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TtlI' paper IIlacu .... Ada Compll., Validation Irom the .... polnl 0' both dla complier ,l,Ipplla, and tna com

p'Ie, 1,1..,. TN ~tlw. of u.. (-.qul,s .... nt tor validation and u.. r •• ultlng benellts . a. _II a. th4I IImlta

tiona ot yalldatlon .r. pr ... ntH . The pt'"oceM 0' Ada compU.r ... alldaUon " datalled " long with Its ""Ioua 
prob6em, .. well.. ',.u.. r~.tlng to .,alldaUon and the u.. 01 validated compile" . Solution, to ." ... 

problem. and 'uue, .r. aptalned, •• they .r. pro~ 'n • rec.n~ AJPO dra" ot • ,eotIMd yalldatlon 

poIlcy-

-
The prolif.ratlon 0' .anguag •• and language dialects ha. been recognlz.ed ••• major contributing faclor to 
t .... high co.t ot aonw.,. d_lopmenl and maintenance . Problama thai .rl .. out 01 auch prolll.raUOn In

cluda the added • ..,.n.. 01 "'8In"'I"I"O a lIOn-a'. amlronmenl lot each sueh 'a"Vue",. and dialect. the 

00.1 ot Hue.Ung ~neI In the 1,1_ of many dlneranl la~uagaa, and the Incr ... ~ coat of porting 

aonwar. to otMr ayawma. 

The programming la~uag. Ada .aa d.-...optld by the US o.~~nl 01 Del.na. ( DoD) to become the only 

programming lIInguage to be uMeS In DoD ml .. 1on crlUctiI computer r.aourc. (MCCfU protecta. Ada ha. 

~n atanda,cU&ed and mechanlarna h ..... been put In plac. to pr ..... nl the .dalane. 01 languao. dlal.e .. . 

The _Ildatlon of Ada comp".ra ... n In'-Oral part of Ute .. mechaNarna. 

Thl. pa~r dllCu .... v.rk)u. a.plCta of the Ada cornpllar validation, Including Ita obJecUwa and Ilrnlt.tlOM, 

the ectual P'~" 01 validation, the policy for the u .. of validated Ada cornpllara .. thin U.S . 000, and the 

economic. Of compiler .,.IIdaUon. 

Pa ••• kpIt'~ .. th atandardlud I.nguag •• (e. g. , Joorial, Paac.l. Cobol), haa ahowrn that the mere extal

.nc. 01 • at.nderd I. lnauMelen' to pr~nt the emergence 01 language dt.lecta, a. compiler ... ndor. tend 

to davl ... In their complier Implamentetlona kom the ,aapectlve language at.ndard. ,.. • conuq .... noe. 
sottwar. d ..... 1oped .. th one compll.r often cannot be oompUed .. ttl a compiler aupp .. _ by anoth., ... o6or 

wttftovt mator ~"8ea to the IIGba,e. As a ,..ult. porting of aonw.re be"'n ayaw",. am~ng dUI.,.,.. 

OCNnp4la,. beComes .. ~atve, I' not ..conotnlc.lly In .... lb... ParUcu .. rty In the milltat)' .. ttlng. large 

aottwar. .yale",. h.... a IIf .. pan of many ,...,.. durlnll .... Ieh eMlinc.menta and MW hardwa,. da¥e~ 

menta ... , make It neoeaury to port the aonw.r. to new under1ytng .ya_I'N. 

Recognizing ttlla problem. the U.S. 000 Ni. tellan a..,. to Inau,. that the ml.te ... Of the ,.., .r. not 

rape.tlted In the Ada effort. It hU obtalnacl a trademark on Ada and requlr .. that the CCNltormance of com

pi"" to the language atandard, AN8I/MIL-8TO 1.158. be aacertalned by ..... n. 01 the vaNdalion prooe ... 

before auch oompllan .,. alkwNd to be called Ad~ oompllan . The obfacUve Of "'.. r.qulrement .. to 
prevrent language dlaleota and theraby to enhance the portabUity of acttwa,. wrttten In Ada. 

t ...... i c'1 _ " ......... UNIIIIII ........ , __ ,,' . ....... ......- __ 
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2 . fa. ..... ,." ot V.,'''''' 
VaUdeUon 'a not • rap'lcamant tor accaptal'lCa t •• Ung by tha buyer 01 an Ada compU.r. Staying ,,"4.18 to Ita 

objecUYeI. the ""'dauon p,oce.. lelta only for conIOfm.~ with tha Iangu'OI ,"nelard. It doe. 1'101 ad

dr.,. '.'UI. of ... ublilty or .mc'-ncy 0' the compll,r and the ga"a,at.d coda . For ... mpla. the firat Ada 
tra".taWr ev.r ."lIdattd ••• tha N ... York U"lVeralty Ada Inte,prater. which .1' • ,amaruble Ichl ... ",..", 

.1 an •• ~rlm.ntal ')'Item lor .. manUc modelling and for ",chlng Ma, but daflnltely not a aptelm to .up

port application cod' ""Itten In Ada. 

MOfeowf. .,alldatlon 'a not • guarenIH 01 compll.,. oorreetnu,. a.cau.. tna "alldltion proc... employa 

'HUng by ... mp ..... the tel, method . only part 01 the I"trlcaeln of tha Ada 'anguag' can be cowred by 

the "alldatlon . 

On 1M other hand. tha .. at lulte 01 tha "alldatlon proce .. I, lu"'elanlty large and _II d"'gned th.t broad 

ccwa,aga 'I achl"". Succ."'ul proce.,ln", 01 Itt. t •• , .ull. I ••• Ignlncanl .nd major mll •• lon. for com
pll.r d_lo.,.r. on tha .a,. to compllar corractna .. and conformance to HI. languaga .landard. Aa .uch, II 

Ilgnlne.ntl,. r.I ••• u.. u .. ,.' conlldance In !he corractn ... and complatene .. of Ad. compile,. . 

Notw'th.tandlng valldaUon, u .. ,. mUI' ~alua1a ttle approprlatane.. of • Validated compllar for th.lr par

IIcul.r need •• Iong .11 dlmen.lon., .uch •• COd •• mclency. u .. blllty .nd u .. , frl.ndlln •••• IntaracUon with 
the .nvlronmen'. prOVi.lon 01 I •• tur •• tha' ar. optlonll In the IlngUlg •• tlnd.rd, .to. 

the genetal policy for compiler Yillditlon, 

the poIlc ... and guld.lln •• tor tha u •• of Ad. compll.,. In 000 . 

