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1.0 Introduction 



CAD tools and ddan flows. 

in this worlr an cxampk of a Rintcd C i i t  Board (RB) Design and Analysis b 

ass is psientecl. Tbe goal of* design poass is to providt a means of capturing 

system i n f i o n ,  ctcating a boatd layout and evaiuatïng it fm signal and 

thermal @lems. Tbe &livefaôlcs ofthe pmcss are as foUows: 

(ii) componcnt a d  trace layouts, 

(iv) maauftmurhg data in tbe f a  of plotfer control commands. 



Tbe number of CAD mis indicrites thth m-g bctween tbem and tbe b 

ttticail M g n  steps is not onetwmc wbich c~eates another challenge for the 

desi- Tbe dtsigncr has to posas eaough knowladge on tbe specific aspects and 

functionality of the puticuiar CAD tools to be able to pdorm the design in the 

CAD took domain instead of the domain of the design steps. Using CAD tools pro- 

vidtd by two dinctcat vcadocs may or may mt crrate anothet cballcnge for design 

data and deliverables communication. ih t& above case, tools interfacing is sup 

porrcd by tbc Mcntor-Quaatic Interface, which euables data transfer h m  the 

design into the signal d y s i s  stage- 

Tbe fitaction of the CAD tooh and tht flow of& design process is ptescntcd in the 

n e a  section whcrt an exccutablt tlow for the proccss is introâud 

Mentor Graphic Inc, introduccd two mis which provide the plabixm and a means 

to creatc, iastantiate and txecute design flows, W m  is a specialized graphic 

editot which enables tk building a d  rnaiiQhg of design flows using standard 

componcnts. It enabks flow capture which may be dtscribed as an activity to define 

the steps thPt build tbe design pases, t k i r  sequene and dependencies betwocn 

k i r  actions and tbe muits of the othet stcp executions. Under the &finition of the 

design stqs we simuid dentand tht speci6ication of tk deSind bebavior which 

is eApectcd during skp eZ[CCUtim. FlowX@t povides the platform and environ- 

ment to maap compiled flows instanthion and execution. It manitors and con- 

trois BOW exCCution tbnnigh dcpebdencics ud state fbnctiolls and also automates 

flows whae appopri.ie [3]. 



An iastance of a design flow additionally prescrvcs specinc design âata and deliv- 

etable- 'Lbe start of dcsign data and &livcrables correspond to a certain state in the 

specific design pocess instanœ. 

Tbe graphical template priescnts the design pocess ia the fom of a task gr@ with 

difièzcnt b d s  of steps and interconnections between thcm which define the control 

flow. Iht foflowiag stcps may be appiied as 0ow components: 

- subflow seps, 

Diffant steps caccspd  to digirient dv i t i e s .  Ta& steps enable the activation of 

aay axions in the fonn ofexccutable pograms in tbe locai operathg systcm sbeU. 

Each of tbe task stcps may have defined h k s  for tbe pre-exccute, exeute and post- 

execute d o n s .  7 t h  enrrbles not ody CAD tool launchhg but a& other activities 

uound the design pmœss such as the uitomation of design dota import-export 

betwccn CAD tools. 

Subfflow steps encapsulw complete dows which comspond to the main parts of 

the design poccss ad very ofkn am cbaracterized by thcir own &liverablcs. Sub- 

flow stcps earbk tbe inaoductim of a hierarchy of design stcps or tasks. Using a 



W o n  steps povidt t k  mcbanïsm to ccmtrol and custoab design pmcess 

flows by pmviding &ûnaùk decision inquiring dîaiog boxes. 

nie Rinted Circuit Board (Pa) Design and Analysis Flow has bœn crcated to 

automate the pmess of PCB design data inquiàbg, design capture, thennai and 

signai dysn,  telilbility #sîing, and manufactunng data gcneratïon. 

The PCB 0ow is built as a himuchical design step structure which decomposes îhe 

design and analysis process into subpriaccsscs cmesponding to sptcific main task 

groups which l d  to t& g e d m  of process dclivtrablcs~ Tbe main tasic gmups 

have been distinguished and as a itsult, the top levcl of the Bow consists of five 

main components: 

- Design capam subflow, 

- Signal Aaalysis subfiow, 



FIGURE 1. 





Tbt &wrd@yout step is octivatai aext by emcutiag the Mentor Grapbics Layout 

mol, Tbis tool taabks the lransfonaatiion ofthe system =berna into a physical 

board layout. 'Ibe rctivities p c i f i  in ihis toot are bcwd iaycrs defmition, com- 

posent plnccment and nets mmiag. AU of tbem may be perfarmed e i tk  manuaiiy 

orautomaticauy. 

The dclivmbies o f b  compktc W g n  Captute subffow are the system scbema 

und Q board layout with i0 physid cbincoenso - .  
Cs. 



FIGURE 3. 9ce~ignrlkrrtjrrb#iblkw~~ith~ciskrrpmpts. 

Tbc S i g d  -ris subilow is higûiy c u s ~  to ~cc~mmodate ibe featiaes of 

d y s i s  tools which uc spcciûc to tk chosen vendors. nie analysis methodology is 

rtso not formalio6d rad the katues of tbe analysis toois feavc lots of ficcdom for tbc 

designcr to create r desircd UUIysis mctbodology. 



Next, tbe decision step enables the diceetion of flow controi to the Coniponcnu 

T i r h t i o n  step. Tbis step executes Quaotic's Dambase Manager which allows sub- 

stitutions f a  compoatnts not found in Qua~tic's Astahser. The tool also provides a 

means ofdisplaying, aAAing ami dcleting items in the AstsiiacE- Ncxt, thc flow conml 

is redihctcd to th Cîieck hymtjor Pdkm step which executes Quantïc's 

BoetdScaa. Tôis tool scans the board to dctcct possible analog pmblems and as a 

result gc- an analysis tcport blc. Tbe report file consists of information about 

criticai #ts and values & m g  the scak of spccific p b e ~ ~ l ~ n a .  During thc post-exe- 

cute action of the step a Scripthg fiIc is exccuteû wbich automaticaiiy extracts the 

infoemation about the number and namts of critical ncts drom the teport fiie and gen- 

crates a critical ncts listing- if the oumber of criticai nets is quai to zero, then the run 

of tbe subflow is ânished on the step NO PROBLEMS* In otbcr cases subfiow conml 

g a s  to the step d e d  Si@ an the WOm Net, w b  Quantic's Wave Probe tool is 

errecuted. Tbe tao1 displays tk graphitai regriesentation of tbe signais on tbe most 

criticai net (Figure 4). At tbis stage of tbe proccss, tbe designer's experience plays a 

cnrial tolt since he bas to deci& if the poblcms found on the most critical net may 

be eliminatcd by inttaduciag any cbaoges on tbc layout oc schematic level and if the 

eliminnh'on of tk probkms may inaducc ray improvements to the o t k  critical 

nets. Tbe Whot-VAMtysis on dw Net? decision box enables seadùig the w o m  net to 

detriled d y s i s  or picking up tbc aext worst net from tbe listing aud loading it into 

