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I. Introduction 

Tightly Conlr"olled IPSEs 

Ken J ackson 
Sys tems Des igners pic 

Carnb erl ey 
[ngl and 

111 U'lis presentation I will firstly add('ess the questions of wily 
Inlo'.1('Clted Project 5uPDol"t Envil'onments (lP:'iE~;) Jf'O cOI1'.;ider • .?d to be 
de ~;i ral)lp ::mil wllat con~ititlJes 3 good IPSE. H H'Hl I will prl)Ciult tw ,) 
pr::lCti()1 eXdmples ,jeveIGpr",j by 5yst lcms (Jc'Sigl1 'NS arl ,1 fin ~11ly Iwill 
8ttempi: to i (j[;ntify SOITh, LiI:del'"lyinq pl'incipl es or ti lJIII,!y controll",j 1115[5. 

2, Wily are IP5Es rH Cj IJirntl ? 

Thl'i'G ;Jrc' two fun;j,)r,lt!ntJl rOJsons why I PSEs J I '() eS3cntial. Th,: first 
re;)SCIl is c.JlK 'crne(j wittl till.) "118J,jl'ul!" problem: it is i:'f1po:" siole to 
Ij~'1tilop IJrqe '.iY ';i:em·; by a 'ii nglt' individlu l, 0r ':1 ' <::11 I.'Y J Ijlll '] I I leanL 
Tllel'efGI'f} Wi' rl ee,1 311 I PSE t o record and contl'oJ Il'ill inl:e ,~ acl::()ns t.etween 
nWmiiCr'i Jf tll i! team Tile ~'I:CUI'"j r'e,L ,:n is tklt i t j-; illiP,)C;silI10 fljf ' 3 

sy-;t.t)111 tl) I'H (Ji.!velqJuJ from cr;\cJle to 'J/:wo u~;ln!J 11I~,t. a :'; 1:l<]I(? tool. 
Tt','"I'I?( '.lI' l? WQ I('quil-" <1 :1 IPSE to 1'8Cc.nJ and C)iltroi inlt:!',JCt loliS li.jtw I'E'il 
t.tw '/,1I'1<JUS tGol:; required ltlr'ougi1oui: tile pr ')J'ed lif H:Yl l.) I l'l0Uier' vV l)<' lb 
Lt'lf' l "I) ls li';('11 t.) r;2 i ntegrated, 

Thu". it C::in lle seen that a fundamentJII'f."l iJirem,:nt '.If :III iPSE i':i t o 
on,ibii! ;] te3rn of people to w(xi< together in a fIJI'I1l<:>niGLIS Jnd c(' o~,er3tive 

lI;anner They must be able to worf~ independently of ("Je ri othE'r J'3 far as 
pOSSible, but it is essential that th3y cooperate wit ll in a rnan3gernent 
framewor k, In such a fr3mework it is essential that each individual knows 
e~(;:; ctly what he/she is expected to do and that the manager can find out 
how well each ind ividual is progr essing with his allotted tJsk. Finally, by 
integrating the actual progress made by each indiviual, it is pos~ible to 
calcul 3te a measur e of over311 pr ogr ess, ~Jote that by pr oviding facilities 
for pr ogress to be measured by examining a datab3se, it i s possible to 
obtain a much more Objective measure or progr ess and so avoid such 
SUbjective opinions as "90% complete", 

A fur ther import3nt aspect of teamwor k is the nee,j to check that the 
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proj ect defir:ed qUJlity Clssul'ance pl' ocedlJr'es have bef:n Followeel. IIg ;j ir'r, 
SIJ,:h inspections can be p'2['fOmle,j v i.] clatdbase intelToa;ili C'l"I Zlnrl Url'S!! 
will show e:«(]c tly Wtl8 I. hClS lwen elene. Once an ob j ec t t',: J:; I>?- ('n Ck"i01 ;) [ll!d 

and testf:d, Clnd IIJS passed all tI,o appropriate qual i ty a:;C::l.lidnCe reviews, 
it is pos'3ible t o place it under Change control wiU'I IJul any :!JdditlOlial 
operations suerl a,: copying . This th r"n rne(]ns that an ObjECt CJn not bo 
cir3nged again unless such a cllange is properl y iJuUloris('d by tile 
responsible person. 

3, What makes a good IPSE? 

Sorne ptJOp I e tJe I i eve th ~1 t triG e',son t i a I pr operty () f (] 1](lOcl I P;iE i '3 tI'rat 
it should nurture creat.ivity IJY allowing ttl e (1Gv(>jopr-r rll~f!C: l) rn, 

Fl exibi li ty ;)11(1 extensibility . OttlCl' pnople be l ieve tilat the oS'::en ti31 
property of a good I PSE is tl lJt it should nurtur e oreJer Ii rwf. :; riy 
inlroducing cont.I'ol, disciplilw .11)(1 accountability . I t cuu ld bc: c1l'glJP. lj that 
these app,lI'cntl y opposing views r (' presen t tile re ,.pee t ive vh:" vV', or 
JCJl1emi J ~ln(j il1L1ustlY Altr.r·n:Jtiv(~ ly, tlley coul el tw conslJer ,::lI tl) lJe tlw 
respGc t i ve v I ew S (l t tjevi;' lopers and manager'3. 

It is my via w tl~Jt the ~,o tWG (JiI"Fel'Hlt view:, are not oPPo3ing views , 
but iJre simultaneous requirGmmls For an IP~)[ It i s e~isential tilJt an IPSE 
ofFers the lr}ilSt possible hil)l"ll'3nCe to dr;velorer~, v:h il~; t 3t tJle S:JrfIG time 
providintj::J srjunrj iJnll [ontl'olll:11 m;JliJgemellt C:,W,d)ilily Allilllv-r WiW of 
vie wi ng tI1i'; i " tn;]!: it is eS'j ,'nti al to l'ecolJllhe lhal: '::;c ft wJI e 
developmen t 1:3 J serious tJIJsiness whlrrl mu';, t bl: perfor me'.] in J 

ai~;c i pline'.l manner IJY coojJl:rating ilidivi'.iuJI:o, Oi,ce tili'; l ,F It~ t "IWI: !lJ'3 

be'lil JCCppt t'(I, then tile pur 'PO'58 of an IPSE b';c ')lrres muctl C le ,:rrer i l i'.i 
there to providt: F;)c ilities to rlelp each memb<:r' of t il l' te3m - wlleUler as 
G'lve loper or Imn,lger or ClA contro II er - bu tit mus t J 1'30 pr o" ! dl~ J I I:,ve I c r 
pol icing wh ich can catch people who trJnsgres:: the rlJles - wllether by 
accident or by rn31iciuos intent. The key is to get tile level of policing 
r ight so that l3W abiding members or the cornmun ity do not feel oppressed, 
but unlawFul members are appreMnded. 

4, Two example IPSEs, 

Systems Designers has been invo lved in the devel opmen t of IPSEs for 
almost 10 years now. Figure I shows each of the IPSEs wh ich have been 
developed, and shows how they are related to each other . Conte)<t was our 
f i rst support environmen t and it provided an integra ted set of tools to 
support the deve lopment or software USing the MASCOT [I J aeslgn rnethod, 
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the progr amm i ng I anguaqf: C 01- zli (:'6 [2 Janel tt) € I-,ost --tar Y': t deve lopment 
tocllrlillue , Context was IHvel or,',d In ttv, la[(, 19 70's to I'UII on Diqital 
r'[JIjII 1) ll~ t' 'lrld r')o ': I' Il r- t l'" "I)','r' " l/:jl' l?bl l' If Il ,'t rr,' (' r'OI'-(,-O'-""r t ;lr"J"I ': 1'" • I ~ .J . :> C, , .j . . l ~. . '. ! f j • ':.J, . .1 . . J _ . , ,.] ) •. ~;..J . l ,J .. t '" .. J 

It i'3 now hosted on the V/I,X r' ,31)9'3 of' computel'c, and Ila, beof) (;md still is) 
in very widespread u':;e for tno Oeve lof)ment !if emrJedl1ed r enl -t ime 
systems f Ol' defence, 

Althougl) Conte;( t provides an integra te(j s',t of tool':;, its database 
supports only a single user c,t a time ancl can only I)o ld a single vers ion of 
any object at a time, Perspecti ve was deve lopec1 in t he early 1980's 
SP,'lC.ifica lly to address tllese per'ceived weaknes ses of Context. I t was also 
ai med at a mucr, wi ller marf:e t areil th;m LJr: clef l;ncr. Consequently 
Perspec tive support :; t ilE pro01' alflm i III) I cmglJilgp P asc al. P() r spec ti 'In i '3 1'11,/ 

f irst EX~fTlP Ie I PSE and I will :;:,y mOI'e about it silort Iy, 

Pel 'spiH: tive is cUITenl: Iy in U'3e on owr 50 ~i i tl!~i througi)()ut EUl'c'pe ami 
tla ~; been SUCCGss iu lly used f (1[' t:t1O dcve lopcrt'!2nt or tile ;JVionics sMtwar tJ 
for t he new <Jel-oplane kn':wm i 'i tr,p r:>I;eri rnQnl:al ,~,ir'Crart I'roqr3rnITI;, 
(EAP) bu ill: by FJr i ti 5il f\ero:,j)ace ;:mcl w h i en ',II ;l '~ rI i 1 nCI il t tile F,Jrnl.lOrollgtl 
Air Show (luring the weak of tile r,ii"N(..]<j[il; cllnferTnce E:'p'JriencH Witll 
the use or Per'specti ve has shown t1\Jt i ts b;] ~;ic C'}'I;:2pt:; ,H-e I' igl',t, I;ut 
that, inev itably, improvement:, can b(! III 3(1 3, ~)onk of the improvements 8ft? 

in trle al'''~1 of team far.iliti(l ~; ln<1 bette l' poli(,iwl , IJut tllP nle'-, t 
fundJnwntal improvement 'NJ; to J:1Jke i t in to ,]11 "op" n" enviror,r,; ':,n' I."t" 
allow users til e possibility or (lddir:Ij ,:\(k1iti on:,1 tOJls, TI';~~ l'E),;u l tinq 
prolJuct is called Perspectivl; f,ern-:t Tr)is in(J ' (~;]te:; tnClt it is J 

deve loornenl: (rom r'erspect'l'e '"Jr1d that it prO /! ij(:s ,1 b ,Y:;h~ '3"1: I'r f ,':,. i 1 i ' ii" : 
'MilCh f(jrm tile kernel c f any IW', pGk17 IP:JI: 'j ';'I;;l opeI1 witt) it , Pfl-:oPi,' dlve 
K,ernel , or PK as we usua lly r () fer to it, is rny second e:<arnp l(1 IPSE, 

Figure I shows two envi ronmen ts being developEd u'; ir,,] Pr~, Horizon i'~ 

a new envi r onment t o support t1ASCOn (3J and Cora l66, wh i l st 
Perspective/ Ma Is an APSE which incorporCltes the des ign language 
disc ipline of Perspective The other three boxes on figure I all refer to 
Aspect This is Cl collaborative project involving bo th industrial and 
academic partners and is part ly f unded by the UK Departmen t of Industry 
under their Alvey inititiative, The industrial partners are Systerns 
DeSigners, International Computers Limited and the Microcessor 
App I icat ions Research I nst i tute, The Clcadem ic partners are the 
Univers iti es of ~Iewcastle on Tyne and York, Peter Henderson descr ibes 
some of the results of the As[:,ect rese;:wch project in another s8ction o~ 
th is report 
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4. 1 Pcr~;pective 

