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3aaly 853 3 ¢(178) Aaul Ll Leal) Ll dmasall Al (368 a8 wa)) (e B2
53535 ¢(078) 3asls Ll el Loy (davessll) Zanaall Al cnt B2als Aa (1e
sl e af apl aagi WS ((178) A Ge dlude el gl Slaally 6 o
2y Jindis ¢(07°8) Aapl Ll L) DLy (dasmssll) Lpmanpall dadl) it 33584l)
adll & ¢ (1's) saaly el L) Sy Bnapal) dadll (368 5asly Gad (he
ddars (078) saals Lol L) Ly (daseesll) Bonasall Zaill cond g 3,38
iadll g0 b anl dlng el dadll cad @b al Gl dle
e lidl Sy . (5el8) Badie gy s Lalgdl A (e 530S e sanal dgmasall
Ssdleally chsall Hlad) sasiuly ddledall @b o Llsdl e Judial
.(Values equal to the reference)

ol JE 331 Gy cdmanyal) dall Jasally (g5l Al lia (585 Laxie
b s 1Y Le s (i g odel 3l il e lplutal st IS 1) L
Cluny @l sy (o) Hlial glac) & NCSS 4. didaill (e Lelalady dadl)
Agnayal) el dglae Wajliicly Guly el Ll Aadll il dyglse gl dasl
Ageajall bd e al) g Uil (50 hainl el Jadall sy Lae

' o= 7" ddasal) duad)ll bl e Al bl K1Y ey e JbaS
N PRV PRFEIRI R DY-SRECTE SIS AW I P

47 44 49 | 48 | 50 51 45

Sl ol Gl ) el golud Auludl oda & dad aly o)
0017110 FOsS glll

D0 Vol ol ol ilSe B LS5 oSl cdiiaa) el Glsial s
gmaal) dadl) i gye ¥ e

:(above) e laliyse) 13 Wi

0011110
Agrayall dagll (e 0 550 Y 5 cabove el saaly sy llia muad
:(below) (il daall Aadll of Lyse) 13l

0010110
Agraal) Aailll e Ao clysa B cabove el sys Y cllia muag
- i
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O Gun (el it Wl Gl Al Aadll 4yglas ljsel 13 L
Slel il 8y Gl muad (ol colS A Ladll oy ) Al Lol
Jazayal) dagdl) e st )9 ¥ 5 <above

0011110

Alia (35S Amayall Lagll Lyglosall Lol 238 Jalad o dads 2 13 L
g D sl e cllagbelow” al oiys05 “above” e saals 35
N =6 J (addan AL a8 2ae (Sl

s il amd Badl e sl ol dalled (6 of (S byl LS
Bysall Cligl) a3 Loy g dll il il e Jally ¢ Jsul) aaalae

S Ky e ol culS 1Y L A 8 dadlal djledll s
oLial unse 52 LS ((above) odlef ylsl) sail) o dagll o olua & Loxic
il oda Jads Ul Caglladl e e (55555 ¢(below)
:(Runs Up and Down) Uasu, 13gma cilyaall Cilusa

(s N 221 (Up and Down) Mg s 13smmn (The Runs) <ysall Glual
led dnlull dadlly dad JS o @) B el oy cpad)l) ClL a8
BV e N1 e Al Alale o LY Lealadiin

Glill) Aluded Jid) Jae e ¢ ioa Qi 2 dygladia all culS 1)
N =10 bax af e clls ) 306 4

44 40 33 26 27 44 46 54 50 51
AN =1 =9 gl @A) @Al clay S Gl oS,
- - = + + + + - +

(Adadl) BLEY) et e Judidt Ll e Uagaas 13smaa 5y5ll o
Opsas ¥ = Jshy 5 AY)s ) = Jshay sasly) Uagas e JEa) 138 iy
Wl € laae chss e o8 = Jshy gAY ) = Jshy 3aaly) sea
alasiuly Uagny sma clyoall o Judedill 138 Slia) (Sayy cUaginy 1sea
-Runs Test) (for Serial Randomness Juluall 43lsde &fygn oAl