Quantic's Signal Vicwer tod.- 



Daailai "wb8t-if' uialysis is perforraed in Qwntic's ûrecnfield tool executcd 

h m  thc b-Qr lna lys iJ  step. nie system lords tbe d critical net to tiîe 

Gfeenfield tool wbere an interactive unaiysis fa cross-section modifications and 

scbematics rcbuilding may be pezfbmcd Tbe tooi olso enables the crtation or ver- 

iâcatim of design d e s  in tcrms ofconductor rbspes and sites, dielecttic typcs and 

sizes snd plreiaent of conducton, ground a d  power planes. Tbe detailed analysis 

shows if 1&re exists any possibIe coacdoas to the probIms on the net and if the 

COlIECtioos m y  be p e r f d  on the iayout a scbcmatic level. in case tk analysis 

does aot provide rny carxect solution, tbe PosJibk Comcn'on decision step tedi- 

rrcts t& fiow collm1 to the Pi& up the Ncxt Wrst Ne step. Tbis step executes a 



FIGURE 5. 
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Wben tbe d t s  ofdetauled irutysis povide a d o n  solution, the 0ow canna1 
n i . y b e ~ t o d w ~ i a y o u t a s c b c m u i c t o o 1  toinbodwxneccsaq 

cbrnges- 

'Ibe I7wrnirrlAnuïysis sub0ow consists of two task steps: Anaiysa Iiue~ace and 

nicnnal Anrrlysis. nie AMCysis Inte@ace siep cxecutes Mentor GtPpbics' Layout 

tool which enrbk tbe dcsigncr to generPte an ASCII Geometrics Fie. Tbt ASCII 

Gcommk File may be impœtcd into Mentor Graphies' Autonierm tool. The 

Autonierm tool eaabks inttractive ibemul raDLysis of a PCB design by simulab'ng 

W truisfir, mdyzing tbeimrl behaviar rnd generating gtopbical results. 



In the c8sc that tbc anaîysis rcsults ad reliability level of tbe design arc satisfac- 

tory, the design may be expocteû ta ma~ufiscturing. Tbe M411Uf~cturUlg Dcito s t q  

ptovidcs aii nectssary f&um for gencrating maaufktming data and documenta- 

tion oftbe printcd circuit board design. 'Ibc tool cxtcuted in this stage is Mentor 

Grapbics' FabLW Tbe output of the FabLinlr tool contains pbotoplotcr (artwork) 

data, drilling and milling data, fakiauioa (&a) and asscmbly drawings, a bill of 

motetials and a varicty of reports 141. 

AaolyziPg die exkhg design eows kadr to tbe coaclusion that the emplopnent of 

design eows into design uitomrtjm givcs dedigners several advalltpges (3 1: 



- multidiscipline, muiti-frsmework !low integraiion enables coordination of taslcs 

in a multi-vendor t d  environment, 

- rrmlti-user and multi-plattdcm d rime pojcct ~ k h g  which pmvides design 

team members with dynamic task and data status and automatai and conditional 

notification of critical design pocess evcnts, 

- a dwmse in tbe 1-ng c\avc espcistly f a  new or juaiordesigacrs. 

2.6 Mothrrtion to fntmduca Wbn Fkw Muiagsr 

The flexibüity and bcnefits of tbe tlaw iipproach make it liktly that Bows wiU bc 

used as 1& ptiaiary mechanism to automate and manage design expertise in tbt 

near future. h m  dre perspective ofmy dcsign o-on we set tht implcmcn- 

tarion oftbis approach in rbe fonn of design flow libmics- Tbe design flow Iibraries 

will categorize flows and otganize tbem ia clusters. Tbe flow libratics may for 

ex~mpft gnwp flows wbich support the soune design tecbwlogy and provide cliffer- 

ent inüicacy of design steps anâ dcliverables. Because of this am aspect of flow 

Itbrrrim ripnaPcmcnt wül be to provide nduuïms to scatch librarics for the 

tie~uired fîows. nùs is tk perféct moment to incroduce the Design Flow Manager 

tool, which wiil provide a maas to manage flow libraries anci flows, The tool is 

dcscfibd in îbe next cbapter dong witù the complece software design proccss 

wbich led to its impkmentation, 







The set ofrequircment statemcnts fm the Design Fiow Manager is dcfined as fol- 

lows: 

- tbe tool shouid enabk the uset to orgaaite the design 0ows hto tibracies which 

will have tbe fonn of file stnictuhs psming 111 the Mimation regarding local- 

ization of flows and tbe design steps of these flows, 

- ttie mmgemmt of flows sbould enable tbe user to add new d deletc old 0ows 

from a sQecific libracy, as weU as crcate aew flow libriuîcs and deletc obsolcte ones, 

- based on the set ofrcquired dcsign steps* a scariching mecbanisxn sbouid be imple- 

mented, which wüi genuatc mtisck hflecting the degrce of match between the 

set of desireci dcsign stcps anci the set of design stcps building up tbt available 

flows, 

- the tod shoutd enable exccuting both W m  a d  FlowlQcrt tools for pur- 

poses of crcPting and execming new flows* 

- oaly one libracy at a time ohould k lctivrted grautiag access to its flows, 

- tbc toot Ehould enabk vicwing design steps of any chosen design fbw, 

- tbe tool sbould display @cal rqwcntation of flows in tbc fonn of icons 

whicû sbould enabk cxecutïng tbem with the help of a standard pointing device, 



321.2. Use case SCCllOios. 

Bued on tbe uulysis of usa ccquiranenîs r set of Use Case Sanarios bave been 

genaaed. Use casa describe a syotem's fiiactionality in tcrms of dcfining anci 

desctibing pos~'btc salllLi05 of system use ami interaction with its environment. 

Tbe functioiipility of the systcm is divided into less complex operations wbicb 

-nt a sequentiai evcnts excimage betwecn objccts upon whicb the system is 

bdt .  Each opetation may bPve a number of possible scenarios &ch show 

optionai action iows [q[q. ' f k e  is one Use Case Eveat Trace crcated for every 

Use Case Sanario. It npre~ents a sequcaœ of eveats taûing place betwecn objects 

during a systcm operation wbicb conespoads to a mcular sanario. AU the com- 

muaicaticm siPIiB)S bchvecn obw are considercd to be events [7$ 

The set of use cases extracted fiom the reqwriement statcments of the Design Flow 

Manager defiinCs the required fuhctioniaiity of the tod. The set includes the follow- 

hg use cascs (Figure 8): 

- Grant User Adminisbation Rivilegcs (NewAdmin), 







Tbe textuai M n  of tie systan activity during tbc CbcckAdmin use case is: 

- tk user ID is verified and ifit is includd in the AdminLisi tbe system enables 
activation of any tasks, 

- in the case tbat the user ID is nat included in tbe AdminList, tbe sysem sen& a 
ncgativt mesage to the usct. 



- the system dispîays aU the elerncnts ofthe LibList asking the user to choose one 
9fthem* 

- tbc chosen b i i  extmts h m  tbe h d i s t  the namcs and locations of flow 
icons to be disphyed in the icon window* 

3.2.1.2.3. New- use case (Figure 11). 

Tb6 texid description of tbe actions pcrfocmcd draing the NewAdmin use case is: 

- th user sclects the Grant User m o n  Rivileges menu option, 



FIGURE 11. NmvAdmin use case ovent tmces. Two case sœ+os for suecessfuily adaurg a 
rn administratw and a rsduidant iun for an sxisbng administrator. 

