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This paper ... mlne. two •• ~ts 01 ualng Ada for the Implem8ntallon of larga program .yetema. t'I'8', 

thote alemanta of the Ada .anguage that .r. perttcularty targated a' programming In the larga .r. dla­

cuaaft!. Concluslona about appropriate d •• lgn methodologle. thai malch the.. 'anguage , •• tur.. .r. 
p,.a.nted along with an .xpl.~Uon 01 aome potenU'-' problema. Second. an overview 01 ellorta to d ..... lop 

pfO\1I'ammlng support .n'+'ironment. for Ada beyond the Ada compilation syatam I. gl .... n. The '.Uonal, and 

the acope of on-oo'"o standardization work In the area 01 Ada Programming Support Environments (APSE) 
,. p,..anled. 

-
A noceaaary pr.r~ul.lte tor ualng Ada •• the Imp~m.ntatlon '8nuuag. In .. proJ.ct 's the availability or Ada 

cOMpllen. At the end of 1885 mora than 15 Ada compliers had been validated on a variety 01 host and 

target .)'Stem. (U. Hence, at pr.s.nt, ther. Is • significant number 01 "d. complier. available to 

prospeccw. use" 01 Ada. Ttlo foeua 'or utl.tylng prerequlsltea for the luecelllul application 01 Ada ta 

gradually ahltUng to the eottware envIron men .. around the Ada complier. 

QMn • hlgh-quaUty compiler. the productivity 01 aoftwlre d.llgn.r, and programmer. dependl 10 • very 

'arge dear .. on ttle propertle. of the software development environment. While thl. I. true lor any lan­

guage, " h.s been specifically acknowledged In the Ada program. conelderable ellorts are .pent to addre •• 

the 111101" and Improve the quality at lottware environments. 

In thla ~~r, we conc.ntrate on two aspoets 01 the .ottwere environment lor Ada. «,.1. we dl.cu •• aome 

properties 01 Ada that Impact environment luuea and programming In the large . Then". pre •• nt 

U.S . Department 01 Deten_ (000) and IndUltry enorts toward. evolving software envlronmen'- In lupport 01 

proJ~ta using Ad •• 

Hlatortcally, programming langua".1 and ttIelr compile,. .upported th. programmer' by 'ranllatlng Indlvtdual 

modu.... but talL.cs 10 enrorc. Interface conventlonl acrOI' module boundarle.. VIolaUon. 01 the.e conven­

tion. were dlacover.cs In pan a' link-time and In pan during telling by exploring the cause, 01 Incorrecl 

program eucullon. In some 'anguage •• e.g., Paacal. C. and Peart . ttl. ml.llng lacillty lor conalstency 

cheoklng ecrOIl module bounderl •• wal added In lubl~uenl Iinguage revision. or by language e!CIen.lon. 

of IndlYlduel com~le" or by too1. of the programming environment that .n.lyz. the Interdependent modulea 

'Of' pos.lble Inconll.tencles. 

Ttle Ada '.nguaO. de,lgn hal been guided by •• tabllatl8'CII prlnclplea th.1 f.cllitate progr.mming In th. large 

ct,S) . tt ,upporta the ,tructuring 01 program .)'Stema Inlo unlta, .ech of which can be oampl'-d a.par.te,y 

from other unila With which II Intert.c... Th. mechanl.m. for .nlorclng the conalltency among _par.te'y 

compiled unha ar. an mtegral pan 01 the language. The rule. 01 the Ada '.ngu.ge for conalatency checb 

.«0" complletlon unit boundari •• era e. If all units Involved _re tr.nalated In one monollthlo compU.Uon, 

Unll bounda"'a h ..... no InlluencMI on the atrength .nd nalur. of the checlce. Thua, dlfldlng 1.'Ve progrem 



,-, 
.)'Il0ma 'nCO many unl~ aceordlng to scme structur. Induced by the .ppll~ d •• lgn m.thod~ogy cerrlea no 

penalty In torme of the compllClf auppor1 'or the •• rly detection of .rror. In the program. 

In the Ada 'anguege •• o~r.toty compUebkt unlr. come In two n8'>'Oral " unll can " • specification unit. 

""Icl'l dncrlbOa only the program.Uc Interface pre .. nted to u .. ,. 0' the unll, or II cen be • ·body" . which 

Imp'ementa the details of an .noelated apoclncaUOn. separately compUable specification units .r. cell..:! 

'lIbrary unU." and their bodl •• • r. ref.rred to a. "secondary unlla· ••• they requlr. the aldelance of prlmery 

epeelrlcaUona that d •• crlbe their Interface prCl •• nled to other unlta. 

Ubrary unlta .r. IndIVIdual package., subprogram. end t •• ka, auch pecka" •• and subprooram. may ba 

genorlc. I.e • • they cMscrlbe an enUre lemlly of clo •• ly related package. and .ubprogram •• Secondary unit. 

ar. ttl. correapondlng pecUIi' bod.... .ubprogram bodla. and 'lilk bod.... Paculle. ar. used to IIroup 

logically relaled speclncaUon., donnilion. and deciaraUon.. Spoclflcallon. of packella., .ubprogram. and 

ta.ka can al.o be naetad within o~r unlta. and their bod... can be .egregated Into .o-caned '.ubunna' 

that can be .aparately eomplled a. aecondary unlta. 

Ally apeelUcatlon unit can be viewed a. a contract between the provld.r and lhe u •• r 01 Ule .. mee. oll.rad 

by the unll. Th. ru", 01 the la"guag' guara"w. tha' n.lth.r the u.er (I ••• , anothar unlU nor the Im­

plementor' II ••• , the body fof" the .pecUleaUon) of auch .. me.a can vlolat. t.he programal/o Int.rface 

described by th.lr .peclflcatlon. Moraowtr,!.he dotena 01 the Implem.ntaUon ar. hktd.n from the u .. , of 

the .ervlc., thua guaranteeing thai the Implom.ntatlon can be changed without affecting the "alldlt,. 01 the 

programstlo Int.rf.ce presented to the UMr. In more technical 'erm., Int.rfaclng I. allowed onl)' to 

speclficaUon unlta. which eonteln all Itte IniormaUon required lor chacklng tha conalatener 01 r"arenc •• thai 

croas unit boundarle.. Addlttonal teatur •• 01 the Ad. languag.. auch .. prtvata types, permit the hiding 01 

da .. repr,"ntatlon d.flned In the apeclncatlon 01 a unit, eo that u .. ,a of the aenlc. cannot Inapproprlataly 

wile cognizance or repra .. ntattonal dawlle Ihat ara to be coneldared Impl.~nlAltion-dependant (bUt 

ganerall,. ar. _ed.d b)' Ih. complier In lfanalaUng dapendant unlta,. 

