2003,19(2 ~3) .
160 ~ 173.

9 BRIk, SEERE W . BT IR UL R IR DI R4S BT (1] MLB AR 24, 2005, 41(6) : 19 ~24.
Chen Yong, Feng Peien, Pan Shuangxia, et al. Functional structure desing model based on the symbiotic evolutionary theory
[J]. Chinese Journal of Mechanical Engineering, 2005, 41(6) : 19 ~24. (in Chinese)

10 JFRIMR, A BR B, 45, BEALTIRS B S BT BT ik WE A [0 TS ALAE MU 1 R 48 ,2009,15(5) 1849 ~ 857.
Ma Guanglin, Li Yan, Huang Zhenyong, et al. Product innovative design method based on evolution-drive model [ J].

Computer Integrated Manufacturing Systems,2009,15(5) :849 ~857. (in Chinese)