'Ibt textuai description of the actions perfocmtd during tbc DeIcteAdmin use case 
is: 

- tbe user sckcts tht Revolre User Administroton Rivikges menu option, 



33.125. NewLïbracy use case (Figiue 13). 

Tbe textuai description of the m*ons prComred during thc NewLibrary use case is: 

- tbe user sclects tbe Csleate New L i  menu option, 

- the system aftcr succedùiîy performing tbe C h c c M  use case. rtquests ihc 
user to enter a new liônuy aame, 

- tbc system semis evcnt Addhn  to tbc LibList object passing th LibName with 
the vaiuc of& h i  namt as an argument, 

- the LibList aüacbes the ntw elemcnt to tbe ïist and instantiaw an abject of the 
ncw h i  - FlowLib, 
- tbe FlowLib wect sequtntiaily sen& evcnts to crcate LibStept'it, FlowList and 
IcobcList Ob-* 

- atùr mcccdbi d o n  of di its composite abjects, dbc FiowLib abject rieturas 
the flow conbol to the system, 



FIGURE 13. 

Ibe textuai description of tk actions pcrfonaed during dw DclcteLibrary use case 
is: 



Oeleteüôrary us4  rra ovent traces. Two case samfïos for a succeWu1 run and a 
f a U ~ r s h r r r i i u o f a t l i i n r a 9 d ~ ~ .  

3.2.1.2.7. AddFîow use c ~ s e  ( F i p  15)- 

- the FIowLib objet nquests tbe FlowLïst object to return thc üst of existing flows, 
which is behg dispiayed to the user, 

- tk system requests ibe user to enter a new flow name, 



- the Flow objcctcmm rn hmmcc of FlowStepList which sends the tcguest to tbc 
systemto rweiytdesigu steps of* aew flow., 

- a f k  receiving the design steps, tbe FlowSîepList objkct attaches hem to its kt 
and sends tbem to tbc hitepList object wûich stahs design steps of al1 the flows 
containcd by the active libry* 

- Ibe Fiow object mpsts the system fa the new flow icon data, and the systcm 
passesthis h~ucstto the USCT* 

- tbc usereuters bie new flow icon data, 

- the Flow object lrcctives the icon data and passes it to the IconeList, 

- the IconeList object attaches tk new Bow icon name to its üst and rcturns the 
control to the system, 

- in the case that tbe user bas entcred an involid flow name, the FlowList objet 
scnds an mur message to the systcm afta it bas rcccived the AddItcm event from 
the Flow abject nie system paisses rbe eira message to the user, 

- in tbe case tbat tbe user has entered invaüd icon data, tbc Flow abject sen& an 
«rrn message to tbe systcm wbicb passes dre message to the user. 



FIGURE 15. 



- tbe FlowLib object passes tbe r q m t  to the FïowList obiect, 

- tfK FlowList object rcturns to the system tbe list of fiows containcd in the active 
libtary which is dispiayed ta the user, 

- the user is rcquesttd to enter de flow namt, 

- the user eniers the fîow name, which causes the system to send the Edit event to 
the Flow abject, 

- the flow is edited and the user bas the opportunity to introdua cbangcs to the flow 
==tum 

- upon completion of the Bow aditing, the Fiow object sen& UpdaicList events to 
both FiowStcpList and LibStepList, rc~ucsting both abjects to introduce cbanges in 
tcrms of design stcps, 

- upon completion of the step lists update, the Flow objcct nturns th conml to the 



3212.9. DeletcFIow use ase (Figure 17). 

- tbe user is requtstcd îo enter tbe flow name, 

- the user entus tbe flow name, which causes tht system ta send a Dcletdtem event 
to tbt FlowList object, 

- tbe FiowList objcct &taches the item h m  iu Ut ancl sen& a Destmy event to the 
Flow object, 

- tk Flow objcct se& a Dcstnoy event to tbe FlowStepList object, which aslrs tbe 
LiôStepList object to DekteItems fiom its list, 

- tk Flow object se& a DeletcItcm event to tbe IcoaList passing the flow name as 
the -nt, 

- tbe h n h t  object dctacbes tbe item carespoadiag to the flow icon data and 
returns tbe conml Bow to t k  system. 



3.2.1.2.11. OpenLibtary use case. 

3212.12. NewFiow use case. 

The textuai description of the d o n s  @onmi during the NewFhw use case is: 

- tbe uccr cbooses the VicwDesignSteps menu option, 



- the FiowLib objcct rqmî~ tbe Fiowtist objcct to fctum tht list of flows con- 
Eiiacdiatkrctivrtcdliarry, 

- tbc system semis a OCttiSt event CO îbe FlowStepList objet which is a patt of the 
chasen Flow objcct, 

RGURE 19. - ~ 8 8 c r ~ e m O r e s .  

- t& uscr cbooscs tbc OpenFlow menu option, 



3.2.12.15. Serw:hFTow use case (Figure 21). 

The ~ x t u a f  description of die retiaas performed during tbe SearchFiow use case is: 





- rfter receiving a flow nunc, tk system sends r xequest to the FiowStepList to 
sead a list of design seps of tk m& flow, 

- ttie SearrbResult object displays tbe UrfOnnation that shows the cxttnt to wbich 
particular flows meet the rcquhmcnts of a particular dcsign pooess in terms of its 

- aftcr extramhg all î& flows Ulclrrded in the FiowList, the SeasciMachine clears 
tbe ScanhStepList object anci se& a message to tbe system indicating the comple- 
tion of the scarch activity, 

- the user may cboase any flow displaycd by the SearrhResult objcct which will 
ntm the flow name to the system to enaôk enecuting the flow. 





At tEit ~ r c l b h m y  stage GUI builds upon use cases, ccmsponding to menu 

optioas, which capairie non obvious interaction with tb user. nie main window, 

scarch flow, d d  flow ad view design steps arc -dcred as such, Tbe main win- 

dow (Figure 23) contaias fm d i a i n t  sections. Tbe top spacc is occupicd by the 

menu bat povicüng a meam to activate aü the menu options. nie central part of the 

wiadow is occupied by two d o a s  -the lefi onc displayhg flow icons h m  the 

activated li- and tôc rigbt one king a simplified file manager. nit flow icons 

enabIe the activation of Bows by etriployiag a pointhg devia. Tbe bottom of the 

wiadow consists of a staais message box whïch displays information regafding 

acaial tool staais and activitits, as wcll as exccution c m -  

Tbe search 00w menu opion GUI (Fi- 24) contains two listing boxes, one dis- 

playing aü the design steps colllaincd by aii tht Bows included in the activa& 

tibrary, tbe second disphying user clmices ofrequired design stcps necessaty to 

m l i s h  his design poocss- Tbe W ofîhe wiadow consists of a Search 

Result text box which disgiays sîatbticai ~iwuits of the much Bow rictivity. The 

thrœ buttons eaable startiag sacch activity, amxling the use case and mturning to 

tbemaülwindow* 

nie~flowmeauogiio11GUI~gu~e25)coarPinsthrrcmb;r6eldsmil~~uire 

firom tbe user al1 tbe mxsary infbmatiioa relateci to tbe new flow such as: tlow 

MUIC, tlow location rnd tk dow's icon locuioa. Tht cadiaï buttons enable the set- 

h g  of tbe nimibet of design stcps contahl  in tbe acw flow. The window ptompt- 

*f~ihe~ofdesign~tcpsislcti~~tbe"Enferflowstep~~ 

buttoa. 











