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DI SCLAINER

Opinions, conc lusions, and recomme ndations expressed or imp lied
within are solely those of the author , and do not necessarily represent
the views of the Natioral Defense University, the Department of Def&n~~ ,
or any other Government agency, or any private organization .

Mater ial for this stud y was collec ted largely from existing doc-
umentation (Selected Ac quisition Report~ (SAR ’s), Cortnnand Revic’: and
Assessment of Projects (RECAP’ s), and 1-listorical. Summar ies) supplemented
by extens ive personal interviews with per sonne l current ly and previousl y
associated with the TACFIRE program , both on the government and contractor
sides. In the interest of obtaining as much information a~ pos sible to
make this a useful document , all interviews were conducted on a “not for
attribut ion” basis.
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THE MA]~ING OF A WEAPON SYSTEM:

TACFIRE 1959-1978

I. INTRODUCTION

For almost twenty years, the Army has been seeking to apply a
significant degree of automation to the Field Artillery function .
It now appears probable that a full scale production go-ahead for
the Tactical Fire Direction System (TACFIRE) will be obtained in
1978, with systems going to Cield artillery units  soon thereafter.

Why has this process taken so long? Is the Army guilty of
mismanagement? Are the contractors at fault? While there are no
simple answers, this case study will look back over the TACFIRE
acquisition history and attempt to provide the reader with some
insight i f ltO both the technical and managerial issues that have
influenced the lengthy development history of this system .

Many “lessons learned” have come out of the TACFIRE program.
Unfortunately , lessons learned too of ten become lessons f orgotten .
The Army falls short~ in its ability to retain a corporate menor~
and as a consequence is frequently doomed to repeating its past
mistakes . Only those items that eventually rise to the level of
enforced policy or regulation seem to achieve the necessary
visibility and gain attention of managers and supporting staffs
‘to effect enduring change and improved ways of doing business.
Many other experiences and ideas lie fallow in the project files
or go completely undocumented. This study of TACFIRE iE  wri t ten
with the hope that the acquisition system can be improved as a
result of the TACFIRE experience and that futur e project managers
and their staffs concerned with the acquisition of computer-based
Sy~tems can continue to benefit from that experience.

It is not feasible in one short document to provide an exhaustivo
study of the entire TACFIRE development program. Rather, the prir°i-
pal emphasis of this study is on the software development a~’pe i of
the system . To put this into proper perspective~ major elements n~
the overall development program will be presented as well.\

