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ABSTRACT

The increased threat from Warsaw Pact forces combine d with H

recognition of the inability of NATO forces to cooperate fully

in combat has caused emphasis to be placed on s tandardizat ion

of equipment , procedures , and tact ics.  The Conference of

National Armaments Directors  (CNAD) and the Military Agency

for  S tandard iza t ion  (MAS) are the NATO organiza t ions  tasked

with implementation of s tandard iza t ion .  The CNAD concerns i t -

self primarily with requirements determination . The MAS

develops NATO-wide agreements at a low system level. Neither

organization is concerned with the total system life cycle nor

does an effective user-producer dialogue exist. A systems

approach is presented as a rational way of making standardi:a- —

tion decisions . A hierarchy of standardization and a system

design mode l are described as methodologies for decision-

making . Alternative ways of implementing the systems approach

are examined using the system design model. A recommendation

is made to establish a systems engineering activity , within

CNAD , to direct and coordinate all standardization activities . 
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I. INTRODUCTION

A. BACKGROUND

“I t  is the po l i cy  of the Un i t e~ S t a t e s  that
equipment procured for the use of personne l of the
Armed Forces of the United States stationed in Europe
under the terms of the Nor th A t lan tic Trea ty should
be s t anda rd i zed  or at  least  i n t e r o p e r a b l e  w i t h  equip-
ment of othe r members of the North Atlantic rreatv
Organization [Re f. 1].”

This statement , made by Congress as a part of the 19Th

Defense Appropriation Act , set the stage leading to the

current emphasis by the U.S . and NATO on standardization of

equipment , weapons , procedures , tactics , and doctrine .

Standardization is not a new concept. It  has been a NATO

ob jec t ive  s ince NATO was fo rmed . Even so , the NATO na t ions

have had a history of going their separate ways with regard

to equipping their forces and working out tactics and pro-

cedures. This has caused the combat capability of the

combined forces to be less than it . should be. A ccord ing to

General Andrew doodpaster Cret .) , fo rme r Supreme Allied

Commander Europe (SACEUR)

“We are not g e t t i n g  a satisfactory return on our
investment for our vast expenditures; we Ire los ing
at least 30 percent and in some areas 50 percent of
our capabili ty due to lack of standardization
[Ref. , p. 21] . ”

It  ha s been de termine d tha t  the NATO a l l i e d  combat f o r c e s

employ [Ref. 3 , p. 61 :

.3  d i f f e r e n t  types of combat aircraft
- different types of main battle tanks

10
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.8 different types of armored personne l carriers

. 2 2  d i f fe ren t  types of a n t i - t a n k  weapons

Even the Allied Mobile Force , a quick-reaction , highly

maneuverable combat force composed of troops and equipment

of seven nations uses:

.7 different types of combat aircraft

.6 different types of recoiless rifles

.4 d i f f e ren t  types of wire guided missiles

.3 different types each of mortars , rifles , and machine
gun s

The net e f f ec t  of this is higher acquisi t ion costs , dupli ca-

tion of logistics support , and reduced ability of forces to

support each o ther .

Only within the last several years has there been a

growing alliance-wide recognition that the need to achieve

s tandardizat ion is urgent . Indeed , the policy of achieving

standardization within the NATO forces is receiving the

highest level support within the U.S. This is evidenced

by s tatements  made by President Carter to a meeting of NATO

Defense Ministers in London on May 10 , 1977:

.1 hope that European and the North American
members of the Alliance will  jo in  in explor ing ways
to improve cooperation in the development , produc-
tion , and procurement of defens e e q u i p m e n t . . . .
Together we should look for ways to standardize
our equipment and make sure it can be used by all
allied forces [Re f. 4 3 . ”

Standardization of weapons and related support procedure s

and tactics is clearly the policy of the United States as

well as the rest  of NATO .

11
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Over the last several years much has been said about how

the NATO nations should collaborate in the standardization

of arms and related systems . Very little has been done to

achieve speci f ic  means of implementat ion  of the guiding

pr inciples  or pol icy .  Many people throughout  NATO say ,

“What we should do , ” but few are saying , “How we should

do it.”

Establishing policy has been a necessary step in the

evolution of increasing standardization . Without high level

guidance , those charged w i t h  the r e s p o n s i b i l i t y  for  imple-

Inent at ion  are forced to set their  own goals  and ob j ec t i ve s .

It is not very likely, under those circumstances , that every-

one would be moving in the same direction. However , the

policy has been well established and most of the concerned

organizations and individuals have accepted increased NATO

standardization as a goal worth spending time and effort on.

The next step in the process is to implement the policy with

specific standardization plans and programs .

B. PURPOSE OF THE THESIS

There are many ways to establish plans and programs .

Some ways are certainly more effective than others . The

NATO organizations have not taken a well organized approach

to making standardization decisions . Implementation , where

it even exists , has tended to react to some of the most

c r i t i ca l  armament standardization d e f i c i e n c i e s  wi thou t look-

ing to the overall system life cycle .



-- 

1

It is the purpose of this thesis to develop and present

a rational systems approach to making standardization decisions

over the entire system life cycle. This approach is then

compared with current methods used for standardization.

Problem areas are defined , alternative solutions are pre-

sented , and recommendations are offered.

C. RESEARCH METHOD

The research me thod used in this thesis is illustrated

in Figure 1. Four basic tasks were conducted as described

below :

.Task 1 - A study was conducted to determine the basic

definitions of the systems approach including detailed

methodologies suitable to aid in making standardi zation

decisions . Definitions of standardization terms , used

throughout NATO , were examined and a classification scheme

was developed to relate the terms to each other.

.Task 2 - Current NATO approache s to s tandardizat ion

decision-making were reviewed in detail. A brief history

of past approaches and reasons for their failures was in-

cluded in this review .

.Task 3 - The results of tasks 1 and 2 were compared to

determine those areas in which the current NATO methods

matched the systems approach and those areas wher’ they did

not. The latter areas were identified as deficiencies F

which need to be resolved in order to most effectively

achieve standardization at the least cost.

13
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.Task 4 - Task 4 was a synthesis of alternative possible

solutions to the deficiencies in current approaches identi-

fied in task 3. Development of the alternative solutions

was accomplished using the systems approach descr ibed in

task 1.

A number of d i f f e r e n t  sources of i n fo rma t ion  were used

in developing this thesis. In brief summary, they cons i s t ed

of books and articles in the open literature , terms of

reference and othe r NATO documents , Depar tment  of Defense

direct ives and reports  ( fo rma l  and i n f o r m a l ) , and d iscuss ions

with a number of persons involved in NATO standardization ,

both in Department of Defense and U .S. Congress. The list

of references cites some of the most important documents

used. A review of the documents will give  the reader a more

complete background on the problems and f u t u r e  of NATO

standardization and will be a valuable supplement to this

thesis . Most of these documents are available from the

various agencies as identified in the list of references .

is

-- - 
,____ _ ____a ~~~~~~~~~~~~~~~ S-55 5 -~~ —~~~~_r5 — j .5—



II. THE SYSTEMS ENGINEERING APPROACH

A. INTRODUCTION

This chapter  p resen t s  the systems eng inee r ing  approach

and its applications to NATO standardization . A definition

of re la ted  terms is made . These terms are s t ruc tu red  in

a s t a n d a r d i z a t i o n  h i e r a r c h y  mode l .  The general definition

of a systems approach is then made along with applications

to the standardization issue . Tactical aircraft (TACAIR)

systems are presented throughout this chapter to demonstrate

definitions and concepts .

B. STANDARDIZAT ION DEFINITIONS

One of the principal difficulties in establishing a

common baseline is the understanding of the terms and ex-

pressions used in defining the standardization issues . In

some cases , terms have tended to be used interchangeably

to define the same thing. In othe r cases , the meaning of

certain expressions is vague and subject to differences in

interpretation. It is the purpose of this section to sort

out these definitions and to establish a common basis for

their application. Most of the definitions given here have

been approved by the Department of Defense Steering Group

on Rationalization and Standardization within NATO [Re f. 5 ,

p. 1 8 ) .

lb 
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R a t i o n a l i z a t i o n  and s t a n d a r d i z a t i o n  are general expressions

which , in slightly different ways , describe the unificatio n of

NATO forces. Compatibility, interop erabilitv , interchange-

ability, and commonal i ty  are  e x p r e s s i o n s  w h i c h  r e f e r  to

vary ing  degrees of st a n d a r d i z a t i o n . R a t i o n a l i z a t i o n  is a

high leve l policy term which will be described here for the

sake of completeness but will not be discussed further.

Those terms marked by an asterisk have also been approved by

NATO and are included in the NATO Glossary of rerms and

Definitions for Military Use [Ref . 5 , p. l~ 9]. The

approved definition is given first and is followed by

amplifying remarks .

1. Rationalization

Any action that increases the effectiveness
of Allied forces through more efficient or
effective use of de fense resources  c o m m i t t e d
to the Alliance needs , standardization ,
specialization , mutual support , improved
interoperabilit y or greater cooperation .
Rationalization applies to both weapons/
materie l resources and nonweapons militar y
matters [Re f. c,].

This is a gene ral definition which provides a basis for all

policies relating to standardization. In effect , it says

that anything the NATO members do to enhanc e military

effectiveness and/or the economic condition of the collective

coun t r i e s  is a desirable goal. Rationalizati on may , in

fact , result in some nations giving up some degree of

supremacy in political , economic , or militar y matters for

the common good.

1~
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~ . St andard i :a t ion *

The process by which  member nations achieve
the closest practicab le cooperation among fo r ces;
the most efficient use of research , development ,
and production resources; and agree to adopt on
the broadest possible basis the use of (a) common
or compatible operationa l , administrative , and
logistics procedures ; (b) common or compatible
technical procedures and criteria; ~~ common ,
compatible , or interchangeable supplies , com-
ponents , weapons , or equipment; and c~dl common
or compatible tactical doctrine with correspond-
ing organizationa l compatibility [Re f. 

~~~
] .

This definition also is verY general in that it does

not spec ify the degree to which systems will be made “alike .”

It merely states that movement towards some degree of “alike-

ness” is desirable. This definition fo rms one of  the principal

bases for development of a hierarchy of s t a n d a r d iz a t i o n  w h i c h

is presented later in the chapter.

3. tnteroperabilitv *

The a b i l i t y  of systems , u n i t s , or f o r c e s  to
prov i de services  to and accept se rv ices  from o the r
systems , un i t s  or forces  and to use the s e r vi c e s
so exchanged to enab le them to opera te  e f f e c t i v e -
ly togethe r [Re f . b] .

The d e f i n i t i o n  of i nt e r o p e r a b i 1 it y  imp l i e s  tha t the

overal l  n t i l i ta rv  e f fec t iveness  of m u l t i n a t i o n a l forces will

be enhanced. S tandard iza t ion  and i n t e r o p e r a b i l i ty  are  the

t The term “sys tems ” must  be i n t e r p r e t e d  in the  b r o a d e s t
sense.  A system can be a p h y s i c a l  e n t i r  such ~is a s h i p ,
a i r c r a f t  or set  of e l ec t ron i c  equ ipment .  I t  can a l s o  ~e a
set  of a d m i n i s t r a t i v e  procedures  or t a c t i c a l  d o c t r i n e s . ~lostimpor t an t , a sy st em can he (and u sua l l y  is~ a mix o~ a l l  of
the above . For purposes of b r e v i t y  the e x p r e s s i o n  “ sy s t e m ”
wi l l be considered to encompass all, of the above.

is
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exp re s s ions  most  f r e q u e n t l y  used to d e f in e  the i m p l e m e n t a t i o n

methods  used to achieve h i g h e s t  r a t i o n a l i z a t i o n .  I t  i s

impor tan t  to unders tand  the d i s t i n c t i o n  be tween them as

seen by DoD and NATO members . S t anda rd iz at i on  focuses on

e f f o r t s  to make fu ture systems common ~as much as p o s s i b l e ) .

I nt e r o p e r ab i l i t v  a t t e m p t s  to make al l  sys tems  work  we l l

t o g e t h e r , r e g a r d l e s s  of whe the r they are common or not

[Ref. 3, p. S] . .\ TACAIR example  is the I d e n t i f i c a t i o n

F r i e n d  or Foe equipment (, I F F ~~. I f  two or more NAT O nations ’

ai r c r a f t  have d i f f e r e n t  d e s i gn s  of 1FF equ ipment  they w i l l

p r o b a b l y  not  be i n t e r c h a n g e a b l e  or common. However , i f

they can still function together in an operating environment

to mutuall y ident ify each othe r , t hey  are cons ide red  to h~
i nt e r o p e r ab l e .

4 . Co m p a t i b i l i t y 0

C a p a b i l i ty  of  t w o  or more  i t e m s  or  componen t s
of equi pme n t or ma te r i e l  to ex~ s t  or fu n c t i o n
in the same system or env i ronment without mutual
i n t e r f e r e n c e  ~Ref . 5 , p. ~~~~
rhis d e f i n i t i o n  does not  i m p l y  any degree of f un c t i o n a l

relationship. All it says is that one system w i l l not cause

any degrada t ion  of othe r s epa rat e  s s t e m s .

5. Interchangeability 0

A Condition which exists when two or more
i t ems  p ossess  such f u n c t i o n a l  and p h y s i c a l
c h a r a c t e r i s t i c s  as to he e q u i va l e n t  in p e r t ’or-
man ce and dur ab~~L i t v , and are  capab le  of h e i n g
exchanged  one fo r  the o the r  w i t h o u t  a l t e r a t i o n
of the  i t  ems themselves or of ad~ 01 :~ I ng L tems
excep t  fo r  a d i u s t m e n t , and without selecti on
f o r  fit and p e r f o r m a n c e  [Re t’. 5 , p .  ~~~~
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t h i s  d e f i n i t i o n  im p l i e s  t h a t  the  i t e m s  do not h a v e  to

he i d e n t i c a l  .is to the ir internal design. H o w e v e r , the  i t e ms

must  he equ i v a l e n t  one to another. this implies that form ,

fit , and f u n ct i o n  mus t  be s i m i l a r  enough to the  r e s t  of the

system as to cause no s i g n i f i c a n t  change in p e r f o r m a n c e .

Adap t or s  and othe r forms  of compensa t ion  may he r e q u i r e d .

onc e again in th e 1, \C.\ 1~ case , r e a r m am e n t  of  one n a t i o n ’s

a i r c r a f t  w i t h  weapons or stores from another nation ’s ai.-

base is a good e x a m p l e .  U . S . aircraft , f~~
. instance , w i l l

no rm a l l y  c a r r y  ~1 S. ‘~eapons . H ow e ver , ~ t
’ the ci rcum s tar5ces

w a r r a n t do ing so and the weapons are  des igne d to  he inter -

ch a n g e ab l e , that same a~~rc r a f t  may  a l so  c a r ry  United kingdom

w eapons , I ta l ian w e a p o n s  . and so on

~~~. Conimonalitv

A qu al  ~tv  wh~ ch ap p l~ es to m aterie l or systems
pos sess ing 1 i’xe and intercnangeab Ic charact er i st ic s
en ah 1 ing each to  he at ii :ed or opera ted  and

— matnt .Lined hv ~‘ersonne l t r a i n e d  on the others
w i t h o u t  ad d i t ~~on a l  spec~ ali:ed training ; ~in d o ~h av in g  in t e r c h an g e a h  Ic r e p a i r  p a r t s  and or  corn -
ponents  ; and app lv ing to consumable i t e m s  n t ~.’
ch angeah  lv  equ iva  l e n t  w~~t h o u t  a d ’  us r m e n t  ~~ .

