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ABSTRACT

This paper presents the architecture of a troubleshooting expent
gvstem called SHOOTX, for the NEC MNEAX61-series
telephane switching system It heips inexperienced mainienance
technicians o perform diagnosis tasks. Modeled on homan
experts’ dingnosis methods, it enables location and repair of a
fault which ecannot be detecizd by built-in dingnosis functions.
It figures out the suspected components, based on an absract
signal-Aow model of the trget switching system. Since several
kinds of knowledpe are represented in a unified network, the
knowledge base is compact and medifiable. The paper also
describes the user-orented man-machine interface.

L. Introduction

In zccordance with the recent growth in hardware tech-
nology, modem  elecuonic devices like an ESS  (Elecwonic
Swirching Systern) have become complex, Therefore, ot is
difficult for an inexpenenced maintenance  technician  to
fecate o defective component ir an ESS  and repair it
Although diagnosis functions are built into an ESS, a defec-
tive component cannot always be clearly detected by using
these functiens.

On the other hand, a skilled human expert can locate a
defective component and repair it by using varous diagnosis
sorategices. For example, by watching and analyzing the symp-
o, he can infer whar the possible defectuve components are.
Based on this, a diagnosis expert system, modeled on human
experts’  strategies, 1§ foreseen,  which  would enable an
inexperienced  maintenance technician to diagnose a fault that
connot be diagnosed by the built-in functions.

In addition, many kinds of E5S operations for diagnosis,
such 2% typing eommands at the consele, and analyzing mes-
sapes printed out from an ESS, are difficult and ooublesome
for 2 maintenance technician. It is also desirable o release
the mantenance techmnician from these moublesome  tasks
by awiomatic  ESS operations via on-line interface with an
ES5.

These reasons motivated the development of o diagnosis
expert system, called SHOOQTX, for NEAXA1-series ES3.

In the diagnosis domain, many expert systems have been
developed applying  anificial intelligence  technology. Early
dizgnosis expen systems, like MY CIN[Shordiffe76], were rule-
based systems which used symptom-cawse association rules.
They seemed promising. Howewver, in reality they required the
description  of too many rules for complex systems like an ES5,
A large number of rules are necessary because of the number of
symptoms, components and  teses. It s oa difficult sk o
develop and mainwin so many rules.

As a contrast to this approach, a “reasoning in firsr princi-
ple" method was  developed[Genesereth8d, Davis84], This
method  reasons disgnostie  behavior, based on  soucmeral
and  behavioral descripgon of the target system. This approach
seemed promising. However, there are difficoldes in this
approach with describing the structurs and behavior of complex
svsiems like an ES5, which includes CPU"s and various kinds
af softwars.

Instead, SHOOTX incorporates design experts’ knowledge
as  well a3 skifled maintenance  technicians’  empincal
knowledge. Using both kinds of knowledge, it helps mainte-
nance technicians to find defectve components. Especially, it
has an absmact signal-flow description of the target ES5 as
design knowledge., and it figures out suspected components,
based on the descripton. Both the complexity of descrip-
tion and the disgnosis resoludon, are achievable for complex
systems like an ESS.

In addidon, SHOOTX has the following features:

IJHeuristic test strategies, modeled on human experts diag-
nosis method:

Following the diagnosis stategies employed by human
expens, SHOOTX can accomplish warious tests to namow
down the possible causes of the trouble,

I)Metwork-style knowledge representation:

Swrucrure,  symptom and test knowledge regarding the target
ESS are representsd in 2 unified network, based on the
network knowledge representation facility in PEACE(Prolog
based Expent AppliCations Environmeat[KosekifTb]). By
this method, the deseription iz compact and modifiable,
while only the necessary objects in the network are accessed
according 1o the disgnosis phase,

IMan-machine interface  usable for inexperienced mainte-

nance personnel:

SHOOTX provides a mene-driven and  graphic-oriented
uger interface. In determining a subsequent action o perform,
it recommends  inexperienced  malntenance  personnel  the
most approprizte action, while leaving sufficient flexibility
o choose other actions when deemed necessary.