HIe tal ~: explained blier: 'i' ltw rr,oU '/ 2JtiOf) I ).~ I-d'id U-10 devcloprrlr~nl 01 
Perspective. PerspGctive pr-ov ides a desiqn language as a set of extension:, 
to 150 Pascal, which provides a forrm.lli :im to represent tile structure of 
the real-time embedded system beir,u developed. Tll is ~,tr-ucl:tll'e c(;n lJe 
checked ancl recorded in Perspective's Ij:'ltabase, and thl?n used to control 
the impl ementati on team so trlat no deviati 'jns from the cJesigner's 
intention are allowed. Th is forces the implementation team to either keep 
to HIe designer's in tented structure, 01- to report any problems and/or 
sU~lgest"d "improvernents" to the cJesi[lncr, If a rnodificati on is 
consieleroiJ necessJry by trw de:;igner', U'len he can rnake ti,e appropriate 
cllarHy,'3 in ti le ful I know I ':(IUe or tilP ()V'.',rCl I I tlt!s iUn cone ept ar"j i :',sue a 
new versi on of th" (1esiIJ') to It , ,~ imlernentation tearn. Thus Ule (j l)signer 
r 'Jt:ains contr-oi of tile cle:; ign In-;el ine 

PerSptKtivl, also provil.le:i a o:!l,velopmf.nl. rnethocl to Ilelp in the 
leclm !cal 1Yl3nJg':l1wnt ( , f til(' soF!: 'Nan: clev() luplll cnt. n lls i:J IjJscd UI:on tI,c 
notion of identifying "rni le,;!:iJlieS" along tI,e dl?veloprnent patt). These 
{;llil'st ones corr(lspom1 to one or.:J group of database item v.]roions 
Cl ch ievlng a pat't lc'J!ar status. n W,;(? ilCrlicvernents are visilJle witrlin the 
Ijatabas~ ;]nd Gln tlC detecte<IIJY nmnlllg stanelard queries TrlUS tI)e 
1f1:JIlJgel' CJn ()I)(:,lif'i , fr'(llTI ttll: l1.1t]Ll.Y; {~ , (j rCC: 'Jr lj or actual I)('OQ,'(,5:3 
Jel l i ~V~IJ Til i S w i I I ignore any pl'il\-lI'ess t'JW Jl'd::; a rn i I,)stone ,md 01: Iy cour": 
actual rn i le:; toflr:'S acllieved. Tl'IU S a ratlle!' Pl'Ci '_,imistic view of PI' ll\JI'CS,'; 
wiil be obtained by this m~tI \llG. IJI.II. t hi~i IS COf'i'31 Ij el-N1 to be a ,](1)1.1 I(lea­
~:SPl'C. i a I Iy as it. ;]V(· i d:i tile W'? I I f IK,wn "9() ;:; (ilIlll) I de" :3YI)(II-' :'1'; ,e. 

For mor,} Ijetail s on Perspect ive please !'er<~ r to the Technic31 
Over-v iew (annex A oi this section) am1 tile slides used (Jurinq the talk. 

4,2 PerspectIve Kernel 

PK provides a foundation layer, which is fundamental to the support 
of openness, and set of project control facilities built upon the foundation. 
The foundation consists pr imaril y of an ERA database enhanced with 
fac il ities derived from Perspective to support teamwork ing, version 
management and conf iguration control. The project control facilities take 
the Perspective notion of domains, with controlled sharing of item vers ion 
between them, and adds further facilities to support the notion that each 
ccmain corresponds to one or more "roles" wi thin the deve lopment team. 
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Hies" I"oles inclJde the abil ity to act as 3 teer,) 1(, ,;~ f. ~ ~1 (arid Jt'legut!: 
re"pGii:i itj ility for part of tl l(, deve lopl lwn t t 'l oll,el dl)lrI.Ji lr;) , 
or to Jet as ,1 Q,\ r Evirwer (anfj pinlel' ;~ C(;('pt iT,i: place ,m item v(!I'sion 
under CIFlI1g'~ control, or reject an i tem vtJrsi or1 I.,ecilu ';r~ tt lC apprOlll" ia te 
procedures I,Jve not been foIl OWt·d) , or La dc t as J ';"le i !) ~illl(!n l cOI'l t l'ol 
nlJIl.Jqr:r (and a lltl,o ri~;I' fur t hel' (ll? '·;e\l'prnent or iiHIl ver'sio llS pr'e vious ly 
p I aced lIMer change c(\n tro I), etc 

For more details of PI< pl9ase refer to the Pi<. paper 

B of tl1i3 section) and tile slides used dUI'in~1 U'18 talk .. 

5, Conclusion, 

(annex 

In till) early pewt of rny pn?s8lltation :11)(.1 in ti,e tV/I) example's, 111<1\/8 

str8s',;\' ,1 the importi,nce of tp'iJrrllN 0I'k and tI,e flJn(j;]rnl:nt:al requirl?mr.nt to 
slIp[JCtr t. t rZlnlwork in I P5Es. In tl' i '3 cone I 11:1 i 1)(1 ~i ec t i on I 1, ,]118 i (1<'n t.ir i 'cd 
tl:rw" prin ' : ij1 I '~" whicl) nee,j Ie llC Ol):,HV,:,j in ;] ,)j IPSE wl)icl) pUr 'I):)rts to 
support t i',llnWOI"Ir. 

Tr',,' (i i'::; , C,inc iple is the "ne'! rJ to kl:cw" prilKiple. Ti l is is rela ted to 
I hp Hjllilidl,:'nt 'Opel.wiry pri n':lp le, llut In I.cl'ms of IP::,Es it can tle 
II1t.erp r;~ tr~d r(lore liberall'l, bi~c,u':e tlw (OIl'1i~quence~) 01' <.1 person knowinq 
IN'II',? thai) is art lJ.l ll y per;~S"iJry ::rr ,:' no t SI'I'i.~I.lS . In tJ)I? I P:i f: world thr: nH!d 
to know or'IIKiple means n1;Jt eJct, t E;J ill IlIpmtwl' Ii,,.) ,I r-ifJht to SP(: ("ril)' tli"3 
own ob j(\cts. OhjP.nS beti)n~l lng 1:0 otlWI' (jorn,]i: 13 al"" nonllJl ly in'/bit)l.;! 
unle~3 S spociFiCally' marl,' vi~,il)le tly t l"l <1 1.: (1I'Iil ,oil) Tlii:: pl'ir,ciple n1Il'iC Il" 
ii·l..:>r,:'r ,dJ,,1 so th;lt ('3cli t ealr, ll10rn l),)I' ( ;iI ·. S l~ f: ' II ii' 111·)jE!Lt·,; r('", 1 11'1)1.1 1' .)1 I IH' 

tJ'3k in ilar,d Perllaps more importJntl y, ti ,': teJrfl nl~rntler mil:,!: !lot lJl'II;le 
(0 Sf!e Ule prI V3',e OllJect s WliiCh othel" t.e ;:lITl rn,:rro er '; (lrE curlent ly 
d€'V!2IoDin'J" unl<?53 or unt il that team nwrnllt'r' (J? ~.:i(\es t o rnaf:e them 
vi~,i ble . 

TI1i'; leJds to the second principle, the "dependability" principle This 
states that when an Object , such as an itern verSion, is visible to a team 
member, and that team member has elected to depend upon it , t hen the 
object w il l neither change nor disappe<lr 

The third and final principle is the "permission to do" principle. This 
principle dictates that a team member is prohibited from do ing anything 
unless it has been spec if ically authorised. This is the means by which 
domains in the database can be set up to correspond with a particular team 
role. It i s also the mechanism by which tasks can be delegated by one team 
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CIlAP"t It lt 1. 

HI'fRO[)(JCT rot. 1\/1() ~I JUI"'GEI'l8NT 1JlJIIHAIlY 

PERSPBCTIVE is 11 programming 
systems Designers Limited 
PERSPECTIVE provides suppo~t 
development process f~om 

maintenance. 

Support Environment d_~81opad by 
fo ,t PASCJ\r. based S()f:I: ',~ara 5ystetns. 
fo~ all stages uf the software 

initial design to in-service 

In particulal' , PER~;I?I~C'L'IVF: is de5i<Jr\f~d to rn~ilt l:I11~ d ·?m,lt1d~1 of. 
rnCltla(l(~lnent in cootr:: l)ll. inq prnj~(:t.: t~arns, and to P'C" O\l id l:! 
~ p~c;i.)list 5UPPOtt. (1)[ (i '~Vt~lCI.)il!q And 1\1~3intaininq l:eal. ·· .. tinH! 
s'JEt~~~a fo~ embedded t~i c ~ o computar syntems. 

1.1 PROJKCT MAHA<;ltl!lW'l' 

l'r.o 'ject MlIn.) 'jers ilee U!Af'ons i b le Cor t.:1'\(! t i(l\ '~ly Cqt1t [ll.,~t i on c>t' 
:l u(t warE-! !iy :.; t:wns, Wit:tllil \.Hj,tlg~t:s, td HL>EH:i.f i '.!dtl d n, i \llJ tu 11igb 
quality and reliability "tatldacJ~. This is it d'Jm ilt1<ling ta!.lk. 

'. 

• 

~rojects can be technically complex, often involYing 
real-time systems and pacalLeL praces9illg on state of 
thn a ~ t 1lardwaca. 

I?'r()j l~ct.s Cfin be admioi::itt: .l.tiv el'{ l: dHlp le ){ '",i.th 
infor.:nation on Frogr23s ... \1.11] r,:.~qLlir:' :hlh!nt 1 2 /J{ni r'l q front 
mflny 90\1( ':::~3, i.n mi'\ny 1;1)I:rn:'., l<Jil:1l VU:yillq r"·'!l.i ,lbtlity 
and ayailabil, ity. 
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• 

• 

• 

projects can be organi5il ti () n~lly co(nplc~ '''/ i. til 
coordin .. ~tioo ,:,~' qtlir.ed thrl)llCJll al l tIlt! dc rJ k.!] , \ )!.1f1l1;!n l 

sta'ji!!!l I..lf: 

.1 ) ,1."1 i :J n 

b) implementation 

c:) 'lu.a.lit:y .33 '~\ltanCe 

In addition, coordirlation is usually required between 
team f1l~IUbers witllin these stages. 

projf!ct: t.~,'1rn memb4:H:s can makl! local dl~ c i ~]if)n!:l t-li.l:h ()llt: 

r.Halis!,,'] th,eir. ',Ii. (l~ (' implication:" "hlch ca rl t"'Jult in 
Bigl1if:i ':a n t r.:'Hlor:ki.ng to medt tile syst ''' n1 :;p'~clfi ,:at:i<ln. 

Pr.OjHctS l':f:!qui.re spec ialist: re !lOU «:es, br)th h U:lldn and 
HVlt.c:ri,ll, '..oJhich al;'e o ttiHl not i2v .~ , i .1.a ble ; ... hen rt!qui l:f.:::d , 
and are aLways in short supply. 

