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An optimization method for production

resumption planning under COVID-19 Epidemic∗
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Abstract The outbreak of the novel coronavirus pneumonia (COVID-19) has caused
a great impact on the whole economic and social development. It is an important chal-
lenge for local governments to plan the production resumption of enterprises without
relaxing the epidemic prevention and control. Based on the experiences of Zhejiang
Province in overall planning of epidemic prevention and control and economic develop-
ment, in this paper, we formulate a production resumption planning problem, which
selects a subset of enterprises from a large number of candidates that apply for pro-
duction resumption and determines their order of resumption under epidemics, so as to
satisfy the social demand for industrial capacities as much as possible without violating
the constraints such as epidemic spreading risk. To efficiently solve this problem, we
propose an improved tabu search algorithm, which uses a greedy strategy to construct an
initial solution and continually explores a better solution based on variable neighborhood
search. Computational results on enterprise production resumption planning in several
regions demonstrates the efficiency of our method.
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2.1 �%üÑ

�%üÑU���­`k�^S5Süè�EóE�"éz��UØU÷vI¦�

��Ij , éÑ���U���è�, XJTè�EóØ��ºx�å, �þi���U÷

v�¦, KSüTè�EóE�, ÄKUYée���U���è�"Algorithm 1�Ñ


�%üÑ��{��è,ÙN^
Algorithm 2¥�fL§5}ÁSüè�EóE�,5¿

TfL§q48N^
g�5}ÁSüþi��è�EóE�±÷v�U�6"

Algorithm 1: Greedy procedure for creating a solution to the problem.

1 Sort all industries {I1, I2, · · · , Im} in non-increasing order of wj ; // ��U`k

?üS

2 Let d=1, R(T) =0, E={E1, E2,· · ·, En};
3 while d67 do

4 Let j=1, R(P)(d)=0;

5 while j6m do

6 Let oj(d) = oj , E
′ = {Ei ∈ E|τij<d};

7 while hj(d)+oj(d) < p′j(d) ∧E′ 6= ∅ do

8 Let Ei∗ = max
Ei∈E′

cij ; // ÀJ��U�Ij�z���U�è�

9 Call Algorithm 2 to resume the production of Ei∗ at the (d−τi∗j)th day;

10 if the call of Algorithm 2 returns false then Remove Ei∗ from E′;

11 j ← j+1;

12 d← d+1;

13 return x .

2.2 BR|¢�{

BR|¢�{±þã�%üÑ)¤�)�Ð©)x, 
�Øäé�c)?1��|

¢,z��Ø)ÏL�ÅUC,��xi5¼�,�z�)�õk7n��Ø)"�{zg|

¢Ù¥�KN��Ø)(KN�����ëê)"�Ä�xi ���ØÓ¹Â,éÙ?1UC�

äN�ª�µXxi=0, K�xi�1∼7�m����Å�¶Xxi>0, Kxik0.5�VÇC�0,

,	0.5�VÇC�1∼7�m,���ê�"3KN��Ø)¥,�Ð���(��BR½Ð

ux)���#��c)x,ÙUC��Ýi�\\�BRL,
�UYe�gS�|¢"B
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Algorithm 2: Sub-procedure for determining the production resumption of Ei at

the dth day.

Input: i, d, R(T), E (the set of enterprises that have not been approved)

Output: whether the resumption is successful

/* u�1OEiEó�´Ä¬��ºx�å */

1 Temporally approve Ei at the dth day;

2 for d′ = d to 7 do

3 Update the number of employees at the d′th day;

4 if s(d′) > ŝ(d′) then return false;

5 foreach pair k, k′ in the current region do

6 Recalculate R
(P)
kk′(d

′) according to Eq.(3);

7 if R
(P)
kk′(d

′) > R̂(P) then return false;

8 if R(T)+
Ki∑
k=1

R
(T)
ik > R̂(T) then return false;

/* u�Ei�6�þi���U´ÄÑ��÷v */

9 for Ij ∈ Φi do

10 for Ij′ ∈ Λij do

11 Let E′ = {Ei′ ∈E|τi′j′<d};
12 while hj′(d)+oj′(d) < p′j′(d)∧E′ 6= ∅ do

13 Let Ei∗ = max
Ei′∈E′

ci′j′ ;

14 Call Algorithm 2 to resume the production of Ei∗ at the (d−τi′j′)th day;

15 if the recursive call of Algorithm 2 returns false then Remove Ei∗ from

E′;

16 oj(d)← oj(d) + ci∗j ;

/* ¤õSüEóE� */

17 xi∗ ← d;

18 for d′ = d to 7 do update the number of employees at the d′th day;

19 R(T) ← R(T)+
Ki∑
k=1

R
(T)
ik ;

20 Remove Ei∗ from E;

21 return true.
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RLk��ý��Ýtlen,XJÙ¥���êþ®÷,@o#\\���,lL¥£Ø�@

\\���"

Algorithm 3�Ñ
BR|¢�{���è"

Algorithm 3: Tabu search algorithm for the problem.