-¢¢ -
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Tid Values i Laidll adll §f adll g5l
Graag O 1) Lo doa DL A3 Gy sl liad llia (1585 Laxie
S ol 1Y L “down (<) Uaga ol “up (+)” s S o LS Liual)
A gl LAl slac) (NCSS zalin & &b . didaidll (o alalady 4gads
e Lae (ALl (Ladlall) 5)LaY) luia) 25 LS it jiuall il ol many
O 1Y JEal Jans ¢ gl G0 il dysltiall )y Al 350
OB V) 8 wmsall 850 dadll Aila) 5 Aalad) culilal) dlule (i )
P VEN = 11" baxe zmaay al)
44 40 33 26 27 44 46 54 50 50 51
chlay S Juladlly Gbglad) L o6ay) 6, A0 a8 o
N Al aY) Jd KO G jhea A s3a & 54l
- — - + + 4+ + — ) 0 +
Aua o Al sds b gy calSe 8 4S5 (Kls il Clidal oy
to) &l N sl up” el jaall Gyie) 13) Wl el giysag cJaud s
- - - + + + 4+ - + +
acgena Wl (Uasia) Jind) (4305 (Mgma) oY oysn ollia iy Y ald
135S Uagn ol (down) Jaud Lacall Uysie) ff Lasial) 13 Wl .clyen €
- - - + + 4+ + - - +
W (Lasm) o oinsns (1) oY oipes Wl ellia I Yy
o Wa (non—critical tie) z)all ne (goludlly omy Lo laag ccilysn £ 4c gana
Skaayl gty eyl
U gan Lgabucia oy 43ld 4l AaLal) Zagdl 55080 Jia iuall 3)L5) Uysie] 13
ey JanY L)l cul€ Aglall el (Y (Jaud)
- - - + + + + - - +
W (Uasia) Jdl uiygns (pma) (oY oo i JI5 Y Wl Ling
it alalas o heall dads 2013 Ll L clye £ 4csens

- — —  + + + + - o+
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Jal sy (Rsma) el oiysn ia Ji ¥ Wl Al o3a iy
Voo Ge Va4 ) s 5 chlay) s oSl e € desana W (Lasa)
LAY i e Sl gy Cosug

plae o il A 0 o oSe Lsbidl il ZMe o ey G Lea
sl i) Al 8 Laliy daslill (g dll chlaal e by eyl

a8 sl o L) ddbide Agladl gl aeyy J8 iyl culk 1)
s “down” Jand g o “up” oY 1ageia (ol el 13) agy Db (Jidl
.(non—critical tie) zall e (gsluill Alall oda caniig ¢ Dhoall e ity )

ae ol leudt A gslall aays J8 chLaY) culS 13 o gual Bali g
sl g Jalail Ly iy Sl dGylal) e adiny sl

Al calS 1) L A sa sl sda Jie 8 @l el o
S dup” "lel Ll e chlay) Glaa) ay Lo elpu jaS IS8 e
Cagllall (e Gl 4l WS “down” "Jaul' Ll e cblay) Cluia) 2y Lavie
chsal) CHLER) e alagindy Lol Aysluiall adll Jads

ssanlll Liml) Cily5al Al gdial) i)

Single-Sample Runs Test for Randomness (Wald-Wolfowitz Runs
Test)
—ally ylasl aladsiu) oSa (Yj(=00rl) Zll A n Jde Jeaall
055 A Al ot gt SLEAY Gl oy ] el Sisgills
& hall eal) sl (5 Lotie Aglpdiall aaall b () sy cilsde
s Jl e o (00s) 5 (108) I e laa jaS o
daddyll clilul) Gl aalil abld) Je Joasll LAV 13a aladia) (Sa
(dasus5ll) Aumayall Al (@bove or below) Jid o el W) Lt & Al
aally A aal) G Aluls 8108 () 5 0°s (N)) G e ) il
: o Jaiad) (Runs) cisall axe sy adY)
R..=2
R_.=2Mim(n,,n,)+1

- €1 -
YoV Gl asd) Al 5 Adlal) clud ) ddaa



EVEN I PR raiail) (g ghenall il Judadl laa) o bl

F58 Ny N Asagleass E(R) sl o adsiall saally

B(R)=2M"2 4
n

: (Exact Test): 580 iy

cVlaay) Glea lule cay Al AL Gadll LY leal
a2l e Jpaall Addl 3 17s () « 0%s (n)) I axe e ol 4kl
chsall e slaal)

ae Als b ¢ Jleal) 22l 5K of Jiald (dlsdie Uil culS 136
(YK 2u dag il dael) Gaead Lglae 'R cilys

