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ABSTRACT

With the [proposed procurement of EA-6B aircraft,
the U.S. Marine Corps planned the development cf
TERPES (Tactical Electronic Reconnaissance Processing
and Evaluation Segment) tc perfcrm fpost-mission tape
analysis. The development ©phase was initiated or a
first generaticn tactical <computer, CE-642B. The
thrust of this paper was tc identify state-of-the-art
replacements for the CP-642B, while identifying areas
of «ccrcern within ths develcpment cycle. Alternative
systems were discussed with the emphasis on systenm

flexikility and expandability.
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I. INTRODOCTICN

Withip the electronic warfare community the EA-6A has
been ccmacnly referred to as an active jamming platfcrz. It
was emrlcyed as a stand-off Jjamming gplatfcrm, wherery it
provided ECM protection for a strike force from a position
cut of defensive weafpcns range, ¢r as an integral rpart of
the strike force. Along with this main mission, it was
designed to record <emmitter characteristics and location
Flotting information. In the formulative stages cf this
passive rcle, the AN/TSQ-90 Ground Data Readcut Systeg was
tasked with providing digital and analog data analysis of
inflight reccrdings. Operational evaluation of the reccrded
data fprcvided by the EA-6A recording system has shcwrn that
the data is c¢f poor gquality and 1limited gquantity. In 1its
present configuration, the AN/TISQ-90 has been unakle tc
effectively rroduce meaningful and timely analysis <c¢f the
data as prcvided to it. Other liamitations c¢f the AN/TISC-90
were the lack cf an interactive graphic capability which was
required for analyst 1interiace and for mission planning ,
and the use c¢f a 1limited 1local database o¢i electrcnic
epitters.

With the planned acquisiticn of the EA-6E it was <ceemed
necessary tc expand the capabilities of the AN/TSQ-9C. The
capabilities exparnsicn prograi will be referred to as TERPES
(Tactical Electzronic Reconnaissance Frocessing and
Evaluaticn Segment). TERPES will &be a system that
enccmpasses all facets of analysis of intercepted electrcaic
emissions including required perscannel, hardware, scftware,
and analysis technigues. The operational goals of TERPES
are: (1) prespcst-nmission briefirg and analysis; (2) flighat
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crewsanalyst training; and (3) the forwarding of data as
prescriked ty the MAGIS (Marine Air Groeound Intelligence
System) «ccncept. To operate effectively TERPES must have
inputs frcm airborne collectors in the form of analog and
digital tarfges. The digital tape will be returned to the
TEFPES analysis site, for <further analysis of: (1) the
aircraft flight path; (2) electronic parameter data; and (3)
thke directicr c¢f atrival of radiating emitters. The analog
tapes will augment the digital tapes by supplying additicnal
parameter data and the conversaticns of crewmen during the
various fhases of electronic countermeasures and electronic

support missicas.

As a stand-alcne system TERPES must have the capalkility
tc maintain, update and query the Electronic Order cf Eattle
and the Electronic Parameter List as provided in dataktase
form by the Naval Intelligence Processing System. It aust
also have +thke akility to enable the ccnstruction of data
files c¢f rast pissions and jammer characteristics.
Inccrporated into TERPES must be the akility tc bhave a
man-machire interactive dialogue that will assist in the
pregparaticn c¢f intelligence «reports and eission plarning.
This interactive phase will allcw for timely and <efficient
data analysis and reporting which does not currently exist
in the AN/TSC-90 systen.

With the =establishment of a development taskx force, it
Was ascertained that the present System hardware
confiquration should be preserved as much as possikle. The
cverriding factor to limit systenm modernizaticn was
development deadline dates. By not attempting to ugdate the
AN/TSC-90 hardware the develcpers were able tc 1limit their
technical prcklems, both in the area of hardware interfacing
and software structuring. Ancther advantage of this apgrcach
was to reduce the pneed for additional perscnnel training, as

the operaticnal user community was capable c¢f handlinc the

11



operaticral and maintenance aspects of TERPZS. These
arguments were economically sound but the underlying fact of
system flexitility will suffer Lkecause of them. By chcosing
nct to mcdernize, the developers have accepted a heavier
slcwer wmachine that is not flexible encugh to handle the
software wmcdifications reguired to fully implement the
operational gcals of TERPES. The develcpment team's goal
was tc develcp a baseline TERPES on the G[fpresent hardware
with the <expressed idea of wupgrading the processcr and
certain asscciated hardware as the required wunits tecanme
aveilable [1]. The main thrust of <this thesis u¥as to
€exanine the alternatives to system expansicn which are:

onegé

1) Maintain the present system with a plarc
a higher

expansicn of core memcIy tc permit
decree of rultifregrarming.

2) Rheplace the CP-€(€ with the AN/UYK-2C when it
is available for installation and applicaticn
scoftware developaent. _

3) Replace the CP-808 with a militarized processor
ccmparable to the AN/UYK-20.

4) Heplace the CP-808 with a commercially
availakle state-of-the-art machine.

12



II. SYSTEM CONFIGURATICN

A. HAEKRLWARE

As a functional entity TERPES has two aspects cf
FIccessing, analog and digital. Por this study the asgects
cf the digital prccessing nardware have been addressed. The
tctal TEREES hardware configuration is housed in three Navy
Standard 20ft by 8ft by 8ft avionics vans enakling the
system tc ke transported by land or by air. The digital
shelter 1s air-conditioned by two units capable ocf 72,000
BIU's. Pcwer requirements are supplied thrcugh a 4C0 HZ

ccnverter which has a 60 HZ source of power.

Tke central processor, the CP-808, was a lightweight
version cf the CP-642B digital ccomputer which has teen
emgplcyed in NTIDS. The CP-808 consisted of two units, the
pcuwer supily cabinet and the logic unit. The 1logic <capinet
‘ccntained fcur I/0 chassis, five memory chassis, a ckassis
fcr ccntrcl and bcecotstrap memory and three <chassis for
control and arithmetic logic. The power supply provided the
dc vcltages required bty the computer through a single power
catle.

Ite CE-8C€ was classified as a large-scale,
general-furpcse ccmputer that utilized a stored prcgran
architecture. The CP-808 had the capability c¢f communicating

13



with its rfperipheral equipment via twelve I/O channels.
Channel transfer speeds were either 166,667 30-bit

words/secschannel or 41,667 30-bit words/sec/channel.

The repertcire of computer ianstructions gfpermitted
mathematical c¢perations, peripheral device <contrcl, and
cther data [fprocessing functions. Contrcl routines and
prcgrams were entered via a punched tape reader or macnetic
tape unit. Ccmmunication was performed in a ©parallel mode
30-kits ir 1l1length.

The CE-808 performed its internal ofperaticns using
cne's «ccoglement binary notation in a parallel mode. The
word length was 30 bits with addressable half-words keing 15
bits in length. [2]

a. Functicnal Characteristics

(1) Control Secticn

This section was designed to direct the
cperatiocns «c¢f the other sections <¢f the computer after
receiving the pertinent instruction frcm memory. The ccntrol
secticn was further responsible for decoding the instruction
in crder to specify where the operand was «c¢cming fromz and
the operaticrs that must be performed cn it. In conjunction
with this last point the control section established the
tizing seguerces required to perform the ccrrect operaticns.

(2) Arithmetic Section
The arithmetic secticn incorporates the
tiering circuits, registers, and mnmodifiers —required to
perforn lcgical or arithmetic functions as they were

specified by the instruction werd. The registers in this
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section ccatain the data that was to be manipulated and they
were further used as a temporary storage locationr fcr the
result. The registers wWwere 30 Dbits in length and the
capability tc form a 60 bit double 1iength word existed
between twc ¢f the registers.

(3) InputyOutput Section

Initiation cf I/0 commands was performzed by
either the <ccmputer or an associated I/0 device. I/0
transmission was dcne via four —registers that act as
temporary stcrage locations for all data passed between the
ccmputer and the peripheral device with each «recister
handling fcur <channels. All ccmmunicaticn between the
Frccessor ard the devices was asynchronous and any specific
data trarsasission was done in 30-bit parallel nmcde. As
configured, concurrent bi-directional data transmission
Eetween the CPF-808 and its peripherals via twelve output and
twelve 1input channels was possible. With a buffer of data
pregpared for transmission a set of ccntrol circuits governed
the transfer cf data, freeing cther sections of the computer

for furttker rrccessing.

MAIN MEMORY -- Core memory consisted of
32,608 adcéressable locations that had a memory cycle tims of
4 microsecoands. Ccre memory was primarily used for prcgranm
and data =storage, I/O0 interrupt registers, and interrupt

stcrage registers.

CONTROL MEMCBRY -- This segment ccntained
128 addressakle lccations that had a cycle time of 400
nancseccnds. This section contained the index registers and

I/C tuffer ccntrol registers.
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EQOOCTSTRAP MEMORY -- The final «&emory

secticn dealt with o4 words of
time of €67 nancseconds. This

the manufacturing c¢ycle and

— e o —

read only memcry with a cycle
section was programmed during

cannot be changed. These

programs were initiated from any point in a fprogram and upon

execution tersination, control was returned to the

pre-selected kcotstrap program.

E. PFajor Cperational Characteristics

WOBD IENGTE cevececcccccccon
ARITHMETIC ccceececcccocccas
MEMCKY AVRILABLE
COLE ceeeccaccccns cece e
Ccntrcl .ieeeeeececaccsse
BOCtStIAE ecveececacncacss
COMEUTEER WREIGHT cececcecscose
PCWER SUFELY ecececceccecccs
CCMPUTER LIMENSIONS
Height .c.iceceeiaccccanaas
Width eeciecceccncacaces
Depth et eeeeancacenaas
CLEARANCE KEQUIKREMENTS
TOF ecceacccocsccancoancas
FECDL cececeocccccncnscas
=
S13€S ceeeccceccsccancsns
INSTRUCTICN REPERTOIRE ....

INPU’I/CUIEUT ® & @ & 9 © @ ® s ° 8 9 o

Cperating Temperature .....

16

30 BITS
Parallel, One's Coaplement

32,768 Words at 4 Micrcsecs
128 Words at 400 Nancsecs.

64 ROM Words at 667 Nancsecs.
2165.5 Pounds

150 Pounds

72 Inches
38 Inches
37 Inches

7 Inches

22 Inches

4 Inches

18 Inches

64 Single address, Flexikle
Instructions with Prcvisicns
for Address cr Operand Fod Dy
8 Index Registers.

12 High Speed Parallel

Channels

0 o
0 to 50 C



o
Overterperature Warning ... Alarm/Light at 46 C

o
Cvertengperature Shutdown .. Power Off at €60 C

Maximum Relative Humidity . 95 Percent

o 0
Storage Temperature ....... =62 to 75 C

EOWER FECUIREMENTS
Logic Circuits ......... 2500 Watts cf 3-phase at 115
Volts and 400 CpS.
Cocling Fan .eeceeeeeee. 2000 Watts of 3-phase at 115
Volts and 400 cps. [2]

2. [Lirect Access Storages Device

In crder te increase the <carpability of the
AN/TSC-9G, it was deemed necessary tc increase the
availability c¢f tign speed memory. At this point it was
ascertained that the Control Data Disk Storage Unit wculd
sclve the [rroklem as a high speed, randcm access, data
stcrage device that could be interfaced tc the [present
system. This particular disk was the ccmmercial eguivalent
of the CILC €740 with a mwmicroprogrammable ccntroller. The
Stcrage Unit was Dbest descrilted by the functions tkat it
performed: (1) getting the disk up to operating speed; (2)
positioning the heads at the required cylinder locatico; and
(3) extractirg the —required data as designated Dby the

ccntreller.
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a. [L[isk Characteristics

EECORLING SURFACES ....... 19
TRACKS/CYLINDER cecceeeceass 19
READ/WERITE EEADS ecccece.. 19
AVERAGE ACCESS TIME ...... 35 MS
(seek + rotaticnal delay)
MAXIMUM ACCESS TIME ...... 70 MS
(seek + rotaticnal delay)
EECORLING CENSITIY ........ 1530 BPI (outer track)
2220 BPI (inner track)
CLATA THEANSFER RATE ....... 312,500 characters/sec
BITS/CHARACTER ccceeceeeess B
EITS/STORAGE UNIT ..ec.... 475,000,000
PHYSICAL SIZE/CABINET
Height “eieeeseceecee.. 38 Inches
Width ........ cecasecna 27 Inchaes
Depth ececceccececacecasss 37 Inches
Weight ...e.cceceeees.. 660 Pounds

Disk Surface Coating ..... Magnetic Oxide [3)]

3. Grapkical LCisrlay

With the thought of analyzing incomirg data in an
efficient and timely manner the AN/TSQ-90 was exrpanded to
include an interactive graphics display. The grarhics
terminal that was decided upon was the Motcrola Tctalscope
III. This particular model was a programbpable stand-alcne
version that has a self-contained 8K of 16-bit words of
memory. The Totalscope utilized a bus-organized system tc
link the varicus assemblies within the display. Cne assembly
was designed to receive data <codes, interpret themr and
prcvide the «control functions that routed the commands to
the proper display assembly. The stand-alcne capability was

18



ccntrclled ty an internal arithmetic register ccntrcller
which cocntained <cperator interactive functions, test
routines, and I/0 ccntroller functions. When coupled with a
peripheral keyboard, symbol generator, vector generator,
lightpen and joystick, the graphical capakility needed tco
update tte system +tc the requirements <c¢f TERPES were

FLesent.

a. EFerfcrmance Characteristics

Using reliability predicticn measures cerformned
in accordance with MIL-HDBK-2174 the grapnical display will
have a mean-time-between-failure <c¢f 2500 hours. The
Totalscope was a fully militarized piece of electronic

equirmert.

