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Abstract–Reliability



has



emerged



as



significant



issue



in



developing



of



expert



systems.



Verification plays an important role in assuring the reliability of expert systems. Expert systems verification involves checking the knowledge base for consistency, completeness, and other errors. Our study indicates that in order to verify an expert system, it is necessary to have a conceptual model of the knowledge base. The KADS methodology lends itself to conceptual modeling of



the knowledge base. This enabled us to build an automatic verification tool. This



tool is able to detect



different knowledge base error types. A novel feature of this tool is its



ability to detect consistency errors that arise due to using KADS methodology in knowledge modeling.



1. Introduction



T



h e i mp o r t a n c e o f a s s u r i n g t h e q u a l i t y o f e x p e r t s y s t e ms i s n o w w i d e l y r e c o g n i z e d . Q u a l i t y a s s u r a n c e i s a ma j o r i s s u e i n d e v e l o p me n t o f e x p e r t s y s t e ms . A c o n s e n s u s h a s b e e n r e a c h e d i n t h e l i t e r at u r e t h a t t h e e v a l u a t i o n o f e x p e r t s y s t e ms t o e n s u r e t h e i r r e l i a b i l i t y i n v o l v e s t w o



p r i n c i p le a c t i v i t i e s , u s u a l l y c a l l e d v e r i f i c a t i o n a n d v a l i d a t i o n ( V & V ) . S t u d ie s have shown



th a t v e r i f i c a t i o n , c a n l e a d t o t h e e a r l y d ete c tio n o f e r r o r s th a t



o th e r w is e w o u ld h a v e r e ma in e d e v e n a f te r e x te n s iv e v a lid a tio n te s ts ( 1 , 2 , 3 ) . Verification, therefore



i s a n i mp o r t a n t p a r t o f r e l i a b i l i t y a s s u r a n c e f o r t h e s e



s y s t e ms , a n d i t i s t h e i n t e r e s t o f a l l e x p e r t s y s t e m b u i l d e r s t o e n s u r e t h a t v e r if ic a tio n is p e r f o r me d o n th e ir s ys te m p r io r to tr a d itio n a l me th o d s o f te s tin g . Our



proposed



approach



for



v e r if yin g



k n o w le d g e



bases



is



based



on



u s in g



c o n c e p tu a l mo d e lin g f o r k n o w le d g e b a s e ( K B) . Co n c e p tu a l mo d e ls , s u c h a s s u p p o r te d b y K A D S me th o d o lo g y ( 4 , 5 ) ma k e it p o s s ib le to d e r iv e th e s tr u c tu r e o f k n o w le d g e b a s e s ys te ms ( K BS ) . T h is e n a b le d u s to b u ild a n a u to ma tic v e r if ic a tio n t o o l. T h i s t o o l i s a b l e t o d e t e c t d if f e r en t K B e r r o r typ e s s u c h a s c o n s is te n c y a n d c o mp le te n e s s e r r o r s , a s w e ll a s



o th e r e r r o r s . A n o v e l f e a tu r e o f th is to o l is its



a b i l i t y t o d e t e c t c o n s i s t e n c y e r r o r s t h a t a r i s e d u e t o u s i n g K A D S me t h o d o l o g y i n k n o w le d g e mo d e lin g . T h e s tr u c tu r e o f th e p a p e r is a s f o llo w s . S e c tio n 2 d is c u s s e s th e n e e d s f o r a s s u r i n g t h e q u a l i t y o f e x p e r t s y s t e ms . S e c t i o n 3 p r e s e n t s t h e d if f e r e n t a p p r o a c h in v e r if ic a tio n a n d v a lid a tio n o f e x p e r t s ys te ms . S e c tio n 4 b r ie f ly d e s c r ib e s th e k n o w le d g e b a s e d e v e lo p me n t e n v ir o n me nt u p o n w h ic h w e b u ild o u r v e r if ic a tio n to o l. S e c tio n 5 e x a min e s th e p r o p o s e d v e r if ic a tio n to o l in d e ta ils . S e c tio n 6 s t u d i e s t h e a b i l i t y o f v e r i f ic a t i o n t o o l i n v er i f y i n g s o me r e a l - w o r l d k n o w l e d g e b a s e s . S e c tio n 7 s u mma r iz e s th e p a p e r a n d c o n s i d e r s s o me o p e n r e s e a r c h i s s u e s .
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2. The needs for assuring the quality of expert systems Several factors have led to need for assurances about the quality of expert s ys te ms ( 6 ) . O n e s u c h f a c to r is a n e w g e n e r a tio n b e g in n in g



to



appear.



These



expert



s ys te ms



o f e x p e r t s ys te ms w h ic h a r e



are



e mb e d d e d



w ith in



a n o th e r



h a r d w a r e / s o f t w a r e s y s t e m i n s u c h a w a y t h a t u s e r s ma y n o t e v e n r e a l i z e t h a t a n e x p e r t s ys t e m i s a p a r t o f t h e s o f t w a r e . A n o th e r f a c to r is th a t e x p e r t s ys te ms a r e b e in g p r o p o s e d f o r mis s io n critical application. In such applications, there is a possibility of great financial lo s s a n d /o r lo s s o f lif e if th e e x p e r t s ys te m ma lf u n c tio n s . An additional factor is the expectations and standards for quality software which



the



c o mme r c i a l



c o mp u t i n g



c o mmu n i t y



has



already



established.



The



c o mme r c i a l c o mp u t i n g c o mmu n i t y i s u n l i k e l y t o l o w e r i t s e x p e c t a t i o n s o r s t a n d a r d s o f q u a l i t y i n o r d e r t o a d a p t t o e x p e r t s y s t e ms . E x p e r t s y s t e m d e v e l o p e r s w i l l h a v e t o a d a p t t o t h e p r e e s t a b l i s h e d e x p e c t a t i o n s a n d s t a n d a r d s o f c o mme r c i a l c o mp u tin g c o mmu n ity.



3. Different approaches in verification and validation of knowledge- based systems D u r in g th e f ir s t ye a r s o f K BS p r o d u c tio n , r e s e a r c h e r s th o u g h t o f K BS lif e c y c l e a s r a p i d p r o t o t y p e , w h i l e t h e V & V w a s h a n d le d o n a s - n e e d e d b a s is . R e c e n t l y , me t h o d s ( a n d t h e i r su p p o r t t o o l s ) w e r e d e v e l o p e d t o d e t e c t p r o b l e ms i n r u le - b a s e d s ys te ms , s u c h a s r e d u n d a n t, s u b s u me d , o r mis s in g r u le s . H o w e v e r th e f i e l d l a c k e d a c o mp r e h e n s i v e v i e w o f K BS v a l i d a t i o n a n d t h e r o l e o f V & V i n t h e K B S l i f e c y c l e ( 7 ) . T w o a p p r o a c h e s h a v e b e e n r e a l i z e d f o r t h e m. O n e a p p r o a c h d is c u s s e s th e r e la tio n o f K BS V & V to th e s o f t w a r e e n g in e e r in g m e th o d o lo g y f o r p r o g r a m c o r r e c tn e s s a n d e v a lu a tio n . T h is d is c u s s io n d e a l t w i t h t h e u s a b i l i t y a n d u s e f u ln e s s o f f o r ma l p r o g r a m s p e c i f i c a t i o n f o r e x p e r t s ys te ms . T r a d itio n a l me th o d s o f s o f tw a r e te s tin g p r o d u c e e mp ir ic a l me a s u r e s o f reliability: they involve running test cases through the system and evaluating the c o r r e c tn e s s o f th e r e s u lt o b ta in e d .



