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AESTRACT 

with the ~rofosed procurement of EA-6E aircraft, 

the u.s. Marine Corps planned the development cf 

!EBPE~ (Tactical Electronic Reconnaissance ProcEssing 

and Evaluation Segment) to perform Fost-mission tape 

analy~is. The development phase was initiated Ot a 

first generaticn tactical computer, CF-642B. 1he 

thrust of this paper was tc identify state-of-the-art 

replacements for the CP-642E, while identifying areas 

of ccrceIn within tha development cycle. AlternativE 

systems were discussed with the emphasis on system 

flexitility and expandability. 
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iithin the electronic warfare community the EA-6A has 

been ccmmcnly referred to as an active jamming platfcr~. It 

.as emflcyed as a stand-off jamming platfcrm, wherety it 

provided EC~ protection for a strike force from a FositioD 

out of defensive wea~cns range, or as an integral ~aIt of 

the strike force. Along with this main mission, it was 

designed to record emmitter characteristics and location 

flatting information. In the formulative stages of this 

passive rcle, the ANjTSQ-90 Ground Data Readout Syste~ was 

tasked .ith providing digital and analog da~a analysis of 

inflight reccrdings. Operational evaluation of the reccrded 

data frcvided by the EA-6A recording system has ShCWL that 

the data is cf poor guality and limited guantity. In its 

~resent configuration, the ANjTSQ-90 has been unatle tc 

effectively froduce meaningful and timely analysis of the 

data as fLovided t~ it. Other limitations cf the AN/lSC-90 

were the lack cf an interactive graphic capability which was 

reguired for analyst interface and for mission planning , 

and the USE cf a limited local database of electrcnic 

emitters. 

With the flanned acguisiticn of the EA-6E it was ceemed 

necessary tc expand the capabilities of the AN/TSQ-90. The 

capabilities expansicn program will be referred to as lEBPES 

(Tactical ElectIonic Reconnaissance frocessing and 

Evaluaticn Segment). TERPES will be a system that 

encompasses all facets of analysis of intercepted electrcnic 

emissions including required personnel, haIdware, software, 

and analysis techniques. The operational goals of lERPES 

are: (1) fre/Fcst-mission hriefiIi9 and analysis; (2) flight 
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crew/analjst training; and (3) the forwaLding of data as 

prescribed by the MAGIS (Marine Air Ground Intelligence 

System) concept. To operate effectively lERPES must have 

inputs frcm airbo~ne collectors in the form of analog and 

digital tafes. The digital tape will be returned to th9 

TEEFES analysis site, for further analysis of: (1) the 

aircraft flight path; (2) electronic parameter data; and (3) 

the directicn cf arrival of radiating emitters. The analog 

tapes will augment the digital tapes by supflying additional 

parameter data and the conversaticns of crewmen durins the 

various fhases of electronic countermeasures and electronic 

SUfFort missions. 

As a stand-alene system ~ERPES must have the capatility 

tc maintain, ufdate and query the Electronic Order af Eattle 

and the Electronic Parameter List as provided in datatase 

fOIm by the Naval Intelligence Processing System. It must 

also haVE the atility to enable the ccnstruction of data 

files cf Fast missions and jammer characteristics. 

Inccrporated into TERPES must be the ability tc have a 

man-machire interactive dialogue that will assist in the 

freparaticn of intelligence reports and mission plaLning. 

This interactive pbase will allcw for timely and efficient 

data analysis and reporting which does not currently exist 

in the AN/TSC-90 system. 

With the establishment of a development tasK force, it 

was ascertained that the present system ha~dwa~e 

configuration should be preserved as much as possitle. The 

cverriding factor to limit system modernizaticn was 

development deadline dates. By not attempting to update the 

AN/TSQ-90 haIdware the develcpers were able tc limit their 

technical prcblems, both in the area of hardware interfacing 

and software structuring. Another advantage of this apfrcach 

was to reduce the need for additional perscnnel training, as 

the operaticnal user community was capable ef hand1ins the 

1 1 



o~eraticnal and maintenance aSFects of TERPES. These 

arguments were economically sound but the underlying fact of 

system flexitility will suffer because of them. By chcasing 

net to mcdernize, the developers have accEFted a heavier 

sIever machine that is not flexible enough to handle the 

software mcdifications required to fully implement the 

operational gcals of TERPES. The develcpment team's goal 

~as to develcp a baseline TEBPES on the Fresent hardware 

with the eXFressed idea of upgrading the processcr and 

certain aE~cciated hardware as the required units tecame 

available (1J. The main thrust of ~bis thesis was to 

examine the alternatives to system expansion which are: 

1) Mainta~n the present system with a plannec 
expans1cn of core memory to permit a higher 
a~~Iee of FeJtirrogramm1ng. 

2) Replace th~ CP-~CE with th~ AN,UYK-2C wL~n it 
is available for installation and application 
software development. 

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

4) Replace the CP-808 with a commercially 
available state-of-the-art machine. 

12 



A. HABtiARE 

As a functional entity TERPES has two aspects of 

Frccessing, analog and digital. For this study the aSF€cts 

of the digital prccessing hardware have been addressed. The 

total TEBEES hardware configuration is housed in three Navy 

Standard 20ft by 8ft by 8ft avionics vans enatling the 

system tc be transForted by land or by air. The digital 

shelter 1S air-conditioned by two units capable of 72,000 

BlOis. pewer requirements are sUFplied thrcugh a 4CO HZ 

ccnverteI which has a 60 HZ source of power. 

Ihe central processor, the Cp-eOB, was a light.eight 

version cf the CP-642B digital computer which has been 

emFloyed in NTDS. The CP-808 consisted of two units, the 

pcwer sU~fly cabinet and the logic unit. The logic cabinet 

ccntaioed feur I/O chassis, five memory chassis, a ctassis 

fer centrel and bcotstrap memory and three chassis for 

control and arithmetic logic. The power sup~ly provided the 

de vcltages required by the computer through a single power 

catle. 

Ite CF-8CE was classified as a large-scale, 

general-fuIpcse ccmputer that utilized a stored p~cgram 

architecture. !he CP-808 had the capability cf communicating 
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with its feripheral equipment via twelve I/O channels. 

Channel transfer speeds were either 166,667 30-bit 

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

the repertcire of comfuter instructions Fermitted 

mathematical cpe~ations, peripheral device cantrel, and 

ether data FIocessing functions. Contrel routines and 

prcgrams were entered via a punched taFe reader or masnetic 

tape unit. Ccmmunication was ferformed in a parallel mode 

30-tits it length. 

the CP-808 performed its internal operations using 

ene's ccnflement binary notation in a parallel mode. The 

word length was 30 bits with addressable half-words being 15 

bits in length. [2] 

a. EUDcticnal Characteristics 

This section was designed to direct the 

OferatioDs cf the other sections of the computer after 

receiving the fertinent instruction frcm memory. The' central 

section .as further responsible for decoding the inst=uction 

in crder to ~Fecify where the operand was cCIDlng fro~ and 

the operaticrs that must be performed en it. In conjunction 

with this last point the control section Established the 

tiling seguences required to perform the ccrrect operaticns. 

The arithmetic section iDCOr?Orate~ the 

timing circtits, registers, and modifiers required to 

perform lcgical or arithmetic functions as they were 

specified by the instruction ward. The registers 1D this 

14 



section contain the data that was to be maniFulated and they 

w€xe further used as a temporary storage location for the 

result. Th~ registers were 30 bits in length aDd the 

capability tc form a 60 bit double length ~ord e~isted 

bet~e€n t~o cf the registers. 

Initiation cf I/O commands .as perforaed by 

either the ccmputer or an associated I/O device. I/O 

transmission ~as dene via four registers that act as 

temporary storage locations for all data passed between the 

ccm~uter aDd the peripheral device with each resister 

bandling four channels. All communicaticn between the 

pIccessor and the devices was asynchronous and any specific 

data tratsaission ~as done in 30-bit parallel mede. As 

configured, concurrent bi-directional data transmission 

tetween the CP-808 and its peripherals via twelve outplt and 

twelve input channels was possible. With a buffer of data 

preFared for transmission a set of centrol circuits gov~rned 

the transfer cf da~a, freeing ether sections of the co~puter 

for furtter frccessing. 

~~!N ~EMORY Core memo~y consisted of 

32,608 adcressable locations ~hat had a memory cycle time of 

4 micrOSEconds. Cere memory was primarily used for prcgram 

and data storage, I/O interrupt registers, and intErrupt 

sterage rEgi~ters. 

~QBTBOL ~]MORY -- This segment contained 

128 addr€~satlE lccations that had a cycle time of 400 

nancsecends. This section contained the index registers and 

lie tuffer centrol registers. 
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~ogTSTRAR ~EMQ]X The final ~emary 

section dealt ~ith 64 words of read only memcry with a cycle 

time of 667 nancseconds. This section was Frogrammed during 

the manufacturing cycle and cannot be cbanged. These 

Frograms we~€ initiated from any point in a frogram and upon 

execution termination, control was returned to the 

pre-selected tcotstrap program. 

t. fajor Cperational Characteristics 

iOBD lENG'IE ••••••••••••••• 30 BITS 

ARIIHMEIIC •••••••••••••••• Parallel, One's Complement 

MEMOEY AVAILABLE 

Core ••••••••••••••••••• 32,768 Words at 4 l1icro~ecs 

Centrel •••••••••••••••• 128 Words at 400 Nancsecs. 

BoctstraF •••••••••••••. 64 ROM Words at 667 Nancs€cs. 

COMPU1EB i'EIGHT ••••••••••• 2165.5 Pounds 

POWER SafEly •••••••••••••• 150 Pounds 

caMPU~EB rIMENSIONS 

Height ••••••••••••••••• 

Width 

Depth 

.................. 

.................. 
CLEARANCE BEQUIBEMENTS 

72 Inches 

38 Inches 

37 Inches 

TOF •••••••••••••••••••• 7 Inches 

Frcnt •••••••••.•••••••• 22 Inches 

Rear ••••••••••••••••••• 4 Inches 

Sides •••••••••••••••••• 18 Inches 

INSTROCTICN REPERTOIRE •••• 64 Single add~ess, Flexible 

Instructions with Prcvi~icns 

for Address cr Operand ~od oy 

8 Index Registers. 

INPU1/COTfUT •••••••••••••• 12 High Speed Parallel 

Channels 
o 0 

Operating ~emperature ••••• 0 to 50 C 
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o 
Overtemperature Warning ••• Alarm/Light at 46 C 

o 
CverteafErature Shutdown •• Power Off at 60 C 

Maximum Relative Humidity . 95 Percent 

storage Temperature 

~OWER EECUIBEMENTS 

....... o 0 

-62 to 75 e 

Logic Circuits ......... 2500 watts of 3-phase at 115 

volts and 400 cps. 

Cocling Fan •••••••••••• 2000 Watts of 3-phase at 115 

Volts and 400 cps. [2J 

In crder to increaSE the 

AN/TSQ-9C, it was deemed necessary 

availability of high speed memory. 

caFability of the 

tc increase the 

At this point it was 

ascertainEd that the Control Data Disk storage Unit wculd 

solve the ~roblem as a high speed, randcm access, data 

stcrage device that could be interfaced tc the present 

system. This particular disk was the ccmmEIcial eguivalent 

of the erc S14Q with a microprogrammable ccntroller. The 

stcrage Unit was best descrited by the functions that it 

performed: (1) getting the disk up to operating speed; (2) 

positioning the heads at the required cylinder location; and 

(3) extracti~g the required data as designated by the 

ccntrcllEI. 
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a. tisk Characteristics 

EECOR£ING SURFACES ••••••• 19 

lRACKS/CIIINDER •••••••••• 19 

READ/iBITE EEADS ••••••••• 19 

AVERAGE ACCESS TIME •••••• 35 MS 

(seek + rotaticnal delay) 

~AXIMOM ACCESS i1MB •••••• 70 MS 

(seek + rotaticnal delay) 

BECORtlNG tENSl!! •.•••.•• 1530 BPI (outer track) 

2220 BPI (inner track) 

tATA TBANSEER RATE ••••••• 312,500 characters/sec 

EllS/CHARACTER ••••••••••• 8 

EITS/S!ORAGE UNIT •••••••• 475,000,000 

PHYSICAL ~IZE/CABINET 

Height •••••••••••••••• 38 Inches 

Width ................. 27 Inches 

Depth ••••••••••••••••• 37 Inches 

Weight •••••••••••••••• 660 Pounds 

Disk Surface Coating ••••• Magnetic Oxide [3J 

With the thought of analyzing incoming data in an 

efficient and timely manner the AN/TSQ-90 was expanded to 

include an interactive grafhics display. The graFhics 

teLminal that was decided upon was the Motcrola Tctalscope 

III. This particular model was a programmable stand-alene 

version that has a self-contained 8K of 16-bit words of 

memory. 1he !otalscope utilized a bus-organized sys~Em tc 

link the varicus assemblies within the display. One as~embly 

.as designed to receive data codes, interFret theu and 

prcvide the cont~ol functions that routed the commands to 

the propEL disflay assembly. The stand-alene capability was 
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ccntrollEd ty an internal arithmetic register ccntIcller 

which contained cperator interactivE functions, test 

Ioutines, and I/O controller functions. When coupled ~ith a 

peripheral keyboard, symbol generator, vector generator, 

lightpen and joystick, the graphical capatility De€oed to 

update tte system tc the requirements cf TERPES were 

~resent. 

a. ferfcrmance Characteristics 

Using reliability predicticn measures ferfor~ed 

in accordance with MIL-HDBK-217A the graphical display will 

have a mean-time-between-failure cf 2500 hours. The 

Totalscope was a fully militarized p~ece of electronic 

eguiFmett. 

