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Rear Admiral Roii land U Frc ’c’man III

~~~~~~~~~~~~ 
. FOREWORD

Commandant.
I) c’lef l.%c’ ~tenz.’~ Ma1I a~’c’nk’n t ( ‘ollc~gc’

Much of this issue of the Re; sew is focused on the contract and the contractor.
w hich makes ii appropriate t hat I say a few words at~ ut t he contracting phase of the
acquisit ion process. It has not been t;iiconiinot; for the acquisition manager to blame
t he contracting effort for failures in the acqu is ition process. Various types of
contracts hav e been wr itten fo r the seseral phases of the acquisition proccss—i,’ost.
pIus-ti~ed-fec contracts for production: total package procurement: t isesl-p nce

research and development contracts: incentive contracts for research. dcv clopment
atid prod uct iOn; redetermmahk—downwiird -only cotit racts; letter cot it i-acts; and on
and on. each one intended to prev ent acquisition shortcomings. The list of ways ~~
have tried t o use the contractin g process to ove rco me a lack of good speciti cat ions .

poor detinition of tasks. oseroptimistic schedules, and poor program estimation isa
lengthy one. However , at the Hershey contercnce on acquisition research held 31
May - .~ June i.rS. t here ~~~ general agreement that we must esanune the basics of
our acquisition pi-~ ’es~ and m a ke changes there rather than attempt is’. correct
deficiencies iti the process through the use ot’contractual gimmicks.

Furls commun icatIon betwe en t;;unagers and technical and contracting person-
iid must be established i i  promote understanding h~ all part ies. the spectrum of
acti o ns required for successful contracting necessitates a sound understanding and
ama lgamation not only of the technical requirements but also of the business and
contractual actions required to consummate a gs~xt contr act A sound contract , or
the “ rig ht ” t%pc of contract . is t he instrument to promote understanding between the
buyer ($05 ernm emit ’) and the sel ler (industry’). hut it cannot compensate for m ade-
quate planiiing and esecutton by the entire g~wernment team.

l ithe coIitruis-tmflg phase of the acquisition process is in need of more research and
studs , it is only one ot’ niany aspects of acquisition management that desers-e
attention Sonic esampks of ma,Is’.r areas s ’.t’ rcscarc h needing emphasis are phase zero
acti si ti es in t he acqui s ition policy cycle : tools for meaning fu l delineati ot i of the rnn~c
of life ~‘~clc cos ts . qu ant itat ise measurement techniques for acqui s ition management
trade -otis, conlpen(;on in the acquisition cycle; the relationship of the Program
Planning Bud get System and t he l)efcnse Acquisition Rev iew Council process:
comme.~ ial standar ds ersus gosernment specifications; and the impact of N A Ft)
rationa hiattion. standardization and mters ’ .perah ility on the acquisition process; to
mention omil’, a few l)SMC will chair with the Federal Acquisition Institute the nest
Acqu isiti on Research Ss mposium. to be held at the Nasal War College in May I’~7Q.
We are looking forward to addressing many of the absw e issues, as well as tho se
which may be contributed h~ readers of the Re; ten -

Only t hroug h sound researc h ~-ar i we deve lop meaningful and useful acqumsl tms ’.ii
l icy fo r the future . I et us hear from you
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b Delinse Srqen,s Man.*gement Re; sew

I ith this issue, the Defense Systems Management Revi ew heginsputô.~atAvi in a
total!; new t~v’nIat. He rrs,vgnur that a change ~1’:his magnitude carrw~ inth it an

~*ntent ,V n,sL, and it i *s  not s itht, ut a great deal tV’F~itt thowjht that the chmngt~snets’ undertaken. It is our teeing, hoarier. that this I~v’rnat change ss’as the neu
!ojtsc*lswp in fhe;vntthui~p es*iluti v, oi’theDefense Systems Management Revi ew.
Fm,,, its inception, the Review has ?~~ , kiokcsl u~’svi as a pmt ivma/ fournal—,a
tiwum i~’r the eschang-e o( idt~ts in Jrlènse s;~:erns mana,gemesu. Whik thin, all
a,wu nts the Review has a~’hie;rd suocess in that rs’gan.L i.e air consra.nt~s’ stn ung
to ~A the i~f’ M”uer. The changes tr!kcted in this issue reptr*’nt the latest but
‘t’n’ainh’ not the last of our eI1~vis in that dirrctavt ,\‘or has outwani ap~~~rance
heen the sole t~vus of our attennon. . wmthsrandrng the ML uhan apothegm that
“the medium is the message.” a puNicatiuv, rs~~ (ii’ t~,lls ,v, the mutgth of its
~vn(cng,s. lot that reason, i.e air continuing to siwrh loran! puNish pçws that i.r
think not oni~

;- add to the both ol knowkstte in nsea.vw thon management. but
also pn ’nde ini~nnanon ajyihcaNe in the day-to-da,i actintic. of the ptsVè~vAtinal
acqussui vs managet This is our ns.v~: difficult. it’ our most imporiant. task 

i.e innte n”ur comments and cnticssms.

The Editorial Stall
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PAST PERFORMANCE:
AN ESSENTIAL ELEM ENT IN

7 SOURCE SELECTION
(olonel Michael .4 .~~ ‘asar

The concept of rewarding or penalizing defense co ntract o rs based on their past
performance is certainly not new. Hitch and McKean identified its importance in
l%O:

.. Nothim ig spurs a co ntractor as eff ectivel y as knowledge th at his perfor-
mance wi ll be compared directly with that of a rival or rivals, wit h
app ropriate rewards and penalties —either in the short run (by the terms of
t he current contract ’) ts r the somewhat longer run (in the nest or later
contracts’).’

Frederick M. Seherer thoroughly esplored the concept of competition based on
contractor reputat ion and identified numerous difficulties with such a system.
inc luding the problem sit ’ name. quality . and cost a-cighling ; the difficulty of
measurement wit hout the influence of biases ; and the problem of blending gs~~l and
poor jobs together to obtain an overall indes of contractor performance.’

Today’s Defense Acquisiti on Regulation (DARt states thu the Contracting
Otlicer shall consider not only technic al competence. hut also all other pertinent
facto rs including management capabi lities, cost controls, and past perfor ni*nce in
adhering to cont ract requirements. wei ghing each t’i;ctor in accordance with the
requirements of the particular procurement 

4 The Air Force regulation on source selection outlines a separate section on
“Otierors’ Past Performance” as part of the Source Selection Advisory Council
Analysis Report ; and the former weighted guidelines method of the Armed Sers ices
Proc urement Regulation (ASPR ’) included a factor for co ntracto rs’ past perfor-
mance in co mputing the profit or fee objective.’

C J *tim ~h and R N MeP~essn, F.v rn,c~,i1 .‘~‘,n thr\is-i ,c~*r 4,it.’tSania Moni~a, t ’aiif fls’
Rand Corporailon, Mar~h i’~~i~, pp

‘t- rr~ki-*~~ %t S~-hem’~r, fin’ a~~ sm 4o~wnrtiv ~~~~~~~~~~ ~~~~~~~~ jrp,i’ittiit’~* I ‘1 II) (Bi ’%I. sfl

ttari irti H;iuiws. s Setis’..’.l. I)nision st Rcsear ’h, i’~cs4’m, pp it$ liii

‘tieparinwnm ot L’irfenn’, 4 rm& Seniers F’n~-urrnwnt P.~r~’uLst,on, i~)’t’ Edi mi .sn tWat.hing;on , I) ~~~~
1 %  (hs~trnnwiii Pnntin *tin~s’~

, pp I ‘~O~ I~uO

‘ A ir Fort ’.’ Ri-~ulghtsn ‘tS i~, SivswSek~’tnwe PnPtsi a~~~’nststun~ U’ April i~ ’t’. p & 4
‘P Ku a(*~, (‘,intflt.’tor ?‘*si ?~‘r ~ vi?1ancI’ I~1’IJs l~V S ‘,v,tr*-l 4 u grit Profr’~tionai SI;t. tt N ’ 5 )40

;Mstw. ’II AFH. Ala Au W*r (‘ssIie~.’. April i” ~iii . p ~i

(~ ionel Mn’hgd 4 %J%sr is t~ ns’ri ’r ,‘( ?‘t5~~lIr rttK’fl( ( ‘~‘.nft’. iL fl,j 5 Of l; munp , -gtsif l ’. S;’.f,-rn., it
lAwn ’ Si*snns ( ‘onen,an.!’i F&.vm w,n- Si’.ients 1~ i isa vi ?~r. tow aw~nmenrt in /u.*’ .S.nsr. a.., l),ns -i, .,
if Wjnui*w,,n,~’. He**.piam’r. it, lAwn ’ S; stems ( ‘ vnnigi,iL I~ ns-€or ,V’ Sis ,s-ins Pt,.’-rs’.’i”i.
4.’nv,juft.-aI SI Sri’ffl ’ flu ,ss w, . in.! ?n$rn. ’ ?‘i’i ’%t ~ flI ~t,VM,A’f In (Pt.’ 4 1 ,uuncb& ( ‘1121*’ ~~~~~
m’.yrim ( inn ’ (,il %issl Pt, J,ts i u S  in p’neri. / ~~?5 i, ’s’r ’i~ ‘i v !  lb.- I 5 ~i..’ ., 4,’a.S’m i in,! in
V I I 4 in R.~ l) ,nang,is’m.’n: thin, tPi ’ I nn.s’s,I, ‘i .%~‘u :N-,~’ •
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g flelc’nse Six:en,s Mana,genient Rei iew

Despite t his apparent recognition ot’ the importance of a contractor ’s “ trac k
record,” the Department of Defense ~DOD) currently disp lays scant ev idence of
placing meaningful emphasis iii this area . It is not uncommon to find a case in which
a company receives a se ry desirable new program award ev emi though that comp a-
ny ’s performance on an earlier contract was essentially unsatisfactory.

i’his s ituation is in stark coist rasi to that of the private sector, where organiza-
t ions generally maintain a list of preferred vendors and suppliers. The “preferred
list ” is primarily determined by espenence from prei-ious contracts and frequently is
the major influence in the determination of future awards.

Compet ition in the defense marketp lace is such that contr acto rs give top priority
to mov ing into promising new fields, thereby promoting capabilities for winnimig
future programs. Achieving good perftsrmamice on current programs becomes of
secondary importance. Unfo rtunatel y, there is no well-defined program in the
Department of Defense to effectively counter this situation.

Thus , today ’s sou rce selection autho ri ty (SSA’) is miss ing an important and
powerful tool for making the selection decision. Although he rna~’ be presented with
some subjecti ve amid sketchy information on past performance. it is generally lackimsg
in depth and consistency.

Lc~~on~ ol the Past
What can be done to rescue t he source selection aut hority from this dearth of

meaning ful pas t performance data? Since the problem is not a new one, ther e is
ample information from the past which bears esamination.

In the l%Ch the Department of Defense developed considerable esperience with
its Contractor Performance Fvaluati on (CPE) system. The system encompassed
R&D of $2 million per s-ear or $10 million ove rall , and production programs of $10
million per year or $20 million overall.’ The CPE syst em required tha a total of eight
DOD forms be completed on a semiannual basis by prt~ecI managers. serv ice
evaluation groups. and contractors.’ 

-There was an esten s ive submission and review process for these forms (Figure I’)
prior Its their being forwarded to the DOD Data Hank at the Defense I)ocument a-
tion (‘enter for future use h~ source selection organizations, contracting officers and
the renego t iation board .’

‘3 Ronald F.s~, .4 rmin~ .4nn’.wa (Bn.i~n Iiradugt.’ S(’htsol of Iius,ness Admrnismi-aiion, flarsarti
Unmer~imy. i~’4I. pp 5(0- 504

‘Au Ftwn ’ tniimi mut c of te.~-hnoksay. Nek~’i’& Re..M~s. P~wun’mens Reth~ber (‘1nsr*’ (Wn4ht.
Pamtrsssin AEB. (Thio School of S~ metng amid t.o iamies. I i’m, pp Vl .4

‘ttv.L pp iS 4 5
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W hen it was in itiat ed in lQh3, the CPF program was designed to be fact- oriented
• to t he maximum extent possible. rhere were provisions , howev er , for subject ive

comments h~ bot h the project manager and the contractor. This aspec t of the
program allowed it to degenerate into a series of verbal duels between project offices
and contractors whenever honest differences of opinion arose.’

A survey conducted iii l%7 by the Air Force Systems Command (AFSC’) found
that CPE data was being used in varying degrees by source selection advis ory
councils . hut ther e was only one instance where it proved to be a decisive factor in
contract award . ’ Thus , there was no firm evidence that the program was achieving
its prime subject ive despite yeats of operation and exten s ive involvement of both
government and contr actor personnel.

ln November of l~ 7fl the program was formally cancelled for being iseit her cost
effective nor useful for source selection , Althoug h the sophistication amid the volume
of paper that it generated helped lead to its demise, * prime cause of the program’s

‘ka~afas.pp 14 iS

‘ Itir..t pp 1’ ~
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/0 Def ense Systems Management Review

F term ination was its failure to emp loy a methodology that would allow source
selection authorities and contracting officers to consist entl y apply t he available data.

Experience from the CPE of the 1960s points to the fact that a successful
program of the future must emphasize simp licity and the prime elements of cost ,

• schedule and technical performance. Subjective narrative assessments should be
avo ided and a methodology for utilization must be develo ped , enforced , and

• cont inuously tracked to determine its effectiveness.

Proposed Contractor Performance Program
There is still a need for a structured program to measure and ta ke into account a

contractor ’s past performance. Few dispute that past performance should be
cons idered somewhere in the source selection process. Diverse op inions exist ,
however, as to the type of information required and the manner in which it should be
emp loyed.

Proposed herein is a simplified , fact-oriented data system that records the cost ,
• schedule and performance status of major Department of Defense contracts that

have been active in recent years. Included is a suggestion on how this information
can be used by source selection activitie s . U

Initially it is recommended that the information be accumulated on Department
of Defense con tracts over $5 million which are currently active or which have been
com pleted during the past three years. The data generated would be concise and
broken into four areas: (1) administrative , (2) cost , (3) schedule, and (4)
performance:
• Administrative, A listing of the contract number; dollar value; procuring agency;

acquisi tion phase (advanced development , production , etc.); a brief description
of work; names and telep hone numbers of the gove rnment project manager ,
procuring contracting officer , and administrative contracting officer : dates of
contract; and type of contract.

• Cost. Percent over or under target and dollar amount (actual for complete d, and
estimated at completion for active contracts); number and dollar amounts of
claims submitted and claims approved /disapproved.

• Schedule. Months the contract has been delinquent /total contract months;
reasons for delinquencies ; changes made to original schedule and reasons for
them,

• Performance. Number of DD 250 (Material Inspection and Receivi ng Report)
acceptances ; numbers of major deficiencies and conditional acceptances on DD
250s; numbers of deviations and waivers; numbers of specification s and test
plans/reports resubmitted for approval. (Figure ? )

“M. L. Fowler , As.sismant Deputy for Procurement . Electronic Systems Division, A ir Force Sysm ems
Command , designed the onginat data base from which the proposed contrac tor past performance sysie m
has been developed.
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Past Performance II

Figun ’ 2
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Nuni1u’r ot S 1u’ iii, .tI it )ns Resubmitted (or ‘~l’I 

Irt 1’.

~ 

