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Abstract

This paper aims to analyze the cases of Ebola in West Africa, forecast the future trend of the
spread of the virus, and provide some consulting opinions for related departments to make deci-
sions. Firstly, we construct the SIR-L model for Ebola epidemics based on the classical infectious
diseases SIR model and the Logistic model to simulate and predict the spread trends of the virus.
We get that the Ebola has crossed the peak period in the three main countries, but the cases of the
Ebola are still at a high level. Then we forecast the new cases in the next week: 88, 28 and 238 cas-
es for Guinea, Liberia, and Sierra Leone, respectively. Secondly, by analyzing the data that we
forecast, combing with the population size and geographical location of each country, a dynamical
model is established based on gravity center method and gray theory, which are utilized to select
the optimal distribution center. It reveals that River Cess, Bo, Mamou are the optimal distribution
centers of Liberia, Sierra Leone, and Guinea, respectively. Sierra Leone, the hardest-hit area, is se-
lected as the production country, and Bo is selected as the production center. Finally, based on the
optimal distribution center and production center, we develop the distribution model of emer-
gency supplies in three layers, which refers to some of advanced sophisticated logistics systems
and operational experiences of modern enterprise logistics systems. That is to say, the production
center is considered as the first layer of the network; the distribution center of the three countries
is the second layer; and the town center of each country’s county is the third layer. We design a
distribution network system based on the principle that the delivery time of the Ebola is the
shortest in the beginning, and the cost of the rescue system is the lowest in the later period.
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Figure 1. Geographic distribution of Ebola virus disease
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Figure 2. 2014 West Africa Ebola virus outbreak situation map
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Figure 3. The growth curve of speed in Guinea
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Figure 4. The growth curves of Ebola cases in Liberia
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Figure 6. The expected new cases in the next ten weeks
6. =ANEZRRK 10 FFEH AT

FAROR 0 AL P28 B AL I R B it o 7 0 G e DA S LA AR R G 2 5 Bl I 5 B P R o e PRI I (4]0 i R
BN A, s P R SR, SGA T IAE MR, ET R RSHAE
FZhA P TR ERE BRSSO FARER, BT g wE i AR L B AN TR SRS S B0k v
FaER, BEARERREAK, R R . I A TR S SRR R K, BEERY, oA . =,
T A 2 A 7 R B8 B AN B At 2 R 2 b T a4 TN 1 SR A L R S S BR A EE, AR
WERR T, FOCHEE[5], R H R R E T 4y i — 4 R TION AN 2 AR FE T GRS A 3~5 AR BiM T X, X
FIRAMA AT B — A BE AT o %5 P 5 SR BTN T 25 5 F R BOR . HAR ABERRURE, S i 4B 18 O
G FEFIBERIRE ) 35 s I B AR A e 7 6 3R A5 7 T

HAE B AR T RUBLAL B R AR D8 BRI e 78 55 26 5 30k R A R AR AT T [6] -

FATRFH WHO HEFE I 7715

M :PxCxZn:ri

Hep, MEZERTORE, PRAMADE, n R RMAIEL TREFE i 7], ¢ 2HFEREL HARA
FERAE BN D BCS A FESER PTG AR, BARK sz BAs N DA R & T AR R
PG E R A B RS X T REAEGURIRE R TR E, FEEH WHO i A, Pt
K LR AR H k&

6. BCiXrLRYERE

RS SRR AN AR R E . R AL PAEME RN ST H K, DOER IR
B KA 5 T 45 % e /M Dy R RO SRR Bk 14 52 SV B2 R RE TG Bl 0 b b B2 i AR G LR v e —
AN E ], B RE N RAE T HRR A A O XA, e — A s M B L,
ML REE H ARG AR R SEBLI I R . i b D IR B T E S R . Bk NG As, EfE4a
bR S RGBSR B AT W SR HE AN 2, T RE S ARO[,
FEPIA 0o e ik v 7 BT R Il 1) R AT AT . AREU R . SULERS, iR O bk s 3] T A
PR A GHISAT R, BRI O Xt T REAR B, 520188 B th B A R L B 1R

FEVEE DX I SE S X 235 I AT 7 S 2 24 iy DX 3l 7 A TS R X, =5 18 81 %A [ 5 2 () Al



B P A s A Y

[ X A AN AT BUX R A AR 48— AV B, BRATHE =AM E R 0 o — X3, R P i S el o o —
P, DLSEBLX IR 4 i e e i, o TN SUESS I 2.

