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ABSTRACT

This paper describes a diagnosis expert system for the
NEC NEAXS1-series digital switching system. The sysiem
is founded on a multiple-knowledge based approach, uwdliz-
ing desipn-knowledge represented on an abstract-sigral-
Aaw model of the switching system, and domain specific
symptom-tnowledge  and  test-knowledge. All kinds of
knowledpe are uniformly described in & network-based
representation which is more flexible than the conventonal
rule-based representations. The system provides graphie-
oriented and meou-driven man-machine interface for easy
operanon.

INTRODUCTION

The role of electronic equipment, such as telecom-
munication switching systems, has been growing in medayv's
modem  seciety.  Modern electronie switching  svstems
(E55) are «esigned to achieve high  rehabidicy.  For
instance, most of their components are duplicated, so the
back-up components can take over when a failure oceurs.
They also hove buwit-in diagnosis functions o locaze defece
tive components.

However, the performance of these diagrosis fune-
tions is limited, and a defective component cannot always
be clearly discriminated.  Some classes of failures not
detectable by bullt-in diagnoses are:

- Intermirtent fadlure

- Failure in an interface unit
- Failure in a non-duplicated wmit
Underccted failure dus to insufficient diagnosis

In such a case, a skilled mainfenance ecchmcian must
isolate the failure wsing his expencnce and knowledge.

Much work has been done previously in the area of
automatic diagnosis of electronic equipment, Early work
includes the D-Algorithm, a test-pattern generation algo-
rithm [Reths?). But the applicability of the algorithm s
limited becawse it applics only to combinational logic cr-
cuits rather than sequendal logic oircuits and it is only
effective for stuck-at faults.

Therefore, in mast of the modern switching sysiems,
functional tests are mainly employed for built-in diagnoses.

Since [unctionai tests employ only known inputioutput pat-
terns, it is not guaranteed to cover all the failares.

Moreover, the intermuttent failures can not always be
diggnosed by the test patterns. Since the failure occurs
intermittently, it is not guarantesd that the same failure
occurs again when the test patiem is applied. [n this case,
an imrensive symptom anafysis s the princple means for
diagnosis.

Recently, as an applicaton of Amtifical Intelligeace
technalogy, expert-system techniques have been aftracting
attention. Early diagnosis expert systems bke MYCIN
were rule-based systems which used a set of cmpineal
symptom-cause rules |Shordiffe?s). Thev scemed promis-
ing, but in reality, it was 8 very ome-consuming task o
develop and maintain a practical-sized rule set for real sys-
tems like an electronic switching svstem.

As a contrast to this approach, the so-called first-
principle-based approach was developed [Genesereth34,
Davis34). This emplovs structural and bebaviaral descrip-
tions of the target svstem, and reasons about the diagmosis
without having empirical knowledse. This approach sesms
a good alternatve; however, we do not believe it can be
applicd to complex svstems like the ESS, because the
behavioral deseription of such a system is too difficult o
describe.

The diagnosis expert svstem SHOOTX utilizes design
knowledge as well as skilled maintenance technician's
empirical diagnosis  knowledge. Using both types of
knowledge. it helps maintenance technicians 1o find defec-
tive components, which are not detected by built-in diag-
nosis funciions.

The system was designed to be highly interactive and
provides many alternatives for the user, Therefore, novice
users can perform a difficult diognosis task by just [ollow-
g the sugzestion from the svstem, whereas expert usems
can use it as an aid to make their own decisions.

This system falls into the same category a5 some
recently developed svstems, like LES [Laffeyfs]. How-
ever it has many unique features:

The cxpert heuristic knowledge is represented in a

semantic network by utilizing an inhentance mechan-

ism instead of rules. In this way, more powerful
heuristies can be described in a compact [orm.



- It leaves much flexbilicy regarding the user's subse-
quent action, By providing multpls choices sorted on
a priority basis.
- It provides a grophics-oriented user interface for
understandability.
In this paper. we describe how the expert's diagnosis
knowledge is represenied in SHOOTX, and explzin im
uscr imteriace and impicmenaoon.

