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PREFACE

Col Norman S. Cole was the first to study and document the potential i?
savings which could be realized from rescheduling partially-loaded mili-
tary cargo and passenger airlift missions to pick up and deliver addi-
tional Department of Defense equipment and personnel needing transport.
To take advantage of this potential, a branch within the Airlift Opera-
tions Directorate of the Military Airlift Command, under the direction of ‘
Lt Col Gerald D. Hunter, was assigned the responsibility of matching
specific missions and additional airlift requirements. The objective

of this thesis was to design and implement a system for providing auto-

mated assistance to personnel involved in this rescheduling effort.

Lt Col Hunter and Technical Sergeants Kent Trumpeter and Jim Tawyea
provided invaluable assistance in defining a realistic set of system re-
quirements, and in the actual software implementation and testing. Capt
Pete Miller contributed expert advice regarding system design, and Major
A1 Ross was instrumental in the development of the overall organization

of the thesis document. Dr Thomas Hartrum provided both technical advice

on the numerous problems encountered in the design and implementation,

and the overall perspective and guidance to keep the forest visible

through the trees. Mrs Eve Vaught was extremely able in converting a

handwritten draft into a firal, professional-looking product.

Maj Gary Sanderson
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ABSTRACT

\Q*he Military Airlift Command operates numerous C-5, C-141 and C-130
missions daily over worldwide air routes. Many of these flights operate
partially full, and represent a considerable airlift capabiiity if their
scheduled routes and spare cargo space can be matched with unscheduled
cargo or passenger requirements. Using existing data processing equip-
ment at Headquarters Military Airlift Command, an automated system was
designed and implemented to match these new airlift requirements with
scheduled missions, and to compute and display the data necessary for
rescheduling decisions. The system transfers scheduled-mission data from
a Honeywell H6080 computer installation to a Hewlett-Packard 9825A Pro-
grammable Calculator and associated disk storage. System programs on
the HP9825A select the most efficient missions for re-routing to accomp-
lish an additional cargo or passenger requirement, graphically displays
the change in routing on maps, and presents printed data on flying hours
and monetary costs for each proposed mission diversion. Techniques de-
rived from Structured Analysis and Design Technique and Structured Design
methodologies were used to define and structure the system. A major ob-
jective of the system design and implementation was to assure the system
users would be able to understand and modify any portion of the software

to change or improve performance.

vii




U

I. INTRODUCTION

This paper presents the design and implementation of a small man-
agement information system using a general-purpose programmable calculator,
along with its peripheral equipment, to perform aircraft operations anal-
ysis and specialized geographic displays of aircraft operations data. The
objective was to produce and geographically portray management data sup-
porting decisions on short-notice changes to Military Airlift Command
(MAC) cargo and passenger aircraft schedules.

The equipment available for use on the project included a Hewlett-
Packard 9825A Desk-Top Calculator, 9872A Graphics Plotter, Impact Printer,
and a 2640B Cathode Ray Tube (CRT) Terminal. In addition, a low-Speed
asynchronous data port on the World Wide Military Command and Control Sys-
tem (WWMCCS) was available as a source of data on MAC aircraft operations
schedules.

A top-down development procedure used for this project. Selected
portions of Structured Analysis Design Technique (SADT) conventions were
major tools in organizing and isolating the major subtasks and functional
activities.

The remaining sections of the Introduction provide background
material on MAC's airlift scheduling, outline the objectives of the man-
agement analysis, system design and implementation, and present an over-
view of the remaining chapters of the thesis.

Military Airlift Command Opportune Rescheduling

In peacetime, Military Airlift Command strategic and tactical re-
sources are used to move Department of Defense passenger and cargo

requirements. Since the DOD's cargo and passenger requirements exceed




MAC's airlift capacity at peacetime activity levels, the efficiency with
which MAC uses its peacetime flying hours for productive airlift deter-
mines the extent of residual DOD cargo and passengers which must be
moved by commercial means at additional expense. With lTarge numbers of
flights daily, and with large sums of DOD funds at stake, there is a
practical need for faster and better methods to analyze and alter MAC
flight schedules to effectively respond to changing cargo and passenger
requirements.

Prior to the design and impiementation of the system presented in
this thesis, experienced operations-management personnel at Headquarters
MAC manually surveyed daily flight schedules searching for ways to alter
an existing flight to accomplish an unforeseen or opportune airlift re-
quirement. ("Opportune” is a term used informally within MAC to describe
an airlift requirement which will be accommodated by more efficient
scheduling of airlift resources already committed to other tasks). A
reasonable alteration of an existing mission prevents adding a totally
new mission to the schedule. Since most unforeseen or opportune airlift
requirements allow only shert planning lead-times, automated methods for
collecting, analyzing and portraying data on mission diversion options
are desirable.

An automated method to analyze scheduled mission data cannot accu-
rately emulate the judgment possessed by operations-management personnel.

Much of that judgment is based on factors learned through years of exper-

jence, and is not easily quantified or duplicated by automated means.




There are many, many factors which may be of critical importance in order
to successfully select and reschedule a mission to pick up and deliver
an additionai cargo requirement. The operations-management personnel

interviewed at Headquarters MAC were virtually unanimous in their belief

e

that automated methods for rescheduling should not initially attempt to |
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consider and apply all of these factors, but rather should seek to elim-
inate as many missions as possible from consideration through the use

of those factors which may be predictably applied by the computer. An

analysis of these factors and how they relate to management decisions

Vg S Bl

on mission rescheduling is critical to any effort for improving the re-
scheduling process.

The Objectives of the Management Analysis

The objectives of the management analysis were to investigate and
analyze the rescheduling tasks and the information needed for those tasks,
and to look for ways to reduce the time required for the tasks, or to
provide additional information for better rescheduling decisions. From
the system viewpoint, the intent of the analysis was to reveal the appro-
priate point in the spectrum of alternatives between the existing re-
scheduling procedures at one extreme, and the ideal situation where an
automated system accomplishes all of the rescheduling tasks with virtually
no human intervention. In practical terms, this objective translates
| into finding practical methods to assist or enhance manual rescheduling
51 tasks by automated applications on the available equipment.

The management analysis consisted of three distinct activities.

First, an unstructured investigation was conducted to determine what

needed to be done, and why, in order to effectively reschedule missions
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against opportune cargo and passenger requirements. Second, these find-
ings were organized into separate functional activities and information
inputs and outputs. This, in other terms, became the requirements defi-
nition phase of the project, and is addressed in Chapter II. Third, the
most practical means to accomplish the requirements had to be determined.
This became the system design phase of the project as discussed in Chap-
ter III.

The Objectives of the System Design

The results and documentation of the management analysis are pro-
vided by the SADT diagrams of Chapter II. The diagrams provide a simple,
graphic representation of the functional activities involved and their
relationships. Because the diagrams are simple and graphic, the users
and system designer may use them as an effective means of communication
regarding detailed system requirements. In addition, using the SADT con-
ventions forces a complete and accurate perspective of system requirements,
and has proven to be an effective basis for a system design structure
(Ref 23:2-4).

The objectives of the system design process were to insure that the
final system would meet the user's requirements, that it could and would
be implemented within the time and technical constraints imposed by this
thesis project, and to assure that the users would be able to maintain
and modify the system as necessary. The last objective implies a well-
structured and understandable system, with a functional, rather than
technical, approach to the problems involved. For this reason, the SADT-
derived hierarchical model of functional activities is particularly

appropriate as a modular design structure for the system.

4




Overview of the Thesis

This paper presents the complete documentation for requirements
definition, system design, and the hardware and software implementation.
Chapters II and III present the requirements definition and system de-
sign. Chapter IV addresses the problem of transferring data from the
WWMCCS system to the Hewlett-Packard calculator and storage disk.
Chapter V explains the software implementation of the system design.
The thesis concludes with a discussion of implementation results, and
recommendations for possible improvements in the design and implemen-
tation process. Appendices to the thesis provide the detailed docu-

mentation of the system's software.
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IT. REQUIREMENTS DEFINITION

The requirements definition phase of system development is chiefly
a form of dialogue between the system user and the designer as to what
must be accomplished. To assure accuracy of communication, a language
capable of more precision, descriptiveness and brevity than English prose
has proven invaluable in the requirements definition for many large,
complex systems. Several such "languages" have been developed, each with
its advantages, appropriate applications, and drawbacks. After due con-
sideration, one such language has been chosen for this project. The next
section explains why this particular language was chosen. The last sec-
tion of the chapter presents the requirements definition in the language
chosen.

Structured Analysis as a Requirements Definition Language

A good requirements definition language must be both descriptive
and precise so as to avoid ambiguities or omissions in the communication
orocess. Further, a good language should be easily understood by all con-
cerned in the requirements definition, since the eventual system users
should be able to agree that the requirements definition document des-
cribes what they really want. In addition, the designers must be able
to understand what is needed. Finally, an appropriate language for de-
fining a particular system's requirements must lend itself to easy verifi-
cation of completeness and accuracy. Completeness minimizes the threat
of an unexpected problem late in the design or implementition process,

while accuracy assures the design and implementation will accomplish

system objectives.




Structured Analysis (SA) was chosen as the language for use on this

project. It uses precise, well defined, graphic notations which are
simple and quickly understood without an elaborate learning process.
Since SA system models are built top-down, an omission of significant
details are easily noted and the models therefore tend to be complete.
The graphic conventions of the language force attention on areas lacking
accuracy. However, the most important criteria for the choice of SA was
based on the heuristic decision of applicability. While several other
well-defined languages exist, they are not as simple and easily under-
stood as SA, and they would be unnecessarily complex and unwieldy for a
project of this size.

Structured Analysis conventions are described in several publi-
cations produced by Softech (Ref 23). Appendix A gives a short overview
of the major points. For this project, the SA convention of developing
both activity and data models for the system was omitted for brevity;
only an activity model was developed. A project of this size does not
need the additional checks for consistency provided by a data model.

Structured Anaiysis Activity Model

As an introduction to the Structured Analysis activity model, the
objectives of Opportune Rescheduling for MAC cargo and passenger missions
are reviewed. The objectives of the system are to automate, where prac-
tical, the tasks involved in reviewing MAC scheduled missions, selecting

the most efficient mission to reschedule for an additional airlift re-

quirement, and geographically displaying the pertinent mission information

for management decision. Several practical constraints were mandatory

considerations in the definition phase:

- ——— I —— —
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(1) Scheduled airlift mission data was available in digital form
only on the Hq MAC World Wide Military Command and Control System (WWMCCS)
implemented on a Honeywell 6080/6060 computer system.
(2) Operational time response required for use of the proposed
system precluded use cf the WWMCCS computer for this application. The |
time response requirement is not reflected in the SA diagrams.
(3) Graphic presentation and data processing capability for this

system could only be effected by use of an available Hewlett-Packard

9825A calculator and its associated peripheral equipment.

i F
g
b
.

