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PREFACE

Col Norman S. Cole was the first to study and document the potential

savings which could be realized from rescheduling partially-loaded mili-

tary cargo and passenger airl ift missions to pick up and deliver addi-

tional Department 0f Defense equipment and personnel needing transport.

To take advantage of this potential , a branch within the Airlift Opera-

tions Directorate of the Milita ry Airl i ft Conrand, under the direction of

Lt Col Gerald 0. Hunter, was assigned the responsibility of matching

specific missions and additiona l airl ift 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 impl ementation and testing. Capt

Pete Miller contributed expert advice regarding system design , and Major

Al 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 abl e In converting a
handwritten draft into a firal , professional-looking product.

Maj Gary Sanderson
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ABSTRACT

~~rhe Military Airlift Coninand operates numerous C-5, C-141 and C-1 30

missions daily over worldwide air routes. Many of these flights operate

partially full , and represent a considerable airlift capabii~ty If their

scheduled routes and spare cargo space can be matched wi th unschedul ed

cargo or passenger requirements. Using existing data processing equip-

ment at Headquarters Milita ry Airl ift Coninand, an automated system was

designed and implemented to match these new airlift requirements with

scheduled miss ions, and to compute and display the data necessary for

rescheduling decisions. The system transfers scheduled—mission data from

a Honeywell H6O80 computer installation to a Hewlett-Packard 9825A Pro-

graninable Calcula tor and associated disk storage. System programs on

the HP9825A select the most efficient missions for re-routing to accomp-

l ish an additiona l cargo or passenger requirement, graphicall y 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.
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I. INTRODUCTION

This paper presents the design and implementation of a small man-

agement Information system using a general-purpose prograninable calculator ,

along wi th 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 Airl i ft Coninand

(MAC) cargo and passenger airc raft schedules.

The equ i pment availabl e for use on the project included a Hewlett-

Packard 9825A Desk-Top Calculato r, 9872A Graphi cs Plotter, Impact Printer ,

and a 2640B Cathode Ray Tube (CRT) Terminal . In additi on , a low-speed

asynchronous data port on the Worl d Wide Milita ry Coninand and Control Sys-.

tern (Wb~iCCS) was available as a source of data on MAC aircra ft operations

schedules .

A top-down development procedure used for this project. Selected

portions of Structured Analysis Oesign 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 airl ift scheduling , outl ine the objectives of the man-

agement analysis , system design and Impl ementation, and present an over-

view of the remaining chapters of the thesis.

Military Airl i ft Coninand Opportune Reschedu1in~

In peacetime, Military Airl ift Comand strategic and tactical re-

sources are used to move Department of Defense passenger and cargo

requ irements. Since the DOD ’s cargo and passenger requirements exceed 

--~.--
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MAC ’s airl ift capacity at peacetime activity l evel s, the efficiency with

which MAC uses its peacetime flying hours for productive airlift deter-

mines the extent of residual DOD ~..argo and passengers which must be

moved by coninercial means at additional expense. With large numbers of

flights daily, and wi th 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 implementation of the system presented in

this thesis, experienced operations-management personnel at Headquarters

MAC manuall y surveyed daily flight schedules searching for ways to alter

an existing flight to accomplish an unforeseen or opportune airl ift re-

qui rement. (“Opportune ” is a term used informall y within MAC to describe

an airlift requirement which will be acconinodated by more efficient

scheduling of airl ift resources already coninitted to other tasks). A

reasonable al teration of an existing mission prevents adding a totally

new mission to the schedule. Since most unforeseen or opportune airl ift

requirements allow only shcrt planning l ead-times, automated methods for

collec ting, analyzing and portraying data on mission diversion options

are desirable.

An automated method to analyze scheduled mission data cannot accu-

ra tely emulate the judgment possessed by operations-management personnel .

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

ience, and is not easily quantified or dupl i cated by automated means .

2
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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 additional cargo requirement. The operations-management personnel

interviewed at Headquarters MAC were virtuall y unan imous i n their beli ef

that automated methods for rescheduling should not initiall y attempt to

consider and apply all of these factors, but rather should seek to elim-

ina te as many missions as possible from consideration through the use

of those factors which may be predictably appl i ed by the computer. An

anal ysis of these factors and how they relate to management decisions

on mission reschedul i ng is critical to any effort for improving the re-

schedul i ng process.

The Objectives of the Management Ana lysis

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 info rmation for better reschedul ing decisions. From

the system viewpoint , the intent of the analysis was to reveal the appro-

priate point in the spectrum of al ternatives 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

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

3 
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agai nst opportune cargo and passenger requ i rements. Second , these find-

ings were organized into separate functional activities and information

i nputs and outputs . This, in other terms, became the requirements defi-

nition phase of the project, and i s addressed i n Chapter II. Thi rd, the

most practical means to accomplish the requirements had to be determined . P -

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 conriunication

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

fina l system would meet the user ’s requi rements, that it could and would

be implemented wi thin the time and technical constraints imposed by this

thesis project, and to assure that the users woul d be abl e to mai ntain

and modify the system as necessary. The last objective implies a well-

structured and understandable system, with a functional , rather than

technica l , approach to the problems i nvolved . For this reason, the SAOT-

derived hierarchical model of functiona l activities is particularl y

appropriate as a modular design structure for the system .

4
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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 di scussion of impl ementation results, and

reconinendations for possibl e improvements in the design and implemen-

tation process. Appendices to the thesis provide the detailed docu-

mentation of the system’s software .

I ,

5
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II. 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 comunication , 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 wi th

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 conmiunication

F rocess. 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 implement~-tion process ,

while accuracy assures the design and implementation will accomplish

system objectives.

6
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Structured Analysis (SA ) was chosen as the l anguage for use on this

project. It uses precise, wel l defined , graphic notations which are

simple and quickly understood without an elaborate learning process.

Si nce 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 overv iew

of the major points . For this project, the SA convention of developing

both activity and data models for the system was omitted for brevity ;

onl y an activity model was developed . A project of this size does not

need the additional checks for consistency provided by a data model .

Structured An atysis Activity Model

As an In troduction 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 i nvolved In reviewing MAC scheduled missions, selecting

the most efficient miss ion to reschedule for an additional airl i ft re-

qu irement, and geographically displaying the pertinent mission i nformation

for management decision . Several practical constraints were mandatory

considerations in the definition phase:

7
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(1) Scheduled airlift mission data was available in digital form

only on the Hq MAC World Wide Military Coninand and Control System (WW MCCS )

Implemented on a Honeywel l 6080/6060 computer system.

(2) Operational time response required for use of the proposed

system precl uded use of 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.

The purpose of the SA activity model is to define the reschedul i ng

system requirements in sufficient detail to assure understanding between

user and designer , and to do so in such a manner that implementation of

the requirements are technicall y 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 label ed A-i and

A-2 are provided to put the system objectives in contex t 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 l evel 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 .

System Purpose

•1 
To assist the reader in comprehending the requirements on a more

global basis before reviewing the detailed documentation, the following

summary of the system purpose and statement of required functions is provided.

8 H 
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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.

(3) Determine most efficient options for reschedul ing a mission

to accomplish addi tional airl ift, 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-

l ities for related management information presentations .

I
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I I I .  SYSTEM DESIGN

In the design phase, the functions identified in the requirements

definition are organized and structured according to certain principl es

known to enhance economy, rel iability and mainta inability of the system.

Several design methodologies were considered for the system; some were

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

tical to the somewhat limi ted size and complexity of this appl ication.

A composite of two design methodologies was chosen for this project as

the most effective manner in which to apply proven software-engineering

pri nciples .

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

SADI), the organization and functional hierarchy of the requirements def 1-

nition could effectively be used to form the basic structure of the system.

: Conceptual ly, thi s is the SADI approac h to software des ign. 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 simpl i-

- 
-~ city, accuracy and conceptual consistency achieved during the requirements

definition. This procedure is not strictly wi thin 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 .

Add itional Design Considerations

To determine when and how departures from the SA hierarchy shoul d

be planned , the principles Of module coupl ing and cohesion from the

Structured Design methodology were appl ied. Appendix 2 suninarizes the

— important aspects of structured design , and briefly explains the pri nciples

of module coupl ing and cohesion. These principles are effective criteria
V 

upon which to evaluate and select the changes to the SADT-derived design

necessary to overcome equipment l imi tations, and to better achieve the

following system goals (Ref 5):

1. Understandability

2. Reliability

3. Maintainability

4. Modi fiability

5. Generality

6. UsabIlity

7. Efficiency

Both of the design techniques use the “top-down” approach to deter-

mine system structure. However, the limi tations 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

hiera rchy . The obj ective was to incorporate the best of the top-down and

bottom-up approaches , and to strictly appl y the principles of coupling and

cohesion at the points in the module hierarchy where the two approaches

Interface.

The Bas ic Des ign

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 comand

inputs . Block 2 partially corresponds to SA diagram Al5, 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

refl ected on the SA diagrams , since it exists to provide the practical re-

qui rement for a data li nk between the two computers . Bloc k 4 corres ponds

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 5 is

func tional ly rela ted to Bloc k 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 , calculato r limi-

tations did not al low all the code necessary to imp l ement 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 sepa ration of the functions according to
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the SADT activities , an heuristic approach to the division of this module

was used. Since plotting of map geographica l and politica l boundaries

was the only act i vity 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 separa te

overlay. This division was feasible , and promised to minim i ze exchanging

overlays during system operation.

Subsequent chapters explain the structure and modules used to imple-

ment each of the Hewlett-Packard calculator programs and overlays . The

bA~iMCCS computer program to select diversion-eligible missions from the

A irlift Integrated Management System (AIMS) schedule is not modularized

due to the nature of the lar~guage 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

0; it is a straightforward implementation of the requirements shown on SA

diagram A-l . It could be as easily implemented in COBOL, FORTRAN or any

of several other languages. The code for the Hewlett-Packard programs is

l isted in Appendices E through J. It is written in Hewlett-Packard Lan-

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 littl e difficulty reading

and understanding it after a review of the I-IPL 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 alloca te 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. Mi lita ry Airlift Command

schedu l ed mission data, maintained by the WWMCCS data-base management sys-

tem, must be processed, analyzed and displayed by the Hewlett-Packa rd 9825A

calculato r and its peri phera l equipment. To effect such a requirement,

only a limi ted number of alternatives are available. Manual entry of the

mission data into the calculator from a WWMCCS system printout is totall y

impractical , since transfer of an estimated 50,000 characters of data on

a dail y 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

al ternatives exist. A serial data link between the WWMCCS system and the

calcula tor is feasible, and is considered to be the most practical solu-

tion if a method of impl ementation can be effected.

