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II BAB  

IROET NASADNAL  
 

2.1 latanoeN naitameK  

 ek eniretuartni napudihek sesorp imalagnem urab gnay iyab halada latanoeN

 .eniretuartske napudihek  edoirep adap naitamek nakapurem latanoen naitameK

 .)6002 ,OHW( irah 82 rumureb iyab aggnih pudih rihal iyab taas  turuneM

 id iyab naitamek ,)2102( lanoisaN samseK malad ,dumhaM nad mieaN ,halludbA

 adap idajret iyab naitamek %06 ,nuhat paites atuj 11 nakarikrepid ainud hurules

 amatrep uggnim utas rumu adap idajret latanoen naitamek %04 nad latanoen asam

 .napudihek  

meK naitamek inkay ,esaf aud malad igabid tubesret latanoen naita   ylare

latanoen   naitamek nad latanoen etal  nanurunep ,rihkaret edaked utas malaD .

agnem latanoen naitamek  .%7 rasebes aynah nanurunep imal  nautasrep ,nakhaB

asgnaB - awhab nakarikrepmem )BBP( asgnaB   taas iyab naitamek irad agitrep aud

 iyab atuj tapme halmujes ,nial atak nagneD .latanoen naitamek nakapurem ini

 .)pudih rihal iyab 0001 rep 03( ainud hurules id naitamek imalagnem latanoen

ihal nadab tareb nagned iyab adap idajret kaynab latanoen naitameK  hadner r

)RLBB(  .  aisenodnI nataheseK nad ifargomeD ievruS nakrasadreb ,aisenodnI iD

 imalagnem marg 005.2 irad gnaruk tareb nagned iyab %4,27 ,2002 )IKDS(

aas naitamek .)7102 ,ayaruS( latanoen t  

anoen sunatet ,aiskifsa halada latanoen naitamek amatu babeyneP  nad murot

 tapad tubesret naitamek irad raseb naigabes aynlutebes gnay narihalek amuart

 gnolonep nalimahek asam amales ubi natahesek naarahilemep iulalem hagecid

 urab iyab padahret raneb gnay nanagnanep atres ,hisreb nad nama gnay nanilasrep

 amaturet rihal  anerak nakbabesid aguj latanoen naitameK .iggnit okisereb gnay

sidem babes aratna natiakreb gnilas gnay lah iagabreb   laisos rotkaf nad

,itrumabarP(  .)8002  
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2.2 nossioP isubirtsiD  

naabocreP   kaca habuep naklisahgnem gnay 𝑌,  amales lisah aynkaynab utiay

nossioP naabocrep tubesid utnetret haread malad uata utnetret utkaw gnales  .

 ialin aynkaynaB 𝑌  kaca habuep utaus tubesid nossioP naabocrep utaus malad

 .nossioP isubirtsid tubesid ayngnaulep isubirtsid nad nossioP  utkaw gnaleS

 ugnnimes ,irahes ,tinemes aynlasim ,ayngnajnap ajas apareb apureb tapad tubesret

 .nuhates nakhab ,nalubes D  isubirtsid kutneb utaus nakapurem nossioP isubirtsi

p gnay awitsirep kutnu satilibabor   adap gnutnagreb nad licek tagnas aynnaidajek

retni tirksid lebairav apureb natamagnep lisah nagned utnetret utkaw lav  

 ,itawainruK( )4102  . d ,)1102( lemaK nad nawhsaR turuneM  gnaulep isubirtsi

 nossioP kaca habuep  𝑌 : halada  

𝑓(𝑦) � 𝑟𝑃 (𝑌 � 𝑦) �
𝑒−𝜆𝜆𝑦

𝑦!
     ,                          𝑦 � 0,1,2, …                              �2.1� 

anamid  

𝜆 ∶ atar - kaynab atar  utnetret haread uata utkaw gnales malad idajret gnay seskus  

 𝑦 ∶ ek nakukalid gnay natamagnep halmuj -i 

𝑒 ∶  2, 3817  

 ,kadit uata nossioP isubirtsidreb itamaid gnay atad hakapa iuhategnem kutnU

 iju nakanuggnem nagned nakukalid tapad vonrimS vorogomloK   ,)7102 ,mayS(

:tukireb iagabes aynnaijugnep sisetopih anamid  

𝐻0 ∶ 𝐹(𝑋) � 𝐹0�𝑋� )nossioP isubirtsidreb gnay isalupop irad lasareb lepmaS(  

𝐻1  : 𝐹(𝑋) � 𝐹0�𝑋� )nossioP isubirtsidreb gnay isalupop irad lasareb kadit lepmaS(  

 faraT isnakifingis  𝛼 � 0, 50  

iju kitsitatS  

𝐷 �  𝑥𝑎𝑀 |𝐹0�𝑋� � 𝐹(𝑋)| 

naijugnep airetirK  

 kaloT 𝐻0  ialin akij 𝐷ℎ 𝑡𝑖 � 𝐷𝛼  anamid , 𝐷𝛼  helorepid gnay sitirk ialin nakapurem

 lebat irad vonrimS vorogomloK  uata   kaloT 𝐻0  ialin akij 𝑔𝑖𝑠   SSPS tuptuo lisah

 irad gnaruk ialin ikilimem 𝛼 � 0, 50   isubirtsidreb kadit lepmas aynitra gnay

.nossiop  
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2.3 nossioP isergeR  

R  nossioP iserge  nakapurem  atad adap nakanugid tapad gnay iserger ledom

 isubirtsidreb aynnopser lebairav gnay nossioP  tirksid sinejreb nad  .  iserger ledoM

 ledom malad kusamret nad tirksid atad kutnu radnats ledom nakapurem nossiop

neb utaus nakapurem nossiop isergeR .reinil  iserger nakanuggnem sisilana kut

ta ialin nahaburep ,halmuj itrepes atad ledom agudnem kutnu  nakopmolegnem ua

.)4102 ,iradnayhaC( lebat ek atad  

 irad naparenep nakapurem nossioP isergeR  ledoM reiniL dezilereneG

)MLG(  . )MLG( ledoM reiniL dezilereneG  nakapurem   iserger ledom irad nasaulrep

 isergeR .laisnenopske narabes ikilimem gnay nopser lebairav kutnu mumu

 atad sisilanagnem kutnu nakanugid nossioP tirksid sinejreb  .  iserger malaD

 nopser lebairav utiay ihunepid surah gnay ismusa tapadret nossioP �𝑌�  nad tirksid

atar ialin utiay isrepsidiuqE .isrepsidiuqe ismusa -  nairav ialin nagned amas atar

 uata (𝑌|𝑥) � 𝐸(𝑌|𝑥) � 𝜆  .  

ameroeT  

 naklasiM 𝑌  retemarap nagned nossioP isubirtsidreb modnar lebairav 𝜆 atar akam -

 isnairav nad atar 𝑌  halada 𝜆. 

itkuB  

ataR -  irad atar 𝑌  retemarap nagned nossioP isubirtsidreb 𝜆 a halad  

𝐸(𝑌) � � 𝑦. 𝑓�𝑦�
∞

𝑦=0

 

� ∑ 𝑦. 𝑒−𝜆𝜆𝑦

𝑦!
∞
𝑦=0    

� �
𝑒−𝜆𝜆𝑦

�𝑦 � 1�!

∞

𝑦=0

 

� �
𝜆𝜆�𝑦−1�𝑒−𝜆

�𝑦 � 1�!

