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AGSTHACT
This paper descabes an exper System building melthed far telecommunicalion network mainle.
ngrce. The telecommunication network in the !uture is geing 19 be a widely inlegrated system, so
that identifying a faully pertion would reguire a very wide range of experise. The malhod described
utilizes the larget system design-knowisdge represented an an abstrac-signal-low model, as well
as skilled maintanance technicians' maintenance-knowledge. Al kinds of krowledge are umbcrmly
descibed in a relwork-based representation, which is more flexible than the conventional e

based represaniafions

Based on this method, a prototype trouble shooting expert system for a

digital eleclronic switching system has been developed. The system helps mantenance technicians

12 locate calactive equipment and repair il

1. INTRODUCTION

Tha telecommunicaticn natwork is growing to a widaly
integrated and complgz system, so thal 15 mainenance is
becoming 1o require & wide range of expertisa. Since the net-
work has to be maintained operational for & long time pencd,
it is difficull to keep sufficipnl numaars af highly skilled lechni-
cians. Maorgover, it is becoming impossible 1a train them to ba
abie 1o maintain modem comples netwerk systems. Tharelara,
network equipmants, such as switching systems, need to pro-
vide sophisticated tunclions for easy operalion and mainte-
nance. The goals of these lunclions ara:

To help technicians ta isclala a trouble and to repalr it

rapidly and correcty, ’

To shonan the maintenance technicians fraining pencd,
and ultimately,
= To let urkrainad persans be able 1o mainlain the netwark,

Alihcugh many alors have been made toward improving
operaton and maintenance functions, network maintenance
slill needs highly trained and skillsd lechnicians. To ease their
work load and eventually lo achieve automatic maintenance,
racent axpart sysiem lachnoiogy, darved from Artificial Inteili-
gence research, has been aitracting allention.

Early diagnosis expert sysitems, ke MYCIN, ware e
based systems which used a sel ol empirical symptom-cause
riles [Shorliffe?s]. They seemed pomising, but in seality,
their capabililies are limited because they do nat ulilize any
design kmowladge, such as internal structures of largel sys-
lems,

Az a contrast fo this approach, the so-callad first-
principle-pased appioach was developed [Geneserelh8d,
DavisB4]. This employs struciusal and behavioral descrptions
of the target system, and reascns for the diagnosis, withou!
having empirfcal knowledge. This approach seems a good
alternative. However, the aulhors ¢o nol beiavae it can be
appiied efficently to complex systems like telecommunicalion
nelworks, because it does nol uilize skilled mainianance
technician's exparenced knowledga,

This paper proposes a diagrosis asperd system building
method which uliizes design knowladge as well as skiled
mantenance technician's empirical knowledge. lsing  bolh
kinds of knowledge, it helps maintenance technicians to find
defective compenents, and ia repai- them. This paper
desuribes:

- Research resulls on expert knowiedge swdy basad on
interviaws with a number of maintanance technicians

- An absiract-signal-low  medsl fo  describe  design
knowledne of targaet sysiams

Trauble-shooting stralegy employed in the melhod
Knowledge representalion schemes lor verious kinds of
knowledge
- A prolotype  irouble-shooting  system, based on the
methed for digital switching systems [KosehiBTaj.
The axamples and llustrations aro laken Irgm the swilch-
ing syslam {roubie-shooting  expert system, bul they are
relavant to netwark_maintenanca problams.

2, EXPERT'S TROUBLE-SHOOTING KNOWLEDGE

Thraugh interviews conducted with skiled maintenance
fechnicians, the authors found that their diagnosis metlhods
generally toliow tne fow ciagram, shown in Fig. 1.

I_Sjrmpl.cm Informatien I

Hypothetical Causss

Fig. 1 General Diagnosis Flow



Givern the sympiom imormation, the expert thinks of
hypothetical causes which could pessibly have caused ihe
defecl. He enumerales these causes by using strociure and
benavior knowledge about the targel syslem, and applies a
progatifity order to them, based on his accumulated experi-
BNGE.

With the list of possible causes, he thinks of the subse-
quent actions 10 be porormed. It the number al the causes is
relativaly smell, the subseguent action may be repairing. such
as replacing @ ponled winng board. I many causes arg still
suspesled, he thinks of a test 1o reduce the numbar of causes.
The test fo be pedormed is chosen accorging to s
affectiveness and sosl.