The nfll doc:umenl •• tabll ..... u.. petlcl .. for u.. y.IId.UOn prooau .ppWc.bIe to Ad. compll.... bo"" for 
g.neral trade .nd for U.S. DoD Ippllcatlon.. Ttl. HCOnc:I doc:umenl detalla the proc.durn neceaaary to 

•• taIMI.h • compll.r a •• valid.," compll.r. T ... third docum.nt In'.grl •• u.. requirement for y.lldatlon of 

compll.,. ","th the oon.ttllnll of "'.-cycle m.nlg.m.nt procedur •• In U. S . 000 projeoll. While ...... third 

docum.nl r.I ..... peclncall,. 10 ttl. u .. of Ada In U.S. DoD • • Imllar I .. ue • .til arl .. In g.n.,.1 tt.de 

ualg. of Adl compile,. . n .... ' •• or. can .ct •• • model 101" gan.,.1 lI.d. comp.nla. In adopllng .Imll.r 
pollc," Ind guldalln ... 

In the .ubsequen' .actlon., the provl.lon. 0' u.. dran polley ar. ctHcrlbed In more detail. Since. at thl. 
tim. , the dran ta .UII unde, dl.cuNfon end u.. ~lcle' and procedur •• not offlcl.11y' I •• ued. chang •• m.,. 
occur lhIl are not ,an.cted In thl. papar and ma,. conllldict III conten ... 

The thr .. orglnluUonaI compo.,..,ts of the .. aUcfltton proce .. ara the Ada JoiIIt Program OffIce CAJPOJ, the 

A6a Validation Dfg.nlUUon (AVO), and ilia Ada Validation FecIlIU •• (AYF). T ... t.chnk)al component II thai 

Adl CompNer Vallclauon C.pability (A,CVC) . T ..... oomponents .nd the~ rota .re brlen,. daecrtbed In Ute 

'OIlowtng HCIIon. , 

The OIrector of IN AJPO formula ... ilia ... llcIaUon policy ......... ohlrters to AYF. and I. ulUmataty , .. pott-

albia tor III OOmponents of ttl .... Ildatlon prooeu . V.lldatlon cerUnc.ta ..... ".weI or IUthorlzM by AlPO 
.n.r .uooaufut corn".Uon of 11M ... Ildallon pt"oca ... 
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4.2. The Ada YaI'dation Org.an1UUon (AYO) 

AJPO ha. chartered an Ada Validation Organlzalion (AVO) with the task 10 •• tablleh del.elled gwldelln_ and 

procedure. lor the proces. 01 Ada complier 'talldaUona, and to auperYfa. Ada Validation t-.elUU •• CAVt') In 

their conduct 01 the "alldatlona . The AVO con_ulla 10 AJPO on .... lId.Uon lallu •• tha' .rl •• from eomp'", 
... allaaUona. Furthermoro. Ute AVO malntalnll the IIlIts of .... Ud.led compll.,.. 

4.'. The AcY Yddatlon Fecllttte. (AW) 

The AVF ar. Impartial organizations that ar. chartered by ""'PO to conduct .... lId.Uon.. Such cha,ler. ar. In 

onetel lor ttl, .. )'4>8r. and ar. ren_able. AVF ar. bound to adha,. to the .... Ud.Uon pollcl •• ' •• ued by 

AJPO and to the proeodura' guktaU" •••• tabU.hed b)' the AVO. TI'.a "VI" act .11 the 'n'arlae. between aup

pller. at compU.,. tha' delll,. "81ldallon of thalr compUer. and the certification body comprising AJ..-o, AVO, 

end AVF. 

Currenlly, fl ... e ,,"VF .r. In .Id.tene •• two In the U.8. , .nd on ••• eh In G.rmany. tsrllaln, and france. 

Th.lr .ddr ••••• ar. lI.ted In Appendllf B. 

The AJPO haa prO()ur..:i the Ad. Complier V.lld.tlon C.pabUlty CACVC' ea the technlc.1 m.an. to ascertain 

con'orm.nc. of Ada compll.ra 10 Ih. '.nguage atandard . The core element of the ACVC la • larg. _I 01 

'e., programa to be aubmlhad '0 the complier 10 be .... lId.ted . CurrenUy, thl. lea' lull. conslats of .boul 

2400 progr.ms. each o' which checks partleul.r aapeces of the I.ngu.g.. About h.1l 01 the a.ala .re 

programs th.t eontilin Qrrora thai. complier must delect . Th. r.malnd.r 01 Ih. testa ar. corr.ct Ada and 

muat be .xocuteble after eompllatlon. Som. 01 the teate exemln. the correct Impl.mentaUon 01 optional , •• -

hires 01 the I.ngu.ge, wtllch • compiler mayor may not .upporh the applleabUlty of th.ae teata dependa 

on the Indl .... du.1 compile,. The te.te containing error. usu.lly eo"taln • large number 01 ... arleUona of u'e 

a.mo class of (lnor. Each of lhe.e .rrors must be r.eognlzed by Ihe compile,. Since error recOWlry oc

c.alon.11y Will mask .ub.equent errora, such tesl4 may ha.... to be .plll Into mutUp" testa to Isol.t. In

dlvldu.1 erro, .Ituatlon., thUI 'urth.r Incr.aslng the number 01 t. st elUllmple. u.ed In the .... lId.Uon proce ... 

The r.ault 01 the teata contalnl"g error. Is obtained by el(8mlnlng the n.Ungs produced by the compiler. Ex
ecutable te.t., on tho othor hand, aro carefully designed to condense an IndlcaUon of .ucc ... or failure 

Inlo a .mall prlnt-out produced by the tlll:ecuUon o' the 'e8l. 

The ,,"CVC 'S augmented by .onw.r. tool. that facilitate the .... aluallon 01 teat reaulle. and by the 

Implementers' Guide which I •• detailed commentllry on r.mlflcatlons of the Ad. langu.g. I.mantlca .nd on 

tho. corre.pondlng ACVC teata. 

AI any gl'l(ln tim., three ... or.lon. 01 the Aeve t.st aulle .r. In .xlslence. 