RESOLUTICK .teceesaacscaseeces 1024 Elements in both X and ¥
LOCATICN 2CCURACY ......... *2 Resolution Elements
within the 1z- by 10- inch
viewing area.
VECTIOK GENERATICN ...ev.... Fixed rate cf .2 in/usec.
CHARACTERF REPEFTIOIRE ...... 128 ASCII Characters
WEIGHT .cceecececsccecaecsesas 130 Pounds
DIMENSICNS
Length ccceeceececeecaease 19 Inches
Height ...c.eeeeeeceeecss 20 Inches
Width ..ceeceececccaeeaeas 17 Inches {4]

4, Erinters

Tte line printer utilized by TERPES operates witn
single or nulti-copy continuous fanfolded paper at a raximum

line rate c¢f 600/minute. It had the capability of
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outputting any of 64 characters within the field width of
120 character positions. [ 1]

It ccpjunction with the aforementioned line printer,
TEBEES utilized an I/0 Keyboard Printer Mcdel 1533. This
particular device enabled the operator to communicate with
the CP-808. As an input device, the ofperatcr was cagpaltle of
entering new programs, altering existing prcgrams, changing
input parameters and initiating prcgram executicn and
tereinaticn. As an output device it was used to display
error conditicns, program listings and reguesting —required
data frce tle operator. An operator was able to transmit to
the computer any of 64 different characters at a rate up to
akout 100 wcrds per minute. As an output mediurm, the
printer was capable of outputting the same 64 characters as
available fcxr input and operate at about the same 100 wcrtds

per minute rate.

This device was a commercial upit that had keen
enclosed in a specially designed protective cabinet and
mcunted cn ctp-style resilient mounts. [5]

5. TIape Units

The =system contained a set of four tape units that
were fully militarized and carry the Univac number 12404a.
The tape drives were capable of reducing tapes that had a
density cf £56 BPI. This rate was adequate for use with the
EA-6A Etut it is not totally compatible with the EA-6E. The
onktoard reccrder -on the EA-6B had the <capability of
reccrding at 200, 556, or 800 BPI. [1] It was determined
that a tape unit ke procured to handle the three BEI rates
available c¢n the EA-6B, in order to provide maximup taging
flexibility.

20



6. Ligital Plctter

Intercept plotting within TERPES was performed Lry a
Calcomp Model 563 Digital Incremental Plctter. The Flctter
Adapter provided the interface btetween the CP-808 andé the
Flctter. Ttke adapter was responsible fcr generating tinme
signals and control commands to insure asynchrcnous
ccmmunication with the plotter. The adapter provided this
asynchroncus cperation by decoding data wcrds <frcm the
CP-808 and r[rrocducing control signals required to fprcperly
perform ttke applicable plotting functicn.

Tke Mcdel 563 was a commercial drum>-type plctter
that was carakle c¢f fplotting one variable against ancther.
Plct prcducticn occcurred with the movement c¢f a pen cver the
chart parer. The X, Y and 2Z axis «c¢f +the plotter were
isrlemented through a series orf digital sigmnals that
directed drum, carriage and pen mcvements, The
bi-directional rotary step motors on the X and Y axis caused
the drum cr fen carriage to move in increments of .01 inch,
.0C5 inch cr .1 mm per step depending on tLkardware
ccnfiguraticn. The rotary step motors operated at a maximum

rate of 3C0 steps/sec.
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a. Crerating Characteristics

SPEED <cecceccccecccccncacccse Drum Axis: paximum 3C0 stepsy
sec for .005-in and .1-mm
steps.
maximum 200 steps/sec fcr
.01-in steps.

Carriage Axis: same as abcve.
Pen: maximum 5 up and 5 down
per second.

RESOLUTICN .ecceeccnes eeess + 1 step on either axis cver
the entire rcll length.

REIGHT .. cecececsecceceaeses 53 pounds

DIMENSICN

Width eececececacecsecssss 39 inches

DEfFth cceeeeeccans eeesas 14 inches
Height .ceeecscecaccan ..+ 9 inches
PAPER SIZE ceceeecceceen «++s Roll Chart paper-120 feet

long and 39 inches wide. [6]
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B. SCFTIW2ARE

The scftware tc support TERPES was in the final stages
cf develcpment at the Naval Missile Center, Pt. Mugu. The
first phase cf scftware design was tc 1interface twc new
cFieces «<¢f egquiprment into the AN/TSQ-90, a disk drive unit
and a graphics terminal. These two devices were wmeant to
exrand the frocessing power of the AN/TSQ-90 to meet TEERPES
specificaticns while establishing a new dimensicn, an
intervenirg analyst, in the data reduction cycle.

With the interface <complete, 1t was necessary to
establish the software structure required to fully utilize
the rescurces cf tke expanded hardware =suit. Modularity
within the =scftware structure was necessary to prcvide an
analyst with the tools necessary tc process the tapes from
both the E2-€A and EA-6B. When dealing with EA-6A tapes, the
analyst mtst ke able to reccnstruct the actual £flight path
cf the missicn in order to override any false navigational
equirmert inpfuts that may render the data useless. Due to
the quantity ccllected by the EA-6A, the analyst was gquite
capable cf ccrrecting any false recordings and elimirating
that which is invalid. The requirement for apalyst interface
in data reduction sas in itself justificaticn for additicrnal
effort exrended in scftware and hardware development.

Data reduction with the EA-6B presented still ancther
prcklem, as it was capable of ccllecting a volume cf data
that was rearly impossikle to reduce via the analyst. In
order tc <speed the processing of this data, =software
routines were written that <filtereda out redundant and
errcneous data ttkat clutter the tape. Prcvisions were also

included tc fprcvide for selected processing, wherebjy the
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analyst =selected those emitters he wished tc process first.

Withir TERPES Software there exists an executive 1cdule
that was tte <contrclling force of processing within the
guidelines cf TERPES. It was further subsetted to ccontain
the operating system, peripheral handlers, core manacement
rcutines, mathematical packages and a set cf provisions that
allow a cegree of degraded mcde operations. The implemented
Ccrerating system was tailored after the CMS-2Q monitcr in
order tc¢ ofptimize the functions and procedures of TEREES.
Whenever fossible the 0S was written in CMS-2Q with required
assembly 1language routines written in SYCCL. This mcve to
CMS-2 was aired at conforming to the Navy's <concegt of a
standardized tactical <computer language. It alsc enabled
the develcpers to utilize the software debugging tcols
presently available in CMS-2. The O0S was a set of
sukroutines that wmaintained system status, £file status,
utility rrcgrams and provided the timing sequences regquired
tc supervise the ofperations of the systen.

The Intercept Module was cxpanded to allcw the system to
translate tte data received frcm the aircraft dirtc a
reducible fcrmat while filtering out that data which is
unreliable. The filtering task was dcne by checking
inceming tapes for reccrder errors, building format files of
intercepted signals, correcting for spuricus navigaticnal
inputs, reducing the data size by eliminating redundant
data, and ¢froviding edit —routines that ©Fpermit apalyst
interventicn when required. Also residing in this mcdule
¥ere the analcg merge routines and the 1location algorithm.
The merce routine permitted the input cf data frcm the
analcg tapes that will assist in emitter locaticn and
reccgniticr. The 1location algorithm was utilized in the
lccation cf emitter sites.

The final module was the File Management Module. This
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particular segment contained the interactive software that
linked the CE-808 and the Motorola Totalsccpe. The interface
and system utilities were written in CMS-2Q while internal
programming cf the Totalscope was done in ARC-16 assenmbly
language. The File Management Module was designed tc¢ allow
the use cf ar extersive datatase of emitter informatico. The
NIES III datakase cf emitter parameters was the tasis «cf
this infcrmaticn. The akbility to sort and edit returned data
alsc resided in this module.

As desigpned, the operating system and its tracrsient
service rcutines were placed in the first 10,240 core memory
lccations. Tke remaining core locations were available for
the 1loading cf software —fpackages that rfperform wmission
prccessing, mission briefing and any other provided systen
utility. [1:
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A. PURPCSE

The fpurpcse <c¢f this section 1is tc¢ ccmpare Lty cost,
reliability, and general practical consideraticns the
differences tetween a "militarized" amini-computer which
meets military specifications, and a ccmmercial
gini-computer which does not meet military specifications.
Fecr clarity, "militarized"™ @means corxfcrming to wmilitary
specificaticrs and ‘"commercial" means nct conforming to

gilitary specifications.

B. SELECIICN

The 1mini-ccamputer systems selected £cr compariscn were
selected cn their ability tc meet the requirements of
TEFEES. Tiree different computer manufacturers were
invclved: Cata General Corporation manufacturing
tini-computers to meet the needs of commercial user; KCLM
Ccrporaticn manufacturing "militarized"™ mini-ccmputers using
the same <circuit design and software as the Data General
Ccrroraticn gini-computers but with hardware designed and
manufactured in accordance with aprlicable military
specificaticrs (MIL-E-164000G and MIL-E-54000) for use
atcard <ships and in aircraft; and Sperry Univac Ccrporation
like ROLM, cenufacturing "militarized" mini-ccmputers. The

fcllowing specific systems will be comfpared:
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DATA GENEERAL
* MOLEL 830
* MCLCEL 1210

* MCCEL 1602 AN/UYK-19 (V)
* MOLCEL 1664 AN/UYK-28 (V)

SPEREY UNIVAC
* AN/CYK-20 (V)

C. EACKGEFCUNI

Standard wilitary specifications have teen develcped to
meet recuirements in protecting electrical wmilitary
equipment. Cne such specification, AI1I-E-16400G (NAVY),
States:

"This specification covers the general requirements
arplicatle tc the design and ccnstruction cf electrcnic
intericr ccrmunication and navigation equipment interde
for . _naval skip or shore | applications. . This
specificaticn deflnes the environmental conditicns
within which equipment must operate satisfactorily and
reliably; the prccess for selection and aprplicaticn  of
general” material _and _parts; and the @®means by which
ggulpment as a whole Wwill ke tested to determine whether
b 1s accertable to the navy ... ,unless otherwise
specifically stated in_  the individual equiprent
sgec1f1cat1cn, the requirements of this specificaticn
(8IL-E-164(CG (NAVYE) and  any and all =specifications
cited tereinm shal apply when this specificaticn is
invoked®". {14]

D. SYSTEM LESCRIPIIONS

The =system desciption and price inforration for ECIM's
16C2 and 16€4 and Lata Generail's 1210 and 830 computers was
oktained frcm. technical descriptions apnd fprice 1lists

furnished by the manufacturer. The Sperry Univac <csysten
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descripticn ccncerning the AN/UYK-20(V) was also cktained
frcm technical descriptions furnished by the manufacturer
but pricing informaticn was obtained from NAVELEX Washington
D. C. (AN/U1K-20(V) F/Y 76 Budgetary Estimates). Using
this technical and price information a basic <systemn
corfiguraticr was compared to determine differences in each

systen.

The tasic <ccmputer system for comfparison FUIrgposes
ccnsisted c¢f 32K ccre memory, a central prccessor, a ccntrol
panel, a fower mcrpitecr, and an automatic restart capability.
A floatipng [fpoint processor was considered a major factor.
The only ccmputer not offering a floating fpcint [fprocessor
was Data General's Model 1210. Each system is described

kriefly Ltelcw.

a. kcdel 1602

Tke Mcdel 1602 was a 16 bit general purgcse
"gilitarized" computer with an optional floating ppcint
prccessor, ccroductive cooling to the case, memory increments
in 8K increments, and two versions of <contrcl panels, one
Fhysically tclted to the main frame and the cther ccnrected
by cakle. [ 16]

E. Fcdel 1664

Ttke Model 1664 is also a "militarized" <computer
but with greater capability than the Model 1602 due to bit
addressing rct 1limited to <conventional word bcundcries,

variakle addressing modes, «conductive cccling to the case
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with a chassis mounted  heat exchanger, standard flcating
Fcint prccessor, direct memory access G[Iccessor, three
degrees cf precisicn, and memory increments 1in 16K bytes

increments. [9,15]

a. kcdel €30

Tte Mcdel 830 was a non-militarized computer
with memcry expansicn up to 256K, 16 bit instructicns, high
density ccre memory, an cptional floating [fpcint processor,
and dual oferaticn through two central fprocessor bcards.