~~~~~~~ ~~~~~~~~~



_ _ _ _ _  
~~~~w

I) c’tc ’nsc ’ Si s(c ’ms .~f~iit~t&’c’i?~ ’ti( Ret ret.

t)ata ( ‘~IIct’ti~ )n

I lie proposed m n t ~ur iisn t ion can he gal hert’d in a numisbe r ot’ was ’ .  I mi t m la  I )( II)-
wide sv s t eiii i t t  mequliememit is eslahlislis’d. requests I~um Pi suI~ u’.als imi:i ’~ 1st’ u sed lit
s,s lit ’i t I lu’ deu~i med im uf o rms iat ion (toni otierors. 1 ‘lii ’. dat a cou IsI then be validated in
pit ’ att am t simm (‘5 s liii ’ nieme t ai l t lint such itsl~urniat mom s is being requested t’nsm
otiem su m s will ss’l C tO ~uuli I hieiii tuii m ut t ~~ I hat the I )epart imien t of l)et’emise is givi mig
added eiiiphiasms ~ t’~nt mat t~ ms ’ ptust pt’rtotiiiamsct’. I bis type tuf mnt~smmunt ion could
a Issu be miia m mi t aimied lus I )( ) I) admiiiiiist rat mve t’Oflt tact ing officers, w lisi won Id tipdn Ic it
as requited iii sursler to submit it to ~um sut ’urimig agenc ies iii t’ iunj umic t ion wit Is i’ont ractot
PE 1PI ustils It is import nu t t hat I lie con I ractor ’s most met ’eiit esperieiit’e hi’ included,
us iect’ntlv mu led by the t iemieral Accouuting (~t1i’.’t’ (( A())

i i  I~ urce Mv sten is ( ‘inn nunid :ul i end v has a coiiiputeri ted pmot’uremiiemit imilol isia-
ion progmtuili . t he A utol itat ed Maiiagemiieiit I iit~uiis iat ton Svst emi i (AM IS). w hich

could possml sl v be tapped to add t h e  above data omi contractor Iwrtorniamice An
addition to the ciii memit A MIS i’ssu Id be niade so t lint I he imif ~urii itit ion wou ld be
i’OIit iiitioti’.lv timid imitmiie dmate l~ avai lable to all organi tat ions iii A t”SU. Since t he
I )el’ense I is gist us ’s A gemicy wi ll lx’ ess ’hamigi ng Iurocilrememl I i nt~ urinal ton with A MIS ,
iieedt’d mm it ~urmiiat ion con Id 1w imicl uded on all comsi tact s atl mii iiiist ered b~ th u’ l)eIense

‘st i l t int ’l Admn i m u st rat ion Sems -ice ( l)( ‘AS -

i ~t:lii:gt,i n ii: S ~i,r& ’e Sc’let’ti( sit
l’lit ’ m e t  1usd anti lormii iii wInch t Iii ’s i ,it~urm mi at ion is used cam s be sI andardi ted t o n

simple, basic report t~ur presentation to sou mce selection authorities l’he cost
in torisiat ion wisu ld reflec t I lie ii umbe, of’ i’oli t macIs w bids met om were us em sum
I am ge t costs Schedu le i mit ~sr i iia t ion would metlec t total moist ti s ot’ origitia l t’su m it racts
and t he ii mmii dut’r of imi o t i f t i ’s delmuquieti I a tus t  si t  of ’ si’hedu Ic es tension. l’he fet ’htmtcal

F lw rhurm am ic e lxs rt isuli would retlet’t t lie quality ot t  he pmoduct s delivered by mndicalimig
I lie mium i ilse r of i leviat l is t S ’s , condit momial accept aiit’es, etc . on a pt’rt’ent age basts rdat ise
to Ilit’ total items delivered l)ssllar alo es would be totaled to stisuw gu t s ’ . ’ .
ov er run ii midemiun l~t i t lie t, ut al s’sSli t ti c t s  charted I: samp les ot stii ii inn c hun i t ’ s
w hich m ight be des eloped l~ur sonu s C  sek’,’t iomi pu rposes ams ’ showmi iii l ugiti es 1 am id
4

Siuic~ st atidais h it’d mncorps umat ion of such ,,if ~s rtn at ion in t he soui s C  selec t ion
pm ~~~~~~~~ wi ll consi it t i lt’ a new e m p h asis 00 lutist Iwrtomliuiliice. requests l~um pm-s upos.tls
U) list t ’ let , m Is st at ,’ the isininiri in w hitch lutist iwit~ mmsiauss ’e wi ll 1st’ comisiili’red as ix~ 

I itt
t he c riteri a t is i  t’otttrnt’I ass aid Air Force Svs tem iis (‘sumni namsil ‘. ~~ t’ i it Is conduct.
ing a test iii wtiii’hi l utist pc’rtommnnnt’e is beimig iii m l i ted as bitt I’ a nuulom ranked s u m

‘o r, .~, 1 Is’,ys ‘it, ’, , \ , ‘ ‘ ‘,\ %~s ~I I ‘3 . I ‘~ ‘5 ~ 515 Nc~ I lammu t ’~titi,’ ~, ,., m,’mi i I te at , h
5,’, ,‘, S ’ s .‘iiij ’t if ii . 11 Ibt’3t,t) i , i I ‘ St p
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I},*s&w’ .‘~t s1c ’tH. s ~.Ltw4x’mr’u( Rt’i~ ’is

scoi SNt ar ea aitd as a genetal cssnsitlei - tition tot awa m ~I Ot’teioi s will be t in itt’d It s
‘sek’s’t csamup k’s of’ past peit~ui nuaiice wtut~hi illustiate the s’stli t i ac t tsi ‘ s capahil its
ie~,ardmit~ the SP’~’II~s’ c’s alua t itsmu v’mltt u ria itt t he  ‘stul i ’i tati tsn

In th e c’s i’iit * ,‘ts i ltt as’tol tnt’s not Pc’rt~urmirr st on inc ’s ions I’hpaitu nemit of I’~ek’nuue
s’t ntt lact s , it can be statc’d that t i it~t i iiialitsti t e lat is C Its ~tet f’st~ ni nt h ’ S’ ISIS s’ttiiupai aIs le
ntsit- L)t II) so i u t m ac t s mi uas be tequi est ed In ait~ c’s cu t ,  it ‘should nt ’ut tiru be iiiqshied mit si

iiiI~iti Ic’tl that d*i* t’ontaiiues l in any s’otuipu tei-ist ” d data hau L will s’tt i i ’ s t t t ute the sulus
F ~t ’t~l of all past pelt~s ti untils ’e liit~’riisalits it Its be i’ssmi ’sut te is’d ts~ t h e  si t uutc e selesIt i tmu

*ut httrit y Oth er pertinent factual mt ’oumuati ~s mi , ‘s uch its t h at which nujthit be gat huc ’med
ti iiii comitas’t 55- it h pu~ *i,anu t isat iage is 01 s’tsnt ias ’t l ng iw i’somiiiel, can anti ‘should be
made as ailahk t om the SSA’ s ct s n ’sus t et anon It ’ additi ona l u i ifotuuta ti ttn is gatht ’ ies t on
one prospet ’tuve sOu l i ns to i , t hen s’tsuul lsamahle iiiI~st inatlon should be gitthc’ied on all
otht’i’s

Simice t he Inuise ssh ~es’t Is e itt ’ the pt~~~ auii is Its influence si Stl i se  selec t is t li , it
t~~dhat’L ‘ss stein is iesiuiic’d to t’ontiuuussti’sI~ c’s aluate wtuethter past pet t~st miiani’e
informnatuoii us actuall y plas uiig a t it le in souts’e se lei’t i t s ui iles us it t its A sh i m s  es t o t u s  to
be s’ismupkted by ‘soi ii’ .’e sek’s’tioii aut horities and s ti Pt ‘Os s’tsultl pros ide the
iiiftsimnit tutsui dei~ii c’st

Sunm,,ir,i
l’he pui~xs’se itt ’ source seltst’titsn is Its se lect a s ”s~nt itts ’tt 5t , not tuets~ly to choose

betwr~n s’iuunpeting lsisshstssals ~
‘ et t he emp has is in 115051 t)epaitmnemsl itt ’ l)efense

sisums’s’ sek’s’tuouts is it s erw hehu iung ly uipots the es alu at io t u itt ’ tec hnical pis ttxt ’sa ls l’he
difference betweets s’sslit i ac ttsis us ‘seldom so ihlum imu*tt ’d as th e ditTric ’ui~e.s betw een
t heir pitipissals

A practi ca l mepo t t ins ss stein ot i Cisuit m actor’s’ past pem t~s I mnaii ’ .’e m ’s in ~eiu t Is needed
in ous ter Its cisuisittem past as we lt as luist lxssc ’d pett ~t iiu amtt ’e w hwtt selecting I’ll ~I’ii’tsmut ras’tors A s~ stein us ptopissest which will ;st ~ss tile factual data Ii’ %ouis’e ‘sdSN’Iiisn
~roupa whi te ttis t m~~utnn$ t he $Ciberat lisn of sx ’mup his’ated t ’i sst is histus ’*ISNI umsI ~uini*-
t u tu w hich iiu~hI iequure espetittiture ist’ m,srdmate manhisuis At a latet d*te ii t ints
be desi rable lit deseksp jwrt ~s itis amice it itli c’s iii cas h tu t 11w three aieias ol cost ,
schedule and perfortusance With a l~~ iIus-e stetet uiunatitsn Iss lisp maiiagemeull and
wit h au ispeti m mii by Iht’sie who lut ist utuphetuent stui li a ~~~~~~~~ we can ta k e a

*t* i%t st ep towards tt uptstsums ~ t he relatuomsshup between past hw rtoi muance and t\itu ie
aw am sis .
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TOWARD MORE EFFECTIVE

15 IMPLEMENTATION OF
SPECIFICATION TAILORING

Dr ll srrc ’n !:~ ,%l,tstllc Ii s

One of the muio re t’requent lv discussed Ic’t’hiiiques t~sr inipt os t li g ikf ’t’iis~ s s ste tmu %
mluiu uagem nt ’ m tI ts “ta ilomimug,” or the seIet ’ti s e ti pp hi~’tu t ut s n of’ miu i l i ttuiy spet’ it ’it ’at it s n ’s and
‘standards to an indiv idual progra m the purpose of’ thus paper is to present sonue
t houghts out what it take s to muua ke effet ’tise t ts i ls s r it ug act ua l ly t iztppe ti iii the es -e ryd as
rea l wt ,s rk l . the obse rs atio ms ’s tinst cts nt ’hus iom us prese nted here time basest on a huoad
t’ollet’t ion ot’ resptslises t’ront seuii or repres ent ativ es ss f ’ t he  Amer ican L)etei use Pme-
paredmiess As’sot’iiitioti, the Aerospace Industries Assswwiton . th e Fk~’tiotn ’ lui dus
tries Associatiouu nu tS the National Security huustu stri a l Association. It should be
nuad e clear, how ese r , t hat these obsem s at ui sm ss sb msot necessarily rt ’piesem ut t he official
psssutttsuis of ’ t hose assocltiltouus

I will begin by idemutify imsg the primt~’ipal participant’s in the military spe’s’ut’icatious
(MIS ~SL’R’~ amid mihitturv stamsdti rd (Mil -S I’S)) tiulorimig business timid esamum num ig
their re’ipes ’ttt e roles I theti will asses.’. t he key influences omu th ose participants and
offer so m e oh s ers -&utuo mss antI recssmnuueuidtitions as to how they can be ms ts s tu s tiled
towar d more et iectis e t ns pknut ’ui tati o n of ta ilo ri mug Finall y , I sstlI istier an sn gttutu ,ti -
t ional recomunendatious for facilut atim ig effective tailoring wit hiu u t h e  milit ary se t s ices.

The Partii’ip~ants
l’he principal participants in the tail orimi g bus iness ati d the t’onmmnunti’atlttn tit is i

aut hori ty relationships between t h em are tll ustrated in Figure I Het’ause tai hi sr u m u g us
ums he re ms t lv specific to a program , t he real s’emster of this activit y is necessarily t he
program office, imichudtng the is rosrani nrtu,unger, the ctutl trits ’It u ug officer, and the
pc’tsple who su pport them The oth er major acto rs are the cous t raciom . through whom
t he program office as.’couuplishes its mission: the preparing activities amid assoc iatest
specialist coatntunities, through which thc’ sp ‘ilk’ati tms and standards come l if ts
es ust em uce and are maintained and interpreted; and the Departmnemil Of tk f ensc ’.

- 
I overseer of the entire enterprise

l’he prog ram unnuinge r iet ’eives sli rectiss n through thc c hauts of ’ essnsmand est em isl -
ing down Its him from tXM). He in turn provides partial direction to the comt tractu tag
officer , who also hits a parallel repo rtim sg path through his functi onal segnsems t of ’ the
(‘ivil Service The ‘specifus’alions amid standards of couscern here tire gemse rated and
maim it it iuwu t by prepar ing act ivities, whi ch are idemitit ied by and receive pol icy
direction from the t)efemise Materiel Speett icatio ns and Standards Office (DMSSO)

j ) ~ i(~am’n i Waih,’i. s is I) , r rs ’t,v ,,t Pntilui ’( ~~~~~~~~~~ ?1U1he5 4,,i,ef? t I  upan. a ~‘sisttsv:
he has hdt! sIne,’ t V ’S 1k ais l ’,n,eth 4ss ,sgan t (~a~iq, l- IAitf,I,’ i ’i Hujthes 4ut ralt Ct vHpd nI 5

I~ks’rn ’(4tvs’alani! lbte .5~st,’aj tin ’up lie Ilath,, ’s s n’s svi&s II 4 in phi.s* s en,lnMlh,’rna,,, s /,, vu
Oh’s’ W,’,sk,e,u I niteunt,, a N.5 and 51.5 in eM’tris’al c’n$una’enn$ th ’ni M ‘sA’haas’(ts Inif,tu~ i~~I ’ni’hn ltJI Kt . anile l’lu 1) in ph t sii ’ lhvn t l~vuue lfl’s(ir,’(S’ ,,t’ Its’hnohK, a h, ’rr he wa. the ns i(wet u t
e ?Iu ’aanl Hu1M’s 1’~’lA ’i.ship
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FIgure 1
THE PARTICIPA NTS
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within the Office of the Deputy Undersecretary of Defense for Research and
Engineering (Acquisition Policy). This offic e is also respomisible for the Defense
Acquisition Regulation (DAR) (previously Armed Service Proc urement Regula-
tion , or ASPR), t he primary source of directive guidance to the contractin g officer in
t he creation and managen uent of the contra ct(s), Finally, there is the coterie of
specialist communities that advise and su pport the program manager in the
interpretation and app lication of the many thousands of MIL-SPECs and MW-
STDs, and the Air Force Plant Representative Office (AFPRO), Navy Plant
Representative Office (NAVPRO), or other government representative who pro’
vides local surveillance at the contractor ’s plant in support of the program office amid
t he procuring service.

Relative to tailoring, the program office can receive direction or guidance si t the
program manager ’s chain of command and the somewhat independeu st channel of
DAR/ASPR. and assistance from the specialist communities Since the preparing
activities are in almost all cases an integra l part of the specialist communities, and
since the progra m manager usually is not personally experienced in the many
specialities involved , t he channel to him through the specialist communities fre-
quently serves effectively as a third directive channel, even thoug h an official

~- ~~~~~~~~~~~ ~~~~~~~

— 