2(n1 —lj(nz —lj
P(R = 2u) = U1 u-l (1)

o)

oand Ll 'R sy e Alla 8 Jlay) sl o8 o) Jlaaly
(VK 2041 daagyl alacY

[nl —lj(nz —lj +(n1 — lj[nz —1]
PR =2u+)y= U\ U - v Au-l - (2)
)
The exact upper one-sided P—value:

Oo llad) P aed ol "csal) (e 13a 5a€ aae” 3 ol i dll dpually Ll
fep Qbsall e T axed 2aly caila

P(Rzr):RfP(Rw) - (3)

The exact lower one-sided P-value:

- ¢V -
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oo WAl P Aed ol "cgall e 1 i aae’ 3 Jaall (el dallys
1 Ghoall e el aaly il

r

P(R<rn= > P(R=V) . (4)

v=R

The two-sided exact P—value:
tsp T sl e laaliall ) sl Gasla e P e ]
P(R-E(R)|2|r-E(R)])

E(R)r-E(R)| Rimax
= > PR=v)+ > PR=V) .- (5)
v=R i v=E(R)+r-E(R)|

Asymptotic Z test:
e alad) d)lEa) dy)lall Z Clebias) Glaa A 5ySlh n J dually

VIS sl (e
r_
Z:—M" (6)
Gr
H) S
2nn,
H,=ER)=——+1
n
(7
o 2nn,(2nn, —n) )
r n’(n-1)

0sSs Lesales (Exact Test) Gdall HLaaV) e 4y J8 6 HLaaY) s
bl mavadl z Ll e 48y i

- A -
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NS A i) praal pa cujliall Z JLEA) (659
(Asymptotic Z test with Continuity Correction):
A=l Lﬁau\ Lﬁ)l:\a.A\ ‘5.11..4;‘!\ Z iy zonaal Qi S N 5<8 Laie
:‘é:&ts Gilysall e 7

05 s
Gr
ch = O 5 o (8)
TZHTDD it ey,
Gr
o Cus
b =E(R)= 200
n
\/2n1n2(2n1n2 —n) ©)
c, = 5
n’(n-1)

Lila 28y ST 4l (Exact Test) gdall 5loaV) e 482 J8loal) 1
(gl Z il e

sl _andal) colald) —¢

Aalall Laadll (53S5all Jleall gl 5yl (o Clibndl e Jpandl &
o Sl chlaay Eh (Dl zl) Clelaaly Laldll slasyly
Uall Gl Lagysis (Dl Claled ae e cbldl calliiy Yoy 1=Y 00y
1 A cerdin) Al bl g 2y Olalhaally el o JST dialal)
PN FSPUN PRV PUSPRRIENA]
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#5051 e Cpllaall padarl) Allall s Lgaygis Y cilalgd a3 (1Y) by Jsaa

R b [ s | s | agsagd | dmads sl | dmls da ,

Year | ol | 7 | it | Aegiege | A | Bhagie | Ueake | cewe |
TotaI(M) X1 X2 X3 X4 X5 X6 X7 X8

2002 70069 13345 | 26707 2724 17472 1319 8311 18 123
2003 69867 13439 | 23872 2139 16006 1138 8416 82 4775
2004 64496 10759 | 25217 2317 15581 732 7678 115 2061
2005 65047 10528 | 25266 2933 15981 650 7887 140 1662
2006 65461 9010 | 26562 3030 16503 940 8046 86 1284
2007 77878 9846 | 30742 3822 18812 1013 10052 81 3510
2008 84430 10175 | 32446 3295 22629 1011 11293 78 3503
2009 141467 17478 | 47142 4744 42815 2116 22590 427 4155
2010 149376 16761 | 47295 6685 45408 2263 23690 234 7090
2011 151933 14503 | 46585 7133 49799 2083 24014 600 7716
2012 155261 14836 | 47570 6749 49450 1788 23823 1002 10043
2013 162583 20150 | 47352 6907 49403 1878 25006 755 11132
2014 180344 21380 | 51007 5732 57184 2072 31217 1121 10631
2015 199867 21959 | 50796 7870 62830 2403 33698 836 19475

