1 DESI GN OF COVWUTER NETWORKS The present invention relates to a nmethod of
configuring conputer networks. 5 Currently, the design and
configurﬁ’ﬂ%ﬁ% conput er networks, particularly w de ar eé’%‘ig&&f%"? is a
| ong and conpl ex procedure requiring specialist trained staff. For a
conpl ex network, it may take a specialist several weeks to design an

appropriate solution for pEREIGN CFCTOMPETER NETWORRS t 0 produce a

fully costed reconmmrendation. The customer IS often not in a position to
give 10 approval until the fully costed recommendati on has been

received, and if at that stage the custoner requests anendnents to the

desi gn there nmay T present iinventiote| ralaesd6 o2 emethodd ef i corefiguring woatpiner a
revi sed proposal. Since each iteration/redesign may take several weeks,
it will be BBNPEESeod that the entire process between the initial '

custoner's query and the ijgpl egrentatiop of the 1i.i nal 15 sol uti on may
t ake. ggge consi derWRFE: ﬁgg .iifélcﬁndiﬂb‘{]t goppgusatione ff i?ﬂf@ﬁ‘?‘ﬁbnnﬁﬂ@r@si s
o (2 sl deriagatly W préd b ysr B g o YolnmER ipged e efificiie g

an obj ect - b%ﬁs&gﬁ%%@a sEP" Y esingrbx hawdig ﬁ@fﬁx& £Lidcidlit @gveraf a

physi cal 20 ement In a conputer nhetwork; (b I Nl ng “assocl at1 ons

bet ween t he vwpedieatoadbsiatie hpsidipeiate sdlatiph dot!tire eustomer’s dbquidn@itk, and to
configuration; and (c) applying at |least one rule froma predefined set of

rul es to therediecs dullygosted redonemendation. hd herdustarhemistoftenknat én hipgisitsn on,
the rules In said set 25 | being arranged to alter the settable

attri A es ¢6 giyerspproye] vetilsthe by ostediseemmendatipn bas beew recsintid; and if
thereby automatically selecting specific hardware for the, physical elenents

and updat i nittthat stagfothe eUstemET Teauests amrpdmants dpdhedrsien dereanpayidieng,

at each repetit.ion,, t updat ed, net work confiquration ari,sing fromthe

i nedi at el y W@%&Ph&%ﬁ?’??"é{:%ﬁ ‘%ﬁS’%}eépCaPcB‘%ﬁH"%G feV‘SSPalEré?gB?alt hSWEH ti al

configurati I dingat.ed Laurat.is

subst anti al l%l%clgt‘i g%){fl{éoﬁl}r}g(?nbc eufdgp{eb%%%rétiggﬁ%g ﬁgxwtlﬂ rbebﬁﬁ%{:gt%(’d that the
entire process between the initial customer’s query and the implementation of

15 the final solution may take some considerable time.
According to the present invention there is provided a method of
configuring a computer network, comprising the steps of:
(a) selecting a plurality of symbol objects, each symbol object being an
object-based computer representation, having settable attributes, of a
20 physical element in a computer network; '
(b) defining associations between the selected symbol objects to produce
an initial network configuration; and
(c) applying predefined rules to the selected symbol objects in the initial
network configuration, the rules being arranged to alter the settable
25 attributes of the symbol objects dependent upon predefined rule
conditions, thereby automatically selecting specific hardware for the

physical elements and updating the network configuration;
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2 The synbol objects are preferably represented by display icons on screen,
so that the selection of synbol objects and the defining of associations
bet weenweysagigs My be effected by on-screen mani pul ati opcqicroi@igds Sp! ay -

i cons. The predefined rules, applied tp the current configuration as

di spl ayed on 5 screen, may update the object attributes which may in
Itself alter the on-screen display. This be repeated for as nmany passes
as rmy be necesédx yeamﬂmngthmﬂ@smtwmmgmm& configurabepgnding upon the
conpl exity of th rul es, the conf| uratjpon should rapidly converge
to a self-consi & eﬁﬁEPeFEBSéE"@r@H"Hj] Fen ‘E“}falign °°€I@F$ﬁﬁab?/€@ be
conpati ble with the user's requi rerrents Those user's requirenents may be
set initially by vvay of perrranent obj ect attributes, vvith the rul es acting

only on dynanic éf'éf@f Y. permtted
to set dynamc a tr| ngs nual S wé%w gﬁlg&ntF gﬁﬁg y be
provi ged t@crlééﬁvﬁ‘ihéthﬁe fsblrebﬁGanf s&ﬁ&bd]tﬂlﬁécty‘/ﬁh& Qhé"’ﬁéﬁﬂu@ 695556@1&%% | bute
that fhe user 15 wi shes to specify as remaining fixed." Ini1ts preferred

form the betweeh objeetss nmaymbeekffectelieby ansioreed ulabions of apaldigHl oy
representing a conputer network on several |evels, for exanple both a WAN
(Wde Areardgmswor k) and the LANs (Local Area Networks) at each physi cal

site of the WAN__ The alsterqgngé set riate connections, defining the 20
way in which t hd heaedeim est’ﬁBP UTFRRE GPN ﬁuﬂaﬁloﬂtfﬁ disp) @n f orm

f h d f d des d.ab
et out | nSORERCTRYHpdeln % GRRA %‘"6%”9?&5? T ot A - S b adab o
medi suc?&% );':\ dTﬁJﬁ ‘§ by %ﬁaqrgg@gé{h 6725 ¥hdlf) passéas Wl 6€ Decessary, until

PCT. / 98/ 0 suc
the configuration stablises.

Depending upon the complexity of the rules, the network configuration
should rapidly converge to a self-consistent representation which will, by
definition, be compatible with the user’s requirements. Those user’s

15 requirements may be set initially by way of permanent object attributes, with the
rules acting only on dynamic object attributes. Alternatively, the user may be
permitted to set dynamic attributes manually as well, and a locking mechanism
may be provided to prevent the firing of any rules which would alter an attribute
that the user wishes to specify as remaining fixed.

20 In its preferred form, the method allows a model to be constructed which
is capable of representing a computer network on several levels, for example
both a WAN (Wide Area Network) and the LANs (Local Area Networks) at
each physical site of the WAN. The user may set appropriate connections,
defining the way in which the LANS talk to the WAN.

25 The invention in its broadest form further extends to software embodying
a method as described above, or as set out in the claims. The invention further

extends to a computer-readable media, such as a disk or a CD-ROM, carrying
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Inits preferred form the present invention |inks graphics into a

know edge base (an external database), using a rul e-based | anguage which
can act ™MQ WM on t he obj ect nodel . Hence, the user cmgpmmga
control 5 functionality through scredn icons. The preferred

I npl ementation is in the Lisp | anguage, allow ng the user full access to
the power of the fRpapen Lisp Object System The invention may be carried
into practice in a nunber of ways and one specific enbodi nent will now be
described, by waypfitexieRhred \foih, rthé eP&%@ﬁt %flventidr® k8 riﬁtdwa
drawings in which: Figure 1 is a schematic bl ock di agram sfiow ng the
har dwar e/ sof knewkedge\base (are externdl hdatabvdsed, husing amaldibakedf lahpgagdy RN can
invention may be operated; Figures 2 and 3 show a typical network being
desi gned; Fi aekr direatly cory the | ehjeetareodete ogdenae; dhe obisexncan achiallyy controbf

rules; 15 . -i gure illusfrates schenatically the various parts
that nefe upWOBéﬁ'le @mtﬁwrmmoesofm B[ﬁr}gnﬁguaﬁ menfation © injtheddsmt es

how LAN and N el e ts be linked. Figure 1 illustrates schenntjcally
the har dwar e} AgRABE.AloWi0E Ris wae fufl acGiss i the Bomer REthe e Smmor Lispdibiect

I nvention ma§ 9= operated. The nethod may 20 conveniently be enbodied in
software, ru ¥ ? ‘on any conveni ent hardware, such as a Personal Conputer.

The preferred sof fyangv&ifoRthiP Ve CRFRA i @cﬁ@éixga%ﬂé@%&ﬁ;@’a{@ one

configurator nodule 12, a pricing nodule 14 and a reports no

Typically, t ioethbodiment WilbRousissldesutibed] balway, of exdrigle, Withsieferkhést
starts with t he desi gner nodul e 10, which provides for the design of
a wi dedfr ea nethecadcompanygngairawings ino#hichdi vi dual customer sites. The
physical |ocations of the sites on the map may be entered either nmanually
or from a custoneFiguppl i@ schemagigt bipgk «dizgmam shewing the, hardware/sofiware

post codes of the sites can be. provi ded, .a post code .| ook; up database 202 may
be used to dERKIERMENt Wgﬁ%\yg; epggtgpp&fghe present mventmnp may be operated;

Figures 2 and 3 show a typical network being designed;

Figures 4 to 7 illustrate the operation of an exemplary set of rules;
15 Figure 8 illustrates schematically the various parts that make up the
configurator module of Figure 1; and
Figure 9 illustrates how LAN and WAN elements may be linked.
Figure 1 illustrates schematically the hardware/software environment in
which the method of the present invention may be operated. The method may
20 conveniently be embodied in software, running on any convenient hardware,
such as a Personal Computer.
The preferred software embodiment comprises a designer module 10, a
configurator module 12, a pricing module 14 and a reports module 16.
Typically, these modules will be used sequentially, so that a user first starts with
25 the designer module 10, which provides for the design of a wide-area network
across a number of individual customer sites. The physical locations of the

sites on the map may be entered either manually or from a customer-supplied



Anot her possibility is to make use of the tel ephone nunbers of the

I ndi vidual sites, along with a tel ephone | ook-up database 204 which, given
the tel ¢pho8Pres nunber, returns at |east the approxi meg€r/gréspibscat i on.
Once the individual site | ocati ons havg been specified, along with the peak
traffic requirenents between sites, the designer nodule 10 will construct. a
model of the proposed WAN | ayout, fpeC| fying the recommended physi cal
circuits bedaigbases2d@s. Pﬂtﬂmﬂé‘felﬁet aﬁlBspQSfC be of the sites canfbet provitiesd, gner

rlrgggl euégerpéﬁgg&ié:&qr‘]‘g\’il’ Hﬁ‘ﬁ‘gd ?% hr@y‘?%ef rt@Tr‘]’gFeé';gl%é &%}]%_Mm}on f Ilcl)ceagl@i; ;Apr !
VAN