ARar the tes! execulion, he discriminates batwean the
possible causes by inlerprebing the lest resull A stracture-
and-bahavior modal 5 also used af this stage, He repeals
this test-and-reduce cycle untl he gets a small number of
suspacled causes.

If there remain a number ol possible causes, but he runs
out of eflective tests, he must iry ong of the repatr actions.
He chogses mos! probable causes based on his past expeci-
ence. I the symplom disappears afler the repair action, the
trouble-shooling 15 considered 10 be fimshed. 0 the symplom
siill ramains after the renair, he has to try the naxt possible
repair in the indicaled sequence, until the symptom disappears
or until ke runs cul ol possinie repairs.

To perorm this trouble-shaoting wark, exparnenced tech-
nicians must have the following kKinds of knowledge:

- Cesign knowledge: structucal and functionzl deseription ol
the target system

- Mainierance knowiegge: symptom analysis strategies,
tasl proceduras, and rapair procedures

«  Contral knowledge: strategy for deciding an a subcequent
action

d TROUBLE-SHOODTING METHOD

Ihe oxport system Wrouble-shooting mathod lollows the
diggnosis flow shown in Fig. 1. This seclion describes the
detailed procedures in asch step in the low,

2.1 Abstract-Signal-Fiow Model

An abstract-signal-fiow model is used tor suspect genera-
fion by syrnplain analysis and suspecl discominalion by les
resuly imeraresation,

The model is represented in a directed graph as shown in
Fig. 2. This example shows four kinds of signal low 1o realize
a dial tong conneclion in 8 switching system. in this example,
the line scan signal for a telephang ne cames up to the
ceniral processor unit {CPU) through the sigral flow (a). To
Make an intereonneclion between the onginating party and the
lerminating paty, three apstract-signal-lliows, {a), (o). and {c).
are concarned,

In network, maintenance problems, thie model should be
represented al lunchenal black level; thal is, each node on the
flow is & lunctional block. This ie because the repar aclions
are vsually v replage printed wiring boards, but not to replace
individual LSls on a baard. The enlire nelwork representation
torms 8 network of funclional bipcks connected to each cther
by signal lowse.

{a) Line scan signal

Liniz -» LG -» EAG Canv = LM Intf -»
aon Gl == 105 -» SMUX -» Drp == O CHll >
Bus 1l -» BIU -» CPU

{2} Tone source control order

GRS > BIL -» Bus Cil -» SMT -
SPC Intf - T2 CUM > T35w

[e) Onginating subseriber control erdes

CPU -> BIU -> Bus CUl -> Ord TX -» SB0D -»
SDRMUX - Dirp -» Drpl -> 510 -> LM Intd

(d) Vace signal pall

Tane Gen-> PMUX - Ins -» BMUX -» Pad -»
T == 51 -» W1 = JHWZ -2 52 -2 TZ -»
S0OMUKX <> Drp ->» PRRUX = DLEwW >

E/G Conv == LC -» Line

Fig. 2 Dial 1one canneclion signal-lows

3.2 Symptom Analysis

Mast ol the symploms can be analvzed by using the
abstract-signal-flow model. For exampie, 1o send a dial tone
& an enginalng subscnber, the e absliaci-signak-llows,
shown in Fig, 2, must nol be delective. If there I5 & no-dial
ione symplom observed, thore must be a fallure in & fune-
tional block along with 1hese signal flows. Therefore all of the
iunclicnal  blocks  aleng  the flows are snumeraled as
suspetted causes.

When the eympom is a parity-grror or a pilst-aror, the
suspesled blocks are considared as being alkong the signal
flow 1rom the parly/pilet generator o the chacker, In this

case, 4 relalively small number of blpcks 15 determined as
BUSDECIE,

Other causes, such as software problems which cannot
be rferred by using the flow model are giso enumerated,
Thes is dane by direcily searching the relalod causos in tho
knowiegge network daserbed in the following session,

3.3 Effective Test Selection and Execulion

Aflar the suspact generalion is camed out, all of the tests,
which are efiective fo reduce the numbar ol the suspeclied
units, are seleclted. The word fesl, means any aclions o
reduce the number of suspected causes hare. Theratare,
lasls may be 19 Investigale the symplom concentralion, to rum
2 glagnostic 1esi, 10 use special 1esl equipmeants, and so on.