(23]

. ¥cdel 1210

Tte Model 1210 was a scaled down version cf the
‘Mcdel 830 with a slower memory cycle time, no floating pcint

Option apnc slower arithmetic execution times. [22]

a. AN/UYK-20 (V)

Tke AN/UYK-20(V) was a "militarized" computer
with 16 kit irstructions, direct access to a maximum cf 65K
words, memcry increments in 8K increments, a maximum cf 65K
wcrds of core memcry, an optional floating point <caracity,
self ccntained internal cooling =system, and mcdular

ccrstructicon. [10]
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See Table 1 for anm overall ccmparative view of

each ccoruter system. [10,15,1€,26]

5 02 1664 830 1210 U¥K-20
Militarized. yes yes no no yes
Memcry
Cycle Time.. 1lusec lusec lusec 1.2usec 750rsec
Memcry
Cirect
Addressing. €4K 128K 64K 32K 65K
Maximum.... 256K 512K 256K 64K 65K
Transfer
Rate.... 1M words 1M words 833K 833K 14 words
/SE€cC /sec words/sec wcrds/s=c /S€EC
Scftware
Support... Fortran Fortran Fortran Ffortran rortran
Algcl Algol Basic Basic Ultra 16
Easic Basic CMS-2M
Word Size... 16 bit 16 bit 16 bit 16 kit 16 kit
Pcwer Fault/
Autc-
Restart.... yes yes yes yes yes
Cecling..... ccn- con- none ncne internal
ductive ductive tlower
Flcating
Pcint..... yes yes yes nc yes
Ownershirg
Costs..... $6287:. $23897. $11357. 340€05.
TABLE 1
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Cwnership <costs included initial fpurchase price
and maintenarnce costs which were discounted at 6% cver a

five year period.

See Aprendix C for detailed descriptions of each

cCCofputer systesn.
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Csing the price informaticn [prcvided ty the

manufacturers and NAVELEX Washington D. C. comfparative

prices fcr

fcllows:

the selected configurations were determired as

Eclm Ccrpcration

(1) Mcdel 1602
Erocessor unit with 5 MHZ micrcprccessor,
fcur accumulators, direct memory access,

rultimcde priority interrupt system and

a power mcnitor with automatic restart «..3$12750
rugged ccntrol panel ... 2500
flcating peint “ee 3CaQ
€external memory chassis (16K) ' ... Looc¢
external memory control ... 1000
external memory port ... 2G00
gemory chassis (24K) ... 20CQ
gemory interface .ee 100
ccre memory (8K) at $6000 * 4 eea 24CCC
total $48,6:5C

[17;
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(2) Model 1664

Processor unit with 5MHZ microprocessor

variable precision floating point processor, direct
memory access, executive mode, 16 levels of

programmable priority interrupt with power

monitor and automatic restart ...3$24950
rugged control panel ... 3125
core memory (16K) at $6250 ¥ 2 ... 12500
total 340,575

[17]

Sperry Univac Corporation

(1) AN/UYK=-20(V)

Basic machine with 8K core memory ...$321000
8K core memory modules at $1300 ¥ 3 ... 3900
direct memory access, factory installed... 2850
math pac, factory installed ... 2100

includes floating point
total $29,250
[19]
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Cata General Corporaticn

(1) Mcdel 830

Ccmputer with four accumulators (hardwarce),
I/C system with prcgrammed data transfer

1€ level programmed priority interrupt,
direct memory access data channel,
Frcgracmer's console with lecck, power supply
and slide mounts for a 19 inch rack, 32K

tytes core memory and memory maragement

and protection unit. «e.312650
Fower monitor and automatic restart .o 400
zultiply/divide «o. 1000
flcating pcint unit ... Uloce
total $18,050
(18]

(2) Medel 1210

Ccmputer with four accumulators (hardware) ,I/0
system with programmed data transfer, 16

level programmed pricrity interrupt, direct
Ee€emory access data channel, rrcgrammers
ccnsole with lock, power supply, table top
caktinet or slide mcunts for 19 inch rack,

and 32K Lytes core rmemory. ... $7000
Ecwer monitor and automatic restart e 4900
gultiply/divide «e. 16CC
total $9000
(18]

Appendix B gives a tLtreakdcwn of fpricing

informaticn fcr each systenm.

34



E. RELIAEILITY

Up tc this pcint, this chapter has dealt =strictly with
system description and the associated costs. If ccst were
the only criterion for selection, Data General wculd be
chcsen withcut question. But cost should not be the cnly
criterion; reliakility of 'the system shculd be a @major
consideraticre in the decision. By evaluating the
reliability cf a ccmputer systea using Mean Time Between
Failure (MTEF) and repairakility using Mean Time Tc FEFefair
(MITR), the ccst of ownership beyond the initial Gfurchase

price cac ke estimated.

Because there was no data on MTIBF and MTTR for the ROLM
Model 16€4, this ccmputer system was not ccnsidered in the
reliakility amalysis.

The data that was available was supglied Lty EOLM
Corporaticn, Lata General Corporation, and the General
Electric Ccmpany in an article titled "MAGIS LIFE CYCILE CCST
ANAIYSIS for the Marine Air/Ground Intelligence System™.

Cne way to estimate failure rate is thrcugh relialtility
experience. As outlired in MIL-STD-756A and MIL Hardtook
<17A/B, there are standard procedures for estimating failure
rates given ccmponent types and part nuankters. For the
purposes <c¢f this study, the computer systems involved were
in actual operatior. However, the standards as stated in
MII-STD-756A and MIL Handbook 217A/B were followed where

neCces=ary.

Failure rates are normally considered large initially
during burn in cf <ccompcnents, then decreasing to <remain
relatively «ccostapt for some time. This reflects equipment

failure under the assumption that new equipment has frequent
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repairs after which a stable period is estakbtlished. 1This
stakility pericd is characterized by randcm failures. Wear
out does nct cccur in electrical equipmernt as it dces in
mechanical equipment. However, due to extensive bench
testing and wmodular integrated construction, the failure
rate cf &rnew equipment has been reduced (compared with
systenms that are not extensively Eench tested).
Consequently, after the initial burn in, the failure rate of
ccoputer eguipmert 1is constant with «respgect tc time.
Therefore, tte numker of failures can ke estimated Lty the
Pcisson distritution and the time between failures Ly the
Expcnential distritution. The prokability of zero failures

in time t (reliability) 1is given by the equation:

-lambda * t
P = E

-——  — — i

This evaluation will assume that once a failure has
occurred, the repair will be made at the mcdule level, not
the compcnent level, and that time for a repairman tc arrive
at the ccmputer site for repair work will be two hours. The
Mean Time Tc Eepair, once a repairman arrives, was assumed
to be <cre-half hcur for all computer systegs. This was the
mean time required to find the failed module, remove it, and
replace it with a new one. The reason all MTTR's were
assumed equal was ktased on the modular construction used in
all the «ccoputer systems. The difficulty cf board remcval

was apprcxismately the same for all systenms.

For tte rurpose of this evaluaticn, the «c¢cst of
cwrershifp over time t (5 years) was based c¢cn purchase frice,
inventory «c¢cst <c¢f spare kits, and repair ccst. Inventory

ccst and repair cost were disccunted at a 6 percent rate for
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5 years to reflect the time value of money. The disccunt
factor was .747. Based on the wequal MITR's £fcr <each
ccmputer system, only the MTBF was found to affect the final

cost of cwnership.

Inventory cost consisted <c¢f the <ccst of the minimum
SEares necessary tc repair a failure. A minimum sSpare kit
consisted c¢f cne spare memory module, one processor mcdule,

an¢ cne pcwer supply module. [20]

Repair «ccsts were <calculated by multiplying the mean
nuxber of failures during time t (t/MTBF) ky the MITE and
then multiplying this result (or the average amount cf tinme
spent cn repair during time t) by the labor rate per hour.

For clarification, the following symbols were defined:
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M
M

I/M

MTE
MIT
/M
TE

SM

KCH
ATR
IEC
TVC
oc

T
TBF
TTR

TEF
TR :

SH
RCH :
ATR
IRC :
TVC

[ X )

LX)

o

CcC :

Table

F
R
TEF

useful lifetime of the system (5 years)

mean time between failure

mean time to repair

(including time for repairman to arrive)

nunter cf failures in time T

(T/MTBF) * MTTR

(average time spent on repair during time T)
spare kit cost (based on minimum kit needeg)
rerair cost per hour

RCE * TR (everags cost of time spent cn rerair)
ATE + SM (inventory and repair ccst over 5 years)
time value cost (IRC with time value of mcney
taken into consideration at 6 percent)

cwnershipr ccst (TVC + initial purchase price)

2 cocntains specific calculations of each systen.

1€Cz 330 1210 0YK-20
132C0 hrs 4510 hrs 6718 hrs 2000 hrs
2.5 hrs 2.5 hrs 2.5 hrs 2.5 hrs
Z.23 hrs 9.47 hrs 6.35 hrs 21.36 hrs
€.C7 hrs 23.67 hrs 15.87 hrs 53.4 hrs
$18%50C $7000 32600 $13600
$36 $35 335 $35
$29C.52 $828.45 $555.45 $1869.00
$16C40.52 37828 .45 $3155.45 $15469.CQC

$314223.27 $5847.85 $2357.12 $11555.0C
362€73.27 $23897.85 $11357.12 $40805.0C

{17: (18] [18] [19]

TABLE 2

~Excluded from the cost of rerair were thcse 1items that

ccntributed equal c¢cst to all the computer systems. These

items consisted cf travel cost, per diem cost, and shop
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repair cost ({(cost <c¢f repairing the faiied module, in the
manufacturer's shogp). ([21,22,23,27,28,32]

Takle Z shows that the Data General 1210 cost less over
5 years kased c¢n inventory cost, —repair cost, anc¢ the
initial purchkase price of the computer (purchase prices were
taken frcm secticn 4 "Militarized vs Ccmmercialized").
Referring tc Takle 2, the high cost of cwnership dces not
reflect tigh MTIBF as might be exrected. The Sperry Cnivac
AN/UYK-2C (V) bkad the second highest cwnership cost but the
lowest MTEF.

Figure 1 is a plot of the relationshifp Letween MTEF and
the total ccst cf <cwnership. While there 1is nc¢ direct
relationship Lketween MTBF and total <c¢cst of ownership,
Figure 1 indicates, at the low ©rpoint of the "U"™ o1 the
curve, that tle Data General Model 1210 would be the lcgical
chcice with tke lowest cwnership cost and the second highest
MIEF. The difference between the Data Geperal Mcdel 1210
and the ECLM Mcdel 1602, as reflected in Figure 1, wculd be
a doukling in the MTIBF but a five fold increase in ccst.
Specifically, to get a 6482 hour increase in the MTBEF, it

wculd cost $£1516.(C9 over a 5 year period.

Figure < represents the —relaticnshifp that existed
tetween the MTBF and the cost of repair over a £ year
period. Feferring to Figure 2, as MTIBF goes up the regair
cost gces dcwn. For example, if the MTBF went up frcrc 4000
to 8000 hcurs there would be a corresponding $450 savirngs on
regpair ccsts.
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The wide variaticn between the MTBF's (cne major failure
every 550 days for the ROLY Model 1602 compared to cne major
failure every 83 days for the Sperry Univac AN/UYK-20(V),
seems unrealistic since the difference 1s betweern two
militarized ccmputers. The MTIBF of the Model 160z was
furnished Ly the ROLM Corporation seems toc high. The MTBF
for the Sgerry Univac AN/UYK-20 (V) dces not seenm
unreascnakle. This MTBF was not furnished Ly Sperry Univac
but by a military analysis group. [21] The following ¥TBF's
are the values necessary to make a systems spares ccst equal
to the KRCLM ¥cdel 1602 spares cost.