II. BACKGROUND

Establishing the Requiremen t

The first significant efforts aimed at applying a utc ’~~~~i c n
the battlefield began in the late 1950s. The US Army Electrontc~r
Laboratories at Fort Monmouth, New Jersey , were developing a N~~ 1~z
of digital computers for military applications . The FIELDATA , ‘~ e”s,
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as they were 1o’~own , were being developed in a variety of configura-
tions as general purpose militarized cot :puters capable cf hand1 i~w
a variety of applications . Already , funct ional  t r cpcnomts  v:ere
study ing the potent ial  applications of’ ADP ~.o theI r ~~~~~~~~ in
par t icu lar ,  the US Army Art i l lery and IiL’cile School (~JSA.Ai~~ )
developed ~ car ly Qua l i t a t i ve  l . a t er ~el Req iAircc : .ont  (

~~~
) for a

Fire Support fob System in 1959 .

A series of “ f i r e  p lanning  r.em~ r~i n d ”  were i t t i - ’, t e~ by ~YM~~
in 1960 , wi th  contractual  support  for s - c ftwo r e  de’iel ~~~~~~ fr m ! :~
Bunker R i n o , t inder the rnana~ ement of ’ the Army Elec ’  r ~r : ic Pr c v i r ~s
Gro-ir i is , at F t .  Hu a chuc a,  A .  These ear ly nes.or~ ni ’ req uir emer . r s
r e su l t c i  in \VU ITE PLAN 1, ,i cy s t  on ccnccp i  ( \o~~~TO a cnr .~~r ~7090 ‘o n u t e r )  demonstrated to DA and o ther  service  so; re .~ s r a  - I ye . ’

to establish the f ea s ib i l i t y of a ut o m a t i n g  f i e ld  a rt i l lery  f ; ~~c ti ’n. ’ .

To reinforce the concep t , a d d i t l  ~oil memoranda and s o f t ’ .’si r’e -‘~et- ’oLcr—
rnenrs were added and demonstrated in ‘2HITF P lAN II durinu hr c h  of
1961. Dy this time , the feasibility of outo r : :  in~ the f ie ld
ar~1 ~ery fu n c t i o n  had been v e i l  es tabl ished.

Ac ’in~ in response to a directive from the Depar t ment of ’ tha
Aicy ’ , the USACONARC directed the US krmy Command and Genera l T~~
C: i l e .~e to prepare :i p lan to in~ egr ’ ite  ADP into the f ie l t Army conenand
m i  rrsati on systems . V. l th the ass i s tance  of several agencies , t h e
Uf ’t~GSfl r r ena  red a comprehens i v e  p l an  under the t i t l e  ‘Co mmand
C r ’  s~ l In f rirri r ion Systems 1970” (CCIS7O). Following USACONAR C
aop r ’va i , ‘he plan was sent to DA where it was for ma l ly  approved or
3 .Trc ss t t ’v  1 962 is the bu :’ic DA p Lar a i rr g document for developing ADP
sys’ .~rss f r  t h e  f i e ld  Ar my .

A r e -r a ’ ao ~ sa~ i~~r 1’ t h e  Arrr çv in 1962 vested user r e s p o n s i bi l ity
° e . ‘~~ r~ st r e u i i r e m e n t s  w i t h  the  Field A r t i l l e r y  Agency (~7A)
of ’ t , ( r ’ ’ v:  A r’:y ~~~~~~~ Developments Command . Ah i l e  he Ele ’~ s~ t . I - ’:
::,b c- Los . -  r ~l r r ~o vs rk on equipment development , the PS

s ‘~‘t r ~ Gr~~ir. ! at E~~t hio h:i , ’ had bee n ~a ske l  t de~~i’
a r !  - oS  ‘di ‘ en:. : it ~er f ield ‘ n i t i - r o .  A new series of hi :hly

:. ‘ ‘t~~~ i’ C! c. ~~~ st  ~~ r a r d a  mor e t hen dE -vel  ped under . n t r a c t
Ai n m - i 1 E o r r  r s  PerU—’, Tes f r i  i - w ed , t o st i r~

, r ’ — ~~p ‘ r. r- ’ a j  i ‘1 r ’ r r- - r ’ r ri p -~~~~~~ , Inc . DhUe ~hL~ tes
1

• ‘ ‘a I I :; C a Ut a’ ‘ i o. of rn , ’ . of’ ‘ h ~I c- ‘ - s  s , -- cc $ h I - I Ii’ I
a “ o ’ ‘ -  ‘ ‘ n 0 $ n ’- 

. 
— , .

. S 0 ‘ ,~ - f l ‘~~~ \ ‘ p I ‘~ “.
~~ ~~~~~~~~ 

r and
- 5~’ ‘• ‘ ,, •• “ ‘ ‘ . - I - , f a —

~~ t i  —.

I , . —’ . ‘ ~ ~, - ‘ ‘ - - i  I t e L  ~~‘U’ ’ f  , - I ’ ’ ~ I I .  , ( ‘t ’ , O T ~f l f l l  ‘ ‘T-

‘I -I l ( C .‘•c i - s. t ad  er — i t  i ” . - -- I ’  ‘h r  ~~~~~~~~ CCL ’ — ’’ t
~ \ ~~~~~ ‘$ ‘  ‘ • . r i , ~ }~f -’ ‘r.~~j ’~~~~~ a r id  C t r o l  J n C ’r r i .nt i

~~rr - c  ( 
.‘. h i :  t tc  (Ir r!h’$ t  Drv°~ ( t : e r : t - Command ) UpdiV l”d he

I -  ‘in ‘ i i  T r nd i ~ ’r I an t~~i ten er t a t io r ,  Plan f r  A u t o —
errs within the Arc.:- in the field (ADSAF). This plan
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developed during 1964 and early 1965, realigned the tactical systems
to be developed into a Tactical Fire Direction System (TACFIRE), a
Tactical Operations System (TOS), including both intelligence and
operations , and a Combat Service Support System ~~~~ which combined
personnel and logistics.

Following DA approval of the implementation plan in May 1965,
project management responsibility for the three ADSAF systems was
vested in a new Automatic Data Field Systems Command (ADFSC) at
Fort Belvoir. The ADFSC evolved from the earlier CDC Group and CCIS—70
and reported both to the Army Materiel Command as a materiel developer
and the Combat Developments Command as a combat developer. Military
systems directors (0-6) for each’ of’ the major systems reported to
the Commanding General/Project Manager . Meanwhile, the user role
continued to be fulfilled by’ the Field Artillery Agency (FAA), and
technical (hardware ) support to the PM was furnished by the Electron-
ics Laboratories under the US Army Electronics Command (ECOM ) at Fort
Monniouth.

Included in the ADSAF ‘Implementation Plan was a set of formats
proposed for documenting recluirements for tactical ADP systems , called
Funct ional  System Design Requirements (FSDR). IVith the assistance of
Bunker Ramo , the FAA t o r k  the series of flre curt ort memor anda
together w i h  the documented sof tware  developed earlier and the test
results from the ‘Thite Plan and Engineering Design Tests and wrote a
set of FSDR ’r which were eventually to be ’ome the basis for the
TACFIRE specifica tions.

It was now necess ary to bring the FSDR and Q~~ into agreement . To
accomplish this some tradeoffs had to be made. The original Q~~ called
for fire support (TACFIRE ) systems at Divi sion Artillery (DivArty),
Battalion , Fire Support Element (FSE) and Battery levels. The ADSAF
Plan had dropped out the FSE and Battery systems so they were thus
eliminated from the Q~~. In addition , input/output terminal devices
were also deleted for the liaison officer , survey, and meteorological
teams .

A new DA approved QMR for ‘ TACFIRE — -C ADSAF” was thus prcmulgated
in early 1966 as the culmination of several years of effcrt aimed a t
establishing the feasibility of automation of’ field artillery functionE
and maturing the requirement. A formal project management office had
now been established along with an effective users ’ representative
organization . When the comparative state-of-the-art -af commercial
data processing in the late l950s to early 1960s is considered along
with the cultural shock of automating real time tactical military
functions , it is difficult to see how this process could have been
short,ened to any signif icant degree by the Army.

1
Originally TOS and TACFIRE were combined , but later split into
separate divisions.
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TACFIRE Defined

Before going further into the development history, it would be
useful at this point to define in brief what TACFIRE was to be as a
result of the requirement refinement process described above.

TACFIRE is a system which applies automatic data processing
techniques to the seven f ield art i l lery functions of t echnica l  f ire
control , tact ical  f i re  control , f i re  planning , ar t i l lery target
intelligence, arti l lery survey, meteorological data , and anicur i t ion
and f i re  unit status . It also provides a capab i l i t y  for prel iminary
target analysis , nuclear target analysis , nuclear f i re  planning ,
chemical target analysis,  and fa l lout  predict ion.

To perform these functions , TACFIRE computer centers are to be
located at DivArty and at each direct support (DS ) and general support
(GS ) f i r ing battalion . Centers similar to the DivArty center may
also be found at Corps Artillery and Field Artillery Groups. The
hear-c of’ each center is a medium scale mi l i t a r ized  digi ta l  computer
and associated memory mounted in one or two 5-280 shelters on a t ruck .
Each center includes local input/output devices for control of the
system by field artillery personnel.

At the battalion centers , an Artillery Control Console enables the
computer operator to input data rapidly to the system and retrieve
information from it. For example, Fire missions received from forward
observers can be reviewed , and computed fire orders released to the
batteries with provisions for approvals and modifications. A medium
speed printer provides hard copy of all transactions while a Digital
Plotter Map provides a four foot by four foot visual display of the
tactical situation on standard military maps.

The DivArty Center has similar equipment plus an Electronic
Tactical Display (Cathode Ray Tube, or CRT) which electronically

— augments the Digital Plotter Map. Each firing battery is equipped
w ith a printer , the Battery Display Unit , to receive firing dat-a and
other information from battalion . Remote input/output devices enable
forward observers , fire support officers and others to communicate
with TACFIRE using standard tactical radios or wire and authentication
techniques to provide a degree of security . Security for most c f  the
links is provided by cryptographic devices.

Virtually all of’ the hardward devices described above are general
purpose. They are tailored to the TACFIRE function through “software ,”
the detailed computer programs which cont rol their operation . Multiple
applications programs are required for each type c rnputer center t o
accomplish the seven major functions described earlier. A more detailed
list of these programs and their functions is provided in Append ix A.

Besides the applications programs , two other types of s -Nware are
required. Maintenance and Diagnositic pr~~rams are used to verify proper4



system functioning and to locate faulty circuit cards or assemblies
when malfunctions occur . Final ly,  the most cri t ical element of the
software is the Operating System (OS ) which controls TACFIRE , hardware
and software , and integrates all of the many harch ’s-ire and software
elements into a cohesive system.

This , then , is an overview of the cyst-er :, the Arr :~, ret u ’ ~c
develop and acquire following several years of reau i rerser 4 s dctecs.i r .-
ation in the mid—l960s . The reader should appreciate  ~J~~’ ~h i s  Wa: :
an exceptionally ambit ious undertaking in t ha t  t i n e  f r am e . R ea l— ~ inc  -
systems ( i . e . ,  systems whose performance are even t driver .  -‘; i th
critical required response times rather than so b ej u l e  driven ) were
not easily developed for the commercial world let alone for a battle-
field environment, and this system was quite complex . Neither the
militarized hardware nor the unique software existed at the time .
and hence both would have to be developed o -n c ur r er t ly .

I I I .  CONTRACT DEFINITION PHASE

Wi th t ’,e approval of’ the Director of De Cs:se  h eser rc}: and Eng ineer-
ing ( DDR&E), a competitive “ Contract  D e f ’ i r i r I  a Pha se ” ~v ’~s tcs:s,
1966. industry was invited to bid on a -St ’ r a S t  :h ich ~

‘. c l i  l e a d
eventually to a design for an in tegrat ed  TACFIRE . i~tse-1uer r c u i d o n se
from the Army indicated that  mult iple  ~on t r : cts  v; u ld be ‘i ,v ’ r de-d ,
restr icted the bidding to prime cont ract or s  oh y ore comp ute r  ma i r Pr ane
manufacturers .  This late r e s t rict i o n  causes  some ‘ ar h u ier -se a r:cn~ ‘Lo
industry teams which were prepared to submit ~ rop sa1s. In c i e  sc - a ,
the prime contractor/su’bcont- ‘actor re la t ior shir  between t e a r ed  ‘ oat anie s
had to be reversed as a result.

The imposition of the requirement that prime cnn~ractors be mainframe
manufacturers may be indicative of an early miscc-r ice p~ ion aLo :t t a c t i c a l
data systems on the part of the Army . In effect It r e f l e ct e d  a vIevrrc- iri
tha t TACFIRE was f i rs t  and foremost to be a set cC hardware machines. in
fact , however , it will  be seen that whi le  the har dware wa ,~ nc t  free Ir on
problems , software problems were to dominate  the pic ture  completely ,
followed by problems in overall hardware/ sof tware system in - r a ’ i r - n .  A
recognition of the c r i t i ca l i ty  of software r i T h t  have removed this
restr ict ion and permit ted a better set of pr opos als  to be sut:- .lYr-~~.

A Source Selection Evaluation ( SSEB ) Board met at Letterkenny
Army Depot for approximately six weeks in January of 1967 to consider
five proposals for the Contract D e f i n i t i o n  phase.  Subsequent ly ,  in
March of tha t year , three cont rac t s  were awa rded t,o IBM ( Federal Systems
Div i s ion) ,  Burroughs (Defense Space and Special Systems Group),  and
Li t ton  Indus t r i e s  (Data Systems D i v i s i o n ) ,  a l l  for in exce ss c-f $1
mi llion each ( $ 3 . T M  to ta l) .  The study efforts were to last approximately
twenty weeks result ing in a p re l im inary  s p e c i f i c at i o n  for TACF IRE (ba sed
on the FSDRs) . as well as a technical  approach t o  the system development
inc luding the contractor ’ s recommendat i on as to the best J a n g ia~~e f’ -~r
developing the t .actical : ‘ o f t w ar e .

5
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The three contractors submitted the results of their study efforts —

and it now fell to the Army to select the best of the three for
proceeding into actual development . The same Source Selection Evalu- —
ation Board reconvened in August of 1967 to consider the three propos a l s .
After approximately another six weeks , they reached the recommendation
that Litton be awarded the follow-on effort .

it is important to understand that the contractor ’s proposal was
to be the basis for the specifications for the fo l l ow — on e f f o r t .  Sot o
on the Government side have criticized the SSEB for not adequately
comparing the contractor ’s proposal to the FSDR documents , although
late in the evaluation period a special effort was direc~ ed at this.
Future determinations of items falling within the scope of the cont ract
or out—of-scope would have to be made on the basis of the specifications
as they appeared in the contract , regardless of the content of the
FSDRs. This eventually was to become a source of many problems for the
Army .

IV. TACFIRE DEVELOP1’~ENT

Development of TACFIRE was formally begun in December of 1967 with
the award of the prime contract to Li t ton  Industr ies .  Li t ton in t urn
had teamed with two subcontractors to assist in the software develop-
ment work. These were Planning Research Corporation (PRC ) and Infor—
mat i c s.

A unique feature of’ the Litton contract was that it was the first
award by the Army of a Total Package Procurement (TPP) type contract
which covered not only development but subsequent - production as well.
Total value of the contract was a ceiling of $l22.3t I , including both
R&D and production. One of the major reasons for awarding a TPP
contract was the earlier unfavorable experience the Army had had wit-h
the FADAC computer when production was awarded to a contractor other
than the developer, and major problems arose when one contractor
attempted to manufacture the FADAC based on the design package produced
by another. The TPP concept in e f fec t  ruled out future competi t ion
for production of the TACFIRE system. It also was designed to preclude
“buy-in ” by a contractor for the R&D phase with subsequent catch-up
during production .

The ori ginal TPP TACFIRE contract with  Li t ton  was extremely
ambitious . The entire span of the contract was for 69 months , wit-h
the first systems to be delivered to the Army for testing at the end
of the first 22 months . This is probably indicative of a considerable
degree of naivete at that time on both the part of the Government. and
of the contractor.

A s i g n i f ic an t  aspect- of the TPP contract also was the in ’ent ive
structure which it - ‘ontained . Incentives were insluded based on cc-ct ,
schedule , and system per formance .  The l a t t e r  was to be detet’r’iae i on

6
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the basis of a mathematical formula (developed by a separate contract)
including various measurable system response tines. One of the
factors in the formula included a logari alun fun c ’ion which was origin-
ally unspecified (probably due to a typo-graphical error) as to
whether it should be the natural log (base “e”) or sonrr.or log (hose 10).
At a subsequen t meeting, the word ‘natural” was inserted . Ylile his
may at first seem inconsequential , it had the effect sf’ n :u l t i o i v i r . ’
the performance incei - lye f ac to r  by more than 2 , and as a resul t t h e
performance incen t ive  to the c ;n t r a ct o r  s sn:p lete~~.’ d cr : : i r a t ed cost
and schedule considerat ions . “11th such a wei g h t in g , i t  is c l e a r  t h a t
a cont rac tor  wi l l  opt for improved s~-,’ster: performance at the exper :e
of incr eased ocst and stretched out schedule whenever a i~~~aj ,s~~f4 ’  

~c
to be made because it is in his finaneia~ I nt e r es t to  do so,
especially when a $17M incentive was at stake as- in r h i s  na so .

A number -a t’ different players were nc-vs -on the scene at. various lo-
cations. The Army project manager in name was the Commandinf- fler er’ol
of the Automatic Data Field Systems Command: in fact, the TACFIRE
Director wi thin  the ADFSC organizat ion generally e:~:eroised the PiC
author i ty  with a s t a f f ’  of about 10 people located at  For t  Belvoir , VA .
Technical support to the PM ( primari ly on b a r - i nu re ) same f r -~m she
Electronic  Laboratories at  Fort ~onm outh ,  NJ . The Co mba t  D ev el comen~ s
Command ’s Field Artillery Agency at Fort S-ill represented the scot’ .
Also, the Artillery Center and School at. Fort Sill had an in ’erest, in
monitoring the development effort . At- Fort Huachuca, AZ, a Cost. Cs-er—
ational Effectiveness Analysis (COEA ) group was - ‘b arged with doing
a COEA on TACFIRE . Finally , t.he Field Artillery hcard was concerted
with testing the system .

A sIgnificant PM decision resulted in ~he e st a b l i s hm en t  c-f a
Government resident developmen~ office et the Li t-ton plant in lT ar . ~uy r .
CA early in 1968. The PM on—site team was headed by a m ilitary 0- ’ (lu ~ er
0—6), wit-h a civilian deputy and a three man sof’t vare ~r hun . These tern
to ‘be joined shortly by representatives from the FAA , the Artii er~

,’ S-sb-sc-I.
TECOM, and the ECOM laboratories , all as essentially indepeir den ’. repre-
sentatives.

Software developmen t quickly became the pacing item of the syst em .
Management of the soft-ware e f fc r t  was complicated by the  fas ’ b a t  ~‘r re -~
different software development teams were involved. Li tton , t-he prime
contractor , retained some development r e spons ib i l i t i e s  t-c enhan c e i s
internal capabi l i ties .  Their in—house team took or the t a : ’k of’ develc-~ ftc
the operating system as well as the DivArty and 1ct t ’ i i i on  ‘ p pli - cat ions
programs. FSE applications programs were subcon t racted to Pi ’nn itr~
Research Corporation (PRC), while Informatics was ren~ nnsi t-ie f’~ r :-uppnr ”
software , including imolemen tation of a new high level prc—sr’ nuTing
l an r u a ge called TACFOL , desi gned by PRC. The sp l i t  -~ f’ a p p l i ’ a t i  a. -
programs between Lit ton and PRC would require careful coordinani -a r
because the nrc-crams were interrelated.

7 
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Management control from the Government point of view was r - be
maintained through a series of reviews , but no intermediate f’ src.cJ
deliverable items were included prior to t-he actual system deliverIes.
The acqu i sit i on  p r i ce s -  at that time called for Fese-urnb and Deve~ n-neat
Accertance Tests (RDAT ) at the contractor ’ s facilities followed by
Engineering tests and Serviceability Tests (ET/ST) in a field envi ;’
ment .

The first formal review scheduled was a Preliminary Desi~ r -ole - .:
(PDR) planned for the summer of 1968. F r  a number of reao ’r,s
review was not held unt i l  December of 1968. A major problem t ir ; o - t
out to be differences of opinion over what- the con t r a c t called for it .
the software . The FSDR documents were the pri r-ciry source d o c um e nt s
from the user ’s point of vien- , but~ the ,-: were not part of the tont rucl .
To confuse matters f u rth e r , the extensive set of detailed spe- ’if’icanio no
that had been developed during the contract d e f i r i t i - n  phase ‘crc oct
formally part of the contract , since they had not. been signed by oithet’
party . The only software specifications formally included in the son-
t -r ac t  amounted to a relatively brief overview specification set- which
left a great deal of room for disagreement between the c ’ontr ’t or  and
the Government.

Prior to the formal PDR, the field artillery representatives
- ‘ undertook a detailed review of the specifications and the ccntrac~ and

generated nearly 1000 comments ranging from mi nor corrections to -Se e m - i . ’

deficiencies which would, as they saw it, nullify ~he e f f e c t i v -tn e s s
c-f TACFTRE . Discussions on these items became confusing due to the
mul t i p l e  n’irties involved both on the Government si d e  ( P M . F CA ,
Artillery School ) and the contractor ’s side (prime and subs). -Tft ’i ’iul
agreements could only be made between the PM/contrasting rift’ ic’er and
L i t t o n  as; the prime contractor , but the other parties were deeply acm—
cerned as well, it appears that there was a great- reluctance on the
part of the PM office t-o make any changes beyond those which scull
correct obvious errors. In fact , no changes had been programmed f r
in the TACFIRE budget. Further , the PM office was heavily schedule
oriented.  Any major changes would involve both dollars and ti: :e ,
requiring Department of the Army approval. Aci’s-rding to Sc-S e who rer-~
involved, major cost/schedule changes may well have r e su l ted  in th e
death of TACFIRE as the PM saw it.

Nevertheless it soon became obvious to a number of people t h a t
the schedule called for by the contract- was’ to t- 1lly unrealis i- ’.
especially as far as software was concerned . It n’nu ]d be f a i r  to  say
that both the Government and the contract or lacked the rroper depth
of qualified software developers and managers , an-I na i v e t e  p reva i l ed .
The first obvious evidence of sl ippa ge  vms ~he -l olay of the POP u nt i l
December of 68 .

13cc-ides the lack of app r e c i a ti on  for  t h e  t i m e  i t  m o u l d  take t o
develop the software , inaccurate estima te s of .;of”ware rise (numbers
of instructions ) led to gross underno m at 1-n of -etc-rIo req il i’errret t
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The initial estimates were carried over from the Engineering Design
Test effort under Bunker Ramo . As a result , extensive hardware changes
would later be required to provide sufficient on-line storage capacity .
It tray be that some foresaw the probability of’ increased memory
r e c r u i r e m e r r t s ;  if ’ so, such considerations were dismissed due to their
obvious cost impact.

Of the approximatell- 1000 deficiencies cited , Litton accepted
the majority , the Government withdrew nearly 200, and eventually less
than 20 became matters of contention . A baseline software specifica-
tion set finally was arrived at following the December 1968 POP . All
was not to p roc eed smoothly from this point , however .

It should be noted that another change in the Arty  proj ect
management structure had taken place during this time frame . The
Automatic Data Field Systems Command was supplanted by the new Computer
Systems Command . From the point of view of TACFIRE , this change vs-c-s
largely cosmetic in that the TACFIRE Directorate continued to mac-age
the program . The new CSC organization took on responsibility for
non—tactical multi—command data systems in addition to the P,DSAF prcroratm ,
however. This broadened the scope of responsibilities of the CC/PM and
necessitated further decentralization of TACFIRE responsibility to he
system director .

Research and Development Acceptance Testing (RDAT)

Litt on had originally estimated that RDAT would begin 18 mon~hs
after ‘i-marC of contract and last about 5 months. The Government
development estimate simi larly called f or completion at’ RDA~ in Oc’;-oher
of 1969. RDAT did not actually ‘begin until February c-f 1970. it lasted
just over two years, terminating in March of 1972 putting the progr m
almost two and half years behind schedule.

The reasons behind this significant slippage are many , several
of which ha ve al r eady been d i scussed such as th e gross un d e re st i n . a t i s n r
by all concerned of the magnitude of the software effort .

One of the most significant problems facing the development of ar-y
tactical data system has been changing requirements. TACFIRE has been
no except ion . Even though the concept formulat ion phase had pr ods -r ed
a “ matured”  O~~ statement - , the data base of weapons and amm u n it i o n
types which TACFIRE was to accommodate was continually shi fting .
Even with occasional freezes , the time would always come when TACFIRE
had to catch up. Fortunately , this has not been a major pr —hlors fir
TACFIRE . More pertinen t to the init ial delays in RDAT was an inct’ ea.e
in requirement - s  for the Battalion system , partly due to in it ial under’_

es~ m oti on of memory requiremen ts . This necess i t a t ed  an earl:: (sumner
of l9h~~) change in  the  Ba t t al i n system ta -  i n c lude  the add i  ion of
r ’incl a rr a toess drum memory uni t s  ( RAM ).  I’h is was a - d r - a r s a t i o  ‘har 1ge for
the system , with major softwa re impl i- ’;-1t 1- rr -ns as well us cost. ( v0i -t L
the TPP :000ept , t h e  total  proc ir emen ~ costs for  over 100 drums  iverl to
be considered up f r o n t ) .
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Problems with  the Digital Data Terminal (DDT) caused further delay .
Litton was subsequently directed to drop the subcontract effort on the
DDT by RCA and build it in—house. A delay in availability of RAM dru m
units also had a negative impact.

Many of the ills of concurrent hardware , pro c-ramming support
software and applications software developmen t- contributed to the
delays . Peal time operating system software for instance , must be
intimately structured to complement the physical hardware. Cri g iral