~Ob~ModtLbui l tbrscdan~usc~r ino lynS . i I l r i caa te s thec la s sc so f  

o b ~ t s  existing in the use ases as active rctars and the static tclationsbips ercisting 

bctwccn tbem (Figue 27). Tbr# Wixent Linds of associsitions exist in tbe model: 

o~~c-toinie. aac-to-many a d  composite IarCIEjBtio~ Tbc RowLib is composai of 

LibStepList, FIowList ad IconList The LibList is a class of storage objecu which 

prescrve lias of objccts of the c b  FlowLb. Tbe F1owLib is a class of composite 

abjects which npescnt Bow h i e s  and consist of thtce cornponcnts: 

LibStepLbt, FlowList and 1coni.ist ïk LibStcpList is a class of storage objects 

which piesetve lists of design steps contained by aU the design flows bclonging to a 

particular flow tibmy. Tbt FlowLisx is a class of storagt abjects wbich pnscrve 

üsts of ali flows betoaging 16 a spcific flow likary. nie kontist is a clas of stor- 

age abjects wbich presenn tists of icon data corriespoading to all the flows con- 

tnined by spcific aow libruics. nie FlowList contains Fiow objects which is a 

class of objccts pieserving data spGcific to flows. The Fiow objects b p  tbeir icon 

U l f ' o n  ia an object of type IconList. 'Ibc Fiow has a FiowStepList which is a 

clrw of storage 0bjea.s pegembg lists of cksign swps coatahaî by the specific 

design flow- Tbê FlowSttpList can be axasaï by die SearrhMachiae which is a 

clrsi of abjects encrpsuluing f i m e t i d t y  neassry to compare sets of requircd 

sttps to tbose coatrined by Ilows- Tb se! ofteqStd design stcps is presmcd in a 

sümgc object of the c b  SerrchStepList. nie SeaschMachine generatcs a 

SertcbRwult W h  is 1 clrss of abjects prrscrving infocmation coaiaining 

h h b f d h  minty w u .  Tbne clrsses of abjects contain l is t~ of design 

steps. FtowStepList, LibStepList and ~ b S t c p t i s t  contain one or m m  objecis 

of clus DesSttp. Ibe c h  DesStep npr#ents abjects pcesewhg i n f ' o n  





FIGURE 28. ~ ~ ~ ~ M o d d a f t e r ~ h y p o t M W d a s s p m c e d u r e s  
and aürhibs 





A ClieaccNew event bcgMs a sequctlct ofmivitics Iceding to uew fiow crcation, 

Along witû the event signai, the value of FlowName is passdd to an objm ofclass 

Flow. Rcoeiving the evcnt signal pushes the Ftow object to the "add new 00w name 

to Bow W statc, in this state, the Flow objcct sen& an Addltem event dong with 

tbe duc of FiowN- to the object ofciass FlowList. niis event causes the 

HowList object ta determine if tbe FlowName value correspouds to any of the 

items cantaiaed in tbe tist In the case, that the name is not included, a new object is 

amacheci to the list and a "flaw name ok" message is =tumai to the Flow objtct 

wbich gœs to the next state. Oihecwise, an ermr message is muneci and the Flow 

object returns to the previous state prompthg tbe uset again for the value of the 

FlowName variable. In the Vow aame ok? statc, tbt Flow object se& a Create 

event to tht FlowStcpList c h ,  which causes the creation of an object of tbis class. 

Ahet cwciving co&mation of tbc FiowSttpList object crcation, the Flow object 

rcquests icon data fbm the User. Aftcr rraiving icon Aata. the Fiow object sen& 

the data to the fconList object as an argument of an Addftern evenc. The IconList 

object checks if the nceived icm data cdc~csponds ta any of the elements aircady 

contained in tbe list and if not it atiacbes a uew &ment to its List and r e m s  con- 

trol to tbe System. in the case that the iccm data is already conelated to anyone of 

thc items in theüst, rnercotmcssageisccturnedto the Systcm. 

A Destmy event be@ a se~utiice of rctivitb leading to the elimination of an 

existing îlow f b n  a 0ow litmiy. 'lbe FiowName value is passed to tht Flow object 

as an argument of the k s î q  event, Ne= tbe Flow object se& a Destroy event to 

the FlowStGpList abject Afiet mcccdUy destroying tbis object, the Flow oôject 

asks tbc fcoaList abject to &lete fiom its ht bw icon data cornsponding to the 



An Edit ment kgins a sequcllce ofactivitics leadhg ta editing an cxisMg design 

Bow for chmges a d  updPtcs. Along witb the event, a FlowName vaiue is passed as 

an ergumentc The Flow abject iauncks the W-ft tooi, which dits the Bow. 

Aher the introduction oftbe flow cbanges and temination of WorWtpcrt, the Flow 

obw requtsts ihe AdministrPtor 
- * 

fot infiocmation egarding changes in tcrms of 

design steps. Afiettccciviag infocmîtion fiom tbe Administator, îhe Fiow objcct 

sends events to tbe FlowStepList and LiiicpList objccts hqucsting th& iisis CO bt 

updated Successfiil updaw makc tbe Fiow abject rcnrrns conml to the Systcm. 

'Ibe state diagram of an object of class SearcbMachine (Figure 30) rcprcscnts 

changes in tbe intemal statt oftbe o b j a  A Search event initinJitLs the 

ScarchMachine coastructoc. Aftcr sucoessful consauction of the SearchMachiae 

abject, the object reads ibe active Bow library name which is the value of the 

FiowLib variable. Next the StarchMacbine objtct re~ucsts the List of rcqukd steps 

iium the SearcbStepList abject, After reaiving the step lis& the SearchMachine 

object rcqwsts tbe RowList abject for the next item wbich is a flow name con- 

ûaiaed in the active library. Upon ncciviag tbe flow name, the SearicbMachine 

object requcsts tbe FlowStcpList objcct fa the list of steps building the flow, Next, 

the SearchiMachine object compares both lists of àcsïgn steps and aftcr generatiag a 

dt, semis it to tbe SearcbResult object to bc disp1ayed to the U s a  At this point, 

tbe SearchMachinc objcct gocs back to nquest the aext Bow name h m  the 

FIowList abject Tbe paccss is rieprted as long the FlowList objet povidcs the 

SearchMschb object withliow a~mcs. ûnce aii the flow names ûave bcen pro- 

cessed tbe SeaschMacbine semis a campletion message to the user and clears the 

content of t!e SccirchStepList obw to mnirc it &y fix the next search case. 



FIGURE 30. ûbject Diagram of an instance of âa8s SearcMilachine. 



llu Design Flow M a q p  was mt considciied to bave f w c t i d t y  cornplex 

enaughtomrLecFertingafirncti~modelfa~t&operatio~~~accessary.Thc 

ody opentiua compkx enough is Sean:b Fîow (Figure 31). An object of ciass 

SeîrchMachi# is iaiti.lilrii as tk k t  sep of the Search Flow operation. Next, 

tbe RudSePrchStcp paocdiire naives from the Systcm requtstcd stcps one by 





FIGURE 5 2  mm- 

During the Systcm Design p b ,  the main systcm stratcgic decisions are to be con- 

si-. A Systcm Dcsign Document is thc &riverable d during this stcp [a. 

33-1.1. System Decompasidon. 



ity. A good iadlatïcm of r wcU done is a minimal number of event 

inmadons üetween Mereut mbysas. 

