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Prototype - lllustration

Disease Information Web Country Search... Q

Button

Button .~
Button ‘ % II I I I
N | NN Nim

Button
Button
Button
Button
Button

Button

3. AHg gfojHeEZ|

3.1. Ho|lH ==
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Chartjs : AtHIAAEE 2to|E2{2|z, HEsta FHASHA CIXAtel 75t AIEE HS.
sequelize  : Nodejs 7|Bt2]  ORM(Object-Relational-Mapping)O|Ct. JAXMO=Z

PostgreSQL, MySQL, MariaDB, SQLite, MS-SQL&2 X| st ZEMEQO| MySQLE A

-
E0iIM &A A8Y = AESF ALESIIUCL

axios : HTTP £4l Z}O|E2{2|Z, Promise 7|Ht0|0{ C}E HTTP E4 E2lO|EZZ|E0] H|
of 2N & EO{UD APIZF CHYSICE 2 Z2MEO|A Country HO|X[OAN =7HE

2 A, 22E ZXIGIH axiosE Sl HAMHE requestE AN AMBOIAM XS
£ JSON HIO|EE Z1 2Ct 0| HO|HE 0|83 F HEZHEE S0 AL XEE
2 4™l MSSHRLCE.

HAll= AMH API
Method URI Description
GET http://3.34.3.66/api/cases/.disease slet RHO| Tt ZIIRE casesE

_name /country_name ) N N
json YA O 2 response $HCH
GET http://3.34.3.66/api/cases/:disease | 2tz &ixf RO

__name /confirmed/1

=

gHRIR =0t
json AL E response PHCt

GET http://3.34.3.66/api/predicted -5|.||:|- ol &gt 27to o= XB
[:disease_name /country_name

£ json HAICE response THCL
GET http://3.34.3.66/api/rsquare sig Aol et 279 rsquares
[:disease_name /country_name N N
json A2 response $HCL,

POST http://3.34.3.66/api/cases/ HIAEZ Q3 0| HO|EE DH=S7|

2|8 casesZ createdtO] DBO| XA
StCt,
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1) Architecture Diagram

Architecture Diagram

Backend-Server

S . W\ @
@——e) Browser — "' 5y
@ ™

@
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Python Scheduler
X (7)-1 Database
L Crawlerts] (MySQL)
@ A
s Q) | [ 72
@ @ MERS
&
@-3
Data
Source

2) Sequence Diagram

* Country I{|O|X|0M =71 HE 7|
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Sequence Diagram_01

:Frontend :Backend :Database
H
|

@

! ;
http:/flocalhost: 3030/ co : Ery @
send a request

|. response pre-rendered page

loop
click target country

props(target)

3
e-rendered CountryMap component

GET /S
fapi/Case/:Country request data

=
return data in 1SON format
® LT a_

return rendered page

1- AHXIL URLE Sl EE2tR*XNE HE.

2- BEIRXNOIM HO|XE 2%F.

3- MHO0IM D2 A E HO|X|E response L}

4 - X JZ0M =78 U= Al S0 27100 TS EE property?t Frontend2 T E.

5- M2 27t EWEE| S| CountryMap HZEHEDH M =Ct

— —

(o))
1
>—

L

gl F7to] YHE == MHZ QHsiC

7 - WlE MHO|M DBE YEE RS0 7HM 2Lt

g

8 — JSON format2 2 #Ot2 H|O|EE ZEE MHOA HEHE otof Tast o HESHH X

ACYE HOKE ChA| BB M2 R
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Sequence Diagram_02

Scheduler Crawler Data Fitter

Data Base

Data Source

' |check50heduleru__:

u @-1 5 @0 :
H runCrawler() H H ) H
> loadCouptryLisi() '
| retyrn -u
) N % A ; :
M H crawl() H _
_J H ":
@-1 H
. toTimeSeries() H
1 @72
saveData() _‘:
| return H ol
L e it ’_W____ o
( L -
2 runFitter() H
loadData()
L : T retumn dat
; : LS
: - ) :
H T Data Fitting
: ]T—‘ :
i @ :
H saveData() ﬂ
H
: ;

7-1: % RO Y= 2ZS ML

7-2 :DBERH Z =7t HO| MYE 2AEE =2FL

7-3 : Zt Crawler?} Data source22E ZQst O0|H (ZHXIX
ehL|Ct,
8-1: A=Yt HIO|HE A|A Y CIO|HZ M™atetL|Ct

b AFEAE =, =

8-2: A|AYZ HztEl OO|E S DBl CASESH|O|E0] XMZ&ghL|Ct.