The purpose of the SA activity model is to define the rescheduling
system requirements in sufficient detail to assure understanding between
user and designer, and to do so in such a manner that implementation of |3
the requirements are technically feasible, and within the necessary con-
straints. An index of the model is provided in Fig 1, and can be used as
an overview of the functions the system must perform. Two points concern-
ing the model are noteworthy. First of all, Node diagrams labeled A-1 and
A-2 are provided to put the system objectives in context with the environ- {

ment in which it must operate, and to show sources and uses of the data

involved in the system. Second, the activity model was not continued to |
the level of detail whereby each activity block became trivial, but ;

rather to the level where both the system users and the designer were |
assured that the requirements were adequately defined. 7§

System Purpose

To assist the reader in comprehending the requirements on a more

—
-

global basis before reviewing the detailed documentation, the following

1 summary of the system purpose and statement of required functions is provided.
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¥ A. System Purpose: A system of selecting and graphically display-
ing the best rescheduling options for new cargo and passenger require-

ments.

; B. Required System Functions:

(1) Select, process, and store appropriate data on scheduled !
| missions using WWMCCS computer facilities.

(2) Transfer stored data to Hewlett-Packard minicomputer for

analysis, processing and graphics display.

R AR e S e

(3) Determine most efficient options for rescheduling a mission

to accomplish additional airlift, based on cost, flying hour program im-

% pact, and other considerations.
(4) Display options on geographically-oriented graphics display.
(5) Present pertinent management data on mission diversion

options.

(6) Enable selective use of graphic and text display capabi-

lities for related management information presentations.




sweabelq sisA|euy paJn3onals 03 xapuy “|-Z 614

e3eg pa3da|ds 1014/Iutdd €V

bul | npayosay 404 SUOLSSLY JUBLILIST ISOW ¥OLd 2V

SUOLSSLW 31161 |3 UOLSAALQ 3D313S LY
$350) pue suoijdg buinpaydssay uoissiy dolaasg 0-y
suoijesadQ 3j114LY 393410 pue ueid |-V
suojjeaadg 34141y abeuey

2 |

BN e cyem—




NI e B

Teescie

e bl

*3s1J4e ‘suoissiw bujppuodsassod J1ay3 pue ‘sjuawlainbas ayy 03 sabueyd se wuoy 3SII| SIL UL S[IAI|
Ll® 3@ 3|qe[LeAR SL 3L ‘3seq elep (SIOWMM) 433ndwod |eajuad e ul pajisodaa si 3|NPaYds 3yl 3duLs
*3|npayds ay3 03 sabueyd 33e31SSIJBU SJUBWRALNDAL pue s3sanbad ul sabueyd pue s3sed’auoj pajepdn
‘34njeu up dALIRUDYL S| $S3204d 341Ul 3Y3 “s3sanbaa pue $3SeI3.404 UO paseq K| |eLILul SL J|NPAYds
3yl 3dulg “INPaYIS 3jL|4Le pajeabajul ayj 33| dwod snyj} pue ‘suoissiw 3yj 3jesado 03 sjudw
-abueaae pajiejap pue sue|d AuessSaddu 3y} 3Yew “SUOLSSLW PaLNPaYIS pue pajedo||e 3)ej SILun [euoll
-e4ado 3y)] - (£2-y) s3iun euoijesado 3yl 03 SuOLSSiw J131I3ds I Npayds pue 3jedo||e 03 2z-Y Aq
papasu ejep juawabeuew Ojup pue ‘3ji|JdLe JO S3L40633eD SNOLJIRA 404 SI|NPaYds |esauadb ojul |Z2-y £Aq
pPa3on43suod aue pue ‘suorjesado 3 i|4te pauue|d 40j SLSeq Y} WUO) SISPIBU04 pue ‘s3sanbaa ‘sjuaw
-341nbad 341141y "3|qLssod aduuew JUILDLSJ3 ISOW Y} Ul suorjeaado 3jeaduie [enyoe bup3dauaLp pue
‘butnpayds ‘buiuue|d ay3 punoue Su33udd suoijesado 3ji(4Le JO Judwdbeuew “Ix3JU0D SLY3 uf

(2-v) suotieaadg 3514ty abeuey 2-y

GO G WSS e




7
e

TR B 7T S R R ) R >
S el e s

R O A

ALV¥3I40 QNY
2InAIHOS

AN1IJI¥ QNY

SNOISSIN nk<u§<_ e

83K Atd

90AT3

TINBIYSE
SITLITY peynsdesul

SNOIIV¥Zd0
4ITNIV I2auIa

‘syusmesyndey 3JTTILY

931809
saoy /sanoy Kyyriqede)
pe3wooTly Pepung sIrrany

S Rp— b, S e T -




‘6utjepdn a|npayds pue SUOLSIdaP J0J p|-Y¥ Pue £]-y 03 Indul S| uorjewdojul Siyj] “AduaLdLiyd 3394
uo joedwi 413y} pue suorido buy|npayssaa jo juawdo|aAdp pue uoL3ebL}SaAUL 404 G-y 03 PaUUdSaL
aJe suoirssiw bupysixa jo Bui|npayds JuaLdLs4d adow Aq pajepouuodde aq A|qissod ybiw yoLym asoyy
*A{Butpaodoe pauue|d aae 3 npayss ayy 03 Ajr|rqeded 3jL|aLe aaow buippe aagnbad A aea|d yoLym
3s0y} pue ‘p|-y AQ pajen|eAd aue SIuU3WAALNDAL JjL|ALe MAN “I|NPaYds 3jLl4Le pajeabajul ay3 Joy
34n3on43S J1Seq Y3 0IuU! p|-y AQ pauioy pue “S32un0SaJ 33L(4Le 3O Sarrirqeded ayj yjim paduejeq
€SISPI9404 JJL|J4LR |3uueryd Y3 im pajeabajul aJde Sa|npayds |eaduab asay] °suo|ayda |euoljeziuebao
43M0| Aq pa|Lelap pue pautyas 3q 03 gl-Y Pue Z|-y ‘LL-V AQ S3|npayds |euduab ojul pajonuls

~U0d 3Je (WyYYS) SUOLSSIW 3SLl4LYy Juawubissy (etdads pue “(11v/yp) Bupupea) A3pjiqejaodsued) aiy
/3U40Qu Ly JULOP “3SLOJ43Xd 404 SISANbau pue sjuawdALnbay ‘suollouny juswabeuew suoijeuasado 3jriate

3yl jo Buyssedwodoud pue |eaduab 3sow ay3 si (|-y) suoijeaado 3jL|4te Bur3dauaip pue butuue(d

(L-v) suotjeuadQ 34441y 3J341Q pue ueld

13

|

s

e

B ——————

it catl

o —

T




SUOTSSTW 3JTTATY 309470 PUe UETd -V ‘€-2 8and1d

11000/0¥"

|

|

#Xv1d810/8190)/8U073d0 Fujinpeyssey USTANTIR
oX00a/ YA
S1S0D0 FDUNOSIY| 33yrayV pesexdesul 21
OKY SHO1140 [€ BTUSWSXTHES RVVE ON- >
ONITNQIHISIY .
NOISSIM 401323 sjubey
M, 3Ty
8190 amol FuThkTd 2D pepunjun
skeydsyig
Jue=eRwuey peydetes-aasy ( )
YH00a/OVM
b .
. NVId

20 ®ay A1d peIvoOT1V/De33 19800

<

€

S40 I4IT¥1V d0T73A3A],
QGNV SNOISSIN

SSATIOOITQ
uolser 4
330ddng

/3INNC/AVNS €O
~

_TINNVHO FINGIHOS

\

Pe3I®d0TTIY €O

ItTrqude)

Sanon ITTITN. 1D

A.J..diﬂdﬂduﬂu _Ac

SNOISSIN NYYS
103410 any ZET saserbey|

P

SIH PTOYUITA NVVS 2D

IK00T/2VX

l

T!Suu:. /e

/ $eA130031Q UOTEETN WVVS

BIATIOAT(A UoTESIN IIV/VE

. JO3Y1A ONY NY1d

samol/spund LIV/VE 29
X00G/0VH

|

SNOISSIK ISIONIXZ
FINCIHIS ONY NYId 5

eINPOYDS UOTESIN esjoxexy

dﬂ

spung esjdaexy 2O

L5 R § 4

14

SEID el o AN it




whaanmna\mvmoo\m:OHPno SutTnpayosay uotssty doreasd 0-V ‘#-2 8anITd

SLS0D dDUNOSHH

AWW Y VG 4 NV SNOILdO

shetdstq/s3s0)/suot3dQ

SuTTnpayosay UOTSSIN ONITNAIHOSHY sjuawaaInbay WYVS maN
NOISSIN d0TIAdd

‘ﬂu7

sanol 3uiA1d Pe3ed0TTy/Pa3l Tuuo)

aTNPayos 3JTTATY Pajeasdsjul

§3UsWeaINbay 3J71(ATV popuUnJun

sheTdcTq juswedBUB) P83 O8TaS-I9S()

83800 JNOH SUTA1ld

, "‘4.|I‘JJ ll«n
muesam it o i ol S et e N




L T —— L - = - e

B T ———————— e —— B Tor— ety . rr— o
i = e - PSSR at—_—
L

|

*S3INsau 3y3 Butjuasaad JO sueaW DALIDSSS ISOW 3Y} 3G 03 PaJapLs

-u0d SL ‘ejep pajuiad 03 uoryippe uL ‘uorjejuasasdas esrydeaboab *orydedb e pue spunoubiyoeq

M3UJALR YILM [Buuos4ad A|4aLyd aJe suabeuew ayj €dsed SEY} U]  “SUOLSLIP BuL[npaydsas 4oy 3(qLS
-uodsaa sdaabeuew ayj3 o3 |njbuiuesw Jauuew e uL g@y AqQ pajuasaad aq 3shw AJuUdLIL44d SO Suaajauweaed
9yl pue ‘juawaainbaa 3y} SUOLSSLW Y3 UO UOLIBUMOJUL BY] ‘paydLd uUIIQ dARY SUOLSSLW BSBYJ UYM
*JudwaJLNbaa ay3 3|puey 03 pasn A|JUaLdLS4d ISOW 3G P(NOD YILYM SUOLSSLW 4O UOLSSLW 3Y3 y¥o1d 03
‘JuawRALNbaua 3jL[AaLe J14109dS © UYILM 3430U0D UL ‘2@y AQ pazAieue Jdyjany 3Q U3Y} ISNW SUOLSSLW