- ~~~~~~~~ -~~~~~



-~~~- 
.
~~~ - - ~~~~~~~~~~~~~~ —

s~tcvi th’,e r,tuzu IivA ’na,j5’ ~

organi iati ssuu al desc i iptu ssui would not ret’ssgusi,e it as such Also t~I interest is the
close k coupled iuiteractmotu the ~‘t tnttat ’tturs huitse . thutough t h e  industry liss(k’iations,
wit h the geu se rat uo ms ti t u S m e ’ s isi ts n of t~ st h Ut )L) pts his’ues ansi iuidis idual s pecuf icati omus
timid ‘sI; umit t t iut ts Ihe actual applus’at utsuu oI’ t he sI~~’ittt ’atitsuu5 atud sfatit tatds us ess ’Iu-
s i’s el ’s by wa ’. isf ’ the s’tsuu t u a t ’I pm ~t ’s isuitiis h&swe’s-er, t h ese pits’s naomi’s are stuhpet ’t t s
sou se degree itt fiscal uu%Ierpr elatutsm % by th e ser v ice pitt uit repies eiu tat us e tsffice s~i
etu rrespi smudiuug resident go’s eru smn em st repuesen t atus e

b u s esausimi mug the m oles of the s ar m~sus part it ’ipa iuts iii the ttuilouimtg process, i t us
itiupisrtaiul It s recognise t hat there t ire actuall y two s’ategoric’s ist ’ tst iksr i uug. Ihie
categors- t hat has gotten unost 01’ t he attention mis a flurry of’ tb i ies’ti s cs , hanstbotsks .
tiusd w hite pipers us the conscious se lect ive apphucati t sus ot specuf ’ut ’zi t m su s s tind st tiui
itards, sti ot’ seguuieusts t hereot’. to individual programuss But there us anot her it up is rt ams t
s’ti tc’gt uLs if ’ cathu t t ig th at genera lly ha’s h u t  bc’c’n ec ’t’ogmit ’d as such, hut w hich has
beemu imp letuented . cism uscui susl y om otheiwis e, tul uuso s t univer sall y Ihus is the uutrIp:r-
ration of ’ t he gener al e~uipn ieuit tiusd is uanage musent duscip lu mse spet’ufis’atutsns as tit’phiesl
by t he undis istut il ct sm s tra c t is rs in thse s- an on’s uut u h it ai v prsstuct amea s (ships. aurs’rst t’t ,
elect risus ics . etc

Figure shows t h e  piuuit ’ipa l ro les ot’ t he presiousb identified participants iii
t hese two categorie s sst ’ tam lori ug hut the sekctuse application categor~, the t~s~’zuI po i ist
is t he uuuhilau s piisgrauu ot hice, whu ch s cats encouiuige or block tti ihtsriisg b’s its
ueceptusem sess isi mut si i- res ’eptus eii es s to tiiulouest proposals ami sS pe i l i mse us t s’Oii t t t is ’t
s’ tsaiugcs Ihe ptt s gm au um tt t hls’t’ also ~au u , us t umall s accssmusp hus h sou se ttuuhouung, Phi t is ’Lu

Flgur. 2
ROLES OF THE PARTICIPANTS

SELECT IVE
APPLICATION INTERPRETATION

REQUEST
ENCOURAGE~ PROGRAM OFFICE

FACIL ITATE PREPARING ACTIVITIES
SPECIALIST GROUPS

ACCOMPLISH CONTRACTOR CONT RACTOR
PROGRAM OFFICE

APPROVE PROGRAM OFFICE AFPRO . NAVPRO
PROGRAM OFFICE
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Iarly of the management discipline specifications, prior to issuance of the request for
proposal (RFP). An unavoidable reality, however, is that the hulk of actual tailoring
wor k must be done by the contractor(s), who are the onl y ones who have both the
ex perienced peop le and the integ ral invol v ement with the des ign eff ort necessary for
effective tailoring The only other possible performers of tailoring , the military
specialist communities , are natura lly somewhat parochial ly motivated not to ehinui-
nate or diminish the detailed provisions that are the heart of their reason for
ex istence in the first place Also, they have no direc t invol v emem ut with the cost
pressures which are the primary reason for tailoring

The tang ible results of tailoring. of course, are changes to the contract or other
fo rnual documents defining the program effort Thus the output of the contractor ’s
effort is typ icall y a proposa l. w hich it is up to the program office to approve or
ot herwise dis pose of. The specification and standard preparing activities and the
remainder of the specialist communities, although inherently ill-adapted to the
actual accomp lishm ent of tailoring, nonetheless can play an important role in
structur ing the specifications and standards in such a way as to facilitate tailoring

W ith respect to the inter pretive category of tailoring, assuming that no actual
substant ive change in the intent of the document is desired, the principal players
usua lly are the contractor and hi’s local customer surveillance office The program
office may be called upon to ratify si gn ificant agreemem ut ’s , howe ’s -er . or to referee
significant disagreements

Inf luences on the Central Par tic,~p ant,c
Now let ’s look a little more closely at some of the influences on the program

office and the contractor that play an important role in determining whether
effective tailoring cams or cannot take place.

Major influences on the program manager pertine uut to tailoritug include direc-
tives coming down his chain of command, his dependence (Sn the various specialist
communities, particularly with regard to disciplines in which he has little or no
persona l back ground, and t he political and other career risks that are inherent in the
pos ition of program manager Now , t he kim ud of dire cti ses he may get relative to
ta iloring, rang ing fron t a simp le “DO it, ” to directives prescribing in detail how he
should do it and how he should documen t the results , are likely to appear Its hunt as
constra ints, or hurdles to he cleared, m e. ,  one mitre set of prtshkuuss to contend with,
on top of the horrendous stack he already has. t 1nt ’o rt un ate ly . the spec ialust
communities (Sn which the prograns manager nuust depend mm seem in contribute to
t he problem rather that s to the solution, because ssf their own nt it ti rtil n uo tu siu tuom is not
to ta ilor out any of the pros usiou s s that ‘seens sit um pss rt at it to them Fuuiallv. as a built-
in career risk that goes with the job , t here us the c ’s er -pr s ,eusm ~stss ihul ut of hugh-level
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crit icism for sonue alleged failure of the program manager to adequately pronuote or
protect t he interests of the govensrnent in hi ’s dealings w ith the contractor The
almost certain net result is some degree of relu ctam uce to depart from the safet~ and
convenience of ful l-wham my application of all the officially approved speci fi cations
and standards

Turning now to the contracting officer, pertinent major imut luem uces on hint are his
semi-autonomy front the program manager. the legal authority of DAR/ASPR. and
a deeply ingrained concept of “ cons ideratiouu ” The indep endem uce provided the
con tractin g officer by his warrant serves to insulate his contracl imug amsd timuancial
responsibilities from the totality of overall program goals. On the other hand, he is
unequiv ocally committed to the legally hituding DAR/ASPR. which has been
inherently conservative because of the nature of the conunuittee which until recem utly
has been responsible for it’s care and feeding. And at an esen m ore fundansenzal le’s-el,
t he contracting officer has been trained from the begim uuu iu ug to regard contracting as
an adversary proceeding in which concessions should be nuade only it’ t here is an
equa lly valuable quid pro quo Thus , eiinui uuation of auuv contractual requirement by
tai loring, regar dless of the actual utility of that requiremsuent . would autonuatically
appear to him (and his functiot ual superiors) to call for “consideration” front the
contractor , The result of these various influen ces is a deep-seated bias against
permitting t he contractor to benefit by tailoring actiom us. particularl y any that mig ht
be interpreted as “ letting the co nt ract (ur off the hook ”

Reluctance about tailoring on the part of the program s manager , plus orue nt atu omu
of the contracting officer agaim ust permitting the contractor to benefit thereby, will
tend to produce strong anti-tailo ri ng nso ti %-at io uu on the part of the Comm rmsctor as well
A lthoug h industry inherentl y favors tai lon im ug because of the greater flexibility and
efficiency it promises, the most fundameuutal objective is to stay its huisiuuess and nuake
a profit That requires, first of all, w inning competitions. muusd that get sera hly nteamss
offering most nearl y w hat the program office rems hly wai s ts if . as usual, the RFP calls
out a collect ion of MW-SPECs and Mlt .-STDs, mos t proposals will advertise full
compliance therewith rather than risk being rejected as non responsi se Even ii’ the
RFP exp licitly encourages tailoring, the proposals will still feature full conuphiance to
the significant specifications if the competitors sense that this is what the prog ranu
office really wants After all , protests seldom w in competitions And even aft er the
contract is awarded, t here will be little contract or enthusiasm for tailoring if he is not
permitted to share it s the savings that result Another channel of customer influence
is the local government surveillance agency (AFPRO. NAVPRO , etc ) This
influence tends also to be anti-tailoring to the extent t hmu t it seeks, via the Air Force ’s
Contractor Management Systen u Evaluation Progr amsu or similar meauss , to judge
contractor managenuent adequacy and con up hiance indep endently of contractual
requmrernen(s

~ 
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The Key Recommendation.’ Accurate Percep tion
Analysis of the preceding discussion of anti-tailoring influences reveals that they

stem overw helmuu sg ly from the perception that tailoring means giving up something ;
t hat it nueans retreating front what we really would like to have because we decide
t hat that last increment of goodness isn ’ t wort h what it costs. Reflecting the views of
a broad segment of industry, however , I sugges t that this perception is wrong.- that
w hat we usually are seeking ‘s -ia tailoring, just as in the case of salue engineer ing, is a
product better suited to its application, not ats inferior product.

In Figure 3 we see t his point pursued further. The left-hand column contain ’s
phrases that I belie ’s-c characterize the most conun uonly held perception of tailoring.
part icularly as app lied to general design and product discipline specifications. The
oppos ite column , on t he other hand , conta ins the corresp onding phrases that I think
accurate ly characteri ze what most meaning ful tailoring actually is all about. The
first phrase in that column lies at the very heart of the issue For the majority of tise
potentia l cost driser specifications and standards identified in the Shea Panel
report , e indiscriminate full app lication to a real program wou ld not be ideal but
wou ld in fact be excess ive and , in some cases , positivel y undesirable The goa l of
tailoring is t herefore properly perceived not as invocation of the minimum tolerable
selection front a set of requirements, all of which are desirable, but rat her invocation
of the pertinent or optimum requirements from a set , some of which are atud some of
w hich are not rneauuingfuhiy applicable to the particular program. Correspondingly,
the contractor actions desired should be viewed not in the negative light of seeking
dev iations and waivers to already invoked (and therefore presumably desirable)
specifications , but rat her in the positi ve light of recommending the optinuization of
the specification structure

Perhaps a more incisive way of putt ing the above thoughts is to emphasize that
we are not urging the program offices to acquire marginal systems, nor to function
with marg inal management controls. Rather , we are asking that they acquire
systems t hat are optimum for their applications, avoiding in the process require-
ments that are inapprop riate , excessive, or perhaps actually counterproductive.

This point is of crucial importance, because the numerous, strong ant i-tailoring
influences on t he program manager and contra cting officer are very largely elimina-
ted by acceptance of the positive perception summarized in the right-hand column of
Figure 3. It is vigorously urged that a major campai gn be mounted to get this
contrasting perception recognized and promu lgated throug hout the various commu-
nities (including the Congress) that are involved in defense materiel acquisition

riefensc Science Board Report , Rep ort of the Tack Force on Spet’ith ’ationc and Standar itc, Dr
ioaeph F- Shea. Chairman. Office sf the Director , Defense Research and Eng uneenng, Apr il 1Q77
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Specif ication Tailoring 2/

Figure 3
PERCEPTIONS OF TAILORING: BARRIERS OR MOTIVATORS

TENDS TO BE SHOULD BE

THE FULL SPEC IS IDEAL THE FULL SPEC IS
BUT EXPENSIVE EXCESSIVE AND WASTEFUL

INVOKE MINIMUM INVOKE PERTINENT
REQUIREMENTS REQUIREMENTS

PERMIT DEVIATIONS ENCOURAGE OPTIMIZATION
AND WAIVERS

Suggestions Concerning Contractor Motivation
From the earlier analysis of influences, it is possible to develop recommendations

for specific actions that the program office can take to stimulate meaningful tailoring
inputs on the part of its contractor(s), assnming it understands and accepts the real
significance of tailoring as just presented. These suggestions are aimed at eliminating
the contractor’s fear of penalty, both directly and by clearly demonstrating the
program office’s positive orientation, They are also intended to provide positive
motivation for the desired action,

In RFPs, the fear of being held nonresponsive can be eliminated by not providing
a pre-selected list of specifications to which tailoring recommendations could appear
nonresponsive- An even more positive signal can be given by indicating that the
quality of tailoring recommendations or evidence of tailoring capability will be
factors in proposal evaluation.

In contracts, the fear of penalty for tailoring-type changes can be minimized by
referring to the desire for specification optimization (positive concept) rather than to
the possible consideration of deviations and waivers (negative concept). That fear
can be completely eliminated by providing specifically for contractor sharing in the
savings (e.g., via the established incentive pattern), The most positive approach to
tailoring, of course, is to include it as a specific task in the statement of work. On

— major system acquisitions, serious consideration should be given to a funded
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contract definition phase in which initial tailoring of key general design and product
discipline specifications receives significant attention.

The recent DOD Directive 5000.35, Def ense Acquisition Regulatory System,
offers a channel for communicating DOD policies and instructions concerning
tailoring directly, promptly, and undilutedly to the program office s, It is recom-
mended that appropriate sections of the DAR be very carefully written to reflect
unequivocally the basic perception of tailoring outlined here and to provide for the
suggested RFP and contract approaches .

Organizational Recommendation
Finally, we have an organizational recommendation for facilitating a sound focus

on and effective implementation of tailoring within the various services. This
recommendation stems from the observation that the basic objective of tailorin g is to
save money whil e leaving undiminished, or even enhancing, the utility of the
product. The fundamental approach is to assess the pertinence of the various existing
specifications and standards, and of individual segments thereof, to the particular
application under consideration and to make cost/benefit trade-offs as appropriate.

Now, the specialist communities that generate and provide consultation concern-
ing the myriad of MIL-SPECs and MIL-STDs generally are not well adapted to
making this kind of trade-off. On the other hand, this approach is precisely that
which underlies the well-established disciplines of value engineering and design-to-
cost. As a matter of fact , tailoring can be accurately characterized as the application
of the value engineering and design-to-cost disciplines to specifications and stan-
dards. This leads to a recommendation that the responsibility for promoting,
facilitating and overseeing tailoring within each of the services be assigned to a
Directorate of Acquisition Cost-Effectiveness, which would also be responsible for
value engineering, design to cost, and related cost-effectiveness factors.

Summaiy
The first recommendation presented here, that of working to develop an

accurately positive perception of tailoring throughout the defense acquisition com-
munity, is by far the most important. In fact , it is the basis for the successful
realization of the specific actions recommended. If this positive perception can be
developed (it can), and if the other recommendations are implemented , the technique
of tailoring will cease to be discussed as a technique and will take its place alongside
value engineering and design-to-cost as routine concepts in the quest for acquisition
effectiveness.
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SURVEILLAN CE OF
DEFENSE PROGRAMS:

23 THE INDUSTRY ROL E
Irving I. Sandkr

The question . “ How much government surveillance and how much regulation of
defense indust ry is enough?” is one that must be continually addressed by the
Defense Contract Audit Agency (DCAA). Over the years one of the greatest
challenges facing the agency has been to determine how best to utilize available
resources in fulfilling DCAA audit responsibilities under existing public laws and
procurement regulations. This has required DCAA to continually assess its priori-
t ies and direct its efforts to those areas believed to carry the highest risk.

Determining the amount of resources which should be devoted to an audit is a
problem facing both government and non-government auditors. The problem is
made even more complex because of the pressures for increased emphasis on
regulatory controls that have come from many quarters, including the press. the
legislature, the Securities and Exchange Commission, and introspective examina-
t ions within the accounting community itself. One might conclude that this is a
problem with little or no solution since on the one hand there is a demand for more
surveillance, while on the other there are insufficient resources to carry it out. But
there is a solution, and to a large degree it rests with and can be influenced by defense
contractors themselves.

Audit Standards
It may be helpful to highlight the auditing standards that form the framework

within which DCAA auditors are expected to operate. Essentially, DCAA auditors
follow the same basic standards of auditing as specified by the American Institute of
Certified Public Accountants (AICPA). The Defense Contract Audit Manual
requires that the audit be performed by persons having adequate technical training
and proficiency as auditors. T1.ey must be independent of influence or control by
others and are required to exercise due professional care in performing the audits and
preparing the reports. The standards established by the AICPA and DCAA for field
work emphasize the need both for planning and supervision of the audits, and a
proper evaluation of internal control to determine the degree of reliance that can be
placed on a company’s account ing system. Beyond these basic standards, however,
are the more elaborate standards promulgated by the General Accounting Office
(GAO) to which DCAA must also adhere. These standards require the agency to (I)
look into the financial and compliance aspects of contractor claims to determine
whether financial operations are properly conducted, whether financial reports of an

Irving I Sandier is Assistant Duyi’ior. Policy and P/ins, Headquarters. Dt-frnce Contract 4udit
Agency. He has held a number ol’management positions with the Agenc’~ since it was established in I QOS.
Before joining L)CAA, he served with the Auditor General. LISA F, at the field audit off ice , dictri~’t. and
headquarters kvels. Mr. Sand/er isa Certif ied P ub/ic A ccountant and holds BR A .  and M. BA. degrees
(mm Northeastern University.
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audited ent ity are presented fairly, and whether the entity has complied with
applicable law- ~nd regulations: and to (2) look at how the entity is managing or
utilizing its resources (personnel, property, space, etc.) This requires that the agency
determine causes of any inefficiencies or uneconomical pract ices, including m a de-
quacies in management information systems, administrative procedures, or orga-
nizational structure.

W ith this very brief overview of auditing standards, let us now concentrate on the
audit standard that deals with the degree to which an auditor may rely on a
contractor’s system of internal control. DCAA prefers that management take the
initiative to monitor its own operations to assure efficient and economical perfor-
mance. Under such circumstances, DCAA involvement can be significantly re-
duced, and from industry’s perspect ive government surveillance can be reduced. If
t he agency can place a high degree of reliance on a contractor ’s system of internal
control—that is, if its estimated costs are reasonable, if the organization is efficiently
managed, and if the cost accounting system provides for the screening of unallowable
expenses and produces equitable allocations—then the risks to the government are
considerably lessened and the scope of DCAA audit reviews can be adjusted. Thus,
the answer to the question. “How much surveillance is enough?” depends a great
deal on the degree to which industry maintains surveillance of itself. This is the goal
t hat government and industry should be joint ly striving to reach.

One of the best internal controls is an internal audit function. Once again, DCAA
position on the use of the work of industry ’s internal auditors is consistent with that
of the AICPA. While the work of the contractor’s internal auditors is not considered
a complete substitute for the DCAA audit, it is taken into considerstion by the
Agency when determining the nature, timing, and extent of its own auditing
procedures.

The mere presence of a contractor internal audit group does not in itself mean
that DCAA would rely on the work of that group in determining the scope of its
reviews. The agency would first review the contractor ’s internal audit function to
determine its overall mission and responsibilities. The agency is particularly inter-
ested in several areas, suc h as work performed by the internal auditors that could
affect planned DCAA audits, the competence of the contractor ’s staff, and the
independence of the internal audit organization. Significant in this regard are
qualifications of the contractor ’s internal audit staff, their training, and their
supervision. Additionally, the objectivity of the internal auditors is an important
consideration. Their reporting level in the organization should be high enough to
permit them to work independently of those responsible for the functions being
audited.

As a final po int, arrangements must be made with the contractor ’s internal audit
staff for access to their audit programs, working papers, and reports. Hence, if the 
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contractor’s internal auditors are competent and they permit the government to
review their work to make sure that their conclusions can be relied upon, govern-
ment surveillance can be reduced.

Public Law 87—653—Truth in Negotiations
Implementation of Public Law 87—653 by the Department of Defense created a

special area of DCAA responsibility for surveillance of defense contractors. This law
was enacted in 1962 as a result of GAO reports of overpricings disclosed in the
negotiation process. It is important to remember that this law was enacted despite
the fact that its provisions were already substantially covered by the Armed Services

- Procurement Regulation, now called the Defense Acquisition Regulation (DAR). It
was because of the reported noncompliance with such existing regulations that
Congress deemed it necessary to put the full effect of the law behind pricing
requirements. Public Law 87—653 gives the government the right to adjust the
contract price when that price is based on inaccurate, incomplete, or noncurrent cost
or pricing data. DOD assigned contractor surveillance of this program to DCAA,
who carries it out by sampling defense contract awards. Since DCAA began this
effort, there has been an overall reduction in the incidence of defective pricing, and
the Agency’s selection process has been modified to emphasize high-risk pricing
actions.

The overall implementation of this program has worked satisfactorily, but it is a
remedial approach at best and is fraught with the usual burdensome process of
administrative settlement and appeal whenever a case of overpncing is suspected. An
obviously more productive use of both contractor and government resources would
be to shift emphasis from a remedial to a preventive mode: that is, to have industry
build in controls to assure the accuracy, currentness, and completeness of bid
proposal submissions at the time the bid proposals are negotiated. The procedure is
often relatively simple involving a survey to detect the source of any deficiencies. An
example of a common problem in this area involves timing. Current information on
the latest material and parts prices, and budgetary information on labor or indirect
cost ing rates may take an inordinate amount of time to flow through the “system” to
t he contract negotiator. What is considered a reasonable time period to update
information varies with the materiality and sensitivity of’ t he item involved. A major
item affecting cost may have to be updated on the same day. Control procedures can
be revised to correc t deficiencies, generally with little interruption or additional cost.
W here these controls exist in industry, DCAA and even GAO can reduce surveil-
lance to the point of only making test checks to assure continuing reliability.

Unallowable and Unclaimed Cost Identif ication System
An area t hat receives widespread publicity and which continues to plague DOD

and defense industry involves such expenses as gratuities, enterta inment, etc. These 
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cost s are expressly unallowable and many are not claimed by contractors: however , a
problem arises because of the considerable effort required to determine directly
associated costs. The answer lies not with more government surveillance, but rat her
w ith some type of systematic procedure to be used by contractors in accounting for
these costs. The DAR Council recognizes the sensitivity of this problem and is
working on guidelines to resolve it.

Fraud
It is difficult for an auditor not to talk about fraud. The Contract Audit Manual

- : outlines DCAA’s responsibility for detecting fraud. DCAA auditors are expected to
be alert for situations or transactions that may involve fraud. Common examp les of
such activities include falsification of documents such as time cards or purchase
orders; charging of personal expenses to government contracts; submission of clainm
for services not performed or materials not delivered: intentional rnischarging or
misallocation of costs: deceit by suppression of the truth; regulatory or statutory
violations such as bribe ry, theft , gratu ities , graft , or conflict of interest. The auditor ’s
alertness and tests of procedures and transactions, combined with the operation of
the contractor ’s own internal controls, should reasonably insure that material fraud
or other unlawful activity is disclosed. However , t here is growing pressure from the
Department of Justice for government auditors to give increased attention to
potent ial wrongdoing within the contract environment. The Department has ex-
pressed concern that often too little thoug ht is given to the soundness of a company ’s
system of internal control to minimize the potential for fraud.

It should be recognized that the amount of audit required to insure that all fraud
is discovered is prohibitive, since it would entail examining every transaction.
Therefore, simply from a pragmatic point of view, the Defense Contract Audit
Agency must review and rely upon, where possible , t he effectiveness of the system of
internal control maintained by the contractor. Weaknesses in a contractor ’s internal
control can be an indication of poor management and recordkeeping, or of an
intentional coverup for fraud. When such weaknesses are found , surve illance efforts
are expanded . Conversel y, w hen a contractor ’s systems are cons idered to be
adequate and tests show no deficiencies , the level of surveillance can be reduced .
Agency experience indicates that defense contractors are willing to listen and niariv
times adopt DCAA recommendations to improve upon their systems of internal
control to further minimize the potential for fraud. Because of this environment,
DCAA has been able to spend less time pursuing suspected fraud.

Op,~ rtunities f or Cost A voidance
It has been emphasized that industry can help itself reduce government surveil-

lance by helping DCAA. l’his may seem a hit incongruous, because in order to
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decrease gos-ci-ninenI surveillance. iiidust ry wdl has-c to incur sonic additional costs
I lowes-er, es iden~’e has shown that good internal controls pa~ t~r theinsds-es. often
numv tu nes oser. Ihe most comnion exam ple would be when adequate controls
presemit an instance of fraud. But the potential t~r es -en gi cater payhack lies with c OSt
avoidance opportunities made possible h th~ elim ination of inefficient and unct’t’-
nonucal f~r~mct ices.

flu’ l)t’t’cnsr (‘o nt ract Audit Agency has achieved excellent results iii recent
seams in reviewing conti-actor pertormaiice l~ m- efficiency and economy oi operatiOi~s.
liii ’ t rs’liniques e m p loyed do not ditiei from those which m a y  be used h m ii di is t m
internal audit organiiations in asst ’ss ii i g their own operatmoiis

A new regulation . l )AR ~O 1(U). has been des-eloped to monitor contracloi
costs along these lines. lromii t he vantage point of ’ contract auditors, this progmaili is
not nc’s~ hut is rather a compilation of’ some of’ t h e  better aspects of pres-mousls
ex istimig proc edures tot seeking cost avoidnm~ce oppom-tunitmes .

lh ~c’ et1~’cti s - e pemformuance of these res mews requmi es the cooperation of’ gos-ermi-
inent audit and tet’hnicat personnel. Where contractors are willing, t hese rev iews
could also be accomplished with he cooperation of ’ ct nt ra~’tom technical pem’sonnel -

Current emphasis is on such areas as prt~tuctmon sc heduling and control . energy
consers-atmon, t~mci t itmes numnag.~ment. and quality assurance

One of’ l)CAA’ s m ost recent and m ore significant findings tl~r potentia l savings is
in t he area ot’comnputcm gi aph~cs l’he m ost t’ertik areas fi~r use of this tet’hmiolog~- are
in t he design and drafting field. A smngk audit ot ’ a major contractor revea led that as
much as $ts million to $7 million could be sas-ed annually if computers rathci il~ami
manual methods were used in preparing production, tooling, and facilities drawmiigs.
Audit of’ anot her ~‘ont ractor indicated t hat expanded use of computer graphics could
sas e between $~(X) t housand and $ 1. ~ million annuall~- . It has been suggested to
1)01) that was- s be considered to encourage more contractors to use computer
graphics.

Bet’ause n’siews ot’ economy and etiiciency continue to reseal ameas t i~r substan-
ti al pa’,ofi . 1X’A A believes it necessar y to continue these audits es-en though
mndusti s- sometimes s- iews theni as incre ased sur veillance

Summ3n-
b r  the m ost pail , t he degree to which the l)cfense (‘onti act Audit Ag ’iics

audits industry depends on industr itself. A t’uller understanding of the ci’nt i act
audit mission, the audit standards adhered to , and t he mmmi ricacies of ’ certain s pecifi c

areas of’ audit concern such as t ’raud and defet ’ti s -e pric ing, can lead to inipios ed
internal controls hs defense indust i ‘, the mutual interests of government amid
indust mv can often be met though sans!a ~-t ,~rs - internal ~‘ompans- coiim m~~ls m ather than
more government smm rvemllamit ’e l’o t his end, it seeilms ~‘lear that mndusti s can take an
act i~ e rok in ammswrriimg the question, “flow much is enough”’
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MONITORING THE
GOVERNMENT/INDUSTRY

“PARTNERSHIP” 28
Lieu tenant Colonel H R. Montgomery i

In most cases , negot iations on defense contracts are conducted as ads’ersary
proceedings . Once the handshake occurs si gnifying agreement . how es-er . a “partner-
ship” between t he government customer and the private industrialist is cemented At
t his point, there often seems to be a tendency to presume that success of the contract
is assured because of contract enforceability, this presumption is reinforced by
optimistic contractor marketing efforts and by fact-finding discussions with contrac-
tor technical and management people as well as by government reviews of the
contractor ’s plans and capabilities prior to award of the contract

Despite these success indicators, however, every contract carr ies with it certain
risks. These risks—known and unknown—are the L’oncei ‘m of contract administra-
tion. It follows, then , t hat alert and knowled geable co ntract adm inistration is
invaluable in assuring successful contract completion

The multi plic ity of contractors impacting today upon the success and readiness
of a system to perform is unprecedented. In 1970 the Comptroller General of the
United States issued a report indicating that 50 cents of every DOD prime contract
dollar goes to subcontractors ’ Ot her estimates suggest as much as 70 cents per
dollar. 2 This highlights the importance of contract management monitoring

A contract is an agreement as to price, schedule, quality, and performance. These
are t he goals to be attained. The administration of the contract involves an active
communication and awareness of progress toward each of these goals. This discus-
sion enumerates and briefly considers some options as’ai lahle to the program
management team in contract administration. Particular attent ion is given to that¶ subset of contract administration most closely related to production surveillance
This paper reflects upon 12 months of personal experience in production surveillance
of an average of approximatel y l.ô00 undelivered contractual line items each month
manufactured by approximatel y 250 firms A set of selected responses . 1w no means
ex haustive, is offered here to assist the program management team.
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This discussion presumes. for t he sake of ’ brevity, t hat pre-aw ard procurement
activ ities were prop er ly accomp lished. Our concern here is with the indications and
alternatives iii the post-award phase of procurement. “Now that we’re married, how
can we li’s-c together?” might be the stated question.

The C’ ‘ntra ~’tuaI Relationship

As noted previously, a mutual concermi for the success ot’a contract mua~- lead to a
feeling oh’ com m on purpose or “partnership” between t he contract management
teams iii industry amid government. W hile the governniemht works closely wit h a
contractor during the contract administration phase. t his relationship by necessity
remains at “arm’s length ” Two reasons dictate this relationship. First, the
gcn-ernament/contraclor relalurnship is normalh’ t~n a cc ’ntmuum, for old contracts
are being completed while new ones are begimnung. Consequently, a delicate
relationship ex ists to avoid any appearance of misconduct on the part of the
govermiment. I’hus a formal business relationship is required, es-en w hemi a close
harmonious working association may exist. Second. w hen contractor and govermi-
ment enter into a comitract, an obligation to contractual fulfillment is incurred Any
failure to meet the terms of the obligation may result in a penalty under the law The
effect t hen becomes a caret’uf assurance of compliance by each party . Distrust is miot
i m p lied hut mutuality of concern is.

‘J’he relationship between t he government customer and the private seller is
documented by the contract. However, this relatiomiship does not extend beyond the
prime contractor to his suppliers, sarsously known as vendors or subcontractors. Yet
t he impact of sufx - ‘ itract or vendor firms can make or break the program.

While the gosertmnme rit lacks a direct contractual relationship wit h the vendors,
often there is a rcquirememmt for government quality assurance inspectors to witness,
vermfs- . or inspect t he work done. This requirement is commonly made known by a
letter delegating specific responsibilities from the prime contract administration
act is i ty .  For example, an Air Force plant representative office (AFI’RO) may
delegate inspection tasks to a L)et’ense (‘ontract Administration Service Management
Are a (DCASMA) or s ice versa.

It is through this channel that government-vendor ins-olvenient occurs. How-
ever, t he management of the subcontractor is explicitl y t he responsibility of the
prime contractor , not the government, although the government is available to assist
t he prime contractor ‘sipomm request. Iii special situations, t he vendor program
manager may receiv e assist ant -c in a non-diret’I ise , consultative manner. In any case,
principal contract management emphasis is appropriately with the prime contractor ,
w ho is paid mmn p f i c m tls - to deliver nianagement ex pert ise in addition to hardware,
sot’twa rt’, data, and serv ices.
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Obviously , the buying office will also need to document its desires regarding
contract management with the plant rep resentative This essential tea m relati onship
can help to assure contract success by emphasiiing responsibilities in the letter of
delegation, and may possibly result in a memorandum of agreement . w hich assigns
contract administration and clarifies complex issues and responsibilities of’ arm
ongoing nature ’

What C~n Go Wrong:’

Having designated the needs and responsibilities in the contract administration
delegations, one might expec t success to be inevitable. \et in monitoring contract
deliveries and progress toward other post-award milesto nes, we find a recurring set
of pro blems. An effective monitoring .systeni may reveal that:

- The contractor or vendor did not understand the contractual requirements
when his proposal or bid was submitted;

2. The data package was inadequate to convey t he requirement. necessitating
clarification and causing delay;

3. The complexity surpasses the capabilities of the contractor ’s skills, requiring
reconsideration of the earlier (prior to contract award ) make-or-bu y decision :

4. Materials arc not available when required, or at all;
5. The contract conflicts with prior commitments in contractor ’s facility;
6. The contractor ’s plant lacks physical capacity to achieve required deliveries;
7. The financial posture of the contractor impedes timely delivery, perhaps

because his suppliers demand cash payment;
8. Production planning is inadequate;
9. Quality assurance is inadequate to produce materials in conformance with

specifications;
- - 10. Excusable delays preclude timely delivery (e.g.. strikes, floods, tornadoes,

etc.);
II. Government furnished materi al or equi pment is delivered late, or incom-

plete, or is of improper configuration.

The problems cited above are neither mutually exclusive nor collectively exhaus-
t ive. Yet, they suggest the difficultie s w hich may arise after the signing of the
contract and the often too-brief “honeymoon” which follows While most of the
di ffi culties outlined may be avoid ed by eff ecti s-ely accomplishing a pre-awar d sum-ses

‘Air Force Systems Command. 4m,& ,~‘ntc,~ ?‘ns-urnn,en t Regulation Suppkment Scs-ti,in .~ ) tC
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or in pre-award conferences, too often the problems go undetected until it is time for
t he contractor to perform by delivering the required items or services.

How can i i ’i.~ I t:’
W hat alt er uat ises exist to resolve such situations threatening performance of the

contract? At t he risk of emphasizing the obvious, it nmust be said that candid
communications in several packages tailored to the circumstance can help. (‘hoices
ex ist. Each optiomi is designed to produce timely delivery of’ a product w ith suitable
quality for t he price agreed upon. Further, each option helps to protect the rights ot’
t he gos-ernment under the terms of the contract Thus, each action taken should be
carefully documented in the official contract tile (as well as in the office taking the

- 

- 
action if a separate working file is maintamed). for toda ’s actions have a habit of’

becoming involved in tomorrow ’s problems
Usually. ;twareness comnes in steps . I’rouhle can be anticipated if the symptoms

are recognized ai~1 properly addressed. Consequently. the fbllowimtg courses of’
act ion represent selective communicative respomtses or initiatives which may be
employed- They range in intensity from a phone t-all to termination for default
action— —which , w hile betmig close to the ultimate weapon. unt ’ortunate lv fails to till
the need for required goods or services.

Three categories of’ communication ma be used teleph one coinnmunication.
written communication, and meetings. Fach of these has inherent ads amitages and
disadvantages Management judgment in light of fa cts , inferences, amid perceptions is
essential iii their application. hut each of’ the following can contribute to correction
of contract performance problems.

I Tsing the Phone

Quick. flexible. mnexpensis ‘. ~ elI-p lanned telephone con m.ict s ma~ correct a
troublesome situation. One’s persotc..f mt~ nm a~ be etl’et’t ms ‘l~ protected. and results
may be sensed imumuediately mu somite 5, t s cs Also , one’s t’all muas be transferred from
desk to desk until the proper peop le are personally contacted for resolution of’ the
issue W hile th e relative cost of’ t ;s ing the te lephone is minimal , the results can often
be imme diate. Whemi the response is inadequate, the problem cami be elesated quickl~
and appropriately

For examp le, h~ using t he tc lep homie , it t -dept h understanding amid discussion of
troublesome issues can be effected. Dialogue with the administrat ise contracting
officer (ACt)) and his clerks cami at’hiesc far greater insight into contractual progress
t han reliance solely upon a routine “Production Progress Report ” (1)1) Form 75~
lhe ACO’s depth of knowledge, interest, and mnvo lsement can be measured anti
redirected when it is determined to be inadequate l)ms~ussmomi s svit h the production

