L Y1 Gadlg o3l a1 gl @

Ayloalll pglell

AlLnalll pg.l.vJI Adlag

December 2022

17@)4..\33\

AdS2e Aol Ao
ddlar ) Qgmd! g o yukill 1l dgal! B e
ulrich’s dwelall Sl deild 2 3dedae
www.ulrichsweb.com
(s yl) (o ot dar ob1 Ol alglias 19 pSLR1 Jolae 2. daiae
www.emarefa.net/arcif/

No. 17




2022 - Zus poldl duall dSba>l o)l dxo

duilaay) a glad) dlaa
Al dia

AN AR (i
Suaudl ($31g)1 3Ll
AL Gl
g2l bl sy 938l
Al A slas

RESURBIEEVRRR el Fdl e o @A agd o
e Dgeme Gl .‘a.T JﬁA."JSL&J doxl 30 I 09 s (quas 3.0
BA)gs de .3 .o g QL‘«.>3.31 Ol .5 .0 A
Je gl pose o omeds Jad @) gl
Jrslowel (quall oo 5 Qlol dads o dlge slus .o
Gldl Je s dazn o .‘a.T FESECIIRN g Sld 5§ .0
029e e o

Ulrich’s 4wl cdxadl 4656 3 Baline
www.ulrichsweb.com

(Cansl) @)l dpamypall ilalgtidly W1 Jolas (§ daisan
www.emarefa.net/arcif/

ISSN 2522-64X (Online), ISSN 2519-948X (Print)

P.O. Box: 851104 Amman 11185 Jordan o1 11185 Oles 851104 0.0
Tel: +96265549805 Fax: +96265549804 www.aitrs.org info@aitrs.org



mailto:info@aitrs.org
http://www.aitrs.org/
http://www.ulrichsweb.com/

2022 - Zus poldl duall dSba>l o)l dxo

dalaay) e\gﬂ\ﬂy@ﬂ\b\gﬂ

LSl 45k glasdly &sbasYl @Y lxall 3 ddadl luhlly & goed) ol a5 — 1
£ 91,5 U3 ail) pall o) 0950 Y Of e A, allg L3Vl dopadl 22U
(Olaus o Wleigel ©Olygs 3 Ad9 paB 5l (53T Wlyes ol Wme § il
oLl 9l Gl ol pasais O (e oyl el ) lshyllly &g el Joanys — 2
doly Calggd! pLTg Awlpall Olgie 1S3 s pglas (Slaly dsalall 0ol ally
399 QoA b 5l 423 o) Lo SN 0,5 syl o) Jus Ol -39 ASI!
ool wlaselgall
L) gy dly 39ae S e 0950 01y Ad pan B9 e Tegadas 0950 of -1
LW (Times New Roman)y (Simplified Arabic) Cy=> g9 duwyall
=9 d=9 (deg Microsoft Word pldscwby  .(12) las eoxoug duudyally
CUTS
.35_)}” w|5:> bm:z’ % 2.5 43l uiuoLeJl -
0 i Y Ly dewdyally Aol doyall sl diow e basde CoWl 38—
Ba>lg d=ise
ooy Y Ol Blelys ae cdnlg 39 Sl o § dnalall yolaall I 8yLaYl i - 5
U3 (§ Buainall Jguo¥ (3399 ciall (3 L] 5Ll 03 31 pobiaell Sgus !
NV PR RSN VEIN]] Olgis _udd! dow c;ﬁjé.aj\ p.w‘)
&9 LS el § Ladg)g e Lapdy dued il pgswlly Joldzell 08,5 -2
.WS”JJW[_) ‘s@,m ij\
Amie (25) o dwhlgl Eodl Slmine dds L Y Ol —9
il Fy5 (o Joas (ro g2 Jolamil Y B IS dlize Ml Gl Hlads) iy — 3
Eoedl
il Wl g (£ 5050l akall @uitil] Alomodl JI Alasyall Gigomd] 438 aiasi — 4
o il )l (po Ole guwnl JelxS Y e IS Dodzg O] A Adedl dbdaily
Bale] ol Jodad T cly] 3 321 Ledy ol yad) 5l Jgud § 3ol Aol pyoxd ding = 5
o Lol (8 dataedl Gaailly (bl Lay - ll) dodiall olgal) 4552 d 2l
) ROMN -V P
(&3 oS (00 Bale] oo Vg Amall Blo )sidall ol nay — 6
dgaedl gl daeall s dgarg (wSad Vg lgalowsal ey e el 8y giinll Sl gadl pas — 7
AslasYl Ggmdly Copdild (gl
rlal (39 AV Olgial e gl Jus )5 — 8

journal@aitrs.org / Info@aitrs.org

P.O. Box: 851104 Amman 11185 Jordan o1 11185 Oles 851104 0.0
Tel: +96265549805 Fax: +96265549804 www.aitrs.org info@aitrs.org



mailto:info@aitrs.org
http://www.aitrs.org/
mailto:journal@aitrs.org
mailto:journal@aitrs.org
mailto:Info@aitrs.org
mailto:Info@aitrs.org

2022- e aolud! sl

dSbas)l polall ddxe

Ob gtz

&Y ‘ Wiy Caondl gl | &
& M 9 ddiéell Gyauall Olapall dpasdl pasdl si,b Jleasuw!
Ol Audlmin g8 ddlgius slasb Jasdl oYl z3gel Wilalss
1 Uiy )1V 4 /& paiiewall dnaladl /ol dasme SUs deml apf | 1
.)L;a.ﬁy‘j 5)‘.)}” afs/W| danldl / ‘Q‘.'A.AS BV M@ L,b) C‘a}l{.’\
G laosY! Z3geil paas (§ Lndly elael O8I gyl oo 4o
16 Bhall § Olboudl (ope de Jos Gaudad o G 5
& paiiue] dsolad! SLasdYlg 8LV A8/ sbasYl puid / dus dbs slags s.p.0
L pariuall dnolad! 3LazBYlg 313V &S / sbasYl qud / dass dolusl oyl 2>l
3l oam Ay 2030 deldiwall dxeid] dlas laal e 3BT g a3l
S| oz o yadl oyl
33 e sl sl p3ke 5 Eplnl 5 BpaLiaiEY ookl &S oo Lol B8l | 3
Syl — Bl gutss)
Bl 905 2455 Bl s Aplie
60 3LaidYlg 8oVl 48 /4 paiiuell dxslll / quoy dbo (Sue o .e.T 4
3LaiEYlg )1aY1 45 /& paiiwall dnslal / duas e COMI Ul
Criakaall 93 Juid ajsi) lid) Al i) 4SSl Glall pany &ylie
70 Al iy / Juds Juoz i .o 5
o8 /3LaYg 8yl S / & paiienall drsladl / @udll e Tlog o1
clasyl
Statistical Quality Control Charts
Al-Ani, Ban Ghanim / Assistant Professor
82 Hayawi, Heyam Abd Majeed / Assistant Professor 6

Department of Statistics and Informatics, College of Computer
Science & Mathematics, University of Mosul, Mosul, Iraq




2022- s ol suall ASba>l ool dxo




2022 powad — Aius 2ol ddall dSlbaz)! polall dxso

AU M g Dddiadl §yiuall Oilas sl duazed! jaudidl Gyl Jleaiul
Ol dudlomio b ddlgdis sllasb (Jasdl ylasuiVl zdgeldl Ciladas
a3 doe ouold Lid) Ee-Wl sl dexo S des A‘ai
2LaidYlg 8oVl A4S /A paiduadl dxolndl  5LaidYlg 8)laNI A4S /4 raidunal| daslxl!

2022 / 04 /13 :cexd! pdil gyt
2022 / 05/ 10 :sgomdl Jgud o

2022 Jy! 0955/ peungd : s ol .)..\:.Hé&a.&fﬁ

2522-64X/519.5  :(Online) 409 AN dsewdll / ($ 923 duaid! 3a)

2519-948X/519.5 }(Print) &8¢l dseuddl / § 925 Caiuail! 34



2022 powad — Aius 2ol ddall dSlbaz)! polall dxso

R M 9 Lddiadl §yauall Olas padl Dasedl il Gyl Jleasiul
Ol dudlomio b ddlgdis slasb (Jasdl ylussVl z3 gl Clakas
‘o_,«.uf' Joseo ‘Q..wl..é L,b) C)}QH _).Mb M)SL&J Jo>| ._\‘ai
2LaidVlg 8)loY1 45 /4 saiiuall danldl  aLaidYlg 8)loYl A5 /4 saiivuall das !

g=IC BN

G dpslaall Blaadl Sl el (s> Gl Tasl 39> (0lS puiland pie Ao iad
Syl Olassall Ohadoe e slaxel Ol .ddllly Labadl bl el e 3l
A8 bl b iy e 0k lld Alllae @5 ) 535 Ul ada (3 (OLS) dolaisl
Al Ap dipa> 0955 Aoy Bhb e Eomdl o W . pls J81 s Y (@S Bxin
,otimas ik Jlasiul @3 Godl e § . Jladall Uasdl 9u> pld il pus
G)lde sy @3 (09,(M) diylo &3Wlg (TLS) ddeall (S pmall Clayall Ayl (2 )
o0 Byduaally dovikedl OLeSI! o3 duadly ©ble e abaidl NS oo ol &5
Slagyall Ayl Aduadl I cyitylall M juadsll @l @8l . @hall (3 bl daaill
(MSE) lasdl Olas o Jawgio dbslaadl jlaae e slaxeVb i) (§yiuall

Abstract:

The problem of heterogeneity of the random error terms variance for the
regression model is one of the most important standard problems that
most economic and financial data suffer from. The reliance on Ordinary
Least Squares (OLS) estimators in this case lead to shaded results,
although these estimators remain unbiased, but they do not have the
least variance. Therefore, it is necessary to search for alternative
methods that are robust against to the problem of heterogeneity of the
variance of the random error terms. In this research, two robust methods
were used, the first is the Trimmed Least Squares (TLS) method, and the
second is the (M) method.