RESOlOiICN •••••••••••••••• 1024 Elements ~n both X and Y 

LOCA~ICN ACCURACy ••••••••• ±2 Resolution Elements 

within the 12- by 10- inch 

viewing area. 

VECTOR GENERATICN ••••••••• Fixed rate of .2 in/usee. 

CHABAC~EE EEPEEiOIBE •••••• 128 ASCII Characters 

WEIGHT •••••••••••••••••••• 130 Pounds 

DIMEN.sICN~ 

Length ................. 19 Inches 

Height ................. 20 Inches 

Width .................. 17 Inches [ 4 ] 

lie line printer utilized by !ERPES operates wi~h 

single or multi-copy continuous fanfolded paFEr at a ~aximum 

line rate cf 600/minute. It had the capability of 
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outputting any of 64 characters within the field width of 

120 characteI Fositions. [1] 

In ccnjunction with the aforementioned line printEr, 

TEBFES utilized an I/O Keyboard Printer Medel 1533. This 

pa~ticular device enabled the operator to communicate with 

the CP-80S. As an inFut device, the operatcr ~as capatle of 

entering ne~ Frograms, altering existing prcgrams, changing 

input parameters and initiating program executicn and 

terminaticn. As an output device it was used to display 

error conditions, ~rogram listings and reguesting reguired 

data frcm tte operator. An operator was able to trans[it to 

the computer any of 64 different characters at a rate uF to 

about 100 wcrds per minute. As an output mediua, the 

printer .as capable of outputting the same 64 characters as 

available fer input and operate at about the same 100 wc~ds 

per minute rate. 

~bis device was a commercial unit that haa teen 

enclosed in a specially designed protective cabinet and 

mcunted cn C(F-style resilient mounts. (5] 

the system contained a set of four tape units that 

were fully uilitarized and carry the Onivac number 1240A. 

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 cut it is not totally comFatible with the EA-6E. The 

ontoard reccrder on the EA-6B had the capability of 

recording at 200, 556, or 800 BPI. [1J It was determined 

that a tafe unit be Frocured to handle the three BPI rates 

available CD the EA-6B, in order to provide maximum taping 

flexibility. 

20 



Intercept flatting within TERPES was performed t1 a 

Calcamp Model 563 Digital Incremental Plotter. The Plotter 

Adafte~ frovided the interface between the CP-808 ane the 

flctter. Tte adafter was responsible fer generating time 

signals and control commands to insure asynchIcnous 

ccmmunication with the plotter. The ada~ter provided this 

aSjDchroncus cFeration by decoding data wcrds frc~ the 

CP-80a and froducing control signals required to frcperly 

perform tte afplicable plotting functicn. 

lhe Medel 563 was a commercial drum-type plctter 

that was cafatle of plotting one variable against ancther. 

Plct prcducticn occurred with the movement cf a pen over the 

chart pafer. The X, Y and Z axis cf the plotter ~ere 

im~lemented through a series of digital signals 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, 

.OCS inch or .1 mm per step depending on hardware 

ccnfiguraticn. The rotary step motors operated at a max~mum 

rate of 3CO steps/sec. 
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a. CFerating Characteristics 

SPEED ••••••••••••••••••••• Drum Axis: maximum 3CO steps/ 

sec for .DOS-in and .1-am 

.steps. 

maximum 200 steps/sec fer 

.Ol-in steps. 

Carriage Axis: same a.s abcve. 

Pen: maximum 5 up and 5 down 

per second. 

BESOLOIICN •••.•••••••••••• ± 1 steF on either axis ever 

the entire rcll length. 

WEIGH'! •••••••••••.•••••••• 53 pounds 

DIMENSICN 

Width .................. 
.................. 

39 inches 

14 inches 

Height ••••••••••••.•••• 9 inches 

PAPER SIZE •.•••••••••••••• Roll Chart pafer-120 feet 

long and 39 inches wide. [6] 
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B. SOFT~ARE 

The scft.are tc support !ERPES was in the final stages 

cf develcfment at the Naval Missile Center, Pt. Mugu. The 

first phase cf scftware design was tc interface twc new 

pieces cf eguiFment into the AN/TSQ-90, a disk drivE unit 

and a grafhics terminal. These two devices were weant to 

ex~aDd the frocessing power of the AN/TSQ-90 to meet !EBPES 

specificaticns while establishing a new dimension, an 

intervening analyst, in the data reduction cycle. 

With the interface complete, it was necessary to 

establish the software structure raquired to fully utilize 

the resources cf the expanded hardware suit. Modularity 

within the scftware structure was necessary to previde an 

analyst with the tools necessary to process the tapes from 

both the EA-EA and EA-6B. When dealing with EA-6A tapes, the 

analyst mcst te able to reconstruct the actual flight path 

cf the ~issicn in order to override any false navigational 

eguiFment iDfuts that may render the data useless. Due to 

the quantity ccllected by the EA-6A, the analyst was quite 

ca~able cf ccrrecting any false recordings and elimirating 

that which i~ invalid. The requirement for analyst interface 

in data reduction was in itself justificaticn for additional 

effort ex~endEd in software and hardware development. 

Data reduction with the EA-6E presented still anether 

prcblem, as it was capable of collecting a volume cf data 

that was ~early imFossible to reduce via the analyst. In 

order tc SfE€d the processing of this data, soft.are 

~outines were written that filtered out redundant ~nd 

errcneous data that clutter the tape. Previsions were also 

included tc frcvide for selected process~ng, whereby the 
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analyst selected those emitters he wished tc process first. 

iithi~ TEEPES Software there exists an executive ncdule 

that was tte contrclling force of processing within the 

guidelinEs cf TEBPES. It was further subsetted to ccntain 

the operating system, peripheral handlers, core management 

rcutines, mathematical packages and a set cf provision~ that 

allow a cegree of degraded mode operations. The imFlemented 

c~erating slstem was tailored after the CMS-2Q monitcr in 

order tc o~timize the functions and Frocedures of TERFES. 

whenever fossible the as was written in CMS-2Q with reguired 

assembly language routines written in SyeeL. This mcv€ to 

CMS-2 was ailed at conforming to the Navy's conceFt of a 

standardized tactical computer language. It also enabled 

the develcpe~s to utilize the software debugging tools 

presently available in CMS-2. The as was a set of 

sutroutines that maintained system status, file status, 

utility frcSIams and provided the timing segu~nces reguired 

to sUFervise the OFerations of the system. 

The IntEIcept ~odule was expanded to allow the system to 

translate tte data receivEd from the aircraft irtc a 

reducible fermat while filtering out that data which is 

unreliable. The filtering task was dene by checking 

incoming taFes for reccrder errors, building format files of 

intercepted Eignals, correcting for spuIious navigaticnal 

inFuts, reducing the data size by eliminating redundant 

data, and ~roviding edit routines that Fermit analyst 

interventicn when required. Also residing in this ~cdule 

were the analcg merge routines and the location algorithm. 

The merge routine permitted the input cf data frcm the 

analcg ta~es that will assist in emitter location and 

reccgniticr. ~he location algorithm was utilized in the 

lccation cf eaitter sites. 

The final module was the File Management Module. This 
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particular sEgment contained the interactivE software that 

linked the Cf-80a and the Motorola Totalscope. The interface 

and system utilities were written in CMS-2Q while internal 

programming cf the Totalscope was done in ARC-16 assembly 

language. The File Management Module was designed tc allow 

the use of at extetsive database of emitter information. The 

NIES III datatase cf emitter parameters was the tasis cf 

this infcrmaticn. ~he ability to sort and edit returned data 

alEc resided in this module. 

As designed, the operating system and its tra£sient 

service rcutines were placed in the first 10,240 core memory 

lccations. 

the loading 

Ine remaining core locations were available for 

cf software Fackages that Ferform mission 

precessing, mission briefing and any other provided system 

uti li t Y • [1 J 
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A. PURPCSE 

The furfcse cf this section is tc ccmpare by cost, 

reliability, and general practical consideraticns the 

differences tetween a "militarized" mini-computer which 

meets military specifications, and a ccmmercial 

aini-comfuter which does not meet military specifications. 

Fer clarity, "militarized" means cOlI£erming to military 

specificaticrs and "commercial" means net conforming to 

military sFecifications. 

B. SELEC!lCN 

The oini-ccmFuter systems selected fer comparison ~ere 

selected cn their ability to meet the requirements of 

TEFEES. lrree different computer manufacturers were 

invclved: rata General Corporation manufacturing 

nini-computers to meet the needs of commercial user; BOLM 

CCJ:ForaticD Iranufacturing "militarized" mini-ccmputers using 

the same cjrcuit design and software as the Data General 

CcrForaticn nini-computers but with hardware designed and 

manufactured in accordance with aPFlicable military 

sFecificaticrs (tlIL-E-164uOOG and MIL-E-54000) for use 

atcard shifE and in aircraft; and Sperry Univac CcrForation 

like ROLM, maDufacturing "militarized" mini-computers. The 

fcllowin~ SfECific systems will be compared: 
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DATA GENEBAL 

* MODEl 830 

* MCDEI 1210 

ItOLM 

* ~ODEL 1602 AN/UYK-19(V) 

* ~OCEL 1664 AN/UYK-28(V) 

SPERRY UNIVAC 

* AN/tYK-20 (V) 

c. EACKGFCGNr 

Standard military specifications have teen develcfEd to 

meet re~uiIements in protecting electrical military 

eguipment. 

states: 

One such specification, t1II-E-16400G (~AVY), 

"This sFecification covers the gEneral requirements 
a~plicatle tc the design and censtructioD cf electronic 
iD~erier ccrrmunication and navigation egui~ment iDte!de~ 
far naval ship or shore app12cations. This 
s~ecificaticn def~nes the environmental conditions 
w~thin whjch e9uipment must operate satisfactorily and 
reliably; the precess for selection and afplication of 
general matEr~al and parts· and the means by which 
eguipment a~ a whole will be tested to determine whether 
if ~s accEFtable to the navy ••• unless otherwise 
specifically stated in the individual equip!ent 
specificatien, the requirements of this specificaticD 
(HI1-E-164CCG (NAVY) and any and all specifications 
cited cerein shall apply when this sFecification is 
invoked". [14] 

D. SYSlE~ t!~CRIP1IONS 

The sjstem d escipt ion and price information for EalM's 

16C2 and 1664 and tata General's 1210 and 830 computers >.vas 

attained iIcm. technical descriptions and Frice lists 

fUI:Dished by the manufacturer. The Sperry Univac system 
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descripticn ccnce~ning the AN/UYK-20(V) was also attained 

frcm technical descriptions furnished by the manufacturar 

but pricing information was obtained from NAVELEX Washington 

D. c. (AN/UIK-20 (V) FlY 76 Budgetary Estimates). Using 

this tech nical 

corfiguratic£ wa~ 

system. 

and price information a basic system 

compared to determine differences in each 

The tasic computer system for com~arison FUIFoses 

consisted cf 32K ccre memory, a central processor, a ccntrol 

panel, a fOWE~ mcnitor, and an automatic restart capability. 

A floating faint processor was considered a major fac~or. 

The only cemfuter Dot offering a floating Feint Frocessor 

was Data General's Model 1210. Each system is described 

briefly l:elc •• 

a. l!cdel 1602 

lte Medel 1602 was a 16 bit general purFcse 

"militarized" comFuter with an opt:ional floating Feint 

processor, ccnductive cooling to the case, memory increments 

in 8K increments, and two versions of control panels, one 

~hysicalli tclted to the main frame and the ether ccntected 

by cable. [16J 

1:. ~edel 1664 

'Ite Model 1664 is also a "militarized" corrputer 

but with greater capability than the Model 1602 due to bit 

addressing rct limited to conventional word bcuncries, 

variatle acdressing modes, conductive cooling to the case 
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with a cbassis mounted' heat exchanger, 

~cint prcces~or, direct memory access 

standard fleating 

prccessor, 

degrees cf ~r€cisien, and memo~y 

iDcrement~. [9,1Sj 

increments in 16K 

three 

bytes 

a. ~edel E30 

~he Medel 830 was a nan-militarized computer 

with memcry Expansicn up to 256K, 16 bit instructicns, high 

density cere ~emory, an eptional floating Feint processor, 

and dual of€raticn througb two central Frocessor beards. 