At this point in tbe design it is the: time to improve somc of the software 

quaiities, such as moinrainnhilityl rep&bilityl cvolvability and reusability. This 

may be achicvcâ by &thhg i n t a k m  fœall the subsy~tems and d g - g  tbem 

in tbe Client - Servff mode [2I]. Subsystern interfQces stridy &fine al1 the ser- 

vias povided by subsystcms d what lcind ofiaf-oddata bas ta be pvided 

with each &ce rcquest. In t& Client - Server îppoach. the client i n i t h i h  com- 

municaticm with the server w b c ~ ~ ~ v c r  it needs to use a semer's &ces. In this con- 

figurarion aU the changes iatroduad to ttie systcm arc done locally which has a 

signifiant impact on cxtending tbe above m e n t i d  qualitics. 

Ths Dcsign Flow Maaaget in iîs ûrst relcase is desiputcd to be used in the univer- 

sity cnvin,amcnt. Tbe concept wiU be evaiuated by applying the ml to organite 

CAD expertise a- to studcnts both talcing CAD courses or labonrtories and 

graduate studcnts performing their own desigas. 

Tbese assumptions led to the idea of scparating the fiinciional algorithm and rcpre- 

sentation to enable bigber maintenability, cbangcability and incmucntality. To 

dechase tbe risk f~ctot a d  apply reusabiütyl the sckme fot the tool atchitecturc 

bas been taken fiom a design pattern library. Design patterns and especially archi- 

tectural design pgtrenis wme iatroduced which proridai designets with a continu- 

ously urteasiag numk of pattcm t h  rddhss the modt common aspects and 

@lems of software uchitcc~ire. 'Lbe ModeyViewîControlIcr [1q[14] 

used by Sm.llîaüc-80 IO build graphic user interfaces is a pcrfect example of a pat- 

tern which ddresscs tbe W g n  Fîow Maaager nquirements (Figure 33). Tbe sys- 

rem is partitioncd into tbria main sukystem. Tbe Modtl hpestnts the application 

in tenns of tbe system's fWIccidty. Tbe View defiaes the repesentation of the 

systcm ia the farm of a gqhc user i n t d k e  which is iadcpendcat ami Modcl. 

'Ibe ControUer is tesponsible for interpetorion of user intezactiops with the system. 

Any of tb su- may bc indepdcntiy cbongcd both staiidy ad dyoami- 

cally. Tbe independencc of the su- aiso enables the emptoyment of dinit- 

ent technologies during k i r  impletnentation. This admatage will also be used in 



implemented as a set of compiled m d e s  which may bc updatcd accordhg to 

changes in tbe set of menu options 

Tbe thcc subsystems in- with cach orher and tbc user commuojcates wiih the 

system rhirough the Vicw- nit implcmentation laaguages of the subsystems are 

spcificd as fotlows: View is implemented in TcVnt, Model ia C++ and ControUer 



Good nmagcmnt of& concinrient entities may bc very critical for rd-time sys- 

tems. For those, in somt cases the concitmnt subsystems may cequite separate 

hardware to be abk to meet tbe time consttaint rcquiremcnts. 

Cancumncy effccts are not expectcd to occis in the case of Design Flow Manager. 

in the case of complex systems or systcms wbosc rc~uircments expect distributed 

rcsourtes, Ta& - Resoutcc AiiOCtltion has to be performcd. In the simplest case the 

tasks correspond to subsystems. Tht allocation may takc p h  bctween distant net- 

worlted compumtionaI units or cliffirent processo~ coexisting in the sarae unit. 

nie Design Elow Manager is designcd witb the purpase to be cun l d y  on a sin- 

gle station altbougb it provides tbe means to acœs design Bows distributed across 

a locai netwoh 



For tbc papoa of the Design Flow Mmqer, r file system bas beea chosen to store 

penisknt dafa 'île cboiœ was motivami by br rclrtivtly d amount of data to 

~ . n i c ~ ~ ~ o f ~ r a d f o ~ A w ü r 9 1 r A 1 0 l i b t a r i e s a n b f l o w s  

(Figure 34). E& Bow library poacs a dediaial f o lk  which contains tht 

flow~nimes file d folciers dcdiatai to a h  flow belmghg to tbe h i .  Tbe 

0owJht.~ 6Ie pegcrves Monnorion &out which Bows belong to the tibcary. 

Each flow f i  amtains thme ses: 0ow-stcp~t.names, icaadfl, lOc8tion.dfL 

Tbe f low~Jistnames pmcms infimnation about al1 the design stcps ïncludod 

in the flow. Tbe icoadfl aud Iocation.dfl pcesuve information about the tlow's icon 

and exccuîabk file location ttspcctivcly. 



nie ~tr:bitecturt of tbe Design Flow Managet separates coba01 h m  view and 

modd. Tbe evcnt driven conmUer &fiaes tbe interf i  bttwccn tbc GUI imple- 

mentcd ia tcytlr and compiled C++ program repiescniing implementations of the 

menu 9ctions of th mi. Tbe interfacing is implementeâ partïaüy in tcVtk 

and C++ wbctt the tcütk event loop is used to implcment systcm events tracking. 

3.3.1.6, Systcm Behavior in Exceptionai Situations. 

System behavior in situations lilre start up and abnormal termination as wcll as 

error hansling bas to be detcrmiaed nie proccdurcs to release ICSOUFC~S should be 

defiad Memory deallocation and cxtcrnal resourre link eiimination bclong to the 

most imposant cases. 

Duriag start up the Design Fîow Managa aads to be abk to nad the DFL-HOME 

and USER environment variables. Tbe DFLJIOME variable & î k s  the location 

of tbc softwace in tbe system and should bave its value set priar to tool initiaka- 

t h ,  Tb USER variable should contain the actuai user id wùicb is nccessary to test 

user- * * 'vt priviicgcs, Tbe e v a t c d  library is set initially to daJib wbich 

contains tbe PCB design and UUIysis flow described in cbapta 2. 



Sincc the software provides ody a mcens to access &sign flows, the pcrformaace 

bas not ken  coasidered as a design issue. 

Installation of the software reqWcs approximatEly 3 MB of fra hand disk space- 

Tberie must &O be somc mcmory tc~erved for the persistent data fi suucnitt. 

In the Objcct Design pbase tbe main focus is put on tefwag the system mode1 to 

inOroducc implcmcntaiion issues. Also tbe implemcntation aspects of Objects arc 

condemi wbich nuiniy focus iuMmd tbeir member functions and atttibutes. 

Mcmkrs' &ûnitim uad pdîioas b a n  Riva& and Public ah specifid 

Tbe ûôjcct Design pbist muy qu9t  a few ccfiperncnt cycles to coodhtc mem- 

ber fiiacticm &finitions and c b  gcncnliution. 



In ddition to tbt asmhîiolls wbich rcflcct fiiactionality and smicturc of tbe sys- 

tem, inberituia d rg%rcgation asmehiions may tu inttoduccd at this point Both 

a geaeralization of its subcia.cc-E and ~~metinies the iaheritai~x is caîlcd "a kind 

00' asso&tion. T& ioberitanct may bc built with many lcvtIs ending up with 

classes with v a y  significant M i n c e s  in tbeir membcts. h m  classes on cach 

level of inheritance, objccts may bc instantiatad by & M g  values of object 

attn'butcs- Somctiaies, to simpüfj, an iabentance tree Abstmct Cfasscs arc cnated, 

b m  wbicb no abjects wii l  be instantiated [8][9][11][12][19][20]. 

