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

1 Sort all industries {I1, I, - -, I;»} in non-increasing order of w;; // Jal X
BHEA

2 Let d=1, RT =0, E={E\, By, -+, B, };

3 while d<7 do

4 | Letj=1, R®)(d)=0;

5 while j <m do

6 Let Oj(d)ZOj, E/:{EiEE|Tij<d};

7 while h(d)+0;(d) < pj;(d) N E' # @ do

8 Let E;» = max cij; /] BEFEARALTTRRR K AL a9 ok

E€E’

9 Call Algorithm 2 to resume the production of E;+ at the (d—7;+;)th day;
10 if the call of Algorithm 2 returns false then Remove E;+ from E';
11 B 73+
12 | d<+ d+1;

13 return x.

22 BERERER

BRI AR R BLIE VA R 50O SR 2R R A IR a6 e, T D AN BT 224 A AT 48 484
R, BRSNS Al I BN SO R Yl RIRAT, MR IR AT 0 DAL AR . SRR
RHA K Ny N E R (K I — MR 280 o 5 18 B2, BUE A RS S 3 AT e 1)
HART5 X0 Wy =0, W ¥a, N1~7Z (B —ADNBENUE; W, >0, WA 0.5FIHERAZ N0,
FHHR0.SHIRBEERAZ AL~ T2 8] 57— AN EERUE . FEK N BB AR, B 1 — A CRPZE 2 Bl
T ) PROH I B e, FOCRAIYERE D BMARIZERR, Ma R8T — SRR £
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Algorithm 2: Sub-procedure for determining the production resumption of E; at
the dth day.

ok W N -

=]

10
11
12

13

14

15

16

17
18

19

20

21

Input: i, d, R, E (the set of enterprises that have not been approved)
Output: whether the resumption is successful
/x EMEE L TERAE A~ HERRELH R */
Temporally approve E; at the dth day;
for d =d to 7 do
Update the number of employees at the d’th day;
if s(d') > 5(d') then return false;
foreach pair k, k" in the current region do
Recalculate Rg,?(d’) according to Eq.(3);
if R,(;;?(d’) > R(P) then return false;

K; ~
if R4S Rgg) > R™) then return false;
k=1

/% ¥ BARM A L iF = b 5k R AT B R */
for I, € ®, do

for Ij/ S Aij do

Let E/ = {EZ/ GE‘Ti/j/ <d};

while hj/(d)+o0;(d) < pj(d)\E’ # @ do

Let Ez* = max Ci'j';
E,cE’

Call Algorithm 2 to resume the production of E;- at the (d—7y;/)th day;
if the recursive call of Algorithm 2 returns false then Remove E;« from
F';

)

| 0j(d) < 0;(d) + cixj;

/* MAZHE T E & */
Tix < d;

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

K
RM « RM 43 R
k=1

Remove E;- from E;
return true.
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BRA N TBK L tlen, IR P HITREBCE O, MAFMATTRE, NEH B R
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Algorithm 3% 1 7 & 2 R FZE A Dy A

Algorithm 3: Tabu search algorithm for the problem.

1 Call Algorithm 1 to create an initial solution x;
Create an empty tabu list T
Let x* =x, k, =0, ¢t = 0;
while ¢t < t™** do
Create a neighboring solution x” by randomly changing a dimension i of x,
where i ¢ T}
for k=1 to Kny—1do
Create a neighboring solution x” by randomly changing a dimension i of x;
ifi¢ TV f(x")> f(x) then
L if f(x”) > f(x) then x’ + x";

ok N

© o N o

10 x + x';
11 Add the changing dimension 7 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 4+ k, = K, then

17 set x to a new random solution;

18 kp < 0;

19 t < t+1;

20 Update Ky according to Eq.(15);

21 return x*.