EXPERT'S MAGNOSIS KNOWLEDGE

Through interviews conducted with skilled mainte-
pance technicians, we found that their diagnosis method
generally follows the fow diagram, shown in Fig, 1.
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Fig. 1 General Diagnosis Flow

Given the sympom information, the & thinks of
suspected portions which eould have possibly caused the
defect. This is done by determining which functiomal
blocks are related to the symproms. To perform this task,
he has a model in his mind to represent the soucture and
behavior for the target ESS.

With the list of suspected blocks, he thinks of the
subseguent action to be performed. If the suspected area
is relatively small, the subsequent action may he replacing
suspected units. If the suspected area is broad, he thinks of
a test to reduce the numbrer of suspected blocks. The test
to he performed is chosen according w its effectiveness
and cost.  After the test, he reduces the suspected area by
uterpreting the test result. A structere-and-behavior model
5 also used af this stoge. He repeats this test-und-reduce
cyele unnl he gers a small number of units W be replaced.

We may conclude that the types of knowledge used

are classified as follows:

- Design knowledge: structural and functional desenip-
fon of the target system

- Diognostic knowledoe: symptoms and tests
- Comtrul koowledge: stmategy for deciding the subse-
guent getion

SYSTEM QPERATION
When there is a fault found in an E55, 2 maintenance
technician starts a trouble-shooting session with the expernt
system by sclecting the appropodate symptom in the menu.
Then the expert svstem asks for the detmled symptom
information. Witk the ESS configuration and status infor-

mation, it infers the suspected fanlty blocks,

When there are many suspected blocks, the expert
SySlemn sUggests appropriate tests in order to discriminare a
faulty portion. The test results are then interpreted to
reduce the number of suspected blocks. This is repeated
until a small number of suspected blocks are jdentified,

When there are a few suspected blocks, or there are
still several suspected blocks but no appropriate test, the
EXpert sySiem Suggests anm appropriate unit replacement,
showing the unit locadon graphically.

ABSTRACT-SIGNAL-FLOW BASED DIAGNOSIS

To represent structural and functional desetiplion, we
have wsed an gbsract-signal-fow model. This model is
used for suspect generaton by symptom analysis and
suspect discrimunation by test result interpretation.

The model is represented in a dirscted graph as
shown in Fig. 2. This example shows four kinds of signal
fow 1o readize a dial tone connection in an ESS. In this
example, the line scan signal for a telephone line comes

t the central processor unit (CPU) threugh the sig-
nal flow (a). To make an interconnection hetwesn the
originatng party and the terminating party, three abstract-
signat-flows (a), (b), (c} are concerned.

{a) Line scan sigmal

Line -» LC -» E'G Conv -2 LM Ind ->
Sen Ctl -> Tns = SMUN -» Dip -> Q Cd ->
Bus Cil -» BIU -» CPU

{h) Tone source control arder

CPI1J -» BIL -% Bus Cd -> SMC ->
SPC Intf ->» T2 Cd -» T25w

{<) Originating subscriber control order

CPL -> BIU ->» Bus Cd «> Opd TX -> SRDO ->
SDMUTX -> Drp -> DrpQ - > 51O -> LM Ind

(d) Voice signal path

Tone Gen -» PMUX -> Ins -» SMUX -> Pad -
T1 -» 81 -5 JHW1 -> JHW2 -> 52 -3 T2 ->
SDMUX > Drp -> PDMUX -> DLSw ->
E'G Conv -»> LC -> Line

Fiz. 2 Dial tone connection signal-fiows

In SHOOTX, this model is represented at [unctional
block level: that is, each node on the flow is a functional
block. The entire ESS representaton forms a network of
functional hlocks connected o cach other by signal flows.
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Suspect generation by symplom analysis

With symptom information, suspect generation is
accomplished using the abstract-sipnal-flaw model. For
example, 1o send a dial tone to an orginating subseriber,
the four absoract-signal-flows, shown in Fig. 2, must not be
defecdve. If there is a no-dial tone symptom observed,
there must be a failure in a functonal block alang with
these signal Jows. Thersfore all of the functionai blocks
along the flows are enumerated as suspects.

