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Summary:
Enosledpe aequisition and verification is a eritical bottleneck
of cxpert systens. in particular, it is diflieult to confirm
and maintain Lthe consistency of a large-scale knowledge base
Enowledge verification is the process that makes problen
salving knowledge complete and consistent.

¥N¥OV (Enowledge Verification System) has been developed for
diagnostic applications, KENOV is a meta-system which regards
the diagnostic knowledge as an assumpiion and verifies it by
assumption-based reasoning using ATMS. An architeeture with the
following features is proposed for knowledge verification:

lyassumplion-based reasening with dynamic testing
Iimeta-knowledge definition for verification
3bknovledge consistency using ATHS

The validity and effectiveness of the ideas [for knowledge
verifieation were confirmed by applying KNOV to the diagnosis
systerm of Electric Power 3ystems and Computer-Center Fault
Recovery Systems used in the field. This paper shows a
verification example using KNOV for the Electric Power System's
diagnosis knowledge base. Lastl., problems to be solved {or

practical vse of the system are pointed out.
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modificd Knowledge
Enowledge Base E——

(1) Test Strategy setting knowledge

- set the inference condition | -=======c=recc-=2

» determine the verification
scope and level

{2} Dynamic Testing
-conttel of inference
* trace of inference

{4} Correctness Check
+which is the confliet rule
+what cause of confliction

(4} ¥nowledge Modification
»generalize specialize
* absiract, concrete

Fig. | Operalional Flow of knowledge Verification
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econflict detection | ! knowledge modification |
i 1
[ 1

logic o rule H logic and stralegy
]
now ledge structura information for
Test Case of the Domain knowledge gencralion
+ faulty status * rule frame
« cause of fault + class, higrarehy « Domain Concept
[] L]
L] Ll
L] "
~confliet .
detect on - assumption E « assumtion
generation ! test
Diagnosis rTule ll, Diagnosis rule

—

modi fied
correct rule

—X

rule

[
. incorrect \
| ]

Fig.2 Information needed for Yerification
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Semantic level

- problen solving method
- subgoal ffj?j:ES\W

- knowledge module
interface

« pause and effect
retationship

Structure level
+ knowledge element

statug change
operation mode

hypothesis{cause
Physical level o i o
- facilitics, dovice Y s i E b
characteristic R z:"—————ﬁ
* conmection for— b—1
) 0

Fig. i Enowledge frame for Diagnosis.
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Rule [rame

~diagnostic rule
classification
formalization
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* basic rule element
antecedent condition
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- relationship
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initial assusplion
unreliable knowledee base

!

vorification mcta—knowledge probles solver know ledge manager
» assumption

f{iest-case selr » assumption test + justification ATMS
ceonfliet detection -inference + contradietion assures

knowledge? = -¢rror detsction —_— —compl eteness
<assumption generation - assumption < -consistency

knowlhedge: generat ion + beliefs -correciness

-riie modification
L inference — inference
engine network

verificd assumption
comsistent knowledge base

Fig 4 Knowledge Verificalion Architecture
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diagnostic rule : IF relay(X) acts at the end of the bus THEN fault area is bus(¥).
conflicetl detection rule @ IF Tault areal¥) is charged THEN contradiction.

(a) rule example

assumpt ion diagnostic inference
diagnostic rule Pttt conflict detection

LAl {assumption Lest)
relay(X) aste v O 0—0——>0 0 emeeeeey ]
at the end of the bus ' !
(AL (1A11), LIALITY : farm
: (*}
: 4L 0
fault area is bus(Y) :
.4z 1, {1z 11 e
premisc '
testdata ;
X:phenomena .
fal (0 A orelvid 0 O
laZ, {0}, UMY ..relyvBd | O
Y:cause of fault i contradiction
1, A0 ) L fous b] 0 O
[d2, 44, (i o fbes ]+ O
(3, (01 G .. [line bell] © .
femmma T e ATMS nogood database
fault area(Y) is charged . .
i, L L0 ¢ O {AL. 7} :conflict

(b)  inference network

Fig. 5 Knowledge consistency maintenance based on ATMS,
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Diagnostic rule podified rule 1>
IF ...
<initial rule> [at the supply side of the line(l.) |
IF relay(§15) acts THEN .....
[at_the side of the !ine(L} |  m—
line is used in parallel A ¢modified rule 22
THEN fauli kind is (short) i IF ...
fault area is line(l) : L [at_the receiving side of the line
! THEN
Assumption generation strategy i

a. abstraction, generalization
b. coneretion, specialize, in detail
¢.select the same level concept

T e L 1...'.‘-?;_----------------.-_u-.

Assumption generation knowledee E

..... line cie
—L bus oporat ional_form

Fig 6 Fxample of Assumption generation.

x-6



Enoewledge

Initial

basc

-‘—Prnblci&t:-] var——

Yerification r—Enov] edgeManager —~1
MetaEnowlcdee :
test-case set xre;u:ptian test control
{inference} ( interface
error detection 7 r ! T
knowledge ol error ATMS
detestion
:l‘/ inference
knowledge {rame - — network
o] assumplion
generation inconsistent
assumption generatiuj ‘——!—-’ rule
knowledze -
. " L.

|

=

=t

Verified

Knowledge base

|

Fig 7 System Configuration of ENOV.



rulel(l. 24, [RY]. [RY. AREA. KIND]) : -
system_state{activatoed_relay, 222, 5K RY,” 788", 1),
facility side{bus_side, 2, BUS, 5¥),
faulty_kind{short. 11, KIND).
faulty_area{bus. 12, BUS. ARCA).