Both synchronous and asynchronous WWMCCS system peripherals , over

serial data lines, are ava ilabl e to the users (Ref 17). By using the
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calculato r to emula te one of these terminals , the WWMCCS mission data

file may be accessed and read i nto the calcula tor , and then stored on

the Hewlett-Packard disk for subsequent processing and display (Ref 13:

58). While the ca lculator cannot be used to emulate a synchronous ter-

minal at the data transfer rates in use, emulating an asynchronous ter-

mi nal at low or medium speed data transfer rates is within the cal culator’s

capability ( Ref 10:15-17).

Data Communications Conventions

The WW MCCS system terminals at Hq MAC are configured to operate on

MIL-l88 standard for serial data comunications (Ref 17) . The serial

interface marketed by Hewlett-Packard for use wi th the 9825A calculato r

is capable of operation with only the Electronic Industries Association

( EJA) RS-232-C standa rd for voltage and logic level s (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 impl emented.

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 availab le to the users is

an AT-33 teletype. An HPL program will allow the 9825A calculator to

emula te the teletype, with the calculato r keyboard used to send WWMCCS

system time-sharing coninands 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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Honeywel l MIL-l88 to RS-232 converter in the circuit , the data vol tage

and logic levels would be compatible with the Hewlett-Packard 98036A

serial interface. Bytes of ASCII-coded mission data will be collected

and refo rmatted by the HPL teletype-emulation and data-transfer program

as necessary for storage on the Hewl ett-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 calculato r pending processing.

c. Establish two levels of interrupts for incoming data : one

interrupt routine must initiate reading a byte of data from the iiterface

into the buffer when the byte is received; the other routine must properl y

identify and process the data in the buffer when an WW MCCS 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 refo rmat mission data

and store it on the Hewl ett-Packard disk.

e. Disk space for mission data must be initialized before each

transfer to assure that the end portions of a lengthy mission data file

from one transfer operation are not still stored on the disk after the

subsequent transfer of a shorter file overwri tes the disk space.

1. WWMCCS system commands entered from the calculato r 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 da ta must be converted to ASCI I

code before transmission to WWMCCS .
•1

-
~~ The transfer program accomplishes 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 perfo rm the functions , is listed in

Appendix E.

Divert-eligible mission leg data records from the WWMCCS file are

61 cha racters 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 fo rmat:

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 
5

Characters 34 - 37 Arrival ICAO

Characters 38 - 41 Arri val Time

Characters 42 - 44 Airc raft 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 mi ssion data, it converts the data into parameters or strings ,

32
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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 fo rmat is shown

i n Appendi x L. When enough mission data has been received to fi ll 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 wi th the Opportune Rescheduling System program and overl ays .

• 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 determi ned by the system design

phase of the project.
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V. THE OPPORTUNE RESCHEDULING SYSTEM PROGRAM

The functional requirement to selec t 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 activi ties identi fied in the requirements definition , and di scusses

the data storage and program modular structure used to imp l ement 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 wi thin 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 l oading of overl ays and invoki ng

the activity modules to accomplish the selected function . The manner and

sequence in wh ich the program ’s activity modules are i nvoked is deter-

mi ned by the hierarchy of functional activities identifi ed in the require-

ments definition and system design phases of the project. The manner in

which overlays are controlled is determi ned by the manner in which the

hierarchical module structure Is divided into segments which will fit

into the limi ted calculator memory . While this requirement was addressed

during the system design, a more detailed explanation of the relationship

between the functiona l 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 .
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The calculator has 23K bytes of memory, which , i n general terms
• translates into approximately 700 lines of HPL code. This approximation

is very rough, since the number of variables alloca ted by the program,

the potential depth of subroutine calls , and the exact HPL syntax all

affect memory requirements for a gi ven number of calcula tor operations

(Ref 9:18). The total number of HPL code lines needed to impl ement the

modular design totals 1100 lines. To implement a workable overlay struc-

ture, HPL code to accept user inputs selecti ng system options and code

to control the overlays containing activity modules must always reside

in calculato r memory; the remaining code must be segmented into the over-

- lays so that calcula tor memory i s not exceeded . Further, the division of

activity modules into feasibl e 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 , cal led the Executi ve Control Program,

wi l l be described i n 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 impl i es a segmentation

of the HPL-coded activity modules Into three functiona l 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 Fi g 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 compl exity, but in terms of the

number of lines of code and calculato r memory requi rements, is very

nearly the equal of the other two . Enteri ng, correcting, and stori ng

reference or displ ay data is hierarchically subject to the “DISPLAY”
- function (see Fig 2-8), but implementation of this function in HPL re-

quires considerable calculato r 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

thi s function Is necessary because of this constraint. The segment of

code responsibl e for plotting map boundaries , grids and l egends is the

only portion of the code completely independent of other portions, so

sub—d ivision 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 wi thout all of the HPL code residing in the calculato r

memory. Subsequent references to these four overlays will be in capital

letters, In order to differentiate between functiona l modules , or sub-
-

• routines, with the same name. An overlay contains all of the subordinate

modules needed to implement a specifi c function; the module wi th 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.
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THE EXECUTIVE CONTROL PROGRAM

The program first performs the data management activities common to

most programs. Variables are assigned , arrays d imens ioned, and data disk

files are Identif led. The user is then prompted to enter a function,

• ENTER, OPTIMIZE , or DISPLAY . The user ’s response i nvokes either the

“enter”, “opt” or “display ” m o dule. These modules prompt the user to

select a data source, missions, requi rements, ICAO identifiers (airfields),

map coordinates , or special m i ssions, and then loads the proper overlay

and invokes a module wi thin the overlay to accomplish the selected func-

t ion.

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 wi th the executive control program. They are not Immediately sub-

ordinate to the “enter” , “opt” , or “display ” modules , bu t are generall y

much further down in the structural hierarchy . Loading these convion-use

modules wi th the executive control program, which always resides in mem-

ory, prevents duplicate code for these activities in the overlays , and

faci l itates module code changes and corrections.

The HPL code for the executive control program , and for the pro-

cedura l modules loaded wi th 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 OVERLAY

The Map Plotting Overlay consists of a hierarchy of modules which

compute map projection parameters, establ ish map plotting conventions ,

37
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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 calculato r 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 plotti ng surface, and the pen colors

to be used for the various data plots , are established by user i nputs (or

system default values). Table I also describes the allocation of these

conventions to calculato r globa l variables for use by the reschedul i ng

system program modules.

The production of plotted or printed displays from stored map

coordinates is accomplished by a hierarchy of functiona l modules i nvoked

by the executive control program. The modules issue prompt messages and

accept user inputs to i dentify which coordi nates 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

coordi nates, as well as all other stored data used by the OPPORTUNE RE-

SCHEDULING SYSTEM (with the exception of the mission data transferred

38
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TABLE I

GLOBAL VARIABLES
rø Output Device Address
ri Current Pen Position (Longitude)
r2 Current Pen Position (Latitude)
r3 Current Pen Position (NM from Map Origin, X Direction)
r4 Current Pen Position (Nil from Map Origin. Y Direction)
r5 Last Pen Position (NM from Hop Origin, X Direction)
r6 Last Pen Position (NM from Map Origin, Y Direction)
r7 Spare
r 8 S pore
rQ Mop East Boundry (Degrees Longitude)
rl~ Map rest Boundry (Degrees Longitude)
ru Mop Mid Meridian (Degrees Longitude)
r12 Map North-South Midpoint (Degroes Latitude)
ri3 Radius of Iancent Cone
r14 NM from Map Origin to Boundry in X Direction
r15 NM from Mop Or igin to Boundry in Y Direction
r16 Map Constant 0f Proj ection
r17 Plotter Left X Limit (Plotter Units)
riB Plotter Lower Y-Limit (Plotter Units)
r19 Plotter Right X-Limit (Plotter Units)
r20 Plotter Upper Y-Limit (Plotter Units)

