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\ ABSTRACT

This thesis examines tae quastis>is of user resquiremen+ts,
design considerations, aad network 2nvironment for a local
arza network Termiral Manigyement fun>tion in sapport of the
Naval Supply Systems Zommand's 3tock Point Legis*ics
Integrated Communicatlons Environazat (SPLICE). Criteria
ar2 developed from this =2¢xamirztion. 4%ey*in:lude ProCcess-
praocess communication, wvic+tual tszruiaal, ard user defined
screen capabilities as wall as 3 nzjotiated virtual termipal
protccoi based upon a a2+<wock wvirtual “ermiazl concep=.
Recommended g2zneric anil specific and>iels of the Terminal
Managemert £function applying tha2s2 coiteria ars than
praserted.
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A. OBJECTIVES OF RESEARCH

The objective of the Stock Poiat Logistiszs Intagratsail
Coanunications Environaznt (SPLICE) Local Aresa Yetwdrk (LAN)
Project a2+ the Naval Postyraduate 3-ho>0l, Mcntaresy, was td
develop 2lternatives Zfor S2LICE LANs. The tha2sis subait<csl
by Lieutenart Joesph N. R2inhart 1III, USMC aad Lieun%enant
Rizardo Arana, Peruvian Navy {Ref. 1], concernsl itself wich
the deveiopment of functional desiza specifications for the
implementation of the Datibase and T2rminal Managamsnt func-
tions of a functionally listcibut=2d LAN irn rc£ssporse to ths
reguirements of the Naval Supply Systam's stecsc  points ani
inventory control points.

The cbjectives of this thesis c2s2azch is to fur<har
define the rezquirsaments >f “h2 SPLICTE users and t> develop
from these needs a generiz modz1l of Ta2rminal Maiagsaent (TM)
functions necessary to sioport th2 sarvices rc2juired. Th2
rationale for usiny a g=zasric modszl ra<hsr *“han a specific

’4

2
ncdel lies in “he evolucionary stats of Naval Supply 3yst
Command (NAVSUP) data prioszessing odsbjactives, In an execu-

tive level briefing, +hs 32LICE praja:t office statad :

We canrno* afford the luxiry of suppoc-ting "Navy unigus®
software packages (in tae’ futuray. de  simpiy canneo:
afford the resdurce dra# (drain), our poli=y aus+ nnt
allov unigque golutions, ur systa2ns mus* fit withina ths
.0¢o?§ and ~apab111t_es of thsz jJa2reral ADP nacket-
ace. ef

In keepirng with that policy, this thesis will attamp* t>
reccmmend, using the Reinnart and Aran2 thesis as a thacret-
{cal fourda<+iorn, a TM fiac*iornal so2cifica«isn capable >f
suppor+ing presently envision2d SPLICE LAN coafigurazioas,

Copy availabl: to DTIC does not
permit fully legible reproduction
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while presenting the 2apability ¢t> support avolu=zionary
ccnfigurations of the futare.

B. BACKGROUND

SPLICE, as <concieveid by NAVSU? 3sscribes 2 near~+zra
system +to provids badly a1eed2d 15-3al ard system a=2¢twork

W
coumunica+ion and managema2nt functions without further cvasr- ;
loading +the pressnt hast systen, I+ alsc presen+ts +“he /
conceptual foundation £or respones :3 futurs chinjy=s £o both i
s.  SPLICS 5
draws together under one concaptuai umbrella thz my-iad of

customer requiremzan<s anl *e2zhnol>jical advarnc

({3

new appiications being 13=2veloped iilzpenden+tly throughour
th2 suppiy shorz establishaenc.

SPLICE, in its simplast form, is designszd %o
hardware and software arsai<zctuarz capable cf sup
‘ wile variety of irn*eractive applizition preograms

iocal and remote *tz2rminals. dhen filly realiz=d %hi
bili+y will significantly ceduce thk2 proliferaticn o
alone computars at support sizzs pr:zssntly urable tc
data processing services otherwise,

Sigrificant factors waich #will 1J=atermine the success of
th2 SPLICE concept will b2 tha sp2:31 and accuracy of da=za

s

a2nil file transfers withia and betws2n LANs and +he speed,
accuracy and ease of interictive tzrainal sessions. I+ is
4 th2 latter concern which is *h2 r=2ason for this thessis.

NAVSUP and Fleses+t Matercial Supporc: Jffice SPLICE Jocumen-
1 tation provide detailsad informatizca on SPLIJE snftwara
- design considarations (R2f. 3], sys
{(R2f. 4], functional d=sijyy {R2f. 5], 2
¢ plans (Ref. 6]. Referencss 7 aund 8 previie insijht inzo ths

n

ams sosciflicaticas

t

nd “elscramuaciatioas
{ majritude and variety of transactiosans zsontain2i in typicial
appiications which SPLICE #ill be expscted «2 sapport. As
tha LAN design projzct, wit which this thesis is

we o
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associated, is not <coastrained by SPLICE designs and
spacifications, <+he above refarencss were usel primazily as
a source of purpose ard sbjectives. Refersnca 1 provides 3
very readable synopsis of teferencazs 3 through 5 . Pgaders
desiring such information are resferral <o sectioas IA ard IZ
of that document. In k22piny wita *he objective of trneir
research, Reinharzt and Arana prassnt:d their rscommsndations
for Datazbase and Iermiazl Managemszat functicrnal specifica-
tions ir support of a LAV, In tai2 name of bravity, 12
lengthy condensa*ion of “ha+t <“hesis will not 22 provided ia
+his thesis. Instead, 23 this thzsis uses +hs Reinhar* and
Arana +“lLesis as a jumpiag-cff poia T
ani/or information *+hat night modify tha< <“hasis will be
rzsented in section C 2f this intreiuction.