This paper describes the problems involved in  swiiching
systern  diagnosis. Mext, it describes  the  architecture of
SHOOTX, namely, the diagnosis strategy modeled after human
expens, diagnesis archilecture,  knowledge  representation,
and  man-machine interface.



2. Problems in Switching System Diagnosis

Modern  ES5's  (Flecuonic  Switching Systems)  have
become more  and more complex  in acgordance with the
recent growih  in hardware technology,  Therefore, ESS

marniepance has also become  a difficulr task,

When a mouble occurs in an ESS, one or more fsult mes-
sapes are printed out from an ESS console. They do not always
pinpoint  the ongmal cause of the rouble but only indizate the
datectian  of malfunctions affected by the wouble, A mainte-
nance technician has o detsrmine the original cause.

Another case of rouble detection i3 based on sub-
scriber complaints. In this case, the maintenance technician
should determing the essendal problem to achieve accuraie diag-
nosis.

In order 1o detsrmine the cause of the trouble, an ES5
has buili-in  dingnosis functions for locating defective com-
ponents. However, the performuence of these diagnosis funclions
15 fimited, anl o defective component cannot always be clearly
detecied. The following classes of failures are not detectable
by huile-in diagnosis functions:

- Intermiztent failure

- Failure in an interface unit

- Failure in @ non-duplicoted umit

- Undetected failure due to insufficient diagnosis

Even for a failure in these classes, a skilled mainte-
nance techpician  can find out the defective component and
repair it He  performs  diagnosis by various  smategiss
hased on  his knowiedge and skill.

However, highly skilled maintenance techricians are very
few. In addition, since the life gpan of an ESS iz ower ten
years, it is hard to retadn highly skilled maintenance personnel
in a specific telephone office for a long tme.

As 2 way tn support inexperienced personnel, an
effort to organize a set of manuals has been promoted. How-
ever, it takes a long tme to pedform diagnosis through reading
manuals. This is because ewven a single task requires reading
many  volumes. In additdon, manuvals lack expressiveness: they
cannot dynamically indicatz diagnosis cperations according o
the simation. Thus, diagoosis by manuals is nor the best way o
support inexperienced persennel,

Thercfore, an  expert  systern  is  desired  which
agsists Inexperienced maintenance technicians o perform diag-
rosis of an ES5, bascd on the strategy used by hwman expens.

3. Diapnosis by Human Experts

Human eapers can pinpoint and repair facls  which
cannet be located by  buiit-in - diagnosis functions, Their
know-how  and diagnosis srategies were acquired for SHOOTX
through  interviews with the experts by the knowledpe
engineers. The interviews were carried out in the following
style:

AL the beginning, the experts were asked 1o explain their
procedure for one sympiom precisely. They could easily ima-
mine A concrete situmbion gl present their methods, Mext, the
methods were enhanced to be applicable 1o various kinds of
frouhles.

As oo result of the imesrviews, it is  koown  that
the diagnostic methods ased by expens are as follows:

1}Analysis of symptom:

In order w determine the cause of the wouble, an expest
considers  detatled  informadon  reparding  the  symptom,
ESS status, and so on. He somstimes uses past experience
about symptoms and components” faulability.

2yCarrying  out effective 1ests (o namow  down
cnmpnn:ntﬁ:

suspecied

In order to determine a cause among mamy suspects, that is,
the possible causes of the wtouble, a human expent thinks
of effecave tests to narrow them down, The word fesr means
any acten to reduce the number of suspects. Some of the
tests carricd out by human experts are as follows:

- WViewing the occurrences of sympiom and their dismibudon

- Acguisition of varjous kinds of information in the ES3,
like operation stats for duplicated vais

- Making use of built-in diegnoesis functions

- Typing commands into the ESS and waiching the ESS
behavior in reaction 1o them

+  Changing--the operadon status for the duplicated units
and loaking for the occumrence of the wouble

- Yiewing alarm indicators on the packages and pancls

31Tral and error in repair actions such as replacing  faul
FRU's(Field Replaceable Units) with spares and rmesering
the switches ’

4)Recognition and considersgon of external conditdons  such
as thanderbolts and  air-conditioner fanits

Ly combining various methods, human experts narow the
suspects down, and finally repair the wouble by replaccment of
suspected FRU's and 50 on.