~~~~~~~~~~~
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specialist who wrote the production progress report can be enlig htening It is often
t he production spet’ialist who has the best understanding of the contractor ’s
circumstances. he sers cx as the A(’( V 5 eyes and cams

Also , the les -el of com atract administration sers ice (CASt interest cami be sensed
t hrough careful at tem at mo n to what is said. amid how - Should a discussion by telephone
suggest a low priority of attention to a problem. the hu~

- imig office can request
increased surveillamice, weekly status reports . or more str ingent measures by the
(‘AS. l’he program office can become a “squcakimig wheel” by etl’ect ive ly using the
phomac to deselop personal relationships and to solicit commitments to resolse and
prev ent prob lems Supporting the (‘AS role ax on-the-scene representative, or as an
exten s ion of th e busing office, can pay disidends to the buying office.

W hemi thy contractor employs local representatis-es, contact with thena may be
appropriate i’hese contacts cam i proxide needed assistance and imisight far quicker in
some instances than could be obtained through svnt ten ctimniunmcat iou i’his as-ernie
may be as effective as . or superior to, call imag the contractor directl y at his niamn
operatmg location , since t he local rep res ent ati s -e often has m ore flexibility amid
dexterity in workmmig within the contractor’s organization Caution must be exercised
to keep the contr act adm nmnistratiom m actis -i tv int’ormuetl w heti such contacts are made
directly to the prime contractor

Further , trade-oIl’s amid work-around alternatives cama be exp lored effectively b
te lep hone on a persomial or conference basis (‘onsequent ly. I lie telephone is quite a
cost-effective tool Its use itt an age of ’ restr icted travel budgets is a lso a welcome
ecomiomv -

Remitember, hosv ever, that dot’unicntat ion memoramida are essem it ia l to preserve
an accura te “memory” of’ agreememats. open items, opinions, amid imisi ghts des-eloped
w hile usimig the tekphonc Follow—up correspoiidence or doi.’umentat motm is often
required to record oral transactiomis, for the mind is a tickle sersamit with restricted
access.

I ~cut~’ Pap er
Written do~’umnentat iomi of oral requests, commitments, and discussions can pay

handsome dividends as issues esolve While such efforts are somewhat more costly
t han telephone contacts, they cami mns-oke internal coordination, higher authority
at t en imoti . and careful documuentation of’ the program office position. rhus. while
htui lding the “corporate memory,’’ a consensus ot’hroad support is silso developed.

A formal definition of contract admimaistraimon expectations and responsibilities
mx tisumilly achieved by issuing mm letter of’ delegation and executing a memorandum of’
agreement in complex situations.1 delegating duties between the buying activ ity and

‘Air ~~~~ t ’ontr*s’t Managenteni Dr’ixion. “ &I ( SIFt Meti,,’r andum ~‘t A~,-i’~ment Management
Ss ,mem AFi. Ml)K *1*1 i t  I ’  Ma,-v h t ”
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t he contract administration activity, as suggested earlier Uaving done this, the
managememit assistance letter is a useful escalation of communications between
operatives. The range of’ potential runs from addressing the ACt), t he cognizant
bramic h chief or the division chief, to t he CAS commander Under appropriate
ctrcun~stamices, contacts wit h contractor management are appropriate and
productise in escalating attem it ion to contractual issues or difficulties.

Fxemp lif ’y ing t he success of such an approach is the Ogden Air Logistics Center
(A l.C) Procurement and Production Directorate’s constant monitoring of contrac-
tor delivery schedules. Such monitoring helps to reveal trends of delinquency that
impact on the Center ’s ability to till field requisitions for spare parts. The fill rate
measures support of weapon system readiness. Tailored letters are addressed to
appropriate contractor management levels when delivery schedules are not met. The
result is success in focusing corporate management attention upon contractual
difficulties that afTect deliveries for contracts now delinquent or due to deliver in the
near term. Trends are noted in the letters , and the impact of late deliveries upon vital
weapon systems is highlighted. Usually, t he conscientious contractor will identify
t he causes and correct the delinquencies. Copies of the letters are sent to cognizant
ACOs to maintain continuity of contract administrati~sn and ACO awareness.

rhere are also other opportumuties for effective use of written communications in
contract administration.

Occasionally the customer ’s needs may change, requiring a contractual moditica-
t ion to reduce quantities, amend shipping instructions, change transportation, or to
rev ise delisery schedules. A ternumiatmon for the convenience of the gos-ernment may
even be required. Such actions must be documented in the contract by writtcmi
communication.

Another avenue of written communication offering answers to post-award
problems is the Defense Materials and Priorities System. Authorized by the Defense
Production Act of l’~)50, t his mechanism directs the flow of materials and products
to the nat ion ’s mi litary, atomic energy, and space programs. The Defense Priorities
System is a rat ing niechanism for establishing precedence on orders with industry,
e.g . DX or DO, indicating the importance of the order. The precedence is fully
exten dable throug hout the industrial chain of producers and may be advantageously
incorporated into contracts and purchase orders. Orders so designated take prece-
dence over commercia l orders. Using the Request for Special Prioritie s Assistance,
DIR Form QQ~, mater ials and labor scheduling difficulties can be reviewed. Bringing
intO play the powers of the U.S. Department of’ Commerce’s Domestic and
International Business Administration, Bureau of Domestic Commerce, to resolve
production difficulties may assure delivery ot required supplies . W hile this proct’-
dure is reserved for unusual circumstances, its potential is formidable. This action
may he initiated by contractors ~“ the government buying activity after routine
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efforts fail to locate sources of supply, or to resolve other problems such as
production scheduling. Often the suggestion of such action stimulates initiative and
solutions not visible earlier. The DIB Form ‘-$)~~ ix another written communication
tool ava ilable for use.

Prior to award, during formulation ofth e contract , a cr iticality desi gnator (SCO)
code is assigned. Normally, program criticality and the Defense Priorities System
rat ings are central considerations in SCD determination. However, after award,
should contractor performance indicate that an im po rtant contract is being ne-
glected. causing it to mmpact other contracts as in the case of government furnished
property, it may become appropriate to upgrade in writing the SCD code from “C”
or “B” to “A ”  as t he item becomes a limiting or pacing item in a major
procurement Some ot her means to provide criticality information and invoke more
intensive contractor sur veillance mi ght also he iak-en in the form of a management
inquiry These actions are best done by wr itten request. As a result of upgrading.
closer attention can be expected by the administering DCAS or plant repre se ntati s -e.

Following sufficient informal coordination and exhortation directed toward a
deficient contr actor , it occasionall y becomes necessary to serve formal written
warning in the form of a cure notice , a show-cause notice, or a foreb earance notice.
These je t te rs to non-performing contractors . w here the default clause exi sts , can
protect t he rights of the government and prov ide solemn warning to the contractor.
Deadlines for compliance with the contract terms are included The prospect of
termination action is raised . Such wri tten notification suggests the possibilit y of
“divorce” action, should appropnate corrective action not be taken, In consequence,
these notices warrant careful review by staff legal counsel prior to dispatch by the
procuring comitracting officer (PCO~.

Use of the ultimate written communicative weapon. termination not ices . may
become necessary. In such instances the needs of the government customer may
remain unsatisfied Termination action may be a convenience for the government ,
possibly because of revised requirements, excus ing the contractor of his responsibil-
ity In such cases the government may be liable for reasonably incurred costs. In
contrast, termination for default holds the contractor pecuniarily liable for excess re-
procurement costs. The companions to termination for default are frequently costly
de lays in receipt of the needed supplies or services and liti gat ion lasting many
months. Consequently, a term ination action is not to be applied casually -

Each of the foregoing written actions or tools has the ads-antages of tangibility
and relative permanence. Carefully conceived correspondence may record exactly
w hat is intended yet the cost in time, human energy, and equipment resources of
written docunmentation should be wei ghed agaimist the advantages to he realized
when selecting a course of action 
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— Sometimes personal comitact, “e~eball-to-eseball.” adds the required emphasis
and import to atm issue of concern. A better utiderstamidiuig and gteater commmtmuemit
may result.