1. the d ..... lopm.nt verelon. thl, .... r.lon I. not ,ele.sed to the public. N_ t.ate .nd corrected 

te.te .r •• dd.d to thla .... rslon , 

2. the field-test ver.ron. thl ..... rsloft Is .... allsbl. 10 the publiC. During the IIflt t"r .. months 01 Ita 

r.lea.e, IndlYldua' te.14 may H corrected . Aner Ulr_ monlh. , thla vvr,lon la frozen end can 

be optionally _Ieeted by a compll.r Impl.mentor to be used In the forma' yalld.tlon proceaa. 

3. the retea.ed "rslon. this 'roz.n .. rsion of the t.at .ulte la ,.n.retty uaed during form.' .... lld_ 

lion. Te.es In the 'roze" .... rslon. thai are found to be Incorrect ar. Withdrawn ,,,d, aller bell'lg 

corrected, .r •• dded to the d ..... lopment VV,.lon. 

The n.ld-teet .ftd r.le •• ed .... '.Iona .re ..... II.bl. 10 the public . Parlodlcally the r.t ... ed ...... Ion Ie retired 

and replaced by ~ 1I.Id-te.t .... ,..Ion' the d ..... lopm.nt .... r.lon becom .. Ihe fleld-tett ....,.101\ .nd • new 
devolopm.nt _rtlon la creatod. CUrrently, this cheng. of ve,.lont occur. In ,lIt-month In"(WIla on Jun. 

10th and Decamber 10th of each yea,. COnsequ.ntly, for tormal .... lId.UOO. Imptementor. have • choloe 

betw .. n the Itellt-te.t .... r.1on .nd the r.,.,aed wr.'on from September 10th to oec.mber lOIn •• nd 'rom 

MarCh 10th to Jun. 10th. OUrlng the r.malnd.r of the ye.r onty Ute curr.nt r .... 1OCI ".,.101\ ot Iha ACVC 

'H' .ulte can be uaed In form.1 .... tld.tlon. The owrtap of ACYC- .... r.lon •• dmlaalbl. In •• lIcJauona he. been 

Introduced 10 permit compll.r aupplle ... to rll'duC8 thelf' rlak of railing \0 oompl.1e th. yalldatlon" PlOoe .. be-



Aa 1M ACI/C I. r.~dtr m.turl"'g. It I •• xpecled thai. I,.. '" near fulur., Ih. r.I •••• cycl. will be 

I.,..gtherted .0 that the r.I • •• ed "r$!otI 0' the ACVC te ... 1,111. h ••• IIf.Um. 01 ,..1,... or ,_tv. mo,..th •. 

Ad. compU.r v.lld.Uon requlr •• ttll' aU .ppllc.b~ t •• ta of th. ACVC ... , .ull. mu.t be p ... ed .ucc ... fuUy 
by th41 compU.r 10 be v.lldated . ThUI, v.lld.Uo,.. ... tI"'g I •• PII •• If.1I decl.lon. Th4I ..... 11,1.00,.. 01 the t •• , 

r"ults I. don. by an !mPllnl.1 bcMty, 1.0., en AVF, In two m.lor .te~1 flnl, Ih. A~ eumlne. lhe , .. , 

,"ulla •• they _r •• ubmlned to en. AVF by the com~l.r luppfl." e' !hIe .leg., ... U,..g I .. ue. the' the 

.uppll.r or ttl. AVF might rei .. , .uCh e. the .ppllc.blllty of Indl'tidu.' te." •• r. r.IOI'tId . Second, lhe A'It

wi"' ..... the on-.U. teI.llng 0' the eompller, the ,e.ulte Of which lormally d.t.rmlne the aucc.lI 01 the 

vaUdation. Nonnally, eny c.u ... tor polenU.1 f.llure 01 the v.lld.tion ... lIng ere dl.cov.red end corrected 

during tha nr.t ... p .0 ttlat on-.lte te.Ung becom ••• m.r. formality. 

Th •• ppllc.blilty .nd correc"'e .. 01 Indl'tidu.1 ACVC t •• tI m.y be ch.llenlled by lhe complier .uppller. ~ 

plle.bllUy I .. ue. a,l.o fo, t •• ts ttlat examine opUon.' I.awr.. of the l.ngu'lI. not tupporled by Ih. com
pile, . Corree""" Illue. r.l.te I,.. mo.t c •••• to I .... for Which the le.1 de.lgn.r. I,..terpreted the I.ngu.g • 

• lIInd.rd dlfferenlly Ih.n ttle compiler wrl"ra . Th... challe"'ge. er. forw.,ded by the AV" La th. AVO 

which, with the h.lp 01 • group 01 I.ngu.ge ... ru, del.,mlne. wh.lher '" complier wrlt.'I ' Inl.rpreteUon 

I. perml .. lbl. by ..... 'Ingu.g •• tendsrd. It '0, the ... 1 II wtlhdrewn from th. leIl .ulte. The oompl~r 

.up~"r I. InlOf'med about the dl.posttJon on th. chall.ng. typlcelty wI"'ln two _k:s. 

Anar .~,,'ul v.lldatlon, • V.Ud.tlon c.nUIc.te .. I .. ued by AJPO to the luppll.r of lhe compiler. Thl. 

certificate I. v.Ud lor one ,.ar .nd enUU.I the luppll., 01 lhe compile' to m.rllet the compl.... el • 

y.lld.tad Ad. compll.r. The V.IId.tlon c.rtlncale .u. ... l.o the .UCC4t •• lut oomp~lIo" 01 v.IId.Ik»n "Iling k" 

• 'P4CUIc compiler and .peelfled ho.t and ... rg.t l)'Ilem., lor whk:h ttt. full ACVC ... t allU. we. 'lin e. 
PIIrt 01 the on-.II .... tlng. Th. y.lld.ted compiler for ttle .peeilled ho.I end laroe' .,,!.em Ie relerred to •• 

• ·Ba .. Compll.r". 

In de .. n, the valldaUoll p,oc. .. con.I." of Min at.p. that mu.t be Iucc:e,,'ully compleled I ... orde, to obu.ln 

• Valld.llon c.nlnc." tor a ea •• compll.r. Th ••• Min at.p •• re e.pl.l"ed In Appe"dl. A. 

In ord., to pr ••• rw the .tatUI 01 • ea.. Compll.r •• I valld.led Ada oompUer .11.r •• plr.tlon 01 ILa 

V.lld.tIon CClrtlncat., ttla ,uppller mu., r_.ubmlt the compllsr lor v.Ud.Uon prior to the e.plr.Uon of th. 

V.lld.Uon C.r1IlIc .... 