A Itey e1.dment of rF:RSPECTlIfE is the support it <J i v"~ t o Pr.o :\,.ct. 
i1-lna<J dt'iI bY' "cldr':il :3ifl'l a1.l of the"e pr.obL'""l!l. 

1. 2 Kl~!HmI.lR1) sYs'rKMS 

F.:lllbf:c.ldt!d :ly3 t:~jn~ dl:e micr. ;:1p COt: e :lsor :Sy!Jt2r:i !1 t.thic:h ;It' ':) 

inco[po ra ted d9 a (:o~, p o nHnt III otl,et d~\'i(:e~ ,~:ld wl'o~,~ preue~\:e 

is often not i.n1llhld.iately evid'Hlt. Tll<~y .:ire t:1:',":rUH:1tJ.y used for 
control ()Url?o"e~ and opel:at:e co ntlfluDllsl'{ in l' e·a!. tim€<. 

E:mbf.!dded s'{st,~ms hillle a I111tnb'~I : of c:hal:;lr.:teri.:ll:ic'J \.hidl add to 
tht} complel\ity oC the LIIplem'Jilta::lon taal;. 

• They tend to have severe timing and memory constraints. 

• They often make use of specialised peripherals 
are only available on the operational hardware. 

157 

which 



• 

" 

* 

• 

The actual opAtatiunal 
be available until late 

1M ttl ;-(,,} re l'onf i'l ura t i o n 'n" y n ot 
in t. h <! dHlJelcpll1~nt cy c lf~. 

Th e suEtware pr.ud ll'.:ed is <.: <)mpl '~x. E'req llently i.t \;il 'l 
many parallel pa t hy of e~~c uti o n and exLensi Ye 
interacti')n ',lith it.s envir cnrnent. 

Em bHdJed computers ace totally unsuitable for software 
develo pm.nt. They do not usually support an operiltln~ 
system ot: any of the other facilities reqllired by 
software development tools. Software development must 
be carried out on a separate "host" computer. 

Emb.~ dr:led S O l't ',' ;lt'~ must: bEl tli.!.~ted on tI,. tt<al lurdwat:e 
"herf.! it can run in redl t:iLU'~ lo/it11 r '~al p'3 1; i"h",:,, 1 ~. 
Usually this moan~ los ing all the dia000stic a1ds o f 
the host complll: <! r,. ilnd 1,".:tve3 the programmer with no 
ea s y ill mans of test 1nq or d ubu'l g ing the system. 

t'ER .'.il'F;C'l'I VI> 
d iw ", I "[l i " g 
f t:t atuJ: G5 of 

prov i des a uniqlle 
<i (ld I'l ,' 111.1: ~ til i. II ' ] 

thia ~OLlltion HeM: 

solution 
~~mb l:;!dd e r\ 

to th e probl ema uf 
8of t ' . ..,:l re , Th ~ main 

al A methudol ogy t o hand le ~ he d esig n of c omplex s o f t war e 

b ) 

cl 

and t o pr ovid e a s af.e HJCo; (;ul:ion ellv i r orl<nent fa, 
seqIwn t i;1l proqcalOs in ,~ c oncllrt:ent syst em. 

.~ h O:it a d do.'1 e l t1[1II\ t:! l'\t 
de '/elol?ment and r:J.n be 
cyr:le o f a pr oJuc t. 

t\)olk i t;. \~ h i.e ll :::H.1 P pOr. t .'~ t: CtV] r ,~ :;l 
extended to c <)v(!( the fu ll 1 i. f " 

A facility t o load appli c atio n so f cwar e int o a 
computo;r over a seclal link, whic h a l so 
debugging of the software r llnnil1g o n the target 
host computer terminal. 

targ et 
a l l ows 

fr om a 

d) A standard run-time package Io/hich c an be tail o red by 
the user to meet specific project requirements. 

In summary, PERSPECTIVE provides 
to ensure an effective solution 
system softlo/are development. 

the methodology and the tools 
to the problems of embedded 
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CIIAPT,!Jl 2 

Till'!: I'KRSPRCTIVB HE'rHOOO['OGY 

PERSPECTIVE sllpports the deveLopment and ope rationRl use of 
computer based systems. The e mphasis is O ,} embedde1 c omputer 
systems, particularly those which will use micr oproce550r~ Eor 
their target hardware, but the approach supported by 
PERSPECTIVE can also be used for systems development on 
mainframe and minicompllters. 

~'o r all but. tlli.~ sirnple~t of embedeled s'I '.Itema it is nece ,;" ... t:y to 
"et IlP a tnalll ('ll: teams) o f peol?le t o [lr o(\l[r. rJ a !lystern. 'l'h is 
lmmed lately 1:<1 ise, ,'01 thf.~ ," ,lna ,,'~ntent ptob I.'W}3 of. allocating tasks 
to poople cr tuam3 and of mak ing ~llce tha t the individuals 
,;ommunicate .. ,et:eetively with th,~ resl: 01: the tAam. It is 
L:nport .3.r.~: t o 1::rUi l.l(d aC'Ct;!f-f::' by au ltld i v i l! IJdl Cu COl1lput:t:~L.· 

rGsident inrl)trL'l.:lt: It:Jn as lu~(~ded, wh.i.la i.Jt~ v€: ntll1g lnterfet:ence 
with infccmatian bein l~ relied IJpC)ll IlY ()l:tlers. 

PERSPECTIVE recogni s es that appli c Mtion nyutemn are produced by 
t.eam3 of ,?1:()<JcammIH9 ... n·,:1 provid '!,J f;,I ,;iliti'~s to enable the 
indi v idlla19 t o ~ork inderend~n t ly a~ fa~ as [10:J9iblA, At the 
~am. time it provides a di~c ip L i'l ·~d envi~onment in which 
l't0'Jrilmmer:3 (; '~n interact with ot l1,lI! t"'<lm ,r.elnb,!t 3 and the ir 
dot'twace ccmpOt1unt:.J, ,lnd still be c:()nt'id.~llt t 'n ;~t , .11t.hou'.1h til,! 
comro nents ha ve been dl!veloped separately , they can be 
9UCC 1!S1fully combin~d at: tt,e aDPtopti~lt:R lnamarlt. Fllrth .~r, 
PEASp~~rIVE reco9ni~es and pra~Lded EacllitlsJ to co ntrol the 
~valanche of. v(Hsion management problem" "Ili. c h in .!v it .lbl y OCCIlI! 

once a formal issue of a product is m~dH. 

In order to achieve this degree of control, PERSPECTIVE 
maintains a central database of informati o n nn all items within 
the system, including their development status, and the rights 
of individual team members to use or change thaIn. 
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Normally a p~RSrECTIVE dat~b3sa is created hy tile Pruject 
HBnager to ~eflect the o r~ 'lni3ntion of the people in tl'~t 
project te,1m. For e,(.:J.mple do 'Imall project databane roi tJht IH t,,! 
th(! sl:rut;t;ura: 

Proje:;t Manager 
I 

_ ._ .. . . .... _ •• ___ • __ ... . . _ • ••• • __ d ... . .. __ ... _ ....... __ • •• __ ... . ____ . ... 

I Des1gner 
I 

Frogrammer 1 
I 

Programmer 2 

I\. more complex ona might be: 

Projnc t.: M(~nag(.~r. 

I ---- .•. --- .. ------.-- .•. -- , .... -----,.-.----.~ ----.. ,-
I Des1gn 

I . 
P r. OfJ r. (UntO 1 nlJ 

I 
011. 

Md n\lq l.! 1:." f' !rll Ill q I-;~ r. 

I I 

I I I 
01 Pl ~J. 

8iH:h team lo",mbec has a 1"!C1 0 na 1 v i e w of teb e d.lt:..:tIJ 'IJ8 but: i :] 
(lrevt!nted from dC C 83:.l ing the at,,;t iOIl :' o f t h f! t.l .. ) t lb.] s'! 
contr ,)lled by other t;t! .3m mam b"H::! unl .J 5 '1 ;"<pl i t:it pl'Jl:l\1i.-:I :; i Ot1 ha3 
b'H!I1 given. 

Durin~J codi.ng and test:ill ':i \'.I" " pr ,).,': ')n1 I1HH3 "rill b'ii ,.I<1I .. I .. .Il,i ll '; 
and COtrectin'J their ol,n components, and also mdkin~ use of 
compoaents produ.:;a<i by otr.tH fU",rubdI' :1 oj: U1H l:dollll. PJ::R ,jH;C 'nVE 
will allocate a version number to aach new instance o f a 
compo nent, and the c<)[opilation ptocess will aut omatici\lly Il!ie 
the latest version of each component unless particular 
versions have been specified. 

The PER ~ ~ ECTIVE discipline extends to prohibiting team me~ 'rs 
from c . ~ging components produced by their colleagues . ! E 
there i s I requirement for this it must be raised with ,e 
project m~ nager who can assess the requirement, and its imp .. _, 
and decide accordingly. 
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At any time during the project the manager Cdn interrogate the 
P~RSPECTIVB dat3base to do;;tecmi'lB the precis,. state of pr ogresG 
on any p~rt /)f th~ !!yflt f!! [~. !:1y!,; iropiC: database quec ie:! 
I;onfirmation can be obtained, for: E!;('lmplH, thai: the f"llowing 
Inileston8 9 h~v a leen a c hleveJ. 

* 

• 

* 

* 

Item has been creatnd (jllcing over.all dnsl'ln. 

Item lIDS been checked f o r consiste'lcy with other items 
in the overall design. 

Algori.thmic 
checked by 
cc,rrec:t:ne:JS " 

content of itHm has been 
the compiler for synt;actic 

Item hay been tastad locaJ. ly and 
9uffi c iently sound to be incorpo rated 
configuration fot tile l:oa1 ta~get. 

written, and 
and semantic 

fOllnd to 
into il. 

bn 
to;; 5 to 

I t '~m h;} 5 bee n Slit f .i c i u· n L 1. Y I? I: <J v " ..1 o n l:hf~ tar:(jp.t to 
war.r:allt being hiHl <.hd ovec \;;0 l.lla QA 
thorougll testing and certificatio n , 

I: f~dm for: mor.(~ 

* Q.\ ace >Jal:isfied with l:hl~ CO nl L' () ,', l!llt and h~v '" m,ld " it: 
,1lJailable to a wide c: o mmllll it:y "f \l'l IH5. 

MJllitorlng ~rogces9 against eventa 
can be perfo~med at any time 
system. Thoi'! PERSPECTtVE ap~coa .;; 11 

Hanager's view of progress in 
achievement. 

'!lIGh t . .. " th n s" in t t'. i .'1 1. L.t 
and at a ny Le vel within the 
e(1~U~ ~ 3 t ll~t t tle PC (lj ,~ct 

.!oy i,rea rapresents teaL 

The version control provided by PERSPECTIVE during system 
development also gives the Project Manager an opportunity to 
identify and tackle problem areas at an early stage. If, for 
example, a particular module or SUbsystem is undergoing many 
changes in the compilation or testing stages, then there is 
clearly a need to review these areas in detail. Conversely, 
reviews of stable elements of the system can be reduced or even 
omitted. 
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All oE these features stem from the central J~taba9~ withLll 
whi-::h al1. elemonts of the system ,ILe 3t:(lI:'''.l, alld tllrtJU91l whi c h 
the various toollJ and commands of f',;llSPEC'l'IV" c.:ontl:ol 'lo::r;'~S3 
olnd a ':t:.i On!i, ,3nd raccord pt: 'JtJro!; s. 1\1.1 of this inl' c r.m ''ltino is 
available t() the proje(;t Manii tJflJ: throug 't!out: the 1. ife of the 
PJ: oj ect. 