∞

𝑦=0

 

� 𝜆 �
𝜆�𝑦−1�𝑒−𝜆

�𝑦 � 1�!

∞

𝑦=0
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� 𝜆 �
𝜆𝑧𝑒−𝜆

𝑧!
                             � naklasim  1,1 yyz  akam  0z �  

∞

𝑧=0

 

� 𝜆 � 𝑓�𝑧�
∞

𝑧=0

             

� 𝜆 

 irad isnairav nakgnadeS 𝑌  retemarap nagned nossioP isubirtsidreb gnay 𝜆 halada  

𝑟𝑎𝑉 (𝑌) � 𝐸(𝑌2) � �𝐸(𝑌2)�2 

� 𝐸(𝑌2 � 𝑌 � 𝑌) � �𝐸(𝑌2)�2 

� 𝐸(𝑌�𝑌 � 1�� � 𝐸�𝑌) � �𝐸(𝑌2)�2      � iraD  tafis  isatkepske � 

� � 𝑦(𝑦 � 1).
𝜆𝑦𝑒−𝜆

𝑦!

∞

𝑦=0

� 𝐸(𝑌) � �𝐸(𝑌2)�2 

� �
𝜆𝑦𝑒−𝜆

�𝑦 � 2�!

∞

𝑦=0

� 𝐸(𝑌) � �𝐸(𝑌2)�2 

� �
𝜆2𝜆�𝑌−2�𝑒−𝜆

�𝑦 � 2�!

∞

𝑦=2

� 𝐸(𝑌) � �𝐸(𝑌2)�2 

� 𝜆2 �
𝜆𝑧𝑒−𝜆

𝑧!

∞

𝑦=2

� 𝐸(𝑌) � �𝐸(𝑌2)�2 

 naklasiM 𝑧 � 𝑦 � 2, 𝑦 � 2  akam 𝑧 � 0 

𝑟𝑎𝑉 (𝑌) � 𝜆2. 1 � 𝜆 � 𝜆2 � 𝜆 

 

2.3.1 isergeR sisilanA  anahredeS nossioP  

:6002( itnayirtreH turuneM )51 a ,  halada anahredes nossioP iserger sisilan

 aratna nagnubuh sisilanagnem kutnu nakanugid gnay akitsitats edotem haubes

( nopser  lebairav haubes 𝑌  lebairav haubes nad tirksid atad nakataynem gnay )

( rotkiderp 𝑋 ( nopser lebairaV .) 𝑌  nakirebid ) 𝑋 � 𝑥  isubirtsidreb  nakismusaid

( rotkiderp lebairav nakgnades ,nossioP 𝑋  uata unitnok ,tirksid sinejreb tapad )

.kirogetak sinejreb  

 ( nopser lebairav haubes aratna nagnubuh iuhatekid nigni naklasiM 𝑌  gnay )

 nakataynem ( rotkiderp lebairav haubes nad tirksid atad 𝑋  unitnok sinejreb gnay )
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nopser modnar lebairaV .kirogetak uata   �𝑌�  nakirebid 𝑋 � 𝑥  nakismusaid

 isireb lepmas haubes nakirebid  akiJ .nossioP isubirtsidreb 𝑛  nagnasap haub

 utiay ,sabeb gnilas gnay natamagnep {�𝑋𝑖, 𝑌𝑖� ; 𝑖 � 1,2,3, … , 𝑛  nagned } 𝑋𝑖  nad 𝑌𝑖 

turutreb - ut ek natamagnep halada tur - irad i  lebairav  𝑋  nad 𝑌  nagnubuh akam ,

 aratna 𝑌  nad 𝑋 helo naksalejid tapad kadit  anahredes raenil iserger ledom .  

𝑃(𝑌|𝜇) �
𝜇 𝑖𝑦 𝑒−𝜇

𝑦!
 , 𝑦 � 0, 1, 2, … 

𝐸(𝑌) � 𝜇 

𝜇 � 𝛽0 � 𝛽1𝑋𝑖; 𝑖 � 1, 2, … , 𝑛 

:utiay anahredes nossiop iserger ledom akaM  

nl �𝜇𝑖(𝑥𝑖)� � 𝛽0 � 𝛽1𝑋𝑖; 𝑖 � 1, 2, … , 𝑛 )2.2(  

nagned nelaviuqe uatA  

𝜇𝑖(𝑥𝑖) � 𝑒𝛽0+𝛽1𝑋𝑖; 𝑖 � 1, 2, … , 𝑛 )3.2(  

 nagneD 𝛽0  , 𝛽1  tubesid gnires )2.2( ledoM .iuhatekid kadit gnay retemarap halada

ed  gol isgnuf uata amtiragol gnubuhgnep isgnuf nagn knil . 

 

2.3.2 adnagreB nossioP isergeR sisilanA  

( itnayirtreH turuneM )53:6002 r ,  iserger halada adnagreb nossioP iserge

( nopser lebairav haubes aratna nagnubuh sisilanagnem gnay 𝑌  nakapurem gnay )

 sinejreb atad  nad nossioP isubirtsidreb nakismusaid ,tirksid 𝑝  lebairav haub

 rotkiderp (𝑋) sinejreb gnay   ,tirksid unitnok  kirogetak uata . 

 aulrep nakapurem adnagreb nossioP iserger ledoM  iserger ledom irad nas

 nossioP  iuhatekid naka adnagreb nossioP iserger malad anamid ,anahredes

 nopser lebairav  haubes aratna nagnubuh �𝑌�  nad tirksid sinejreb gnay 𝑝  haub

 rotkiderp lebairav 𝑋1, 𝑋2, … , 𝑋𝑝 .kirogetak uata unitnok sinejreb gnay   lebairaV

 nopser irad modnar 𝑌 akirebid  n 𝑋1 � 𝑥1  , 𝑋2 � 𝑥2, … , 𝑋𝑝 � 𝑥𝑝  nakismusaid gnay

.nossioP isubirtsidreb  

  gnay natamagnep nagnasap haub n isireb gnay lepmas haubes nakirebiD

 sabeb gnilas ��𝑋1𝑖, 𝑋2𝑖, … , 𝑋 𝑖𝑝 , 𝑌𝑖��; �𝑖 � 1, 2, … , 𝑛}  nagned 𝑋1𝑖, 𝑋2𝑖, … , 𝑋 𝑖𝑝  

turureb - tamagnep halada turut ek na - lebairav irad i 𝑋1, 𝑋2, … , 𝑋𝑝  nad 𝑌𝑖  halada
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ek natamagnep -  lebairav irad i 𝑌 atar akiJ . -  irad taraysreb atar 𝑌𝑖  ialin nakirebid

𝑋1𝑖, 𝑋2𝑖, … , 𝑋 𝑖𝑝   helo nakataynid  

𝐸�𝑌𝑖�𝑋1𝑖 � 𝑥1𝑖, 𝑋2𝑖 � 𝑥2𝑖, … , 𝑋 𝑖𝑝 �  𝑥 𝑖𝑝 � � 𝜇𝑖�𝑥1𝑖,  𝑥2𝑖, … , 𝑥 𝑖𝑝 �,   𝑖 � 1, 2, … , 𝑛 