Then a comparison was made between these two methods, through the
application on realistic data representing the quantities produced and
exported of crude oil in Iraq. The estimation results for both methods
resulted in the preference of the trimmed least squares method, based
on the mean of squared error (MSE) criterion.

Syioall Slasyall sy bo cplal] (il e edapandl Jasdl syl rde-badYI e
M iy cdpdiaall



2022 powad — Aius 2ol ddall dSlbaz)! polall dxso

Caoddl duxgin 1J9VI Eoenoll .1

doddall 1-1

Elolxn 53t Aliaall ] Fb o (OLS) B3kasI (8 yksall Slagpall Ayl s
e g e i ikl gl Caal gilhaass 0Ys g5,Se dbluw Hlussl g8 g0l
Al Olus,all 3a=3 A= § g (Best Linear Unbiased Estimator (BLUE))
Gz 13 aal 8101 § 803 - dlaiend) Uasd] 90> (3l il Lgiag Hlusmidl 3503
USiuos Bym Lo Mg il e Jlgduad Uasdl 3gu> cpls 090 3] Azl 0idg) Sl
SSlg @l (o Baxly piad &y «(Heteroscedasticity Problem) cplall (uiles pue
Syiall Slagyall disyb e sberedl deadl oo 0950 Y Dol 0 39 -dwwlidl] Slaal!
Comdl o 1 . cpls JBI ellad Y i) Bpomio pt @ihde <liy o 0yl cdsbac)l
el o, bl il e A Lipas 0555 ddle BolaS IS Aby pass FLb e
22 lagllazinl @3 OLUI (M) disylog ddidnall (6 ysuall Olasall Ayl dipaxl 35l
o8 Blae sl (o) bl dudlaie & A8lgas slasl HlussYl zigall clelas
Laail) Bymally dxinadl lueSIl Jhe3 (31 duadly Sl e slazedl @3 oitlall e
o 3 Gy ) o) Jasd| sl z3 g0l o gl <31 . 3lyall § plsd!
Syinall Olayall Ayl dulyadl I die dentind] LSl plidl adtd] ¢y Bysnall Sl
.;Ua:&-}’\ Ql:u).a .]a.wa-'bo MW‘ )l;u.a LSLC éLAi_C)’b L"U.Sj QW\

QW codl Cudg Codl Ay dadiall (de cpauad JoYI, - bio poyl Caoedl (ol
Slayall diylog alid] Guilend pue dSiis (056 03 Cp ol (G5l Coladl (et
£330 il Bl Janll Gl ol I 5 (M) dsybg dpdall (S yial
Ol (o ddl Juogidl @3 b e Jodo S ol Gl ol @isg (e

Oluegilly
Eoed! Al 2-1

139 g yall asbasdh Casats jlussYl 73 gadl clalaal ilpdds JI Juogtll (2,3
98 3 o) pe z3geddl Ly Aol Jaloadl bl puear (385 (oA dle 8:aS
lgrsoz o LY Al jand G9,3 uaxs U3 3] Jeall Gubatll § Gamie aé 0950
Olaypell @lass O I (6350 bas ¢ Slgnd! Uasdll 390> cnld (il duyd (3 puaS
O Coxdl Ul gedy I el cdlllae U5 J) (50559 859aS e 0955 dalaedl S il
BelaS 139 dgl pall Lailasdl Cauail il pdds e Jguasd! cpo liSed Ay 135 331,k
Adle
Caoedl Bua 3-1
(M) 5 Ll Syanall Olasyall dupasdl puaddll sinb Jlaiwl JI ol Bag
Lol Jasd) 5ol g3 gal Wlakna pdt) Zalaedl (S yisall Slayell Ayl o S
Slaieb lagin )laall sy ¢ lgdeal) Uasdl sguamd bl il pue Ui S99
Aalizee Sy pozmoy ddind> Glly e



2022 powad — Aius 2ol ddall dSlbaz)! polall dxso

‘SJ.BJN ol é&" Connall .2

Lol Jasdl sl z3gail dilaiadl &ylaill qealiall pasy Conll Mo oasaiy
S e Bodle ASliwdl 00 3939 e LSl (3L g cpladl uils pae B inng
(M) 5 ddiadl Gyiuall Olaadl aiaasd! i ol HlussY! Ca}w\ Olodao

Simple Linear Regression Jamud! Jasdl jlu=ddl C.S,osi 1-2

Lol (po9 M1 5 (3 B35l ol piiall s ks ol piall (o d85a) dusly O

o Lodd>l i o BNl (2 Jlaxdl Judilly ! § B glgil Lasly

cpmidall pde o dadasdl BN Louds e gl psiell 98 538ls Dl ke

oda 0050 (&) dubby)l dsuall, simple linear regression Jacd! Jasll Hlassdb

[11],[6],[2], 4531 Aiuall LenlS 5Sag cdarund! Jasdl jlassl T390l (pud A8
Yi:a+BXi+€i , i=1,2,...,n (1)

C)}AJ)U 4»‘3;@.“ cUasy Jie3 €; 2 yJ‘M‘ Jiao Xl ol pase Jies YL ,01 3
Agall e Jiad N, Z3sedl elae (2 @, B

Olpds e Jguamdl (2530 @lplidl bue de laeudl Jasl jlusidl 73 el dituy

L5 @atlly z3 905 Cdlolaa) A8 39d> eling rginadl ol elyz! A58l 854S

(P Lol odag Dlxiwdl piel

s (M) Qe by bl aigdl a Glade e (Y) bl pite -1
39 e Buslg)l Libax] it 4adg ¢(02)

udas Ao (p pumd il piielly Dl piie (o DAl -2

(dlgtundl Uasdl sgummy Aaye A9 8),Siall ligall &0 (X) Zrmd ol piall @8 -3
E(eX) =00 Gl

L;MI::J\ &)Jj_d\ 3 4w (w.9 <old d\}w& AR P (6) 4»\3.“:..” syl -4
2325 . €~IN(0,02) Ol §1 (02) (S3bun ol (25 s Sl gl Lo
.(Homogeneity) Glguall lasdl 39d> b udloniy o ALl

Heteroskedastic slgiall slasYl s il pus ASiw 2-2
385 e Luolusl daiay dpolied! (g iuall Ol yall diys alusciul 8ydaall Olalasdl d8s
55 Olusyall oda (e a9l S 3as pde Oly Ol Z3gel Aol Glus,all
slag Oludyall Hlasl poys) Al oda @ e slaaedl (Sas Y (@1 sl s e
Moo a5 (§ idaiel (@1 Slubyall G Ol ([2][6] 5! ddkas slylg dasl ol b
A9 Y ol adlgll 3 S - aslgtall slasBU bl Guiland dpyd (bl 35000
slasyl (ls Juilsd pde Aie G I (052 e (dupyall oda 3asa) wllas
a3 (S Zdled) deudll ASine Jio3 Y U duiyall 04 .(Heteroskedastic) &gl
ezl § Ailas 43y I3 Bole 095 (b gt seatall @ 0 dxiopl Jusdluadl bl e
Sl s (b deinall sstell 08 o Balaiy 4wy (o3lg Bualinall blis aunr dis
Syune) Wiloe 4y 93 B3l Wlgidl 3 Dl Sgrme 050 Ddlgiwdl AN
Gyylall yasy s S5 @ bed . J5 (3 0550 dund 5819 (B 0 s B Dlgiw)!

4



2022 powad — Aius 2ol ddall dSlbaz)! polall dxso

& Jolais badie (1S9 Ygada Iyl g kel 002 (§ cnladl (uiland duyd O Aol
<3 e Jlio .eaed) § by dlises Cludlie (s (Sgioxs udd 3 320)) a8yl bl
e M Yoo ol ud U (bl (udls A yad , JSlge Buad gl Jo-l DLl
obsall J5all 13 Jlgall DGl Sy (§ 31 Lol 2d33 L3Y 1,13 A (pucs
Z39adl 08 L) dglanall cYLxlly Aol odn (45 . adyall J5ll I3 Jslgally &5l
RS ke pae Aoiyd Ol Jlsdall Tasd) agd> pld (uilad pde 9o L) osliall

Y5 0555 Ayl el
02 0 .. 0]
E(e’e)zoizzl? G% 8' - (2)
o o o

oS o e (86 boluedl G yauall Wilaspall Wlhdde O oMl dus 1ol dss iy
((BLUE) Ao p& Jas ppaas Jaadl 0955 o)) gl (81 eSian ¢l J3I ellxas Y
elldg Allian ,uis LS J) 6050 dlgdenl Tasdl sgda (nld puilas pie Al &gl o
el sl plal Dascie 1pdds OS0 Hddedl HlasaYl dlelae (pld 055 o
Al 5l Jos SISy A8 3gd> slug dogiandl Hlasl e 35 Lo colydiall
ple Aslis dg3 Y @l (sl ol slaedl Jb (3 sl Judowty Uad 131 g g
0S5 A8 S (o e 0950 aatizmall Celas Jg> IVl O -l udles
0d 3929 HiS| oo 1A Dlad dde P Lo &.wjij Ga2! g ddlaio gl diill sgu>
OHsYl e ddadl Sl il zigail chlelas s wis lgade (o ASawll
Ol el o lowd JI @ lative (g ASlawdl oda e aasdl § Buaiasd!