{a) Diagnosis Rule

(b}-1 s
a_bus LL | b_bus 1L ¢_bus ¢definition of test case>
—= —{1
o |- swl ab line sw? §swd be_line swi test {input) {output)
sull —=F —_—{] cagse | relay area/kind
5wl 2L swd | s 2L swh p— a3
785~ {b}-1 T8s(swl) |b_bus
(b)=2 Tos(swd) /short
a_bus
(b)-2 S0s{sw5) |be_line_IL |
|- swl ab_line swi TEs{st)J Jshort ]
swl ) : -
swd

{8) Test Cases

(e)=1 errorl (1, 2000, rulel. [RY. AREA KINDI) .-
system state(test case 3, [RY], [TEST_AREA. TEST_KIND]),
mperation{equal, 11, KIND, TEST_KLKD),
not{operation{same_factor, 31, AREA, TEST_AREA)).

{c)-12 errorl {1, 2002, relel, [RY, AREA KIND]) ;-
not (systen_statefall_area_is_off, 911, AREA)).

fc)-3 errorl (1, 2003, rutel, [RY, AREA. KIND]) -
relay_kind(short. 11, RY),
fau]ty_kind[ground,El_K[HD}).

{¢) Error Detection Knowledge

Bl #-8



frame(rulel, ['RY 1. [ AREA . KIND D, .

[[activated_relay, facility_side. system_state], [faulty_kind, faulty_areal]).

flag{primitive_group, [activated_relay, [relay_kind]]).
flag{primitive_group, [facility_side. [facility]]).

flag{primitive_group, [system_state, [operational_form. charge, relay_state,..

flag(prinitive_group, [faulty kind . [relay_kind]]}).
flag(primitive_group, [faelty_srea . [protect_areall).

flag{strategy, [facility_side, [part_of]]).
flag(strategy, [system_state , [part_of]]).
flag(strategy, [faulty_kirnd, [al1]3).
flaglstrategy, [Taulty area [al1]]1).

flaglerror, [2002, [facility_side, Taulty_area]l).
flaglerror, [2003, [facility side, faulty_kind]]).

{d) Knowledge Frame and Assumption Generation Constrainl

electric_power acility line sidn ——Teceive_side
_systems upply_side
prational_form ..,
harge ...
s ..
“transformer ...

i
—protectiv_relay —Trelay_state .
Telay_class ...

Srelav_kimd short ]_

Lﬂmund -

protect_areaTlocal line
“grobal ... Ef:us
ransformer

Ly “‘-*[ 508
T3LE ...

{ ... means having lower level concepts)

{e} Assumption Generation Knowledge

Fig. & Example of Enowledge for Electric Power Systems.
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DATA BASE
FERIFICATION
| 1 weERENcE
| egmoR peTELT
JASSORFTION

[EXIT]

wud pnd of modificetion sew

can Bezt rule 15 ipcomsistent.
rolelll, 24, (Y], TRY, ARER, EIWD]]:-
gygtes_starelnctivated_reloy, 222, 50 BY TR 11,
tacility_sziteibus_side.2.B05,50),
faslty_kioddshort 11 LMD},
fwaley_aresibos, 12, B05, RAERD.
bo wou west te sodidy wesee rale dy.fo.) *-y

puleldl, 105, [BY], [BY ABER, CIND]) -
syrven_stotednctoviled _reluy 222,50 Y, CTEs". 1),
fucility_sideflioe_side, 1, LINE 540,

#uglty wrenilice, 1, LINE, LRER],

grreridl, 2000 rolel [BY REEA,EINE]):-
spsten_state{test _cuve, 3, [B¥]. [T _ARER, T_CTND]D.
ppecationiequel 11, CING, T _EIND],
eat{nperatrondsane_factor, 71, REER, T_REEL}.

[} uu: 1L h bus c bus 118 d_kus

— —

] H‘]. 1] ].j.u: :II !rS ke _lime uﬂ sl cd_lime sull

ET1 E:]""""[::J O——-i3

fTE] swd srf :-I sell L il

sctivated relay faglty_azen fauliy_hizd

L EI L be_lime 1L shart
Tisizut] be_lase 1L short

rubelfl, 24, [RY], TEY, RREL TTHO]] -
b syscem_statelectyveted celuy, 222 69 BY "TEs', 10
fuzalaty_sidelbor_vade 1 B0E, SH],
feolty_ksod [shart 01 C1NODE,
faulty brealbus, 12 B05 AREL].

[

£d)

e A
[

Fig.9 Man

Mackine

Interface of KNOWV,
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Table 1 Evaluation of Enowledge Verificattion.
{a) Diagnoestic and Verification Knowledge
Knowledge class Rule and data Amount of rules or data
Diagnostic rule module 2 modules
Knowledge rule 40 rules
primitive 73 primitives
data definition 114 data
Yerification test-case set 4 set
Meta— Knowledge | error detection 9 rules
knowledge
knowledge frame 2 frames
assumption 62 knowledge
generation [ generatiunzﬁn]
knowledge constraint:l2
(o) Verification result
eyaluation case nunber of assumptions processing time
a b ovoe v d (second)
case=1.specialize B4 4 B3 4 28 4 3 11
case-Z.specialize 50 ¢+ 2 o+ 22 v 2 5!
case-%.generalize 19 1 I8 . &8 L 2 a8
case-4d.alternate concept 101 ¢+ 42 : 58 l 23
a=Db+c+d
2. .generated assumptions {(rules) by assumption generation knowledge
b..conflict assumptions (rules) detected by ATMS
c..confliet assumptions (rules) detected by inference
d..consistent assumptions (rules) verified by ATMS and inference
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