* LY a clithall {adath) Dall T Lgayjgig @Y clilgd sse 1 —Y) oy Jgia

A [ ] | e [ Tassnd [amnisea [ it [
Year | clilhal) QS | Aawgie e | dbagie | daagia Lie aalaag i o
Total(F) Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8
2002 70069 23125 | 22903 2266 16125 994 4574 18 64
2003 69867 22790 | 19831 2016 14976 878 4576 28 4772
2004 64496 18253 | 21013 2017 15202 570 4783 77 2501
2005 65047 17652 | 21428 2929 15441 518 5041 83 1955
2006 65461 15390 | 23760 2972 15697 914 5106 46 1576
2007 77878 16318 | 27974 3659 18056 862 6837 52 4120
2008 84430 16176 | 30047 3265 21650 888 7720 26 4548
2009 | 141467 | 27898 | 43141 4812 41986 2226 15583 309 5512
2010 149376 | 27887 | 42243 4891 44707 2067 16320 114 9147
2011 151933 24222 | 42477 7884 48415 1916 16513 413 10093
2012 | 155261 | 24361 | 43151 7717 48505 1773 17116 666 11972
2013 | 162583 | 29779 | 43605 7694 47426 1512 18525 595 13477
2014 | 180344 | 32322 | 46954 6051 53216 1642 23383 759 16017
2015 | 199867 | 32181 | 49023 8463 59367 2560 25790 589 21894

.@lly g la3h clslany Aygid) 8yl : jaaal) *
(LS — ke — lias agls)**
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Glilall oda e A4l cljadll 4 Gylas 4ty b e @adal Ulee
Ghsll Jdai 8 Gl 1 G deadiod) ) Gaky ol Aagal)
uilS a8y 'NCSS 11" Abas) mabipll alaaiuly &by (Analysis of Runs)

t YIS il
cililiaally (silhaall (4aaY1) asaill g5 (g gienall dpeailly clibil) ey adla (2= 1) Jsaa
Data Summary X1 Y1
Input Data Type Numeric Numeric
Rows Processed 14 14
Rows with Missing Values 0 0
Total Values In the Sequence 14 14
Reference Type Median Median
Median 13971 23673.5
Values Equal to the Median 0 0
Values Tied with the Previous 0 0
n (Total Values Used to Compute Runs 14 14

Above and Below the Median)
nl (Values Above) 7 (50.0%) 7 (50.0%)
n2 (Values Below) 7 (50.0%) 7 (50.0%)
n+— (Total Values Used to Compute Runs 14 14
Up and Down)

by ¢ Jdatll 8 Aardioaall ilill) Caag) Ladle (a7)) a8y Jstn any

Ganapall dadll o) Al e ey SRRV gag alail (e S (gsianall duilly
Al (23673.5) ius ouillaall daally (13971) alu 5o Japssll o Ladiiusal
(n2) obdl & LAY Caailly (n)) dapssll G368 V€ )l Caad (o LS. cilallaall
GDle a9 VLS gl 8y dimajdl Legll Lylus ad Slia (S5 A

-0\ -

YoV Gl asd) Al 5 Adlal) clud ) ddaa



EVEN I PR raiail) (g ghenall il Judadl laa) o bl

Runs Chart (X1)

Runs Chart of X1

Reference = Median (13971)
25000

20000 -

15000 -

X1

10000 -

5000

T T T T T
1 4 8 11 14
Observation

Runs: Above = 1, Below = 1, Up = 3, Down = 2

sl bdl) e Gilhall (AuaY) andadll oY) (g sunall Adedl) clilul) Auda (1 -1) a8y g2
Runs Chart (Y1)

Runs Chart of Y1

Reference = Median (23673.5)

35000
30000
S 25000 -
20000
15000 T T T T T
1 4 8 1 14
Observation

Runs: Above = 1, Below = 1, Up = 3, Down = 4
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) bill s cliliaall (L)) asbeill J oY1 g gioall Aail) clld) Ao (o =) o) JS
OSars srapal)l badl) ae Agdedl) lL Alule ¢ (V) USE (ampms
Mg g 13 gmam ol yoal) IS g Jagugll niy (558 <lysall pa (il Aaladciu
Osblhaall (4pal1) andaill 61 (g giunall Lpcailly iy gal) Gadla (1 -¥) Jgaa

Runs Summary (X1)
Runs Above and Below the Median | Runs Up and Down
Min Possible Total Runs | 2 Min Possible Total Runs 1
Max Possible Total Runs | 14 Max Possible Total Runs 13
Expected Total Runs 8 Expected Total Runs 9
r (Observed Total Runs) | 2 r+— (Observed Total Runs) | 5
rl (Runs Above) 1 (50.0%) r+ (Runs Up) 3 (60.0%)
r2 (Runs Below) 1 (50.0%) r— (Runs Down) 2 (40.0%)
Longest Run Length 7 Longest Run Length
Longest Above 7 Longest Up 4
Longest Below 7 Longest Down 3