𝜇𝑖�𝑥1𝑖,  𝑥2𝑖, … , 𝑥 𝑖𝑝 � � 𝑒𝛽0+𝛽1𝑋1𝑖+𝛽2𝑋2𝑖+⋯+𝛽𝑝𝑋 𝑖𝑝 ;                        𝑖 � 1, 2, … , 𝑛    

halada aynadnagreb nossiop iserger ledom akaM  

nl �𝜇𝑖(𝑥𝑖)� � 𝛽0 � 𝛽1𝑋1𝑖 � 𝛽2𝑋2𝑖 � ⋯ � 𝛽𝑝𝑋 𝑖𝑝  4.2( ) 

 nagneD 𝛽0, 𝛽1, 𝛽2, … , 𝛽𝑝 retemarap nakataynem - .iuhatekid kadit gnay retemarap  

 nagned nelaviuke )3.2( ledoM 𝜇𝑖�𝑥1𝑖,  𝑥2𝑖, … , 𝑥 𝑖𝑝 � � 𝑒𝛽0+𝛽1𝑋1𝑖+𝛽2𝑋2𝑖+⋯+𝛽𝑝𝑋 𝑖𝑝  

 nagneD 𝛽0, 𝛽1, 𝛽2, … , 𝛽𝑝 retemarap nakataynem - .iuhatekid kadit gnay retemarap  

4.2( ledoM  nagned nelaviuke )  

𝜇𝑖�𝑥1𝑖,  𝑥2𝑖, … , 𝑥 𝑖𝑝 � � 𝑒𝛽0+𝛽1𝑋1𝑖+𝛽2𝑋2𝑖+⋯+𝛽𝑝𝑋 𝑖𝑝  

  � 𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝
𝑗=1  5.2( ) 

 

2.3.3  adap retemaraP nariskaneP  ledoM nossioP isergeR  

 gnay retemarap nariskanep nakukalid surah nossioP iserger ledom adaP

iuhatekid kadit  �𝛽𝑗�, 𝑗 � 1, 2, 3 … , 𝑝  . edoteM  ledom utaus retemarap riskanep  

 nakanugid gnay halada nossioP iserger adap   edotem  doohilekiL mumixaM

noitamitsE  .)4102 ,iradnayhaC( )ELM(  

  gnay natamagnep nagnasap haub n isireb lepmas haubes nakirebid akiJ

 utiay ,sabeb gnilas ��𝑋1𝑖, 𝑋2𝑖, … , 𝑋 𝑖𝑝 , 𝑌𝑖��; �𝑖 � 1, 2, … , 𝑛} nagned  𝑋𝑖 nad  𝑌𝑖 

reb turut - magnep halada turut ek nata -  lebairav irad i 𝑋  nad 𝑌  kutnu ismusa nad

 paites 𝑋1𝑖 � 𝑥1𝑖,   𝑋2𝑖 � 𝑥2𝑖, … , 𝑋 𝑖𝑝 � 𝑥 𝑖𝑝   irad isubirtsid 𝑌𝑖  nossioP halada

nad  𝐸(𝑌𝑖|𝑋𝑖 � 𝑥𝑖) � 𝜇𝑖�𝑥𝑖� rp isgnuf akam , irad taraysreb satilibabo   𝑌𝑖  helo

𝑥1𝑖, 𝑥2𝑖, … , 𝑥 𝑖𝑝  halada  

𝑓 �𝑦𝑖�𝑥1𝑖, 𝑥2𝑖, … , 𝑥 𝑖𝑝 ; 𝜇𝑖�𝑥1𝑖, 𝑥2𝑖, … , 𝑥 𝑖𝑝 �� � �𝜇𝑖�𝑥1𝑖,𝑥2𝑖,…,𝑥 𝑖𝑝 ��𝑦𝑖𝑒�−𝜇𝑖�𝑥1𝑖,𝑥2𝑖,…,𝑥 𝑖𝑝 ��

𝑦𝑖!
  , 

𝑦𝑖 � 0, 1, 2, … 

 aneraK 𝜇𝑖�𝑥1𝑖, 𝑥2𝑖, … , 𝑥 𝑖𝑝 � � �𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝
𝑗=1 � helorepid akam  
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𝑓�𝑦𝑖�𝑥1𝑖, 𝑥2𝑖, … , 𝑥 𝑖𝑝 ;  𝜷� � �𝑒
�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 �𝑦𝑖𝑒−�𝑒
�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 �

𝑦𝑖!
 6.2( ) 

 retemarap nariskaneP �𝛽𝑗�  nakanuggnem  edotem  doohilekiL mumixaM

noitamitsE  hakgnal nagned nakukalid tapad )ELM( - :tukireb hakgnal  

1. kaca lepmas haub n libmagneM  

2.  isgnuf kutnebmeM doohilekiL  )6.2( naamasrep nakrasadreb  

 isgnuF doohilekiL   nossioP iserger ledom kutnu  nagned helorepid tapad

 irad taraysreb satilibaborp isgnuf aumes nakilagnem 𝑌𝑖  helo 𝑥𝑖  aggnihes  

𝐾(𝜷) � � 𝑓�𝑦𝑖�𝑥1𝑖, 𝑥2𝑖, … , 𝑥 𝑖𝑝 ;  𝜷�
𝑛

𝑖=1

 

  � ∏ ���𝑒
�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 �𝑦𝑖𝑒−�𝑒
�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 �

𝑦𝑖!
��𝑛

𝑖=1  7.2( ) 

3.  isgnuf irad gol kutneb libmagneM  doohilekiL helorepid gnay  

P 7.2( naamasre  ) id  isgnuf idajnem kutneb gol  doohilekil   nakiaselesid hadum

isgnuF .habuid akam  doohilekil gol utiay ayn  𝑘(𝜷) � gol 𝐾(𝜷)  aggnihes

helorepid  

𝑘(𝜷) � gol 𝐾(𝜷) 

 � gol ��∏ ���𝑒
�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 �𝑦𝑖𝑒−�𝑒
�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 �

𝑦𝑖!
��𝑛

𝑖=1 �� 

 � ∑ gol ∏ ���𝑒
�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 �𝑦𝑖𝑒−�𝑒
�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 �

𝑦𝑖!
��𝑛

𝑖=1
𝑛
𝑖=1  

 � ∑ �� gol �𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝
𝑗=1 �𝑦𝑖 � gol 𝑒−�𝑒

�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝
𝑗=1 � � gol 𝑦𝑖!��𝑛

𝑖=1  

 � ∑ ��𝑦𝑖�𝛽0 � ∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝
𝑗=1 � 𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 � gol 𝑦𝑖!��𝑛
𝑖=1  

 tubesret naamasrep malaD 𝑥𝑖  nad 𝑦𝑖   natamagnep irad lasareb gnay nagnalib

nakgnades  �𝛽0 � ∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝
𝑗=1   habureb ayniserger  sirag  alib  habureb paggnaid

 iracid ulrep awhab itrareb ini ,suluklak iges iraD .)04 :5991 ,gniribmeS(

 isgnuf irad nanurut doohilekil gol  padahret  𝑘(𝜷)  aynnakamaynem naidumek

 ialin helorepid aggnihes lon nagned 𝑝 � 1  naamasrep ohilekil do . 
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4.  isgnuf naklaisnerefidneM doohilekil gol   𝑘(𝜷)  padahret gnisam -  gnisam

 retemarap 𝛽 utiay  

𝑅0(𝜷) �
𝑘𝜕 (𝜷)
𝜕𝛽0

� � ��𝑦𝑖 � 𝑒�𝛽0+∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝
𝑗=1 ��

𝑛

𝑖=1

� 0 

𝑅1(𝜷) �
𝑘𝜕 (𝜷)
𝜕𝛽1

� � ��𝑦𝑖𝑥1𝑖 � 𝑥1𝑖𝑒
�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 ��
𝑛

𝑖=1

� 0 

 � ∑ ��𝑥1𝑖�𝑦𝑖 � 𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝
𝑗=1 ���𝑛

𝑖=1 � 0   

… 8.2( ) 