[23 ] 

1:. ~cdel 1210 

lte Model 1210 was a scaled down version cf the 

Medel 830 with a slower memory cycle time, no floating Feint 

oFtion anc sloweL arithmetic execution times. [22J 

a. AN/UYK-20 (V) 

lhe AN/OYK-20 (V) was a "militarized" cOltputer 

with 16 tit irstructions, direct access to a maximum cf 6SK 

words, memory increments in 8K increments, a maximum cf 65K 

wcrds of core memory, an optional floating point cafacity, 

self contained internal cooling system, and mcdular 

ccr.structicn. [10] 
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~ee Table 1 for an overall ccmparative view of 

each ccnfuteI system. (10,15,16,26J 

..P_~~ 

Militarized. JES 

Memcry 

Cycle Ti me.. 1 usee 

Memcry 

Cirect 

Addressing. E4K 

Maximum •••• ~56K 

Transfer 

1usec 

128K 

512K 

no 

1usec 

64K 

256K 

no 

1.2usec 

32K 

64K 

Rate •••• 1M words 1M words 833K 833K 

/sec /sec 

Scftware 

SUFPort ••• Fort~an Fortran 

Algcl Algol 

Easic Basic 

Word SiZE ••• 16 bit 16 bit 

Pcwer Fault/ 

Autc-

Restart •••• yes 

COcling ••••• ccn­

cuctive 

Fleating 

Paint. • • •• 1 es 

Oiinershif 

costs ••••• $62873. 

yes 

con­

ductive 

yes 

words/sec verds/sec 

Fortran Fortran 

Basic Basic 

16 bit 16 bit 

yes 

none 

yes 

yes 

neDe 

nc 

$23897. $11357. 

TABLE 1 

30 

750nsEc 

65K 

65K 

1~ iiords 

Isec 

Fortran 

Ultra 16 

C~S-2M 

16 tit 

yes 

internal 

tlo.er 

yes 

.$40E05. 



Cwnership costs included initial FurchasE price 

and maintenance costs which were discounted at 6% ever a 

five year feriod. 

SEe ApFendix C for detailed descriptions of each 

cClfuter Eyste~. 
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Using the price informaticn Frcvided by the 

manufacturers and 

prices fer the 

fellows: 

NAVELEX Washington D. C. cOIDFaIative 

selected configurations were determired as 

a. Eelm Ccrporation 

( 1) ~fg.§.! l§ 02 

krOC€SSor unit with 5 MHZ micreFrccesso~, 

four accumulators, direct memory access, 

uultimcde priority interrupt system and 

a fower monitor with automatic restart 

rugged central panel 

flcating point 

External memory chassis (16K) 

External memory control 

External memory port 

lIemory chassis (24K) 

lIemory interface 

cere IDemory (SK) at $6000 * 4 

32 

total 

••• $12750 

· .. 2500 

300 

· .. 400C 

· .. 1000 

2COO 

2000 

100 

· .. l.!ll .. L~ 
$48,65C 

[ 17 J 



(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 ... $24950 

rugged control panel . . . 3125 

core memory (16K) at $6250 * 2 

total 

12500 

$40,575 

[17] 

b. Sperry Univac Corporation 

(1) AN/UYK-20(V) 

Basic machine with 8K core memory 

8K core memory modules at $1300 * 3 

... $21000 

3900 

direct memory access, factory installed... 2850 

math pac, factory installed 2100 

includes floating point 

33 

total $29,250 
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c. tata General Corporation 

( 1) ~£g.§1: 830 

Ccmputer with four accumulators (hardware), 

lIe system with prcgrammed data transfer 

16 level Frogrammed priority interrupt, 

direct memory access data chanDel, 

~rcgrammer's console with leck, fower supply 

and ~lide mounts for a 19 inch rack, 32K 

tytes core memory and memory management 

and protection unit. 

fower monitor and automatic restart 

IIultiplyjdivide 

••• $12650 

400 

· . . 
flcating pcint unit · . . 

1000 

~g 

total $18,050 

[ 18 ] 

(2) !j~g~1 121.Q 
Ccmputer with four accumulators (hardware) ,I/O 

system with programmed data transfer, 16 

level Frogrammed priority interruFt, direct 

m€mo~y access data channel, Frcgrammers 

ccnsole with lock, power supply, table top 

catinet or slide mcunts for 19 inch rack, 

and 32K tytes core ~emory. 

fewer monitor and automatic restart 

lIultiply/divide 

· . . 
· . . 

total 

$7000 

400 

.1§.£~ 

$9000 

( 18 ] 

AFpendix B gives a treakdc~n of fricing 

informaticn for each system. 
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E. RELIAEIIliY 

Up tc this pcint, this chapter has dealt strictly with 

system descIi~tioD and the associated costs. If ccst were 

the only criterion for selection, Data General ~culd be 

chosen witbcut guestion. But cost should not be the enly 

cLiterion; Leliatility of -the system shculd be a major 

cODsideraticr. in the decision. By evaluating the 

r€liability cf a cCIDFuter systel using Mean Time Eetween 

Failure (MTEF) and repairatility using Mean Time Tc beFair 

(M~TB), the ccst of ownershiF beyond the initial fUIchase 

price cat be Estimated. 

Because there ~as no data on MTBF and MTTB for the BOLM 

Model 16E4, this ccmputer system was not ccnsidared in the 

relia~ility analysis. 

The data that vas available was sUfflied ty BOL~ 

corporaticD, Data General Corporation, and the General 

Electric Ccmfany in an article titled "MAGIS LIFE CYCLE CCST 

ANAlYSIS for the Marine Air/Ground Intelligence System". 

One .ay to estimate failure rate is thrcugh reliatility 

eXFerience. As outlined in MIL-STD-756A and ~IL Hardtook 

~ljA/B, there are standard procedures for estimating failure 

rates given ccmFonent types and part numters. Fo! the 

purEoses cf this study, the computer systems involved ware 

in actual 0feratiot. However, the standards as stated in 

MIl-STD-J56A and MIL Handbook 217A/B were followed where 

neCESSarj. 

Failure rates are normally considered large initially 

during burn in cf ccmponents, then decreasing to remain 

relatively ccnstant for some time. This reflects eguipment 

failure under the assumpt~on that new equipment has freguent 
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re~airs after which a stable Feriod is Established. Ihis 

statility fericd is characterized by randcm failures. Wear 

out does net cccur in electrical eguipment as it dces in 

mechanical eguipment. However, due to extensiVE bench 

testing 

rate of 

sYEtems 

and modular integrated construction, the failure 

£e~ equipment has been reduced (compared ~ith 

that are not extensively tench tested) • 

Consequently, after the initial burn in, the failure rate of 

cClputer eguifmert is constant with reSE€ct tc time. 

Therefore, tre Dumter of failures can be estimated by the 

Pcisson distri~ution and the time between failures ty the 

EXFcnential distritution. The procability of zero failures 

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

-lambda * t 
P = E 

where !!~~IA is the failure rate or 1/MTBF. 

This evaluation will assume that once a failure has 

occurred, the reFair will be made at the mcdule level, not 

thE compCDent level, and that time for a repairman tc arrive 

at the cc~puter site for repair work will be two hours. The 

Mean Time !c Bepair, once a repairman arrives, was assumed 

to be c~e-balf hcur for all computer syst€~s. Thi~ was the 

mean time reguired to find the failed module, remove it, and 

replace it with a new one. The reason all MTTR's were 

assumed egual was tased on the modular construction used In 

all the ccmfuter systems. The difficulty cf board removal 

was apprcxi~ately the same for all systems. 

For tl:e Furpose of this evaluation, the ccst of 

c~Dershif over time t (5 years) was based en furchasE frice, 

inventory ccst cf spare kits, and r epa i r cost. Inventory 

ccst and repair cost were discounted at a 6 Fercent rate for 
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5 years to reflect the time value of money. The discount 

factor was .747. Eased on the equal MTTR's fer each 

ccm~uter system, only the MTBF was found to affect the final 

cost of C.D€IShip. 

InVEntory cost consisted cf the cost of the minimum 

sfares necessary tc repair a failure. A minimum spare kit 

consisted of cne spare memory module, one processor mcdule, 

an, cne fewer supply module. (20] 

ReFair ccsts were calculated by multiFlying the mean 

nuaber of failures during time t (t/MTEF) by the M1TE and 

then mUltiflying this result (or the average amount of time 

spent on repair during time t) by the labor rate p~r hour. 

For clarification, the following symbols were defined: 
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T : useful lifetime of the system (5 years) 

MTBF : mean time between failure 

MTTB : mean time to repair 

(including time for repairman to arrive) 

I/MTEF : DURter cf failures in time T 

TR : (T/MTBF) * MTTR 

(average time spent on repair during time T) 

SM : sFare kit cost (based on minimum kit needed) 

ReB : reFair cost per hvur 

ATB : ReE * TR (cverage cost of time S:f:€Dt on reFair) 

IRC : ATE + SM (inventory and repair ccst ov~r 5 years) 

TVC : time value cost (IRe with time value of mcney 

taken into consideration at 6 percent) 

CC : oWDershif ccst (TVC + initial purcbase price) 

Table 2 contains specific calculations of each system. 

830 

M'IEF 

M'I'IR 

lEC~ 

132CO hrs 

2.5 brs 

4510 hrs 

2.5 hrs 

9.47 hrs 

23.67 hrs 

$7000 

1210 

6718 hrs 

2.5 hrs 

6.35 hrs 

15.87 hrs 

$2600 

OYK-20 

2000 hrs 

2.5 hrs 

21.36 hrs 

53.4 hrs 

$13600 

$35 

$1869.00 

$15469.00 

$11555.0C 

$4080S.0C 

( 19 ] 

II MTEF 

TE 

SM 

liCB 

AiR 

lEC 

TVC 

OC 

~.2~ hrs 

t.e7 hrs 

~18i50 

~36 

$29C.52 

~1SC40.52 

j14~23.27 

l62E73.27 

[ 17 : 

$35 

.$828.45 

.$7828.45 

$5847.85 

$23897.85 

[ 18 ] 

TABLE 2 

$35 

$555.45 

$3155.45 

$2357.12 

$11357.12 

[18] 

Excluded from the cost of repair were these items that 

contributed egual ccst to all the computer systems. These 

items consisted cf travel cost, per diem cost, and shop 
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refair eost (cost 

maDufactu~er's shoF) • 

cf repairing the failed module, 

(21,22,23,27,28,32] 

in the 

Table 2 shows that the Data General 1210 cost less over 

5 years bas€Q CD inventory cost, re~air cost, anc the 

initial fUIchase price of the computer (purchase price~ were 

taken f~cm secticn 4 "Militarized vs Ccmmercialized lt ). 

Referring tc Tatle 2, the high cost of cwnership dCES not 

reflect [igb ~TBF as might be Expected. The Sperry Cnivac 

AN/UYK-2C(V) had the second highest cwnership cost but the 

lowest MiEF. 

Figure 1 is a plot of the relationship tetween MTEF and 

the total cest cf cwnership. While there is nc cirect 

relation~hi~ tetween MTBF and total ccst of ownership, 

Fig u r e 1 in die ate s, a t the low poi n t oft h e It uno IJ the 

CULVE, that tte Data General Model 1210 would be the lcgical 

chcice with tt€ lowest cwnership cost and the second highest 

Ii 'I E F • 'I bed if fer e n c e bet ween the on a taG ED era 1 11 ode 1 12 1 0 

and the BCLM Medel 1602, as reflected in Figure 1, wculd be 

a doubling in the MTBF but a five fold increase in ccst. 

Specifically, to get a 6482 hour increase in the ~TEF, it 

~culd cost $=1516.C9 over a 5 year period. 

Figure 2 represents the relationshiF that existed 

between the MTBF and the cost of repair over a : year 

pe~iod. Eeferring to Figure 2, as MTBF gOES up the repair 

cost geES dcwn. For example, if the MTBF went up fLOG 4000 

to 8000 hcurs there would be a corresponding $450 savings on 

reI=air ccsts. 
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$60,000 

IP 

$30,000 

$10,000 

$51,516.09 
~ AN/UYK-20 (v) 

1000 

Model 1210 

7000 

MTBF (Hours) 

Figure 1 - MTBF vs TOTAL OWNERSHIP COST 

40 

Model 1664 

13000 



$1800 

COSrll 

OF 
REPAIH 

$10 

AN/UYK-20(V) 

$450 

I 

---------1 

1000 

I 

r 
I 

4000 

7000 

M'J1BF (Hours) 

Figure 2 - M11BF vs COS11 OF REPAIH 
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The ~ide variation between the MTBP's (cne majo~ failure 

every 550 dajS for the HOLM Model 1602 comFared to cne major 

failure every 83 days for the Sperry Univac AN/UYK-20(V), 

seems unrealistic since the difference 15 betwee~ two 

militarized ccmputers. The MTBF of the Model 1602 was 

furnished ty the BOLM Corporation seems toe high. ThE MTBF 

for the SFerry Univac AN/UYK-20 (V) dces not seem 

unreasonatle. This MTBF was not furnished by Sperry Univac 

but by a nilitary analysis group. [21] The following ~TEP's 

are the values necessary to make a systems sfares cost equal 

to the BelM ~cdel 1602 spares cost. 