9: HO|E HIHE AT L

3) Class Diagram
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Class Diagram_0O1

Crawler

DB
driver
loadCountryList() MERS_Crawler
toTimeSeries() -~
saveData() ~ srcURL
4 has
; / \\\ crawl()
/ I
Ebola_Crawler Covid19_Crawler
crawl( crawl()
fitterPath
diseases

runCrawler()
runFitter()
checkScheduler(log_path)

® Scheduler

24A|ZH0f 1% S E2{=1 HO|H HEHE HAAZ
- runCrawler()

diseasesO MEE|Of A= HHSO LH2 AEHSS AL
- runFitter()

OOl IEHE AAotCt.

- checkScheduler(log_path)

logit Y= =Qlsl ot A|ZtotCt MM E|=X] ZHQIBHT}
® Crawler
- loadCountryList()

HiolE #o|~A=28H =7t 0|50 MYE 22EE =220t

- toTimeSeries()
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rot

HOHE AAE GIo|H=zZ Hgtetrt

- saveData()

AAE HO|HE M=

— —

o ZEHHO|E Crawler

- Crawl()

srcURLO| M Z&HE| 0]
o

AN
Yt =, 2= QRS 2AEY oot

Class Diagram_02

-Code : String;
-Population : float;
+disease :
vector<Disease>

Country();

Disease

-Code : String;

-Sdata : vector<float>;
-ldata : vector<float>;
-Rdata : vector<float>;
+M : SEIR;

+m : SIR;

Disease();
+loadData();
+saveData();

14
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ODE Solving DataFitting

+ EulerMethod();

-beta : float;
-gamma : float;
-vaccine : bool;
-S : vector<float>
-l : vector<float>

-R : vector<float>
-Rsq : float

SIR();
+EulerMethod();
+Isqcurvfit();

HIOIE{E H|O|E o]0 XFBHCt.

HOlHE (R7tE TR 5 A

+lsqcurvfit();

-alpha : float;
-beta : float;
-gamma : float;
-vaccine : bool;

-S : vector<float>;
-E : vector<float>;
-l : vector<float>;
-R : vector<float>;
-Rsq : float;

SEIR();
+EulerMethod();
+Isqcurvfit();



- code: sting
- population: double

- diseases: vector<Disease>

+ Country(code - string, popul ‘double, BR - double)
+loadData(eode : string) : string

Disease

- code: stiing

- Sdata: vector<double>
- Idata: vector=double=
- Rdata: vector<double>
- M: SEIR

-m: SIR

= Diseass(code - string, popul - double. BR ‘double))

~ saveDatal) void

I

e

DataSetter

- driver sql Driver*
- con: sqi-Gonnection*
= stmt: sai-Statement”

- result: sqi-ResultSat”

ver: sql-Driver*
- tont sqi-Gonnection*
- pstmt sq-PreparedStatement:

- result sal-ResultSet”

DataGetter(input: string)
+resetQuery(input: string): void
-+ getSiring(input: siring). string
+getBoclean(input: siring): bog!
+gelint(input: siring): int
+gelDouble(input. string): double
~gethlext() bool

DataSetter(inpull: string, iNpUL2: siring inpul3: string): type
+getString(nput1- int. input2: string): void

+ sefint{ingut1: inl, inpui2: siring): void

+ setDouble(input1: int, input2: double): void

+ execute(): void

1) Country( String counCode, float pop) Sz
@® Country 2efAa=

@ MainO|AM MM

® Country= HIO|H H|o|AQ| HE HO|E0 HI2std H

= SEIGR

- beta double
- gamma: double:

- exposedDay- double:
- alpha: double

- vaccine: bool

- 5 veclor<double>

- E: vector<double>

- I: vector=double>

@ vector=dauble=

- R vector<double>

+ SEIQR{popul - double, BR * double.
alp - couble
Sdata - vestorsdouble>
Idata : vector<double:
a - vector=doublex,
ini - vector<doubie>)

