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Fig. 2 Structure of resources recycling utilization in circulatory economy
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Fig. 3 Compartment model of resources recycling utilization in circulatory economy
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Table 1 Simulation data of transform coefficients of economic eco-systems
ay, 1.00 a3 0.20
Ay 0.10 a3 0.50
aszy 0.50 asz 1.00
ap 0.70 Ay 0.10
ay 1.00 [on 0.40
as, 0.30 ay 0.20
3.2
1

x,(t) = 11.22sin(0.32¢) + 69. 84cos( 0. 32
%,(t) = 68.70sin(0.32t) - 42.84cos(0.32%)

x,(1) = —66.58sin(0.32:) —36.63cos(0.32)

6—1.37t + 30 168—().251
e 7 142,847 (8)

e—1A37t + 36 636_025[
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Fig. 5 Accumulation curves of each compartment and excretion
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Fig. 4 State curves of each compartment and excretion in consumption compartment
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Table 2 The Influence analysis of technological innovation
cM CM (%)
; +5% Joi Sz S =921 2.702 8 -0.02
" -5% Joifuifu =39 1457 2.704 0 0.02
; +5% S St fia =21:8:3 2.7425 1.45
N -5% St st fia = 119524517 2.666 0 -1.38
y +5% St Szt fia = 119134227 2.6393 -2.37
" -5% S St fu = 13353859 2.7727 2.56
/ +5% St faz t fae =277 85 68 2.7917 3.27
- -5% for St foy =95 95176 2.6219 ~3.02
; +5% for P s far =91 551036 2.7612 2.14
» -5% Sor it = 11145144 2.651 1 ~1.94
; +5% Jor P Szt fay = 110550 54 2.6200 -3.09
* -5% St fu = 13165042 2.798 8 3.53
f +5% f31 :frzz :f33 =55:27:18 2.775 8 2.68
/3 _5% far it fss =45:33:22 2.634 4 -2.55
s +5% fa i fpnifis =65:49:26 2.674 649 162 -1.06
2 59 faifoifis =15:7:6 2.731 440 688 1.04
; +5% Sa i St fi3 = 150918 2.633 986 929 -2.57
M ~59 Foi S fys =85:51:24 2.780 749 370 2.86
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The compartment model and simulation for the industrial system of circulato—
ry economy

YANG Zhong—<hi' KONG Peng—=hi’ LI Bo~ing'
1. Shanghai Jiaotong University Shanghai 200052 China,
2. Shandong University of Finance and Economics Jinan 250014 China

Abstract: This paper describes an industrial structure of a circulatory economy and builds a systematic dynam—
ic model and its equation system for resources recycling utilization based on Compartment Model Theory. A
circulation multiplier and its computational formula are defined to measure the efficiency of resources recycling
utilization. The simulated results indicate that the resources recycling utilization can not only realize the a—
mount accumulation of natural resources and improve the resources recycling efficiency but can minimize dis—
charges into the natural environment by using industrial innovation to adjust each compartment parameter in the
circulatory economy. The compartmental model and simulations of the circulatory economy can be used to test
or inspect the efficiency of material accumulation and the effects of environment discharges in resources recy—
cling utilization in real economic systems like national economy regional economy industrial eco-parks and
so forth.

Key words: circulatory economy; resources recycling utilization; compartment model; circulation multiplier
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node load and node capacity are expressed by parameters « B o etc. The redistribution strategies of fail—
ure loads corresponding to the condition of existing edge flow constraints are presented. Through giant compo—
nent functions the valid nodes still with function could be judged when the redistribution is finished. Further—
more the time-varied state equations are constructed based on one to one interdependent relationship between
the cyberdayer network and physicaldayer network which can depict the dynamic propagation throughout the
interdependent supply chain network. Finally numerical simulations including two cases: single node removal
and multi-node removal are given and the robustness of interdependent supply chain networks with different
parameters is compared. In particular multi-node removals are classified in three ways 1i.e. degree ascend-
ing degree descending and random degree. The simulation results show that the multi-node removal in the
ascending degree way leads to the worst robustness performance among the three removal ways if 8=0.5 1
1.5 2. Meanwhile the first phase transition of the cascading failure for interdependent supply chain net—
works after multi-node removal is more obvious than for isolate layer networks i.e. a small fraction of
nodes removal will result in the crash of the whole interdependent supply chain network.

Key words: interdependent supply chain network; cascading failure; robustness; node removal