Clalhall (AuaY) asdaill J6¥) (g ghonall dpailly clygall padla (@ —Y) Jgia

Runs Summary (Y1)

Runs Above and Below the Median | Runs Up and Down
Min Possible Total Runs | 2 Min Possible Total Runs 1
Max Possible Total Runs | 14 Max Possible Total Runs 13
Expected Total Runs 8 Expected Total Runs 9
r (Observed Total Runs) | 2 r+— (Observed Total Runs) | 3
rl (Runs Above) 1 (50.0%) r+ (Runs Up) 3 (42.9%)
r2 (Runs Below) 1 (50.0%) r— (Runs Down) 4 (57-1%)
Longest Run Length 7 Longest Run Length 4
Longest Above 7 Longest Up
Longest Below 7 Longest Down 4

- oY -
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oalally bl 8 sl axe masy @A ((-Y) Jsan (e s
O WS ey aledd saalg sysns orp Jasasll e sasly 5y50 Al o o psllaally
elow ¥ CulS 3y0 Jskl oy or— Ungas Bys0 Y oft dgma cilypn ¥ &lla
) Mg gna ys0 Jshl cal€y ¢ alind o o)) el
saaly 550 ia o clillaall (aldlly (@ Y) s e iy WS
M g clysa ¥odlia of WS ory alind saals 3y535 oy Jasasll (e el
V ilS 5yp0 Jshal s 2%0V. Y dauiy - Uagid Cilysn £ Slling (%£Y.9 dusiy
N CilS Lagias 13gmam 90 Jshals ¢ alind 5 sl e o lou
Crillaall (V1) pulaill S (g gianall dpnillly (3800 SLaY) quilss (1 -7) Jsan
Exact Test of Runs Above and Below the Median (X1)

HQ: Data Sequence is Random

Expected Total Runs under HQ = 8

Alternative nl | n2 | n | Total Prob Reject HO
Hypothesis Runs (r) Level at a = 0.05?
H1: Too Many Runs | 7 7 14 | 2 1.00000 | No

H1: Too Few Runs | 7 7 1412 0.00058 | Yes

H1: Two-Sided 7 7 14 | 2 0.00117 | Yes

Clithall (A1) andaill J6¥) (g ghonall dpcilly 5840 HLAAY) il (g —¥) Jsaa
Exact Test of Runs Above and Below the Median (Y1)
HQ: Data Sequence is Random

Expected Total Runs under HQ = 8

Alternative nl | n2 | n | Total Prob Reject HO
Hypothesis Runs (r) Level at g = 0.05?
H1: Too Many Runs | 7 7 14 | 2 1.00000 | No

H1: Too Few Runs | 7 7 1412 0.00058 | Yes

H1: Two-Sided 7 7 14 |2 0.00117 | Yes

o Cus (Exact test) 3fal HlaaV) mibs o(-F) &) Jsas zodass

Fad o SLESY) 13 il (e peing JHy sdie il Juls 58 asal) :
aaal Apally @lldg P = 0.00058 <ulS aalgll culal) o3 laa¥) Al & P
P = culS gulall 53 HLaa™U P 4@ ((Too Few Runs) cfysall (e aa a8

-0¢ -
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Lsia (sgiue die Afledall aaall (i (mil S Qs 13y 0.00117
L Slsdie e @bl duls o 6 0 =0.05
Cila 0 JWRY) Ala 8 P Aad o (7)) dsds e gy WS
Too Few ) hsall (pe 1aa il aaal 4y &lliy P=0.00058 <wilS casly
O e Ju g P =0.00117 <l cpulall 3 Haadd P g oy o(Runs
rlsde e Gl dulis
At gl g qulitall Z jLsdf @it (1 —¢) Jaa
Crillaall (LaY1) aslasil] I 59 (s ghonall Apuuilly
Asymptotic Z Test of Runs Above and Below the Median with Continuity Correction (Xl)

HQ: Data Sequence is Random
Expected Total Runs under H) = 8

Alternative nl | n2|n Total SD Z Prob Reject HQ
Hypothesis Runs (r) Level at o = 0.05?
H1: Too Many Runs | 7 7 14 | 2 1.797 | -3.0599 | 0.99889 | No