+ R vectoredouble>
~ Euleriethod(popul - double, BR : double, period - inf): vector=vector<double>
+Isgounvfilfoopul - double, BR . double.

alp : double

in- vector<double>
Idata - vectorsdouble> ) veclor=doublex

SEIR

- beta: double.
-gamma: double

- exposedDay” double
~vaczine: bool

- 5 vector<double>

- E: vector<double>
~1: vector<double=

- R veclorsdoublex

+ SEIR(popul - double, BR : double,
Sdata : vectorzdouble=
Idata  vecor=double>.
Rdata : vector=double=.

ini - vector=double=)
+ R vector<double>
+ Euleriethod(popul - double, BR * double. period - int): vector=vector=double>,
+Isqounfitipopul - double. BR : double.

FCrint

ini. vector<dauble>
Idata : vector<double>. ) vector=double>

Matinc

+Mint
+Noint

+ & vectorevector=double>>

+ Mattix(m int, n: int}

= getRow(): nt
+ getCall): int

+ getElement(m: int, 0 int): double
+ seiRow(m: int). void

+ seCol(n- int): void

int, n:int, a: double). void

SIR

- beta: double.
-gamma. double
~vaccine: bocl

- S vector=double=
~1: vector=double>

- R veclor=double>

= SIR{popul - double, BR - double.
Sdata - vector<double=
ini - vector<doublex)
+ R veglor<double>
+ EulerMethod(popul - double; BR  double. period - int): veclor=veciar=doubie
~\su:u:ml(wpul double, BR: double.

n
ini vector<dauble>
ldata - vectordouble>. ) veclor=double>

+ inverse(). Matrix

+ makeGofactor{m; int, n. int): Mairix

= deteminant(): double

+ ransposing(): Matrix

+ operator+{A: const Matrix&); Matrix

+ operator-(A: const Malrixg): Matrix

= operator'(A: const Matrix): Matrix

= operator={A" const Matrixsy Matrixé:

= pushBack{const vector=dotble= V) void
= pushBack(int |, const double 1): void

RSquare

- Data: vecior<double=
- Predicied: vecior<double>

- Average: double

RSquare(Data veclor<gouble>.
Predicted vector=double=)

TeamEunOak JungModel

main& =0l A{

- beta double:
- betaf double
~gamma: double
-tau’ double

- kappa: double
- alpha: double
- deitaa: double

- exposedDay: double

ME| E|-

—

A0 CIOIE #o|A0| FZoto =7t 2E

T5E 20f CountryS H@stct

S5tE Disease class& 84 27| EICt

2) Disease( String counCode, String disCode, float pop);

quare() double

0%
I
In
i
ro
1z
ely
k
H
=2




Disease 222 Country=eliA dd FA|0 HH=E[0 Country 27t =Lt

0z

CiolE HO|AOAN @2 =7t ZEQ Y FEE Primary Key2 | O|E{H|O]A Q| CaseH|
O|=0| 25t HIOIHE load®tLt.

® =2YE HOIHE 7t&trt. HOlH HO|A2 C|O|E2t Diseased| A& HIOIH2| A

= Chsa 2o

Sdata = pop — Infectious — Death — Recovery
Idata = Infectious — Death — Recovery
Rdata = Death + Recovery

WEB Class Diagram

ApplLayout js

l I /country /continent
/home Isearch § wydow.addEventListener v
v
) ) ) country js continent js
index_js search.js
|d.na‘me. viev.Box  String mapState, newMapState : Object
; ~viewBox : String 4 La)aeLrPfops - Ob“ift‘ ] onMapClick()
layerProps - Object checke ayfirr.rcurren ayer:
checkedLayer, currentLayer : ay
Array setHo‘vered‘(.)
setHovered() SElChcked)
setClicked() sefFocused()
setFocused() i v
CountryMap ContinentMap

Z7| search page, continent pageE [ME Fd}CL] Zast HEE X ist LHAF|=E 10

search pageE 10§11 country H|O|X|0 search ZtS F7}5t0| HMO| 7ts53I=E St FILE,

siol=

@ Applayout® 02| Ho|E HEHEER TS Ho[X|o| HojE HEUESS 0j2| AL
AZ(Menu ...)-index s, search.js, continent,s, countryjs= #2| p

@ state?} BN sEst= RS HE M2z HOFE (OkZ2[7t tiE 28 Al ->
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this.mapState : {af : “map-selected”})

® CountryMap : svg&2 E|0{RUe= worldmape 22 Al 22&E country?| idE &3 22
Lt2to| O|ES Z¥FE. O] HEHE OO A backend AH{Qt E4I5H0] sfiE =7t2| O]
HE2 S22 &0l TAISHA &.

