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Alluie€ 25 @b e GblaY) 2l Ll ALl duhy Gl M 4 S
Alluie zhgar Gy Alad) Zelual GllaY) s e clalil wng @l ¢ Gl
Alalud) o3¢d Alany) Gldall alay) aayy . pallall Jia Al eV e e slaeYh casSHle
o3¢} (Stationary distribution ) il sl alay) &5 ¢ (Ergodic) asss Wl cus
Al
o el sl ¢ AG sl eCsSyle Ald ¢ AV AN L)
Using Markov Chains in Medical Field

Abstract:

This paper studies the time series for a number of pneumonia patient
as a Markov chain by proposing hypotheses concerning the number of
infections in order to set the problem according to Markov Chain depending
on the number of cases that are represented. After we found the statistical
characteristics for the chain that proved to be (Ergodic), then we found the
stationary distribution for it.

et sl sl / gy M) g sl o gl 218 fipaly ) acd ] ol
o gal) dasla [ cladaly Ml g @ gualadl o gle ALS /ilpndaly ) pnid [ (o 518

2018/7/3 Jsdl &k 2018/6/7 Cadl pSi) gy )




Akl el B CigS jla Jeudlaw alaiiaud [108]

:dadial) -1
(A8 sall) Hholail) Llaal) (1 Auaals Ala & (Markov chain) asSole dluliia &
(1907) Markov allall 235 ¢ (States) ¥lall e lae Jaiii (3l (Stochastic process)

c ol e el sl s3a sk ¢ CagSile Al ApuluY) sl g gl (e

385 (e Aplatlly ¢ dpelially ¢ eyl Vbl i85GSl Aludude Craddivlyg
AluduiieS Joagal) Ate & A0 b Gaper ALl 22 delua e Ginll 1 6 Lialaial

- ALl o3¢ Ailiany) ciliall ey ala) w5 ¢ CisSile

sball 4 e s Al (Stochastic process) ddalaill cilileall (o I llia

ilanY) Skl b dals S L) 0 ¢ GgSle Sllee slavsall Cilleal) Lgiy e dgasal
oy Lghsan ey sl 4 Jady S (Stochastic Process) agalail) dylasll aseie aec
Bl ansis DY) dals e didaill By (ass of Wlaal of Laia oIS elo) il
Vas (aall sl ) Luaiad) dlaadl I dail) sy ¢ (Random Process) dslsie s
Al 6 alh Gl i Alee 13Sa ol RS 8 Aldine saaly s ga Jelail (e
asSle bl )+ liiuaal) yshai & ma e cuils dlia (5 Aflsdall Adeall o Lol
siad Al ¢(Stochastic Process) ddalaill didaall (e 4ali dlls a (Markov chain)
Alee Ay Jyead oSay el 138 ey (State) VWD e apane e o dgame de e

- 3Ueall a3l Alladl o Conliy Loy Alal) asgia ity lldg ¢ CasSyle ilae ) duhalia

daulY) aliall aias 8 S5l e (1970-1906) A.A Markov sl allall sy
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¢ Alaial) el @3 CagSile Anlaad mamal) ol JSuel) 1923 ale 4 Jaal 3
. [2] (Wiener Process) iidac dgleall o2a e (3l
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desane ) agm t ol 3 ot QA Lo Dy ) Al il e (Ale) desene o
[2] {X(t)} iU o {X(1), te T} 3olsale Sl 3ays (index set) T aslis

: (Time series) 4l dlulaall (2)
seill Jisi (Stochastic Process) dgabuaill 4leall & T 40 de genall culS 13)
Saine Aol ALulid) 5<3 g ¢ (Time series) dieil) Aluludly Mvie o 43 gdal) dlaall 0
dakaiic Lo t culS 135 {X(D}e) ey ¢ —oo<t<ooculS 13 (Continuous time) el
(Discrete time series) (o)l daladia dluli Yaie  and Aol Allul) Gl t=0,£142,...