𝑅𝑝(𝜷) �
𝑘𝜕 (𝜷)
𝜕𝛽𝑝

� � ��𝑦𝑖𝑥 𝑖𝑝 � 𝑥 𝑖𝑝 𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝
𝑗=1 ��

𝑛

𝑖=1

� 0 

 � ∑ ��𝑥 𝑖𝑝 �𝑦𝑖 � 𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝
𝑗=1 ���𝑛

𝑖=1 � 0 

B 8.2( naamasrep irad rotkev kutne utiay )  

𝑅(𝛽) �

⎣
⎢
⎢
⎡
𝑅0(𝜷)
𝑅1(𝜷)

⋮
𝑅𝑝(𝜷)⎦

⎥
⎥
⎤

�

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝑘𝜕 (𝜷)
𝜕𝛽0
𝑘𝜕 (𝜷)
𝜕𝛽1

⋮
𝑘𝜕 (𝜷)
𝜕𝛽𝑝 ⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎤

�

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡ � ��𝑦𝑖 � 𝑒�𝛽0+∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1 ��
𝑛

𝑖=1

� ��𝑥1𝑖�𝑦𝑖 � 𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝
𝑗=1 ���

𝑛

𝑖=1
⋮

� ��𝑥 𝑖𝑝 �𝑦𝑖 � 𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝
𝑗=1 ���

𝑛

𝑖=1 ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

� �
0
0
⋮
0

� � 0 

 ialin ayntujaleS retemarap  𝜷 � �

𝛽0
𝛽1
⋮

𝛽𝑝

�  nakmumiskamem naka 𝑘(𝜷)  . riskat ialiN  na

 nagned nakisatonid doohilekil mumiskam �̂� � �

𝛽0
𝛽1
⋮

𝛽𝑝

�.  

 irad naisseh skirtam uata audek nanuruT 𝑘(𝜷)  padahret 𝛽0 utiay  

𝜕2𝑘�𝜷�
𝜕𝛽0

2 �
𝜕 �∑ ��𝑦𝑖 � 𝑒�𝛽0+∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1 ��𝑛
𝑖=1 �

𝜕𝛽0
� � � �𝑒�𝛽0+∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1 �
𝑛

𝑖=1
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𝜕2𝑘�𝜷�
𝜕𝛽1𝜕𝛽0

�
𝜕 �∑ ��𝑦𝑖 � 𝑒�𝛽0+∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1 ��𝑛
𝑖=1 �

𝜕𝛽1
� � � �𝑥1𝑖𝑒

�𝛽0+∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝
𝑗=1 �

𝑛

𝑖=1

 

𝜕2𝑘(𝜷)
𝜕𝛽0𝜕𝛽1

�
𝜕 �∑ ��𝑥1𝑖�𝑦𝑖 � 𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 ���𝑛
𝑖=1 �

𝜕𝛽0
� � � �𝑥1𝑖𝑒�𝛽0+∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1 �
𝑛

𝑖=1

 

𝜕2𝑘(𝜷)
𝜕𝛽𝑝𝜕𝛽0

�
𝜕 �∑ ��𝑥 𝑖𝑝 �𝑦𝑖 � 𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 ���𝑛
𝑖=1 �

𝜕𝛽𝑝
� � � �𝑥 𝑖𝑝 𝑒�𝛽0+∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1 �
𝑛

𝑖=1

 

𝜕2𝑘(𝜷)
𝜕𝛽𝑝𝜕𝛽1

�
𝜕 �∑ ��𝑥1𝑖�𝑦𝑖 � 𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 ���𝑛
𝑖=1 �

𝜕𝛽𝑝
� � � �𝑥1𝑖𝑒

�𝛽0+∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝
𝑗=1 𝑥 𝑖𝑝 �

𝑛

𝑖=1

 

𝜕2𝑘(𝜷)
𝜕𝛽0𝜕𝛽𝑝

�
𝜕 �∑ ��𝑥 𝑖𝑝 �𝑦𝑖 � 𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 ���𝑛
𝑖=1 �

𝜕𝛽0
� � � �𝑥 𝑖𝑝 𝑒�𝛽0+∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1 �
𝑛

𝑖=1

 

𝜕2𝑘(𝜷)
𝜕𝛽1𝜕𝛽𝑝

�
𝜕 �∑ ��𝑥 𝑖𝑝 �𝑦𝑖 � 𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 ���𝑛
𝑖=1 �

𝜕𝛽1
� � � �𝑥 𝑖𝑝 𝑒�𝛽0+∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1 𝑥1𝑖�
𝑛

𝑖=1

 

𝜕2𝑘(𝜷)
𝜕𝛽𝑝

2 �
𝜕 �∑ ��𝑥 𝑖𝑝 �𝑦𝑖 � 𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝

𝑗=1 ���𝑛
𝑖=1 �

𝜕𝛽𝑝
� � � �𝑥 𝑖𝑝 𝑒�𝛽0+∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1 𝑥 𝑖𝑝 �
𝑛

𝑖=1

 

idajnem skirtam kutneb taubid akiJ  

𝐻(𝜷) �

⎣
⎢
⎢
⎡𝐻 00 (𝜷) 𝐻 10 (𝜷) … 𝐻0𝑝(𝜷)
𝐻 01 (𝜷) 𝐻 11 (𝜷) … 𝐻1𝑝(𝜷)

⋮
𝐻𝑝0(𝜷)

⋮
𝐻𝑝1(𝜷)

⋮
…

⋮
𝐻 𝑝𝑝 (𝜷)⎦

⎥
⎥
⎤
 

 �

⎣
⎢
⎢
⎢
⎢
⎢
⎡

𝜕2𝑘(𝜷)
𝛽𝜕 0

2
𝜕2𝑘(𝜷)

𝛽𝜕 1 𝛽𝜕 0
… 𝜕2𝑘(𝜷)

𝛽𝜕 𝑝 𝛽𝜕 0

𝜕2𝑘(𝜷)
𝛽𝜕 0 𝛽𝜕 1

𝜕2𝑘(𝜷)
𝛽𝜕 1

2 … 𝜕2𝑘(𝜷)
𝛽𝜕 𝑝 𝛽𝜕 1

⋮
𝜕2𝑘(𝜷)

𝛽𝜕 0 𝛽𝜕 𝑝

⋮
𝜕2𝑘(𝜷)

𝛽𝜕 1 𝛽𝜕 𝑝

⋮
…  

⋮
𝜕2𝑘(𝜷)

𝛽𝜕 𝑝
2 ⎦

⎥
⎥
⎥
⎥
⎥
⎤
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   9.2( ) 

 9.2( naamasreP  aggnihes laisnenopske kutneb malad naamasrep nakapurem )

 malad raenil naamasrep nakapurem nakub 𝛽0, 𝛽1, 𝛽2, … , 𝛽𝑝  nakanugid akam

.aynnariskat iracnem malad noshpaR notweN kiremun edotem  

 notweN edoteM -  nakanuggnem gnay natakednep edotem halada noshpaR

 .tubesret kitit adap neidarg nakitahrepmem nagned itakednem nad lawa kitit utas

 ek natakednep kitiT 𝑛 � 1 nagned naksilutid : 