' Lgp‘g’iir tg Aot Possibifth g, Pak? wsd S Re /b bufBer.Sf e ohv “@Pa’? "

15 % oxt or S5 pIGHE % L WEphii ooty UalBAGEI0E A S5y Ble IARER 2"

convensentluumeerveaﬁhedt Wa&thuhe a}vp?@ﬂﬁﬁ@é sﬁaﬂicaaaﬁabeﬁﬁee ﬁie{)ié&g VHiifal s{fget e

output fromthe cfe5|gner and configurator nmodules is t

pricing nodidcatidbss haVébeen spdcified; dlopy indthndie pegk nafilb reduitkinents Bevdey nal
pricing database 210 to provide detai I ed costings for the wide area and 20
| ocal area sitesyshisdasigner imoduloekt willcconstrg d. midel oéhe tproposeddWANL6 nay
provide detailed parts.lists, along with correspondi ng costs. The out put at
18 may eit h&youé specifiying thenfespmanendeddiphysical tcsrcueiﬁ b&gt’@ﬂhattﬁ:&/el Kurther be in

e <1 o o P B o o i 7
eriosygent heydRg RTINS GBI AR LSBT, okl DB BRI, 12

does not regifetdhced®381613ENtI al feature, any of the other nodul es.
Al though it nmay be conven nt for the designer nodule to provide the

confi gurator nodghe puopbsémWWaeﬁgﬁas Akl ntdetieddbn fighddtor matiile 12

essential and
which allows the user to design and configure the individual local area networks

that may be needed at each of the sites. Assistance is provided by means of an
15 external knowledge base 208, to be described later, which may conveniently be
embodied within a conventional database structure.

The output from the designer and configurator modules is then passed
onto the pricing module 14. This includes a pricing engine which uses an
external pricing database 210 to provide detailed costings for the wide area and

20 local area networks that have been recommended. The reporting rﬁodule 16
may provide detailed parts lists, along with corresponding costs. The output at
18 may either be in the form of printed reports, or alternatively may be in
electronic format.

A common workbench 20 is provided enabling each of the modules to be

25 operated independently.
The detailed specific embodiment to be described relates primarily to the

configurator module 12, and it is to be understood that in its broadest form the



i nformati on on the w de-area network could be provided to the configurator

5 nodul e from el sewhere if necessary. For exanple, th ' nodul e
10 may YO 9@7388quired at all, if a cus%omar' S wi de-area ﬁ’éﬁ?‘é’?ﬁ%ﬁ@?’m r eady

in place, and the custoner nerely requi Pes assistance in designing and
configurating | ocal area networks. In addition, the configurator nodul e
coul d be usgfvasich Abasdotkafifirenid! Ak *kéctiaMiedtard) arlyl Bfﬂl@bﬁn{{eﬂnﬁﬁhfﬁ into
a w de-area network, 10 and only a single local area network is to be
provi ded. Thgithough rig may bepcorivendentofor ahe ndesigiee aroduleneeprovide the
technol ogy, and may indeed consist of relatively standard conponents such
as known priconfigueatgr meslulewwith the svidesarea netoyorkidesign;, shatlis not esseotiakardpl e
by way of spreadsheet or_ datgpase output. 15 An its preferred form
the nethod omfermationeg the; widenarea etrpris copld bsi ppvigadh 1o, the sonfigurator

332{)3’?‘%& t ?%Lwﬁﬁéeéﬂﬁﬁﬁlsﬁ%hﬁ% RGB!, Bty srample, HhE dpsjemier R HEo h
Fstslecief et 055 goBbP Pt @ o, 3 RSpHRE SoidREnta s b lfent gl Bhact!
i sl ayed anthanit SAFiohld BSdy Rouits Sslshake RO MEsikhing' A, FHARfecing

Cbj ects may jqehphRatnativobksondnaadditien, the eonfigrator dtodiile wontd behged as a
i nteractions being controlled by neans of a rule engine 306 which nakes use

of the know gidgé-abmrmeapiflRation rwhereeno timks 308 reguin¢d antpr owidedireahetworkg t he
user to anend the 25 details in the know edge base 208 and/or to alter

t he opdfat i oandbnlyresingledoeaigrae ngtyporkiin o bpjpseyided) e 302 nmkes provi si on
for three primry_object classes, . 2. Dynam c attri butes, which are
creat ed dynar cal T gueingaRd, sendrring nadulesimay yss ARy CORECRIEHt testnalagn

D e by Yofke sRfsB) W A E0! YN ER et e nde
deci si on- makj ndiV QE&3Ss,  Rith Essocidled tepEitingf FRARAES for Watnpid VY Way of

spreadsheet or database output.

15 In its preferred form, the method of the present invention may be
embodied within computer software that makes use of an object model of the
network that is to be designed. This is showﬁ in more detail in Figure 8. The
object model 300, to be described in more detail below, makes use of an ASCII
file 302 which specifies the object classes that will be recognised and their

20 allowable attributes. The objects, or at least some of them, may be dispiayed
and manipulated on screen by way of a graphics module 304. Objects may
interact with one another in a multitude of ways, these interactions being
controlled by means of a rule engine 306 which makes use of the knowledge
base 208. A rule editor 308 is also provided, allowing the user to amend the

25 details in the knowledge base 208 and/or to alter the operation of the rule engine
306.

The object file 302 makes provision for three primary object classes,



1. A router-type may be deci ded based upon its required connectivity; 2.
The router-type together with the protocol to be used maypg,ﬂﬁjﬁggl@g

| nt er netwo9&/HT266 Cper ati ng System (1 CS) .to be used; and 3. p t hen
determ nes the anmount of nenory that W'l | be required in 10 the
router. Step 2 cannot be determned until step 1 is decided, and simlarly
step 3 requjres 2 hitribStedewhietd arSyramtd dynamiddly auendltie fngefer al
WAN synbol Lﬂ400, [?%%gce%.@nng@te% sh to specify that the yservi ce used g|Js to be
SMDS, with a bargiyésdiirisg thetSonfiguratiohhproseser eDyaamicdllyt ercatedeattiibytesy ed
on screen as a separate text object 510, as shown in_Figure 3, and the
generic VAN i coral#@gs ctraoyed (cleargd) petierstay ofigach configwation; kewi se, the
user may wish to specify details of e LANs,to ich the, WAN i s to, be
connect ed; the aDynamig attribytes SppUseigh 13 GFgﬁ,‘g ﬁg‘]’Pﬁ&?‘Eg’ca&Pg Arogesy o3,
and the LAN i cons change :FO t he square boxes 504, 506, 508. 20 It

t hen r&nai nd SEES Qﬂ‘léaségﬁe PE“FSEQHC% 402 to be determned. Although this may

be d [y, if ' . L Sy of th
ol 6 i melco dAoufertb fes, BE aBBER baScl HRONGS reduitdy (BMRRHVEYDT | 1O
the user opr at el iy fosliGpenBhaBeh vl 488 iBtatol G bd skt may defineahigar

The rul e enfine eén pars di agram 410 and applies the appropriate

rules fromthe 2 i cpatiree B9steac(I08 tolte wsedband obj ects in turn.
In the present eggﬁr&e'te‘\? thegrmt?l es havg no (aiffe)ct on the WAN obj ect 500, nor
on the LAN gbj ecThe 108 i, ded€@msines ¢the amoumt v me¢meryithavvill beiguined) ip
speci fi ed. However, the 6 nanely synbol objects, diagramobjects and
text qlgj ects. fHeeomten. | | be discussed in nore detail below |n operation,

t he user designs the netwrk by selecting.and, I pul at i. i cons _on.a
comput er sciStem?2 cAnROths determingdnt SEFIPO&A‘P H?Flg%ﬁ? %Wlﬁﬁy\/ﬁi‘?}’c TEuIres; 1o
user has sel ected, gl acgddand connected icons representing a generic WAN
400, a genefieP 4 BLPeACHES%and three generic LANs 404, 406, 408. Standard

By selecting for example the general WAN symbol 400, the user may

wish to specify that the service used is to be SMDS, with a bandwidth of 448.

15 The entered attributes are displayed on screen as a separate text object 510, as
shown in Figure 3, and the generic WAN icon 400 changes to a specified WAN
icon 500. Likewise, the user may wish to specify details of the LANSs to which
the WAN is to be connected; the attributes are shown on screen, as indicated in
Figure 3, and the LAN icons change to the square boxes 504,506,508.