Aggregation is called "a part of" m o n  and enables the abject oricated repre- 

sentacion of the intend structme of complcx objccts. Aggrcgation associations 

comect complex objects with objects which are tbeit building cmponcnts. Aggrc- 

gation may also bc built on many kvek 

'fh -y of* abject mode1 creartd during tbe system aualysis stage (Figure 28). 

leads to tbe coaclusion tbot tbe system contains 7 classes of typc list nK main task 

of tbese lis& is to store objects. At this point tcusability by inhcritance may be 

intmduced AU of tbe kt c h e s  may be inberitai fiom one superclass callcd 

tinlcsdList which includes di tbe poaduhs supportcd initially by al1 the list 

clsucs ( F 5 p  35)* To decnest risir rad d d y  stsorien tbe desiga tirne, an exist- 



FIGURE 95. Fkrv Manager after introducing 



Tbe introduction of tbe RWTValDlistII, class as the supcrclass of the linked Ut 

classes lai to the final reMsion of their procedlltcs. Rwcedurc aqmcnts have aIso 

k e n  defined (Figure 36). 'Ibe prcsented object mode1 dacs not include argument 

constmtors, overlOBdCd insertion operators CC and overloaded extraction opexa- 

tors >>. -nt constnictors set îhe object aitributes values during the object 

iastaatiacion proces. The bation and extracam operators ovetl08djIIg ptoce- 

dures arc defincd as i b c d  fiinctioes anâ enable cprahions on objecîs during pr- 

sistent data files acccs.[ll] 

- a &oacd copy semantic (for example Flow:~~w(const Row&)) which provides 

a copy mcchaniimi for abjects of types dcfiaed by tbt designer, 

- a &hul assigpment semantic (fa example Fiow::opemîor=(ast Flow&)) 

whicb povidcs overinding of the assigoment opcnuor to be used with objets of 

types &fM by tbe designer, 





Class aüri'brats which constitue member data rrt &fincd fos each ciass at this s t q .  

Amibutes arc m h ï y  a collection of nwmber hmction arguments. Most of the 

utn'bats arc hiddtn a d  thïs makes tkm ase&'Me oaly by tbe member functions 

of the same class which is accomplisid by &fining tbem as private. Tbose which 

are to bc Pcccssed by eratrnrl fwctions arc defined as public. 

'Ibe class amibuas wbicb have betn exaaMed during tbe system analysis stage 

have ban comp1tted by ncw obes wbich am imposai by the implementation 

fcquircments (Figure 36). 



Code template ihcludes rll tbe clas  decIatati011~ witfmut tk mcmber W o n  defi- 

nitions Tbe ftSUlw CO& rrprtstnts tbe internai structure of the system* nit codt 

templatt bas been gencrated with the hdp of "Softwart tbmugh Picaucs" toot fiom 

Interactive Dtvtlopnt EnWacunents Inc. which has also been used durhg the 

system aaalysis and system design stages. As mentioned d e r ,  the C++ program- 

ming laaguagc bas ken used to implcment tbe systcm [11][19J[20]* The generated 

df1.h bcadcr file is pescntcd in Appcgdù A 

Tbt implcmc11iation of tbe mcmbcr fiinctions bas been done manuaüy and is p- 

sented in Appcadix B rs tbe a.cc fie. 

3.4-13. Use crse compikd pmgcams. 

- Revokc User AQiioisttetion Rivileges, 



- Crerue New Lihcy, 

- Dclcte L i ,  

- Add New Flow, 

- Dtkte Flow, 

- Scarch Flow, 

addadmin deladmin newlib dellib newflow delflow rearch 

3.4.1.4. Use case tcihk implementation, 

The muabhg menu option actions have been implemented with the help of tci/& 

scripts aad arc includcd in the main application file dû. niose menu options are as 

follows: 

- New Flow, 

- V i w  Design Stcps, 



- menu option procedures - means use cases (ConttoUer & Model), 

- GUI definition (View), 

The main GUI components define the basic sections of tht main application win- 

dow, Messages are d c h d  text vatiables used during application exccution as enay 

field prompts or help information. A set of global variables bas bem &fincd to pass 

values betwan procedures and peserve basic appticatïon data such as application 

location in the *bornen for example. n o c c d ~ t ~ ~  bave becn defined to rcusc some of 

the tasks, to organia the code aad to implcment suppon windows. Menu option 

proccdurcs are implcmeatations of tk controlling part of tbt mcnu option execu- 

tioa GUI definition implements the main application window. 



ia ihe fh f  pari of the tbcsis, t& powa of exccutable flows in design pmcess auto- 

muion bas bœn phsentcd. 'Ilw PCB dcsign and d y s i s  tlow developed bert may 

beusedevcnbyi#xpcricn#dcksi~ioensuneanaccipritedesignproccss. 

Nexf, swdw levcl of design automation was jxopod - the management of design 

BowIiarPrles,Tbctooldesig#dtopovidtt&meansfottbismabagcmcnt- 

Design Flow Maaager - was pesentcd. nie Desi- Flow Manager may be a start- 

ing pint to building a design expert systern with more extendecl support for the 

designer* 

The software was designecl and &nplemcnted using tbe objcct-oriented approach. 

Tbe metbodology bas bcen proven to be vcry effective in software development. 

The design poçess prcsataiion and farmulatiian starts ficm the e d y  rtquircmcnts 

statement and IMae to tbe rcsuiting Mplementation code. This is one of ody a few 

available publications ptescnting tbc wbole scope of the object-otiented software 

design ptoass. Tbehfore, it is dtsigaated to provide guidelines to other designers 

considering employment of this mcthadology. 
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-LibStepLWvdd); 

void kkWik(W); #REMOVES THE LET FILE 

















//StpJomt dm8 anaukm end 

1; 

//rtp/omtdœsksiiitidaead 

































chu d; 

int i*; 























A~mndix C.0 The c*+ bnpîementeâ menu option files. 



eorit << "The user lu3 .Iicdpthe dmhiirartioa pMedge!s grrated." cc d; 

-0; 

1 

*(I 

MInad(rn21) ;  

rrtPra0; 

1 

1 

*{ 

cout<<"ERROR: Yoll11,llot.Oorndtopdoimtbirope~1~"«~ 

-0; 

1 

1 







C.3 Fik muiib.cc 

- II StP - crmtd on Tho Jol17 12tS2=0t 1997 for LobyIbePbriidy fimu system bla-1 

I~KObgl ia i ld0818WI  

Ilmoao ô k  newiiba foc the New Libmy menu optkd 

/naputt 

I l l :  UserNune 

ln= LibName 















rilauao; 

} 

* C  

coat « "ERROR: Yoo ue mt doweà to pd01lll U s  opuitioir," cc d; 

-0; 

1 





rctirrno; 

1 

h{ 

coat <e "ERROR: Yoo am not dowed to pedorm th& operrtion." end& 

rrtiirno; 

1 

1 

* C  

cmt << "ERROR: Yoo did not enter the lbrr irinul" << d; 

-0; 