811Ch rl'l'.lId.Uon. It ...... dll.1 purpo ... flnt, they guar.nt_ th.1 ch.nge. to complier. do not C.II' •• 

gradu.1 dl'riellon from the languege .candsrd. SecorId, the ACVC ... , nile I. conUn_.ly enh.nced ~ 

prOYId. mora compr.hen.l" cowr.ge of the language .landerd. The rltqlllra",.nl of rev.IId.UOll In.ur •• th.' 
compilers conlorm to the .tand.rd even ,,, thoM .r_. !.het _,e not COftrect by the .-.eve _t.lon th.t w_ 

I" .n.cl .t the Ume Ute compile' w •• In'U.If)' validated. 

tt I. e.peeted that, .. complier •• nd the ACVC gradu.'1y m.lure, the v.lldlty of the V.lldaUOII C.,Ulk:.1.e wtll 

be o ... nded to two ,..,., Ihu. reducing the .nort end co.' 01 rev.MeI.tIona . 

Ada compilers will unaeI'VO m.lnten.nce Ch.ng.1 .nd e"h.nc.mente, In p.rtIoul.r during the InUl., period 

.ftar thel, tlral r....... Aa It I. economlca"y .nd .dmlnlatr.UYety Inle •• lbl. to requlr. fotm.1 rev.lld.tlon 

.ftar eaOh ch.ng. 10 a compli.r, •• well a. und •• lrabl. l.o dlsoour.g. m.lnl.n.nce upgrede. by .uoh • r_ 

qllirement, AJPO h ••• dopted the policy th.t the validation .tatu. of • complier .utom.tlcally .... ncI. \0 Ita 

revtaM)n" Thl. policy r." •• on the m.nd ... tor ."nu.' rev.lld.tlon 10 deteo! d .... Uon. from the ,,,nd.rd 
.nd on the I.ct th.t tt Ie In the be.t Inter." of the compile, .uppll.,.. l.o r.m.ln oonformlng \0 \h. ,.n
oueoe .tend.rd. 



A partloular problem wtlt! wtllch compiler vIUdadon la conlrOfl\ed la the I .. ,", of compllerl for mulUpie M»I 

and ..,rgat .,..tam connguration. . Typical example. ar. compiler. heated on .nd Yir".ted for .ptem ar

chllectur.a that ar. compatlbl. In their InaVuClton •• Ir lor .uch compll.ra. It c.n ~ r.atonably e~ted 

that. oompU.r , •• tad on on. auch configuraUon will generally execute conKUy lor any olh.r conllgur.Uon 

Within the lamlly of ..... .rchltectur... Thl. .xpeclatlon ,. more difficult to luaUly If th.,. .r. minor dll

f.r.nc.. In the In.tructlon .. t archltectur. or th. oper.tlng .yatem. A .lmUar compllcaUon a,l .. a from 

OOffIpller .wftehe ..... , In"lIenee eHoOution characterlatlca 01 the compll.r or the cod. generatad by the corn...... 
Clearly, It .. quite Impossible ~ perform compll.' .alldaUon. 'Of' all ~I and targ.t conflgu,atlon. for wtllch 

a compiler I. dealgned. and for all •• nch •• Wng. 01 the compile'. du. to tna comtHn.torlal .~oalon 01 all 

PMrmtltiUOn. 01 tH •• ktnuanclng param.ter •• On the olh.r hand. Il I. equally Impo •• lble to decld. With 

certainty whe'nar the .. ~r.mate,. will .Iter ttl. outcom. of valld.tlon 'a.tlng without actually performing the 

t .. ,. In •• trlol •• 1'1". It 'a th.r.'or. Impo •• lbl. for the AVF to att •• t to the .ucc ••• lul compl.tlon of the 

..,alldaUon t •• llng. unl ... ttl. \ea ... r. executed on ...... paclflo conflgur.tlon. 

The dr." ..,.Ud.tion ~Icy Mdr..... thl. I .. us by IntrocllolClng the concepl of a ·Aql.terad OIrlv.d 
CompUe", A compiler IUppU., who h ••• ucc ... lully valldalad • Ba_ Compll.r c.n raglater wllh AJi"O ad

ditional compile,. derived from CIII. Ba.. Compll.r. Thu. r~l.terad compile'. .re con.kfared •• equally 

.... lId.1ied COfnplle,.. Ttl.. .tatu. I. UecII to ..... IId.tton .tatu. of the Ba.. Compiler .nd • .pl,.. wllh 1M 

explr.tlon date o. the V.IId.Uon (;a;rtlflc.to 'Of' the Ba.. Compiler. A raglaterltd derived compiler Cln ~ 

marli:eled •• a ..,.IId.1ed Ad. oomp"er. 

As ~rt of the raglat.r.t:Ion proc.... .... aupplle, h •• to •••• rt thai the compll.r I. a - ~Ibly' modillad 

- .,.,.Ion of ttIa Ba .. Compll.r and th., ttIa complier conJorm. to the Ada '.ngu.g ..... nd.rd. AJi"O or AVO 

may requlr • ..,batant\aUng Inform.1ion for ttlla .... rtIon. alolCh .a • hard •• r ... ndor' •• tate."..nl guar.nl .... 

Ing .... aqulva"nca of the In.lrlolCtion .... rchl1aelur. or the r •• ulla of running ACVC "ala • .w-..r. final 

Judgemant on truattng • R.gtatared Complllr to ~.. .It .ppUcab~ ACVC te... .... with Ute prospecu.a 

buyer o. ttIa COfrIpiler. 

The AVO malntelna .... Ila' of Aegl • ..,ad compile, • • H •• t soma latar tI."... " Ia .. tabU.had ~I a Ragla

terad Compiler doe. not paaa .n ACVC teat thai tt'Ie Ba .. Compl .. , paaaed .UOCflIalulir. lha compiler will 

100 •• hi. .talu •••• Ae91.ter" Compiler. unl ••• the .upp ... r correcla th. probl.m. Any .uoh chall.r.g ... 

Which m.y be brought to the .ttanUon o. tt'Ia AJPO by .ny current or proapecU .. u •• , o' Uta compll.r. will 

be noled In th. Ila. 0' Regl ••• red Compllera .ner • .c.rt.elnlng th. v.lldlty 01 tho .. ch.lt.ng'" 

TM Int.ntion 0' thl. poI~ Is 10 evoId the combtnatorl.' •• P'9akJn of torm.1 v.IIdaUona. without requiring 

AVF Of" AVO to randa' judg.manl on wnatt'lar • COfrIpll., I. IlIIeIy' to pa .. vllldltlon , •• Ung on _ M»I 

and ta,oe' conflgur.Uon without running the ... t aul" on ttli. conOgur.Uon. It r.llla on the market place .., 
.orc. Regl ... red Compile,. .., .dM,. 10 tha lar.gu.g •• tand.rd .... II. Olven th.t raglatrlUon 01 compll.,. 