20 It then remains for the generic router 402 to be determined. Although
this may be done manually if desired, the preferred method is to make use of the
rule engine to calculate the router attributes dynamically. In operation, the user
operates the rule engine by pressing a “GO” button on a toolbar. The rule
engine then parses the diagram 410 and applies the appropriate rules from the

25 knowledge base to each of the symbol objects in turn. In the present example,
the rules have no affect on the WAN object 500, nor on the LAN objects
504,506,508 since they have already been adequately specified. However, the



drawi ng tools may be provided to allow the user easily to select the
various icons, place themon the screen, and |link themtogether. Each of
t he i ndiywob®eabest ens thus chosen is represented internal |l pch)cpdgdfdes *
separate synbol object. The attributesgf each synmbol object specify
exactly what is being represented, the icon or "netafile"” that is to be .
di spl ayed on thﬁ: screepn, ;and the connections (i)o ot her synbol objects. The
entire di aghamelyifymbol objesisndiagram; abicsis gndytext @biggtam obhesst willi be:
contains w thin it .each @f tg‘?e] li ndi vi dual synbol objects. 15

Dependi ng uﬂﬁﬁ“ﬁsﬁglggbqff? stat P10%veral different object files 302 may be
used, each repre s hWid: ! h.J ! e lLihrar

m ght be sui Chb AP pbtatiss, g%i‘%‘g"dgé%ﬁ‘é%% 5%‘?‘.’328 bé)ngeé%%é %‘?“m H@E\%‘ﬁﬁ&"g\nh
anot her | i biceny oatd e8mplter sérékhablae ! ist SHoRwy 3
synbol s have been posimned, gndht?\ig%]g%g 0 &rlosf then %F%g?égggggm
net wor B spethief ised hay seleeted, placedpndpeoraieetdd itbsis répresetfiitig 4 pefee W ANt O
the next stage which is to specify sone required details for the network.
The user si ﬁ&),ya sgsnenic sroutesy4id landnthree egemerio L AMse4684,406,408pr oStarrdaed
information for, that synbagl; this sets the attributes for that synbol

obj ect. ThedEaydngfoplscimayibsepravideddo rallowdhe asereasilibte selechsbe various

tt hed to. 25 bj ts: 1. Th t attributes, which
def i nabl e bIOTNRIBFE {hF B8 {16 screemhatd ik HEmitageRIET, he conf i guration
) 8 | € :1 t is 2 Jqok, at th
Pregﬁff Zd con ne(r:'ltJ 4|E§(|§i} 9 ??ﬂ(])é oﬁ?[ﬁlérﬁiutggjﬂéegfss Eh%nﬁ{o[sﬁgilg %éﬁég?%ﬁ 35?3%{’%{11‘1 S’(Ye? m ne

exact iy wWhi gdhapid 1% T, ' ' : ' to
exact g W sdpa bl OB | TRACHIUENBF RN RPRIDY oMtk BEITEBEAY

cor r espondswhat ishbéing lrepreséried] ther RoR or'rhétafil® fhat is td Bétd%plaf&ﬂpﬂgﬁé ng
changed to indicate a specific router 502. Text next to the’icon iIndicates
that the rosereen,sindithe copnectionsco othéiCsymbisl objdhs. Fime entiref didgraani4g0rigndom

access nenory is also specified, along with the necessary
répresented internally by a diagram object which contains within it each of the

individual symbol objects.

15 Depending upon the application, several different object files 302 may be
used, each representative of a different “symbol library”. One library might be
suitable for designing and configuring one type of network, with another library
being more suitable for another type.

Once the generic symbols have been positioned, and the topology of the

20 proposed network specified by means of appropriate links, the user then goes
onto the next stage which is to specify some required details for the network.
The user simply selects a symbol on screen and enters the appropriate
information for that symbol; this sets the attributes for that symbol object.

The system prescribes two main types of attributes that are attached to

25 objects:

I. The permanent attributes, which are user definable but which typically do

not change during the configuration process.



cards, cables and other necessary attachnments. Having now described a
particul ar exanple, further details wll now be 10 provi ded of the

confi gur atoogs/qozescess itself, in other words the process bypcHdsysdoids -
objects within the current diagramare @&nam cally updated. The
configuration process uses the rule engine 306 (Figure 8) which operates by

rul es which are defj.n q vm":)tgin t he know 8 el-b se |library file 208. Each
symbol obj ecf“!ﬁﬁfpﬂhﬁg’ & 48 JOF JOBIFT\PRIRCY g g §8§ 3t theregyired exonhgctivityaoi ons
15 to b ' | L vid i t t bj,ect s, dth
condi 1 ons. oPURT YT A e B ek, el Rl mokeofrouien 11
(opt1 on * supand BERPATELTpdes, Sill BeSielBirdd 10 ity g cobitrtnes Gk TRe rifes”
(connect ed- t Ravé b&aﬂ?gpug; the( diaprdri GoRREpEAAS £ tHa' g?&\}/ﬁ)in(ﬁggm't 3;?2‘5,@ Vs'ﬁabC" )

(ensure 'parts "xyz" The condition o eru &t her
the supfl i er rayter iwoni lavitig charged tohindidate agpetific foute®02.. Tkt ﬁé)&%ttﬁét S
whet her the synbol is connected to a token ring synbol but not connected to
| SDN. | f theicosnimdicates thet theyrouter should|bena Giseo 4000amoelnerTle afoufie of

condition ar trug} then the current symbol wil]_ have an 'abc' conponent
added to t hedpBam W{aoﬂb@{:%e,ssamnmrxolSaﬂSf)@smﬁed,sal@@grpmbnheamatestary it

d t al t aj " The_rul e 306 is based " agenda”
o Ti o of 1 ERN. Gl RS nekdSsol afia R Bons st o of the name of the
le, foll db L ion. for.examl e. the follown
Ful ¢ ensures ¢ hat v b odfél 8 SRAGME Rmpld rEbRT Refayis will Bowbe t ha
has a wddget prdvigeddf e tonfighionroeted ifRYE it ot 963ral the'ldces B SHIAT™

Ensure Wdget Conpatibility
the objects within the current diagram are dynamically updated.

The configuration process uses the rule engine 306 (Figure 8) which
operates by rules which are defined within the knowledge-base library file 208.
Each symbol object may have associated with it a set of rules specifying actions
15 to be taken depending on its connectivity with other objects, and the conditions
of attributes of the object itself or of the objects to which it is connected.
An example of a rule is as follows:-

(rule “rulename” (and (option ‘supplier’ Cisco)
(option ‘site’ small) '
20 (connected-to “token ring™)
(not (connected-to “isdn™)))
(add ‘parts “abc™)
(ensure ‘parts “xyz”))

25 The condition of the rule tests whether the supplier option is Cisco and
the site option is small. It also tests whether the symbol is connected to a
token ring symbol but not connected to ISDN. If the condition is true (i.e. all
of the sub components of the condition are true) then the current symbol will

have an ‘abc’ component added to the parts attribute, and also an ‘xyz’



Condi tion: Connected to object having "w dget" attribute Conclusion: Set

"w dget" attribute for current object. 10 The rul e engi ne operates
by nmaki WP #7266 ti al pass across the current diagram vi SSCVEEUER obj ect

inturn. Each rule for that object is hen tested to determ ne whether the
condition value is true. |If the condition returns true, then the rule is’

t d t iy > i i t dified at thi

Ciree . once PO Ahed it i b nie Arcad VortlBHR™ L2 "0he U5 i agram

fully parsed, thergdlglecaggine 306 56 Dased tdapaﬂ%;eﬁag%rém &Pgmkg%% of
a. Each of the

the first stage, the rul e &ngine processes the agen

condi ti ons proeedsed! eEath ralerconsizto of themwame nflths huls, follaWwar By acsbnditforgNSur e
that a previously fired rule on the agenda has not i1nvalidated the current
rule. |f thd esadnclusion;hdor sxamplenthecfobliomdng rule, enshres theat if dhelcusieans of
the rule 20 , are processed. The processing of the conclusions mai_/. alter
the atlri budbiscias copaeeted §o amobigct that hasiacwidast, the current ebjeet shoudd have

di spl ayed to t,He user .on screen. As will have been evident from Figure 3,
the process? WICSHAS Witngst ot her things, alter the text objects, thereby

|1 ] th 3 v t A h h d. The i
et ot 1 os eed” cBulshaifie, BAREE Widbalcotifagty™ Do Clenged. The T opns of
agenda has been éu}aauiog.]oe%aﬁe&edw%bj;éscgﬁafs%i‘wagécmﬁ%ﬂ'&@ more, and the

process i s repeate the second p t her anges 1n 10

attributes may beofietdSiond et tiddgetiponibtbafiturieAtbbjeef.e made in the
previ ous pass. The process continues, with repeated passes, until the

di agr Bdn becones Fhahtile ehgineaypqretesals raking|anf idititlo pads acrossttke havrehhe
system operates by neans 5 .of a worked, generic, exanple. Reference
shoul d be ndidgram, Fsyingeach ebjeqt injmreh Eadhmie forethstoljent isshengestedts of a
di agr am show ng howwiih% atjributes of ﬁ{t he, di agram qbj ects .change as the
rules are aggiematme whetherithe gondition yaluesisfwe-i nliFthgueendition gBIras druss five

interli nkedm%%n&rei fuld b:jseé;&)?e'd ofi° eecgigé/nedayfocrahlt&% use. The diagram is not
modified at this time. Once all of the objects have been visited, and .the

15 diagram fully parsed, the rule engine passes to the next stage.
On completion of the first stage, the rule engine processes the agenda.
Each of the conditions are tested in turn before the conclusion is processed, to
ensure that a previously fired rule on the agenda has not invalidated the current
rule. If the result of the condition remains true, then the conclusions of the rule
20 are processed. The processing of the conclusions may alter the attributes -of the
diagram objects which may in turn alter what is displayed to the user on screen.
As will have be_en evident from Figure 3, the processing may, amongst other
things, alter the text objects, thereby allowing the user to see exactly what the
system has changed. The icons or metafiles used to display the objects may

25 also change.