91qLbL [9-UOLSUBALP 3SaY] U0 eIRQ "SIUBWA4LNbAL 0bued |euoilippe ysi|dwodde 03 pa|npayds

-34 3q A|edt3oeud pue A eba| pLnod yoLym sba| uoLss.w pa|npayds 32313s 03 |@y Aq pazAeue 3q

IsSnuw 3seq eIep [eau3d 43INAWOD SIJWMM Y3 UL PSL’ ejuLew eIep I|NP3AYIS 34LL4LY pajeabajul

(@-v) s3s0) adunosay pue suorzdp bup(npaydsay uoissii dojaAsg

RTINS FE i

VN

I e, NP TP TR (Y A e et z ——— . e . Y p——pr e —




e ———— e

) g ‘m
§150) @0anosay pue suotrdQ SutTnpayosay uotrssIiy dorsaed OV .m...N. sandtyg -
r3 3
I‘kﬂo.nh
-.n”ﬁm aH !
e ' %) . ,. . - : .m..
viva souezeIey suoijeed 8& ¢ s ._, 3
19970/93955/5957390 / 3oy suoyjezedp 3o synduy aespn()! R . -
Fuympeyosey uojesx 03103 T3S . :
10Td/1NI4d p »
- sfu1ds1q JusweIwuey
pe3deyes Jesn 2o .
siviod/eey3Triqude) )
ue3nfs u.ﬂ:-.—s\nuu«o: () ; » : el
2 = .. ) T wexyoxd "
e3n0Y UOTAIGAT] weishs 4K e
- /®3ivq 380D ,_\
~ i P4
‘ DNITNATHOSTY
: ‘| pexo1d sUoTeETW |  ¥0d SNOISSIN
. -+ INTIOIA4T LSO aow.u e p—
J—ﬂ oTQI¥IIY 3x0ATQ
y : : S IUSITNOIY IITITV ™o T ]
i > - weaoxd
o sjuemeaynbey NYVS MeN 2 we3shs SOORMM
- ] ojueweatnbey 33TTITY- pepunyun 1Y %
i TR e.moy FUTATJ POIWIOTTV/PeIITEw0) 10 .
B : #3800 amoy Butkta €9 L_J?
i " 80738303 0vIwy) Fuiiwxedo 3yvaoayy ( ) SNOISSIN STID 3
; i -NOISYIAIQ I03TIS | IITV peasxieyur (1
. : .. UOTBIeATQ 203 e1QTFITA \_, ]
- i wegzoFesw) uogesyy ( )
3 TeAzejur ewry-pwe Suytnpevosey ( )

i . _ — ‘




ST R

icohs

*uoLssiw ayj 4o suorjdod Bururewsa ayj Jo jusawyst|dwodoe burjdsjje A|3SU3Ape INOYILM

18

Pa343ALP 3Q PLN0d 63| uoLSSLw Ae|ndtjuaed © §| JULWAIIAp 03 Gy AQ pasn aq Aew ydLym suajaw
~eded a3ndwod H|y pue g1y pue ‘jued © sL 63| uoLSSLW 3Y3 YOLYM JO UOLSSLW 3ALIU 3Y3} S3ONUIS

-U023J Z|Y “UOLSUBALP 404 3|qLBL[3 aJe Yotym sB63| UOLSSLW SII3[3S [|Y "UOLSUSALP 3|qLssod

3ayj Ja34e pue 340439 panpayds sH3| asoyl uo 3oedwt 3yl BuLaapLSUOD INOYILM P3JU3ALP pue
pa323(as 3q jou Aew Jybi(4 usAtb © sba| uotsstw 40 ‘SIY6L{J |PNPLALPUL |B4BABS JO Pasladuod
3q Aew UOLSSLW © 3JULS “JUBWIALNDAA 3sL|aLe |ed133yrodAy Aue 03 uoLsAsALp 40} 3|qLbL|a buiaq

Se aseq ejep 3y} ulL paLjlLjuaplt aq Aew s3ybL(4 uoLssSiw |erpiAtput jo saluaobajed uLelua)

(Ly) suoLssitW 3|qLbL|3 uoLsuaALQ 393]3S

T N . .
s e . ¢ z . i " s




~NOIS¥AAIQ
X41INZAT

SUOTSSTI 8TqTITTH UOTSIBAT(Q 399T8S IV °*9-2 2an3t4
z 3
FTAVIIVAY aNI|
NOISHAAIQ HIIMIE -
€ Vivq UOTBETN SNSK ¥Od Viva
o1q 1P TI-UoTeIeAT] FH0LS/SOVHIXT
. .
FTAVIIVAY ;
INTL
1qUITIAY
suyy uojesx NOISSIN X | WS el
| 3u1W43l3ag
3 §
awiy
1100} aisdvia
. OW]3 UOTERIN NOISSIN ToUTY USTSBIR peInpedos |
ININYIIIA
z
Y XHVEINILL
afe'7 Uojes N J0 eouenbeg NOISSIN
30NHISNODY




*SJ4d)eW UOLSLIIP 03
uotjejuasaud 404 suoLssiw [edtjoedd pue [eILWOU0I3 FSow Y} 3403S pue ¥21d 03 G2y AQ pasn su3ajauw
-eded S33913S pue 3s00 $3aINdwod pZy ‘OS Op URD YOLYM SUOLSSLW 3SOY} 404 “pPapn|doulL Si 3wt} pappe
3yl jL sjuawauainbaa panpayss A|eutbrao s3t Hupj3asw Jo ajqeded St uOLSSLW Y3 43Yyiaym apLoap 03

A4@SS3IU UOLIRUMOJUL YT £2Y aptAoud Aew 22y “juawdJinbaa jeuollippe 3yl ysi|dwodde 03 uoLssLw

deinoijaed 3yl BuLIASALP UL paA|oAul awl} BurA|y pue asueystp ayy buryndwod uayy Ag -233 “dn
payotd aq 3snw obuaed 3y} 34aYyM SOLISLUI}ORJRYD PI3LJ4ALe BY] pue 3jeddaie Jo 3dA3 *pataded 3q 03
obaed pue 2oeds 0bued “d3ep AUIAL|3P SIUBWAALNDAUL pue 3w} uOLSSLW Se S403dey yYyons Buowe A3L|Lq
-13edwod aunsul 03 |2y AQ paJedwod 3q 3snw JuaWRALND3aL Y3 pue UOLSSLW 3Y3 ‘[(e 40 3S4i4 °sdais

[et3uanbas [e43A3S SIA(0AUL JuWIALNbaL Jae|ndijded © J0j UOLSSLW JUILILISD Jsow 3y3 buLlda|as

(2v) Bur|npayd>say J40j SUOLSSLK JUBLILIST ISOW ¥3Ld

20




Obads v s

BuTTnpayosay JOJ SUOTSSTW JUSTOTIIE 3SON XOTd 2V

*L=2 mu:m.am

SHOISSIN
1133443-3150
4S0M wod Vi
qW018/123713s

/oiney uetsasalg

si033¢eg
380)
a030%g ‘ 3
T Ty "
SATISTOY /380) suoissSIN NI NOISWAAL
be3oetes LEI101440S Hi
SNSH 103 TS
-:om :
ano
seuny 2z
— SYELIMVEVL N
SONVISIA ‘Zin0!
G NOIS¥aAlQ
J11d%0D

SUOTSSTN QT3

A3171911V4400
RS 3N Iny3lag

38—

Juemeinbey
T3y aell O

B e Bid b
STIQIFITI-32eaTq I

B o L e e e el

21




‘wa3sAs ayj 4o SaALIdAfqgo 3yj

astadwod /gy pue ggy J0 3ndino 3yl -pada|as eyep jo adA3 ay3 o3 Huppaodde ejep Indino pajurad
SaNSSL pue sjewdoj ggy sAefdstp j0 32t0Yyd S,43sn Je(ndrjsed ay3 404 GEY AQ pasn 3q 03 SJIAW
-eaed Auessadau 3yl sayndwod pue pajodaas st burjjord usym gy AQ pajerziul sL yEY -“e3ep jo
adAy aendijaed jey3 404 jewaoy 3o0id ayj o3 Hugpuodde ejep ayj sjord ggy pue “pazdaas st 3oid
41 “sajeulpuood 433301d sa3ndwod Ggy €u4asn 3y3 Aq patjLiuapl eIep Byl puiy 03 pIeLILul st gEy
40 |043U0D “43sn 3y} AQ apew S| UOLIIA|3S 3J4N0S eIep B udyM “s3indano pajutad ao pajjold ayj
aupjap A1233|dwod 40 Apjetjaed |[|IM ydtym sandul ejep 43sN S3U403S/SIPUMOS/SIOD| 0D pue “u3sn
ayy 03 sobessaw jdwouad sanssi 2gy ‘asuodsaa paainbad ayj 323443 03 eIRP [043U0D AUeSS3DIAU BY]
sassed pue Spueumuod Jasn s3aaduajul |gy pIjudLa0 A||edtydesboab aq 03 aae suoriouny uaa3jold
LLY °Sjuswaduainbaa aendtjaed s,a3sn 3yl pue satii(itqeded waysAs dtjtdads 03 Buipaoddoe aasn

3yl Aq pa1da|as aJe ‘pajuiad 4o pajjo|d 3q 03 eIep 3y} pue ‘suorlduny udjutad pue 4333014

(€v) eaeq pardatas 301d/utid

22




oy

A ———eee

_n\uﬂu-«a\-voo o33do

Sytnpeydeey uogssix 10
= ; sividsial,
-mm 3103 13S . v3%a 1eq¥]
1014
3 3
SZIVYNIOYHOO!
se3euUYPI00) ¥3I1101d
3033014
9
= S$1YA40d Sugyrord 103
” 923WUPI00D
poulag gaLanas 1eotydeadoen
w3ug 3ujad

s

X373uepl vaed

\

sJejeuvivg
uoy30efoad

SYALanvevd

014 ¥O
dNI¥d ¥od
Viva HOI3d

w1dsid 30] %3%0

-

Sjueweajnbay 3J1TITY »aN IIX

vieqg 390)/Ca3noy uoisiaAalg €I

wieQg USK PIQIZT13-Uo]sIaAlg §I

P33O9S SUOISSK 3 4

wyng Auideig
/odueaegey

00333 TIqedu) we3BAS

wieq Awids|g
/eduszajay suojiwlado
Jo sandug Jesy SI

wvexod pue
asjutag/aersetd ()

S e e
e

23

I S S ) o R S

S~




TR AR e s e ki 48 A AN S P e o e =
T M o S <A LS5 Pt i

ITI. SYSTEM DESIGN

In the design phase, the functions identified in the requirements {
definition are organized and structured according to certain principles
known to enhance economy, reliability and maintainability of the system.
Several design methodologies were considered for the system; some were

rejected because they were, in their entirety, inappropriate and imprac- i

tical to the somewhat limited size and complexity of this application.
A composite of two design methodologies was chosen for this project as
the most effective manner in which to apply proven software-engineering
principles.