The deacrlbed elementa 01' tho Ada language. Which provide gklbal alructura In Ada program.. allow a 

"arlety of d ..... lopm.nl 'lfa~I... Bottom-up d..,.lopmonl I •• upported In the .. n .. thai alraady Implemanted 

library unl .. can be uaed to provfde the building .to~. to con.U'uct addlUonaI library unlta and thel, bodl ... 

Top-doWfl H'fIlopm.nl and .tepwl .. roflnement I •• uppor1ad In a d",al fa.hlon, Rr.t. the .. parallon 01 

speclft<!suon and bod)' for .ach Ubrary unit malla. It po .. lble to postpone t.he Impl.ma"lAItlon 01 a unit and 

bas. a .. complladons of dapenctent unlta on the apecUlcalion akin.. Second. within aecondary unll.s, Iha Im­

plementation 01 locally declared packag", subprograms and taaka can be .. par.ted Into aubunlts without 

Impacting the capabUlty to eomplle an)' units dapendanl on the unlta whoee Implementation I. Ih",. d.lared. 

11 becomaa po .. lbla to code and complla programa whoae und.rplnnlngs ha", be.n .pecllled bUI nOl )'It 

Implemented . 

Ge~ran,.. the eomplladon 01 a unit cannot dapend on a aecondary un". ExcepUon. to thl. rule ar. sub­

units, Which de".nd on the .econdary u"lts within Which their .peclflcatkln 'a provided, and compllar­

Inlfoduced d.pende"cl •• on aecondary unlta. Th. lalter ma)' arl .. tor the In.tantlatlon of generic unlta. If 

their bodl.a .r ...... ndecl In plaQe. lor caUl on Inlln. aubprograma. eM lor optlmkatlon-ralated re .. on. 

among units ttta' are aubmlned In a alngle COfnpllation. 

wtthln the limitations 01 the .. e-=-ptlona, the c~an .. ~ratlon of the Imp~me"taUon from the .peclflcatlon 

permlta ar~lfary rap"acame"ta of .econdary unl .. to be mada wI""OUI aflecllng an,. depencMnt unlta •• I~ 

auch reptaCamentl mu.' be In conformance with thalr , .. pecWa apaclflcaUOn. . Thl. IrHdom h ... Ignlilcant 

ad"antag" for a to~wn deveklpmenl, alnce dafau"ed bodle. can be provided lor unlta not ,..t Impla­

menlold, With .uch dalaulta. the program can be brought '0 execution a. tong •• the defaulted enUtie. ar. 

not ra'lf'enced In a wa)' raleYanl lor ttla r .. ulta of tI'te elCll'CuUon. ~tar. tha daf.ulted bod'" ca" be 

gradualty raptaoed by th.lr true Im,..mentatlon with • mlnlm"'m 01 recompllaUon aUOft . 

In practlc., softwar. development I. otten a mlxtura of top-down d.atgn and subsequent bottom-Up Im­

p"menyllon combined with correction. to the original daalgn, Th. decrlbed faatur .. of the Ada language 

ara kfaalty .ultad to ''''pport bottom-up a"d to~own .lfategl •• a. _II aa a mlxlura 01 Ihe two approacha •• 
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In order to .chleve conel.coney checking aero.. compilation bounde,"., th. complier mUI' ralaln Inl«­

matlon .bout the loperelely complHtd unit.. This capat»Uty I. pt"O'rided by the 101 •• of the ·program IIbr.ry" 

wtllch conlaln_ 1M! roqulre4 1"'orlNlUon about complied unllS, 

The .. nguege rul" require the' •• ch unll begin. wllh • Indication 01 ell unlla on which It depel'\dl. Tld. 

lpeclncetlon I. ceUed • ·contelrt ele" •• ". BeIMd on the context claue • • the compile' r.lrl ...... lhe .tored 

Informltlon about the r.forenced apeclflcatlon unlta, " ••• thll Information 'Of' the compllaUon a' hand, end, 

'Of •• ch r.f.rance to en entity 'n aueh • unit. pel1'orma the required conslatency ch.cka the e"lur. \he 

legellly 01 Ih. ,.f.,al\ea. 
The concepl of •• perate compilation roqulre. that ell un'" on wnk:h • gl .... " unit d.~nd. h • .,. bee" com­

plied prior 10 the compUetlon 01 that unit. COnsequently. mutual dapandanclee 01 compUal1on unn .. c.nnol 

~ accommodated . 81nce dGpendenclea generally e.'at only wllh r.apect 10 apeclflcallon unlta . It la 

n8'l(trthela .. poaalbla tna' tha Implementation bodle. 01 two unlta depend on the apeclllcaUon of tha reap.o­

tl .... other unll. Fer .Ulmpl.. II la not permlaalbl. that two apeclrlcaUon unUa . /4. and B. ral.renc •• ach 

ottl.r, II la how ..... ' poaalbl. that the body tor A r.rerenc.a the specification 01 8 and Ylce y.,.a. In terma 

01 a daalgn methodology. thla reatrlctlon Imp"ea that mutuaUy d.pendent d.flnltlona muat be provided withIn 

a alngl. package . It appllea In particular 10 type deflnltlona In package apeclncallona . alnce establIshing 

the r.pr •• entatlonal detail. of type. cannot be po.tponed to th. compUaUon of the pac kag. body fa' r.asone 

or compll.r Impl.montatlon constraints. 

o...rlng aottwa,. development, compilation unl" will be eublect to c~ng... which may altec\ the yalldlty ot 

oth.r compllauon units that d.pend on the altered unIt . No.' programming languag ......... thte . Specl at 

the .on-are d ..... topm.nt proce ••• nUr.ly up to th. user or to kIol. proYld.d by the I.nguaga anylronment . 

The Ada languag.. In contr.II, requlr_ th.1 the eompllallon .ystem recOSnlz.. thla potenUal dang.r end 

pr_nla the occurrence of Incon. lltencle. Introduced by e chanlJe. The mechanl.m tor do lnlJ .0 la et.o 

ombedded In the prosra", IIbr.ry. It recorda the d.pend.ncl •• bet ... n compllallon unlla .nd. upon recom­

pll.tlon of a unIt. recognize. the fact that dependant units ara n.ow potenUally Incon.llt.nt and may have to 

be recompiled . 