4) Component Diagram

Component {l Web Server {]
Web Browser
«Component GET
O CountryMapf \
! HTTP «Component
| O CountryTabl
e >o\{ GET
«Component»
Sequelize

1 ~

«Component»
DataBase {]

Back-end Server I LY, {l

e

«Component» g
saveData saveData \ API Sever
/) crawl crawl
<<Component»$:I C} [] @ Dati Source
g Covid19_Crawler
«Components
Data Fitter ,-{
/) runCrawler
/runCrav.'ler
runFm(eDr\
«Component»
Scheduler
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<<Module>>
DataFitter
Generator
O
Generf?
«Class»
& /O SR \
«Class» «Class» c «Class»
Country Disease / Matrix
«Class»
(]
=] SEIR
Generator
LoagData kr/ SaveData
|
W
«Component»
Database
P =]
5. 4 M

nAzl g

rr

HEE2 2F gGMo 2 &= OXEN F7Hoz Tds) 2Lk A= o
=X
o
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S(Susceptible)

E (Exposed)
|(Infectious)
R(Recovery)

SIR

Model Describe

o 5 R
H__._._ = OI_
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ol A
gr ar -
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Model Describ S(Susceptible) : ¥ Z=H0| A= 742
oael Lescribe Sf(Susceptible) :#ESHET} U= 24 4T
E(Exposed) A=A, L SE IO
I(Infectious) T
SEIQR Q 22| B 7z
R(Recovery) 25

kI

TeamEunOakJungModel

SEIQRe| &% =77t HFXAE
0|2 BASHZ| Q8HA TotEl T

A2| % X=2stHM HF G0l BOX|= &0l AeH
= RAOICE RES] =7t=0| 7|2H2= o|2et & #|
AE Mz A2, SEIR 0|2 RALE 28HA 3 iterationOf AZI LYF 0| o1 = ALt

El
=

TeamEunOakJungModel®| A A=CHE

=

aL

S0 Yt RYEA, Fhol BIA lolee FP AMel wejo| YA S
= — Z

of 47t 507t ol WM T BT e

o =
AO| 9A|E|= EEO|Ct OFEFZEX|2 31 jterationOf] St O|O|E BEAIS QshA =S
C}.
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ODE Solver & Data Fitting Method

ODE Solver - Euler Method

Sili
Sivr = S+ dt (uS; — B~ — uSi)
Sili
for = fi +df lipn = i+ de (B =yl = )
Rit1 = Ry + dt(yl; — uRy)
y
Actual Graph
Yitr | o
Vil oo 1
=~ i i
1 1
1 1
H I .

X; x;+dt x

T2 22 S E0LH7| shAM AZXILHF 0| ODE Solver?t #3E|0f RUO{OF THCtH ODE
Solver= Forward Euler Method, Backward Euler Method®t Runge Kunta Method& CH2
ob 2 =20| QUX|T SIRZHES|l ZRO|AM = Forward Euler Method2 F 230 Forward

M
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ODE Solver & Data Fitting Method

Data Fitting Method - Gauss—-Newton Algorithm

Given Function f, Let r be residuals, r = (r; -+ 1;,). Let 8 be Variables g = (8; - )

rni(B) =uw; + f(x, p)
And then J is Jacobian Matrix.