Common ality suggests t h at  t h e r e  a~~ no

e x t e r n a l  d i f f e r e n c e s  he t w een  i t ems . that is , the “ f o r m , q

fit , and func  t ion ” a r e  identic al . the interna l compos it ion ,

however . ma d~ f f e  r e n t ,  thus  , the sv st e m s  need not he

I . the’ as t need to func t . on i a a l l  r e s p e c t s  as

• if  they a r e .  A t \ C A ~~}~ case ~s ~~ mm a m m u n i t  i on .  ~2 x t o ~’n a l

fo rm , fi ~ , and function is  ~den t  i c a  f r o m  one countr ’ t o

-5 - ,- -5 5-— ~~~~~~~~~~~~~~~~~~~
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anothe r (in most cases). The internal design may or may

no t be identical but gun operation wi ll still be possible.

C. HIERARCHY OF STANDARDI:ATICN

I t  is apparent  tha t  there  are a s i g n i f i c a n t  number of

terms r e l a t e d  to s t a n d a r d i z a t i o n  and i nt e r o p e r a b i l it v  w i t h i n

NATO . Although all terms have been officially accepted and

agre ed to by DOD , NA TO , or b o th , there  has not been an

adequate  a t t e m p t to dep i c t  the r e l a t i o n s h i p s  among them .

Nor has there  been an o r g a n i z e d  a t t e m p t  to use the def in i -

tions or an organized standardization program as an aid in

planning the acquisition of systems and materials within

NATO or  in u n i f y i n g  N A t O - w i d e  procedures and doctrines.

The re is a tendency to c o n s i d e r  s t a n d a r d iz a t i o n  as a dis-

crete concept , i .e., “~e either have it or we don ’t. ”

The real life situa tion is t h a t  standardization exists at

a number  of d e f i n a b l e  l e v e l s.

Figure 2 illustrates the relationships among the

prev ious ly  def ine d s t a n d a r d i z a t i o n  terms and shows how these

represen t increasingly greater degrees of standardization.

the h i e r a r c h y  of standardization is presented for two

purposes .  The f i r s t  purpose  is to p rov ide  the reade r with a

way or’ understanding the m e a n i n g  ~ f standardi zation within

the NATO context. The second purpose is t o dovel op a tool

which  can he used to a id  in m a k i n g  d e c i s i o n s  w i t h  r e g a r d  to

a desi red level  of s t a n d ar d i z a t i o n  f o r  any s y s te m .

2 1
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S ta n d a r d i z a tion , as used here and throughout the remainder

of this thesis , should be considered as encomp assing the

en tire spectrum from total dissimilari ty to identica litv .

The degree of standardiza tion is greatest at the center of 
V

the f i g u r e  and each level  becomes a subse t of the one

preceding i t. 
- 

-

TACAIR will be used again as an example to illustrate

the hierar chy of standardization. Specifical ly , aircraft

launched precision guided munitions t P GM ) will be assumed

us ing  laser  seeker s . Designation of targets w i l l  be by

eithe r airborne or ground-based lasers . 
-

Compa t ib le  sys tems r e f l e ct a degree o f s tandard i za tio n

wherein there is no mutual or unilateral degradation in

performance or function among them. This  lowes t  degree

merely indicates peaceful coexistence in the same environment

but no mutua l support. According to the definition of com-

pa tibility , the PGM ’ s and target designa tors of different

nations canno t he lp  each o the r bu t  a t  leas t they  do n o t

interfere . There is essentially no interoperahility in

this  degree .

In teroperabilitv takes a step forward towards standardiza-

tion.  At this level , two or more systems are not only

comp atible but are able to function togethe r in a c o o p e r a t i v e

sense .  They m u t u a l l y  aid and s u p p o r t  each other to the hene-

fi t of bo th . In this sense interoperabilit y becomes a subset

at’ compa tibility . Several case examples come to mind . A

— j
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U. S. PGM migh t be used with a target designator from another

coun try . They mu tua l ly  suppor t one ano ther .  Ano ther  exampl e ,

curren t ly being implemen ted , is cross-servicing “ aircraft

Aircraf t from one nation may land , re fue l , and rearm at the

airbase of anothe r nation.

The next degree of increased standardization is inter-

changeabili ty. This represents a considerable advance in that

the sys tems are no t only in te roperab le  bu t can be exchanged

one for ano ther should the need arise. The condi tion is

that the exchange should be able to be accomplishe d with only

minor adjustments and realignments . A t this level , the

NATO members may go their own ways in design and produc tion

of equipment and m a t e r i a l s , bu t  i t  is impor tant  to ma in t a in

such close coordina tion of functions , per formance , and

interfaces that the system or equipments may still be substi-

tuted one for another. The internal design and composition ,

however , may still be entirely different. Continuing with

the tac tical aircraf t example , a U . S. aircraf t would rearm

at an FRG a i r f i e l d  using PGM weapons of FRG desi gn ins tead

of U . S. weapons . This might invo lve the use of special

adap tors , r igging and d i f f e r en t procedures bu t would resul t

in a f u l l y  combat ready a i r c r a f t .

Commonality is the next higher degree of standardization

and r e f l ec t s  a r e l a t i v e l y  small  bu t  potentially important

advance over i n t e r c h a n g e a b i l i t y .  Commonal i ty  a l lows comple te

in terchange of sys tems w i th  no need fo r  adj us tments ,

-5— —5 --5 ~~~~~~~~~~~~~~ -, ~~~~~~~~~~~~~~~~~~~~~



realignments or any other form of compensation in other system

componen ts . To all extents and purposes the form , f i t and

funct ion are exactly the same even though the internal design

and composition may still be different. Obviously control of

interfaces becomes critical at this level. Once again using

the tact ical  a i rcraf t  example , the FRG weapon would be to

all intents and purposes the same as an equivalent U.S.

weapon. This “al ikeness ” would extend beyond physical

characteristics such as length , weight and form to include

handling/safety procedures , maintenance procedures , etc. The

only external differences allowable would be in minor areas

such as color and markings which do not affect form , f i t , and

function. The difference between this degree of s tandardiza-

tion and interchangeabil i ty  is in the el imina tion of adap tors

or othe r form s of external compensation.

One additional comment should be made regarding the

hierarchy of standardization . It  may be d i f f i cu l t  to f i t  a

particular system into just one of the degrees of standardi-

zation described, In fac t, it is like ly that decomposition

into system components , procedures , tasks , or doctrines and

policies may reveal that each exists at a different place

in the hierarchy from the o thers ,

0. THE SYSTEMS APP ROACH

The systems approach is a generalized framework by which

decision making may take place in a logical  and coherent

I
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manner. Churchman provide s a succinc t def in i t ion ,

“Systems are made up of sets of components that work
togethe r for  the overal l  ob jec t ive  of the whole. The
systems approach is simply a way of thinking about
these systems and their  components [Ref . 7, p . 11].”

It is the intent here to firmly establish a systems approach

framework by which NATO standardization decisions may be

made.

A reasonable first step is to define the term “system .”

According to Kline :

“A sys tem is a set of elements organized to perform
a set of designated functions in order to achieve
desired results. An element is a set of resources
organized to perform some highly interrelated sub-
set of the desired system functions . The resources
which comprise a system include personne l, materiel ,
equipment , facilities , and information [Ref . 8,
p. 1-14].”

The above definition is generally applicable in that it

includes doctrine s , principles , and procedures as well as

physical hardware. I t  is in this broad view that the word

“sys tem ” must be defined. Standardization in the NA TO

context mus t include not only physical equipment and

materials but administrative procedures , logistics philoso-

phies , tactical doctrines , and even broad economic and

political relationships between the nations . The importance

of thinking of systems on a total view canno t be over-

emphasized. It is with this kind of view that decision-

making with regard to standardization mus t begin. This

idea is discussed more fully in the next section.

26
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The sys tems  approach is s i m p l y  a way of planning , ana lyzing,

and making  r a t i ona l , i n f o r med dec i s ions  ~~it h  regard to systems .

According to Ramo :

“The systems approach applies logic , wisdom , and
imagination on a sophisticated technological level .
It is often quantitative and always objective . It
makes possible the consideration of vast amounts of
data and of numerous , often conflicting , considera-
t ions . It spells out the interactions among the
elements of complex real-life problems , recognizing
the need for careful compromises , for ‘tradeoffs ’
among competing factors such as time versus cost.
rt uses simulation and mathematical modeling , w hen
applicable , to predict performance before the entire
sys tem is brought into being . By insisting on an
examination of the total problem - -  the goals , the
criteria , the costs , the benefits , and the penalties - -
it seeks to disclose what we can expect to get and
what it will cost us , and it makes feasible the
selection of the best from among many alternat ives .”

Ramo goes on to say ,

“It i the systems engineering approach~ concentrates
on the analysis and design of the whole, as distinct
f rom the componen ts or the par ts.  It insists upon
looking at a problem in its entiret y, taking into
account all the facets and all the variables , and
relating the social to the technological aspects
[Ref. 

~~ , p .  15] . ”

Kline provides an excellent foundation for applying the

systems approach to decision -making for NATO standardization :

“The sys tems  approach  r ecogn izes  the i n t e r -
r e l a t i o n s h i p s  wh ich  t ie a system together; Lt
recognizes  that factoring out a part of a problem
by neglecting the interactions among subsystems
and components increases significant ly the proba-
b i l i ty tha t  a s o l u t i o n  to the problem w i l l  not be
found ; it requires that the bounda r i e s  of the sy s t e m
be extended ou tward  as f a r  as is required to deter-
mine which in terrel ationships ire signi ficant to
the solution of the problem [Ref. IS , p. 1- 12 ] .“

- 
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Thus it is apparent that any attemp t to s tandardize  systems ,

procedures or doctrine s on a p iecemeal basis without con-

sideration for overall impact may not succeed in achieving

• desired standardization results.

A general overview of the sys tems approach is not complete

without some discussion concerning the system life cycle. As

seen in Figure 3 , Kline [Ref. 8, p. 2-3] breaks the system

life cycle into separate and distinct phases. These phases

match quite well with the DOD acquisition cycle as well

as the actual events which occur throughout a system ’s life.

The four factors at the top of the figure represent the

• primary inputs to problem formulation discussed in the next

section. While the issue of standardization may come up

at any phase of the system life cycle , the planning period

decisions are of most critical importance. It is this

period , consisting of the concept formulation and system

definition phases , for which the approach and recommendations

of this thesis are focused.

E. APPLICATION OF THE SYSTEMS APPROACH TO sTANDARDI:ATI0N

An important objective of this thesis is to present an

analytic methodology based on systems approach principles.

This methodology should result in more effective and

rational standardization decisions . Figure 4 is a slight

modification of the system design process definition by

Kline [Ref. 8, p. 3-2]. This figure illustrates the

systems approach principles as applied to the issue of

28
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SY STEM REQUIREMENTS — — ________ —

( 
DEVELOPMENT PHASE 

A C Q U I S I T I O N
I P E R I O D

MODEL (PRODUCER)

PRODUCTION AND
INSTALL A TION PHASES

SYSTEM _ _ _ _ _ _
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I PERIOD
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NATO standardization and will be referred to throughout the

fo l l owing  d iscuss ion.

1, Sys tem Design Mode l

The model fo r  sys tem design , shown in Fi gure 4 ,

illustrates a basic decision model.

It begins with formulation of the problem to be

solved in terms of requirements and objectives to be reached.

It then proceeds with the synthesis of possible (and

reasonable) solutions to the problem . These system alter-

natives are analyzed to obtain data on system characteristics

and performance . A comparative evaluation is made , i.e.,

how does each system solution compare to the original

objectives and criteria established during formulation .’

When a satisfactory and reasonably optimum solution has been

reached , a decision should he made to imp lement that solu-

tion. If evaluation indicates that none of the system

alternatives meets the criteria then the alternatives must he

revised , the requirements and ob3ectives redefine d or both .

This l a s t  s tep  r ep re sen t s  the i t e r a t i v e  na ture  of the p r o c e s s .

thus , the s y s t e m  d e s ig n  process provides  a means w h e r e b y  the
• •problem and its possible solutions may be matched in an optima l

way . Each step of the process is now discussed in more detail

with particular emphasis on application to i s sues  of NA T O

s tandardization.

Si
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a. Model Inputs

Many differen t factors influence a dec i s ion  on

whether  or not a sys tem should  he s t anda rd i zed  throu ghout

NATO . These f a c t o rs  provide the input info rmation which is

used to establish standardization requirements and objectives

during the formulation process . Consideration should be

given to such factors as:

.Basic military requirement

.Degree of curren t system obsolescence

.Degree of current sys tem standardization

.Extent of NATO-wide usage

.Impa c t of new technology

• . Environmental and doctrinal constraints

. Increase in threat resulting from standardization

These factors are representative of the kinds of information

needed to formulate requirements and obiectives. Some of

the information will be subjective , at least initially .

Othe r information will be more specific and objective.

A potential problem which  has occurred many times

within NATO is the existence of conflicts in the input infor-

ma tion. These conflicts may have military or political over-

tones ~such as giving up a technological capab ility in order

to achieve standardization~ or just basic disagreement is to

the need for  s t a n d a r d i z a t i o n  for  a p a r t i c u l a r  s st em . Wh at-