A furth.r appllc.Uon of the recording 0' dependency Information I. lnat lne Impl.mentatlon. of the program 

library ar. capabl. or retrloylng the eUict a.t 0 ' unlta n •• ded to bring a glY.n main program to e18cutlon . 

By tr.n.III .... ly aOcumulaUng the untla and their bodlo. on which the main progr.m dependa . any .uperULIoua 

unit. contalnod In tho IIbr.ry will be omlned from Ih. IInk.d Imag. 01 Ih. progr.m . 

With the requlrem.nt 10f" the exl.tence of • progr.m libr ary that Iracks d.pendencl.a and the effoc" 01 

chang.a. the Ada langu.g. goes beyond the n.ture 01 a m.r. Impl.menlatlon languaga . Il aUo mp\.a to .d­

dra.. some of tho problom. that hlstorlc.11y h..... been In the r.atm of ,oftw.,e enylronment tool.. I • • •• 

.... r.lon and conflguratlon man.gemant tool. . Ther. can be no doubt thai Ih • • • rul • • of the Ada language 

will provld. a m .. lmum of a.feguard. agalnat Inadyertent errora In malnlalnlng ay.t.m conaratency In th. 

prasenc. of ch.nge • • 

The requlrem.nts po.~ by the tangu.ge atandard on the capablllUe. of the program IIbr.ry In thla er_ 

ar •• howe .... r . ra""er rudImentary. They mor.ly requlr. that • • lIer compilation of • unit •• ny pr.vIously 

comfNled unit ttlat I •• necled by the Chang. to thla unll mu.t be trealed a. If It _r ••• ,..t uncompiled. 

An Impl.m.ntatlon of lhe Ada program IIbr.ry that _Uafle. only 1M mlnlmat requlrem.nla Impo.ed by the 

languag. .tand.rd la likely to cra.te some d lmcultloa 'or the usara. unla.. a wery rlgorou. programming 

dlaclfNlne la enforced. The ra.son tor auch dlfficultle. II., In the abo'l8 rule WhiCh, In a Llnsophl.Ucat.d 

Implem.ntatton 0' the Ad. library. will cau_ atl compll.tlona 10 obllt.r.te th. r •• ulta at preYIou. complla­

lion. of dependent unite . Ho~. a minima' change to and recompllaUon of e .peclflcaUon unll can cau_ 

many hCXolra or addltlonal rocompllaUon. ror unIts that de~nd on the changed unll, ..... n though the chan'll. 

may ha'flO had no r.al anect an th.",. The moat pathologlc.1 .... mpl. of auch a ellange la tho addition 01 a 

comm. nt to a .peclncaUon unit. /4. compllaUon a,.tem that '0 not capable of recognizing Ih. Irrelev.ncy of 

Ihls Of oth.r changea on tho con.l.tency of the compilation r •• utts lor dependent unlla .til have to requlr • 

• recompllaUOn of aU d.pendant units. The und.nlabl. adV.ntag. of a"'lcl .nforc.ment 01 conalatency by the 

recompllatlon rul.a can H qulcldy negated by the 10.. of producUYlty due to d.lays caused by .YCh un­

nec .... ry recompllaUona. 
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.... many AcM. compilatkH\ sys .. m. will !'lOt poaM.. the IIOph'aUcaUon of anatyVng ohenv-a .-Utl fegare:! '" 

their _Hee .. on dopendenl units, tile methodology employed In the uUllzeUon 01 UI .... ptem. lor Ihe 

deVelopmenl of Ada aoftWer. mull compe.,..... lor VIla lack. It mue' enauro tha' chan".. to .~IUc.U(H1 
units on wtlk:h many other units trenaluvety depend .r. mlnlml'". The •• m. holda, to ...... , extent, ku 

CMftQ4la 10 unlta the' have subunits. Fortunately. this conalrelnt ., conaratent with good eollwar. o.alg" 

and d.-topment pt"actk:e lhal atllbillHe central Interfaces a. aoon a. po •• lble and perform. a rtgoroua 

eM. contr'" on the .. InllHfecea. QeMralty. bohom-up Implemen ... Uon ."elegl •• , following a d .... 11ed 

top-down dealgn, will prowtde ttt. beat match .Uh the properthla of unltOphlallc.Wd ImplemenlaUon. 01 the 

/14_ program library machan'am •• 

The requirements on ~ Ada program library do not addf... tha problem 01 paralle' .. ,alon. of Iotnlla In 

mulUpie configuration. 01 an ancompe .. lng progr.m .,..t.m. Th. NlutiOfl to thl. probl.m ••• It may be 

prO'ricMd by enVirOflment I00I.. I. MMnewh., con.tr.lnM by tIM nece .. Uy to co-e.l" wllh lIM rul.. 01 \he 

Ada program library. A typlcel sce,...rlo during .ottw .... de¥ek)pm.nt 10 ttI.t n_ .,.,.k)no 01 .om. COm~I.­

lion unltll .r. In.\alled tor • .,.rim.ntatlon purpoa... II th ... n_ .,.r.lon. 1'1 ..... led to recompll.Uon. 01 de­

pend.nt units. then reverUng to the Inillol .tat. .ft.r com~.tlon of th. ellperlm.nl I. nol poNlbl. _lIhoul 

another recom~I.t1on of ttle •• d.pend.nt unlta. Short 01 an Ad. program 1Ibt".ry thai I. lully Integral" Into 

• VGl'1Ilon .nd configuration control .,.. .. m. tIM ottly alternaU.,. lot' p,.,,""'ng ...... Initial ... le con.I ... In \he 

ct" •• tIon ot • new program IIbr.ry lot" each .lK:h •• perlment. It I. tlMr.lor. crucla' "!.t .lK:h cr •• tIon 01 

progr.m 1Ibt".r". be po .. lb .. with • minimum 01 .non .nd r •• ourc ••• nd a maldmum 01 .h.rlng wllh .ldet­

Ing Ilbr.rle •• Ag.ln. tIM mlnlmol requlr.menta Impolled by "'e Ada languoge otandard dO not addre .. thl. 

I .. ue. 