39 •

b - , _____ -— - - 
~~~~~~~~~~~~~~~~~~ - ~~~~~~ 

•— —-----———————-—--—--- — —________ — 

— 
~
— -5-



——‘55- . -TT~~T~ 5-~: ~~~ T . -

__- ii’
TABLE I (cont’d)

GLOBAL VARIABLES
r2 l S pare
r22 i lq Crid Pen Color - 

-

r23 Hap Pen Color
r24 Map Interrupt Flog
r25 Mission Plot Pen Color
r26 Rec1uireaent Plot Pen Color
r27 ICAD Plot Pen Color
r28 Diversion Plot Pen Color
r29 Mission Legend Flag
r30 Line Color Legend Flag
r31~r38 Interrupt Routine Variables
r39 Minimum Diversion Cost Factor
r4~ Line Number Counter for Overlays
FEl, 11 C13~ Cost/Flying Hour

EEl. 2] Cl3~ Extra Flying Time/Stop
F(1,3) C130 Evaluation weight Factor
FE1,41 C1~ Block Speed
FE2,l]~FE2,4) Data as above for C141
F [3,1)4(3,4] Data as above for C5

I
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from WW MCCS ) Is entered and maintained through capabilities provided by

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

The ENTER Overla y

The ENTER overl ay cons i sts of a hi erarc hy of modules whi ch prov ide

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

overlay module corresponding to each data file and type of file modifi -

cation is invoked to provide user prompt messages, accept data identlfi- 
4cation and new or changed data In puts , and perfo rm 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 desi gned to

hide as many of the file structure details as possible from the rest of

the program (Ref 3). This approach strictly l imited the number of mod-

ules which could potentially cause data file probl ems, and simplified the

top-down programing, testing and module interfaces . The resulting struc-

ture is understandabl e and balanced .

Using the top-down design approach , two functions were identi fied

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 modul e was designed to accomplish each of

these functions . The only information passed to the modules which get

and store the data is the location wi thin the file; prompt messages, user

data inputs , edits, refo rmatting and writing data to the disk are all

handled within the module.

The only Information passed to the modules which find the proper

file l ocation is the data identi ty, 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 wi th the executi ve 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 DISPLA Y Overj~y

The DISP LA Y overl ay cons i sts of a h ierarch y of modules whi ch , at

the user ’s sel ection , 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

geographica l coordinates which may be mathematically projected and plotted

as a map. Missions , airl ift requirements, arid diversion option data all

include airfield references, and each concerns the movement of aircraft

from one geographical location to another. Therefore, all  stored da ta

possesses a geographical relationship which may be meaningfully displayed

in map form . -

Eac h pr i nt 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 subordi nate modules , finds the data

Identifi ed by the user , transfers it into the calculator memory , traces

a i r fi eld references to stored coord i na tes 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 mathematica l projection of coordinates is based upon a simple

conic projection (Ref 18:5). Appendix K descri bes the map projection

mathematics in detail. The conversion into plotter units is based u pon

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 nautica l

mi les over the earth ’s surface . Th i s a l lows use of the same parame ters

to compute di stances for mi ss ion rou tes between two a i rf iel ds. Wi th 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; onl y the data fi le location is passed to these modules.

The HPL code for the DISPLAY overl ay and a description of each

module ’ s function is listed in Appendix I. The hierarchical structure

of the modules is outl ined in a later section of this chapter.

The OPTIMIZE Overla y

The OPTIMIZE overl ay consists primarily of a collection of seriall y-

invoked modules which analyze different aspects of a diversion-eligible

mission relative to a given airlift requirement, arid selec ts and stores

those which are the most economi cal diversion options . When the user
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enters an airl ift 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

rou tes , 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 sto red 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 i nvoked

to analyze a mission were designed according to the functional definition

of requirements depicted by SADT diagram A2 (Fig 2-7). Since the re-

qu i rements 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

reliabl e data on scheduled cargo, passengers , and airerews is not yet

ava ilable. 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 an d assure tha t ac tua l cargo , passen ger , 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 operationa l modules can be accomplished

by the user when the AIMS da ta elemen ts become ava i la bl e .

The code for the OPTIMIZE overl ay modules , and a brief functional

description for each module , is provided in Appendix J. The hierarchi-

cal module structure is outl i ned in the next section of this chapter.

The last two sections of the chapter describe the program and data stor-

age conven tions for the OPPORTUNE RESCHEDULING SYSTEM .

SYSTEM HIERARCHICAL MODULAR STRUCTURE

The following outl ine depicts the hierarchy of the program and

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

cates in which program or overl ay the module is stored . (0 = Executive

Control Program, 1 = MAP PLOT Overlay, 2 = ENTER Overlay , 3 = DISPLAY

Overl ay, 4 = OPTIMIZE overl ay.)

EXECUTIVE CONTROL PROGRA M

ma psetu p (1)

mapintplt (1)

mapsetup ( 1)

pens ( 1)

grid (1)

border ( 1)

crecpltint (1)

proj (E
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center ( 1 )

equ (1)

crcplt (1)

ang deg (1)

en ter (0)

cenmsn (2)

addmsn (2)

msnget (2)

rncrt (0)

de lmsn (2 )

mfi nd (0)

mert (0)

chgmsn (2 )

mfi nd (0)

mcrt (0)

msnget (2 )

mcrt (0)

4 cenreg (2 )

addreq (2)

reqget(2)

rcr t (0)

chgreq (2)

reqget (2)

rcrt (0)

delreq (2)

rfind (0)

rcrt (0)
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cen ica (2 )

addica (2)

iget (2)

chgica (2)

ifind (0)

icrt (0)

iget (2)

del i ca (2)

ifind (0)

icrt (0)

cencor (2 )

addcor (2)

cget (2)

del icor (2)

H ccr t (2 )

chgcor (2)

ccrt (2 )

cget (2)

censpc (2)

cenmsn (2)

addmsn (2 )

msn get (2 )

mcrt (O)

delmsn (2)

mfind (0)

mcrt (0)

48

-
--

~~~~~~~~~
-
~~~

—
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ _T---~--~ —— H



- -

5 5-  55 -- - 5 5

Ichgmsn (2)

mfind (0)

mcrt (0)

msnget (2)

mcr t (0)

opt (0)

weight (4)

weightprt (4)

rfind (0)

rcr t (0)

reqget (4)

d ivset (4)

rfind (0)

optreq (4)

rfind (0)

m incos t (4 )

cost (4 )

rfind (0)

divset (4)

ii rfind (0)

eligtype (4)

~find (0)

eli gca t (4)

— 
el i gtime (4)

eli gicao (4)

eli gcargo (4) 
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reqtime (0)
*

ifi nd (0)

proj (0)

mtime (0)

ifind (0)

proj (0)

onloadtime (4)

iflnd (0)

proj (0)

offloadtime (4)

iflnd (0)

proj (0)

divmaxtime (4)

rfind (0)

divmin (4)

rfind (0)

cost (4)

rfi nd (0)

optcrt (0)

rcrt (0)

crtl ine (0)

mfind (0)

mcheck (0)

dcrt (0)
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optdis (3)

rfind (0)

rcrt (0) —

optcrt (0)

rcrt (0)

crtliné (0)

mfind (0)

mcheck (0)

dcrt (0)

optl egend (3)

optpl t (3)

rfind (0)

rpl t (3)

ifind (0)

ipi t (3)

proj (0)

ilabel (3)

dpl t (3)

‘ifind (0)

ipl t (3)

proj (0)

ilabel (3)

- 
- 

dlabel (3)

mfind (3)

miabel (3)

angd ls (3)
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mfi nd (0)
‘ 5 5 .

mcheck (0)

mpl tall (3)

mpi t( 3)

ifi nd (0)

iplt (3)

proj (0)
ilabel (3)

ml abel (3)

angdis (3)

optprt (3)

optcrt (0)

rcrt (0)
-

- crtl ine (0)

mf ind (0) I I

mcheck (0)

dcrt (0)

dIspl ay (0)

mapsetup (1)

pens (1)

grid (1) 
1 

-

border (1)

pens (1)

rdis (3)

rfi nd (0) I

—
rcrt (0)
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rpl t (3)

ifind (0)

ipl t (3)

proj (0)
ilabel (3)

rlabel (3)

angdis (3)

rprt (3)

rcrt (0)

idi s (3)

ifind (0)

icrt (0)

Ip lt (3)

proj (0)

f label (3)

i prt (3)

i-find (0)

icrt (0) 
H

mdis (3)

mi egend (3)

mfind (0)

rncrt (0)

mpl t (3)

iflnd (0)

iplt (3)

proj (0)

i label ( 3)
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mlabel (3)

angdis (
~

)

mprt (3)

mfind (0)

mcrt (0)

md isall (3)

ml egend (3)

mfind (0)

mchec k (0)

mcrt (0)
- 

- 

mpl tall (3)

mpl t (3)

ifind (0)

ipit (3)

proj (0)
ilabel (3)

nilabel (3)

angdis (3)

mprtall (3)

mcrt (0)

cdis (1)

- 

- 

mapplt (1)

proj (0)

center (1)

equ (1)

arcplt (1)

angdeg (1)
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optdis (3)

rfind (3)

rcrt (0)

optcrt (0)

rcrt (0)

crtl l ne (0)

rn-find (0)
mcheck (0)

dcrt (0)

optl egend ( 3)

optpl t (3)

rf ind (0)

rpl t (3)

ifind (0)
iplt (3)

proj (0)

ilabel (3)

dplt (3)

if ind (0)

i pl t (3)

proj (0)

i label (3)

dlabel (3)

mfind (3)

miabel ( 3)

angdis (3)
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mfind (0)

mcheck (0)

mpl tall  (3)

H mplt (3)

ifind (0)

ipi t (3)

proj (0)

ilabe l (3)

miabel (3)

angdis (3)

optprt (3)

- optcrt (0)

rcrt (0) I -

crtline (0)

rn-find (0)

mcheck (0)

dcrt (0)

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-

pl icated on the OPPORTUNE RESCHEDULING cassette tape cartridge on file 0.
Either may be loaded 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 “onef il ” , the ENTER overla y i n “twofil” , the DISPLAY overla y in

“arefil ” , an d the OPTIMIZE over lay 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 m i -

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.

All system data is stored on the OPPORTUNE RESCHEDULING d isk also .

Mission data transferred to the disk from the WWMCCS system is stored under

the file name “msns ” ; spec ial miss ion da ta under the f i le name “spec ” ; 
55

airfield data under the file name “ icao~; map coordinates under the file

name “map ”; airl ift requirement data under the file name “req”; and mission

d ivers ion da ta under the f i le name “d iv ” . —

The manner i n wh i ch each of these fi les i s lo gi cally organ i zed 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 techn iques , 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 Airl ift Comand mission

may cons i st of one or miss ion le gs. Each mi ss ion is ass igned a un iq ue

mission sequence number; every mission leg of that mission has the same

sequence number , but Is assigned a un ique sub-sequence number . Mission

legs for the same mission are stored together in the order in which they

w i ll be flown , whereas the overall file structure is organized under the

57
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“pile ” conce pt, which implies no specific order of storage (Ref 22:75-77).

Retrieval keys for individual mission l egs are the sequence number and

sub-sequence number.

The “spec ” file consists of onl y one recor d, 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 i dentifier . The file is

organi zed under the pile concept, except that the initial storage of data

in the file placed frequently-used airfields near the beginnin g 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 geographica l coordina tes for

individual points , plus a code which indicates what kind of line 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

directs the plotter to draw a counter-clockwise arc, wi th a radius in

nautical mi les equal to the code value , from the plotter ’s previous posi-

tion to the coordinates specified . A negative code number invokes the

same res ponse , except the arc is in the clockwi se direction. A code

value of 0 is ignored by the plotter; it disregards any coordinates

stored wi th the code, and remains at its previous position.

The “div ” fi le cons i sts of n ine disk records; eac h record stores

data on six diversion options for a given requirement. Each record num-

ber corresponds to the specifi c airl i ft requirement stored in the “req ”

file under the same number. The retrieva l key for specific di version

data is the record number and an index to the specific record segment.

The file is organized sequential ly 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 spec ial m iss ion fi le is prov ided to al low the user to en ter an d

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 calculato r is stored in memory as string variables .

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 usabl e 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 1$;

map coordina tes in C$; and diversion data in D$.

A number of parameters concerning user option selections and system

performance are ma i n ta ined in calcula tor memory as gl oba l var ia bl es for

use by any of the activity modules . Table I identifies and defi nes these

variables.

This section concludes the description of the actual implementation

of the OPPORTUNE RESCHEDULING SYSTEM des ign. Implementation resul ts and

recommendations for system improvements will be discussed in the last

chapter. 
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V I .  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 real i zed 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 ind ividual functions were implemented and i ntegrated into the overall

system will be addressed in the next section.

Coding and Testing 4

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.

Generall y, 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 wi th

the bottom-up modules. Dummy modules , or stubs , were used to simulate

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

programs were used to assure tha t the equipment would respond properly

when the modules were i nvoked .

To integrate the system modules , a combination of the “incremental”

an d “ phased ” testing and implementation strategies was used . Phased test-

ing , or simultaneously testing severa l modules as a group, was used to

test the modules within each overlay . The incrementa l 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 functiona l deficienc i es within an overl ay

were easily traceabl e to a specific modu le, 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 airl ift 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 wel l the system may be

maintained and mod i fied by the users, canno t be made on the basis of the
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integration and testing . Structural simplicity , module functionality and 
55

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 effecti veness 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 huma n effort

invo l ved in reschedul i ng, there is an undesirable l imit to the number of

requirements which can be processed daily. Recommendations regarding

poss i b le methods to decrease the trans fer and process i ng times w il l be

addressed in the next section.

Recommen da tions for System Improvemen ts

Based upon subjective judgments of the system made during the defi-

nition , design , impleme ntation and testing phases of the project, recom-

mendat ions for system improvements fal l  into two ca tegor ies: reduc i ng

• da ta transfer and processing times, and periodic enhancements to the

diversion option selection process.

The time required for data transfer is directly attributed to the

low speed baud rate (110 baud ) of the serial data—comu nications link
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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 line and modem

capable of the higher rate would reduce the data-transfer time proportion-

all y. 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/O

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

sequen tia l l y eva l ua te each m iss ion. The process ing time coul d be reduce d

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-

lift requirement; if a mission fails any of the eligibility criteria , it

is elimina ted from further consideration as a diversion option. The file

could be struc tured , 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 whi ch could be used to struc ture the fi le an d

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—

d ude 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 al l the eligibility cri-

terla. For a g iven a i rl i ft requ iremen t, a search of the tables would re-

veal which missions may be eligible and should be read from the disk for

further evaluation.

Any suc h method to decrease process i ng time mus t be evalua ted with

respect to the memory requ i rements and process i ng t ime needed for its

implementation. The example above, for instance , might require more than

the available memory to imp lement, and the processing necessary to compute

the eligibility tables would probably increase, ra ther 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-

call y somewhat dynamic in their details. The system is desi gned to enabl e

modifications and enhancements to the selection processing, particularly

with regard to greater precision in elimi nating ineligible missions . The

modular structure, and the serial manner in which modules are used to eval-

uate missions for eligibility make changes to the sele ction process very

simple. For example, when accurate cargo and passenger data becomes avail-

able in the AIMS data base , a module to el iminate missions when the cargo

capacity of the aircraft would be exceeded can be added to the processing

sequence very eas i ly .

The modules which evaluate missions and sel ect diversion options

should be periodically reviewed and upda ted to refl ect more curren t, de-

tailed and accurate judgments on how this should be done . The users ’

experience in rescheduling missions from the diversion options produced

65

1 ;
.55 -.55--—- —-_

~--~- —55— - . .  —



by the system should provide the basis for these judgments. This periodic

- review, and modifi cation when warranted, i s essential to keepi ng 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.

ii

66



—~~~~~~~~ 

.—- - - -- -