Additional insights 11%0 the wvaristy and size 9£ <ths

tasks expected £0 be procassed on th: SPLICE LAY wsre gain=i
by perscnal contacts wic! persons attached t> ¢hs SPLITE
pcoject office &t NAVSIP headquactsrs in Washiagton, D.C.

arl functiornal managers 2t WNaval Sapply Cen+ers 13 0Ozkla
ani san Diego. The in%za+ of +this *+hesis, ar
+haese interviews, was =2 establish in <he auth
generic éefini=ion of ia=s=: |

&

*hat Terminal ¥Yaragemen

(el
-
[ |

at24. The rzsults of thes
contained in Chapter II of <this tt

C. ADDENDUM TO REINHART AND ARANA TIESIS

In their background s=>tion, 22iahart ard Agana iapiiai
that 2 commerizal proiact rama2i Termiral Appl-ca=ion
Processing System (TAPS) w2s the most probabl2 implsamernta-
tion of terminal marnageneat, jatabase managemsn%*, complex
management, and transport manag2am2nt functions. At *he
tine, that was a valid assumption 2nd sharszl by NAVSUP.

1




Actual responses have shosn that 2 sigrnificaat rnumber of
vendors responding the th: SPLICE s>licita%ion prefer thair
J

H
fo N
1
5

own functioral mcdules to TAPS ani ars bidding acco
This action would appear +o supp2r: Reirhart ard Arana
contention that 2 functisnally dist-cibuted LAV withou:t 2
central complex marager is viable.

Section 1ID of the *hasis discasses SPLICE functional
implementation and providss a 3Jiagraa in its Fijurs 1.3 of 2
possibls implementation, An updatszd vsrsicn of thas diagr-za
is con-ained in Reference 3 ani Figyuc2 1.1 belou.

Operating Pumctions
emsnted in Softwvere Modules

— L LS

LOCAL WATIONAL sesston TERRINAL
com. seavices T,
AA A AA
) 1 ) !
am J ‘
Osta Bus Y v L !
(Data “sgm) 1\
‘ — g - — -~
| W
| F0FTVAIE RECOVERY
i ToOLS nor
1 (8.6. Rompiles) |
tagical J b+ =+ = 4 !
control bus v v v |
A, F |
RESQUACE
ALLOCATIONE
sravos e
. 1%

[Ref. 9: p.4-6]
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Pigure 1.1 Possible Logical LAN Connections.
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h
g
versus the interactive a>plicatisa programs appzcach of
NAVSUP. The thesis impliss that NAVSUP shoull, =

fore has yat to>, investijyate the fzaszibility >f a databass

»

e

also discussei in saction ID »>f Refarence 1 a
relative merits of a high lavel 3atabase quzry 1

W

agu

]
Ww

nd there-

quary language capability within SPLICE. This =au+hor's
interviews and a review >F NAVSUP 2dlicy guidance indicats
that NAVSUP has the evaentual 3evelopmznt a2nd uss of such

[ty

qu2Ty language high or thair ADP priosziiy lis+.

12




Ir. REQUIREHENLS DEEINITION

A. OVERVIEW

The methol employ=d in aztemdting t2 arrive at 13
nt (TM)
functior was 2a series of interviaws using standard quas-

rejuirements defini+ion for <+he Tzrainal Manajesaz

tions. The interviews w2re conduzt=21 with pszrsons at zh2
Naval Supply Centsrs a4+ OQakland and Sar Dizgo. These
ceaters were chosen primacily becauss of locals, bu% “his
choice does not diminish <the effactiveness of ths irter-
vizws, Betwesn them, Saa Di2go 214 Jakland, conduct the
entize rTange of stock poiat operations, with tha 2xc2ption
of strategic <£orces suppic+. San Disgc suppocts a major
fiz et presence, a large training :command, w2 =wmajor airc
statiors, and numerous sad>re aaintszaance and administrative
coamands. Jakl and supports a smillar fleet pr2sence, 912
air stazion, fewer shors eszablishnza+s, but serves as 2
claaring house for Weszarn Pacificz =cegquireazn<is. Bath
centers presently support cemdte *t2-1inal cperations. 3o:h
have implemented either or both IDA or/and APADE to varviag
dejrees. Thes e terminal based inta2ractive applicazion
pzograms ars curr2ntly =x2cuzed on s<and-alon: minicorpu
ters, but +their mers =z2xistsncz2 a3llows +h: functional
managers using them ¢t a1swer gquzs*isns not answvwerable by
magagers without experisnca with this type of approach.

The impressisns gariared £I51 “hese interviews ra
contained in s=z=c*ion B below. Sactiosn C diszcusses informa-
tion gaired in meetings with NAVSUP SPLICE praject office
perscnnel. S2c+ion D summarizes tns user reJiirements ani
associa*ed assuaptions that will o2 used throughout <tha2
remainder of this thesis i1 evaluatiag TM approaches.

13
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B. STOCK POINT EHEQUIREMENTS

Interviews with stock point fanstional managers gquickly
established the presencs >f managarial difficul4ies sxpectedl
in trying to hold togzth2r an o5n3s2ing production effoc:
based on established proceiures z2nd tschnology while “ryiang
to simultaneously impl2m2n%+ a nawe: techroiojy. Despite
thair <ribulaticns, thesz managars werz most willing o
share their sxperierces t> dats with terminal based in-erac-
tive application progranms.

Both IDA and APADE ars designed :9 utilize a meanu-driven
form mode of interactive 3ata 2ntry and file inguirys/apdata.
Both have =2xtensive prycess options available <o th2
terminal user.

The APADE users, primarily in th® purchasiny division of
th2 Procurement Departmaat, l1>gically and ohysically sepa-
rate data entry furctions froa 3ata inguiry/update
functiors. This is bas23 mos%tly ud52 time constraints of
data entry and th2 volumz of <hes2 <ransactisas. The T4
implications of this separation Is +that ths Jzta entr
clarks would be bas* s2rvad by ths lzast cr-23
complicated TY that woull still sappor+t iatar
data entzy, i.e., when finishai with one for
wants ano+ther form immediateliy, not a nelpful b
léess key-strok2 consumingy merna. J1 +=h2 otasr hand theic
co-wcrkers who are responsibls for 43ndling a rather largs
nunber o¢f document iagiiries from no* alWays patient
custcmers would fiad the apility *to split *heir screen iatd
multiple sections and %3 conduct 3 separats inguiry or
upiate in each section very helpful. The purcaasing admin-
istrative parsonnel ar2 fraquently asked to produca
informa+ion (written and oral) that requires multiple access
20 files and/or marual mazipulation of +he da*a accessed.
The primary ca2use of their affort is <hat <hey ar2