3



A s e c o n d a p p r o a c h is th e u s e o f c o n c e p tu a l m o d e lin g fr a m e wo r k s s u c h a s K A D S ( 8 ) a n d th e C o mp o n e n ts o f E x p e r tis e ( 9 ) a s a n e w k in d o f s p e c if ic a tio n f o r K BS d e s ig n . K n o w le d g e mo d e ls p r o v id e a f r a me w o r k in w h ic h in c lu d e th e V & V o f p r a g ma tic c o n s tr a in s , a n d th e p r o g r e s s i v e r e f in e me n t o f k n o w le d g e mo d e ls p r o v id e s p r in c ip le d ma p p in g to th e s ymb o l le v e l n e c e s s a r y f o r V & V ( 2 ) .



4. A brief description of the knowledge base development environment T h e ma j o r c h a lle n g e f o r a n y mo d e lin g a p p r o a c h to K BS c o n s tr u c tio n is to f in d a n a d e q u a te a n s w e r to th e q u e s tio n o f h o w to mo d e l e x p e r tis e . T h e r e q u ir e me n t o f th e r e s u ltin g mo d e l o f e x p e r tis e , th a t is o f a k n o w le d g e - le v e l n a tu r e : in d e p e n d e n t o f a p a r tic u la r imp le me n ta tio n ( 1 0 ) . K A D S is a me th o d f o r th e s tr u c tu r e d a n d s ys te ma tic d e v e lo p me n t o f K BS , w h ic h a ims to p r o v id e s o f tw a r e e n g in e e r in g s u p p o r t f o r th e k n o w le d g e e n g in e e r in g p r o c e s s ( 1 1 , 1 2 ) . O t h e r o b s e r v e d d if f i c u l t i e s i n b u i l d i n g K B S r e s u l t f r o m t h e k in d o f la n g u a g e u s e d to b u ild th e s e s ys te ms , s in c e th e c o n c e p tu a l mo d e l mu s t h a v e a n e x p l i c i t s e ma n t i c f o u n d a t i o n . K R O L ( 1 3 , 1 4 ) h a s b e e n s u c c e s s f u l l y u s e d i n b u i l d i n g s e v e r a l K A D S - b a s e d e x p e r t s ys t e ms a t C L A E S ( C e n t r a l L a b o r a t o r y o f A g r i c u l t u r e E x p e r t S ys t e m) a t t h e A g r i c u ltu r e Re s e a r c h Ce n te r o f Min is tr y o f A g r ic u ltu r e a n d L a n d Re c la ma tio n in E g yp t s u c h a s : CI T E X ( 1 5 ) a n d CU P T E X ( 1 6 ) . T h e s e e x p e r t s ys te ms a r e in a c tu a l u s e b y th e E g yp tia n e x te n s io n s s e r v ic e . T h e f o llo w in g s e c tio n s g iv e a n o v e r v iew f o r th e k n o w le d g e b a s e d e v e lo p me n t e n v i r o n me n t u p o n w h i c h w e b u i l t o u r v e r if i c a t i o n t o o l . H o w e v e r , i t i s n o t i n t e n d e d t o c o n s t i t u t e a n i n t r o d u c t i o n t o t hi s t o p i c , a n d s u i t a b l e r e a d i n g ma t e r i a l w i l l b e r e f e r r e d t o d u r i n g d is c u s s i o n .



4.1 KADS: A methodology for modeling knowledge-based systems K A D S ( 1 7 ) is a me th o d o lo g y th a t h a s b e e n d e v e lo p e d in th e f r a me w o r k o f t h e E s p r i t p r o g r a m. T h e mo d e l - b a s e d a p p r o a c h a c c o r d i n g t o K A D S i s r a p i d l y b e c o min g th e d e f a c to s ta n d a r d in E u r o p e .
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I n ( 1 8 ) , w e d e s c r i b e d o u r a p p r o a c h f o r b u i l d i n g K A D S - b a s e d e x p e r t s ys t e ms . B r i e f l y , t h e d o m a in k n o wle d g e i d e n t i f i e s t h e d o ma i n i n t e r ms o f c o n c e p t s , p r o p e r tie s o f th e s e c o n c e p ts , a n d r e la tio n s . F ig 1 . S h o w s a n e x a mp le o f th e r e la tio n b e tw e e n e x p r e s s io n s s o i l _ d e t e r m i n e _ s o i l, w h i c h me a n s t h a t t h e s o i l p a r a me te r s a r e to b e d e te r min e d b y u s in g o th e r s o il p a r a me te r s . T h e i n f e r e n c e k n o wle d g e i s a d e c l a r a t i o n o f w h a t p r i mi t i v e i n f e r e n c e s c a n b e ma d e u s i n g t h e d o ma in k n o w le d g e . T h e ta s k k n o wle d g e d e s c r i b e s t h e s t e p s t h a t mu s t b e c a r r i e d o u t in o r d e r to a c h ie v e a p a r tic u la r g o a l u s in g th e in f e r e n c e s te p s o f th e in f e r e n c e layer.



Concept Soil



LEFT HAND SIDE Property Value Texture salt loam Profile Depth >= 1.2 ESP =< 15 Ph =< 8



Soil



Texture



Soil



Texture



Concept Soil



loam sily loam sandy clay loam sand sandy loam



RIGHT HAND SIDE Property Value S_Status suitable



Soil



Type



medium



Soil



Type



coarse



Figure 1: An Example of a relation between expressions



4.2 KROL: The language O u r imp le me n ta tio n la n g u a g e K RO L , ( 1 3 ) is a K n o w le d g e Re p r e s e n ta tio n O b j e c t L a n g u a g e t h a t a d d r e s s e s t h e r ep r e s e n t a t i o n o f k n o w l e d g e . K R O L i s b u i l t o n to p o f S I CS tu s P r o lo g la n g u a g e ( 1 9 ) . T h e a p p l i c a b i l i t y o f K R O L a s a l a n g u ag e t o i mp l e me n t K A D S - b a s e d e x p e r t s ys te ms c o u ld b e d e s c r ib e d a s f o llo w s .