4. Basic Diagnosis Method for SHOOTX
4.1 Basic Diagnosis Flow

The basic dizgnosis Aow in SHOOTX is shown in Fig-1.
During the diagnosis, suspecred compodenrs, that s, candi-
dates which mught hove caused the oouble, are considersd
and updated.

Given the symptom information, SHOOTX first con-
siders  the suspecied components by analyzing the symprom
information.  After that, a test effective for them is chosen and
carried out. By imterpreting  the test resuly, suspected com-
ponents are nurowed down; the list of suspected components
is wpdated to smaller ones, According to the updated list of
suspected components, effecrive tesis are  recomsidered.  In
this way, tests and result interpretarions are repeated. After
several reperitions, a small number of suspsocted componsnts
can be obtained. Finally, cormesponding FRU's, such as
equipment packages or connecior cables, are replaced, and the

trouble is repoired.
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4.2 Absiract Signal-Flow Based Reasoning

In order to @mplement the reasoming about  suspected
componznis  according to the symptom  and  test  resuls,
SHOOTX has an abstroct signal-flow  deseription,  which
represents  the  functiomal stucture of the ESS. The expert
syitern looks into it in considering  suspected components.
An  absract  signal-flow descniprion i3 represented in o2
directed graph. Fig-2 indicates an  exwmuction of the abseract
signal-fiow desemprion. In i, each nede represemts a com-
ponent, and each arc represents a signal-flew berwesn com-
ponens.
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Fig-2 : Absmact signal flow deseription

With an absmact signal-flow descripuon, suspected com-
ponents for a given symptom can be enwmerated. For exarnple,
consider a case wherein the following sympiom is occurring.
SYMPTOM: no-dial-tone
(meaning)

"Afthowgh g  subscriber picks up a receiver, no  digl-

tone [5 heard.”

In order that a dial tone should be nosmally heard, the following
signal path must not be defective;

SIGNAL PATH:

"a conirol signal path from the line 1o the CFLF
The reloton berwesn no-digl-rone sympom  and  this  signal
path  is  compacdy - desembed a5 symprom-specifie

Imowledge, which is graphically shown in Fig-3.

The components on the path can be listed by searching
for e abstact signal-Aow description. By enumeratng the
nodes zlong the path, from Limeto CPLU through ctl_up arcs in
Fig-2, the following components are listed as suspected com-
porents for the no-dial-tone symptom.

SUSPECTED COMPONENTS:

Line, LC, E/G Conv, LM [ntf, 5cn Cd, Tns, SMUX, .. .
CRU

The components in the abstrract signal-Aow description
do nog need 10 be 5o |'|n:|:i5|: as logic gates but may be fume-
il blocks divided into  suitable sizes Since the fnal pur-
pose of the diggnosis is o find and replace a fauliy FRU, such
as a package or a connector cable, functional blocks only
need 1w he divided precisely so that they can satisfy the follow-
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Fig-1: Relution between symptom and signal-path

ing conditions:
Lyifferent FRU's commonly include no funcoonal blocks.

I Funcdonal  blocks, which have different properties,
ae partitioned as  different components, so that each
block will fall into one category in discriminating berween
SUSPCCIs.

J}5ignal paths can be represemied with the functonal
blocks.

The abswact signal-flow method s also applicable w
symproms like  parity-error and  pilot-error messapges.  For
imsmance, the suspected signal path for a pilot-emor is a path
from the pilot signal generater to the pilot signal checker, The
blocks on the path are enumerated as suspected components of
the ermor.

For the kind of tests which check signal How func-
Hont, nawowing the suspecied components s easily accom-
plished. In the case when the test result is no emor, that is, the
signal flow works normally, the components on the flova will
be eliminated from the suspected components, In the ather
case, the defective componsnt must be an the signal Bow, and
the companents out of the Aow will be eliminated from the
suspected components,

By the abstract signal-fow method, smycrral knowledze
for the ES5 iz mamrally represented in suitnble precision. In
addition, the total amount of the knowiedge is kept small, This
is because a signal-fow description is shared by mony kinds
of symptoms, leaving brisf symptom-specific descriptions.