In the contrac t admuinistration phase before and afler awarding a prt ~ ’i1 rc’t t1c ’t lt

action. meet ings. bot h external to the gosern iileml t and internal, muas become
necessary Persomial comltacts by the contract adm inistration office persomind si ith the
contractor at t he plants, bot h prime and seiidor , umma s be priceless expressions of
imiterest .imid sources of information In such commtztcts the realities of contra ct

pert~rniance attamim a clarim~ impossible to achies e h~ less d im t\ ’t comi tact \ well-
plamuied s mxm t emuplo~-mng retlectis e listemuiig auid careful obsers ation can pas hand-
sonic rewards in termus of problem anticipation. detection, amid teso%ut ioml

l’he benefits of’ such plant s istts are seen in a broad tam ig e of experleti~’es lot
example. the productiomi specialist at .t tX’AS office visited a producer of F-4 :im,crafl
parts prior to an mtlmport_snt niilestone only to learn that the contractor had failed mo
place a key purcha se order Also, discussions betweemi atm admimuiist ratis e comltra~’tiuig
off icer and a plant muatmager sur faced a ret’urritlg ‘omit ractor pi-oduct ion conm tol
communications roadblock Each resulted in adequate coitectis e action

On anot her occztxuoti, by ~‘onductmtig a pie— ~iwarLt sum t ’~ in the contractor s plamit.
t he results of pres ious “attn-c hair’’ sw s es were expamided to acc utate I~ ref lect
limit at ions of a prosfx’ctms e comit ra~’tot ‘ s ~-,tpatsilit ic’s

Further, well-planmied comit’erences between bu~-uig and contract admimstratioii
actis ities of’tei~ go a f omig ss as toward emp hasuitumg at ‘as of coii~’ern anti 1055am ti
des-eloping genuine personal comumitmemits to inipros emeiit Such act is ities is

anmiual conferemicex between DCAS ati i hu~mtmg .tct ts m i t es . progratmi res mesi x ss itli
plant represent at is e participat ion, 3ntl huvitig ot ltce s t s i t s  to cont i act admimm nist iatiot i
offices, niay contribute significantl~ tO a stronger dect icatiomi to the a~’hit’s et lk ’fl t of
team goals.

Additionally, face-to-- face s p o t s between the t’mt i~ ing of fice amid the cont actol
meri t a brief examninatiomi lomitacts at the r~ 

ogt am ot protect tuatiagei k’s el
occasiotmally fail to produce the desired results In such tt m ’ t a imces , contact xx ith the
c hief ’ operating off icial ot’ t he pfaiit . firm, or boai cl of &liret’lors mas bec’tmnit’
necessary Iloweser . tneetings betweemi the I’(’O amid the corporate c,’ mm t t k i ’,
manager . or between engineers om ot her tunctiommal pat tic ’. cm ats~ be quite
productts e Wr itten mem oranda dcs,’umuenmitig the duscuss iot is and resulting act ioml%
are al~ as s appropriate ‘\lso, an an ,ui etiess of the pi ox IStt ’tlS of’ t he contract .is n elf
as the nature of pmthills leading to cotist m uctis e changes is ess et iti al to the gos ctnnlent
people in com m ta c t with the cot it m ,mc

F xenmp hif ~mi ig the prohieni of’ co nst m uct 1st ’ chaimges. a ~os erntm’t lt t’ngiimeem
meetitmg ~ it h ,; contractor engitteer ulma s t eilmaI I,. ‘‘~~ ~‘iu re ctt ’s igt itn g t t t ,~ xxi ii~’h ~‘s ct
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here? We ’ve always had it over there ” The contractor ’s implememitation of such a
suggestiomi would likely result imi a claim against the gox-ernment for costs incurred to
make the chatige. Consequently, representat ion for customer-contractor discussions
tnay wisely iticlude a cotitract imig officer to as-oid such issues which could add cost .
delay deli v ery, or impact performamice requirements of the contract

When multiple comitracts are invols-ed or where a complicated contract is
underwa~, periodic mnterm mal govermmmemmt and/or partici pating contractor review
meetings cami ef fectively cover a large number of issues at a low cost, while assuring a
successful “partnership” w ith industry

Fmnall , well-p lanned, mn-house government nmeetimigs are essential to strike a
unified government position and to negotiate differing positions or to direc t a
common position Such mct’hanisnms as management attention by holding meetings
on source selection procedures, crit ical item management, data acceptance proce-
dures, and Top ~0, 10, or 5 Problem Reviesx- s are tc fs available to the nmanager on a
regular or ad hty ’ basis. Also, holding periodic general, internal reviews sv ith
accoumitable persons oftemi serves to direct subordinates’ attent ion to key areas to be
discussed and resolved.

In :i Nutshell

The opp o rtum lmt ies for imimproved understanding. enhanced commitment , and
problem resolution through the selectix-e application of sarious communicatus-e
mechanisms are mmear ly limitless Whether the telephomie, written docurnetits or face-
to- face meetings are used, singly or in combination. communicat ions can be tailored
by the program manager to achieve effective cot ltr act administration resulting in
satisfaction of the customer ’s needs. Careful documentatiomi is essential to preserve
the “corporate memory ” and may play a major role in protests. claims or litigat ion
actions Yet prmor to taking action, the ads -antages and disadvantages of alt er nat ise
courses of action should be assessed
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THE TWO-TIER MATRIX
ORGANIZATI ON IN

37 PROJECT MANAGEMENT
Dr, William C Wall, Jr

The matrix organization integrates the program orientation of project personnel
with the speciality orientation of functional personnel. In its original form, the
matrix is a sing le-tier , project-oriented overlay on a functional organizational
structure. Variations of the orig inal form have resulted in a two-tier matrix—a
matrix within a matrix , The use of the matrix form of organization in military
project management is a familiar practice , but t he two-tier matrix adds a new
dimension to the concept. In large, com plex organizations , the two-tier matrix
provides for greater centralization of planning and control through definition of sub-
projects. It substantially assists the project manager in accomplishing program
integration by encouraging integration at the sub-project level ,

The two-tier matrix is a double-decker in the project structure—a matrix
superimposed on a matrix, It is a new organization form prompted by the continued
growt h of the complexities that bred the original single-tier matrix. The two-tier
matr ix is a response to the increasing ly complex task of managing milita ry projects .

The two-tier matrix is not an unproven concept. For example , organ ization has
been cited as a major contributor to the success of the U.S. Air Force F- 15 f;~hter
aircraft acquisition program. The management structure of that system program
office was a form of two-tier matrix.’ The U.S. Army HAWK Project Office also has
been recently restructured into a two-tier matrix organization.2 Early indications are
that this restructuring has improved management control and program integration.
In both cases, implementation of the concept appears to have facilitated interaction
among part ici pants.

Single-Tier Matrix Design 
-

The single-tier, or basic matrix organization design, evolved during the l950s
with the formal development of military project management.3 The rapid growth of

‘Gilbert B Guarino, Relva L Lilly, and James .1. Lindenfe lser , “Faith Restored—The F-IS
Program ,” Air University Review27 (January-February 1976), pp. 65-66.

‘U.S.. Army Missil e Command , HA WK Project Olfice Management Sy.ctem P/an (Redstone
Arsenal, Alabama: HAWK Project Office, 14 October 1976), pp 1—2— 1—3 .

‘An excellent comparative description of functional , project, and matri x organizations may be found
in Robert Youker . “Organization Alternatives for Project Managers ,” Management Review 66 (No-
vemnber 1977). pp 46—53

Dr. Wil)mm C Wall. Jr., is ChieI~ Program Management Office, HAWK Project Office , U.S. Army
M,s.sik Materiel Readiness Command He has worked in project managemen with the Depamnent of the
Army for over 20 years Prior to his current assignment, he ~as responsible for the devdopman4
implementation, and operation of the SAFEGUARD Management !nformaiion Syrtem. He has served as
senior management advisor on numerous government ad hoc study groups and committees. Dr. Wall
ho/d.c a BS degree in mechanical engineenng from Lafayette College, an MA. in public administration,
and Al BA and Ph.D. degrees (mm the University of Oklahoma
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technology in weapon systems since Worl d War II and a desire to minimize
development lead time have resulted in an increase in the variety of inform ation
inputs required by managers from the scientific , engineering, and administrative
disci plines. As a consequence , the complexity of the management task has increased
significantly in recent years. These factors gave rise to the concept of project
management and to the sing le-tier matrix design .

The typ ical military project office is establish ed to accomp lish some specif ic
mission or objective of measurable and finite durat ion. in this sense, a project office
differs from the typ ical functional organization that assumes a “going concern”
concept of enduring mission. Thus, the single-tier matrix layer on the functional
organization is intended as a temporary overlay on the base functional organization
structure. Typically, the project office staff consists of a myriad of skills or
professions in an interdisciplinary array. The people are project orien ted, devote full
work time to the project, and are organizationally assigned to the project office.
These people work directly for and are administratively subordinate to the project
manager. The conventional milita ry project offic e is not staffed to sufficient
manpower depth to be self-supp orting and must draw upon manpower from outside
the office. This normally results in the acquisition of both organic and inorganic
support. Organic support is provided by functional elements integral to the parent
organ ization , typ ically a commodity command. Inorganic support involved is
acquired from other government agencies and the private sector.

Figure 1 depicts a typical single-tier matrix consisting of six functional elements
and three project offices. The directors of the functional direc torates and the project
manager report to a single individual—the commodity commander. The matrix
design below these levels , however , sug gests vert ical , horizontal , and diagonal
relationships among part icipants. It also suggests that many functional people
operating in the matrix structure have two group memberships. The firs t is in their
speciality or functional organization, while the second is in the single purpose or
project environment. The single-tier matrix requires that these people serve two
masters—the director of the functional directorate and the project manager.’ In
other words , the project manager and the functional director share the responsibility
for directing the efforts of these indiv iduals , The project manager exerts project
direction while the functional director exerts traditional line direction over the same
people at the same time s

The project management office structure associated with a single-tier matrix is
typically function-oriented and is illustrated in Figure 2, which depicts six functional

‘For an analysis of the two- boss model see Stanley M. Davis and Paul R. Lawrence, Matax(Reading.
Massachusetts: Addison-Wesley Publishing Company. 1977), pp. 4-6—52.

‘Grover Starling, Managing the Public Sector(Homewood, Illinois: Dorsey Press, 1977), p. 193.
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The Two- Tier Matrix Organization

Figure 1
SINGLE-TIER MATRIX
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Figure 2
PROJECT MANAGEMENT OFFICE IN A SINGLE-TIER MATRIX STRUCTURE
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elements. Program focus is achieved throu gh the natural interaction of personnel
w ithin the project, and throug h the personal drive , initiative , and entrepreneurshi p
of the project manager. it is he, withi n the commodity command, who directly
assures the successful production of goods and services.’

Two- Tier Matrix Design
The two-tier matrix design is simple in concept. It employs a matrix design

within the project conceptually similar to the matrix structure employed within the
commodity command. The first tier of the two-tier matrix is illustrated in Figure 3,
depicting six functional directorates and a single project office. A comparison of this
figure with Figure I reveals that the first tier of a two-tier matrix for a specific project
office is graphically identical to the single-tier matrix design within the commodity
comman d. The directors of the functional dir ectorate s and the project manager
report to the commodity commander, and the same vertical, horizontal, and
diagonal relationships among participants below this organizational level are sug-
gest ed. In order for the differences to begin materializing, however , it is necessary to
look at the second tier of the two-tier matrix. The second tier is illustrated in Figure
4, which shows six functional divisions and three sub-project elements.

Figure 3
FIRST TIER OF TWO -TIER MATRIX
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‘This thesis is developed in Marshall I)imcs.’k. “Revitalized Program Management. ” Pu!’!,.- .4dmnus.
trzus’n Res,ew 38 (May-Jun e 1Q78)- IQQ-204
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Comparison of Figure 4 with Figure 2 results in the immediate observation that
the project management office organizational structure in a two-tier matrix is
markedly different from the project management office in a conventional or single-
tier matrix. Specifically, in the two-tier matrix, the project management office has an
internal, horizontal focus not evident in the single-tier matrix. It is this horizontal
orientation that materially assists the project manager in his role as program
integrator. It is this horizontal or sub-projec t dimension that also differentiates the
two -tier from the typical single-tier matrix . This innovation adds versatility to
conventional matrix management wh ile creati ng constructive , yet challeng ing,

management interactions among the participants.
The second tier of the matrix is depicted in context with the first tier in Figure 5,

where the comp lete two -tier matrix is illustrated. It may be seen that the two -tier
matrix is not just another routine way of organi zing a project managemen t office. It
is a significant departure from traditional designs and adds a new dimension to
project management.

Two- Tier Matrix Management in Operation
The hierarchic or chain of command, the project, and the functional lines of

authority in two -tier matrix management are highly complex . Figure 6 graphically

FIgure 4
SECOND TIER OF TWO -TIER MATRIX
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Figure 5
TWO TIER MATRIX 
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displays these relationshi ps from the commodity commander down throu gh the
branch chief level—a total of fou r discrete levels of typ ical chain of command. A
careful, point-by-p oint discussion of each of the partici pants ’ ro les in the two -tier
matrix structure will provide insight into these relationshi ps.

It should be recognized that althoug h the commodity commander supervises the
project manager and the functional director , both of whom are in the matrix , he
himself is not a member of the matrix. ’ It is his responsibility 10 insure that both
individuals perform thei r respective mission s successfully and to adjudicate differ-
ences between t hem, The commc .dity commander has a corporate outlook. He does
not share his power with anyone and he is solely responsible for the aggregate of
weapon system programs comp rising his commodity comm and mission. The com-
modity commander ’s position is a unique blend of project and functional responsibil -
ity. He facilitates the integration of the individualized , inward focus of project
managers with the universalized, outward focus of functional directors,

The project manager depicted in Figure 6 is responsible for a sing le project made
up of multiple sub-projects. For the sake of simplicity, only one sub-project manager
and one functional division chief reporting to the project manager are illustrated.

‘Davis and Lawrence, Matr,,s. p 47
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Figure S
CONCEPTUAL MODEL OF TWO-TIER MATRIX MANAGEMENT 
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The project manager is immediately subordinate to the commodity commander and
unifies project affairs. He is at the same hierarchic level as the functional director
organ izationally, but he is authorized to control the activities of the functional
director as they relate to his assigned project and within prescribed limits.’ In other
words, he has the authority to issue project direction to the functional director.

The functional director illustrated in Figure 6 is responsible for a total functional —

speciality such as procurement, product assurance, supply or maintenance. He, like
the project manager, is immediately subordinate to the commodity commander.
Unlike the project manager, however, his is a multi-boss position. He receives
command direction from the commodity commander and project direction from all
of the project managers assigned to the commodity command. The functional
director provides functional facilitation to all projects and his functional authority
may occasionally conflict with project goals. As Figure 6 illustrates , this functional
feedback is generally directed to the next lower hierarchic level in the project office
organization.’

To this level in the chain of command. the interrelationships do not differ from
those of the single-tier matrix design. It is at the next level—thai of the division
chiefs—that the differences between single-tier and two-tier matrix interrelation-
ships begin to emerge.

The sub-project manager within the project office is responsible for a discrete,
separate ly identifiable element of the total program. As an examp le, one sub-project
manager might be responsible for all foreign military saks of the weapon system ,
another for international co-production and technology transfer, and another for the
U.S. Army program. This is essentially the breakout used in the HAWK Project
Office. ” In the case of the F-l5 program, the areas of responsibility were associated
w ith major segments of the development program such as the airframe , engine,
armament , and tra ining. ”

Some of the principal criteria affecting establishment of sub-pro ject managers are
the degree to which program differentiation is required and attainable, the criticality
of resource control, and the significance of the sub-project. The sub- projec t manag-
ers may operate as one-person offices or have small groups of high level personnel

‘As an example , a project manager may direct a contractIng office r ItT exec ute a contract for certaIn
goods or services He may not , however , dictate the type of contract since th us deter mination ~~ withm the
contr acting officer ’s area of responsibility and auth o nty.

‘The feedback is not un like the example suggested in the preceeding footnote. It also applies to fsst.~al
resources in fund appropriations not managed directly by the projec t manager In oth er words, the projec t
manager may not be prov ided all the funds he requires by a func iso nal director In this etamp)e. the
feedback would be from the function al director to the project office diviso n chief.

“U S . Army Miss ile Command . 11.4 3I’A~ Ptrnj ecr (Mke Management .Sistwn Plan. p 1.5
Guar,no. I..ily. and l.,ndenfelser . p 65
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assigned to t hem to assist in carrying out their sub-project program responsibility.
The creation of sub-projects focuses added intensified management within the
project office. As indicated in Figure 6, t he sub-project manager receives command
direction from the project manager and issues sub-project direction to the functional
division chiefs within the project office. As a practical matter , the relationship
between the sub-project manager and the functional division chiefs in the project
office is strikingly similar to that between the project manager and the functional
directors.

The functional division chiefs in the project office are key individuals in the two-
t ier matrix. The ultimate success or failure of the concept rests largely on their
shoulders. As indicated in Figure 6, the project office functional division chief
positions are multi-boss positions. The project office functional division chiefs are
subordinate to and receive command direction from the project manager, sub-
project direction from the sub -project manager , functional feedback from the
functional director, and issue project direction to the functional directorate division
chiefs and functional direction feedback to the sub-project manager. The project
office functional division chiefs are the focal points for information flow. They are
the true integrators of the single-purpose special requirements of the project with the
multi-purpose general responsibilities of the functional directorates . It is their duty
to opt imize the use of project resources, serve as interface between sub-project
managers and functional directorate division chiefs, and minimize project uncertain-
ties. They sit in the catbird’s seat of project activity. Figure 6 also illustrates the next
lower level in the hierarchy, and the interrelationships at t his level are conceptually
identical to t hose just described for the division chief level.

Implications of the Two- Tier Matrix

The matrix organization is considered an organi zation form of the future. ” . The
two-tier matrix is visible proof that project management of complex weapon systems
is conceptually alive and well. It helps establish an organ ization structure with
greater flexibility for responding to external pressures and influences. It creates
interrelationshi ps among part ici pants t hat stimulate group init iative and enhance
t he group ’s ability to cope with the comp lex t ties of typ ical weap on system projects.
This same mechanism tends to decentrali ze routine decision making by moving it
closer to the points of action.