Primary Design Methodology

The primary methodology used in the design was an extension of
Structured Analysis Design Technique. Since the requirements were de-
fined using structural analysis (and many of the graphic conventions of
SADT), the organization and functional hierarchy of the requirements defi-
nition could effectively be used to form the basic structure of the system.
Conceptually, this is the SADT approach to software design. Because there
were practical limitations imposed by the equipment available to imple-
ment the final design, some departures from the strictly functional hier-
archy of the structured analysis organization could be anticipated. How-
ever, most of the functions represented by the SA activity charts could
be implemented as distinct software modules, thus preserving the simpli-
city, accuracy and conceptual consistency achieved during the requirements

definition. This procedure is not strictly within the SADT conventions,
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but rather is the method chosen to exploit the functional activity and
data relationships developed in the SA diagrams.
Additional Design Considerations

To determine when and how departures from the SA hierarchy should
be planned, the principles of module coupling and cohesion from the
Structured Design methodology were applied. Appendix 2 summarizes the
important aspects of structured design, and briefly explains the principles
of module coupling and cohesion. These principles are effective criteria
upon which to evaluate and select the changes to the SADT-derived design
necessary to overcome equipment limitations, and to better achieve the
following system goals (Ref 5):

1. Understandability

2. Reliability
3. Maintainability
4. Modifiability
5. Generality
6. Usability
7. Efficiency

Both of the design techniques use the "top-down" approach to deter-
mine system structure. However, the limitations of the existing equipment
dictated a departure from the top-down approach in several instances, for
the exact manner in which some functions could be implemented on the HP
calculator and its peripherals had a very definite impact on the final
design. Limited calculator memory and disk storage, interface capabili-
ties with the WWMCCS computer, and characteristics of the mechanical

plotter, forced the construction of some modules from a bottom-up approach.
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The modules which were so constructed, however, were designed to meet and
interface with the top-down structure as low as possible in the overall
hierarchy. The objective was to incorporate the best of the top-down and
bottom-up approaches, and to strictly apply the principles of coupling and
cohesion at the points in the module hierarchy where the two approaches
interface.

The Basic Design

Fig 2 reflects the basic design in block diagrams. Block 1 is de-
signed to be implemented as a program on the WWMCCS computer. Blocks 4,
5, 6 and 7 are designed to be implemented as overlays, controlled by Block
3, on the Hewlett-Packard calculator. Block 3 also performs the function
of SA diagram Block A31, that of accepting and interpreting user command
inputs. Block 2 partially corresponds to SA diagram Al15, since this mod-
ule controls reading the results of the WWMCCS processing and transferring/
storing the data on the HP disk. However, its function is not distinctly
reflected on the SA diagrams, since it exists to provide the practical re-
quirement for a data link between the two computers. Block 4 corresponds
to SA diagram block A2; Block 6 performs the function of SA diagram A32,
and is designed to be implemented as a separate overlay due to the memory
requirements necessary to accept and store user data inputs. Block § is
functionally related to Block 7, since both provide data displays, and in
the original design the two were grouped as one overlay to perform the
functions of SA diagram blocks A33 thru A37. However, calculator limi-
tations did not allow all the code necessary to implement these functions
to reside in memory as a single overlay. Because the entire design, and
particularly the interfaces between the top-down and bottom-up designed

modules, would be impacted by a separation of the functions according to

o i Al e At e s o i




the SADT activities, an heuristic approach to the division of this module

was used. Since plotting of map geographical and political boundaries
was the only activity independent and disassociated from the other dis-
plays in both its data source and probable sequence of user selection,
this portion of the display function was constructed into a separate
overlay. This division was feasible, and promised to minimize exchanging
overlays during system operation.

Subsequent chapters explain the structure and moduies used to imple-
ment each of the Hewlett-Packard calculiator programs and overlays. The
WWMCCS computer program to select diversion-eligible missions from the
Airlift Integrated Management System (AIMS) schedule is not modularized
due to the nature of the language selected. A high-level retrieval lan-

guage, INQUEST, was selected for this program since it affords the user

a capability to modify and maintain this part of the system without assist-
ance from outside agencies. The code for this program is listed in Appendix
D; it is a straightforward implementation of the requirements shown on SA
diagram A-1. It could be as easily implemented in COBOL, FORTRAN or any

of several other languages. The code for the Hewlett-Packard programs is :
listed in Appendices E through J. It is written in Hewlett-Packard Lan- | 4
guage (HPL), which is the only language acceptable to the HP 9825A calcu-
lator. HPL is a higher-order language semantically and functionally
similar to FORTRAN; FORTRAN users should have 1ittle difficulty reading
and understanding it after a review of the HPL notations provided in
Appendix C. References 6 through 14 provide detailed specifications for

HPL.
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IV. THE DATA TRANSFER PROGRAM

The data transfer program is an integral part of provisions to input

existing mission data into the Hewlett-Packard 9825A calculator. Since
this is a physical function, and not a conceptual one, it has not been in-
cluded as a part of the formal requirements definition, nor as a part of
the overall system design except to allocate a "module" in the design to
accomplish the function.

The data transfer function is necessary because of the physical con-
straints in which the system must operate. Military Airlift Command
scheduled mission data, maintained by the WWMCCS data-base management sys-
tem, must be processed, analyzed and displayed by the Hewlett-Packard 9825A
calculator and its peripheral equipment. To effect such a requirement,
only a limited number of alternatives are available. Manual entry of the
mission data into the calculator from a WWMCCS system printout is totally
impractical, since transfer of an estimated 50,000 characters of data on
a daily basis is involved. It would he possible to have the WWMCCS system
punch the data into cards, and then to read the card data into the calcu-
lator for storage on the Hewlett-Packard disk. However, the user's
Hewlett-Packard equipment does not include a card reader, and the expend-
iture of additional funds for a card reader is undesirable unless no other

alternatives exist. A serial data link between the WWMCCS system and the

calculator is feasible, and is considered to be the most practical solu-
tion if a method of implementation can be effected.
Both synchronous and asynchronous WWMCCS system peripherals, over

serial data lines, are available to the users (Ref 17). By using the
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calculator to emulate one of these terminals, the WWMCCS mission data

file may be accessed and read into the calculator, and then stored on

the Hewlett-Packard disk for subsequent processing and display (Ref 13:
58). While the calculator cannot be used to emulate a synchronous ter-
minal at the data transfer rates in use, emulating an asynchronous ter-
minal at low or medium speed data transfer rates is within the calculator's
capability (Ref 10:15-17).

Data Communications Conventions

The WWMCCS system terminals at Hq MAC are configured to operate on
MIL-188 standard for serial data communications (Ref 17). The serial
interface marketed by Hewlett-Packard for use with the 9825A calculator
is capable of operation with only the Electronic Industries Association
(EIA) RS-232-C standard for voltage and logic levels (Ref 13:12-13).
Since the two standards are not compatible, a bi-directional converter
is required to change from one standard to the other before a data link
could be implemented.

A converter produced by Honeywell for military applications was
procured and configured according to the vendors documentation for the
required conversion.

Teletype Emulation

The WWMCCS system asynchronous terminal available to the users is
an AT-33 teletype. An HPL program will allow the 9825A calculator to
emulate the teletype, with the calculator keyboard used to send WWMCCS
system time-sharing commands to access and read the mission data file.

A time-sharing command to list the data file to the terminal will

get the mission data to the calculator in serial fashion. With the
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Honeywell MIL-188 to RS-232 converter in the circuit, the data voltage

and Togic Tevels would be compatible with the Hewlett-Packard 98036A
serial interface. Bytes of ASCII-coded mission data will be collected
and reformatted by the HPL teletype-emulation and data-transfer program
as necessary for storage on the Hewlett-Packard disk.

The Program

To effect the teletype emulation, data transfer and disk storage,
the HPL program must accomplish the following:

a. Configure the 98036A serial interface for the proper parity,
number of stop bits, and number of data bits per byte.

b. Establish a buffer in the calculator memory into which incoming
bytes of data may be stored in the calculator pending processing.

c. Establish two levels of interrupts for incoming data: one
interrupt routine must initiate reading a byte of data from the interface
into the buffer when the byte is received; the other routine must properly
identify and process the data in the buffer when an WWMCCS time-sharing
message or data record is received.

d. The interrupt processing routines must display WWMCCS system
messages on a printer or CRT, and must collect and reformat mission data
and store it on the Hewlett-Packard disk.

e. Disk space for mission data must be initialized before each
transfer to assure that the end portions of a Tengthy mission data file
from one transfer operation are not still stored on the disk after the
subsequent transfer of a shorter file overwrites the disk space.

f. WWMCCS system commands entered from the calculator keyboard
must be displayed at the calculator, and must be written to the serial

interface for serial transmission to the Honeywell mainframe.
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g. Hewlett-Packard keyboard-coded data must be converted to ASCII

code before transmission to WWMCCS.

The transfer program accompiishes all of the above functions, al-
though not in a modular fashion. The program code, and a brief explanation
of which code segments are used to perform the functions, is listed in
Appendix E.

Divert-eligible mission leg data records from the WWMCCS file are
61 characters long. The first character is an ampersand, and is used by
the interrupt processing routine to differentiate between mission data
and WWMCCS time-sharing messages. The remaining 60 characters are mission
data in the following format:

Characters 2 - 4 Mission Sequence Number

Characters 5 - 7 Mission Subsequence Number

Characters 8 - 19 Mission ID

Characters 20 - 22 Type Aircraft

Characters 23 - 26 Departure ICAO

Characters 27 - 30 Departure Time

Characters 31 - 33 Departure Julian Day

Characters 34 - 37 Arrival ICAO

Characters 38 - 41 Arrival Time

Characters 42 - 44 Aircraft Configuration Code

Characters 45 - 47 Crew Type

Characters 48 - 49 Diversion-Eligible Code

Characters 50 - 60 Cargo and Passenger Data
When the interrupt routine identifies a sequence of characters re-

ceived as mission data, it converts the data into parameters or strings,
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then reformats the sequence of parameters and strings to match that of
the mission file on the Hewlett-Packard disk. This data format is shown
in Appendix L. When enough mission data has been received to fill a
disk record, that record is written to the mission file.
The transfer program operates independently of the other HPL pro-
grams and overlays. Variable assignments in the transfer program are
not consistent with the Opportune Rescheduling System program and overlays.
The next chapter explains the HPL implementation of the conceptual
functions and activities identified in the requirements definition phase,
and the structure of these functions as determined by the system design

phase of the project.