These lesls are sorted out by prnorty. The one with {he
highest priority is recommended to the user as lhe most
effective 1est for the wrouble. Therelore, novice users can
mechanically choose the mosl haghly recormmenged 1est, whike
gxpont users may ask lor a list of ali possibie tesis and selac
pne himsell

hust of the les! resulls can be imerpreled by using 1he.
abstragt-signal-llow model. This iz because mosl al tha tasis
vsed in netwers maintenance are signal path tests. A signat
path test applies a test signal 1o a specilied peint in a netwark
and the signal oulpul at the other point is observed. The lest
result indicalas whethar or ooi lunchonal blocks along a ger-
iain signal path are faulty.
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Test resulis in the cther categories are intérprated, by
gxaculing specia' procedures provided for the lesls them-
selves,

4. KNOWLEDGE REPRESENTATION

Al kinds of knowledge are uniformly represenied in & nei-
work siucture. A nelwork consisis of 8 set of objgcts and
their relations, as shown in Fwg. 3.

m —discriminate
w5

ellactive-1est [
star-block  scan-signal
rd |k
islelrﬂnm-AH sigr‘.al-path--".l Lb|DCJ‘-'ﬂ" fru q‘h{ ur‘-i’.-EI
signal-path N | ,
g P end-blogk  scan-signal

Fig. 3 A semantic network

Each ohyect represents a cadain lump ol knowledge per-
faining 10 & concept or 8 physical object That is, I may
represent @ lunctipnal block, a fielg-replaceable-unil (fru), a
symptom, or a 1est.

Relations literally represent relalions between fhese
objects. Some relatons are used tor diagnoshc inferance. For
instance, relations representing sipnal fiows among funclional
blocks [scan-signal in Fig. 3), are used 1o enumarale
suspected biocks aceording Lo the symplam inlormation,

Some reations form a hierarchy of objects. For inslance,
an object which represents & general concep! of duplicated
functional blacks is a super object of individua! funclional-block
cbhjects. Objects 1o represen! knowlegge about lesls and
symploms alse form a simitar hierarchy, )

Thrpugh these hierarchical refalions, lower level objects
can inhen! knowledge concarning 1heir supar objects. Thare-
lore, commen knowledge aboul a class ol objects must be
represantad only once in the class representing object. In this
way, @ compast snowledge represantation was achigved.

4.1 Design knowiedge representatlion

Dwesign knowledge is a lagical and physical structure
descriphion |, based on {he abstract-signal-flow model,

The ipgical structure descrplion represents properlies ol
all ihe functional blocks and the logical relations (signal flows)
between ihe blocks. Funclional blocks are represented as
objects, and logical conpeclions are represented as relations
as shown in Fig. 4.

The physical structure description i atso deseribed in the
design knowledge. Physically replaceable units are also
represenied as objects in the network, cennected to funslional
blocks by relations, These relations are used to infer actual
lacations of physical units, such as packages and cables,

{Funclional biocks)

scan-signal sean-signal

EG L0 Intf }— LM Cont Cable ]
fru fru

EG LMC I

Fri Pha

{Physical unls}

Fig. 4 Design knawledge

4.2 Maintenance Knowledge Representation

This is heunshic knowledge which distinguishas the expert
system fram 2 conventional diagroesis program, Maintenance
knowledge consials of symplom knowledge, tes! knowledge,
and their relations with funclional blocks in design knowledge.

Individual bits of tes! and symplom knowlegge form o
nirrarcincal kree. As shown in Fig, 5, a higher objec! for sach
concept free is ganeral knowledge ol symplom or 1esl. Lower
ohiects descibe individual symptom o 1est knowledge. Uiikz-
ing the mulliple inhadlance mechanism through the relalions,
allritniles in & higher ebjest can be used by lower objects,
Therefore, the knowiedge-pase becomes compact and
madiliable.

Genural

*r

lEpaar_‘,n-Fam Failurei [CF'L.' Fa:lurel

Neo-[Hal Cne-Way BUS
Tone Transmissmn Error S
Spacilic
(al Symplom knowledge hierarchy
Genaral
?Tesn r ™
[Ast-Change Path Tesl
I Test
lce-act| [sPe-act] [LOC-Act] [aDT
Chang Change | | Change Tast
Test Tesl Test ,J..