Many of the ts ’pical pat hologies assoc iated with the sing le-tier matri x design are
equally evident in the tw o-tier matnx. °. On the other hand, the two-tier matri x

“Sti rli ng. pp IQ I 1Q4
“ For a deIs’rIptiII n ,Tt typi ca l pathologies see Slanley M t)asi’, and t’,t,t K I awrence, Problem’, of

Matn ~ Organhlaiil ’ns .” lla rsarsl Aus,ne-.o Rei SON ~ tMa ~ -J un e I’)7$i. pp I ~I 142 
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forms the foundation for even greater utility in the project management concept. It
extrapolates the single-purpose emphasis of the original matrix design without
duplicating the functional capability contained in the project office. By providin g a
vehicle for concentrating planning and control at the sub-project level , t he tw o-tier
matrix encourages the grouping of similar program elements within the project. This
aspect helps bring greater focus to major program elements of multifa ceted proj ects
and insures t hat desired management emp hasis is afforded each.

The tw o-tier matrix design is not a panacea for poor or inept management. In
fact, proper implementation requires extraordinary skill on the part of all concerned.
Matrix managers face many challenges in the proper accomplishment of then
assigned responsibilities, but the two-tier matrix design is a solid means for
successfull y con ducting comp lex and urgent programs. Intensive management of ’
selected weapon system prog rams remains essential. The two-tier matrix design is in
harmony with this compelling need and underscores the continuing searc h for order
in the management of large-scale, complex endeavors. 
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MANA GEMENT UPDATE:
THE ARMY SCIENCE AND

47 TECHNOLOGY PROGRAM
Dr. Mar t in E Lasser

The Army has relied for a long time on its science and technology program to
provide a technological edge over its potential adversaries. As a result, the U S.
Army will soon have the best tanks , helicopters, and anti-tank missiles in the world.
However, there are capability areas where we do not fare as well. For examp le. our
potent ial enemies out-range us in artillery and have more capable air defense gun
systems. We need to improve our technological capabilities so that we can achieve
superiority across the board. W~ cannot sett le for less.

We must insure t hat we get maximum return within the available funding levels.
One way to do this is to place our trust iii th e people responsible for managing the
Army’s science and technology programs. Our systematic efforts to do this have
resulted in a niajor decentralization of the management of Army long-term technol-
ogy efforts.

The first step in decent rahzatton was to pros-ide the responsible Army laboratory
director with a block of funds for a given fiscal year. The process t’or doing this is
known as Single Program Element Funding (SPEF). I1nder SPEF, t he laboratory
director proposes a set of prioritized tasks and indicates what he expects to
accomplish during the coming year. His approved program is then “block” funded
and t he director is held responsible for the performance of his laboratory. In this
concept, t he laboratory director is free to change his program at any time to take
advantage of technological opportunities . I’he budget for each laboratory is strongI~
influenced by accomplis!tments in the previous ~‘ear’s program and t he content of the
proposed program -

Before SPEF. the laboratory director had considerably less control over what
was done in his laboratory. He had little freedom to change protects since each work
unit was funded individually. There were technical specialists on the Army staff who
contr o lled the funds in their particular technical area. Was hington-based specialists
in propulsion. physics . meteorology, social sciences, medical sers ices, etc., not only
pushed their areas of exp ertise in competition with each other. hut also controlled
what was done in the laboratories in their areas of expertise. 1 aboratory directors
were justifiably frustrated by t his process in which they could not es en move funds
from the weaker programs to the potentially more promising ones without consider-
able administrative effort .

Delegation of authority to the laboratory director was often agreed to in principle
hut not readily adopted for several reasons directly related to imag ined Congression-
al objections. One reason put forth was that if laboratory funis were combined into

1)r M,srs,n F l.,vter h~ts .ss-rs&.cl n.s ’ 1’~” .is l) ,rr s ’t,tr ‘1 4 ,-m i Rocewrs-h 1k pn ’is ’usti he!,! rho
p,Isltst n~ ,i1’ ( ’hie(Y.~il ’nt,st . 1) epartmonr ,i1’th~ 4 ,-ni,. in~i 1~ueci,t, te Ibns,-r ’, ~,t rh~ 4rm i .S ’sent,t~,-
.4dt rcors Panci I tOre Onfrnng gins-rflnPOn ( s~n,,’c’ in tunes 1),- I.sw’, h~t,La numls-r ‘t r-rsoan h and
man4’rmcnr ,-ssorions silt, the l’hlk’iI ~~ qs’rao~vi 1k h,’Ms ,, II. in ph, si~s tn ’m Rn~ ’,L/i n (

~ ‘Ilt~er.
and M .5 and Ph 1) degn’rs t’rorn .5, n,,~use I n, ’ors, li

--=-~~~~~~~~~~ 
-
~~~~~~~~~~~~~ -———------ -—-~~~~~ -—~~~~~~ —- “

~~~~~~ 

; 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-

48 A~(en.ce Systems Management Renew

two prog ram elements per laboratory, one in research (6.1) and one in exploratory
development (6.2), t hen Congress would see them as new large programs and might
make cuts , not recognizing a consolidation of many programs. Experience has
shown this not to be the case. Congress has never cut a SPEF program because of its
size. In fact, the biggest SPEF programs have fared very well in Congress. (Note:
Since the Army 6.1 prog ram consists of only two progra m elements , which are
further divided into projects, the block funding for 6.1 is often referred to as Single
Project Funding , or SPF.)

A second reason theorized was that Congress would object to what many
thought would be a lack of visibility of program content. Again , t his was not the
case. By using SPEF, t he laborato ry director was better able than before to exp lain
his program. He could now describe his program as a total entity and could readil y
portray how the various parts fit together. Advanced planning for SPEF was well
coordinated with members of Congress and their staffs, and they gave the Army
t heir full support.

A lthough the move to delegate authority via SPEF was a most important one , it
was only one of a number of changes that were made to improve the R&D process.

The Probkm
Clearly, the lab directors were happy to get the authority that went with SPEF.

However, with authority came responsibility and the question, “What are the
priority requirements my laborato ry should address?” The answer to this question is
provided by the Training and Doctrine Command (TRADOC), which speaks for the
“user.” When the problem materializ ed, the TRADOC organization was not geared
to interface with the Army’s science and technology program. Means had to be
developed to bring the user and developer together early in the developmental
process. It was necessary to encourage the user to articulate his needs in such a way
that the laboratories could understand and respond.

The Solution
The vehicle developed to identify user requirements was the Science and

Technology Objectives Guide, or STOG. The SlOG is divided into capability
categories and sub-categories as shown in Figure I. Each major capability catego ry
section is a listing, in priority order, of the user ’s needs within that category. For
example, in the capability category “other combat support .” the highest priority
need is rapidly emplaced minefields with specific characteristics such as variable
time activation, remote deactivation, and firing based on discrimination sensors. The
next priority Science and Technology Objective (STO) addresses improved
equipment/techniques for detection and neutralization of minefields. Going further,
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the next one describes airdrop system requirements. An important point to note is
that these STOs are clearly user-oriented rather than developer-oriented. Each STO
lists the user proponent most concerned with the objectives delineated, as well as the
laboratory assigned primary responsibility to see that the STO is adequately
addressed.

Each capability category also contains a back ground section. a discussion of the
genera l capabilities required (e.g., rapid enhancement of mobility for friendly forces
and a counter-mobility capability to impede enemy forces), and a concept of
operations.

The purpose of the concept of operations portion is to provide the laborator y
director with the “big picture” of what is to be accomplished. He can then better
understan d the pr ioritization of the STOs . which prov ides a basis for meaning ful and
innovative management as requirements change or as research opportunities become
evident.

It is important to reiterate that the STOG is a requirements document reflecting
t he needs of the user. Notwithstandin g this basic precep t . the user communit y had to
have help in preparing the document. One difficulty was that the TRADOC staff
somet imes felt they could not properly reflect their future needs in a way the
laboratory scientist could understand. It was a classic communications gap with the
developer anxious to get requirements but not sure how to go about getting them.
and the user holding the opinion (mistakenly) that there was no easy way to
communicate needs in a way laboratory scientists would understand and be able to
respond.

Another problem was the inherent difficulty of adequately defining require-
ments. Often the requirement cannot even be formulated without a great deal of
communication between user and developer. Also, the requirements frequently
change (or mature) during the course of effective user/developer communications.

Once started, the dialogue between the scientist and the user ran very smoothly.
The first draft version of the STOG was prepared by the staffs of the Director of
Army Research and the Deputy Chief of Staff for Operations and Plans (DCSOPS),
but it was based on a draft of requirements that had been established in one form or
another within the TRADOC community. It only needed a start.

The second iteration of the SlOG, called STOG-78, was published in A pril l’~’77
and the third iteration , STOG-79, w ill be active until the next update in April 1979.
Laboratory directors have used SlOG to redirect their programs to the Army’s
highest priority needs, and management program rev iews have used it as a basis to
judge the responsiveness of laboratory programs to the Army’s needs. Joint labora-
tory program reviews are held annually in the spring and ii is noteworthy that the
TRADOC representative is a key figure. He compares programs against the stated
needs. This has a significant impact on program planning for the future. The SlOG
is constantly improved and refined in subsequent editions.
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Caution
A caut ion which must be kept in mind in any discussion of requirements

documents related to a science and technology base program is that if we try to
define the goals for the entire science and technology program we are making a
serious mistake. To do so would prove to be too constraining for a meaningful.
product ive program. We must leave room for innovation. The Army is sensitive to
this concern. To quote from the executive summary of the STOG: “Nothing in this
STOG is intended to depart from the essential SPF/SPEF management concept that
R&D directors must determine where they can make the most significant science
and technology contributions to the known or presently unforseeable needs of the
Army.”

It has been estimated that approximately 70 percent of the 6.2 exploration
development programs should be in response to STOG objectives. The other 30
percent or so represents funds available for the laboratory director to use to pursue
technological opportunities as they arise. Many new technological opportunities can
be forseen by the laboratories as the SPEF plans are being prepared, and can be
included in the plan. W hen opportunities for innovation become apparent after the
annual plan is published, the director still has the freedom to readjust his program.
At the end of the year he and his lab are judged on the efficacy of the overall
program. The director does not have to adhere entirely to the plan he laid out at the
beginning of the year; on the contrary, he can make meaningful changes. But he is
also expected to address, wherever feasible, the highest priority needs that his
laboratory can satisfy.

Management Review

Given the STOG and given the laboratory programs, management now has the
requisite information to evaluate return on the science and technology investment.
This is done by the Research Development and Acquisition Committee (RDAC) in
preparat ion for next year’s budget. Each proposed or current program is examined
to determine:

• W hat assumptions lead us to work in the sub-capability category;

• W hat the major thrusts of the programs are;

• W hat the STOG calls for within the sub-capability category;

• W hat pacing problems the laboratories see:

• The work being done to solve each pacing problem;

• The laboratories doing the work, and;
• The dollar amoun t being spent on each problem area .
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By reviewing by capability category rather than by laboratory organization, the
Army’s total program in a given functional area is readily identifiable.

Review by capability categories provides an excellent method for overview of
that portion of the Army’s sc ience and technology program oriented towards solving
problems stated in the STOG. It turned out (notwithstanding the guidance that a
reasonable percentage of the program should be independent of STOG require-
ments) that over 90 percent of the 6.2 program subm itted could be correlated with
the STOG. It is not clear how much of this is a true reflection of the program and
how much is a “forced” correlation to show relevance. The percentage was, of
course, much smaller ~or the 6.1 program.

Careful study of the laboratory inputs showed few examples where the stated
correlation with the STOG was unrealistic. This may well indicate that too much of
the current 6.2 program is closely coupled to readily forseeable application. Further
study of this aspect clearly is required.

- I Research, Development, and Acquisition Committee

The final step in the management process was the adjustment of funds based on
the information organized by capability category. Balancing and readjusting R&D
and procurement funds is normally carried out by a group known as the Research,
Development, and Acqu isition Committee (RDAC). This committee has representa-
tion from the R&D and operations communities, from TRADOC representing the
user, as well as representation from the development organizations.

This year the RDAC added a special session that addressed the science and
technology base exclusively. The review by capability categories provided the
visibility and understanding of the program content , and this in turn enabled the
RDAC group to make funding adjustments within the 6.1 and 6.2 program in a more
meaningful and appropriate way.

It was clear to those participating in the RDAC process t hat the science and
technology base is highly responsive to the needs of the Army. These programs can
comp ete favorably for funds when compared either to major systems or to other
systems t hat are well along in development.

Conclusion

The Army has developed techniques that have provided improvements in the

L 

management of its science and technology programs, based on the premise tha t we
put t he authority and responsibility for laborat ory programs where it belongs—with
t he laborato ry director ,

~
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If this authority is truly delegated to the director, he cannot then be told how to
run his programs. Obviously, however, t his does not mean that he cannot be helped
with advice on what the Army needs.

I’his delegation of authority cannot he considered a blank check. It carries with it
the responsibility to provide the Army a return on its investment, either l’roni an
individual laboratory or from a number of laboratories working in concert . By
compiling the major program thrusts by capability categories it is possible to
determine which areas are not adequately covered and therefi~re w here ~ddition*l
emphasis is needed. l’his same display of program content clearly portrays the
importance and relevance of the on-going programs, but when changes in program
emphasis are required (found to be the case in only a small fraction of the total
program) t his can be done in a knowledgeable way.

I
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SOFTWARE QUALITY AND
PRODUCTIVITY

B. M Knight

The quality ass urance (QA) discipline has long been recognized as an effective
tool for management in producing hardware systems. Only recently, however, have
people asked the question, “W hy not software, too?” In the late fifties, the milita ry
issued a QA specification that is the basis of almost every quality program used by
contractors doing business with the government today. This specification, MIL-Q-
9858A, Quality Program Requirements . was intended to cover all supplies and
services when it was referenced in an item specification, contract, or order. However,
t he government now is viewing software as a separate deliverable item and, hence.
subject to the requirements of the QA specification. This has presented something of
a pro blem both to the contractors and to the Defense Contract Administration
Service (DCAS), which is the government ’s QA organization. No one really knows
how to apply MIL-Q-9858A as a software specification.

Twenty years of hardware-oriented implementation of the QA specification has
created a tremendous inertia. Organizations have been built and people have spent
their entire careers studying MIL-Q-9858A as it relates to a single step in a
manufacturing process. A separate and distinct professional discipline has grown up
wit hin this environment. The government QA function also matured during this
time. A cross-pollination process in the late fifties and sixties involving both
government and industry personnel , in combination with the DCAS creation of the
handbook for evaluating a contractor ’s qua lity program, created a “ qua lity ”
community.

This community grew and prosp ered and began to speak a common language.
The quality programs across industry took on a striking similarity, all based on a
common understanding and approach to MIL-Q-9858A. This community did not
address software because software was not a part of the problem. No one saw the
trend that was developing. As hardware systems grew more powerful, so did the
so ftware systems that operated them. As program performance requirements grew ,
the size and complexity of programs also grew. This growth dictated more memory
and processor speed. As the engineers responded with new generations of hardware,
t he programmers used it up a~d asked for more. There is a significant point to be
made here. New and more powerful hardware generations have been horn out of
improved technology and engineering methodology. Programming, on t he other
hand , has not benefitted from any quantum strides in tools , tec hni ques and
met hodologies. Then, as now, it was a laborious , intensive , artful endeavor. In spite
of some innovations such as high-level languages , structured programm ing and the
like, programming productivity has not nearly kept pace with the demand.

H %t ~ nighi is Qua/Ui .5cris ’c~c Man~gcr .~i IB.W~ %1,wassa.s. I a . t~ ’,I,ii H is

defining and ,mph’ns-,;tsng .i s. art ’ qua/u i ,‘I~snr.1uI~’c’ pn’granu therr and euendrng the qua/Ui c w,crpf
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Further , we have seen a change in the cost ratio. Tremendous gains have been
made in performance of digital hardware systems over the past twenty-five years.
Hardware costs have gone down dramatically because t he labor required to produce
the new , higher performance hardware is no more and often less than that required
to manu facture the old , lower performance systems. A commercial job mix of about
1,700 operations cost approximately $14.50 to run in 1955. Today, the same job costs
approximately twenty cents. Moreover , the run time on this job has been reduced by
a factor of 70.’ The indications are that t h e  hardware cost-to-p erformance ratios will
cont inue to improve. Because of this , t he Department of Defense , for one , is finding
software to be by far the most expensive item in the inventory. At the spring 1977
meet ing of the National Security Industrial Association Quality and Reliability
Committee it was reported that DOD is spending more than $3 billion annually on
specialized software alone. This is considered a conservative estimate and does not
include general-purpose automatic data processing software. A hardware-to-
software breakdown of the total materiel system cost to DOD since 1955 shows an
astonishing trend. Software cost as a percentage of total materiel system costs has
steadily risen from less than 20 percent in 1955 to more than 80 percent today, and it
is still increasing.

There are two basic reasons for this:
• Size—On the average , so ftware systems today are an order of magnitude larger

t han they were 20 years ago. Memory has become cheap. An adaptation of
Parkinson ’s law says that the number of program instructions will increase to the
limit (and often beyon d) of available storage. Therefore , the tendency is to keep
adding function until the core is gone.

• complexit,v—N ot only have the software systems been packed with function , the
functions and functional interfaces are increasing ly more complex. The nature of
the problems we are trying to solve with computer programs today did not exist
on ly a few years ago. Consider the problem of detecting, classify ing, and
successfully defending against a large-scale ICBM attack. That was the problem
faced by the system designers on an antiballistic missile program They re-
sponded with one of the largest, most complex, most expensive systems ever
developed. Consider the Navy’s problem in dealing with the super submarines of
today. Consider the complexity of today’s business systems against 20 years ago
or just 10 years ago. l’here may have been a time when there was an alternative to
automatic data processing to keep our way of life whole, hut not any more.

‘1. / Ptaui , “ Priteeii .s Methtidi -s log y - IBM’ .~ A pproa, h In (‘nn lrn l ni Snflware (.‘.t and QuaIii’i
F’sifl ware Pn~~c’: Management. IBM (‘nrpnral,o,i . Oclnher 17, 1Q77

‘Barr, C. DeRoic. “Snfl ware Manajemen l Withi n the I)eVarirnent i-if I)eIeiisr . l ’niiwahng ’. ,‘/ the
V.51.4 C h’rrn,y,tI’~ tftwas-r Quahf,- Re/sat’s/its . March Wi . 1Q77
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The demand for more, larger, and more complex programming is real and
inescapable. Therefore , we must accept size and complexity as a fact of life, a part of
t he nature of our society, and learn to deal with it in a more systematic fashion.
Today, it seems the only way to get more programming is to add more people, but
more people cost disproportionately more money.