D o ma in k n o w le d g e is r e p r e s e n te d b y a



s in g le f o r ma lis m, th e o b j e c t. O b j e c ts c o r r e s p o n d to r e a l- w o r ld c o n c e p ts o r r u le s . Ru le s a r e u n if o r mly h a n d le d in a n o b j e c t- o r ie n te d ma n n e r . T h e b e h a v io r o f a n o b j e c t is r e p r e s e n te d b y me th o d s a n d its c h a r a c te r is tic s a r e r e p r e s e n te d b y p r o p e r t i e s ( a t t r i b u t e s ) . A t t r i b u t e s ma y h a v e f a c e t s ( v a l u e t y p e , v a l u e s o u r c e , p o s s i b le v a l u e s , a n d i f t h e p r o p e r t y t a k e s a s i n g le o r mu l t i p l e v a l u e ) . T h e r e l a t i o n b e tw e e n c o n c e p ts c a n b e r e p r e s e n te d b y th e me th o d s u p e r w i t h i n t h e c o n c e p t . A
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p a r tic u la r r e la tio n b e tw e e n e x p r e s s io n s is ma n i f e s t e d a s a s e t o f d e c l a r a t i v e r u l e i n s t a n c e s d e f i n e d i n a n o b j e c t . A r u l e i n s ta n c e , o r s i mp l y a r u l e , i s d e c l a r e d b y w r i t i n g i t i n t h e f o l l o w i n g f o r m: r u l e i d ( c o n c lu s io n ) if p r e m is e T h e in f e r e n c e k n o w le d g e is r e p r e s e n te d b y a n o b j e c t w ith in f e r e n c e s te p s a s its b e h a v io r . E a c h i n f e r e n c e s t e p e i t h e r u s e s t h e p r i mi t i v e i n f e r e n c e d e f i n e d b y t h e b u i l t - i n i n f e r e n c e _ c l a s s o b j e c t , e . g . c o n c lu d e _ a ll p r i mi t i v e w h i c h t r i e s t o p r o v e a ll r u le s in a g iv e n r e la tio n b e tw e e n e x p re s s io n s a n d r e c u r s iv e ly its d e s c e n d e n ts . T h e ta s k k n o w le d g e is r e p r e s e n te d b y a n o b j e c t th a t its b e h a v io r d e s c r ib e s t h e a p p l i c a t i o n o f i n f e r e n c e s t e p s t h a t s a t i s f i e s a p a r t i c u la r g o a l u s i n g t h e i n f e r e n c e s t e p s o f t h e i n f e r e n c e k n o w l e d g e . F i g . 2 i l l u s t r a t e s a s a mp l e o f e a c h K A D S l a ye r s u s i n g K R O L .



Soil_determine_soil :: {



assesment_inference :: {



super(assessment_system) &



super(inference_class) &



r1([s_status of soil = suitable]) if texture :: soil = 'salt loam' profile_depth :: soil >= 1.2, esp :: soil =< 15, ph :: soil =< 8.0, calcium_c_c :: soil =< 40.0 &



assessment_task :: { ... start:assesment_inference::abstract, assesment_inference:: assign



abstract:inference_class:: conclude_all(soil_determine_soil), inference_class::conclude_all(water_determine_water), ...



}.



assign:inference_class::conclude_all(soil_determin_conclusion), inference_class::conclude_all(water_determin_conclusi), ... }.



r2([s_status of soil = unsuitable]) if texture :: soil = 'loam' -> true ; profile_depth :: soil < 1.2 -> true ; esp :: soil >= 15 -> true ; ph :: soil >= 8.5 -> true ; calcium_c_c :: soil > 40.0



Relation between expressions



Inference layer



Task layer



F i g u r e 2 : A n e x a mp l e o f t h e K A D S l a ye r s i mp l e me n t e d u s i n g K R O L



5. The methodology V e r i f i c a t i o n e x a mi n e s t h e t e c h n i c a l a s p e c ts o f a n e x p e r t s ys te m in o r d e r to d e t e r mi n e w h e t h e r t h e e x p e r t s y s t e m i s b u i l t c o r r e c t l y . O n e o f t h e ma j o r t a s k s i n v e r if yin g e x p e r t s ys te ms is th e v e r if ic a tio n o f th e k n o w le d g e c o n ta in e d w ith in th e K B. V e r if yin g th e K B in v o lv e s e x a min in g th e c o n s is te n c y, c o mp le te n e s s , a n d c o r r e c tn e s s



of



c o n tr a d ic tio n ,



th e and



k n o w le d g e c ir c u la r ity



by (6).



d e te c tin g S ev e r a l
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errors



such



v e r if ic a tio n



as



c r ite r ia



r e d u n d a n c y, have



been



p r o p o s e d . O u r a p p r o a c h in a u to ma tin g v e r if ic a tio n o f th e K B in v o lv e s c h e c k in g t h e K B f o r c o mmo n l y o c c u r r i n g e r r o r s . T h e a p p r o a c h i n d i c a t e s a l s o t h a t , i n o r d e r to v e r if y a n e x p e r t s ys te m, it is n e c e s s a r y to h a v e a c o n c e p tu a l m o d e l o f th e K B. T h e K A D S me th o d o lo g y le n d s its e lf to c o n c e p tu a l mo d e lin g o f



th e K B . T h is



e n a b l e d u s t o b u i l d a n a u t o ma t i c v e r i f i c a t i o n t o o l. T h i s t o o l i s a b l e t o d e t e c t d i f f e r e n t K B e r r o r t yp e s a s w e l l a s n e w e r r o r t yp e s t h a t a p p e a r d u e t o u s i n g K A D S in k n o w le d g e mo d e lin g . A ma j o r d e s ig n g o a l o f o u r v e r if ic a tio n to o l is to b e g e n e r a lly a p p lic a b le f o r a n y K A D S - b a s e d e x p e r t s y s t e m. K R O L i s s u c c e s s f u l l y u s e d t o i mp l e me n t several



KADS-based



expert



s ys t e ms



at



CLAES.



On



the



other



hand,



this



i mp l e me n t a t i o n f a c e s s o me l i mi t a t i o n s . O n e o f t h e s e l i mi t a t i o n s , i s t h a t t h e r e i s n o t a c o m p le te tr a n s fo r m a tio n m a p p in g b e t w e e n t h e c o n c e p t u a l mo d e l a n d t h e imp le me n ta tio n la n g u a g e . F u r th e r mo r e , th e d e s ig n o f o u r v e r if ic a tio n to o l d e p e n d s ma in ly o n th e c o n c e p tu a l mo d e lin g o f th e K B. T h u s , K RO L is e x te n d e d to s u p p o r t th e c o mp le te tr a n s f o r ma tio n ma p p in g b y d e f in in g a s e t o f K RO L me th o d s . T h e s e me t h o d s a f f e c t t h e t h r e e l e v e l s o f k n o w l e d g e l a y e r s . R e p r e s e n t a t i o n o f e a c h k n o w le d g e la ye r a f te r a d d in g th e K RO L e x te n s io n s , h ig h lig h te d in b o ld , is d e s c r ib e d in F ig . 3 . T h e f o llo w in g s e c tio n s, d e s c r ib e o u r a p p r o a c h f o r a u to ma tin g t h e v e r i f i c a t i o n o f K A D S - b a s e d e x p e r t s ys t e ms . Soil_determine_soil :: {



Abstract:: {



assessment_task :: {



super(assessment_system) &



super(assessment_system) &



super(krol) &



input_att(soil,texture/1)& input_att(soil,profile_depth/1)& input_att(soil,esp/1)& input_att(soil,ph/1)& input_att(soil,calcium_c_c/1)& output_att(soil,s_status/1)&



input-role([system_description],[[soil,texture],...]) &



inference([abstract,assign]) &



output-role(abstracted_system_description, [[soil,s_status],...]) &



start:assesment_inference :: abstract, assesment_inference :: assign



r1([s_status of soil = suitable]) if texture :: soil = 'salt loam' profile_depth :: soil >= 1.2, esp :: soil =< 15, ph :: soil =< 8.0, calcium_c_c :: soil =< 40.0 &



...



static-role([soil_determine_soil,...]) & }.



r2([s_status of soil = unsuitable]) if texture :: soil = 'heavy clay' -> true ; profile_depth :: soil < 1.2 -> true ; esp :: soil >= 15 -> true ; ph :: soil >= 8.5 -> true ;calcium_c_c :: soil > 40.0 }. Relation between expressions



}.