10 this ~sy, PERSPECTIVE pcovid~s the IIIJpport which allows 
pr<Jject 11ana"ers to spend their tiloe ptoductiveLy on t:eal 
issues nnd to help ensure tllat their team produces systems on 
time, within budgets, to specification, and to the highest 
q\lality ,"lnci rE!liability standards. 

2.2 OVl:ll1.LL OKS IGJ/ 

The st.,HtLII<j point (If the Pr:RSI'E:C'l'lVg m.!t:1FJdology i !j the 
f!xist t:lrlt:t! of a req\lirern'·H~t:. HOWeVf!1: it !Jb {) 1l1<1 hft exp~<.:'t~,.1 that 
tho desig(1 pcocess, particularly tllD earlier phasB~, will ],ead 
t.() a claririt:ati()n of th,! I:"!quit:f!loent. and to the e~, p<l:lIlC'~ of 
a rea~ wh.!re trade-offR between dft~ign and ~equiremont may be 
madPw. 

rho f.irst "It.iI'1e of a de!d 'Jn i :; to an .... ly"e I:h'" l'eqni.cem",n t from 
.1 .l ,lt ,~ (1.ow poi.nt of vi.~ ',l., TIlLI will itl""I[i;dbly ~ J\ ~ t(""" t,he 
nead to handle events whi.;h occur simultdneuusly. T\li~ is 
[ ,=pre5ented as a set of inter-communicat.ing "sub :~yst~H\l ~;" 'oJS lilt,) 

tl14 dia'1cammatic notation shown in Figure 2.l. 

As tile analysis proceeds and subsystem,j· ar.d their 
int ·~t:commllnicat:i(ln requ L.cp.ments arn p05tllt::tt.p.d I 1~ 'lr;h '" u h:1y .stem 
and e ,.c:h int;!rface must be justified by id,~t1tieyin1 lr.CJ purp()s ,~ 
03nJ it::.I fUI1<:tion. ThE! f i.st Oltage o.f thiil J.' >l i\111 iii ,~ umploi!t .. 
Ilh , • ., ,\ "jt;J:uctured walk-:hctJugtl" of til!! 9y.s~"JLI (,liagtol r\l(~) ha~ 
b'HHl ccmplfl ':ed to tile S,ll:isract ion 0 e a tl, <:0(1t:8(I'I<1{L 

2.3 SOUll rS'TXl' OBSIGI1 

The next stage of the design is to dec omposo each subsystem 
into its components. 

In the decomposition of a 
given to the method of 
There may also be a need to 

subsystem, consideration must be 
implementation for each interface. 
implement asynchronous functions. 
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'I'he il 'lynchcllnollH fun ct; i.,'Hlli can be represented by further 
:; l\ !:o ,J y,.i;,,,nn (,.hL<:h in I:.IJCII wUl hilVC, t. o be d~c omr.f)sed) oc 
pcO)';eSSI!9 wlddl a!:'~ \'.h,~ fundamental unit of parallel pro ,~e5sin 'J 
in PI!:R : )~' ~~(~ ' I ' 1.Vg . . t'1:')I'::p.n~iAS itS \-t'ell as sllbsystems can 
cCJl\ lIr,ull.i. ( ~ d t l: ull.L:t via Ll td l: I.dct=.ns. 

,fneon "",,::dder ing h,,'" ~n incerface should be implemented 
PllHSPll '~TI'ff: l1l:ov' id" 'J t ;1') illt,e rnat:ives. The fundamental methoJ 
i.'l t o <13(1 a rnod'lJ.e 1:0 j . ((I[11(~ment: il s i;1g le inter face. T1H! 
a i,lernotive is to use a subsystem to implement a single 
irlterEae;e. 'rhe advantage of the latter approach is that it 
allows the implementation to employ parallel processing (since 
subsystems can contain processes). 

'l'Ii'! t~o:llni'1.<le oJ: u:ling 11 me)d'lle/s ub::!Y:ltem to implement. an 
interfa c e nlLow~ Parnfts' dR:lign concept of "data/info~mation 
ili ..l ln'J" to II(! ,) :\ '.lJltrld, ."ill1 'II; l'p.rDlll;til~9 a modulEl/!lub:J'i!ltBIIl l<.l 
I.l ,~e 0\ Iwr: il1i:1.!Cf.:l';" H ,11. ) 0 ',/'1 P"RSP,:e~TIVp. to represent Oij1<stra's 
cOIll..:ept <..I I: " ;!I U ... .: I.:: ~~H i 'le lal/els of. abstraction". 

l'E l\:Jl'iCC'l'l 'H; providea Lln ;,lud"J,e faci, lities (as exten'3ions to 
PA,:;C,\l'.) I',)t n~ ,=o),di, i1eJ l,tle'I'" aspects or I:he l:orrnal dp.siqn '''ithin 
it:~ Cf! r'ltr l,l d ~\t ,lh.:t !JI~.. Pl':HSPE<:'j'[Vl:: can then make use: of t. lle lise 

oJ!: tile r,~"o~ded desi 'ln in I;he l:oLl,owing I/ays :-

• 

'fill. irlat in-] th,~ r. ()mpletene '3s 
d~si'ln it,h!lf. 

and <:onsistel1cy of the 

Defining re-ugallle modul'!s and thus providing the basis 
E<.lC a software component libcary. 

r ,j ",\1:, i.f y i Ilq 
i!l1 p t E~r,:[ ~nt t)c~ , 

oJ lo,l", of thlll 
d'"'t~b.:}se. 

-inrl a9 .S j '1 "i ng 
who wi l 1 e ?tcJl 

d<!!1 i9 n Ulrc'lgl1 

task " foc i"lldividual 
be gl"en an .:Ippr a priate 
th~it section (Jf ti,~ 

• E[l:Juring that the implemenl:ation adheres to the 
recorded design. pgRSPECTIVE will not compile a mod ell. 
which does not conform to the interface design, or for 
which there is no recorded design. In doing so, it 
provides a means of prohibiting implementors from 
making unauthorised local decisions on design issues. 

* providing management information on the Impact of 
proposed design changes. 

164 



i.lllr: irF j c0din.~ ,,,"l t.eitin<J t.iI.~ p{(lfJrammers I.rill be dr~.,el.orin'J 
-)11. ,: ( ~::(}J: '8 ;:; tiIl IJ tllel!.: IJ'llfl rH C,<l u iclS, i:lod dls D making u:-;e of 
c Olll p On ;![1ts pr: ,)t\\j r;<ld h'f (.l til .!r rn"mbln'l of the tfl~m. PE ftSPECTI V8 
;rill alioe,,!:·; a v';(;lLt)n numlJB t: to each n '~'''' inst:ance of a 
10 1)::11.1 I. e; thl! r. o ml,)i \.iltion pr.<)(::n,w Id J 1 a\lt.() :'l,lt iC:llly us~ the 
J.&t;e :;t ve~ :;i ;} [ l llf e a (:tl nlo~lIJl~ lJlll.039 p .~rticula~ ~ersions ha~ e 

bal?:o S[h2C i (iHd. 

Tile PERSPECTIVE discipline eKterrds to prohibiting team members 
from changing components produced by their colleagues. If 
theru is a re~uir~ment tor this it must be raised with the 
projuct; 11anager 'Illo call ilss e» s the I:equir .~m.~nt, and its impact, 
and decide dcco r~din<Jly. 

Wil:lrin .J /ll() ,lulo Ill: il ptr)<:lw~r t.he pr: o<]I: .. ,mming lan')u<l'Je is 
st;u:dd,cd llA!iCAL, with a nUill l:! ':'!(. .:>1: ,·txtEH1Sior1s to meet the n ~~ ed3 
0 1' r " ".l·t:i,lIw "y"I;IlIll " , ilnd t;c. ,d.LI)W tile rn.Jdula,:ity conce.,ts of 
illtUr:tdt:.:!, III1.htllla, p t: O<:H!"';:l , triLl Hub!J '{~lt .. e m to be ex;n:e:ised. 

rrhl:1!i ( ! e xt l:! !t ::t i ol\ :1 al l, .. "· ..... n'l(11h l'l 'iH t..(') l :'H~ cOlllpiled :o:;eparatHly, and 

'Jo so far. .1C1 pto'ridi,nq [or ttl" automatic con'ltructi()n of d, 
~ ': ' _ II 'lpl.;:t. i "! ~J ~'!.lt: t.'!L" . hlt\1!11 a n lil l 'Hn"~lll~ (If t :I'lf~ CJY'lt:'em ig changed, 
P Ei\ s pt:c 'r l '.lI~ (:(:11'\ du t otllal:i c atl.v d etermine those modules affected 
b y t. tl'" d un'F! ilnd can r.", h lli ld 1:11<1 sy:;l:F!m with the minimum 
n .. ~ c t ~ : j ::i ,"J r: y 1: ~ corn p i 1 d t ion. 

[> !\ ~ ; . ~ .l\r. and th~ t:o.ll-time (lxtenni.ol1s pro \1 id~ th e user ~i t h a 
\"Tl'.l llarje "" 'rich can be u3ed l'o~ virtLlall,' all ernbeddad 

[ l\i ';'Q(:~Jlnp llt~ c a ~p Lic~tioll~. TIli3 is actli ~v8J by restric t i nq 
tb" l.an 'Juil 'J"-' 'UI:',!IHlion,] to t .)1","\.ellet tr ,1l:tl "ace (: o ntrol and by 
':or; d ,!Cinill' j 3 ~·i l.rt:lclllal: reai ,-ti ro .~ r '~'Jilll'! ''' tt!'\t n the langu,l 'j e. 
3<1si .= I: ,~cit itl ,!s iluch 1S p ,rQCa~5 3Yllchl: Qlli,a::i o n ,~re b uilt int Q 
\\ g l:: .]Od ,lrd j.l i.\ {:' kct ' lo! wr.l l:. tun in PI\SC ,l\L 3.nd ~ ) l'. t' ? l ied in SOIjr.c~! 
.t ~):Cill 8".) t ~ Hl U :1 ·o:1t. 1': ,:11\ rnakt! a1()di fil;at:io n ~ \-,<,1 i nt.!:t~ '::. p[~..:i~a net-!<i !i, 
O J.: HV'en r: -a pL\ c l"~ tlll~ wh :..)lE~ ~)dck ,l ~Jf~ if r. 1=!C]lltC ':!(\. 
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• 

f'E HSPE,;'rr'/E illc ludn!1 ,1 w idel l'ilWJe of (: '''11: in '! )1'10'1 d c,!llu ., '3 in '} 
i;()viol, all 01' ;,l1kll H IEeL' to clat.l it"'!II!1 b y tl l .,li r: fa ,rdliar 
PASCAL lIam '~ ,3. The".! t<)l}l~ C3Jl b ,! il [lp l i .~" !:t', 1'.11<1 in it h 1 
te e ti.n<j of I ltodu.lH~J on tl1 t~ h<HJt III i1 t,:hl.nc:1, cl n·J a L:3G t .. Q SU.b~HqU t.Hlt 
te!it.ir.rj f.)n tho La l~CJ r;"!t mic:r: o ~Ir: :') Cf~ :3!l (J L" und8:I:' co ntrol f.com 
PEnSPECTIVF: all I:hc,! hO!J I: •. 