An interesting observation is that one reason programmable machin es were
invented in the first place was that an efficient and inexp ensive way was needed to
solve a variety of problems without changing hardware. It seems now we need an
efficient and inexp ensive way to solve a variety of pro blems without changing the
software , because making those changes has become a very expensive propos ition.
Since we do not yet have the universal algorithm , we must continue to develop new
programs and upgrade our old ones as the nature of our problems change. The
chailenge is to get the cost of software back into balance with total systems cost.

Lif e Cycle  Cost
To put the problem in perspective, DOD is putting emphasis on understanding

t he total cost of a system over its life cycle , which allows the prop er wei ght to be
placed on cost of acquisition in the total cost equation. Many studies have been done
which show that quality and reliability are major factors in the life cycle cost of
software systems.

Dr. David S. Alberts, in a Mitre Corporation report , states that, conservat ively,
50 percent of total life cycle cost is attributable to defects. Moreover, of the error
types studied, he reports, “Design errors were found to contribute just over 80
percent of the total cost of error.” This represents a significant savings opportunity
as well as a technical challenge. Perhaps even more significant than the potential for
saving a large portion of the money invested in software is the possibility that, as is
the case with oil, we may not be able to produce the software we need. Given that
one-half of our programming cost is attributable to defects, then we may postulate
t hat one-half of the programming population is not productively employed because
they are engaged in finding and fixing errors . This means that the demand for
programmers must grow at twice the demand rate for new program app lications.
Even assuming the demand for new program app lications is constant, the program-
mer population will have to double each year unless we solve the productivity
prob lem. We have already seen that quality is as much as half the problem : therefore ,
an effective QA program may prov ide as much as half the solution.

Failure Mechanisms
The effective QA program is one that is develop ed based on an understanding of

software failures and the errors or defects that cause them.

‘Dr. David S. Albe rta , The &vnl’s ’ns’c d~~’l?wa,e Qua/its Accuran.’e. MTR~~~7, December 1Q75
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The mechamsms for software failure may be grouped into four basic error
catego ries: functional specification , logic specification , code, and documentation.
This grouping is convenient since it represents both the activity and the end product
w here an error may first appear. In Figure 1 we see an overview of some error
mechanisms and thei r probable causes. We see that our natural difficulty in dealing
with comp lex , abstract ent ities has been exacerbated by an imprecise technique in
developing functional and log ic specifications. Furthermore , insufficient attention
has been given to what effect environmental conditions will have on the operability
of the system after it is delivered. The development laboratory is a sterile , clinical
env ironment. The real world generates data and conditions that are seldom consid-
ered when the functional specification is being created. Most experienced designers
now avo id design decisions based on average data rates and do provide a safety
margin; however , they too often fai l to inc lude a design strategy that will allow the
system to continue to function when the instantaneous data rate or other conditions
exceed the design margin. Depending on the mission, users may find this situation
intolerable.

As is most often the case, if the cause of a problem has been correctly determined,
the solution or corrective action is directly suggested. However , before corrective
act ions are taken it is prudent to review the error distribution and cost. This review
w ill allow the prop er priorities to be placed in the get-well scheme.

Figure I

MECHANISMS FOR SOFTWARE FAILURES IN FOUR BASIC ERROR
CATEGORIES

(sI,’5iw5 Merhanism (~~usC

I i~fl~ f i ll • Il,n~Z , f l  ‘n i- f l  I n ”  • i ) I f l I l , i . I i n•  \ . I f l f l .Ii ~ S Pfl S ~~ f l f l 1
nlfl,n l u  ii., .,, I , I , n’ I’ 11 - i , - Itts .ilud • ‘‘‘ I,Ifl,Ifli-’~’’~ ‘,l _i~ f~ I I ,  “. 1  ‘r,h, .,I Ii 1’ ’ f l M’~III. usn.,I ‘pa S ‘s. ~, ms-n, 5F ¼’,- l - ., i l i s  \ l I n .,IuhIl ns f l  ~ s fluIIs n f l ,

• I f l f l S f l f l . , f l f l f l S f l p , f l i , l I  S I,.’,. S I IS n , f l , f l f l f l - f l , I ,l I ,uflIj,tu,,I. I ,fl f l .n 1 - S I

‘ f l ~~n I 11 ’%9Z!f l  ‘ ‘ “rn_I n I,,,., S I
%jc ., ,t- ,  s i , ,., InS,- ,  I , , , , -  • ‘s , l\ ss I ,s I ,’, If l ,Ifl, - ‘.1 ‘ s I ’ s ,  ~~~~~~~

S \ ‘  V s  1fl~l~ ’S I p ’ , I l  III lu I~,- ’  II,—,,p - ‘l..n,I.I,,1,
S ‘s, I ,,otn,l l’ s.- ’  S f l , f l 5 ’~f l I ,  I~

55,’ I I ,’ .~~Ss \~ n’L ,,.~n.I,,1. 5 I~ IIt15,l,SIIS - I ’ ~~iI.-I,z. n.i .h s - f l
I f l l ,n f l f l l f l i f lI ,- 1,51 ,,I,,I S I , .’g, .,,,,.’,.’, l 5~~~, I f h f l f l f l ,  I - 

I .n f l f l f l ’- I l ’ IS.  i f lf l W
S . n ,u p f l . n l s  \I .I ,$ , ,n iI.’~~,,,. \s ’i ‘ ‘ ‘ ‘ IS I -l’ . ‘.1,-

~,n’ l , I s - I , , , , ,I , , I ,- S Il,.ta f i n .’ ‘ .s ’ - ’ ’ ’ ’’’ ’ - - ’ n l,,,,I. s.ni 
14111151

• ‘SlflSIf lSS ’ S n.ol,’ ,In,i, PS l n ’ f l ’ f l ’ f l  SI n,I,,,I
I1;.,-. .Si , . .

• -fl .I,I~’,IInhlP I SS” ‘

— . ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~
— —

~~~~ 
- -

~~~—-..~~-- ____,_.._il~~~~.____ ~~~~~~~~ — ~~ ~~~~~~~~~~~~ .. . ~~~~~~~~~ S — ~‘ ‘- --



~~ --~~~~~~~~~~

58 Def ense Systems Management Review

Error Distribution
If we look at the error distribution in a large data base compiled over a number of

years and across a number of programs, we see that 60 percent of the life cycle
defects (that is, the sum of all defects recorded both during development and after
delivery) are attributable to errors in the functional and logic specifications. For the
purpose of discussion these may be grouped together and referred to as design en ~rs.

Design errors are the major contributor to the quality/productivity problem.
They represent 40 to 60 percent or more of the total defects and represent as m uch as
80 percent of the total error cost to fix. A primary reason for the high cost is that in
the old-style programming process , design errors are typicall y discovered late in the
test cyc le, w hen they require more effort to correct. There is general agreement that
the cost of correcting an error is a fun ction of the age of the error. The cost to correct
a design error late in the system test phase is at least 10 and as much as 100 times
greater than the cost to correct the same error while still in the design phase (Figure
2), The age-to-cost relationshi p holds true for all error types—th e later the find the
more expensive the fix. This points to the strategy we can use to attack the
problem—the strategy of prevention and early detection of errors.

Figure 2

COST OF ERRORS
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Prevention Techniques/Improved Programming Technologies
Figure 3 shows the four basic error categories mentioned earlier with the

causat ive factors repeated. The prevention techniques listed are by no means
exhaustive or detailed, hut they are representative of a host of improved program-
ming technologies that are being used with increasing success today. While quality
programs in the past have under-emphasized prevention of errors as a viable process.
the notion that “gett ing a program right ” rather than “gett ing it to work ” is now in
vogue. Dr. Harlan Mills, IBM Federal Systems Division Director of Software
Engineering and Technology, in his paper on software development, says that
“...getting programs to work is a by-product of getting them right. ” He further
states:

Since it is well known that no foolproof methods exist for knowing that
• I the last error in a program has been found, there is niuch more practit~ l

confidence to be gained in never finding the first error in a program , even in
debugging. Ten years ago this would have been dismissed as unreal. Hut it
is happening with regularity among good programmers today -

The reason program correctness is key to good program design is that a
discipline of rigor is imposed in place of the currently widespread heuris-
t ics. Structured programming is marked by a stcpwise refinement design
process, in which programs are derived and validated as successive func-
t ion expansions into simpler, more primitive functions. At first glance.
stepwise refinement may simply look like an orderly , top-down sequence
for inventing program statements , hut there is more at stake in going from
heuristic invention to rigorous derivation. W hat is at stake is a visible
design structure t hat survives the coding, for use in maintenance and
modification as well as implementation. Each refinement marks the top ot’
a hierarchy which can serve later as a new intermediate start ing point t~ r
verifying correctness or adding capability to a program.’

The improved programming technologies have been implemented in the IBM
Federal Systems Division. Mixed results have occurred in some cases because of a
large variation in understanding of the techniques among programmers and pro-
gramming managers. Programming managers are naturally hesitant to change a
process or technique t hat has been successful in the past. However, old methods are
no longer approp riate because we are looking at success in a new, more quantifiable
way. The new measure is how a program will perform over its life cycle, not Just
development cost and schedule.

In our drive to reduce overall programming cost, we must build the att itude to
utilize the improved programming technologies with the rigor intended, l’his is the

‘Harlan D. Milk , “Software Development .” IFFF ~~~~~~~~ c’fl .5~1?s~~n Fn.~uwrnn,&. Vpi St I .
No 4 , December lQ7b
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Figure 3

CORRECTIVE ACTION: ERROR PREVENTION
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only way we will achieve the full potential offered. However, it is not all attitude. The
Federal Systems Division has recognized that consistent, efficient implementation of
improved programming technology must be based on a common understanding of,
and approach to, these new methods. Consequently, a software engineering educa-
tion program has been implemented which is aimed at bringing every programmer
and programming manager up to a common understanding of, appreciation for, and
ability to apply a rigorous engineering approach to designing and implementing
software systems. This program goes back to basics. Starting with elementary logical
expression, it proceeds through systematic programming and systematic design
courses and workshops. Mills says, “We build programs from t he top down but
should learn programming from the bottom up.” Universities have provided much
of the research for the software engineering discipline but generally have not yet
developed undergraduate curricula to specifically deal with it.

The new emphasis on QA with improved programming technologies for error
prevention, even with inconsistent application, has shown some encouraging results
(Figure 4). Twenty-eight errors per thousand source lines of code seems very high,
but programmers have been t raditionally tight-lipped about how many errors they
find and fix in debugging a program, and even after the program gets into test, the
actual number of problems has not always been reliably recorded. The numbers
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Figure 4
ERROR DISTRIBUTION WITH PREVENTION MEASURES

Life Cycle Defects /KSLOC
Category Prev ious Current

Functional Specs 1 7 1 2

Logic Specs 1 7 6

Code 13 6

Documentation 8 4
55 28

* 1 o~ Source Lines of Code

shown in Figure 4 represent an honest attempt to count and classify all errors found
during both the development and operational phases of the program life cycle.
However, the reduction in error rate from 55 to 28 errors per thousand source lines
of code is still very significant and we should begin to see an inflection in the software
cost growth curve if these results are sustained and improved. Obviously, functional
specification errors, which are in general the most costly to correct, have seen the
least improvement. The lack of improvement in functional specification error rate is
due, perhaps, to the fact that developing functional specifications is still largely an
interpretive process. The functional specification process lacks the precision we have
seen developed for log ic design through the use of the grap hic rather than narrative
technique. This is an area where additional new techniques and innovations are
required.

Def ect Detection
After a full measure of prevention has been applied to the development process,

we must still deal with the possibility that errors have been made. Errorless
programming is still an academic topic rather than common practice, at least for th e
present. As previously shown , the earlier a defect is detected the cheaper it is to
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correct. Not only is it cheaper, it is really more correctable. How often have we seen a
less than optimum fix installed because there isn’t money, t ime, or ability to go back
and reprogram correctly? There are still many systems in the military whose target
machines are very efficient for the application, but terribly inefficient as a develop-
nient base. Sometimes days, or even weeks, are required in an inefficient environ-
ment to turn around new source code and do a system build. As a consequence. there
has been a high reliance on object patches as a means of gett ing in a fix quickly.
Unfortunately, patches sometimes create a bigger problem than they solve. Patches
seem to beget patches, and eventually continuity or correspondence with the source
is lost. Hence, if errors are found immediately after coding a module, the fix is
usually not difficult and only the original compilation is lost. Programmers have
always felt it easier to debug their code on the machine using test cases that they
themselves have generated , but new evidence shows that it is not easier. Testing most
often only shows that there is an error , or unexpected results. It does not pinpoint the
source of the error. The test may provide a clue, but the final analysis and discover
is done by the programmer with the listing, reading the code. If this is true, then why
not read it in the first place? Code reading has often been practiced by programmers
with good results. We now understand, however, t hat going one step further will
yield even better results. The code should not only be read, but inspected. This
should be done by a team that has been given a road map to follow and some time to
prepare. A moderator should be assigned to conduct the session, and accurate
records of the findings must be kept. The programmer should follow up on the
correct ions made to the code before it is allowed to enter the test and integration
process.

The notion of code inspections as an efficient detection process has been put forth
by Mike Fagan. who has written extensively on the subject and has provided good
data to support his conclusions.’ Fagan has not only shown that the inspection
technique is good for code but has proposed it as a design evaluation/error detection
tool as well.

Design and code inspections have been implemented on several large programs in
the Federal Systems Division of IBM and the results have been found to compare
quite favorably with those published by Fagan. Figure 5 shows some results on three
programs. A learning process in the inspection technique is evident because all three
programs were similar in su e, complexity, language. and application. The program-
mers also had a similar level of expertise~ hence, it was felt that the code should have
been of similar quality. Yet, on the first attempt the inspection team found more
benign error types, violations of rules, standards and conventions than were found of

‘M. F. Fagan . “fle ~ign and Code ln~pectionc to Reduce Frror~ in Pr~grarn t’)es-eiopment .” 1KW
cistern J,’urnal. 1Q76 . p 182.
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Figure 5
CODE INSPECTION ERROR OCCURRENCE PERCENTAGE

Samples

Error Type A B C Fagan

Coding Logic 9.75 33.33 42.11 26.4
code Comments 4.88 13.79 11.90
Language Use 0.0 4.60 9.62 12.9
Storage Use 0.0 10.73 9.37 0.3
Design Error 4.88 6.51 6.66 22.1
Interface 0.0 8.43 4.89 5.5
Performance 4.88 10.73 4 . 13 2.9
Standards 60.98 4.98 4.05 0.0
Other Coding Errors 4.88 1.91 3.38 0.0
Test & Branch 9.7 5 3.45 1 .35 2.0
Documentation Prologue 0.0 0.77 t .27  14 .9
Maintainability 0.0 0.77 0.76 4 .0
Flow Chart 0.0 0.0 0.51 2. 1

100.00 100.00 100.00 100.00

IBM System Technical lournal No. .3 , 1976

the malignant error types (for example, logic errors). Note that this technique was
not received enthusiastically since some programmers are extremely reluctant to
make public their code before they are sure it has been completely debugged.
However, early publication of the code is exactly what we wish to encourage. When
programmer and machine time are considered, unit testing or machine debugging by
the development programmer is beginning to look like one of the least efficient
removal techniques in terms of the number of defects found. The effectiveness of unit
test is very difficult to measure because it has always been considered the program-
met’s’ personal domain, and they do not wish to change it or have others infringe
upon it. We really do not have enough data at this point to summarily dismiss unit
testing completely in lieu of inspection. However, most of the changes to a program
during the unit test phase seem to involve more style than substance, making the
program better rather than making it right (at least in the eyes of the programmer). 
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Def ect Detection Process
The list of defect detection processes commonly used in many Federal Systems

Division programs is shown in Figure 6. Design and code inspections are the newest
additions to this list and from an early detection point of view seem to offer the
greatest potential. Traditional test programs usually find only about half of the total
errors created, which means that without the additional reviews and inspections the
number of latent errors delivered may be quite high.

A genera l error detection profile which might be expected with the implementa-
tion of the reviews, inspections, and tests from the previous list is shown in Figure 7.
Obviously, if the efficiency of inspections can be increased, the resultant increased
slope on the detection curve will have a significant positive impact on the develop-
ment schedule and life cycle cost. If most of the errors are removed before the test
cycle, the cast of this most expensive part of the development program will go down
significantly since most of the test time and effort is devoted to finding and fixing
errors.

The effect of improved programming and defect removal techniques can be seen
in Figure 8. The potential for improvement is clearly a function of how rigorously
t hese methods are employed. Users of these techniques are already seeing the benefit.
Continued emphasis on more rigorous implementation of these basic methods will
ta ke us well along toward the goal of zero defects , and w ill have a positive effect on
programmer productivity. These will, in turn , lead to lower life cycle cost for
software systems.

Figure 6
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Figure 7

Reh~biIity Growth in Development
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MODERN PROGRAMMING PRACTICES AFFECT SYSTEM QUALITY ,
RELIABIUTY AND PRODUCTIVITY
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NEW DIRECTIONS
FOR NAT O

Dr. William J. Perr y

Nearly thirty years ago, the North Atlantic Alliance united IS democratic
nat ions bound by a common desire to oppose aggression and provide a future of
liberty and freedom for their children. History records this as a most successful
alliance—no other has brought together so many independent nations for so long.

- - The theme for this conference, “New Directions for NATO,” is apropos to the
coming fourth decade of the Alliance. The conference has highlighted the prospects
for future success of the Alliance as well as the serious obstacles and problems which
remain to blunt its effectiveness. It is time for the Alliance to move in new directions
if we are to sustain liberty and freedom into a fourth decade.

I would like to focus on three areas of importance. First. I will issue a general call
to quarters to emphasize my personal concern for the serious challenge which we, as
an A lliance, face. Second, I will discuss actions for NATO to respond to this
challenge—actions aimed at sustaining the success of the North Atlantic Alliance
into a fourth decade and beyond. Finally. I will provide a progress report—a report
describing the status of initiatives underway to stimulate new directions for NATO.

A call to Quarters
The effectiveness of the Alliance over the past thirty years can be attributed to a

common political purpose supported by military and economic strength. This
combination has provided a shield to deter aggression, allowing the development of
independent, vigorous economies which have provided a fuller and more prosperous
life for the citizens of Alliance nations.