1 | |

constrained by the foraats, both display and cepor:s,
designed irto +he systa2m. DThe <capabilisy &5 design 1
multiple~use screen ani ra2port forma%t at ths terminal is
indicated.

t The IDA ussrs, financial accounting, commonly referrei
to as Triple-i, do not separats their Jaca 2ntry from
ingquiry/update. Each «c¢la2rk #ho has a3 t=arminal has often ﬁ
foind himself in <*he situation of n2=3iing to visw a recori ,
from more then one file, This situation is especially preva-
leat when reconciling vsador invoizas with raquisitions.
This need is presently mst by zallin3y 2 clerk wh> has access
to the necessary files (APADE or (0ADPS) ani passing ths
nesessacy information by paone =-- ai:dnration indeed!

The Customer Services personnesl primarily interface with
+h2 UADPS applications residiny on =:-h2 Burroughs hos* main-
< franme. Their interaction with th2 zomputer is vazied, bau:

basically inquiry in natur2. Data 2ntry is normally ba*ch
processed, and wiil in all likelinood remain so un<il OCR
5 technology rsplaces the currcent card raaders. Because most

quaries are made tc rezords storzl and praozassa24 in 89

7]

ntation with

W

; column card format, a scrd>il-mdode %“=2-1inal cres
*h2 abiiity to ccntirually ent2r guzrsiass and 3dirsct -eplises
to a rnearky printer is the ne2ar corcensus cheoice fer

terminal in*eraction. A l2ss frequant activity conduc*ed by

Customer Servicsas perssna2l rsguirzs them <45 sperd hours

researching and coss refarencing rz-or-ds from various UADPS

ard £finarcial files (now IDA filas). This

.
ssazch is

w

Tes
normally conducted by the nost exparisnced and s2nisr clerks
. arl supervisors in the 1ivision, so it wouli szsm that

5o countless hours could bs saved, nd>t to> menticn Jollars, 1if

nt
- thase persons could break awvay from th2 standari displays t>
which “hey are now liaitad and s2% up a screen display
suitable for researchiny and controslling <+h2 sdource 2Ff

display input.

T T TR TR e
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In warehousiry and matarial r2c2ipt functiosns, <he us2
of automation has dust bagun, primarily 3in stowag=s ani
retrieval operations. Th2 day 9f ti2 use of bar ccdes ani
liyht pens for receipt processirg anl inventsry manageman*
is still somawhat distant. Although there is 3ood reason t2
suspect *hat these devices shoull b2 considerxzl pzripherals
anl thereforsz not within the purvisw 2f this :thesis, the
author can envision a sca2nario whar2 th2y would be dir-szce
input devices to several UADPS applica<ion programs. As
such, *he author has chosen to inclade them in the category
of potential termirnals.

C. NAVSUP POLICY AND DIRECTION

In addi+tion t© a survay of stock point pers>nnel, a *rip

was made to Washing*on, D.C. t> m23% with S2LICE prciece

office perscnnel. The ohjactive of th2 meetings was %o 33in
an appreciation £or th2 lirection >f SPLICE LAV¥s. Al+<hough
the development c¢f a generic T moiz2l from reguirszm2nt neels
is deemed 2academically Justifiabls, there remained +hs
coacern that =to stray *>0 far from the realities of +th2
Naval Supply System wculd -esul¢ in an academic exercise of
lit*+le import. The quotation cit=2il in Chap+ter I, Objectives
of Research section, conviiced this aazhor <hat such a model
could ir fact be of use, particularly ir view >f +the lesira
o move away from "Navy uiique" sofceare, The functicnal TH
moiel presented in Chapter IV repras2nts the authors's i23sice
to produce a recommendation for th® n2ar futurs, 213 thesre-
fore embraces the reality o£ the S3PLICE envircdonment mor?2
in Chapter III.
Additional informatioa jained £:oonm thase mesatings

t+har the generic TM model presentz2i

included familiarization with the long-term ocojectives of
SPLICE implementation. Al-hough thas2 objectivss 3o not fit

=

th2 category of user rejuirements, tasy ars paraphased belc
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because failure to keep them in miai in a iasign'p:ccess
increases the probability that the =:=2sultant dssign may %02
restrictive to be of valus in meetiny future growth.

NAVSUR SRLICE Project 2bjeztivas

- Data must be mads 1availabls %> the customer, <easily
accessed from wherever ta2 custom2r is locat2d o5 a conti-
rudus basis around the cloack.

- A distribut2d data base must ba developed.

Goals for NAVSUP ADP

- All punched cards aast be =2lininated.

- The use <¢f point-sf-sale t2rminals ani hand held
terminals with ocptical ssarnning capabilities at data entr:
points.

- The use of bar c>dzs arnd magnztic s*rips in inven<cry

control and warelousing applications.

D. CONCLUSIONS AND ASSUHPI IONS

The following conclusions regarding the TM requirsments
of users of th2 SPLICE LaN are bas23 upen tne intervisw

n

~

discussed above and cbsacrva*ions of <=arminal uss at stce
points. Assumptions 2r: bas2d up>2 the <same obsecvations
coupled wi%h <he authsr's =2xpszriznce in stock ©pcint
oparatiorns.

T« A TM must be able %5 support 1 wid=s varizaty of <“ermi-
nals, varied not only in aake/m>d=2l, bu= alsc iz cpera%icnal
characteristics.

2. A TM must be able to sapportt character, lire, page,
scroll, and form wmcde 24iting <capabilites at he same
terminal,

3. A T™ should provids the ability for a ussr t> locally
format 2 display area, ani resultaat hardcopy sutpu+.

17
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4. A user should b2 able <o simul*areously lsplay
multiple processes utiliziag diffsr2at application prograns.

S. A TM should proviia the mechanism to allow applica-
tion to application interaction (2uthor's assump4iorn)

6. A TM should be able to supp>d>r: non-intaractive data
entry, such as 1light p2ns and hani-held 9JZR (2u%hor's
assumption).