Finally. It ohould be noted thol tIM Ada languag. rUle. reg.rdlng tha program IIbrery re'e, only 10 th. 

r .. ulta of compilation., but not to tIM Inpt.tt to 1tI... compUaUOn.. Th.t I.. th. program lIb1ery n.ed ROt 

.dmlnl.tr.te the Ad • ..a4.Iree n.... It I. mer.1y coneer"" wUh the Intern.1 r.pr ... ntllUOfI of the compllaUott 

unite e. required by 1tI. oapera .. compll.tIon c.pabillty, and with the genera'ed obtact code. II Ie nol 

n.e .... 'lIy •• ouree control .ptem. nor I. II required to .upport d.pend.ncle. Olher Ih.n compllaUon 

d.pend.ncle., .uch a. for e .. mple 1tI. Inlo".laUon between Nuree code and docu~ntatlon m ••• 

II I. enUrel,. ~Ibl. th.t ltIa prodlK:Uvlty or Ada sonw.r. Implem.ntor. will be Influenced by th. quem,. and 

functlon.llty of the Me progr.m IIbr.ry at .... , •• mUCh .. by ...... qu.llty and apeed of th. Ad. compile' 

lteall. It 10 thar.lor. 01 utmost Importanc. ltI.t Ih • .onw.r. dflotgn and de¥elopm.nt methodology and Ute 

alt_tagl" for .... ,..1On and COfIfiaurauon control be In "nlton wtth the capablllU.a of tIM .mplopd Ad. 

progr.m IIbr.ry. and th.t the program IIbr.ry m.ch.nlom. Inlegrate _II wtth .oftw.r. environment lools 

beyond the Ad. complier. 

Despl .. a" 1tI. c ...... ta oJqlreeaed In en. preceding par.gr.ph.. a re •• onabty aophl.llceted Impl.men ... llon of 

tha Ada program IIbr.ry th.t .upports function.llty beyond the mlnlmel requlr.m.nlo Imposed by the A.da lan­

guage .tand.rd c.n be an axtr.mely powerlul tool. In large applic.tkm .,..tem •• errora th.t ar. ceuaed by 

miAOf' Interl.c. Incon.l.tencl.o ar. .,.ry dlmcult to loc.t.. The required cep.lbIllU •• 01 the program library 

pr_nl the occurr.nce 01 11'11. cl.e. of erro,.. With onl,. a mod.r.te addlUon 01 lunoUon.llly lo "'. Ada 

progr.m Ilbr.ry. tedious .nd traditionally error-prone ".ka .• uch •• the recompllaUon of ohanged .ource • 

• nd .navlng raoompll.Uon of d.pendant but unch.nged sourc... c.n be 10"'''" .utom.ted .nd pe,lormed 

wtthcMIt arrot'.. .Ince the required In!ormatiOfl Ie dlrecUy derl'f'ted by the compll.r Irom depend.ncy InlO1'­

ftMtfon In the progr.m Ubr.ry. 

For .onw.re .ngln_,. and programm.r. to be enacu.,.. the proVl.lon 01 .n A.da compUaUon .,...I.m alone 

I. c ... tty not .un~l.nt. TlMty requlr. acldltional tool •• auch aa edUO,.. d.bUgg.r •• .,.r.lon and conllgur.Uon 

ftMnagement i00i.. networft lI .... tr.n.,.r I00I.. protect m.n.g.menl tool.. and .0 on. The collection 01 

the .. tool. I. g.nat"elly r.ferred to ••• ·Programmlng Support Envlronmanl (PSE'" . 

80me 01 the toolo In a P8E .r. heaYlIy I.ngu.ge-dependenl. for ... mple Ihe complier.. .yntax-dlr.clacl 

editors, progr.m analyZe' ••• 1"'bollo debugg.r •• perlorm.nc. monitoring tool •• elO. Th ... \001. need to be 

d ..... ioped tor any ImpfementatfOfl language. Oth.r teoo4. ar. languagtt-Ind.pend.nl. auch a. fIt_lIan."r 

mac"'nl.m.. protect admlnl.tr.tIon looIa. documentaUott .,.. ... m.. te .. h.m...... .le. Where .vall.bIe. 

tMM i00i. oan be applied In a projact rag.rd .... ot the choaen Implem.nlation langu.ge. 
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Since the •• rty stag •• 01 the Ada Gflorl, conslderabl. attention 11 •• ~n locused on Ule t'St: lor Ad. and , 

In the process, on 'uues 01 languege-dependont and -'"dependenl om"ronmonl support In gener.l. be­

eau .. the .... te of tho art In thl •• r •• Is In Ita In'.ncy desphe Ita recognlzod Importenc e . Unlortunately. 

this attention h •• led somo ob •• rvor. to tho m'scone.pUo" that Ada require. aubstanUelly more envl,onment 

support than other '81'101,10110.. or. worM, cannot be used at all wlthoul • compl_WI enVIronment specifically 

d_loped lor Ada. 

In r •• llty, Ad. h •• been used ••• focal point of p'ana for Improvem.",- In 8oftw.r. o"gln .. ,lno and PSE 

techno'ovy. which .r. dlre'y "_dod regardl., •• 01 the choice o. Implemontlitlon language. Il could ..... n be 

argued that Ada may require teu onvlronroont aupport than other I.noueoea, due to Ita high degr .. or 

compll_t1me error checklng . It. en'orcement 01 Implementation dlac:lpllne • • nd the enylronmental •• pect. of 

1M program library. Th.r. I. certainly little f.a5On to belte.... that Ada could not be .upporled In mOf. 

Iradl1lonal .n .... ronm.nt .ettlng • • Curr.ntty. the m.jorlty 01 commercl.lly . .... Uabl. Ad. compll.Uon .yet.ma 

.ra not embedded In .n Ada-.peclflo PSE. but .re Integr.t.d Into the .tand.rd PSE .v.U.ble on the 

, .. pecU.,. ho.t .y.'ems. 

S.l. The 000 Aequl~ Catalog"" 

In e.rly 1818. flr.t eftorU _re m.de wlUlln U.S. DoD to .rr lve .t • concept for the d ..... ,opm.nt 01 the 

en ... ,ronment .upport lor Ad. . A eet of Inlll.1 Id.a. wer. fir., collected In wh.t bec.m. known a. the 

SANDMAN c.talogue . whiCh w •• never publl.hed . By I.te Hlr,. It W •• con.olld.tvd Intu a requlr.ment 

catalogu.. n.med PE88LEMAN. In 'l"hlch tho d •• 'red functlon.llty and cooper.tlon of Yarlou. tool. w.re 

d.scrlbed. A r .... I •• d ..... r.,on ot PEBBLEMAH we. publl.h.d In 111111 (4). In February 11180. a furlh.r docu­

m.nt. STONEMAN. wa. produced, It bec.me one 01 the moal cUed r.f. renc •• r.gardlng Ada enylronm.nta 

(51. 