&, The Architecture of SHOOTX

The whole architecture of SHOOTX is shown in Fig-4.
Diagnosis is cooperatively carrtied out by a maintenance tech-
mivian and the expert  system. Only the essential decision
and  physical operations are imposed on the maintenance ech-
mician, while the reazoning tasks and detailed E35 operntions
via interface with the ESS are camied out by the expert sys-
temi. The following are the features of this architecture.

{8 Trouble dary mainenance with log file

The expert system collects fault messages printed our by
the ESS and stores them in a faulr message log. It also main-
tains compiaint information from subseribers in 2 complaine
fop. Thereforz, a maintenance technician's sk for designals
ing a symptom to diagnose is only selecting a malfinction in
the fault message log  or in the complaing log. After that, the
expert sysiem diagnoses the designated symiptom.
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{h)Flexible man-maching intemeiion

In the course of diagnosis, the following choices

Appedf CORCEMING 2 subsequent action:

Test ar FRU replacement
- Which test to corry oul{when rest is selected)
Which FRU 1o repairiwhen FELU replacement is selected)

In selecting o subsequent action, the expert system Feasons
about possible actions and recommends the most appropei-
zte  one, leaving the mainenance technicians flexibility to
select am altermative  action. By such flexible man-machine
interaction, inexperienced  maimenance  technicians  can
cary  out roubleshooting mercely by following the actions
recommended by the expert syslem, while an expert tzchnician
may sclect actions himself.

Moreover, with the 'Explain', "Why' and "Help' fune-
ticns, the user can frecly obtain explanations for the diagnosis
execution,

{(clAulomane ESS operadons

The expert sysem handles interface functions with the
ESS. Freguent command sending and message receiving
wifrorn the E3SS are necessary  to carry oot various (esl Sia-
tzgies, However, these operations are ofen  misleading  and
require  special knowledge to carry ouwt appropriately. As
shown in Figd, they are auromatcally caumed out by the
expert system via on-line connection with the target ESS.
Using this facility, most of the tasks for rests are awtomad-
cally carried out by the expert system.

(d¥lnderstandable  instections i mantenance  techricians”
operaton

As an aid to mainenance techniclans in accomplishing
physical opérations, simple and dewmiled insructions are pro-
vided. For example, in instruection for a unit replacement pro-
cedure, the physical location of the FRU, sech as a package or
a connector cable, is displayed in graphic windows and detailed
commands such as, turm the power switch on the package o
gff., are given w the user. Throughout the replocement pro-
cedure, the ESS status is set rsady for package replocement by
automatic ESS operations,

6. Knowledge Representation
6.1 Knowledpe Base Structure

This  section  presents  the  knowledge  repressntation.
SHOOTX is based on multiple kinds of knowledge acquired
fruom  bath  design experts and  mantenance experts of the
tarpet ESS[Kozeka87a). Sruciural knowledpe regarding the tar-
ger ESS is acquired from design experts, while the pertinent
maintznance  knowledge,  such as symploms and  tests, s
sequired from the mainenance  expens. Then, the knowledge
base is composed of the [ollowing:

- Srructural knowledge acquired from design expens
LiFunctional block knowledpe

2)FRU knowledge

- Maintenance knowladge acquired from maintenance
expens

NEymptom knowledge
4)Test knowledpe

5)Diagnaosis control kpowledge

These kinds of knowledge are represented in an expert sys-
tern tool environment called PEACE (Prolog based Expernt
AppliCations  Envirenment)  [KosekifTh]. FPEACE  suppors
several programming paradigms amalgamated in Prolog. The
features of PEACE utilized in the knowledge representation are
as follows: )

Semantc-nerwork-style knosfedge can be represented with
objects and refations between them