𝛽𝑛+1 � 𝛽�𝑛� �
l �β�n��
l �β�n��

 

d :nagne  

𝛽 � 𝛽0, 𝛽1, 𝛽2, … , 𝛽𝑝 

kn ,...,2,1,0  
)0( hilip id gnay lawa ialin  

  nakanugid isareti nagnutihrep lah malaD erawtfos   ialin helorepmem kutnu

 nariskat 𝛽.  irad nariskat aggniheS utiay adnagreb nossioP iserger ledom  

nl ��̂�𝑖(𝑥𝑖)� � �̂�0 � �̂�1𝑋1𝑖 � �̂�2𝑋2𝑖 � ⋯ � �̂�𝑝𝑋 𝑖𝑝                             

�̂�𝑖(𝑥𝑖) � 𝑒𝛽�0+𝛽�1𝑋1𝑖+𝛽�2𝑋2𝑖+⋯+𝛽�𝑝𝑋 𝑖𝑝                                                  �2. 01 � 
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2.3.4 naijugneP   retemaraP  ledoM nossioP isergeR  

d hibelret ,iju kitsitats ialin nakutnenem mulebeS  naijugnep nakukalid uluha

 ada kadit uata ada iuhategnem kutnu nossioP iserger ledom adap retemarap

 adap retemarap naijugneP .nopser lebairav padahret rotkiderp lebairav huragnep

.laisrap iju nad katneres iju nakanuggnem nakukalid nossioP iserger ledom  

 

2.3.4.1  nossioP isergeR ledoM retemaraP katnereS ijU  

 kutnu nakanugid nossioP iserger ledom retemarap katneres naijugneP

 nopser lebairav padahret rotkiderp lebairav huragnep aynkadit ada iuhategnem

.)1102 ,hanraD(  

sisetopiH  

𝐻0 ∶  𝛽1 � 𝛽2 � ⋯ � 𝛽𝑝 � 0 

𝐻1 ∶  𝛽𝑗 � 0 tnu ;  utaus ku 𝑗 � 1, 2, … , 𝑝 

 isnakifingiS faraT 𝛼 � 0, 50  

nakanugid gnay iju kitsitatS   

𝐺 � � 2 nl �𝐿�𝑊� �
𝐿�Ω��

� � 2� nl 𝐿�Ω�� � nl 𝐿�𝑊� �                                         

d nagne  

𝐿�𝑊�  halada )  ialin doohilekil  pnat anahredes ledom kutnu  lebairav naktabilem a

.rotkiderp  

𝐿�Ω��  ialin halada doohilekil   lebairav naktabilem nagned pakgnel ledom kutnu

 .rotkiderp  

 naijugnep airetirK  

 kaloT 𝐻0  alibapa 𝐺 � 𝜒𝑣,𝛼
2   nagned 𝑣  aynitra ,ledom retemarap aynkaynab halada

 lebairav ihuregnepmem gnay rotkiderp lebairav utas aynkadites ada .nopser  

 

2.3.4.2  ijU laisraP   nossioP isergeR ledoM retemaraP  

  lebairav hakapa iuhategnem kutnu nakanugid laisrap araces naijugneP

 padahret huragnepreb rotkiderp irav  .naklisahid gnay laudividni araces nopser leba

iju kutnu nakanugid gnay iju kitsitatS   iju utiay laisrap dlaW  .)1102 ,hanraD(  

 sisetopiH  
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𝐻0 ∶  𝛽𝑗 � 0  utaus kutnu ; 𝑗 � 1, 2, … , 𝑝 

𝐻1 ∶  𝛽𝑗 � 0  utaus kutnu ; 𝑗 � 1, 2, … , 𝑝 

isnakifingis faraT  𝛼 � 0, 50  

dlaW iju kitsitatS   

𝑊𝑗 � �
�̂�𝑗

𝐸𝑆 ��̂�𝑗�
�

2

 

d nagne   

�̂�𝑗  retemarap nariskat halada 𝛽𝑗, 

𝐸𝑆 ��̂�𝑗�  irad rore radnats nariskat halada 𝛽𝑗 

naijugnep airetirK  

𝐻0  akij kalotid 𝑊𝑗 � 𝜒2
𝛼,𝑣  kalot uata 𝐻0  irad gnaruk isnakifingis ialin akij 𝛼  

 anamid 𝛼 kifingis takgnit halada  nad isna 𝑣  lebairav aynitra ,sabeb tajared halada

.nopser lebairav padahret huragnepreb )nednepedni( rotkiderp  

 

2.3.5 isrepsiD retemaraP  

 isrepsid retemarap nagnubuh ,)1102( hanraD turuneM ( )  isnairav nagned

 kutnu fitanretla arac iagabes nakanugid tapad nossioP iserger malad naem nad

 halasam aynkadit ada iuhategnem isrepsidrevo  .  

P  isrepsid retemara ( ) sumur irad helorepid  : 

�
𝑖𝑎𝑙𝑖𝑛  𝑒𝑐𝑛𝑎𝑖𝑣𝑒𝑑

𝑓𝑑
 

nagned  

𝑓𝑑 ∶ atnatsnok kusamret retemarap aynkaynab  

𝑛   ∶ natamagnep aynkaynab  

𝜇𝑖   ∶ atar nopser igab agudnep - ek atar -i 

 ialin  akiJ   idajret akam 0 > isrepsidrevo   akij nad  <  idajret akam 0

isrepsidrednu  .  

n )1102( lemaK nad nawhsaR turuneM  iali 𝑒𝑐𝑛𝑎𝑖𝑣𝑒𝑑  iagabes nakisinifedid  

𝑒𝑐𝑛𝑎𝑖𝑣𝑒𝑑 ∶  𝐺2 � 2 � 𝑦𝑖 nl
𝑦𝑖

𝜇𝑖

𝑛

𝑖=1
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2.3.6 O isrepsidrev   nad isrepsidrednU  

adaP  arebeb tapadret nossioP iserger s ,ihunepid surah gnay ismusa ap  hala

 aynada halada aynismusa utas isrepsidiuqe   ialin nagned amas isnairav ialin uata

atar - aynatar  .  ismusa naraggnalep idajret gnires ,numaN .nossioP iserger adap  

atar ialin ihibelem aynisnairav ialin gnaraj kadiT - atar irad gnaruk uata atar -  .atar

ni isidnoK  nagned tubesid gnires i O isrepsidrev   uata .isrepsidrednU  

O isrepsidrev   ialin nakkujnunem nopser lebairav atad anamid isidnok halada

hibel isnairav  atar ialin irad raseb - aynatar , nakgnades  u dn isrepsidre   ialin halada

 isnairav atar ialin irad gnaruk - .aynatar   isrepsidrevO  ialin naklisahgnem naka

𝑒𝑐𝑛𝑎𝑖𝑣𝑒𝑑   gnaruk naklisahid gnay ledom aggnihes raseb tagnas idajnem gnay

 .tapet  alajeg isatagnem tapad gnay ledom haubes nakhutubid uti anerak helO

isrepsidrevo  nad  isrepsidrednu d gnay iserger ledom utas halas ,  utiay ,nakanugi

noissergeR nossioP dezilareneG . 