ever the cause , i t  is a p p a r e n t  tha t  such conflict s between

nat ions  have a lways  ex i s t ed  and will continue to exi st in

32

- ~~~~~~~~—-- L~~~~~~~~~~~~-- -~~ — • - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~



r - - - — — ——- -- -- - -—---— 
—~~~~~~~

the future. The i m p o r t a n t  thing k5 to make sure that the

process continue s and is not stymied b y ea r l y  disagreements.

b. Problem Formulation

Problem formulation consists of combining all the

input information in such a way as to arrive at requirements

and objectives for standardizati on. The importance of doing

a good job in this step cannot he emphasized too str ongly .

This is the point in the system design process wh ich sets

the direction for all subsequent efforts . ~1all [Re f . ~~

p. l~)SJ makes the stitement ,

“It ~s much more import ant ~o choose the ‘ ri ght ’
objectives than the ‘ri ght ’ system . To choose the
wrong obiec tive is to solve the wrong problem ; to
choose the wrong system is m e r e ly  to choose an
unop tiinized system ,”

It is at this point that the desired degree of standardiza-

tion should be determined. r should he recognized tha t

this objective is estabLi shed init iall y ~~~~ concern only

for the degree of desired standardization. Later steps
I

will determine whethe r or not the selected degree of

standardization is feasible.

Requirements and ob .’ectives s h o u l d  h e stated in

specific terms . The should be prec ise and unambiguous so

that they can he used to measur e ef fectivenes s of lat er ~ie-

cisions . Requirements and ohi ectiv e s shou ld ~e cons:sten t and

mutuall y supporting. If incons istencies cr con fl:ct s e x i s t ,

that should be a strong indicat or that f u r t he r t ~- •tde offs and

compromise are needed b e f o r e  pro ceeding to t h e  ne .\ t phase.

5-- 5 . —  5- - --
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In the case of TACAIR , a decision might be made

to have interoperability of aircraft , cer tain weapons/ s tores ,

communications/nay aids , and airbase support as a minimum

degree of standardization. The degree to which these

equipments and systems can be standardized and made inter-

operable is determined during the following phases of the

system design process. Constraints may be placed on the

requirements and objectives . For example , several nations

may be unwil l ing to accept common weapons/ s to res . They

m a y  be more in te res ted  in producing the i r  own weapons / s tores

becaus e of pos s ib l e  sales to non-NATO nations . Other nations

may have difficulty reconciling differences in tactical

doctrines and this can have a strong effect on interoperability.

These constraints are important and mus t be considered.

c. Synthesis of System Struc tures

The next phase in the system design process is

synthesis of system structures , i.e., develop a system (or

al terna tive systems) which may be capable of satisf ying the

desired standardization requirements and objectives. This

phase should be undertaken without an assessment at this

time as to whether standardization of the system between

NATO members is feasible. Indeed , it may be detrimental

to achieving an optimum system if some of the possible

struc tures are discarded at this point before analysis and

evaluation. Structuring of alternative systems may take

several forms depending on the nature of the standardization

34
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requirement. If different N;~r~ syst ems already exist , the

pr ocess may be one of d e s c r i b i n g  them separ ately wi th the

intent of identif’ ing those areas where various levels of

standardization apply. Also imp l icit in this is identifica-

tion of those system elements in which modif ications may

allow standardization to be achieved. If a new requirement

is de termined for which no sYstem is in exI stence , th en

alterna tiv e struc tures ~ ay h e  ~1eveloped t o  s u i t  t h a t  r e qu i r e -

ment.

I t  is n e c e s s ar y  to  u n d er s  t • i n d  th e  ::1eanlng of the
I

express  ion “s s  tent s t ruc t u r e ” b e f o r e  p r o c e e d i n g  further .

~‘hestnut [Ref. 11 , p. ~S} gives a d e f : n i t ~ on .

“ S t r u c tu r e  is the forr~, th e  a r r a n g e m e n t  of
p a r t s , the i n t er r e l a t i o n s h i p  o f  p a r t s  as Jom i : i . i t e d
by the g e n e r a l  c h a r a c t e r  of  the  ~hole .”

Ches tnu t oxpands  th is  d e f i n i t i o n  ~n :~ore  d e t a i l ,

. s t r u c tu r i n g  ~s a w a y  of suhdi~-iJing or pa r titionL :~ga large prob lem into a number of s m a l ’~er  r’roblems
which presumably can he handled separate ly and ther e-
f o r e  more eas i lv . Thus • s truc tur  i :i~ :~ r o v  des  a uo t hod
for reducing the apparent dimen s~ ona l~~tv of large svsten
p r ob l e m s  by  d e c o u p l i n g the i n t e r a c t i o n  ‘t ~~een t h e
d i f f e r e n t  p a r t s  t h r o u g h  t h e  m e c h an i s~i o f  o r g a n i z e d
s e p a r a t i o n.  A l t h o u g h  t h i s  su b d i v ~~s~~on o r structur ing
is p e r f o r m e d  to p r o v i d e  a f i r s t  appr oxiciat ~on to the
s o l u t i o n  of the w h o l e  p r o b l e m , the  I n t e r . i c t  IOn of the
p a r t s  mus t  be considered later once an app arentl y
sa t i s  f a c t o r ’-  f i r s t  - o r d e r  s c I u t  i o n  ha s b een dev e l oped .
The s t r u c t u r in g  a s s i s t s  in  t h e  n e r o  ~ap~~J r ea~~i :a t~~on
of the f i r s t - o r d e r  s o l u t i o n  to t n t’ ov e r • i  I p r o b l e m . ”

•~ha t Chestnut ~s sa’~ing i s  th at s t r u c t - ~ir ~~n g ~s a ‘- % 5 1V of

t h i n k i n g  about and unders tand ing sys tens by  b r o a ~ :ig t: -~e n

down i n t o  sn a i l e r , n o r e  :n a n a g e a b l e  e l e~ne n t s .
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An example of system s truc turing is shown in

Figures 5 and 6 and typifies the approach described by

Chestnut. In this case , existing tactical air forces are

cons idered to be the sys tem , with  one such force in exis-

tence in each NATO nat ion as indicated) In Figure 5 , it

is shown tha t each NATO member concerne d has essen tially the

same type of system . Each nation ’s TACAIR may be broken down

into aircraft , weapons/ s tores and opera tional suppor t . These

three items may be broken down again into progresssively

greater detail as displayed in Figure 6 for the aircraft

element. This decomposition process will continue as long

as required to reduce to the lowest meaningful system level.

I t is apparen t tha t the sys tem could be decomposed in to

several differen t types of structure depending on the nature

of the standarc~ization decision to be made . The first level

might very well be structured according to function rathe r

than NATO member TACAIR. The first level would then contain

elements such as fighter/intercept , str ike , and pa trol air-

craft with the different nations split off as smaller elements

under the ma jo r  headings .
- 

Close examination of the characteristics of each

NATO member ’s TACAIR will reveal that they do not always have

all NATO nations have a significant tactical air
capability ; Luxemborg and Iceland are examples. Only those
nations which contribute to the total NATO tactical air capa-
bility need be involved in standardization decisions . Deter-
mination of involved nations must , of course , occur at highest
levels in NATO .
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the same system structures and element classifications . One

nation may have only simple weapons without target sensors

and signal processing whereas another- nation may have very

sophisticated weapons . Emphasis on certain areas may be

different also. In one nation , the aircraft avionics may be

very complex and capable of performing many functions .

Anothe r nation m ay have tactical aircraft with very simple L1
navigation , communication , and fire control equipment.

Nevertheless, the basic elements of TACAIR should be the same f
in all cases . The main point is that the systems , whether

existing or to be developed to meet new needs , must be broken

down into a common structural framework prior to analysis

of standardization possibilities. This is the essence of

sys tem s truc turing . . 1

The interaction and interrelationships between

elements of a structure form the system interfaces. T~~ se I
interfaces are best established after the s truc ture has been

ini tially completed. Firs t , each eleme nt of the structure ,

at any par ticular  level , is compared with all other elements

at the same level to determine if any interaction is present .

An interface point is defined as existing between these

elements if the analysis shows one or more relationships. The

ease wtth which system elements work togethe r or mesh with

other systems is determined by the interfaces . Interfaces may

take many forms . They may range front meshing tactical pro-

cedures in a coordinated multinationa l air strike down to

_ _ _ _ _  - 
~~~~~~~~~ A-



m a k i n g  re fue l n o z z l e s  i d e n t i c a l  on a l l  aicraft. It depends

ent ire ly on the leve l of the system structure.

An understanding of the system interfaces is

critical in making standardization decisions . Because of

its importance the topic of interfaces and their impact on

standardization is discussed separately in section F in

t h i s  chap t e r .  For  now it is sufficient to understand that

they exist and mus t be full y accounted for .

d . Anal ysis of Svsteni S t r u c t u r es

In the analysis step of the system design process ,

the impac t of the system structure and the hierarchy of

standardization are determined. The purpo se is to e s t a b l i s h

a spec i f i c  de gr ee of  s t a n d a r d i za t i o n  f o r  each e l e m e n t  at

each leve l of the system structure . The requirements and

ob jectives which were set during prob lem formulation are

used throughout this anal sis as eva luation crite ria for

se tting the degrees of standardi zation.

H gure s 5 and t w i l l  be used as an examp l e

sy s t e m  s t r u c t u r e  to i l l u s t ra t e  the  p r o c e d u r e . The f i r s t

breakdown of I A C A I R  into elements yields forces for each

of the >4AT~ members . the rapid expansion of system

element s precludes showing the structure for each nat me n.

S u f f i ce i t  to 1~ sume the’- are prett y much the same .

F i g u r e  demon s t rates the i n - t i v s  i s pr ocess in —

s impl i fie d flow ch;t m- t f o rmat .  The first step i s  t o  deter -

in inc whether the comp to to TAC.~ I R for ce -
~ e I e a ch  NA T~ m i l t  I en

I ~ 
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are or should be compatible according to the minimum degree of

standardization shown in the hierarchy of standardization.

If the answe r is negative it mu st be determined whether the

analysis should proceed to the next element. rn some cases

it may be necessary to re-evaluate the requirements and

objectives very early in the analysis.

The process continues by comparing the increasing

degrees of standardi.ation , as shown in the hierarch y of

s tanda rd i z a t ion , with the system element under analysis . The

nex t  ques t i on  is , “Should TACA I Ii be in t e r op e r ab l e~ ” I f

the decision is yes then the question is asked again with

regard  to i n t e r c h a n g e ab i l i t y .  This  process extends on until

the question receives a negative answer. The las t degree

of standardization which received a positive answer is

then selected , tentatively f o r  T~ C.\IR .

The next step is to move to the next lower

leve l of the system structure and repeat the above process

for each element at that level. This analysis is repeated

again u n t i l  a d e c i s i o n  is reached as to the highest degree

of standardization for a i rcr af t . Table I presents an

example of the implementation of various degrees of

standardization for in aircraft element. The next element

is weapons/stores and i t is exam i n e d  in the same t~av . the

process is continued at this s t r u c t u r e  l ev e l  u n t i l  c o m p l e t e d

at which t ime the next lower level is addressed.
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The result of this analysis is a well defined

system structure with a reasonably thorough understanding

of the degree to which it may be standardized throughout

NATO .

A decision to have a given degree of standardiza-

tion at one level of a system does not mean that all lower

levels will have to have the same degree or greater. For

example , a decision might be made throughout NATO to have

interchangeable avionics system elements on tactical air-

craft.1 This decision , however , applies only to the entire

avionics element taken as a whole. It does not necessarily

follow that lower level elements , such as communications

equipment , can be interchanged from one nation ’s aircraft

to another. The ability to be interchangeable at the next

lower level must be based on a deliberate decision made

concerning that level.

The flow chart format makes it all look e a s y .

En reality , each decision point may require long , diffici.~lt

trade-off studies and compromises . The process described

above simply sets the entire effort into a logical ,

is reasonable to consider standardization of less
than the complete element. In the case of avionics  i t migh t
be decided to standardize on navigation and communication
equipment , for example , and leave radar and fire control
equipment up to the individual nations . The approach taken

• in these cases must be based on guidance contained in the
requirements and objectives.

44

— -5- - . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -•-,.-.--•---



s t ep -by - s t ep  framework . I t  provides a means for making

decisions in a systematic , optimal way rather than in

random fashion.  Even so careful reasoning must still be an

integral part of this process.

He. Evaluation , Decision and Opt imiza t ion  F
The final three steps are reasonably straight-

forward.  Evaluation consists of comparing the standardiza-

tion analysis with the requirements and objectives criteria

as shown in Figure 4. If the standardization decisions

match the original requirements and objectives (assuming

they have not changed) , then a decision to implement the

defined degrees of standardization can be made . If there - ‘
is a mismatch , it is necessary to iterate the process via

the optimization loop shown in Figure 4. This involves

revising the system struc tures , or redefining requirements

— and objectives , or both . Of course , it wi l l  be necessary

to go through the analysis phase again but it should be

considerably easier since the basic sys tem structure and

general fit of the degrees of standardization are usually

much better understood after the first pass through . This

is probab ly true even though optimization may have caused

some changes in the structure or requirements and objectives .

The iterative process will continue as necessary until an

acceptable level of agreement between the s t a n d a r d i z a t i o n

solution and the requirements and objectives has been reached. ~- 

-
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In the case of rAcAIR , assume a requirement is to

have interchangeability between aircraft and weapons/stores

of the NATO nations , If , after the analysis and evaluation

steps , it is determined that interchangeability is feasible

and agreeable between the nations , then the system design

process is complete and implementation may take place . I f ,

on the othe r hand , agreement or technical feasibilit y is not

achieved then both the requirements and system structures

mus t be reviewed . In the case of requirements it would be

wise to ask if the standardization requirements were set too

stringen t and whe ther interoperabi litv might be a better goal.

Also , one or more nations may have technical difficult y

adap ting their aircraft to accept the entire list of weapons !

stores. In this case the list should be reassessed. On

the sy st em s truc ture s ide , the same technical difficuLties

might be resolved by careful analysis and evalua tion of

p rob l e m areas .
r

The sys tem design model has been presented as a

prac tical aid in determining degrees of standardization of

systems between NATO nations . In actual use some of the

steps may be accompl i shed  qu ick ly  and eas i ly . For examp le ,

the problem formulation phase could dei~ine requirements and

• objectives well enough to cause the structuring and ana l sis

phases  to converge quite rapidl y on a solution. rhis does

not mean that a n y  steps should be left out but rather that

op timization can be accomplished rathe r easily if problem

formulation is done wel l.
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F. INTERFACE CONSIDERATIONS

The impac t of in ter faces  be tween sys tems and sys tem

elements is of critical concern . Success or failure of

efforts to achieve standardization of sys tems and/or their

elements depends on careful consideration and understanding H

of interfaces. It is the intent of this section to present

a de f in i t i on  of sys tem in t e r f aces  along w i t h  some of thei r

c h a r a c t e r i s t i c s  as r e l a t ed  to s t a n d a r d i z a t i o n.

1. Definitions

Webster [Ref . l.~J defines interface in two ways.

“A surface regarded as the common boundary
of two bodies of space .”

“The facts , problems , considerations ,
theories , pract ices , etc.  shared by two or
more discipline s, procedures , or fields of
study .”

Although technically correct , these definitions are general

and do not reflect the exact meaning and impact of system

interfaces to system standardization. An al terna te defini-

tion is offered for consideration . This definition more

accurately reflects the strong system-oriented nature of

interfaces .

Interfaces are those interrelationships which
exist between systems and between various identi-
fiable elements of a system and which , when proper-
ly matched , allow the system to function at maximum
efficiency and effectiveness.

Maximum efficiency and effec tiveness as used in the above

definition does not mean the system is of o p t i m a l  des ign  to

meet establishe d requirements. It simply means that the

47 
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i n t e r f a c e s  have been m a t c h e d  so as to permit the systems to

perform togethe r -is well as pos sible for any given design.

All the interfaces should be considered to under-

stand the complete functioning of the system , both internally

as well as relative to other systems . The properties of

the interfaces may take many forms . Several of these are :

.Phys ica l

. Func t ional

.Per fo rman ce

.Environmental

.Opera tional

Some of the interfaces are obvious , such as the mating of

connectors between a weapon and an aircraft. Others are

not as obvious . For example , the interaction between a

missile radar guidance unit and a shipboard electromagnetic h

radiation pattern is an environmental interface which is

less well defined. It might even he ignored until a

p r o b l e m  develops .

.~~. Interface Characteristi cs
V1The maximum number  o t in ter taces among elemen ts of

a sys tem (or when comparing elements  among several  s y s t e m s )

can become very large. It is partially dependent on a

number of elements and levels which are defined during system

s truc tu r i n g . The larger the number of elements , the l a r g e r

the number of po ten t ial in ter faces . Figure 8 is a simplifie d

example which could  r e p r e s e n t  a compar ison  between two

48
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d ifferent but similarl y constructed NATO TACAIR systems , one

f r om the U .S . and one f rom F . R . G .  The issue i s to det e rmin e

if a degree of standardization can be established to allow

U. S. and F .R .G . aircraf t and weapons/stores to be interoperable.

Figure  S shows the case of U . S. aircraft and F .R.G . weapons !

stores . An identic al diagram (not shown) needs to be drawn

showing U .S . w e a p o n s/ s t o r e s  and F .R.G . aircraft. The dot ted

line s show p o t e n t i a l  i n t e r f a c e s  b e t w e e n  a i r c r a f t  and we ap o n s /

s t o r e s .  A more  detailed analysis , howeve r , shows o n l y  two

in ter f ac es ~hich have any meaning or impact on interopera - N

bi lit v . These interfaces are :

.Aircraft airframe to ‘~eapons / s tores a i r f r ame
m ec ha n i c a l  i n t e r f a c e  a s s o c i a t e d  w i t h  suspens ion
equipment , pylons , and rele ase-jettison equipment .

.A ircraft avionics to weapons/stores guidance
and con trol electrical interfaces associated
w i t h  t rans f e r  of  t a r g e t  da t a , c om m a n d/ c o n t r o l
s igna l s , status information , and pre-launch
p o w e r .

I t  is i m p o r t a n t  when  a n a ly z i n g  and c o m p a r i n g  d i f f e r e n t

systems to try to bring their structures into a c~mmcn frame-

work . This is because different framework structures may

have different interfaces between elements . Compar :ng inter-

faces be tween dissimilar structure frameworks is l:ke com-

pa r in g apples  and oran ges . They ar e not the same thing .

The resul ts , i f  ob tain ab le , w ill not necessa rily reflect the

a c t u a l  c a s e .

There  is a need to have  ~e ll  d e f i n e d  i n t e r f a c e s .