il 1Y Byt Abdid) 655 ¢ (X 2 JLaid™ o {X t=04142,.} oyl W ey«
b5 Jsme Jea IE il 1Y) ale oladl Alulull (58 WS ¢ il 5k Y Aglasy) a5l
2] @l Hema gl Y
: (Markov process) a8 )k adae (3)

ool ol adaiiall il e Ju Al Aaleall 3 (Adaliaill) Alsdall dleal and
Markov ) oSl pald csia 1)) (Markove Process )  asSle daleny el
V) bydll s, (Property

all e Bllame Aesemne A5 ¢ X A Ghpdll Jaal¥) apsl o)
t; <ty < oor <Aool sl e degane Ay ¢ Xppoq sl ad Adind Xyq, Xpp, oo Xeno1
3 et

P[th = Xn/Xp1 = Xl,XtZ, = X3, v, Xtn—1 = Xn—l]
= P[th = Xn/th—l = Xn—l]
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: (Markov chain) <asS)l dluluia (4)

Stochastic ) daslaill ddasll (e dals s a (Markov chain) <o)l dluliia
(Parameter) t dalsdll oy (State) cY (e dgaaa e o ¢ 3asa 22c 3 (Process
ol e Ja e Al

ey sae DA Losalh Lo e A eV (e dlule o GsSile Al 32 (Sayy
4] 5 [2] Adbide Ay are DA e aun L ey ) adlsall o Aludis ol LAies
potlla Wal o< el e ol
sl o388y ¢« (Discrete time Markova chain) ahsiall el s oa RN
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Julii (N) el 2ie Ul o ated Ju Gilsde Daxie Jia Xy & 0l Xo, Xy,
v ke Aludidiag o Xy i panciall
Continuous time) eiwdl craill 23 e Ju Adaall o€ Alla ¢ Al Al
JEY) e desane e le Gl e Ju G dabed) (L gy 3 ¢ (markov chain
Cadlad) e ddaal)
:(Primitive Matrix) adlall 4d60a4ll (5)
dad e cigal 1)) (Primitive Matrix) ddlall 48 siadly P JEy] Vsl 2 o
¢ leia J8 @AY A8 aal A o 5 ol Apslae o5& ) (Eigen Value) sl
Aaill Ja cpe A1 all sy oSy [S] Adlaal Al 22,3, ¢ 4 > 4 of o

IP-Al|=0 .- (5-1)
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id Aghoas dlay OYL oS 13 (reducible) dmil ALE JEEY) dshas oSS
Irreducible ) 4ijall ALE e AJEEY) ddghiadl)l (S 4uSayy ¢ Asiadl o8 (e dalia

) Lﬁi (matrix

A, 0
A= -
|:A21 Azj (&)
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[6] . 2l Alaall desanall 8 A G

(Closed set) 4slaall 4 saadll (7)

O& 13 (Closed) 4alaa C (5K . S Al climd (10 Ai)a Ao seaa C (Kl
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: ( Communication ) Jlai¥ls sl s (8

je>i 3all ld 305 ¢ (Communication) Juaidl Ul Legdl j 5 i oallall Jla
JEY) AL K 43) g P™ji>05 POy >0 of Cusan,m> [ olasaia plase g 13
d i AN ) AW e Jl) LSl S ¢ calshall (e N oaay j Al ) i A e
- [4] aslatia UsSy ¢ 3ygpally Gl N M 5 Clsladd) G M
:(1) 2w (9)

6] - Ao AN ppen il 13 Ladg 13) Apaill ALE e CaiSole Aluluia (558
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O ) s JS (e JEN) (Sad) (e oS 13 (Ergodic) dssd casSle dlulu 5S
Ansd 0585 asSle Alulu (Al Bl ol ¢ (Baaly Belady JEY) 5S o) 8ygpally ) Ala
. [3] -(Irreducible) 435all 446 e 5 (Primitive) 48ly <ulS 13 (Ergodic)
[3] : (Stationary distribution) gl aysill @ (11)

wsixig (Irreducible) d5all A4 e (Markov chain) <asS)le duls culS 1)