Cata Gereral Model 1210 .eceeen 320 hours
Data Gerneral Model 830 eeeeeeee 235 hours
Sperry Upivac AN/UYR-20(V) .... 700 hours

Militarized and commercialized <computer systems each
have advantaces. If a commercialized computer is accejtable
in the operaticnal environment, then there are nurmeroaus
systems availatle that are <comparable in both cost and
performance. With respect to TERPES reguirements, the TCata
General Model 83C had a capability advantage over the LCata
General Mcdel 1210, the advantage teing the availability of
a floating pcint cption. Otherwiae, the Data General Model
1210 was surerior in purchase price, ccst cf cwnershig, and
spare kit «ccst (see Table 2). The difference between the
MTIEF's of the Data Gemeral Model 830 and the Data General
Model 1210 was cne failure every 108 days in favor cf the
Data General Mcdel 1210. While this failure difference was
sigpnificant, the 1lack of overall «capability of the Cata
General Mcdel 1210 compared to the Data General Mcdel 830
shculd be a rajcr consideration, regardless cf the MIBE's.
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Althcugh there is no published MTBF for the ROLF Mcdel
1664, +this should not eliminate it from the competition.
The ROLM Mcdel 1664 <contained a Tri-Frccessor System
(hardware flcating point f[frocessor, a microprogrammed
general ©[purgcse processor and a direct memory access
ELCCESSOL) Versus cne general purpose processor for the KOLM
Model 16Cz, ccsts less than the ROLM Model 1602 to purchase,
and 1is capakle <c¢f expansion for future consideraticns.
Regardless cf the MTBF, the spares kit for the ROLM Model
16€4 would ccst $6500 more than the spares kit for the ROLM
Model 16CZz or $24,750 in total. The ownership cost of tne
ECLM Model 1€€4 over a S5 year pericd cculd never be equal tc
tbhe RCLM Model 1602, regardless <c¢f the MIBF, since the
ipitial spares kit ccst of the ROLM Model 1664 was mcre than
the ownership cost of the ROLM Model 1602. Althougt the
Sperry UOnivac AN/UYK-20(V) had the lowest published MTBF,
tke figure seems ccnservative. The MTEF shculd not be the
majcr «reascn for eliminating it frcm the competiticn.The
Sperry Univac AN/UYK-20(V) 's cost of ownershifp was less than
the ROLY Mcdel 1602 (due to spare kit ccst) and had a
$16,400 advantage cn purchase price over the ROLM Model
16C2.

One imgcrtant factor, which would ke difficult to
measure 1in dcllar terms and not represented is the ccst to
the nmissicn <¢f dcwn time. This cost, wnich cculd
ccnceivakly invclve thousands of dollars, includes such
items as down time <c¢f ©planes, travel apd berthirg of
perscnnel if the  @mission were cancelled. Because cif this

factor, a high MTBF becomes a very critical consideration.
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A. INSTEUCTICN RATINGS

One Beasure cf performance that must be addressed in any
prccessor regplacerent proposal is the guesticn of prccessing
power. By performing such an analysis the steering ccmrittee
must attexpt to demcnstrate in a gquantitative manner that
the processcrs under consideration are capable of hardling

the processing lcad that exists on the clder wmachine.

It was determined that the first ster in this type of
analysis was to describe an instruction mix +that wculd
reflect the ccnstruction of programs withip TERPES. Although
the software was Lteing develcped, 1t was possikle to

estimate the mix arnd assign the following fercentages:

CCHNFALE€ ccseeccaccaccacscnas 15
Shift cceeecceccacccscanoscas 15
Transfer ..cecececececcececceeas 15
Lcad cceeeecccccaccccecaacce 10
StOLE ceeeeveasccscccecceacas 10
Arittmetic cecciececeaceacaas 10
L0gical cieceeccecccceccaces 10

Total ®@ & 8 @ © » ® & @ " O O &6 05 0" & O 100

Utilizinc the instruction mix anticipated within TEKEES,
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it was estimated that the <CP-808 average instruction
executicn speed was 8.7 usec. yielding an instructicn rate

of 115K instructions/sec.

At this pcint a problem was encountered with word
length. 2s noted in a previous secticn the CP-808 cperates
with a 30 FLit word, whereas, Frogosed replacement
ginicomputers operate with a 16 bit word. To overccme the
word length inequity, an instruction rate for doukle word
instructicns (32 bits) and single word instructions (1€ bit)
were ccamputed =segperately. Another «consideration was to
utilize, wherever possible, instructions that access memory
directly. [7}

The Sperry Univac AN/UYK-20(V) was found tc have an
average instructior time for double word instructicrs of
2.€4 usec. with an instruction rate cf 352K
instructicns/sec. The single word average instructicn time
for the Sperry OUnivac AN/UYK-20(V) was fcund to be 2.27

usec. witl arn instruction &rate of #40K instructicns/sec.

[10]

Cue tc the similarity orf execution times betweer the
Data General machires and the ROLM comfputers, it was decided
that one =set of coaputations would be sufficient to
demcnstrate their processing power. Using doultle word
instructicns the average instruction time fcr this class of
machine was 3.45 usec. or 290K instructions/sec. Single word
instructicns were processed with a time of Z2.755 usec. or an

instructicn rate of 362K instructions/sec. {9,11]

As shcwn aktove the machines under «consideraticn cculd
easily handle the r[fprocessing load being performed ty the
CE-808. 1This excess processing power is essential 1f the
full pctential of TERPES is tc be ever realized in the area

of real-time cperation and missicn planning.
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B. ARITEMETIC PRECISION

Having demcnstrated the processing power cf the prcpcsed
rerlacement prccessors, it was necessary tc¢ examine the
precisior they offered in arithmetic <calculaticns. The
impcrtance of this attribute lies in the primary missicn of
TERPES, which was the identification and lccation of hcstile
emitters. In order to ascertain the 1lccation ctf a
particular emitter, the directicn of arrival data extracted
frcm the missicn tape was applied to a locatcr module that
contained thke location algorithm. It was in this section
that aritkmetic precision became critical, fcr if a rumber
cf significant Lits of data were lost in the calculaticns,

the chances c¢f producing a reliable site plct were minimal.

The Cp-€C8 hardware normally provided <fixed-point
ccmputaticnal data elements which occupied a maximum cf
30-kits (cne word). Another feature of the CP-80& was the
akility tc link the A register and the Q register tc fcrm a
doukle-lengtk word that supported data elements that were
60-bits in length. The A register was a 30-tit addressatie
accumulatcr, while the Q register was a 30-kit addressable
lcgical functicn register. This double-length feature was
emgployed 1in the emitter location algorithm as a software
feature tc extend the precisicn of arithmetic <calculaticas.

This €0-bit fixed point double precisicnp feature was an
cption that was not available cn any of the processcrs under
consideraticr. At this point it was determined that there
were only twc opticns available to overcome this G[prckblen.
Tke first invclved determining the precisicn that wculd be
needed tc satisfy the requirements of TEREES. The first

sterp 1in such an analysis was to determine the accuracy of
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the data returned by the aircraft. The emphasis at this
Fcint was tc ascertain the number of bits that ccntained
reliable lccation data for a given emitter. With this
informaticn it wculd have Leen possible tc calculate the
number of bits of significance «required tc maintair the
specified r[precisicn when <cowmputing an emitter's lccation.
During thke <develoring stages of this analysis, it was
determined that the required data needed tc perform such an
analysis was nct available.

This 1lack of data led to the second approcach, which was
tc examine tke way the propcsed processcrs —represented
numerical quantities internally. It was decided that the
representaticn that would most likely solve the precisicn

prcklem wculd ke a floating pcint representation.

In this set of calculations, precision was taken tc mean
the numkter <c¢f bits availakle to represent a numker. The
nupker of decimal-digits of ©precision was compared. For
these calculaticns n was taken to be the binary bits of
precisior acd m was the number of decimal digits of
precisicn. It was then necessary toc sclve for g in the

fcllicwing:

m n
10 = 2
= 2
m 1091010 n log10
m = n(0.30103)

(8]

The results of these computaticns are represented in the
fcllcwing tatkle:
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LECIMAI-CIGITIS cf PRECISION
CP-8Cé&
Single Frecision .ecee. 9
Doutle Frecision ...... 18 [2]
ROLM Mocdel 1664 (Floating Point Processcr)
Single Precision
32-bit format ....... 7
Extended Precision
4€-kit forrat ...c... 12
Doukle Frecisicn
€4-bit format ....... 16 [9]
Sperry Ocivac AN/UYK-20 (V)
32-kit format ......... 7 (10]

As ncted in the above table, the 1lccation algoritha,
when executing c¢cn the <CP-808, was operating with 18
decimal-digits of precision. It was estimated that such
Frecisiorn was excessive, but a 32-bit format that yielded 7
decimal-digits c¢f precision was insufficient. Having
demcnstrated the ©precision available within +the various
hardware ccnfigurations the only ccmpetitor that afpprcached
the precisicn <c¢i the current system was the Floating Point
Prccessor available from both ROLM and Lata General. 1In the
EOLM wmachines it was implemented as an integrated fprocessor
thet paralleled the general-furpose processcr. The Flcating
Pcint Prccesscr consisted cf eight 64-bit accumulators and
cne 32-bit status register that were addressatle by a set of
£1 Floating Ecint Processor Instructions. Cfperations between

memory and tke FPP accumulators were also fully suppgcrted.
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In conclusion, it was determined that a comrplete
analysis cf the accuracy of returned data was essential to
insure adeguate arithmetic [frecision. #With the above
analysis ccmpleted it would then be possible to adequately
evaluate thke various machines to determine if the required
precisicn can be ottained through software, firmware, o¢r a

haréware device.
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V. SYSIEM ACQUISITION

——— — < — — Py ——

A. FROCOUFEMENT

The "Ccde <c¢f Pederal Regulations 41" and "Federal
Progperty Management Regulations, Part 1C1-32,
Government-wide 2utcmated Data Management Services"
specifies requirements concerning the acquisition of data
Frccessing equipment. The primary regquirements cover
sharing activities, commercial acquisiticn, sole =scurce
restricticns, use of existing federal contracts, competitive
bidding, and standardization and interchangeanility of
parts. 1Itese requirements, as presented Lkelcw, are not
exhaustive and =<should only be considered as highligkts to
the overall fprccess <c¢f procuring a new data prccessing

Ssysten.

1. Skaripg Facilities

- e o — -y e G —

Tte first ccnsideration, as viewed by the Federal
Government, is whether or not the proposed system <cculd be
supported by '"shnaring" facilities with apn existing systen,
governmernt cr ccmmercial. Automatic Data Processing (ADP)
sharing means the use of available ALE «resources by
crganizaticns that the organizaticn providing the <Iescurce
does not have a rrimary mission respcnsibility to sugport.
The Federal Agency requesting the prcposed system cannot
initiate the process of selecting and acquiring ADP time or

services frcm <ccmmercial sources unhless 1t has first
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determined +that the required ADP capability cannoct ke net
satisfactcrily by utilizing existing Federal ADP —rescurces
or estaklished Gcvernment Services Administraticn (GSA)
mandatcry contractual resources. Based on the objectives of
the TEREES =syste: and the uniqueness of the requiresents,
the possikility of utilizing a "sharing" facility is rot a

vialle alterrative in selecting a new systen.

2. Beguirepment Iype Contracts

The next consideraticn 1in procuring ADP eguifpment
(ACPE) is thrcugh requirement type <ccntracts. GSA npmakes
selected ALFE available to agencies through requirement type
ccntracts when such contracts will provide fcr substantially
lower eguipment cost. Where ADPE 1is available frcm GSA
requiremerts type contracts, this source shall be used by
all agencies as the primary source tc satisfy needs in
acccrdance witk the fprcvisions of such contracts. If this
type <¢f <ccrotract 1is not used, agencies may procure ADPE
withcut prior GSA approval provided (1) the procurement will
occcur thrcugh an aprlicable ADP Schedule ccntract, (z) the
ccrtract is with a company that already has a Schedule
contract but +the requirements of the new procuremert are
unakle tc be carried 'on the original Schedule <contract.
Ccnsequently, a new contract is written with terms equal or
better than tke terms in the original Schedule <ccntract.
(3) the value does not exceed $50000.

3. Scle Scurce

P ————— — —

Scle scurce procurement of ADPE in excess of 350000
over the systems 1life by either 1lease «cr purchase 1is
rermitted «c¢rly after a delegation of procurement authcrity

(DEA) is fprovided Ly GSA. Where a sole scurce procurepent
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aprears to e in the best interest of the Government,
agencies must submit to GSA a request for a LCPA along with a
statement justifying the requested action. The
determinaticr must be accompanied by a certification of the
- availability of specifications in accordance witk the
prcvisiccs cf GSA directives. After review cf the APFF and
any otbher dccumentation essential to the justificaticn, the
Commissicner, Autorzated Data and Telecommunications Service
will (1) grant authority tc the reguesting agency for
Frccurement, (2) grant authority tc the ©requesting agency
for prcctrement and provide <for particiration in the
Frccurement, (3) provide for procurement by GSA.
Interestingly, if no action is +taken by GSA within 20
wcrking days after receipt of full information fromr the
requesticc¢ agency, the agency may proceed with prccurement
as if aprrcval had bLeen granted. However, the day of
receipt c¢f full infcrmation, as viewed by GSA, is a
deratakle <cate. "In order te establish a common
understanding of the 20 working day period, GSA will provide
written verification to the requesting agency which
identifies the day <cf receipt of an ABR. This day is
sukject tc written modification by GSA in the event that
after review it was found that the APR does not contain the
full infcrmaticn required...". [24,25]

4. Mixed Installations

——— - — — — ——— — w———

Wkile there are restrictions cn sole source
suppliers, there are major factors to Lbe considered in a

multiple scuice installation.