 

2.3.7 satireinilokitluM  

 utas gnay sabeb lebairav aratna nagnubuh aynada halada satireinilokitluM

v nagned  ,eleluA( nial gnay sabeb lebaira .)52   haubes malad akij isneukesnoK

 nad kian suret naka aynnairav halada satireinilokitlum gnudnagnem ledom

 akam rasebmem uata kian nikames nairav akiJ .rasebmem  rorre radnats 𝛽1  nad 𝛽2 

.rasebmem uata kian aguj  

m nakukalid satireinilokitlum susak naisetkedneP  ialin airetirk nakanuggne

𝐹𝐼𝑉  rotcaF noitalfnI ecnairaV ialin akiJ . � 𝐹𝐼𝑉 �  nakkujnunem 01 irad raseb hibel

inilokitlum aynada  rotkiderp lebairav ratna satire .)6102 ,itnaisuR(  U  kutn

 ialin tahilem nagned satireinilokitlum aynkadit ada isketednem ecnareloT  akiJ .

 ialin ecnareloT  .satireinilokitlum idajret kadit akam 1,0 irad hibel  

sisetopiH  

𝐻0 iserger ledom nagned satireinilokitlum tapadret :  

𝐻1 iserger ledom nagned satireinilokitlum tapadret kadit :  

 isnakifingis faraT 𝛼 � 0, 50   

iju kitsitatS  
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𝐹𝐼𝑉 �
1

�1 � 𝑟𝑖,𝑗
2�

                                                             

𝑒𝑐𝑛𝑎𝑟𝑒𝑙𝑜𝑇 �
1
𝐹𝐼𝑉 𝐽

        

nagned  

 𝑟𝑖,𝑗  aratna isalerok neisifeok halada 𝑋𝑖  nagned 𝑋𝑗 

naijugnep airetirK  

 kaloT 𝐻0  nad 01 irad gnaruk FIV ialin ikilimem rotkiderp lebairav hurules akij

 ialin ecnareloT  .satireinilokitlum idajret kadit awhab itrareb gnay ,1,0 irad hibel  

satireinilokitlum susak aynada isatagnem kutnu isuloS aynutas halas ,   halada

 uata iggnitret FIV ialin ikilimem gnay rotkiderp lebairav nakraulegnem nagned

 gnay satireinilokitlum gnudnagnem  lebairav ilabmek nakisergerem nad - rav  lebai

.)7102 ,arsaN( nakifingis gnay rotkiderp  

 

2.4  ledoM areneG noissergeR nossioP dezil  

 P lep nanagnane ismusa naraggna  isrepsidiuqe   nossioP iserger ledom adap

nakanuggnem nagned nakgnabmekid tapad  ledom   nossioP dezilareneG

noissergeR   .)RPG( M  ledo nossioP dezilareneG  noissergeR   tapad )RPG(

 aynada apnat nossioP isubirtsid iaynupmem gnay tirksid atad kutnu nakanugid

 ismusa isrepsidiuqe  ( anailleM  , 3102 .)  

  malad ,)3102( aidaS turuneM noissergeR nossioP dezilareneG   isgnuf )RPG(

satilibaborp  irad taraysreb  iY  id  ialin nakireb ipii xxx ,...,, 21   :halada  

𝑓𝑖�𝑦𝑖|𝑥1𝑖
�, 𝑥2𝑖, … , 𝑥 𝑖𝑝 : 𝜇𝑖, 𝛼� � � 𝜇𝑖

1+𝛼𝜇𝑖
�

𝑦𝑖 (1+ 𝑦𝛼 𝑖)
𝑦𝑖!

𝑦𝑖−1
pxe �� 𝜇𝑖�1+ 𝑦𝛼 𝑖

1+𝛼𝜇𝑖
�  

𝑦𝑖 � 0, 1, 2, … , ∞ 11.2( ) 

( naamasrep nakrasadreB 11.2 )  isgnuf awhab tahilret salej  satilibaborp

 dezilareneG noissergeR nossioP  satilibaborp isgnuf irad nasaulrep nakapurem  

nossiop   satilibaborp isgnuf adap anamid noissergeR nossioP dezilareneG   tapadret

s  utiay nahabmat retemarap haube 𝛼 isrepsid retemarap nakapurem gnay . 
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ataR -  irad  taraysreb  isnairav  nad  atar  𝑌𝑖  nakirebid kutnu  𝑋1𝑖 � 𝑥1𝑖, 𝑋2𝑖 �

𝑥2𝑖, … , 𝑋 𝑖𝑝 �  𝑥 𝑖𝑝  t nossioP iserger risilarenegre  m  )4002( eyomaF turune halada  

𝐸�𝑌𝑖�𝑋1𝑖 � 𝑥1𝑖, 𝑋2𝑖 � 𝑥2𝑖, … , 𝑋 𝑖𝑝 �  𝑥 𝑖𝑝 � � 𝜇𝑖 

𝑟𝑎𝑉 �𝑌𝑖�𝑋1𝑖 � 𝑥1𝑖, 𝑋2𝑖 � 𝑥2𝑖, … , 𝑋 𝑖𝑝 �  𝑥 𝑖𝑝 � � 𝜇𝑖�1 � 𝛼𝜇𝑖�2 

1.  iuhatekiD 𝑌𝑖 ilibaborp isubirtsid isgnuf ikilimem  aretret  gnay itrepes sat

P adap 11.2( naamasre :helorepid aggnihes ,)  

i

ii

i

y
i

y

y i

i
ii

y
y
y

yYE
ii

i
1

1
pxe

!
1

1
)(

1

0

 

i

ii

i

y
i

y

y i

i
ii

y
y
y

yYE
ii

i
1

1
pxe

!
1

1
)(

1

1

 

2.  irad isnairaV 𝑌𝑖  nakanuggnem nagned 𝑟𝑎𝑉 (𝑌) � 𝐸(𝑌2) � ��𝐸(𝑌)�2  aneraK

𝑌𝑖  isubirtsid isgnuf ikilimem libaborp P adap aretret gnay itrepes sati  naamasre

11.2( :helorepid aggnihes ,)  

i

ii

i

y
i

y

y i

i
ii

y
y
y

yYE
ii

i
1

1
pxe

!
1

1
)(

1

0

22  

i

ii

i

y
i

y

y i

i
ii

y
y
y

yYE
ii

i
1

1
pxe

!
1

1
)(

1

1

22  

 atar ialin nagnubuH -  nad atar  malad snairav noissergeR nossioP dezilareneG  

 tapad ,nakisidnokid  amas snairav ialin akij   ialin nagned atar - atar  uata  𝐸�𝑌𝑖� �

𝑟𝑎𝑉 �𝑌𝑖�  esrepsid retemarap ialin akam 0 ,   gnaulep satisned  isgnuf  aggnihes

noissergeR nossioP dezilareneG    ialin akij nad nossiop iserger ek naknurutid naka

ialin irad raseb hibel snairav  atar - atar  𝐸𝑌𝑖 � 𝑟𝑎𝑉 𝑌𝑖  ialin akam  retemarap

esrepsid  𝛼 � 0  akij nad isrepsidrevo idajret atad adap nakatakid tapad aggnihes ,

p irad licek hibel snairav ialin atar ialin ada - atar  𝐸𝑌𝑖 � 𝑟𝑎𝑉 𝑌𝑖  ,  ialin akam

 esrepsid retemarap  𝛼 � 0  idajret atad adap aggnihes , isrepsidrednu   ,anailuR(

.)5102  

 nakisutitbusnem nagneD
p

ij
ijji x0(pxe  ) malad ek  naamasrep  

11.2(  akam )  
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 :helorepid  
𝑓𝑖�𝑦𝑖|𝑥1𝑖�, 𝑥2𝑖, … , 𝑥 𝑖𝑝 : 𝜇𝑖, 𝛼�

� �
pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 �

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝
𝑗=1

�
𝑦𝑖 �1 � 𝛼𝑦𝑖�𝑦𝑖−1

𝑦𝑖!
𝑝𝑥𝑒 �

pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 ��1 � 𝛼𝑦𝑖�

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

�             �2. 21 � 

𝑦𝑖 � 0, 1, 2, … , 𝑛  nakgnades T
p,...,,, 210  irad rotkev nakataynem

retemarap - iuhatekid kadit gnay retemarap . 