I. dependanl on ttla •• Iatane. 01 an .Iraedy v.lkJ.1ed Ba .. compiler by the .. me .uppller. II Is ra.aonabte 

to ... um. ttI.t .ny potential davt.Uon. of Ragla .. ,ad Compiler. Irom th. la!\guava ltandsrd .r. minor. 

unlntentlon.l. and .. ay to correct. 

The ",.nd... tor the 1,1.. of v.lld.ted campl_rl In profaCta .. ge ...... 1y In conflict wtth Uta plKIioe a 

balellttl,. compll.r. for .Nnded ~rlod. 01 dme. Since lha •• Udatlon slaWI of a oompUer ..pr ••• n.r one 

ye.r. annual r...,.Wdauon I. n.c. ... ry. Due to chang •• In the ACVC ..... ulte. It may be the caM that UMI . -
ba .. "nad compl_ •• ". r...,.lIdaUon, .n upgr .. of the bI .. tlna would be required . For protect .~btlMy or 

c:or.t.recw.1 r.aaona •• ueh upgr"" "'ay ~ flighty uncM.'r.~. 

A , .... ad pol~ for tt.!* u .. of Ada compll.,. In DoD projecta n •• th",,'o,e bean drafled \Nit rctcOnOlla. the 

requlr.ment for' complier ..,.lklaUon wtth the need lor ballllning cotnpllera. Thl. potlcy InVOc:Iuon the con

cept o' • ·Protect-V.IId.1ed Compile". 

A Prafact-V.Ndated Compiler I. a val6dated compiler that hal been baMllnad In aooonII.noe willi 000 1i1e

eye" manageMent ~1cIe.. Such • oompUer mamtal •• Ita ."w ... a P'rofact-V.IId.ted Compl'" ttwCMllilttoul 



tn. duration 01 the prOject. Onty major a)'ltom upgrol;M. roqulr. thol Ute bo.olln~ compll.r •• '110 .,. 

upgraded to VeUdotftd COmplier. . Th. rollona$O 01 thle proj.cl-epecillo ."".n.'on of ttt. valldaUon .letu. ,. 
tNt, a. tho ACVC I. maturing r.pldly, It la wary unlikely th.t a valld.lad compllar ~Id axhlblt gr ..... d_'.

tlon. Irom tha langu.ge .tenckrd . The ben.tII 01 pra .. nUng minor .ccldental dewtaUona by .nh.ncemenle 10 

tM N::VC I. 10_ compllr~ 10 the compllc.tlon. thai .rl.. trom the rl.k 01 lorclng ' an upgr.de 01 the 

ba .. llnad compll.r ot Inopportune .tegoa 01 • prOjecl . Nllllturlllllly, program m.nagar. ara ancour.ged to plan 

lor pertodlo upgrade. 01 the ba •• IIM to • compllor with. V.lldallon Coruflc.ta In alfect. 

MIlia the Ma compl$Or uaed durlnv de¥elopmH' 01 MCCR .0ltWare 10 not required lo be • PrOj.c:t-V.'Id.'~ 

compll.r, tho compl$Or u.ad tor u.e lIIIoltW.r. da" .. ,ed 10f" oper.Uona' 'a.Ung mu.t be • p,oJect-Valld.ted 

Complier. Tho aceaptene. teaUng upon dallvery 01 .uch lIIIoltW.r. wtU •• certaln tha' lh. complla, pII •• e •• 11 

.ppllcabl. te.ta 01 .n ACVC .... ,.Ion equal to M, optlon.lly. more r.c.nt th.n the .. ,.Ion lhat w •• In .IIeel 

at the time 01 baaaUnlng the compll.r. Oepllr'Wflng on tho .oltware volumo. auch t.allng may range 'rom In

t.rnal ta.Ung to lormal welldatlon. Th. requlr.m.nt fo, .uch t •• Ung I. aulom.Uc .lly .. U.lled " the compiler 

I •• v.lld.'ed ea.e Compile" 

Aa a rl.k reduction .lratagy. prol.ct m.nag.r •• hould con.'de, u.lng validated compll.r. a ••• rly e. ~

.lbI. In • project. Maintenance ond enhanc.manl rev'.'on. 01 'he.o compll.ra .hould be parlocUc ally 
ch.ckSd lor Conlormanc. with Ihe langullg. • ... nd.rd by u.lng the ACVC a. the 1 •• 1 m.chanl.m, .0 Ih.t 

potentllllli acceptanca probl.m. at tha tim. 01 delivery 01 .olt.ara for operallonal la.Ung ar. pr~nled . 

EmbMdad targats po .. anattler challeng. to th. validation proc.... .uch largala may not be .ble lo .... 

ecute the ACYC to.ta. d .... to 'ock 01 h.rd.or.. In parUc:ular of approprla .. OUIpuI ~, 1M hardW.r. tor 
.uch targa ts may not oxt.t yet, tha hardw.,. m.y be 110 , .. lric'-d th.1 It canl\Ol .uppor1 tha mandatory fea

ture. of tha Ma lang ... ..,. .tanchlrd . In l1li11 tha .. C." • • tha valld.tIon proc. .. cannot be applied 10 "'. 

camp'I., tarll.t.d .t the .mbedded .,..tem and. hance. no ValldaUon C.rullc ... can M laauad lor lh. c0m

pile,. 