In addition to po,'ng requirement. tor the de.'red tool. In • PSE . STONEMAN Introduced • mod.1 for "Ada 

Programming Support fnvlronmenta (APSEI" , which .ddr .... d bolh tn. Illue. 01 tool Inl.graUon and 0' 

porteblllty of th •• nUre APSE a. _II a. 0' 'ndlvldu.' tool. or lool-.eta. Th. term "APSE" ha. alnce ~om. 

a Iynonym for the conc.pt of Integraled toolsets tor Ada . a. oppo.ed to the ao-called "tool-box'" .pproach 

In which a .et 01 Inda~ndant tool. I. provided to the u .. r. 

Part 01 the motivation behind the STONEMAN mod.1 wa. the recognition th.1 the gener.' Imm.turlly of cur­

rant PSE ImplemonlilUon. I. not c.aulOd .0 much by tho non-exlatence 01 powerful tool. a. by the mlaalng 

capability to brinll .Id.llng tool. tog.ther on • .'ngle host .y.t.m .nd Integrate them wUh .ach othe, to 

form a coher.nl and .rrlcl.nl P8E . Con.equ.ntly. the development 01 a PSE become. unn.c •••• rUy exp.n­

.1Ye. a. m.ny tool •• re r.'mptemenltid .lthough .'mll.r and . quite po •• lbty. better tool •• re .Ire.dy .v.U­

.ble In olher .n",'ronmenta . 

OM might .urml .. thai the .nh.nced porteblllty 01 IoOla .rltten In Ada would .01 .... the porteblilly probl.m . 

However. while the Ada I.nguage .tand.rd provld •• portebility .d .... n .. II •• In many .r.... It mu.' be rac:og­
nlud that mo.t tool. require a .Ignlflcant amount of Intertaclng with th. hoal o~ratlng .)'alam. The ""a 
.tand.rd. 'l"hlch I. prlm.rlly Inlonded tor the gener.tlon of .ppllcaUon code lor .rbltrary "rg.' .ystem •• 

could not Juatlfl.bly pr •• crlbe the de tail. of Itto.e l.ngU.II. I •• lure. thai .re Intima"", linked to o~'.Ung 

.,..tem Intert.cas . MorltOWr. Itte requlremenw 01 .ppllcatlon coda on oper.Ung .ystem •• rvlea. h._ been 

'~ognlzad to be quite dltterent !rom tho .. 01 PSE . Thla I. due parti.lly to the dlffer.nt problem dom.lna 

and partl.lly to the dynamlo nature 01 evolvlng PSE aa opposed to tha r."UWIy a .. tto natura 01 operatlon.' 

appllc.tlon .y.tem • • 

Consequently •• ome .tandard Intertac ••• ultabla for appllcaUon programming mlllht be quite In.PPfoprtate for 

PSE development . Given th.t the Ad. '.ngu.ge ta • .,.. the datalls 0' operaUng syetem Interf.ces. such •• 

c.lla on tha flle m.n.llamant or on Iermln.1 10 •• rvlce.. ..rge.,. Imptem.ntatlon1apandenl, the ponlng ot 

tool. wrlnen In Ad. wilt neverthela .. h.ve to contend with modlllcaUon. 01 the .. ho.t-dependent ponton. ot 

the aottw.re. 

The STONEMAN modal postul .... a ')'alem .rchlleClur. In whk:h the hoe! dependencle •• nd the \001 Inler­

communk:ation a,. .neap.ula1lDCl In a Ker~ APSE (KAPSE) . The IndMdu.' tool. of the APSE ar. built on 

top 01 the KAP&E Mrvto... ~nca \h4I Inlert.etta oftered by the KAPSE .r. oonoelftd \Q .,. tto.l­
Independent, and .Ince ltIe Ada .. ngu.ga goa. \Q g,.at length In facllitaUng the por1Abllltyo of Ad • .aU •• r., 

tool. could be .rltten In Ad. to be portable among different hcaw offat1ng the _me KAPSE MMcea. POf'I-
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lno of an enUre APSE to • MW ho.I COMlata of fe- ltn!»Omenllng lI\a !<APSE on Ole n_ "oat. ,",urther­

mota. Indlvfdua' APSE looIa coutd be tran,f.rred 10 anottle, APSE a. long a. the tool IntercommunlcaUon 

l"leNC.' needed by th ••• lOOta .. ,. prO'ttded by thl' APSE . Bome 1001, .r. ao h .... ·U,. d.".nde"t on In­

tertace. with other tool, litle' It " un, ••• onable to expect the' all auch In~rl.ce. .r. provided on each 

KAPSE . Th ••• tool. c.nnol be ported IndIYldu.lly. th., fof"m an tightly Integrated 1001-.. '. By ra'ylng only 

on the common m.cha"lama for ~ communicatiOn prOYlded by the KAPSE. but not on the apecilio dalaUa 

or the communicated Information , aueh combined 1001-_,* could equally be poned '0 • n_ APSE . 

STONEMAN •• tllbllahed ••• , 01 ~ulr.menm for the .. ,..,h:ea that mua, be prOYlded by tIM t<APSE In orde'r 

to reach the deacrlbed geNl •• TheM require.,...." .. ,.t ... 'n pertk:ular to the daw aamlnlakaUon and com­

munlcatloft Intertace, n.eded by toola, and to the f'\Il't-Uma .ystem tha' a"able. Ute ' . KUllo" 01 Ada 

Pfogram.. 8TONfMAN adopt. the ~radlgm 01 dl.Ungul.hlng ho.t and target .yetem. . " ~tule'e. the' 
softWere d_top~nl, In particuler for emMdd" target.. n..a. \0 taliut place on a ho., .,..tem .uUlc lentty 

pow.trlul 10 accommodate ttl. "artou. tool. raqulr" tor .upportlng ..... d_lopm.nl and malntanenC* 01 

.0ftW.r. throughout Ita life-cycle. 