 

4.2  1.  ledoM retemarP isamitsE noissergeR nossioP dezilareneG  

 nakrasadreB  naanuggnep noissergeR nossioP dezilareneG  irad ialin ,

retemarap -  utiay ,iuhatekid  kadit  gnay retemarap ,,...,, 10 p   .riskatid  surah

 edotem nakanugid tubesret retemarap riskanem kutnU doohilekil mumixam  

)6102 ,itnaisuR( . 

U um m  ledom retemarap nariskanep ayn noissergeR nossioP dezilareneG  

 iserger ledom adap retemarap nariskanep nagned amas gnay hakgnal ikilimem

:utiay ,nossioP   isgnuf aumes nakilagnem nagned helorepid  doohilekil  isgnuf

 irad taraysreb satilibaborp iY   ialin nakirebid ipii XXX ,...,, 21  21.2( adap :utiay ,)  

1.  isgnuf kutnebmeM doohilekiL  21.2( naamasrep nakrasadreb ) 

 isgnuF doohilekiL   ledom kutnu noissergeR nossioP dezilareneG   tapad

 irad taraysreb satilibaborp isgnuf aumes nakilagnem nagned helorepid 𝑌𝑖  helo

𝑥𝑖  aggnihes  

𝐿(𝛽∗)  � � 𝑓�𝑌𝑖

𝑛

𝑖=1

|𝑥1𝑖, 𝑥2𝑖, … , 𝑥 𝑖𝑝  ;  𝛽0, 𝛽1, … , 𝛽𝑝, 𝛼�  

�  � �
pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 �

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝
𝑗=1

�
𝑦𝑖 �1 � 𝛼𝑦𝑖�𝑦𝑖−1

𝑦𝑖!

𝑛

𝑖=1

𝑝𝑥𝑒 �
pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 ��1 � 𝛼𝑦𝑖�

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

� 

2. M me  kutneb  isgnuf  gol doohilekil   isgnuf irad  doohilekiL  gnay u  kutn

  irad doohilekil  mumiskam nariskat naktapadnem nagnutihrep hadumrepmem

 retemarap p,...,, 10  nad etemarap  r 𝛼  isgnuf nakanugid  gol  doohilekil

:tukireb iagabes  
𝑙�𝛽∗� � 𝐿�𝛽∗� 

� 𝑔𝑜𝑙 �� �
pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 �

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

�
𝑦𝑖 �1 � 𝛼𝑦𝑖�𝑦𝑖−1

𝑦𝑖!

𝑛

𝑖=1

𝑝𝑥𝑒 ��
pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 ��1 � 𝛼𝑦𝑖�

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

�� 
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� � 𝑔𝑜𝑙 �
pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 �

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

�
𝑦𝑖 �1 � 𝛼𝑦𝑖�𝑦𝑖−1

𝑦𝑖!
𝑝𝑥𝑒 ��

pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 ��1 � 𝛼𝑦𝑖�

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

�
𝑛

𝑖=1

 

� � 𝑔𝑜𝑙 �
pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 �

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

�
𝑦𝑖

� 𝑔𝑜𝑙
�1 � 𝛼𝑦𝑖�𝑦𝑖−1

𝑦𝑖!
 ��

pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 ��1 � 𝛼𝑦𝑖�

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

�
𝑛

𝑖=1

 

� � � 𝑔𝑜𝑙 �
pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 �

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

�
𝑦𝑖

� (𝑦𝑖 � 1) 𝑔𝑜𝑙 (1 � 𝛼𝑦𝑖)
𝑛

𝑖=1

� ��
pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 ��1 � 𝛼𝑦𝑖�

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

� � gol  �𝑦𝑖!�� 

� � �𝑦𝑖 � 𝑔𝑜𝑙 � pxe  �𝛽0 � � 𝛽𝑗𝑥 𝑖𝑗

𝑝

𝑗=1

�� � gol �1 � 𝛼 pxe  �𝛽0 � � 𝛽𝑗𝑥 𝑖𝑗

𝑝

𝑗=1

���
𝑛

𝑖=1

� (𝑦𝑖 � 1) 𝑔𝑜𝑙 (1 � 𝛼𝑦𝑖) � ��
pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 ��1 � 𝛼𝑦𝑖�

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

� � gol  �𝑦𝑖!�� 

� � �𝑦𝑖 �𝛽0 � � 𝛽𝑗𝑥 𝑖𝑗

𝑝

𝑗=1

� � 𝑦𝑖 𝑔𝑜𝑙 �1 � 𝛼 pxe  �𝛽0 � � 𝛽𝑗𝑥 𝑖𝑗

𝑝

𝑗=1

�� � (𝑦𝑖 � 1) 𝑜𝑙 𝑔(1 � 𝛼𝑦𝑖)
𝑛

𝑖=1

� �
pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 ��1 � 𝛼𝑦𝑖�

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

� � gol  �𝑦𝑖!�� 

3.  isgnuf naklaisnerefidneM doohilekil gol  u helorepid halet gnay  iracnem kutn

 isgnuf doohilekil mumiskam nariskat gol  doohilekil  ,,...,, 10 p   isgnuf

L doohileki   retemarap padahret laisrap araces naknurutid ,,...,, 10 p   nad

:tukireb iagabes lon nagned nakamasid  

a.  isgnuf naklaisnerefidneM doohilekil gol   padahret 𝛽0 
𝑙𝜕 (𝛽∗)
𝜕𝛽0

�  

� �𝑦𝑖 � 𝑦𝑖
𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 �

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

�
(1 � 𝛼𝑦𝑖) pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 ��1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1 �𝑝
𝑗=1

�1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝
𝑗=1 �

2

𝑛

𝑖=1

�
𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 �(1 � 𝛼𝑦𝑖) pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1

�1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝
𝑗=1 �

2 � 

� � ��𝑦𝑖 �
𝑦𝑖 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝
𝑗=1

� �
(1 � 𝛼𝑦𝑖) pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 �

�1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 ��

2 �
𝑛

𝑖=1

 

� � ��𝑦𝑖 �
𝑦𝑖 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 �

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

� � �
pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 � � 𝛼𝑦𝑖 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 �

�1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 ��

2 ��
𝑛

𝑖=1
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� � ��
�1 � 𝛼 pxe  xe p �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 ��2𝑦𝑖 � 1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑦𝑖𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1
𝑝
𝑗=1

�1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 ��

2 �
𝑛

𝑖=1

� �
pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 � � 𝛼𝑦𝑖 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 �

�1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 ��

2 �� � 0 

b.  isgnuf naklaisnerefidneM doohilekil gol   padahret 𝛽1 
𝑙𝜕 (𝛽∗)
𝜕𝛽1

�  

� �𝑦𝑖𝑥1𝑖 � 𝑦𝑖𝑥1𝑖  
𝛼 pxe �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 �

1 � 𝛼 pxe �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

�
(1 � 𝛼𝑦𝑖)𝑥1𝑖 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 ��1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1 �𝑝
𝑗=1

�1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝
𝑗=1 �

2

𝑛

𝑖=1

�
𝛼𝑥1𝑖  pxe �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 � (1 � 𝛼𝑦𝑖) pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1

�1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝
𝑗=1 �

2 � 

� � �𝑦𝑖𝑥1𝑖 �1 �
 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝

𝑗=1

1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗 �𝑝
𝑗=1

� �
(1 � 𝛼𝑦𝑖) pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 �

�1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 ��

2 �
𝑛

𝑖=1

 

� � �
𝑦𝑖𝑥1𝑖 �1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 ��2

�  𝑦𝑖𝑥1𝑖 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 �

�1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 ��

𝑛

𝑖=1

� �
1 � 𝛼𝑦𝑖 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗=1 �

�1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗=1 ��

2�� � 0 

:helorepid naka akam apures gnay arac nagneD  

𝑙𝜕 (𝛽∗)
𝜕𝛽𝑘

� � �
𝑥 𝑖𝑘 (𝑦𝑖) pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗� 1 �

�1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗� 1 ��

2�
𝑛

𝑖=1

� 0  , 𝑘 � 2,3, … , 𝑝 

𝑙𝜕 (𝛽∗)
𝜕𝛽𝛼

� � �
� 𝑦𝑖 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗� 1 �

�1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗� 1 ��

� �
𝑦𝑖�𝑦𝑖 � 1�

1 � 𝛼𝑦𝑖
�

𝑛

𝑖=1

� �
𝑦𝑖 pxe �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗� 1 � � pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗

𝑝
𝑗� 1 �

�1 � 𝛼 pxe  �𝛽0 � ∑ 𝛽𝑗𝑥 𝑖𝑗
𝑝
𝑗� 1 ��

�� 

 nagneD 𝛽0, 𝛽1, 𝛽2, … , 𝛽𝑝 retemarap nakataynem -  kadit gnay retemarap

d nad iuhatekid  nakanugid isareti nagnutihrep lah mala erawtfos   kutnu

 nariskat ialin helorepmem 𝛽  .  ledoM noissergeR nossioP isasilareneG  halada  

𝜇𝑖�𝑥1𝑖,  𝑥2𝑖, … , 𝑥 𝑖𝑝 � � 𝑒𝛽0+𝛽1𝑋1𝑖+𝛽2𝑋2𝑖+⋯+𝛽𝑝𝑋 𝑖𝑝   

� 𝑒�𝛽0+∑ 𝛽𝑗𝑋 𝑖𝑗 �𝑝
𝑗=1  
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2.5  naiauseseK ijU )tiF fo ssendooG ijU(   

P  nakanugid gnay ledom iuhategnem kutnu ledom naiausesek naijugne

itamaid gnay atad nagned kadit uata iauses  .)7102 ,mayS(   adap nakrasadid ini ijU

 aratna nakococek/naiausesek kiab aparebes  helorepid gnay natamagnep isneukerf

 gnay isubirtsid irad helorepid gnay naparah isneukerf nagned lepmas atad

.naksisetopihid  

 ,arac aud nagned nakukalid tapad nossioP iserger ledom adap natapetek ijU

 utiay ihC nosraeP - erauqS   nad ecnaiveD  alaD .)3102 ,nawrI(  silunep ini lah m

 .nossioP iserger ledom natapetek iju malad ecnaiveD nakanuggnem  susak malaD

 awhab nakkujnutid naka ini itamaid gnay atad nagned iauses tapadid gnay ledom  

 iauses kadit uata nagned  .0.71 SSPS erawtfos nakanuggnem  

d ,)3102( nawrI turuneM  iju irad amtiragol iagabes nakitraid tapad snaive

 naamasrep adap itrepes utiay ,ayndoohilekiL ( 31.2 )  

𝐷 � � 2 𝑛𝑙 �
𝐿�𝑦, 𝜇�
𝐿�𝑦, 𝑦�

� 

� 2[ 𝐿𝑛𝑙 (𝑦, 𝜇) � 𝐿𝑛𝑙 (𝑦, 𝑦)]                                                                                 �2. 31 � 

 nakrasadreB  ,)41.2( naamasrep 𝐿(𝑦, 𝜇)  ledom tnerruc doohilekil isgnuf halada

 nakgnades 𝐿(𝑦, 𝑦)  isubirtsid irad ledom detarutas doohilekil isgnuf halada

id aynledom tnerruc doohilekil gol isgnuf nupadA .nossioP  adap nakkujnut

41.2( naamasrep ) 

𝐿(𝑦, 𝜇) � 𝐿𝑛𝑙 �𝑦, 𝜇� 

 � 𝑛𝑙 �
𝑒−𝜇𝜆𝑦

𝑦!

𝑛

𝑖=1
 

 � � � 𝜇𝑛𝑙𝑦 � 𝜇 � 𝑦𝑛𝑙 !�
𝑛

𝑖=1
                                                                        �2. 41 � 

id aynledom detarutas doohilekil gol isgnuf kutnu nakgnadeS  adap nakkujnut

51.2( naamasrep ) 

𝐿(𝑦, 𝑦) � 𝐿𝑛𝑙 �𝑦, 𝑦� 

 � 𝑛𝑙 � 𝑓�𝑦, 𝑦�
𝑛

𝑖=1
 

� 𝑛𝑙 �
𝑒−𝑦𝜆𝑦

𝑦!

𝑛

𝑖=1
 



II - 02  
 

 � � � 𝑦𝑛𝑙𝑦 � 𝑦 � 𝑦𝑛𝑙 !�
𝑛

𝑖=1
                                                                        �2. 51 � 

isutitsbusnem nagned helorepid tapad snaiveD ialin naikimed nagneD   naamasrep

31.2( naamasrep ek )51.2( nad )41.2( ) helorepid aggnihes  

𝐷 � 2[ 𝐿𝑛𝑙 (𝑦, 𝜇) � 𝐿𝑛𝑙 (𝑦, 𝑦)]                                                                                  

� 2 �� ( 𝑦𝑛𝑙𝑦 � 𝑦 � 𝑦𝑛𝑙 !)
𝑛

𝑖=1
� � ( 𝜇𝑛𝑙𝑦 � 𝜇 � 𝑦𝑛𝑙 !)

𝑛

𝑖=1
�                  

� 2 � � 𝑛𝑙𝑦
𝑦
𝜇

� �𝑦 � 𝜇��
𝑛

𝑖=1
 

k  anera ∑ �𝑦 � 𝜇�𝑛
𝑖=1 � 0 rger ledom kutnu snaiveD iju kitsitats akam  nossioP ise

61.2( naamasrep adap ) 

𝐷 � 2 � � 𝑛𝑙𝑦
𝑦
𝜇

�
𝑛

𝑖=1
                                                                                                  �2. 61 � 

 sisetopiH  

𝐻0 ∶  tapadid gnay ledoM  kadit  iauses itamaid gnay atad nagned  

𝐻1  : itamaid gnay atad nagned iauses tapadid gnay ledoM  

 faraT isnakifingis  𝛼 � 0, 50  

 naijugnep airetirK  

 kaloT 𝐻0  akij 𝐷 � 𝑥2
𝛼,�𝑛−𝑘−1�  aynitra gnay  iauses tapadid gnay ledom  nagned

.itamaid gnay atad  