Specific
(o) Test knowledge hierarchy

Fig. 5 Maintenance knowiedge

Symplom ohjects hold symptom specific knowledoe such
as procecures o gather symplom paramelers (ar suspeciad
biock ganaration,

Test objects hoki test specilic knowledge such as condi-
tions 1o be elleclive, tes! exetution procadures, and result
imarpretation strategias,
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4.3 Conlral Knowledge

Unlike otrar rule-based disgnosis experd systems, this
system does nol use & general inlerence mechanism ke for-
ward reasoning or backward reasaning.  Instead, it uses mora
domain specific contral machanisms, written in Frolog -
cedures.

i the entire amount of inlerence knowledge = wallen in @
rule slyle wilizing a general reasening mechanism, the contral
mechanism must be embeddad inlo the rules, so that
knowlespe base Lecomes diiicud to be manipulated.

5 PROTOTYPE SYSTEM: SHOOTX

Lzing the method desweived so lar & prototype for
trodble-shooting diglal swiching sysiems was developed
{Kosekiliial. This seclion priefly describes the system.

5.1. Syslern Cperation

When a fauil is tound in @ switching syslem, & mainte-
nance technician stars a wrouble-shoofing session wilh the
experl gysiem by selecting the appropriate symplom in the
man.

With the logged errar messages, as well as sysiem
configuration and status information, o inders the suspecled
Causes,

When there are many suspecied causes, the expert sys-
lem suggests appropriake 1518 o order to discrimingte a fauity
parion, Soma tests, which can be parformed by sending cam-
mands 1o the swilching syslem, are auiomalically camied out
and the resalls are recarded. Thé tes! resulls are than inier-

Ie_ivlh bag

prefed to reduce the number ef suspecied causss, This is
repealed until a small number of suspecied blocks can be
idenlined,

Wnen the experl System muns cul of any apprapriale
tesls, il sugges!s an approprale unil replacement or alhar
repair action, showing the unit location graphically. 11 gives
aeiailed nstructions on how to replace the unit and cend
appropriake commancds,

5.2 User Inlerface

A graphics-erignted user inlarace js provided in & mulli-
Ple window enviconment, as shown in Fig. &

It shews detailed location of the unit in the windows. The
fioor layoul shows the frame locztion on the flesre, the frame
layou! shows the module iacalion in the frame, and the
moduie layout shows fhe packageicable localion in the
module. User interaclion iz accomplishad through the menu,
Lsing the meouse poinling device,

5.3 Implementation

An expert syslam loel envirgnmaent, talled PEACE (PRO-
LOG baseg Engineering AppliCations Environmen!) has been
devaloped and used on  an  engineenng  work-station
[KosekiB7EL. I is a semanlic-network based knowlacge
represcotation system, bullt on logic programming language
PROLOG. It suppors mullple pragramming paradigms, such
as:

Object-cnented pogramming style with mulliple inher

lances trowgh user defined relalions between chjects.

Data-oriented pragramming style on sials of abjects,
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Logic-programming style using PROLOG patern match-

ing and a backward chaining mechamsm wilh backirack-

ing.

Figure 7 shows an example description for a function
bigck in PEACE.

ag
super_type # func_block;
conirel_path & lm_intl;
voica_path £ disw,
d.m.l_single # single tunchon_ock;
on_conzentiation : ag;

fru # 2g_pha.
Fig. ¥ An example functional block dascriplion

In this descriplion, & denotes the relation with the other
object. The nhamanse can be made through these muliiply
dafined relations.

6. CONCLUSION

Based on the descibed method, & prololype system was
compleled and it has been in a demenstralive evaluadion
phase. In this period, it has been demonsirated to many NEC
operalion and maintenance technicians and desion experis.
By operaiing it themseives, they have realized that it greatly
improves operation and mainienance ellicienzy.

Unlike other rule-based syslems, the different’ kingds of
knowledge are cleary classilied and are explcitly represeniad
in 8 unified network. Therefcre, Their development and mainte-
nance task is relatively sasy.

Howewar, the authors lael that fulure research is neces-
sary 1o achieve easier knowledge acguisition. Design
knowledoe is acguired from system gesigners, whereas, diag-
noslic knowledge is acquired fram fiald maintenance tachni-
cians,  Therelore, knowiedge engineers have lo understend
their knowledge and interpret il to develop the knowledge-
base. For efficierl and eror-free knowledge-base develop-
ment and maintenance, luture research mus! be made to

make  knowledge-base  directly
diflerent kinds o expens,

Currently, an efior to add some learming capabiity to the
system is being mada. |l is hoped fhat this will improve sys-
1em figxibility in the futura.

manipulaiable by these
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