Data GeLEral Model 1210 ••••••• 320 hours 

Data General Model 830 •••••••• 235 hours 

Sperry Univac AN/UYK-20(V) 700 hours 

Militarized and commercialized computEr systems each 

have advanta~es. If a commercialized computer is accEftable 

in the oferaticnal environment, then there are nurrerous 

systems available that are comFarable in both cost and 

performance. iith respect to TEBPES requirements, the Data 

GenEral ~odel 83C had a capability advantage over the Data 

General Medel 1210, the advantage teing the availability of 

a floating pcint cption. Otherwiae, the Data General Model 

1~10 was sUFErior in purchase price, ccst of cwnershif, and 

spare kit ccst (see Table 2). The diffeIsnce bet~e€n the 

M!EF's of the Data General Model 830 and the Data General 

Model 1210 was ene failure Every 108 days in favor c£ the 

Data General Medel 1210. While this failure difference was 

significant, the lack of overall capability of thE Data 

General Medel 1210 compared to the Data General Medel 830 

shculd be a major consideration, regardleSS ef the MTBF's. 
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Althcugh there is no published MTBF for the ROl~ Model 

1664, this should not eliminate it from the comFetition. 

The BOlM Medel 1664 contained a Tri-Prccessor System 

(hardware fleating point Frocessor, a microprogrammed 

general purfcse processor and a direct memory access 

processor) VErsus cne general purpose processor for the BOLM 

Model 16C~, ccsts less than the ROLM Model 1602 to Furchase, 

and is capatle cf expansion for future consideraticns. 

Regardless of the MTBF, the spares kit for the ROLM Model 

16€4 would ccst $6500 more than the sFares kit for the HOLM 

Model 16C~ or $24,750 in total. The ownership cost of toe 

ECIM Model 1E64 OVEr a 5 year period could never be egual tc 

the ReLM Model 1602, regardless ef the MTBF, sincE the 

initial sfares kit cost of the BOLM Model 1664 was mere than 

the ownershif cost of the HOLM Model 1602. Althougt the 

Sperry Dnivac AN/UYK-20(V) had the lowest published MTBF, 

tce figure SEems ccnservative. The MTEF shculd not be the 

majcr reascn for eliminating it from the competiticn.The 

Sferry Univac AN/UYK-20 (V) IS cost of ownershif was les,s than 

the BOL~ Medel 1602 (due to spare kit ccst) and had a 

$19 , 400 advantage cn purchase price over the ROLM Model 

16(2. 

One im~ortant factor, which would te difficult to 

measure in dcllar terms and not represented is the ccst to 

the missicn cf dcwn time. This cost, which could 

ccnceivatly invclve thousands of dollars, include,s such 

items as dotin time of planes, travel and berthirg of 

Ferscnnel if the mission were cancelled. Because cf this 

factor, a high MTBP becomes a very critical consideration. 
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A. INSTE(C~ICN BATINGS 

One ~Easure cf performance that must be addressEd in any 

prccessor rEflacement proposal is the questicn of precEssing 

power. Bj performing such an analysis the steering ccmaittee 

must attelpt to demonstrate in a guantitative manner that 

the processcrs under cons,ideration are capable of hardling 

the processing lead that exists on the cIder machine. 

It was determined that the first stef in this tYFE of 

analysis \as to describe an instruction m~x that wculd 

reflect the cCDstruction of programs within IERPE5. Although 

the software was being develcped, it was possible to 

estimate the mix and assign the following Fe~centagEs: 

INSTRtJCTICN TYPE 
-~-----~~~~ ----

Set/Clear •••••••••••••••••• 15 

Cempare •••••••••••••••••••• 15 

Shift •••••••••••••••••••••• 15 

Transfer ••••••••••••••••••• 15 

Load ••••••••.•••••••••••••• 10 

store ••••• ~ •••••••••••••••• 10 

Arithmetic ••••••••••••••••• 10 

1:Qgi~~l •••••••••••••••••••• lQ 
Total ••••••••••••••••••••• 100 

utilizins the instruction mix anticipated within TEBPES, 
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it was estimated that the CP-80S average instruction 

executicn sfeed was 8.7 usee. yielding an instructicn rate 

of 11SK instructions/sec. 

At this feint a problem was encountered with word 

length. As nated in a previous section the CP-808 cperates 

with a 20 bit word, whereas, proFosed replacement 

minicomputers operate with a 16 bit word. To overCOII€ the 

word length inequity, an instruction rate for doutle word 

instructicns (32 bits) and single word instructions (16 bit) 

.ere CC~FutEd seferately. Another consideration was to 

utilize, wherever possible, instructions that access memory 

directly. [7 J 

lhe Sperry Univac .AN/UYK-20 (V) was found to have an 

average instructiot time for double word instructicns of 

2.E4 usec. with an instruction rate of 352K 

instructicns/sec. Ihe single word average instruction time 

far the Sperry Univac AN/UYK-20(V) was fcund to be 2.27 

usec. wit~ an instruction rate of ~40K instructicns/sec. 

[ 10 J 

Due tc the similarity of execution times betwEEt the 

Data General machines and the ROLM comFuters, it was dEcided 

that one ~Et of computations would be sufficient to 

demcnstrate their processing power. Using doucle word 

instructicns the average instruction time fer this class of 

machine was 3.45 usee. or 290K instructions/sec. Single word 

instructicns were frocessed with a time of 2.755 USEe. or an 

instructicn rate of 362K instructions/sec. (9,11J 

As shewn atove the machines under consideration cculd 

easily handle the Frocessing load being Ferformed ty the 

cp-aos. Ibis excess process1ng power is essential if the 

full potential of TERPES is tc be ever realized in the arEa 

of real-time cperation and missicn planning. 

45 



B. ARI~EMEilC PRECISION 

Having dEmcnst~ated the processing powe~ cf the ~rcpcsed 

re~lacemeDt frecessors, it was necessary to examine the 

precision they offered in arithmetic calculaticns. The 

im~crtaDce of this attribute lies in the primary missicn of 

TEBPES, which was the identification and lecation of hcstile 

emitters. In order to ascertain the lecation cf a 

particular emitter, the directicD of arrival data ~xtracted 

frcm the nissicn tape was applied to a locatcr module that 

contained tre location algorithm. It was in this section 

that aritbmetic precision became critical, for if a cumber 

of significant tits of data were lost in the calculations, 

the chances cf producing a reliable site plct were minimal. 

The CP-EC8 hardware normally provided fixed-point 

ccmFutational data elements which occupied a maximum of 

30-bits (cne word). Another feature of the CP-808 was the 

atility tc link the A register and the ~ register tc ferm a 

doutle-lengtb word that sUFPorted data elements that were 

60-bits in length. The A register .as a 30-tit addressable 

accumulatcr, ~hilE the 2 regi3ter was a 30-tit addressable 

lcgical functicn register. This double-length feature was 

emfloyed in the emitter location algorithm as a soft~are 

feature tc Extend the precision of arithmetic calculaticns. 

This 60-bit fixed point double precisicD feature .as an 

option that was not available cn any of the f~ocesscrs under 

consideratior. At this point it was determined that there 

were only twc optiens available to overcome this preblem. 

the first invclved determining the precision that ~culd be 

neEded tc satisfy the requirements of TEBPES. The first 

stef in such an analysis was to determinE the accuracy of 
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the data returned by the aircraft. The emfhasis at this 

Feint was to ascertain the number of bits that contained 

reliable lccation data for a given emitter. with this 

information it wculd have been possible tc calculate the 

number of bits of significance required to maintait the 

specified Frecisicn when comFuting an emitter's location. 

During the develoFing stages of this analysis, it was 

determined that the required data needed tc perform such an 

analysis waE Dot available. 

This lack of data led to the second aFproach, which was 

to examine the way the propcsed processcrs represented 

numerical guantities internally. It was decided that the 

representaticn that would most likely solVE the precision 

prctlem wculd be a floating peint representation. 

In this set of calculations, precision was taken tc mean 

the numter cf bits available to represent a numter. The 

numker of decimal-digits of precision was compared. For 

these calculaticnE n was taken to be the binary bits of 

precisior and ~ was the number of decimal digits of 

precision. It was then necessary to solve for m in the 

fcllcwing: 

m n 
10 :: 2 

m log 10 = D log 2 
1 0 1 0 

m :: n (0. 30 10 3) 

(8] 

The reEults of these comFutations are reFresented in the 

fcllewins tal:le: 



IECIMAl-tIGI~S of PRECISION 

C1'-808 

Single Precision ••.••• 9 

Doul:le Precision •••••• 18 [2] 

HOLM ~odel 1664 (Floating Point Processer) 

Single Precisian 

32-bit format ••••••• 7 

ExtendEd Precision 

4E-bit format ••••••• 12 

Doutle Precision 

64-bit format •••••.• 16 [9] 

Sperry Drivac AN/OYK-20(V) 

32-l:it fOI:mat ••••••••• 7 (10] 

As ncted in the above table, 

when eXEcuting en the Cp-a08, 

decimal-digits of precision. It 

the location algoIithm, 

was operating with 18 

was estimated that such 

precision was excessive, but a 32-bit format that yielded 7 

decimal-digits cf precision was insufficient. Eaving 

demcnstrated the precision available within the various 

haIdware ccnfigurations the only ccmpetitor that aFFrcached 

the precisicD cf the current system was the Floating Point 

Prccessor available from both HOLM and Lata General. In the 

BOLM machines it was implemented as an integrated Frocessor 

that paralleled the general-furpose processor. The Flcating 

Peint Prcce~scr consisted of eight 64-bit accumulators and 

cne 32-bit status register that were addressable by a set of 

51 Floating feint Proc~ssor Instructions. CFerations between 

memory and tte FPP accumulators were also fully suppcrted. 
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In conclusion, it was determined that a co~plete 

analysis cf the accuracy of returned data was essential to 

inEure adeguate arithmetic ~recisian. with the above 

analysis ccmfleted it would then be possible to adequately 

evaluate the various machines to determine if the reguired 

precision can be attained through software, firmware, or a 

harcware device. 
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A. EBOCOEEMEN'I 

The "Cede ef Federal RegulatioDE 41" and I1Pederal 

property Management Regulations, Part lCl-32, 

Government-wide Automated Data Management Services" 

s~ecifies 

precessing 

reguirements 

equiFment. 

concerning the acguisition of data 

The primary requirements cover 

sharing activities, commercial acquisition, sole source 

restricticns, use of existing federal contracts, comfetitive 

bidding, and standardization and interchangeability of 

parts. IrEse requirements, as presented telcw, are not 

exhaustive and should only be considered as highlights to 

the overall fIccess cf procuring a new data precEssing 

slstem. 

lte first consideration, as viewed by the Federal 

Government, js whether or not the proposed system cculd be 

sUF~orted OJ "sharing" facilities with an existing system, 

government cr ccmmercial. Automatic Data Processing (ADP) 

sharing means the use of available ALE resourCES by 

crganizaticDs that the organizaticn providins the Ie~curce 

does not have a Frimary mission respcnsibility to sUFPort. 

The Fede~al Agency requesting the proposed system cannot 

initiate the process of selecting and acquiring ADP time or 

serviCES frcm ccmmercial sources unless it has first 
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determined that the required ADP capability cannot te met 

satisfactcrily by utilizing existing Federal ADP rescurces 

or estatlished Gcvernment Services Administration (GSA) 

mandatary contractual resources. Eased on the objectives of 

the TERfES systel and the uniqueness of the requirements, 

the possil:ility of utilizing a "sharing" facility is rot a 

viatlealter~ative in selecting a new system. 

!he next consideratien in procuring ADP equipment 

(At FE) is thrcugh requirement type contracts. GSA makes 

selected ABfE available to agencies through requirement type 

ccntLacts when such contracts will Frovide fer substantially 

lowEr eguifaent cost. Where ADPE is available frem GSA 

reguiremEDts type contracts, this source shall be used by 

all agenciE£ as the primary source to £atisfy needs in 

accordancE ~ith the frcvisioDs of such contracts. If this 

ty~e cf CCttract is not used, agencies may procure ADPE 

withcut Friar GSA approval provided (1) the Frocurement will 

occur thz:ouSh an applicable ADP Schedule ccntract, (2) the 

cc£tract is ~ith a company that already has a Scbedule 

contract but the requirements of the new procurement are 

unatle tc be carried 'on the original Schedule contract. 

Conseguently, a new contract is written with terms equal or 

better than the terms in the original Schedule ccntract. 

(3) the valUE does not exceed $50000. 

Scle scurce Frocurement of ADPE in excess of ~5000C 

over the systems life by either lease cr purchaSE is 

permitted ctly after a delegation of procurement authcrity 

(DEA) is f~ovided by GSA. Where a sole scurce procurement 
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ap~ears to be in the best interest of the Government, 

agencies must submit to GSA a request for a BPA along with a 

statement justifying the requested action. The 

determinaticn must be accompanied by a certification of the 

availability of specifications in accordance with the 

prcvisict~ cf GSA directives. After review cf the APE and 

any other dccumentation essential to the justificaticn, the 

Commissicner, Auto~ated Data and Telecommunications Service 

will (1) grant authority tc the requesting agency for 

precurement, (2) grant authority tc the reguesting agency 

for prectrement and provide for particiFation in the 

Frecurement, (3) provide for procurement by GSA. 