~~~

• -—-.-——— —- - ——
~~~~~~~~~

— ——
~~~~~~~~~~~~~~~ --

55 — ‘5 5--- - - - -55--- —- -—-.55— ---55-—---

BIBLIOGRAPH Y

55 1. Air Force Manual 51-40. Air Navi gation . Washington , D.C.: Depart-
ment of the Air Force, Oc tober 1959.

2. Blckner , Robert E. Cargo Density and Airl i ft. Santa Monica , Cali-
fornia: The Rand Corporation , January 1957. (AD 112417)

3. Constatine , Larry L. and Edward Yourdan. Structured Desjgn. New
Yor k: You rdan Press , 1975.

4. Dantzig, George B. Linear Pro~raming and Extensions. Santa Monica ,
Cal ifornia: The Rand Corporation , August 1963. (AD 418366)

5. Dickover , Me l v in E. Pr inc ip les of Cou p l i ng an d Co hes ion for Use i n
the Practice of SofTech’s Structure~ Analysis and Design Techniq .~~Wal tham, Massachusetts: SofTecTh, Inc., March 1976.

6. Hewlett—Packard . HP9825A Calculator Advanced Programi ng. Loveland ,
Colorado : Hewlett-Packard Calculator Division , April 1977.

7. Hewl ett-Packard . HP9825A Calculator Disk Programing. Ft Collins ,
Colorado : Hewlett-Packard Ft Collins Divfsion, September 1977.

8. Hewlett-Packard . HP9825A Calculato r Genera l I/O Programming. Love-
land , Colorado: Hewlett-Packard Calculator Division , Januar5’ 1977.

9. Hewlett-Packard . HP9825 Calculator Operating and Programi~~. Love-
land , Colorado : Hewlett-Packard Calculator Divis ion , April 1 976.

10. Hewlett-Packard . HP9825 Calculator Systems Prograninin.~ Love l an d,
Coloradl: Hewlett-Packard Calculator Division , August 1977.

11 . Hewlett-Packard . String Variable Programj~g. Loveland , Colorado :
Hewlett-Packard Calculator Divis ion , April 1977.

12. Hewlett-Packard . HP98034A HP-lB Interface Installation and Service
Manual . Lov elan d, Colorado : Hewlett-Packa rd Calculator Division ,
July 1976.

13. Hewlett-Packard , HP98036A Serial I/O Interface Installation and Ser-
vice Manual. Loveland , Colorado : Hewlett-Packard Calculator Division ,
September 1976.

14. Hewlett-Packard . HP9872A Gra~hics Plotter. San Diego , California:
Hewlett-Packard San Diego Division , September 1977.

15. Honeywell. Honeywell Series 60/6000 GCOS Software : TSS System
Prqgramer ’ s Reference Manual. WaTt ham , Massachusetts : Honeywel l
Information Systems Inc.,]larch 1 974.

67

- 55 - - -- -  .~~~- —--— -- --~~~~~~~ -



- - I -. v~~ -~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _  
_ _ _ _

BIBLIOGRAPHY (cont’d)

16.

17. Military Airl ift Comand. H6000 Users Guide. Scott AFB , Illinois:
Military A irl i ft Command Deputate for Data Automation, May 1973.

18. Mi l’lvish, Robert K. Mathematics of Map Projections. London, UK:
Cambridge Press, 1931 .

19. Petersen , J.B. Lecture materials distributed in EE6.93, Sof twa re
Engineeri ng. School of Engineeri ng, Air Force Ins tit~ite of Tech-nology , Wright-Patterson AFB , Ohio , 1978.

20. Robinson , Arthur H. Elements of Cartography. New Yor k, New Yor k:
John W i ley an d Sons, Inc., 1960.

21. Sharpe , W.F. A Model for Selecting, Routing and Loading Aircraft.
San ta Mon ica , Californ ia : The Rand Corpora tion , June 1966.
(AD 636411)

22. W iederhold , G b .  Database Design. New York, New Yor k: McGraw
Hill , Inc ., 1977.

23. 9022-78R. An Introduction to SADT Structured Analysis and Design
Technique. Wal tham, Massachusetts: SofTech , Inc., November 1976.

68

—
~~~-55~~~~~~~~. 

~~~ 55——~~~~ —~~~~~~~ ~~~~~~~~~~~~~~~ 

--. . 

~~~~~

-- - 
55



~~~~ :~~ - : 
~
_

•~~~~
_5555__

~~~ 
—-

4,

APPENDIX A

STRUCTURED ANALYSIS DIAGRAMS (REF 16)

69 

__  J
.5555!•• ~~~~ ~~EI&~~~ —‘ -

~~~~~ 
— --_- i~~~~~••~~~~~~~~~ —- 

- 

55



--—--~~~— - —- -5555—-  
-~~~~~~ — - - 5 5

- ‘‘‘“~“T” “~~~~~~~~~~~~ “ -~ ~~~~~~~~~~~~~ - 
‘ “‘ .__._ ,. -—

APPENDIX A

STRUCTURED ANALYSIS DIAGRAMS (Ref 161

This Appendix gives a short description of how Structured Analysis 
55

models are cons truc ted an d exp la ins the SA di agram conven tions used in

this paper. It must be noted that the fo rma t 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 wi th SA models. Al though

the format is not that used by SofTech, the diagrams of the models are

organ ized an d related accord i ng to SofTec h procedures , and the con-

ventions used to construct individua l diagrams are standard .

The Structured Analysis Design Technique is a general purpose top-

down , modular  techn ique for model i ng func tions . The func tions may be as

var i ed as farm i ng or manu factur i ng, but SA was develo ped pr imarily as a

software requirements definition and design tool . Al though 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

in progressively more detail the activities necessary to perform some

function. Each diagram represents a sel f-contained activity which is

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

composed into subactivities , and how the subactivities are related to

70 
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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 l evels. 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-l shows how an SA model would appear if all the diagrams

were on one page. Of course , in real SA diagrams onl y one level of de-

compos iti on i s shown , but the figure demonstrates the top down nature of

SA and the way activities are grouped into modules . In the figure, as i n

real model s, one large box represents the whole func tion , and that is de-

composed into successive l evels of related activities . The decomposition

process continues unti l the desired amount of detail has been developed ,
55 which may require more level s than shown in Fig A-i . Another thi ng to

note is that while the figure shows only 3 subactiviti es in each decom-

position , any number from 3 to 7 is acceptable.