Lack of knowledge about interfaces between elements leaves

5
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room f o r  u n c e r t a i n ty  as to whe the r the d e g r e e s  of s tandard i -

zation selected are achievable. Interfaces nust be well

d e f i n ed and unders too d , whe the r they are part of existing

systems or created as part of a new system structure . Assume ,

fo r  exam p le , a weapon/ st ore produce d by one nation is to be

made in teroperable with an aircraft produced by another

nation. If pre-launch electrical power from the aircraft

to the weapon is defined simply in terms of primary volta ge

and current requirements and secondary parame ters such as

ripple voltage , regulation , and transient recovery are

negl ected , then the interface is no t  w e l l  d e f i n e d .  The

weapon may not be able to function properl y if the secondary

parameter s are o u t s i d e  of acceptable lim its . This is a

s imple example  b u t , n e v e r t h e l e s s , r e p r e s e n t s  the level of

detail which is neede d to have a well defined interface.

Iden tifica tLon of the interfaces occurs during t he

system synthesis pha se after structuring has been c o m p l e ted.

It is important to no te that not all e l e m e n t s  ~ i l l  hav e

interfaces w:th all other elements . A lthough the nwnber of

actual interfaces ~a a real system ~~lL be less than the

theoretical maximum , it is still important to examine each

potential one to see if it is sign ’~ficant .

It ~s very Hnportan t to esta bl is h int er face standards

and specifica ti~~n s . There are thr ee main advanta ges te

i ng 1
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(1) Agreemen t on significant interfaces at all

levels of a sys tem will allow early achievement of the lower

degre es of s tandard iza tion . Sys tems wi l l  then be a t leas t

compa tible or interoperable . This will facilitate an

early NATO-wide solu tion of the problems of decreasing

mili tary effectiveness.

If the NATO nations decide on acquisition of

common systems the interfaces between the new common systems

and exis ting systems will already have been standardized.

A significant part of the system engineering task will be

reduced.

( 3 )  If the NATO nations are not unanimous in selection

of a common or interchangeable system then those who go their

own way w ill  at leas t be in terop erab le .

dentification and analysis of the important :nter-

faces is bas ic  to the en ti re process  of s tandard iza tion .

If imp roperly done the end result may actually degrade

overa l l  sys tem per formanc e . in the NATO context it is

vitally important that all nations be aware of the need

for caref ul definition and understanding of interfaces

be tween systems and their respective elements.
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A . NrRornJc -r ION

E t  is the in t e n t  of this chapter to present a detailed

description of the primary organizations and activities

currently tasked to achieve with in ~~ 1~~. ftc overall N A F O

organ ization is presented fi r s t followed by descr ipt ions of

the Mi litar y A gency  f o r  Standardization ~MA S) and the

Conference of National :\rmaifle nts Directors ~CNAD). I’lie ~lA~

and the CNAD organi zat ions rep resent the hod ies ~ i thin N1\ l’O

in w h i ch standardization efforts are be ing c a r r i e d  o u t .

B . Fl (Ii N:V I’O OR1~AN I :AT ION

I t is impo rtant to have an ove ra 1. 1. und e ~~ tand ing of  t he

NATO o r ga n i . at i o n a l  s t r u c t u r e  he fore attempt ing to a n a l v  to

the activities of those groups most responsi b le for the

implem entation of standardization.

N A T O Facts and F igures . an off ic ia I pub I icat ion of the

Ntvr o Iniormati on Service , provides the follow ing ¼105c r ipt ion

“The North :~t l an t i c  Council , th e Ii ig hes
a u t h o r i t y  in NAr O , provid es a forum for wid e
poli t ical consul tat ion and co-ordi nation between
the allies . Militar y policy is discussed in  the
Defense Planning Committee t I W C )  composed o f m e m b e r
count r Los part ic ipa ting in N:\ Ff~ s in tegrated defense
sv s tern . . . . The Secretary (0 no ra 1 o t N:\ Ff~ i s cha i

of the Counc i I and the DPC and a I so he .i ds t h e
Int ernation al Staff , i n  s up p o r t  o t  the i r roles ,
the Co unc i 1 and the DPC hay e e s tab Ii lied a numb e r
of  Co m m i t t e e s , the m o s t  important of wh ~ch are
shown in [F igu re 9 . I’lic se Comm it tees cove r t h e
who It’ r an g e  of N A T O ’  s act iv it ic’ s and meet undo t~ t he
cha i rtnansh LI) ü f a ine inb e r o f t he I nt m t  ieua I S t a f f
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The Mili tary Committee , composed of the Chiefs-o f-
Staff of the member countries taking part in the
NATO integrated military structure , is the sen io r
mi li tary authority in the Alliance , I t prov ides
advice to the Council/DPC on military m atters and
gives guidance to the major NATO Commanders ....
Impleme ntation of the policies and decisions of the
Military Committee is ensured by the International
Mili tary Staff (IMS ) acting as executive agency .
The NATO defense area is divided in to three
separate regional Commands - - the Atlantic Ocean
Command , the European Command and the Channel
Command - - and a Regional Planning Group fo r
the Nor th American area. Under the gener al
guidance of the Military Committee the major NATO
Commanders are responsible for planning the defense
of their areas and for conducting NATO ’s land , sea
and air exercises .” [Ref. 13 , p. 04J

The NATO o r g a n i z a tion consis ts of a c iv i l ian s ide  and a

mili tary side with the military side reporting to top-level

civilian policy groups (the North Atlantic Council and

Defense Planning Comm ittee). This overall civilian ,militarv

split has been extended to include a split in standardiza-

tion efforts and approaches as well. The m i l i ta ry s ide

attempts to achieve standardization goals through the

Mili tary Agency for Standardization ~M A S ) .  Th e c i v i l  si de

has the same overall goal and conduc t s  its activities through

the Conference of National Armame nts Directors (CNAD) . the

me thods of achieving standard~.za tion , however , are different

and this is explained in Sections ttt .C and t tI .D.

C. THE M ILITARY AGENCY FOR STANDARD I :ATI CN t MAS)

the MAS was fo rm ~’d in 1951 under the dir ecti on of the

M ilitary Committee as the principal agency concerned w i t h

standardization. The Military Committee provided poli c y -l e v e l

3 ~5.)
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direc tion to the MAS . This p o l i c y  documen t s tates:

“NATO mili tary standardization is the process by
which member na tions achieve the closes t prac ti-
cable coopera tion among forces , the mos t e f f i c i e n t
use of research , development and production resources ,
and agree to adopt on the broadest possible basis
the use of:
(a) Common or compatible operational , administrative

and logistics procedures .
(b) Common or compatible technical procedures and

criteria.
(c) Common , compa tible or interchangeable  supplies ,

compone n ts , weapons or equipmen t .
(d) Common or compa tible tactical doctrine with

corresponding organizational capability .” [Ref . 14]

The Military Committee realized very early that trying to

ge t all NATO members  to agree to s tandardiza tion of all

equipmen ts , sys tems , procedures , tactics , etc., would be a

task with little payoff for the effort expended. The

Mili tary Committee therefore adopted a basic policy in which

it was recognized that each NATO member would be responsible

fo r  equipping i ts own f o r c e s .  i t  was f u r t h e r  r ecogn ized

that the various na t ions  were l ike ly to hav e wide ly  v a r y i n g

military requirements which would furthe r complicate attempts

to standardize, An example of this is the d i f f e r e n c e  be tween

U. S. forces , which are only partly committed to a European-

type conflict , as opposed to a nation such as the Federal

Republic of Germany (FRG ) which is fully committed to

Western Europe defense. The U.S. must procure weapons/

equipment and develop tactics and logistics procedures to

engage  in any type of c o n f l i c t  in any p a r t  of the w o r l d .

The FRG , on the other hand , need concentrate solely on

defending against front-line assault by Warsaw Pact forces .
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The U .S. would obviously prefe r to develop its forces to

handle all si tuations and not be forced to provide extensive

“theatre-specialized” forces and equipment. The FRG , unde r-

s t a n d a b l y ,  does not want to pay for capabilities which are

beyond its needs and means . Extend this situation to the

thirteen armed NATO members and it is readily seen that

disagreement over specific requirements is likely to always

ex i s t .

As a r e s u l t  of th is  s t a t e  of a f f a i r s  the  M i l i t a r y

Commi t t ee  r e a l i z e d  tha t  s ince s t a n d a r d i z a t i o n  would  be

diff icult to achieve amongst all the NATO nations , it  mus t

be accomplished on a voluntary basis. This p o l i c y  was -
‘

g iven a small degree of influence by emphasizing the

essential need for standardization where effective imple-

mentation of o p e r a t i o n a l  p l a n s  depends on i t .

This has tended to become submerged in the daily

affairs of the MAS . Additional instructions to the MAS

include the need. to g ive  p r i o r i t y  to t n o t  in or d e r  of

I
1. Standa rd i za t ion of componen ts

~ . Standardization of stores in large consumption

3. Interchangeability of ammunition

4.  Th e deve lopment  of adap tors

S. Join t development of future equipment

The prac tical result of this is that the MAS has tended

to achieve NATO-wide  s t a n d a r d iz a t i o n  on a n u m b e r  of s m a l l e r

5—
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issues in which agreement is pos sible but has had little

impact on the requirement s of the forces and major systems

acquisitions .

The MAS organization is shown in Figure 10. The basic

MAS Commit tee  cons is t s  of the MAS Chairman and three Service

Board Chairmen. These chairmen , as well as the secretariat

s ta f f , are all “international” ; that is , they serve the

interests of the MAS organization rathe r than their respec-

tive nations . Each Service Board is organized along tradi-

tional Army , Navy , and Air Force lines . A standardization

task is assigned to one of the Service Boards by the MAS

Chairman w i th  M i l i t a r y  C o m m i t t e e  a g r e e m e n t .  A s s i g n m e n t  is

usually based on which service function is likely to be

most impacted by the particular standardization issue . The

actual effort is carried on by separate Working Panels.

These lower-tier groups are composed of military and

civilian experts in the particular area which the Working

Panel had been tasked to addr ess .  The se a re the pe op le  who

actually accomplish the studies , ana1~ ses , tests , and

prepara tion of draf t s tandards . The W o r k i n g  Pane l memb ers are

“national” in character; that is , they represent the opinions

and posi tions of their respective nations . Man” of the

Working Panels are ad hoc in nature in that they -i re formed

and disbanded as the need arises. The organization , as

shown in Figure 10 , w i l l  q u i t e  likely be different at the

Working Pane l leve l by the time this thesis is published.
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H owever , the  n a t u r e  of the p a n e l s  s h o u l d  s t i l l  ~e e v i d e n t

from their titles as shown in Figure 1 1 .

In  genera l , standardization efforts in the Navy and \rmv

Bo ards and Panels  have been more concerned i~ith standardiza-

tion of procedures and tactics . The Air panels have extended

th e i r  e f f o r t s  to inc lude  a s e l e c t e d  se t  of equipment , systems

and components . There is no o r g an i z a t i o n  wi th in the MAS to 
t

ensure tha t the Working Panels coordinate th ei r efforts ~ ith

one anothe r except for fairl y broad adm inis trative direction

given by the Service Board Chairman. Pnl ike the L ’N A P , the - ‘

MAS has no d i rec t , visible link to the author ity vested in

the various national de fense :ninisters . the MAS is a

rela tLvelv low-level organization with several Livers of P

managemen t  b e f o r e  r e a c h in g  th e  N o r t h  .- \t l a n t i c  C o u n c i l .  ~hu s ,

the MAS lacks power .

The function of the MAS is to promulgate standardi zat~ on

proposals in confo rmity with Mil itary Committee po l i cy . In

ge ne ra l  these p r o p o s a l s  should be p r o c e s s e d  throu gh the \1\ S

organization if they  have NAT ~~-~~ide a p p l i c a t i o n  a l t h o u g h  t h i s

poL icy has been relaxed cons ider ahlv over the p a s t  severaL

years. Proposals for standardization may he i n i t i a t e d  b y

the N o r th  At Lint ic Council , the Pc ’ f en s e  P l a n n  ing  Comm ittee

M i l i tary Comm i ttee , various nati onal staffs , operati on al

commanders or  f r o m  within MAS i t s e l f .

ru e end products of the M,\S a re  NAtO Standard~ za t ion

Agreements ~ST\N,-\CS or A l lied Public ation s \P~ . \ S rANAG

(‘I I)
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is a record of agreemen t among several or all of the member

na tions to accept a standardizati on proposal for like or

similar mi litary equipment , ammunition , supplies and s tores ,

and opera tional , logis tic and administrative procedures .

I t is nego t ia ted w it h na tions , discuss ed with NATO commands ,

ratified by some or all nations , pro mulga ted b y MIS , and

issued to the various Ministries of D e f e n s e  and NATO

commands . An AP nay be an informative document not 
—

requiring ratifica tion by NAtO members or it may require

a p p r o v a l  a c t i on  by the n a t i o n s  involved, the l a t t e r  is •

ratified through the processes in which the  NATO members

agree to accept and use the manua l .

The procedure whereb y the MIS p r o m u l g a t e s  a STANAG

begins with the receipt of a standardization proposal from

one of the sources previously mentioned . The r e s p o n s i b l e

Service Board a s s i g n s  the  p r o p o s a l  to a w o r k i n g  p a n e l  io r

c rea tes a new one~ for direct action. The Working P ane l

then studies the proposal itself or reassigns it to a

cus todi an . A cus todi an may b e any par tic ul a r group o r

individua l represen ting a particular national interes t’ . the

proposal is then s tudied and a draft STANAG is prepared. The

draft STANAG is r ev i ew ed  by a l l  i n t e r e s t e d  NA T O member s .

commen ts are received and incorpor ated , and a f i n a l  ST.\NAC

is issued. The final STANIG is then sent on to the nati ons

f o r  fo rma l r a t i f i c a t i o n .  Accep tance  occurs  and is i mp l e m e n t e d