LJolw··· l .in " le ,~dinCJ i!l 'llll'Port ,}d by ,!c: nllOccin 'J I : . h~ 
t;ar:'1et C:CCllPllt~l:S witll a simple c Olomun.icatiol1 l. inl(. 
is a c hieved by use uf the same L.ink. 
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<':1111.1'"1'1<;11 ;} 

U:UR PAC Il.l'1'J R5 

3.1 'Ill:! PERSPEC'.t'IVR DA'rA.BASE 

The database holds all the source files and any machine code 
file" which tl"",e been eonstJ:ucced. [\1 addition it holds all 
the struet.lral information concerning the ru1atiollship b.!twaell 
int"tface,;, modI11 r~,., proceB .';e:J and subsystem"" to'l'lth'H I,ith 
ttlf!' (ndn,l'J '~r: i.,tl i[,r:nnoat:.i.nll rotlll',i.U 'J t . :) V<E!t:!lj(Hl ".'n nt ' r lll anl l \I ~ I ' ·~ r.· 

.:l C C n !J ~J r: i.IJ h t: ~3 • 

OE \?ar:ticuldc iJllPort. 'H" ; '~ in t.lH! d"ta iJa s'I l:) t h'" "l>il ity t.o 
'nil int!!. ill Jependellcy' inf.orrr'.llti o n. '('11 i. '1 i ,] u s .. ,j to ,I eti.lCt. 
aut n 'lI<1tici\l.ly items in th .. d ,ltab,l!H' tll " t: h ... ·J~ bI'! C O l<"l inv .:rl id ,1H 

a r E~ '3uJ.t. of user. ac tion (a,q .. Htliti.llq) a.nd t (J C t.!- \·: .ce :\ I·;\~ !:h,! 
.lfl["~ lld.;!nt items when th,"y arc r.eql.llr .1J . 

11'1\0: dd t.,d.Jd.se m(ln ;l ~;I:!C wi \:hin th8 P t~ H~.iP€ (: 'l' I Vf: gy ~.ltE~m ther:ec t')ce 
11 ·1'1 ,;,,10 r.oles: it provides SI1P!?"l:1: f e,l: dil':; 'ba " .... aC':"3S by l:i1e 
l "" LI iICld <l1so Pt()'/ i.<lH" the <:h u ,~ ldn'.l and " ') ' lI:d illation oC the 
d p pl.l c:atio n ~yst:8m'g cuofi q llrat t lH I ,. I<e:e~ ) ill q t r. .:t c k o f vet7lL o ns 
a lld depen,l e nc ie:]. 

Tho \lsor ilw'Jk.os t.he 'filrio\l ."I t ,, ·\ .~ ilitie s by typing the 
,1 [l [)'J:opt'i.3t.O comllland. 'rhis '~ll .~l ";!~: intl~cE .1 C I~ u Il .l:.] clll oV;Jt'aLl 
.'ltyl ", to wili.(; h all c Dnllnand :1 COn f ,H t:1. l'hi :] i lli:(;t f:,ce ,1l :l 0 
p[0vi (le~ a "3ecurity lJarcier~ betw~e{l lJSli~3 . )[\ ~j prevents al'Y 
ll Sl~C frO l';l pe. rf o cmillq opl!rati c nn fN'h.i c h .1L" (~ o c .. t .:I \:i. t. ti .Ot: iS i!ll 'H 
.• 11 i.(~h c U'. l l d i 1\ \ .~ llllVI3n i th\ ':: ~ ,.:;t;r'll! r ILJ U t ':1. 
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3.2 

3.2.1 

Relevant cornman, Is are: 

II 5 ET fJ ~ j l::r. 

* EXIT 
* SET P!\.!;S\O/ORD 
:. S E: 'r COl.o/'l't: X'J' 

SET USEH is the comllland "'hich allows a USO( t:o start ,'t n 
int·. fH ilcti 'l f! sP." ·I'Iiol1 with 1'·"H :lI.'EC 'I'IV3. fll\'~rl P E: H !;~!I:: C'l' IV I" i :l 
i[\VO JCI~d, t:ht~ l lS oft r. fl nl: l~ rs thl~ SE'r CSgR ~ ~ omln:ind t t) n Omi(lCl t , ~ thn 
domain in lh.! U:!tH hier:al:~hy ill whi dl WIck i ~1 to be , I C Il.~. 
By quot: t n'J tiH. n ! l.l!V iUlt [MS3Im cd fo :t ac t: i!sn, t.t/f! liS.! t "i. L I I>e 
illl() '~ed ,lll I;h.~ pl:ivile<]Il'l ilvilil.lble ifl tll,ll: • .1Olmain . Thll'l the 
ll:3'~C will. bn ,)hl.,~ to creal,} "H1tltiml ',;[1;1\ lll1i'l\la Olllh!l. :lhil;>; 
r:ead lind 11 !h'1 (HII.1t!d entit tas .l.n the dal: :3.l·)a~Jej read and IltiH 
ent:lti{~s Inildt:! p'.Jblic by ot:ht:!',r: u~~~r:· s .. 

8:(]T j J 1.I11! ,;omJll£lnd "'hich t etu rn~ the ,:tfj o: r t-l lh ,.! ,; o "tl: o l of 
the ho"t oper.ating system. 

S8T PI.S:JHOHD all ows a IIS,H who ha!3 L<) '.l~J,"d ill to Ch.ill'l " l:iI~ 
pas 'H/ocd t .o b.! used for futur.e i! n t. r:y to ti l e Cl ll'cent d<1l1nln, 

SE'L' C I.)tn\I~x.T ~\ 1.1.OHS n. llser to ~h3I.e G t ' l'.h~~ tal:(J'.:t: (1(I)CHJdU Y. i,,,d 
soft 'nr'l '!I1"li to l11n.f! nt whiCh .. llL Ill!' IlS "cl d [' ,)[ ,Ill. c('llIpIL'\ ': I Orl5 
iind t .'~'ll:in'J rlP'HClI: i.<ln'l whi l:h dn n o t (I.qJlicitly qlllltH a 
pacticula.r t3c ge t. 

* CREATE USeR 
* CH£A'l'E 1'1' el1 
* INSTALL 
* FIX 
* FReE 
* DELeTE 
* PURGE 

The commands discussed in this section are concerned with the 
local use of the database by an individual team member 
excluding the use by that person of items created by other team 
members. This latter aspect is discussed in Section 3.2.3. 
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CgEA'rr: OSE:R is th"l command I\ .',,=d to er:uate a new Wier d omain 
ti) 1! databa!Je. 

i.n 

CHF.:A'l'E ITEM i!l the (;<illlm ~i.il d u;;\ Hd to \;: r.I~at.e nt!W te ),i.utt l i t:,~m!l ill 

tht~ ddtabase~ It will, al. l o~1 uyst ams, subsystelnti, inlGrfa ~:eg, 
mo<.1ule ~; or pc ()(; e~SEH' to bf~ c r£Hlted (in any or:dec) I but no 
dependencies bet\l/eBrl t:h~ 'fJI! itC!mn are e!ltrlblinh eri until th8 
it:Hm~ are ItI S 'rALlled. 'fh€ text of tbd n~¥, item can b~ COpiE!d 
from a host file, or t~o,n an Dxisting PEHSPECT[VE item. Th e 
EO[ 'r c Ollunand may be ,jsed to IUQdlfy the copied text. 

PERSPECTIVE does not provide a 'MODIFY' command . Instead, the 
EDIT or CREATE commands are used to create the next version of 
an item. This philosophy I~ an Import ;\nt element In the 
PERS PECrrVE ilppr.oar.:h to CtHl f i.g u ratlon man ;lgnment ",n,j VfH>li.on 

control. 

UIS'l'ALr, I" t .. I·1(! \ \<.~xt c'.Jlhlllanc! in t:llf! sequence alld ,Ii 11 '-.heck that 
the ' "ttuct:llr:a.L ' c:onl.:ent 01' the item is ,; o n s istent loIith OU1'~1: 
L,fc:lrm.3ti o n ,,1.rE!!.ld:{ i n t h ,! d .\tabasn. DUI' in') tilLs prO' ~ l!SS 
PEHSP F.CTIVil wiL I. atl:<!lopt 1:0 [NS1'At.L any itf,ma on wh iG lt thl! 
in itL.tl C)bj~~ct. (1(' I: h,~ CC.II 11 l1liJd1' \ d~[Jel1d9 (t· '.:lcur:lil1 'J 1:,0 an y 

.tl~q \l ited deptll). Th .! raslllt o f. this aGt .ion ,¥ill be tiM!: ", 11 
ttH~ int. (~r: · .. i l:: :.~m dHl" :;nJe llc " i "~ "] '11i1.1 btl (if~tl~ (': L (IJ ;)nd ro:ncmlJ :l t:(!J. 

'l'hF.: PI X C Omrn i.\T\ c! if} un '~I:l tn f:r.dl~7.e the vet' :3lo(l~ of t}~. n 

\Jg .~d in a Pi! tt I ,;ul.,)( SystHnt or CO nlI? OIl';l1t. By 
PERSP~CTIVE ~l ses toe l~t est v~c3i()ns of it enls unl ess 
b e e n used to specify 0 \:h8[loIi38. 

The E'RKE :;Crhuttao J 1:I.3V..;!f. S tl3 the ,!E.E i~! \.~t ()f E' r:c. 

de~ " "Lt 
~. I X ~ 1.3S 

The DEl.r: 'l' 8 command all uffoJs ill usa!: t() r:I:-mt.lV~ ·~\n j I. f?it\ (;,'Oil":. I: ht! 
d ,.l1:3base . \</11011 iI d(~Y(!l"p\Uent ve r ,~i o <l loJ d ,;, iet E,d th'~11 ., t 1 th,~ 

i t:I~ ,n :, d ,~~·":~,,,:dt~nt. tlpr.ln th ~' d(, ~t l!l!t'.~d It.I~'O (~r~ "l :.!t:. o mllti ,: :\ ~.lV 

Jl~l,:! c.i!d ,. 1\ 1:' IX-iHl \It::HHlo ll ma 'l' IV.lt b H . !-:~ l ;.= \: t.".:d l.1 1'1 i · ~ ~.lH i.t h,: \ ~' no 

dopenc]et1t i r.2mg. 

Tho! prJHGE command j!!ll~te:J all bllt ,~ ,]pe cifi<!d version of ;\1'1 

item loIitll the same constraints as DELETE. 
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3.~.1 l'ubl.l(!l\t lon 

R~ levant cOl'l'tntands arE~; 

., 

* 
* 

PUBI. r 'i II 
ACQlJIHE 
Il I S ['OS E: 
\; l'rHORI\\; 

Pilblication is the PEHSPECTIVE process of making camplatad 
mQdules, subsystems, or. !IY3tem:3 a'/d .iLlble to nthec m'~mber.s of 
the pr.oject. tei\m. The it.em(s) t l) be ['lade lI'J'.Iil'.lble t.o t.he team 
members must be FIX·?d before they are publ ishcIl. 