Ja salan) Sy ?a_.;x frbs.u.u ’Lw'}s diiai galé (recurrent state ) sae <Vl e

oY) Al
7 =xP
n ..(11-1)
D7 = P
j=1 SN

7, =limP", >0,j =0,1,2,... ..(11-2)

j
D oubilly AlaaY) cuilali-:4

Ate b A0 @I e bl sl Al AL A B oda 8 Jola

sadl (BU)y <Y il obad s dpedll cNaedl ARG ( (oo dbilaa 3

CosSoke Aluluiia drga ) bl Jiad Jglatey dppead) clidl) Giliies ¢ (2009-2012)

P b WS
&b aaaiudl uladl s (State) Alalls (Step) sshall Cayps & Aluall Y1) 3504l
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G Gl gl 3aal Gagall g cbiadll sae Ll (State) Alall Cayps Caall 138 8 g
. By sial) calill)

oAl Ay 3ae (e Galiadl dae 52l Judi (Step) sshall L

B 65 e ST Basly A G zsliS A AdB) jeell i Jiag (1) Jsaall

Ggpanll il (1) Jsas

State Class
S: 14-0
S, 44-15
S3 64-45
Sa and more 65

DY) oyl 232 iy @M V) Jeaall e Jseanl) 5 Ll ol e alaieYs

s 2 A5 D (o yey cbiad) (Bl

(Al ldll) eV e cpeyse (dapall dae) as(2) Jsas

S; S, S3 S,
2009 60 54 27 8
2010 143 75 43 23
2011 206 187 60 47
2012 201 123 42 36

C(ed) ) oS le Alulusidl Aibd) eV W B SiLi=1,2,3,4 o) 3

p JEnY) ddgiiaa (<O
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Ugas & Al ¢ (Transition probability matrix) :adlaia¥l 2éssaall o<l

- baaly ie) sang B Al ) Al A e )

Bisie e lilall o3 ¢ Gadll e B3jia §ypear ompall A5a Caai cilily ) gz lias
Cdaaal) SShAll (5)53 U8 omyall Axabe e casd Ll

¢ AR yeal) iy el KU all e Gleshes Jard ULl e i) L
s s (e Al Jsaill A ghiaad Aadle dpulud 3208 (3aals diu) Lpiell saall cudasly
D ohs Al Ay penl) )y oasall ASHa Caiag) Al cilial )

eyl ae 853l ¢ ate el (6K o) sl Y i opee 223y pange T @
+Spy byl L ALl Ala) (e B S; Als 4

laal) sy dbadl §) Alall ) el e il oyl 20 & all) o

Slo sanll & (Galad) 300) Basly Al saal Bgial) clillly ciliali8Y) sda aladiul
. (2009-2010) lsiaall NN (aa oz yall dlaef Jiay 53l (3) Jsand)

(2009-2010) sl eV Caa iasall el o (3) Jsaal

States Sl SZ 53 S4
2009 60 54 27 8
2010 143 75 43 23
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Akl el B CigS jla Jeudlaw alaiiaud [116]

(2009-2010) 530l jainyall &yl 3,2l (o (4) Jsis

2009/2010 So S, S, S, S, b guall
So 0 0 0 0 0 0
S, 135 8 0 0 0 143
S, 0 52 23 0 0 75
S 0 0 31 12 0 43
S, 0 0 0 15 8 23
WS 135 60 54 27 8