7. A TM should provii2 a gensril framework within which
future terminal functions <c¢an bs accomodzt2i (author's
assumpticn).

8. A TM designr must rezogniz2 %the relative lack of
sophistication «c¢f potential 1sers and the probability of
higyh turrcver in these positiomns.

18
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III. ASPECTS Jf TERMINAL HANAGEMENT

A. OVERVIEW

In addition to the wuser raquirsments 3iscussed in
Chapter II, investigatioy and evaliaation of alternazive TN
techpiques requires an appraciation for +ths *“echrical
concerns of a TM. Sa2ction B Jdiscusses these ccncerns.
Saction C outlines <the LAN e2ornvironm=nt assumsd for <this
thasis. Sectior D preseats +he authoc's view of a gereric T¥
model. Section E then explores son2 of <the I'M approaches
cited ir contemporary literature. Section F contains a2
review of <+he TM approach advocatzi by Reinhart ard Arana
[R2f. 1].

B. TH TECHNICAL COMNCERNS

TM, as a lis* 5f wiiely agreed t> discrate functions and
protocols, does not exis<. Rather, thers exists an impres-
sive, if somawha* confusiajy, spectrin >5f alternative methods
of implementing a TM. Jn th2 most ambitious 2n3d o¢f %<his
spactrum is a TM moduls which providss <+he full range of
functions described in th2 Presentatiorn Layer (layer 6) of
th2 International Standaris Orgyaniza:zisn (ISO) Jpen Systeus
Interconnec-ion (QOSI) rzference a5izl. One -f the many
definitions of +he *ask of <+he Praszntation Laysr "...3is %o
support communicaticns by providing commonly knewn virtual
devices and commonly known virtual information to tha
distzibuted applications™ [ Ref. 10: p. 227]. A less ambi-
tious TM would be =2xp2cted >aly to "*hije <terminal
idiosyrncraciss from +he aoplication programs" Ref. 11: P.
484 ]« The latter repres2ating a sabsst of the former.
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It is helpful to try to> describ2 the design concerns of
a I'M and then to blend th2se concerns with user requirements
to form a model of <the ideal or jesmaric TM which would
recognize both the desigynar's and uszc's concerns.

A suggested list of concerns »f
fourd in Reference 12 (pp. 82-84). Th

1) coptrol of the Iecainal Harpdl
variety ¢f terminals and 1ttendant variety c¢f charactecis-

£ the T4 designer is
2Se COLCSCNS ars:

»:

£g - Assuaing the wide

[ 1ol

tics, the parameters which affsct
terminal must be known to the M, 2ni

local handling cf 2
to nc other LAN moduls
nOrC *C remote users.

2) Dialogue Mode - Tae TI'M shd1ld provide methods for
selectirng/providing support £for bota half-duplex or £ull-
duplex operations,

3) Terminal Data Structure - Lik2 tarminal control char-
acteristics, the TM must be awarz of the 3Ja%a struczurs
parameters of *he terminal as well as +he comazand languags
primitives available for manipialation 29f that s:tructure.

4) Symmstry - The d2s5ign of <+h2 TM must be concerned
with the desirabiii+*y of symm2trical €orms >f cornection,

v

€.J. process-process ani tarmipal-t2:ninal in+eracticans
5) Negotiations - The TM aust provids a3 dyramic
mechanism to negctiate *th2 facilitiss and parcazszters to b2

a0 v us2d In each interconnecz+insnm.

6) Astentions -~ Tha 1 must b2 capable of interpretting
ani hardling +the variety of methods used in tarmirnals ani
praocesses to signal "br2ac<®, "abort", and o*har such atten-
tion commands. These signals are normally =2xp=iited signzais

2 "out-of-band" 5r outsids %12 normal flow of data.

2)
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C. LOCAL AREA NETWORK (LAN) ENVIRBRONMENT

The LAN snvironment ia which th: TM Dbeirg discussed in

o+

his thesis will operate is a fully distributesd LAN based
up>r. seven primary functional softwars modules; locali commu-
| ‘ nizations, nationral coamaiications, front-ead processing,

session services, termiral managem2nt, databas:z managemerns,

anil peripheral management. Figure 1.1 istroducszdi <h2 lecgizal

({1

connections 2f this LAN. Figurs 3.1 presezts a possibl
physical cornectior <coniiyuration.

|
E
|

re Sevice Proemseny Dase sase Proseseer o+ {
Proc
Loca) Terminal
Cowm. |_._"’ Data .
Opfense Outa Wetwewh v Sase Hicroronputes
5 e,
Mational Peripheral
|aesource
! ,‘.-‘“'-' - Al:_-.-.—
p : - :..'-' Session
. AR, Setvices I -
' p 121777} 17/17) 4; Ll
3 L4 2
I "'P“'I l ml Iumul Mapror
]' + r3
l Mrysieal y 3 ) v L
Pus I
~n Own
I Intarnat Pretovel
WT,  Netwesk Virtwel Eﬁ Unltiple)
s, 1® Mared
**  {2.G6. MM . fesouress A 4
©%¢ Osdizated Musvuress (5.0. Ramavy,
dishs sesevisted vith sash .n-;-' Nest
*0e0 Could be Suitiple pressesers Supers

) [Ref. 9: p. 4-7]

Pigure 3.1 Possibla Physical LAN Connections.
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This thesis also assuwr2s 2 mﬁltiplexed data/contzoi. bus
capable of supporting half and full-duplex coamunications.
Further, it is assumsd that ths2 tsrminals conneczed or
potentially connectabls td> this LAN are hetrogenzous ani
that the hetrogenous mix #ill be in a2 constant state of flux
during the next decade.

D. GENERIC TH HODEL

Given the user requirzaents, dzsign concerns, and envi-
ronmental assuap*ions dav2lopei abovs, Figure 3.2 p-esents
+ha auther's a*tempt 4o m2et thes2 criteria with a generic
™" model.

PHYSICAL :
INPUT g
DEVICE I

!

PHYSICAL TERMINAL APPLICATION |

K" DEVICE - l

1 HANDLER PROCESS PROCESS | |
L]

PHYSICAL !