",""ong ttl. m.ny conce ..... bl. tool. of an APSE, 8TONEMAN Identlfl •• a mlnlmat .el percelYed to be neee.­

ury 10 m.ke .n APSE .n .Hecttve tool for softw.r. d_loper •• I'ICI m.lnl.lner. . Thl ••• , wa. d •• lgnat" a. 

the Minim.' APSE I MAPSIE] . II comprlae. ttl. AdII compll.r., IInke,. and ~.r., .Imple .leUc program 
..... ryz.,. .I'ICI debugge,., IIext "Iton .nd pr.ltr-prlnter. , • tile and conflguratlon menegem.nl .,..lem, and 

the oommend Interpreter. 

The 8TONEMAN principle. ..r. r.adlly ace.pled by the m.jorlty 01 .norla conettrn" with the drtelopm.nt 

01 • PSE tor Ad. . In particul.r, ttIe .mph.sl. of 8TONEMAN on 11'1. prOYIslon of bener data admlnl.tratlon 

cepablllties ttlan on.r" by the fli. m.nagament 0' tr.dIUona' opor •• lng .,...am. h •• been renected In .Imost 
.11 major PSIE drtelopm.nta. While IIOma 01 ttl. datall. 01 Iha 8TONEMAN requlram.nl catalogu. may r ... 

qulr. r.vlslona In ttle light 01 axperlence gained since 1"0, the lundamental principle. ar •• UII valid con­

trtbutlon. SO the .r •• 01 PSE de.lgn . 

3"Z"N"8E~ 

Wtlhln U.8 . 000, two malOt ck-tetopments o' Ada Programming Support Env4ron.,...nta we,a procured. 'n 
lNO, the U. 8 . Army 'nIU.'-d the ... Iopmenl of ttl. Ad. Languag. 8,..t.m (AlB. with SofTeeh. Inc ., .s 

the ... d contr.ctor (I) , In 1"1112 the U.8 . Air Fore. contr.cled with In'.rmetr~., 'nc., for th. drtelop­

m.nl ot th. Ad. Inl&greted Enrironmanl (AlE. (7,". Inill.' pl.n. cell" for the AlB \0 be an Int.rlm tool­

set tor .... Introduction of Ada , while ttl. AlE "".. In .. nded 10 be a 8TONEMAH-conformlng Integr.ted .n­
¥lronm.nt .nd to ""ntually become • stand.rd 000 Ad •• nvlronm.nl. 

TM drtefoper. of the ALa adopted m.ny or tMo STONEMAN prlnclptes In their ImplemenlaUon .tr.tegy, .uch 

•• uUIIUltlon or a KAPSE-111Ie .... net to facilitate the porting or ttl. AlB, which ".a been deft10ped on a 

VAX/VMS 1'10.1 .,.. .. m. 1ft Dece",ber leu, tMo fI,.1 .... talon of tne ALB w •• ",.0. .".II.b'a to proepe<:UYe 

u"'a . TIM' seff-hosled Ad. compiler or 1he A&.8 "" •• ".lIdaled In Dec.mber 1"4. The AlB comprl .. s a .. t 
or aboUt 7$ loci. to be loIead In eottwere ~Iopm.n' .nd m.lntenanc • • Th. drtelopm.nl 01 the AlE, whose 

'nm., d •• lgn prom'aed • a"pertor Intagr.1OcI .nvlronment, .ncountered .. rlou. funding problema , .t pre •• nt. 
It i. extrem.1y doubl1ul ttI.1 • compr.h.n ...... AlE ..nil becom •• "all.bl. in the 'or ••••• b .. lulur •• 

The U.S. N.vy cMclded In •• rty 1 •• S to ba .. their Ada .nvlronment ."orta on th. ALB and to .nh.nc. 11'11. 

environment by addltktn.' tooIa and by code generatton c.pabllltl •• for the prev.lant In.trUCUOn .. t .rchltao­

tur •• In ua. by the N.vy. Thl •• lIIended ALB ha. been n.med "AL8/N' and's . lIpecl.d to become a"allabl. 

in •• rty 1 •••• 

TM German Mlnlatty 01 Delen .. , Bundeaamt fuer W.hrtechnlk und Beach.flung, began the procuram.nt 01 

components of .n AdII software envlronmenl, named 8PERBER (Stand.rdlalenes Progr.mm-Ersteillolng .. ,..lem 

fuer d.n Ru •• lUng.be,e4ch) In 187. (8). M~or ."orta h ..... be.n directed at developing Ad. oompll.r • • 
d.bugg.,.., .nd • progr.m d ... lopmenl d.\a ba ... ,..tem. Th. flr.t two compU.,. _,. valld.t.d In NO'+'Gm­

bar 1.14. The Brltl.h Mlnl.try of o.fen .. In cooperaUon with erill.h Indu.try ~fln.nced ...... r., d •• lon 

etton. tow.rds the ~lOpm.nt of softw.r •• n .... ronm.nta for AcHI no, In. The Comml •• lon 01 Eur~an 

CommunlUe., und.r Ita mUlti-annual program to "".nee the European eoft •• r. technology In the commer-

cial ..ckH' •• we ... a under ..... ESPRIT program. hn ~l1n.nc&'d ...... '.1 mulll-n.UOnel protects developing 

Ada progr.mmlng .upporl .n .... ronmenta. moat nolaibfy the PAPS prOfeCt (11) . 
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Commercia' supplier. h • .,. been 80mewhat reluctant to Clmbark on • cou, .. 01 proridlng Integrated Ada Pro­

gramming Support Environments, recognizing that aueh Integrated actutlona, whU. dealrable In principle , 

conamute • truly malor capItal 1,,\fe8tment. Moreover. customor. who have buill • considerable ••• Ilh 01 

softwa,. to support thel, In-Mu,. software development er. concerned with preserving the u.efuln ••• of lhls 

aottw.r. 'or 'utur. d .... elopm.nl projecta ualng Ada •• the Impl.mantallon 'anguago. The chaUenge lo com­

mercial supplier. I. to Jlf"ovlde InWgrated envlronmCl"ts that ".vertnalellS allow the Inclualon or ••• y tra ... -

oluonlng of exlatlng loot •• 

AplIn from ALS. which 'e o'ao commercially marketed by SofTaeh. Inc • • only the Ada Oe.,.lopmenl En .... ron­

ment CADEt . marketed by ROLM Corporation (12) . and the Rational Environment. m.rketed by RaUon.l. c.n 

be regarded •• largely Inlograted Ada Programming suppon Environments. The RaUonal Environment take. a 

quite unique approach. Ita hoal .yatem haa bet')n .peclllcaUy de.llilned for the development and execution 01 

Ada program. . The enUra environment I. exclu.I .... ly centered .round Ada. Many of !JIe 'angu.ge coneepte 

ara Immedlalely reflecled In the eoneepta of the en'lironm(lnl who .. command langullge I. Ad. . Othar com­

marcia. .uppller. 01 Ad. compll.tlon .yatem. h..... taken tha path 0 1 emt..ddlng th.lr .yatam. Into the en­

vironments offered by e.I.llnll operating .yalems. so that u •• ra could contlnua to utilize tha tool. which 

.... Ich tlMy are mo.1 '.mlllar . 