software development had to be done using a commercia l  IBM system as
host machine unt i l  real tac t ica l  hardware became available. Compila-
tions and assemblies were done on this system and the only software
testing that could be accomplished wuc- done usino a - ftwar’e inter-
preter to simulate the tactical hardware . Transition from the
programming support system A (PSSA on IBM hardware ) to programming
support system B (PSSB on Litton hardware ) dad no t. go according to
plan .

More than anything else , however , the seri ous slippages of the
TACFIRE program through the completion of the RDAT phase must be
charged as management failures on ‘both the part c-f Litton -and the
Army. These same failures were also to be resmonsible for  addi ~~i - nal
slippa~’es that would o-o cur later mc a resul t of problems that would
rshov: uu dur ing ET/EST.

TACFIRE development war planned to be monitored , as mentis ’r-ed
earlier , by a series of reviews , first Prelirnin’i r’~i Design Reviews’
(PDRs ) and then Critical Design Reviews (CDRs). The design of the
system was- to be guided by Part I specifications (desios t; ) ,  t o  be
followed later with Part II specifications (build to) whi~~r , wou d
reflect the final design . Testing would begin with Pr’elirs ,iza r~
ll ;sIl.i fication Tests (PQTs) for groupings of computer pr-ic-rut’s mo-Jules’,
and rn-r e  on to Formal Qualification Tests (FQTs ) of complete coftv;’ire
packages. All of this was tied together in a Configuration Man-acm--nero’
Plan which called for a Software Review Board (SRb ) to carefully
control the progress of the system and changes made thereto . This
management  approach could have been quite successful if f 13 -c-ed
through, but it fell apart completely in implementation .

The original Litton software effort including subcontract s’ c-’-
c-coped at about $15 million. Management quickly cut th i s ’  to ~~ n ~l’~i r.
and then in the competitive crunch included-only $3.5M in thei r f i n a l
bid price. This ensured that inadequate resources would be ava il’ tlie
for software and doomed the software management approach to failure .
The Configuration Management Plan was never really implemented , the
GRB never constituted , and sufficient raft-ware personnel were nn
‘—; ailable , especially in the contractor program management office .

While it oric-inally appeared that the two experienced software
suisi -ontractors (PRC and Informatics) would be substantially involved
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in the development of the software , in fact their involvement was
minimal with the bulk of the critical work reverting to- the relativ-
ly inexperienced Litton group.

For its part the Army management team was no better in i ts implemen-
ta t ion  effor ts .  The PM staff  was equally lacking in software experience
and depth. Tests by the contractor were inadequately monitored and the
results of’ both tests and design reviews were not well documented. In-
suff ic ient  effort  went into reviewing test plans as wel l .  Consequent ly,
problems in PQT ’ s often went undetected and f i l tered on through into FQT ’ s.
In short , any semblance of real control was completely lacking . The
problem was compounded by lack of continui ty on the par t  of’ the Govern-
ment personnel from one review or one test to the next - .

Management appreciation for the crisis in software was lacking in
part due to the absence of measurable milestones visible to the govern-
ment between June 1968 and January 1970. ‘When the first series of FQT
planning meetings began in May 1970 the problem finally began to come
into focus. By the end of the year , the PM was ready to acknowledge
the slippage and Mod #50 to the contract on 29 December 1970 formally
rescheduled the start of ET/EST for May 1971 (from the original Oct 69
date) and stretched the TPP contract out a total of 30 months.
Pressures were now applied to Litton to tighten its management controls
and apply resources to implementing its software management plan .

It was also during the RDAT period that yet another change in
project management structure occurred. Beginning in late 1970 and on
into 1971, the Army established the Office of the Project Manager for
Army Tactical Data Systems (PM, ARTADS ) within the Electronics Command
at Fort Monmouth, NJ. PM responsibilities for TACFIRE and TOS were
shifted from the Computer Systems Command at Fort Belvoir t.o this new
PM office. At the same time, responsibility for monitoring the develop-
ment of the software for these systems remained with CSC. The new PM, -

ARTADS thus found himself with PM responsibility for TACFT RE , but the
software management resources he needed did not belong to hino’ in fact
CSC as a major Army command was not even under the control of the Army
Mater iel Command (AMC). In theory any major disagreement between
PM, ARTADS and CG, CSC over TACFIR,E software management would have to
be resolved at the Vice Chief (or Asst Vice Chief) of Staff level. The
lack of collocation of the organizations exacerbated the situation .

Formal Qualification Tests actually got underway in the first
quarter of Fl 72 (mid-1971), further delaying the start of ET/EST. This
was the first time the Government had overseen the actual performance of
software. Not unexpectedly, numerous Operational Deficiencies (ODs)
were encountered, the most serious of which were in the applications
software. ODs were separated into those which re luired fixing early ,
those which coul d be wa ived , and those requiring -

~ formal Eng ineering
Change Proposal (ECP to bring the system and the specifications
into agreement . Reruns of the FQTS continued into early 1972
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to clear the outstanding ODs. A test plan was also developed to allow
demonstration of the total integrated TACFIRE system (hardware, :of~-
ware and communications) as the culmination of RDA T .

Early indications of system reliability problems were also
beginning to appear. The target for Mean Time Between Failures (MTF)
was set at 150 hours , with a Mean Time to Repair (MTTR ) of 30 m i nu t e s ,
as per the Q~MR and system specifications . The electromechanical
equipment in TACFIRE provided the most problems . Of course , it was’
expected that initial performance would fall short of these ob, e (’tives
and that  re l iabi l i ty  would improve as time went on.

7-nce again the contract  had to ‘be cod ,J usted to st i tch lip viish reality .
On 6 Jan 1972 Mod #60 was signed calling for ET/EST to star : in ~ar  h
1972 wi th the  first production release scheduled for April 1973. Am
additional 12 months was added to the Mod 50 schedule , br in g ing ~Lcs
t o t a l  extension to 39 months between the beginning of ET/EST a~i -f  th e
ic-c:iance of ’ a production go—ahead.

A2t e r  reviewing the s ta tus  of hardware and software t e s t in g  as
nell t O  t he availability of trained military personnel, the FM set
1 Ars ’~ l 1972 as a r ea l i st i c  target date for the beginning ~f E1/E T T.
Nec -~ iations -on a system delivery date had been difficult a c - I  a t  one
m o i r  (Sep 199 1). the Government had u n i l a t e r a l l y  ins + ru cs ed  the
con r ‘tor to deli ver on the 1st of April 1972. The contractor
f in : i l y  agreed irs Mod 60 to this date as a delivery date for the
Fl -’E27 syc t oms ~vh i — h would include a DivArty set , three di rec t  su n o c r o
ar~ i~~lerv bactalicti sets , one general support Bn set , and a missi le
battallo se ’ . -

The total  integrated system test began in February and cont inued
throush l at e  March of 1972 . PM personnel supervised a “mi l i ta ry
operat ional  t es t ” -of’ the ET/EST systems in the Lit ton plant  on 29 Marsh
1972 . The su c oe cu fu l  completion of that test resulted in the prelimin-
ary acceptance of the TACFIRE system for ET/EST.

Th e PM n-ow reassessed the total situation prior to making a
decision as to whether or not the system was truly ready for ET/EST.
C-n the software side , while there were still problems remaining , the
ma,~or ones identified during the FQT series had been cleared and it ~app eared that reasonable performance could be an t i c ipa ted . Ha rdware
t roblems had similarly ‘been reduced to manageable proportions and the
known limitations would be acceptable. Spare part.s were not oor’sp1etei~,’
us to the planned levels , but the maintenance concept- had generally
proven sound and a maintainability demonstration had been successfully
‘o mpleted . After coordinating with the tester (TECOM ) and user (CDC),
the PM deemed the total risk situation to be acceptable and decided
to pr o’eed into ET/EST.
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An interesting side issue developed with the contractor -:-ver
whether or not the “development” phase of the contract had now been
completed . This status affected certain contractor support activities
and reporting requirements . Litton nrai n~ - ic-ed that  development
te r i r ina ted  on Army acceptance of the  ET/F21 2 sys tem - , while the Arr~:’s
position was that development continued until a jr’ rtdu ctisri tl-o-—ahe:H
was given . This issue , somewhat unique due to the TPP contraci ,
remained in contention for many months . In the meantime , the Army
dictated procedures to be followed for the control and maintenance
of software during the ET/EST phase.

Engineering Tests/Expanded Service Tests (ET /EST)

TACFIRE was now entering what was to be perhaps its rr o st  inter-
esting phase from the point of view of a weapons system a c q u i s i t i o n
history . ET/EST was to begin in April 1972 and run into February
1973. Unanticipated problems were to arise , however , w i t h  uni que
and interesting management solutions ensuing in response to those
problems .

By 6 April  72 , two ba t ta l ion  systems and a Di vArty system had been
delivered to the White Sands Missile Range, New Mexico , a battalion
system had a r r ived  at Ft. Huachuca , Arizona , and another b i t n a H o n
system was in place at Ft Sill . Oklahoma . The set- at Ft Pia -huca c-ar
to undergo electromagnetic compatibility and vulnerability tests as
part of the Eng in~ ering Tes ’ ( E T ) ,  and on c’omple~ ion be sh ip ped to
Ft Sill. Similarly , the Whi :.e Sands set would also go tc - Ft S i l l  -:r~
completion of ET to augment the operational test facilities.

Expanded Service Tests (EST) got undermay at- Ft Sill on f Ap r i l .
The Field Art i l le ry  Board began exercising the s y s t e m  to d e t e r min e
its operational suitability . Software and hardware problems hegac-
showing up almost~ f r om the start. Also , shortcomings in the  d r a f t
technical manuals seriously compounded the op e r i t  lonaS p r -b l e m s .
The s i tua t ion  was so bad that tests were suspended for more than a met ’ h
beg inning on 27 April , to permit the contractor to perfor m necessary
maintenance.

At White Sands , the ET system ran in f o  s i n i l a r ’  pr oh ler : s - ag a in
both hardware and software deficiencies. Here , coo , the de ’isi-an c’s
made to suspend testing as of 1 May to give the c-o-ntr’ac’tor a chute0
to solve at least the most critical problems .

In the hardware area , mechanical problems were plaguin g the (‘ixed
format message entry devices (FF~~Ds), the plotter maps , the keyboar d s
and the printers . Power supply problems were also responsible for -an
alarm ing number of system failures, along with cables’. Finally . RAM
memory capacity for the bat ta l ion system showed signs of s~ rnin.

Software problems were the most serious , howeve r. Under some
condi t ions  the  system would issue erroneous fire soninsi nd -~r is -no
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all. Fire wi nning Pr- ~~~~~~~ frequently nt ’  - d r o ol r e su l ts ’  where in
we re -~n i eo , fires ex ’c~- - i i, - c ’ iv’ r~ lab le  f i r e  units  over—

locke I. S crc :1’ he fire s’ jppo r t elr nren jr - gi’’ ms were virtually
un t ; ’ h l e .  Ba ~l t s - t  1 ’  s-slut i nt - f - s r  very sc-cr : rs:ret— r hi ‘h angle-
were a:rier’iIl :- ic-a ura l c.

i’ i i’  1 in r une follsw i c-s or , is  ear l ‘:r- ~er ’ i rl of’ Is r r a n i r e  ma i n~
on ce ‘i rcl ri’— e r g i n c t e r i a ’ , as ~‘.c1 1 ‘iS  ex t e r s iv e  s ‘t are  cha n ges ,
ten - - lag ‘rio.- t o -  s r i r ’ r r d .  I r’sbl 0555 c n t i n i r n tc- r hov op ‘i c - i  i t sn- a
be e - i t - c r p r-a rer. ~ t h the en ’ c t  it - - - ‘ so ld  - a i c  s-a ’ - - - : :f’  -5  1:.

A is ig t  level m-uc-ngenen ’ review 00: in - r’ er.

tr 19 - ‘ n I:.’ 1°72 . the 17’ c’ nvened a :‘~ r i  - r I c t - e l  :-: ins ’iger:.cns t
rn eet i ry  to review th e  s it u a c i ~ ::. Ger er a l  o f f i c e r ’ . ’ l ’s ‘ - TFC fl M , 4h c-
Field Arti 1 very School , Computer Syr ’:ec-s Conc .r i r : - I  • c-n d Co:. :3 ’ -  r he ‘:c-~ -
mccl s Command parti’ip ated , in 1 - i di  tin - n . t o  PM , APT A DS. A~ is :
a-as ’ wh e t h e r  t e s t i n g  should be con  t - i rnu ~-d c r ‘ errS sti t e l  , v;i ‘.h t h e
la t  f o r  ‘ -s n’se f c - c t  i on s c ur ry ino  d e n ser:- im p l i c i  - in n s  ~i I o s r ’ ’ Lt
f u t u r e  f’ t h e  TACF IRE ~r: , ee t .  Sr: t i r e  r - s ’ - i t  i t o -  ,‘~~ie , : toh i l 5 ~~y ~~ -r ’~ i n ’
ars i e n v i i ’ sr srn emtsi l t e s t  l ag  had g: n t-  coil c-nd ‘ i c r -  s.c -s rome : h ’ r g  t,o be
ga i ned by c o n t i n u I n g  a t  least. so-ne jcrtion:: cf t hit t ’~’s~~ir s f .  2 5
th i s  ra ee t i r . g  r ime a t e s i s i o r s  t -  r ’en t  i n t o  w i t h  I i t  . i e l  ‘.es° h r  i t o

Sep t ember , at which t I c  or new s --l’~ .’;nre tape c-na t - i he t r a d e  a v a i l a b l e
by t h e  con t r acto r  and r oll FIT j EST cou ld  re susso- .

Add itiona l ~orr ect ive  measure s acre al so  d i rcet ed  ‘is a re s ’-u
sf thi s meetinc i n n ’ludi  no an  a- ’ ’o1er’r~ ci deli very of the syn: ens Crc::
.‘JSiLR to Ft Sill, establIshment - f an Equipr :cnt Perfsrnor nc’e Pepc-r ’ ( 7FF
r eview task f’ rce , nc-’c’elerated interim software corre cti-- r. - w i t h  a
schedule of’ 5 intermediate revised tapes , and ore’iti -sr of a user
guidance group .

Serious problems con tinued to arise. rn Augus t , j t , became eviden t
that it would be impossible to c o m p l e t e  sufficient t e st  in~ t o  et c-tn t
a production decision iso he made by the requi red date :f 1 April i°Th.
The Department of the Army (DA ) was now brought in and a serie.- of
br ie f ings  and reviews wan: begun . Me r w h i l e ,  f o r t - a l  t e s t ing c on t in u e d
on tr: intermittent basis only.

Following mee t ings  in the P e n t a g o n  cm August 10th and 14 t h .  DA
endorsed most -of the a ct i o n s  a l rea dy  t a k e n  by the PM . The :‘:

si gni fi rant cut-come of these meet ings was a f’ rrr:a l i r a  ion  a c - I  r’ en g
ening of the user gu idance role t ha t  t r rd  re cers 1 , . b eer m l a~ c - n .  fl
17 August , DA sent out. ‘u message f ’s r :r i r u ]  5: desi  ~~~ I :g t he Fl eld
Artillery Center as the “ us i r sg  -agency for TACFTRE ” ivi t h a ic - m oor f
s’we ’ifi c r e spons ib i l i tie s .  Most - imp ort ant . lie designated u.’~ r c - u:
charged with the task of reviewing ea ch  EPR us wr i 5t,en by T F . CMi . f
“de te rmine  from the user standpoint the  m i n i n : u n -  nr tcepta ’n l e  i c - e l  - f ’
performance requi red in each deficient a r e a . .  .“ F u r t h e r ,  ~he i se r
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would ‘establish for P~ , ARTADS the relative priority from the user
viewpoint for correcting deficiencies and shortcomings identified in
EPE ’s. ” User determinations were to be promul gated by message to all
concerned.

The significance of the designated user cannot be overemphasized.
Here for the first time was a single focal point within the Army
empowered to speak with virtually f inal authority on modi ficat ions to
the TACFIRE requirement pertaining to the pur e field ar t i l le ry
function . Items that impacted beyond the f ie ld  art i l lery domain had
to be coordinated with CDC before a user determination item could be
published, but these were a small percentage.

Heretofore, the tester had little choice but to cite a deficiency -~
each time the system failed to measure up to the letter of the Q1~~,
now over 6 years old . This new procedure allowed the designated user
to ask not “does the system do what the QMR says it must,” but
instead “is the performance of the system adequate to ful f ill the
needs of the field artillery?” If the answer to the latter question
was yes , then the “User Determination Item” so stating it became a
de facto modification of the requirement. Each EPR was t-o be analyzed ,
a determination made and a rationale given for the determination ,
all to become part of the permanent record. (Representative User
Determination Item messages are included in Appendix B).

One of the ma,~or benefits achieved by this system was that it
forced a renewed challenge of the TACFIRE requirements. If a require-
ment did not stand up to careful scrutiny , a simple mechanism was
now available to modify the requirement accordingly . Equally important
was the psychological factor. No longer was TACFIRE simply a system
being developed by the materiel developer to meet the wish list of’
a remote and intangible “user .” The user, now well identified , became
a true system proponent and in effect a part of the development team.
The independent tester role , however, remained separate to provide
for necess ary checks and balances.

Not only had the production decision date of April 1973 become
totally imprac tical , but the production quantities planned when the
TPP contract was signed in 1967 no longer reflected the needs of the
Army in view of changes to the force structure. Faced with continued
technical problems and obvious contractual inadequacies , the P~,( set.
in motion a process aimed at reaffirming the Army’s needs for TACFIRE
and making the necessary reorientations to the overall TACFIRE program .

Several alternative courses of action were presented to DA by the

~~ in October 1972. These ranged from continuing the program unchanged
to termination, with a midd le ground of restructured alternatives.
Among the latter were an alternat ive stretch ing out and repricing
full scale production , two alternatives calling for completion of
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development w i t h  either no ~r d u ’t i o n  or a pr -ucurement package aime d
‘it a separate compet i tion  for producisi-nn . and an alternative providin g
for  t Low Rate In i t i a l  Product ion ( L R I P )  only. wi th opt Inns  for ful l
s~’ m u i c  :rodrr ctlc ’ru .

Termination was still a very real alternative at this time . It.
coul d not be discounted without a review of the Army’s true requirement
for TACFIRE . To address this , DA established in late October a “Senior
TACFIRE User Validation Committee ” (TACVAL ) consisting of general officers
and chaired by the CG, 1st Infantry Division . The TACVAL corrsni~ tee met
at Ft Sill , OK from 2 through 6 Novemb er, and c—n 15 November their
recommendat ions were presented to a special ASARC . They had reaffirme d
the need for TACFIRE and recommended continued development on an extended
schedule.

The special ASARC accepted the recommendations of the TACVAL committee
and convened a second committee (TACVAL II), chaired by PM, ARTADS to
evaluate four alternative courses of’ action developed by DA. This
committee presented its findings to a second special ASARC on 27 November
1972 .

The course of action recommended and approved by the special ASARC
contained three major elements. First, it called for complet ion of
the development of TACFIRE, ruling out termination at this time . Second ,
it directed new scheduling to allow correction of system deficiencies
and retesting , plus changes to the procurement quant ity . Th is would
require a modification to the contract. Finally, the ASARC direc ted
that the project be brought into line with the new acquisition poli cies
which had been published by the Army in AR 1000-1 on 30 June 72.

One of the most significant aspects of the new AR 1000-1 was a
revised testing structure. Testing was now divided into two broad
categories of Development Testing (DT ) and Operational Testing (OT).
UT focuses on determining how well the system satisfies the detailed
criteria set forth in the requirements documents and is conducted by
ThCOM as an independent development tester (within ~MC). The purpose
of OT is to answer the question: “Can a unit equipped with the new
system accomplish its mission in a tactical environment?” The US Army
Operational Test and Evaluation Agency (OTEA ) was created as an agency
separate and distinct from the developing/procuring command to be
responsible for OT. Three series of tests,. DT/OT I, II , III would be
conducted through the development cycle.

The next set of formal tests that TACFIRE was to undergo would now
be restructured into a DT/OT II series. The PM recognized that extensive
hardware and software modifications and corrections would be required
before the system would be ready for these tests. During the stretched
out development time now planned, it would be necessary to use the
prototype systems for an intensive and continuous cycle of problem
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ider,t i fica t ior ., sor’r e c ti o r r and informal  t e st i n g .  This was to be came
laiown as the “Find , Fix , and Test” period of the development of TACFIEE .

A final hurdle remained before the recommended restructuring of
the TACFIRE program could be implemented . Department of Defense approval
was sought- in a b r i e f ing  presented t o  a special DSARC on 11 January 1973.
The DOD group -lireeted that the alternatives considered be further
developed an al presented formally in a revised Development Concept Paper
(DCP) for decision . Accordingly, PM ARTADS submitted a revised DCP w I t h
a recommended course of ac t ion consistent  with  the approach that had
previously been approved by the special ASARCs.

The revised DCP was approved by the Deputy Secretary of Defense on
30 March 1973. The PM now had authority to renegotiate the contract  tc-
increase development time and ,  s igni f icant ly, a l t e r  the type of contract
from the controversial TPP to a Cost Plus Fixed Fee (CPFF ) type for
development , wi th  options for subsequent production . This would give
the Government the f l ex ib i l i ty  of not going ahead wi th  product ion if ’
the outcome of development testing was unsatisfactory.

In his approval of the DCP recommendation, the Deputy Setrenary of
Defense added a requirement that the Army develop a plan t.hat ‘.vould
permit subsequent competi t ion for product ion on completion of the test
and evaluation phase of TACFIRE . Considering the complexity of the
program and the previous production commit m en t  under th~ TPP concept ,
a plan to inject meaningful competition into the progra:.. at a futur e
date would require careful thought and pro’:e to he a challeng i ng effort .

Negotiations with Litton had been going on in nrnticipat~on of the
DCP approval , enabling Mod 8~ to the contract to be signed effective
31 March 1973. The contract was converted to a CPFF type development
contract as desired . The production commitment was deleted in favo r
of an option for Low Rate In i t ia l  Production ( LR IP)  and an opt I on for
full scale production , both with ceiling costs negotiable do;’mo-ar’l.
An option for a competi~~ive procurement data package was also i nc lu d e d
with the price to be negotiated . The development phase was e x t mn d e d
by eighteen months to correct deficiencies ( a t  the contractor ’s expense )
and also to ad-I capabilities identified by the user as essential.
The Government also achieved a redac t ion in the termination costs (by 1 ‘3)
in the event of’ ca n c e l l a t i o n . In t rade  for these considerations , the
development costs were increased considerably (about 15%) ,  but the new
figur e was a ceiling above which the c o n t r a c t o r  w ould absorb all cos ts .

The new schedule now p1-aced the produc t ion  d e c n i s i -  -n in the De~ en ber
1974 time frame , after a six month DT/OT II (April t hrough October ) and
a suitable evaluation period. Assuming a successful UT/lI and A OARC !
DSARC approval , the PM planned to recommend LRIP be i n i t i a t e d  ins De cember ,
followed by a DT/OT I I I  in January 1976 , w i t h the possibil it ’.’ - f  f u l l
scale product ion b e g i n n i n g  irs February lPT7 . To~ a1 s l ippage  i n .  t h e
program since t h e  c-rig ir:al contract was signed was now up to 65 mon 4L .
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The signing of Mod 88 climaxed perhaps the most trying stage of
the TACFIRE program. The many software and hardware problems ha-i n o t
‘all been solved by any means , but the restructuring of the overall
program brought with it a reasonably soun d approach to the continuation
of the development phase , with some hope for success.

Find, Fix and Test

During the first twelve months of the post-Mod 88 period , the Pr:--
gram was to shift into the Find , Fix , Test- mode briefly described
earlier. Architected by the Project Planager as an innovative develop-
ment approach, this mode of operation was unique in several ways. As
a modified form of customer test , the contractor had control -of the
systems approximately three fourths of’ the t ime to develop and test
solutions to the deficiencies that had arisen during ET/EST. The
remaining quarter of the time the Government had contro l of the oyster
t,o validate the contractorb corrections and attempt to discover other
areas where correction might be required. Time was shared on a dail y
basis for these purposes. A detailed memorandum of agreement (Appen-
dix C) between Litton and the PM spelled out the procedures and
schedule to be followed .

In the traditional system development , the contractor controls the
equipment for an extended period of time ( months or years ) to develop
the system. Then the system is turned over to the Government for an
intensive and lengthy series of forma l tests by the test ing organization .
At the conclusion of these tests , the system together with a list of
deficiencies is returned to the contractor for correction .

With a system as complex as TACFIRE, thi s may well be an inherently