Inference layer
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Task layer



F i g u r e 3 : E x t e n d i n g K A D S l a ye r s u s i n g K R O L



5.1 Structure of the verification tool T h e v e r if ic a tio n p r o c e s s o f K A D S - b a s e d e x p e r t s ys te ms c a n b e d is tin g u is h e d in to t h r e e ma i n p a r t s : 1 . D o m a i n k n o wl e d g e v e r i f i c a t i o n . D u r in g th is p r o c e s s , w e a r e f o c u s in g o n th e d o ma in k n o w le d g e w h ic h c o n ta in s c o n c e p ts , p r o p e r tie s , r e la tio n b e tw e e n concepts, and relation between expressions. Most of the KB errors will be detected in this part. 2 . I n f e r e n c e L a y e r V e r i f i c a t i o n . I n K A D S , a n i n f e r e n c e l a ye r i n c o n s i s t e n c y ma y o c c u r . T h is h a p p e n s w h e n a n in p u t/o u tp u t r o le o f a n y in f e r e n c e s te p h a s a d e f in e d in p u t/o u tp u t d a ta e le me n ts th a t a r e n o t d e f in e d in th e c o r r e s p o n d in g r e la tio n b e tw e e n e x p r e s s io n s o f th e d o ma in la ye r . Mo r e o v e r , w h e n a n in f e r e n c e h a s a d e f in e d in p u t- r o le th a t is n o t p r o d u c e d a s o u tp u t- r o le o f a n o th e r in f e r e n c e step. 3 . K A D S L a y e r s v e r i f i c a t i o n . W h e n a p p lyin g K A D S me th o d o lo g y in k n o w le d g e mo d e lin g , n e w typ e s o f e r r o r a r e d is c o v e r e d . T h e th r e e la ye r s th a t c o n s tr u c t th e k n o w l e d g e mo d e l a r e i n t e r r e l a t e d , s i n c e e a c h l a y e r a l w a y s r e f e r s t o s o me p a r t s o f a n o th e r l a y e r . A c c o r d i n g t o t h i s i n t e r a c t i o n , i n c o n s i s t e n c i e s b e t w e e n l a y e r s ma y a r is e . F ig . 4 g iv e s a n o v e r v ie w o f th e s tr u c tu r e o f



our proposed



v e r if ic a tio n to o l.



KADS Modeling layers



Verification Process



KADS Layers Verification



Task knowledge Inference knowledge Domain knowledge



Inference Layer Verification Domain Layer Verification
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Verification report



F ig u r e 4 : O v e r a ll s tr u c tu r e o f th e v e r if ic a tio n to o l



5.2. Domain knowledge verification T h e d o ma in k n o w le d g e v e r if ic a tio n p r o c e s s d e te c ts mo s t o f th e c o d e d K B e r r o r s . T h e v e r i f i c a t i o n p r o c e s s c o n s i d e r e d h e r e is d iv id e d in to th r e e p h a s e s , a c c o r d i n g t o t h e t y p e o f e r r o r s d et e c t e d i n e a c h p h a s e . T h e y a r e :



1 . Co n s is te n c y c h e c k e r p h a s e . 2 . C h e c k f o r c o mp l e t e n e s s p h a s e . 3. Path checker phase.



F i g . 5 i l l u s t r a t e s t h e s t r u c t u r e o f t h e d o ma i n k n o w l e d g e v e r if i c a t i o n p r o c e s s .



Consistency Checker



KB



Consistency errors



Relation between expressions table



Path Checker



Completeness Checker



Circular paths Redundant paths



Completeness errors



F i g u r e 5 : T h e s tr u c tu r e o f v e r if ic a tio n o f th e d o ma in k n o w le d g e



5.2.1 Consistency checker phase T h e c o n s i s t e n c y c h e c k e r w o r k s o n th e r e la tio n s b e tw e e n e x p r e s s io n s o f th e d o ma in la ye r , o n e r e la tio n a t a time . Co n s is te n c y o f th e K B a p p e a r s a s : u n d e f in e d o b j e c t, u n d e f in e d a ttr ib u te , u n d e f in e d a ttr ib u te v a lu e s , d u p lic a te r u le p a ir s , c o n f lic t r u le p a ir s , a n d s u b s u me d r u le p a ir s . E r r o r s in s p e llin g o r s yn ta x a r e f r e q u e n t s o u r c e o f c o n s is te n c y e r r o r s .



T h e ma in f u n c tio n o f
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th e c o n s is te n c y



c h e c k e r i s d e te c tin g c o n s is te n c y e r r o r . A s e c o n d a r y f u n c tio n is c r e a tin g t h e r e la tio n



b e twe e n



e x p r e s s io n s



ta b le



to



support



th e



subsequent



v e r if ic a tio n



processes. Detecting



consistency



errors.



For



each



relation



between



expressions,



the



consistency checker checks each rule instance to find out the undefined object, u n d e f in e d a ttr ib u te , a n d u n d e f in e d a ttr ib u te v a lu e s . T h is is r e a liz e d b y c o mp a r in g t h e o b j e c t s , a t t r i b u t e s , a n d a t t r i b u t e v al u e s u s e d i n e a c h r u l e a g a i n s t t h e i r c o r r e s p o n d i n g d e f i n i t i o n s . F o r e x a mp l e , c o n s i d e r t h e a t t r i b u t e s o i l s t a t u s w i t h t h e s e t { s a n d y , h e a v y , lig h t} a s its le g a l v a lu e s . T h is a ttr ib u te h a s a d e f in e d s o u r c e o f v a lu e to b e d e r i v e d 1. I f a r u l e r e f e r s t o t h e v a l u e s a n d f o r t h e a t t r i b u te s o i l s t a t u s , it is d e te c te d a s u n d e f in e d a ttr ib u te v a lu e. D e te c tin g d u p lic a te , c o n f lic t, a n d s u b s u me d r u le p a ir s a r e r e a liz e d b y c o mp a r i n g e a c h r u l e a g a i n s t e v e r y o t h e r r u l e w i t h i n t h e s a me r e l a t i o n b e t w e e n e x p r e s s io n s . Creating



the



relation



between



expressions



table.



The



relation



between



e x p r e s s io n s ta b le c o n ta in s th e n e e d e d in f o r ma tio n a b o u t a ll th e r e la tio n s b e tw e e n e x p r e s s io n s in th e K B. T h e b a s ic id e a b e h in d c o n s tr u c tin g th is ta b le is to a c c e l e r a t e s e a r c h i n g f o r a n y d e f i n e d a t t r i b u te i n t h e K B w h i c h i s h e a v i l y u s e d i n s u b s e q u e n t p h a s e s ( S e e F ig . 5 ) . T h is ta b le c o n s is ts o f th e f o llo w in g f ie ld s : • Relation name:



T h e n a me o f th e r e la tio n b e tw e e n e x p r e s s io n s a s d e f in e d in



the KB. • Input attribute:



T h e n a me s o f o b j e c t- a ttr ib u te p a ir s g iv e n in th e r u le s



antecedence. • Output attribute:



T h e n a me s o f o b j e c t- a ttr ib u te p a ir s g iv e n in th e r u le s



consequence.