O il pus A 58 CaLSIN § Buaiand! colylisYI 4-2
394> RS il pue A (e sl 3 dexad (I sl e S sue Jla
13V Lo ,SI5 Glguall Uil

(Park test) hHllesl -1

(Goldfeld-Quandt test) <dlgS-uldulge Hlasl -2

(Koenker-Bassett test)  cowb-,SKiusS s -3

(Spearman Rank Correlation) Olowd L3, bl Hlesl -4

(Breusch-Pagan-Godfrey test) okl - igyp il -5

(White's general test)  pladl coly )il -6

(Glejser test) _wxde jlozl -7

Ll calg Hlasly OLeb-(gp Hlas (o S Juadidl oo g gio @ylaiiuwg

oL -Gy sl 1-4-2

waliy,[12],[10],1979 ele (Pagan 9 Breusch) oWl Jd oo sl da xuo9
1Y pladl el lusidl z3gasl 3929 (2LABL HLasl s 8,53



2022 powad — Aius 2ol ddall dSlbaz)! polall dxso

vi=a+ [ Xy + e + BnXni + € (3)

oo A gamer dias A> St Lhos oSor (07) dslydall lasdl L5 ol (oLl
{3V (121,2,..,m) O3 (Z))oStls Algaall s Olaiial

02 = 8+ 6,7y + o + 8 Zmi - (4)

B 136 Ao gl Olpsiall o a9l ey 0353 43 (Z)) Aslgiuadl oolpasall
R O g (8p) doWl dasdl) Solug Bguw (07) OB (6; = 8, = -+ = 6, = 0)
bl giadl slasyl pld §eS Yl (SKes el 1 e bl 050 ddlgdual slas|

39 Ao il Sl g e 2

L“;yb )l:CO'-)” C)bla} ua.>=lb3
diylo pluseiwl (3) d8Mall cpell suasell sl Hlusdl 73500l Cblolae S @
. (€;) 8yaaall ély)l 08 Clus @3 (OLS) dsbaedl (yall Olayoll
AWl dsall (389 8)udall ély.!\ 08 e b clasYl pbad dppaadl dosddl Ol
PN O8I syl 389 dyyadill dauall Jiad @Jlg
~2 _ Y. &

o- = T (5)

elasNl pld JI 8)diall é\le 08 050 dewd Jio I (P;) el 08 Ol 1
AN dauall (399 (AW Bglasly Hudal!
2

p=4 .. (6)

'6-2

Gumao gl ol iiall (M) e doloninl ko (Pr) ssiiadl Ll shasmil g 9051 eliy .2
{38y Wl Lgdsyas 5 g (Z]) il JicS ()

Pi =50+5121i+ """ +5mZmi+vi (7)
(7) Z35a3W dlsdendl Uasdl u> (1) Ol
gé);wﬂ (@) J‘J-B.QJ‘ g:)Lw;> ‘oj 4(7) C.)}MSU (SSR) )\J.:d}’\ C.Al:u).a &9.0:90 L.)Lw?- .3
:@Yb
1
© =1iSSR - (8)

i Al gaall slasVI OB 131y apdall aogdll gl ddlgaull clasYl o] polA3l deg
&5 92 (0) Hlaiel oyl JlaimYl a0y gl OB diadl e 0Ll rag cplad! pudlais
Ol (m — 1) &y> dmps (x%) S8 e

6



2022 powad — Aius 2ol ddall dSlbaz)! polall dxso

~ 2
) asy X(m-1)
(X?) 3 &dgazd! &axdll (yo #S1 (O) Doguncall Aol OB 13| puadl &y (a8 Sy 1)
[11], 8 pay s §guad] Tasdl 39a> (0l5 O (g
plall Culg slas 2-4-2
oo oYl i dag ,[11]¢(1980) ple (White) Wl Jid oo sl 1 776!
Ol LR8I e daiay Y (sdllg bl il pue i (e aaSl) dagall WhLasYl
T3gail 5853 (oL HlasYl e 8,58 mup gl - awdall aoigdl & ddlgdall sl
s gl Ol paiall o (K) Sl ddase sl
Vi =a+ Bixi + Baxip + € - (9)
:4sY) lghasdl 389 szl sl oy G
Sriall Olasyall Ayl (9) Aslaadl 3 =Yl z3ga3Y () Elodl Glus -1
.(OLS) &slueyl
Olpiielly yiell Blodl Wlasye Jhay dilontsl pries deluw Hldseil Z3g0il delus -2
(9) oYl Hlumil 73903Y dimup gl ilpsall e Blue Z3gaiV g doud gl
1A diuall (pae WS9 clagond Juol>g Lilayag
el = Yo +ViXi + VoXiz + V3X{ + VaxD + VsXuXip +v; .. (10)
ol el Z3gail Al (§ ditlue Sy (10) daoall 339 ISl Z3gail
13V Sadb !
e =yo+ 71 Xi + VX2 + vy . (12)
(Vo) ol asxdl e asaiy deluall Jlusel z3geil O dasdlall ol (o9
Y 5l coldl usdl dedan gouaty Juedl z350301 O 13] las Hladll as
{3V S8 gt lo (Say Wyl slyall &yl -3
Hy: Jlgdend) Tasd) 390 (l5 uiles
Hy: Glgad Tasdl S9u ol il pae
ol dusyd doie e cde bl sl Z35a3Y (R?) dodsadl Jolas Gl oy -4
e9 QoS S b (R?) ol Jolao 3 () &l e o Juol> 0B
de lueadl Hlussy C.S}o.'ﬂ Lg Wﬁﬂ‘ Ol pasiedl dual 4.\31.“.4 29)9- d>yn ‘:SS&’JA
10l G
n.R*~xly . (12)



2022 powad — Aius 2ol ddall dSlbaz)! polall dxso

SE o oisd ddsual dagdll mo (N.R2) LYl Bsliasy dgucall dogall &)liey
bbb o Agdadl e ST Logausnall Loxdll I8 130 ¢(K) dy> Ay e (r2)

[11],[4] ,pa!
Trimmed Least Squares Method (TLS) il §yiuall Cilas pll disyb 5-2

Ghb oo a3 (2ly (1984) ple 3 (Rousseeuw) caWl Ld (e diylall ol 1781 o3

Ay (ye Juadl 85 eSS Ay ylall 0dd ey el 73 gedl lakas ydid dinsasdl yyaill

die &Sy Blgdadl Uasdl (alS il pue Jl> (§ (OLS) dabaedl (5yinall Olasyall

145V Olglasdl daylall 0ds asliSy <[3][9]83Ladl @udll 3929

Syiall Glayell Ayl Japdl Jasdl il 23508 (eF) @lodll lasye slwl -1
.(OLS) &alueyl

e <ef < e < ef baslal 3ladl b sy o -2

digall 339 ¢ (1) cedad dewd Je slaaedb (k) 455l degamall @an> slml -3
:[13],[7] ,459

k=n(1-2)+ A(p+1) 13)

Aup gl Olpsell sue Jie p Al o> oo n OF 3
(k) &8321 degoomall pax> OB (50%) JI Dsluws (1) codaddl dewd 38 J> 39
tdddl 0 wie g > (908l HLgl dlads 35 Cue AW diuall (3899 o

n+p+1
= .. (14)

&W‘ O Bﬁ-.‘-ij‘ Lé‘}f“” Olagye dladicol day é‘}:)‘ Olaoye Foaxn Oluws R -4
A5V gl Do el IS (e HlssY! z3geil lelaa) s e Jgsaxl

Buirs = argming Yi_; e} .. (15)

P95 (TLS) diyb 0l Jiaiy SV oS (OLS) Jas diylo drid (TLS) Jos b 0
82948 0953 O 5Sey (TLS) Azl . ;adaid sl U 8,801 §lgll 13 @)l 160 slaianls
386 dpyhall oda Whdde (9S8 Gy ,doue diylay WL Codid o3 13 lus
ok 438 Ogllaall e ST Codiddl O 131 &3 o uSAl e ((OLS) diypla) Lol

A ylall 0ds lyie BelaS e B35 U8 lidg Clued! ey Byl bl jams sladiul

k =

M Estimation Method (M) yuddl disyb 6-2

OBYl Olydie Lowd Shddall (o degaze ,[12] ,(1964) ple (Huber) coWl aud
(M) izl W) 30,09 (Maximum Likelihood Type Estimator) due gl elacYl
Vo Bl @ s el UM (e ol g geil dlelae pads e 163,58 daiad 219

1S daall (339 9SS Blataall Cugl D> O (S Lgunds 3lgal Ald _piual (0



2022 powwd — s pold| duall ASlas! polall dxs

Pu = argming X, p(u;)
(16)

Ayl aiald | yauall dis (oY1 uxdl & Wlate YL Casass él}db Al P [p(u;)] o' 3
29l lalan o) Al gl B3lae Syl lanyall Ay e (M) ot
el 5l (1) &lpiall sl e sy (16) Coagh s Jous aow)

:[12] ,8],[5]

By = argming i, p (A % ) =

GmaD
kK 1%
Yi—-Yi—o xijﬁj)

OMAD

argming Z?zlp( - (17)

daall (359 iy Leharns o2 (€7) Floal! Syl 3l Janung Jis3 (Gyap) O3]
145y

A median |e;—median(e;)|

Imap = 0.6745 - (18)

(0.6745) <oy ¢ Bloal) Jasdl SN o poledl a5 0950 Lo WLE 92 (Gpyap) O

rodl &l Wlldly 1aS dgall ex> OB 131 (0)) Lylis powie p puds (S) Jasm

BULALY ¢dmall el o am o (1-2) Jgaly fue Bde 3L (p) DI . spdall
e e yauall (@lglueg (17) dolasl! ‘_g Caugll dls

OMAD

YK B
myngp (P 0, =01,k .. (19)

019 (j) gl piall (i) Banlisall (2 (x;5) <(p) AW JoII daniall (o (1) Ol
LAYL &yaal OsYI e slezedl (19) Dslaall Jxis ol dondl easat) (xz0 = 1)