unstable development-testing cycle. Correcting hundreds of deficiencies
at a time , with no intermediate feedback from the user may result in
the introduction of an equal number of new deficienc ies. Find , Fix and
Test sought to collapse tha t cycle into much shorter intervals , handling
fewer problems at a time , and with the aid of the user and tester, pro-
viding early feedback to the contractor as to the adequacy of his fixes.

We have already cited the critical supporting role now being played
by the desi gnated user. Find , Fix and Test brought with  it the equa l ly
critical supporting role to be played by the tester (TECOM). Resources
of the testing community were employed to ~id the developer in problem
i den t i f i ca t ion  and correction validation , thus fur ther  expandin~ the
devclopntent team. Formal testing would later be conducted in the
traditional manner (DT/OT II) to ensure that the testing process had
not been compromised. It may be that a form of Find , Fix , and Test is
essential in any computer system development project comparable to
IACFIRE in complexity .

fn l i d  progress was made throughout the ensuing year of Find , Fix
and Test. In January of 1974, the PM began an assessment of’ system
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status to determine whether or not DT/OT II could begin on 1 April as
planned. The general conclusion was that the major i ty  - s f  the pr oblerr.s
had been corrected , but others remained as outstanding def ic ienc ies .

In coordination with the designated user , all problem reports not
yet cleared up were reviewed to obtain agreement as to ho se which
required correction prior to the start of DT/OT II, those that could
be corrected during the DT/OT II period , and those of lowest priorit:.-
which could be postponed until the subsequent production phase.

The PM had been pursuing a strategy of parallel developments and
produc t improvements to solve the more cr i t ical  hardware problems in
an all out effort to improve system reliability. This allowed for
continued usage and minor upgrades of exist ~ng items of equipment
until such time as a major improvement could be made by insertion of
a product improved item or a totally new replacement item . A number
of TACFIRE equipments were being upgraded in this manner, including
the FFMED, the electronic line printer , and most recently the R!d-~
drums. In the case of the RN-il, a priority effort was underway to
permit eventua l replacement of the drum s with all electronic i.~h ss  Core
Memory Units ( MCMIJs ) which would s ignif icant ly  alter t-he system T)ert’or-
mance and memory capacity . Major software changes would also be re-
quired to accommodate and take full advantage of the MC~1Js. The
parallel development approach minimized technical risk , while provHinrt
considerable flexibility to the project manager . Where different
vendors were involved for the old and new items, an obvious ccmp-eti~ ive 

—

-— advantage was also realized,

Other hardware problems such as those associated with the power
supplies were yielding to intensive engineering programs aimed at making
the exis t ing equipment perform in accordance with design c ri t e r i a .  Here ,
too , reliability was inching upward .

Each of the revised software tapes had brought mit.h it considerable
improvement over its predecessor with numerous soft-ware de f i c i en s -~ie:
being corrected. A final DT/OT II version was scheduled for March lP7d .
I t  would include provisions for testing the MCM1J which had already
successfully passed basic qualification tests the preceeding August.

At the end of January 1974, the PM reported to the Commanding
General of AMC that he fe l t  that DT/OT II c ou l d  commence on 1 Apr i l .
His plan called for Litton to turn the syst~em back to the Government.
at the end of February , with the month of March being used to wrap up
f inal  preparations for the test series. An updated form DD250 would
document the specific known deficiencies in the system that L i t ton
would subsequently be required to correct , but which would not prohibit
DT/OT II from beginning .

Pavelopnent Test- ’- ni-ra ti ‘n~ Test II (DT/OT II)

A:: i t arned -u~ , PT/ n T II id n U - - f f i - i a l l v  b e g i n  unt i l  LI Ma;:
74. The ri- son f r  ~~is delay was ‘ -~~~ t e ’ h i c a l  p rob I er~ hut an o ’ber 
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c o nt r ~~t t ual di t u ’ree menl ’ between the government and Litton . Lit ton  had
announced tha t t h o i r  understanding of’ the language of M~-d i?~ vms  that
simnhi~ the DD25Oc - - r a :ittn: ed final acceptance of’ TACF IRE ex -~ep t f-

- - E - r . i e.~ spec f’ical ly ci ted . mc Government s a i  r~ a im e d  th:: t f’iz.a]
ac - :er t i inc e cool ! r : - -t oc ur unt i l  aft-er DT/OT II was coron]. e~ ed an d all
oon— c- ’mpli- n. c . W i t h  C( :~tr-ac tual specif ica t ions  could be - 1etern:ir ~ed .
This  wool-i keep the club of defaul t over the contractor ’ s head on in t o
the DT/CT I I I  test -  series preceding production .

The DD250 s i tun : ion remained a s t a n d - o f f .  Both J - a r t i e s  m ooe d  to
get  o n  with the tes t ing  to keep the program moving . Since the dispute
centered on what the meaning of newly signed DD25Os was to be :conitr’n-ct—
tinily, the problem was effectively sidestepped by the simple expedient
of not signing a new set of DD25Os . This amounted to a de fac to  victory
for the Government since Lit ton was not relieved of any responsibility
for  syst em deficier .c ies, but at the same time it l e f t  the door open
for Litton to make a subsequent case if they so desired. A separate
agreement was executed to establish support responsibilities of’ the
contractor and liability responsibilities of the Government for the
equ i p m e n t  during the test period.

The CT II operational test was conducted by OTEA during the period
8-26 July 1974 with generally successful results. One of the primary
operational objectives was to demonstrate improved system re l i ab i l i ty .
As intermediate goals on the way to achieving the specification require-
ment of 150 hours MTBF, 30 hours MTBF had been the target to permit
entry into DT/OT II and 90 hours required at the conclusion . The
actual values were nearly 50 hours ~ TBF when the tests began , risioss
to 123 hours at the conclusion of OT/OT II.  ( I t  should he noted tha t
reliabil i ty values change in one of two ways: on . the one hand the
performance of the system changes, while on the other hand the ‘ charge-
able ” failures may change as a result of a scoring conference. Both
of these factors were present and contributed to the dramatic relia-
bility growth.)

By the end of September, the bulk of DT/OT II had been completed.
TECOM wound up the DT phase and the test series terminated o f f i c i a l l y
on 8 l’Tovember. The PM, the user and test communities now began
massaging the test results and preparing for the upcoming ASARC and
DSARC presentations.

In preparing for the ASARC/DSARC III ser~ies , Department of t-he
Army used the Red Team approach to shake d own their alternatives. The
alternatives considered were (1) terminate the program; (2) continue

i~raier the present contract , going on into LRIP and then Full Scale
Production with Litton ; and ( 3 )  exercising the LRIP optior1 with Lit ton ,
but providing the basis for competit ion in FSP by acquir ino a technical
data ma-okage. Two variants on alternative (3) were for : ( a )  fu l l
‘ omp et it i on for FSP based 01. the LRIP design ; and (b) comnetition f-~r F~fPb ased on product improved desi gns of selected subsystems , to i n c l u d e  oLe
~~-~n i n t e r sybsystem . This latter alt ernat  ive (3t ) — ‘a: - I he P’Y s o ’r ef en ’ : ’e- l
a l t er rj -a ly e .
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The preferred a l t e r n a t i v e  in part y ’ef ~ c . -t ed  t ! i~ M s  stratemy in
response to the earlier OSD guidance to h a  he - -v -

, r : .T- -t itl .e- could be

* brought into the pro gr am . Full system c:c :po ’. i  t i e -n  di not aPpe ar to
he practicable for  a system of the sice arc! e -ro r lexilty of TACFIRE.
In d i v i d u a l  subsystems or separately i d e n t l f i a t l e  end ~~~ettt.  co uld
probably be competed effectively, and ii fact thLs  war  a not r urn i
extension of ‘ ne parallel development of product impr ,ero items nIn E-o r ,:
be ing accompl i shed.

Initially the Red Team cri~ fqued the PM’s alTernativ es, and subse-
quently the team was directed to assist in ‘e fine oo ent of ~he aLoe-sr.:’ ~:cs.
Daring the actual council ses sLons , the Red Tear: nu de on l oae l - enae r 2  -

presentation of’ its areas of concern over the preferred a l t e r n a tiv e .
These included the additional R&D co o-t o to be funded , the s:rac~- icabF~hy
of developing and using technical data packages . arid the effects of
subsequent design changes on the va l id i ty  of previous test resul ts .
This use of the Red Team approach seems to have been reasonably °cm-
structive , a l t hou g h the costs (lOOK ) were probably e x c e s s i v e  for the
results obtained.

V. LIMITED PROCURE~~NT

TACFIRE took a major step forward on its lonr ~ourney to the Vie -id
when the DSARC III  and Deputy Secretor ;-t of ’ Defense approved the Limited
Procurement (LP) of 14 additional TACFIRE set-s on 28 Jnrssmor;.’ 1075.
This decision was a modific ation of the PM’ s preferred a l t e r n a t i v e .
There is s i g n i f ic an c e  in the fact  t ha t  the s:.~stem went into 

“12° r a the r
than “ LRIP. ” LRIP implies that a produe~ ion line is be ing  br-o:~sho tim
prior to commencement of Full Scale Produc t-ion . The 14 sets woul d
enable an extensive DT/OT I I I  test series to be performed bef ’ore t he
FSP commitment was made. An ASARC/DSARC l i la was planned to  e ffe c t
that  decision .

Several changes to the system were a l so  d i rec ted by the DPAR C I I I .
One of the most s i gn i f i can t  was the conversion from P~AM t-c an all MCI1L
memory system . Another was the substitution -of a new all e l ec t ron i c
Digital Message Device (lOtS)) for the electromechanical FF3-ID which she
user had foun d unsat isfactory. Other changes included an impr oved l in e
printer , di splay ed i to r  and keyboard . The inmost - of these changes va s
minimized by the parallel efforts that had been going on in these areas-
as described earlier , and consistent. wi t.h the PM’ s preferred alternative .

With OSD approval in hand , the PM was able to exercise the o p t i o n
provided by Mod 88 for 14 addit ional  TACFIRE sets. The con t rac tor  had
submitted a detailed proposal for both LRIP and FSP the pr~ ceding May
and negotiations since that time had worked out most of’ t h e  d e t a i l s .
A supplemental agreement was executed on 30 -larsiar ;: 1975 to begin thi s
new work.

The overall TACFIRE program schedule had now e- r ’o~’~ by another
months , h r i n g i r r r the t o t a l  to 101 rs cnsths hey- m od k-he -sor eali s ’ Ic dss ’.e
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rrogrammed when the orisinal contra ’ had been let lr  196- ’’ . The LP
phase w i t h  a First Art ! ’le Test ( FAT) ,  F -- s - s e Development Test a:.-!
Eva lu a t i o n  ( F D T E ) ,  Pi /OT I l L , and fe- l o w i ng  ADARC/DSAR C l i la  a ide - I  ‘2°
it  months , plus sos addi 1 onal n ine s-: -o il tie-; to m oe -n j  or~’ te -change s 

crn i . ’n i on e- Cent ro’ 1 ‘Jni t ( ccii ) wh ic!r  had been ad - ic - I  to the oy ster.
earlier , and to update the systems data base to service all r e 4 J i r e d
a-canons . F in a l l y , a 12 :so r ith o tr e t  ‘hou~ in the Full Pcale Pr-s e-ic ’ -n
phase was anti cipated. These we-aid all be ref lec ted  in Ma d 130 to the
con t rac t  as of’ June l°75.

Software Management and Incentives

.Thile major str ides  ha~I been taken toward Ievel- :-r :-ir s a f ieldable
set of TACFIRE software , ser ious de f i — ’ie ncies rersair sed in roatsy areas.
The awkward wor,ki ng re la t ionship  b etvi een the two comrs-:archs invo l ved
( csc with  softwar~ responsibi l i ty  arid ECCM wit!:  h a r dw a r e  ar d  sys t em
responsib i l i t ies)  has already been mentioned a r - I  t h i s  undoubtedly had
contributed t-c the d i f f i c u lt i e s  of managing the :sc-ftv:are -developr eat.
e f f o r t s .  Reports generated at the CV C w or k i n g  level were subject to
san i t is ims . and softenir :g as they bubbled sir t h r  ugh the organi:si~ ional
Leirarc ’hy . The PM ’ s loiowledge -of s o f t w ar e  stak ’ij s Lor d suffered -under
thi s arrangement.

One of the biggest problems under the split management arr angener 1 t
was the dominance of adminis t ra t ive data  processing rer:ar:el in the
Computer Systems Command . There are major d i f ferences  between batch
processed f inancial , personnel and logis t ical  da ta  processing systene
and on-l ine  real-time command and control systems . As an example The
operating system for one is vastly different frost the other. In k -h is

= area alone ARTADS experienced great d i f f i c u l t y  ii~ working wi t h  CCC
personnel unfamiliar  with real-time software.  Di f ferences in programs:-
ing languages and hardware structures were also sign i f i can t . The
problems between the two organizations were compounded by atter :pt o ’
wi th in  CSC to impose its internal documentation standards on the ce-n-
tractor . In some cases the PM found CSC personnel issuing ins t ruc ti cn :- s

— which amounted to constructive changes to the contract, creating an
intolerable s i tuat ion for a project manager .

A hidden blessing in the stretched out TACFIRE development cycle
was realized in that newly assigned personnel frequently had prev is-ris
TACFIR .E experience. This improved t.he corporate memory s i t om -k ion  and
enhanced the experience and expertise level-s as well . As an example,
the TACFIRE dir e-star in the ARTADS organization at the time of’
t ransit ion into LP had been involved in the ea”ly stages of’ the program
f i r s t  as part of the CDC team and then in the startup of the ADF2C
nf’fjo’e.

The AR TADS org oin i ; ;at ion  also benef i t -ed fro m the  as s i gnm e n t  in la’-’4
- “ an -~-ffiser who had been in the resident r!e\.’elmmpoent office with
Litton osh cir ts ig : after the “o n tr n c t  a’ ,-: awarded , representing the
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Arti l lery School  arid assist Ing in software moi~i t - ,r ing .  dc came to-

TACFIRE fresh from graduate school havir.g acquired a Mns ’er ’s Degree
in computer science. For the f i r s t  time the PM had d i r e - thy a v a i l-a b l e
to dirts an individua l with both the experience and t echnica l  backgro ’ro :
required to really come to grips with the software management
problem and this  became his assignment .

With his own software manager now on board , the P1.-! drew up a
comprehensive software management plan addressing within the struc *ure
of the existing contract (and making the best of the ECOIS/CSC split
responsibi l i t ies)  how software would be managed , the milestones ,
documentation , review process and so forth. Key to the overall
management concept was a new incentive program for software .

Entering into the LP phase, the PM made available $11.1 to be used
for incentives. The previous incentives in the program had a- ’tually
turned out to be counter-productive and so extreme care went- into
considering how to structure incentives properly in the new carotractual
phase . Hardware and software incentives were both considered , buT- ~k
quickly became apparent that. the greatest program leverage could be
achieved in the area of software. In retrospect this was one of the
best decisions made in the TACFIRE program .

Earlier lessons learned contributed to the s° ru t ur ing of the roe-a
in re r -itive package. One area of difficul ty is in measuriar  t.he per-
formance of the contractor to determine whether or not The- ir:soertives
are to be paid. Generally this involves the establishment, of a f or m a l
awards board which mast make subjective j udgments .  In th i s  case th e
need for a board was avoided by making t h e  -on i t er i a  extremely s im m - i c .
thus reducing the evaluation process to an equally s imp le  yes/no
determination .

Both lessons learned and ASARC guidance militated arair~st sivi:.s
the contractor a large number of varied software tasks to accomp li sh
and then waiting until  the formal qualification test period to let ‘n-
nine his compliance. Intermediate goals had to be established and
used as management targets by both sides.

Pith these constraints in mind , the Government began negotioro its
a software incentive package with the contractor in early 1975. A
set of four major efforts emerged , separat~ly incenti-sized and to
be accomplished serially . This would permit an intensive e f f o r t
be applied to each , wi th completion of one e f fo r t  accarsp li she - :l  b e f ~mr e
the next- was to begin. With the satisfactory completion -~f on~’ — --V
the tasks , the contractor would receive the incentive fee for that
task , representing almost all profit to him over and above his separate-
ly funded costs. This provided the contractor wi th an ext reme-I:: power-
ful incentive to comply with the Government desires.
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The first major task called for completing transitioning to the
new compiler . The deliverable compiler ( one hosted on the TACFIRE
computer ) was at that time not yet in regular use . (The f i rs t  version
was not accepted and a second version was written by another subcontrac-
tor ), Software was still being generated by the compiler running on the
IBM 360 system. Litton ’ s task was to complete the new comp iler and to
demonstrate its proper functioning by taking the last compiled TACFIRE
software , compiling it on the new system , executing the total system
( operating system , applications programs , and maintenance and diat tn:-s~ ics ) ,
and comparing the results. This benchmark was satisfactorily completed
in Jun e of ‘75 and Litton received the full $200K incent ive  allocated
to that  task .

Next in the serial process came the correction of outstanding EPR s
left over from the Find , Fix and Test mode. After careful review , the
Government and the contractor agreed on 100 EPRs tha t were wi thin  the
scope of the contract and still required correction . An incentive fee
of $300K was attached to these EPRs, but with strings to ensure that
the contractor did not simply fix the easiest (which constituted the
majority ) and then forfeit the remaining fee for the more difficult-
EPR ’ s. The fee was so structured that f ix ing  ~O% netted payment of
a third ( $100K), 90% netted two thirds, and 100% would result in payment
of the full $300K fee. Working with the CSC team , the PM further
iden t i f ied  42 of the 100 EPRs as the most difficult. To qualify fcr
full payment of any of the fees, the criteria required that the applic’ ble
percentage of fixed EPRs had to include the same percentage of the 42
most difficult. The final result spoke well for both Government manage-
ment and contractor performance in that all 100 EPRs were verified as
corrected and the full $300K was paid.

Following completion of the old EPRs , attention now turned to the
operating system. The existing system was still based on the use of
the RAM drums and required shifting to an all-core memory system with
the new MOMLJs. Completion of this task could ‘be determined readily
by repeating the test that had earlier been used to verify the EPRs .
If’ the same results were obtained with the system running in an all-core
environment , it could be inferred that the OS was correct. This Litton
did satisfactorily and they were awarded a $300K incentive fee .

In retrospect , the serialization process was not ideal with regard
to the OS/MCMU task.  The reason for this statement involves an under-
standing of the intc ’rface between the applications programs and the
operating system. The OS work required modif ications to the old
applications programs to insert “hooks” for use by the OS, even though
some of those old applications programs would be replaced later by new
ones produced during the LP phase. The price paid for some “unnecessary”
software work bought an early assurance that the all-MCMU concept was
stand , however , and it appears to have been -a good decision .
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T h e  last elemen t ~-f the iric ~’i,t i v i  ned software work was a series: - V

new .‘~ F m,’so ’e - ‘ha ages f’or the LP °:‘~ 
ens , I - ‘1 ri d I: g b ’  ages’ t ‘ he

appl I cat I ins p sagest:: .- , ~pera t,ing syr en , and Ma S c  i. i  1 0 .  ‘e and Dl igr , s’ti
( M & D )  p : igrar :!, - . These -dan ces eons: i tuted ne - ’,- v.- rk t ‘p r .d the ocr ~-e
:t~ the ~ri~ 1ii 1, . ‘ntr’r ‘t toad art co rr~’ed to abou t. $5M - r. the MP a ,ntrast
A t - ‘al -of ~2 -1K incor .tive money was applied here , broken d -‘:n in~~
$lOOK on appli c ’ati-rso , $60K on 15, and $40K on M &D s , e-’a~ h e f f e:~ i r ’ely
on c: “ a ll  or nothing ba sis rather tha n F ~r ’ ker n- -he :.  invm .

The r : echa nis ro  for tes t ing for  ac cnr rp l i shm er1 t  F the PP changes
was the standard Prel ist ir iart -  Qualif ~ ‘ation ‘i’est , r P~ I. Earlier
experience made ii clear thsi ’ PQTs in large measur e demsr : :dnesi the
s:,-stes . to be delivered. As a consequence , ~onoiderable effort went
into the test plan defining and f’ormalizing the P iT s  v ;Lich were made
subsets of’ the Formal Qualification ‘rests (FQTs). As nthu:’tured , ‘he
4est sequence provided for early visibility into the LP software.

The M&D changes were the first to be completed during the summer
of l°76 and th e  only area in which no ma ,~or problems were enco ir. ’ered .
The birgest pent ] ems arose in n ak i r .g  the require-c c har ge s  to tb
applicatinas pr’ocr’ams which were due to be completed in Ai iO is~ t , r

s i a l i f y  for the incentive . Slippages occurred f i n a l l y  d r i v i n g  ‘he
date back to late September.

In the end , the contractor received the full incent io’e fee even
‘k:ough this had been nn the al1—or ~nothing basis. Since the criteria
had  not formally been met (slippages had occurred , flow charts wer e
not delivered), consideration flowed back to the gaverr.me:t in the

~~rm of additional work on EPRs that had been determined to be out
of the original scope . So for its $lOOK the government received about
$65K-plus of additiona l work. -

Much of the credit for the progress now being made -on TA CFIRE
software must go to the cooperative working reL at ionsh ip  wh i - ’h had
developed between the goverronent and the contrrt c’or , and the c:ntr~ls
instituted through the new software m an ag emen t  plan. The amms-lenrth
relationship had given way to a free and open working level in ’erclo-r: ge.
Technicalities and formalities v:ere replaced by a “let ’s figure ou’~ f.”.’.
to ret the job done ” a t t i t u d e  on both  s ides.  The regularly a
sn,ft v ,’are reviews included PM personnel , a user representat ive , and a
tes ter  ( TECOM ) representa t ive . In add it ion  to con t r a c t o r  ton na ge-me :.t ,
actual programmer personnel participated directly. All -of these were
key ingredients for successful software developm ent.

The door was also opened in November 1976 to solving the long
standing problem of split responsibilities for software managemen~ .
The decision had f inal ly  been made to reassign the t a ct i ca l  systems
nersonnel of’ CSC to ARTADS. Almost immne clia ely, they came under ARTADS

- operational control.
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On balance , the LP phase software incent ive program must be viewed
as extremely successful . A tremendous amount of good work was accost .-
pu shed in a relatively short period of time (about 18 months ) with a
very positive effect on the overall TACFIRE program . The combination
of knowledgeable Government management , experienced software talent
on the part of the contractor , and incentive money well applied paid
off rather well.

Testing

A Test Integration Working Group (TI\VG ) had beer : formed and by
August 1975 it had been fairly successful in implementing the conceI t
of conducting a single series of integrated test-s as opposed to many
independent (and often redundant) tests conducted by different rorgal -
i : n t i on s  f’or d i f f e ren t  purposes . Earlier , a sig n i f i c a n t  achievement
had been accomplished when TACFIRE successfully interoperated with the
AN/’IPQ- 17 Artillery Locating Radar system.

First Article Tests (FAT) for the LP phase were scheduled to begin
it : November 1976 , with software FQTs and systems and engineering tests
at  the contractor ’ s faci l i t ies, and subsequent. field test~s at- White
Sands Missile Range . These would be followed by a Force Development
Test and Evaluation (FDTE) which in part was scheduled in response to
ASAR C guidance to conduct a detailed review of Field Artillery command
and control requirements and an analysis of potential changes in
organization and doctrine that might be dictated by the introduction
of TACFIRE . Out of FDTE would come the decision that the system was
in fact  ready to be turned over to the testers for conduct of DT/OT I I I .

First Article Tests ran essentially as scheduled , beginning on the
first of November ‘76 and concluding in the 8th of’ May ‘77. The o-cst
serious hardware problem that arose during these tests was with, the
printer which had already been the subject of product improvement
efforts as a reliability problem. The latest problem centered on
paper handling capabilities in the tac tical environment. The printer
subcontractor was hard at work on a modification .

Software problems showed up during FAT also . The test plan and
contract structure , however , had been designed to accomodate such
problems. A total of six weeks of system tests were called for , with
the start date contingent on the successful completion of FQT. Provisions
for halting the tests had also been made . Problems uncovered during soft-
ware FQTs resulted in a six week slippage in the start of the sys t em tests
which thus got underway on 28 February 1977. By the l5t.h of March i~
became apparent that enough problems existed to minimize the effectiveness
of further testing at that point . The PM, however , was able to invoke