From Fig A-i , it should be apparent that SA diagrams are constructed

wi th boxes and arrows. In an activity model , each box represen ts an

activity , and is called a node. Arrows represent “data ” w~ere the wor d

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

leas t one con trol arrow. A mechan i sm i s a person or th i ng whi ch ac ts

as a processor. Mechanism arrows are often omi tted when the processor

71
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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 related types of data .

Between boxes , arrows may split and join. In general , a l l branc hes

of an arrow contain the same data unless a branch is given a sepa rate

label . This convention is sijnmarized 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

mutua l contro l situation with a two-way arrow and the equivalent form

with normal arrows. An arrow showing mutua l control has two labels

separated by a slash; the first label identified data going forward , and

55 

the second is the feedback data .

55 A special nuntering system is used to distinguish between nodes at

different l evels and between nodes at the same level . In an activity

model , node numbers are prefixed with the letter A. For prelimi nary

nodes , A is followed by a dash and a number . Node A-i may be used to

show the model in relationship to other functions (Fig 2-3). Node A-O

55 serves as a cover sheet for the model ; the node is simply a box showing

55 

inputs , outputs, con trols , and mechanisms for the function which the

model is to describe (Fig 2-4). Decomposition begins in Node AO. Note

55 

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 AO , 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 subordina te. As an example , the decom—
55 

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 Al2 , if diagrammed , would have the numbers Al2 1 , Al22 , and

so on through the last box number.

55 A special code called an ICOM code (Input , Control , Output , Mech-

anism) is used to identify arrows. The code contains a number , a letter ,

55 

and another number . The first number is that of the box which the arrow

enters or depa rts. The letter refers to the type of arrow , I for input ,

C for control , 0 for output , and N 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. rn the shortened version,

the box number -is omi tted and the remainder of the code refers to the

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

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

75
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Diversion-Eligible Mission data is the first output from box 1 of Node

A0 in Fig 2-5 which is the parent diagram of Node Al.

Two important points about the text describing each SA diagram

must be i ncl uded here. The text is intended to point out the high-

lights of a diagram and not repeat all the details. As an aid to

followi ng the discussion , both the long and short versions of the ICOM

code as wel l as box numbers are used as a reference to specifi c di agram

features.
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APPENDIX B

MODULE RELATEDNESS MEA SURENE NT (Re f 19 )

COUPLING - A measure of the intermodule strength of connection - minimize
the relationship among modules.

COHESION - A measure of the intramodule strength - maximi ze the module

strength .
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MODULE COUPLING

DATA LOWEST (BEST )

STAMP

CO~~ROL

EXTERNAL

COMMO N

CONTENT HIGHEST (WORST)

MODULE CO HESIVENESS

FUNCTIONA L HIGHEST (BEST )

CLUSTERED

SEQUENTIAL

COMMUNICATION

PROCED URAL

TEMPORA L

LOGICAL

COINCIDENTAL LOWEST (WORST )
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COHESION LEVELS

1. FUNCTIONAL : Module performs a singl e function.

2. CLUSTERED: Module is a group of functions sharing a

data structure ; on ly one function is per-

formed per i nvoca tion.

3. SEQUENT IAL: Module action comprises several functions

that pass the data along .

4. COMMUNICATIONAL: Module action consists of several logical

functions operating on some data .

5. PROCEDURAL : Module elements are grouped for algori thmic

reasons.

6. TEMPORAL: Module functions are all related in time

(e.g., initialize)

7. LOGICAL: An invoking parameter value determines the

specific function to be performed of ~

general function.

8. COINCIDENTAL: No real relationship between module elements

that are grouped for packaging considerations .
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COUPLING LEVELS

DATA : All commun i ca ti on between modu les i s v ia

arguments that are data elements .

STAMP: Communication includes an argument that refer-

ences a data structure; same of whose fields

are not needed .

CONTROL : An argument from one module knowingly influ-

ences the flow-of-control of the other (e.g.,

fla t).

EXTERNAL: Modu l es reference an externall y declared

individual data element.

COMMON : Modules reference an externally declared data

structure (e.g., common ).

CONTENT : One module references the con tents of the

other.
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APPENDIX C
55’

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

VARIABLES

r - var iables rØ,rl ,. . .r(n) Global Variabl es

A ,B,C,.. .Z Global Variables

p - variables pl ,p2,.. .p(n) Subroutine l ocal variables

Arrays: A [row, column],...A[row,column] Arra yed Var iabl es

Strings: A$ [lst Byte,last Byte],...A$[lst byte,last byte] -

Row-relational data allocations in byte (8 bits) Format

String Arrays: A$ [row # , 1st byt , last byte],.. .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, mul tiply, divide operators

-t 4’ Exponential and Square Root operators

= < > Re l ational Operators

FUNCTIONS

j
~g.
, sin , tan, mod , abs , max etc. Equ ivalen t to corres pondi ng

FORTRAN intrinsic functions.

LABELS

“labe l name ”: or l ine numbers may be used as absolute program addresses.

PROGRAM BRANCHING 
55

8ranching Is accomplished similarly to FORTRAN ; e.g.:

ABSOLUTE BRANCHING: gto “labelname ” or gto line #

RELATIVE BRANCHING : imp + # l ines  or jmp - #l ines

_ _ _ _ _ _ _  
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SUBROUTINE CALLS: gsb “subroutinename ” or cll ’su brou tinename ’

(variable #1 , variabl e #2,...variable #n).

INSTRUCT ION SET

Rea d Onl y Memory cards are used by the 9825A calculato r to extend

the basic cal culato r instruction set to incl ude read/wri te I/O

operations to all peripherals, spec ial i ns truct ion rou tines for

the plotter and disk, and other internal operations which will

execute like intrinsic functions.

DATA STORAGE

Numerical vari ables may be stored wi th full precision, by norma l

ass ignme nt opera tions , 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$[l ,4]

spl i t to ful l  stf (B $[l ,4]) -
~ A

ful l  to integer ft i (A) -
~ B$[5 ,6]

integer to ful l i tf (B$ [5,6]) -‘- A

DATA I /O

Fo rma t statements, app l icable to read an d wr ite opera tions , are

essentially similar to FORTRAN.

PERIPHERAL ADDRESSES

The followi ng peripherals used by the system have been assigned

addresses as follows:

CRT: 10

Ser ial In terface to WWMCCS Ma i nframe = 11

Plotter = 705

Printer  = 701

84
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Internal Printer = 16

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 ass igned in numbers of records. Di sk recor ds are 256 bytes i n

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 , read i ng 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 fil e or record by a random read opera tion.
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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-to-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 calculato r key-

board will emulate the teletype keyboard for WWMCCS system sign-on and

time-sharing conii~ands.

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 comands; lines 65 through 101

convert HP keycoded data to ASCII coded bytes before transmission .
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APPENDIX F

DESORIPTION AND HPL CODE FOR THE EXEC UT iVE CONTROL PROGRAM

The first section of this Appendix describes th€ function and HPL

cal l ing syntax for each of the modules in the Executive Control Program,

and each of the procedural modules which are stored, and loaded into cal-

culato r memory, with the Executive Control Program. The second section

is a listing of the HPL code for these modules .

MODULE FUNCTIONS AND CALLING SYNTAX

Cli ‘enter ’

enter - Loads the ENTER overlay; prompts the user to enter a data source

selec tion, then calls the appropriate subroutine wi thin the

ENTER overlay to modify the selected data file.

Cli ‘opt ’

opt - Loads the OPTIMIZE overlay; prompts the user to select an air-

lift requirement whi c h has already been stored , or to enter a

new airlift requirement; and then analyzes the entire mission

data file, using calls to OPTIMIZE overlay modules , to select

the six best missions for diversion to meet the selected re- —

quirement. The resulting diversion data is stored, and also

displayed on the CR1. The user has the option to re-analyze

the mission data file to select the next six-best options for

diversion In case none of the first six are acceptable. The

user is given the option to print and plot the requirement,

mission and diversion data. Examples of these displays are

shown in Appendix N.
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Cil ‘display ’

displ ay - Prompts the user to select a data source , and then loads either

the MAP PLOT or DISPLAY overlay accord ing to the data source

selection. Prompts the user to select whether plotting or

printing the data is desired , and then calls the appropriate

subroutine in the overlay to perform the display.

PROCEDURAL MODULE FUNCTIONS AND CALLING SYNTA X

Gil ‘icrt ’ (record nbr, index nbr )

lcrt - Reads the “icao ” fi le data stored under the record and index

number passed to the module as p1 and p2, res pectively, and

displays the data on the periphera l addressed by the globa l

var iable r~. Normally, the CR1 i s addressed by rØ unless a

hardcopy print of the data has been selected. The display

shows the ICAO four-letter identi fier for an airfield, the

longitude and latitude of the airfield, and a three digit code

which identifi es whether the airfield is suitabl e for C-5, C-l4 l

and C-130 operations. The left—most digit of the code applies

to the C-.5; the middle digit to the C—141 , and the right-most

dig it to the C-l30. A zero in the respective position m di-

cates the airfield is unsuitable for that type aircraft; a one

indicates the airfield is suitable.

Cii ‘if ind’ ( record nbr, index nbr)

ifind - Locates the record number and i ndex number of the “icao ” data

file entry for the ICAO identi fier letters stored in the

string L$[l ,4], and passes this information back to the calling

routine as p1 and p2 respectively. If data for the ICAO l etters —

-—- - -—~~~~ - - ~
_
~
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cannot be found , a message to this effect is printed on the4.
cal cula tor interna . printer.