H1: Too FewRuns |7 |7 1412 1.797 | -3.0599 | 0.00111 | Yes

H1: Two-Sided 7 |7 1412 1.797 | -3.0599 | 0.00221 | Yes

Lty nal aea il Z Ldl il :(q —€) Jgaa
Clalhall (AaY)) astaill J6¥) (g ghonall dpaailly
Asymptotic Z Test of Runs Above and Below the Median with Continuity Correction (Y1)
HQ: Data Sequence is Random
Expected Total Runs under H) = 8

Alternative nl | n2 | n Total SD Z Prob Reject HQ
Hypothesis Runs (r) Level at o = 0.05?
H1: Too Many Runs | 7 7 14 | 2 1.797 | -3.0599 | 0.99889 | No

H1: Too FewRuns |7 |7 1412 1.797 | -3.0599 | 0.00111 | Yes

H1: Two-Sided 7 |7 1412 1.797 | -3.0599 | 0.00221 | Yes

by ila 53 LAY P aed of (1-£) Jsan e ey HLod) 13g) G

P 4ud s «(Too Few Runs) <lysall (e 1o Wl axad @lldg 0.00111 s

vie Adlphall adall 8 by olias 1dag 0.00221ClS fauils 53 HLodY

ol odag sl il X (G f) Jsan g 00=0.005 Lasine (g5ia
.(Exact test) gl HLoaY) 8 Laagl e ae Sl
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Coillaall (Apa¥) pill O 81 s shanall Ayl Ungaby aga Bl LSS it 1(1 —2) gas
Exact Test for Serial Randomness (X1)

HQ: Data Sequence is Random

Expected Total Runs under HQ) = 9

Alternative n+-— Total Prob Reject HO
Hypothesis Runs (r+-) | Level at o = 0.05?
H1: Too Many Runs 14 5 0.99930 No

H1: Too Few Runs 14 5 0.00790 Yes

H1: Two-Sided 14 5 0.01250 Yes

Gilalhall (a,,\.d\) addaill oY) agienall dpuadlly Ungadg Iagrea (38l LYy ol (@ —e) Jdsa
Exact Test for Serial Randomness (Y1)

HQ: Data Sequence is Random

Expected Total Runs under H) = 9

Alternative n+-— Total Prob Reject HO
Hypothesis Runs (r+-) | Level at a = 0.05?
H1: Too Many Runs 14 7 0.95590 No

H1: Too Few Runs 14 0.15340 No

H1: Two-Sided 14 7 0.30700 No

s gu s 13520m (Exact test) Gl HLoa¥) =ik (T—O) &) Jsix sy
CalS 2l culal) 53 HLESU P dad o) Cus sl oa dumaal) dadll e
Ol e 1385.0.01250 oS Gaslall 3 AN P odad s <0.00790
23a) Lpuly @lls Uasing gmm sl daey Gty Led Wilplie Gl ool
calysall e laa Qa8

lisna (Exact test) @dall jlod¥) il (w=0) ad) Jsan masms
Gila 53 LM P ded of Cus sl b cdumasall Aadll e ey
e 1385.0.30700 clS cpaila ) LSO P dad ofs <0.15340 culS aaly
Go i i saad el Wlede o6& dubidl) o gl caaad) (mjh Jsd )
Lyl

A i) muaaal g Uagig Iagra quliiall Z jLid] @it (1 -1) s
Ollaal) (Apall) pill 58 (s shnall iy

Asymptotic Z Test for Serial Randomness with Continuity Correction (X1)

- 0" -

YoV Gl asd) Al 5 Adlal) clud ) ddaa



EVEN I PR raiail) (g ghenall il Judadl laa) o bl

HQ: Data Sequence is Random
Expected Total Runs under H) = 9

Alternative n+— | Total SD V4 Prob Reject HO
Hypothesis Runs (r+-) Level at o = 0.05?
H1: Too Many Runs 14 5 1.472 | -2.3778 | 0.99129 | No

H1: Too Few Runs 14 5 1.472 | -2.3778 | 0.00871 | Yes

H1: Two-Sided 14 5 1.472 | -2.3778 | 0.01742 | Yes

ALt gl ga Uagabg lagra quliiall Z L] ildi ;(@ —1) doa
Clilhall (L)) astaill Jg¥) (g ghonall dpaailly
Asymptotic Z Test for Serial Randomness with Continuity Correction (Y1)
HQ: Data Sequence is Random
Expected Total Runs under H) = 9