6.1. ECEEHLIERES &

FATAEIEFEBCIE AP, 12O RO HHL P AT BB 30 356 75 306 AL AR HEAT B SR O I OIS R, R AiiAS
ISSRiELES e

RS DI BN DAL L eIk (0 T T R F O, E SR T B ORI AR R A P R R
AFERKEA IR TR ENE, ATFE R SWTBCIE T ORI SEPRTE DL T — BN ig s iy
Yo A OB FE ORI AR Y, 25 R R R TR SRR AR Bz i 5 T BOASE /5 3K, K AN e
KA XRIRER R, M T 2185 T AN E 75 K 108 S eIk O e b R, O B 2V I 2 KL 32
Bt 7 EIRARIE7].

KERGH®, MR 2ERAFE R rik. KEORGER L “HEL O
K, HROMERRFNT W COMEART o “TUERT AREIERGBI N R, EEEEX “HT SrfE
BRI TR, IREEMEREE, SIS RG9S R IE SRR A A AR . KO R
giif it 4. AN “B” FonEEARm, M “A” onfERZEEYm, M K7 Roriia s
SR HE S AWIEE]

FEZG AR, V2 OB AN HOT e 2 R BV MR F5 oK, B2 S0l 3028 i i 32 AT 55 AN
HAbr R AR . BULIRATEE @M E % b, IO RGH I A,

o EFEMIEZR:

WAVH SR E O = E K, QLA FILLETW., A, JLRES N 8 NMKIX, KXZ
T 34 ME. MILREAFEA 16 MR ERASTEIXIEEE S 3 MEM 1 AKX, 3PMEZT
B 12 MTEX, 1A Z T8 2 MTEUX . FrABA TR LN IE >y 34 AKXk, AL E 7 15 4
B, M ZERR &N o 14 MTEX

FATHFEEEA [ & A A XA B E K AOPT D Go XA XA 2 5 T 25 AL 1
R UL S PR B RS o 7 N S X P9 20 B 3 e JE ST S S DAL R B L

6.2. ELEALEHERERR

n BpriR, FATEE R B, SIAKERG IR AR, RIAHE 24 b A0 v P A D ) AR G
O R R AT S IO, BN TR LA 4, B R RN T
B

0 =oo + fo,

dj:JQV‘Mf+(%_yJZ
D; = od;
D, =min) d;

Horpp, RIX=AEFKASAXEIANL, p, ZFAE KA, a b 73 7l 55 8 /5 KA 258 /5 KU




PR B A 1 R

6.3. BLiEHIEELER

WRIEAX(L), FEFILLE, ZEhFE, JLNE=AEKS B RS+ 0552 River Cess
[5.974; —9.459;], Bo [7.958937; —11.741123;], Mamou [10.387701; —12.083416;], X =N [#) 5 Fic vh 0>
16 Bo A VAR — G Be L (K] 7 FITR).

7. ZHH RN 55 %

82 S PRSI FE AL B 9 AME BRI T R — ANET IR SO TT ), KB =R T S, NS s R
BRI SR HTT IR MR Z BT S E R, M T BRI ER . NSRS — BN S8R E R
. METREMBI SR MR E AR NG 5P BRI SR SR R SE RBEEOR,
FEARABARZ O IR SR SCRE R G, NS B Te A KB

LiEMMARTAEIR T ERT L, SRR R G IS E 25K, a2 AT h R
(1 N2 S B PR AR A —— = 1T Rl R4 S S B2 0 L DR SRR 9] BRATTRE A B K K8 3T 1
L) =T R RSO RE ) = A R SR B2 24 I TR O i R 8 ) T R R ™ LY
R SO0 LR BC I A/ E o — 21 i, IR RO AR 7 ey, AR Ol — 019 A R T AL
BB,

Table 4. Additional remarks
= 4. #hFEiREA

w1 A F AL

w2 RGIEBCE, R S
w w1 Fl w2 E5E

d; HhBEE R

p TR L s
(0]