Cli ‘mfind’ (msn seq nbr , msn subseq nbr, record nbr , index nbr )
mfind - Locates the record number and index number of the “msn ” data

file entry for the mission sequence number and subsequence

number passed as p1 and p2, respectively, and returns this in-

formation back to the calling routine as p3 and p4, respectively.

If the mi ss ion data canno t be loca ted~ a message to that effect
is printed on the calculato r internal printer.

Cil ‘mcrt ’ ( record nbr , index nbr)

mcrt - Reads the “msn ” file data stored in the record number and index

number passed to the module as p1 and p2 , respectively, and dis-

plays the data on the peripheral addressed by the global variable
- 

:- 
rØ. Appendix N shows an example of the mission data display . All

the data displayed is stored in the mission record wi th the ex-
- I ception of flying time; subroutine “mtime ” is called to compute

the flying time from take-off and landing times stored in the

record .

Cl i ‘proj’ (longitude , lat i tude) Horizontal and vertical plotter units are

returned in place of longitude and latitude .

proj  - Computes plotter coord i nates corresponding to longitude and

la titude passed to the subroutine as p1 and p2, respectively,

and returns the horizontal and vertical plotter units to the

call ing routine as p1 and p2. The plotter units ar~ scaled to

correspond to one Nautica l Mile on the earth ’s surface , regard-

less of the map boundaries selected by the user. A simple
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conic projection is used to compute plotter units ; Appendix

K explains the projection mathematics in detail.

Cli ‘rfind ’ (requi rement nbr , index nbr)

rfind - Computes the index number for the requirement number passed to

the subroutine as p1 and returns this value to the calling

routine as p2; or computes the requirement number corresponding

to the index number passed as p2, and returns the value to the

calling routine as p1. The two-way computation facilitates the

use of other modules where either or both of these va l ues are

needed . S i nce there is only one record in the “req” dati~ ~
4’e,

record numbers are not needed .

Cil ‘ rcrt ’ (index nbr)

rcr t - Reads the “req ” file data stored under the i ndex number passed

to the subroutine as p1, and displays the data on the peri-

pheral addressed by the global variable rØ. Appendix N con-

tains an example of the requirement data display . All of the

data displayed is stored in the requirement record with the ex-

ception of the distance in nautical miles from onload to off-

load; subroutine “reqtime” is cal led to compute the distance

from airfield data.

Cl i ‘dcrt ’ (record number , index number)

dcrt - Reads the “d lv ” file data corresponding to the record number

and index number passed to the subroutine as p1 and p2, res-

pectively. One record of diversion data stores six mission

diversion options for each requirement. Since nine require-

rnents may be stored in the “req” data file , the nine records

100
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of diversion data correspond to requirement numbers one through

nine respect i vely . The index number determines wh ich of the

six options is displ ayed. Appendix N shows an example of the

diversion data display .

Cli ‘reqt ime ’ (requirement nbr, type aircraft, distance, flying time)

reqtime - Computes the distance and flying time for the requirement num-

ber passed as p1 and the aircraft type passed as p2, and returns

these values as p3 and p4, respectively . Distance i s computed

from the airfield location data corresponding to the ICAO iden-

tifiers stored in the requirement record; flying time is a

function of the distance and average flying speed for the given

aircraft type.

Cii ‘mtime ’ (msn seq nbr, subseq nbr, distance , flying time)

mtime - Computes the distance and flying time for the mission leg

identi fied by the sequence number and subsequence number passed

as p1 and p2, and returns these values as p3 and p4, respectively.

Distance is computed from the airfield location data correspond-

ing to the ICAO identifiers stored in the mission data; flying

time is computed from the take-off and landing times stored in

the mission data.

Cli ‘mcheck ’ (msn record nbr , index nbr, last msn record nbr , index nbr)

mcheck - A Military Airl ift Command mission may consist of one or more

individual mi ss ion legs , or fl ights. Mission data is stored in

chronological order wi th a coi~r~on sequence number ; individua l

mission l egs are given a unique subsequence number. This mod-

ule f i nds the record number and index number of the l as t
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mission leg in the same sequence as the mission leg stored under

the record number and index number passed as p1 and p2 , and re-

turns these values as p3 and p4.

Cii ‘optcrt’ (requirement nbr, fi rst divers ion option, last diversion

option)

optcrt - Reads the “req”, “dlv ” and “nisn ” file data corresponding to the

requirement index number passed as p1, and displays all of the

data on the peripheral addressed by the global variable rL

Parameter p2 selects the number of the first diversion option,

and corresponding mission data, to be displayed . Parameter p3

selects the number of the last diversion option , and correspond-

ing mi ss ion data, to be displayed . All diversion options between

p2 and p3 will also be displayed . Appendix N shows an example —

of this displ ay .

Cii ‘crtiine ’

crtline - Displays a dashed horizontal line , 80 cha racters long, at the

peripheral addressed by the global variable rL Used to sepa-

ra te data displays .

H
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APPENDIX G

DESCRIPTION AND HPL CODE FOR MAP PLOT OVERLA Y

The first section of this Appendix describes the function and

HPL call ing syntax for each of the modules included in the MAP PLOT over-

lay. The second section is a listi ng of the HPL code for these modules .

MODULE FUNCTIONS AND CALLING SYNTA X

Cli ‘mapsetup ’ (flag to prevent prompt messages)

mapsetup - Issues prompt messages to get user map boundary selections , pen

colors to be used for plotting, and to se lec t ~ gr id or border

to be plotted on the map . Computes map projection parameters

based on the map boundaries and the size and aspect ratio of

the plotti ng surface, and ass igns these parameters to cal cula tor

global variables for use by other modules. Calls subroutines

“pens ” , “grid” and “border” to perfo rm those functions if sel-

ected by the user. If “mapsetup ” is called with parameter p1

equal to 1, no prompt messages are i ssue d , and the grid , pen

select ion , border options are not available. Defaul t values

are used for map boundaries , and the map projec tion parame ters

are computed based on these values . Although it is transparent

to the user, the “display ” module invo kes “mapse tup ” in this

fashion so there will be usable map projection parameters avail-

able for use by other modules.
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cii ‘pens ’ (grid pen # , map pen #, missions pen #, reqmt pen #, airfield

pen # , diversions pen #)

pens - The six parameters passed to the module , p1 through p6, are
- taken as pen number selections for plotti ng the followi ng types

of data, respectively: map grid, map coor di nates , missions, re-

qu i remen ts , airfi elds, and diversions . These val ues are printed ,

and then prompt messages are issued to allow the user to change

the pen number designations. Pen number designations are

stored with the global variables (see Table I) for use by

other modules; this module was designed for those global vari-

ables to be used as the calling parameters, s ince any changes

to the pen color designations will automatically change the

corresponding global variables .

cli ‘grid’ (grid size in degrees)

grid - The calling parameter to this module (p1) establishes the size

of the map grid to be plotted . Using the current map boundaries

from the glo bal var iab les , the module computes coord i nates to

- ( construct the grid, calls the subroutine “proj” to convert the

coordinates to plotter units , and issues plotter control coninands

to plot the grid. A l egend is printed at the bottom of the plot

to identify the size of the grid squares .

d l  ‘border ’

• border - Using the plotting surface limits stored wi th the globa l van-

ab les , this module issues plotter control comma nds to plot a

frame around the plotting surface.
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c l i  ‘cd i s ’ (plot flag, print flag)

cdls - This module issues plotter control command to select the pen

color designated for plotting map coordinates, and then ca l l s

the su brou ti ne “mappit” to display the snap coordinates. Para-

meters p1 and p2 passe d to the module are f l ags to i ndi cate

whether a plot and/or print of the data i s selec ted. A 1

indicates the plot or print is required; a ~ indicates no

plot or print.

d l  ‘mapplt’ (~plot flag, print flag)

mapplt - Issues prompt messages to get user selections for map coordi-

nate records to be di spl ayed , reads the records selected from

the “map” file, and plots and/or prints the coordinates . Para-

meter p1 is a flag to indicate plotting is desired ; p2 indicates

a print Is desired . Mappl t calls “center ” and “arcpl t” to plot

curved lines between two coordina tes.

cli ‘center ’ (X l, Yl , Radius , X2 , Y2 , XC , YC)

cen ter - Computes the p lo tter coor di nates for the cen ter of a c i rc l e

which will pass through points designated by p1 , p2 and p4, p5,

and with a radius of p3. The coordinates for the circle are

passed back to the calling program as p6, p7. If p3 Is posi—

t ive, the center will correspond to a counterc lockwise arc from

p1 , p2 to p4, p5; If p3 is negative, the cen ter wi l l  corres pond

• to a clockwise arc, and values for p1 , p2 and p4, p5 are inter-

changed.
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d l  ‘arc pl t’ (X l , Yl , Radius , X2 , Y2 , X C , YC)

arcplt - Plots a counterclockwise arc with radius p3 from points p1,

p2 to p4, p5. If p3 Is positive , the plotter remains at p4,

p5 when the plot is complete ; if p3 is negative , the plotter

returns to p1, p2, and then i nterchanges the values for p1,

p2 and p4, p5. The Interchange of va lues done by “center ”

al lows arcpl t to produce a clockw i se p lo t from the or igi nal

point p1, p2 to p4, p5; to leave the plotter on the original

p4, p5; and to return the coor di nates to thei r or i g i nal value .

c l i  ‘angdeg ’ (Xl, Yl , X2 , Y2, Angle)

angdeg - Computes the angle between the origin of the plotti ng sur-

face and two pairs of coordinate va l ues.

ii
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APPENDIX H

DESCRIPTION AND HPL CODE FOR THE ENTER OVERLA Y

The first section of this Appendix desciibes the function and HPL

cal l ing syntax for each of the modules i ncluded i n the ENTER overla y .

The second section is a listing of the HPL codes for the modules .