33




V. THE OPPORTUNE RESCHEDULING SYSTEM PROGRAM
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The functional requirement to select diversion-eligible missions

from the AIMS scheduled-mission data base, and the physical requirement
to transfer this data to the Hewlett-Packard storage disk, was explained °
in the previous chapter. This chapter addresses the remaining functions
and activities identified in the requirements definition, and discusses
the data storage and program modular structure used to implement these
functions. The HPL program which implements these functions and activi-
ties is called the Opportune Rescheduling System.

To perform the conceptual functions and activities within the limi-
tations imposed by the equipment, the Opportune Rescheduling System pro-
gram must also perform certain program control functions as well. After
accepting and interpreting user inputs to select specific system functions,
a part of the program must control the loading of overlays and invoking
the activity modules to accomplish the selected function. The manner and
sequence in which the program's activity moduies are invoked is deter- |
mined by the hierarchy of functional activities identified in the require-
ments definition and system design phases of the project. The manner in
which overlays are controlled is determined by the manner in which the
hierarchical module structure is divided into segments which will fit
into the limited calculator memory. While this requirement was addressed
during the system design, a more detailed explanation of the relationship
between the functional hierarchy of activity modules and the composition
of the overlays is basic to an understanding of how the system is imple-

mented in HPL code.

34




R o

por- e

e

reye——i

Qe ——

NS i g

The calculator has 23K bytes of memory, which, in general terms
translates into approximately 700 lines of HPL code. This approximation
is very rough, since the number of variables allocated by the program,
the potential depth of subroutine calls, and the exact HPL syntax all
affect memory requirements for a given number of calculator operations
(Ref 9:18). The total number of HPL code lines needed to implement the
modular design totals 1100 1ines. To implement a workable overlay struc-
ture, HPL code to accept user inputs selecting system options and code
to control the overlays containing activity modules must always reside
in calculator memory; the remaining code must be segmented into the over-
lays so that calculator memory is not exceeded. Further, the division of
activity modules into feasible overlays must remain functionally con-
sistent with the hierarchical modular structure.

The next section describes the segmentation of HPL code into an
overlay structure. The HPL code which always resides in the calculator
memory during system operation, called the Executive Control Program,
will be described in the subsequent section, followed by four sections
devoted to describing each of the overlays. The remaining sections in
the chapter will show the Opportune Rescheduling System detailed module
hierarchy, and explain the conventions used for data file organization
and program and data storage.

Overlay Structure

The structure imposed by the system design implies a segmentation
of the HPL-coded activity modules into three functional divisions. Two
of these are explicitly identified in the requirements definition; one

is to pick the most efficient mission for rescheduling, and the other is
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to print and plot the selected data (see Fig 2-5). For brevity, these
functions and their corresponding code segments are termed "OPTIMIZATION"
and "DISPLAY", respectively. The third function is not on a par with
the other two in terms of computational complexity, but in terms of the
number of lines of code and calculator memory requirements, is very
nearly the equal of the other two. Entering, correcting, and storing
reference or display data is hierarchically subject to the "DISPLAY"
function (see Fig 2-8), but implementation of this function in HPL re-
quires considerable calculator memory which, in turn, necessitates the
distinct segmentation. For brevity, this segment is termed "ENTER".
Implementation of the "DISPLAY" function, in its entirety, requires
more than the available calculator memory, and further segmentation of
this function is necessary because of this constraint. The segment of
code responsible for plotting map boundaries, grids and legends is the
only portion of the code completely independent of other portions, so
sub-division of the "DISPLAY" segment is based solely on the necessity
for segment independence. This additional segment is termed “MAP PLOT".
The resulting overlay structure is one which is functionally con-
sistent with the SADT design, yet also allows the program to perform a
specific function without all of the HPL code residing in the calculator
memory. Subsequent references to these four overlays will be in capital
letters, in order to differentiate between functional modules, or sub-
routines, with the same name. An overlay contains all of the subordinate
modules needed to implement a specific function; the module with the same
name as the overlay is the subroutine in the executive control program

that invokes the overlay modules. The next section describes the execu-

tive control program.

e bl i




THE EXECUTIVE CONTROL PROGRAM

The program first performs the data management activities common to
most programs. Variables are assigned, arrays dimensioned, and data disk
files are identified. The user is then prompted to enter a function,
ENTER, OPTIMIZE, or DISPLAY. The user's response invokes either the
“enter", "opt" or "display" module. These modules prompt the user to
select a data source, missions, requirements, ICAQO identifiers (airfields),
map coordinates, or special missions, and then loads the proper overlay
and invokes a module within the overlay to accomplish the selected func-
tion.

There are also a number of procedural modules that perform de-
tailed activities common to two or more of the basic functions, which are
loaded with the executive control program. They are not immediately sub-
ordinate to the "enter", "opt", or "display" modules, but are generally
much further down in the structural hierarchy. Loading these common-use
modules with the executive control program, which always resides in mem-
ory, prevents duplicate code for these activities in the overlays, and
facilitates module code changes and corrections.

The HPL code for the executive control program, and for the pro-
cedural modules loaded with the program, is listed in Appendix F. A des-
cription of the function of each module is also included in the Appendix.
The remaining HPL-code modules are contained in the four overlays. The
next four sections describe the overlay composition.

THE MAP PLOT QVERLAY

The Map Plotting Overlay consists of a hierarchy of modules which

compute map projection parameters, establish map plotting conventions,
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and produce stored map coordinates in a printed or plotted display
format.

Map projection parameters, based upon simple conic projection con-
cepts, are computed based upon the map boundaries selected and the size
and aspect ratio of the plotting surface. Appendix K describes in detail
the computation of map projection parameters; Table I describes the allo-
cation of these parameters to calculator global variables for use by the
rescheduling system program modules.

Map plotting conventions, such as the geographical boundaries for
the map, size and aspect ratio of the plotting surface, and the pen colors
to be used for the various data plots, are established by user inputs (or
system default values). Table I also describes the allocation of these
conventions to calculator global variables for use by the rescheduling
system program modules.

The production of plotted or printed displays from stored map
coordinates is accomplished by a hierarchy of functional modules invoked
by the executive control program. The modules issue prompt messages and
accept user inputs to identify which coordinates are to be displayed and
whether the coordinates are to be plotted or printed. The selected coordi-
nates are then printed, or mathematically projected and converted into
plotter units and plotted by the HP 9872A Graphics Plotter.

The code for the map plotting is listed in Appendix G. A descrip-
tion of each module's function is also included in the Appendix. Map
coordinates, as well as all other stored data used by the OPPORTUNE RE-
SCHEDULING SYSTEM (with the exception of the mission data transferred
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rlf
ril
rl2
rid
rl4
rl3
ri6
rl7
ri8
r19

TABLE I

GLOBAL VARIABLES
Jutput Device Address

Current Pen Position (Longituda)
Current Pen Position (Latituds)
Current Pen Position (M from Nop Origin, X Direction)
Current Pon Pogition (N from Map Origin, Y Direction)
Last Pen Position (N from Map Origin, X Direction)
Last Pen Position (N from Map Origin, Y Direction)
Snare

Spare

Map East Boundry (Degrees Longitude)

Map Yest Boundry (egrees Longitude)

Map Mid Meridian (Degrees Longitude)

Map North-South Midpoint (Degrees Latitude)

Redius of Tancent Cone

W4 from Nap Drigin to Boundry in X Direction

NM from Kap Crigin to Boundry in Y Direction

Map Constant of Pro jection

Plotter Left X-Limit (Plotter Units)

Plotter Lower Y-Limit (Plotter Unite)

Plotter Right X-Limit (Plotter Units)

Plotter Upper Y-Limit (Plotter Units)




TABLE I (cont'd)

CLOBAL VARIASLES

rel Spare
r22 Mop Grid Pen Color

rZ3 Map Pen Color

r24 Wap Interrupt Flag

r29 Mission Plot Pen Color

r® Requirement Plot Pen Color

re] ICAD Plot Pen Color

r28 Diversion Plot Pen Color

r8 Mission Legend Flag

r3 Line Color Legend Flag

r3l+r38 Interrupt Routine Varidbles
r39 Minima Diversion Cost Factor
r4) Line Nusber Counter for Overlays
FIL11 C138 Cost/Flying Hour

FI1,&1 (133 Extra Flying Time/Stop
FI1,31 (138 Evoluation Veight Factor
F1,41 (138 Block Speed

FI2, 13+F(2,41 Data as above for (141
FI3,114(3,41 Data as above for (3
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from WWMCCS) is entered and maintained through capabilities provided by

the ENTER overlay modules. The next section describes the ENTER overlay.

The ENTER Overlay

The ENTER overlay consists of a hierarchy of madules which provide
the capability to add, change or delete mission, requirement, airfield,
map coordinates and special mission data stored on the Hewlett-Packard
disk. When the user selects this mode of operation, the system issues

prompt messages which determine which data file is to be modified, and

whether data is to be added, changed, or deleted. A specific ENTER H
overlay module corresponding to each data file and type of file modifi-
cation is invoked to provide user prompt messages, accept data identifi-

cation and new or changed data inputs, and perform the desired modifi-

cation.
To achieve any degree of system reliability, accurate and well-

structured data files are essential. Since each data file is organized ]

differently, the modules which modify the data files were designed to
hide as many of the file structure details as possible from the rest of
the program (Ref 3). This approach strictly limited the number of mod-
ules which could potentially cause data file problems, and simplified the
top-down programming, testing and module interfaces. The resulting struc-
ture is understandable and balanced.

Using the top-down design approach, two functions were identified
as critical to data file accuracy. One was to get and accurately format
data according to the file's data record structure. The other was to

insure that data is stored in the proper location within the file. For
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each type of data, a separate module was designed to accomplish each of

these functions. The only information passed to the modules which get
and store the data is the location within the file; prompt messages, user
data inputs, edits, reformatting and writing data to the disk are all
handled within the module.

The only information passed to the modules which find the proper
file location is the data identity, or key. Since locating specific
data within a file is also a necessary function for data retrieval, these
modules are used for many system operations, and are included as proce-
dural modules loaded with the executive control program.

The HPL code and a description of all the modules which comprise
the ENTER overlay are located in Appendix H. The hierarchical structure
of the modules is outlined in a later section of this chapter.