[[12],[1]
(p) i @«p ol | (1) djd..?-
Method Objective Functions Weight Function dad
colla
1 1 i <
—e? , if lel<a a ’ if lel < a
Huber 2 el if le| > a 1.345
1 ,
alel—za2 ,  iflel>a le]

a e\2\> ey\2\2
Tukey's JZ(l - (E) ) , lel<a (1 - (5) ) , lel<a 4.685
Bisquare 0 , lel>a

—a? ,  lel>a

1A dauall (389 Ol9Y! puds audaiudy



2022 powad — Aius 2ol ddall dSlbaz)! polall dxso

" Yi_zg'(:lx;jﬁ
GMAD

Yi—2?=1x;]-[§
GMAD
sl dipo O 19g29(19): 3V JSadb ras
Y xwi(yi — X oxi ) =0, j=01,..,k .. (21)

Sl cdlelas @8 e slexeVl L(21) olaall Jo> oSey (IRLS) syl Jlaaiawbsy
slas Jo Jramd) Oliganall plisciwl (21) dslaedl LUS B3lely o £0) aslan!
143V D9 gadl (5 yiuall Colasyoll

w; = w(e) =

- (20)

X'WXB =X'WY . (22)
:GY69 (M) &yl (339 Jlaoedl SMlelas s e Juasss (22) Uslaall g
1 3Y65 (M) iyl (399 Hlsudl cdlolas ,puds e Juasss (22) slaall Joog By =
X'WX)"IX'WY .. (23)

w(e;) OVl Jiad oyl ylad olicg (n *n) dawe 0I5 &y1a8 ddgasne (p (W)

doslael Gyall Oyl dayl Jlarwl sl Clelas pddn pgds -1

(B°): @ 30559 Slakaall gl o5 s Jrad

(e =Y, = 1}) @lodl o Qlu> -2

(W(el)) OVl ‘o;é Olw> -3

Ol Jlaails (WLS) Ligigall Syimall layall Jloninls (Bpy) qomsss -4

(23) Dol 3399 (W(e))

M dyylane Wlhdde 08 e Juax G (2-4)0lshsdl HLSS -5
83Lad! p:‘.ﬁ.” S9>99 dslws uﬁia 4.5:33.19.1‘ ol ol }’l ddle BelaS euld (I\/I)ﬁ.)u.o.'i 4.@3.\9 ol
(%) (593 L) 5Ll Al 0l Dol 0k (33 domu gl Ooliiell 3
(I Camenad! .3
Jmdadll ol 1-3
laSlg dminel) laSIb Ao A Ul e das 3ol slyzr) a1 rasiay
o dalizee wlue P o> MW Ae Sloxe)! (o 3 ¢ 8yl é (al:'d\ Ladil e 8yduanll
Do) _piieS baaill 8yusmall luaSIl r @8Mall Ly U1 a3 4031 Mlolas
L)l Bdtall (Syanal) Slasyall Ayl Jlamils | srodgd pdieS dis dxiiall SluSlg

10



2022 powad — Aius 2ol ddall dSlbaz)! polall dxso

-(Huber 9 Tukey's Bisquare) &ls (e slaieb (M) il disybog codiil)
G)laall Hlre plisuiwl loginy Ayl Juadl sl paaill s,k (o Ayl @3 (o9
Coxdl Wlius Lanog 2-3
iato pll Jaaill o doniial) leaSl o WM Judond Gl g ol Gl S
)] e @3 489 ¢(E) arialb Mo plsdll Jadidl e 8)dsanll caluaSllg (P) iy
(ny =72, np = » Olye pgz> BW Jloatiul @itiw 3] . cppiiall W 4ygidl
§aball Lyl dsbasYl degazall (10 lgde Jguaxdl @3 UL 120,13 = 144)
Bha)l &y ggex / Jadasadll 8)lig /ebamd (&5550)1 5lgzdl e

1 3Y65 Jadl Jasdl a3 503b Wgizrdud @3 383l ods Julox (2545

(24)Et = + ﬁPt + Et
oo dmiiall OLSI! Py, &l piiie Jiaog plsdl Jadidl (ye 8)duanll laSII E, 0) 3)
d> Olals of pBlAL (Glgtall Uasdl u> Jiay €, 7ol piiell 529 plidl aasll
a5 Qgllaoll Hlussdl z3geil wlelas B9 @ ,duiloxio p 0555 Jlgdnall Lasdl
Ol el e ASins 8 L2LSU (§ Buleaiaadl Sl 3-3
Gkl (i (yo A ey (U1 Sl Z3gasl clalas s dddas slyl Jud
T390y Glgall Uasdl sgd> cpls il pde dusyd Hlasl shal @3 Goxdl g9a090
dudyd Hlasl @3 3] (el colgy OL-(ig ) (sl (plasdl dlexiwl Hld=s)l
Oluadl p g9 (2) Jgdad L3 EE-TVS L‘S@Uw“ 9 oYY plad) udlexs pae
M)

(Jlsden) Uasdl 3gasd bl (il pae A e Caasdl whlas gl 1(2)Jgds

digall px> Breusch-Pagan White

0 P-value x2 P-value
n, =72 9 0.0027 11.15 0.0038
n, =120 43.24 0.0000 49.77 0.0000
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1727 B 0.78 0.04 18.78 0.0000
= 10% a 0.76 4.74 0.16 0.8726 | 0.871 | 17.46
2= 200 B 0.79 0.04 20.61 0.0000
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A Comparison between the Maximum Likelihood and
Bayesian Methods to estimate the Spatial Auto Regressive
Model with a practical application on Cancer in Iraq

Abstract

Recently, spatial data analysis has attracted the attention of statistical
researchers, especially because neglecting the spatial dimension in the
analysis affects the results and leads to the loss of important information.
Therefore, spatial regression models have been resorted to, through
which it is possible to study the extent to which the dependent variable
is affected by the explanatory variables in light of the presence of spatial
dependence for the studied vocabulary. The Bayes method and the MLE
method were used to estimate the spatial autoregressive model (SAR) in
the presence of the modified spatial weights matrix that was built based
on Rook juxtaposition criterion. Cancer patient data on the number of
cancer patients in each province of Iraq have been relied upon as an
approved variable, but the illustrative variables were the age rate, the
rate of tumor size of cancer patients and the number of areas
contaminated with uranium in the province, and through the results of
the Mean Absolute Percentage Error Criteria (MAPE) that used to
compare the methods of estimation it was found that the Maximum
Likelihood method (MLE) is better than Bayes method to Estimate the
Spatial Auto Regressive Model in the absence of a modified spatial weight
matrix built up based on the Rook juxtaposition standard.

Key words: Spatial Auto Regressive Model, Moran Coefficient, Bayes
method, MLE method, Mean Absolute Percentage Error Criteria, Moran
Coefficient.
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The Reality and prospects for achieving the goals of the 2030 agenda
for sustainable development — Studying some of the most prominent
Arab Experiences under Implementation

Summary
The topic of sustainable development has captured the attention of the
whole world, and the importance of this topic is clear through the
growing global interest in issues related to human beings and the
environment.
The concept of sustainable development has become widely circulated,
but it is also still clouded by some ambiguity in terms of the best way to
apply it as well as the nature of the indicators through which the extent
of success in pursuing the sustainable development process is measured,
and this necessitated touching and in some detail of these concepts and
diving into the biggest challenge Facing nations is achieving sustainable
development.
The fundamental goal that Arab countries seek to achieve is to provide
the basic needs of societies, in the context of comprehensive economic
development, whose economic, social and political effects are reflected
on stability, prosperity and prosperity, and in order to achieve high rates
of economic growth, despite the gap between them and the developed
countries, adopted in the process Development on importing systems
and theories dependent on and complementary to the economies of
developed countries.
After the 2030 Agenda for Sustainable Development is implemented in
the Third World, many experiences can be shared among Arab countries
in the early experiences to integrate the sustainable development goals
into national development strategies.
KEY WORKS: sustainable development- The 2030 Agenda for Sustainable
Development — Arab experiences under

Implémentation.

JEL CLASSIFICATION CODES: P35, Q01, R1.
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Comparison of Some Classical Methods
for Estimating the Survival Function
of the Two-Parameter Lindley Distribution

Abstract

In this research, the survival function of the two-parameter Lindley
distribution was estimated using some classical methods, including the
method of maximum likelihood estimation (MLE), method of ordinary
least squares (OLS) and method of weighted least squares (WLS), and
then a comparison was made between these methods through a
simulation process at different sample size are (50, 100, 150) and for
different cases they differ by changing the values of two parameters of
the Lindley distribution. Sample sizes for most cases. It was found that
the estimates of the three methods have the property of consistency
because the value of the associated MSE decreases with the large sample
size, and the simulation also showed the superiority of the MLE method
in estimating the survival function and at all sample sizes for most cases.
Keywords: Two-Parameter Lindley Distribution, MLE Method, OLS
method, WLS method.
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0d2g causill lig) Busde Oilasasd Cyghs Uad 10 Oladaall o ST ode e (Sgis
Al ey paxdly B 95 139 rialans 93 lgand Glalaall (o Calies Suay Olagasndl]
o0 Onelae 93 Juid 20) 95 /81 uad . (Tharshan & Wijekoon, 2020) lelas jues-
danyb Jlariwl diladan iy diolgs duwlys J) A8LSYL (Shanker et al., 2013) J.8
(Al-Bayati, 2018) J:5 ¢y dusaall bl 5o ddsylay diladas a8 LS cplacl O
placl oY Ayl asill (gwdae (Yilmaz et al., 2018) 585 S Gyl okuly
2 39 «(TL-Moments) dalial ddasdl pgsally (L-Moments) ddasl pg3ally
Jbee Jlersiwly (351,11 0l d5ylae 03 (yog WLS 9 OLS 9 MLE 4 ylay paasdl elpuw oxd|
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Onialaoll 93 Juid anisi .2
439 2013 ple § (Shanker et al., 2013) J3 oo iedaall 63 Juid )95 A8
CLAJM}) ‘:;JJJ =09 @ dordiwnall Qla‘._u}ﬁ\ o W= m Q)}’\ U}QL‘.” d.u.uu\