There are definite dcllar savings in procuring orc
leasing peripberal or main frame equipment frcm 2nd or 3rd
parties. Fcr instance there is an approximate savings from

20 to 25 fpercent cn tape drives, 20 to 25 y[percent <c¢n disk
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drives, and wup -to 50 percent on memory. In additicn tc
these savings, there are benefits sucn as nc overtime ccst,
quantity price discounts, and 10 to 30 percent savings on
3rd rarty maintenance. Processors may also ke obtained with
a relative savings compared to the existing system frc¢m 3rd
party rertirc ccmpanies. [46]

Eesides the cbvious dcllar savings, there are cther
factors tc ke considered in the decisicn as 1listed tLelow:
(1) installaticn ADP budget (2) security cconsideraticns (3)
gecgraphic lccaticn of maintenance support for the n=aw
equipmert (4) delivery time and installaticn and ccnversion
tize needed fcr the new equipment (5) ccntractor flexitility
with «regard tc time periods required to achieve lower lease
rates (6) time of pext conversion; a new ccntract cculé lock
the installation 1into using the same equifpment for several
years (7) =svgplier staying power (1s the surgplier
estaklished?) (8) split maintenance respcnsibility; this
cculd e tte biggest problem Lecause the lines of
maintenance responsibility; this «coculd Lte the Etiggest
prcblem kecatse the maintenance responsibility for failed

egquipment wculd be difficult to delineate.

Eeycnd the considerations listed akcve, there are
hidden factcrs that must ke discussed and utilized Ltefore
any decisior is made. First, +the fear of unreliable
cperation if the system 1is changed. Seccnd, performance
imprcvements might not materialize as rlanned if the =systen
is changed. And third, if a long term lease is reguired to
cktain the ccst savings, the flexibility «c¢f the <systen
oreration «cculd diminish. This cculd be disasterous tc the

LSEr.,
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5. Cecmpetitive Bidding

The aspect of a sole source supplier naturally leads
tc the requirements cf competive bidding. Item 1-3.210 of
the Code cf Federal Regulations discusses the
impracticability c¢f securing competiticn bty formal tidding.
Briefly, this states that purchases and «ccntracts may be
negotiated without formal advertising "fcr property (ALPE)
or services for which it 1s impracticatle to secure
ccmpetiticn."[24] To use this authcrity the circumstance
must exist tlat the property or service can ke obtained from
cne perscn c¢r firm (sole source of supply) . AILPE is
technical equipment which could require standardizaticr and
interchanceakility cf parts. Based on this fact ADPE
ccntracts can acain be negotiated without fcrmal advertising
according tc 1-:.212 1in the Code of Federal Regulations.
Applicaticn to this item falls within the specification
stating "shere in special situaticns or particular 1locaties,
technical ecuifpment is available from a numker of suppliers
which wculd bave such varying performance characteristics
(nct withstarding detailed specificaticns and rigid
inspecticns) as wculd crevent standardization and
interchanceakility of parts. Basic to all of these specific
consideraticns is the underlying «requirement that all
Furchases and ccotracts, whether by advertising «c¢r by
negotiaticn, shall be made on a competitive basis to the
maximum practical extent. [24]
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B. FUNDIXNG

Regardless of the source of the new system for TEREFES,
funding has tc be a major consideration. One solutior may
be the Autcratated Data Processing Fund. This fund is
utilized wher the purchase evaluation indicates it is in the
best interest of the Government tc purchase or utilize long
term lcasess and funds are not readily availakle withir the
regquesticge agency or there is insufficient time to secure
the necessary funds under ncrmal Ltudgetary procecures,
includinc reprogramming the required funds. GSA will make
the determination whether c¢r not the funds will be used. If
GSA determines to use the ADP funds, GS5A will carry out the
acquisiticn end retain the title to the ADPE with the
requesting acency establishing common grounds between itself
and GSA fcr either installment payment or a lump sum payment
reimbursing the ADP fund. The requesting agency will, in
effect, Lave a lease with GSA during the —rpayback feriod
which icpocludes egquipment cost and authorized —[perscnnel

services. [24,25]

55



VI. COMPUTER FAMILY ARCHITECTIURE

Before a decisicn 1is made for any specific coafputer
system satisfying the needs of TERPES, the project entitled
"Ccmputer Ferily Architecture (CFA)" initiated by the Naval
Research Latk (NRL) under the sponsorship of the Naval Air
Systems Ccmozand in conjunction with the Army Electronics
Ccamand should be thoroughly investigated. Due tc the
nature and impact of this project, the feasikility in
waiting fcr the cutccme of this project before decidinc cn a

cceputer system wculd be a sensible and raticnal decision.

The CEFA frcject evolved from the All Application Digital
Ccmputer Prcgram seeking tc obtain fcr the Army and Navy a
ccmputer arckitecture which will serve as the basis for a
family cf software-compatible <computers, that can be
inprlemented at various performance 1levels using advanced
technologies. Particularly important is the 1981 time frame
when CFA is tc be fully implemented. It is recommended that
any decisicr on new egquipment be made cnly after fully
ccnsidering thke benefits to be gained from the CFA apprcach.
Besides tte time frame compatability, CFA wculd do away with
the <consideraticn <¢f sole scurce distribution and any
associated Ercblems concerning comgetitive bidding on
ccntracts.

The <specific prcgram goals of CFA include: comfpetitive
cost effectiveness for a wide range of Army, Navy, and
Marine Corgs applications; significant improvemeczt in
softwareshardware life cycle cost; significant reducticn 1in
hardware size, weight, and power; alternative suppliers;

technology independent; and 3rd generation softwvare
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transportakility. More specifically, computer architecture
is the furcticnal description ¢f a computer as would Lbe seen
by a machire 1level programmer, that is, everythirg the
prcgrammer needs tc know to write programs that run or the
ccmputer. This View of the <ccmputer includes the
instructicn set, registers, interrupts, and memory address
Space. The architecture does not include hardware
implememtaticn features suca as cycle time, instructicno look
ahead, wmemcry 1interleaving, bus width, c¢r cache memcry.
Hardware design issues need not affect the software. More
importantly, a <clear and <clean distincticn between the
architecture and implementation details allcws softwars to
be transported between computers with the same architecture
even thcugh they may have very different features.
Standardizaticr cf architecture permits the orpticn of
choosing different hardware izplementaticns according to the
rest technclcgy that industry has to offer while maintaining
a consistent and well known interface for software

developerert and education.

The selecticn criteria for CFA consisted cf twc farts,
aksclute criteria and gquantitative <criteria. Absolute
criteria sust be fully met. Failure to meet any <cf the
specified gaksclute <criteria means elimination c¢f that
particular ccrputer architecture from futher consideration.
There are eight absclute criteria including virtual nmemory
support, fprctection, floating point support, interruprts and
trags, gcdularization, multiprocessor sugport,
controllakility of I/O, and extendability. Quantitative
criteria will be used to rank those architectures that gass
the absclute <criteria. Quantitative criteria include
virtual address space, physical address srpace, fracticn of
instructicn space unassigned, size o©f <central ©[fprocsssor
state, virtual machine capability, wmaximum interrupt
latency, and subrcutine 1linkage. After the list of

candidate ai1chitectures have Dbeen narrcwed down tc the
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"finpalist", Lty means of the absclute criteria and
quantitative c¢riteria, test programs will be ccded and
executed £cr each surviving candidate, to obtain data
related tc the efficiency of the architecture. The
gquantitative criteria posed several prcblems in the areas of
linear rapkirg of the «criteria and normalizaticn cf the
quantitative Eeasures. Both of these problems were cverconme
through the use cf scaling and composition c¢f guantitative
measures, the calculations of which are nct pertinent to
this pafger. However, what 1s pertinent i1s that a ccamon
measure was established to rank the different architectures

ch a linear scale.

The CFA ccmmittee reduced the number cf candidates fronm
nine to forvr, usircg the absolute and quantitative criteria.
Still left ir the competition are the Interdata 8,32, the
DEC PDP-11, the 1IBM 360,370, and the Burrcughs 67C0. The
Sgerry Upivac AN/UYK-20(V) and AN/UYK-7 were toth eliminated
under the aktsclute criteria. Both failed the arcsoclute
criteria c¢f fprotecticn based on the fact that some [frocess
could bang wup the processor 1indefinately and thus cause
cther prccesses to hang-up. Besides this, the Sperry Univac
AN/UYK-20(V) failed the absolute criteria cf virtual memcry
and the Sperry Upivac AN/UYK-7 failed the aksolute flcating
Fcint «criteria. Cn the quantitative comrosite scale the
Sgerry Univac AN/UYK-20(V) and the AN UYK-7 ranked e€ighnth
and nintkt respectively in the £field of nine candidates. The
Littcn GYK-1z (lacked floating pcint capability), the ERCLM
16C2 (lacked virtual memory), and the SEL-32 (lacked virtual

mexory) alsc failed as possible candidates.
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The current 1results of the CFA committee should nct be
interpreted as meaning that the Sperry Univac AN/UYK-20 (V)
and the &HCIM 1602 cannot meet the requirements of TEREES.
However, the value of the CFA findings should not Lte taken

lightly, but should ¢tLe viewed with interest as a planning

tccl for the future. [29]
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VII. PERIPHERAL ALTEENATIVES

Cne aspect that was initially prorosed was a review of
the available militarized peripherals. This fprcposed review
would tave culminated  in a recommended set  of
state-cf-the-art peripherals tc replace +the present set.
While researching this gquestion it was 1learned that a
decision had keen made to utilize a commercial disk ir the
hardware suit cf TEEREES.

The Cisk Storage Unit that was acquired fcr TEREES was
the CDC €¢74C. This unit was a commercially available device
that was not develcped or constructed fcr implementation

within the severe environmental constraints cf TERPES.

The importance of the disk wunit was =stressed ip the
scftware structuring and development phase because cf the
exranded capalkility it provided. With the development phase
ccepleted the Disk Storage Unit will have becoze an
essential part of TERFPZS operations. A failure of this unit
wculd escsertially terminate the processing capacility of
TEREFES.

By =<selecting a coamercial disk the ~credibility of
equipment specifications was dealt a damaging blow. At this
pcint it was determined that a review Of <equipezent
specifications be conducted by the user coamunity in crder
to ascertain the «reliability and correctness of TERPES
equipment specifications. With a user analysis ccmpleted,
it may Le advisable to procure ccmmercial equipment ttat is
housed in industrial enclosures, wheraby egquirment costs are

reduced while the available eguipment market expands.
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A. ELCTIEFS

The purpcse of the Calcomp 563 plotter was to prcvide a
hard copy c¢f graphics terminal displays. While plctting
ccorprised aktcut 50% of missicn tape analysis time, the
Elctting <cycle was not considered essential to the success

of a missicn. [1]

1. Militarized vs Commercialized

s > > . —— < — g — — —— — —————— —— — —— —————

A pilitarized plotter would cost approxirately
$1CC,000 to kuy. The Calcomp 563 costs aprroximately $6500
tc tuy or $3CC per mcnth to rent. Based on the high ccst of
a militarized fplotter and because the plctter is not mission
essential tc TEBPES, it was felt that there was no neeéd for
a militarized ©plctter. Based on this conclusicn, this
section will discuss the <characteristics of «ccmmercial
Flctters.

[}

e
(]
[
o
1))
ith

Tkere were three types of available G[plotters:
flatked, driz, ard electrostatic. The flatbed rplctter
utilized a flat sheet of paper, held in place, while the
writing instrument was moved in two directions tc draw
lines. The advantage of the flatbed ©[plctter was that
additions cculd ke made to existing gplcts. The disadvantage
cculd be extra space requirements of the plctter, which was
dependent on tke size of the paper. The drum plotter @mcved
the parer &nd the writing instrument to prcduce the lines.
The advantage cf this unit was that long drawings cculd be
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acccmplisted 1in a compact space. However, there were width
ccnstraints, which 1limited the size of the drawings.
Electrostatic plotters moved the paper to prcduce one cf the
movements and utilized a row of stylii acrcss the width of
the ©paper fprcducing images <consisting <c¢f a multiple of
pFcints., The advantace of this plotter was the speed ard the
ability to dcuble as a line printer when equiped with a
character gernerater. However, the r[rplotting required an
unusual rrcgramming method for gemerating line by line pcint

rasters.