The DISPLAY Overlay

The DISPLAY overlay consists of a hierarchy of modules which, at
the user's selection, retrieves stored data from the data files and dis-
plays the data in a plotted or printed text format. Data plots are all
geographically oriented; the map coordinate and airfield data include
geographical coordinates which may be mathematically projected and plotted
as a map. Missions, airlift requirements, and diversion option data all
include airfield references, and each concerns the movement of aircraft
from one geographical location to another. Therefore, all stored data
possesses a geographical relationship which may be meaningfully displayed
in map form.

Each print module, by using subordinate modules, finds the data

identified by the user, transfers it into calculator memory, reformats
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it into ASCII bytes, and sends it to the CRT or printer. Each plot mod-
ule, using a similar structure of subordinate modules, finds the data
identified by the user, transfers it into the calculator memory, traces
airfield references to stored coordinates if necessary, mathematically
projects the coordinates to plotter units, and sends the appropriate
commands to the HP 9872A Graphics Plotter to produce the display re-
quested.

The mathematical projection of coordinates is based upon a simple
conic projection (Ref 18:5). Appendix K describes the map projection
mathematics in detail. The conversion into plotter units is based upon
the map boundaries selected by the user. When the boundaries have been
selected, the system scales the physical plotting surface into nautical
mile units so that plotter command parameters are equivalent to nautical
miles over the earth's surface. This allows use of the same parameters
to compute distances for mission routes between two airfields. With the
exception of map coordinates, plotted data is also labeled by the program.
Again, the modules which perform the labeling hide all the implementation
details involved; only the data file location is passed to these modules.

The HPL code for the DISPLAY overlay and a description of each
module's function is listed in Appendix I. The hierarchical structure
of the modules is outlined in a later section of this chapter.

The OPTIMIZE Qverlay

The OPTIMIZE overlay consists primarily of a collection of serially-
invoked modules which analyze different aspects of a diversion-eligible
mission relative to a given airlift requirement, and selects and stores

those which are the most economical diversion options. When the user
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enters an airlift requirement, or selects one which has already been

stored, the OPTIMIZE modules begin processing the mission data file by
reading sequential disk records into calculator memory, and invoking
activity modules which analyze a particular mission in a step-by-step
process to determine if it may be feasibly diverted to the requirement.

If the mission can be diverted, more activity modules compute
routes, distances, flying times and costs incurred. This data is stored
as one of six diversion options if the computed costs are lower than any
one of the previously-stored options. The system stores data on six
options in order to present airlift managers a range of viable alter-
natives; a number of qualitative factors, not available as stored mission
schedule data, but which may be equal in importance to economy will fre-
quently enter into the final decision to divert a mission. For the same
reason, the system has the capability to reanalyze the mission file and
select the next six-best options.

The activity modules and the sequence in which they are invoked
to analyze a mission were designed according to the functional definition
of requirements depicted by SADT diagram A2 (Fig 2-7). Since the re-
quirements definition effort considered all of the mission data which
the Airlift Integrated Management System (AIMS) on WWMCCS was planned
to provide, the design provides the modular structure to make use of all
the needed data. AIMS, however, is still in the development stage, and
reliable data on scheduled carge, passengers, and aircrews is not yet
available. The modules designed to use the unavailable data are, in
the current configuration, dummy modules. They are coded so as not to

preclude a mission from being selected as a diversion option, and it is
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left up to the airlift managers to evaluate the diversion options sel-

ected and assure that actual cargo, passenger, and aircrew information

is considered in the final decision. Since the modular structure and

the functional and interface requirements for the modules are already
provided, coding and implementing operational modules can be accomplished
by the user when the AIMS data elements become available.

The code for the OPTIMIZE overlay modules, and a brief functional
description for each module, is provided in Appendix J. The hierarchi-
cal module structure is outlined in the next section of this chapter.
The last two sections of the chapter describe the program and data stor-
age conventions for the OPPORTUNE RESCHEDULING SYSTEM.

SYSTEM HIERARCHICAL MODULAR STRUCTURE

The following outline depicts the hierarchy of the program and

overlay modules. The letter in parenthesis after each module name indi-

cates in which program or overlay the module is stored. (@ = Executive
Control Program, 1 = MAP PLOT Overlay, 2 = ENTER Overlay, 3 = DISPLAY
Overlay, 4 = OPTIMIZE overlay.)
EXECUTIVE CONTROL PROGRAM
mapsetup (1)
mapintplt (1)
mapsetup (1)
pens (1)
grid (1)
border (1)
crecpltint (1)

proj (p)
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center (1)
equ (1)
creplt (1)
ang deg (1)
enter ()
cenmsn (2)
addmsn (2)
msnget (2)
mert (9)
delmsn (2)
mfind (P)
mert ()
chgmsn (2)
mfind (9)
mert (P)
msnget (2)
mert (P)

cenreg (2)

addreq (2)

reqget(2)
rert (9)
chgreq (2)
reqget (2)
rcrt (P)
delreq (2)
rfind (9)
rert (9)
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cenica (2)
addica (2)
iget (2)
chgica (2)
ifind ()
icrt (9)
iget (2)
delica (2)
ifind (D)
icrt (2)
cencor (2)
addcor (2)
cget (2)
delicor (2)
cert (2)
chgcor (2)
cert (2)
cget (2)
censpc (2)

cenmsn (2)

addmsn (2)
msnget (2)
mert (9)

delmsn (2)
mfind (9)
mert (P)
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chgmsn (2)
mfind (P)

mert ()
msnget (2) s

mert (D) i

opt (P)
weight (4) |
weightprt (4) !

rfind () ‘

rcrt (9)
reqget (4) |
divset (4)
rfind (9)
optreq (4) i
rfind (P)
mincost (4)
cost (4)
rfind ()
divset (4)
rfind (9)

eligtype (4)
ifind (P)
eligcat (4)

eligtime (4)
eligicao (4)

eligcargo (4)
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reqtime (0)
ifind (0)
proj ()

mtime (P)
ifind (9)
proj (P)

onloadtime (4)
ifind ()
proj (9)

offloadtime (4)
ifind (D)

proj (P)
divmaxtime (4)
rfind ()

divmin (4)
rfind (D)
cost (4)

rfind ()

U T S v

optcrt (P)
rert ()
crtline ()
mfind (P)

» mcheck (P) ‘
1 dert ()
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optdis (3)
rfind (9)
rert (P)
optcrt (D)
rert (D) |
crtline ()
é mfind (P)
: mcheck (9)
dert (9)
optlegend (3)
optplt (3)
rfind ()
rplt (3)
ifind (P)
iplt (3)
_ proj ()
ﬁ ilabel (3)
dplt (3)
“ifind (P)
iplt (3)
proj (P)
ilabel (3)
dlabel (3)
mfind (3)
mlabel (3) «
angdis (3)
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mfind (9)
mcheck (@)
mpltall (3)
mplt(3)
ifind (9)
iplt (3)
proj (P)
ilabel (3)

i p e C

mlabel (3)
angdis (3)
1 optprt (3)
| optert ()
rert (9)
crtline ()
mfind ()
mcheck (P)
dert (D)
display ()
mapsetup (1)
pens (1)
grid (1)
border (1) F

f pens (1)
‘ rdis (3)
| rfind (9) 1
| rert (D)
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rpit (3)
ifind (9)
iplt (3)
proj (P)
ilabel (3)
rlabel (3)
angdis (3)
rprt (3)
rert (9)
idis (3)
ifind ()
icrt (@)
iplt (3)
proj (9)
ilabel (3)
iprt (3)
ifind ()
icrt (D)
mdis (3)
mlegend (3)
mfind (D)
mert (9)
mplt (3)
ifind ()
iplt (3)
proj (9)
ilabel (3)
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mlabel (3)
angdis (3)
mprt (3)
mfind (P)
mert (@)
mdisall (3)
mlegend (3)
mfind (9)
mcheck (D)
mert (9)
mpltall (3)
mplt (3)
ifind (9)
iplt (3)
proj (9)
ilabel (3)
mlabel (3)
angdis (3)
mprtall (3)
mert (9)
cdis (1)
mapplt (1)
proj ()
center (1)
equ (1)
arcplt (1)
angdeg (1)
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optdis (3)

rfind (3)

rcrt ()

optert (P)
rcrt (P)
crtline ()
mfind ()
mcheck ()
dert (P)

optlegend (3)
; optplt (3)
E rfind (9)
E rplt (3)
E ifind (9)
iplt (3)
aroj ()
ilabel (3)
dplt (3)
ifind (P)
iplt (3)
proj (P)
i ilabel (3)
i dlabel (3)
mfind (3)
mlabel (3)

angdis (3)




1 mfind (@)
mcheck ()
mpltall (3)
mplt (3)
ifind (P) |
iplt (3) |

proj (P)
ilabel (3)
mlabel (3)

angdis (3)
f optprt (3)
| optert (9)
rcrt (9)
crtline (9)
: mfind (D)
, mcheck (@)
dert (D)

PROGRAM AND DATA STORAGE

The executive control program is stored on the Hewlett-Packard
OPPORTUNE RESCHEDULING disk under the file name “contrl”. It is also du-
: plicated on the OPPORTUNE RESCHEDULING cassette tape cartridge on file f.
Either may be lToaded into the calculator for execution by using the appro-
priate HPL program fetch commands for disk or tape; overlay loading is
automatically handled by the executive control program from the OPPORTUNE
RESCHEDULING disk. The MAP PLOT overlay is stored on the disk under the
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file name "onefil", the ENTER overlay in "twofil", the DISPLAY overlay in
“arefil", and the OPTIMIZE overlay in “forfil".

HP disk data files are organized by named files, and by 256-byte
records within each file. File size is established when the file is ini-
tialized by specifying the number of records needed. Data files for the
opportune rescheduling system were sized to meet projected user require-
ments; they may be expanded at a later time if necessary.

A1l system data is stored on the OPPORTUNE RESCHEDULING disk also.
Mission data transferred to the disk from the WWMCCS system is stored under
the file name "msns"; special mission data under the file name "spec";
airfield data under the file name "icao"; map coordinates under the file
name "map"; airlift requirement data under the file name "req"; and mission
diversion data under the file name "div".

The manner in which each of these files is logically organized was
based on the need for a simple, functional method to maintain data rela-
tionships. A more rigorous approach to this organization, using data base
management techniques, should reduce the disk transfer and processing times
significantly. Recommendations to this effect are included in Chapter X.

DATA FILE ORGANIZATION

The "msns" file consists of 200 disk records; each record stores
data on six individual mission legs. A Military Airlift Command mission
may consist of one or mission legs. Each mission is assigned a unique
mission sequence number; every mission leg of that mission has the same
sequence number, but is assigned a unique sub-sequence number. Mission
legs for the same mission are stored together in the order in which they

will be flown, whereas the overall file structure is organized under the
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"pile" concept, which implies no specific order of storage (Ref 22:75-77).