L;l_a WSy 819
. — —0x @ 2,.,—0x
f(x;a,0) 9+a96 +9+a9 xe ...(5)
(P oselaadl (63 JUd aoigd aih Glgdue el ddleaimdl BUSIN Al s eldog
2
f(x;a,9)=9+a(1+ax)e‘9",x>0,920,a>—9 ...(6)

Sl G 81901 6 dedaoll @8 iy @ dolael) dalisie 08 die DI 0dd o) i
14531 I8 § LSy (1-2)

Probability Density Function
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0 —00

10580 2SN DI 0 oD o
Fx: 0 —1 [0+a+a6x] _ox
(x;6,a) = 0+a €

x>0,0=>0,a>-0 . (7)
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Cumulative Distribution Function
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Loie dalizeall il 35la) o) daslell MSE Pﬂéﬁ sladl ) & ya0a3) P:Jd\ .2 Jgul
©6=0.5, a=0.5
Sample Size t Real MLE oLS WLS Best
0.05 0.9875 | 0.98859 | 0.98889 | 0.98889
0.5 0.87615 | 0.88018 0.88435 0.88414
n=50 15 0.6495 0.64211 0.65507 0.65405 MLE
3.5 0.32583 | 0.30483 | 0.32159 | 0.31989
5 0.18469 | 0.16741 0.181 0.17963
MSE - 0.01211 0.01756 0.01589
0.05 0.9875 | 0.98837 | 0.98856 | 0.98857
0.5 0.87615 | 0.88001 0.88253 0.8826
1.5 0.6495 0.64624 0.65388 0.65395
n=100 3.5 0.32583 | 0.31149 0.3211 0.32137 MLE
5 0.18469 | 0.17192 0.17942 0.17982
MSE - 0.00652 0.00804 0.00859
0.05 0.9875 0.98839 0.98854 0.98854
0.5 0.87615 | 0.88062 0.88244 0.88235
1.5 0.6495 0.64853 0.65382 0.65334
n=150 3.5 0.32583 | 0.31363 0.32028 0.31934 WLS
5 0.18469 | 0.17273 0.17789 0.1769

MSE - 0.0042 0.00496 0.00365
1009 50 dius x> Jis Juadl (MLE) elasl o6l dasyb oo (2) Jgdad! oo Jaxdls

150 digall @2 die Juadl (WLS) 93 50)l (S yisall olasyall dioybo Lot
loie daliseall ypdadl 351,ka) o) dadlyall MSE o8y slad) &) &,aasl eudll .3 Jguzd!
8=0.5, a=2.0

Sample Size t Real MLE OLS WLS Best

0.05 0.99482 | 0.99332 | 0.99336 | 0.99341
0.5 0.93456 | 0.92145 0.9231 0.92339
1.5 0.75579 | 0.72908 | 0.73716 0.7369

n=50 3.5 0.41706 | 0.39528 | 0.41091 | 0.40862 MLE
5 0.24625 | 0.23528 | 0.25208 | 0.24858
MSE 0.01353 | 0.02611 | 0.02019

0.05 0.99482 | 0.99415 | 0.99417 0.9942
0.5 0.93456 | 0.92811 | 0.92958 | 0.92961
1.5 0.75579 0.7406 0.74827 | 0.74749

n=100 3.5 0.41706 | 0.40211 | 0.41749 | 0.41478 MLE
5 0.24625 | 0.23729 | 0.25371 0.2501
MSE 0.00726 | 0.01884 | 0.01393

0.05 0.99482 | 0.99439 0.9944 0.99442
0.5 0.93456 | 0.93002 | 0.93151 | 0.93143
15 0.75579 | 0.74414 | 0.75212 0.7509

n=150 3.5 0.41706 | 0.40458 | 0.42091 | 0.41721 MLE
5 0.24625 | 0.23834 | 0.25576 0.251
MSE - 0.00554 | 0.01795 | 0.01172
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daliseall ligadl plrsl s J4a8T (MLE) @lae¥1 0861 dds b oo (3) dgud! oy Ja>Dls

Lodie daliseall puadl @llal L) dadlya)l MSE @udg sladl I & puadl oudll .4 Jodad
6=1.5, a=0.5

Sample Size t Real MLE oLS WLS Best

0.05 0.94514 | 0.95194 | 0.95212 | 0.95236
0.5 0.56094 | 0.57107 | 0.57326 | 0.57451
1.5 0.16469 | 0.15216 | 0.15345 | 0.15449

n=>0 3.5 0.01213 | 0.00969 0.0096 0.00979 MLE
5 0.00159 | 0.00131 | 0.00127 0.0013
MSE - 0.00594 | 0.00619 | 0.00605
0.05 0.94514 0.95 0.9501 0.95025

0.5 0.56094 | 0.56735 | 0.56822 | 0.56904
1.5 0.16469 0.1522 0.15262 | 0.15328

n=100 3.5 0.01213 | 0.00933 | 0.00926 | 0.00937 MLE
5 0.00159 | 0.00117 | 0.00115 | 0.00117
MSE - 0.00296 | 0.00307 00.003

0.05 0.94514 | 0.94863 | 0.94873 | 0.94883
0.5 0.56094 | 0.56625 0.567 0.56749
1.5 0.16469 | 0.15638 | 0.15668 | 0.15711

n=150 3.5 0.01213 | 0.01018 | 0.01009 | 0.01018 MLE
5 0.00159 | 0.00131 | 0.00128 0.0013
MSE 0.00199 | 0.00211 | 0.00205

dalizca)l ligadl plraT s Juadl (MLE) eacH oYl Ao OF (4) Jgazd! ey Lo

lLodie daliseall paad! 351kl L) dadlell MSE @ud9 slad! Al & paddl euall .5 Jgue!
6=1.5, a=2.0

Sample Size t Real MLE OLS WLS Best

0.05 0.9675 0.96729 | 0.96755 | 0.96771
0.5 0.67481 0.6655 0.66875 | 0.66964
1.5 0.24091 | 0.22991 | 0.23324 | 0.23409

n=50 3.5 0.02099 | 0.02152 | 0.02175 0.022 WLS
5 0.00292 | 0.00362 | 0.00361 | 0.00368
MSE - 0.00559 | 0.00508 | 0.00498

0.05 0.9675 0.96795 | 0.96839 | 0.96842
0.5 0.67481 | 0.66985 | 0.67425 | 0.67419
1.5 0.24091 | 0.23205 | 0.23692 | 0.23675

n=100 3.5 0.02099 | 0.02083 | 0.02148 | 0.02149 WLS
5 0.00292 | 0.00329 | 0.00338 | 0.00339
MSE - 0.00315 | 0.00297 | 0.00289

0.05 0.9675 0.96815 0.9685 0.96852
0.5 0.67481 | 0.67136 | 0.67507 | 0.67502
15 0.24091 | 0.23299 | 0.23711 | 0.23696

n=150 3.5 0.02099 | 0.02051 | 0.02102 | 0.02103 WLS
5 0.00292 | 0.00312 | 0.00318 | 0.00318
MSE - 0.00239 | 0.00214 | 0.00211

80



2022 poewnd — Ais oludl ddall dSlbaz)! polall dxso

plnl die Joadl (WLS) Lg)sall Syimall Olasyall &yl O (5) dgaadl o 2530
Aalxseall Oliyal)

Yl lane (3 Juadl placl OBLY disylo o (5) ] (2) oo gl e LaoMall
Bhlall lal O 125 WS ¢ Ju8l 1555 WLS dis o 0l ccladaall B ol Loie ¢ biianly
o ellias B @1kl @lpaas of Lasl 1a>dg coluall @z 83b3 ylan logas
2w Yol Calizeang digall @m> 8303 ki Tz L) MSE 8 0Y @lidg 3ludyl
ST 08 5l ladaall) 0 oid

Ol .5
13 b (B Low i
Bl duols BN 351kl olydde clliad .1
Sriuall laall diylo ledy Yl plans (3 elacdl OBGY) didylo duiasl 2
Aigjgell
.3&_@\ == 5.3[3)'.3 B &blaﬂ clal gjw 3

References jolasdl! .6

1. Al-Bayati, Rasha Sameer Subhi, (2018). Some Estimation Methods for
Lindley Distribution. A Master Thesis, College of Science, Mustansiriyah
University, Baghdad, Iraqg.

2. Ghitany, M. E., Atieh, B., & Nadarajah, S. (2008). Lindley distribution and
its application. Mathematics and computers in simulation, 78(4), 493-
506.

3. Jodrg, P. (2010). Computer generation of random variables with Lindley
or Poisson-Lindley distribution via the Lambert W function.
Mathematics and Computers in Simulation, 81(4), 851-859.

4. Lindley, D.V. (1958). Fiducial Distribution and Bayes Theorem. Journal
of the Royal Statistical Society, Series B, 20(1),102-107.

5. Shanker, R., Sharma, S., & Shanker, R. (2013). A two-parameter Lindley
distribution for modeling waiting and survival times data. Applied
Mathematics 4: 363-368.

6. Swain, J. J.,, Venkatraman, S., & Wilson, J. R. (1988). Least-squares
estimation of distribution functions in Johnson's translation system.
Journal of Statistical Computation and Simulation, 29(4), 271-297.

7. Tharshan, R., & Wijekoon, P. (2020). A comparison study on a new five-
parameter generalized Lindley distribution with its sub-models.
STATISTICS, 89.