The more the aoftw.re de'lOlopment proceee II aaalated by toola of a prOStrammlng .nvlronmenl. the more 

dlHlcult It becomea to tran.ltlon software de .... lopod In one en .... 'onm.nl 10 a dlffer.nt envlronmenl. The cur­

renl practice In military procurement of ml •• wn-crillcal .oftwar. la thai thla aoUwa,.. la developed by con­

tractor. but maintained In military malntenanca canter.. Ju.' a. . proUferaUon 01 Implamantatlon language. 

ralaa. the co.t of .uch malntenanca con.lder.bfy • • 0 doea a proliferation of soRwara envlronmanla n_ded 

to mslntllin the software ..... n In a .'ngle I.nguage. It I. therefore In the Inlerea' of DoD to minimize \1'1" 

promaratlol'l of al'l'lirol'lmenta In Ita m.ll'lten.nca contera . 

Haro. 000 I. 'acod with a dllomma. whllo langualle reaeareh waa adv.nced enough to embark 01'1 the 

.tand.rdlutlon of a .Ingle language, Ada. Ioda,.-a stale of the an In envlronmen18 'a much 'eaa m.tura. 

Ther.'or. rigorous standardlz.aUon on • slngl. envlronm.nt may be III advl8ed , a. con.ld.rabkr .dv.ncas In 

the envlronmant tochnology can be Olfpected to occur In the nelCl dec.da •• 

A comproml .. can be ~nd within the framework of tho BTONEMAN modal . If commonality 01 KAPSE Im­

p'-mantatlon. _ra advanced by standardlUltion ., thl. much lowar and la •• ambltlou. I.vel. 10018 .... ad In 

application d""lopmant could be tran.ltlonad Into .Id.tlng maintenance .n .... ronm.n18 . thus reducing the 

number 01 n.ce ... ry onvlronments whll., a' the Mma time. contlnuou.ly .nhanclng the .upport provldad 01 

, ...... n .... ronm.nta . 

Whal'l II beeame apparont th.1 thore would be two competing de.lgn. of KAPBE Intarlaces for the AL.8 and 

lhe AlE re.pectlvely. a M.mOf'.ndum 01 Agreamanl w .. sIgned In JanUlry 1882 between the U.S . Army. Air 

Foro.. .nd Navy 10 work Iowlrd. ..tabll.hlng commonality of th. KAPSE Interlac.s In 000 anvlronmanta 

(llU . Under the lead of the U.S. N.vy. the KAPSE 'ntarlae. T •• m (KIn wla cr.at.ci Ind chan.red With 

thl. leak. The KIT la ... Istad by an .d ... llory group 01 .0ftWara .nvlronmant a.pert. from Induatry and 

.e.d.mll with Internatlona' rapr ••• ntatlon. the KlTlA (KIT - Indu.lry and Academia) . Th. obJectl .... 01 

KlT/KITlA waa aat to •• tabll.h requlrem.nts for the Intaroperabillty and tran.portabillty 01 tool. among APSE 

and 10 .ub.equ.ntly d..,.Iop guld.lina. and convention. for .chlmng the.. requlr.m.nta With tha ulUmato 

goal 01 evolving atllndards In thla ar.a «14). 

KlTlKlTlA haa bean m .. Unli quarterly since l1i182. Tha reaults of Its d.UberaUona ar. contained In porlodl­

cally publlahed raporta (14). Among Ita most r.I ..... nl products ara the "Requlr.man" and o..lgl'I CrUarl. 

for the COmmon APSE Inlerlace Sal (CAlS' " (15), and the prOp<liMd 'Mllltary Standard Common APSE Inter­

face e.,· (HU. wtll<:h 's .n Inltl.I .. t 01 KAPSE-Uke Interface. for the .ncap.ulatlon of heat dopondonclo • • 

At Ihla Urn.. the later document I. belnll ravl...a by tha 000 •• rvlce. for adoption .s • mlliLlry .tandard 

within 000. 

Whll. the InWai motlvaUon 01 achlaring commonality between ALB and AlE has decr .. sed. due 10 the loe­

.enlno Importanc. of the AlE. the KlT/KlTlA .nort has Mel'l r.aognlzH a. an Important oontrlbVUon to ed-
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.... nc. the knowledge 11'1 the .r.. 0' KAPSE-llke Intertac.. and ot ' •• u.. of tool por1abUlty and Il'Ilor­

operability. II e'so cr .... a III forum for Intormllilion exc:henge be .... " DoD and Induatrlal efforts, theroby 

pr ••• rvlng the opportunity to pr_ftl III complete divergence 01 the •• a"ona. 

4.2. 'The common APSE Im.rt.ce Set (CAIB) 

In 'a. 11182. III KIT working group began eamlnlng the Al.S and AlE KAPSE Interfac •• lor .roa. 01 com­

monaUty and of dl .... rg.nc. In order to •• tabllsh III common •• t of Inte,'ac •• that could be aupponod by both 

KAPSE d •• 'lIn •• In March 1883, thl. group ..... JOined by ...... ,a' KlTlA member. to form III group that 'alor 

Me_me knGWn a. the CAlSW3 (CAJ8 working Group). With tha participatIOn of the ALB and AlE doslgnor., 

this group began d ..... loplng tha apeclftclIIUon for III H' of common Intertac •• doemed Impor1enl for tho por­

tability of tools. A crUCial dealgn decision w •• made In mld-1883 to punu_ an Interface aet that was not 

conatr.lned by ~ cu,....nt environment efforts of ALB .nd AlE, .lthou8h much of the pr.ctlcal •• porlonce 01 

th ••• and other almllar e"orts Innuenced the choice of Interf.c_. 