Sine. II I. newerth., ... da.'rable to u .. compll.r. conlormlng to lh. Ad. lanouao. .tandard In d~loplng 

aonwa,a for .uc" .mbedded targ.ta , the propoaad DoD policy .ddr ..... thl. , •• u •• nd .rr ...... a' a com

proml .. ttlat .1I.'l'ata. the probl.m .nd .c"leYa. the O~iIIIOU .... 01 conlorm.nea to u.e langu.g. atand.rd I 

For many .mbedd.d ayatam •• the .ppllcaUon coda I. tlr., d..,.loped .,.'ng • ·.'mul.led targa'o . I.a •• a 

.Imulator or an Glrtanded hard.ara configuration th., provlda. mota c.pabllltla. 'han the r •• 1 embedded tar

ge' .yata"" ' If the compile, lor Cha .'mul.lad targat I. a (proJacl-halld.lad compH.r. than the complier lor 

tM ,.al .mbedded targ.t I •• 1.0 regarded o. 0 prOjacl-w.lldal.d compll.r. prOY1ded thaI 

1. tha complier lor the ,.al .mbeddad targ.' 18 d.r ..... d 'rom the proj&(:I-...lIdalad compllar lor th • 

• 'mu'.tad targe t, IIIInd 

4. on)' .ddltion. or Chanll •• to th. run-tim •• upport maintain conform.nce of lh. all1illlCuUon of ap
plication coda to the .. ~ntJc. of the Ad. languooa atandard . 

"rom Ute ¥I"poInt 01 practtoallIY. the compiler lor the r •• 1 Ombedded targ.t ond .ny run-lima modUlc.lIon • 
• r. unlikely to d ........ "om 1tIe languag •• tandard In .n Inoomp.llbl. f •• hlon (aa oppoaad 10 • .ubHIUng 

of the run-ama .upport) . .'nce tha application code tran.'.1ad by the v.lld.led complier fM Uta almulated 

targat. on wh~" the .ppllcatlon cod. I. deVeloped and te.tad. cannot dll'.r .'gntncanUy from \he cod. 
prodllCad by ttl. compllOf' for the ,..1 ambedded targ.t . Otharw+.a .uoh •• l1lar t •• Wng would be randerad 

quite U .. ,.... Conaequently. ttl. condition. anumarated abo¥a .r •• ulllclani to H.ura a mu:lmum of por

tability and r.u .. bUlty aohl_abl. for the .ppllcatlon IIOttwa,.. 
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WIthout doubt. tho .. eUdellon proc ... ,. ellpon.,.,. 10f" tho supplier of en Ad_ compiler end ulUm.tety lor the 

UH' 01 Clue" compiler., elne. tho coet of validation will be r.n.eted In the coat 01 the complier to the 

u .. , . Typic.' AW , ... lor Ihe validation proc .... r. '12,000 to 'lS,OOO. Supplier. of .. alldated Ad. 

eompll .... ha.,.. howe'll.'. .,Um.ted the lolill coat of • 1000ma' 'talldellon In the ra"u_ Irom S$O,OOO to 

'100,000. due to the Inte'"e' co.l of preparing lor tho ¥alld.lIon. While thle .,Uma' .... ma high, gl .... " 

that Ute monlCOrlnG 01 , •• ulla of running tho AeYC ... ta should be Clccounled for a. ~r1 01 the Inlerna' 

quality ••• urance 'or the complier ,ether than of .. and_tlon. a non-trivia' (1"011 ,. apent on edmlnlalraUng the 

YalldaUO" proc .... on condUCting ~ on-aUa ... Ung . on maklnQ eur. the' the auppl'-r"a Inlarpr."Uon 01 

1M .ppltcobUJIy of IndIY!dua' ACVC tealll conform. to tho AVO' . official po.lOon, and on adJu.Ung the com

pile, In aree. where tIM AVO doe. not .Mre the .uppl~'" opinion. Elrtfapoa.Ung from theM high el

lime .... the co.t 01 r"alldatlon of • complier ,. mwty 10 r.nge from t25,OOO 10 UO,OOO. prcmlJed llI.t 

n.lther the compU.r nOf' the AeVC ... t .ult. ha. ch.ngad .Ignlnc.ntly line. the pr .... lou ..... lId.tlon. E".n 

for FWgI.tered Derived Compll.,., the co.t 01 .acertalnlng that the compile,. Indeed .r. capabl. of pa .. lng 

a/l 'ppllcable "cve 'e.ta c.n be aub.tantl.t to tha compllar luppllar. 

FOf' the u_r or Ad. compll.,... the economic benalil. 01 ulln; .,.lIdaled complier. can be conlldarable . 

Flrlt. the 000 manda. for ullng .,alldated Ad. complier. In MCCR projects make. It Impo •• lble 10 .ucca .. -

fUlly compelll for DoD contracts withoUt acc. .. to a "alldated Ada compll.r . Second, for the Ular eortCIrMd 

with porting Ada IOftware berw.en a,..lem., the u.e 01 .. alldated complla,. II a "rat maa.ur. to r"\,t~ "'a 

coat 01 luch porting by ellmlneUng the problem ... ttI lublat or IUpar .. ' complier Implementation. . While 

compllence 01 COfIIp"',. to ttle language .tal'dlrd II not • panacaa for lO ..... ng tha porting problem , It 

ollmln'.a one of the m.jor hurd'" .ncoun .. red In Ute pa.' wlttI ottler Ilnguage • • 

T .... requirement for •• lIdIUon hI' Men blamed lor ttle long dalaY' In getung Ad. compllerl to the m.rkel 

place. Hlltorte.lly. the nrlt <:omp"e" marlleted to, comprelMn."'" I.nguag ••• uch .. COBOl. 0' PVl 

proc_," onty lUNata or the '"pecthe tanguag., thereby enabling n,.t •• parlance. to be galn.d Willi 

theM new 'Inglllg •• betore compl"" for UtI lull I.ngulga. appaared on the marMI . Thl. inlrodlKlUGn 

.trateg)' I, I two-ICII~ .word, ttow.ver, .Inee the ,ub'a' compile" typically rem.ln In 1,1 .. , thu. cr.atlne 

.~nlnc.n' porting problam •• Furtha'l'I'W)(a, by the time complla" to, ",. lull languaga amarg •• progrlmmlnv 

aty1 •• hI.,. be<an a.tabll.had th., perpetu.ta • limited uUllutlon of tha full capabilitla. of tha Iinguaga . 

For Ad.. DoD conlclou.ry daclded on •• trategy In which onl)' complla" for tha full langulga Ira aCC:lpl

• .,.. to, aoftw.re d.".lopmenl. Within thl. con.tr.lnl, tha a.,llIablUty 01 "'. ACVC 1'1 •• helped lII. Impl.men

tora. b)' providing In extenll.,. .nd _n de.~Md t •• 1 .... .1 much •• hlndarlng "'a", by forcing tham Into 

edhorence 10 minute Ind aorn.tlme. pathofoglca' d.tall. 01 the Adl Iinguiga ltandard Ind InlO lhI time

con.umlng proce •• or 'orm.1 ".lId.tlon. 