8. Yilmaz, A., Kara, M., & Aydogdu, H. (2018). L Moment And TL-Moment
Estimation for Two Parameter Lindley Distribution and Its Application.
In Book of Abstracts (p. 789).

81



2022 powad — Aius 2ol ddall dSlbaz)! polall dxso

Statistical Quality Control Charts

Al-Ani, Ban Ghanim Hayawi, Heyam Abd Majeed
Assistant Professor Assistant Professor
Department of Statistics and Informatics, College of Computer Science
& Mathematics, University of Mosul, Mosul, Iraq

2022 / 02 / 14 el pMlical gyl
2022 / 03 / 28 &gl Jgd ey

2022 J3! 0935 / seand tfus goludl sualdl § Caxdl A

2522-64X/658.5  :(Online) 409 AN dsewdll / ($ 923 duaid! 3a)

2519-948X/658.5 :(Print) &d)g)! dseudd! / S 925 Cuatl! 30y

82



2022 powad — Aius 2ol ddall dSlbaz)! polall dxso

Statistical Quality Control Charts

Al-Ani, Ban Ghanim Hayawi, Heyam Abd Majeed
Assistant Professor Assistant Professor
Department of Statistics and Informatics, College of Computer Science
& Mathematics, University of Mosul, Mosul, Iraq

Abstract

The main purpose of control charts is to help determine if a process is stable
and in-control, or unstable and out-of-control. When a process is stable, or
“in control,” this means that it is predictable and affected only by normal
random causes of variation. An unstable or “out-of-control” process is
affected by the same common causes of variation, but it is also affected by
“special” or “assignable” causes.

This paper reviews the basic concepts on Statistical Quality Control (SQC) and
its historical background. SQC techniques, when applied to measurement
data, it can be used to highlight areas that would benefit from further
investigation. These techniques enable the user to identify variation
within their process. Understanding this variation is the first step towards
quality improvement. There are many different statistical process control
techniques that can be applied to data. The simplest statistical process
control technique to implement is control charts. The purpose of this
technique is to identify when the process is displaying unusual behaviour.
In practice, it has been shown how to apply control charts of variables
and attributes to the data from two xamples.

Keywords: Shewart's chart, statistical quality control, variables control
charts, attributes control charts
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1. Introduction:
The term “quality control” consists of two parts: “control”, which is the
procedures that are taken to ensure that the product or services conform
to the specified specifications, while “quality” is the ability of the product
or service to meet or exceed consumer expectations. It is the sum of the
measures taken in various ways and methods to ensure that the product
or service conforms to the specifications specified in advance to ensure
that it can be accepted by the consumer in order to study and improve
the production or service and control its costs. Productivity and service
and in all fields: economic, agricultural, industrial ... etc.
There are eight dimensions of quality control:
¢ Performance: means whether the product performs the required
function.
¢ Reliability: means how and when the product fails to perform its
function.
e Durability: which is the duration (life) of the product or service.
o Aesthetics: refers to the form of the product or service..
o Serviceability: how easy is it to repair the product.
o Features: indicates the capabilities of the product.
¢ Quality: is the reputation of the product or company producing.
¢ Standards Matching: it is the suitability of the product or service to
the standard design specified for it.

IH

1.1 Statistical Quality Control (SQC):

It is one of the applications of statistics in practical life, especially in
industry. It is defined as the organizational process of events that
measure the actual performance of quality and its conformity with the
standard specifications and then take the necessary corrective measures
for these events wherever they are found. Thus, it can be said that quality
control over production cannot be considered a process that aims to
achieve a formula of congruence between the product and the standard
specifications to indicate deviation from it or to exceed the permissible
range only, but it is a wider process than that when a preventive or
warning control is alerting to the defect before its occurrence[1]. The
quality control over production is divided into two parts: controlling the
quality of the produced material and controlling the production process.
Whereas, the first part is concerned with classifying the material (primary
or produced) using statistical inspection methods into acceptable and
unacceptable methods, while the second part means keeping the process
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in a state of statistical control, i.e. producing a high percentage of
materials of acceptable quality, and in the event that any defect appears
in the process, that defect is revealed. This means that quality control is
a decision-making process regarding the progress of the production
process.

1.2 Historical Background:

There is no doubt that the history of statistical quality control extends to
the history of the industry itself. In the middle ages, quality control was
regulated by a large degree of training and for long periods of time for
craftsmen, and this was the basis for workers' pride in their products[2].
The use of statistical methods to control quality began in the United
States of America where in 1791 the US Secretary of the Treasury,
Alexander Hamilton, emphasized the necessity of using the sampling
method in controlling the quality, according to the report he submitted
regarding industries, where he explained in the ninth paragraph of the
“importance of using inspection method, as this helps to promote the
product and develop industries for the better, which leads to the
protection of the producer and the consumer”. In 1924, the American
researcher Shewhart, who was also working in Bell Laboratories for the
telephone, provided an optical device called by him the qualitative
control charts, using the theory of probability distributions, through a
memorandum prepared for this purpose, dated May, 16, 1924, to solve
the problems and bottlenecks that occurred in Bell Laboratories for
phones, that is why he is the first to use statistical methods in the field of
quality control[3]. Shewhart in 1925 published a paper in which he
demonstrated the importance of using statistical methods as an aid in
preserving the quality of industrial products, which is a relatively new
field in the use of statistical methods. In his research, he dealt with this
important economic role that they play in preserving product quality and
disclosing deviations and their treatment [4]. The use of quality control
methods to a large extent in America during and immediately after the
war, where Bell Laboratories sent a delegation to Washington to develop
a sample examination program for army sites where a manual was
published for sample testing used in the field of the Navy by a group of
statistical researchers at Columbia University[5]. Page, in 1954 proposed
a new quality control chart, which is the cumulative sum chart,
symbolized by (Cusum)[6]. Barnard, in 1959 invented a mask similar to
the V letter shape named as V-mask for the purpose of using it in
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decision-making when using the Cusum-chart. This chart is the second
development after the Shewart’s chart. As this chart has received
attention from researchers as it is more efficient than Shewart's chart.
After that, in 1958 Roberts developed three other types of charts, he
created two charts to control the rate and variations of quality, the first
based on moving averages and the second on moving ranges. In 1959,
Roberts presented the third chart, which relies on geometric moving
averages[7]. Crosby, in 1979 demonstrated the importance of using
statistical methods in quality control to obtain better quality, and this in
turn leads to a reduction in the cost of production, because the better
the quality of the product, the less the percentage of spoilage, and this
leads to lower costs, i.e., he demonstrated that there is an inverse
relationship between production quality and cost[8]. In 1980, Deming
presented a paper entitled “Statistical Control of Quality”, in which he
showed how to use statistical methods in controlling quality. He is
considered the pioneer in teaching these methods and holding courses
in the United States of America[4]. In 1982, Deming demonstrated that
the reason for the great success in Japanese industries and the
production of high-quality goods is the extensive use of statistical
gualitative control methods in production processes[4]. In 1983,
Feigenbaum spoke about new concepts in organizing the function of
quality control, stressing an important fact that quality control is the
responsibility of all departments and is not limited to one section without
the other to obtain good quality of the product[9].

As for what was stated by the Central Organization for Standardization
and Quality Control in Iraq in 1983 regarding the requirements of quality
control as the central body responsible for the quality of products in the
Iraqi industry, it was represented in preparing a guide for integrated
quality control in implementation of its tasks that come in the forefront
of advancing the national economy and improving production in addition
to the need to specify Iraqi standards and standards inspired by the Iraqi
environment. The company’s senior management organizes special
studies to improve the quality while ensuring efficiency and cost savings
through statistical methods of examination and analysis of results[10].
Most of the previous studies and research on the issue of quality control
depend on one variable that reflects the quality of one characteristic of
the quality of the product and the other variables are prepared by virtue
of the constant, but there are cases that require controlling more than
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one characteristic. In 1947, Hotteling used a multivariate method in the
quality control using a T?>-chart in a book that includes some statistical
methods used to control the quality in case that there are more than one
variable (or characteristic) associated with each other and that depends
on the distribution of multivariate and Hotteling is the first to use a
multivariate method in the quality control[11]. In 1957, Jackson & Morris
published an applied paper on the use of the multivariate statistical
method to control the quality of photographic production using the
ellipse cart. In their research, they treat the case of three correlated
variables that reflect the quality of the product photography[12].

The first efforts to study quality in the medical field and in industry began
at the beginning of the twentieth century. One of the pioneers of quality
control in medicine was the famous osteopath Ernest, A. Codman[13]. So
health institutions are looking for quality products and seeking to
improve the quality of their services by relying on clinical and operational
activities such as (laboratories, radiology, etc.). In 1991, Schaake et al
demonstrated the importance of studying the qualitative control of
treatment methods with toxic drugs and deep radiation therapy for
cancer patients in several medical centers and at different stages of the
disease, and reached the importance of qualitative control in improving
treatment outcomes by reducing drug side effects and thus reducing
growth Tumors and improving the final outcome of treatment in a better
way[14]. In 1998, Polygenis et al studied the relationship between
alcohol use and the occurrence of birth defects in newborns using specific
control. He took a sample consisting of (130,810) cases of which (24,000)
used alcohol and the rest did not use alcohol, and depending on the
quality control it was found that there is no relationship between alcohol
use and the occurrence of birth defects[15]. In 2000, Kouri et al evaluated
the degree of specificity of the laboratory tests, where he used the urine
tests based on the upper limit of the normal values of these tests using
the specific control and the accuracy of these analyzes were evaluated
depending on the sensitivity and specificity of these analyzes by setting a
grace period determined to the minimum which is the discovery of the
presence of the substance in low concentrations in the urine and the
upper limit, which is to establish its existence conclusively and for
sure[16].