When the symptom is a paritv-eeror or & pilot-emor,
the suspectzd blocks are along the signal flow from the
parity/pilot generator to the checker. In this case, we get
relatively small number of blocks as suspects.

Effective test selection

Adter the suspect gencration is carried out, all of the
tests which are eifectve to reduce the number of the
suspected ugits are selected. By the word rest, we mean
zny actions to reduce the aumber of suspected umits.
According to our knowledge acquisition study, [ests are
mainly classificd into symptom specific tests and
tuncuonai-biock specific tests.

Symptom specific tests are generated by searching
through the symptom bnowledge hierarchy. Functional-
block specific tests arc generated according to suspected
functional blocks, These generated tests are sorted by
priopty and shown to the wser. Thersfore, novice users
can mechanically choose the most recommended test, while
expert users can use the bst only as a guide.

Suspect discrimination by test result

There are two different kinds of strateges for fest
result interpretatdon. One strategy is the direct interpreta-
ton of the test result o functiopal blocks; that is, a certain
test result indicotes whether a set of functional blocks is
fauley or not. The other strategy is to use the above men-
tdoned abstoact-signal-fow model; that is, a certain test
result indicates whether fupctional blocks along certain sig-
nal flows are faulty or not.

ENOWLEDGE REPRESENTATION

All kinds of knowledge in SHOOTX are uniformily
represented in a network structure. A network consists of
a set of objects and thelr relations, as shown in Figure 3.

f'l discriminate
effective-test I

start-hlock

scan-signal

scan-sigrmal

sipnal-path
gD end-block

Fig. 3 A scmantic neowork

Each object represents a certain lump of knowledge
pertaining 0 a concept or a physical object. That is, it may
represent & functional block, a field-replaceable-unit (fru),
a symptom, or a test,

Relarigns lterally represent reladons between these
objeczs. Some relotions are used for diagnostic inference.
For instance, relations representing signal flows among
functional blocks (sean-signal in Fig3), are used to
enumerate suspected blocks aceording to the symptom
miormation.

Some relations form a hierarchy of objects. For
instance, an object which represents a general concept of
duplicated funcdonal blocks is a super object of individual
functional-block objects. Objects to represent knowledge
about tests and symptoms also form a similar higrarchy.

Threugh these hierarchical reladons, lower level
objects can inherit knowiedge concoming  their super
objects. Therefore, common knowledge about a class of
objects must be represented only onmce in the class
representing object. In this way, a compact knowledge
representation was achieved.

Desipn knowledpe representation

Design knowledge is a logical and physical structure
descripdon of the ESS.

The logeal structure descriplion represents properties
of all the functional blocks and the logeal relations (signal
flows) berween the blocks.  Functional blocks are
represented a5 objects, and logical coanscticns  are
represented as relations as shown in Fig. 4.

The physical sruemure deseripdon is also described in
the design knowledge. Physically replaceable units are also
represented as objects in the petwork, conmected to [une-
tonal blocks by relations. These relations are used to
infer actual locations of physicel vnits, such as, pockages
and cables.

(Functional blocks)

{Phiysical units)

Fig. 4 Design knowledge

Diagnosis Knowledge Representutivn

This is the heuristic knowledge which distinguishes the
expert system from conventional diagnosis program. Disg-
nosis knowledge consists of symptom knowledge and test
knowledge. Each knowledge forms a hierarchical tree. As
shown in Fig. 5, a higher object of each concept tree 15
gencral knowledge of symptom or test. Lower objects
describe individual symptom or test knowledge.
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General

Speciiic
{a) Symptom knowledge hisrarchy

(b} Test knowledge hietarchy

Fig. 5 Diagnosis knowledge

Symptom objects hold symptom specific knowledge
such as procedures to gather symptom parameters for
suspected block generation.

Test objects hold test specific knowledge such as con-
diticns to be effective, test execution procedures, and
result interpretation strategies.