Once the agenda has been fully processed, the diagram is parsed once

more, and the process is repeated. On the second pass, further changes in



P,QR S and T. The object R starts off with the attribute A. No attributes
are 10 initially set for any of the other objects. The three rules that

will be gppbépded 0 this diagramare as follows: 1.  Rule : le 1 .
Condi tion: Connected to A Concl usion: Iirasure B. 15 2. ﬁ%?%@?é Rul e
2 Condition: Connected to B Conclusion:"Ensure C and add B. 3. Rul e

Nanme: Rule 3 Condition: Connected to D and current object has attribute A

20 GQoributesimay bédthd¥, ddpendent epen ¢hawgdstthad weldimRdd ﬁ.wg é\qgf,g 4,
and visiting each of the objects in turn to determ ne which of the rule
condi tions apass.r iEhe prosesmegntiniiesy with repeetedtpashéss untihdee diagramh dedomadd
its condition is true for the objects P,Q S 25 and T. The agenda is

t herefore crééﬁbi%j as follows: 1. bjectP: Rule 1 2. Obhject Q Rule 3

Sequent i al Ly, obj AEERyPeERARS A BB fodtrate hiosy Sikesiagp opoatssthy meam ¢ 1
et for Seach Bt MROKES gitete. Benlplel  RéfSrents sBBYR) be mitle g Flgutsi 4 1@ flon
Fapeat od. For En Tt drafe e dibntiab vERAHCoPa REMECRAC Rrind 0, B BERNRER b7
W11 Be seen that o ace the obrsct R ra gpr BPESdE T jARis) Sjemedt Sotm |
attribute B, iRFfigue detconsists af tfiveh imteslinkesh geftrioobjects, respectively called
P,Q,R,S and T. The object R starts off with the attribute A. No attributes are
10 initially set for any of the other objects.
The three rules that will be applied to this diagram are as follows:
1. Rule name: Rule 1
Condition: Connected to A
| Conclusion: Ensure B.
15 2. Rule Name: Rule 2
Condition: Connected to B
Conclusion: Ensure C and add B.
3. Rule Name: Rule 3
Condition: Connected to D and current object has attribute A
20 Conclusion: Add X.

The rule engine starts by parsing Figure 4, and visiting each of the
objects in turn to determine which of the rule conditions are true. The only
relevant rule at this stage is rule 1, and its condition is true for the objects P,Q,S

25 and T. The agenda is therefore created as follows:

I. ObjectP: Rulel

2. ObjectQ: Rule3



that object. Likew se, the sane rule sets the attributes C and D for
objects .S and T, since both are connected to an object having the attribute
B. No ot MQ984R&s are rel evant at this stage, and the di adtCIGRWPM ngl vy
now changes to that shown in Figure 6. 15 . On a parsing of Figure
6, the rule engine determnes that the only applicable rule is rule 3,

whi ch applies to 9bj g% ROS Si cp ihat object is connected to an obj ect

havi ng an attribute D ISR si ncBt has itself an attribute A, then a new
attribute X needs4to@®e@pﬁed.R final result is shown in Figure 7. 20
Under sone circunstancés, 1t may be possible for the know edge base to
define a rule set i Sfw | (o) ; ' op. This
coul d happen, forT}ggaagglluga?gif atngcr%?gudsaf?r?ggﬂglrll%’e%@g%&ﬁah%?’ﬁgh{Agagh%éﬁy'

obj ect, wi t hnilse TiexapplivationbfRyileg toteablnok tRosbjcts FIEES aﬁﬂ"lf#ésﬁf? i B be
dealt with either by changing the rules thensel ves by neans of the rule

edi tor 308 (#itbute Bpeingrsepfor each aff thossatbjects, \asiisshewr ih Figure 5 0 Figurets
resolution strategy. The preferred conflict resolution strategy is to allow
the user to isplenfrg-passed: Bietheunde eaginento engatech newgagendanand the process is
processed. The user-sel ectab) e 12 ootioPs are as follows: 1. Process

J
al | of the i¥ehealegn iRy siAligHy; the,paising ef the, diggram pod ¢he Treationsof the
default opti §§e_nd§'will @&gg@@_{)@%é&%& he itens on the agenda in a single

"reverse" pa “first itemon the agenda only, and

di scard the renai ind l:agky | . and
di scard the remai ﬁgg&m%sﬂllensﬁ% ﬁ??ﬁ%ﬁrgﬁ \A/c‘)‘ag’?“t%?%??gg‘gg?‘gg?ﬁg%ﬁﬁ%ﬁ’% o]
means tbhat npeEndRBRSRSoBjetisIIRNing afriBefeoBERUNE2 HeAINRMMSGARET std@ D §or THE
di scarding of nost of the rules in the agenda does not of course
necessarily thmamwbjechat Likevese, rthe same fule $€ts the netydutdsi CeandSDR objdcts S

sufficiently inportant rule which was discarded in one pass is very likely
to continue aed leappediothare gonreniethto paobisst baving the attribuae B.halNotdther

rules are relevant at this stage, and the diagram accordingly now changes to that

shown in Figure 6.

15 On a parsing of Figure 6, the rule engine determines that the only
applicable rule is rule 3, which applies to object R.  Since that object is
connected to an object having an attribute D, and since it has itself an attribute
A, then a new attribute X needs to be added. The final result is shown in
Figure 7.

20 Under some circumstances, it may be possible for the knowledge base to
define a rule set which causes the rule engine to get stuck in a loop. This could
happen, for example, if a conclusion changed an attribute of an object, with the
next pass changing it back again. These conflicts can be dealt with either by
changing the rules themselves by means of the rule editor 308 (Figure 8), or

25 alternatively implementing a conflict resolution strétegy.

The preferred conflict resolution strategy is to allow the user to specify

how the rules on the current agenda are to be processed. The user-selectable



opportunity to be processed. The systemin addition keeps a record of all
of the rules that have fired for each of the individual objects. To prevent

| 00pPi NQ pysd ents any rule from 15 firing twice for obj ect ..
Turni ng%%\%\?/?’ggﬁ\éi gure 9, it wll be shqw how t he object Pr%'gé?&?“g&%’apabl e
of dealing with the design of a networ¥ at various different |evels. At the
upper level, the nodel may represent a WAN. This nmay be displayed on screen
as a plural éﬁtyo(gfarelay;?d;m;@ws;si tes 600 connected by physical circuits 602. 20
Both the sites and the circuits may represent individual objects within the
model . Al bf tHRmeessylbof thedtems ontlm agmhdaiin i single WedrvwelirdO pags, offhact 604.
By clicking on one of the individual site objects 601, the user may "drill

down" to displ ayisdhedefanli optioBen whi ch shows the LAN contained within that

site object The LAN npdel i.ncl udes synbol .objects 603,604,606, of the
type 25 Hre °8$55%89§@’& 1{6TR$, 0p the-Rgenda in @ single ‘severseiprss. Al |l are

2%2? a | _eitk {91 pur 2Rk i T i e o0 nRq uiees Eﬁgﬁﬁhlvrﬁi-aéi %EE; or
obj oct 603 T 1 oL aeiest e SR ALch ARy S5 SRl PR fgba T [ s
WEH the core ol UgiMgihe it o OFaheihte s TENKERI el i Hife WA ChADT 2

604 may if desired be supplied 5 external ly“fr nodul e
12 (Figure fequiretl befyref the diagravh coecemesypbled Fheadisoarding offmédicofigri gner

nodul e 10, or alternatively it may be supplied via an exterior database
(not shown)rulghin thy agqndwﬁms net of eswsse negessatilydimedns thaththote syles will
progranmm ng | anguage. The current inplenentation runs using Allegro Conmon
Lisp #8r 1oneverfiraqungs Y&t shigicientlyimporiant rale whickwasdiscrgdedineons passt a
Funct  on st Vi HRD o FeniBlE 1 PEarit on JubetBFt PassSuitl At Lohbapil or 1 oc
embodi ment - BLONHEHRE o protkssed.
The system in addition keeps a record of all of the rules that have fired
for each of the individual objects. To prevent looping, it prevents any rule from
15 firing twice for the same object.
Turning now to Figure 9, it will be shown how the object model is
capable of dealing with the design of a network at various different levels. At
the upper level, the model may represent a WAN, This may be displayed on
screen as a plurality of physical sites 600 connected by physical circuits 602.
20 Both the sites and the circuits may represent individual objects w.ithin the
model. All of these objects are contained within a WAN diagram object 604.
By clicking on one of the individual site objects 601, the user may “drill down”
to display a second screen which shows the LAN contained within that site
object. The LAN model includes symbol objects 603,604,606, of the type
25 already discussed with reference to Figures 2 and 3. All are contained within a

LAN diagram object 608.