Takle 3 <contains state-of-the-art characteristics
fcr flatked, drum, and electrostatic type rlotters. For
ccekpariscn, the characteristics of the Calcomp 563 drunm

Flctter are underlined in Table 3. The fcllowing

characteristic definitions may be useful.

accuracy : pen positioning error
rescluticn : measure of closeness in drawing lines.
repeatakility : measure of capacity of the devics tc

return to a previously plotted point.
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FIATBED DRUM ELECTRCSTATIC
accuracy .C04 in. .0025 in. .01 in.
n/a
rescluticn .0001 in. .002 in. 200 points/in.
=60 in.
repeatakility .004 in. .002 in. n/a
n/a
FAarer EcCverent
speed nya 30 ia./sec 7 in./sec

F€ED mCcvVvement

2 in./sec

speed 100 in./sec 30 in./sec n/a
2 in./sec
(37]
TABLE 3
Since the plotting of a mission reguired 50 fpercsznt

of the tctal time to mission and Dpecause the

Calccmp £563 was

process a
considered a slow plctter, see Takle 3, a
faster plctter would be a definite advantage and justifiable

frcm the stardpoint cf time and spgeed cf plctting. Howuwever,
faster plctting speeds correspondingly carry higher ccst.
Therefore tte decision on how fast a r[plotter would be

necessary, wculd depend on the availability cr funds.
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A. CCRE MEMCEY EXFANSION

The @main thrust of this proposal was to increase the
size cf main memory in crder to support a more ccmglex
softvare structure. The increased memory would have enhanced
system thioughput ky reducing the number of data transfers

frcm peripheral stcrage.

The first step in this analysis was tc determine the
Fossibility c¢f expanding the CP-808's 32K cf core memcry.
The NIDS Acvanced Data Management program was ccnfronted
with a frcklem =similar to the one facing the TEERPES
development team. As requirements for informaticn have
expanded witkhin the NIDS community the develcpers were faced
with either the purchase of new systems or expansion of the
existing =systems. The design and iaplementation <cf new
Systems was an endeavor that was constrained by tae lack of
funds. It was felt that system software life cycle ccsts
wculd be adversely affected by the proliferation of =<systen
configuraticns which might result frcm non-uriform
integraticn designs. The proliferation cf application
criented systems would increase the <cost of equipment
maintenance, interfacing, personnel training, and =software
development/maintenance. In order to maintain the integrity
of the extensive =software base, it was determined that
systen expansion was the only viable =soluticn. The
izplementaticn c¢f this soluticn was realized ty the
development ct a distributed processing system which
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utilized the CE-642B processors and an extended memciy unit.

£331

Cf interest to the TERPES project was the availatility
of an cgperational memory wunit that was capable cf being
interfaced with the CP-808. The applicakle extended =Eemcry
unit was designed and developed by NELC, San Diego with the
ccommercial ccntract for equipment «construction awarded to
tkte Contrcl Lata Ccrpcration.

The desigpnaticn of this unit was the CLC MU-602(V)/0YK
Extended Core Memory Unit. The underlying goal cf this
device was tc cffer militarized, high speed ccre memcry tc
enhance the <capabilities of current computer systems. The
ECMU had the capability of serving four CP-642B's on a
first-in, first-out basis. The interface that was developed
between the ECMU and the host computer provided for a direct
access c¢f ur to a maximum of 294K words of ccre memcry, 32K
of which +the CP-642B had internally mcunted witk the
remaining 2€2K words housed in the ECMU. The ECMU was fully
gilitarized and was available 1in a water cooled or air
cccled version. The operaticnal characteristics of the ECMU

WELE,

MEMOFY
Stcrage Capacity ...e.... 262,144 36 bit words
Modularity .ececeesssss.. available in increments cf
32,768 words.
Cycle TiDE .teeeeeeeasesss 1.05usec.
SIZE ceceeceeceaacnsecceeasss 29 cubic ft.
EEIGHT ..... ecceccecssassss 72 inches
WEIGHT +vccececcccseccacasas 1400 pounds
EOWER BEEQUIREMENTS ........ 115 VAC; 3-Phase; 400-HZ;
2400 Watts
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) )
Cperating Temperature ..... 0 to 50 C

] o
Storage Temperature ....... =62 to +75 C

Yaximug Huzidity .......... 95 percent
[36]

At the time of this writing, the ECMU's were fteing
prcduced at tke CDC plant in St. Paul, Minn., and the
prcducticn «called for the manufacture of 70 units. It was
estimated that any new orders would take about 8 to 12
mcnths tc £ill. The cost of the ECMU with a full ccoplement
of memory bcards was estimated at $260K with the possitility
of a reduced rate, if a substantial order were placed.

In ccrjunction with the placement of an <crder for the
ECMU, =steps would have to ke taken to prerare the CE-642B
for the irterface. The hardware modificaticn of the CE-642B
consisted of a wmodification kit that must be installed by
Univac technicians. The modificaticn was available or-site

or at a Univac facility and the cost was estimated at $20K.

The degree of core memory expansion was the next protlenm
addressed. An analysis of the time the rrocessor must be
idle waiting for the transfer of wutility programs from
secondary storage was proposed. This analysis required a
therough kncwledge of program size, sequence of missicr tape
analysis and a means c¢f predicting the protability of having
the required programs in core. Due to the <c¢cngoing =scftware
development, the actual physical size of the prograzs and
the prokakility of having to wait for the grogram tc be
lcaded from peripheral storage were unavailable at the time
of this aralysis. It was determined that this type of
analysis was essential in order to ascertain the prcper mix
cf ccre memcry and peripheral memory. It was for this reascn

that an arcalysis using theoretical parameters was ccnductegd.
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The @w©emcry management technique used in TEREFES
develorment was a segmented overlay approach.

The applicaticn programs within TERPES were aodelled
after a mepu driven system, whereby the analyst steps
through his aralysis ky selecting the aspect of prccessing
he desires. This technique enakled the <construction of
prcgrams in a seguentially structured format, which enhanced
the 1linkage cf various subroutines. After a menu selecticn,
an executive mcdule is loaded with its associated c¢verlays
intc the +task area. A review of the ccre structure was
deemed necessary at this point 1in c¢rder to stress the
impcrtance o¢f a well developed core map strategy. The core
map strategy employed in TERPES follows:

MEMCRY LCCATICN AFPLICATION
0 thru 128 ..c.eceeese... Linkage Variactles
129 thru 400 ..cccceeeese.. Resident Services
Global Variatles
401 tbru €12 ...eeceeeeses System Configuration
Tables
System Buffers/Tables
I/0 Drivers
Resident Services
€192 thru 10240 ..e¢eceee... 0S Transient Area
10241 thru 2&8672 ..ccece..... Task Area
28673 thru 22768 ...ececeeee... Manual Otilities/Loaders

The two important aspects of the above table were sgace
allocaticn fcr the task area and the 0S transient area. The
0S transient area was allocated 2048 wcrds of memory for
variocus executive modules that were used tc implement the
overlay technigue. The task area was allocated 18432 words
cf memcry for application programs (Missicn Planning,

Mission Briefing and Database Utiiities) and their
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associated data. The segmented program kEtlccks were 919
words in length and were transferred at a rate cf 30000

bits/sec/charnel from peripheral storage.

The pcint of contention was the optimurs amount cf memory
tc gprocure. heference (38) contained a reccmmended apprcach
fcr deterring the optimum memory size for a particular
system. 1The beart of this scheme was the fprcducticnr of a
parachor curve that graphs total available memory against
the number cf page faults that cccured under varying @gemory
sizes. The resulting graph showed that as memory size was
increased the number of page faults decreased to a threshcld
pcint, after which an increase in available memory prcduced

no dramatic decrease in page faults.

Due to the lack cf available data, the fpreparatior cf a
sigilar curve for the various applicaticn prcgrams used in
TERPES &as nct possible. The irportance c¢f such an analysis
cannot be overstressed for 1its results shculd prcduce a

suitable memcry size.

The page size utilized in Reference (38) was 4K Lytes.
The block <size transferred Dbetween the CP-808 and its
peripheral stcrage was set at 919 words. The total address
space available fcr applicaticn programs was 20K allowing a
tctal load c¢cf 21 segements. Extracted samples <¢f page
interrupts from Reference (38) yielded the fcllcwing

transfer times:
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MEMCRY SIZE TRANSFER TIMES
32K teeiiininnacenennaaea. 1766 sec.
BB8K ceeeecacccancacsssseaasas 8UBH sec.
BUK et eeeenceccscsncaacesas UUBH sec.
GOK eecececacsacaacasescasass 151 sec.

128K tececcceocosccccacseeacses 33 sec.

The impcrtant aspect of the above analysis was to
demcnstrate the importance of analyzing the software
structure, in order +to procure the ccrrect amount cf core
memcry. As the complexity of software increases to meet the
future requirements of TERPES, overlay time may dramatically
reduce available processing time if insufficisnt ©remory
Space Wwere rrocured. The desire here must be tc enhance
thrcughput tc permit a more complex software structure.

In conclusion, it was determined that a memory size that
exceeded ZK was a requirement. The «ccnstructicn of a
parachor tyre curve was a recommended technique that shculd
be used tc enhance the fossibility of purchasing the ofptimum
memcry <size. It was ascertained that this expanded memory
should Lte incorpcrated 1into the prccurement of a new
machine. Expranding the memory of the CP-808 was not
considered¢ tc be a feasible cption. The wajor 1limitations
Wwere the excessive <cost and space required for the ECMU.
Space allocation in the system vans was considered a
critical pcint and a factor that eliminates the intrcduction
of the ECMU. It was further determined that an expamnsicn to
the full Z€ZK was not economically feasible. An expansicn to
€4K cr 9€K was a better alternative Lkut with such an
expansion the physical size of the ECMU was still a limiting

factcr.
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B. SEBEREY UNIVAC AN/UYK-20 (V)

The Sperry Univac AN/UYK-20(V) had definite advarctages

and disadvantages as an aternative for TERPES.

1. Advantages

The Federal Gcvernment signed a ccntract with Sperry
Urivac fcr the &manufacture of AN/UYK-20(V)'s. Because of
this contract, the AN/UYK-20 (V) will have wide spread usage
throughout the Navy and Marine Corps with the associated
stccking c¢f parts to support the computers. The design
objectives <c¢f the AN/UYK-20(V) were aimed at military usage
and included the wusage in tactical data systeas. The
SUfpgort of CMs-2 could ke a distinct advantace or
disadvantage if the military ccmmunity, as a whole, selects
CMS-2 as 1its standard language to suppcrt all tactical
ccrputer afpplications. Due to the Navy's preseht
ccmoittment to CMS-2 as its tactical computer language, the
availability of a CMS-2 compiler fcr the AN/UYK-20(V)  must
te viewed as a favorable system option. The low relative
MTEF of the AN/UYK-20(V) was gquestionakle. Taking into
ccnsideraticn the possible Ltias of the scurces cf systen
MTEF, the ccst of the AN/UYK-20(V) was not unreasonatle and

shculd nct be the sole reason for disqualification.

2. ULisagdvantages

P D > > A s s ol — =

The number of reasons for €liminating the
AN/UYK-2C (V) from TEFPES consideration presently <cutweigh
the reascns for selecting it. Since the AN/UYK-20(V) was a
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ccapletely new design with no estatlished computer for
sclving kncwn proklem areas, the AN/UYK-20 (V) will prcbably
experience all the common problems, typical ¢f a ccmpletely
new systesr ard design. Such fproblems include:

(1) limited software support

(z) developement cf software in house

(3) hardware and software bugs

(4) limited user feedback due to the =small number of
operating applications

(5) not upward compatible with any other ccmputer

{6) limited expansion capability due to the maximum of 65k

of ccre mwemory

Ir particular, 1if TERPES was utilizing the
ANsUYK-2C0(V) and CMS-2 was the surrorting language, the
ccmpilaticn wculd hLave to be done with ancther «ccrputer
because CMS-Z requires four tape drives fcr ccmpilaticn and
TEEFES will use two tape drives.

Ancther asrect is the renegotiation <c¢f the
AN/UYK-20 (V) ccntract in July 1976. The ©pew cost tc the
Navy of the AN/UYK-20(V) could be drastically change<d.