MODULE FUNCTIONS AND CALLING SYNTAX

The func tions of the fol low i ng groups of modules are the same , except

that each deals with a different data source.

cl i  ‘cenmsn ’

cenmsn, cenreg, cenica, cencor, censpc

These modules issue a prompt message, and accep t the user ’s entry

selec ting whether da ta should be ad ded, deleted, or change d in the

corresponding data base. The module then calls specifi c subordinate

modules to accomplish the desired data modification . No parameters

are passed to or from these modules . The module “censpc ” changes

a disk data file selection , then calls the same modules i nvokved

by cenmsn.

d l  ‘msnget’ (msn record nbr, index )

mget, regget, Iget, cget

These modules issue prompt messages, and accept user inputs to get

the data for a data record . “mget” gets all data necessary for

H mission records, “reqget” gets requirement data , “Iget ” gets air-

fiel d Information, and “cget” gets map coord inates data. In each

case, the parameters passed to the modules are the data record
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and index where the data is to be stored . “reqget” is passed ~n

index only, since there i s onl y one recor d i n the “ req ’ file.

When the user has responded to all of the prompt messages with

data entr ies , the data is displayed on the CRT, and the user may

el ect to correct the data, store it, or delete it.

cli ‘addmsn ’

addmsn, addreq, addica, addcor

These modu l es loca te the pro per recor d number and index where new

data should be stored for each file , then call the appropriate

“get” modules to get and store the data to be added .

cli ‘delmsn ’

delmsn , deireg, del i ca, delcor

These modules issue a prompt message to have the user identify the

particular data to be deleted, find the data and display it on the

CRT , and , if the user confirms that the proper data has been found ,

deletes the data from the file.

cl i ‘ chgmsn ’

chgmsn, chgreg, chglca, chgcor

These modules issue a prompt message to have the user identi fy the

data to be changed , find the data and display it on the CRT, and

then cal l the appropriate “get” module to get and store the changed

data.
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APPENDI X I

THE DISPLAY OVERLAY MODULES DESCRIPTION AND CODE

The first section of this Appendix describes the function and HPL

call ing syntax for each of the modules in the DISPLAY overl ay. The

second section lists the HPL code for these modules .

MODULE FUNCTIONS AND CALLING SYNTAX

The following groups of modules have essentially the same function ,

except that each deals wi th a different source of data. Modules prefixed

with the letter Ism u operate on mission data; modules prefixed wi th the

letter “r” operate on requirement data ; modules prefixed with the letter

1’i” opera te on airfield data ; and modules prefixed wi th the letter ad”

operate on diversion option data .

cl i ‘mdi s ’ (plot flag, print flag)

mdls , rdis , Id i s

These modules i ssue a prompt message to have the user identify the

specific mission , requirement or airfiel d data to be displayed ,

locate and present the data on the CRT, and call subordinate plot

and/or print modules to plot or pri nt the data identifi ed . Para-

meters p1 and p2 passed to these modules indicate whether a plot

and/or print display has been selected.

cli ‘mpit’ (msn rec nbr, Index nbr)

mplt , rpl t, dpi t

These modules are passed a record number and i ndex for the data

to be plotted . Each reads the mission , requirement, airfield or
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di version data into calculato r memory. References in mission , re-

quirement and di version data are located, and airfield plot and

label modules are used to plot each airfield , with an appropriate

dotted or dashed l ine between them. Label modules are cal led to

label the mission, requi rement or diversion identi fied along the

plotted line.

cli ‘mprt’ (mission record nbr, index)

mprt, rprt, iprt , dprt

These modules are passed a record number and i ndex for the data to

be printed . These modules change the peripheral address maintained

as a global variabl e from the CRT to the printer , call the appro-

priate “crt” module to perform the data formatting and printing ,

and then restore the peripheral address variable back to the CRT .

cli ‘miabel ’ (mission index nbr)

miabel , riabel , dla bel

These modules are passed an index number identifying the label

data; they use the global variables for plotter current and l ast

posi t ion to compute where to position the label . Each module

calls “angdis” to compute the angle for the la bel data . The

plotter is positioned at the proper location along the mission ,

requirement or diversion line , and the label text is printed

alon g the l i ne and parallel to it.

Functions for the followi ng modules must be described uniquely:
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ipi t - Module locates airfield data having the record number and index

passed as p1 and p2, reads it into calculato r memory, mathematic-

ally projects the coordinates and converts them to plotter units ,

and coiTmlandS the plotter to plot on asterisk superimposed over a

zero at that location . Calls the module “ilabel ” to label the

ICAO identifier .

cli ‘ilabel ’ (airfiel d i ndex)

ilabe l

Locates the 1CAO identifier letters identi fied by the index passed

as p1, positions the plotter just below the airfields ’ coor di nates ,

and comands the plotter to print the ICAO i dentifier letters.

cli ‘mdisal l’ (plot flag, print flag)

mdisa ll - This module issues prompt messages to have the user identify a

mi ssion , checks the mission data file to loca te the record number

and i ndex for the first and last mission legs for that mission ,

then calls the modules “mpl tall” and/or ‘mprtall ” to plot or print

the complete sequence of mission l egs.

cli ‘mpitall’ (1st msn leg record nbr , index , last msn leg record nbr ,

i ndex)

mpl tall - Cal ls the ~mp 1t” module to plo t each mi ssion leg stored from

the record number and index passed as p1 and p2 to the record

number and i ndex passed as p3 and p4.

d l  ‘mprtall ’ (1s t msn leg record nbr, index , last msn l eg record nbr,

index)

mprtal l - Calls the “mprt” module to print data on each mission leg
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stored from the record number and index passed as p1 and p2 to the

record number and Index passed as p3 and p4.

cli ‘mi egend’

ml egend - Plots a l egend on the lower left hand corner of the plotting

surface which depicts and label s each of the three line types used

for plotting C5, C141 and Cl30 miss ion , requirement or diversion

data .
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APPENDIX J

THE OPTIMIZE OVERLAY MODULES DESCRIPTION AND CODE

The first section of this Appendix describes the function and HPL

calling syntax for each of the modules included in the OPTIMIZE overlay .

The second section lists the HPL codes for the modules .

cli ‘weight ’

weight - Issues prompt messages and accepts user inputs for new optimi-

zation weight factors mainta ined as globa l variables . Cal ls

“weightprt ” to print current values for each of the weight para-

meters.

cli ‘divset ’ (requirement nbr)

divset - Clears all data from a single record of the “div ’1 file , and sets

the record cost parameters so that new data can be put in the file.

The “dlv ” record cleared corresponds to the requirement number

passed to the module.

cli optreq ’ (selection flag)

optreq - This module control s a number of activity modules to sequentially

read and analyze miss ion data, compute diversion routes and costs,

and to store the computed data if It qualifi es as one of the six-

best diversion options. The parameter passed to the module is a

• flag which indicates whether to compute the six-best options , the

six next-best options, etc.

154

~~~~~~~ 
_ _ _ _ _

-- 
- 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

r
I ’  ~~~~~~~~~~~~~~~~ 

~~~~~~ -~__ _ _ _ _ _ _ _ _ _ _



• 
_

d l  ‘cost’ (requirement nbr , 1st option cost, 2nd option cost,...6th

option cost)

cost - Reads the “div ” file diversion options stored for the requirement

number passed as p1, and passes back the costs for each of the six

• options as p2 through p7.

cl i 5 m i ncos t’ (requirement nbr )

mincost - Calls “cost ” to get the cost factors for a set of diversion

opt ions , updates the max cost global variable , and calls “divset ”

to clea r the diversion option data from the file.

cl i  ‘eligtype ’ (requirement nbr , suita bility parameter)

el i gtype - Computes an airfield suitability parameter for the require-

ments identified by p1, and passes the parameter back to the cal ling

program as p2. The parameter is used by the calling program to as-

certain whether a given mission aircraft can operate into the re-

quirement onload and offload airfields.

cii ‘eligcargo ’ (requirement index , mission leg i ndex , cargo eligibility

flag)

eiigcargo - Compares the cargo suitability code for the requirement

i dent i fied by p1 against the aircraft type for the mission fdenti-

fied by p2, and passes a 0 back if the cargo is not compatible

wi th the mission.

d l  ‘onloadtime ’ (requirement index , mission leg index , route distance ,

flying time)

onloadtime - Computes distance and flying time for the mission identified

by p2 to fly from its departure station to the onload airfield of

the requirement identified by p1 .
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cil ‘offloadtime ’ (requirement i ndex , mission leg index , route distance ,

flying time)

offloadtime - Computes d i stance an d f ly ing time for the mission identi-

fied by p2 to fly fro m the offload station of the requirement

identified by p1 to the mission ’s originally-sche duled arrival

airfield.

d l  ‘divmaxtime ’

divmaxtime - A dummy module which was designed to determi ne if a mission ’s

aircrew had sufficient crew duty time remaining to divert to the

cargo or passenger requirement. Suffi’..ient aircrew data is not yet

available to implement this module.

d l  ‘el i gcat’ (mission le’j i ndex , diversion—eli gible flag)

el i gcat - This module checks the mission leg identified by p1 , and passes

a 0 back to the calling program as p2 if it is not a diversion-

el igible mission leg .

cl i  ‘eligtime ’ (requirement in dex , m i ss ion leg i ndex t ime , el igibility flag)

ei igt ime - Checks the miss ion leg identified by p2 against the requirement

• 
i dentified by p1, and passes a 0 back as p3 if the requirement on-

load and offload times cannot be met by diverting the mission .

cli ‘eiigicao ’ (mission leg index , airfield suitability parameter, airfield

eligibility flag)

• eligicao - Checks the type aircraft for the mission leg identified by p1

against the airfield suitabilit y parameter for the airlift require-

ment computed by “eligtype ” and passed as p2 and passes a 0 back

as p3 if the aircraft cannot operate into the requirement onload

or offload airfields.
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cli ‘divmin ’ (req i ndex , msn leg index , weighted cost , raw cost , flying

time to onload , requirement fly ing time , flying time to offload)

divm in - Checks the cost of dive rting the mission leg identified by p2

against the costs of previousl y-selected diversion options; if

the cost Is less than any of the options already stored, the mod-

ule formats and stores the new diversion option in the “dlv ” file.
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APPENDIX K

MAP PROJE CTIO N FORMULA S

Simple Conic Projection

La = Latitude of a point on earth ’s surface to be projected to a planar

representation -

Lo = Longitude of a point on earth ’s surface to be projected to a planar

representation.