OUTPUT i
TERMINAL

DEVICE o '

APPLICATION ;

PROTOCOL i

|

|

J

Pigure 3.2 Generic Terminal Yanagement ¥odel.
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Fiqure 3.2 has the following components:

1) A ganeric tsriainpal with an input capability
(keyboaré, light pen, optisal scanner, stc.) anl an op<ional
output device (CRT screa2n, signal lijyht, teletypsz, 2tc.).

2) A device or modul2 which 231 ainders*tand “he signals
coaing from the input da2vice and can send sigynals <o the
output ¢evic2 which it ca1 recogniza. This componeat alsd
has a command language of its own which allows +ha user %>
desigr arn output display 2124 t> map ndre than one prccess o
that display.

3) This component r2sressnts th2 terminal 1in d=zaliags
with the application prosass (on2 psr ©process). I+ als»
builds and manripulates a terminal 31ata structurs £or =2ach
pracess.

4) This component represents th

w

application program ia
dealings with the +ermiaial process (ohe per Dpracess). I+
also builds and manipulatas an application data siructurz
for each process.

5) This componant s2¢s the rilss rfor aad format of
coamunica+*ions betweern <h2 terminal processes and appiica-
+ion processes (for all processes).

In *he most simplistic *2rms components 3 and ¢ aze
attorneys for “neir clients, the t=rminal and the anplica-
¢ion program, respectivaly. Taey, 213 only they, know their
clients capabili*ies ani 2xpectations. BOth ar2 very sicong
villed ard +tharefore nz=z1 an arbitrator (compdnent 5) <©o
ersure tha* communicatins are m2aningful and pr-oparly
coordinrated.

At this point this nodel simply provides an ideal TY
whose gereric cocmponents, if implzm=nted id=2ally, would
provide a2 mcdular TH capable of m22ting user rsquiremexts
and design concerns while having th2 flexibiiicy <2 rasponi
to changes. A recommend:l spacific iaplementazion of this
moiel will be presented in Chapter IV.
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E. TERMINAL HANAGEMENT APPROACHES

Apprcaches to TM <can be gensrz2lly discussed in two
braoad, arnd unfor*unately 1>t mutually 2xclusive, categories;
parametric and virtual terminal.

L{ | | 1. DParametric Apppaazaes

Generally, paramstric teraniaal protocois a++<s2mpt *9
list a set of *erminal charasteristics with zach =ype of
terminal haviny a diffsraat set of parzmeters f>r eacha char-
acteristic, The host compu*ter may then set ta2 parametsrs
available on that +teraiaal to 7alues neeied for the
praocess/applicz+* ion [Ref. 12: pp. B84-86].

This aprroach is us=2d by +he ARPANET Telenet*
protocol and by systanms impl=za=2nting Iaterrational 5
Consultative Committee for Telsphnizs and Telegraphs (CCITT) !

recommendations.
when =2avaluatiny these ¢two> approaches the AZPANET
Terminal In*erface Procasssar (IIP) Ls compazrei o the CCIIT
) Packet Assembl~Ar/Disassembler (PAD). Both apprdaches uss 1
primitive command languagz to open 113 close connections ani
to set <terminal parametars. The primary diffsreac2 being

© iy B

th2 perceivei role each plays in th2 netwcrck acchitsac*turs,

In “he AFPPANET the TIP is a 1imitzd capabilizy logical host
T
considers a PAD an integral part of -h:z re*work acting as an

with knowledge of terminal paramet2cs. dh=r=zas, <cthe CCI

interface between data terminatingy 2quipment (DPE). A DTE
can be either a host 2r 2 terminal [Ref. 12: pp. 84-86],
- (Raf, 13: pp. 335-3u48), [R2f. 14: pp. 586-587].
The PAD cited in IZITT protdosols is ths most compre-
¢ hensively defined param=2tric approaca o terainal handling.

» Thare are three basic approved ra2commendations covering
op2aratior of the PAD; X.3 4hich defiass “he PAD itself, X.28
defines +“he interface betwezen the tarainal and the PAD, ani
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X.29 defines *he 4dirterfaze betwean *the PAD and ths host
{Raf. 12: pp. 84-86].

The shortcoming of these approaches is ¢hzat thes PAD
protocols provide no gznaric fucctinas. They assume tha<
the application in the host knows wh2at the terainal will 4o
ard that the terminal will do what is in:tenizd [ Ref. 14:
ppP. 586-587 ].

Telenett' s Interastive Tarainal Intsecfa (ITD)
provides an enhancsd s=2%t >f param2at2rs which helps offloail
scae ¢£f *he terminal handling r=sponsibiliziass from <hs
host. Telenet offers a3 further rafinsment calied a virtual
terminal which includes a few g2ansric fuanctions on top of
th2 ITI parama2ters. Jnfsorc*unately, the ARPANET wvirtual
+*ermiral was designed primarily <co support scroll-typ2
terminals which have mach fewsr parame=ars +han wor

W

sophisticated page and form mode t2ranirnals, lthough %a=2
lis+ of parameters was 2xtanded, f2w >f the op+iosns (parane
tric values) wsre Implencated [Ref. 14: pp. 586-587].

Both these appryaches ars most suaitable for
providing TM for 2xisting terminals, “he more homogeni-=y <=h=
bet ter, To be really us2ful, thzs2 fancticas should b=
standardized so that ¢hz host systs can rcely upen 2
PAD/interface wi+th known propertiszs.
tion the envolvement of th2 host sys: in T™H woald s¢ill bz
extensive or *he 1ist of 2AD/intarfaicz parametars would b2
enocmous [Ref. 13: pp. 347-3u8].

As several of the usar r=aguiremen+
concerns discussed earlisc ZiImply “h2 need for the
amoun* <¢f <+<ransparsency achizvabls and <furchsrc
increasing number and variaty of tsraminals, tha
approaches appear toc limited.
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2. Yirtual Terminal Rrotozails

Virtual Terminal Protocols (VTP) have undergon2
significant evolution sinc2 th2 first VTP was placsd ir use
by the ARPANET. This VTP was d2signed primarily with
scroll-mode terminals in mind. It is based upon thrsze basi:z
principles; the concept of a 'natwork virsual t2cainalt, 4h2
concept of negotiation of d2ptions, 311 2 symm2atrical view o€
terminrals and processes [B2f. 12: p. 88]) [Ref., 14: p. 588].
This first VTP laii very Zirm ground for further sophistica-
tion of “he Virtual Teraziial (VI). Uafor+tunataly, although
tha Telenet VIP was designed with £if+y-eight parameters,
very few were aciually imdlemented. It theveforas rsmains *>
explore a few more of the many VIP approach:ss d=svelopeid
since the ARPANET VTP.