the provisions of’ the contract to suspend testing and commence a mini
Find , Fix and Test mode . On 4 March, FAT was resumed by rerunning
por t ions  of the system test through the point where they had earlier
been halted. This time they proceeded on to termination with few
problems.
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While problems had arisen , they had been r ea l i s t i c a l l y  an t i c ipa t ed
and provisions made to accomodate them. In contrast  t,o earlier tests
in which problems had caused major turmoil in the pro-gras., good planning
had now allowed the PM to retain control of the situation and generall:-~’
maintain the overall schedule.

-tission response times for the system were “or the n o — a t  part
significantly improved as measured during FAT and compared to DT/OT II
figures. In most cases this was due to the substitution of all elecor- -n-
ic MCMU s for the slower RAM memories with their inherent e!ectromecharsi-
cal delays. The only response time problem areas were ass oiat-ed with
long warning messages which simply required a comparati vely long ~isoe
to print. The actual times appeared to be within the rarrre of
acceptability however.

Crntinued progress was being made on the all electronic Digital
Message Device (DMD) as an FFMED replacement. A contract for
15 engineering development models had been let in August- 1975 for
delivery in September-October 1976. A subsequent contract would provide
for 82 12 models for use in DT/OT III.

FDTE commenced on 23 May 77 shortly after the completion of FAT .
These tests proceeded without major problems , concluding at the end
of July . However, they did not fully accompl ish t.he objective of
validating an analysis of the impact of TACFIRE since important- feeder
studies with data to be validated had not been completed in tine . The
stage was now set for DT/OT III. however , with DT III scheduled t o  run
throucrh Augus t and September , and OT III planned to beg in  in January
1978.

Planning for Full L ’- -:’-ole Production

It had he-c-one apparent to the PM tha since limited pr-:-lu-c tion of
TACFIRE would be o mpleted in late l9~’~ , and FSP could not ~‘nrorsreri ce
u n t i l  s-one-tire in 1-179 at the earliest ~t i 1 1 n w i r t g  tine for re-st DI/OT
III analysis and the ASARC/DSARC lila fe ‘isb n p-r-o- ’ecs tr - -r to aw~is’-h ,
and Then required lead times), a serious pr’ - d s i- ’o  I on rap w-~uld o-~cur .
H r h  ‘-oaTh a re  assou - ’iated with s h u t ti n g  d- vs. a Sr ~ :- ‘ti it l i r e -  and
star ir:r i at again sane time later , a side frost . th” po Thrc ia: loss f
key personnel during the interim. Accord in g ly  he I eve lc  pc -i . and in  June
1176 auhorti tted , a plan to bridge this gap wi~ Pt no:.’ sr . sst- : 12 s:s’at er
;r-~ lu- ’t ior.. The problem was intensified ho:-.- a proyrasoJ:.iri~ ‘cid ri dgeS 1mg
dec isr iorA , made in January 1977, which delayed -an FSP nrget award date
-f - T :iy 1978 to October 1978 to move it in t o the next fiscal ye-ar. The
PM s s - l a m  requi red Congreorional approval whi ‘ f t  was re-~

ana ed is;
.~-‘ir~uar 1~~7 and received in June . The di s t i n c t  011 between PP and
PRIP had now become somewhat blurred.

I had t ee-n the PM’s plan to enter 1: - - sep- a r ’ e meg’- I n t l  ions w i t  h 
‘ nt r a ’ + nr for a new contract to cr -y es ’ The addit i -na l 12 ruhase .

— -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



in ’ C~i , DARCOM1 directed th a t  this  not be done , but that it be nego t i s  t e l
us a fu r the r  rs - .od if i eat ion  f the original c o n t ra ct .  The rationale f’ a
this derision was that The Government ertjo:;ed greater ~evorage wiTh s hoe-
contr’o ‘t -~-r by continuirto- with the o r ig in a l  - ‘ un t r ’ ao  , under which . i t  s-a n
s ti l l  f i n d u n f t t i I ’ i l l e d  - I I r a ’ !r:.. ’. ~ie-go ti nti - o ris took long er  under This

t~ ot h r - *-c i g re t- i! t e l  it: a re t f e ’’ n e al fc~~’ The Government

N~- -o t Ia i - --mss were -‘ u :sspieted a’tJ M-n d l’)O was si~med rn 30 ,Pepterst;erl07 . Under the new e~um t rae- t rs.~ .11 ficatloon , tito Mad 8~~ FSP option was
r ’e: s t :’ it ‘ t  ured into f i v e  :separ ’:tely pr i  ced e-s i 0 f l 3.  The P 0 1 . 0 1  ‘wa ,f
these were aime d at f i l t i : t~’ ‘he PP/FSP gap and ‘he f i r s t  was exercised
imsed’ ’:tely t~ s- s’ -dare an ad-litiona l 8 set t at t h e  a~-pr-oximate rate of
one o~ r mont h : ron so ‘lus l r -r ~ of LP. The second would Inter pcrr’.it hat

~o be extended f o r  an -‘ i ld i ti -onul 10 se ’s.

Dev e lopmen t  idost/Operritional Test III (DT/OT III)

DT III s r-re-ceded generally a ’ocrdii~g to schedule. From the PM ’ s
cot r it of u TieW , software performance was very good , although this view
‘,‘:as not shared by the tenting comm uni ty . The most significant problems
were r’ ---rrer ’ted by a single instr’ :otici: char ge in one - ‘ase , and rep-lace—
went of n -defective tape ‘sr~ridge in the other. (The latter actually
turned out to be partially a software problem also , and it was subse-
quent ly  corrected with relative ease).

A number of other problems had been encountered during testing ,
however , and numerous corrections had been made to the software tape
version being utilized. At one point , TECOM testers at White Sands
wanted to terminate DT III testing altogether. TECOM headquarters
instructed them to continue to assist the PM.

It had been planned all along that a new software tape would be
prepared for OT III , incorporating all changes effected during DT III.
As a result of the DT III testing difficulties , new tapes were validated
at Ft. Sill rather than White Sands. To some extent this compromised
the independent tester role, although the operators had been provided
by White Sands. The PM and testers remained at odds over the conduct
of these tests.

In November of 1977, an informal General Officer review considered
the question of whether or not the system was ready for OT III. TECOM
presented a negative picture of the software based on their view of the
DT III testing. Their position was rebutted by the PM who had confidence
in the Ft Sill validations . The consensus reached at that- meeting was
that OT III should proceed .

Hardware reliability once again arose as a problem and again the
Itrinter was the prime villain. The Di vArt.y system has two printers ,

I
Pucce sor to AMC was the Development and Readiness Command ( DARCOM )
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all -w i ns  f r  some re-i:utd ’t:t- ’ y w h i ch  reduces -l awn t i r t e -. Its I;: I I I  MI! ’!”
f i gure  of 171 hour s ’ was oonfc--rtar ly above t h i n  150 h- ur thre sho ld. ihe
! t n t t a l i r u n  set , with only a single printer , saw i ts r e l i a b i l i ty  drot-  t-
107 hour s  Ml’PF , below both  the 150 hour f igure  and a lO~ al lo wance.

These f igures  were to change following CT III to 95 ho ur s M’i Pt-P for
the ba t t a l i on  and 144 hours for t-he division set. While These figures
fa i l  to meet the stated requirement, they did not adversely affect the
mission performance of TACFIRE during the conduct of OT III , which
must be considered as the acid test of reliability . One -su so also
consider that the magic n umber of 150 hours ~ IBF was in  r ea l i ty  rather
arbitrari ly established many years earlier and inserted into t-he
requirements document. The prime impact of the lower-than-planned
reliability is that the maintenance workload is greater than antici-
pated and could affect the personnel requirements of the system. This
would have to be reflected in the overall system COEA .

Aside froi$t the reliability problem. OT III saw TACFIRE perform
extremely well f rom the users’ point of view. Fire planning was
accomplished to a degree the manual system could never achieve both
in quantity and quality of plans. Thousands of targets were processed
at rates that only a sophisticated automat-ed system could begin to
handle. Continuity of operations, changes in support role assignments
and other sophisticated command/control operations were performed with
relative ease. In actual live fire, TACFIRE direct-ed thousands of
rounds successfully , with greater accuracy and flexibility of handlinr
simultaneous missions than the manual/FADAC sys t em.  To be sure ,
several areas were found to be capable of being improved , but no
serious shortcomings were encountered. In short- , TACFIRL proved itself
to the user as both an effect ive and necessary automated f ie ld  ar-
t illery command/control system.

The testers once again had a negative view of the resul t -s . Their
chief complaints centered on maintainability including logistical
support , and f i re  mission processing . It is clear that - TACF IRE has
not achieved the MTOF and MTTR figures set forth in  the  QMR nearly
twenty years ago . At the same time system availability has proved to
be more than adequate. A higher price tag in terms of support require-
ments may have to be paid ‘to realize TACFIRE ’s benefits. A number of
software changes have been made to improve the fire mission processinr
performance.

VI . CURRENT PROGRAJVT STATUS -

As this stu~j  is written TACFIRE is awaiting its final ASARC Ills
decision point . The ASARC is scheduled for October 1978, with that
date dependent- on the com pletion of the COEA . An FSP decision should
consider COEA input which will include an analysis of tradeoffs
between manpower and equipment , potential changes in organization and
doct rine , and the potential impact of an equal investment, in ~ddit Iortil
weapons and personnel.
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To exercise the existing contractual FSP options , the Ot -veanoserit
must conclude its decision pr -assess in time for a December 1978 ‘~w s ,rd
date. A defaul t on that date will aut -omnti- o al ly ro ost m i l l ions  - f
R&D dollars due and payable to th e  c on t r a c t o r ,  a s wel l as increased
orceur ess.ent costs that  can be anticipated if it becomes necessary
to negotiate a new FSP contract. The second option f o r  an a d d i t i o n a l
10 sets  has already been exercised to keep the production line open
through the projected December award date;  no addi t iona l slack
remains.

TACFIRE has recently come under criticism by a special General
Accounting Off ice  ( GAO ) study group . The GAO group has recorarrer0ded
that  FSP be delayed pending correction of numerous hardware ari d
software deficiencies and has taken exception to the f act that the
system schedu led for production is n - t  the system tha t has been t e st e d .

I t  is not the purpose of this  s tu d y  to refute  the GAO points  -or
even to be an advocate of TACFIRE . Nevertheless it must be said ‘ion’
in researching the information to be presented in t-his case s tudy,
lit t l e  was found that could support the conclusions of the GAP study .
The argument about differences in the production/tested systems may
have some validity , but it does not appear to make good economic
sense. Pressures for competition , improved performance , and maintain-
ing state—of-the—art have resulted in numerous changes to individual
items of TACFIBE equipment . Additional changes can be anticipated in
the f u t u re as well , since TACFIRE will continue to be a dynamic
evolving system. Certainly testing is called for when subst i tut ions
are made . The amount of testing required for any one item change
Will depend on the cr i t ica l i ty  of the item and the relative costs of
testing. A system test comparable to a DT/OT sequence is neither
necessary nor affordable. The same can be said for any equally large
and complex system.

The current software status is exceptionally good . The handful
(7 as of 31 May 1975) of current deficiencies must rank TACFIRE as one
of the best software systems ready for deployment. Compared to most
coamsercial systems of similar complexity , TACFIRE has an order of
magnitude fewer deficiencies. The nature of the software beast is
that a zero defects level is rarely achieved , and when ciaio:ed, more
often than not is indicative of inadequate testing rather than super-
clean software.

Only one major new software release will be delivered by the con-
tractor. Following that, the Goverrin’ient feels it is prepared to accep°
full responsibility for subsequent software maintenance , with a support
facility already in-being at Ft. Sill , OK. If successful , an early
transitioning of software support. responsibility would also be a
major accomplishment .
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VII . SUhI~I1ARY AND CONCLUSIONS

By any objective standards , TACFIRE mus t  be c onsidered ~c- be- a
success story , particularly from the s o f t w a re p o is . s of v iew. “her
ne discounts the d i f f i c u l t i e s  of the ea rly years of e-cs s’spar ’~t iv e

ineptness on both the contractor and oc-vernrs: e-n t si des , t h e  e - r i O U I T s j ’
years saw closure on e f fec t ive  development and management tn - c h ris-or -,;.

Several points raised through this study meri t a’ t e i t i r t .  and
review by project managers and system developers. The first of these
is the concept of a “Find , Fix , and Test” mod e and t he de veloper ’
tester/user int-erfaces involved.  Related to t h i s  is t h e  c r i t i ca l
role to be played by a forma l “designated user. ” T i c  isssoor~ an~’e f
knowledgeable and experienced software managers has been sited ,
along with examples of good and bad incentive structures. These are
the maj or i tems which have contr ibuted t o  the s ’sJ ’ , ’esss s-f t h e  ACF IRE
development .

This study also suggests tha t testin g philosophy n~~eds further
examination on several f ron t s .  The testing sys t em h-a:  st i l l  nr. t
matured in its understanding or a c o o r r o d a i i o r  of sof ~ v,nre based
systems . A “ pe r fect ” sof tware system of ass:’ magni tude  wi th serc-
deficiencies has yet to be developed , ei ther  in the ~‘ mr:e1’ - ”i’ r~ wnr ,
or within the military . Much research is ong o ing  a imed a ’ f-r r sal
proofs of software ‘ correctness ” , but t h e  s t a t e — o f — s he- ’sr f~-r the
foreseeable fu ture  will fal l  short- of this o-io ,~e ’t i ve. In the menrtirsse .
management decisions must be based on enlirh ened qualitn~ i ’:e ji:ds;ssero s ’
rather than a simple quantitative tally of def l ien - in -.- .

Another area of concern is the question of V,’hl O it  is tha t  The
system developer must satisfy . Unfortunatel~

.- ‘here are mar :.’ di ’,rer:o
players who do not speak with one voice.  On the one ir ron d , TRADOC may
appoint a designated user or TRA DOC System Manager ( T ’ M ) to w ork  wit- i ,
the system developer . Yet not i n f requen t ly  Forces Command (FPRPC~M)
or US Army Europe (USAREUR), for example , may have a very different
point , of view . Who is the “real” user? DARCOM has its own independent
development tester in TECOM , while OTEA performs an independent
operational testing function . These agencies are supplemented w i t h
others to perform analyses and independent reviews , such as the Arrp -;
Materiel Systems Analysis Agency ( AMSAA ) and the TRADO C Systems
Analysis  Agency ( TRA SANA). A unique t.esting function is also per fo rmed
wi th in  TRADOC by the Combined Arms Test Act iv i ty  ( TRACATA),  and the
many TRADOC boards have their own op inions of’ what a syst-e ’~ houl il he
and what its demonstrated performance has been. Movin g  up to the DOD
level s t i l l  others come in to play , not to mention the (lAP and Con-
~‘ressiona1 s ta f fers . If this paragraph has confused the  reader , ~h’s.
it has accomplished i ts  purpose. This is the proje ct  manager ’ s
dilemma .

TACFTRE is  not yet- out of the a d m i n i st r a t i v e  woods and a few
r e m a in in g  major  hurdles must be cleared. From the technical  mar ;agement
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point of view , the system has arrived. The gestation period has been
about twenty years, but the baby is alive and well. Hopefully , it
will soon be in the hands of the troops .
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APPEND’!~X A

TACF IRE SOFTWARE

This appendix contains a descriptio n of the individual

TACF IRE computer programs . It is divided into three sections

covering Appli cations Programs , Operating System , and

Maintenance and Diagnos tic Programs .
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APPENDIX A -

TACFIRE SOFTWARE

I. Applications Programs

At the battalion center an Ammunition and Fire Unit

Status program maintains current status information for all

fire units including their mission , location , weapon

strength and the types and quantities of ammunition avail-

able. Meteorological data are received , used and distributed

according to the needs of the battalion. Support maintains

current geometry data including zone of responsibility , front

line trace , no fire line , fire coordination areas , dead

space areas and air corridors . Tactical and Technical Fire

Contro l produces a detailed analysis of each target and

recommends the fire unit (s), number of rounds and type of

ammunition necessary to defeat a target . All of this is

accomplished considering the availability of ammuni tion and

the capability of each fire unit , as well as safety limits ,

no fire lines and other control parameters . The computation

also produces bal l istic data using meteorological and other

information about nonstandard and existing conditions. The

(‘omput (’r renter pr ovides complete and accurate fire commands -

t o  the f irin g bat t ’ni ’~~. The Fire Planning program will
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consider up to 15 fire units and 150 targets , analyze each

target for defeat against the fire unit(s) and ammunition

available and produce a complete schedule of fires. In

addition , a complete ballistic solution is generated for

each fire unit target pair and transmitted digitally to each

firing unit. The Artillery Survey program provides compu-

tations necessary to carry survey control forward to battery ,

forward observer , target acquisition devices and target areas .

At Division Artillery the operational programs are similar

to those at battalion but expanded to provide computations

at this higher echelon . The Ammunition and Fire Unit Status

Program maintains status information on DivArty , Corps

Artillery . Air Force and Naval Units. Meteorological and

Support data are maintained for. useby DivArty and FSE.

Tactical Fire Control provides defea t criteria for targets

at the Division level . Fire Pianni~,g is expanded over what

is available at battalion to include incorporating the nuc ’ear

fire plan prepared by FSE . Artillery Survey permits survey

information centers at DivArty to disseminate survey control ,

recompute survey information to establish common grids , maintain

trig lists and perform artillery survey computations . In

addition , and Artillery Target Intell igence program provides

for the complete processing of target information from all

A.- 3 
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sources. The computer correlates all targe t reports ,

combines related reports when appropriate and provides the

most probable location and description of each target.

The result is a complete , current and accurate target list

at all - times . This target list can then be provided to the

fire planning routines at battalion , DivArty and/or FSE .

The FSE programs reside in the DivArty computer and share the

Ammunition and Fire Unit Status , Artillery Target Intel li-

gence , Meteorolog ical and Support Functions. In addition ,

other operational programs are provide d. Preliminary Target

Analysis determines the most effective means of attacking

targets , considering the capabilities within Division

Artillery and the delivery means at Corp and Army , as well

as tactical air and naval gunfire , when appropriate. The

analysis considers high explosive , chemical , nuclear and

special munitions . Based on these considerations and on

guidance criteria established by the commander , the computer

recommends the best munition and delivery means to defeat

specific targets. Nuclear Target Ana lysis provides for a

detailed nuclear target analysis considering commander ’ s

criteria , contingency and safety factors , availability , and

allocation /assignment parameters. The analysis produces a

recommended selection for each target , which includes the fire

A-~4
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unit , yield , height of burst and desired ground zero . In

addition , the computer displays the fraction of casualties

which can be expected and is capable of displaying other data

such as safety radii , radius of damage and maximum displace-

ment. This program performs vulnerability analysis and

damage assessments for both enemy and friendly bursts .

Nuclear Fire Planning then determines an optimum schedule of

nuclear fires within established criteria including pre—

initiation factors . Chemical Analysis determines the

casualty level which can be achieved and produces a recommended

selection for each target. This recommendation will include

fire units , chemical agent chosen , number of rounds required ,

type of attack , desired points of impact and heigh t of burst.

Fallout Prediction combines inputs from assumed or actual cloud

measurements with meteorological data , and fallout patterns

are predicted.

II Operating System

The hardware , software , communications , security and all

the rest of the TACFIRE components are integrated into a

cohesive system through a sophisticated operating system. -

It is responsible for the real-time running of the application

and Maintenance and Diagnostic programs in response to input

messages from the various TACFIRE devices . It also formulates

and di stributes the necessary output to the appropriate addressees .

A— 5
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The opera ting system is functionally divided into three

categories : The stimulus receiver ; the executive; and the

supervisors . The stimulus receiver is responsible for

handling interrupts. An interrupt is a signal that controls

the hardware by signifying that a particular device is ready

to begin processing or that processi ng has been completed.

Through the use of interrupts , the stimulus receiver

performs automa tic priority processing , This function insures

that high priority tasks such as fire missions are processed

before lower priority ones . It also provides for time

dependent functions such as performing periodic l oop checks

on the equipment and maintaining the t ime of day .

The stimulus receiver also provi des the interface between

the computer and the peripheral devices such as the Digi tal

Plotter Map , Electronic Tactical Display, and Electronic

Line Printer. The Executive performs resource alloca tion for

all TACFIRE programs . A resource is anything in the system

which must be shared by the software such as the central pro-

cessor , execution time and the various input/output devices .

These resources are managed by the executive on a mul ti—programmed

basis ; that is , two or more tasks running in an interleaved

fashion by sharing these available resources.

A-6
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The supervisors provide the housekeeping functions necessary

for the orderly receipt , storage and transmission of messages .

The data managemen t function controls the allocation and

storage of files in memory . The message processing super-

visor verifies the authenticity of a message , posts a

warning if the message is from an unauthorized source and logs

the message . It~’also respon sible for message traffic over the

digital data terminals. For outgoing messages , it breaks

them into segments , if necessary , initiates the transmission

of each segment and receives an acknowledgement from the

receiving station that the message has been received. Incoming

messages are checked for proper addressing and completeness .

If the message is proper , the message processor sends an

acknowledgement. Otherwise it generates a warning message .

The Artillery Control Console support supervisor responds to

operator requests thus providing the man—machine interface.

III Maintenance and Diagnostic Programs

Reliability standards of the TACFIRE system are achieved

in part through the use of a Maintenance and Diagnostic (M&D)

software package . The M&D programs - are constantly running so

that equipment faults are rapidly detected . Additional

programs can then be initiated which isolate the fault to a

small group of digital cards within the faulty device . Using

a fault catalogue and a GO — NO GO built in circuit card tester ,

A-7
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the failed card is then found and replaced. When a fault

is detected wi thin a computer center , graceful degradation

occurs when possible. Thus , mission processing can

continue and repair deferred until the tactical situation

permits. In the event that a computer center fails

completely, a lateral backup capability axists so that an

adjacent computer center can immediately assume the mission

of the failed computer . Thus , TACFIRE is a highly reliable

tactical system capable of pr oviding uninterrupted mission

processing under combat conditions .

A.- 5
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APPENDIX B

USER DETERMINATION ITEMS (UDI ’s)

This appendix contains two represen tative TACFIRE User

Determination Messages . Message Nr . 1 is dated 30 August 1972 .

Message Nr. 41 is dated 18 January 1978 . Due to its length ,

portions of Message Nr .41 have been omitted .
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SUB.): IAEF I RE USER DETER MINA T IO N M SC HR I

A.  REF MS G HO DA~ D & f ’ D— O c ,  suoj: TA C F I R E , DIG 1 7 2 2 4 7 z  AUG 72.

1. IN C 0MPL1 ~~NC E V/R E F M SG , THE FOt. uc~’!? O ETCCMI ATtO’4s HAV E OZEN

MADE:
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THAT BN (D IV A P T Y )  TA C F IRE C0~l PUTER SHALt . 0E CA P~~ L ( or COMM

3
•* s ~~ q 4 ~~~s e . e . .* b . . . s• e . s  a .. .

PR I OR I TY • - (“~‘~I &SSIFIC0 t r T 0
‘4

5-2

- -- --.— -,_-—~~~~ --~ —- _L___—



PR i OR I TY U N C L A r S I F I E L )  ~ ~

Q1JA.Llr~PAGE IS BEST

