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• Ge n e r a l is e r i n g a v F De r• F l e r ve r d i a v h e n g i g h e te r g i r o p p h a v t i l e n s tø r rek l as s e i n te g r i te ts re g l e r e n n d e s o m k a nu t t r y k ke s ve d F De r
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Em n e ( Ko d e, Læ r e b o k, F o r e l e s e r )S k r a n k e r :• E t em n e h a r e t s e t t a v l æ r e bø k e r s o m e ru a v h e n g i g a v h v em s o m fo r e l e s e r em n e t• E t em n e k a n h a f l e r e fo r e l e s e r e, o g d e t e r i n g e ns am m e n h e n g m e l l o m fo r e l e s e r e o g l æ r e b ø k e r
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Em n eKode Læ re b ok F ore le se rJa va¶ I IO O h e f teKje r n e nP H PWe b A r n eEl le nEr i kT oneGe r ha r dI N F 1 0 1 0I N F 1 0 1 0I N F 1 0 5 0I N F 1 0 5 0I N F 1 0 5 0
Em n eKode L æ re b ok F ore l e se rJa va ¶ I IJa va ¶ I IO O h e f teO O h e f teKje r n e nKje r n e nKje r n e nP H PP H PP H PWe bWe bWe b

A r n eEl le nA r n eEl le nEr i kT on eGe r ha r dEr i kT on eGe r ha r dEr i kT on eGe r ha r d
I N F 1 0 1 0I N F 1 0 1 0I N F 1 0 1 0I N F 1 0 1 0I N F 1 0 5 0I N F 1 0 5 0I N F 1 0 5 0I N F 1 0 5 0I N F 1 0 5 0I N F 1 0 5 0I N F 1 0 5 0I N F 1 0 5 0I N F 1 0 5 0
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• G i t te tr e la s jo n s s k je ma R ( A1, A2, …, An )La X, Yv ær e de l me n g de r a v { A1, A2 , …, An }La Z v ær e de a t tr i bu t te ne so m hv e r ke n e r me d i X e l le r YYe r f le rv e r d ia v he n g i g a v X hv i s v i fo r e n hv e r l o v l i gi n s ta n s a v R ha r a t hv i s i n s ta n se n i n ne ho l de r to tu p le rt1 o g t2 hv o r t1 [ X ]= t2 [ X ],s å f i n s de t o g s å to tu p le r u 1 o g u 2 hv o r1. u 1 [ X ]= u 2 [ X ]= t1 [ X ]= t2 [ X ]2. u 1 [ Y ]= t1 [ Y ], u 2 [ Y ] = t2 [ Y ]3. u 1 [ Z ]= t2 [ Z ], u 2 [ Z ]= t 1 [ Z ] I N F 3 1 0 0� 3 1. 1 . 2 0 0 6� Ra g n a r No r m a n n 6

• Ye r f le r ve r d ia v he n g i g a v X h v is v i fo r a l le l o v l i gei ns ta ns e r a v R ha r a t h v is i ns ta ns e n i n ne h o l de r t otu p le r t1 o g t2 s o m e r l i ke p å X,s å m å de n o gs å i n ne h o l de t o t u p le r u 1 o g u 2 h v o r1. u1 e r l i k t1 p å Y o g l i k t2 u t e n f o r Y2. u 2 e r l i k t2 p å Y o g l i k t1 u t e n f o r Y
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• V is kr iv e r X Y hv is Y e r f l e r v e r d ia v h e n g i g a v X• O f t es na k k e r v i fo r k o r t h e ts s ky l d o m“ M V D e n X Y ” d e r M V Ds t å r f o r Mu l t i� Va lu e dD e p e n d e n cy• H v is Y� X, s å X YB ev is :La t1 o g t2 v æ r e t o tu p l e r s o m e r l i k e p å XV e l g u 1 = t 2 o g u 2 = t1Da e r u 1 = t1 p å Y o g u 1 = t 2 u t e n f o r Y,m e ns u 2 = t 2 p å Y o g u 2 = t1 u t e n f o r YD e t e r d e f i n is j o n e n p å a t X Y
� �

� �
� � � �
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• Hv is X Ye r s a m t l ig e a t t r i bu t te r i R, s å X YBe v is :L a t1 og t2 v æ re t o tu p le r s o m e r l i ke p å XVe l g u 1 = t1 og u 2 = t2D a e r u 1 = t1 p å Y og u 1 = t 2 u te n f o r Y,me n s u 2 = t 2 p å Y og u 2 = t1 u te n f o r YDe te r de f i n is j o ne n p å a t X Y• De f in is jo n a v tr i v i e l l e M V DÔ e r :X Y hv o r YÖ Xe l le r X Ye r s a m t l i g e a t t r i b u t te ri R