Although 1~ .H':h 1:..~,Jm m .. mber. h :ll'l 1:11<:: 0PPOCl'.lJlIit '( to uSt! I?rj[\r..ISHI~d 
itmns, thl )sl! ltems W'ilictl ilfa reqllir.ac.l foe IJse mllHt Eir.'3t be 
/l1:Q'.IIRlCd. Only t:h.~ t",JlO":'lt: lI:'oiOS IIH,.<i b .. flp'H~ifi'l<l :'Jille!! I;hr! 
it E!I1lS 1)11 ' Ihi.ch th,~y dep"wli will. b"J I\C\'lUlIl8d autornat:ic .ll.l~r. 

'rtlO ACCIJIRl~ c:omm lll1d allows udc:h ll!~ ~l: t(l contl:ol the olement~ of 
t.he :1 1[91; '':' ,\1 intended foe l\~H! tn tliH ser:t.L\.)1l of tho dat:l\bdS~ 
.. ;llo(;at,~d Lo t.hat ll !J(H , ami lCl i l .] II i,w PEHS,'ECTIVE: lI1.lt 1;1l'~'H~ 
it oms m~1 rlo~ I)a WITHOIIAWn hy ot h er team members. 

'l'Il ,~ DI!jFOSr:; '; (HlIllIdnJ is u:Jer.J "l\8LI .,LC!viouHl.y A(:QUIREJ it81n!l aLe 
1\ · ) 1 .')'H.;E!t: flHdd l:!d by a P,![:t. i c lll a r: t.Hd ,1t lIIi.!ml~I=.t~ 

The WIT tlt)ll ,\\l command re""rse ,J tile I.d' fect uf PUBr.ISH exc8[>t for 
it>! i.m.'i\ (!t on lW'H :J I¥ho IH 'I 8 pr.f!V iously ACQlIIREd the il;,!m :l. 
I11'1'IID811>1 ·,.ill. nnt b,~ .11 l<l~l e;l on 1l1 Y it('llI'l which h ,l \',~ bO'? rl 
ACq IJIR~d but noe DISPUSEd. 

* ~~ XT RAC 'f 
~ OBey 

The EXTRAc'r command enables a set of soft.,are com[Jo nents to be 
cO[Jied from the database into a set of files on the host 
operating system. The resulting files will be in normal 
sequential text format and will be suitable for use by CREATE 
to install that set of software into a different PERSPECTIVE 
database. 
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[n addition to cr ,!a t ing th~ text files, PEI(SrE[;T[V8 will a .1.s0 
gener.ate a (i 1.13 ()E c C) inm,ltHi!i to CRc:l\ ' rl~ tllr!JH i. tem:.i in Ul i~ riU\V 
diltaba:H!. 'rh.i;J 3+=1: o"E c ulllmand .-:1 Ciln bE! f?! )(Hc uted in t. rl':! nl::: '" 
anviro r:l.ll1l!11 1. b ,t .~ ~; ';H,i n'j cttl UDE: :l command r.t!t ~!r:I:~ n ~,:;j. n.J tlli!] t: il . '~ . 

3.2.5 Th~ Qa~ry Pncility 

The relev"nt c:ornmat',d 15 : 

* SHOW 

The SHOW commarld provides g,!netal purpose query facil.ities 
enabling tile u~er to detatmine: 

a) which itoHts in thi! d,ltal "l'HI "r.'! b<1ill'J lIS ' l..! by" 
!JP.E:H;; if l(:: i I;.~m 

cl th-:l ~ .l~\lr CH 

instil L la l:i o n 
LI " I..iI1 'l, i E 

tl.:..' :C r. of an il:: ;~rn, rjpt: i dt'lall y 
il nd cOlllpi. l.;ltinn (Htcll:!1 e[;\hodduol 

a ~ ~)'f: ,,)p I: .t:t. t:i! 

e } which it t~!ltS het'!I! bt:H!!1 1?1II3L tS HHd. 

".itl! 
i ll t.he 

f ) which i t'!!nOl ha'le be"" AC(jU.1.RtCd bV tl1<1 <::\'It; t: '~ "t '.':3 Qr 
O()(\\.3 in 

h ) whHttlt-) C IN~i T ,\r,Latioll of an .It:t: IH hd~ lHh.!f1 ,~tl:~mptdd a nd 
a,:il ll! \'I~d 

i ) ~ tJht·~ t.hti X: ',:() lnf}il-.!t .i o n ·.J f ;\11 i.t".t:ln h.1S Udl:H l dl:. l:dll\p t:ed and 
achLGvad, and for "hLeh l:argBt s. 

The reports generated Ln respon~e to a query ccnlmand are 
. normally displayed on the user's terminal but can be directed 

to a PERSPECTIVE database text item, a host system file or the 
host system printer. 
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3.:2.6 

* 
* 

SET LOGGING ON 
SET LOGGING OFf? 

• 

If a pe~manDnt r~cord of ~ll or part oE any PERSPECTIVE He l19io'l 
is roquired, then d log file mily be used to record command,; and 
responses as tlley appear on the screen. 

The SET LOGGIYG ON command acts as a switch to activate this 
proce:;s, and t.he s ';';'r LO,;,;UlG Ob'!:' cocomand will de-activatt~ it:. 

'l'hH !H.!' commilnds can be !~i,~h,d ,13 i'I('. ( '\ Wh(! l l t"eql1 i I:ed dur. 1.11<') it 

5H'i3 i.un. 

J.J THE ~nITOR 

Thli! Ed i.tor used by rE:ltS~Ec 'nV r.: i~, t\lr~ st:lnd.H(j DI,C VlIX ! VI1S 
I:::lil:nc, ED'r, ,Hid I:.ll,! l'ut.l f .·":ll.ll: i.,, .'1 oe tl1Ll pr:O..!t1,::I: ,, : ' ,'" be 
e"II;>1'):I':.:1 to ctia'1ge ex i!1t 1(1 9 PllH:]P~Cl'lVE !lvue"" t:e~t, 'H to 
i rltroduce ne~1 text: item3. ~f8W it8nl~1 ~(~ ~~aatad as VAI::~i 0 n 1, 
w:1il.3t exl::itin·; i.t.:1:ns hi.\"' l;~ t:lh~i.:,: tJdt:t;,On Il 1lrn(H!· t'!J i . l1cl:~·i1I~;:nt: i? d by 
o~.a. 

J.G THE COKPILKa 

The Compiler is a mai.n: cOl1lCJ.:nent or: PP.fl~; I'EC~'r.VI' and i ;l 
responsible far trar,slating the t1se~'s 9DU(Ca t8~t l'ltO olJjuct 
(; ode foe the d10'HIIl ,:()ml?!lt~r. eyl"!' It jeduc '~ ' l ,.h i etl . it')lfIi) or 
~Joft:\¥t\t:e need to btl c:r.Hopi.J. .!d ~.11 () [d'!l: t n (:(H-:'~Jt:"'\Jct : tlllt it: ~ ;:\m 

r.equesu~d. It then cOl1lpi 1.e!! r.tl,::m in tt, .. j a9pr. opc iate :1"'<.]"'''1'-:<1, 
invol<inq all th l:! 0I.3GfJ3J\1f.'l IJ .l!!i ~h:l::1 of tb{~ ':"~ '.);upil:'1 \:. F I) C 

iIlterpcative chac:kullt pu.tP()g~5, orlly t tla first pd~8 (P~S':A(. to 
I?-code) is invo\ted. 

Interpretive Checkout provides facilities for full dynamic 
checkout of a system or proqram. Dynamic Checkout is usually 
performed using a test harness and can be used to investigate 
the dynamiC behaviour of a module or subsystem. 
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The Inajor facilities offered He e : 

al Source le'I'~J. cli'l£1l ;IY and ,lll;",ratiorl or PASCAL vaeii1bl '~s 

b) Incremental ptog~am ex~ c utl " n 

cl Br.eil kpo lnts 

dl Trace of program execution 

0) Monitoring and display of variables during eXBcution 

3. 6 1: ARG 8'1' Car:CltOuT 

Til rget Chc(: I«Hlt ,,11<)W5 t t l'! Il"nr to c(J<lI'",,~t th" ho s t. c: om[ll\tor t: n 
on·-l ine to til'" t ,l r. '.Jet ","d th€,n U!l O t Il" stan,jacc1 PERSl' l CT { ' If, 
d l! i>u 'J 'Jing f<l c llit;,HI aV <l .ilab l.u t 'J. Inteqn:eti ll c Che,;k ') I.lt . • 
ll"bu9<J in9 command ,1 entered ,It t:h", hOil\; l:e:3ult ill lr.eSl'lll '.J f!S be in 'J 
g'.mt up and d own t:h f~ line an,j th,! ap[ll:opr iat e d f!hl l'19i rFj a.;:ti o ns 
t :,klng pl~ce on I;h a target. MO'lt of the inteL1Llance r equir ed 
f ' >r th is i s, l oca t'1d on the hO:l t ' ; 1:1 t.he o'lar.he a d t: o r l:ha targat 
io! small. e Dt! of the main f,! ,\ \;uces ()E c n-U.ul! de b\lg9in9 i:> 
t.llill it is equ:lll 'i e!ff.ective dil l: l o.;t pt ( ;. I) t "11IU JI1vt-!1. npIDHo t a nd 
<.\ ,;rin9 later mdintelHnc e and u~'J£ d dti!. 

The following fa c ilities are o EE a cH.l ; 

d l Down-line loading into target ha rdwal " ~ 

b l Co ntcol. o f tar.gt!t e~e( : ut: i <.l n 

c) So ur c e lti!lIal display and alt~ta t i o r\ o f P ~SC A~ var j~bl A s 

d ) rl1creme nt.11 program exec llt h ,n 

f) Trace of ~rogt3m execu t ion 

g) Monitoring and display of variables during execution 

As far as possible the Target Checkout facilities ha ve been 
made identical to the Interpretive Checkout facilities, and 
have the same user interface. 
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J ., '1 'I'll It PIIlOI'I. FORIu"r'!'i!:R 

','II" l ' llU , \ I.' I .• l. lHat.t ·,H, U!I in '. th;~ output fc: I)1n syst';1n 
( ,I ( '''(1 .11.>1.0 of III i':Iing each conti'Juous blol:k 
v., rti. ':dl lj iil1<1 hori~. (;.nl : ally tC) prol.luce blocks of 
E I)[ ['ROM (">r<lqr ;l'.n.loin'J equ iplUent. 

C:Orlst. I; UC: t; LO 11, 

of. 1II1~'r. o r i both 
f() rma \; ted <.lil til 

a) Location of a system at a specified address 
checking that the system size is within limits 

and 

b) Ca pability E',H splittinq a system into a 1HlJ11b<!f of 
no n- Collti']uQus PROM region~ 

lIor.i '~ I)ntal and vertical "slil .:i n,]" of the melnol: ~( 
1,0 pt~.l\lc. data [or each of a Het oE ~ROMs 

im,l'J E! 

d) t';e/IlH .lti 'ln Qf p[leM proqr,]l1Inl·et data in thE! ,1pp r o ptiate 
f: a t:\t:i.l t 

R} A tlser specified contingenl:y factor to allow module 
1 .. ·t Pf~ r'~l i (l n wi. t:.ho I .I~; r ~ I. (")Ga. t io Il 

fl Rany ~ epcogciln\ lni.ng of PROMs affncted by a nOllC !:. code 
e...: hilll l] "=1. 