~~~~~~~~~~~~~~~~~~ 
. —

PAGE 2 p u W 7 r ~ ,( 11Q7 U N C L A S  E F ~ 0 FO-~’0 -

S I M U L T A N E O U S L Y  ON 32 (20 FOR D I V A R T Y )  HA L F  DUPL EX OR FUL L DUPLEX

C O M M  C H A N N E L S  (FLO W I RE  OR R A D I O )  W/ O TH~~R COMP UTER CEN AND R E M O T E

D EVICES ON R E A L — T I M E  BASIS . SUF SPACE MUST BE PROV IP~ VE H I C L E  TO

PERMIT INSIL OF 12 (20 FOR D IV A R T Y )  D A T A  ?I CDEM S W O C Ct4 PR O HIS1P 0

OP SPA CE RORM T S A ND V O UNDUE E L E C T R I C A L  A L T E R A T I O N . ARTY UN AN D -

D I V A R T Y  COMPUTERS HAVE ONL Y 4 DI G IT A L D A T A  T E R M I N A L S  [A. Ot ,L Y 3

COMM C H A N N E L  (WIRE OR R A D I O )  IS PRO V BY [A D A T A  T E R M IN A L .’ THUS BU/

D IV A R T Y  FO C CEN A R E  PR OV V /ONL Y 4 CHANNE LS CA ([PR’S KE 37 . DC 344).

USER DE ,T E R M I N A T I O N  — 4 COM M  CH~~UNE L S W I L L  NOT SAT CO I iM ROR MT S AT

BN FOC ’ S OR D IVARTY. WO R A D IO / W I P E  INT E G R A T I ON  C A PA a I L ITY. M I N  OF

9 DIGITAL DAT A T E R M I N A L S  (DOT’S) ARE ROR A T UN . SHOULD R A D i O /W IR E

INTEGR AT ION C A P A B I L I T Y  BE PR O V a  B CDT’S WO ULD SAT  C U RRENT FiN RQR H T .

INTERO P RGR(-ITS V /OTHER D IG ITA L DA T A SIS ITOS ) DICT A T E  NEED FOR 2

ADO DOT’S IN FUTRU E. BN C O N F IG U R A T I O N  DES BY USER IS R A D I O / W I R E

INTEGRAT ION DEV ICE SUC H AS MONITORI N G , P A T C H I N G ,  A ND CONT R OL UNIT

(KPCU ) W/G DDT ’S AND V/PROVISIONS TO ADD 2 OCT’S IN FUTURE . AT

D I V A R T Y ,  CURRENT ROP HT IS 7 CDI’S VO R A D I O / W I R E  I N T E G R A T I O N .  OR S

V R A D I O /W I R E  INTE G RATIO N . PROV TO AD D 2 DDT’S AT D IV A P T Y  IS

A LSO ROR.  - 

ITEM 1—2: D E F IcIE NT AR E A  — T A C I I R E  CON S 1CM F IRST W HE N PERS TOT IS
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ATK. 1CM 15 ALW LY S N O PE  Er r T HA N  AN Y  O THEP S H E L L / F U Z E  C O M D  A G A I N S T

REP S. T H E R E r O R E  T A C F I R U  A L W A Y S  CHOOSES IC U N T I L  1C M IS E X H A U S T E D .

I,J~~L( SS  F I R E  HSN IS R E C O N P U T L O  US 1HZ ?. L T F R  O P T I O N .  C Pi D RS MO D NEZ DO

NOT PROV HE A’I S TO P E OPOE R E- I ?O J / FUZ E CO NS ORD ER . S I N C E  L A R G E  A N T S  - O F

1CM ARE NOT NORM A V A I L  DUE TO C O S T  OF ND, A CNDR S HOU LD h A V E  N ( A P - ,S

OF R E O R O E R 1~~3 S E L E C T I O N .  EPR 1 4 - 4 3 4 )

USER D C T E R I N A T I O N  — C H O P ’ S  HOD SHOU~.D ~ t CH TO IUCL A M M O S EL ’ . CT ION

C R I T E R I A .  T H I S  W I L L  A L L O V CHD R TO J nr L Ut’ ” C i ’ C H O I C E  OF AH~1O W O

H A V I N G  TO D E L A Y  P R O C E S S I N G  Ci P c c o M r u T A r 1 o ~4.

ITEM 1-3 O L F I C I E N 1  &P. EA — M1L - S l O — 1 4 7 2 4 ,  P A P A  S. 7 .3 .4 . REO V E R T

AD .) FOR S E A T  IS FRO M IC  TO 2 1  1~~. S C A T  IN BN A N D D I V A R T Y  S H E L T E R

HAS V E R T  A D J  FROM 1 7 — 1/ 2  TO 21 IN. ( E P P  1 4— 3 1 4 )

USER D E T E R ~4 I N & T I O H  — PRES SE - AT AD.) IS S k i .

2. FROM U S E R ’ S  S T O P T ,  FOL GEN P R I O R I T Y  O R D E R I N G  A P P L I E S  FOR COR P

DEF AND SH O R T C O M I N G S  IDENT IN c~~~’s:

A.  ‘ F I R S T .  THOSE DEE W H I C H  H A M P ER C O N T  O F  E T / ES T .

B. SECOND ,  T H O S E  0 EV WHICH DO NOT H A M P E R  CO N T OF E T / E S T  BUT

W HICH ’  ir NOT CO R R PRIOR TO END OF ET/ ~~S T ,  W I L L  C A U S E  F IUO Iu3  OF

U N S U I T A B I L I T Y .

C.  THIi~D. ALL O T H E R S .
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SUBJECT: TACFIRE (DMD) USER DETERM INATION MESSAGE NO. 41

A. LTR , )IQDA , DAFD— DOT , 7 SEP 73 , SUBJECT : TACFIRE PROGRAM

STRUCTURE . -

B. MSG,• USAFACFS , ATSF-CT—HE , 6 APR 73 , SUBJECT : TACFIRE TERMS

~F REFERENCE. 
-

C. PRIME ITEM DEVELO PMENT SPECIFICATION FOR D~~ FOR TACFI RE , EL—

S S—26 03— 7F , 7 APRIL 1975.