Interesting1ll if no action is taken by GSA within 20 

werking days after receipt of full information fra« the 

reguesti~s agency, the agency may proceed with prccuIement 

as if apfrcval had been granted. However, the day of 

receipt cf full infcrmation, as viewed by GSA, is a 

detatable cate. "In order to establish a common 

understanding of the 20 working day period, GSA will provide 

written verification to the requesting agency which 

identifies the day of receipt of an APR. This day is 

sutject tc .ritten modification by GSA in the even~ that 

after review it was found that the APR does not contain the 

full i n for It a tic n reg u ire d. • • " • [ 2 4 , 25 J 

irile there are restrictions cn sole source 

SUFpliers, there are major factors to be considered in a 

multiple source installation. 

There are definite dollar savings ~n procuring or 

leasing ferifberal or main frame equipment from 2nd or 3rd 

parties. Fer instance there is an apFroximate savings from 

20 to 25 fercent cn tape drives, 20 to 25 fercent en disk 
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drives, and up· to 50 percent on memory. In additicD to 

these saving~, there are benefits sucn as DC overtime ccst, 

guantity frice discounts, and 10 to 30 percent savings on 

3rd ~arty maintenance. Processors may also te obtained with 

a relatiwe savings compared to the existing system frcm 3rd 

party re~ti~~ ccmpanies. [46] 

EEsides the cbvious dcllar savings, there are ether 

factors tc be considered in the decision as listed t€low: 

(1) installation ADP budget (2) security considerations (3) 

gecgraphic lccaticD of maintenance support for thE new 

eguipme£t (4) delivery time and installaticn and ccnversion 

ti~e needed for the Dew equipment (5) ccntractor flexitility 

with regard to time periods required to achieve lo.er lease 

rates (6) tilE of next conversion; a new cCDtrac~ ceulc lock 

the installation into using the same equifment for sEveral 

years (7) stJFplier staying power (is the sUfplier 

established?) (8) split maintenance respcnsibility; this 

cculd ce tre biggest problem because the line~ of 

maintenance resFonsibility; this could ce the tiggest 

prcblem tecacse the maintenance responsibility for failed 

egtipment wculd be difficult to delineate. 

Eeycnd the considerations listed accve, there are 

bidden factcrs that must te discussed and utilized refore 

any decjsioI is made. First, the fear of unreliable 

operation if the system is changed. Seccnd, performance 

imfrcvements might not materialize as FlanDed if the ~ysteID 

is changed. And third, if a long term lease is reguired to 

attain the ce~t savings, the flexibility cf the ~yst~m 

o~eration cculd diminish. This could be disasterous tc the 

tser. 
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~he as~ect of a sole source supplier naturally leads 

te the reguirements cf competivE bidding. Item 1-3.210 of 

the Code ef Federal Regulations discusses the 

impracticability cf securing competiticn by formal tidding. 

Briefly, this states that purchases and ccntracts may be 

negotiated without formal advertising "fer Froperty (AtPE) 

or services for which it is impracticable to secure 

ccmpetiticn. II [24] To use this authcrity the circum~tance 

must exist ttat the Froperty or service can te obtained from 

one perseD cr firm (sole source of sUFPly) ArPE is 

technical esuifment which could require standardizaticr and 

interchan~eatility cf parts. Based on this fact ADPE 

ccntracts can again be negotiated without fcrmal advertising 

according te 1-~.213 in the Code of Federal Regulations. 

Apflicaticn to this item falls within the specification 

stating ".here in special situations or particular locaties, 

technical e~uipment is available from a number of supfliers 

which wculd have such varying performance characteristics 

(net withstanding detailed specificaticDs and rigid 

inspecticns) as wculd Frevent standardization and 

interchangeatility of parts. Basic to all of these specific 

consideraticD£ is the underlying reguiIEment that all 

purchasEs and contracts, whether by advertising cr by 

negotiaticD, shall be made on a competitive basis to the 

maximum fractical extent. [24] 
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B. FUNDING 

Regardless of the source of the new system for TERFES, 

funding bas tc be a major consideration. One solutior. may 

be the Autcmatated Data Processing Fund. This fund is 

utilized .het the Furchase evaluation indicates it is in the 

best interest of the Government tc purchase or utilize long 

term leasEs and funds are not readily available withir the 

reguesting agency or there is insufficient time to SEcure 

the nec€~sary funds under nermal tudgetary procedures, 

ir,cludin~ rE~rogramming the required funds. GSA will make 

the deter~ination whether or not the funds will be used. If 

GSA deteIminEs to use the ADP funds, GSA will carry out the 

acguisiticD end ~€tain the title to the ADPE with the 

reguesting a~eDcy establishing common grounds between itself 

and GSA fer either installment payment or a lump sum payment 

reimbursing the ADP fund. The requesting agency will, in 

effect, haVE a lEa~e with GSA during the Fayback FEriod 

which includes eguipment cost and authorized personnel 

services. [~4,25] 
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Before a decision is made for any sfecific COHfuter 

system satisfying the needs of TERPES, the Ftoject entitled 

"Ccmputer FcIfily Architecture (CFA) " initiated by the Naval 

Research lat (NRL) under the sponsorship of the Naval Air 

Sjstems Ccmaand in conjuDction with the Army Electronics 

Ccmmand should be thoroughly investigated. Due tc the 

nature and impact of this project, the feasibility in 

waiting fer the outccme of this project before decidin~ en a 

cc~~uter systEI wculd be a sensible and raticnal decision. 

The CfA frcject evolved from the All Application Digital 

Ccm~uter Prcgram seeking to obtain fer the Army and Navy a 

ccmputer arctitecture which will serve as the basis for a 

faaily cf software-compatible computers, that can be 

i~FlementEd at various performance levels using advanced 

technologies. Particularly important ~s the 1981 time frame 

when eFA is tc be fully implemented. It is recommended that 

any decisicI OD new equipment be made cnly after fully 

ccnsidering tbe benefits to be gained from the CPA aFfIcach. 

Besides tte time frame compatability, CFA weuld do a~a1 with 

the consideraticn cf sole source distribution and any 

associated froblems concerning comFetitive bidding on 

ccntracts. 

The sFecific program goals of CFA include: comFetitive 

cost effectiveness for a wide range of Army, Navy, and 

Marine Corfs applications; significant improvemeLt in 

software/hardware life cycle cost; significant reducticn 10 

hardware size, weight, and power; alternative sUFpliers; 

technology independent; and 3rd generation software 
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transportability. More specifically, computer architecture 

is the fUIcticnal description of a computer as would be seen 

by a macbiIe level programmer, that is, everything the 

pLcgrammer needs tc know to write programs that run on the 

computer. This view of the computer includes the 

instructicn set, rEgisters, interrupts, and memory address 

s~ace. The architecture does not include hardware 

imflememtaticn features suc~ as cycle time, instructicn look 

ahead, memcIY interleaving, bus width, cr cache memcry. 

Haxdware desjgn issues need not affect the software. More 

imfortantly, a clear and clean distinction bet~eEn the 

arc hit e c t u rea n dim pIe m" en tat ion de t ail saIl 0 Ii S so f t 11 a r 9 to 

be transForted between computers with the same architecture 

even thcugh they may have very different features. 

Standardi2aticn cf architecture permits the oFticn of 

choosing different hardware i~Flementaticns according to the 

test technclcgy that industry has to offer while maintaining 

a consistent and well known interface for software 

developemett and education. 

The selecticn criteria for CPA consisted of two farts, 

aksclute criteria and quantitative criteria. Absolute 

crjteria must be fully met. Failure to meet any cf the 

specified arsclute criteria means elimination cf that 

particular ccmputer architecture from futher consideration. 

The£e are eight absolute criteria including virtual aemory 

sUFPort, fIctection, floating point support, interruFt~ and 

tIaps, Icdularization, multiprocessor SUtPort, 

contIollatility of I/O, and extendability. Quantitative 

criteria will be used to rank those architectures that fass 

the absclute criteria. Quanti~ativE criteria include 

virtual address space, physical address sFace, fracticn of 

instructicn ~Face unassigned, s~ze of central Frocessor 

state, virtual machine capability, maximum interrupt 

latency, and subroutine linkage. After the list of 

candidate alchitectures have been Darrc~ed down tc the 
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"finalist", 1::y means of the absclute criteria and 

guantitativE criteria, test programs will be ceded a.nd 

executed fer each surviving candidate, to obtain data 

related tc the efficiency of the architecture. The 

guantitative criteria posed several prcblems in the areas of 

linear raDki~g of the criteria and normalizaticn cf the 

quantitative meaSULes. Both of these Froblems were evercome 

through the use cf scaling and composition of guantitative 

measures, the calculations of which are net pertinent to 

this pafer. However, what is pertinent is that a ccmIDon 

measure was Established to rank the different architectuLes 

CD a linear ~cale. 

The CFA ccmmittee reduced the number of candidates from 

ninE to forI, using the absolute and guantitative criteria. 

still left in the competition are the Interdata 8/32, the 

DEC PDP-11, the IBM 360/370, and the Burrcughs 67CO. The 

S~err1 Univac AN/OYK-20(V) and AN/UYK-7 were both eliminated 

under the arsclute criteria. Both failed the atcsolute 

criteria cf fIotecticn based on the fact that some FIocess 

could bang up the processor indefinately and tnus cause 

ether ~rcces~Es to hang-up. Besides this, the Sperry Univac 

AN/UYK-20(V) failed the absolute criteria af virtual memory 

and the Sperry Univac AN/UYK-7 failed the acsolute flcating 

Feint criteria. On the guantitative cOIDFosite scale the 

SFErry Univac AN/UYK-20(V) and the AN UYK-7 ranked eighth 

and nintc r€~fectively in the field of nine candidateS. The 

Litton GYR-1~ (lacked floating fcint capability), the BOLM 

16C2 (lacked virtual memory), and the SEL-32 (lacked virtual 

memory) alsc failed as possible candidates. 
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The current results of the CFA committee should net be 

interfreted as meaning that the Sperry Univac AN/UYK-20(V) 

and the ECI~ 1602 cannot meet the requirements of TERFES. 

However, the value of the CFA findings should not te taken 

lightly, but should be viewed with interest as a planning 

teel for the future. [29J 
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One aSF€ct that was initially profosed was a ~eviEw of 

the available militarized Feripherals. This freposed review 

would rave culminated in a recommended set of 

state-cf-tbe-a~t peripherals tc replace the present set. 

While reseaIching this question it was learned that a 

decision bad teeD made to utilize a commercial disk it the 

haIdware Euit cf TEBPES. 

The Li~k storage Unit that was acquired fer rEBPE~ was 

the CDC 5i4C. This unit was a commercially available device 

that was not develcFed or constructed fer implementation 

within the SEVEre environmental constraints cf TERPES. 

The iaportance of the disk unit was ~tressed in the 

scftware structuring and development phase because cf the 

eXfanded cafatility it provided. With the development phase 

ccmpleted the Disk Storage Unit will have beco[E an 

essential part of lERPES operations. A failure of thi~ unit 

wculd e~~entially terminate the processing capability of 

TEEPES. 

By selecting a commercial disk the credibility of 

eguipment SFEcifications was dealt a damaging blow. At this 

Feint it .as determined that a review of eguipment 

spEcification~ be conducted by the user community in oIder 

to ascertain the reliability and correctness of IEEPES 

eguipment SFEcifications. With a user analysis completed, 

it may te advisable to procure commercial eguipment that is 

housed in industrial enclosures, ~her2by eguitment costs are 

reduced while the available eguipment market expands. 
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A. E10T'IEBS 

The ~uIFcse of the Calcomp 563 plotter was to previde a 

hard cOfY cf graphics terminal disFlays. While plctting 

cClprised atcut 50% of missicn tape analy~is time, the 

flctting cycle was not considered essential to the success 

of a missjcn. [1] 

1. Militarized vs Commercialized 
.... ---~----~-~-- - ------~-----

A militarized plotter would cost approxiaately 

$1CC,000 to tuy. The Calcomp 563 costs aPFroximately $6500 

to tuy or $3CC per mcnth to rent. Based on the high ccst of 

a lilitaIized Flatter and because the plctter is not mis~ioD 

essential tc lEBPE~, it was felt that there was no DE€C for 

a militarized Flctter. Based on this conclusicn, this 

section will discuss the characteristics of ccmmercial 

flctters. 

2. IIE.§§ 

!here weIe three types of available Flatters: 

flatted, drtm, ard electrostatic. The flatbed Flctter 

utilized a flat sheet of paper, held in Flace, while the 

writing instrument was moved ~n two directions to draw 

lines. The advantage of the flatbed Flctter ~as that 

additions cculd te made to existing plcts. The disadvantage 

could be eltra space requirements of the plctter, which was 

deFendent on tee size of the paper. The drum plotter mcved 

the papEI and the writing instrument to Frcduce the lines. 

The advaDta~e cf this unit was that long drawings cculd be 
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acccmplis£€d ~n a compact space. 

ccnst~aints, which limited the 

However, there were width 

size of the drawings. 

Electrostatic plotters moved the paper to preduce one cf the 

movements and utilized a row of stylii acress the width of 

the papEr frcducing images consisting cf a mUltifle of 

~cints. 7he advantase of this plotter was the speed acd the 

ability to dcuble as a line Frinter when eguiped .ith a 

character gernerater. However, the Flatting required an 

unusual f~cgIamming method for generating line by line Feint 

ra~ters. 