By the 'nd 0' 1885. l'I'W)(e than 15 compliers .. r. II,led by AJPO •• formilly valldlted compilers, many 01 

which e,e ho.ted on and &lrV-ted 10 a .ar1ety 01 .,..t.m.. A .Ignlfl<:.nl number 0' addltlon.1 compUa,. a,. 

expac::ted to be •• IId.ted In 11188. n I. _I. 10 IIY that tl'la Ad. affOf1 II now pall .ny Initial dal.,.. "'., m.y 

.... ,... been c.ulMd by the m.nd ... to ".lIda .. Ad. compll.,.. 

The requirement 0' "alldlUon ha. alao led to a .U",allon In whk::n complier .uppl~" co_nlli. IIr.' and 

'Of"arnoal on the &I.t 0' ob&llnlng .... Iklldon .ta .... for thalr compile,., befora concenllaUng on maldng lI'IIIr 

producta ,ufflclanUy etllclanl .I'd ".er-frlendl), 10 be ..... bIe toot. In tha ~Iopmenl of Adl aoftwara. This 

altu.tIon mUI' be con.lda,ed • r.al dano-r 10 IhII ca.u.1 pubflc PMc.ptlon of \M .... ,..,. of Ada oompller 

.... IId.don. .. • ".lkS.teeS oomplief .. by no me.n. guar.nteed to be a compile, 1,1 ....... In ,_1 Ippfk::atJon 

progrlmmlng. Tharatofl It cannot be emp"l.lnd _gh that ..,.luaUon 01 Ada compilers tor ttIeV raapeo

t'"" .ppllc.tton domain rameln. a prima ,..ponalbUtty or IhII 1,1"'. V.lldaUon can be one IMclalon crHIf/on 

In Ihl • .,.alultJon, but .uraly nol ttle cnry one. 

'nlUal concern. about th. coMblnltortal explOlk!-n of compile, .IIMI.tIonl ... th 1'- coal .nd probabla aoarca

ne •• of AVF .,../lablUty should be ra~ by the propoaad r ..... aId •• IMlllIon pollcl ... 

On u.. poeltl.,. IteM. the r.qulflmanl for •• lklaUon hal Pf'O'IIdH "the uur .UI'I an InlUei acreenlng of Itt. 

mar'-I ptaoe tor Ad. COfIIpll«al .Inee the In_lmIn' for getting .n Ad. compUar I~ • ".Ildal.lb~ .l.IlI .. 



very IIlgll, the m.rilet pl.c. h.1 Joeulod Oft ttl. vi.bla compll.r auppll.rl Ukely to pt'O¥fde Vood p,oduca. 

.nd continued prOduct luppon . Moreo¥er. Ih. publICized lilt 01 valld.ted compll.ra, .nd the V.lhaUon Bum
m.ry Reporta h_ Appendl. A>. whICh .ra publicly ''t'.II.b .. , pro't'kl. tlla lola.' wllh v.lu.bI. Information 

.bout the products offered In the m.rket pl.c •• 

The 't'.lId.tlon proc'" lor Ad. 11.1 ral..., the awaran ... 01 the luppllars •• wall al ttla ular. lor lila im

port.nc. of compll.nc. of a camp"ar with the progr.mmlng I.ngu.ga .land.rd • • 

In the tong run . 000' . perll.tane:. In l\a ·no d"Iac"·-policy for Ada .nd Ita 't'alld.Uon requlramanl .111 ha ... 

m.da • Ilgnlfleant contribution to the portability 01 Ada programl and to the polanUal arnat"~a of an Ada 

aoftwara componant m.rbl wfllc h would be conlldarably .... vlabfa "thout luch a .tend.rd. Compared to 

the C(MI reductton. that can ralult 'rom th ... facta. the coat 0' ftlldlltton. "peel.IIy .hen dlllllbu,", ewer 
a lalll. u.ar b .... I •• minor a . pan .. th.t can be a •• 11y lu.Ufled by tna d.rlved bene"" . 

APf'ENOIX A 

THE TEN BTEPS TO VAUDATlON 

A.' . sr.p t : Selt-T..u. 

The .uppll.r 01 a" Ada compl .. , mu.1 Obtain a eopy 01 the ACVC te.l .ulta tor In-tIou .. ta.llnv CIt the oom
pilar. Tha teat .ulta I. dlltrlbu,", by ttla AVF lor • I'IOII'Ilnal ch.rva CO'f'Iarlnv tha coat of dlall1buUon. TM 

suppllera complla .nd .xecu" tha te.t lulta u.lng thalr campll.r •• nd. typically, will pt'ocaed 10 stap 2 0fI1y 

wh.n compll.nc. 01 "". compl .. r. with Iha ta.1 .1,111. ha ..... ntl.lly bean .... bll.hed . 

14.2. sr.p 2 ; NoIfoa 01 ,...., fO Val,.,. 

TM auppUara mu.1 notify an AVF th.t they wlah to be achaduled for formal 't'alidaUon. and """bll." a con

tract .Ith the AVF lor I .. _rvtca.. Tha AVF wUI INlhadu" 't'alld.Uon. Oft a IIr"~II"'l-'arvad '*-,.. " I. 
thara tor. advt_b .. for luppl .. ,. to contact an AVF .. a.rly .. poulbioa. onoa a largal da" lor lull com
pUanea with the teat .ulta can be Inlllrn.11y •• tabll.had. 

In pl.nnlng lor the 'I.Ud.tlon . there .r. two d.ta. "".t ar. of crucial Importane:. \0 tlla .uppllara . 

the expiration date 01 the t •• t .ulta ... ,.Ion thet the .uppllar wI.h • • to 1,1 _ lor lorm.' 't'alldation , 
.nd 

.... there I. V."."lIy a eo-day "ad-tima lor ." AVF In praparlng the formal 't'.lid.Uon. .e _II •• polantlal 
r •• ourc. cOft.tralnta or the AVF due 10 other INlheduled 't'alld.tlon.. .uppll.,a mu.t plan _II ,,, .cttlnoa to 
campl.1e the 't'.lldation proca .. bafor. th ••• two crucl.1 data • • 

Formei 't'alldatlon le.llng with .n elr.ady . xplrad ACVC .... ,.10" I. parml .. lbI. only " • daclaraUOn 01 con· 

forml.,. <a_ .tap 4) tI.. boean mada by the auppll.r prior to .xplr.Uon 01 the ACVC .... '.Ion and no ta.t 
dl.pula. th.t .r. pending ara dacldad .galnll tha .uppU.,... po.IUon _ 

A form.1 contr.ct n.ad. to be nagodatad between tha auppU.r and u.. AVF. In ..... k:h achedu ... and par 

mania 10 the AVF ar •• greed upon . AI a maJor part 01 tha ~ "'" be parlormed by the AVF prior to Uta 

on-alt. la.tlng. ad't'anc. p.yman .. Will gan.ra'Iy be required . 