Retrieval keys for individual mission legs are the sequence number and
sub-sequence number.

The "spec" file consists of only one record, allowing storage for up
to six mission legs. Data storage format and file organization for the
spec file is the same as for the "msns" file.

The "req" file consists of one disk record; data for up to nine
distinct requirements may be stored. The retrieval key for requirement
data is the requirement number, a value from one to nine. The file or-

ganization within the disk record is sequential by requirement number.

The "icao" file consists of 50 disk records; each record stores !

data on up to 25 individual airfields. The retrieval key for locating
specific airfield data is the four-letter ICAO identifier. The file is
organized under the pile concept, except that the initial storage of data
in the file placed frequently-used airfields near the beginning of the file
to speed up data retrievals.

The "map" file consists of 50 disk records; each record stores data

on up to 42 individual map-coordinate plotting points. The retrieval key
for map-coordinate data is the record number and an index number which
identifies which of the 42 record segments is desired. The file is or-
ganized sequentially by the sequence in which individual data points must
be plotted. Map coordinate data is stored as geographical coordinates for
individual points, plus a code which indicates what kind of 1ine the plot-
ter must draw as it moves to that point.

The plotter moves from point to point in the same sequence that the

coordinates are stored. A code of 1 directs the plotter to move to the
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longitude and latitude specified without drawing a line; a code of 2 dir-
ects the plotter to draw a straight line from its previous position to

the longitude and latitude specified. A code number greater than two

Y

directs the plotter to draw a counter-clockwise arc, with a radius in
nautical miles equal to the code value, from the plotter's previous posi-
tion to the coordinates specified. A negative code number invokes the

same response, except the arc is in the clockwise direction. A code

value of P is ignored by the plotter; it disregards any coordinates g
stored with the code, and remains at its previous position.

The "div" file consists of nine disk records; each record stores
data on six diversion options for a given requirement. Each record num-
ber corresponds to the specific airlift requirement stored in the "req"
file under the same number. The retrieval key for specific diversion
data is the record number and an index to the specific record segment.
The file is organized sequentialiy by the corresponding requirement num-
ber and the ranking of diversion options for that requirement.

The data storage format for each of the files is shown in Appendix
L. The special mission file is provided to allow the user to enter and
store unique mission data from the calculator keyboard, and to have it
printed or plotted for special management display purposes. The data
format is the same as for the "msn" file.

Data read into the calculator is stored in memory as string variables.
1 An entire disk record is transferred into a 252-byte string variable for
each read operation. Four bytes on the disk record are storage overhead

and are not usable for data. Mission data or special mission data are
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stored in the string variable M$; requirement in R$; airfield data in IS$;
map coordinates in C$; and diversion data in D$.

A number of parameters concerning user option selections and system
performance are maintained in calculator memory as global variables for
use by any of the activity modules. Table I identifies and defines these
variables.

This section concludes the description of the actual implementation
of the OPPORTUNE RESCHEDULING SYSTEM design. Implementation results and

recommendations for system improvements will be discussed in the last

chapter.




VI. IMPLEMENTATION RESULTS AND RECOMMENDATIONS

The primary objective of this thesis was to implement and document
a functional system which would reduce the time and effort required to
select and display mission diversion options. The secondary objective
was to produce a system which was understandable, and one which could be
maintained and modified by the users without ADP assistance. The pre-
ceding chapters have described the processes which determined what tasks
or functions had to be realized to accomplish these objectives, how the
necessary functions should be organized and structured, and specifically
what was done to implement the functions. The process which governed how
the individual functions were implemented and integrated into the overall
system will be addressed in the next section.

Coding and Testing

The approach to coding and testing the system paralleled the design
approach; that is, a combination of the top-down and bottom-up method-
ologies was used. The modules concerned only with what activities must
be accomplished were designed with the top-down approach from the SADT
diagrams. The modules concerned with how a function must be accomplished
using the available equipment were designed from a bottom-up approach.
Generally, the two groups of modules were coded and tested individually
in the same order. The modules designed from the top-down approach were
coded and tested from the top of the hierarchy toward their interface with
the bottom-up modules. Oummy modules, or stubs, were used to simulate

subordinate modules during the top-down testing. The bottom-up designed
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modules interfaced with the calculator peripheral equipment; short test

programs were used to assure that the equipment would respond properly
when the modules were invoked.

To integrate the system modules, a combination of the "incremental"
and "phased" testing and implementation strategies was used. Phased test-
ing, or simultaneously testing several modules as a group, was used to
test the modules within each overlay. The incremental approach, whereby
the interface between every module is tested individually, and then in
incrementally-larger groups, was used to test the overlays and their inter-
action with the executive control program. This combination of approaches
simplified code debugging, since functional deficiencies within an overlay
were easily traceable to a specific module, and it simplified system imple-
mentation since code testing and system integration were essentially one
process.

System integration and testing results provided a reasonable basis
to conclude that the primary objective of the thesis was accomplished.

The actual system performance conforms to the designed objectives in every
respect. Diversion-eligible mission data is selected from the AIMS data
base, and successfully transferred to the Hewlett-Packard system. Accord-
ing to the specific criteria established by the users, the best mission
options to divert to a given airlift requirement are chosen from the
mission data. Data on missions, airlift requirements and diversion options
may be selectively displayed as map plots or printed text.

An evaluation of the secondary objective, how well the system may be

maintained and modified by the users, cannot be made on the basis of the
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integration and testing. Structural simplicity, module functionality and
documentation accuracy are system characteristics which should contribute
to this objective; however, their effectiveness can only be measured over
time by the user.

One aspect of system performance which surfaced during the testing,
and one not specifically addressed by the requirements definition, de-
grades the effectiveness of the system from the users' standpoint. The
time required to transfer data, and the time required to compute and sel-
ect optimum diversion options, detract to some extent from the system's
practicality. The data transfer requires an average of ninety minutes to
complete; the selection of diversion options frequently requires a similar
amount of time. Although the system operates without user interaction
during those intervals, and still reduces considerably the human effort
involved in rescheduling, there is an undesirable Timit to the number of
requirements which can be processed daily. Recommendations regarding
possible methods to decrease the transfer and processing times will be
addressed in the next section.

Recommendations for System Improvements

Based upon subjective judgments of the system made during the defi-
nition, design, implementation and testing phases of the project, recom-
mendations for system improvements fall into two categories: reducing
data transfer and processing times, and periodic enhancements to the
diversion option selection process.

The time required for data transfer is directly attributed to the

Tow speed baud rate (110 baud) of the serial data-communications 1ink
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between the WWMCCS and Hewlett-Packard systems. The WWMCCS system con-
figuration for Military Airlift Command has the capability for asynchronous
data communications at 300 baud. Installation of a dedicated 1ine and modem
capable of the higher rate would reduce the data-transfer time proportion-
ally. The only modification required for the system to accommodate the
higher rate is a change to the baud-rate selection for the HP Serial I/0
interface.

The time required for processing the mission file is directly related
to the length of the file, and to the amount of processing required to
sequentially evaluate each mission. The processing time could be reduced
significantly by a better file structure for the mission data file. Every
mission in the file is evaluated for its eligibility in regard to the air-
1ift requirement; if a mission fails any of the eligibility criteria, it
is eliminated from further consideration as a diversion option. The file
could be structured, however, according to these eligibility criteria, and
only the eligible portion of the file would need to be read from the disk
and processed.

There are many methods which could be used to structure the file and
achieve the decreased processing time. A simple and easily-implemented
method would be to sequence the file by mission arrival day and time, and
then terminating the processing when the mission arrival times would pre-
clude meeting the requirement delivery time. This method could be used
for any of the several eligibility criteria.

A more complex, but perhaps more effective method to reduce processing

time would be to compute and store tables which indicate which missions
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fall within certain eligibility categories for all the eligibility cri-

teria. For a given airlift requirement, a search of the tables would re-
veal which missions may be eligible and should be read from the disk for
further evaluation.

Any such method to decrease processing time must be evaluated with
respect to the memory requirements and processing time needed for its
implementation. The example above, for instance, might require more than
the available memory to implement, and the processing necessary to compute
the eligibility tables would probably increase, rather than decrease, the
total processing time if only one or two requirements were to be analyzed
daily.

The criteria upon which diversion options are selected are histori-
cally somewhat dynamic in their details. The system is designed to enable
modifications and enhancements to the selection processing, particularly
with regard to greater precision in eliminating ineligible missions. The
modular structure, and the serial manner in which modules are used to eval-
uate missions for eligibility make changes to the selection process very
simple. For example, when accurate cargo and passenger data becomes avail-
able in the AIMS data base, a module to eliminate missions when the cargo
capacity of the aircraft would be exceeded can be added to the processing
sequence very easily.

The modules which evaluate missions and select diversion options
should be periodically reviewed and updated to reflect more current, de-
tailed and accurate judgments on how this should be done. The users'

experience in rescheduling missions from the diversion options produced
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by the system should provide the basis for these judgments. This periodic
review, and modification when warranted, is essential to keeping the
system useful, and improvements in the accuracy and detail of the sel-
ection criteria will provide a valuable basis for any follow-on system

to automate the total rescheduling function more completely.
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APPENDIX A

STRUCTURED ANALYSIS DIAGRAMS (Ref 16)

This Appendix gives a short description of how Structured Analysis
models are constructed and explains the SA diagram conventions used in
this paper. It must be noted that the format used to present the models

in this paper is not standard according to the rules developed by SofTech.

The changes were made to present the models in a manner which is more
familiar to readers who have no experience with SA models. Although
the format is not that used by SofTech, the diagrams of the models are
organized and related according to SofTech procedures, and the con-
ventions used to construct individual diagrams are standard.

The Structured Anﬁlysis Design Technique is a general purpose top-
down, modular technique for modeling functions. The functions may be as
varied as farming or manufacturing, but SA was developed primarily as a
software requirements definition and design tool. Although a complete SA
model actually consists of two models, one for activities and one for

data, this paper employs only activity models so the conventions des-

cribed here are those which apply to activity models.

| An SA activity model consists of a series of diagrams which present
1 in progressively more detail the activities necessary to perform some
function. Each diagram represents a self-contained activity which is

part of the overall function. A diagram shows how its activity is de-

t{ composed into subactivities, and how the subactivities are related to
|
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each other. The subactivities in each diagram may then be decomposed on

separate diagrams which leads to a tree structure of several levels. At
the top is one diagram which represents the whole function, and at the
bottom are the diagrams which show the most detailed activities.