1 

1 







Appendix 0.0 ThemiinappOœtion%kdfL 

W! /ustn -f 

--MAINGUIcOM#)NENTsu 

set m menu 

wm title . "Design FIow Manager" 

wmgtometry.6SOltS00 

fiame .menu -relief raiscd -bacdenuidth 2 -background ScaGnen2 

€came .top -relief swir;en -bordcrwidth 1 -backgmumi #3a7 

fiame .bottom -relief raiscd -bordcrwidtb 1 

pack .menu -side top -fdl boih 

pack .top -side top -expaiid 1 -611 both 

pack .bottom -side bottom -ml x 

pack .top.left .top.right -in .top -side Ieft -cxpand 1 -6ii both -padx 2m -@y 2m 

set msgl "Design Flow bhagcr version 1.0 by RN KobylinrlÉi 19<n Dcprmicnt \ of Elestrical and Cornputer 
Engineeting University o€Mauitobea 



set mg6 "Ester tlow Iomio11:" 

set mg7 "Enter flow's icone 1OCIlQ-011:" 

set msg9 "Enter 0ow step names" 

set mg10 "Cboose tbe nmberofflow stcps:" 

set msgll "To stact search c h  the steps from the \"Active L i i  Flow Step\" list by double musc clict 
Nur press the \"SM Searchiag\" button. if you want m adcl mam spo sfterrccciving scaiching Rnilt you may 
do sa by clicking with tbc left mouse bMbn on more steps, In case you waat to cun a aew searrb with new set of 
steps, press tbe \"New Searrh\" buttoa, to clear the list of requhd stcps." 

set msgl2 T o  view 0ow steps of a particular tlow, double click with the lcfi mouse button on the flow's name in 
tfie \"Active Li- Rows\" Est box." 

set mg13 T o u  may activate my of the ktcd libmits by double clicking on the library name wih the ieft 
mouse button." 

set msgl4 "You may Iaunch any of the listeci tlows by double clicking on the flow's name with tk left mouse but- 
ton." 

set mg15 "nit stcp m e s  can not include spaces, to separate words use un&rscom or start each word with an 
UPPef case charaCrCr-" 

KONTROLLER-GLOBAL VARIABLES# 

set exit O 

set userid "" 

=t path lpwdl 

set e n w  { 1 
set user SenvWSER) 

set home Senv@FLJIOME) 

set activelib &Jib 

set flowri~me () 

set ftowlocation {} 

set iconelnrntion (} 



global entry 

global home 

set entry "" 

#this reads h m  tbe tlowstcps amy 





global home 

global activelib 

global entry 

set win .listbox 

catch { destroy Swin ) 

toplcvel Swin 

wm title Swin Stitle 

pack Swia.fiame -expand 1 -fil1 both 

pack Swin.buaom +lrpand 1 -fîli both 



tlrwait variable cnûy 

1 

lYthis aquks same kid mdti entry infocmation likc design stcps 

#uscd by addFlow 

Ucommand lihe arguments: 

Wtle - of the window 

humber - of the entry fields 

#mg - text displayed in the hclp window 

global home 

global flowstcp 

set win .uaiboxe~~ter 

catch ( ckstroy Swin ) 

toplevcl Swin 

wm titlt Swh Stitit 



close Sbuffer 

seti0 

wbile ( Si < S n u m k  } ( 

pack Swin.stcpenuySi -in SwiiLftame -side top -expand 1 -fiil x -padx 4m -pady lm 

ûmi+l 

1 



global cntry 

catch (dcstroy Sw) 

fiame $w.up -relief raisui -bordenwidth 1 

hime Sw.down -reiicf raisai -borderwidth 1 

label $w.bianap -bitmap Sbimiag 

message Sw.msg -width 3 10 -justifL ccnter -text Smsg 

cntry Swh 4 d t h  20 -relief sunlrcn -W 2 -textvariablc entry 

pack Sw.up -cxpand 1 -6U botb 

puck Sw.&wn -expand 1 -fiil both -ip9dx 6m 



- - -  

Ag- 

Wthis aquires flow infinmaiion regardhg ils name, location and icon location 

#Uscd by: addFlow 

#Commaad line atguments: 

IYtitIe - of th window 

#bitmap. mg03 - nduadand 

h g ,  msg01, ms@ - entry field pompe 

UmsgOQ - cntcr seps button tcxt 

WmsgûS - number of stcps pmmp 

gIobal enbry 

global stcpsnumbet 

global mg15 

set enw ( 1 
set w .multientrybox 

catch {destroy Sw) 

toplevel Sw 

wm title Sw Stitlt 



UICONLOCA31ON 

message Swmg2 -*th 3 10 -juStjfL anter -text SmsgOZ 

entry Sw.W -width 30 -relief luuilnn -W 2 -textvm*abIe i c ~ n e l ~ o n  

UNUUBER OF FLOW STEPS 

message Sw.msg4 -widd13 10 -justifL ccntcr -ext SmsgOS 

set j 15 

while[Sj>O} ( 

radiobutton S w S j  -tes Sj -variable stcpsnmk-value Sj -anchor s 

incrj -1 

1 



pack Swap q m d  1 -6U W 

psck Sw.upl 1 -6.U both 

pack sw.up2 *xpand 1 -Hl both 

pack Sw.iip3 enpandl -6Il both 

pack $w.&wn cxpand 1 -fiu botû -ipadx 6m 

pack S w a g  -in Sw.up -side kft dxpand 1 -fiil x -padx 4m -pady lm 

piwk S w h  -in S w q  -si& right -expanci 1 -ûii x -padx 4m -@y lm 

#FLOW LOCrnON 

pack Swmsgl -in Sw.upl -side left -expanci 1 -fiil x -padx 41n -@y lm 

pack Sw-in1 -in Sw.upl -side right lexpaad 1 -a x -podx 4m gady lm 

#ICON LOCAIION 

pack Swmg2 -in Sw.up2 -si& left II@ 1 -tW x -padx 4m -pady lm 

pack S w U  -in Sw.up2 -side right expancl 1 -611 x -pack 4m -pdy lm 

WNUMBEROF FLOW STEPS 

pack Swmg4 -in Sw.up3 -si& top -fdi x 

setj 1 

wbiie(Sj<=lS) ( 

pack S w a j  -in Sw.up3 -side left -fill r -pdx Om -pdy lm 

incrj+l 

1 

pack Sw.enttlsteps Sw.cancci SW-ok -in Sw.&wn bide kft ~xpami  1 -hl1 x -pdx 4m -@y lm 



global activeiii 

globsrl home 

set sb .win 

toplevcl )Sb 

wm title Ssb "Stcp Wewer" 

fiame Ssb.top -relief swLcn -borderwidth 2 

fiame $sb.buttoas -rckf maircn -borderwidth 2 

pack $sb.top $sb.buttoas -si& top 

fiame Ssb.left -relief swlren --dth 1 

h c  Ssbxight -relief sunLen -bordemidth 1 

pack Ssb.left SsbJight -in Ssb.top -side left -expanci 1 -a11 bot& -padx 2m -pady 2m 

label Ssb.labelJlows -tcxt "Active Library Flows" -relief raiscd -botderwidth 2 

sctoiibar Ssbscroli~ows -relief sunkcn -bodcrwïdth 2 -command "Ssb.flows yview" 

listbox Ssb.flows -dicf raisai -- 2 -yscroUcommaad "Ssb.scroUuflows set" 



pack SsbscxoU-Uows -in $sb.kft -side rigût -ûîi y 

pack Ssb.iiows -in SsôJefi -lade kft -6li both 

pack Ssb.ok SsbMp -in bb.buüons -side kit -cm 1 -!il1 bolh -pdx 2m -@y 2m 

4PLLING THE LIST BOXES 

set f [ open "Shomc/SactinlIi if low~es" 1 
white{[gctsSflineJ>~O} ( 

SsbAows insert end [ stüng trimrigtif "$lincm W ] 