The objects themselves either contain attributes which define the linkages



with an extensive list of additional functions, as follows: 14
Configurator Function Summary di splay-value attribute attribute...

show at t widusis@2¢sanes cal |l ' code- bl ock’ PCT/GB98/01093
add-value attribute value [quantity] [iI®tance] renove-value attribute
val ue [quantity] get-value attribute [instance] ensure-val ue

attribute val ue instange set - val ue %III’I but e vaI ue, [i nstance]
i ncr ement - vabgevesn; thesliagrams s py these linkages are stored inja separatn databags. For

ask- uger 1 o Syimblss Uk ipiB opiset SR IR ChAN M bhude anateibyee whieh shapse
pairs] - COMISERLANRih IS ¥BRYiRked02 ineowsague pairs] equal -to

attri bute val of attribute val ue

occurrences-of at tﬁfs' RehBoné &¥ove, the WAN diagram 604 ﬁfa?roif difsired Ye dupplied
i ntersect-of |ist ween-val ues ['ow hi gh

val ue condit 'e&fbrﬂﬂlylﬁ'om the configurator module 12 (Figure 1). It nmynforaixamiple be
attribute set-synbol -ref nanme

stri ng- t o- nuisoppliediasamontput -af thet designenumodule 10, or alternatively it may be
nmsgbox nessage get-option attribute [di agra
get-attri but @pph@dﬂﬁe@t%em ndatabase{net qlﬂ}\’r;b attribute

attribute

\C,QFEE] f grel gg? g!s;n endh&ct del is preferably embodied #e'neY 15?)' fmggrammm

sel ect -1 i ne-thi ckness .| I
sel ect-1line- sl %dﬁﬁ%rlr%alaﬁggﬁc aélr?g rgll}rsr‘%asﬁ% l%fgl nedmmon Lisp for
di spl ayyal Uemﬁ&dwéjvfe o330, Slppl ¥ PP lnd. herﬁ@ﬁs“d bF @daddiidgeniticsason

t he di agram showattr ut e- nane the attribute nanmes on the di agram

cal | code- bl qcip Galldws fife eeedulliaedessadahblentile tiafguage functidtesetode theetieon
of the library. add val ue attribute value [quanti tyL LI nstance] Add the
o

val ue to the alipsi30DBdHigure Bl)buheadﬁltmn,ethsmrbfdrreqbem yncntrmewdes the user

with an extensive list of additional functions, as follows:




quantity is omtted it defaults to 1. Creates and appends to lists. The

function makes t
renove-
attribu
If omtted, al

The function nakes the attribute in to a |ist

RO

he attribute in to a list

synbol quantity times. Th
occurrences of value Wl

If it is not one already.
e quantity attribute I's opt
be renoved. Renoves fromli

ifoit

15

ri bute value [quantity] Renove the val ue ;EQ@ﬁ@Q@mgpecified

i onal .
sts. .

IS not one al ready.

get-value attribute instance Returns the value of the specified attribute

of the instance.
assuned to be t

ensure-val ue att
attri bute of thdg

The instance part is opti

onal and, if not specified,

S

attribute values of any form

the value to the specified

i nst ance onl if it is nd

g
I

t there already. Thne TTIst
showatiihweamesy he fhe current

ce

part is optional-25pyale pribsgptrilulse i fied |

synbol . set - val Ugypdlehbdut € val ue instancs
the instance to [be varue. The rnstance parit
speci fied, is aqsumyecslve grilye vduaiquagisd r ent SV

a list a string,
val ue of the att
[ val ue] Decrenen

“ﬁig'gluetagsmes V%l?eﬁc}uin{ltﬁ ﬂgﬂat stl ribut
UptTOtTen ; L

ndaoliu aviaheRueagn be any forr

e of

n(i.e.

a nunberz i ncrenent - val u€g
enspre-yalue value ;

tinchemb@h-vM@ bedifue @l N€ At tri bu

attribute [value] Tncremer
o Sal ue attri

t the
but e

td@t':ren%l-\:lm; a%butt.sMRHl I ed val ue.

clear-value attributes instance

ask-user-for-values attributes

connected-to symbol-name [attribute-value pairs]

connections-to symbols [attribute-value pairs)

equal-to attribute value

member-of attribute value

occurrences-of attribute value

union-of fist list

intersect-of list list

betwezn-values low high value

condition-value

sum-values attribute

set-symbol-ref name

string-to-number string

nuraber-to-string number

msgbox message

get-option attribute [diagram]

get-attributes-from-nested-diagrams attribute attribute

check-for-dangling-end-points

get-symbols {attribute value)

select-symbol instance

select-line-thickness

select-line-colour

select-line-style

The additional functions currently defined are :-

display-value attributes
Display the value of the specifi

show-attribute-names

ed attributes on the diagram.

Shows the attribute names on the diagram.

call code-block

Call the specified code-block defined in the code section of the library.

add-value artribute value [quantity] [instance]

Add the value to the specified attribute of the symbol quantity times. If
quantity is omitted it defaults to 1.

Creates and appends to lists. The function makes the attribute in to a list if it

is not one already.



clear-value attributes instance C ear the values of the specified
attributes of the instance. The instance part is optional and, if not

speci f i aylp ot/87286sumed to be the current symbol. ask- user - PEF/GRaP/0IIE3
attributes Provides a dial og box enqgling the user to input values for the
specified attributes. connected-to synbol-name (attribute-val ue pairs) '
Returns a list of all the synbols with the specified nanme that the synbol

i s connected to. SUBSTI TUTE SHEET ( RULE 26) 16 I f the optional
attribute-value pairs are included then the function will return a list of

al | the syndaglove-9hlut berifunewiifeifgebniinge, containing attributes of the
specified values, that the §ynbol I's_connected to. is also possible to
P

| t
use a function ikemaye Reaplye F‘é*"d’_.P‘%i.ﬁg‘.‘ atapute ofdhe symbolapantisy times. connect ed t o
2, Syrool call ed oAkt v SEGHR, Mo SUDS onlfedeoBRATLSHARST D2 O

equal to 4M the 4dOW| ng code coul d be used: (connect-ed- N' 'service
"SMOS" ' nspeed '?> ="24000000)) connections-to list-of-synbols’

(attri but e- val ueRgnoves fromllistsEhe fierceios miakest the aqritapdn to adist i ftis dd1te connecti on
obj ects between gpendh@iddy. E. g. (connections-to (connected-to "WAN' 'service
"SMOS") 'bandwidth ' (> = 1024) WII| return a list of all SMOS wans t hat
have connecs$toiMueATipledisiafeat er. equal -to attribute value Is the

attribute set to glafifnsiREGaldeiofthe $Rdciifed attribute of the instance.

The instance part is optional and. if not specified, is assumed to be the
current symbol.

Returns attribute values of any form.
ensure-value auribute value instance

. Add the value to the specified atiribute of the instance only if it is not there
already.

The instance part is optional and, if not specified, is assumed to be the current
symbol.

set-value atrribute value instance
Set the specified atribute of the instance to be value.

The instance part is optional and. if not specified, is assumed to be the
current symbol.

Value can be any form (i.e. a list. 2 string, a number)
increment-value antribute [value]
Iocrement the value of the anribute by 1, or supplied value.
decrem,ent-value arrribute (value]
Decrement the value of the atribute by 1, or supplied value.
clear-value arrridutes instance
Clear the values of the specified attributes of the instance.

The instance pant is optional and, if not specified, is assumed to be the current
symbol.
ask-user-for-values auributes

Provides a dialog box enabling the user to input values for the specified
attributes. :

coanected-to :ymbol-ﬁébe (attribute-value pairs)

Returns a list of all the symbols with the specified name that the symbol is
connected to.

SUBSTITUTE SHEET (RULE 26)



Wrks on single values such as strings or nunbers. nmenber-of attribute
val ue Does the attribute contain the specified value? Wrks on lists only.

occurren tribute val ue How many occurrences of th L yal ue
are thergﬂ??ﬁ%’ﬁg& attribute? Wrks on lists only. e.g. %@2@%@%@% of
"parts "abc") This will return a count gf the nunber of "abc" itens in the
parts attribute union-of list list... ﬂ%turns alist of all the itens '
contained within argunents. The argunments nust be lists. e.g. (uni on- of
'(1 234 '(5364)) is (1234536 4) intersect-of list list...
Returns a | i stifeie dpkienal awritwtet Yadue paireare privded thenrthes Binctidn will et ar gunent s.
The argunents alistiof kibthe syhitsols of thé speeifig).name, containkygaatibuted of thd 2 3 4) ' (5 3 6

4)) is (3 4) bgleviiedivalits tRst theodyniboDid connderd 18068 alsd Bosile @ wecF Ur  bet ween | ow
and hi gh incl Ugj ¥t i6 il value fitlact ween-val ues 4 8 6) is true (between-val ues
4 8 8) is true (‘between-val ues 4 8 41 is true (between-values 4 8 3) is

fal se (betweenegaladisd if agysboliiscdnatated Wwvnaribol aHed 2WANBvith aiat es t he
condi ti on part sabiceof“SMDS Rhd 8 speed greettathanideequal toatM,ahefdlioedngr et ur ns a val ue
that i s neededcédercould®e usedi he consequence.

{connactad-t0 *"WAN" 'servics “SMDS® ‘nipeed (> » 40000Q00))
connections-to list-of-symbols (attribute-value pairs)

allows access to the properties for the connection objects between symbols.
E.g

[cannections-10
lconrected-to "WAN" “service ‘SMOS°)
"bandwidth (> = 1024}
}
Will return & list of alt SMES wans that have connections of 1M or greater.
equal-to arrribute value
Is the attribute set to the specified value?
Works on single values such as strings or numbers.
member-of arribute value
Does the arribute contain the specified value?
Works on lisss only.
occurrences-of arribuse value
How m,an)' occurrences of the specified value are there in the attribute?
Works on lists only.
e.g. ({occurreaces-of “part “abe™) .
This will retumn 3 count of the number of “abc”™ items in the parts attribute
union-of list list...
Returns a list of all the items contained within arguments.
The arguments must be lists.
e.g. {onion-of (1239 (3364 8 (12345369
intersect-of lisz list...
Returns 2 list of the items that are common across all of the arguments.
The arguments must be lists.