(B
ap;

Use this Jacobian Matrix, Calculate next g

Ur)ij =

B =6+ (1,71,) )T (B9

2) 21t
PASS / FAIL CRITERIA
Half Fitting Data Full Fitting Data
4.10% America 0.45849289118301029 108 America 0.28477415546487184
25 T T T T
ol
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4 6 ® 15
il B
3o a0 |
T 4 o il
o} & yir="
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o C ] 05 A&“‘y
1 —fﬁ;&v 5
0 CEECaEEaE ERECEROREEEtaET ‘.f;‘f"c‘g? 0 e :
0 10 20 30 40 50 60 70 ¢ 2 “ o 13283‘ e 0
ol = - ALY P =
siy defzol dME o= OojE, EM2 A0 o[EO|Ct
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6.Ul % 0|8 Dj7<

Home Country ‘ ‘
Disease Information Web
World Active Cases World Death Cases
8,126,277 441,415
T un 182020003420 T 0300 (B3 ZE.)
Active death
ML77% Mligw
Confirmed Death Recoverd

Country

United States of America 2137707 116962 583503
Brazil 928834 45456 441729
Russia 545458 7284 294306
India 343091 9900 180013
United Kingdom 298136 41369 539
Spain 244328 27136 150376
Italy 237500 34405 178526
Peru 237156 7056 125205
Iran 192439 9065 152675
Germany 187184 8830 173600

[1] 2 3 4]s 2 > 10/ page
Focfer

0| X| MEf Menu AZY

[m

245 2Y2 MHY 5+ A= Cascader HZEHE

B Z7to AMMA| TR =2F AFYAL 2= HEDt CiH|sto] R HHE F7t
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=XIE EOF= HAIEE.

@ =7tE= AX EMIR|] TR}, AFYKL, X[=2A 4= HO|E.

Disease Information Web

China Predicted Chart

““““““

20239 3E 13% F4 0|5

SiE =7t9| RsquareE HEO{F. B E success criteria 0.50] O/X[=X| & % QUCt

e =7tel ol XE. MY AE ERMEZEH 11312 20 T4 o=,

© ® © © 6
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e

B2 A ANERERH 11312 £, 20234 38 132 34 0.
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China Confirmed Chart
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7. ZRME 25

YHE

7.1. System testing Result

Test# Test &5 Pass/Fail Criteria
(PASS) HIOIH & Nonezt0| $ILCH
B = C} &2 7}
27K SR %, AYR -, 3= aigg |PASS) HIOIE S 0=E S 20
“ 43™oz ApYSK ols Bt
(PASS) 2= H|0|H&| =710|£0| DBY
HMEE =7} 0|E3 2L},
= JE dio|EZ7 El2lo|C
: asgs dojss AAg ol (PASY 28 SR AR AULAHBA
Hgiste golsict G = sEAAT It e e
. lO|HE DBO| 83 HEZE HESt=A| |(PASS) HOIH2| =7t A2t 52 DO HEE o]
=olstrt, E{O| 7{==2F 2T,
LA 24A12000 S AHE =X . -
s AZER 24NN B EBHEN | a5y log7t 23 Alzinit 7S SR 2ol
2H0I3HC}
- HlOlH Ho|A0 M 22{2 HlO|E7F 2= [(PASS) CIOIE H o]0 E26ido|EE E8{=20t
Aot HE|E TS E =X HAESHDE
(PASS) IO E 22re HEIZ 75 E| =] HAESCH
ODE(Ordinary Differential Equation) .
7 Z =2 5
6 | oiverel ZAZHO| AAEIK| Ej A stcy, |(PASS) ODE Solver? ODES] 8 PBHCH,
(PASS) A E 2| iHo| 7t=5tCt
Matrix ClassE 0|8 BZE2| 7252l Fit [(pass) sizo| walo| 7bssiC).
7 (+, - % inverse, transpose, HEAN0|  [(pass) =] ZM0| FHSBICE,
SleX SeE, (PASS) HHES 73 & I
(PASS) B A S A MILSSHCE
HO|HE ODE SolverS 0|83 o|E = _ -
2= Ele E AlQ| ZI=6}C
8 ROl Tt 5| =20] HALS| S K| B|AE S (PASS) HI0|H H|E 2 =5} ParameterA| At0] 7455}t
A AtEl HabE 0t 51522 ODE Solverd _
-~ o gl = £ Sl 8l SEAY
o | medtoines gu srAlle gy (T 1 EE aemeterS S S S2A
= UEX HAESICH B = '
. H A=l A2F A 2=7} Success CriteriasS  |(PASS) M2HA|=E AHASH = Success Criterialfl 2&5H=4]
BHESHEX| AL, stolstit,
=7t AMAZ W S 7t HEYE ((PASS)=Z 7 HAHA| ZEIAL OB 7} LIEFLHCE,
11 . e
ClolE 7t 2ol EHE =X Zel5t}
(PASS)O|FEH2 = ST I7t2| ZAILHE LIEFLEA| =LY
=ts d9ds o s 27k
12 HAd SFIA ClolE7F 22| FAloz  (PASS)ZHRIAL HIOIE 7L HeE o 2 LIEHLtTE
20| ==X =olstot
13 =S HEiMe o STk 2710 FHEH (PASS) =7t 1E8A| SHHE =HFIT} =07}
A F0|7F Oz gAo=z Jdej= = LiErtCE
20 EHE| =R =0lstrt
14 =715 {43 S 0 X = {0 H (PASS)0| 7EH o 2 =4l UF7}F LIEFLER| @=L}
ZA ST o) SHE =X Salstot