'Ial:le 3 contains state-of-the-art characteristics 

fer flatted, drum, and electrostatic type Flatters. For 

cCIDfariscn, the characteristics of the Calcomp 563 drum 

flctter are Bng~IJ1'yeg in Table 3. The fcllowing 

characteristic definitions may be useful. 

accuracy : pen positioning error 

resoluticn : measure of closeness in dra~ing lines. 

r€featatility : measure of ca~acity of the device tc 

return to a previously plotted point. 
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accuracl 

rescluticn 

repeatal:ility 

FLATBED 

• 004 in. 

.0001 in. 

.004 in. 

Fat:er DiCV€lEeDt 

spEed n/a 

FeD mCVElLent 

DRUM 

.0025 in • 

nLg 

.002 in. 

~ 0.9_ in..:. 

.002 ~n. 

l!Ls 

30 in./sec 

~ in~se~ 

ELECTRCSTATIC 

.01 in. 

200 points/in. 

n/a 

7 in./sec 

spEed 100 in./sec 30 in./sEc n/a 

l in~~f 
[37] 

TABLE 3 

SincE the plotting of a mission reguired 50 FErcent 

of the tctal time to process a mission and becaUSE the 

Calccmp =63 was considered a slow plctter, see Tatle 3, a 

faster ~lcttEr would be a definite advantage and justifiable 

fIcm the sta£dfoint cf time and sFeed cf plotting. Ho.ever, 

faster plotting EFeeds correspondingly carry higher cost. 

Therefore t~e decision on how fast a Flatter would be 

necessary, wculd depend on the availability ci funds. 
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A. ceRE MEMCEY EXEANSION 

The «ain thrust of this Froposal was to increa~€ the 

size of main memory in crder to sUPFort a more ccmflex 

software structure. The increased memory would have enhanced 

system tbLough~ut ty reducing the number of data transfers 

frcm perifberal stcrage. 

The first step in this analysis was to determine the 

~ossibility cf expanding the CP-808's 32K of core memcry. 

The N!DS Acvanced Data Management program was confronted 

with a frctlem similar to the one facing the !EBPES 

development team. As requirements for informaticn have 

ex~anded .ithin the NIDS community the develcFers were faced 

with either the purchase of new systems or Expansion of the 

existing systems. The design and i[plementation cf new 

sy~tems was an endeavor that was constrained by ~he lack of 

funds. It was felt that system software life cycle ccsts 

would be adversely affected by the proliferation of system 

configurations which might result frcm non-uniform 

integraticD designs. The proliferation cf aPFlication 

criented systems would increase the cost of equipment 

maintenance, interfacing, personnel training, and software 

development/~aintenance. In order to maintain the integrity 

of the extensive software base, it was determined that 

system expansion was the only viable solution. The 

i~flementaticn of this solution was realized ty the 

development cf a distributed processing system which 
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utilized the CP-642B Frocessors and an extended memcry unit. 

[35 J 

Cf interest to the TERPES project was the availatility 

of an c~erational memory unit that was capable cf being 

interfaced ~ith the CP-808. The applicable extended memory 

unit was designed and developed by NELC, San Diego with the 

ccmmercial ccntract for equiFment construction awardEd to 

t~e contrcl rata ccrporation. 

The designation of this unit was the eBC MU-602(V)/OYK 

Extended Core Memory Unit. The underlying goal cf this 

device was tc cffer militarized, high speed core m€mcry tc 

enhance the capabilities of current computer systems. The 

IC~O had the capability of serving four CP-642B's on a 

first-in, first-out basis. The interface that was developed 

between the ECMO and the host computer Frovid€d for a direct 

access cf uF to a maximum of 294K words of cere memcrj, 32K 

of which the CP-642B had internally mcunted with the 

remaining 2E2K words housed in the BCMU. The ECMU .as fully 

~ilitari2ed and was available ~n a water cooled or air 

cccled version. The operaticnal characteristics of the ECMU 

~Ere; 

MEMOEY 

storage Capacity •••••••• 262,144 36 bit ~ords 

Modularity •••••••••••••• available in increments cf 

32,768 words. 

Cycle Time .••••••••••••• 1.05usec. 

~IZE ••.••..•.•••.•••.••••• 29 cubic ft. 

EEIGHT 

iiEIGHT 

.................... 

.................... 
72 inches 

1400 pounds 

fOWER BEQUIRE~ENTS •••••••• 115 VAC; 3-Phase; 400-Bz; 

2400 Watts 
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o 0 

Cperating !emperature ••••• 0 to 50 C 
o 0 

~toragE Temperature ••••••• -62 to +75 C 

~aximuu Humidity •••••••••• 95 percent 

[36] 

At the time of this writing, the ECMU's were teing 

F~cduced at the CDC Flant in St. Paul, Minn., and the 

prcductjcD called for the manufacture of 70 units. It was 

estimated that any new orders would take about 8 to 12 

mcnths tc fill. The cost of the ECMU with a full ccnplement 

of memory beards .as estimated at $260K with the possitility 

of a reduced rate, if a substantial order were placed. 

In cc~juDction with the placement of an crder for the 

EC~O, steps would have to te taken to pIeFare the Cf-642B 

for the irterface. The hardware modificaticn of the Cf-642B 

consisted of a modification kit that must be installed by 

Dnivac technicians. The modification wa£ available on-site 

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

The degree of core memory expanS10n was the next Frotlem 

addressed. An analysis of the time the FIocessor must be 

idle waiting for the transfer of utility programs from 

secondary storage was proposed. This analysis required a 

thorough kDc~ledge of program size, sequencE of missicn tape 

analysis and a means cf predicting the protability of baving 

the required programs in core. Due to the cngoing scftware 

development, the actual physical size of the prograRs and 

the pro~a~ility of having to wait for the program tc be 

leaded from Feripheral storage were unavailable at the time 

of this analysis. It was determined that this tYfe of 

analysis was essential in order to ascertain the preFEr mix 

ef cere memcry and Feripheral memory. It was for this reason 

that an analysis using theoretical parameter~ was ccnducted. 
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The nemcry management technique used in lEBPES 

develoFment ~as a segmented overlay apFroach. 

The afFlicaticD Frograms within !ERPES were modelled 

after a menu driven system, whereby the 

through his analysis by selecting the aspect 

analy!:t steps 

of precessing 

be desires. This technique enatled the construction of 

p~cgrams in a sequentially structured format, which enhanced 

the linkage cf various subroutines. After a menu selection, 

an executive module is loaded with its associated overlays 

intc the task aLea. A review of the cere structure was 

deemed nEces~ary at this point in crder to stress the 

im~crtancE of a ~ell developed core map strategy. ~bE core 

map strategy employed in TERPES follows: 

MEMORY LCCA'IICN 

o tbru 128 

129 tbru 400 .............. 

401 thru E1S2 

E192 tbru 10240 

10241 thru ~E672 

2E673 thru 32768 

............. 

· .......... . 
· . . . . . . . . . . . 
· .......... . 

APPLICATION 

Linkage Variables 

Resident Services 

Global Variatles 

System Configuration 

Tables 

system Buffers/Tables 

I/O Drivers 

Resident Services 

as Transient Area 

Task Area 

Manual Utilities/Loaders 

The two important aspects of the above table were sFace 

allocaticn fer the task area and the as transient area. The 

OS transient area was allocated 2048 wcrds of memory for 

various Executive modules that were used tc implement the 

overlay technique. The task area was allocated 18432 words 

cf memory for application programs (Missien Planning, 

Mission Eriefing and Database Utilities) and their 
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associated data. The segmented program blccks were 919 

vOIds in length and were transferred at a rate cf 80000 

bits/sec/cbatnel from peripheral storage. 

The feint of contention was the optimuR amount cf Kemory 

to Frocure. Reference (38) contained a reccmmended aPfreach 

feI det€r~iDg the optimum memory size for a particular 

system. ihe heart of this scheme was the frcducticn of a 

Farachor curve that graphs total available memory against 

the number cf Fage faults that cccured under varying Jemory 

sizes. Ihe resulting graph showed that as memory size was 

increased the number of page faults decreased to a threshold 

feint, after which an increase in available memory Frcduced 

no dramatic decrease in page faults. 

DUE to the lack cf available data, the Freparation cf a 

similar curve for the various application prcgrams used in 

~ERFES .as net possible. The i~portance of such an analysis 

cannot be ov€rs~ressed for its results shculd produce a 

suitable memcry si2e. 

The Fage size utilized in Reference (38) was 4K rytes. 

The block size transferred between the CP-808 and its 

pe~ipheral stcrage was set at 919 words. The total address 

space available fer application programs was 20K allowing a 

tctal load cf 21 segement~. Extracted samples cf fage 

interrupts from Reference (38) yielded the fcllewing 

transfer times: 

68 



MEMORY SIZE TRANSFER TIMES 

.32K •••••••••••••••••••••• 1766 sec. 

48K 

64K 

961< 

· ..................... . 
· ..................... . 
· ..................... . 

846 sec. 

446 sec. 

151 sec. 

128R •••••••••••••••••••••••• 93 sec. 

The impcrtant aspect of the above analysis was to 

demcnstrate the importance of analyzing the software 

structure, in order to procure the correct amount cf core 

memcry. As the coaplexity of software increases to meet the 

future reguirements of TERPES, overlay time may dramatically 

reduce available processing time if insufficient ~emory 

space were ~Iocured. The desire here must be tc enhance 

thrcughput tc Fermit a more complex software structure. 

In conclusion, it was determined that a memory sizE that 

eXCEEded ~2K was a reguirement. The cCDstructicn of a 

parachor tYF€ curve was a recommended technigue that shculd 

be used tc enhance the fossibility of purchasing the oftimum 

memcry size. It was ascertained that this expanded «emory 

should te incorpcrated into the procurement of a new 

machine. E~Fanding the memory of the CP-808 ~as not 

considereo tc be a feasible option. The major limitations 

weIe the excessive cost and space reguired for the ECMU. 

SFace allocation in the system vans was considered a 

critical ~ciDt and a factor that eliminates the int£cduction 

of the EC~U. It was further determined that an expansicn to 

the full ~c2K was not economically feasible. An expansicn to 

648 cr 9€K .as a better alternative but with such an 

expansion tbe physical size of the ECHU was still a lirriting 

factor. 
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B. SPEREY U~IVAC AN/OYK-20(V} 

The Spe~ry Univac AN/UYK-20(V) had definite adva~tages 

and disadvantages as an aternative for TERPES. 

Ihe Federal Government signed a contract with SpErry 

iltivac fer the lanufacture of ANjUYK-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 cf farts to support the computers. ThE design 

objectivES cf the AN/UYK-20(V) were aimed at military usage 

and includEd the usage in tactical data systems. The 

SUffort of CMS-2 could be a distinct advantage or 

disadvantage if the military ccmmunity, as a whole, selects 

C~S-2 as its standard language to sUFFcrt all tactical 

cCIFuter apflications. Due to the Navy's present 

ccmaittment to CMS-2 as its tactical computer language, the 

availability of a CMS-2 compiler fer the AN/OYK-20(V) must 

be viewed as a favorable system option. The low relative 

MTEF of the AN/UYK-20(V) was guestionatle. Taking into 

cCDsideraticD the possible cias of the seurces cf system 

MTEF, thE ccst of the AN/UYK-20(V) was not unreasonable and 

shculd net be the sole reason for disqualification. 

1he number of reasons for eliminating the 

AN/UYK-2C(V) f~om ~EbPES consideration presently cut~eigh 

the reascns for selecting it. Since the AN/OYK-20(V) was a 
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cClfletely new design with no estaclished computer for 

sclving kncwD pLoblem areas, the AN/UYK-20(V) will Frcbably 

ex~eriencE all the common problems, typical cf a ccmFletely 

new systEI and design. Such froblems include: 

(1) limited software support 

(~) develoFement ct software in house 

(3) hard.are and software bugs 

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

operating applications 

(5) not upward compatible with any other computer 

(6) limited expansion capability due to the maxi~um of 65k 

of cere ~emarl 

In Farticular, if 

AN/OYK-20(V) and CMS-2 was 

TERPES was utilizing the 

the sUFForting language, the 

ccmpilaticn .culd have to be done with ancther ccrrFuter 

because CMS-2 requires four tape drives fer ccmpilaticn and 

TEBPES will use two tape drives. 

Another aSFEct is the renegotiation of the 

AN/UYK-20(V) ccntract in July 1976. The DEW cost tc the 

Navy of the AN/UYK-20(V) could be drasticallj changed. 

c. ClHEE ~IIITABIZED PROCESSORS 

The ~aiD advantage that ROLM militd~ized computerE had 

over the Sferry Univac militarized computers was that the 
• 

design of tbe ROLM computers were structured arou~d an 

existing, established, fully operational ccmFuter (the Data 

General computers). Therefore, the ROIM computers had an 

established software base, interfacing caFability, 

establisted CF€r~ting system, and Farts 5uPFcrt. BecaUSE of 
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thesE factors, the BOLM computers were upward compatible, in 

beth hardware and software, which was a big advantage in t~e 

a~Ea of eXfansion for future needs. In aodition to these 

advantages the cere memory in the ROLM computers ~as 

eXfandable far beyound the limitaticns of the 65K in the 

Sperry Univac ANjUYK-20(V). 