Another field in which statistical quality control has been used and
applied is clinical chemistry and hematology, in 2001, Westgard
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introduces the Six Sigma theory in clinical chemistry as another way of
establishing quality specifications. This theory had already been tested in
the industry for almost 20 years, with great success in reducing the
number of defective products manufactured. A few years later (2003), a
new standard was created exclusively for medical laboratories: the EN
ISO 15189, which was revised in 2007 and 2012[17]. In 2007, Marshall
and Mohammed used control charts to monitor mortality rates after
coronary artery bypasses[18]. More recently, Urdinola and Rojas-Perilla
in 2013 proposed to use this approach to identify the under-registration
of adult mortality in Colombia[19]. In 2018, STC is widely used in Geman’s
Hospitals, External quality assurance (EQA) in Germany is regulated by
the Directive on Measures concerning Quality Assurance in Hospitals.
According to this directive, each patient’s quality of treatment is
reflected in a set of nationally standardized performance indicators. The
raw case based performance data are transmitted to the regulatory
agency by the end of February following the reporting year. The annual
mean of the performance indicator is then compared to the national
target, and, if relevant deviations are detected, appropriate interventions
are initiated[20]. Motivated by the coronavirus disease 2019 (covid-19)
pandemic, Perla & et al in 2020 developed a novel Shewhart’s chart to
visualize and learn from variation in reported deaths in an epidemic.
During a pandemic, timely reliable signals that an epidemic is waxing or
waning may have mortal implications. This novel chart offers a practical
tool, accessible to system leaders and frontline teams, to visualize and
learn from daily reported deaths during an epidemic. Without Shewharts’
charts and, more broadly, a theory of variation in our epidemiological
arsenal, we lack a scientific method for a real-time assessment of local
conditions. Shewharts’ charts should become a standard method for
learning from data in the context of a pandemic or epidemic [21].

2. Material and Methods:

2.1 Deviations in the Production Process:

The deviations in the production process are divided into two parts: the
first part is a random variations which represents the differences that
cannot be traced back to a single reason, but to a large and complex
group of reasons. These differences are due to chance and are usually
not significant and do not affect the quality of the product as long as they
fall within the permissible limits. But if these limits are exceeded, they
constitute a threat to the production process, and these reasons cannot

89



2022 powad — Aius 2ol ddall dSlbaz)! polall dxso

be completely controlled and eliminated. As long as it is difficult to
overcome, there is no need to make efforts to remove it, as this leads to
cost and waste of time. The second part of deviations in the production
process is deterministic variations which is due to actual causes called
assignable causes in quality control due to the existence of an actual
defect in one of the factors of production, in this case the process is out
of control, and these causes can be controlled by identifying and studying
them and working to remove them where its moral impact on the
production process, so the responsible person must identify these
reasons and try to eliminate or reduce them because their presence leads
to the deviation of the production process from the specifications set for
it. There are many reasons that lead to this type of deviations, including:
1. There are natural differences in the composition of the raw materials.
. There is a difference in the level of skills of researchers and workers.

. Significant differences in the test method or devices (equipment).

. Neglect by workers in the production process and their inactivity.

. Inaccuracy in reading measurements by an official.

. The chronological age of the machines.

. Lack of training for workers.

8. Change in temperature and humidity.

NoubhwnN

2.2 Inspection Policies:
There are many inspection policies that are carried out on the quality of
the material produced in practical life to detect deviations and random
changes, among which are[22]:
1. Inspection in terms of the producing units. These are divided into
several inspection policies, including:
e inspecting a unit from among each (n) units produced.
e inspecting all produced units (100% comprehensive examination).
e inspecting (n) units for each (N) units produced.
2. Inspection in terms of time:
In this case, the units produced are examined during periods of time
that may be regular or irregular, for example:
e inspecting one unit (or sample of n units) at fixed and equal intervals
(Fixed Interval Inspection).
¢ inspecting (n) units for each (N) units produced in equal time
periods.
e inspecting a unit (or sample of n-unit size) in unequally spaced short
periods of time.

90



2022 powad — Aius 2ol ddall dSlbaz)! polall dxso

2.3 Quality Control Charts:
Quality control charts are considered one of the scientific methods
commonly used to control the quality of the product in order to obtain a
better quality product according to the required specifications. Interest
in this topic began at the beginning of the 18th century, and its use
developed as a result of the development of statistical theory. These
charts were invented by the American statistician (Dr. W.A. Shewhart) in
the 1924, who was working in Bell Telephone Laboratories, where he
used and developed statistical methods for the purposes of qualitative
control such as frequency distributions, probabilities, and normal
distribution. These charts were called by him the Quality Control Charts
(QCC), after he published three studies in this field (1926-1927). The
preparation of such charts is based on the use of one of the common
statistical measures (indicators) such as the mean, range, or standard
deviation[1]. The main objective of using these charts is to detect the
actual abnormal changes in the parameters of the production process.
On this basis, Shewart's goal of using charts was to keep the production
process under control, that is, to produce a high percentage of
acceptable materials, to detect any defects that occur in the production
process, and to work on removing it, if any. Based on the foregoing, it can
be said that the purpose of using charts is to control the mean (or level)
of product quality or the changes and deviations in quality. The scientific
idea behind using quality control charts lies in sampling theory and
statistical inference in addition to normal distribution. Quality control
charts are considered one of the most important common statistical
methods used in quality control because they are easy to use as an
alternative to using hypothesis testing because the production process is
under control, and this is done by drawing random samples from the
production line after determining the characteristic of the produced
material to be controlled that reflects the quality of that material and
then conducting statistical analysis of the data plotted on the chart.
In general, Shewart's chart consists of three lines that do not cut the
horizontal axis, namely:
1- The center line, or called the target line, which represents the specified
criterion for the level of required quality, symbolized by T.
2- The upper control limit of the chart represents the upper limit allowed
for differences from the required level of increase, and it is symbolized
by the UCL.
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3- The lower limit of the chart represents the minimum permissible
difference from the required level by decrease, symbolized by the LCL.

The two limits represent statistical tolerance limits, because no matter
how accurate the production process is, there must be a difference
between production units. If most of the points fall in the tolerance
period between the two limits of control and are distributed normally
around the target line, then the process is under statistical control, but
when one or more points out of control means a defect in the process,
and the cause must be discovered and removed. The position of the
control limits on the chart is (+ 3.960) from the target line, where (o)
represents the standard deviation (assuming it is constant and known)
and to facilitate the calculations, Shewhart used control limits (£ 30) from
the target line and for this reason it was called the Shewhart’s chart (3-
sigma chart). When we add and subtract (+ 3c0) from and to the target
line results in a range that includes approximately (99.73%) of the
distribution, and this is one of the characteristics of the normal curve,
that is, if the random causes alone affect the process, this means that the
probability (99.73%) of the values of the statistical indicators drawn on
the chart fall within the limits of control and are distributed in a manner
that follows the normal distribution around the target line. This means
that it is possible (by chance) that one of the statistical indicators falls
outside the limits of control without implying a defect in production with
a probability of 0.27%, therefore, it is expected that (997) points out of a
total of (1000) points fall in the tolerance period, at which time the
process will be under control. The choice of control limits (+ 30) to and
from the target line gives an economic balance of the costs resulting from
two types of statistical errors that may occur when deciding on the
progress of the production process. Therefore, control limits (T £ 30)
should be used unless they are strong practical reasons that prevent this,
as in cases of controlling a quality that requires extreme accuracy of the
quality of the produced material, it is possible in this case that the control
limits fall within a distance (+ 20, + 1.50, or * 10, ...etc.) from the line
target. Shewart's decision was that if all the points fall between the limits
of control, the process will be under control, but if one point falls outside
the limits, the process is out of control, and this means that there is a
defect that has occurred or may occur later in the production process.
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2.4 Statistical Errors:

There are two types of statistical errors that can be committed when
making decisions about the production process. Type one error: this type
of error occurs when we decide that the process is out of statistical
control, but in fact it is under control, and this type of error is somewhat
expensive because it leads to searching for the causes of the defect that
made the productive process out of control, which in fact does not exist
and it is possibility. When the error of the first type is small, the control
limits are at a distance (+ 30) from the target line, that is, the error of the
first type with probability (oo = 0.0027), this error is called false alarm.
Type two error: this kind of error occurs when the decision is taken on
the basis that the process is under control, but in fact it is out of control,
meaning that the decision-maker about the process believes that the
causes of deviations are random reasons for the fall of all points within
the limits of control, but in fact the process is outside statistical control
because there are reasons actual. It is not necessary for the process to be
under control if all points fall within the limits of control because there
are actual changes in the production process.

2.5 Modified Shewhart’s Chart (MSC):

To this day, Shewharts’ charts are known the Ordinary Shawhart’s Chart
(0SCQ), for their ease of use and simplicity, and the second reason is their
ability and sensitivity to detect the significant and significant changes in
the production process very quickly, but at the same time it suffers from
some deficit because it relies on one point in making a decision, that is, it
does not take the previous information into consideration, in addition to
its inability to detect small and minor changes. Therefore, many
researchers tried to overcome these weaknesses by modifying and
developing the regular Shewarts’ charts by drawing internal warning
lines, usually placed at a distance (+ 20) from the target line in addition
to the control limits (LCL and UCL) for early warning before reaching the
level quality to the lower and upper limits, usually one point out of a total
of (20) drawn points or two points out of a total of (40) points located
above or below the warning lines considered a normal condition, and
more than that are considered abnormal and this means that a defect
will occur in the production process in the near future. These are called
modified Shewarts’ charts according to increasing their ability and
sensitivity to detect small changes in product quality.
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2.6 Importance of using Quality Control Charts:

The use of quality control charts has great importance in the course of
production processes by detecting any defect that occurs in the
production process as quickly as possible and maintaining the continuity
of the process under control, and this will give a good opportunity to
develop the product in quality or as it helps to open new horizons for the
development of the process mechanism productivity, making it easier
and more flexible. Since this topic has many aspects, we will try to define
the most important general points for the benefits of quality control
charts[23]:

1.