Alternative n+- | Total SD Z Prob Reject HQ
Hypothesis Runs (r+-) Level at a = 0.05?
H1: Too Many Runs 14 7 1.472 | -1.0190 | 0.84591 No

H1: Too Few Runs 14 7 1.472 | -1.0190 | 0.15409 | No

H1: Two-Sided 14 7 1.472 | -1.0190 | 0.30818 | No

s Aol Aall e Uagins sea Z lial mil Joaal) 13 sy
P dad oy <0.00871 cuilS aals casla o3 LHLaaM P dad of Gas cdausll
Llsdie God ol of ) iy 34y .0.01742 <€ cpala g3 laadd
LAl Hlaay) gé ad W - ol sda il

P s culS a8y clillaall 40y Z Hlodl) 80 () Jsn agsg
1aas .0.30818 uila 53 HLAMI P Ay «0.15409 aaly cuila 53 o™
Oe 13 QB aaad Bpally @llyg Slgde Julidl) of o paed) (s Jo ) ey
LGl Hlaay) ‘;é s L e daml) sda il . clygall

Gllaall aleil) Clygiase (g (gsinne JS1 Apully iy uale JS S5

p Al o

X, X3 X4 ) & X X7 Xg
Colillaall el i o (ssine JSI Al @lldy Gawle JS 1SS & Gl
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(A) # Jsas A'NCSS 11" Dalall JAlasy) malind) (e lale Jsaal) &3 Al "Analysis of Runs' zili el &

E—‘ilﬂﬂ\ gaidla :(/\) Jdsaa

sl L sy S Aegis sl 3 e FEEE L e e oo st
aadl) hugiall (e Ao gia Lic alaag

RGN X Y, X5 Y, X3 Ys X4 Y4 Xs Ys Xs Yo X, Y, Xs Ys
Median Lyl 13971 |23673.5|39515.5| 36145 4283 | 4235.5 | 32722 | 31818 | 1553.5 1253 | 16971.5 | 11651.5 187 98.5 4465 5142
Runs above & below:

r 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1

(50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%)
rn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1
(50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%)

Longest Runs Length 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Above 7 7 7 7 7 7 7 7 7 7 7 7 7 7 6 7

Below 7 7 7 7 7 7 7 7 7 7 7 7 7 7 6 7
Exact Test:

Too few runs 0.00058 | 0.00058 | 0.00058 | 0.00058 | 0.00058 | 0.00058 | 0.00058 | 0.00058 | 0.00058 | 0.00058 | 0.00058 | 0.00058 | 0.00058 | 0.00058 | 0.02506 | 0.00058

Two-sided 0.00117{0.00117{0.00117 { 0.00117 | 0.00117 [ 0.00117 { 0.00117 | 0.00117 | 0.00117 | 0.00117 | 0.00117 | 0.00117 | 0.00117 | 0.00117 | 0.05012 | 0.00117
Z test:

Too few runs 0.0011 | 0.0011 | 0.0011 | 0.0011 | 0.0011 | 0.0011 | 0.0011 | 0.0011 | 0.0011 | 0.0011 | 0.0011 | 0.0011 | 0.0011 | 0.0011 |0.02575| 0.0011

Two-sided 0.00221 | 0.00221 | 0.00221 | 0.00221 | 0.00221 | 0.00221 | 0.00221 | 0.00221 | 0.00221 | 0.00221 | 0.00221 | 0.00221 | 0.00221 | 0.00221 | 0.05151 | 0.00221
Runs up & Down:

r+ 3 3 3 2 4 3 2 2 3 3 3 1 4 5 4 2

- OA -
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(60%) | (42.9%) | (42.9%) | (50%) (50%) (50%) (50%) (50%) (50%) (50%) (60%) | (100%) | (50%) (50%) | (57-1%) | (66-7%)
r- 2 4 4 2 4 3 2 2 3 3 2 0 4 5 3 1
(40%) | (57-1%) | (57-1%) | (50%) (50%) (50%) (50%) (50%) (50%) (50%) (40%) (0%) (50%) (50%) | (42-9%) | (33-3%)
Longest Run Length 11 11 11 11 11 11 11 11 11 11 11 13 11 13 11 13
Up 4 3 7 6 4 4 7 9 3 2 7 13 3 3 5 9
Down 3 4 1 1 1 3 2 1 3 4 1 0 3 1 3 3
Exact Test:
Too few Runs 0.0079 | 0.1534 | 0.15340 | 0.0007 |0.36330 | 0.0441 | 0.0007 | 0.0007 | 0.0441 |0.00441| 0.0079 | 0.0000 |0.36330 | 0.8464 |0.15340 | 0.0000
Two-sided 0.0125 | 0.3070 | 0.3070 | 0.0007 |0.73550 | 0.0832 | 0.0007 | 0.0007 {0.08320 | 0.0832 | 0.0125 | 0.0000 |0.73550 | 0.7355 | 0.30700 | 0.0000
Z-Test
Too few Runs 0.00871 | 0.15409 | 0.15409 | 0.00112 | 0.36705 | 0.04471 [ 0.00112 | 0.00112 | 0.04471 | 0.04471 | 0.00871 | 0.000 | 0.36705 | 0.63295 | 0.15409 | 0.00009
Two-sided 0.01742 1 0.30818 | 0.30818 | 0.00223 | 0.73410 | 0.08943 | 0.00223 | 0.00223 | 0.08943 | 0.8943 |0.01742| 0.000 |0.73410 | 0.7341 |0.30818 | 0.00019
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Runs Above and Below a reference " ilysall (w JoY) gl dpally o
WS bl cyels dgmanall Aadll ady el chsdll i 3 'value
Al dadll () Cus diahaie daii odag Adliaal) agleil) Cilygine JSI 45 5ludie
o Gaela W leaip ol Jawst ) daill gy cdasd a3l
W 0" Aaglly  cAgmaal) el 358 Ll 17 Aadll clac) & 43) Camy LD
Ciyels G L0 dadl) aae = 1 Al aae of oline 13gd  cdumayall dagll (50

Bypaall 03¢ il

Runs )Uass gma culysall Jiay g ccysall o 0 gl Zpally Ll o
Al dally dad JS (e @A 5L Jead 48 &y (slly ¢(up and down
2l el 28 (hUEYl ge N1 (e 300 Al LGy leaaiinly ol
il g ol e Ul Ballal Jiad ) Jeasil) lewlid o o5 ddlaie

P Lo o) G lgle caladll (gl
G LA Gl elow Aagine it Jael adsd ggine 581 o -
caly cila 3 Wad Z il 5 cola 53y canls cails 53 (Exact test)

o xa)laall Al elow ey Alavdd) salgdll i couila 53

t YIS bl culS g o(va )aallaall]

Exact Test Z Test
Two few runs | Two sided | Two few runs | Two sided
3l 0.0007 0.0007 0.00112 0.00223
allag 0.0007 0.0007 0.00112 0.00223

Apaly gl Agsine @il Uad el ol B ol ggisdly —Y
Al Xy (ouila 535 aaly cuila 53 (Exact test) (@da) laadll
Alrally Lpnalal) 32l g5t 9 Guila 539 aals culs 50 Z LAY
gl cilSs ¢ ve ) Al o x6 ) Glball il sl Ay Ll

(S

Exact Test

Z Test

Two few runs

Two sided

Two few runs | Two sided
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Gllas 0.0079 0.0125 0.00871 0.01742
dallae 0.0000 0.0000 0.0000 0.0000

(v2) Adllaall doally oSly iS5 Ty (sgine s s adaill (sgindl —Y
YIS Ay il il Gy Lah
Exact Test Z Test

Two few runs | Two sided | Two few runs | Two sided
Hallaa 0.0007 0.0007 0.00112 0.00223
((x1) i laal dauily oSly aad) gt aledl giad) W -t
YIS A A cals
Exact Test Z Test

Two few runs | Two sided | Two few runs | Two sided

Glhae 0.0079 0.0125 0.00871 0.01742

Aipe el L e L dygies e il cidaell cclsidl 3L W -0

26 4 G e eV (o Y oSy allaal pually Lisine (S a8

s e ol G“‘:‘“ g A ¢ Syl ‘G_‘a\ﬂﬂ\ oda o ol ((Say @l
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A il 2l el 138 cading) slee
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17— www.nassejacademy.org.

18- www.mediawiki.org.

19— https://marefa.org.

20— NCSS Statistical Software NCSS.com Chapter 256 “Analysis of
Runs”2016.

21- William W.S. Wei, “Time Series Analysis: Univariate and
Multivariate Methods,” 2™ Edition, Temple University, 2006.
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