A model which focases on paje and fora mods termi-
nals was developed by Schicker and Du=nki. It is 4
Buropean Informatics Natad>rk (EIY) and is iss
Reference 15 (p. 485). This modz2l is called a1 4
ture model. In i* a data structur2 is viewed as containiag
a set of fields each of which has csctain attributes such as
size of +he field, what +ype of characters it contaias,
wh2ther cr not the fiell c-an be md>dified by the usez, 2tcC.
This definizion of =2 data strustucsz has become w
accepted and will be used in “he rsmainder of thls =hesis,
This model assumes that ad’dzlication programs ace written %O
pec form abs*ract operations on 32 3a%a structur2 and that tha
reaote (user) process has a1 similar ja“a siructare, The VID
is +he mechanism by which the changas made by zhe applica-
tion prccess *o its data structur2 are passed to the asar
process so that its data structur2 can be changed accord-

ingly, and vice versa.
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A refipement of <th2 Jata structure model is
described in Reference 13 (pp. 362-355). In this model a
k terminel has a data stractur2 2104 a controlling process
called a "T-PAD" with a relationship much 1lik2 tha®
describeé in the parametri:z approach ir subsectiorn 1 of this
section. Similarly, th2 host syst2m has a 3ata structurs
; ’ with which it is desigyrzi +> intsract via 2 con=zolling

process called an "“sS-PAD", The messsages passed betwszsn
thase two "PADs" %o nsgotiate ths dJz*a s*tructure and <h2
available commands to minipulate <tch=z data structuz2 ar2
contaired in the VTP, Ta2 apopzal >f this approach is +«wo-
fold; +he S-PAD implies 2 NVT <conc2p* such as 3esccibed by
Tanenbaum in Reference 15 (p. 423y, where 2 NVT is 2an
abstract *erminal <¢he chiractaristics of which are assumed
by all in*teractive application proyrams; seccnily, 2 symae-
. trical approach such as tais allows 25% only “hs <=raditional
' tarminal to application interactiosn, but alss® terminal ¢
terminal ard application t> appliicatisa in%sragctiosn, givern 2
sufficiently adept VTP, The utility of such capabilities
can be shown in a common 3tock Point scenario. T sc
ario exists when an application pro>3canm, such as Aa2A0E,

RS SV N

crzates records tha+t are iuplicat2d or entersi Ian%to filszs
nesessary *¢ the correct operation o5& anothsr applicasion
pragram, such as IDA. For instanca2, *he establishaent of a
contract, which requirszs a2 recosrd 1pda%e in an APADE £ils,
also necessitates an updatz2 of a €fiiancial recozd in an IDA
file. Such changes can b> madz by batch processing (cuccent
2

practice) or by application to applisation raction such

s
int
as made possible by a TY laplementia3y <his =ype of aodel.
g The apprcach abovy is very =similar in fanc+ion, if
not vocabulary, to the NVI envision2i1 for ARPANET's I=zl2ne<

protocol and <the INWG VTP. All arz Jeemed syamet-ical in

. that each side o0f a session has its o2wn view of the z%a%+s of
f ths V7 ([Ref. 14 P- 589). Tiis as opodsed =0 an
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asymmetrical model where the VI is considered snly Zrom ths
perspective o2f the applicition prograa. In such a model ths
physical terminal is transformed by so>ftware %o appear as 2
VT to the application projyram ([R2f, 16: p. 3043. This
approach cannhot support tarminal t> terminal cor procass td
pracess Interaction [Ref. 14: p. 588].
" In each of the VI coacepts described the VT's ars
supported by two elementiry protocols: a virtual terminal
display data transforma*ion pr>%+o¢osl and a con%:ol protocol.
Tha data transformation protocol maps display zoamands fron
tha sending process into the prescribed Znput data formats
.for the receiving process. The c-2atrol prozass s=xchangas
non-display informatisn for cio-dina*ting interactions
[R2f. 17: p. 85].
A more expansive approach is offered in Refaren

("]

c
- 10. In this approach =hree abstraztions (vir-zualizations)
{ ars proposed; a virtual device, a1 conceptual data typ2
definticn, and a conceptual image. The virtaal device is
considered an associatiin betwesn a izfinition >f a sé¢ruc-
ture for a (device) data objec« and a set >Sf operations
i which are thea orly means for accessiag <“his (levice) da+a
object. The conceptual 3Jjata 4ype 12finieion Iis a similac

! asscciation, bu+% wi*h rcszgard to thz structurs of daza ani

th2 operations which 1nay be p2afocmed on 33tz sIructura
j objects. The conceptual image is zonsidersd a 1:zfinicticn of
ths means by which a mapoing of %h2 Sonceptual data or *hs
virtual cevice is obtainei. The tarust of =his sonca2pt is

that in a hetrogenous nz<wdo>rk, assiaaptions regarding inden-
tical wvir«ual devices and 3ata structures @may 1act be
desireabie and possibly a>t practic-ally viabla. Only 2aa
agreement of negotiated parameters nz2d be kaown by =2ach

partner. The authors wrot2 a follow-on articls, [Ref. 18],
- in which <they presented 1 detailad <cecommeniation of +=ha2
protocols and options for 2ach of thas2 viztualizations. H
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A1l of the abov2 approaches -ejuire *he negotiatiorns
session, b= <hey

a3l
of options/parameters to be used 1in a
cture >or comdands.

device characteristics, data stra
Negctiations are either asynchronous or master-slave (synch-
ronous) depending on the symmetry of the interaztion and tha
trust the designers plac: in whatavar mecharism “hev may
have implemented to resdolve negotiation dealiocks. The
literature ragarding negotiation 2aljorithms sa22ms polzrizei
wih each side singing th: praises >f their approach. Tha
author's preference is included in th2 THM mod2l prasen+ted ia
Chapter 1IV.