by incorporating the con ten ts o f the STAN A G i n t o  the v a r i o u s

~~~~~~~ 
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mili tary specifications and tactical doctrines of the

respective nations . Once a STANAG has been accepted and

incorpora ted into the NATO structure (in whatever fashion is

appropriate), it is the responsibility of the NATO commands

to provide feedback to the MIS. This feedback should provide

specific information as to the effectiveness of the STANAGS

as disclosed by direct experienc e in training , opera tions ,

exercises or any othe r source. It is intended to lead to

proposals for new STANAGS and improvemen ts in existing ones.

4’

D. THE CONFERENCE OF NATIONAL A RMAMENT S DIRECTORS i CNAD)

Th e CNAD , shown in Figure 11 , was char tered in 1~ 6~ and

was an outgrowth of the older Armaments Committee (AC).

During the 1950’ s and ear ly  1960 ’ s the Armamen ts Commi ttee

attempted to standardize by first gaining agreement on

common or standard military requirements. This approach was

based on a po l icy  of r ig id , inflexible adherence to single

NATO-wide policies without recognizing the inherent differ-

ences in character and needs of the various national forces .

The predictable result was that the NATO members never did

agree fully on basic mili tary requirements . Even in areas

where  p a r t i a l  agreement was reached , it tended to be ignored

at the national levels. The CNAD r e c o g n i z e d  the diversity

of requireme nts coupled with the fact that weapons development

and p r o c u r e m e n t , a t  leas t in Europe , is m ore  of  a p o l i t i c a l -

economic issue and I e~ s of a military matter [Ref. 15 , p. iC ).

Because of its civilian base the CNAD was considered the

5.-.-
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CNA D was c o n s i d e r e d  t h e  l og i c a l  p l a c e  to w o r k  ou t  these

broader issues . Thus the burden of system and major equipment

level  s t a n d a r d i z a t i o n  s h i f t e d  f r o m  the MIS to the CNAD.

The CNAD is kep t up to date on military requirements by

hav ing  a M i l i ta ry  Commi ttee represen ta t ive and advisor

in cluded in all Armament Groups and Subgroups .

The new approach  is to use the CNA~ as a formal nedium of

vo lun tary exchange of r esearch , developm ent , an d procurement

info rmation. Coupled w it h  this is the CNAD task of identi-

fying priorit y tasks and requirements through ties to the

Militar y Committee. From this  i n f o r m a tion , priorities

relative to standardization needs are determined. These

ma tters are summarized in the four basic principles b

which CNAD conducts business [ R e f . l o ]

t~l) Each country is responsible for equipping its

own forces .

( 2 )  NATO M i l i t a r y  A u t h o r i t i e s  ( XMl ) should he able to I
give opinions as to requirements of the NATO forces as

a whole .

(3) Cooperation in R~D and production 
1
~etween two or

more members is to be encouraged and supported by NATO

but not mandated or directed.

(4) Countries are encouraged to present their respective

national military requirements and procurement pl~ ns .

The main standar di zation thrust b~ CNA D is to create a

forum of exchange between all NATO members . As a result of

( ‘4 
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this exchange , if two or more na tions can agr ee to ha rmon ize

requi remen ts and sha r e the burden of weapons acquis i tion ,

then they are encouraged to do so. While this approach does

not guarantee broad-scale standardization it is still

considered to be better than nothing. The emphasis in CNAD

is to address those equipments , sys tems , and ma ter ia l  which

are curren tly in production or development . CNAD does not ,

as a ru le , es tablish broad-scale standards or specifications

on which future acquisitions are based. The latter falls

under the MIS area of responsibility .

The CNAD leadership is composed of senior government

officials responsible for acquisi tion of defense systems for

each of the NATO members . The current U.S. represen tative is

Dr. William Perry , Under Secre tary of Defense  f or Research

and Engineering . In addi tion , the CNAD has a direct organi-

:ational link to the North Atlantic Council whereas the MIS

mus t work through the Military Committee. These fac tors tend

to lend considerable weight to the CNAD.

Several groups and commi tt ees have been dele ted from

Figure 11 in order to preserve clarity. The CNAD Council ,

as indica ted ear l ie r , consists of the respective governmental

Minis tries of Defense or their appointed representatives.

The Na tional Armaments Directors Representatives (NADREPS)

are the senior members of national delegations and are

attached to the CNAD on a full-time basis. In addi tion to

ca r ry ing  ou t the rou t ine manager ia l  tasks of CNAD , NADREPS
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a l s o  comp r ises the only  forma l tie to the MIS f o r  exchange

of in fo rma tion .

fhe main bodies responsible for promoting cooper ative

ven tures are the three Armaments Group s . These g roup s ,

l ike the MIS Service Boards , are or gan i z e d  along s e rv i ce

functional lines , i. e ., Navy , A rmy and Air Force . The NA TO

Indus try Advisor y Group ( N I A G~ provid es information regarding

current technology and developments in the pr ivat e sector.

It is imperative that the members of the Armament ~roup s  h e

able to speak with authority regarding national operational

concep ts and material requirements . Each Armament Group

inc ludes  a num be r of Subgr oups each o f which deal s ~ith a

par ticular armament related top ic . The Subgroups  ar e anal o-

gous to the MIS Working Panels in terms of function and

charter.

The method by which CNAD conducts bu siness begins with a

proposal for cooperative action based on common requirements

an d ma ter ial needs . The proposal may be ::iade h~ any repre-

sentative ~ i thin the C NAD  organization or b y  the NATO Militar\-

Authorities . If two or more countries are interested in a

cooperative venture a subgroup will be formed to study the

propos al further. The nature of the proposals nay range

from common procurement of a specific p iece of equipment to

a much more general approach looking at such  t h i n g s  as inter-

operab ility of m ulti-nat ion communication systems . If th e

studies indicat e that a cooperative approach is desirable and

( ‘0
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possible the Subgroup may petition the CNAD Committee to

designa te the p rogram as a “NATO Pro je ct . ” If accepted by

the CNAD the pro jec t then con tinue s wi th de ta ils as to - -

l icensing , coproduc tion , del ivery schedules and priorities ,

etc., to be worked out between the participating NATO

members.

tn 19”l NATO attempted to strengthen the CNAD role even

fur ther by dir ecting the organization to work more closely

to define critical areas and needs for standardization.

Inputs as to operational field problems and requirements

were given more importance than before so t~ at p o l i t i c a l,

economic and military were all placed at relatively equal

p r i o r i t y .

E. CURRENT NATO STANDARD I:ATION ACTIVITIES

1. Periodic Armaments Planning System

Recen t ini tia t ives on the par t of NATO have re sul ted

in further strengthening of the CNAD th rough  f o r m a t i o n  of a

Periodic Armamen ts Planning Sys tem (PAPS) . This is the ti tle

given to the administrative procedure designed to aid the

CNAD in acquisi tion of NATO-wide systems and standardization

decisions . This new proc edure operates entirely within the

policy framework of CNAD [Re f . 1 ] .

Figure 12 illus trates the system life cycle as

define d for NATO pro jects . The ordering of NATO life cycle

phases has been adjusted to be compatible wi th the l i f e  cycle

phases of the different NATO nations . As shown on Figure 12 ,

6~
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the U .S . decision milestones arc superimposed on the NATO

phases to show the g e n e r a l  r e l a t i o n s h i p .  Phase  0 c o n s i s t s

of p r e l i m i n a r y  w o r k  in terms of lon g - r ange f o reca st ing

( technology trends , pol i t ical  and economic af f a i r s )  and

m is s ion ana lys i s  (opera tional  threa t , mis s ion def i c i e n c i e s ).

The informa tion ga thered is comb ined wi th f i el d exper i ence

and replacemen t schedules for equipment to generate a

document equivalent to the U.S . Mi ssion El emen t Nee ds

S ta temen t iM ENS)

This document  s u p p o r t s  phase  1 w h i c h  is the Staff

Target Development . The First step in t h i s  phase  is to

transfo rm this MENS-like document into a detailed set of

functional requirem ents and objectives . A t this point all

NATO nat ions par t i c ipa te and he lp fo rmulate the requirements .

Also , at this point , some nations may decide they are no

Longer affected by, or interested in , the particular require-

men ts and w i ll pl ay a lesser  ro le , such as monitoring the

other nation ’ s efforts . rhe set of f u n c ti o n a l  r e q u i r e m e n t s

includes missi on needs u s  stated in the document ) , i n i t i a l

cost estimates , sch edules , and operat ional considerations in

such are as as suppor t and t r a in ing . Th es e r equ i r emen ts and

o bj e c t i v e s  a r e  c o n t a i n e d in a document  c a l  led the “Our 1 inc

Staff Target. ” Th is document , ~n turn , guides the second

part of phase  1 ~hich cons ists cf  pro - fcas Lb L i i  tv ~ tud Les

a I ternate systems concept d ev e l op m e n t  , and eva lua t on. l’he

o u t p u t of  t h i s  p h a s e  c o n s i s t  ~- of a so lected svs t ern a p p r o a c h

(‘I:)
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and sufficient planning data to allow continuati on into

phase 2. Also at the conclusion otT phase 1 , those nations

wishing to continue cooperation prepare a Memorandum of

Understanding (MOU) to act as a statement of agreement among

na tions . Those nations which elect not to participate will

con tinue monitoring the effort with possibil ity of involvement

at a later date. At this point in the l ife cycle , the pro  iecr

be gins to lose its NA rO-wi de character and begins to assume

the nature of a group of collabor ating nations . Even th o u g h

the project may be designated a NATO proi ect , N:\’tO does not

f i l l  a man ag emen t ro l e  bu t , rather , performs a m on itoring

function . The group of colLaborating nations work cut the

proj ect organization and management roles among theniselves .

‘The CNAD has li ttle direct involvement after phase 1.

The remainder of the NATO acquisition phases coincide

closely wi th U .S. practice and will not he discussed further .

2.  NAtO \rmanen ts Planning Review

A de scr ip t ion of current act iv i t  ics  i~~uld not he

comp lete without a brief font ion otT the NA TO A rmaments Plan-

ning Review uNAI’R) . T h i s  a d m i n i s t r a t i v e  p r o c e s s , i l l u s t r a t e d

in F i g u r e  12 , provides a heretofore missing link i~h~ ch g i v e s

ope rationa l f e e d b a c k  i n f o r m a  t i on  in the  f o r m  of f i e l d  o xp e  r i -

ence , p r o b l e m s , o p p o r t u n i t i e s , and armaments re- oq u ipuient

s chedul es .  T h i s  i n f o r m a t i o n  is c o m b i n e d  with long-range

f o r e c as ts and m i s s  ion a n al v s  is to g e n e r a t e  t h e  ~I F N S  - 1 ke

— 1)
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document. NAPR is generally thought of as an element of the

Per iod ic  Armame n ts P l ann ing  Sys tem .

I t is in teres t ing to no te tha t phase  1 e f f o r ts

c l o se ly  follow the system design process described in

sec tion [I.E . This is a significan t fact and is discussed

f u r t h e r in sec t ion  L V . B . The PAPS p rocedure  fo r m a l i z e s  the

process. Unlike pas t abortive efforts to generate common

NATO mili tary needs and requirements , the PAPS pro cedure

attempts to bring the nations togethe r at the b e g i n nin g  of

the sys tem life cycle befo re irrevocable national decisions

are made . Finally, a positive me thod of providing user

feedback to the planning process exists in the NAPR . This

is a new approach for NATO and has y e t  to he p r o v e n .

~ 
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IV.  ANAL Y SIS  OF NATO A C T I V I T I E S

A . IN TRO DUCTION

The sys tems  approach descr ibed  in Chapter III shows how

decision-making can be accomplished to achieve standardiza-

tion in a logical way through superimposing the Hierarchy of

Standardization on system structures . It is the purpose of

this chapter to examine the activities of the CNAD and the

MIS to determine to what extent they are follow ing the system

approach to achieve standardization. Special attention is

devoted to system interfaces and the manner in which they

are being addressed within the NATO organizations .

B. ANALYSIS OF CURRENT ACTIVITIES

1. Conference of Na tional Armaments Directors (CNAD)

The ob jective of the current CNAD efforts is to

establish a framework in which it is eas\- for allies to col-

labora te in system acquisition and standardization. Fhe CNAD

has been working very hard to improve its procedures. This is

accomplished through the Periodic Armaments Planning Sys tem

uPAPS). Secre tary of Defense Harold Brown has stated that ,

when fully ixnplente nted , the PAPS and related NATO p l a n n ing

sys tems should  include :

“11) Timely developm ent of NATO mil itar y requirements
documents which w ill guide the activit ies of the C NA D
arid influence na tional weapons acquisition plans at an
early stage of their formulation.
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( 2 )  A means to systematically prepare NATO acquisi-
tion strategies which form the basis for both
national and multinational programs to satisfy these
NATO needs .

(3) Management review procedures to assess progress
on cooperative programs at critical milestones and
monitor the degree to which harmonization is being
achieved Al l i ance -wide . ” [Re f . 5 , p .  91]

In attempting to achieve standardization , the pri-

mary focus - f  the CNAD is in three areas :

(1) For par ticipating NATO nations to reach an

agreement on military requirements . Thi s , ideally , shoul~
include all NATO nations but less th a n  unanimous agreement

is still satisfactory .

( )  For participating NATO nations to acquire common

systems to s a t i s f y  the needs and requirements of the m di-

vidual nations as well as NATO .

(3) For participating NATO nations to reach inter-

operabili ty agreements in selected , hi gh- priority areas.

In the area of establishing common military require-

ments the emphasis is on early communication of those require-

men ts among the NATO A T l i e s . Even so , differences in tactical
I

doctrine , technical capabilities and other tactors may pre-

clude the NATO nations from being in close agreement on eithe r

military requ irements or system solutions . This can lead to

several  d i f f i c u l t i e s .

If the nations find themselves unable to agree on

basic mili tary requirements , then collabora tion on systems

acquisi tion will be difficult to achieve and possibly not

_______________________  - 
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worth the effort. .-\nv s stem obtained under this condit ion

m a y fail to m eet the requirements of one or m ore  n a t i o n s

whil e possibly exceeding the requirements of others . Even

when agreement is reached on militar needs there is no

assurance that the allies will be able  to agree  on wh ich

system is op t imum . Nor w ill they necessaril y be able to

work out joint management respons ibilities , funding , and

acquisi tion strategies . In addition , those nations which

drop out of active participation ma elect to proceed on

their own or in a coalition with other nations .

Even w i t h  the potential difficulties listed above

some mea sure  o f su ccess i n acquisition of common systems has

been achieved. The A i r b o r n e  W a r n i n g  and C o n t r o l  Sy s t e m

iAWACS) program is a good example. Acc ording to Aviation

~eek and Space Technology [Re f . I S , p .  S o ] ,

“The AWACS program is comp letely unique....
I t  is the  f i r s t r ime  NA T O as i~~~ or~ a n i  z a t i o n  has
t r i e d  to d e f i n e , d e v e l o p ,  and p u r c h a s e  i comp lex
system , rath er than having each member nation buy
the s y s t e m  and then ass  i gn  i t  to NATO .

“In theo :v , the process was not compl icated.
The NATO miUtary staff , having decided that an
airborne early warning svs tern was required to de-
tect low-flying aircraft that might try to penetrate
the airspace of N:\TO n a t i o n s , was to have agreed on
a common s~~st e r n  t h a t  then was to be funded  b y t h e
member nations on the basis ~f an agreed r a t i o . ”

Several problems have recently stall ed the pro gress on

acquisition of AWACS as a NATO system . Neverth eless it

show s t h a t  common requirements and common ac~lu Ls i t i  t i o n

processes are indeed possib le to achieve.

— _ __ _ ,
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In  a d d i t i o n  to coordinating common militar y require-

:nents and collaboration of systems acqu isitio ns , the CN A D

is also active in achieving interoper abi lttv in selected ,

high-priorit y areas . One example of this is the NATO Air

Armamen t Subgroup lô on Aircraft Gross -serviciag . Sub-

group l~ is pursuing a course which leads to progressive ly

greater degrees of interop erabili tv of NATO TA CA IR . Stage A

cross-serv icing essentially all o~ s an aircraft to refue l

and r e p l e n ish other c o n s u m a b l e s  k n o t  ~e a p on s / st or c s~ a t

anothe r NATO na t ion ’ s a i rb ase in o r d e r  to  g et  back  to i t s

own base .  Sta ge B carries the cross-servicing a significant

step furthe r by providing for rearming of a limited selection

of ~eapon s/ s tor es . St age B allows the aircraft of one NATO

nation to land at a different NAFO nation ’s airhase and

repl enish to a combat- read status . ~oth stages A and B

h ave  b een i mp l e m e n t e d  and h ave had cons i d e r ab l e  succ es s .

Stage C is the final stage and involves not onl : refueling

and rearm ing but organizational level maintenance as wel ..

Subgroup l o ha s be en r esp ens~ ble for coordinat in~

all the activities leading to achievement of greater inter-

operabili ty of aircraft , \~eapons/stores , and a~~rhases ber~ een

the NATO nations . In  so d o i n g , it  has  b ee n nero concerned

w t t h  w o r k i n g  out  the i n t e r  f a c e  p rob  lem s  \~ i th today ‘ S s’s toms

and system elements and los- s concerned ~-. ~t h e stih ~ i s  i ng a

s tandardt :ation framework for tome rrom. ‘ s s’~s t ems
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Subgroup 9 on air- to-surface weapons and Subgroup 13

on air- to-air weapons are attempting to arrive at common

military requiremen ts for the 1980’ s . Both subgroups are

looking to the MAS to establish standards for system elements

and interfaces to support acquisi tion of common systems

[Ref . 19 ] .

In summary , the CNAD is actively attempting to

promo te common acquisition of s- stems among the NATO n a t i on s

and in teroperability in those systems ~diere common acquisi-

tion is not feasible . The Periodic Armaments Planning

Sys tem provides an excellent framework within which the

s-vs-tern desi gn model , described in section II .E . may func t ion .

Howev e r , the CNAD does n o t  have a strong systems engineering

group to pull together all of the diverse system elements

and interfac es. Partly because of the lack of a systems

engineering organization , the  CNAD does n o t  t a k e  a sy s t e m s

appr oach in solving its standardization problems .

. M i l i t a ry  A gencY f o r  S t a n d a r d i z a t i o n  ( \tA S)

The ob~ ective of the MIS current Lv ~s to es-tab ~ is-h

common tacti cs , procedures , ma teria l s and interfa ces 5er~ een

sys tems and their elements . This ob iec r i ve is essentially

the same as when the organization ~as fo rmed ~n 1)~~l .  The

Standardization Agreement ~ST A N AO )  a l s o  c o n t i n u e s  as t h e

means by wh ich  the  common a g r e e m e n t s  a r e  d o c u m e n t e d .  The

p r i m a r y  emphas i s  h as been on ~e t t  ing s randards for future

systems with a “no retrofit ” c lause  ~rit ten into each

III, ~ -- - - - -.- ~~~~~~~~~~~~~~ — —- --5— .
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sTANAU . rhis meant tha t all future s-vs  t ens  -~ ould ~~~ ide by

the ag reement  b u t  exis  t i n g  s-vs tens di Ll not have to he cuanged

to comply. Recent conc ern over the lock of standardi :ation in

NATO has r e su l t ed  in e l i m i n a t i o n  of the “ no r e t r o i l t ” c l a u s e .

The door is now open to standardi:e existing sy s t e m s  a t  least

to the degree of i n t e r o p e r a b i l i t v  w i t h  ne~ sy s t e m s - .

The MIS has come under considerable criticism over

the past several years. ~ven th e  o f f i c i a l  NATO pur li cati on ,

NATO Facts and Figures , :n~~ es t h e  s t a t e m e n t :

“ C o n s e q u e n t l y , a l t h o u g h  the S t a n d a r d i z a t i o n  .\ g r e e m e n t
~STANA~~) method is still used when need a r i s e s , it
no longe r r ep r e sen t s  a ma~~or par t of cooperative
efforts in the equipment field .” [Ref. 13 , p. 13. ]

the concern is that the MIS has- not been effective in

achieving NATO-wide standardization. There are several

reasons fo r  t h i s  appare nt  lack of effectiveness . The ~LA S

has- achieved some Low - level s tandardizar ion in :~ ircs and

materials . However , no :na~ or sys ten has ever ~ee n ac~u: red

based on spec itica tions dertved trom ~
-‘ T . \ N \L~~~ ~i~e i . 15 . p .  11 1.

There  has - been v e ry  little emphasis on standardi :at~on at

the highe r system level s . ta addition , t he  ~LkS . op e r a t i n g

within its charter , has no enforcement po~er. The

nations accept and ratif or re~ecz ST.\N .\ t ~S on a str~ crlv

vo luntary basis ~~~~ 0 . p. 3~~~] .  In  a d d i t i o n . c o m p l : a n c e

after ratification has often been ~ncons~ ste nt , especial1 v

if the STANAGS are not incornorated i n t o  n i 1 i t o r v  s pe c i i i -

cations and standards of the NATO n a t i o n S  . ~s a result