ITEM I-~0. 41—1: DEFICIENT AREA : BATTALION SYSTEM FAILED TO GEN-

ERATE WARNING ON RECTAN GULAR R~PLOT Wh EN QE CHANGE WAS LESS

THAN 1 MIL. (L4-3638).
I)

USER DETE RM INATION : CURRENT SYSTEM DESICN AND OPERATION IS
II

3 ADEQU :~.TE.

j RATIONALE : THE TARCET LOCATION IS CORRECTED IN TUE fl-i FILE AS A
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I ~~~ T~~ I : : - ~~. 1’ ~.l 4 ~AL l . 1 ~TI C ( A l  ~~~~~ A1~L P E R } O R ~I1~D

1 T- ‘
~~~~~

‘ 
~~ )- ~ 1 ; . ~~~ C~ T. . 1  C’~ Ti~C ~~~~~~~~ IS ~OT CRITICAL

TO SA - ~ A: Tl~! TP: [. ~J-.P1.- IS  ~ } :Ior I;U A. :Li lUtE AL~ I~ C IS

A C l . - - I .T ~~~~~ :ri i. - st~ t’~~.E~~I - -~~ TO RF LJ UC E TU E VOL U~~ OF

fl~~ ~.O. • .~~ - ? :  l - ~J I C i L E T  A~.~ A : SYSTL?’l FA I L Et )  TO DELETE TARGET

AS R~~. P-~ - )) B? A TI CDR . (i.4— 3’~3~ ).

;ER I-i.Ti :~-.~ :J~:AJ I v N :  CUF~RL~T SYS’i LI i)hS ic:~ A I D  OPER ATIO N IS

t,.ORRECT. -

~A 1~ ::.-\LE: SEVE[~ L FA CE S OF PRI~;TcUT ARE ~iissi~:c~ AND TOTAL ANALYSIS

OF T illS O~ ICI: ;AL F’RORLE~1 IS NOT POSSIBLE . SEVERAL SPECIFIC SCENARIOS

HA VL ~~~ A TI  , E T U )  TO CREAT E T 1I~ 1’R O LLLI-t , }iOUE VER , TUI SYSTIThI IS

NOW ~~R Ei: ~C COiE ~FCTL? . TIlE SCENAI I 1OS WE RE RUN ON MASTER TAPE
b -

S VERSION ii82 on 9 DECE~1BER 1977 AND 14 DECEMBE R 1977. TillS EPR

3 SHOULD BE WI11IDRA~N AS NO~4-R EPfl O 1)U CIBL E .

I I T I ”! ~ -i) • /
~1—1 : DEF I C IUN T AREA : SYSTEM APPEAREI) TO FAIL TO USE J

0
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ALL FU SPECIFIED IN FM ; CAP AN ALYSIS. (L4—~~ flI.

USER DETERMINATION : CURRENT SYSTEM DESIGN AND OPERATION IS

CORRECT. -

RATIONALE : THE USE OF UFFES WITH TUE FM; CAP ; MESSAGE LIMITS

CONSIDERATION TO ONLY Th OSE UNITS SPECIFIED.  TI L E P ROB L I ~ ( I ) I - SCR I BED

CANNOT BE REPRODUCED ON VERSION 1/82 MASTER TAPE. VERIFICATION

OF CURRENT PROCESSING ON VERSION ~82 TAPE WAS RUN ON 9 DEC EM BER

1977 AND 14 DECEMBER 1977.  ThE EPR SHOULD LIE WIT LIDRAi -TN AS NON—

T~PRODUC IBL E. -

ITEI’I NO. 4].-~ : DEFICIENT AREA: TACTICAL FIRE CONTROL PROCESSING

AT DIV I SION ARTILLER Y APPARENTLY VIOLATED E CA . ( L 4 — 3 6 4 5 ) .

USER DETER .’IIN ATION : CURRE N T SYSTEM D I S I CN  AND OPERATION IS

ACCE P TAB L~~.

RATIONALE: IN EACH CASE , THE SYSTE M DETEC TED TilE FCA VIOLATION
b

5 AND PRINTED TUE NAM E OF THE FCA AND TI lE ORGANIZATION W IT IL l-~’1IOM

3 COORD1NATION ,WAS REQUIRED AND ONLY THE TYP E MUNITION REST RICTION
2 . - -

3, WAS NOT Sh OWN . I
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ITEM NO. 41—21 : DEFICIENT AREA: RFAF:X WAS INCORREC TL Y GENERATED

ON TARGET WHIC H IL\L) BEEN DEFEATED. (1. 4—3 6 13)
—--

USER D:TEfE:I~ .-\TI3:;: CURRENT SYSIEM DESIGN AND OPE RATIO N IS

CORRECT.

~~ RATIONALE : SEVE~-’AL ATTE-IPTS WERE MADE ON VERSION (/82 TAPE TO RE-CREATE

TilE PROBLEM AND TIlE SYSTEM IS OPERATI :-; G CORRECTLY ON 14 DEC 77.

TI LE EPR SHOULD BE WI TH DRA WN AS NON—REPRODUCIBLE .

- ~~~~~~~~~~~~~~~~~~~ DE F ICIE NT AREA: SYSTEM FAILED TO PRODUCE MFR - 

-

~

EN MISSIO N WAS ENDED FOR FU W H IC H BECAME OUT OF RANGE DURI N G
P

I~.IJJU STMLNT. (L 4— 3585) .

USER DETERMINATION: CURRENT SYSTEM DESIGN AND OPERATION REQUIRE S “
~

-.) -P

CORRECTION. -

RATIONALE : Wh EN FIRE MISSIONS ARE ENDED FOR ANY PU , ThEE MFR

SHOULD BE PRODUCED IN ORDER TO PROVIDE FOR PROPER Ai-S~UNITION
b
~ ACCOUNTING.
c
~ 

ITEM NO. 41-23:  DE FICIEN T AREA: KG ALARM FAILURE OVERLOADS TIlE
2
~ 

COMMUN1CAT1ONS NETWORK . (L.4— 373fl. - ‘ I

0

a
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USER DETERMINATION : CURRENT SYSTE M DESIGN AND OPERATION IS CORRECT.

RATIO N ALE : T Il E PROBL EM D ES CRIBED I N TI lE EPR I/A S CORRECTED BY

SOFT W ARE I~a ’LE: - RN ;TATI O: ; OF ECP 504 ON MASTER TAPE -: VERSION i/80 . A--

HA RDWARE RE TR OFIT OF CABLES IS PRES EN TLY UNDE RW AY FOR ALL SYSTEMS

AND WILL BE FINISHED PRIOR TO TIl E START OF OT I I I .  THE EPR SE OULD

BE DO WNGRADED TO INFORMATION.

ITEM NO. 41—24: DEFICIENT AREA: SYSTEM REQUIRES INTERVENTION

TO CORRECT MESSAGE FORMAT RECEIVED FROM REMOTE SUBSCRIBERS. -

~.4—356O).

u~ER DETERMINATION : CURRENT SYSTEM DESIGN AND OPERAT iON IS CORRECT.

RATIONALE: RE MOTE VF M ED SUBSCRI BERS ARE PROVID EB TUE CAPABILITY

TO CALL FOR ANP RECEIVE TUE STANDARD MESSAGE FORWATS FRO ~-l C0 -T UTER

CENTER. WH EN MESSAGES ARE USED PRO PERLY AND FILLED OUT PROP ER LY

THEY THEN EN TER THE CO M PUTER AS THOUGH T hE E ACCO IIAD C0 -U ’LETED
b

S Th EM . THERE IS NO SYNTAX AND WHEN A REMOTE SUBS CR IBER CHANCES

(~~i3 1’U~ CTUATION THERE CAN BE NO CHECK UNTIL THE MESSAGE GOES TO SYNTAX .
a

- ITEM NO. 41-25 : DEFICIE N T AREA: TilE PCLD TABLES AT BATTALION ANDI
I)
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DIVISIO N ARTILLERY GE NERATED UNEX PECTED DELAYS OR W A R N I N C S .

(L4—3 09 8, L4— 3 099) .

USER DETERMI NATIO N : CURRE NT SYSTE M DESIG N AND O P F RA T I ON IS

ADEQUATE.

RATIONALE: TWO SPECIFIC PRO G RAM CHAN GES PAVE 11~ 1.~ N-Wn ; WHICH

I~~ACTS OPERATiON IN THIS AREA . THE XM IT TABLE LL .1.OCATION PRO—

CEDU R E WAS OPT II -II ZED TO PROVIDE FOR INc :~W R:D UT T~~1Z. ’4 ’I’IDN OF ALL

WA I LAII LC DDT ’S.  THE OUT PUT R ESULTS P R IO R ITY I-?A S c i :AN G I : D TO

)VI DE FOR TI lE SANE PRIORITY AS TUE INPUT L~~SSACE I N I T I A T I N ( ;

TILE TASK. - . THE P C LD PRIORITIES ARE OPER A TOR CO NTR OL LLI.R AND SH OULD

OPE RA TIO NA L NEED DISCLOSE THAT Ch AN CES ARE 1.°APSRAN TED , SUCH CHA NCES

(~f CAN BE MADE , AS REQUIRED. THE REMAINI.~C I’ROBL EM CONCERNI N G

EXCESS W ARNINGS CONCERNING CLASSIFIED DATA GOING TO TIlE D~il) WILL

NOT BE RESOLV ED UNTIL ALL DEVICES HAV E CRYPTO GEAR AM) UNTIL SUCH
b

TIME TI LE WARNINCS ARE NECESSARY .

3 
ITEM NO. 4 6  AMENDMENT TO MESSAGE p37 , 7 OCT 77.

USER DETERM INATION ITEM NO. 37— 7 CONCERNiNG EPR 1.4—3549 , IS
£

0
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AMENDED TO R EAD : -

USER DETER M INATION: CURRENT SYSTEM DESIGN AND OPE RATION IS

ACCEPTA BLE.

RATIONALE: TIlE CONOPT MNEMONIC HAS BEEN ADDED TO NNFP : FC;

AND FM: FC; MESSAGES WITH ECS INTER FACE TAPE. FOR THO SE UNITS USI N G

MUNITIONS WHIC H DO NOT CONTAI N SUCH CAPABILITY ‘h UE DAT A WILL

SI~TLY BE IG NORED. 
-

ITEM t-~O. 41—27: DEFICIENT AREA: BATTALION TTTC PROGRi~I WAS GEN—

&TINC FUZE SETTING FOR PDA FUZE IN FIRE CO~ ’IAN~
)S. (L4—

~~2.~).

,~~ DETERMINATION : CURRENT SYSTEM DESIGN AND Oi’ERATION IS CORRECT .

RATIONALE : SEVERAL SCEN ARIOS WERE RUN ON MASTER TAPE VERSION #82

4 ON 9 DECEMBER AND 14 DECEMBER AND TIlE PROBLEM CANNOT BE REPRODUCED.

TUE SYSTEM IS PROVIDING TUE EXPECTED OUTPUTS iN EACh TEST SCENARIO.

TUE EPR SHOULD BE WITh DRAWN AS NON—REPRODUCIBLE .

ç ITEI-1 NO. 41— 28:  AMEND MENT TO MESSAGE #32, 12 JULY 1976.

USER DETER M INAT ION : ITEM 32—5 RATION ALE IS ANEUI )E D TO DELETE

THE FOLLOWING: “ PENDING 1M1’LEMEN TA1~I ON OF SUCH CH ANCES DTM
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CLASSIFICATION IS RCQUI II E D ’ . -

RATION ALE : NUCLEAR UPDATE STATE MEN T OF t-.’OR,K I NCLUDES CORRECTION

OF THIS DATA . -
-

iTEM NO. 41—29:  AMEND MENT TO MESSAG E # 32 , 12 JULY 1976.

USER DETER M I NA TIO N ITEM 32—6 RATIONALE IS AMENDED TO DELET E THE

FOLLO W ING: “0TH CLASSIFICATION IS REQUI RE D FOR OPERATO R P E RSO N~~EL

AND ANALYSTS.’

RATIONALE: NUCLEAR UPDATE STATEMENT OF WORK INCLUDES CORRECTION OF -

‘HIs DATA.
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APPENDIX C

FIND , FIX , TEST MODE MEMORANDUM OF AGREEMENT

This appendix consists of a copy of the actual Mem orandum

of Agreement between the PM , ARTADS and Litton Data Systems

Division covering the mode of operation in effect during

the TACFIRE Find , Fix and Test mode .
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Th IS FAW ~ I~- BEST ~ J~ LiTY F~ACi1~,&~I~
J~~)M I 4~~l1 .~~1~~~~5J LU ~~C
- MFIIOHAN lY~M OF t.~

)
~l- E. u-: :~ ‘

29 March 1973

SJ lk)PcT : F I ND , FiX , TEST N~)DE ( F’F 1~1) OF O j e r . i t l  on

..~UPE:

1. u pon the s1 {a i1I5 ~ of the T AC F J R E Co u tr ~’ct M o d i f i c a t i o n  Nu m5ev P00088 b y
sigr I. I toty  parties , the pr esc~t government test mode wi l l  be di sco n tin ued an d a F i nd ,
Fix , T or t  i- lOde ( F F I N )  i n i t i . i t c - d .  Br oad L u i d c l i n e s  as to the ground rules und e r
which the i-FI t ‘.jìll. pr ocee - 1 (‘ as ou t l i n ed  h e r e i n .  The FF TI-l w i l l  ex tend  f r - ~
date of o x c : c t I t j c , n  of tI *c Con t r ac t  Nod u n t i l  the s t a r t  of the gover nment Sy~~t :.s
in t e g r a l i o n  Tes t .

2 .  At: FF FM r t a r t  date  equ i p~’cnt con f i gur a t i on  at Fort Sill and at ~~ite S’mds
M i s s i l e  H an g e (~~~> Ii ~) a re p r e d i c t e d  to he as  f o l l o w s :

a .  Fort S i l l  - E r /E sT D iv i r t y  and 4 Ens .

b . w~-ir. - ISS J ) i v A r t y  a u g - s - en ted

3. W i t h i n  t wo ~cek s  of st art  of the F FTH on e En w i t h out~~of~ sh el t e r  k i t  and ~i1~
( l e s s  pc - r se cn c- l ,  KG ~ir.d G F E used  c u t s i d e  of th e s h e l t e r )  ~.~i 11 be shi pped to Li I t o : . ,
Van Nuy~ ari d one co::: p le t e  Un sys t ea  w i l l  be sh ipped to WS ’IR .