Di BUREHARIMRT ) S AR RS

12¢ 2
3 3 o EEIRW
11+ 0O hnE
o o
10+ o
o]
(15
(o]
8 @] °
S 2 °
7 5 O °
0©°
6 ° o
o
ST TamRILAE ® .8
G R SRR B o
4+ EEKRFILETE

26 15 -14 13 412 -1l 10 © 8 7 6 5
G

Figure 7. The major cities and centers in Ginea, Sierra Leone,

Liberia

7. LRI, ZFRF SAFEE LA EEHHFMNE L



-

>
—
Pt

e T G P2 i A Y

o2

7.1, MEEM RN

ANTEI RS B A ANTR] Rk SR 5 BC TN 5 RDP3E 175 3 A9 301 18 ) e L S ) B I SR Bl /N S M o 2 7
K i BBV R LU R 7 ZORIEA R a i ok, AR BRI RE A B AREE O I A bR, Tiin
AT AE ORAUEA il R RHL BE I AR IO ATSR T, 3N 2030 2R St I IR R 1 de /A B S B2 23 TG [ 2 AR S

£ T2 de SR iz 7 BRI RS JEik A AN KIS R, B 5 R8 i 4 Ry A PRAIEAS ]
PE X P 73 B B 2P

ORFRA IR T FEIX SRS BB B 2 B S, IR IR T AR 2 R I a], - 2RIk
3 DX (Y IR T3 7 FL PRIk B PRI 18], SR A BC A& R A AR AT RCR K, B AL 2V B2 70 B TR 5 2% 8 BC i
AR B AN ] 2 3

72. PEHEIE

MR AT A B FRATTEE AL 1 B2 T ik SR, AR A R ARy i Bt 1 St SR o

BV I N S BT B 3R R G — N 2 P RA PSS A ER RG% . fERF— RN,
NEAZA A e REI H SR DY B B [10]

BB, WEREEMEKREE, LRI SRR R0, MR B L JR T B A . 78 LA
AT TR SR TN X T SR KA R A, HFUIEEN SR . K X RIS R

BB, BRI AR R S, R T R,

BB B, R AR T RHAT VR

VYR EL, AR VPN 0 7 5 S T -

IS /N RS s B = U PSRN NI oy 12 ) 00 ) Vs K B a i L (VR 77 o VAR < e 1 -
NS A SR R E R AT R . RORTE R 2B L Y B B R SR AR A A TS BRI BRI A 52 &%
FIRAS FAEH R, RPN AR IR SRERAS FAEERE, AR R ST %, X752
P CHEAR” , FHERROEEREH ARG . EREFFET, BRXMERXSHES
ARVR TR B AL, R 75 5 ) PR ) B ek 7 2 [11]

TR VU S SR BB [12], AT skt FE LB e B DU B e, B “IERiEsh. wrhidah. Pt
B HAEWESN” o RIEX IR, WA N S T A LR B A R ] 8 B
7.3. B WEIIE

TATCAZ B K18 STV Z NS 8 = 205 55, IR e = AN FAE R X2 (1) 2 08 Bk 1 A
(i) B DA 52 5% B 7 B 1 [ GO — 21T s R R 25w e e oty . FEIXPPBEST, — 2T s nT DA BE A T
BT BT A = s 4 R A5 o Fe A B A DS, anl&] 9.

A E | VALY LA WA e e it

minL:g(;wk(ck—j; yjkja, (a>1) (12)
;Xﬂ <a (13)

;yjk <b,; +x,; (14)
;ywsg (15)



Bt R 2 R

D Vi 2€c,
j
X; < Muy;

Yik £ Mvy

- dl' dl'
mln{v—l‘,v—z‘}s max {T, } + M (1—u1j)

‘ HIERGIEERE “ WEER

A

h 4
‘ PEEEEERREER H m%%iﬁ%ﬁiﬂm?i@'tﬁ‘

‘ FERRATEM

‘ I H RIS

Figure 8. Emergency materials allocation decision flow chart

E 8. MRS sERRRIEE

: FEAEPNEEE AN —RALET L

O
L
4t

[ Z8E5E: ZREEDL
A ZEws: SEEEAHE
—» IR

Figure 9. The flow of the contribution

9. MANEREE

(16)

(17)
(18)

(19)



SR RRLE A )

d,; dg: d, d
mm{ﬂTﬂ}+mm%£;i}sn+M@—w) (20)
v, v, v, v,

1 1

u; =1 v, €{0,1} (21)

X Yy = 0 HOVEAL

iR j=1,2,---m; k=12--n.