1



KROL distinguishes between three types of value source: user when the attribute value is input by the user, database when the value is queried from a database, derived when the value is concluded by a rule.
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5.2.2 Completeness checker phase A s th e n u mb e r o f r u le s g r o w s la r g e , i t b e c o me s i mp o s s i b le t o c h e c k e v e r y p o s s ib le p a th th r o u g h th e s ys te m ( 2 0 ) . T h e r e a r e f o u r in d ic a tiv e s itu a tio n s o f g a p s in th e k n o w le d g e b a s e : u n u s e d a ttr ib u te v a lu e s , mis s in g r u le s , u n f ir a b le r u le s , a n d unused consequence. The purpose of



check for completeness phase is to scan the whole KB



lo o k in g f o r u n u s e d a ttr ib u te v a lu e s , mis s in g r u le s , u n f ir a b le r u le s , a n d u n u s e d c o n s e q u e n c e . F o r e f f i c i e n c y r e a s o n s , d e te c tin g s u c h e r r o r s is d iv id e d in to tw o ma in p a r ts : d e te c tin g u n r e fr e n c e d a ttr ib u te v a lu e a n d m is s in g r u le s, a n d d e te c tin g u n fir a b le r u le s a n d u n u s e d c o n s e q u e n c e . Detecting unrefrenced attribute value and missing rules. The unrefrenced a t t r i b u t e v a l u e s a r e d e t e c t e d w h e n w e d o n o t f in d a n y o f th e a ttr ib u te v a lu e s in a n y r u l e a n t e c e d e n c e . W h i l e mis s i n g r u l e s a r e d e t e c t e d w h e n t h e u n u s e d v a l u e s a r e d e r iv e d f r o m a r u le c o n s e q u e n c e . F o r e x a mp l e , c o n s i d e r a g a i n t h e a t t r i b u t e s o i l s t a t u s . I f b o th th e v a lu e lig h t a n d h e a v y a r e o n l y u s e d i n r u l e s a n t e c e d e n c e p a r t , t h e n t h e v a l u e s a n d y is d e te c te d a s a n u n u s e d a ttr ib u te v a lu e . O n th e o th e r h a n d , i f t h i s i s t h e c a s e w i t h r u l e s c o n s e q u e n c e p a r t , t h e n t h e r e i s a r u l e mis s i n g for the value sandy. I n o r d e r to d e te c t u n r e f r e n c e d a ttr ib u te v a lu e s a n d mis s in g r u le s , it is n e c e s s a r y f o r e a c h d e f i n e d a t t r i b u t e t o g et a l l i t s g i v e n v a l u e s t h r o u g h t h e r e l a t i o n b e tw e e n e x p r e s s io n s a n d c o mp a r e it w ith its d e f in e d le g a l v a lu e s . U s in g th e r e la tio n b e tw e e n e x p r e s s io n s ta b le , w e a r e a b l e t o e x t r a c t a l l u s e d a t t r i b u te v a l u e s in each relation and detect the unused attribute values. Detecting unfirable rules and unused consequence. The unfirable rule is d e t e c t e d w h e n o n e o f t h e g i v e n a t t r i b u te s i n t h e r u l e a n t e c e d e n c e p a r t h a s a d e f in e d s o u r c e o f v a lu e to b e d e r iv e d a n d th e a ttr ib u te d o e s n o t a p p e a r in a n y r u le c o n s e q u e n c e p a r t. T h is me a n s th a t th e a ttr ib u te v a lu e th a t w o u ld h a v e d e te r min e d b y th e mis s e d r u le w o u ld n e v e r f ir e . F o r e xa mp le , c o n s id e r th e d e r iv e d v a lu e s o f t h e a f o r e me n t i o n e d a t t r i b u t e s o i l s t a t u s t h a t i s u s e d i n r u l e s a n t e c e d e n c e p a r t o f
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th e r e la tio n b e tw e e n e x p r e s s io n s s o i l _ d e t e r m i n e _ s o i l. M o r e o v e r , t h e s e a t t r i b u t e v a lu e s a r e n o t d e r iv e d f r o m a n y o th e r r e la tio n s o f th e s ys te m. I n th is s e ttin g , r u le s of this relation will never fire. O n th e o th e r h a n d , if th e r u le c o n s e q u e n c e is n e ith e r o n e o f th e f in a l g o a ls , nor it appears in any rules antecedence then it is unused consequence.



5.2.3 Path checker phase T h e la s t p h a s e o f th e d o ma in k n o w le d g e v e r if ic a tio n p r o c e s s c o n c e r n s d e t e c t i n g c i r c u l a r an d r e d u n d a n t p a t h s . T h e s e p a t h s w i l l b e d e t e c t e d f r o m a g r a p h d a ta s tr u c tu r e . T h is g r a p h lin k s th e in p u t a ttr ib u te s to th e o u tp u t a ttr ib u te s f o r each defined relation between expressions using the relation between expressions t a b le . D e t e c t i n g t h e s e e r r o r s i s d iv id e d i n t o t w o ma i n p a r t s : d e te c tin g r e d u n d a n t p a th s , a n d d e te c tin g c ir c u la r p a th s. T h e f o l l o w i n g d e s c r i b e s h o w t o t r a v e r s e t h i s graph to detect each of these errors. D e t e c t i n g r e d u n d a n t p a t h s . A r e d u n d a n t p a th is f o u n d w h e n it is p o s s ib le to r e a c h t h e s a me c o n c l u s i o n f r o m t h e s a me i n p u t s t h r o u g h d i f f er e n t p a t h s . F o r e x a mp l e , c o n s i d e r t h e a t t r i b u t e m a te r ia l q ty o f th e ir r ig a tio n s u b s ys te m w h ic h c o u l d b e r e a c h e d t h r o u g h t w o d i f f e r e n t p a t h s t h a t o r i g i n a t e f r o m t h e s a me o b j e c t s . T h e f o llo w in g n o ta tio n a l c o n v e n tio n s a r e u s e d : a n a r r o w in d ic a te a n a r c , a c o mma s e p a r a te s c o n c e p ts , a n d a c o lo n s e p a r a te s a n o b j e c t / a t t r i b u te p a i r . T h e f i r s t p a t h i s o b ta in e d f r o m r u le s o f th e r e la tio n : p la n ta tio n , ir r ig a tio n _ s y s te m → [ir r _ o p : m a te r ia l_ q ty ] W h e r e a s , th e s e c o n d p a th is o b ta in e d f r o m r u le s o f mo r e th a n o n e r e la tio n : p la n ta tio n , ir r ig a tio n _ s y s te m → [p la n t: a d ] → [ir r ig a tio n : I ] → [ir r ig a tio n : lr ] → [ir r ig a tio n : wr ] → [ir r _ o p : m a te r ia l_ q ty ]



This process is repeated to obtain all possible paths that connect each o u tp u t a ttr ib u te to o th e r a ttr ib u te s f o r a l l t h e r e l a t i o n s b e t w e e n e x p r e s s i o n s . I f e d g e s o f a n y tw o p a th s a r e id e n tic a l, a r e d u n d a n t p a th is r e p o r te d .
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Detecting circular paths. Circular paths are detected when an attribute appears as a n in p u t a ttr ib u te o f o n e r e la tio n a n d a s a n o u tp u t a ttr ib u te o f a n o th e r r e la tio n a n d a p a t h b e t w e e n t h e o t h e r e d g e s o f t h e s e r el a t i o n s c a n b e r e a c h e d . F o r e x a mp l e , i f w e h a v e th e f o llo w in g tw o p a th s : p a t h 1 : [p la n t: r d ] → [p la n t: r d f] p a t h 2 : [p la n t: r d f] → p la n ta tio n , ir r ig a tio n _ s y s te m → [p la n t: r d ] A circular path is reported because it is possible to reach the attribute rd o f th e p la n t c o n c e p t f r o m th e s a me in p u t th r o u g h f o llo w in g p a th 1 t h e n p a th 2 .