F. REINHBART AND ARANA TH

In Reference 1 (pe 35, “hs aathors proposed a TY
approach based upon a "Victual Terminal"™ matagzas3nt ccacep*.
Th2 primary featur2 of thair VI is =hit i+ ",.. cConverts 2
single physical termipnal into> multiple virtual terminals,
each of which may be writtan into or gueried €or ZInpu<«". T3
support this concept tha 1idea 2f 2 user defined screan
configura*ion is proposeil. This would allow a user %o
divide his screen into "windows"™ 2ach of which 2ontains th2
display of a szparate prozass. Alth>ugh o¢nly one
process would be ac+ive at a given moma2n%, i< i
th2 implementation of this concept 45uld satisfy sevaral 3¢

th2 requirements and <coacerns adjicsssed eariier in ¢his
thasis.

The thesis also discuss on page 74 *+*he use 5f a generic
terminal transformation tasle. This table, as propcsed by
Hillsberg [Ref. 19] is ased to coavert specific physical
terminal sub-functions to jeneric ccamands and vice versa.

Although this thesis swes its rId5ts to ths Reinhart ani
Arara effor+¢, subsequent r2adings anl investigation have lel

this author to step back from 1wd5st cof <%he specifics
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prasented in their thesis and wmovs toward a broader concept
for TM functional specification usiajy thei:z coazepts eas aa
inspiration.

3




IV. BEZQMMENDALIJNS

A. OVERVIEW

The recommendations z>ntained 12 +this chapzer are 13

j ' marriage of the generic T'Y moiel prssanted and the variety
- of specific approaches iiscussed ia Chapter III. The resul+
is a specific mcdel consisting of components and protocols

(4]

interfacing those compoaeats. Ga2asral reccmmendations ar2
listed in section B below,. Sectiox = presents <+he recom-

mended mocdel.

B. GENERAL RECOMBENDATIONS

' 1) The TM should be based upd21 “he concept of a NVT.
Each appiication program should be 20lzs to assuams that it is
dealing with a terminal whare the i2faul+ paramaters will ba
used urless the user nagotiatas Jiffa2rent paramsters using
ths NVT capabili+ty.

; 2) The TM should suppart the hijghest level of apstrac-
tion technologically available,

3) Negotia*ion of davice da2finitisns skould be hierazch-
fcal, S+*andard classes of terminals defining marndatory

characteristics (mirnimum paramater valuas) <should reside z*
+h2 highest levels of the hierarchy. Jptioral (azgotiatible)
oparations should resids at lower lzvzals.
4) The TM¥ should suppart user 32fined scresn forma+ for
' us2 in both displaying aultiple processes aad designinag
| display a2and possible rsport format.

K}
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C. RECOMMENDED TH HODEL.

Figqure 4.1 presents the Termninal Managament Model,
recommerded by the author. IThe <cSo>mporents ars =xplained
below.

==ty
e e

( vere )

LV T N Vv T

|
TERMINAL APPLICATION
PROCESS [ PROCESS ,
APPLICATION
TERMINAL Lo o e

TERMINAL APPLICATION | | PROGRAM |
DATA DATA !
STRUCTURE STRUCTURE !
|
(
|
|
|
[
- -—

Fiqure 4.1 Recommenizl T'M Model.

w

1. Input/Output Deviz

A terminal is view2d as <+wo ssparate davices. The
separation recognizes that a LAN 1aay reciev2 input £roa
devices that have no outpit capabili:y, 2.9. light pens, JCR
scanners, 9*c. The TY aust be 1abla <o handl: ipputs froa
such devices. Additionally, the abili+ty tc transferm and
coatrol Iinputs is conceival +o be totally separated from the
apility to contrecl and map output.

32
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2. Local ¥vigrtual ITazaipal (LYD)

The function of the LVI is t> hide the idiosychra-
cies of the user terminal from th2 LAN and to map Zts data
structure and any changes to that s:tructure +2 the termipal
display device. The LVI c-onsists of 2 terminal process (TP)
componert and 2 Adisk~-basel *erminal lata structure (TDS).

The TP utilizes 2 geaeric tarminal t-ansformation
table (see Ref 19 to virtualize tsrainal sub-furnctiorns and
a hierarchically organiz:21 set »of tarminal primi<ives ani
parameters as discussed in paragraph B.3 abovs. Thz TP alsd
us2s a user defined map of the scrssi display £>r outpat. 1

The TP is responsible for r:presenting ths terminal
in rnegotiations with tha applicatisa process (or anothsr
TP . I+ is 3lsd respoasibla for 1napping *eramainal input
coamands to *he TI'DS and for wmapping TDS changes *o ths
cutput unit. These functions are cyaparable t> the "T=-PADY
discussed ir Reference 13 and Thaptsr III.

3. Netwozk Vip+tual Ia2gmipal (NYD)

The NVI is confiqgured identically *o the LVT with an
application process (APY in place of +he TP. Ths AP has <%he
same data structure moiifications r:zsponsibilicties, excep*
that it +akes orders from and repcrts changes t> an applica-
tion program as coppesed t> a *2rmipal.

The major conceptual diffarsnce between the NVT ani
tha2 LVT is *hat *he NVT is a param2tric model >f the artire
rnetwork's concept of a tsrainal. Its primi“ives and paranme-
ters are fixed. The application progyram's requireaen4s ars
met by passing necessary caram2tar values to the AF. Note
that +he number of param2%ers ara fixed, but *ha+ each
parameter may offer more than onz oSption (valusz). The AP
+hen represents the applization pro>3-am in negotiations with

tha TP as %*0 wha+* values #ill actually be usei. Obviously,
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tha AP will not agree to any paramsztric valu2s lower than
tha program rsquires, biat it may agree to higher values
should the TP insist. Th2 AP hidss 3ll negotiatied valuyes
from the program except tho>se that %ti2 program expects.