SUBSTITUTE SHEET (RULE 26)



e.g. If the rule was to fire when the synbol was connected to ethernet of
type 10- Base-T, the condition would be: (connected-to-wi th "ethernet”
'type 'WooBames T") If this condition is true, it may th\é\%cygﬁé@w;'ed to
add a patch cord for each 10-Base-T connection. This could be done by .
repeating the condition within the conclusion as follows: (add-value 'parts
"Patch Cord" (length (connected-to-with "ethernet" 'type "10- Base-T"))) An
easier way is to use conditi on-vel ue as foll ows: (add-val ue 'parts "Patch
Cord" (length (condition-value))) sumvalues attribute Provi des a nmechani sm
to accunul ate all values of a particular attribute across a di agram

i ndependent of egnneosidswd-dfy123D w3606t al ue 'total -w dgets (sumval ues
"widgets)) If a st\(vnbol lhgslog A ihs‘;talugf values, '(4 2 6) these will all be
summed to add t BERRETYHRE W HRIYAME o 15 T set-symbol -ref nane This

function provides a Deestie edluekdadbeddeh Yove filnggn@clutiee?r epresent ati on of the
synbol on the screen and al so swapping out the rule set being used. This
enabl e rul es to%Be p&etyeeT@rred 3fE1S8®8 vari ous synbol s rather than having a

singl e synbol containing glelwedfvahille & dilsOfse 18 If a router type is chosen
due to its connectivity then the actual configuration of ‘the router can be
encapsul ated i n the rul es feoreet-hmessiFeBISIIUS router type. i.e. (synbol (nane
router”) {between-values 4 B 3) is false
(between-values 4 8 9) is false
condition-value
Evaluates the condition part of a rule.

This is useful when the condition returns a value that is needed for use in the
consequence.

e.g.

If the rule was to fire when the symbol was connected to ethemnet of type 10-
Base-T, the condition would be:

{connected-to-with "ethernet” "type *10-8ase-T")

If this condition is true, it may then be required to add a patch cord for each
10-Base-T connection.

This could be done by repeating the condition within the conclusion as
follows:

{add-value ’parts “Patch Cord” {length {connected-to-with “ethernet” ‘type "10-
Base-T"}}}

An easier way is to use condition-value as follows:
{add-value ’parts “Patch Cord” {length {condition-value})}
sum-values arrribute

Provides a mechanism to accumulate all values of a particular attribute across
a diagram independent of connectivity.

i.e. {set-value ‘total-widgets {sumn-values ‘widgets))

If a symbol has a list of values, '(4 2 6) these will all be summed to add to the
total value, i.e. 12. '

set-symbol-ref name

This function provides a means of dynamically changing the representation of
the symbol on the screen and also swapping out the rule set being used. This
enable rules to be partitioned across various symbols rather than having a
single symbol containing all of the rules.



(metafile "router.wnf") (protocol (one-of ip ipx)) (rules ( (rule

"Et hernetRouter” ( = 1 (length (connected-to "ethetnet"))) (set-synbol-ref
" Et her né ")) (rule "TokenRi ngRouter"” ( = 1 (length -d{o

"t oken %’ﬁglgg/)ﬁ E(set-syrrbol -ref "Token Ring Router™)) Thepéﬁﬁggﬁ%%e

sel ect which type of router is approprigie. If it is attached to a single.
ethernet LAN then the "Ethernet Router"” Is selected or for a single token
ring the "Token Ring Router"” is selected (no checking is provided in this
case for any (%t her valid or invalid connectivity). i.e. (symbol (name

"Et her net Roulf @Fouter@msisghpiea dugtorits copnectiriy then the aatead eanfigemieno i p i px))
(rules ( (rulef the Ppteneanbe emapsulaed| ia therelgs for thespecificoputettype.i p) (set '10S ' I P
stack for Ethgrnet Router')) (rule "IPXEternetProtocols" (equal-to

" protocol ip)Zi' (set "I10S "IPX stack for Ethernet Router™)) A simlar
definition appjmees to the Token Ring Router synbol thereby splitting
functionality across three different synbols. The synbol keeps a reference
to the type of ™nB¥*that was initially placed however and can therefore
return the synpQlimd Soudewmt9ri ginal formduring the first pass of the

configuration process. 19 string-to-nunber string Converts a string of
t he form " 256kiapwee keeoBRO0V0. The only supported
{rutes {

{rule “EthernetRouter” {= 1 (length connected-to *etherner®)))
[set-symbolsef “Ethernet Router”})
{rule “TokenRingRouter® [= 1 (langth {connected-to *token ring”)))
{set-symbol-ref “Token Ring Router”))
3]

The rules above select which type of router is appropriate. If it is attached t0 2
single ethernet LAN then the “Ethemnet Router™ is selected or for a single
token ring the “Token Ring Router™ is selected (no checking is provided in
this case for any other valid or invalid connectivity).

i.e.
{symbal
{name “E:hernet Router”}
(metafile *e-router.wm!®)
tprotocal (one-of ip ipx))
{rules ¢
rule “1PEthematProtocols” (squal-to “protocol ‘ip)
{sat ‘I0S “IP stack tor Ethernet Raatter™))
{nde IPXEthernetPrutocols” (equal-to ‘protocel px)
{sat 70S PX stack for Ethernet Rauter™))
)]

A similar definition applies to the Token Ring Router symbol thereby

splitting functionality across three different symbols. The symbol keeps 2
reference to the type of symbol that was initialty placed however and can
therefore return the symbol to its original form during the first pass of the

configuration process.

SUBSTITUTE SHEET (RULE 26)



conversions in Al pha2 are "k" and "M'. nunber-to-string nunber Converts
nunber to a string. nsgbox nessage Displays a dialog bo reen
cont ai wongs/dmeesage. This is useful to include in rule cé’r@ﬁé%éﬁf or
debugging. e.g. (msgbox (get-value 'router)) could be used to display the
value of the router attribute of the synbol at a particular instance during
configuration or (nmsgbox "Synbol changed to C7000") could be-used to

i ndicate that a particul ar conclﬁfion has been eval uated. get-option
attribute [diagram] Returns the Vvalue of the specified option.

get-attributes-fromnested-diagrans attribute attribute... Is useful to use
in the preconfigure block to bring attribute values froma |ower |evel
| i nked di agr am upsttiBe-theumbarsging [evel . i.e. (preconfigure

(get-attributes-from - di-agr nw) niey I
check- f or - dangl i ng-en@éﬁgﬁi loﬁfﬁﬁlﬂ’%ﬁﬁ 3 ?on'st@k(geb?po LR APRPSIFL bl ock
to check the diagram for any connecti ons at"ldua fmay have unconnected end

poi nts. del et e- danghbergo-stiihgpoinbérs as above but del et ei ng unconnected |ines
wi t hout asking. get-synpbol s [u%tri bute value] returns a list of all synbols
with the specified attYIBUESFRFUR2SEI™s. sel ect-Synbol instance sel ects
the specified synﬁ,géboxqggyagg grab handles to it for highlighting.

sel ect-1ine-thickness Changes the displayed wi dth of a connection.

sel ect-1ine-col our ChaPigelaystaisdaley kx| ogyteasscregn centaiping messsghect i on.

This is useful to include in rule conclusions for debugging.

€.8. Imsgbox (get-value ‘router))

could be used to display the value of the router attribute of the symbol at a
particular instance during configuration or

{msgbox "Symbol changed to C7000"}

could be used to indicate that a particular conclusion has been evaluated.
get-option attribute [diagram]

Returns the value of the specified option.
get-attributes-from-nested-diagrams attribute attribute...

Is useful to use in the preconfigure block to bring attribute values from a
lower level linked diagram up to the current level.

i.e. {preconfigure

{get-attributes-from-nested-diagrams ‘widgets ‘terminals)

check-for-dangling-end-points

Is useful to use in the'postconﬁgure block to check the diagram for any
connections that may have unconnected end points.

delete-dangling-end-points

as above but deleteing unconnected lines without asking.
get-symbols [attribute value]

returns a list of all symbols with the specified attribute value pairs.
select-symbol instance

selects the specified symbol, adding grab handles to it for highlighting.
select-line-thickness

Changes the displayed width of a connection.
select-line-colour

Changes the displayed colour of a connection.



20 select-line-style Changes the displayed style of a connection. My be
:dot :dash or :solid. Sone useful Lisp progranm ng | anguage functions are: -
Note: in Lisp ternms, nil is FALSE and t, or any non-nil pafisesbod RUE.
Conf i guWe98M726fy al so use yes and no for true and fal se respectively.

| engt h sequence Returns the length of the sequence. e.g. To count the
nunmber of connections the synbol has to another synbol called "ethernet":
(length (connected-to "ethernet")) setq nane value Sets nane to be equal to
value. e.g. To set a variable called count to be equal to the nunber of
connections the symbol has to a#fther synbol called "ethernet": (setq count
(length (connected-to "ethernet"))) =nunbers Returns.true if all nunbers
are equal. e.g. To see if a synbol has 3 connections to another symbol

cal | ed "et her netsélect{linedtyld engt h (connected-to "ethernet"))) /= nunbers

Returns true if all nber re different (/= Jerr ot, equal ) _>. nunber 1
nunber 2 Returns true "gﬁﬁ%ﬁglrsg‘a#sdfs&ﬁ &3 %?L’(“Pﬁcé "hb(}%%gerf‘.’t %’sﬁﬁ%‘ﬂ%‘f nunber 2
Returns true if nunberl is |ess than nunber2. >= nunberl nunber2 Returns

true if number 1 is greater than or, equal to nupber2. <= nunberl nunber?2
Returns true if SpmpisptulLisp programming lagguags functiogs attroer 2. .