C. CTHEG MIIITARIZED PROCESSORS

The main advantage that ROLM militarized computers had
over the Srerry Univac militarized ccmputers was that the
design of thé ROLM computers were structured arcurd an
€xistipng, established, fully cperational ccmputer (the Data
General ccmputers). Therefore, the ROIM <ccmputers had an
established software base, interfacing carability,
estabtlisted cperating system, and parts suppcrt. Because of
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these factors, the ROLM computers were upward compatible, in
bcth hardware and software, which was a big advantage in tae
area c¢f exransion for future needs. In addition to these
advantages the <ccre memory in the ROLM <computers was
exgandable far beyound the limitaticns of the 65K in the
Sperry Univac AN/UYK-20(V).

Recently there were cther «ccmputer manufacturers
entering the rmilitarized field. Because of this, the
competiticn in the militarized field will brcaden, tringing
lcwer prices, new technology, and increased capability. In
particular, the T[L[EC Corporation was 1in the prccess of

silitarizing the PLP-11.

If the <cperating environment of TEREES required a
gilitarized ccmputer, the ROLH4 Model 1664 wculd be the trLest
chcice. Disregarding - the unpublished MTEF for the ROLM
Model 16€4, it was the most powerful, cost 1less than the
EC1M Mcdel 1602, and was expandackle for future

consideratiors.

Behird all these considerations was the Computer Family
Architecture, CFA, idea. This develofpment shculd bDe
fcllowed <clcsely in the future, to determine if the ocutconme
cf the CFA investigation will have a major impact «c¢r& the

system used in support of TERPES.

L. CCMMEFCI2IL PROCESSORS

- The cpticn of using a commercial processor alcng with
all «ccmmercial ecuipment to support TEREFES was the most
attractive of all the opticns. This reccmmendation was
tased on the cperating environment of TERPES, as it did not

dictate the wuse of militarized eguipment. Therefore,

72



nuEerous attractive aternatives in the realm cf ccmmercial

equipment became available.

The ©@most attractive aspect cf commercial processors was
the cost. Figure 1 showed that the test alternative, Lkased
cn [price and WMTEF, was the Data General Model 1210.
Altkough the Data General Model 1210 was ccnsidered
inadequate tc meet the entire needs of TEREES, based cn the
sccpe of its rrocessing ability, the next test computer was
considered tc be the Data General Model 830 which did meet
the requirements of TERPES. However, the ccmmercial
ccmputers discussed in this pafper, represented only a szall
portion cf the ccmmercial minicomputer market.

With a large field of ccmmercial alternatives tc chcose
frcm, advantages such as extensive software, solid r[rarts
support, upward compatability, field-prcven hardware and
scftware, and ccmpetitive bidding became important pecicts in

suppcrt cf ccmmercial computers.

The aspect c¢cf lower <cost, relative tco militarized
Frccessors, allowed the possibility to invest in a mcre

powerful prccessor and thus giving expansicn capabilities.

The bhardware coanrfiguraticn that suppcrted TERFES was a
pixed syster which ccnsisted cf militarized and <ccmmercial
€quipment. In particular, it wutilized a commercial disk
unit. Since the disk unit was considered the most «critical
Fiece c¢f equipmert 1in a total wmilitarized systesx, the
existance of the ccmmercial disk unit in the TERPES <systenm
supported the recommendation for the entire system tc be

ccmmercial.
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The disadvantage of ccmmercial equipment was in the
pcssible difficulties in obtaining approval for acquisition.
This shculd not be a deterrent as there are specific
prccedures fcr purchasing commercial ecuirment which may not
be as <easy as purchasing equipment under existing Federal
Contracts, tut the savings in cost were considered well
wcrth the effcrt.
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IX. FUTURE ENHANCEMENTS

—— —— — S . e e S ———— o

The inplementaticn of TERPES will in fact enhance +the
capabilities o¢f rfrost-missicn tape analysis. The plarnned
changes %ill provide the operaticnal user ccmmunity with a
tccl with which to update and correct flight path data while
prcviding a mechanism for selectively prccessing wmission

tares.

Althcugh the above points were ccnsidered tc be
essential requirements within the framework cf TERPES, there
still exists a need for a wmcre sophisticated system tc
prcvide timely ipfcrmation to the operational commander. The
analysis «c¢ycle should be <carried <c¢n in a real-time
environmert. The areas that will require exteansive time and
effort were determined to Lbe wmissicn [planning artd a
c¢ata-link cagability for TERPES.

A. MISSICN ELANNING

Within tbe structure of missicn planning, there exists a
requirement tc ensure that the characteristics of a mission
prcfile, the mcde cf aircraft emplcyment, and aircraft fcrce
levels ke 1readily available for briefing aircrews. In the
arca of missicn rlanning, TERPES was <structured to fermit
gueries of the Naval 1Intelligence FPrccessing <Systen
Electronic <Crder of Battle to provide =gmission threat
analysis anrd Jjammer requirements to ccunter specified
threats. TEFPES-provided-data coupled with strike rcutes

and target assignment were the basis for a mission fplanning
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package.

Given the basic capabilities of TERPES the develcpment
team will be required to develcr a dynamic system. The
system sust nct only provide a static evaluaticrn cf a
Bissicn profile, it must also have the capakility to adapt
to a changing E% environment. The <changes that must ke
addressed are threat emitter derlcyment/mcbility,
technological advancements, emitter emplcyment and the
impact of recuced equipment performance.

In the final apnalysis, the strength of any mission
Flanning package 1lies in 1its ability tc¢ perfcrnm the
fcllcwing:

1) define enemy radiation doctrine

z) provide accurate and timely emitter lccation
infcrmaticn

3) project aircraft availability and weapons loading

U) assimilete returned reconnaissance data

) provide strike aircraft flight characteristics

6) prcject aircraft vulnerakility

7) prcpcse aircraft standoff distances

€) rrcpcse aircraft routes of flight

€) rrcvide enroute aircraft coordination

10) provide an effective and efficient intelligence
regpcrtirg systen.

[4Z,43]

B. REAL-IIME ANALYSIS

The =strength of any tactical system is the ability to

prcvide timely infcrmaticn to the operational commander. The
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current TEFEES requirements do not outlire any real-time
analysis cf data as provided by an on-staticn aircraft. The
akility tc perforn such an analysis can never be
overstressed. The informaticn that 1is ©[prcvided in this
marner can assist in upcoming mission plans while fproviding
new and pcssible unusual information that may sigral a
change in enemy radiation doctrine. When this data is 1linked
tc a mission planning package, outgoing aircrews can rLeceive
infcrmaticn that cannot only contribute tc mission success

kut can prevent the lcss of aircraft and lives.

The tireliness of this information might ke realized by
utilizing an cnboard digital ccmputer that was designedé to :
(1) Eprovide =surveillance over a broad range of frequencies
in a dense envircoment; (2) initial identification and
evaluaticr <c¢f signals of interest; (3) filter and maintain
parameters of interest; (4) associate directicn of arrival
data witk tke received emitter signal; (5) fprovide a means
of structuring received/filtered data for transmissicn tc a

reecte site fcr further analysis. [44]

Frazer (kef. 4U4) prorposed a system that linked a =<series
of Instantanecus Frequency Measurement receivers to a
special purpcse digital computer. The cutputs from the IFM's
would be filtered and structured into transmission-criented
data sets by the digital computer and data-linked tc accther
ccmputer fcr detailed classification, analysis, site
Flctting, threat evaluation and final integrationm intc the
pission flanning database. As propsed the IFM's wculd pass
emitter data tc the digital computer through a commcn kemory

stcrage area.

The Applied Technology Corporation of Sunnyvale, Calif.
prcduced a srall bigh speed special furpcse computer that
appeared to fit the needs of an onbcard processcr. Tae

ccmputer designation was the Applied Technology Airkcrne
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Ccmputer (ATAC) and it possessed the follcwing operational
characteristics:

WCED SIZE .cceceeeasssacasaass 16 bits

CYCLE TIME e.ceeceeeceecesss U437 nanoseconds
(Cegister to register)

LATA THRANSFER e¢ceeeeeess.. COllect/transfer data to
seperate devices
sipultaneocusly at a rate of
1000K words/sec.

MEMORY ceccececececncccceses MEMOLYy pages (4096 words)
operate independently anc
asynchronously tc allcw
mixing of core memory, read
cnly memories (KOM), and
random access memories (EAMN)

EASIC ONIT eeveeeeeceaeeas. two direct DEMOIY aCCESsS
channels, 8K wcrds of meubry,
and a prcgram timer.

REIGHT ... ceveeeccccccecseass 3 pounds

CIMENSICNS ceccevsessecsssees 6in- by 8in- Lty 2.5in

FILITARY SEECIFICATIONS ... meets MIL-E-5400 for tenmrg.

o o
range -55 C tc +70 C as

well as specifications fcr
humidity, vitration, shcck,
EMI and RFI.

f45]

Besides the adaptation to the EW envircnment, software
exists tc [perfcrm the special applicaticns required. The
scftware surport package was designated as the ATAC
Ercgramming Support System. There also existed a set of
Eicroprograsceed instructions that assisted in the
modificaticn c¢f the system structure for additional sgecial

arplicaticns.
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The akove r[prcposal provided a means fcr develcping a
real-time system that would produce the informaticr the
operational commander required. Althcugh the actual
developmert and implementation cf a real-time system was
considered tc ke a rather costly venture, the flexikility it
wculd prcvide the EW community was immeasurable. One
approach to the funding problem would be to extract frcm an
crgcing fprciect the technolcgy and hardware that was
developed tc meet its goals. Investigation revealed the
existence c¢f just such a project, the LAMES DPU T[prcject.
The goals <cf this project were to develcpr a systenm that
extended the electronic senscrs of the fleet. The ©fprcgcsed
senscr [fplatfcrm was a LAMES heliccpter equipped with a
special fpurpcse EW filtering computer and a data-link device
to relay tte information received to a larger comzputer

akcard stip fcr further analysis.

Further discussicn cf this project was nct considered to
be within the sccpe of this thesis. The point to be made was
tkat a real-time application of TERPES may in fact ke guite
feasible. Tke feasibility of this applicaticn 1lies in the
ability ct the TEBPES steering committee to extract
necessary technclcgy from ongoing projects, rather than tc

initiate a mcre costly in-house effort.
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12

len

E
t

central prccessor height ...

ccntrcl panel

operators ccnscle

external memory

chassis

width
degth

-

-

teight ...

width
degpth

height ...

width
degth

ROLH

MODEL 1602
7.62 inches
10.12 1inches
12.56 inches
7.75 inches
10.25 inches

3.9 1inches

7.62 inches
10.12 inches

7.9 inches

APPENDIX A

SPECIFICATIONS

MODEL 1664

7.62 inches
13.21 inches
15.91 inches
7.75 inches
10.25 inches
5935 inches

7.62 inches
10.12 inches

8.4 1inches

CATA GENEEAL

MODEL 1210

5.25 inches
19.0 inches

19.0 inches

included in

cpu

none
none

none

MODEL 830

10.5 inches
19.0 inches

32.0 inches

included in

cpu

none
none

none

SPERRY UNIVAC

—— s — i - —— ——

AN/UYK-20 (V)

20.0
19.0
24.0

inches
inches

inches

none
none

none




WEIGHT

tasic unit with
32K core memcry

voltage

frequency

TEMEERATURE RANGE

o - - o ——— — i —

operating

storage

EEAT CISSIEARTICN

gaximum
condensaticn fpresent
ALTITUDE

_— e e e =

gaxiwum operating

MODEL 1602

80.6 pounds

115 vac
400 HZ

125 C

95 percent

yes

80,000 feet

MODEL 1664

85.4 pounds

115 vac
400 HZ

95 percent

yes

80,000 feet

DATA GENEFAL

— e — -——

MODEL 1210

65.0 pounds

115 volts 20
47-63 HZ

-35 CC to

90 percent

no

16,000 fteet

MODEL 830

70.0 pounds

115 volts 20
47-63 HZ

-35 C to

)
70 C

90 percent

no

10,000 feet

SPERRY UNIVAC

AN/UYK=-20 (V)

220.0 pounds

115 or 208 volt:
400 HZ

0 C to
0

50 C
o

-62 C to
0

75 C

95 percent

yes

80,000 feet



VIERATION
withcut vikraticn
isclators
fcrce
frequency
with vibraticn
isclators
fcrce

frequency

duration
MISCELLANECLS

— e e - = e e o - —

MODEL 1602

3g's
5 HZ-1KHZ

10g's
5 HZ-2KHZ

15¢g's

11 mseconds
sand, dust
salt spray,
salt fogqg,
fungus
resistant
{16,37]

MODEL 1664

3g's
5 HZ-1KHZ

10g's
5 HZ-2KHZ

15g's

11 mseconds
sand, dust
salt spray,
salt fog,
fungus
resistant
[9,15]

MODEL 1210

unknown

unknown

unknown

unknown

unknown

unknown

unknown

[22]