The m.ln geNIla 01 the CAlSWG _r. 10 d.-lop Intartac •• b.aed on •• Impla. yet ~rful and aJCtendlbl., 

model, w .pply uniform concept. throu8ooul tne dealgn 0' the Intarfac. ••• nd to cover thoae Intari.c.a th.t 

.,. mos' crucl.l for tno port.blllty 01 many tool.. A nrs' publlo r8'rillw of the concepta 01 the CAlS took 

place In September 18.3. Varloua rovl.lona _re produced and publicly ,...,.awed unUI. In January , •• 5. the 

tlnal doCument was dollvvred to ""PO a. a propoaed mllltliry stllndard . 

The CAIS In Ita preaenl 'orm contliins Interfac.a for Uta admlnlatratlon of me., their Interrel.Uona and at­

tributes, for proce.s admlnlstr.tlon •• nd for termln.1 10 "rgeled ., three atllndard Idnds 01 termln.I •• Some 

otner utllltle. ftaquentl)' used by tool •• re alao pr ... nt. Th. CAtS d •• lgn for the me admlnlatr.tlon h •• 

dep.rted from the tr.dltlonal 'tIeW ot hierarchical tile .yatems and In.'a.d admlnl.bars mes by Ihalr Interrela­

tions. In ttti. regard. the CAtS cautiously Joins • trend that has been apparent In .Imoal .11 recanl a_lgna 

0' PSE. Spoclal .ttention h.a boen paid to aecurlty .'peeta. eo th., the CAtS would nol be In conflict .nth 

requlrementa posed by' 000 (1 n. The concept. .nd the .. t of Interfaca, prcmded by the CAIS ara Of"'n­

ondod. II I. eKPOCt.d tnat addltlona' Intert.ce • .nil be added to the CAtS and thai 'ha ad'tlng globfll con­

cepts .ro au"lclentty' fts.lbls to .ccommod.ta a largs ~.rlaty of ,uch oldan,lons. 

II w •• r •• llzed that the work of ths CAJSWG could bet only a nre' ,tap In dsnnlng a ba.lc .. , of uniform In­

tertace •• The U.S. NaW)" contr.clCld with SofTech. Inc •• In 1188 for tho further enhancement of the CAtS 

beyond this InlUal .... nd for a pliot-lmploman"Uon of the CAlS to ~.lId.ta Ita u .. fulns ... na amclaney. 

Other pllot-Implamentatlons of m.lor portion, of the CAtS h ..... bean undert.ken by TRW, Ino., under 

gO'lOrnment cMtraet. and by Gould, Inc. and NITRE Corpor.tion •• s Inlernali)" fln.nced prOl.ala. 

Aa varl,",s ,tudl.s h ..... shoWn. the d.mand tor .ppllcaUon soll.a,. la ,1,lng s.ponenUally onr Ume, While 

Ih. workforce .ngsged In producing this aoftw.re la growing .1 a ,low IIn •• r r.... Already th. d.m.nd 's 

far beyond the production capabllll)'. In addldon, .... compl.~l)' of the aoftw.re ha, Incrsa.ad con,ld.r.bly. 

making the productlOf'l of qu.lll)' aoftw.r. more and more dlmcult and tlm.-conaumlng. Without ,ubal.anUaI 

Impronmanta In ttls aohw.,.. deWlopm.nt process. Induatry will not be capabls to m .. 1 tha Incre.alng 

demand nor will It m.atar the growtng compledty of this proceu In the futurs. 

Four f.ceor. can h ..... a msJor Impact on .melloratlng the curr.nt altuaUonl 

Application of batter metnodologloal Ada I, a nral ,tep to Improw ths ",eOlodological baala at 

the ImplementllUon 1 ... 1. Cia.r1y'. batter m.thodologle, or IncreaMd appllcaUon 01 .Ir •• dy ..... 11-
abJe methodical approache, for requlr.ment analysla and apeelnoatlon .re necea .. ry a, ... 11. AI­

moat c.rtalnly. theM .ppt'08ch .. .til be aupported by aoftwar. tool-aeta. APSE can provide tIMi 

.... hlc .. tor a wtder penetraUOn or the .. tooI-aeta .nd ahOOl.1ed msthodologlea. 

; Prcwtalon of bettar tools 1 Today the portability' .nd Integr.tlon probl.m, of tool. lead to a dead­

IoctI attuatlon. For I.ck 0' portability, the d.-Iopment of truly sophlaucat.d tools fa axpana .... 

and commercla'ly rt.try, II ther.tore romalns lerg • .,. In the realm of proto-types d.-loped In 

academl.. For laok of commercially a~altab'e toola, software d.-to.,.,.. .,. forced to a .. nd 

their reaourcea In the dupllcattng d_lo~nt of tool aupport, Which. beoaUM 01 tha re.ultlng 

financial constr.lnla, continues to ba 01 tow qUality. Impronmenla In portability and Integr.tlon, 
as poaalbl)" provided among APSE. can re ..... reaouroea lor .... ~nt of more adY.noed 



u •• of atllndard oomponentel almllar 10 m. hardware manuf.ctur., •• .oftwara producer. will 'n­

cr ••• lngty h..... to re.y on reualng pr_fabrlcated component. In order to ", .. l \he r.~dl)' ..... 

pending YOlume 01 the IOnw.,. demand. Within the framawork of an appllcaUon-or'anled Im­
plementation 'an;uag •• who •• major goa' I. the enhancemant of 1tO'lwar. pon.blllly. Ad. I. an 
almoa' Ida., bre.dlng ground for such .... nd.rd componanta. 

Autoft\llted ganeratlon of customized componantaf • 'eadlng edge In hardware r •••• rch I. eon­

centraUng on the defttopment 01 .,-te"'. lor the t •• , production 01 customized compon4tnta. A 

aim liar approaCh can be .~ted to emerge 'n the IOttwar. field aa well. In lact, In soma ape­
elaliNd .r •••••• g •• In compile, construction, ttl. automated gan.ratlon 01 componenta th.t ar. 
cUltomlZltd to parucula' languag •• or Lire.' .rch,-.:tur.. ha. already been succa •• lully .ppl'-d 

In commercl.1 productl. AG.ln, APSE m.y provld. u.. me.n. 'or a wid. dl.trlbullQn 01 .wch 
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mey be. II will not M; .unlcl.nl to catch up with th. oxponenUa"y d ... lopfng 1I01 ... r. d.mand In the long 
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