Monitor the production process and compare its actual performance
with the specified specifications.

The distinction between the natural deviation resulting from the
random causes inherent in the production process and the deviation
resulting from the actual causes that can be easily identified and
discovered for the purpose of eliminating them.

Early detection of errors and defects, and this helps reduce the
percentage of defective units in production, and this in turn leads to a
decrease in the total cost of quality.

. It contributes to reducing the inspection process because it deals with

examining part of the production (samples), and this helps reduce the
costs of testing.

. Determining the responsibility of the offender for the deviation or the

error and the reasons for that deviation, in order to enable those
responsible for production to address the deviation and prevent its
occurrence or its recurrence later, as well as determine whether the
cause is the production work system or a defect in the machines and
production requirements or in the quality of the working cadres and
finding solutions for each one of these reasons.

It gives a "continuous" perception of the position of change in quality
during the course of the production process and the extent of its
conformity with the specified specifications.

. It has a preventive or warning role, alerting the defect before it occurs,

and this preventive role improves the economics of production by
warning about the occurrence of defects before they happen. Thus,
losses resulting from product damage can be avoided.

. Providing information and statistical data to reveal the development

in improving the quality of product so that it can be used in the future.
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9. Help in guessing production costs.

10. Play an "important" role as a moral incentive for employees and as a
basis for evaluating performance and granting incentives. The charts
are also an important tool for evaluating the production position of
the administration.

2.7 Classification of Control Charts:

In general, the quality control charts are classified into two categories:
control charts for variables and control charts for attributes, this
classification depends on the characteristic of the produced material,
which is divided respectively: measurable characteristic and non -
measurable characteristic.

2.7.1 Variable Control — Charts:

If the quality of the product is measurable and is expressed in numbers,
it is called a variable or quantitative, meaning that this characteristic can
be measured quantitatively and is considered a "continuous" random
variable. This characteristic is expressed in terms of the basic units
(meter, kg, hour, amps, percentage, degree,...,etc). These chars are used
to control the rate (level) of quality and the variation in the quality of the
produced material, the most important of these charts are:

1. X-Chart (Single Value-Chart):

In many cases, there are few measurements of the quality characteristic
to be studied due to the high cost, the time taken, or the scarcity of the
examined parts. Therefore, there are production cases in which it is
preferable to use a single observation for each time period for the
purpose of monitoring. In this case, the individual values obtained are
drawn on the chart. One of the advantages of this chart is its ease of
personal use by the employees for ease of understanding it. It also gives
information to the specified data while the chart (will be mentioned
later) gives the information after a delay in time until sufficient
information is available. As for its disadvantages, it requires a large
number of observations to know the state of lack of control, and it does
not summarize data as is the case in chart[1]. The target line for this chart
represents the mean of all observations. The two limits of control are

(X +3Sy ), the vertical axis represents the quality characteristic, while
the horizontal axis represents the sequence of observations (or time).
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2. X-Chart (Average- Chart):

One of the most widely used quality control charts is the average chart
X. This chart is used to control the quality mean and it is the first chart
designed by Shewart. The target line for this chart represents the general

mean of all observations (7) (the average of all means of the samples
drawn). The control limits are X +30 |. One of the benefits of the chart

is that it shows the change in the process quickly. Also, when drawing the
average values, they are closer to the target line than the individual
values, because when calculating the sample average, the effect of the
outliers will decrease. Also, the average is a more efficient indicator than
the individual values because it contains more information.

3. R-Chart (Range- Chart):

This Chart is used to control the variations in the quality of the produced
material, that is, it helps to detect changes (differences) in the process.
This chart is prepared from the ranges of the drawn samples, as the range
for each sample is drawn against the sequence of samples (or time), and
the range in each sample is measured by calculating the difference
between the largest value and the smallest value for the observations of
that sample. When the sample size is less than 10 (n <10), because when
the sample size is greater than (10) or more, it is preferable to use the o-
chart (will be mentioned later) because & contains more accurate
information. The target line for this chart is the average of the sample
ranges R = Y%, R;/m. The values drawn on this chart represent the
values of the range of each sample, while the control limits are (R +
3SR), orit can be calculated directly by multiplying the average ranges by
the coefficients of the two control limits as follows UCL=D,R and
LCL = D,R where D3 and D are constants taken from the table of control
limits[2]. In general, the limits of this chart are asymmetric if the sample
size is (N<6)because the value of the control limits parameter is (Ds =
0), meaning that the chart consists of only one term.

4. S-Chart (Standard Deviation— Chart):

This chart is also used to control variations and variances in the quality of
the produced material. The range was used as an alternative to the
standard deviation for its ease of calculation. However, the standard
deviation of the sample is calculated by taking all the sample
observations and not the largest value and the smaller value. Therefore,

96



2022 powad — Aius 2ol ddall dSlbaz)! polall dxso

is considered the most accurate and efficient of the range, it contains
more information, but when the sample size is less than (10)
observations, it is The R-Chart is preferred. The target line for this chart
is the average of the sample standard deviation (S = Y. Si/m). The
two control limits (S & 305) can be calculated directly by multiplying the
mean standard deviations by the coefficients of the control limits Bz and
B4 as UCL = B,S and LCL = B3S. Whereas, Bs and B4 are constants
taken from the table of parameters of control limits[2].

5. MA-Chart (Moving Average— Chart):

The previous charts do not take into account the previous information
when making a decision, i.e. the values of the observations are calculated
for one time only, and this is considered a weakness for that charts, which
motivated many researchers to develop them and find new charts to
address this deficiency, one of these charts is the moving average chart.
The goal of using this chart is the same as the goal of the X-Chart i.e. to
control the average of the quality level, but here it is based on a moving
basis (k) and there are two ways to calculate moving averages of the rank
(k) for a group of observations X;, X5, ..., X;,.

K X+ Xy ot Xy k)

The first method: Xi = ” ©i=12,.,N-k+1

where the sequence of averages is in ascending order.
S X g T X Fo X
The second method: Xi == — K+l I ||<<+2 I ; i=k k+1,..,N

where the sequence of averages is in descending order.

The moving average values of the samples )?i(k) (k represents the moving
average rank) are plotted on the chart against the sample sequence
(time). The target line for this chart represents the general average of the
moving averages: X = Zﬁvz_l"“)?i(k)/(N —k+1),
the ccontrol limits for this chart are:

UCL = X® + 30500 = X® + A4,R® and LCL =X® - 30,4 = X® — 4,R®
where X® it is the general average of all moving ranges, and A; is
extracted from the table of two limit coefficients.

6. MR-Chart (Moving Range— Chart):

The purpose of using this chart is the same as using (R-Chart and S-Chart),
this means that it is used for the purpose of controlling the variance in
the quality of the produced material, but it depends on the moving base.
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The moving ranges of order (k) are calculated for a group of observations
X1,X5, ..., Xy by the following formula:

R = max (X, g, X iz —— X% )= M (X s X rgim = — %) si=k k1, . N

The values of the moving range I?i(k) are drawn on the chart against the
sequence of samples (time). The target line for this chart represents the
average of all moving ranges R = Z?:l ﬁi(k)/N while the control limits
(R® + 3Srw) or it can be calculated directly as is the case in the control

limits of the R-Chart, that is UCL = D4§(k)and LCL = D3ﬁ(k).

7. GMA-Chart (Geometric Moving Average-Chart):
The purpose of using a GMA-Chart is the same as that of X-chart, to
control the quality rate. A geometric moving average is calculated by the
following formula:

Zi=(1-r)Zia+r X ;i=12,.,N
where (Xi) represents the most recent observation and is given the
weight (r) and (Zi.1) represents the previous geometric moving average
with the weight (1-r), r represents the smoothing constant, and the value
of r is determined depending on the last observation, since its value is
proportional to the importance of the last observation. If the last
observation was significant, the value of r would be large and vice versa,
it is found that the best value of r is (0 <r <0.3), especially (r = 0.2). The
weights with time are always reduced because the old data are of little
weight and the most recent observation is given more weight. The values
of the geometric moving average (Zj) are plotted on the chart against the
sequence of observations, which is why the chart is named so. The target
line is the average (T=Mo=Zo) and the value of Z is always taken from
previous data and is represented by (in the case of time zero) and if the
value of Mg is not known, we find a value for the previous data. As for the
limits of control, it is UCL= T + 3Sz and LCL= T — 3Sz; whereas S; =
(r/2 —1)°5, the value of o is known or estimated by the sample size as
indicated on the chart. We note that this chart took all the previous data
into consideration and gave a weight to each observation whose effect
fades with time and the largest weight given to the last viewing Xi.

8. Cusum-Chart (Cumulative Sum-Chart):

This type of technique was used for the first time in the field of quality
control by the scientist Page in 1954 and was considered a turning point
in the field of quality control. The aim of using this chart is to control the
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quality rate of the product as in the X-Chart and the MA-Chart and the
GMA-Chart. The basis for forming this chart is the accumulated sum of
errors (Sn), which is calculated by the following formula:

n n
S, = (X;—k)=>"e; where e;=X; -k, X;is the value of observation
i=L i1

i taken from the production line, k is a selected parameter whose value
is close to the value of the target line Mo and is usually determined by
previous experiences, and e is the error of X;about the parameter k. One
of the advantages of this chart is that it takes all the observations into
consideration when making a decision. It also does not include a target
line and no control limits as in the previous charts, but it contains an easy
method in prac