J... 'r A.IlG1!:'I' SOl!"I"IifARII 

rl1 i1dditl '"l t" t:l,,! snft.ware packa g Oo! ') 11 the hOBt <:<J I1I"lItec, 
Pf;R !iPI~CTIVS is BUPP}. ied '_itrl a tar:;et s()Et',rJar:~ pa ",:K . \ tj t! \.;h i c. h 
provid~B h~9t-t3~gnt protocol and the teal-time regime. The 
t .l >:'1a t l", c k"'le i,s sup(>.l ied ill I,ource teKt: form t o t lw <7\l st o rner. 
l.tlO ['I Cr-.e tl.l U.:HI Lt, chanqe it, o r t (l r.ep 1.1C '! II wi tl l iI 

,Mckage writcen tc) Sllpccct. oth<!!r pt'ogrammin'l te r.:hniqll '- ';, 

a} Standard host-target protocol Eor use during 
development 

b) Standard parallel processing regime support 

c) Standard el1VirOlwent for ISO / BSI PASCAL. 
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P£RS?£CTIVE KERNEL - AN OPEN-ENDED PROJECT SUPPORT ENVIRONllENT 

Pece~ E. Rusling * 

ABSTRAC7 

This paper desc:."ibes the Ferspecci'lE K~rnel - a ne~i product f:om Systems 
Designers Vllich takes and. enhanc9~ the f~at u :."es of their a~ard-winning 

to ::."o':id<: 
Env iron~en: (I?S E) f:ameyork. 

PK (as it is generally knovn) is primariiy target ted for use on major 
real - tim~ soft~are prnje!:ts, vhich typically reaui:e a numbe~ of tea~s oE 
~evelo9m~nt star:, o~ten ge!)gr~phicaliy sE?aracad. to produc~ ~ery 
~0n;1i2~ i~ a:e~ a~d hi~h-~~a~ity sys:~~~ : 0: ~ ~~:ic~ bu~ ?~~ an~ ~~~~~~2:2~ 

In tillS Sc.enarlo, lC is mos;: Impo rtane tnat e!:recclo/e tools are U5 E'J to 
support t~e mose sui caDle methods and languages, and that the necessary 
le vel of control can be applied to the development process . PK suppo rts 
these requirements by its ability to e~br~ce any tools ( ~nd thus any me~hod 

to ap~iy l:S exten5i~~ p:Jje~: 
uniformiy throughout the del!elopmenc lifecyc!e. 

EAC?:C?0UND 

(.::>:::::0.:. 

Since 1973 Sys t~ms D~signers has had a ma ]nr lnvol ~e~e~: in the design, 
,... .. ... _ ....... O,... ~C" 

:-' - ...,~ -~ . ..., 

Tile Groups' CO ~ILC::{T Syste!T1 vas the firs~ in t:'2 r.jc r:ld ·o;r.:cZ"', offered 
host / ta::;et debugging ca~al)ility to p==jec:s de':elcpin[ S?S:2~S f ..... ~ 
embedded ~ic:."o- computers. CONT2XT Va5 also c~e first system to proviae 
programming support for a major design metnodology - in this C3se the 
~A~C:}T re~l-ti:ne design method. The d2.~J.base f or CONT;:X7 st.!::oor-ced a 
single ussr, but as more poysrful miC:0p roc~ssor5 be~ame a~ailJ.ble 
development te ams became larger and the prob lems of interaction bet~een 
te~m membe~s needed to be addressed. 

In 1982 Systems Designers int roduced the PE<soec<ive system to support 
these larger . project teJ.ms. Uith Perspecti~e . team ~2~ber3 are able to 
undertake their individual activities in their- o~n private ar-ea of the 
database, whilst acti~i:~es requiring collaboration with othe~ te3x members 
are c ont =olled at a team level. 0~he~ E~a:ure~ Qf~~ =ed by Pe:spacci';a 
included a d~sign language to c oncrol the development process, and 
configur2rio~ and version co~cr:l fea t~res to sunnor: t~e develo~~2nc needs 
of teams as well as of indi'liduals. In total the~e innovations provide fo~ 
the management and design control essential to t he success of such 
projects. while still giving strong support to the individual team membe~ 

- performing a particular task . 

The development tools supported by Pe~specti v e are based around the Pascal 
prog~amming language. Today's requirement c~n best be expressed as being 

* Systems Designe~s. Pembroke House, Camberley, Surrey, Er.gland 
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for P,=!:'spe,:~i v e Acia(t<.), oc P'2!:'specci'/€ COP-J..L, or morE gene;:3.:'::, a 
Persp ec :i~e system to support any languag~ ana any set of cools. 

The Pe!:,$~ec::~e Ke!:'~el Sys~e~ has been developed to sa t :5~y t~!s nEe~ 
an l'open!1 Project Support Environment. 

HITRODUC7I ON 

The Ilopen-ness'r of PK alloys the project manager t o choose the 
appropriate language and tools for his praje,:~ and, bj' e~cetid:r.; 
within PK. to c=eate his o~n project-spec:~:c! company - specif:c (or 
product-specific) environment. 

mas i: 

t~ese 

e'le!1 

This t l open_nes~rr i~ achieved by a clear sa~ar~tion be~~e~n the und~rly:ng 

te c.:: nc!'Jg:: re~~:i:-e-: : 'J::' a s:..:;:;:::-: :-: e:-:::':- ·:.,.::-;<2:'.t, a:: ,J. t::e ;12.r"::. ·:....:la: 
E ~nctiona: ~t y ~;lic!l a gi~~n e~ v i=on~sn~ shou : d provide, 

C2ncral to ?~ is a set 
tne proje~c concrol 
t~e ?K f=a~e~or~. 

of facili ties ~hic~ pro~ide lo~-le vel s~~~ices to 
funccio~s and to th~ tools vhi ~ !l ~ill OD~:~te ~ithin 

These facilitIes provide such ~ervi~2s as data modellin~, data 
~l~~ 11~~G~ i~~, (~r~,lna~ na"G~ing, allU tOOL manag~~~nc, 
f~cili[ies are made available through a for~al inte~face yhich 
the Public Tool Interb'"e (PTI) . Tools ma:1 be de'/elo~ed 
inte~face, and may be integr~teti to~ether to provide c:)hesi~e 

mCi.i-:.ag'::T.En t , 

Ali () [ ~nE:se 

is k...'1o '"fn as 
tc use this 
s;.;ppo.r: to 

A spe~ial part of this FT! 
of FK: this is kno~n as 

enables th~ use o f tools vh~c~ ha~e no ~~c~lsJ;e 
t!le 09~n Tool In~er~ac~, Use of this c~pability 

i:1st.::lllea ana per~its PK to be 
int=oduced t o control p~oje~:s ~hich are already ullde r~ay . 

aC!lie"ed by a tr,J.ns~ction-0 riencs~ aOO::2C!~ 

incegriry u~ to the last successfully compl~:e~i 

P?OJt:C7 CQl·iTROL FACILITIES 

On maj or soEt~~re de '/elopment projects, the team 
togeth~~, concurrently and co-oper~ti vely , COlltrol 
~h3t each team me~ber should do, what each te3m member 
overall progress has be~n achieved . Throug~out tile 
must be ensured by correct development, acce?tanc~, 
procedures. 

members .mu~t ~ork 

must be e~e=c~sed on 
has done. and what 
development, quality 
and chang~ cQntrol 

PK provides a set of f~cilitie~ to a!lc~ suc~ ccn::cl to ce ~=hi~'le~ ; t~s5e 
are de~c:i:ed i~ the fGllo~ing scc:ior.~, 

PROJECT TSAMS AND THE DATABASE 

All project dat3 resides (or is acccs3ed through) a multi-user multi-access 
PK database. 

The P~ database is divided into domains Yhic!l eac!l represent a user Irole l
• 

A project member may have many roles on a project, but "ill use a different 

(R) Ada is a reiistered trademark of the U.S . Government, Ada J oint Program 
Office. 
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domain for ea~~~ rale. An indi v ~dual may have one do~a~~ for h~s main tas~ 
as Designe~, say, and a se~arate domain uhen he aces as r e vieye~ for 
project doc~~entation . Thus domains provide a means for controlling 
conc~r=enc~ of ac:eS3 and isolate use~s from multi - ac:ess con~:~c:s. 

Eac~ domain has as~ociated ~ith it a se~ of pr~'l!leges ~h~c~ ae!l~e the 
rights uhich the corresponriing use~ 'role' has fo~ the operation of proje~t 
control functions and tools . For example a domain used by a Designer of a 
sub - s'l~tem might have privileges allowing read access to specif~cat~on 
da ta . and for use 0 E J. design taoi j an equi ~/ale!1 t programmer domain r.,.ou.!.C1 
have reJ.d access both to specificaeion and design data, but no access to 
the desigtl tool . 

rn::!s AND VERSIONS 

Database objects are visiblH ~ 0 US~~3 as 'i~~~s ' vh~~~ ha::e a ~~i~~~ ~~~~ 
~ithin a do~a~~~ and are o~ cne o~ a sst at prs -d2~~~e~ i~~~ ~y~es. : l:es e 
items may actually b~ the root nudes of more cornple:~ d~r~ s~rUCtar~5 

c~nc~ining a~tr!b~t~s. e~titie£ . and ral~tionshi?s ';i~~ c~ 11er i~~~~ or 
e!·Ititi~s . 

In orde~ to suppo~t pro~r~ssi~e develoomenc and the snar:n~ of stahl a 
lssues OC le2~S. ~K praVloes ior versions of i~e~s t o be es~abli :3h e~ a!ld 
mai!l :ained. Til e chosen version sche~e allo~s f or each version to be 
accord·.?,j a le'/el of i m[)() c;: .1'.C'e: and for:nali t'j, T~1is is a-:~ie':' e~ h .. 

identif:/inq e.J.c:l version b:/ a Oe·ie:!-de,:i.mal-like code 'Jnere t he nur.tber oE 

1 
1.1 
1.2 
1.2.1 
, 0 0 

l . 3 

,; ... <"".-0..:.,.....;: r ; ..... ;: ... ___ ~:~ · · __ ; _ 
__ ::;, __ , ..... _ \ _ • • / _ ......... ..., _ .... / U-..J .... 

tQP-l~vel formal version 
s2~ond-level less fQr~al verS~Qn 
ddvelopmenc of 1.1 
sui)-~e velopmenc of 1.2 
~2 ':2!~~~2~t ~e !.~.~ 

c0m~:~~2d s~ b -ie~e10p~en( 
- - , ., 
Vl. .L • .J 

~lithi!1 a '/ersi cp. l~'!el~ a scur:e te:.:;:: 1;:2:;; ;ua:: ba rr:cc~:ied us:'ng the 
stand~rd host editor ta prDduc~ t~e next v~rsion at that le"~l. 