Note: in Lisp terms, nil is FALSE and t, or any non-nil value, is TRUE.
Configurator may also use yes and no for true and false respectively.

length sequence

Returns the length of the sequence.

e.g. To count the number of connections the symbol has to another symbol
called “ethernet™:

llength [connected-to "ethernet”})
setq name value
Sets name to be equal to value.

e.g. To set a variable called count to be equal to the number of connections
the symbol has to another symbol called “ethernet™

{setg count {length (connected-to "ethernet”}})
= numbers
Returns true if all numbers are equal.
e.g. Tosee ifa symbol has 3 connections to another symbol called “ethernet™:
(= 3 {length {connected-to "ethernet™)})
/= numbers
Returns true if all numbers are different (/= — not equal)
> number! number2
Returns true if number! is greater than number2.
< numberl number2
Retumns true if numberl is less than number?2.
>= number! number2
Returns true if numberl is greater than or equal to number2.
<= number] number2
Returns true if numberl is less than or equal to number?2.
+ numbers
Returns the sum of numbers.
- numberl number?

Retumns the result of number! minus number2.



+ nunbers Returns the sum of nunbers. - nunberl nunber2 Returns the result
of nunberl m nus nunber 2. 21 * nunbers Returns the product of nunbers |
nunber lwiowstaezed Returns the result of nunmber 1 divided bFCHFRECHFhe
result may be a fractional nunber such a 13/3 which may be converted into a
deci mal nunber by using the 'float' function. i.e. (float (/13 3)) and
conditions Returns true if all conditions are true. e.g. To check that the
synbol has | connection to anotpger synbol called "ethernet"” and 2
connections to anot her synbol called "token ring": land (= 1 (length
(connected-to "ethernet")) (= 2 (length (connected-to "token ring"))) or
conditions Returns true if one of the conditions is true. e.g. To check
whet her a synbol %#«mbgrmected to another synbol called "ethernet" or one

called "token ring": (1%“{“(5%99'[%%&%?#‘9'{‘%&; hernet”) (connected-to "token
e

ring")) not condition urnsTtrue i e condition is false. e.g. To check
that a synbol is iainbedmambdéred to anot her synbol called "ethernet": (not

(connected-to "ether neli;t&rzls gx(e) lreisﬁltt oé Xuerlx;lier éi\ei\idlzcs §}t' %urgl];e(x?zr n

The result may be a fractional number such a 13/3 which méy be converted
into a decimal number by using the ‘float” function. i.e. (float (/ 13 3))

and conditions
Returns true if all conditions are true.

e.g. To check that the symbol has 1 connection to another symbol called
“ethernet” and 2 connections to another symbol called *“token ring™:

{and {= 1 {length {connected-to "ethernet"}}
{= 2 {length (connected-to "token ring”)})}
or conditions
Returns true if one of the conditions is true.

e.g. To check whether a symbol is connected to another symbol called
“ethernet” or one called “token ring™:

{or (connected-to “ethernet”)
{connected-to “token ring”)}
not condition
Returns true if the condition is false.

e.g. To check that a symbol is not connected to another symbol called
“ethernet™

3

(not (connécted-to ethernet”))

dolist (variable list) {form}

The first element of list is bound to variable and form is evaluated. Variable
is then bound to the second element of list and form is evaluated, This
process continues until all elements in list have been evaluated within form.

e.g.
{rule “test” (intersect-of
(connected-to “ethernet”)
{connected-to "token ring®})
(dolist {instance {condition-value))
(add-value 'eth/tr instance)

i



The first element of list is bound to variable and formis eval uated.
Variable is then bound to the second el enent of list and form IS

eval uat ed. Thi s process continues until all elenments in |ipgl

eval uat@’cﬁ’?ﬁ“f’?ﬁ n form e.g. (rule "test" (intersect-of (connect eé
"ethernet") (connected-to "token ring”)) (dolist (instance

(condition-value)) (add-value '"eth/tr instance) 22 The condition of this
rule returns a list of synbol s2hat are connected to both ethernet and
token ring. If such a list is returned, then the conclusion wll be

evaluated. This sinply iterates around the list returned by the condition
and adds each of the synbols in the list to an attribute called eth/tr.
cond (testform) Simlar to a 'case' statenent in other |anguages. |f test
is true then formis evaluated. The (test form partnerships can be nested.
This is best described by way of. an exanple rul e: (‘r ul e "ETHConnecti ons"
(connected-to "et her'ﬁhﬁc"j‘dm‘mﬁ%‘wsﬁé rEPRER Heof sypkolyibatasnerspeciad toboth( set g
count (length (condi ethemetand tokyn fing. dfieh ¢ [ist isrequyned thai) the ceclusipinivell be

' connections "4 or nevaijatedofhiesimplyriteratesairdumd e ls} rerdell- byatheiendisian asd
"connect or s" count))ac{c(seac(hmﬂmesﬁmbﬂsatthvaktueaﬁmmmilw\ahﬁﬁ connections to
et hernet") (add-val parts "connectors" count)) ((= count 2) (set-value
connections "2 (ﬁ?ﬁﬁZ‘G{ tf8M to ethernet")

Similar to a ‘case’ statement in other languages. If test is true then form is
evaluated. The (test form) partnerships can be nested. This is best described
by way of an example rule:

{rule "ETHConnections” {connected-to "ethernet”)
;; how may ethernets are we connectad to?
{setq count (length {condition-value)))
{cond [{> = count 4} 3
{set-value 'fconnections “4 or more, connections to ethernet”)
{add-value 'parts “connectars® count))
{{= count 3)
{set-value 'connections "3 connections to ethernet”)
{add-value 'parts "connectors” count))
{{= count 2)
(set-value 'connections "2 connections ta ethernet”)
{add-value *parts "connectors™ count}}
{{= count 1)
{set-value ‘connectigns "1 connection to ethernet”)
{add-value 'parts "connectors”)}
{t
{set-value 'connections "no connections to ethernet®))
) :;: end of cond
)} ;i end of rule

The condition of the rule checks to see if the symbol is connected to a symbol
called “ethernet”. On finding the condition to be true, the consequent part of
the rule will be evaluated. The first part of the consequent sets a variable
called count to be equal to the number of connections the symbol has to one
called “ethernet” (remember condition-value evaluates the condition part of
the rule). The second part of the consequent is a cond clause containing 5
possible outcomes.



(add-val ue parts connectors count)) ((= count 1) (set-value 'connections "1
connection to ethernet") (add-value 'parts "connectors")) (t (set-value

' connectw@Bg472866 connections to ethernet”)) ) ;;; end of pengBsieeNd Of
rule The condition of the rule checks 49 see if the synbol is connected to
a synbol called "ethernet". On finding the condition to be true, the
consequent part of the rule will be evaluated. The first part of the
consequent set s Eirsty cointds examined o see ibithis grgater or equaktodrdigy ifat is
connections the symbol has to one calleqd 'ethernet" (renenber

condi ti on- vhencam\afiripite callgd ‘coRaeetions’ pisr setoto (e or umere conpestionsntb par t

Fi ity codinemet u et el i AR ol s aftbutes an i1 11
Fi rst . Y PO &9 ,, |
o ethernet - andORREoie are PARRRRE A1 cond clfihe i béeR il enlaERESE' O

attri (b)?lt e e &B%ﬁé’Evilﬁﬁteﬁ%ﬁithE‘élh‘ilsefis axjtend If'caﬁﬁﬁsmieﬁggflo[@%e& hen

none e others are evaluated and the clause 1S ex count is

not equal tihetexttedt it Roalardd (irstis icoust 8guettoB%Y)iand sd én.COTﬂhoﬁélBthdé 0 37)
and so on. If none of the tests for count apply then the default condition,

"t', will hess fors cbontepplyalthen ethe defaulte conditiomyditt,i eslli haweniitst €emhg om a
cond cl ause and none of the other tests apply, then nothing is eval uated.
10 evabuated: hif thet oeendition s amitted| fromda siogd adausedansbnéneof it t he
configurator_ nodul e 1% uts,ts results to the pricing and

(gilgur 1 'OUtzﬂ
reports modRthes tests apy hrdaeR BEHIRE AhBY Bﬁﬁegct has a "parts" attribute, any
e gdded Lo (gt able MG hhs el R USSR '™ RRgub e T
configurator module 12 (Figure 1) outputs its results to the pricing and reports
modules 16. Since each symbol object has a “parts™ attribute, any items added
to that attribute will be interpreted as item part codes. These codes may then be
used to look up the relevant information in the pricing database 210. In

15 addition, a report showing the parts list can be viewed and printed.



used to |l ook up the relevant information in the pricing database 210. In

15 addition, a report showng the parts list can be viewed and printed.
CLAI M5; . 24 1. A met hod of configuring a conputer
net wor k W@ 88##266i ng t he steps of; (a) selecting a plural i%}?‘@?”@?ﬂ%’ol

obj ects, each synbol object being an 524 object-based conputer
representation, having settable attributes, of a physical elenent-in a-
conput er nemm defi ni ng associ ati ons between ol
objects to *an initial network configuration; mﬁmm'[m’gﬁlzﬂm at
| east one rule froma predefined set of rules to the c sedysynbol
objects in the initial network configuration, the rules in said set being

arranged tojal tep #, ﬁ,@&\éft@ﬂﬁ%‘ﬁ%%rd Mﬁﬁephewmpé“@ﬁ%%hgg@????’gt upon

predefined rule conditions, thereby automatically sele&ctl
hardware for t he(a)hxelbe?hﬁ el urility ofisgmbpl abjoess, ech Bpinbol lobfeenbetiy ai i on;
c

and (d) repeating step using, at each repetition, the updated network
15 §onf i gur at objeckbassdngomputert representation;, diaying esettdbleg atiriblfesaof o of
stop (c) in place of the initjal configuration, until the updated network
configuration bephysicalglemenhin aeoMpYieEBEWIKom one repetition to the next.
2. A net hod a

claLmed in claiml in  ch .a speci fi L ece, of physi cal

% harduare,  MoReinggAssecialngh ortteh thf selRcth Shmncl obiet ity BroBBtS ] £ c
synbol object hayinRg,.: i Lned | ues for the settable
attributes. 3. anﬁﬁéfﬁwdégc@hglgﬁn@é@h aiml or aim2 in which the
synbol objects a r h S ' ' : ol
obj ects and the g@f |a§1?,:igﬁggﬁ é&%d?gzﬁcti%éﬂ: gﬂgétggfsgglbg)?? gﬁ%ﬁ%@géﬁﬁﬁreen
mani pyati on of hBevetks BbAfigration; the rules/béinghadamged el dlRg the senamiee of
the preceding clains in which each predefined rule consists of a rule
condi tion porti oatteibdtes rofl ¢he osyrhbali @bjguds t dependehte updre wedefined orule
portion defining an action to be taken in de{)en_dence upon a 30 t est
applied to the rgbnditionsi tthq;‘nbpoaqtpmtxcally selecting specific hardware for the

physical elements and updating the network configuration;

(d) reapplying the rules to the updated network configuration; and

15 (e) repeating step (d) until the network configuration becomes stable.