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few ag reemen t s  a re  unanimous t h r o u g h o u t  N AT O . In some ca ses ,

ST .\NAGS are not  r a t i f i e d  by the  n a t i o n s  e v e n  a f t e r  a g r e e m en t

is reached in MIS s e s s i o n s  [Re f . ~l , p .  ~7 ] .

The future of the MIS and the STANAC proces s- is not

as bleak as the above discussion m i g h t  i n d i c a t e .  Subs tan-

tial progres~ is- being made in giving some authorit y to

the STANAG process - . Reco gnizing the lack of authorit y and

enforcement power , the NATO nations - h a v e  a g r e e d  t o  t e s t  a

new process for monitoring STANAG impLementation. Th i s

process  is in t ended to p r o v i d e N A TO and the n a t i o n a l  a u t h o r -

t i es  with feedback  on the status of  ST;\NAG r a t i f i c a t i o n  and

implementation by each nation [Re f. 5 , p. 83]. Th is should

certainly help strengthen the MIS and w ill aid consider -ably

in achieving s tandard iza t ion.

Even though  the MIS is b e i n g  g iven  a d d i t i o n a l  s u p p o r t ,

thi s is occurring mainly in its administrative processes

and not so much in the substance and form of the standardi -

z a t i o n  t a sks . I t  is in t h i s  a rea  t h a t  m o r e  a t t e n t i o n  is

needed.  In particular , the MIS con tinues to reach standardi-

:a t ion ag reemen t s  at a tow l e v e l .  The re  is v e r y  L i t t l e

h ighe r  s y s t e m  leve l  c o o r d i n a t i o n  of the STANAGS .

There  is one encourag ing e x a m p l e  of  ho~ an o r g an ~~za-

tion within the MIS has b r o a d e n e d  i t s -  v i ew  to  inc lude  higher

s- v s-tern level considerations . The A i r  P o r c e  B e a r d  h a s  b e en

very much concerned with the problem of in te rcper ahi lit v ot

aircraf t and weapons/stores among those nations possessing

— S  
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a significan t TACAIR c a p a b i l i t y .  The A i r  Fo r ce B ear d

orig inally chartered the Air Armament working Panel to work

out technical interface problems in connection with the cross--

servicing of aircraft and weapons /stores . Tab l e  I I  is a

representativ e list of the type of STANAGS whi ch resulted

from this early effort [ R e f . 2 , p p .  A l - A S ] .  The p r i m a r y

emphasis is en mechanical characteris t ics r e l a t  :ve to the

c a r r i ag e  and r e l e a s e  of c o n v e n t i o n a l , n o n - g u i d e d  we ap ons .

Some STANAGS OXISt f o r  20 mm and 50 mn aircraft guns and

bomb fuze  safety requirements . The re was no emphasis - or

concern  w i t h  the newer , more  e f f e c t i v e  w eapons . St ores such

as- Maverick television-guided close support :u~ ss tie ,

Ha rpo on an t ~~-sh ~ p m i s s i l e  o r  any  o f  th e  c o m p l e x  e l e c t r o n i c

~arfare pods and target designator pods were not addressed .

w i t h i n  the l a s t  y e a r . e f f o r t s  hav e L e d  to  con s t de r a -

t i o n  o f  i n t e r o p e r a b i l i t v  o f  a b r o a d e r  r a n g e  ~f weapo ns/st ores

t :~~in ~ust conventional bom bs and 2~ mn 5 0 mm a m m u n t t t o n .

show s expans ions into areas invo lving a much

~:~ her de’zree of :nzegrat ton of complex weapons ‘stores w i t h

-he at rcraf t s-vs tems whtch mus t suppo rt them {Re f . 22 ,

pp. A l-AS ]. It is of interest to note that the Air A r m a m e n t

~orking Panel - -~ is expanded int o a now w o r  h t a g  p a n e l  - ‘. hi c h

included the .-\i rcr a ft Ins t rumentation and A i r c r a f t  E l e c t r i c a l

~orkiag :~ln els . This new panel has- recent lv recommended

f o r m a t i o n  of a highe r s- v s - tern level organt :~it ton t o  he ~now r~

— ~~~~~~~~~~~ -~~~~~~
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TABLE I I

SAMPLE OF EARLY STANAG S
OF THE A I R  A RMAMENT W O R K I N G  PANEL

STANAG NO . TITLE

3231 Al ADEN and DEFA 30 nun Gun Barrel Chambers

3232 Al 30 mm Link for ADEN and DEFI Guns

3420 .~~~~~ Pho toflash Cartridges for Law-Altitude
Pho tography

3525 Al Design Safe ty Pr inci ples - and General
Design Criteria for Airborne Fuzes

3556 Al Bomb Ejection Cartridges

35 5  Al Requirements for Bomb Ejection Racks

3335 Al 20 mm Ammunition for Airborne Weapons

3605 IA Compatibility of Mechanical Fuzing
Sys tems and Arming Devices for Droppable
Stores

363 5 IA Suspension units with Release Capability
f o r  H e l i cop t e r s

3~~2 o Al Bail  Lugs fo r  Suspens ion  of A i r bo rne
S tores

3T2 ’ Al Saddle Lugs for Suspension of Ai rbor n e
Stores

80
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TABLE I I I  
- 

-

SAMPL E OF RECENT STANAGS OF
THE AIR A RMAMENT W O R K I N G  PANEL

STANA G or
STUDY NO .* TITLE

3341 Al Safe ty Asp ects A r i s i n g  f rom th e Applica- 4
tion of Digital Data Bus Techniques to
Stores Management

3845 Al Display and Control Requirements Arising -
~ -

from the Management of Aircraft Stores ,
In terna l Guns , and Dispensers

3839 IA Design Measures Required to Achieve
Flexible Organization of Software

3350 Al Standardized Video Sys tem fo r  E lectro-
op tica l ly  Guid ed Weapons

3840 IA Automatic Store Identification

3843 Al Size and Weight Standards for Aircraft
Stores U sed  on Fixe d W ing Aircraf t

3591 Al Selec tion of NA TO Common Use Weapons

3785 IA Air-Ground Guidod Weapon Interface
(Electrical and Mechanical)

*Study Number indicates - that the item has not been approved
ye t but is under consideration.

81
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as the Avionics Systems Integration and Architecture Working

Panel [Ref. 22 , Annex F].

Ev en this broade r view of the a i rc raf t and weapons/

stores interoperability task has not yet included considera-

tion of such necessary elements as maintainability , logis tic

suppor t, tac tical tra in ing , and more . I t is , however , a

start in the right direction. An important observation is

that the expansion of Air Armament Pane l task areas occurred

solely as the result of the realization by the panel members

of the need to do so.  The re was no ini tial direc tion by

higher authorities to move into higher level considerations .

There is no reason to believe that othe r working parties

will be so fortunate as to recognize their limitations and

the need to expand their efforts and their thinking . Here-

in lies the basic problem with the MIS . Is in the CNAD ,

the MIS does not have a systems engineering organization to

aid in structuring systems to help make decisions - or to

advise the different working panels. There is no deliberate

emphasis on taking a systems approach to achieving standardi-

za tion .

The importance of the ‘vL-kS activities was underscored

by Depu ty Secre tary of Defense  Char le s W . Duncan in tes t imony

before the House Subcommittee on Problems in the Standardiza-

tion and Interoperabi lity of NATO Military Equipment :

“Our Proposal will call for NATO mission element
need sta temen ts - - to pave the way  fo r  coop era t ive

82
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deve lepinent and standardi zation agreements ~S tanags 1
governing equi pment  des igns to i n s u r e  needed  inter -
ope rabL lit v .” [Re f . 23 , p. 5]

3. CNAD and MIS Coordination

The o n l y  f o r m a l  c o m m u n i c a t i o n  l i n k  b e t w e e n  the G N U )

and the MIS is t h r o u g h  the  N a t i o n a l  .\ r r nam ent s  D i r e c t o r s

R e p r e s en t a t i v e s  ( N A D R E P S )  . The NADREPS , which consists

of s e n i o r  CNAD staff m e m b e r s , h a n d l e s  a l l  t h e  rou t inc exchange

of in f o r m a t i o n  on a c t  iv i t  ies s - t a  r u s  and  d e L lS  ions r e a c h e d .

However , d iscuss  ion s w i t h  nemb e r s of  CNID subgroups and MI S

w o r k i n g  pane Is g i v e  indicati on t h a t  t h e  e x c h a n g e  of i n f o r m a  -

t i o n  is no t  as e f f e c t  ive  as needed to  a c c o m p l i s h  s tandardi za-

tion goals . There is  soni c e v i d e n c e , h a s - e d  on these  discuss ions ,

that the di ff icul t v  na y  be the f a c t  t h a t  t h e  CN II ) i s  a

civilian organ ization whereas the MIS is a ni I i  tar~ o rgani —

c a t i o n .  th e r e  is a n a t u r a l  and u sua l lv heal thy g ip b etwee n

m i l i t a ry  and ci~~i I i a n  s ides  of  d e f e n s e - o r i e n t e d  organizati ons .

T h i s  h e l p s  k e ep  a c h e c k s  and balances arrangement b e t w e e n

the t w o  . U n f o r t u n a t e  lv the g i p can -~omc t : :nc ’ s be ic t r i~n c n  ra 1

to good c o i n m u n i c a t  i o n s .  Regurdlos s of i t s  e f f e c t  iv ori e s - s • it

is sat e  t o  say t h a t  good ex c h a n g e  ot intorinat ion betwe en

CNA D and ~LAS is essential t o achievem ent c f  -~t ind ar di :a tion

C. SUMMAR Y ~1F .\N A L Y S  IS

the has ic p rob lem o C h~ th the C~ .U) in d t ic MIS is  r h o

l ack  of a total s’ s tents app  roach . t’
~ Its - is - pa r r i c:x  a r lv

evident when compar t a g  current CN \li and MIS l c t  v it ies w i t 1

t h e  s-v s tern des ign mode I and s-v s-t om li fe cs - c I c  ~is shown



in Figure 13. Fi gure 13 is a matrix illustrating how the

sys tem desigu model for decision-making applies at all phases

of a sys tem life cycle. The sys tem l i f e  cycle is d iv ided

into three distinc t periods . The planning period is primarily

conducted by the users . Users are defined as the military

and civilian officials and organizations responsible for

es tab l i sh ing  m i l i tary requ i remen ts . The acquis i ti on pe r iod

is the responsibility of the producers . Producers  are

def ined  as the people and organizations (both government

and p r i v a t e  indus t ry)  who deve lop  and produce systems to

sa tisfy requirements . The use pe r iod  represen ts the in -

service life of a sys tem . I t has long been consid e red

cri t ical tha t the user s and the producers  main tain a close

dialogue. The users tell the producers what is needed

operationally. The producers tell the users what they can

have sys tem wise . The CNAD is att emp t ing to es tabl i sh the

PAPS as a framework which will allow decision-making to

occur throughout the system life cycle. However , the pri-

mary focus has been on developing operat iona l requirements

and es tablishing common needs . This is certainly a

necessary step but reflects mainly the kinds of a c t i v i t i e s

which occur during the conceptual formulation and s~~stern

d e f i n i t i o n  phases  of the l i f e  cycl e  as- shown in Fi gure  13 .

This involves the user side of NATO , both civil ian officials

-
‘ 

of the CNAD and the NATO Military Authorities ~N~L\) . the

CNAD has not shown any indication of going furthe r in the
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life cy cle except as a monitor of individual and collabora-

t i v e  na t iona l e f f o r t s . Iii a d d i t i o n , the CN A D a c t i v i ti e s  ar e

no t generally conducted in acco rdance  w i t h  the s- v s -tern design

model . The p r i m a ry  deficiency of the CN A D is in its lack of

a total s y st e m  approach for standardization decision-making

at a l l  life cycle phases.

Th e MIS , on the othe r hand , conducts its activities

a l o n g  e n t i r e l y  d i f f e r en t  l i n e s , the h a r d w a r e  ST. \N AC S , when

f u l l y  r a t i f i e d , are intended to support the detail design

ot s -v s - t e n ts which  w i l l  t~e used in the NATO environment. In

f a c t , no m a j o r  svs tern has ever  been  p r o c u r e d  h i s - e d  on STAN A GS

[Re f . 3 , p.  ] .  The MIS a l so  d ev e l o p s  STANA ’~S r e l a t e d  more

c l o s e l y  to operationa l procedures - and tactics . Is with the

CNAD , the MIS a c t i v i t i e s  do not f o l l o w  the sy s t e m s  d e s i gn

model in d e c i s i o n - m a k i n g . l~ i t h  a few e x c e p t i o n s , t h e  MIS

conducts its ac tivities - at a low , detail level w i t h o u t

cons idering the total sv s  tern. Fi gure 13 shows how the hard-

ware  s t a n d a r d s  are  i n t e n d e d  to support det aiL des ign and the

procedures  s t a n d a r d s  s u p p o r t  : ni l i t a r v  op e r a t i o n s .

The CNAD and the MIS need to r e c o g n i z e  t h a t  m a k i a g

decisions and reaching agreements en standardization is a

s y s t e m  p r o b L e m . S ol u t i o n s  c a n n o t  be o f f e r e d  w i t h o u t  con-

s i d e r a t i o n  of  t h e i r  impac t  on a l l  l e v e l s  of a system arid

throughou t the l i f e  cvc Ic . 3o th  o rg tn i :a t i o n s  need to

recognize that a h i e r a r c h y  of  s t a n d a r d i z a t i o n  e x i s t s  and has

an impac t  on the dec is i o n - m a k i n g  p r o c e s s  . the CNAD and th e

S (I
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MIS need to strengthen and formalize application of systems

e n g i n e e r i n g  to inc lude  t o t a l  s y s t e m s  c o n s i d e r a t i o n s . rliev

need to be concerned with establishing agreements on inter-

faces between system elements at all levels. The STANA G

process is well suited to this and only needs- to be applied

to systems front the top level downward rathe r than begin

and star at the lower levels.

The CNAD and the MIS perform complimentar y functions and

need to work  more c l o s e l y  t o g e t h e r  in a t rue  u s e r - p r o d u c e r

dialogue . By so doing , they can p e r f o r m  all of the functions

of the sys t em e n g i n e e r i n g  me t h o d o l o gy  sho wn in F igure 15.

Not only can the y m u t u a l l y  a s s i s t  each othe r during the early

phases of p l ann ing  and acquis i t ion  but  th rough  the r e s t  e f

the sy s t em l i f e  c y c l e  as w e l l .

In summary , i t  is- a p p a r e n t  front e x a m i n i n g  F ig u r e  13 t h a t

the re  is no o r g a n i z a t i o n  w i t h i n  NA TO wht ch is concerne d w i t h

a l l  phases  and a c t i v i t i e s  of the sy s t em  l i f e  c y c l e .  :‘h e

CNAD c o n c e n t r a t e s  its efforts during concept fermulat~ en

and somewha t during system definition w h e r e a s  the  MIS is

concerned about relatively low- level flatters in supp ort of

de tail design . NATO needs to restructure its ef forts to

accomplish standardization w ithin a br oad system engineer ing

tramework throughout m e  entire lite cycle and to Jo so  i f l

the most cost-effectiv e manner pos sible.

A l t h o u g h  the t h ru s t ~ f t h i s  t h e s i s  is on s r ~m n d a r d i z a t i c n .

there is a need to apply the same thinking to al l o ther s-vs rem

5 - 
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r e l a t e d  tasks  in orde r to make t r a d e o f f s  among sys t em design ,

reliabili ty , maintainability , integrated logistics support , 
-

and cost .
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V . SYNTHESIS, ANALYSIS AND
EVALUA 1’ION O~ A L T E R N A t I V E S

A. INTRODUCTION

In chap ter IV , the current activities of the NATO

s tandard iza tion o r g a n i z a tions w e r e  an a l y z e d  and def ic ie nc ies

w ere discuss ed . In par t icular , it was determined that neither

the CNAD nor  the MIS t akes  a t o t al  s y s t e m s  v i e w p o i n t  r e g a r d i n g

standardization decision-making over the e n t i r e  s - v s - t e r n  l i f e

cycle . In addition , there is a lack of user-producer comniuni-

cation between the CNAD , the MIS , and othe r N:\rO organizations .

In this chap ter , ~vn thesis , analysis , ar1d evaluation of

alternative solutions to these deficiencies are presented .

The sys tem desi gn mod e l , the decision-making method described

in chapter II , is used to arrive at a recommended solution.

See Re f .  4, chapter 4, for a de tailed discussion of the

applica tion of decision theory as applied to the sy s t e m s

des ign  model .

B. SYSTEM DESIGN MODEL APPLIED TO CNAD AND MIS

1. P r o b l e m  F o r m u l a t i o n

Formulation of the problem c on s i s t s -  of , f i r s t ,

r e d e f i n i n g  the  d e f i c i e n c i e s-  in t e rms  of r e q u i r e m e n t s  and ,

second , establishing a list of criteria ~ y w h i ch  alterna ti ve

solu tions maY be compared . Each of these is di scussed in

mor e detail.
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a~. R e q u i r e m e n t s

The purpos e of requirements is to set up guide-

lines which can be used to develop alternative solutions

to deficiencies . The r e qu i r emen t , in this- case , is to

res tructure the NATO standardization efforts in such a way

as to:

.Establish a t o t a l  sy s t e m s  e n g i n e e r i n g  f r a m e w o r k

. Con s i d er  the impac t  of s t a n d a r d i z a t i o n  ev e r  t h e

e n t i r e  s y s t e m  l i f e  c y c l e

.LJse the sy s t e m  d e s i g n  mode l  as a t o o l  f o r  st a n d a r d i -

:ation decision-making

.Establi s-h an effective user-producer dialogue

between the appropri ate NATO organi zations

b .  Cri ter ia

C r i t e r i a  a re  the s p e c i f i c  p a r a m e t e r s  w h i c h  a r e

relevant to the evaluation , comp arison , and selection of

one alternative over another. Three main criteria are of

interest in this example. they are , ~n decr easing order of

p r i o r i ty , e f f e c t i v e n e s s , c o m m u n i c a t i o n , and re sour ces .

Effectiveness refers to the benefits of implementing the

sys tems approach to standardization throughout the life

cyc le .  C o m m u n i c a t i o n  r e f e r s  to t h e  ex c h a n g e  of  ~n f c ’r m a t  i on

on standardization requirements , capabiliti es and status

be tween users and producers . In terms - of priorit y , c ern mu n~-

cation is nearly at an equal level w i t h  effectiveness .

Resource s is .i me asure of the cost and impact of implementi ng

_______________ ~ . - .,---.——. — —



a par ticular alternative solution. Each criteri on is assigned

a weighting number according to its priority and value

rela tive to the others on a l00~ scale. E f f e c tiveness  is

rated at .45 (45~ ), communication is rated .40 (40%), and

resources is rated at .15 (l5~). These weightings will be

used in the evalua tion of analys is resul ts in sec tion 3 .4

of this chapter .

Each of the th ree  main c r i t e r i a  is- f u r t h e r

divided into more detailed supportive parameters . The - -

comple te  l i s t  of c r i t e r i a  is shown be low .

.E f f e c t i v e n e s s

.Ex ternal control - Ability to direct and enforce
sys tems approach on standardiza-
tion d e c i s i o n - m a k i n g  th roughou t  H
the applicable NATO organization
and over all syst em life cycle
phases .

.Internal contro l - Ability to maintain control of
resources needed to conduct
sy stem s engineering activities .

.Continuity - Degree of stability of pe rsonne l in
remaining part of the systems engineer-
ing organization or process over a long
per iod  of t ime .

.U n i f o rm ity  - Degree to which the systems approach is
app l i ed  in the same w a y  t h r o u g h o u t  the
concerned NATO or ganizations .

.Span of con trol - Degree  to which higher authority
may have to expand s-pan of control
to w a t c h  ove r  systems engineering
activities.

Communications

.Us er-producer dialogue - Ability to promote free ex-
change of information and
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Viewpoints between users
and p r o d u c e r s  t h r o u g h o u t
N A t O .

.Subgrop dialo gue - Ability to promote communication
be tween and w i t h in  CNA D s u b g r o u p s .

ic o rk i n g  pane l  d ia logue  - A b i l i t y  to p r o m o t e  communi-
ca t ion  between and within
MIS w o r k i n g  pane ls .

.R e s o u r c e s

.Cost - Incremental cost resulting from addition al
personnel and facilities required to support
systems engineering actlv:ties-.

.~~eorgani:ation - Degree to which NATO o r g a n i z a t i o n s
need to be restructured to ~znductsystems engineering activi tt es .

.Duplication of effort - ~egree to which more than
one organizat ion is conducting
sy s t e m s  e n g in e e r i n g  a c t i v it i e s .

. Sy n t h e s i s -  o f  A l t e r n a t i ve  S o l u t i o n s

The re a re  a n u m b e r  of ways for introducing systems

e n g i n e e r i n g  i n t o  the CN:\D and the ‘lAS . Six of th ese are

lis ted below and defined in the followin g paragrarhs .

.Alternative 1 - No o r g a n i : a t : on a l  change

.Alternat:ve - Sy s t e m s  e n gin e e r ~~ng w ith in functiona l
org anizations

..\iternatLve 3 - 
~ual matrix org~ ni:ation

.Alternative 4 - S i n g l e  m a t r i x  o r g a n i z a t i o n  a s s i g n e d
to

. A lt e r n a t i v e  5 - Si n g l e  m a t r i x  o r g a n i z a t i o n  a s s i gn e d
to MIS

. A l t e r n a t i v e  o - In d e p e n d e n t  m a t r i x  organ: zation

a . A l t e r n i t i \ o  I - No O r g a n i z a t i o n a l  C h a n g e

The f i r s t  a l t e r n a t i v e  is to  l e ave  b oth t h e

and the MIS unchanged and s- i i U~~~ l v i n :  r o d u c o  svs  t e m n s  e n g i n e e r  ng
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as a new me t h o d o l o g y .  The t a s k s  to a c c o m p l i s h  s y s t e m s

eng inee r ing  would be ca r r i ed  ou t us ing  exis t in g personne l

and organizational structures .

b .  Al terna tive 2 - Sys tems E n g i n e e r i n g w ithin
Func tional O r g a n i z a tions

The second alternative is illustrated in

Figure  14. Each CNAD group and each MIS service board would

establish a separate systems eng ine er ing su bg roup or  w o r k i n g

pane l .  The members of each sub -~roup/ w ork in g  panel  would

c o n s i s t  of na t iona l  de l ega t e s-  fr-Nfl each participating NATO

na tion. The delegates ’ activit~~ s would focus on s tandardi -

zation matters within the cognizance and interest of the

particular group or service board. Coordination of these

s u b g r o u p s/w o r k i n g  panels  would  be d i rec ted  by the CNA D and

MIS commit tees  and t h e i r  s t af f s . This is s i m i l a r  to a

classical functional organization in that directors from

the CNAD and MIS committees would be minimal with the sub-

groups/working panels coopera ting to get the job done .

c . Al ternative 3 - Dual Matrix Organization

Al ternative 3 is a matrix organization w i t h  the

sys tems engineering activi ties as the prog ram manage r s  and

the subgroups/working panels as functional entities . The

s u b g r o u p s/w o r k i n g  pane l s  would  carry out their activities

under the direction of the systems engineering staff , wh ich

would , in turn , come under the scrut iny of the CNAi~ and MIS

commit tees . 