4. Ta sk s to be ‘a c c o r - D l i s h e d  during the FFFM inc lude :

a .  J Y! l r~’ -, r i t c  by cf) rltrs’ r’r(1r ~~pr ~~~~ -’ s ’ . l  ~ z t~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t~~
-
~~~

-
~ fr~’ c.  T his  e f f o r t  ‘.- , i lI  involve support by gov ernm ent  p e r s c n : i c l .  (~j c : :
r )a iillenan cct n ens onn ol i i r u t  a s we l l  as equ i pm ent t ime for  too l p r o o f i n g  ~~ 11

tie r eq ufr c- i . These op e ra t ion s w i l l  be d o v e t a i l e d  w i t h  the FFT I and acc c r U : h e d
in i : a ra l l c l  w it h such opera t io n s to prec lude  impact  thereo n .

b.  Durin g the FFfl’1 the contractor  1~i l l  endeavor to f i x  all knowa s o f t .wa r: -
p ro b lem s.  The cont r a c tor  will, be pe rmi t t ed  to t a ke l e n i e n c i e s  w i t h  the sy~~1 1~ i
tap ’..s ( i . e . :  access  p a t c h cs )  in order to f a c i l i t a t e  and exped i t e  t he f i e l d i u ~
of solu tion s to problems. System tapes so modified shall not be used for govcr:.~ cut
verifica tio n of fixes or ET tests.

c. During the FFTM the Governmen t will verif y that software problem s have
in fact b eesi corrected. Tapes supp li ed to the government for checkou t and
determinati on of contractor pro gress must be under conf iguration m ana gem ent and
have been processed throu g h the pr sent ~~y establish ed tape terifica ti on proc edu re s
in the V.ul N oys facility .

d. Dur ing t ile FFTN the co—i t : r a cto r  w i l l  d e l i v e r  the s o f t w a r e  packa ges  to
imp iL -I rea t  the C o :I5E C procedur e: ; , FSO p r o c e d u r e s  and the nccessa~ y s o f t w a r e  to
p eiu’ii t use of the new devices. The provisions of paragrap hs h and c above wi’.l
app ] y.

-I
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e. I)uring the FF ’n-l the con t rac to r  will take the action s necess ary to correct

curr ent i .i rdt - ,~tre de I ic ien c ~ cs h I d  i n t r o d u c e  rep la c eme n t  and/or r e t r o f i  t t c d , t h - v i c c . c.
Eq u i pme nts transported be twe en field ~it~~s and the con t r a c to r  f . i c i  i i  ty for  r cpa i r ,
—~ t r o f i  t. o r nc~-1 device eng ineer ing will be moved in an expedited fas h ion. ~ l l

rof it to d e~~u i p l r eh 1 t s  r e t u r n e d  to the field , or re t rofit s performed in the field ,
.st be d i s c r e e t l y  marked  and a cco m pani ed  b y appropr i a t e  doc umont . t t i ~~i.  R i g i d

lnan a gc-hr. c Iht  of c h a n g i n g  equ i pacot c o n f i g u r a t io n s by both the con t rac to r  .1[) d the
gove rn ment must be l r .a in t a ine J  in  order to track progress toward comp lete
establ ishmen t of the 1fF/CT 11 base l ine  conf igura t ion .

f. During the F FTM the government will , a s poss ib le , verif y that hardw a re
de f i ciencies have 1h ’h fact been corrected. Althou gh at both Fort S i l l  and l .i- R
the PF’l;-l will be tii ~ pr ima ry effort , the govern m ent w i l l  on a n o n - i n t e r f c r e : i c u
ba sis cc uc t v~~’if ati i~

_tcstirig, and other new testing t h a t  may be re qu irv d to
qualif y the TACFJR1~ system.

g. Forma l an d OJT of new ly a ss igned  gover r inv~n t  o p e r a t o r  and c r g a n i ? a t i c :  ~l
main ten a nce  personnel  w i l l  be conducted d u r i n g  the FFTII lime frame . it is t~~ e
govcr nr-en t ’ s in t e n t  to acco mp l i sh  th i s  t r a in i ng  on a n o n - in t e r f e r e n c e  b a s i s  : :±L11
FF,fl l operations. The se operation s , in tu r n , must m i n i m a l l y  i r .p act  on the t r : i t : : : g .
oper ation s. Therefore , the government and the contractor mutu ally .igree ~~~~~~~~~

the swi tch-over  of opc r a t ~ ons every a t t e m p t  w i l l  be made to leave the svst c’ s 1::
readiness for the subsequent op era l i o n .  Gen er a l P lan  of t r a i n in g  to be c o r d . . c  r 1~d ,
location s and schedule is at m c i  1.

5. Cen eral approach to opera t ion  during the FF T ~-l w i l l  be:

a. At ea ch test site the governme nt w i l l  p rov ide  2 (1 r:-~ AR ’FADS , 1 TE C(- :~)
-‘1 l’hc. c~~~~-.,r~~r ~~nl’ r l s ~~tI, .’ l  t~r~ F1~’f- ~ Crrt::1 T~~~:.. T~~~ - .;i2

. i la r ly  to d iscuss  r e q u i r e m e n t s , sched u l e s , plan s , differences , e tc. ~~~r - - ’.’ er
~ssihl e  u t f l i~ at ioa of equ i pment will be planned at least one week in a d v ~~: : c e .

The government will provide the necessary op e ra to r s , su perv i  sor s and e v a l e a t  - es ,
withi n reason , to insure  comp l e t i on  of the o b j ec t i v e s ou t l i ~~ed b y the co::t:-art-e r .
The contr a ctor  wi l l  have on hand sufficient supervisory, eng ine er , ana lyst , 1~.nd
software expertise to support the se ob jectives ard ade quately comp le ner .t g~~-~
person nel.

b. During FFT~-1 org anizatio nal and DS/GS M aintenance will be perf orm ed b y
contractor personnel with assistance as required from governmen t personnel. E ith er
by observ a tion , report , or other means government eva lua to rs  murt be iri fo re .ad , in
de ta i l , of al l  mai n tenance ac t ions .  Use o f p arts , float , and flow of mater ia l to
and from depot maintenance will follow alread y est ablished pr ocedures.

c. when problems are encountered pro ce ss ing w i l l  be in ter ru p te d onl y lo :g
enough to gather that data necessar y to support an EPR.

d . System ou tpu t . and dump s from FFT H will ho avail able for the contr a ct :
a f t e r  a i s l I r o p r i a t e  sec u r i t y  requir ements are met. - Arr angements for cop ies f e : , or
tra n sfe r to , the governmen t for its investi gat ion s will be madeon an indiv ith: :1 ,
as resjtie r te d bj s i s.  O u t p u t  and dump s from government test periods w ill be I -: -v . dc’d
the cont ia ctor on an as requested basis.

C — 
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C • C~ vern rnrrr t arla1 y ~ es of sy s tem output s will be provide l contr .icto ’ p~ r~.onne l
e .pedi tiou sly In ord er to in: ;urc rapid co~ ue c t i v e  I c lioll of expected p ro bi si - : .

1. (:overnrr (~ lt p r oduced run logs will bç prov ided contractor personnel On
ii ly ha si s. Con sul i d a t e d  n -u ntc nan ce fonn s will also be pr ovi dod as r cq ui i d .

g. in the event ’ of fa il ure in a give n Di vArty or Bn syst em and no c e i t r a c t o r
p erso nnel app ear ei thi n one hour on site to reme (l y the failure , the cove U ’  ~: : 1 ‘: 1> ’ ,

at its discretion , cea se op c -r. mt )ons on that syst em fur the rem a i n der of Lht’ :,h~ f t .
in the event t he ’ d ree d  to numbers  of con t r ac t o r  pe r sonne l  are o n - s i t e  w~~r~~i n g  n
another area the above w ill not app l y.

h . Periods as i:m c iica t e d in ~nc lo sur c 2 will be devoted to govcrrn ~e :it d e l  :- : : a t I - i
a c t i v i t i e s  prim : ’  r i l y  a i r e d  a t  r e v i e w , check at .d  t e st of c e m i t r a c l o r  ‘ s progr es s I:
c c r r e e L i n g  t a u l t  s i r i d  c ’ o u du c t  ~ f }T. During th c ,3e en  ods the ~,overmm , 1 ~
op cr at . e th e  e 9ui :aL- ; t. , i u I l  ~che’du l e d  , :rd de~ e r r e d  n . - i i n t e , i  ncc ’ , a r d  ~~c tL-  i : e . ’ry
f o t ce  j r m  the coritm i ü f  o i e : ’ at : e : is .  C n t- rm ct o; - p~- m ~ - t - a c’l ma> ::~~ !~~ t o r  g o v s - r : . :- c :: t _
o~ c - r a t ) c a i s  and s h o u l d  be a v , i~~l~ l’1e to  I c - m d so f l v : r c ’ , hard,,’arc- , and anal >-t l e d  e : : - ~~e:

I • No - o r e  than ~ day every  weel : w i l l  ~o -l’ equ i red b y Lh € l ;c v e r m c ~ Crit j I n c c , — ’l
w i t h  m - i n d a t o r y  t r i m m i n g  directiv e ’s. Schedul irg of such t r a i m i n g  w i l l  be a c c e :  11 e~~
so as to mim i fl i ce ir :p ac t on FF~N operatio n s.

j. A general plan for p lanned software correctio ns (F:PR related) ar i d i s s s e’  of
revised t ap es is at inc lo su ic 2. -

k .  A general  p l a n  f o r  p l anned  hardwa re c o r r e c t i o n s  (E P R r e l a t e d )  a :j

equ~ pr c ’n I s  is  a t  j e c i c - s u r e  3.

1. A general  i lan fo r  i n t r o d u c t i o n  of s o f t w a r e  changes to ieplm cnt rc~ 1,c~ :. :,t
equip m ents is at ln closu re 4.

in . A gener a l p lan  of cur ren t ly p lanned contractor test efforts at For t S i l l
and 1-JS>~R is at inclo sur e 2.

n. Co mbined gov e rn r : en t - c on t r ac to r  managc-r c’nt r ev iews  w i l l  be c o n d u c t e d  C: a

- 
quarterly basis to determine prog re s s  tow a rd 1)1/CT 11 commencemen t aid to resolve
pro blc~is that y arise . This shall not p reclude more freque n t informa l r c v l e m s
tha t nay be required.

0. As a dem on stration that the requ ired work has been accorii p l i s h e d  a m i d  I l - a t
the system is ~ ri f a c t  re a dy for flT/OT ii t e s t i n g  .1 system i nt e gr a t~ c .i t e s t  U l l i
be cond u c t e d  at  Fort  S i l l  , O h . R e q u i r e m e n t s  for th i s  t e s t i n g  arc as i n d i c a l e l in
Co mm t ra c I Nod Num ber p000g8.

p. During the  FI1~’1 addi t i o n i l  O~ v r a t c r  an d Mii ,ilenan ce personne~ t ra  i:  i :  5 i s
rcciuirc (! . (‘p e t  a t o t ’ Ira in i t :5  w i l l  I L  g i ve n v i i  g o V e l  ninCn t (ii’. flS/(;s >1 i t  em ~ e: ,i~-

a l t - to 1 I C  t t’ . i i i i c i I i v  th e c~ i m t t  Cl ot ’ . A l l  I1 i ] t t n i c ~ ~ i i 1 be s c l m I L ! u l c d  i ce
omi the F l - i d .  P l a c e  a nd slate of t r a i h i i : l g  i s  t o be deter :: : m m c d , ~lep ( nI :1:1;

on timi’ av .iil .iI ’i l i t > ’  (it 1e rs ~’ tiime1 and  cqi~m ipi:cimI. (m ci I fo i ’ d&’t. ii 1) 

L _ ~~~~~~~~~~~~~~~~~~~~~~~ ’~~~~~~~~~~~~~~~~~~~~~~~~~~ ii’ _  ~~~~~~~~~~~~
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FROM COPY FUI iihi~ ru DDC

q . The gener al p lan s dc:. c r ibed  above ca n be mod i f i e d  by the FF’l~1 Control Team
on a ca~.e by ca~ c ba n s upon mu tual agre ement between contractor and P: ’IO M :l ’;~i) S
repre sc’n ta t J’.’c.

EC ]F I C I)LTAJ LS:

1. The effor t at Fort Fill ~,I1l be broken down in to two parts

a. Part i: Contractor tests

b. Part Ii: Governmen t testing and training

These parts will be merg ed into one continuou s schedule which wi l l , based ci events ,
be adj u sted by the r i~r:-1 control team , ,

2. Sp e cif ic cor tr~ ctor tests are as ind icat ed i t :  Irci 2 to find pr oble ms a n
refle cted let Fe” ~ Si] I hPh ,s ami d ~olu , i ~~s the reto , Other efforts will in c l’.:J ,,
upgr a d ing of equ i pmen t an d in t r o d u c t i o n  of n ew / I  c - v i s e d  items.

3. Government t e s t in g  wi ll include efforts ~:o clear previous EPRs , monitor
con tractor pro ~~r e s e  an d con t inu e  sys t em eval ‘ a t i on . T r a i n i n g  of OTEA and }‘, ‘5~d
pe rson n el w i l l  be conduct ed  as sho~:a in m c )  ‘ 

~~ 2.

4. personnel Requirements:

(a) Gover~ rn cn I  - Appropr iate Test Directors , operator and m ai nten ance em’ ee:~~:ci
pert inent Lest w i tn esses and evaluators.

~~~~ r,~ •..- ,.,.- - ‘7 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ cnc.-’ ’- ,rn ~ nA  t ’ n r , l ’ , n —’ n r~~~ nn ’ t  f l u -t o ’- o f i f l n -~~t ‘~ v- fl t cb  
-‘ ‘.—  ‘ - - - - —

test be ing run , ima int o n a nce personnel.

5. For DT/OT II , the D ivA rty TSS must be re-established as a i’~ain tenan ce F, cil it’.’ ,
check ed out , and made operational. Scheduling and activities must take this into
account.

6. The effor t at t.’sNR will be broken down Into two p arts:

a. Par t I. - Contractor tests

b. Part 2 - E’l’ Runs and tape check-ou t

These parts will be merged into one continuous schedule which will , ba sed on
events , be adju~.tc ’d a s  req ui red by time FFDI control learn . An e s t i m a t e d  C h - : : r s / d r >’ ,
5 day s/week ton time on the equi p m ent  w i l l  be r eq u i r e d  to comp l e t e  t im e Scl ’ L~ :i lc-
b y t h e timse the equ I pm c ’mit mus t  b e d i r e c t e d  to other  u s e s .  The TSS D iv A r l y
and eec’ ET/EST- i~n , wi l l .  he devoted to this ef f o r t .  Should r e quire me nts ~r i cc f L - c
Ira i mtiim ~~, deferred rn in tenanc e , tr ,anua 1 ch ccl~— out , or n i  scel l auee u  needs  r e m - a  t a  e

~nd di itinct fcc-ta the r a in  ~t ie .ur ’  e f f o r t :  of the 2 smil ’p a r ts d e s c r i b e d  abov e , t h e y
will be uncIertakcm ~ during norn~t l  shi f t  o p e r a t i o n s  on a n o n — i n t e r f e r i n g  b a : ; i c .  c - :  bc~
deferred t~ a spec ial sep a r a te shift.
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7. Contractor te :.ts: Sp e c i f i c  s o f t w a r e  c h e c k - o u t s  as  in d i c a t e d  at m c i  2 to find
pr obl em s as reflected in t-L5-I h i :i i~~ a m~ ~o 1 ut i u n s  t h e r e t o .  U t i m e m ’ e f f o r t s  w i l l
inc lude up~ r .mdi ng of ec lu i p mc& ’n t a n d  i nt re d a ct i c - mm of ne w/r evised i Ic - i r iS .

ri Runs and Tape c h e c k - o u t . On the op e r a tions sid e , FSE , CU’:l-;I:c (lTd /lcD) ,
tape check-ou t and s(’l,ccLc’d p o r l i c n s  of iT~P:f are to be ac cor p i i ~ n’d . Hardw are tests
in i i ~~, shelter drop a n d  S-2 5 ()  l: u a d have y e t  to be p e r f o m  “cd . F’in .’m~ 1y, sc” :- ’ liT
requi re m en ts  for  nc’ w ) y i m m t i ’ o d u c e d  d e v i c e s  or for  re runs  d i me to change s wrou gh t  b y
con fi guration alt e r a tio n s may have to he addr css -d. h u b  um ’ j b a s i s  i s  p l a c e d  on the
FsE /c (u shc/ 1i1~ ’~ te st s , S C n L ’ n U l  i r i ~ m u s t  p r o v i d e  fo r  a c c o - - p i I c h m a c ’n  t of the  m c-: ; ,u i n d e r .
To preclude irp a c t d .c ~ng the latter sta ge s o! FI’TM a n d  on UI/U ’!’ 11 , I~lP sh ou )  d
iiTmic d ial e ly bc- a c c oi’ m.lin h c d. ‘l Ime L~-IP t es t  u , i l l  be- ru n  u n d e r  r e s t r i c t i v e  c on d i  io n s
to he suppl ied by th~ c o m i t r a c t c r  ~.‘h i ch w i l ~ l i : - i t  the p o : ; s i b i l i t y  of cai-::strop hic
f a i l u re. I m - p h a n i s  ~:i l l .  th e -n be - p laced  on CO hi l i C / I ’ SI : / l , : :~ 1 r u n s  w i  t im the r e tra in in g
t e s t s  integrated in to  the s chedu le .

9. F c r c o m n e l  Eec’i,irc~ 
n n t , 5 .  -

a .  G over nme nt - i~ppremrinte Ten t  D i r e c t o r s , o p e r a t o r  and o r g -u n i z at i o n a l
ma int e n a nce personnel , p e r t i n e n t  test w it ne ’sa em , a i d  e v a lu at o t  s.

b.  Cont rac tor  - T e s t  D i r e c t o r, S o f t w a r e  and hl ard m- ’ , a r c  s p e c i c ) i s l s  a p p r o p r i a t e
to tes t  be ing  run , DS/GS r - ’ i in t cn a nce  p e r s o n n e l .

10. I t  sh ould be no ted  that the IY1~’t reor ganIza tion and L i t t o n  t r a i n i n g  have not
been con tracted for as of this date.
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HAROL D 3. EliLERS DU AN E L . E- IERSO :I
TACF IR E Progra m M an ag e r  Col et t e]  , GS
Litton DSI) Repre senta ti ve Director , TACF 1 RE

Contracti ng Officer ’s Re presentative
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APPENDIX D

LIST OF ACRONYMS

ADFSC Automatic Data F i e ld  Systems Command

ADP Automatic Data Processing

ADSAF Automatic Data Systems for Army in the Field

AMC Army Materiel Command

AMSAA Army Materie l  Systems Analysis Agency

AR Army Regulation

ARTADS Army Tactical Data Systems

ASARC Army Systems Acquisition Review Council

CCIS Command and Contro l Information Sys tems

CDC Combat Developments Command

CDR Critical Desi gn Review

CO Commanding General

COEA Cost Operational Effectiveness Analysis

CORADCOM Communications Research & Development Command

CPFF Cost Plus Fixed Fee

CRT Cathode Ray Tube

CSC Computer Systems Command

CS3 Combat Service Support System

D— l
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DA Department of  th~,’ A r m y

DARCOM Deve ll opment and Readiness Command

DCP Development Concept Pape r

DDR&E Defense Director of Resear ch and En gin t ering

DDT Di gital Data Terminal

DIVARTY Division Artillery

DMD Digital Messa ge Device

DOD Department of Defense

DS Direct Support

DSARC Defense Systems Acquisition Review Council

DT Develo pment Test

ECOM Electronics Command

ECP Engineering Change Proposal

EPR Equipment Performance Report

EST Expanded Service Test

ET Engineering Test

ETD Electronic Tactical Display

FAA Field Artillery A gency

FADAC Field Artillery Digital Automatic Computer

FAT First Article Test

FDTE Force Development Test and Evaluation

FFMED Fixed Format Message Entry Device

- 
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FIELDATA Field Data

FORSCOM Forces Command

FQT Formal Qualification Test

FSDR Functional System Design Re quirement

FSE F i re  Support Element

FSP Full Scale Production

GAO General Accountin g Office

GS Genera l Suppor t

LP Limited Procuremen t

LRIP Low Rate Initial Production

MCMU Ma gnetic Core Memory Unit

M&D Maintenance & Diagnostic

MOD Modification

MTBF Mean Time T3~~twppn 1
~ ’ilures

MTTR Mean Time to Repair

OD Operational Defi ciency

OS Operating System

OSD Office of the Secretary of Defense

OT Operational Tes t

OTEA Operational Test and Evaluation A gency

D-3
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PDR Pr e l i m in a r y  Des ign  R e v i e w

PM Project Manager

PQT Preliminary Q u a l i f i c a t i o n  T u K t

PRC Planning Research Corporation

PSSA/B Programming Support Systet n A/B

QMR Qualitative Materiel Requ iremen t

RAM Random Access Memory

R&D Research and Development

RDAT Research and Development Acceptance Testing

RECAP Review and Command Assessment of Prc- ,~eets

SAR Selected Acquisition Report

SRB Software Review Board

SSEB Source Selection Evaluation Board

TACFIRE Tactical Fire Direction System

TACVAL. Tactical User Validation Committee

TECOM Test and Evaluation Command

TIWG Test Integration Working Group

TOS Tactical Operations System

TPP Total Package Procurement

TRACATA TRADOC Combined Arms Test A c t i v i t y

TRADOC Training and Doctrine Command 
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TRASANA TRADOC Systems Analy sis Agency

TSM TRADOC Systems Manager

USAAMS US Army Art illery and Missile School

USACGSC US Army Command and General Staff College

USACONARC US Army Cont inental Army Command

USAEPG US Army Electron ic Proving Grounds

USAREUR US Army Europe

UDI User Determ ination Item

WSMR Wh ite Sands Missile Range , NM
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