ERONRER A SR FRAL . (HAESCRR R, AR BRI AR N, TR
SCHRH T PR CSCE SR — RS R BIEKNK , FHEITARIN K v R, SRR 3)
Bk, BT R R R KN EIZEIASR, DUINSRAE 24 5 A B R R i 2, 3
I RIE IR N e, ARV E K IS AR L M3 1 -

2
Kn(t) = K™ + () (g™~ Kiny, (15)

tmax
Forp K AN K 92 53 3l N AR SSOR /AN B AIME AT B R A . [RI245 1Y T 2¢max = 100M Ky A2
GAIEE
TRWE A BUESARE EIREK,, IR BN ROERE R KRG, 4
AT e 550 B, WU B 2 AR R XA E T REAN = EHE A AT e H By —
WREALAR, MBI A RS R, AR 18] o B X 3 AR SERR R, Al R T
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7T m
Vi(x) = ZZ [( Z sign(z; (d+1—x;— 755 ) ) Cije Cij0)

d=1j=1 i=11;€®;

+pj(d)—hj(d)—o; (d)], (16)
T
Vi) = > [( sin) — 3(d)], (17)
d=1  (i,k)eQ(d)
n K;
Vr(z) = (DY RY) - R™, (18)
=1 k=1
7 K K
Ve@) = 3> [Rip(d) - BP). (19)
d=1k=1k'=1

FEPHAE A TTAT AR, K53 S 29 PR A 2 311 eR B AN 2 H e

f(@') = f(x)—M;max (Vo(x),0) — Mz max (Vs(x),0) — M3 max (Vp(x), 0)
— M3z max (Vp(z),0), (20)
Hodr My, Mo R M3 5& = AN IE REL, A% N1 0007 R i N &5 i ai e, HLAH it

HNFAL), 5000412000 FEFLIEH, {WIRME 2 8] 5 T 2550 10 H b o& B 25 AT LA (Do AR
SE8MNH594T) s (B A AIAT Al A4 B I 1 S0 2 BT e DA (DO A RS 55 1347)
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3 HEHES

EERPAE— F G R ALBUM . 414, 16 M0 AL ST TS PR TR, 3010508
R T FISE), 56 BT R AR, 64 F RSSO Db BIACHES, FUEE AR
FAFR, JOPSATIFR ol TR TSR 5550 8074 AL X 0T
34953 THCRE, SOFIAET IR LT8R, S5TFIFER B il I LM
ERSES

R/ U ] S

m | n m Il Zig g’}{ sk T |2 252122?: T«;ﬁw
#1 | 7953 969 25.31 6.70 5.83 2.14
#2 | 10306 1608  26.27 8.25 4.46 2.46
#3 | 15541 5010 30.77 11.53 7.26 3.52
#4 | 18100 6029 31.08 10.96 6.74 4.15
#5 | 22905 4760 30.72 10.60 5.27 2.75
#6 | 27032 5833 29.12 11.19 4.81 3.24

ISR REE RS, TERRAN S |, 53 iE 4T CPLEX B HOM R SR 48 (R4 12.6, FF
Ja BB, FREAE S48 R B (SRR /N i, A E B U AT, 10ONTS), BLRAR SR
I A SR R AL L NITS) . SEA RSN E N: BB R I KE tlen=20, trifELE
S REIEAIBANK y =20, BSOS S AE R EIRARIEHOC/ NGB KRt =5, KRex = n /200,
I AR R TG IE ALK, = 30, 28 S REVE M E Z 0 R ECN30. HHEIR
55 Nlntel i7-6500 2.5GH CPU, 8GB DDR4W ¥, Windows 7T#AE &4t . H A8 H Visual
C# 20155 o FRHE S Fm B SR A 75 oK, BN IR AT I (R AN i 904381

Foth T RN B SE]_ECPLEX . 700 WS S P AN 28 o 18 R SV SR A9 14 B A b
BUE (55 W BT N30 SEIAB bR EZE ) o IRI3HRIE ELER T & S AR I B AR B BUE K
HoAm (KA QIR RAT25%, Q3R /RNAIT5%). (ERFN I @sLp] b, 1TS HEE 7 REMRT
HoAh SR 25 5L o A8 D00 SRS ELREAS B T 2RI, H H bR R B R4 HATTS KR
SR II10%~20%, X BELIA = B B2 A — 0 D 2 H R TR RCR I AL, ke
HE 7B = ek, RATRE S H T2 R TN R8I, 33 A A= Mk DL 2 75
SR T 0] AP 4 SR B AR AR AT A SR AE AN 7l 18] IE BT (1)~ 4

2 SR AR

ID | CPLEX Greedy TS ITS

#1 2416 662 3197 (58.42) 3375 (32.82)
#2 1832 696 4861 (71.21) 5783 (47.39)
#3 7052 2546 17730 (397.25) 24226 (272.50)
#4 3779 1938 16925 (521.90) 21781 (435.66)
#5 | 4510 1301 13768 (679.82) 23896 (362.85)
#6 2327 978 11790 (825.00) 26920 (306.06)
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