5.3 Inference Layer Verification T h e v e r if ic a tio n p r o c e s s c o n s id e r e d h er e is d iv id e d in to tw o p h a s e s : 1. Step checker phase. 2. Inference checker phase. Fig. 6 illustrates the structure of the inference knowledge verification



5.3.1 Step checker phase The step checker works on the inference steps of the inference layer. The ma i n f u n c t i o n s o f t h e s t e p c h e c k e r a r e d e t e c t i n g i n f e r e n c e s t e p c o n s i s t e n c y e r r o r , and creating the inference table.



Inference layer



Step Checker



Inconsistency error



Inference Table



Inference Checker
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Undefined role



F i g u r e 6 : T h e s tr u c tu r e o f v e r if ic a tio n o f th e in f e r e n c e k n o w le d g e v e r if ic a tio n process. Inference step consistency errors. The inference layer consists of inference s te p s . E a c h in f e r e n c e s te p o p e r a te s o v e r d a ta e le me n ts c o r r e s p o n d in g to th e d o ma in la ye r . T h e in p u t- r o le r e f e r s to a lis t o f in p u t d a ta e le me n ts o f th e in f e r e n c e s te p . T h e s e e le me n ts c o r r e s p o n d to a c o mb in a tio n o f th e in p u t- a ttr ib u te s o f th e r e la tio n b e tw e e n e x p r e s s io n s w h ic h th is in f e r e n c e u s e s . A ls o , th e o u tp u tr o l e r e f e r s t o a l i s t o f o u tp u t d a t a e l e me n t s o f t h e i n f e r e n c e s t e p . T h e s e e l e me n t s c o r r e s p o n d to a c o mb in a tio n o f th e o u tp u t- a ttr ib u te s o f th e r e la tio n b e tw e e n e x p r e s s io n s w h ic h th is in f e r e n c e u s e s . I n c o n s is te n c y a r is e s w h e n th e in p u t- o r o u tp u t- r o le r e f e r s to d a ta e le me n t th a t is n o t d e f in e d in a n y r e la tio n b e tw e e n e x p r e s s io n s o f th is in f e r e n c e . T h is is b es t c l a r i f i e d b y a n e x a mp l e . C o n s i d e r t h e in p u t- r o le : s y s t e m _ d e s c r i p t i o n o f t h e i n f e r e n c e s t e p s p e c i f y s h o w n in F ig . 7 th a t h a s th e f o llo w in g d e f in e d in p u t d a ta : [ s o i l : t e x t u r e ] , [ s o i l : e c ] , [ s o i l : p h ] , a n d [wa te r : b o r o n ] T h is r o le w o r k s o n f o llo w in g r e la tio n s b e tw e e n e x p r e s s io n s : soil_determine_soil and water_determine_water. T h e s e r e la tio n s h a v e th e f o llo w in g in p u t- a ttr ib u te s : [s o il: te x tu r e ] , [s o il: e c ] , [s o il: p h ] , [wa te r : b o r o n ] , [wa te r : s a r ] , a n d [wa t e r : r s c ] . Obviously, inconsistency is reported because the input attributes sar and rsc of the



concept



wa ter



are



d e f in e d



by



th e



r e la tio n s



soil_determine_soil and water_determine_water



b e tw e e n



e x p r e s s io n s



w h ile mis s e d in th e in p u t



a ttr ib u te s o f th e in p u t r o le f o r th e s a me in f e r e n c e s te p s p e c i f y . C r e a t i n g t h e i n f e r e n c e t a b l e . T h e s t e p c h e c k e r c r e a t e s a n in f e r e n c e ta b le in o r d e r to detect KADS-based errors. This table is



created in order to facilitate the



d e te c tio n o f th e s e in c o n s is te n c y e r r o r s . T h e ta b le c o n s is ts o f th e f o llo w in g f ie ld s : • I n f e r e n c e n a m e : T h e n a me o f t h e i n f e r e n c e s t e p a s d e f i n e i n t h e K B . • I n p u t r o l e : T h e in p u t- r o le n a me ( s ) o f th e in f e r e n c e s te p . • O u t p u t r o l e : T h e o u tp u t- r o le n a me o f th e in f e r e n c e s te p .
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• static role: The list of the relation between expressions that are used by this inference.



5.3.2 Inference checker phase T h e i n f e r e n c e c h e c k e r w o r k s o n th e in p u t/o u tp u t r o le s o f th e



in f e r e n c e



l a y e r . S i n c e e a c h i n f e r e n c e h a s a d e f in e d i n p u t - r o l e a n d o u tp u t - r o l e , e a c h o u t p u t r o le s h o u ld e ith e r b e a n in p u t- r o le to th e f o llo w in g



in f e r e n c e s te p o r th e la s t



o u tp u t. F ig . 7 d e p ic ts th e in f e r e n c e la ye r o f a n a g r ic u ltu r e e x p e r t s ys te m. A s s h o w n i n t h i s f i g u r e , t h e i n f e r e n c e s t e p s p e c i f y h a s a n in p u t- r o le s y s t e m d e s c r i p t i o n a n d a n o u tp u t- r o le s p e c i f i e d c a s e d e s c r i p t i o n w h ic h in tu r n is a n in p u t t o t h e n e x t i n f e r e n c e s t e p c o m p u t e . T h e l a s t i n f e r e n c e s t e p i s t h e o n ly o n e t h a t i t s o u tp u t- r o le is n o t in p u t to a n y o th e r in f e r e n c e s te p s . T h u s , a n o th e r typ e o f i n c o n s i s t e n c y o f t h e i n f e r e n c e l a y e r ma y a r i s e w h e n o n e o f t h e i n f e r e n c e s t e p s h a s a d e f in e d o u tp u t- r o le th a t d o e s n o t s a tis f y e ith e r o f th e a b o v e c a s e s . I n o r d e r to detect such inconsistency the inference table is used to ensure that each defined o u tp u t- r o le ma tc h e s o n e o f th e d e f in e d in p u t- r o le s f o r a n o t h e r i n f e r e n c e s t e p .