~:,: als o supports the par.:..llel de'/elopmenc or \/ari3.nes of an itt2s by the 
establishment of baselines . This is usef~l ~here speci~l var~ant3 are 
requir-ed for e:·:ample f o r perfo::mance optimisation or bug fi: ::r.g .· 

QUALI71 CONTROL 

7!1e ve!.·sion r.urr:berin.g sc.he~e described a.o() ve 
the PK pri vi lege me~hanism for any c~a!1ge 

'mo~e' an item ve~~i0n up or do~n a l~ '!e l 

operates in c0njunction ~ith 

of vers~cn level. In order to 
i: 1= ~e~~£~3:y t o us~ a 

, p='J:;;0~:' c:.· 'd:;:~ote' f u~ c.ti o n 'Jhic:~ cu •. ha ~,.e a degree of pri'rilecie and 
formality associated yith it according to the version le vel. 

For e~ample, to promote item version 1.3 to forma! ve~sion 2 could require 
a special privilege vhici1 might only be granted to tile QA Manage r. 
Similarly, to demote a versi on for furthe ~ development could require the 

·authority of of a chang~ control ' role' uho ~ould formally de,:lare the 
purpose of the proposed work . 

Thus a project may associate particular QA states with diffe ~ent levels and 
con t rol the degree of authorisation r equired to change version level. As a 
consequence the status of an item is al~ays known from its version number. 
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Thus version 3 . S.2 . 1! might be an un~2stad it2S (in common ~ith all items 
having four 1~v2~s ) , and item 3 . 3.3 vould be knoyn to have be en approved as 
a tested item by an inde?encienc re'/ieyer (someone vith authority to c~ange 
ite~s of t~i3 type f:o m level fau: to level t~ :~e ) . In a s~~~:ar ~a~ c ; . 

item ~ith 'lersion number 8 ~ould be kno~n to be fully appro'led ana 
certified as co~plete. 

These controls can be tailored to me~~ the ne~ds of a partic~lar 
or project, and may be modified (by special pri vilege ) during the 
of a proje-::t. 

business 
lifet;:'::1e 

Ot her su~~ort for Quality Control is provided by the mainC€!lanCe of history 
records for all signi fica nt PK operations. This provides traceability and 
gives an audit t~~il for thege ope :3 t~ o ns . 

3 ~ ~te aD~ropr~a:2 ins~rUmEnCa[i a n oE ~~ 0~ e=~t~O;lS. it is poss~b!~ t : 
gat!1e:- ;Tl2t!:" : C$ 'Jhic:l C3.1i. bO? used to irr:pro'!e future planning and escimac:no;. 

ana C3.llno[ l.J.ter bt=! modifie'..!; if ':':"!..:l.ng.::s are no;:c.~ssar'l, Do neT.~· vet's! !)n must 
::'c: c.=t:.3. ;: : '''; . 

This regime enabl~s stable ve~sions of ite!Js to be shared Yitllin a pr oject . 
PK provici~s a set of facil~t~es i~ t il e f o r~ oi a cio~lble-handzhake r~ 

~hen an i(e~ h~~ bee~ d~ velo ped 

the project. the de'/eloper 
ite~ to the desired re~i?ier. t 

ma:; 'p!..ibii~h' thac pa!"tic'Jlar ve!.:sior. 0: t:;~ 

CC~3:ns. Tho;: use=s o f t~e~e domains may t i l~n 
C!1Qcse .. I.., ..... 

..... a. ... 
. . 
1 tem ·;erSl0r:. . 

71~e de'/e:l oD ~;'· or t ~I .l C ir.e !fl v~~~i o r: ': 2. !l at S 0r.;. e st3.ge dl2· :':":::i12 t~2.t i: s;'!.\::~ :: ·.: 

be 'vithdra'Jn', for p':o':~ii1ple ,:he!"', it be':.omes: obsol.::te or a bu& !"::.!: ce2:: 
fi:ced, Hovever. the access to that ite~ ve~3~ o n cannot be taken a~~v from 
its acquirers until they have formall: .. 'dis[)osed' of it. An item ve!.:'"sion 
cannOt be de lece,j by a develo per until all 'acqu ire!.:'"s' have disposer) of it. 

These facilities ensure depend3ble access to st~bl~ data. 

\lORK ALL()C.~TION 

In ad liicion to providi ng re~d-0n!y ac=ess to item ve:-si o ns. it i s also 
de~i=3Dle tc en~blE an~ co~trol the al:cc~t~on of davelopment ~o=k, ::1~S 
is achie~ed in PK hy providing a simila~ set of dQuble-hand~~~ka fac~litie3 

A team leade: (3~y) c~n 'alloc3te' an i~e~ ( at a ve~sion level ) vith 
suitable development privileges to a de1/elopment domain. The user 
responsible for th3t dom3in can then formally 'receive' that work, and 
proceed to perform the neceS53r; development work (~hich migllt in'lolve 
onward 3lloc3tion). 

\lhen development has been completed, the developer 'returns' the item to 
the original alloc3tor who formally 'accepts' it when he is satisfied of 
its quality. Alternatively the 'return' may be under the control of an 
independent revieyer. 
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So far, the project cont rol facilit ies ha~e be ~n desc=ibed as operat~ng en 
indi~id~31 items and the i~ versions. F~ also s up90r ~s c o n~~i~=a:! o ns of 
such item versi ons, vhich have a cJile~:!~e pur90se and a cJ i l e ct ~ ~e 
stat us. 

Th~se configurations, apart from defining the set or item versions f=o~ 
whic;, the y are cons ti cured.. a!''2 als o items in their O'~':1 r:ght .. anc c.::.n 
t herefore be versioned, shared, and a:!cc3ted fer deve l opment. Such 
ope~ations on a conf:guration automatically apply the corresponding ac~ion 
to all t heir constit uent item ver-sion s . F'Jr e :-:ampl e .. the 'public3.t:'on' of 
a config'Jr.J.tic~. publishes a,ll oE t~e ite:~ ve !."'3':' ons ·.Jhi-:!1 i: 'c8r.:J.i ~ s ' . 

An !:2~ v e~sicn ~ay be usad ,,,G. ,.' 
,.._-._---
\.I. _- - -;:;-:= •• ~ 

- . . 
c.::-,,;::. 5"'1:'=' ~: c i . 3' • a::.c 0. • • .' 

de?~~d enc ! es Uil i c~ ~re d ~~~ ~ed :~=c ~ ;~ ~a:~ ~~a;~ c: l: ~ _ : ~ ~_ ~ . !! :~:~ :::e 
re le~ont configuration. 

C o n fig~l rati c ns al~o provide a s im?lifie~ C0n~~~ : ~ ~ ~l~ :'c~ ~~~~~o?~e~: t ac :s 
C3.n of,l era ce. in thac oni:, or.': '/ ~~::;: 0 !1 o f any iC-:::l .1 • ..:0: e : :~st · .. ;i.t~:':-: : i:-: 

s:rstem. 

P~ODUCT S7RUCTURE 

Cle3.rl:r P:C i3 a ~i:n d ;;c r in its r:. ~:i'. r: ght ~;'I. d is b -:i.~£, s01·.:! as s :..! ~~. 

H o ~ e 'i er, ~~ny use r s h~'le reques:eu sp e ~:~lly C0[lilgu r~d s:/ s t es s. yi ch 
particu13r tOI)ls or methods sU~90rted . One exa~ple of this is the HORI ZON 
sys~am being de~ a10paj 

en ':i:on~ent ~il~ i~cl~d~ 

f or Br: tish Aa~o spac e . Thi s p~ base~ devE~ o p~e~t 

su~pc~: ~ ~r ~~S~ot 2 d~~ ~gn and CJ~A~ prog~amm~ng , 

COL·;Ci..USl:0r·j 

:::2 ?2::~~~:~~~ ~. ~~:-: 2 _ P: ='::US2 a ::~ ::-S~; :~ S ~= 2~ tas2 Oil ~:: : =~ to 
CQ11St : UCt In~sg=~:a~ P: o i ac: S,Jppo r t E :l ·:~r o ~~e~ts . I~ dG ~3 t ~ is by 
tac!·· . .!.ir.g ~ ~ '= lJr! de ~! :!i;:6 p :- 'Jbl-2~s .. . , .. ... . , m.:. \~ C ~? ::: : / .s ne',:ess2. : :: :-

the need to help 
proj ec t teams of te ',:hnical 

m,]nJ.~-2:!1.e:1t 

st.J.£: 
control to 

the ne~d for configuration management and ve~~ion conc ro l ac =o~s 

the whole project 

Ho~ever, the Pe~s~ecti v e ~er~el dces ~ o c dic:a:e t~e t nnir or ~e~hcd3 the 
te3.m iilUSt U.:3€. T;" e p=oject mJ.l1ag.::r cU.n CfIO O£ :: (he ap!Jr o r-r i ac'2 to o ls, the 
u.ppropr:a: ~ c Q nt=ol~! a~d embed theSE ~i: hin hi3 c~n pr~ject -3 ~eci~ ic, 
company-specific (or e ven pr oduct - spe~i~~c) e~'li = o~~2 n:. 

A ma jo r benefit o f thi s approach 
into a project c~n n~turall, 
s uppo rt ing the progr~mming phase 
tools become available . 

is t llac the introduction of an env ironment 

Equall , the 
t oo ls for 
maintenance 

e vo lve from a simple s;sce!n 
onl:!) in to a full IPS;:: as and 

( per:13fls 
<.; he!1 n eT:! 

Perspective Kernel facilities can be 
projects alread, vel l unde r vay, 
problems of existing s,st ems . 
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DISCUSSICN 

During the explanation of the Perspective version control 
rrechanisms, the question was asked concerning when an item is in the 
public domain and is "acquired" by another user. Is there any way to 
prevent local copies of the item being made? If not, then all 
dependency links between the items will be lost. Mr. Jackson 
responded by saying that copies can be made , though obviously this is 
discouraged. In fact, to overcorre the problem of using a non-standard 
version of an item in a systEm, it is common for Quality Assurance to 
insist that a particular preferred version of an item is used in a 
product. 

Professor Randell pointed out that many issues addressed by 
Perspective appear to be very general engineering problems, not just 
software specific. He wondered if Mr. Jackson had any thoughts on 
ho.v this system M:)Ul d cope in non-software areas . Mr . Jackson agreed 
with this point, and went on to say that Perspective has been used 
successfully in British Aerospace on a large distributed project 
invol ving hardware , software, and fimware where similar problems , 
particularly concerning versions and configurations, have been 
encountered. 

Professor Habermann drew comparison to the Gandalf system, in 
which a similar version rrechanism is used. However , in that system it 
was found particularly important to be able to re-use configurations 
of items, and also to be able to check if parti cular system parts are 
already available. Mr. Jackson agreed that this is a powerful 
feature . 

Professor Coulouris was concerned that an important part of the 
CAD development process i nvolves iteration of the design and 
implerrentation. HO\<-ever , this sytem does not appear to have 
facilities to support this. Mr . J ackson replied that the system has 
no specific facilities, but iteration is a prirre cause of versions of 
items, for which there is extensive support . 

Finally , Professor Atkinson wanted t o know how you convince 
programmers that such developments environrrents a re required, and 
srould be used. In Mr. Jackson ' s experi ence , the prograrmers see the 
need for them themselves. For example , in systems where strict 
validation is required , the need for tight contro l during development 
is regarded as an aid rather than an unnecessary constraint . 
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