× ×

× × × ×
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• Hv is Xð Y, s å X Y( Be v is fø lg e r s e n e re )• E n i k ke t r iv i e l l X Y hv o r Xð Yi k ke h o l d e r,ka l l e s e n e k t e M V D• M V De r be n y t te s t i l åu t t r y k ke i n te g r i te ts re g l e r :K o d e Læ re b o k , K o d e F o re l e s e r• M V De r o p p t re r hv is m a n p l a s s e re r t om : n� f o r h o l d ( m � 1 ) i s a m m e re l a s j o n ,og d e t o f o r h o l d e n e i k ke h a r a v h e ng ig h e te rs e g i m e l l o m
ð ðð ð ð ðð ð
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Ar m s t r o n g s s lu t n i n g s r e g l e ru tv i d e t t i l M V D e r( fo r s p e s i e l t in t e r e s s e r t e )1. Re f l e ks iv i te t F D: H v i s Y] X, s å Xa Y2. U tv i d e l s e F D : H v i s X a Y, s å X Z a Y Z3. Tr a n s i t iv i te t F D : Hv i s X a Yo g Y a Z , s å X a Z4. Ko m p l e m e n t: H v i s Z e r d e a t tr i bu t te n e s o m X Y i k keo m f a t te r , o g X Y, s å X Z.5. U tv i d e l s e M V D : H v i s X Y o g Z ] W , s å X W Y Z6. Tr a n s i t iv i te t M V D :Hv i s X Yo g Y Z , s å X Z– Y7. F D e r e r M V D e r : H v i s X a Y s å X Y8. S a m m e n s m e l t n i n g :Hv i s X Y , W a Z , W| Y= ~ o g Z ] Y , s å X a ZR e g e l s e t te t e r s u n to g ko m p l e t t fo r M V D e r o g F D e r
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Be v is fo r s lu tn i n gs re g e l 7
� �

� �• Hv is X � Y, s å X Y• Be v i s :– An ta a t t1 [ X ]= t2 [ X ]– S i d e n X � Y, e r t1 [ Y ]= t2 [ Y ]– Ve lg u 1 = t 2 og u 2 = t1– D a e r u 1 l i k t1 p å Y og l i k t 2 u te n f o r Y,m e n s u 2 e r l i k t 2 p å Y og l i k t1 u te n f o r Y– M e n d a h a r v i pe r d e f. e n M V D X Y I N F 3 1 0 0Ì 3 1. 1 . 2 0 0 6Ì Ra g n a r No r m a n n 1 2

Be v is fo r s lu tn i n gs re g e l 8

å å
å åHv is X Y, W å Z , Wï Y= ño g Zô Y, s å X å ZBe v is :– An ta a t t1 [ X ] = t 2 [ X ]– S i d e n X Y, f i n n e s u 1 o g u 2d e r u 1 e r l i k t1 p å Yo g l i k t 2 u te n fo r Y,o g u 2 e r l i k t 2 p å Yo g l i k t1 u te n fo r Y– S pe s i e l t e r t1 [ W ] = u 2 [ W ] , o g s i d e n W å Z ,e r t1 [ Z ] = u 2 [ Z ] = t 2 [ Z ] ( d e n s i s te fo r d i Zô Y )– A l ts å h a r v i e n F D X å Z



I N F 3 1 0 0� 3 1. 1 . 2 0 0 6� Ra g n a r No r m a n n 1 3
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Ut g a n g s p u n kt fo r n o r m a l f o r m e n4 N F• A l le in te g r i te ts re g le r e r i fo r m a v F De r o g M V De r( fo r u te n d o me n e s k r an ke r o g f re m me d n ø k l e r )
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• De f in is jo n 4 N F ( Fa g in 1 9 7 7 ):En r e l a s jo n R e r p åf je r de n o r m a lf o r m hv i sa l l e i k k e t r i v i e l l e M V D e r X Y t i l f r e d s s t i l l e rfø l g en d e :i. X e r en s u p e rn ø k k e l i Rµ µ
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• 4 N FË B C N FFo r å be v is e d e tm å v i v is e a t h v is R e r 4 N F o gXÞ Y e r e n i k ke t r i v i e l l F D i R, s å e r X e ns u p e r n ø k ke l ( B e v i s e t f ø l g e r p å n e s te ly s a r k )• N å r e r e n re l as j o n B C N F , m e n i k ke 4 N F ?S v a r : N å r a l l e i k ke t r i v i e l l e F D e r XÞ Y e r s l i k a tX e r e n s u p e r n ø k ke l o g d e t f i ns e n e k te M V DZ W d e r Z i k ke e r e n s u pe r n ø k ke lÞ Þ
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�• An ta a t Re r 4 N Fo g a tv i h a re n i k ke t r iv ie l l F DX� Y i R• S i de n F D� e re r M V D� e r, h a rv i a t X Y• Hv is de n n e M V D� e n e r i k ke t r iv ie l l , e r Xe ns u pe rn ø k ke l ( fo r d i Re r 4 N F )• Hv is M V D � e n e r t r iv ie l l , e r R= X Y , s å Xe re ns u pe rn ø k ke l d a o gs å• A l ts å e r R p å B C N F