- Relation-odented programming is supported
- Compact  knaowledge representation 5 possible by
miliple inheritancs, not only through particular relations,

such a5 has_classand super, but alse through domain-
specific relations, like super-biock,

- Procedural knowledge can  be mpresented in Prolog
wtilizing pattern marching and backrracking mechanisms

6.2 Metwork Knowledpe Hepresentation

Knowledge, except for diagnesis control knowledge, is
represented in 2 unified network by using PEACE. By deserib-
ing nodes in..the netwark as objects and by connecting nodes
by refarions, the network i3 uniformly  represented.
Signal-flows  berwesn functional Bocks can  be directly
represented  as reladons. Relatens  betwesn different kinds
of knowledge are  also represented in the same style, These
relations are between:

- Symptoms and coresponding signal-path names

- Signal-path names and their stamingfending funcdonal
biocks

- Funcrional blocks and comesponding FRU's

With these relations, the network-style representation 15
constructed as  shown in Fig-5. Tt represents the reladons
berween symptoms, tests, functdonal blocks and FRU's

For instance, functional blocks comesponding to Symptom-A
can be hated  2s follows:

Block-A, Block-B, and Bleck-C

The network can be compactly represented by the
PEACE freiliies. Mainuining inverse reladons is  aviomat-
ically performed by PEACE. That is, when a relation is set or
deleted, its inverse relation is awtomartically set or deleted,
Therefore, intricate  descriptions  for updating Inverse rela-
fions  are unneceEssry.

In addirion, the knowledge is represemied without redun-
dancy in hierarchical smucwres. For instance, comroon  pro-
perties among several symptoms ean be described in a general
symptom object by infieritance fucility.  Similarly, the test,
funcional block  and  FRU knowledge are also described
compnctly wtilizing inheritance. Mulnple inheritance through
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Fig-5 : Metwork-style knowledge represemtation



specified relations is espestally of grear use. In represendng
the complex structwee of the arger ESS, inheritnce
through domain-spesific reladons, such as fruand super-block,
is uwtilized. 25 well as inhermance thouph peneral relations
fike instance_ofand super.

In this representation style, the stucmre, sympiom and
test knowledge deseriptions are very compact, and local
madification is easy.

6.3 Details in Knowledge Representation

This sscton precisely presems PEACE-based representa-
ton for each kind of kmowledpe, namely functional block,
FRLU, symptom. test and disgnosis conmol Znowledge.

Furietional Bloek and FRU Knowledpe

Fip-f is an example description of functional block and
FRU keowledgs,  In Fig-6, ez Im_intf. and sen_eul
represent functional blocks, and lme_pkg represents an FRLE
In Fig-6, # dencies the relation with the other object, and :
denotes the slot In 2 functiona!l bleck object, the following
knowledge are described:

(2)Signal-flow:

The sigmal-low knowledge as shown in Fig-2, is represented
with perdnent relatons such as cd_up_pathand v_down_path.
Each relatfon represents 2 signal-flow connection  berween
components, For exampte, fm_ing® iz connected with son_cil by
crl_parh as shown in Fig-6.

[n Feg-6, the generalized name for the relaton is used for
brief represenadon. For examples, eg is connected with  Im_inef
by cdf_gark, This means that ep is connected with lm_intf by
both the ed_up_parhand ed_down_parh reladons.

By looking into the description; funcdonal blocks on a
specified signal-flow pah con be enumemied. For instance,
funciional Mocks on “cri_up_math from ep fo sca_ctl” are
enumeraled as eg, lo_ind, and scn_cil.

(b)Block's property:

Block's propertics are given within each functional block object.
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Fig-6 @ Sample of structural knowledge description

For instance, the propemy dual single could have the value
adugl_fiunction blackor stngle_function_block. They may be
refemred 10 in namowing down the suspects according (o the test
results. The narmowing method 15 explaned o the descnpion
of sympiom and test knowledge.

{(c1Correspondence o FRL:

An FRU corresponding to a2 functional block is described with
the frie reladon. For example, the FRU for lm_intf is
Imc_phkg(Fig-6).