1 
close Sf 

.whstcps delete O end 

set f [ open "Sàome/Sactivelib/[ sclection gct Wow-stcpPlist.namcsn ] 

while{[getsSfIine]>tO) ( 

.win.steps insert end [ strhg aimn'gbt "Sline" W ] 

1 
close Sf 

global setivtlib 

gioW home 



pack Ssbe.top.lcft Ssk.top.œntre Ssbe-topngbt -in Ssbtop -si& lcft -expand 1 -M both -pack 2m -@y 2m 



button Ssbe.search -text "Start Searrbing" -boederwidth 4 { 

set Mal [ open buff'crl w+ ] 

puts Sbufkl "" 

set buffil [ open M e r l  a+ ] 

set stcps [ getFiie j 

eval exec ShomJscarch Sactivcliii « "space Sslps" M i l  

wbile ( [ gcts "Sbuffctl" Uline ] >O O } ( 

.win.result insert end Sllline 

1 
close Sbuner 1 

1 

button Ssbe.&lp -tcxt Help -borderwidth 4 lcomnrand ( 

boxjirfo "Search Hclpw M o  Smsg 1 l 

1 

# MESSAGE BOX 



pack Ssbe.ok Ssbe.new S s b e d  Ssbe.klp -in S s k k a u m  4 d c  kft cxpand 1 -6li bah -pdr 8m -pdy 4m 

# FILLINO LlST BOXES 

set f f open "Shome/SactivclibEBow-lis~csN ] 

whüe { [getsSfline] = O )  { 

set file [ open "S&omc/Sactivelibl[ string trinuight " S b N  # ]/flowwstepPlistnames" ] 

while([getsSfileiiine]~O) ( 

$sbe.keywotds i n s a  end [ string aimnght "Suincm W ] 

1) 
close Sf 

close Sfile 

set m e r  [ open bunet w+ ] 

puts Sbuffiet "" 
.win.rules &lete O end 

bind Ssbc.keywotds <Double-Buttoa-l> ( 

global sbe 

set buffa [ open kincr a+ ] 

puts Sb* [ selection get ] 

.win.nûcs iasm end [ selection get ] 

close Sbuffer 



WcrONmOLLER-MENU OPTION PROCEDURESI) 



proc getValue (offset maABytes} ( 

global state 

set last [exp Soffsct+SmaxBytes-1) 

sbiag mge Sstatc Sonset Slast 

1 



global uset 

global home 

proc newiibrary msg ( 

%obal e n w  

global uset 

global hame 

bosenter "Crrate new flow libnuy" bou@ss Smsg 
if( Sentry !="" } ( 

exec mlrAit Sentry 

exec Sbamelnewlib Suscr Senûy 



global eaay 

global user 

proc nddtlow ( msg msgOl msgM msg03 mg04 msgOS } ( 

global uscr 

global home 

global activclib 

global flowname 

globaI flowlocatim 

giobal iconelocation 

global flowstcp 

global fstcps 



proc Qekteflow m g  { 

g l m - Y  
global user 

global hame 

global activelib 

box-enter "Deletc tlow fiom tbe active übrary" haurgIass $ m g  

if(Scntry!="") ( 

excc ShomJdelflow Suscr SacriveIii Scntry 

560-field inscit end "Scntry tlow is king dc1eied" 

1 

P m  openlibrary m g  { 

global aftivelib 

global eatry 

box-enter "Set active library" hourgiass Smsg 

if{scntry!=""} { 

sct activelib Sntry 

Xo-üeld insen end "Sactiveiib library is bcing activated." 

1 

menubuttoa .snenu.flow -text Fiow -menu .mcnu.flow.m -underline O 



menu .Incau.now.m 

.mcauflow.m add command -1abcI New - u n d a k  O unmuad ( starTm1 m u i l d e r  xb ) 

.mcauflow.m d d  commaad -label "Vitcw Dtsign Stepsw -unciaüne O -commnd ( viewSicps ) 

.menufiowm dd command -label Opn -undduc O -comm& { opeaFiow ) 

meau.fiowm add command -label Searrh -uadcrline O c.Almmsnd { searrhnow ) 

.meadowm adâ sepatator 

.menuflowm adâ cornmanci -label Exit -underline O -commabd ( destroy .) 

menu menu.1ibtay.m 

. m e n u J i i . m  add commaad -label "List Existing Libaries" -wdetliLle O -commaad { liblist } 

.menulibrary.m add cornmand -labcL "Open t i i  -ubdcrline O -command { spenlitmuy Smsg4 ) 

menu .menu-aAmin.m 

menuadmiam add comxnaad - k l  "Revokc User Admwstration Riviieges" -undedine O -command ( deladm 
âmsg3 1 

.menu.admin.m d d  commaad -&bel "Crcate New Libriuy" -undetüne O ammand ( newlibrary Smsg4 ) 

.menu.admin.m add command -&bel "Delete Li'bray" -uoderlinc O -commPad ( deliïbrary Smsg4 ) 

.menu.admin.m odd comnisnd -lakl "Md Fiow" -uadcrline O commnad { addflow SmsgS Smg6 Smsg7 $mg8 
Smsg9 SmsglO ) 



menuhc1p.m a& aimmiid - h l  About.tt -uMinc 0 -commad { ôo-O "Aboui Design Flov Managern 
iafo Smsgl ) 

set flist [ open "$homc/$activcliblflowJist.namesn ] 

- while{[getsStlistline]>cO}{ 

set ilac [ open "ShomelSactiveiib/[ string aimrigbt "Slino" "WT 

gets Siloc iline 

set BOC [ open "Sbowl*cliwlibl[ saiDg ttimright "Slinefl W ]ndo~~.dW 1 

gets Sfiac flint 

.flowicoas b i i  activeicon <Double-Buttoa-1s ( d o w  $Bine ) 

close Sflac 

1 

label .label-navigata -@a Sidon -relief niscd -bordeftridth 2 

update 



fiame .buttons 

button .upBe - tat  Up amunand { 

.file-nams deletc O end 

set paîh [file ditname [pwd]] 

set location Spath 

Sm 
.info-field insert end Spath 

forcach i Fort [glob -nocornplain *]] { 

.fileenames insen end Si 

1) 

set pathdown [sclccîion get] 

sct location spatbdowll 

# .âown-filc coafig -cornmancl (sciaion own .downJiic sclG01lt) 

cd Spaibd0~11 

.infoJeld insen end Spathdm 



pack JabelJlowmanagct -in .top.îeft -side top x 

pack xto~owmamger-in .tap.lefi-si& rigbt -M y 

pack Alowjcons -in .topJefi -si& feh -cxpand 1 -füi both 

pack .labeCnavigator -in .topjight -side top -ûU x 

pack .buttons -in .top.right aide bottom -fiil n 

pack .scroUUuavigator -in .topxight -si& right -fiU y 

pack .fie-nemes -in .top.ri@t -side left expand I -fiU both 

pack .up-füe .dow11,6ie -in .buttons -side left -expanci 1 -fiii x 

pack .stanis -in .boltom -side top expand 1 -fill x 

pack *O-field -in .bottom -side left zxpand 1 -iüi x 

pack .scrollinfo -in .bortom -side ri& -fil1 y 



Appondix E.0 The &mi GUI veision, 

ri ~ l l n ~ i n d o w  




