� �
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( Ku r s o r i s kp e n s u m )• 5 N F ( Ma ie r 1 9 8 3 )• P J N F: P r o j e c td J o in N o r ma l F o r m( Fa g in 1 9 7 9 )• D K N F: D o ma in Ke y N o r ma l F o r m( Fa g in 1 9 8 1 )
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• La Rv æ r e e n r e l a s jo n o g l a D= { R1, …, Rm } v æ r ee n d e ko m po s i s jo n a v R. D e r so m D e r ta p s f r i, s i e rv i a t D t i l f r e d s s t i l l e r e n J D ( Jo i n D e p e n d e n c y )• E n J D ka l l e s t r iv i e l l d e r so m R¥ D• T eo r e m ( F a g i n 1 9 7 7 ): Hv i s m = 2, dv s D= { R1, R2 },t i l f r e d s s t i l l e r D e n J D hv i s, o g b a r e hv i s, v i h a r e nM V D X Y d e r X= R1 µ R2 o g Y= R2 – R1• D e t t e b e t y r a t e n M V D e r d e t s a m m e so m e n J Dfo r e n d e ko m po s i s jo n m e d 2 ko m po n e n t e r· ·
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• En de ko m p o s i s j o n D= { R1, …, Rm } ka l le se k tehv i s d e t i k ke f i n n e s i o g j me d iè j o g Ri ê Rj(e n s l i k R i v i l a l l t i d v æ re o v e r f lø d i g fo r d i de n i k keka n b i d ra t i l å g jø re D ta p s f r i )• En re l a s j o n R e r p å5 N F hv i s a l le e k te ta p s f r ide ko m p o s i s j o n e r a v R b a re be s t å r a vs u pe rn ø k le r• H v i s v i fo r t se t te r å ta p s f r i t t de ko m p o n e re e nre l a s j o n p å 5 N F, s å v i l i k ke de ko m p o s i s j o n e nbe ty n o e n re d u k s j o n i a n ta l l t u p le r e l le r v e r d ie rs o m m å l a g re s, tv e r t i m o t v i l l a ge r be h o v e tø ke
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• En r e la s jo n R e r p å P J N F hv i s a l l e J D% e r i R e ren ko n s e kv en s a v ka n d i da tn ø k l en e• M e r p r e s i s t: R e r p å P J N F h v i s a l l e e k t e ta p s f r id e ko m po s i s jo n e r D e r n ø k k e l sa m m en h en g en d ei h en ho l d t i l f ø l g en d e a l go r i t m e :– S å l en g e d e t f i n n e s to ko m po n en t e r i D hv i ssn i t t e r en s u p e rn ø k k e l, s å by t t u t d e toko m po n en t en e m e d d e r e s u n io n– H v i s p ro s e s s en t e r m i n e r e r m e d D= { R }, e r Dn ø k k e l sa m m en h en g en d e, e l l e r s i k k e I N F 3 1 0 0? 3 1. 1 . 2 0 0 6? Ra g n a r No r m a n n 2 2

D K N F ( Do m a in T Ke y N o r m a l Fo r m )• En r e la s jo n R e r p å D K N F hv i s d e en e s t ei n t e g r i t e t s r e g l en e i R e r n ø k k e l r e s t r i k s jo n e r o gdo m en e r e s t r i k s jo n e r• D K N F e r l e t t å h ån d h ev e, m en d e t e r fo r ma n g ei n t e g r i t e t s r e g l e r so m i k k e ka n u t t r y k k e s p åd en n e m å t en t i l a t v i ka n b e g r en s e o s s t i l å hako m po n en t e r p å D K N F
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Op p s u m m e r in g a v hø y en o r m a l f o r m e r• En r e la s jo n R e r p å 4 N F hv i s, o g ba r e hv i s, a l l e e k t eta p s f r i d e ko m po s i s jo n e r m e d to ko m po n en t e r b e s t å r a vto s u p e rn ø k l e r( D e t t e b ev i s e s v e d å v i s e a t en jo i n a v to s u p e rn ø k l e r e rta p s f r i hv i s, o g ba r e hv i s, d e r e s sn i t t e r en s u p e rn ø k k e l )• 5 N F e r ( e k t e ) i n n e ho l d t i 4 N F• B å d e P J N F o g D K N F e r ( e k t e ) i n n e ho l d t i 5 N F• D e t f i n n e s r e la s jo n e r so m e r i P J N F, m en i k k e i D K N F,o g o mv en d t• P e r so n l i g m en i n g : 5 N F o g P J N F b u r d e by t t e n a v n( d e t b u r d e 3 N F o g B C N F o g s å, m en v i ka n i k k e fo ra n d r eh i s to r i en )