Recently there were c~her cemput€I manufacturers 

entering the ~ilitarized field. Because of this, the 

competiticD in ~he militarized field will brcaden, bringing 

lcwer prices, new technology, and increased capability. In 

particular, the tEe corporation was in the preCESS of 

militarizing the PEP-11. 

If the cperating environment of TEBFES required a 

ailitari2€d ccmputer, the ROLct Model 1664 wculd be the test 

chcice. Disregarding ·the unpublished MTEF for the BOLM 

Model 1664, it was the most powerful, cost less than the 

EelM Medel 1602, and was expandatle for future 

cODsideratior.s. 

Behind all these considerations was the Computer family 

Architecture, CPA, idea. This develofment sheulc be 

fcllowed clcsely in the future, to determine if the outcome 

of the CFA investigation will have a major impact cn the 

system used in sUPfort of TERPES. 

t. CCMMEFCIAI PROCESSORS 

The CfticD of using a commercial processor alcng with 

all ccmmercial e~uipment to support TEBFES was thE most 

attractivE of all the opticns. This reccmmendation .as 

tased on the operating environment of TERPES, as it did not 

dictate the use of militarized equipment. Tnerefore, 
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numerous attractive aternatives in the realm of ccmmercial 

eguiFment became available. 

The lost attractive aspect cf commercial processors was 

thE cost. Fjgure 1 showed that the cest alternative, based 

CD price 

Altbougb 

inadequate 

and MTEF, was the Data General Model 1210. 

the Data General Model 1210 was censidered 

to meet the entire needs of TERPES, based cn the 

scofe of its f~ocessing ability, the next test computer was 

considered to be the Data General Model 830 which did meet 

thE require~eDts of TERPES. However, the ccmmercial 

ccmputer£ discussed in this pafer, represented only a small 

portion cf tbe ccmmercial minicomputer market. 

with a large field of commercial alternatives tc cheose 

fIcm, advantages such as extensive software, solid farts 

sUFPort, up_ard .compatability, field-prcven hardware and 

scftware, and ccmpetitive bidding became imfortant poitts in 

SUFPcrt cf ccmmercial computers. 

The a~Fect cf lower cost, relative to militarized 

prccessors, allowed the possibility to invest in a mere 

powerful prccessor and thus giving expansicn capabilities. 

Ihe hardware coniiguraticn that suppcrted TERFES was a 

~ixed system which consisted of militarized and ccmmercial 

equipment. In particular, it utilized a commercial disk 

unit. since the disk unit was considered the most critical 

Fiece of eguipment in a total militarized systel, the 

existanc€ of the commercial disk unit in the TERPES ~ystem 

sUfported the recommendation for the entire system to be 

ccmmercial. 
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The disadvantage of commercial equifment was in the 

possiblE difficulties in obtaining approval for acquisition. 

This shculd not be a deterrent as there are spEcific 

prccedures fc~ pu~chasing comme~cial esuipmEnt which may not 

be as easy as purchasing eguiFment under Existing Federal 

ContLacts, tut the savings in cost were considered well 

~crth thE effert. 

74 



IX. FUTORE ENHANCEME~TS 
---~- --~- ..... ------

The inflementaticn of TERPES will in fact enhance the 

caFabilities of fast-missicn tape analysis. The planned 

changes will Frovide the op~raticnal user ccmmunity with a 

teel witb which to update and correct flight path data while 

prcviding a mechanism for selectively precessing mission 

taFes. 

Althcugb the above points were considered tc be 

essential reguirements within the framework cf TERPES, there 

still exists a nEEd for a mere sophisticated system to 

previde timely infermation to the operational commander. The 

analysis cycle should be carried en in a real-time 

enyironm€~t. Ihe areas that will require extensive tiae and 

effort -ere determined to be missien flanning atd a 

cata-link cafability for TERPES. 

A. MISSICN flANNING 

within tbe structure of missicn planning, there exists a 

reguirement tc ensure that the characteristics of a mission 

prcfile, the mede cf aircraft employment, and aircraft ferce 

levels te readily available for briefing aircrew~. In the 

aLea of uissicD flanning, TERPES was structured to fermit 

gueries of the Naval Intelligence Precessing System 

Electronic Crder of Battle to provide ~ission threat 

analysis 

thz:eats. 

and jammer reguirements to ccunter specified 

TEEPES-pIovided-data coupled with strike routes 

and target assignment were the basis for a aission planning 
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package. 

GivEn the basic capabilities of TERPES the develcFment 

team will be reguired to develcp a dynamic system. The 

system must not only provide a static evaluaticn of a 

missien profile, it must also have the capability to adapt 

to a changing Ei environment. The cbanges that must be 

addressed are threat emitter deFlcyment/mcbility, 

technological advancements, emitter empleyment and the 

imfact of recuced equipment performance. 

In the final 

flanning package 

fcllcwing: 

analysis, the strength 

lies in its ability tc 

of any mission 

perfcrm the 

1) definE enemy radiation doctrine 

~) frovide accurate and timely emitter lecation 

infcrmaticn 

3) projEct aircraft availability and wea~ons loading 

4) assinilcte returned reconnaissancE data 

5) frovide strike aircraft flight characteristics 

6) frcject aircraft vulnerability 

7) proFess aircraft standoff distances 

S) preFcse aircraft routes of flight 

S) frcvide enroute aircraft coordination 

10) provide an effective and efficient intelligence 

reFcIti~g system. 

B. REAL-iI~E ANALYSIS 

[42,43] 

The strEngth of any tactical system is the ability to 

previde timely infcrmation to the operational commander. The 
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current lEF~ES reguirements do not outlite any real-time 

analysis cf data aE frovided by an on-staticn aircraft. The 

ability tc perform such an analysis can never be 

overstressed. 1he information that is Frcvided in this 

manner can assist in upcoming mission Flans while ~roviding 

new and fc~sible unusual information that may signal a 

change in enemy radiation doctrine. When this data is linked 

tc a mission Flanning package, outgoing aircrews can receive 

infcrmaticn that cannot only contribute te mission success 

but can frevent the less of aircraft and lives. 

The timeliness of this information might be reali2ed by 

utjlizing an cnboard digital cCIDFuter that .aE designee to : 

(1) Frovide surveillance over a broad range of freguencies 

in a dense envircnment; (2) initial identification and 

evaluaticn cf signals of interest; (3) filter and maintain 

parameters of in terest; (4) associate directicn of aJ:rival 

data witt tbe received emitter signal; (5) frovide a means 

of structuring received/filtered data for transmissicn to a 

remote site fer further analysis. (44] 

Frazer (Eef. 44) proposed a system that linked a series 

of Instantaneous Frequency Measurement receivers to a 

sfecial fUI~cse digital computer. Ihe outputs from the IFM's 

would be filtered and structured into transmission-eriented 

data set£ by the digital computer and data-linked tc ancther 

ccmputer fer detailed classification, analysi£, site 

flctting, threat evaluation and final integration intc the 

mission flanning database. As propsed the rFM's would Fass 

emitter data tc the digital computer through a commen memory 

stcrage area. 

The A~flied Technology corporation of Sunnyvale, Calif. 

prcduced a s~all high speed special furFcse computer that 

af~eared to fit the needs of an onbcard processcr. The 

ccmputer de~ignation was the Applied Technology Aircarne 
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Ccmputer (ATAe) and it possessed the follewing operational 

characteristics: 

iCBD SI2E ••••••••••••••••• 16 bits 

CYCLE 1:1ME •••••••••••••••• 437 nanoseconds 

(register to register) 

tATA TRANSFER ••••••••••••• collect/transfer data to 

seperate devicEs 

simultaneously at a rate of 

1000K words/sEc. 

MEMORY •••••••••••••••••••• memory pages (4096 words) 

opera~e indepEndently ane 

asynchronously to allow 

mixing of core memory, read 

cnly memories (ROM), and 

random access memories (BAM) 

EASIC ONIT ................ two direct memory access 

channels, 8K wcrds of merrory, 

and a pregram timer. 

i E I G H T •••••••••••••••••••• 3 po un d s 

tIMENSICNS ••••••••.••••••• 6in- by 8in- 1:y 2.5in 

!ILITAEY SfECIFICATIONS ••• meets MIL-E-5400 for temf. 
o 0 

range -55 C tc +70 C as 

well as specifications fer 

humidity, vitration, sheck, 

EMI and RFI. 

[ 45 ] 

Besides the adaptation to the EW envircnment, software 

exists tc FErferm the special applicaticns required. The 

scftware EUfFort package was designated as the ATAC 

ErcgrammiDg ~up~ort System. There also existed a ~et of 

Kicroprogramaed instructions that assisted in the 

modificaticn cf the system structure for additional sf~cial 

aFflicaticns. 
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The above prcposal provided a means fer develcfing a 

real-time system that would produce the informatior the 

oFerational commander required. Altheugh the actual 

developm€rt and implementation cf a real-time systea was 

considered to be a rather costly venture, the flexitility it 

wculd previde the EW community was immeasurable. One 

afFroacb to the funding problem would be to extract frem an 

cngcing frcject the technology and hardware that was 

developed tc meet its goals. Investigation revealed the 

existence of just such a project, the LAMES DPU ~reject. 

The goals ef this project were to develcp a system that 

extended the electronic sensors of the fleet. The Frcpcsed 

sensor Flatform was a LAMPS helicopter eguipped ~ith a 

Epecial furfcse EW filtering computer and a data-link device 

to relay tte information received to a larger coaputer 

atcard sbiF fer further analysis. 

Further discussion of this project was net considerEd to 

be within the sccpe of this thesis. The point to be made was 

that a real-time application of TERPES may in fact ce guite 

feasible. TrE feasibility of this application lias in the 

ability cf the TERPES steering committee to extract 

necessary tEchnclcgy from ongoing projects, rather than ~o 

initiate a mere costly in-house effort. 
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APPENDIX A 

SPECIFICATIONS 

]Qld:! 12AI~ !!~aL~]~1 ~P]B!!! .!L~!!Af 

MODEL 1602 MODEL 1664 MODEL 1210 MODl!:L 830 AN/UYK-20 (V) 

';1~! 

centr:al prCCeSEOI: beight 7.62 inches 7.62 inches 5.25 inches 10.5 inches 20.0 inches 

width · .. 10. 12 inches 13.21 inches 19.0 inches 19.0 inches 19.0 inches 

deFth · .. 12.56 inches 15.91 inches 19.0 inches 32.0 inches 24.0 inches 

centrel panel te igh t 7.75 inches 7.75 inchEs 
(X) 

0 width 10.25 inches 10.25 inches · . . 
deFth · .. 3.9 inches 5935 inches 

ofeLators ccnscle included in included in 

cpu cpu 

ExtErnal mEmory 

chassis height · .. 7.62 inches 7.62 inches none none none 

width · . . 10. 12 inches 10. 12 inchEs none none none 

deFth 7.9 inches 8.4 inches none none none 



MODEL 1602 MODEL 1664 

j~l~~I 

tasic unit lIIith 

32K core wemery · . . 80.6 pounds 85.4 pounds 

Eg~~~ ~~Q.Q!~!!11]I'§ 

voltage · . . 115 vac 115 vac 

freguEncy 400 HZ 400 HZ 

l'!l1g!~~l.Q.!1! .E~~~! 
0 0 

operating a c to 0 C to 
0 a 

65 C 65 C 
()) 

~ 0 0 

storage -65 C to -65 C to 

0 0 

125 c 125 C 

!!~1 &J~~lt~11~~ 

lLaximum · .. 95 percent 95 percent 

condEnsaticn FrEsent yes yes 

~!:£J.1.!Hl~ 

uaxiwum opEIating · . . 80,OUO feet 80,000 feet 

MODEL 1210 MODEL 830 

65.0 pounds 70.0 pounds 

115 volts 20 115 volts 20 

47-63 HZ 47-63 HZ 

0 0 

a c to 0 C to 

0 0 

55 C 55 C 

0 0 

-35 c to -35 C to 

0 0 

70 C 70 c 

90 percent 90 percent 

no no 

10,000 feet 10,000 feet 

.§ p ~~!!! !L~I.Y!f 

ANjUYK-20 (V) 

220.0 pounds 

115 or 208 vol t~ 

400 HZ 

0 

0 C to 

0 

50 C 

a 
-62 C to 

0 

75 c 

95 percent 

yes 

80,000 feet 



CD 

Yl!.E~I!Q] 

~ithcut vitraticn 

i::clator.s 

fecce 

frequency 

with vibration 

i::clatoI:s 

ferce 

frEyuency 

l!j!Jb~ 

(\) force 

duration 

· .. 
· . . 

· . . 

· . . 
· . . 
· . . 