Figure A-1 shows how an SA model would appear if all the diagrams
were on one page. Of course, in real SA diagrams only one level of de-
composition is shown, but the figure demonstrates the top down nature of
SA and the way activities are grouped into modules. In the figure, as in
real models, one large box represents the whole function, and that is de-
composed into successive levels of related activities. The decomposition
process continues until the desired amount of detail has been developed,
which may require more levels than shown in Fig A-1. Another thing to
note is that while the figure shows only 3 subactivities in each decom-
position, any number from 3 to 7 is acceptable.

From Fig A-1, it should be apparent that SA diagrams are constructed
with boxes and arrows. In an activity model, each box represents an
activity, and is called a node. Arrows represent "data" where the word
data is used in a very general sense to include anything that is not an
activity. Fig A-2 shows the different meanings given to arrows depending
on which side of a box they enter or leave. An input is data that is
modified by the activity to produce an output. A control is data which
may or may not be converted into output, but which in some way restricts
the activity (starts or stops it for example). Every box must have at
least one control arrow. A mechanism is a person or thing which acts

as a processor. Mechanism arrows are often omitted when the processor

n
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Figure A-1 Top-down View of an SA Model
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ACTIVITY
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Figure A-2 Arrow Definitions

«




b SN ey A i s A G b 2 SN SR L o i <

is the same for all nodes. No limit is placed on the number of arrows
which may interface with a side of a box, but it is common practice to
group relatad types of data.

Between boxes, arrows may split and join. In general, all branches
of an arrow contain the same data unless a branch is given a separate
label. This convention is summarized in Fig A-3 which also gives two
forms of OR-branches. The OR-branches are used to show that data
follows one path or the other, but not both.

When two nodes are related so that the output of each is a control
for the other, a special two-way arrow may be used. Fig A-4 shows a
mutual control situation with a two-way arrow and the equivalent form
with normal arrows. An arrow showing mutual control has two labels
separated by a slash; the first label identified data going forward, and
the second is the feedback data.

A special numbering system is used to distinguish between nodes at
different Tevels and between nodes at the same level. In an activity
model, node numbers are prefixed with the letter A. For preliminary
nodes, A is followed by a dash and a number. Node A-1 may be used to
show the model in relationship to other functions (Fig 2-3). Node A-0
serves as a cover sheet for the model: the node is simply a box showing
inputs, outputs, controls, and mechanisms for the function which the
model is to describe (Fig 2-4). Decomposition begins in Node A0. Note
in Fig 2-5 that each box of the decomposition is numbered; the boxes

on all decomposition diagrams are numbered, and this number is used to

form the node number. For the activities subordinate to Node AQ, the
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node number is simply the box number on AO; Selection Diversion Eligible
missions in Fig 2-6, for example, becomes Node Al. From this level on,
the node number is a combination of the node number of the parent dia-
gram and the box number of the subordinate. As an example, the decom-
position of Select Diversion-Eligible Missions is given in Fig 2-6. Box
2, Reconstruct Mission Itinerary, is assigned the node number Al2. Sub-
ordinates of Al12, if diagrammed, would have the numbers A121, Al122, and
so on through the last box number.

A special code called an ICOM code (Input, Control, Qutput, Mech-
anism) is used to identify arrows. The code contains a number, a letter,
and another number. The first number is that of the box which the arrow
enters or departs. The letter refers to the type of arrow, I for input,
C for control, O for output, and M for mechanism. The last number
distinguishes between arrows of the same type on a box; numbers are
assigned counting from left to right and top to bottom. In Fig 206, the
code 512 would refer to the arrow labeled Integrated Airlift Schedule
Data which is an input to Extract/Store Data, box 5. It should be appa-
rent that an ICOM code is not unique because arrows can be connected to
several boxes. Codes used in the text are derived from the box which
is of the most interest in the discussion.

On a diagram, arrows which enter or depart the entire diagram are
given a shortened version of the ICOM code. In the shortened version,
the box number is omitted and the remainder of the code refers to the

position of the same arrow on the parent diagram. For example, the out-

put Diversion Eligible Mission Data in Fig 2-6 is coded 01 because




Diversion-Eligible Mission data is the first output from box 1 of Node

AQ in Fig 2-5 which is the parent diagram of Node Al.
fﬁ Two important points about the text describing each SA diagram

must be included here. The text is intended to point out the high-

S h sy o e bt o agiey

lights of a diagram and not repeat all the details. As an aid to
following the discussion, both the long and short versions of the ICOM
code as well as box numbers are used as a reference to specific diagram

features.
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APPENDIX B

MODULE RELATEDNESS MEASUREMENT (Ref 19)

COUPLING - A measure of the intermodule strength of connection - minimize

the relationship among moduies.

COHESION - A measure of the intramodule strength - maximize the module

strength.
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DATA
STAMP
COMTROL
EXTERNAL
COMMON
CONTENT

FUNCTIONAL
CLUSTERED
SEQUENTIAL
COMMUNICATION
PROCEDURAL
TEMPORAL
LOGICAL
COINCIDENTAL

MODULE COUPLING

LOWEST (BEST)

HIGHEST (WORST)

MODULE COHESIVENESS

HIGHEST (BEST)

LOWEST (WORST)
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§ 3 FUNCTIONAL:

2. CLUSTERED:

3. SEQUENTIAL:

4. COMMUNICATIONAL:

5. PROCEDURAL :

6. TEMPORAL :

e LOGICAL:

8. COINCIDENTAL:

COHESION LEVELS

Module performs a single function.

Module is a group of functions sharing a
data structure; only one function is per-

formed per invocation.

Module action comprises several functions

that pass the data along.

Module action consists of several logical

functions operating on some data.

Module elements are grouped for algorithmic

reasons.

Module functions are all related in time

(e.g., initialize)

An invoking parameter value determines the
specific function to be performed of «

general function.

No real relationship between module elements

that are grouped for packaging considerations.
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DATA:

STAMP:

CONTROL :

EXTERNAL :

COMMON:

CONTENT:

COUPLING LEVELS

A1l communication between modules is via

arguments that are data elements.

Communication includes an argument that refer-
ences a data structure; some of whose fields

are not needed.

An argument from one module knowingly influ-
ences the flow-of-control of the other (e.g.,

flat).

Modules reference an externally declared

individual data element.

Modules reference an externally declared data

structure (e.g., common).

One module references the contents of the

other.
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APPENDIX C

HEWLETT PACKARD LANGUAGE (HPL) NOTATIONS
(Refs 6 through 11)

VARIABLES |
r - variables ro,rl,...r(n) Global Variables
AB.Cyu..2 Global Variables
p - variables pl,p2,...p(n) Subroutine local variables

Arrays: A(row, column],...A[row,column] Arrayed Variables

Strings: A$[1st Byte,last Byte],...A$[1st byte,last byte] -
Row-relational data allocations in byte (8 bits) Format

String Arrays: A$[row #, 1st byte, last bytel,...Z$[row #, 1st byte,

last byte]- An array of data in string format.

OPERATIONS

Assignment Operator; e.g., 10 ~ A (Value of 10 is assigned to A)

¥

+

- * ) Add, subtract, multiply, divide operators
s B ) Exponential and Square Root operators
=< > Relational Operators

FUNCTIONS

log, sin, tan, mod, abs, max,....etc. Equivalent to corresponding

FORTRAN intrinsic functions.
LABELS

"labelname": or line numbers may be used as absolute program addresses.
PROGRAM BRANCHING

Branching is accomplished similarly to FORTRAN; e.g.:

ABSOLUTE BRANCHING: gto "labelname" or gto line #

RELATIVE BRANCHING: jmp + #1ines or jmp - #lines
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SUBROUTINE CALLS: gsb “subroutinename” or c11 'subroutinename'’

(variable #1, variable #2,...variable #n). |

INSTRUCTION SET

Read Only Memory cards are used by the 9825A calculator to extend

the basic calculator instruction set to include read/write I/0

operations to all peripherals, special instruction routines for

the plotter and disk, and other internal operaticns which will

execute like intrinsic functions.
DATA STORAGE

Numerical variables may be stored with full precision, by normal

assignment operations, into 8 bytes of internal memory; split

precision is stored into 4 bytes and integer precision into 2

bytes. Split or integer format are stored into string variables. ]
Notation: full to split fts(A) -~ B$[1,4]
split to full stf(B$(1,4]) - A
full to integer fti(A) - B$[5,6]
integer to full itf(B$[(5,6]) -~ A
DATA 1/0
Format statements, applicable to read and write operations, are

essentially similar to FORTRAN.

PERIPHERAL ADDRESSES

ol

The following peripherals used by the system have been assigned

e "

1 addresses as follows:
CRT: 10
Serijal Interface to WWMCCS Mainframe = 11

Plotter = 705

Printer = 701
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|
Internal Printer = 16 1
DISK STORAGE |
Both program/program segments and data may be stored on disk. Data
may be stored as strings or as full precision variables. Data or programs |
are stored on named files on the disk: programs are automatically allo- |
cated sufficient disk storage when saved, while the file size for data

must be assigned in numbers of records. Disk records are 256 bytes in

length. Both random and sequential access to disk data files are possible.

Random read and write operations must specify the file and record number;
serial operations occur sequentially from the file pointer, reading or
writing the number of bytes specified. The file pointer remains at the
end of the last byte read or written unless repositioned at the beginning

of a file or record by a random read operation.
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INQUEST PROGRAM TO SELECT DIVERSION ELIGIBLE MISSIONS
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APPENDIX E

DESCRIPTION AND HPL CODE FOR TRANSFER PROGRAM

The transfer program is stored on the OPPORTUNE RESCHEDULING disk
in File "trans". To effect transfer, the WWMCCS teletype motem must be
connected through the MIL-188-t0-RS232C converter to the Hewlett-Packard
98036A (Option 1) Serial Interface. When the connections are made, the
transfer program may be started, and the Hewlett-Packard calculator key-
board will emulate the teletype keyboard for WWMCCS system sign-on and
time-sharing commands.

Lines 10 and 11 of the transfer program configure the interface for
WWMCCS conventions regarding parity, number of data bits, and number of
stop bits. Lines 13 through 17 establish an interrupt buffer for incoming
data; lines 31 through 60 and 111 through 119 establish the two levels of
interrupt needed to put individual data bytes into the buffer as they are
received, and to identify and process data in the buffer when a complete
WWMCCS message or data record has been received; lines 4 through 9 ini-
tialize space on the disk for mission data; lines 18 through 30 and 102
through 110 display and transmit WWMCCS commands; lines 65 through 101

convert HP keycoded data to ASCII coded bytes before transmission.
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