0E HAE F1} (100%)
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7.2. Traceability Matrix

Method Class
1.1 —a  Test 1 ) runCrawler() _oloadCountryList()
1.2 —+  Test 2 -+ loadCountryList() _atoTimeSeries() Crawler
13 —+  Test3 ~acrawl) b JsaveDatap)
14 — o Test4 “~dtoTimeSeriese() “—terawl) Covid19_Crawler
21 —¢ Tests saveDatal) runCrawler()
2.2 —+ Test6 | . JdrunFitter) .
- runFitter
HH . Test 7 S 0 Scheduler
23 \_% = — % DataFitter | checkscheduler
{log path)
24 o Test9 _wetountryMap() A Country() Country
| 31 "o Test 10 ’ continentMap() Drisease()
3.2 ] Test11 “dloadData() Disease
33 Tl Test 12 AsaveData()
34 \\ Test 13 "4SIRQ, SEIRQ
T4 Test 14 ' EulerMethad() SIR & SEIR
lsgeuniti)
operator+()
operator-()
operator+()
operator=() .
makeCofactor) Matrix
determinanti)
1 linverse()
|1\ ftransposing()
hData
searchData countryMap
layerPropsi)
AWorldMap() continentMap

7.3. Success Criteria

R0 39 7|T0 BURE 50| oS ARLYM Y22 mAY Yo BUS ALBH0 I
I

=710 AR L SEIQR REE 7t

|-E
A1} Covid-19 HE= &
%

UL 3

Criteria®l 055 H&0 H33UCE Success Criterias HX| 23t 67= T 29 A7
Z2A0| R0k 04870 LIE22M FSHA| OfH| 3.7% Y= HCth AMEHo=z
H=o| A8A+ B #42 06722 Z2ME ZHJH 05 CiH| 34% ZIFEHH0
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country_name
The Republic of Fiji covid19
Belize covid19

Turks and CaicosZIsland: covid19

Montserrat covid19
Saint Lucia covid19
Curacoao covid19
Saint Kitts and Nevis covid19
Greenland covid19
Ethiopia covid19
Mozambique covid19
Cambodia covid19
Vietnam covid19
Papua New Guinea covid19

disease_name

Rsquare

0.999911865
0.999908981
0.999788109
0.999757543
0.998076338

0.99775964
0.997680859
0.996265702
0.987251438
0.984042647

0.50000176
0.500000849
0.500000267

Saint Pierre and Miquelor covid19 0.5
Switzerland covid19 0.49899324
Germany covid19 0.496521975
Israel covid19 0494238796
Ireland covid19 0.487982658
New Zealand covid19 0.486652112
France covid19 0.483172964
8. My &4
OS Ubuntu
IDE Visual Studio,
Language C++, JavaScript, Python
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1. Prediction of COVID19 transmission dynamics using mathematical model considering

behavior changes — Eun Oak Jung

(A8 1.1] ZELH9 W  https:/livecorona.co.kr

(O3 1.2] 2L https://coronamap.site/

(18 1.3] 2219 HA|ZH AZE https://coronaboard.kr

(A8 14] 2872, LIF-HO|
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| =3} 21, https://math100.tistory.com/120
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