Under this shield of stl.ngth, the Alliance has been able to “go it alone.” placing
t he economic interests of each independent nation above the interests of a strong and
effective Alliance. In contrast, the Soviet Union and the Warsaw Pact have focused
not on independence and consumer goods for their citizens, but on monolithic power
building. The Soviets have been spearheading this effort, having increased their
defense expenditures at a compounded rate of 3—4 percent per year for nearly two
decades. They have overcome a 10-to- I inferiority in the central strategic balance.
having now reached essential equivalence.

In this environment of essential equivalence, the strength of our conventional
forces becomes more important. But the strength of Alliance conventional forces is

This article is based on remar ks prepared for delivery by Dr. Perry to the Av iati on ~ and Space
Technology Conference. Brussels. Belgium. on June 2h, 1Q78.

Dr. William J. Pert’. ,.s I nder ~~~~~ c’(Delènse (ReeC.art’h and Engineering). Prior tO ,tt.sumiflg
his current pu-noon he wits President otTSL. inc and Thrrsior cit ESL Lalioratoriec. 1-ic has srnmj on
scientific adusors- ,‘.‘mmit rees flit the Department of ’ Dc-f ènse an,. n National 2~c-cur, ti Coon,’,! His
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being challenged by the same program of Soviet power building. While I believe our
deterrence remains viable, t he trends will give us cause fo r concern during the fourth
decade of the Alliance.

The conventional military strength of NATO ti~- a-its the Warsaw Pact may
be viewed as a moving pendulum. Wh ile the position of the pendulum today
cont inues to reflect the fundamental strength of the Alliance, t he momentum of the
pendulum has been in the direction of the Warsa w Pact for some time, and ii
continues in that direction.

In comparing the quantity of equipment deployed by the Alliance with that of
t he Warsaw Pact, we have become accustomed to a 2-to- I or greater numerical
advantage by the Warsa w Pact in most weapon categories. In the past. much of the
Warsaw Pact equipment was outdated and inferior in quality, and we could sustain
deterrence on the basis of the clear qualitative superiority and diversity of’ our
weapons. But the sustained program of Warsa w Pact power building has begun to
erode our previous qualitative edge in many types of equipment.

Consider, for example. Warsaw Pact groun~~~rces opposite the NATO Central
Region. About three-fourihs of the older 1-54 and T-55 medium tanks in the region
have been rep laced by more modern 1’-62 and T-b4 models. Other significant new
systems include the T-72 tank, the innovative lIMP infantry comba t vehicle, self-
propelled arti l lery , and a number of organic air defense systems. The new artillery
includes a mobile multi ple rocket launcher, and self-prop elled 122mm and I 52mm
guns. Organ ic air defenses include the ZSU-23/4 fully-tracked, radar-assisted anti-
aircraft guns, and five types of mobile or man-portable surface-to-air missiles .

Much of this new equipment is comparable to or better than equipment deployed
in NATO today. Furthermore , t he equipment is generally compatible and interoper-
able, since standardization between nations in the Warsa w Pact is imposed by flat. In
contrast , NA’rO ground forces depend upon armaments that cannot, in many cases,
be used, supplied, or maintained by Allied forces aside from the country that
developed them. For example, a recent General Accounting OfFice report noted that
of 208 items used in a NATO arm y group , very few are common to all four national
forces in that group, and the bulk are unique to individual forces.

Turning to tactical air forces in the Centra l Region . NAJ ’() is again at a nearly 2-
to- I numerical disadvantage. But the qualitative superiority of NA1’() tact ical air
forces, superior pilot training and maintenance, and the ability to rapidly deploy
U.S. tactical air forces to Europe largely redress this disparity. Yet , looking to t he
future, t here is cause for concern.

The Soviet Union is tuoderniting its air force with technologically improved
aircraft. In the past , Sov iet tactical air forces have beeti dedicated to primarily
defensive roles. But modern Soviet air fo rces, equipped with MIG-23s and 27s . and
SU-l7s and l9s, have s ubstantially improved range and pay load capabiliti es. The
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result is a new capability for deep air superiority and interdiction, providing the
ability to attack high-value targets such as command centers, stockpiles, and ports in
Western Europe. We believe that the avionics and electronic warfare capabilities of
these aircraft have been upgraded, placing them on a par with the F-4.

Again, the concern is with momentum—as the Soviets maintain production
advantages that are typ ically 2-to- l for most modern equipment; as they improve the
quality of their equipment; as they expand the diversity of equipment and deploy it to
Warsaw Pact forces which are standardized and interoperable, the deterrence of the
Alliance may be tested. The principal challenge in the fourth decade of NATO will
be to offset this Soviet power building and restore the momentum of the Alliance.

This challenge is a serious one—but one which we can meet given the will and
determination to act efficiently on an Alliance basis.

Actions in Response to the Challenge
To respond to this challenge , we need not match the Warsa w Pact man-fori-man

or gun-for-gun. We should, instead, rely on our fundamental strengths and exploit
the fundamental weaknesses of the Warsaw Pact. Some of our fundamental strengths
are displayed by comparing NATO and Warsaw Pact assets. NATO has nearly a 3-
to-i advantage in gross national product and a 3-to-2 advantage in population. These
ratios underscore the fundamental strengths of the aggregate Alliance economic,
industrial and personnel resource bases. I believe the following four actions are
necessary to exploit these strengths:

I . Increase Def ense Expenditures Three Percent Per Year in Real Terms.
Increased expenditures would stop the continuing erosion in real Allian ce

defense budgets and enable the Alliance to respond to the steady growth in Warsaw
Pact defense expenditures over the past two decades. Looking to the future, three
percent per year may or may not be enough to equal the future increases in Warsaw
Pact expenditures. We don ’t know what those increases will be. While a thr ee
percent per year increase in expenditures will not in itself redress the military
balance, it is a substantial increase for democracies to make in light of competing
requirements, and I believe it is an increase that is likely to compensate for the
adverse trends in the NATO-Warsaw Pact balance if these expenditures are used
efficiently on an Alliance basis.

2 Make Beiier Use o/ ’Def ense Expenditures Thmug h Cooperative Research
and Development.

The lack of effective coordination and cooperation within the Alliance causes the
whole of our defense output to be less than the sum of the contributing national
inputs. Our equipment is not standardized and often not interoperable. We find
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examp les of limited technological quality and high unit costs due to small and
inefficient national production bases.

Coop erative resea rch , developmen t and production can have a major impact on
both the economic and military effectiveness of the Alliance. In the near term ,
cooperat ion can improve the quantity and quality of equipment by minimizing
redundant R&D and providing economies of scale in development and production.
In the long term , coop erative R&D will improve the interoperabi lity of our forces as
standardized equipment is developed and deployed in the field. Furthermore,
standardized equipment will return additional benefits by providing economies of
scale in logistics support and maintenance, ther eby reducing supp ort personnel and
t he cost of operations.

The advantages of coop erative R&D have been recognized for some time, but the
principal stumbling block has been the protection of individual economic interests.
Previous experience with standardization has led our European allies to link
cooperation with “buy American,” I would like to convince each of you here today
that the future of the Alliance rests on increased cooperation on the basis of a
genu ine two-way street.

U.S. industry, and to some extent the U.S. Congress, perceive that increased
cooperation with NATO means selling less of our equipment to Europeans, thereby
losing the economic benefit. They further perceive that the impetus for a two -way
street deriv es from the Department of Defense.

As I see it, the Department of Defense is simply being realistic in responding to
the changing European attitude. I don ’t believe that Europe will accept 10-to-I
procurement ratios in the future. In fact , an Independent European Prog ram Group
has been established to rectify this imbalance, and they are taking action to do so. So
given that the balance is going to change, our actions should be directed to bring
about change in a manner that improves NATO effectiveness.

Constructive solutions to this problem will recognize that the European defense
industry is capable of undertaking growing responsibilities in both prime and sub-
contract roles. Europe has a legacy of expertise in the science and technology of
defense material. But the market within an individual nation has generally been
insufficient to warrant investment in facilities and research on a scale compatible
with efficient production on a trans-Atlantic basis. A successful program of
cooperation will recognize these fundamental characteristics and their implications
for a true two-way street.

3. improve Application of the Alliance 7’echnolog~ Base.
The 3-to- I Alliance advantage in GNP underscores our fundamental advantage

in indust rial base and supp orting technology . There is no doubt that our fundamen-
tal industrial technology is dramatically sup erior to that of the Warsa w Pact—yet we 
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find very adequate technology in their recently dep loyed equipment. They are
ev idently putting their best technology in military equipment and making good
decisions about where technology is important.

While we have substan tial leads in com ponents of technology, we have not been
effective in translating this lead into deployed equipment—and we are seriously
deficient in applying our technology effectively on an Alliance basis. We are simply
not organized to app ly NATO industrial technology to efficiently support NATO
military effectiveness. To stimulate effective application of our aggregate technology
base, we need to improve industrial cooperation and technology sharing. We need to
extend technology sharing to all levels—from the most basic equi pment to t he most
sophisticated.

In an effective program, t he United States will bear a special responsibility for
leadership. In protecting the security of the United States, we have developed
procedures to protect our technology base. These procedures may act as hurdles to
an ally who wants to cooperate with us. We need ways of either eliminating or at
least reducing thc height of the hurdles, so that we can improve the application of
our mutual technology base on an Alliance basis.

Status of Initiati ;e.c to Stimulate “New Directions”
A foundation for new directions is provioed by the Long Term Defense Program

adopted by the NATO Summit in May. This program is a beginning that , one year
ago. I would not have thought possible considering the comprehensiveness, detail
and response to military needs reflected in the p lan. As a vita! underpinning for this
plan, most NATO nations have confirmed their intention to increase real defense
expenditures at t he rate of three percent per year over the next several years.

The heads of government have also endorsed a program of greater Alliance
cooperation to increase collective efficiency . This program contains a variety of
initiatives intended to broaden the basis of cooperation. Our intent in these initiatives
has been to encourage free market “pull” for greater cooperation as opposed to
government “push” We are attempting to remove many of the barriers to trans-
At lantic industrial relationshi ps , and c lear the ~~y for severa l alternative ap-
proaches to effective cooperation.

The traditional approach has been the development of a cooperative program for
each specific project. Examp les of recent progress taking this approach include the
following:

Global Positii ning System
A Memorandum of Llnderstanding(MOU) was approved at the April Council of

National Armament Directors (CNAD). This MOU prov ides for joint participat ion
in the NATO Global Positioning System (NAVSTAR), emphasizing the desi gn and
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application of common user equipment. Participants include Belgium, Canada,
Denmark, France, Germany, Italy, the Netherlands, Norway, the U.K. and the U.S.
The Global Positioning System offers an extremely efficient means of supporting
NATO forces at all levels with greatly improved navigation information.

JP -233 Munition
The U.K. and the U.S. are sharing the expense of developing the JP-233

munition, with the actual development work taking place in the U.K. In May of this
year, the U.K. and the U.S. committed to full scale development of this munition,
which will provide an important capability to deny the use of Warsaw Pact aircraft
through airfield attack and runway cratering. Other nations are being invited to join
the cooperative program.

- 
- 

XM-l Tank Gun
Since 1973, the U.S. Army has engaged in a cooperative effort with the U.K. and

Germany to seek a common, optimal tank gun for NATO forces. In January of this
year, the Secretary of the Army recommended that the German 120mm gun system
design begin U.S. development and testing to adapt it for the XM- I tank. The
objective is to allow the first line tank forces of the U.S. and the Federal Republic of
Germany to use common ammunition.

Modular Forward Looking Inf r a Red Systems
The U.S. and Germany have completed an MOU on the Modular Forward

Looking Infra Red (MOD FLIR) whic h became effective in April. The near term
objective is to maximize common use of MOD FLIR systems and modules by U.S.
and German armed forces. In the long term , we believe this program will impact on
FLIR systems in all NATO forces, providing the military advantages of modern
night vision devices, the economic advantage of shared development, and the

- I operational advantages of interoperability.

Imp roved Sidewinder Missile
In October of 1977, Germany and the U.S. comp leted an MOU to co-produce the

Improved Sidewinder Missile (AIM-9L). Implementing arrangements are nearing
completion and the way has been cleared to permit the transfer of production data

- 

- 

from Germany to Norway and the U.K. With that step, we will be on our way to the
start of the European Sidewinder Co-Production Program.

While these examples illustrate recent progress, working out a cooperative
approach for each specific project is often difficult and deliberate. Consider, for
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example, the efforts associated with the F-b and AWACS . While this alternative is
welcome where it is achievable, I believe a “package” or “family of weapons”
approach offers far greater opportunities for successful cooperation.

The package approach is based upon identifying a weapon or weapons family
having considerable operational flexibility within a broad operational concept. The
next step is to identify countries or groups of countries to fund and develop the
individual weapons in the package The fundamental idea is to improve t - e
probability of cooperation by broadening the basis for cooperation—broadening the
weapons considered as well as the countries interested in participating.

This package concept provides a mechanism compatible with a two-way street ,
and a mechanism which allows the Alliance to benefit from comparative advantages
based upon plevious experience or capital investments.

As an example. consider ship-to-ship missile systems for which France, Ger-
many, the U.K. and the U.S. have a common interest. A potential approach would
be to develop long and short range versions of the missile. After noting common
requirements, the U.S. might undertake development of the long range version and
the U.K. might combine with France and Germany to develop the short range
version. At the completion of development we would make our developments
mutually available for licensed production or two-way purchase to support efficient
production runs. Key to this approach is harmonizing requirements early in the
acquisition cycle. We believe the Periodic Armaments Planning System (PAPS)
being developed under the CNAD will help in this respect.

We are currently exploring packages in several mission areas, including air-to-
ground munitions, air-to-air missiles, anti-tank guided weapons. and anti-surface
ship missiles. We believe that this package approach can provide a new and
fundamental thrust to bring about effective and efficient cooperation in the spirit of a
true two-way street.

Another means of progressing on the two-way street is to offset NATO purchases
of U.S. military equipment. We have examined purchase of administrative vehicles
for use by our forces in Europe, and determined that we could save 3—5 percent in life
cycle costs by purchasing the vehicles in Germany. In May of this year, we
announced the initial award for 225 vehicles. The total program is expected to
involve more than 10,000 vehicles costing more than $100 million.

While we have much to do, there has also been progress in a framework for
technology sharing. In the relevant policy statement by Defense Secretary Brown, the
key sentence is, “Defense will support the t ransfer of critical technology to countries
with which the U.S. has a major security interest , where such transfer can: (I)
strengthen the collective security, (2) contribute to the goal of weapons standardiza-
tion and interoperability. and (3) maximize the effective return on collective NATO
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investment in R&D.” The key phrase here is “return on collective NATO invest-
ment,” not just the return on U.S. investment. This policy has been applied in a
number of key transfer decisions made in the last six months.

The new policies we are undertaking are not politically motivated. Our objective
is to make more effective use of NATO defense expenditures so we can increase
NATO military effectiveness. We believe that effective technological cooperation
can best be accomplished on a company-to-company basis. We are considering such
programs in several areas, and I wish to generally encourage increased trans-
Atlantic technological cooperation in the defense industries. Any proposal for
technology sharing will have to pass one key test—will it increase the military
effectiveness of the Alliance, and do so on an efficient Alliance basis?

Summary
While these actions display some signs of progress, there is much more to be

done. I have issued a call to quarters to emphasize my personal concern for the
challenge presented by the sustained program of Soviet power building.

The Alliance has responded to this challenge with a Long Term Defense
Program. This program provides the means to increase defense expenditures at a rate
which could roughly balance Alliance defense expenditures with those of the
Warsaw Pact.

Within this framework are a number of approaches to increasing the effective-
ness of our expenditures by cooperating on an Alliance basis. The innovative
package approach provides a mechanism for cooperation on a true partnership basis,
allowing the Alliance to develop standardized equipment, benefit from comparative
advantages, and operate on a true two-way street.

New directions in Alliance cooperation will not be achieved on a business-as-
usual basis. There is no way we can overcome the obstacles I described by proceeding
in the future as we have in the past. But I think it can be achieved, and I am
committed to giving my best efforts to make it happen.

President Carter and Defense Secretary Brown have made a personal commit-
meat to improving the effectiveness of the Alliance. The U.S. Congress will be
watching the response. I call on each of you to move in the new direction of increased
Alliance cooperation—cooperation that is essential to sustaining this vital Alliance
into a coming fourth decade. p
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actual number of problems has not always been reliably recorded. The numbers

Announc ement of
8TH ANNUAL DOD ACQUISITION
RESEARCH SYMPOSIUM and 74
CALL FOR PAPERS

The 8th Annual DOD Acquisition Research Symposium, jointly sponsored by the
Defense Systems Management College (DSMC) and the Federal Acquisition Insti-
tute (FAI), will be held 2 — 4 May 1979 at the Naval War College, Newport. Rhode
Island .
The symposium has a twofold purpose. The first purpose is to develop candid, open
discussions between government and industry regarding major policy issues of
concern to those doing business with the government. Secondly, the symposium will
provide a forum for the disclosure of research accomplished in the acquisition
management field, The symposium will primarily consist of workshops on the
following issues:

• DOD Sponsored:
Acquisition Decision Process; Length and Impact
A-109 Impact on New Development and Leveling Effect
Multi Year Authorization Need? Possibility? Impact?
Four Step Procurement
Realistic Cost Estimating
Missionized RFP
Concurrency
Design to Affordability
Acquisition Process Credibility

• FAI Sponsored:
Civil Agency Contracting Officer Role
Socio-Economic Programs Impact
Commercial Product Specifications

CALL FOR PAPERS: You are invited to participate in the resolution of pertinent
issues by providing the results of your research, personal expertise or ideas to the
symposium in the form of a paper dealing with one (preferably), or more of the
above issues, or a closely related matter. Papers judged to add substantially to the
understanding or possible resolution of an issue will be referred to the symposium
panelists for consideration prior to the workshop session at t he symposium. These
papers will also be considered for publication in the Defense S,stem.s Management
Review. Special recognition for the most meaningful papers will be given.

Abstracts (200—500 words) are required and should be sent to the Defense Systems
Management College, ATTN: Program Chairman (Lt Cot Robert Machen). Fort
Belvoir , Virginia 22060, not later than 19 January 1979. Abstracts will be rev iewed
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for appropriateness and each researcher will be notified of acceptance or non- F
acceptance by 1 February 1979. Detailed instructions for preparation of the final (20
page limit) paper will be provided with notification of acceptance.

Final papers must be received by the program chairman not later than 6 April 1979
in order to be eligible for special recognition at the symposium. Researchers who
submit acceptable papers will be invited to attend the symposium and the appropri-
ate workshop sessions.

SUMMARY SCHEDULE

19 January 1979 — Abstract receipt deadline

1 February 1979 — Acceptance notification deadline

6 April 1979 — Final paper receipt deadline

2 May 1979 — Symposium starts 
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