L 2011-2012 52010-2011 sl g AY) Johanll (35S o Loasis Ayl

(2012) 34 (2009) oo (o (oaimpall Agppsl) (S ) Npal

(2009-2012) (oo pell & o) ASall (g (5) Jsan

Si/ Sia So S1 S S3 S4 & sana
Cagauall

So 0 100 0 0 0 100

S; 341 114 95 0 0 550

S; 12 195 151 29 0 387

S3 0 0 72 62 11 145

S, 0 0 0 39 67 106

32ecY! & sana 353 409 318 130 78

i ¢ 4 ol 3 Cagtall K pganal) o Ciua JS jualic audi (5) Jsaall (e
s ¢ (2009-2012) clsiall Alan) cNeaill 48 haeS aaiind Adlsde dstiae Gl oo
e llass ¢ olgie GUIaS, ¢S, ) A myall AHa e A0V clialaV) W s

(6 Jsal) W) Ul
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A @l Gubiad) dael JERY) ddhias cun (6) Jsasl)

So S; S, S3 S,
So 0 1 0 0 0
S, 0.62 0.207 0.173 0 0
S, 0.031 0.504 0.390 0.075 0
S, 0 0 0.497 0.427 0.076
S, 0 0 0 0.368 0.632

. P adaaalll dlial)

- JEY) disiad gyl Lhidl mag (1) JSal
:(Ergodic) 4yl :4-1
Cmbaal) slae by Abicial) oS ke Abududia culS 13 o o of 3880 038 b Jylad Cigas
CAA ALE e Al JEY) A shiae cOU) allay Mag L Y a) A58 A5 Cld

0.390

632
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Y ¢ Al AL e JEn) dgae of aai (1) JSalls (1) daajud) Aaadla (e
iy Sy Baaly Al Ao gene ggiad ¢ OV pen ) Ala A o Jsasll (Sany Al
Tasly (g5l aill 038 (gaa) of il P siiadl 43030 2l slay) e 4l ddsiiadll (f
Alaill Ja oty A0 o) sl .« Aillaal) Aelly Lie JBl al) A,

[P =3I =0
A5V 4B adl) e Ulas oDlel 8 alaill Jayg
) = —0.7179
3z = 0.1699
=1
3y = 04717
35 = 0.7413

O 23 adll 38 G
A3 > |, i=1,2,4,5
C Ay JEY) A has of Gl (e it
:(Stationary Distribution) i) a3yl :4-2
dngy e a3y aag 4ld « (Ergodic) dsisd Ll Wl & JEy) A8 has of Ly
(1) el
p Y plall s e ) aysill alay) (Sas

p= T
?:0 m =1
m; = pr(state(s;)) ¢} I
. ;\:\:&\ ﬁm S llas o ‘_55 (aLL'aﬂ\ da (e
m, = 0.3160
m; = 0.5020
m, = 0.1539
m; = 0.0232
m, = 0.0048

G (50 0alaiY) Sleel 8 5T (sS omall 13 L) Agllaia) o it all o328 (e
Ja) ddlaia) ls Auihaie At sdag peal) 32 WS dulal) dulliial Caacaiy 3pde Al
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T, = 0.3160 daiy dliciall WUgia Loay oladl) Ala I gyl

: alabiiiuy)
O o s Adaila AN @l Gae ablay) 2l el Al Wy PlA e

il ol 1 alasl) e S sS Gapall g Bl Adlaal ofs . Aged Al
Wgine ol odag Aiu (14) oo pasill jee A3yl 13 Blall AdlaaY) Canais ¢ dau (14)

Al o3 b aaieaall gz 3sailly Akl 3 lS LY s Lea

1 yilaal

Clasla) I e3all dlee culinlad g 4 sSlaladaill " (2011) Gy duls ¢ 3 -1
1145 dary Gy i€l g lay) a8y

DAY ol e T Al clpenally AdlaaY) Aadatll " (1991) Guig Jub ¢ gs3-2

Ay " Gubill ae 4058 GSle Aluds ' (2007) by deal Gled ¢ g2l -3
LS daala ¢ ala

& oball claal Laadl Al dsdais Jiai " (2000) el ae slis ¢ e danall —4
S dmala ¢ il Al " Joagall diae
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