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Figure 15 depicts the third alternative . The

systems engineering function has now been elevated to a

higher position in the CNAD and the MAS. The organization

would consist of permanent, duplicate staffs , each of which

performs similar kinds of activities and tasks within its

parent organization .

In this position each systems engineering activity

would have responsibility for overall coordination of the

groups and service boards , respectively. Along with this

responsibility would be a greater degree of systems engineer-

ing authority over the functional groups and service boards .

This is a result of the systems engineering activities close

connection with the CNAD and MAS committees .

In order to maintain close working relationships ,

it would be necessary to assign one person as needed from

the systems engineering activity to each CNAD group and MAS

service board . This would help ensure full harmony and

coordination of standardization activities among the various

national representatives .

d. Alternative 4 - Single Matrix Organization
Assigned to CNAD

The fourth alternative is simply a consolidation

of the third alternative. As shown in Figure 16, this alter-

native eliminates the systems engineering activity from the

MAS . All activities would be accomplished by a single systems

engineering activity attached to the CNAD , thus eliminating

95
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the duplicative organizations in alternative 3. This one

activity would coordinate and direct the standardization

activities of both the CNAD and the MAS . In all other

respects the responsibility and authority of the staff would

be the same in alternative 3.

e. Alternative 5 - Single Matrix Organization
Assigned to MAS

Alternative 5 is the same as alternative 4

except that the systems engineering activity would be

located in the MAS rather than the CNAD. Activities would

be similar to alternative 3 with the staff giving direction

to both the CNAD subgroups and the MAS working panels .

f. Alternative 6 - Independent Matrix Organization

This alternative shown in Figure 17 , separates

the systems engineering activity from the direct authority F
of either the CNAD or the MAS . This independent matrix

organization would conduct essentially the same activities

as alternatives 3, 4, and 5 but with more direct decision

authority and coordination . Several possibilities exist

but the most likely is to place this activity under the

Defense Support Division of the NATO International staff

(see Figure 9). The Defense Support Division is a high-level ,

permanent international staff which concerns itself with

policy level matters related to standardization of NATO

systems .
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3. Analysis of Alternative Solutions

The analysis of the six alternative solutions will

prov ide information on the advantages and disadvantages of

each. The analysis will be based on the criteria and

supportive parameters discussed in section B .l of this

chapter. Each alternative will be analyzed for advantages ,

disadvantages , and no effect relative to the current NATO

approach for each supportive parameter.

a. Alternative 1

Advantages

.No reorgani :ation is needed. A possible rewrite

of charters and procedures may be required.

.C~s-t is low . There is a minimal investment of

additional personne l and facilities .

No effect

.External control is no different since

organi:ations are unchanged.

.Internal contro l of systems engineering activities

is unchanged.

.Span of contro l is unchanged.

•User-producer dialogue remains difficult to

accomplish but no worse than current approaches.

• Communications between CNAD subgroups and MAS

working panels is insufficient for good coordina-

tion but no different from current approaches .

IOU
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Disadvantages

.Constant change in composition of subgroups /

working panels and their personnel results in

loss of continuit y .

.Dtffic ult for CNAD and MAS to maintain uniform

systems engineering policies over entire system

life cycle. rhis is due , prim aril y , to lack

of full -t ime c ommitment.

.fhe CNAD and the MAS have duplicativ e functions t
and are ere fore less efficient.

b . A l t e r n a t i v e  ~

Advantages

.No reorg ani zation is required. System engineering

subgroups and working panels are formed routinely .

.‘~roup and subgroup dialogue is enhanced since the

systems engineering sub group is directly involved

in a c t i v i t i e s .

.Service board and working pane l d~alo~ue is

enhanced since systems engineeri ng working panel

is directl y in v o lv e d  ut activiti es.

.Cost is low . Sub groups and working panels are

made up of national delegates and , thus , NAT~
personne l m d  fa ci lities expenses art’ ~~~
No C t  C C L

.Span of control is unchanged for !‘oth the CNA~
and the MAS committees .

Ii ) 1
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Disadvantages

.No external contro l of othe r subgroups/working

panels , except as the groups , service boards , and

CNAD/MAS committees allow . L
.National delegates are constantly changing.

There is no internal contro l of the selection

of qualified personnel assigned to the systems

engineering subgroup s and working panels . No

adequate control ~f implementation of systems

engineering me thods .

.Continuity of activities suffers because of

constant movement jf personnel on the subgroups,’

working panels.

.Unifo rmity is hard to achieve because of the

large number of organizations all attempting to

accomplish the same thing but using different pro-

cedures . No central control.

.systems engineering subgroups working panels are

at too low a level ~ithin NATO to effectively

direct user-producer dialogue . Large number of

additional subgroups ~erking panels may actually

hinder coordination of user-producer dialogue .

.High degree of duplication of cffort because of

the large number of separate sys tems engineering

subgroups/working panels.

lO
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c. Alternative 3

Advantages

.Adequate external control of standardization

activities with authority to direct and enforce

decisions .

.Permanent systems engineering activities allows

internal control over selection of qualified

personnel and adequate control of procedures for

implementation of systems engineering methods .

.Permanent systems engineering activities allows

continuity of tasks and procedures over entire

life cycle.

.The user-producer dialogue is easier to achieve

because relatively high-level activities are

directing it.

•CNAD subgroup s and MAS working panels are

communicating better because the systems engineer-
r

ing activities are directing and coordinating them .

No effect

•Uniformity of procedures and me thods is better

than alternatives 1 and ~ but still split between

CNAD and MAS systems engineering activities.

Disadvantages

.Reorgani:ation of the CNAD and MAS w ill have to

occur to accommodate the systems engineering

activities .
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.Cos-t is high because of need to support two

full-time , permanent activiti es .

.Duplicate activiti es are less efficient.

.Span of control is a bit more of a problem for

the CNAD and MAS committees .

d. Alternative 4

Advantages

.Adequate external control of standardi zation

activities with authorit y to direct and enforce

decisions . Full control exists ov er the  CN AD

subgroups with somewhat less contro l over the

MAS working panels. However , the overall

authority of the CNAD lends considerable

weight to alternative 4.

.A permanent systems engineer ing activit allow s

internal control over selection of ~ua1ified

personnel and adequate contro l of procedures for

implementation of the systems eng ineeria g meth ods .

.A permanent systems engineering activ~ tv allows

continuity of tasks and procedures over entire

system life cycle.

.There is unifo rmit y of procedures and methods

because a single systems engine ering activity is

in control.

.The user-producer dialogue is easier to achieve ~e-

cause a single activit y is coordinating communic ations .

10 4
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.CNAD subgroups communic ate under the direction

of the systems engineering activ ity . ~L\S m~o r k i n g

panels also communicate but to a lesser extent .

.1 single systems engineering activity is more

efficient because of no duplication of effort.

No effect

.Span of control is slightl y larger f~ r the

CNAD committee. No effect on the MAS committee.

Disadvantages

.Reorgani :ation of the CNAD h il l have to occur

to accommodate the systems engineering activit y .

rhe MAS will have to restructure ~rocedures to

allow direction by the activit y .

.The cos t is high because of the need to maintain

.i pe rmanent , full- time staff. However , co st is

lower that’. ~ i th the duplicate activ ity.

e. Alternative S

Advantages

.Adequate external control of standardizatio n

activities. Somewhat less authorit y ~o Jzrect

and enforce decisions because of relative ly 1om ~

position ~f the MAS wi thia the NA T C or~ ani:at~ on ,

at least as compared ‘~:th the CNS \S~~~.

.A permanent systems engiaeeri :~g act~ vitv al c~ s

internal contro l ov er se~ ection of qua 1~~f~~ d

personnel and adequate control of procedures
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for implementa tion of the systems eng ineering

me thods.

.A pern~anent systems engineering activity allows

continui ty of tasks and procedures over entire

system life cycle.

.There is full uniformity of procedures and

me thods because a single systems engineering

activi ty is in control.

.The user-producer dialogue is enhanced but

still needs closer ties to the requirements

de termination process.

.MAS working panels communicate well under

direc tion of the systems engineering activity.

The CNAD subgroups also communicate but to a

lesser extent.

.1 single systems engineering activity is nore

efficien t because cif  no duplication of effort.

No effect

.Span of contro l is slightly larger for the MAS

committee. No effect on the CNAD committee.

Disadvantages

.Reorganization of the MAS will have to occur to

accommodate the systems engineering activity . The

CNAD will have to restructure procedures to allow

direc tion by the activity.
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.The cost is high because of the need to maintain L
a permanent , full-time staff . However , cost is

lower than with the duplicative activity .

f. Alternative 6

Advantages

.Full external control of standardization activi-

ties with authority to direct and enforce decisions .

Full control over CNAD subgroups and MAS working

panels.

.A permanent systems engineering activity allows

internal  control  over selection of qual i f ied

personnel and adequate control of procedures for

implementation of the systems engineering methods .

.A permanent systems engineering activity allows

continuity of tasks and procedures over entire

system life cycle.

.There is ful l uniformity  of procedures and

me thods becaus e a s ingle systems engineering

act iv i ty  is in control .

.The user-producer dialogue is easier to achieve

because a single activity is coordinating

coztuuUnicationS.

CNAD subgroups and MAS working panels are

communicating under the direct ion and coordina-

tion of the sys tems engineering ac t i v i t y .
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.A single systems engineering act ivity is m ore

efficient because of no duplication of effort.

No effect

.Span of contro l has been removed from the CNAD

and MAS committees but still exists at a higher

level.

Di sadvan tages

.A r e l a t i ve ly  large  r e o r g a n i z a t i o n  will have to ¶
occur to accommodate the sys tems  e n g i n e e r i n g

activit y . This will occur outside the confines of

the CNAD and MAS .

.The cost of maintaining a relativel y large

sys tems  e n g i n e e r i n g  activity will be high.

4. E v a l u a t i o n  of Alternative Systems

a. E v a l u a t i o n  Method

Evaluation consists of listing the advantages

and disadvantages of each alternative for each criterion

parameter on a comparative basis. Table IV ill5ist rate s how

this is done . Each criterion and supporting paramater is

shown along with a weighting value as described in section 8.1

of this chapter. The alternative solutions are arranged in

columns 1 through ô . The advantages , no effect , and disad-

vantages described in subjective terms in the preceding

section are quantified into numerical ratings w ith values

ranging from one to five . The meaning otT each r atin g is

descr ibed  below .
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A L T E R N A T I V E  S O L U T I O N S

C R I T E R I O N  PARA.”IETERS 1 2 3 4 S 6

EXTERNAL CONTRO L 3 2 4 S 4 5

I N T E R N A L  CONTROL 3 1 5 S 5 5

C O N T I N U I T Y  1 1 5 s 5 5
z
> u ~

,

~-. 
.“ U N I F O R M I T Y  2 1 3 5

U
‘U

REORGA NIZATION 5 4 2 2 2 1

SPAN OF CON TROL 3 3 3 3 3 3

SUBSCO RE ~~ x E PARA ’IE TER S 1 .2 7 5  .90 1.65 1 .3 7 5  1.3 1.8

z
0

USER-PRODUCER DI A LO G UE 3 2 4 5 4
U

SUBGROUP DIALOGUE 3 5 S 5 4 4

U WORKING PANEL DIA LOGUE 3 S 5 4 5 4

SU8SCORE~~ . 40 x 
E PAR AM ETERS 1 .2  1.~ 1 .8 7 1 . 37  1. 73 1. 73

DUPL I C A TION OF EFFORT 2 1 1 4 4 4

SUBSCOR E .15 x E PARA MET E RS . 5 2 5  . 45 .13 . 45 . 4 5 .38

TOTAL R A T I N G  (I  SUB SCORE S 3. 0 2 . 05 3 .~~ 4 . 3 . 9 8  3. 9 1

(:s
MOS T AI )V AN TAGEOI JS - ‘ S
SoM t:~ m iAi  ~DV ,\NI.u ;I :o ( J S • 4
NO I - I I .CT • 3
SO [.~ llAT DI SAi )V \ NTAGLO US — 2
MOST DISAD V A N FA ~ LOUS 1

T A BL E IV
EVALUATION SCORING 01: A L T I ; R N A T I V L  SOLUTIONS
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.Most advantageous - S

.Somewhat advantageous - 4

.No effect or indifferent - 3

.Somewhat disadvantageous - 2

.Most disadvantageous - 1

Each parameter is assigned a rating for each of the alterna-

tives. An average is taken of the parameters within each

criterion . This average is then multiplied by the particular

criterion weighting to obtain a criterion weighted average.

The weighted averages (there are three for the three criteria)

are summed up to obtain an overall rating for that particular

alternative solution. The remaining a l t e rn a t i v e s  are evaluated

the same way . Re ference 25 presents a detailed discussion of

this method of evaluation.

The distribution of ratings , shown in Table IV ,

are the author ’s judgments . Othe r evaluators may assign

different ratings and the result may be somewhat different.

However , it is suggested that the end result will be

essentially the same [Ref. 26].

b. Evaluation Results

A lternatives 1 and 2 do not offer any significant

advantage over the current NATO approaches to standardi zation.

Alternative 3 offers some increased effectiveness and communi-

cations but suffers from high cost and duplication of effort.

Alternatives 4, 5 , and 6 offer the highest degree of effective-

ness and communications but require additional resources
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due to the need for a permanent systems engineering activity

with accompanying personnel and facilities . Duplication of

effort is eliminated.

Of the three acceptable a l t e rna t ives , number 6 is

lowest even though it exhibits a considerably higher degree

of external control of systems engineering activities . The

lower score is a result of the need for considerable reorgani-

zation at fairly high levels within NATO and the higher cost

associated with a permanent activity .

Alternatives 4 and 5 exh ib i t  the same t rends

in reorganization and cost as alternative 6 but to a lesser

degree. Therefore , their scores are higher . The score f o r

alternative 4, the systems engineering activity attached to

the CNAD , is the higher of the two . This is a result of a

more effective user-producer dialogue and a greater degree

of external control of standardization activities . The

CNAD has generally been more invo lved in establishing niilitarv

needs and requirements and defining alternative systems to

suit those needs through a user-producer dialogue . The CNAD

seems to hav e a little more concern with the system life

• cycle, at least during the critical early phases. In

addition , the CNAD has a more direct line of authority to

the North  A t l a n t i c  Council  as wel l  as t ies  to the var ious

national defense ministries . The effect is to transfer

• some of the authority and influence of the CNAD to the systems

engineering activity. This , in turn , affects the ability

111
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to contro l all the organizations involved in standardization

decision-making.

C. DECISION

If NATO is willing to undergo a relatively major

reorganization and is able to bear the cost of a large systems

engineering activity, then alternative ô is  recommended as

most effective . If alternative o is not feasible , then

alternative 4 is recommended as the best compromise between

effectiveness and usage of resources. The CNAD has all the

necessary basic attributes for making decisions on standardi-

:ation of NATO systems . The addition of a ‘ystem engineering

activity , as recommended in alternative 4, will strengthen

the technical basis on which decisions are made and result

in more emphasis  on the v i ewpo in t  of the p r o d u c e r s .
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V

V I I .  SU*IARY AND RBCO~~?ENDATIONS

A. SU~ 1ARY

The increased threat from strengthened Warsaw Pact

forces combine d with recognition of the inability of NATO

forces to cooperate fully in combat has caused much emphasis

to be placed on the need for standardization of equipment ,

proc edures, tactics , and doctrine. The result of this has

been interest in the development of new procedures , such

as PAPS , by which the NATO nations may decide which systems

need to be standardized. These procedures are a considerable

improvement over past methods .

Further improvements , however , can be made . NATO needs

to recognize that a hierarchy of standardization exists and

that it can be combined with systems engineering methods .

The end result will be a more rational , coordinated approach

to standardization decision-making. NATO also needs to be

prepared to reorganize , not only to aid in making standardi:a-

tion decisions , but to manage and support the development ,

production , and operational use of systems over t he i r  entire 9

life cycle.

Following is a summary list of the main conclusions

in this thesis:

.A hierarchy ~f standardization has been developed and

can be used to help make standardization decisions .
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rhe SYS t CIf l S approach offers a r at  iona I means for

d e c i s i o n - m a k i n g  w h e r e b y  a l l  r e l e v a n t  i n f o r m a t i o n  is

cons ide red  and w e i g h e d .

.The system design model is a generally applic able too l

by which  the sys tems  appro ach may be i m p l e m e n t e d .

.It is most important to consider the i m p a c t  of  s tan d a r d i -

zation during the planning phases  of the system li t e cy cle .

this  should he used as a guide to standard iza t ion of (orts in

a l l  othe r phases .

. t n t e r f a c e s  be tween  s y s t e m  e l em e n t s  . ire c r i t i c a l .  I f

these are not well understood then the higher degrees of

s t a n d a r d i z a t ion  w i l l  ~e d i f f i c u l t  to a c h ie v e .

.N e i the r the CNA ’L~ nor  the MAS use a S ’ - ~teIfl S . i ppr oach

in s t a n d a r d i z a t ion  dec i s t o n - m a k ~ n g .

rh e CN A D and the M.-\S p e r f o r m  comp l ement a  rv t~uIlc t ions

but do not communicate well.

The MAS is a good o r g a n i z a t i o n  ~~~ e s t . L h  I i s h i n g  ~n r e r -

face standardization h u t  cu rr en t ! . ’- is act ive only .i~ low e r

system levels.

The CNAD has the necessary atrr thures ~o a~
systems engineering organiza t ion. I t  on l y  needs to  c o n so l  i-

date its efforts on a more  fo rma l b a s i s .

B . ~~CO~~tENPAr1~ NS

The fo l low ing reconimend a t ions are made :

Introduce a sys  tems ong i neer  i:ig framewor k a s a  w a y  o ~

making dec is ions on s t a n d a rd  i za t  ion is  S U C S  . ~ roade~ he
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systems perspectiv e of all the CNAD subgroup s and MAS

working panels so they can see the impact of their efforts

on othe r systems and system elements .

.Es tablish a permanent systems engineering activity

with a cha i*ter to imp lement the systems approach throughout

the CNAD and the MAS . Give the staff enough authority to

direct and coord inate all of the standardization activities

within these organizations .
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APPENDIX A

GLOSSARY OF TERM S

Concept Formulation - This is the initial phase of the
sys tem lite cycle in which efforts are directed toward
identifying and evaluating the feasibility of operational
requirements .

Form. Fit. Function. - Terms used to describe the three
pr imary attributes of a system . Form describes the shape
of a system , equipment , or component. Fit describes how well
it interfaces with other systems , equipment , or components .
Function describes the operation and performance of the
system , equipment , or component.

FRG - Federal Republic of Germany , also known, informally , as
W~~t Germany . -

1FF - Identification Friend or Foe. Equipment installed in
~fl combat aircraft which , when interrogated by anotheraircraft, identifies itself as friendly. No reply or an
improperly coded reply would warn the other aircraft of
possible enemy intrusion.

Laser Seeker - One form of PGM component wherein a target
is iIlumI~nated by a laser (ground or airborne) and a seeker ,mounted on the weapon , detects and homes on reflected laser
energy from the target.

NATO Nations - All the member nations of the NATO alliance.
This includes Belgium , Canada, Derunark, France , Gr eece ,
West Germany (FRG) , Iceland, Italy , Luxemborg , The Netherlands ,
Norway, Portugal , Turk ey , United Kingdom , and United States .
Of these fifteen , France and Greece have withdrawn from the
military alliance but remain active in all other NATO
affairs. Iceland has no military force. This leaves twelve
nations in an armed alliance as of spring 1979.

NMA - NATO Military Authorities . These are the top military 1’