!!QLl! 
MODEL 1602 MODEL 1664 

3g's 

5 HZ-1KHZ 

109's 

5 HZ-2KHZ 

15g l s 

11 mseconds 

sand, dust 

salt spray, 

salt fog, 

fungus 

resistant 

( 16,37] 

3g l s 

5 HZ-1KHZ 

10g ' s 

5 HZ-2KHZ 

159'5 

11 mseconds 

sand, dust 

salt spray, 

salt fog, 

fungus 

rEsistant 

[9,15] 

]!IA ~~.N~E~b 
MODEL 1210 MODEL 830 

unknown 

unknown 

unknown 

unknown 

unknown 

unkn'own 

unknown 

(22 ] 

unknown 

unknown 

unknown 

unknown 

unknown 

unknown 

unknown 

[23 ] 

~g]BB! .Y1!!Y!f 
A N/UY K- 20 (V) 

3 g' s 

5 HZ-1KHZ 

10g's 

5 HZ-2KHZ 

15g l s 

1 1 HI SEC end s 

sand, dust 

salt spray, 

salt fog, 

fungus 

resistant 

( 10,30] 



APPENDIX B 

PRICING INFCRMATION 

1602 1664 830 1210 AN/UYK-20 

Basie Machine $12750 $24950 $12650 $7000 $21000 

Control Panel 2500 3125 fi/c n/e n/e 

Floating Point 300 n/e 4000 n/a 2100 

32/K Memory 33100 12500 n/e n/c 3900 

Multiply/Divide n/e n/e 1000 1600 DIe 
()) Auto Restart n/e n/e 400 400 n/e w 

Direct Memory n/c n/e n/c D/e 2850 

------- -------- ------- .... ---- -------

total 1$48,650 1$40 1 575 1$18,050 $9000 j$29,250 

[17,18,19] 



APPENDIX C 

EQUIPMENT DESCRIPTIONS 

A. BOlM CCFfCEATICN 

'Il:e Medel 1.602 (AN/UYK-19 (V)) was a 16 bit general 

purpose "lIilitarized" computer. The micro~rccessor EXEcuted 

32 bit miclc instructions at a 5 MHZ rate. ~wenty fivE full 

length registers were available at the mic~cFrogram level. 

ODE-eighth cf the microprcgram capacity cf 4K words was 

utilized in iUFlementing the Model 1602 irstruction set. 

The Model 16C2 utilized conductive cooling tc the case, thus 

eliminatirg internal fans or coclants, resulting in a ~ealed 

structure for strength and EMI (electrcmagnetic 

interference) protection. Hardware multiply/divide, double 

wcrd inst~uctions, hardware stack instructions, n-bit 

shifting caFatilitj, and a file search were standard. The 

cpu chassis had roem for 8K of 1 microseccnd core memory. 

Me~cry elFansicn prcvided for additional memcry, in 8K ~ord 

incremen~s, tc a maximum of 256K. Instructicn classes that 

were stancara CD the Model 1602 included: 

* sig~Ed/unsigDed, multiply/divide 

* file search and compare 

* dcutle word memory reference instructions 

* additional arithmetic and logical Cferations 
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* stack oriented instructions with hardware Fcinters 

* sin£le/double accumulators, n-bit shifts 

CFticnal features included: 

* Floating point firmware, providing single 

precision (~4 bit +sign and 7 bit exponent) floating point 

instructicns. 

* Seaiconductor ram (random aCCESS memory) which 

offers 450 Dsee read cycle time memory utilizing a static 

cmos chiF-

* Dual port memory allowing memory in any external 

memcLY chassis to re shared by two processcrs. 

* FeriFherals include magnetic disk, magnetic tapes, 

pafer tape reader/punch, card readers, line fritters, 

analogue/digital I/O, and NTDS equipment. 

the Model 1602 was available in three versicns of 

the ATB ~air tranSFortable rack) chassis , two cf which 

ccntained 8K of core memory with the chassis. The third 

configuration for systems with more than 32K wcrds of core 

memory, ccntained no core memory within the chassis. In all 

ve~sioDs additjonal cere memcry increments can be attached 

to the chassis. Each computer chassis ccntained a Fower 

sUFPly, the contrel processing unit (9 circuit modules), and 

additional slots for core memory and I/O cr memory mocules. 

Cere memcry increments cf 8K wcrds were packaged en four 

circuit [odules which plugged into a computer chassis cr one 

of three ~emc!y c£assis. The Model 1602 centrel panel was 

available in t.o versions. One is designed to attach to the 

ccmFuter cr ~emory chassis becoming an integral part of the 

system. The other was designed to ccnnect by cable to the 

ccmputer. Ecth bad the standard ATB cross section, self 
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contained fewer sUFply, and LED display. 

lhe Medel 1602 met military standards MIL-E-16400G 

class I fcr shiftcard usa and Mll-E-5400 fcr aircraft use. 

Tbe inspecticn pro The inspection frogram CD the Model 1602 

met MII-I-452C8A class I and the guality assurance 

procedures met with guidelinEs of MIL-Q-9858A. (16] 

lhe Medel 1664 had a hardware floating Faint 

prccessor, a microFrcgrammed general ~urpos€ processor, and 

a direct memcry access processor with an executive mode 

peI~ittiLg ccmflete memory access and 1/0 frctection. 

1he ~cdel 1664 used a bit addressing organizaticD 

that was net limited by conventional wcrd boundaries. 

Addressing may be ty bit, byte, word, field, block, er tyte 

string and list. There are 17 registers of various lengths 

that are directly available to the prcgrammer. The Medel 

1664 offered a choice of six addressing modes which 

cCDsisted cf direct, indirect, relative, indexed, base, and 

aute index. UF to 128K bytes cf core memory could havE teen 

addressed directly ty means of the extended memory reference 

instructicns and any point in memory may be addressed ty any 

otber poitt in memcry. 

Ccndtctive cooling was emflcyed in the Model 1664 

with an additional wraparound chassis mounted heat 

exchanger which drew air past cooling fin~ attached to the 

outside cf tte chassis. 

!he floating point processor performed a wide range 

of floating faint arithmetic operations, as well as 

converting oata tetween integer and floating point fermat. 
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T!e variacle frecisicn feature of the processor gave the 

computer the ability to handle the internal handling of 

informaticD as well as efficient use of memory sFace and 

execution SfEed. 

ite direct memory access processor F€rformed direct 

taC way data transfer between memory and any FeriFheral 

dEvice at tyte rates of up to 2M bytes fer second. !his 

prccessor 

pIocessors. 

CfErated independently af the other two 

tbe multi-accumulator hardware floating Faint 

prccessor was internal to the Model 1664. The standard 

arithmetic instructions (add, subtract, multiply, divide, 

fixed and flcating point) had been enhanced by the addition 

of sguare rect, inverse integer, ccmparison, set status, and 

test functicDs. Three degrees of precision ~ere offered in 

the Model 1664, 32 bit single precision, 48 bit extended 

precision, ard 64 tit double precision. 

Ibe Medel 1664 1 s executive mode Frovided hardware 

prctecticn tetween user programs and between user and 

eXEcutivE sl~tems in a multiprogrammed envircnment. 

letal memory addressatility was 512K bytes it the 

Model 16€4 with reain memory available in 16K tyte 

increments. Of to 64K bytes of 1 micrcseccnd core memory 

could have teen installed in a memory chassis attached to 

thE proc€~scr. ~ultiport access to external «emory 

permitted the Model 1664 to operate in a multiprocessor mode 

with each FrccesEor sharing common external memory. 
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AE «any as 61 I/O devicEs were interfaced to the 

Medel 1664. 1he Model 1664, like the Model 1602, utilized 

tbe I/O hUE organization to transfer data between the 

ccm~uter and feripberal devices at rates up to 2M bytes per 

sEccnd. [S,152 

B. DATA GENEEAL CCRPCBATION 

lbe ~cdel 830 was a non-militarized medium scale 

ccmputer .itb high density core memory, dual c~eraticns, and 

flexible l/C. 

'Ibe f!cdel E30 opera ted with a memcry management and 

prctecticr urit allowing memory expansicn to 256K tytes, 

FI:iviledged instructicns, protection for 1/0 devices. and 

both read end write protection for mait memory. Dual 

OFeration allcws any two 

concurrently, each with 

rescurces. Fer example, 32 

major systems frograms tc run 

full protected access tc s}stems 

terminals can time share in 

EA~IC, while a tatch stream runs. 

!be central processor was organized around four 16 

bit accuaulatcrs cf ~hich twc could have teen used as index 

registers. !be multi-accumulator architecture reduced the 

number of in~tructions necessary to eXEcute a program. Full 

memory cycle time was 1000 nancseconds, eXEcuting arithmetic 

and lcgical instructins in one cycle. 

'Ihe ~cdel 830 used 16 bit, single war:!, 

multifuDcticn instructions. For example, arithmetic and 
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lcgical instructions, in addition to their eight tasic 

fu~ctions, acdified an operand, shifted the result, and/or 

tested tte result. Altogether a total of 256 variations 

cculd haVE been performed on each arithmetic and lcgical 

instructicn. Memory reference instructicDs moved data 

bet.een «emery and accumulators, and modified program flew. 

I/O instructicns transfer data tetween accumulators and 

perifherals, and central those ~eripherals. 

~ajcI subassemblies were packaged on a single 

printed circuit board. A single etched back panel mace all 

intertoard ccnnections. The Model 830 contained ~wo central 

pIccessor beards, and either contained or was wired fer a 

memory maragement and protection unit. There were seventeen 

sutassemtly ~lcts. The expansion chassis, which was mcunted 

below thE ccaFuter, had slots for seven I/O boaLds. The 

Mcdel 83C .a~ rack mountable. (23] 

!te central processor of the Model 121C was 

organized aIcund four 16 bit accumulators. The comFuter had 

a full neacry cycle time of 1.2 microseccnds and executed 

arithmetic arc logical instructions in slightly mere than 

one cycle, 1.35 microseconds. Major sutassemblies are 

fackaged cn a single printed circuit board. A single etched 

tack panel, ~ith an integral power 5uPFly, makes all 

interboard ccnDections. Plug-in connectors are provided for 

cem~cDly ~fECifiEd peripherals. The Model 1210 ccntained 

CDe central frccessor board, cne memory board, and sFace for 

additicnal IEmory £oards and I/O subassemtly boards. The 

Mcdel 1210 ~cs rack mountable or table top mountable with 

four sutasseatly slots. 
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I~ gEneral, the Model 1210 was a scaled down vErsion 

of the Model 830 resulting in less capacity for expansion. 

(22 ] 

c. SPERBl O~IVAC CORPORATION 

~he AN/UYK-20(V) manufactured by Sferry Univac was a 

"militarized", general purpose 16 bit digital computer. It 

was physicall} and functionally Kodular in ccnstructiot and 

eXfandable in nature. The sys~em contained integral tlcwers 

and power sUffly, mcuntable on a 19 inch rack with Flug in 

cFtions. ltE entire system would pass through a 2: inch 

cFening. 

Tre central processor was a microprogrammed 

ccntrcller using two's complement arithmetic, 8 or 16 cr 32 

bit operands and 16 bit general purpcse registers. The 

central fIccessor used either 16 or 32 bit instructicns, had 

direct addressing to 65K words and indexed via general 

registers. 1he central processcr contained a power fault 

€natling autcmatic restart. 

Main storage was expandable from 8K tc 65K wcres ~n 

8K increm€[ts. The read/restcre cycle time was 750 

nancseconds. 

!ee central processor had a MATH ~AC opticn which 

included floating fcint, sguare root, trigonometric and 

hYFerbclic, dcuble precision multiply, and dcuble prEcision 

add capatilities. 
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Cccling 

internal tlc~ers. 

~as by circulation of ambient air by 

~hreE general purpose fully sUFForted software 

packages ~er€ available. The .f Ie vel 1" system functions 

available u~der cperator control from an cn-line kelbcard 

consisted cf the following major components: core re~ident 

Ioutines, litrary subroutines, loader subsystems, utility 

sutsystems, ~ystEm tape generators, and a tasic asse~bler. 

The system c~erated· 'liith a miminum of 16K werds of memcry, a 

key board, ard a Fapertape reader/punch. The IIlevel 211 

system wa~ a «cre comFrehensive support system than level 1. 

The majcI cCt~iderations in "level 2" was a eMS-2M cOIIpiler 

which reguired a minimum of four magnetic tape units for 

eMS-2M comfilaticns. The third level was a standard real 

time executive for real time systems. [10,2EJ 

Ihe individual specifications cn each syste« are 

listed in AFEer.dix A. 
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APPENDIX D 

GLOSSARY OF TERMS 

Automatic Data Precessing Eguipment 

AFFlied Technology Airtorne Comfuter 

ATE ••••••• Air Transportable Rack 

EEl ••••••• fits Per Inch 

CFA ••••••• Ccmputer Family Architecture 

CMS-2 ••••• Ccmpiler monitoring system-II 

ECM ••••••• ElectIcnic Countermeasures 

EC~D •••••• Extended Cere Memory Unit 

EMI ••••••• Electrcmagnetic Interference 

ECE ••••••• Electrcnic Order of Battle 

EEL ••••••• Electrcnic Parameter List 

EW •••••••• Electronic Warfare 

LA~ES DPU . light Airtcrne Multi-purpose System Data 

EIccessing Onit 

LEt ••••••• light Emitting Device 

MTEF •••••• ~Ean Time Between Failure 

M~7B •••••• fean Time To Repair 

MAGIS ••••• ~arine Air Ground Intelligence System 

NIES •••••• tiaval Intelligence Processing System 

N1tS •••••• !aval Tactical Data System 

TEEPES •••• ~actical Electronic Reconnaissance Processing 

and Evaluation Segment 
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