2. A method as claimed in claim 1 in which a specific piece of physical
hardware, from a specific manufacturer, is represented by a specific symbol

object haviﬁg specific predefined values for the settable attributes.

20
3. A method as claimed in Claim 1 or Claim 2 in which the symbol objects
are represented by display icons, the selection of symbol objects and the
defining of associations being effected by on-screen manipulation of the display
icons. |

25
4, A method as claimed in any one of the preceding claims in which each

predefined rule consists of a rule condition portion and a rule conclusion

THIS SHEET HAS BEEN
REPLACED

This Sheet Hag Been R

U



25 5. A method—as claimed innCaim 4 in which in step (c) the initial
configuration is [fjrst testing the rule condition portion of each
rul e i ny8bslsangs JMWH@@@E@H@BTHE synbol object, and an pgga@ashioss of
rules and corres cNdy co ructed for which the test was
positive, and 5 wherein said at le one rule being applied at step (c)
Is selected fromsaid agenda list of rules. 6. A nethod as clained in
dai'm 5 i mpoptibe/thetrae donklsior periondefitdas af agtents Bk taken i cfeg@ﬂd@ﬁ&h rule
in the agenda list, testing its rule condition portion 10 agaln and, if
the test i supoyed tespappliddvie thenilectondifidrhportioni on defined by the rule

concl usi on portion. 7. A nethod as clainmed in CGaim4 in which in step
(d) the updated configuration is first parsed by testing the rule condition

portion of each yule _in 15 .sai,d, s for each selected synmbol object, and
an agenda |q-st d& mgthed é‘ﬁdC'@éfPPést%to‘?HB $pine whichsin: sten forithe indtialhi ch

Step (2) 1 coeriebadai”ls BRF pAR BicleRile nilnl ERaifiat pottgh ofeash Rl forre: o

as claimed J | | | GRiest € N S Lal |
visiting ea%#h%?g&ﬁ %%H@ggggg ’| ?%(g %tnfg{siﬂ:%@ iak’s%%ﬁr 2] g%ﬁg#fﬂgﬁ?pagﬁ i on
again and, g és?ﬁnﬂiﬁ toH’éct@ﬂﬂ"Whﬁﬁ&h&'té@@wa%fﬂcﬁfth}eﬂg the actions defined by
the rule concrru I on ort)|on. 25 9. A'met hod as clainmed in any one of
t he preceding clains including defining diagram objects, each di agram
obj ect defining a group of synbol objects representative of a portion of a
conput er nefwor kKA methodAasreldimedadn cClaimed innwhiich st (o) fiwthér inctudesoup is
representative of a 30Q., LAE. 26 . . .

sequentially visiting each rule in the agenda list, testing its rule condition

portion again and, if the test is again positive, effecting the action defined by the

rule condition portion.

7. A method as claimed in Claim 4 in which in step (d) the updated
15 configuration is first parsed by testing the rule condition portion of each rule for
each selected symbol object, and constructing an agenda list of rules and

corresponding objects for which the test was positive.

8. A method as claimed in Claim 4 in which step (d) further includes
20 sequentially visiting each rule in the agenda list, testing its rule condition
portion again and, if the test is again positive, effecting the actions defined by

the rule condition portion.

9. A method as claimed in any one of the preceding claims including
25 defining diagram objects, each diagram object defining a group of symbol

objects representative of a portion of a computer network.
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11. A nethod as-clained in Caiim9.in which the group is representative of

a WAN. 12.
di agram obj e

and a sé‘LQJ

LAN, a site object Wit hitn f‘he fi¥st di2§ram obj ect being associated with

t he second

t he user di
i con repres
12 or d ai

i's associ at
bet ween t he
precedi ng ¢
application
16. A neth
t he di Spl ay
attri butes

obj ect are
18. A neth
rules are L
met hod as c
specific pi
represent ed
for the set

15

20

A nethod as clainmed in CQaim9 including defining a first

s MR S o' o2ioor Somers” mahbtasbind Ve s

dlagramobject A net hod as clained in daim12 in which
| ay I, & b sel ecting op screen an
zﬂt at ?\/ qgﬁeéi %Fgaé?’ AA‘ ﬁﬁtﬂéﬂp S TeRreseniaiive0i@ ai m

I n whi ch WAN cl oud obj ect W|th| n the second draw ng obj ect

a%* e with the site object, thereby specifying a connection

WAN and the LAN. 15 15. A nmethod as clai'ned in any one of the
laims in which a change in settable attributes, consequent upon
10f t Remethozkas claimed ireClainh 9n whidhetheegronp ds ﬁ%’r@ﬁﬂtﬂiﬁ%ﬁa’ 20

aim3 in which

od as clainmed in Caim15 when dependent upon

WADh of a synbol object changes in dependence upon the settable
of that object. 17. A nethod as clainmed in aim3 in which the
val ues of at |east. sone of 25 the settable attributes for a synbol

30° B R et S GEReA By CTR ?fi&%es@é?wb?éﬁfmﬁ?&%?ﬁ pBibct no
ERRERR Bl OF soimt PN Rbrkibofutle oF £ WA B4 g pBRE ciagipm”

%ggec@heﬂﬂu@& ougeﬂbp%%ns i-élﬁ‘ aua%%%ffa EA rwéﬁ&byjeefg % Jes

a specifi ect aV|ng speC| i C predefine
tladfiest didgramudtgect beiik associated with the second diagram object.

13. A method as claimed in Claim 12 in which the user displays the second

diagram object by selecting on screen an icon representative of the site object.

14. A method as claimed in Claim 12 or Claim 13 in which WAN cloud
object within the second drawing object is associatable with the site object,

thereby specifying a connection between the WAN and the LAN.

15. A method as claimed in any one of the preceding claims in which a
change in settable attributes, consequent upon application of the rules, is

reflected by a change in a screen display.
16. A method as claimed in Claim 15 when dependent upon Claim 3 in
which the display icon of a symbol object changes in dependence upon the

settable attributes of that object.

17. A method as claimed in Claim 3 in which the values of at least some of
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I ncludi ng a user-selectable conflict resolution method to prevent | ooping.

5 20. A nethod as claimed | 1 a2t m 19 in which: a specific piece of
physi cagydwiéves eJMﬂ uBﬂLl IJE
speci fic synbol obj c

manuf acturer, is repraxGBIs/d1goR

fi4m predefined values for the settable
attributes; 10 in step (c) e initial configuration is first
parsed by testing the rule condition portion of each rule in said set for
each sel ecthedsettableddttrithjtescfor aasyinbol ehjectoare Idisplaydd onlsereearid asss¢igtpandi ng
objects is constructed for which the test was positive, and wherein said at
| east one withdheeprrgspslingieom: step: (c) is selected from said agenda |ist
of rules; and 15 the conflict resolution nmethod includes
selecting rules fromthe agenda list in reverse order. 21. A nmet hod as

claimed in aim 19.i ich Sspecific piece of physical har re, froma
specific n‘&ﬁ‘uf a‘g]t m%gﬁa %gc%mea l%‘r@g'r gggﬁﬁetﬁg@e%cﬁgéalqupg BEIPFﬂ'\éghéBFect
havi ng spegiifd el s sg et Lputes; in step (c)
the i %i ti aﬁié%%ﬁ%ﬁﬁ%@?ﬁ%ﬁlbgé ?r%é{ﬂp%gpgeﬁng? %"z’gh%ﬁgiéfﬁdépr ule condition
portion of each rule in said set for each sel ected synbol object, and an
agenda list of rules and correspondi ng objects is .constructed for which the
test 25  19wasApmethodvas, claintdsineanyi onesof thegire¢stifig cluimsrwhen deparedenpp! i ed
at step (c) is selected fromsaid agenda list of rules; and the conflict
resol uti onupen Kdaim 2cinelding aluser-selgctahleyconflict reselution method te preyenta

list, or the [ast rule, and discarding the rest. REPLACEMENT SHEET 03 OCT
2001 looping.

10

20. A method as claimed in Claim 19 when dependent upon Claims 5 and 2,
or as claimed in Claim 19 when dependent upon Claims 7 and 2, in which the

conflict resolution method includes running the agenda list backwards.

15 21. A method as claimed in Claim 19 when dependent upon Claims 5 and 2,
or as claimed in Claim 19 when dependent upon Claims 7 and 2, in which the
conflict resolution method includes acting on only the first entry in the agenda

list, or the last entry, and discarding the rest.
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