~~~itions of the operating forces and are represented by four
NATO commands along with their staffs. These commands come
under the Military Committee and consist of the Supreme
Allied Commander , Europe , the Supreme Allied Commander ,
Atlantic, the Canada-U.S. Regional Planning Group , and the
Allied Commander in Chief, Channel.
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PGM - Precision Guided Munitions . This term represents a
~~~eric class of aircraft-delivered weapons which have been
developed during the last decade . They are characterized by
sophisticated internal mechanisms , complex interfaces with
aircraft systems , and exceptional performance (range ,
accuracy , velocity , etc.).

Planning Period - The period of a system life cycle during
which concept formulation and system definition take place.

Rearm - The act of replacing an aircraft ’s weapons .

Refuel - The act of replenishing an aircraft with fue l and
other consumable supplies .

SACEIJR - Supreme Allied Commander , Europe . The top command
ot all NATO forces in Europe .

System Definition - This is the second phase of the system
lite cycle. Technical plans and operational requirements
are further refined in light of more detailed information
regarding technical , economic , and financial feas ibility .

System Life Cycle - The entire period of time durin g which
a system is in existence. Extends from military require-
ments determination through concept formulation , definition ,
development , production , usage , and phase-out.

TACAIR - Tactical Air . All  components of the a i r  fo rces  used
to support local or regional m ilitary operations . TACAIR is
typical ly  used to provide  a i r  s u p e r i o r i t y ,  c lose  suppor t  of
ground troops , i n t e rd ic t ion  and deep s t r i k e  at supply depots ,
transportation lines , etc .

Weapons/stores - Any item which is attached to an aircraft
which is not part of the aircraft fixed configuration. A
weapon or othe r store may or may not be ejected or launched
during a routine mission; however , it may always be easily
attached or removed on the ground and usually is. This
definition includes bomb s , external fuel tanks , guided
weapons , electronic warfare pods , and so on.
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