Inference mechanism

Unlike other rule-based diagnosis expert systems, this
system does mot use a general inference mechanism like
the forward reasoning or the backward reasoning. Instead,
it uses the more domain specific control mechanisms writ-
ten in corresponding objects as Prolog procedures (so
called methods in object-criented programming terms
[Goldberg3]).

Through pre-prototyping with a forward reasoning
mechanism, we found that it was more natural and Aexible
to write inference knowledge as methods than as a set of
rules, Utilizing the multiple inheritance mechanism
through the relations, the knowledge-base becomes more
compact and more modifiable.

Inference is done by calling methods one by one,
creating the insrances of the objects,

USER INTERFACE

The principle we have emploved in designing the user
mterface of this system is: Whar vou see is what is going
on. According to this prindple, the graphics-orented user
interface is provided in a multiple window environment as
shown in Fig. 6.

It shows the detailed loca-
ton of the umt in the windows.
The floor layout window shows
the frame locaton on the floor,

the frame layout window shows
the module location in the frame,
and the module layout window
shows the package/coble location
i the module. User mleracton
is done through the menu-
window by the menou, sorted by
poucty, using the mouse rn:;inl:—-
ing deviee,
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IMPLEMENTATION

We have developed an expert system ool emviron-
ment called PEACE (PROLOG based Engineering Appli-
Cadons Environment) oo an engineering work-staticn. It
iz a semantic-network based knmowledge representation svs-
tem built on the logic programming language PROLOG
It supports multiple programming paradigms such as:

Object-oriented  progromming  sivie with multiple

irheritances through wser defined relutions between

objects.

- Data-oricnted programming style on siors of abjects.

- Legicprogramming style wsing PROLOG  pattern
maiching and a backward chaining mechanisnt with
hacktracking.

The reasoning mechanism and knowledge-base of the
svstem  are written in PEACE which oficrs a more pro-
ductive envircnment than LISP-based tocls to  develop
EXpert sySiems.

It is nothle that the object-oricnted programming in
PEACE is different from the conventonal onss. In e
conventional object-oriented programming system  like
SMALLTALK-30 [Goldbergd3], relations between objects
which can inherit information are resmicted o some typieal
cases, oamely, meta-classiclass relation, super-cluss/class
relation, and classfinstance relation.

However to represent real workl knowledgs, maore
kinds of relations must be represented. For instance. in
this svstem, some informaton in an object for a suspected
functional block must be inherited to the objects for the
corresponding physical units.

Fipure T shows the example descriprion of a funcion
block in PEACE.

eg hos
super_type & func_block;
control_path # lm_intf;
voice_path # disw,
dual_single # single_Funetior _block:
en._concentration : eg;
fru # eg_pho;
[audtabilicy @ 1.0

Fig. 7 An example functional block description

In this description, # denotes the relation with the
other ohject. The inheritance can be made through these
multiply defined relations.

STATUS AND CONCLLUSION

The prototvpe systerm was completed and it has been
in a demonstzative evaluation phase. In this period. 1t oy
been demonstrated to many NEC operation and mainte-
poance technicians and design experts. By operating it by
themselves, they have realized that it zreatly improves cffi-
ciency of operation and maintenanee.

They also recognized that its diagnosis strategy and

knuwledge representation model are close to their thinking
process. Alter the demonstration, thess domain experts
became cooperative to give  knowledge and  the
knowledge-buse-development  productivity  was  greatly
increased.

Unlike other tule-based systems, the different types of
knowledge are clearly classified and are explicitly
represented in a unified network. Theretore, their develop-
ment and maintenance task is reladvely casy.,

However, we feel that the future research is necessary
for easier knowledge acquisition. The design knowledge is
with ESS designers, whereas, the diagnostic knowledze is
with [eld mainenance technicians. Therefore, knowledee
engineers have w0 uvoderstand their knowledge and inzer-
pret it to develop the knowledge-base. For efficient and
errar-free knowledge-base development and maintenance,
the future research must be rmade to make knowledge-base
manipulatable by these different kinds of experts directly.
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