TM comp".r .uppll.r I. required to pt'O't'Id. e Declar.tlon of Conformlly to Uta AVF.. In 11\" deGlereUOn. tha 

lupplJar •• _rta that the oompll. r 10 be 't'.lldetad oonform. to the Ada languag ..... nd.rd . ImpJamenlauon

.paclno Inform.uon •• I0I0'' •• requlr" by Appanclbc " 01 AH8I/M'L-8TO-1115A, must be IU~1ed to the AVI- . 



Furthermor., tIM re.ulte of rvnnr~ the AJ:;VC ..... on the compUer mu.1 be .ubmltWd to lhe AVI-' tor 

ftar",aUon al •• a.t &O-d.,. prior 10 on-.Il. ",Ul'Ig. a .... U ••• II.' of le.te lhat the .uppUe, belle". lO be 

Incorrect or Inap~rcable to tne compll.r 10 be "aUdated. 

The AVF ..til carefully ,"aluete the aubmrtt.e<l ma"rl.I, reeoM any ... 1 dl.pu", and I .. ue. In coordlnaUon 

wtth the ''''ppller. al'ld Pf.~r. a draft te.I report . 

A.'. sr. I : IIUoIufIcNt ot TNt ,..... 

If the· .uppl'-, and In. AYF diNg'" on ... t m.thoda 01' the applicability 01 taate, tha AVF will r.r., th ••• 

r .. u .. to the AVO for a binding cs.clalon. 

The AVO .. II arrM at a cs.cr.km within two workwHka and con....,. Dlla deel.1on to th. AVF . The AVO I • 

... I ... d 11'1 thla proca .. by ene °Faat ~action T.am·, a Group of Ada languag •• xparte. 

A.'. sr. .: o-.Jt. T.."." 

The AV,. ..til conducl tfte conformity ... Ung of rM compllar ., the locaUOn d.algnaled by tha .",ppl'-r. Thl. 

, .. , conalate of runl'llng all appllcabte "'ata of the ACVC teal a ... lla. The> compll., pa .... tha conformance 

1 .. llng . It aU .. at. ar. proca..-d according la tha langu.ga ,"ndard . A dl.poaillon on the outcome of tha 

on-.11a ... Ung will. howeYar, not be made unUI .'ap I I. compl.led. 

A.1. StIep 7: ~ ." • .". 

TtIa AVF will colr.ect and ..,al",a'" the , .. ulll 01 on-.I'" ",.Ung and th.n Ia.va a dran V.lldaUon Summary 

Report eVSR) within :JO de,. 01 the on-.lta t •• ung . 

A. I. sr.", I ; ,..... 01 Dt'aIf ItItpott 

The ,uPSI"'" AVO, and AJPO ,.caM the dran VSA for concurr.nl r.'II_ and commant. lVIy comman .. 

mu.1 be ,ubmltt.e<l 10 tha AVF within two wortcweaka of recalpl of the draft VSR. Tha AVF will UI.n forward a 

llnal lISA 10 the AVO ..tlnln two ~ka. It dl .. gr .. m.nla on the conl.nta of the VSR aria., Uta Ulr.clOf 

of I\JPO Will decide aftat' Ma,lng .,gumenll. 

A.e. ,..., . : AHl;o .... ,..".... 

TIIa AVO will ,..,... the VSA for Pfoper r.nactlon ot aU comm.n... m.da In S"'p eo and th.n forward the 

YSR to lI'Ie Director of AJPO for afgnatur •• 

A cortlf\eate 01 conbmlty. called the ~.lldaUon CertJllc ... ·, Will be I .. ued to 1.tIa compile, .uppllar by Uta 

AJPO when tn. Director of AJPO haa algned th. Y8R . Thl. c.rtJf~'. Ilata "" compl .... a!'ld daecrlbe. UIe 

connguratlon on wtllch tha compl~r w.. lellad on-.II. by the AVF. Th. V.IId.Uon caruflcala and \he VSR 

ar. th.n mad. publlcty ."allabl.. The compll.r la .dded to the II.' 01 ".Ud.1ad compll.r •• 
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APP£HOO( B 

THE ADA VAUOATlON FAClunm 

TM following AVF ere chen-red by AJPO to perform Ade complier ""elleiellona. The ACVC leat aulle cen at. 
ot>talned from eny AVf or dlrecUy from the Wrlght-Peneraon Ade V.lld.lIon f.clllty. whk:h acte .a Ule 

cenlral melntalner of the 1"1 aulle. 

Wrlght-Petteraon Ada VelldaUon Feclllty 
ABO/SIOL 
Wright-Patteraon AFa. OH 454$3-8503 
Tell (513) 25.5-4472 
CcHIt.ect. Georgeane Chitwood 

Feetor.1 Son-.r. T •• Ung Cenc., (FSTe) 
OffIce of 8oftw.re De'll'elopmenl & Information Technology 
Two Skyflne PI.c., Suite 1100 
5203 lee.burg PUce 
F.U. Church, VA 22041-S4e7 
Te .. (703) 758-8153 
Con~h Arnold JohnllOn 

Bure.u d 'Orl.ntation de I. Not.-n.II .. tton en InfOf"maUqlM 
Dom.ln de V~uceau-Rocquel'lCourt 
B.P. 105 
F-7e153 La Cheaney. FRANCE 
Tel, 33- 3-055-2535 
Conlecll J.cquellne Sldl 

lABG-AVF 
Induatrle.nl.gen-8etrlebage .. llach.tt (1A8G) 
Dept . 8ZT 
Eln.c.ln.tr .... 
o-e012 Ottobrvnn. Fed . Rep. of aermany 
Te" 4D-ee-8008-S000 
COnlecll Holmut Hummel 

Mlnlal1y of Oefen_ (PEl 
fQO "Aqull." _,_ 
Bromley. ~nt 8R 1 2JB. United Kingdom 
Te" 01-.e7 2500 (Ext. lO50l 
Con~I. I<.vln E. Phillips 