5.4 KADS layers Verification T h e la ye r s o f th e K A D S mo d e lin g me th o d o lo g y a lw a ys h a v e a limite d i n t e r a c t i o n . T h i s i n t e r a c t i o n c o u ld i n t r o d u c e n e w t y p e s o f i n c o n s i s t e n c y e r r o r s . T h e v e r i f i c a t i o n p r o c e s s c o n s i d e r e d h er e c o n c e r n s c o n s i s t e n c y o f t h e K A D S layers. Fig.8 illustrates the structure of the KADS layer verification process. D e t e c t i n g l a y e r s c o n s i s t e n c y e r r o r s . E a c h k n o w le d g e la ye r o f th e K A D S mo d e lin g me th o d o lo g y a lw a ys r e f e r s to s o me p a r ts o f a n o th e r la ye r . F o r e x a mp le , i n t h e t a s k l a y e r , t a s k s a p p ly t h e i n f e r e n c e s t e p s d e f i n e d i n t h e i n f e r e n c e l a y e r . E a c h in f e r e n c e s te p u s e s o n e o r mo r e r e la tio n b e tw e e n e x p r e s s io n s o f th e d o ma in la ye r . T h is r e la tio n s h ip is d e p ic te d in F ig . 8
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System Description Specify Specified case Description



Compute



Irrigation model



Computed irrigation



Assign Irrigation Operation



F i g u r e 7 : A n in f e r e n c e s tr u c tu r e f o r ir r ig a tio n in a c r o p ma n a g e me n t s ys te m. Rectangles represent roles; ovals represent inference steps. Arrows are used to in d ic a te in p u t- o u tp u t d e p e n d e n c ie s .



KADS Layers Relationship



Task Knowledge



Inference Table



applies applies Consistency



Inference Knowledge



Layers inconsistencies



uses



Domain Knowledge



F ig u r e 8 : T h e s t r u c t u r e o f v e r i f ic a t i o n o f t h e K A D S L a ye r s
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W h e n o n e o f th e k n o w le d g e la ye r s r e f e r s to u n d e f in e d o r e r r o n e o u s p a r ts o f a n o th e r la ye r , in c o n s is te n c y b e tw e e n la ye r s o c c u r s . A s a n e x a mp le , c o n s id e r t h e t a s k A s s s m e n t _ t, a t a s k o f t h e a s s e s s m e n t t a s k l a y e r , t h a t a p p l i e s a n i n f e r e n c e s t e p s p e c f y w h ic h is n o t f o u n d in th e in f e r e n c e la ye r o f th is s u b s ys te m. T h e in f e r e n c e w o u ld h a v e a p p lie d th e in f e r e n c e s te p s p e c i f y . F u r t h e r mo r e , t h e i n f e r e n c e s t e p a b s tr a c t u s e s a d e f in e d r e la tio n b e tw e e n e x p r e s s io n s s _ d e t e r m i n e _ s w h ic h a ls o is n o t f o u n d in th e d o ma in la ye r . T h e d o ma in la ye r w o u ld h a v e u s e d the relation soil_determine_soil. The



consistency



checker



uses



the



inference



table



to



detect



such



i n c o n s i s t e n c y . F o r e x a mp l e , e a c h i n f e r e n c e s t e p h a s i t s d e f i n e d r e l a t i o n b e t w e e n e x p r e s s io n s v ia th e s ta tic r o le . By s c a n n in g th e r e la tio n b e tw e e n e x p r e s s io n s ta b le w e c a n d e t e r mi n e w h e t h e r t h e s e r e l a t i o n s a r e a l r e a d y d e f i n e d i n t h e d o ma i n l a y e r .



6. Examples of utilization and testing T h is s e c tio n p r e s e n ts th e r e s u lts o f r u n n in g o u r v e r if ic a tio n to o l o n a s a mp le o f r e a l- w o r ld k n o w le d g e b a s e s s ys te ms . S e v e r a l e x a mp le s c o v e r in g a w id e r a n g e o f K B e r r o r t y p e s w e r e u s e d . T h e s e e x a mp le s d e mo n s t r a t e t h e c a p a b i l i t y o f o u r to o l to d is c o v e r th e s e e r r o r s . T h e e x a mp le s p r e s e n te d h e r e w e r e ta k e n f r o m a n e x p e r t s ys te m f o r c itr u s c r o p ma n a g e me n t in o p e n f ie ld s ( CI T E X ) ( 1 5 ) w h ic h is d e v e lo p e d b y CL A E S . CI T E X c o n s is ts o f f i v e s u b s y s t e ms , n a me l y : a s s e s s me n t , i r r i g a t i o n , f e r t i l i z a t i o n , d i a g n o s i s , a n d t r e a t me n t . E a c h s u b s y s t e m, w h i c h i s c o n s id e r e d a n e x p e r t s ys te m in its o w n , is v e r if ie d in is o la tio n f r o m th e r e s t o f th e s ys te m a n d th e r e s u lts o b ta in e d a r e its lo c a l v e r if ic a tio n . A s me n tio n e d b e f o r e , it w a s mo d e le d u s in g K A D S me th o d o lo g y. T h e s ys te m c o n ta in s 1 6 0 o b j e c ts , 1 4 5 a ttr ib u te s , a n d 3 6 9 p o s s ib le v a lu e s . Mo r e o v e r , it c o n ta in s 6 3 2 r u le s a n d 4 6 8 f a c tu a l k n o w le d g e c o mp r is in g 1 1 0 0 r e la tio n s .



6.1 Results of Domain knowledge verification process T h e r e s u lts o f r u n n in g o u r to o l o n a s a mp le o f r e a l- w o r ld k n o w le d g e b a s e s s h o w th a t c o mp le te d k n o w le d g e b a s e s w e r e c h e c k e d b y o u r v e r if ic a tio n to o l, th a t
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i s t h e s y s t e m w a s c o n s i d e r e d t o h a v e b e e n t e s t e d s a t i s f a c t o r i l y b y o t h e r me a n s ( typ ic a lly r u n n in g a la r g e n u mb e r o f a c tu a l te s t c a s e s o n th e s ys te m, a n d e v a lu a tin g th e o u tp u t p r o d u c e d ) . T a b l e 1 s u mma r i z e s t h e r e s u l t s o f r u n n i n g o u r v e r i f i c a t i o n t o o l o n e a c h s u b s ys te m o f CI T E X . I t s h o u ld b e n o te d th a t th e n u mb e r o f e r r o r s p r e s e n te d in t h i s t a b l e a r e t h e d e t e c t e d e r r o r s b y t h e v e r if ic a tio n to o l. T h e se e r r o r s a r e a l e r t e d to th e k n o w le d g e e n g in e e r w h o d e c id e w h e th e r o r n o t th e y in d ic a te a n a c tu a l e r r o r . I n e a c h c e l l o f t h e t a b l e t h e r e a r e t w o n u mb e r s s e p a r a t e d b y a s l a s h . T h e n u mb e r o f e r r o r s d e te c te d b y th e to o l is r e c o r d e d t o t h e l e f t o f th e s la s h a n d th e n u mb e r o f e r r o r s a c c e p t e d b y t h e k n o w l e d g e en g i n e e r i s r e c o r d e d t o t h e r i g h t o f the slash.