4. Y¥ir+tual Termipal Protozol (VLP)

The VTP is a2 w@message bas2d protocol with several
functions, discussed hers in shronological ori:zr. The VIP
controls *he the exchang: of regotiation messages between
the TP 2and AP. During thase nsgotiations <+he primitives ani
parame*er values of contr>l messagss are selected as well as
ths corten*s of *he data structurs. The recommznded negoti-
ation pro*tczol will b2 ztplained ia the seszion exampls
below. Crce all values zre set, thsz VIP becomess responrsiblea
for passing cont=ol messijes betwsexr the TP and AP for ths
maripula“ion of +their respectiva 3I2ta structures. In
ful£illirg ¢his responsibility, the VTP controls tha
sejuencirg of messages acso>rding +9 the communicsation method
selected during rego*iations, i.2., 2l*ernating or frees-
running, and dictates ths format of these messages.

5. sSession Example

a) The user lcgs on his terminal identifying himself
ard *he ¢terminal ID. Terainal 1ID can be done automatically
if the capability saxists.

b) The TP will zompu+e th2 zs>amand signils needed %>
handle <+his par*icular tarmipnal asing «he transformation
*able. The TP will then b23in a scre23n formatting subroutine
conversa%ion with the user, ia whizh the first user rasponss2
may result in a3 default screen. (1otz: askiny *the questiorn
rather taan walting for the user &5 raquest ssreen fcrmat-
tiag should ewvoke curiosity and quiccen the learrzing process
for this feature) Phis routine will construct th2 osutput map
for the TP's subsaquent iiteractisa e¢ith “ha cucput device,




c) once the uasa2c has defined <+he screer foraza:
desired, the first (and possibly oaly) command > call an
; application program is zntared.

‘ d) The TP passes this messaje to the LAN which may
nesd to send it out to th® long-haul nztwork.

€) The destination node will establish an AP to
wvhich the application program passes its <ermizal aad data

j structure requiremen<ts. At this point, ard throughout the
' ! neyotiation process, he vre is ernsuring one-way
' coxmunica*ions.
f) Once2 negotiatisas have be2n comoleted, the appii-
' cation program directs th2 AP to s=2t the initial state of
i its data structure. Upoxr doing s>, <+he AEF, usirg %he VTP
' message format, passes the agrezd ia+a structur=z instruc-
tions <to the TP which both creates ar iderntizal dinitial
j state ir its Jata structuce and maps the Jdata structure *o
{ the user-defined screen format.
g) At +*his point +“h2 VIP 1ay allew free-running
(asychrorous) communicatisons i both parties can support

-

such.
, : L} When the appliza*tison program is completed, the
? | cearecticn s severed and the TP bzjins its user dialouge
anawv,

Admittedly, =this TM mod=2l is a «compromis2 between
the gereric gozls presentzl in Chapt2r IIT and the practical

implica~ions of NAVSUP's 31zdication to applicaticn prograas.
A aore esthetically pleasiig concept is ou+tlined it Chap*er
] Ve
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V. IHE BECIMHENDED APPROACH

A. THE ASSUMPTIONS

The concept discussed 3ir this chapter is 131 recommenda-
tio>n for the future. It is based orn th2 follecwing
assumptions:

1) NAVSUP is williing to abandon the 3levelopment and use
of application programs ia favor of functional modules and 2
distributed database systaa.

2) NAVSUP defines tha set of gueries and reports i«
wishes the systzam to proviie.

3) ©NAVSUP dis williny to alliow increased 1ocal £lexi-
bility ir +he design of display ani ceaport formats.

B. THE CONCEPT

Givern the above assumptions, th2 2nvisionad da“a bas2
system wculd be built by use 2f 3 32tz base "dzsigner®" ani
program genera*or such as discussed i1 wreference 20 . Ths
basic tool of tais builiiny process is called a2 Hisrarchical
Interactive Query (BI-IQ) languay=, The rasult of +his
process would be a database capabl2z 3>f supporting programs
wri<ten ir a COBOL Data Manipulation Language (DML) for dati
entry and inquiry. The primary chara >f this concept is thz
reductior of redundant gacord fields in differsnt applica-
+ion files and the concomitant rziuction in raquirszd £ilz
space. Given that thers arce only tw> primacy fields forming
ths backbore of *he vast ni jority of stcck point and inven-
tory control point transac+ions, the requisitior number
(otder rumber) and +he Na*tional Stock Numba2r (or par*
nuaber), <the concept of 2 hizraccshical data bise system t>
suppcrt what is 1ow supdorted by TADPS £ils @management
programs is not so far-fet:c-hed.
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A seccend enhancement this approazh offers is +he =zlimi-
ration of the need £or appliza%ion to application
interaction, be it batch >r interactive. Because the finan-
cia]l data field for a UADPS requisition entry is the same
fi2ld used in IDA, +*he ns32d4 for passing this informa=ion to
ths IDA application progria for entry is eliminated.

C. TN IMNPLICATIONS

Adoption of the systen describzd azbove wouid rot reces-
sitate scraping the TM z2commends? in Chapter IV, but t3
fully cepitalize on *hs berefits >f +he systan, certain
changes would be necessary.

The most important change woald be to erhance *thsz
Terminal Process (TP) by providing it with a daca st-ucturs
description language whiza would 123ically be 2 subsex of
+ha system!s Data Hdanipilation Larguage (DML). This
ianguage would be available +o 3 us2r +o naana fields anid
zcnes and for definingy tae attribitess and dimensions of
such. This capability would 2nablz users %o 2asily design
scrzen and report formats tailidred t> their needs. Bu=x, such
a capability would requir2: a rethinking of <h2 appiica%tion
program's master roli2 in =stabiishin data s*ructur2
parameters.

(o]
g
b
fo ol
[{}]

As this concep* woull nmove w2y fr applica+ion
emphasis on form or pag2 d2signs ia 3a-a structures, changes
would also be necessary in NVT ani VTP arap2+scs., 30xh
could be simplified becausz *hzy would no< have =2 be
tured “o support 2 myrial of o2ften conflictingy appiica%ion
pragrams.

Should the assumptisns ir sectis>a A evolve , the concep+

cti
outlined in +*his chapter is strongly rczcommeniai for further

study.
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