DATA GENEEAL

MODEL 830

unknown

unknown

unkncwn

unknown

unpkncwn

unknown

unknown

(23]

SPERRY UNIVAC

AN/UYK-20 (V)

3g's
5 HZ-1KHZ

10g's
5 HZ-2KHZ

15g's

11 mseccnds
sand, dust
salt spray,
salt fog,
fungus
resistant
{10,30]



€8

Basic Machine
Control Panel
Floating Point
32/K Memory
Multiply/Divide
Auto Restart

Direct Memory

total

1602
$12750
2500
300
33100

n/c

n/c

n/c

—-——— - —— —

| $48,650

APPENDIX B

ERICING INFCRMATION

1664
$24950
3125

| $40,575

830
$12650

n/c
4000

n/c
1000
4900

[$18,050

1210  AN/UYK-20

$7000 | $21000
n/c | n/c
n/a | 2100
n/c | 3900
1600 | n/c
400 | n/c
n/c | 2850

$9000 |3$29,250
(17,18,19]



APPENDIX C

EQUIPMENT DESCRIPTIONS

A. ROLM CCFECEFATICN

1. Mcdel 16(2 Specifications

Tte Mcdel 1602 (AN/UYK-19(V)) was a 16 bit general
purpcse "militarized" computer. The microprccessor executed
32 kit micic instructions at a 5 MHZ rate. 1Iwenty five full
length registers were available at the wmicrcprogram level.
One-eighth «<¢f the nmicroprcgram capacity c¢f 4K wcrds was
utilized in isplementing the Model 1602 irstruction set.
The Mcdel 16(CZ utilized conductive cooling tc the case, thus
eliminatirg internal fans or coclants, resulting in a sealed
structure for strength and ENI (electrcmagnetic
interference) protection. Hardware multiply,/divide, double
wcrd instructions, hardware stack instructions, n-bit
shifting capakility, and a file search were standard. The
Cpu chassis had «rocm for 8K of 1 microseccnd core memcry.
Mexcry expansicn prcvided for additiocnal memcry, in 8K word
increments, tc a maximum of 256K. Instructicn classes that
were stancard cn the Model 1602 included:

* csigredsunsigned, multiply/divide

* fiie search and compare

* dcukle word memory reference instructions
*

additional arithmetic and logical cperations
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* stack oriented instructions with hardware pcirnters

* sincle/doukle accumulators, n-bit shifts

Cpticnal features included:

* Flcating point firmware, prcviding single
precision (24 bit +sign and 7 bit exponent) floating fpoint
instructicns.

* Semiconductor ram (random access memory) which
offers U4SC pnsec read cycle time memory wutilizing a =static
cmcs chirg.

* Dual port memory allowing memory in any external
memcry ckassis to ke shared by two processcrs.

* Perirherals include magnetic disk, magnetic tarpes,
pPager tape reader/punch, <card «readers, line [fricters,

analcgueysdigital I,0, and NTDS equipment.

The Model 1602 was available in three versicns of
the ATR (air transgpcrtable rack) «chassis , two <¢f which
ccotained €K of <core memory with the chassis. The third
ccnfigquraticn for systems with more than 32K wcrds o¢f core
mEDOry, ccntained ro core memory within the chassis. 1In all
versions additional ccre memcry increments can be attachad
to the chassis. Each computer chassis ccntained a fower
surply, the contrcl processing unit (9 circuit modules), and
additional <slcts for core memory and I/0O cr memcry Rocdules.
Ccre memcry increments cf 8K wcrds were packaged c¢n four
circuit modules which plugged intc a computer chassis cr one
of three memcry clkassis. The Model 1602 ccntrcl panel was
available in two versions. One is designed to attach to the
ccmputer cr memory chassis beccming an integral part of the
Systen. The other was designed to ccnnect by cable to the
ccpputer. Ecth had the standard ATR <cross secticn, self
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contained pcwer supply, and LELC display.

Tke Mcdel 1602 met military standards MIL-E-16400G
class I fcr shiptcard use and MIL-E-5400 fcr aircraft use.
The inspecticn pro The inspection program cn the Model 1602
net MII-TI-452C8A class I and the quality assurance
procedures met with guidelines of MIL-Q-98583A. [16]

2. Mcdel 1664 Specifications

The Mcdel 1664 had a hardware floating Fcint
prccessor, a eicroprcgrammed general furpose processcr, and
a direct memcry access processor with an executive aode

permitticg ccomplete memory access and I/0 prctection.

The ¥cdel 1664 used a bit addressing organizaticn
that was nct 1limited by conventional wcrd boundaries.
Addressing may be Lty bit, byte, word, field, block, cr Lyte
string and list. There are 17 registers of various lengths
that are directly available to the prcgrammer. The Mcdel
1664 cffered a <choice o0of six addressing wmodes which
ccnsisted cf direct, indirect, relative, indexed, base, and
autc index. ©Cfp to 128K bytes cf core memory could have Ekeen
addressed directly Lty means of the extended memory reference
instructicns and any point in memory may be addressed Lty any

cther pecict in memcry.

Ccnductive «cooling was emplcyed in the Model 1664
with an additional wrap arcund <chassis mounted heat
exchanger wkich drew air past ccoling fins attached to the

outside cf tte chassis.
The floating point processor perfcrmed a wide range

of floatinmg rpoint arithmetic operations, as well as

ccnverting data Letween integer and floating point fcrmat.
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Tte variakle frecisicn feature of the prccessor gave the
computer the akility to handle the internal handling of
informaticn as well as efficient use of memory srace and

execution sreed.

Tte direct memory access processor performed direct
twuc way data transfer between memory and any peripheral
device at tyte rates cf up to 2M ©Lkytes pp=r second. 1his
EIccessor Cperated independently ct the other two

processors.

Tke pulti-accumulatcr hardware floating gfpecint
prccessor was internal to the Model 1664. The =standard
arithmetic instructions (add, subtract, multiply, divide,
fixed and flcating pcint) had been enhanced by the addition
of sguare rcct, inverse integer, ccmparison, set status, and
test functicns. Three degrees of precision were offered it
the Model 16€4, 32 bit single precision, 48 bit extended

precision, ard 64 kit double precision.

The Mcdel 16d64's executive mode provided hardware
prctecticn Letween wuser programs and tetween user and

executive systems in a multiprogrammed envircnment.

Tctal memory addressability was 512K ©Lytes ir the
Model 1€€4 with rain memory available in 16K Lyte
increments. U tc 64K bytes of 1 micrcseccnd <core Eemory
could have Leen 1installed in a memory chassis attached to
the processcr. Multiport access to external Iemory
perzitted the Model 1664 to operate in a multiprocesscr nmcde

with each prccessor sharing common external meamory.
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As wmany as 61 I/0 devices were interfaced to the
Mcdel 1664. The Model 1664, like the Model 1602, wutilized
the I/0 Dbus organization to transfer data between the
ccmputer and preripheral devices at rates up to 2M bytes per
seccnd. {5,185

B. TLATA GENEFAL CCRECRATION

1. Mcdel 83C Specificatioms

The Mcdel 830 was a non-militarized mediur scale
ccsputer with high density core memory, dual creraticns, and
flexible 1I/C.

The F¥cdel €30 orerated with a memcry management and
prctecticr wurit allcwing @memory expansicn to 256K tytes,
priviledged instructicmns, protection for I/C devices, and
both read end write protection for mair memory. Dual
Operatior allcws any two major systems fprograms tc¢ run
concurrently, each with full protected access tc systems
rescurces. Fcr example, 32 terminals can time share in

EASIC, while a rtatch stream runs.

The central processor was crganized around four 16
bit accumsulatcrs cf which twc could have teen used as index
registers. 1The multi-accumulator architecture reduced the
nukber of instructions necessary to execute a program. Full
memory cycle time was 1000 nancseconds, executing arithmetic

and lcgical ipnstructins in omne cycle.

The ¥cdel 830 used . 16 bit, single werd,

multifuncticn instructions. For example, arithmetic and
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lcgical instructions, in addition to their eight rLasic
furcticons, @©cdified an operand, shifted the result, and/or
tested tke result. Altogether a total of 256 variatioas
cculd have Leen performed on each arithmetic and lcgical
instructicn. Memcry reference instructicps moved data
betueen remcry and accumulators, and modified program flcw.
I/0 instructicns transfer data Letween accumulators and
peripherals, and ccntrol those peripherals.

Kajcri subassemblies were ©packaged on a single
printed «circuit tocard. A single etched back panel made all
interkocard ccnnections. The Model 830 contained twe central
prccessor kLcards, and either contained or was wired fcr a
memory maragezxent and protecticn unit. There were seventeen
sukassemkly slcts. The expansion chassis, which was mcunted
celow the ccmruter, had slots for seven I/0 boards. The
Mcdel 83C was rack mcuntable. [23]

2. Mcdel 1210 Specifications

—— e e

Tte central processor of the Model 121C wvas
organized arcund fcur 16 bit accumulators. The computer had
a full =gmemcry cycle time of 1.2 micrcseccnds and executed
arithmetic ar¢ logical instructions in slightly m@mcre than
cne cycle, 1.35 microseconds. Major sutassemblies are
packaged cn a single printed circuit board. A single etched
Eack ©panel, with an integral ©power supply, makes all
interbocard ccnnections. Plug-in connectors are provided for
ccmecnly specified peripherals. The Model 1210 ccntained
cne central prccessor toard, cne memory bcard, and sgace for
additicral «@gemory roards and I/O0 subassemztly boards. The
Mcdel 1210 wes rack mountable or table top mountakle with

four sukassenkly slots.
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It general, the Model 1210 was a scaled down version
of the Model 630 resulting in less capacity for exrarsion.
[22]

C. SPERRY UNIVAC CORPORATION

1. AN/UYK-2((V) Specificaticons

The 2N/UYK-20 (V) manufactured Lty Sperry Univac was a
"gilitarized", gepneral purpose 16 bit digital computer. It
was physically and functionally modular in ccnstructior and
exprandakle ir pnature. The system contained integral Ltlcwers
and pcwer supply, mcuntable on a 19 inch rack with [flug in
Cptions. Tte entire systen would pass through a 2% inch

Crening.

Tte central processor vas a microprogrammed
ccntrcller using two's complement arithmetic, 8 or 16 c¢r 32
kit operands and 16 bit general purpcse registers. The
central fprccessor used either 16 or 32 bit imstructicns, had
direct addressing to 65K words and 1indexed via general
registers. 1The central processcr contained a power fault

enaklinc autcmatic restart.

Main storage was expandable from 8K tc 65K wcrcés in
8K incremerts. The read/restcre «cycle time was 750

nancseconds.

Tte <central processor had a MATH EAC opticn which
included floating [Fpcint, square root, trigonometric and
hyperbclic, dcuble precision multiply, and dcuble precision

add capalilities.
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Cccling was by <circulation of ambient air by
internal tlcwuers.

Three general purpose fully sugrorted software
packages were available. The M"level 1" system functions
availatle urder <cperator contreol frcm an cn-line kejbcard
ccnsisted cf the following majcr components: core resident
routines, 1litrary subroutines, 1locader subsystems, utility
suksystems, system tape geuerators, and a fkasic assenkler.
The system cperated with a miminum of 16K wcrds of memcry, a
key board, ard a fpapertape —reader/punch. The "level 2"
Ssystem was a mcre comprehensive surport system than level 1.
The majcr ccrsiderations in "level 2" was a CMS-2M compiler
which required a minimum of four magnetic tape units for
CMS-ZM corpilaticns. The third level was a standard real
tipe executive for real time systems. [10,2€]

Tte individual specifications c¢n e€ach system are

listed in Afprerdix A.
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APFENDIX D

GLOSSARY OF TERMNS

ACEE ...... RAutomatic Data Prccessing Equifpment

ATAC ...... 2rrlied Technology Airtorne Comfputer

ATR ....... 2ir Transportable Rack

EFI ....... Eits Per Inch

CFA ....... Ccoputer Family Architecture

CMS-2 ..... Ccmpiler monitoring system-II

ECM ....... Electrcnic Countermeasures

ECED ...... Extended Ccre Memory Unit

EMI ....... Electrcmagnetic Interference

ECE ....... Electrcnic Order c¢f Battle

EFL ....... Electrcnic Parameter List

ER ..cee... Electronic Warfare

LAMES DPG . 1ight Adirktcrne Multi-purpose System Data
Erccessing Unit

LEL ...<.... Light Emitting Device

MTIEF ...... Fean Time Between Failure

MITIEK ...... Fean Time To Repair

MAGIS ..... Marine Air Ground Intelligence System

NIES ...... kaval Intelligence Processing Systen

NILS ...... Kaval Tactical Data System

TEEEPES .... Tactical Electronic Reconnaissance Processing

and Evaluation Segment
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