A s s e s s m e n t D ia g n o s is T r e a t m e n t Irrigation Consistency errors I lle g a l v a lu e s 5 /5 2 0 /2 0 3 3 /3 3 1 /1 Out of range 4 /4 0 0 6 /6 U n d e f in e d a ttr ib u te 4 /4 0 1 /1 0 Co n f lic t r u le s 0 1 /1 0 0 Completeness errors Unused a ttr ib u te 6 /6 4 3 /2 4 2 9 /2 2 1 /1 v a lu e U n f ir a b le r u le 0 1 /0 2 /0 5 /0 Mis s in g r u le 3 /3 1 /0 0 0 unused consequence 1 /0 1 /0 1 /0 1 /0 D e te c t wr o n g p a th s r e d u n d a n t p a th s 9 /0 3 /0 0 6 /0 T a b l e 1 : N u mb e r o f e r r o r s d e te c te d b y th e v e r if ic a tio n to o l in f o u r s u b s ys te ms F r o m th e ta b le w e c a n n o te th a t th e n u mb e r o f th e d e te c te d u n u s e d a ttr ib u te v a lu e s d if f e r s f r o m th e a c tu a l n u mb e r o f e r r o r s f o r



b o th th e d ia g n o s is a n d th e



t r e a t me n t s u b s y s t e ms . D u e t o t h e d e s i g n o f C I T E X , t h e a t t r i b u te s l e g a l v a l u e s a r e d e f in e d in a s h a r a b le k n o w le d g e b a s e w h ic h is c o mmo n to a ll its s u b s ys te ms . S i n c e t h e t o o l i s a b l e t o l o c a l l y v e r if y e a c h s u b s y s t e m, t h e d e t e c t e d u n u s e d a t t r i b u t e v a l u e s i n t h e s e s u b s y s t e ms a r e c o v e r e d b y o th e r s . T h is is b e s t e x p la in e d b y a n e x a mp l e . C o n s i d e r t h e a t t r i b u t e s o i l t y p e w h i c h h a s t h e f o l l o w i n g s e t a s i t s leg a l v a l u e s: { fin e , m e d iu m , c o a r s e }. I n th e d ia g n o s is s u b s ys te m, th e u s e d v a lu e s a r e o n l y fin e a n d c o a r s e . T h e r e f o r e , t h e t o o l d e t e c t e d t h e v a l u e m e d iu m a s a n u n u s e d v a lu e , w h ile th e v a lu e m e d iu m i s u s e d i n o th e r s u b s y s t e ms . A c t u a l l y , t h i s



18



c a n b e tr e a te d a s a w a r n in g p r o d u c e d b y ma n y p r o g r a mmin g la n g u a g e s c o mp ile r s . T h e s a me s i t u a t i o n a l s o a p p l i e s w h e n d e t e c t i n g t h e mis s i n g r u l e s . I n c a s e o f u n u s e d c o n s e q u e n c e , th e to o l r e s p o n d w ith th e me s s a g e : “ if th is a ttr ib u te is n o t a f in a l g o a l, it is u n u s e d c o n s e q u e n c e . ” I n o u r c a s e , a ll th e d e te c te d u n u s e d c o n s e q u e n c e w e r e f in a l g o a ls . T h e r e d u n d a n t p a th s a r e d e te c te d w h e n th e o u tp u t a ttr ib u te c o u ld b e r e a c h e d f r o m t h e s a me i n p u t a t t r i b u t e t h r o u g h d i f f e r e n t p a t h s . T h e d e t e c t e d p a t h s c o n n e c t tw o o b j e c t- a ttr ib u te n o d e s . T h e s e n o d e s w e r e a le r te d to th e k n o w le d g e e n g i n e e r w h o c h e c k e d w h e t h e r o r n o t t h e at t r i b u te s t a k e t h e s a me v a l u e s . T h a t i s why the detected errors were not considered to be actual errors. A n imp o r ta n t p o in t to n o te h e r e is th a t, th e a c tu a l e r r o r s d e te c te d f o r th e s e r e a l- w o r ld k n o w le d g e b a s e s a r e a lw a ys d u e to typ o g r a p h ic a l e r r o r s o r w r o n g v a lu e initialization. However, running a set of test cases is not sufficient to detect these e r r o r s . T h e r e f o r e , a p r o v is io n a n a u to ma tic v e r if ic a tio n to o l, w o u ld s a v e mu c h time a n d e f f o r ts w h ile d e v e lo p in g la r g e a n d c o mp le x s ys te m.



6.2 Results of inference and KADS layers verification process T h e r e s u lt o f r u n n in g o u r to o l to v e r if y in f e r e n c e a n d K A D S la ye r s s h o w e d th a t o n ly o n e typ e o f in c o n s is te n c y. T h e s te p c h e c k e r p h a s e f o u n d in c o n s is te n c y b e tw e e n in p u t- d a ta o f in p u t- r o le a n d in p u t a ttr ib u te s o f th e r e la tio n s b e tw e e n e x p r e s s io n s o f th is r o le . Re g a r d le s s o f th is r e s u lt, th e g o a l o f th o s e v e r if ic a tio n p r o c e s s e s w e r e t o d i s c o v e r e r r o r s w h i l e d e v e lo p in g e x p e r t s ys te ms . H o w e v e r , th e to o l w a s a p p lie d o n a d e v e lo p e d e x p e r t s ys te m, a n d c o n s e q u e n tly its o u tp u t h a s s u c h a n e r r o r . By me a n s o f c o n tr iv e d e x a mp le s w h ile d e v e lo p in g o u r to o l, w e e x p e c t mo r e e r r o r s t o b e r e p o r t e d t o th e d e v e lo p e r a t th e d e v e lo p in g o f th e ir e x p e r t s y s t e ms .
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7. Conclusions W e d e v e lo p e d a n a u to ma tic v e r if ic a tio n to o l. T h e e v o lu tio n o f th is to o l c a me a b o u t b e c a u s e o f t h e u r g e n t n e e d t o v e r i f y K A D S - b a s e d e x p e r t s y s t e ms d e v e lo p e d a t CL A E S . O u r a p p r o a c h f o r d e s ig n in g th e a u to ma tic v e r if ic a tio n to o l is b a s e d o n c o n c e p tu a l m o d e lin g f o r k n o w le d g e b a s e s . T h e v e r if ic a tio n to o l h a v e b e e n imp le me n te d o n P C p la tf o r m u s in g S I CS tu s P r o lo g . W e s h o w e d s e v e r a l e x a mp le s th a t c o v e r a w id e r a n g e o f k n o w le d g e b a s e e r r o r t y p e s . T h e s e e x a mp le s d e mo n s t r a t e t h e c a p a b i l i t y o f o u r t o o l t o d is c o v e r th e s e e r r o r s th a t c o u ld o th e r w is e r e ma in e v e n a f te r c o n v e n tio n a l te s tin g . T h e y w e r e ta k e n f r o m CI T E X , a n e x p e r t s ys te m f o r c itr u s p r o d u c tio n in o p e n f ie ld .



A c k n o w l e d g m e n t – T h e a u th o r s w o u ld lik e to a c k n o w le d g e th e Ce n tr a l L a b o r a to r y o f A g r i c u l t u r a l E x p e r t S ys t e ms ( C L A E S ) a t t h e A g r i c u l t u r e R e s e a r c h C e n t e r o f Min is tr y o f A g r ic u ltu r e a n d L a n d Re c la ma tio n in E g yp t le a d e d b y P r o f . D r . A h me d Ra f e a f o r th e ir s u p p o r t w h ile c o n d u c tin g th e r e s e a r c h d e s c r ib e d in th is paper.
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