AR 2[R I L AT B AU (1P) 1 850 R I 26 1 K1 (NILP) il 80 (B A5 R M LRI (INLP) B Y, [
W FRATT AT LA FH et (0L - B AR A R 3 SRS R IR i R 07 %%

il R B
@© 7R RERIRAL B A2 B AR R B KAk, #EAE R (12) LR — M 05, FFRE R R,
Bl max(-L).

@ i HHEFFHE 2 30(17)2](20)H 0~1 AZEHI{E
@ 5 A 1 B B0 A BB AR B 2 SR 4%, L b bR RS 1) 938 (22) o

max[—L—M (max(lej —a,0j+max(z Vi —by; —x“,0)+...D (22)

@ FESCHPRL T HESRIERT, O TR AL # T ARSI A TR R 4 R i SR I 2 I X 5,
ATRHEEREM D-4E S [AHE R, SREEAFRILERL FIEHA R 2 S0 RSN, B4 22 SPR TR, &
Je i) A P Z SO SRR R R AT SR A, LR AR AE BAE i a(22) 3

8. g
8.1. RIS

G, BORIRIG G BATE L AR SIR-L AR QY R, SIATIR4E% k, JFKH Logistic FH#f
PR SRS DLHEAT T, WRCRRE 0 A A Sebati o,  FHBRA A A ES A R0 W 1 3%
LA A O, LA 45 R 5 SR AT S

IR, MR AR TR B TN 25 PO 47 R v VA 30T ) B8R S 1] DA K RT B SR KR e 2. 3R, AT
AT LALLM S 25, NN IR A8 — S8 S Amli i il — SEAR SQ IR 3R, AT ik B SR 20 ) A% 1 5 S OCR,
ane ARSI RE, PRI AR AT AR ko AT AT DA S B e e S SR 1 KA, RIS D9 AT
5 THI B TR (0 58— AT —— 5 B 2 R v A Ak AR R R, AR SR SE I

H=, SRMMEEEEM . BIE, S ER.

8.2. HRBVHIER S

JUETRAT TN 25 R CEAH A LF, B — LA 2 o IR H AR ] C 2 A V8 R R 254,
RITR 2 BN T B 1 HERIEMERR AT REVER 2 K. A, k BE SURAMEIEZ A & .
T H, ARSI Bl B AT LA AR R A B A e 1, BRAR s BORS B B 2 s BB R ROR . TR —AK
o8 TR IS A MR R B NZ E R 2%, 8 S B VR BEN LS AR AN 2 (AR 4 . R ERECk . TR Z
PR, Bk, EROZREAR AT ISR T IZ D 5e 3 ot

8.3. EiRE

PRI FAT VRGN, X TAE G MTAT P S R E B PR ME e AE AL TR A AT 5
AN TR A S AT A R, o N RIS AIRE KSR, p O et b iR .l R i S 30K



PR B A 1 R

%%%@m%t&uﬂ%%@%%%Sﬁ@%%%I%ﬂﬁ%m%ﬂ@ﬁoEﬁﬁ@ﬁﬁﬁ%ﬁﬁ%%
YRR AU F AR, DA (T R O 2, (B 5 It — L g vy VA 1 T BB

T (B T S e e o 5 R 2K S R 22K 1 R U 80 8

Fob, TTAWIGARG p WIRIRE, 4 al, o AR, o MBEBEE, d BT, « MiBk
RIRF . T2 n LA a0 R4 ——SEIRQ 5 4Y :

ds S(1B+dEL+AQp)