(d)Subblock:

A functional blocks is partitored into subblocks so that each
property within 2 block has one value, Subblocks of 2 func-
tional block are also represenied with sub_block relations. In
Fig-6, Im_intf has two subblocks, namely lm_intf g and
Im_intf_3g. Commen propertics between  subblocks  are
represented in 3 super block, ond they are inhented by sub-
blocks through the sub-black relaoons.

(eiFaultabilicy :

A foulsability walue for the funcdonal block is described. It is
refeimed 10 in enumerating possible FRLS,

Symptom and Test Knowledge

In a sympiom ohject, symptom-specific  knowledge  is
descnbed compactly. Sigral-paths comresposding to sympiom
are described in a svmpiom objscl. The sipnal-path deseniption
is in the following form:
signal_path_&A =

start_klock

end_block
path_relation

: block_B;
: block_Cy
¢ path_relation_D.

In addition, effective tests for symptom, and  tests 1w check
sympiom occurrences are described in symptom objects.

In test ohjects, test execution methods, and methods
for nmaurmawing the suspects down are descnbed.

Marrowing the suspect is performed by either of two
methods, One is based on the abswract signal Aow, This method
is for tests 0 check the funceions of signa! flows, as deseribed
in 4.1, The other method 12 swspect elimunatien by func-
tional biocks' propenies. For example, if the result of 2 tese w
find the dual_single property of the defecrive component tefls
that  single_funcrion_Block 15 not  suspecied,  functenal
blocks with the dunl_single property being

ringle_functon_block are eliminoted from suspects.

In mddition, ecriterma for the effectiveness of wwsis, and
effcctvencss values are also described in test objects.

Diagnosis Control Knowledge

The diagnosis conmml knowledpe specifies  diagnosis
fiow and crirena for subsequent actions.

Unlike ether mule-based diagnosis  expert  syswems,
contral knowledge is implemented with demain-specific conral
mechanisms wrillen in comesponding objecis as Prolog pro-
ceidures, namely merthods, This is motivaied by the fact tha
through pre-prototyping with a forward reasoning mles, the
authors found that @t was more natural and fexible o wrile
inference knowledge as methods than as a2 ser of riles, Since
this also allows ws W ulitize  the muliple  inhcritance
mechanism  through  the  relwtions,  the knowledpe base
becomes more COrrIct and mere moditinble,



7. Man-machine Inferface

A graphic-oriented and menu-driven man-machine inecface
for easy cperation is provided, based on the multiple window
environment of an engineering worksiation (NEC EWS4800) as
shown in Fig-7. It shows several kinds of information in
scparate windows on the EWS. Several windows displaying
the following information are provided as follows:

Sysiem recammendation for 2 subseguent action
System status and messapes
Fault messape log, of complaint log
Suspecisd components
FRU lecatien(foor, frame and module layout windows)
- Explanation for the action
- E55 inputioutput
- Menu input

2 deriled location of the suspected FRU
is graphically shown by floor layout, frame layout and module
layout diagrems. Using these displays and the menu-driven
inlerface, even an unaccustomed wier can casily use the system.

In particular,

8. Concluding Remarks

This paper has presented the architecture of SHOOTX., By
combining a reasoning facility modeled on know-how of human
experts and interface functons with the warget ESS, SHOOTX
enables dizgnosis of fawits which cannot be diagnozed by built-
i Fumeions.

The pmtotype system withoor  full interface functions o
ES5 hos been developed. and i3 in a demonsmadve evaluation
phase. It has besn demonstrated to many expens. By
operating it themselves, they have realized that it greatly
improves operation and mainenance efficiency, Moreover, it is
tlso helpful in maicing mainengoce  personnel dus w0 fex-
ble and easily understandable mon-machine interfoce facilities.

Further research is necessary for casier knowledpe acquisi-
ton, Adding and modifying pertinent knowledge requires special
care, though the methods are relatively easier than  rule-
based representation. Prolog-based descriptions of procedures is
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nM wery wenderstandable.  For more efficient - development
and maintenance of the knowledge base, research on more
effective mepresentation and leaming method is desired,
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