[ Downloaded from joc-isice.ir on 2026-01-29 ]

J A oo

| ISSN (print) 2008-8345
« s ISSN (online) 2538-3752
E &A}}_{ Jlae R g
e
FA-F) domio VP Ol oF o)l A U wtgar s

SNk 9 Cambus udoxi 9 A5 B b bgy comoli (SO i 30 dingy J g™

Yc:\j W}i L.p)u\:.o.}- ‘\)‘yuxb RN
divsalar. math@student.pnu.ac.ir «ol ,1 ol ¢ VAFO-FFAY .. o 05 ply ol (b5 05,5 (s 55 (g pomtils’

usefzadeh.math@pnu.ac.ir «o1 .1 16 VAF-FFY .. o 55 ply ol (S5 05,5 sbskeul”

VECRENS S VECR/ VY s VECY/ 88 sl s

4 5 AE L L ol Ll (555T5 g (2135 Ol e 4 okt 5 g clay 3o E8lST 55 Sl A el (glae i 035 0l 00

Lol 0,20 ool @iledis cplal ol idas o €1 dies ool o (gl Soslie (63,50 55 ¢ J 587 Al &S5 Olsie 4 ol 0 o) Altens
20315 Jyene Joil s SVslan 1 (glae sazme ¢ o3l Je pl 3 pdh 0 Dy g iy J ST SESTST 1 o3lizal 5 Lati $SCals o8 8 iy
Loli SV g e 6y Sllanils (05 Sl 5 Slals S2alS) asms S 651k 2 ST b 5 (MP) (oS5 dlis 4 4 55 L 457 5505
o b 510 S 8 55 (63 g s 1 p W5 b 5 Mg p il ), e s 4l 5 5L Al Gl el 0o (T el s O s
Sl ol e a3 oIl o 5 4525 5 ol Lot (0 2 05Ble Sl 0k s Pl e mo S 53555 ol bl sl ol
35055 8% gy el o 2 Shas (5lsigy 5 stets (ol okl plal (e > sy ol (glo el 385 g 6575 ) ste 4 i 5 5L, il
e pl ool sy ol (b3 i el ool slgiy i ikl Ly a0 i) 6l Gl (2 (e 3 (6551 (e 4oy J S

Al Caws Jaome Cas 5 5 0kl Calial 4 g dides 3 50 1) OYM! 4l 5 53 (6557 0l cdas [2alS (5 550 Hsba 1) Slasls Ll e

ML (bl g IS (3 g oo b ey il el oy b L Al el oo oS Dl
dﬁﬁd%lc&nwj

Optimal Control in Dynamic Supply Chains with Emphasis on Sensitivity
Analysis and Stability

Hamideh Divsalar, Hamidreza usefzadeh

Abstract: Supply chains are essential for minimizing costs, improving customer satisfaction, and increasing
profitability. This paper introduces an innovative perspective on supply chains as a control problem, presenting a
distinctive approach for addressing this issue. Mathematical modeling of the supply chain is conducted,
considering system dynamics and employing optimal control techniques. This mathematical model is represented
through a set of ordinary differential equations applied to both dynamic open-loop and closed-loop supply chains,
with an emphasis on environmental sustainability (reducing waste and carbon emissions) and flexibility in
managing demand disruptions and supply crises. We analyze production rates and capacities at each node within
the supply chain network, emphasizing the balance between the inflow and outflow of raw materials. Additionally,
sensitivity and stability analyses for open-loop and closed-loop supply chains are performed to gain insights into
how various parameters influence system performance. To enhance supply chain efficiency, we propose an
energy-based optimal control strategy structured across six layers for the closed-loop supply chain. A
comprehensive evaluation of the proposed method assesses its effectiveness in significantly reducing waste,
enhancing resilience against disruptions, and achieving economic and environmental objectives. The findings
indicate that our proposed approach can effectively enhance supply chain performance, facilitating the
achievement of both economic and environmental objectives.
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Keywords: Dynamic Open-Loop Supply Chain, Dynamic Closed-Loop Supply Chain, Inventory Level,
Optimal Control, Stability, Environmental Sustainability, Flexibility.
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3 Reverse Supply Chain

! Pontryagin's Maximum Principle (PMP)
2 Forward Supply Chain
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2 Compartmental Analysis

! Mixed Problem (MP)
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