= _TI1(1-p)- _s

g - a-p) N a
S(18+qES+ A

d_E:Hp+ ('B+q B+ Qﬂ)—(;/1+K+,u)E

dt N

di

EZEK—(}/2+d1+O'1+,u)|

d

d—?:;flE+;le—(O'2+d2+y)Q

dr

E=O'1I+0-2Q—Ry

N'=Ny =Sy +Ey+Qu + 1y +Ry

H T IR TR e ST AR R S R A AT IR A L, P AR R AR B RE A e DA R
(B 0 TR I R AR R BRI, 0 T RS AR IR G, B0 A A H. 2892 58 K0 181 LA
X AN ST ) B AR TE ], SRATIE R ARME M A AL, RS AL S, W RS R EUR
FFOROL,  WATE SIS o SRR AR 91Xk HEURTT 7 s W T 9T P R T B 49 2R, 2= S BB T 7
B SR T TSRS BT BN A o X AR DL B — 0wl e fe o TSR R IR B, i T8 5
ARG R EAL, S AR AR KE P 18] Py O P AR A [ A R R A AN E R EGTRONRE
BREE, I Ay HUSEE R R AR, RS AT AR g, JF B NGRS AN ], N i ah
YEAE, BT ANt 2 2 BIR G D2 B H ATk, SRR L JeEARTE, Hbxt T HAt & g
@A), T B ERA P TR o XA A 51 0 BEATE 76 et i T F 5 IR R A 91128 28, 2> S5 A %71
H7F C B S8 T 7E T 3RAS W 1 AN [ o 3 A0 BR800 1) — 30 1 AR 5

8.4. {RBVRILUHRHE

URAENS R AL R RGN RA NS EE Rt %, RRRMAHR AN, BE. REH. R -
NI BIRREG PR ANBE DA, Wl Bl — 2B e it A IF B, R R D e AL i 70 A TAF
BE— By TR RGP 5 A5 3R R AR SRR B A, IR 18 23 A3 mT DA € e A 26 W) 1A T A A
B S R SR .

SEVHL (References)

[1] WHO (2015) 2014 Ebola outbreak in West Africa—Case counts.
http://www.cdc.gov/vhf/ebola/outbreaks/2014-west-africa/case-counts.html

[21 U5, WEE, W8, & (1993) Hrrmi, sy hiat, bt
[38]1 ™AW (2006) JLAEGREN /1AW R. B8, WA, M.

[4] &M, X%, B8, 55 (2014) WA IR, BURHUE, T SRR R, AfSEdiR, 59, 2889-
2899.

[6] K/, e, RIE(C (2013) BYTIBfEE L BNt Ui R ML RO, B EEFL 77K, 3, 68-72.



http://www.cdc.gov/vhf/ebola/outbreaks/2014-west-africa/case-counts.html

B P A s A Y

S
puis

[6] /e, 8270 (1992) WFRTHRI G v Fl 7 SR TS ARL. #7174 525 7R, 5, 006.

[7]1 &k, AHE (2000) TR O EOVEERI AR, L7 T A5/, 6, 108-110.

[8] Mr#k, JAUg (2006) 2T KRS MR TR IR, Zof-L5H i, 3, 59-60.

[0 iz (2012) FEMERFRMET RSB USRI PR, 198 5L, WK, Bl
[10] E¥t7 (2012) T 95 BARHMERI N 2 B A IO SR AL, iR se, WK, MMl
[11] HE4ER (2007) Mg RSESEIR. AN S EHE, 12, 14-17.

[12] #HH (2007) PEZEuRsREIEHIFT. M8 3C, PHALR2E, iz,



	A Mathematical Model forEbola Control
	Abstract
	Keywords
	埃博拉疫情控制模型
	摘  要
	关键词
	1. 引言
	2. 必要说明
	2.1. 假设
	2.2. 符号定义

	3. 埃博拉疫情的分析
	3.1. SIR动态模型的建立 
	3.2. 模型分析

	4. 对药物需求量的预测
	5. 对疫苗需求量的确定
	6. 配送中心的选择
	6.1. 配送中心的选择方法
	6.2. 配送中心选择的过程
	6.3. 配送中心选择结果

	7. 三级节点应急物资分配网络
	7.1. 网络建立原则
	7.2. 物资分配过程
	7.3. 模型网络构建

	8. 讨论
	8.1. 模型的优点
	8.2. 模型的缺点
	8.3. 更优模型
	8.4. 模型的改进和推广

	参考文献 (References)