1 Call Algorithm 1 to create an initial solution x;

2 Create an empty tabu list T ;

3 Let x∗ = x, kp = 0, t = 0;

4 while t 6 tmax do

5 Create a neighboring solution x′ by randomly changing a dimension i of x,

where i /∈ T ;

6 for k = 1 to KN−1 do

7 Create a neighboring solution x′′ by randomly changing a dimension i of x;

8 if i /∈ T ∨ f(x′′) > f(x) then

9 if f(x′′) > f(x′) then x′ ← x′′;

10 x← x′;

11 Add the changing dimension i of x′ to T ;

12 if |T | > tlen then remove the first element of T ;

13 if f(x) > f(x∗) then

14 x∗ ← x;

15 kp ← 0;

16 else if + + kp = Kp then

17 set x to a new random solution;

18 kp ← 0;

19 t← t+1;

20 Update KN according to Eq.(15);

21 return x∗.

þã�IO�BR|¢�{6§"�3¢SA^¥, Ù5U¿Øo´-<÷¿, ��

©JÑ
ü«U?üÑ: �´Ä�UC����KN , �{m©�KN���, �c)£Ä

�¯, �|u�Û|¢¶�ÏKN�ÅìC�, ±\r3�c)±��ÛÜ|¢[21]"��

{��S�gê�tmax, �©��KN�S�gê��54Oµ

KN (t) = Kmin
N +

(
t

tmax

)2

(Kmax
N −Kmin

N ), (15)

Ù¥Kmin
N ÚKmax

N ©O���������Ú���"ã2�Ñ
�tmax = 100�KN�C

z­�ã"

�´�����ã5S�gêþ�Kp, XJ�{l,�)ÑuS�|¢Kpg�, �

c�`)x∗EvkUõ, K`²�c|¢«�d��UØp¶d�r�c)x­����

#��Å), l#)ÑuUY|¢, ±&¢)�m¥#�«�"3¢SA^¥, è�Eó
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ã2 KN�S�gêCz�­�ã

E����1OÇ  ¬é$, @oæ^���Å�ª)¤�#)Ä�þÑ´Ø�1)"

�©��ª´ëì�c�`)x∗5)¤�Å), �x∗��0�Ýêþ�D∗, ùL«n[è

�¥�kD∗ [�1OEóE�¶�{)¤#��Å)�, �=éD�����0��Å

�, Ù{�ÝÑ��0, D�D∗/2�D∗�m����Åê, =#)¥1OEóE��è�

êþ3D∗/2�D∗ �m"

2.3 Ø�1)�?n

�1)��Ø)�7�´�1)"3��{¥, XJé�c)x|¢���Ø)Ñ´

Ø�1�,@o�#N�c)=�Ø�1)þ,Ï�éõ�ÿ²L�
Ø�1)�¬uy

�`��1)"3éØ�1)?1µ��, �©æ^¨v¼ê{, ÏLe�úª©OO�

)x���å�§Ýµ

Vc(x) =

7∑
d=1

m∑
j=1

[( n∑
i=1

∑
Ij′∈Φi

sign(xi(d+1−xi−τij′))cij′c′ij′j
)

+pj(d)−hj(d)−oj(d)
]
, (16)

Vs(x) =

7∑
d=1

[( ∑
(i,k)∈Ω(d)

sik
)
− ŝ(d)

]
, (17)

VT (x) =
( n∑
i=1

Ki∑
k=1

R
(T)
ik

)
− R̂(T), (18)

VP (x) =

7∑
d=1

K∑
k=1

K∑
k′=1

[
R

(P)
kk′(d)− R̂(P)

]
" (19)

3µ�Ø�1)�, ò���å�¨v¼ê�B\�8I¼ê¥µ

f(x′) = f(x)−M1 max
(
Vc(x), 0

)
−M2 max

(
Vs(x), 0

)
−M3 max

(
VT (x), 0

)
−M3 max

(
VP (x), 0

)
, (20)

Ù¥M1, M2ÚM3´n��Xê,�©©O��1 000(�U=��²L�Ã�,¿±z��

�ü ), 5 000Ú200"3�{¥, ��)�mÄu�¨v�8I¼ê�?1'�(��è

18Ú191)¶��k�1)âU^u�#�c�`)(��è1131)"
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3 ê�O�(J

�é8c��°�ü±É²!�,!7un/�è�EóE�5yI¦,·�©O�

ï
¯K¢~, ¿A^�{?1¦)"6�¯K¢~U5�nl���ü�, ÙÄ�A�X

L1¤«, Ù¥14�L«�è��
ó5
/«�²þêþ, 15�L«�5
/«�²

þ
óêþ,16�L«�è�'é���²þêþ,17�L«�è���'éþi��

�²þêþ"

L1 O�¯K¢~

ID n m
∑n

i=1 Ki

n

∑n
i=1

∑Ki
k=1 sik∑n

i=1 Ki

∑n
i=1 |Φi|
n

∑n
i=1

∑
Ij∈Φi

|Λij |∑n
i=1 |Φi|

#1 7 953 969 25.31 6.70 5.83 2.14

#2 10 306 1 608 26.27 8.25 4.46 2.46

#3 15 541 5 010 30.77 11.53 7.26 3.52

#4 18 100 6 029 31.08 10.96 6.74 4.15

#5 22 905 4 760 30.72 10.60 5.27 2.75

#6 27 032 5 833 29.12 11.19 4.81 3.24

��y�{5U,3z�¯K¢~þ,©O$1CPLEX�ê5y¦)ì(��12.6,m

égÄ}{), IOBR|¢�{(�����½, Ø­��c), P�TS), ±9�©JÑ

�U?BR|¢�{(P�ITS)"�{k'ëê���µBRLý��Ýtlen=20, IOB

R|¢�{����KN = 20, U?BR|¢�{������Kmin
N = 5, Kmax

N = n/200,

­��c)���ÃU?S�gêKp= 30"BR|¢�{�­E¢�gê�30"O��

¸�Intel i7-6500 2.5GH CPU, 8GB DDR4S�, Windows 7ö�XÚ"�{�è¦^Visual

C# 2015¢y"�â¢SA^¦)I¦, z��{�$1�mØ�L90©¨"

L2�Ñ
z�¯K¢~þCPLEX!�%üÑ9ü�BR|¢�{¦�)�8I¼

ê�()ÒS�êi�30g¢���IO�)"ã3¥�'�
��{�)�8I¼ê�9

Ù©Ù(Ù¥Q1L«c25%, Q3L«c75%)"3z�¯K¢~þ, ITS þ��
wÍ`u

Ù¦�{�(J"¦^�%üÑ�����)�þ�$, Ù8I¼ê����kITS¦)

(J�10%∼20%, ù`²=U��­�5�ÚÚSüEóE���J¿ØÐ, X`kS

ü
�­�p���,é�UÓ^
Lõ�Eó<
¶�,��õ�Ù¦��J±÷vI

¦¶
¯K��Û�`)  �¦3�����m���Ð�²ï"

L2 O�¢�(J

ID CPLEX Greedy TS ITS

#1 2 416 662 3 197 (58.42) 3 375 (32.82)

#2 1 832 696 4 861 (71.21) 5 783 (47.39)

#3 7 052 2 546 17 730 (397.25) 24 226 (272.50)

#4 3 779 1 938 16 925 (521.90) 21 781 (435.66)

#5 4 510 1 301 13 768 (679.82) 23 896 (362.85)

#6 2 327 978 11 790 (825.00) 26 920 (306.06)
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ã3 �{¢�(J'�ã

Ù¦n��{þU3�%)�Ä:þk¤J,"Ù¥CPLEX�¦)(J=35�

���¢~#1þ��`u�%), 3Ù¦¢~þ�éu�%)�`³'�k�, ù´Ï

�CPLEX�|¢�ÇØp, �X)�m�¯�O�, §35½�$1�mS�U|¢)

�m¥é���Ü©"�'�
ó, BR|¢�{LyÑ
ép�|¢�Ç, 
æ^
U

?üÑ�ITS�{5UqwÍ`uIO�TS�{"3¢~#1þ, ITS�{¦��8I¼ê

�'TS�{Jp
�5%¶3¢~#2, #3Ú#4þ, ITS�{�5UJ,320%∼37%�m¶


3��5��¢~#5Ú#6þ, ITS�{�5UJ,©O��
74%Ú128%,ù¿©`²


�©¤�O�ü«U?üÑ3¦)¯K(AO´�5�¯K)�¤u���^"d	,3
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O��Ñ�EóE��Y�¢SA^�mo´¬k�½� �, Xé�¬I¦þ�

ý��UØ
O(!è�
ó���U¬kò´�"�u��.Ú�{(J�k�5,·

�ÚO
�,!7u!É²n�/«32�18F�3�2FEóE�ÏmÌ����U�¢

S²þ�¬I¦÷vÇ(�¹
Ð©�­�20, 16, 12, 10, 8 �����, §�3�/²L

�¬¥ÓÌ�/ ¶Ð©�­�u8���­�5ÊH�$, �êþ�õ
ØBÚO), ¿

òÙ��©�{O�Ñ�I¦÷vÇ?1'�, (J©Ow«3ã4, ã5Úã6 ¥"l(

J¥�±wÑ, 3ÚO��mãS, �/«Ì�����Uþ­Úþ,, ù`²
�©J

Ñ�EóE�5y�{�k�5"o�`5, O�(JÚ¢S(J� �Ø�, ���ª

³'�¬Ü, ù�y
�©�.¥�UO��{�Ün5"�é5`, SüEóE��@

ÏØ���, ù´Ï�@Ï)�åþ�f, É�
¿	Z6Ï��K���¶�X���

�U�ÅÚ¡E,��óþei�ø�/I¦Øäª�Ün²ï,�N|Z6UåOr,¤

±�ÏØ�Øä~�"3�Ü©�mãS, ¢S���I¦÷vÇ$uO��, Ï�É�

Z6��¢S�UÃ{���â�.O�Ñ�n�(J¶��Ïkéõè�)�¡Eû

Ð, ¬3ýÏ���Ä:þ\��U, Ïd�Ñy
�
I¦÷vÇpuO����¹"
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