Lm = Latitude of selected north-south midpoint of the map projection. The

cone of projection is tangent to the earth ’s surface across this

Latitude (see Fig K-i).

Lom = Longitude of sel ected east-west midpoint of the map projection .

Re = Radius of Earth = 3438 NM (see Fig K-i )

Rm = Conic radius of the map projections north—south midpo int (see Fig K-i )

Rm = Re tan/90—Lm) (Ref 20:105) (see Fig K-i )

R = Conic radius of a point on earth ’s surface to projected . Corresponds

to Lo, La in geographic coordinates .

R = Rm + Re tan (Lm - L) (Ref 18:10) (gee Fig K-i )

N = Constant of Tangent Cone; Proportion of angl e between meridians on

projection and the actual change of Longitude.

N = sin (Lm) (Ref 1:2—27) (see Fig K-2)

The developed cone in the plane will be 360°(N). Each degree of

Longitude will be N degrees on the developed cone.

If the origin of a plot is at the point Lm , Lom:

x = R sin N (Lo-Lom) (see Fig K—2)

y = Rm . RcosN (lo—Lom) (Ref 18:10)
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APPENDIX L

DATA RECORD FORMATS

All opportune rescheduling system data are stored on HP disk files .

Each file consists of a pre-determined number of 256-byte records . Data

in the records may be stored in ASCII-coded stri ngs , full-precision nu-

merica l representation (8 bytes), split precision numerical (4 bytes),

or i nteger prec i s ion numerical (2 bytes) . When data i s stored as ASCII

str ings , 4 bytes of each disk record are unusable.

Data record format for the “msns ” and “spec ” files is shown in Fig

N-i; format for the “req” file is shown in Fig N-2; “div ’5 da t.~ format in

Fig N-3~ “map ” data format in Fig 1’1-4; and “icao ” data in Fig N-5.
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APPENDIX M

USER’S GUIDE

The Opportune Rescheduling System provides a means to accomplish

the following independent activites :

a. Select diversion -eligible missions from the Airlift Management

Plann ing System (AMPS) data base , and transfer of the mission data to

disk storage in the Hewlett-Packard system.

b. Store data on airfield l ocations and capabilities , political

and land—mass boundaries for maps , and airl i ft mission , requirement, and

mission diversion information.

c. Add , change or delete stored data .

d. Selectively print or plot stored data .

e. Anal yze all data to select the best possible options for diver-

sion to a given airl ift requirement.

f. Selectively print or plot mission diversion options.

To accomplish these activities , the system is divided into four

basic modes of operation. The TRANSFER mode requires the system operator

to perform several i ndependent tasks to get diversion—el igible mission

data stored on the Hewlett-Packard disk. The ENTER mode provides the

capability for the user to add , change , or delete data stored in the sys-

tern on map boundar ies , airfields, airl ift missions , and airl ift require-

-: ments . The OPTIM IZE mode performs the mission analysis to select diver-

sion options for a given airl i ft requirement. The DISPLAY mode provides

the capability to print system data , or to plot the data on a map.
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Whi le the TRANSFER mode requ ires severa l i nde penden t tas ks, the

other three modes are operated and controlled from the Hewlett-Packard

calcula tor keyboard . Prompt messages shown on the calculator display

guide the user -in controlling the system to accomplish the desired acti-

vities. Procedures for use of the four modes of operation will be ex-

plained in the following sections .

TRANSFER MODE PROCEDURES

The WWMCCS system INQUEST program to select and store diversion -

el igi ble mi ss ions is stored in fil e DOOMA/FAT/AMCC . Ins truc tions to set

the dates for which missions will be selected are included wi th the pro-

gram; when these have been set, execu te the AMCC program. The program ,

when execu ted, stores diversion -eligible mission data in the DODMA/FAT/

- 
r 1~PSCED fi le.

To transfer data from the HPSCED file on WWMCCS to the “msns ” file

on the Hewlett—Packard disk , disconnect the teletype from its modem.

Using the modem extension cord and the RS232 patch cord , connec t the

modem to the signal converter (188 connection). Remove the plotter inter-

face cord from the HP calcula tor , and insert the HP98036A Option 1 inter-

face card; connect the HP98036A Option 1 RS232C plug to the signal con-

verter (E1A connection). Insure the signal converter is connected to

the calculator , and that the OPPORTUNE RESCHEDULING disk is loaded in

the disk drive. These physical connections allow comunications between

the WWMCCS system and the Hewlett-Packard system. By executing the

OPPORTUNE RESCHEDULING System “trans ” program , the calculato r keyboard
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may be used in practically the same manner as the teletype keyboard . To

effect data transfer, perform the following at the calculato r keyboard :

1. Key in: get “TRANS” ; EXECUTE Run

Prompt Message: CRT connected? 1 = Yes; 0 = No.

If the CRT is connected , WWMCCS messages will be displ ayed in the CRT;

otherwise the messages will be printed on the interna l printer .

2. Key in: either 1 or ~ as appropriate

- 

- 
Prompt Message: INITIALIZE MISSION FILES 999 = Yes

Initializing the mission files erases all previous data in the file. New

data will overwrite old data until the data transfer is complete , but if

there is more old da ta than new , some of the old data will remain in the

file if it is not initialized . Any entry other than “999” will not erase

old data ; if the entry is between 1 and 200, new data will be written on

the mission file beginning with that record number. If a data format

error occurs , an error message will give the record number where the

error occurred . By execu ti ng the program aga in , and entering that record

number , the data transfer may continue from the point where the error

occurre d .

3. Key in: 999 or record number or ~ as appropriate .

999 initializes the mission file , stores new data at beginning of

file.

A record number entry does not initialize the file , an d stores new

data starting with that record number.

0 does not initialize the file , and stores new data at the begin-

ning of the file.
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4. When the calculator display is clear , the calculator keyboard

performs the same functions as the teletype keyboard , except:

The STORE key is the equiva l ent of the teletype CARRIAGE RETURN .

The EXECUTE key is equivalent to the teletype Line Feed .

The F 1 key is equivalent to the teletype CONTROL.

The F0 key is equivalent to the teletype BREAK.

5. Sign on to WWMCCS time-sharing system, using the same procedures

as for the teletype. Time-sharing prompt messages will be displayed on

the CRT or the internal printer . Time-sharing messages which are not ter-

minated with a carriage return are not displayed automatically. The

- 
- carr iage re turn i s a si gnal to the transfer program that a message is

comple te and can be di sp l ayed . If an expected time—sharing message is

not displayed , key in: F1 it . Data or messages waiting for a termination

signal will be displayed after this key sequence.

6. When signed onto time sharing:

WWMCCS Messa ge: SYSTEM (F 1 ~r needed to display this message).

Key in : CARD

WWMCCS Messa ge: OLD or NEW (F 1 ,r needed to display this message).

Key in: NEW

WWMCCS Messa ge: READY

Key in:  BCDA DOOMA/FAT/NPSCED

WWMCCS Message: LINE NUMBERS? (F1 ~r needed to display this message).

Key in: ASIS

WWMCCS Messa ge: TAB CHA RACTERS AND SETTINGS? (F 1 ~ needed to

display this message).
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Key i n : STORE Key (Carr iage retu rn )

WWMCCS Messa ge: * (F
1 

needed to display this message).

Key i n: LIST

7. At this point , WWMCCS will begin sending m iss ion data ; the cal-

cula tor program wi l l  reco gn i ze the da ta forma t, display each data record

on the CR1, if connected, and store the data in the “msns ” disk file.

The process norma l ly requ i res one to two hours . When the trans fer i s

comp le te, log off the time-sharing system and return the Hewlett-Packard

equipment and the teletype to their normal configuration .

8. If a data forma t error occurs , a record number will be printed

wi th the error message on the internal printer , as wel l as an error code

on the calculator display. Run the transfer program again; key in the

recor d num ber on the INITIALIZE MISSION FILE messa ge. The trans fer w il l

continue storing data transmitted by WWMCCS at the file record where the

error occurre d, and all previously stored data will not be lost.

ENTER, OPTIMIZE, AND DISPLAY MODE PROCEDURES

To operate in either of these three modes , check that the plotter ,

pr inter , disk and CRT interface cords are connected to the calculato r,

and that the OPPORTUNE RESCHEDULING disk is in the disk drive . Key in:

get “con trol” and press the EXECUTE key to load the res chedul ing system ’s

executive control program. Press the RUN key to start the program . Prompt

messages w i ll a ppear in the calcula tor d ispl ay whi ch offer the user op tions

regarding what he wants the system to do next, or tell the user what data

must be en tered next to accomp lish a previously-selected function. Some—

times a prompt message will i dentify a number to be entered in order to

select a certain option; at other times, the first two l etters of the
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option name are capitalized to indicate that the two capital letters

should be entered to select that option. For either option selections

or data entries , key in the entry and press the CONTINUE key to restart

the program.

When the executive control program is run , the following prompt

message is displayed:

Prompt Message: START MAP OVERLAY NOW? YES/NO

A YES entry initiates prompt messages to determi ne the map boun-

daries and pen colors to be used in plotting the mpa . See the

DISPLAY mode procedures for an explanation of the entries to set

map boundaries , etc . When the data on boundaries and pen colors

has been entered , the system will complete the map plot before

other options are presented.

A NO entry, or merely pressing the CONTINUE key, bypasses the

imediate map plot. A map plot may be selected at any time

duri ng system operation in the DISPLAY mode.

Prompt Message: FUNCTION : OPTIMIZE, ENTER , DISPLAY

The user ’s entry at this point selects the mode of operation de-

si red. Also , the program always returns to this point when the

user signifies that he is finished wi th a particular mode of

operation. To select an option , enter the two capitalized letters

and press the CONTINUE key. The following sections describe each

- :  of the three modes in detail.

ENTER Mode Proce du res

Prom pt Messa ge: MSns , REqmts , ICao , COords , SPec , DOne
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r Entering DO returns the system to the FUNCTION: OPtimi ze, ENter ,

Display prompt message . Selecting any of the other data sources

will give the user the option to add, change or delete that type

of data . MS refers to diversion-eligible mission data ; RE is

requirement data; IC is airfield data; CO is map coordinate data ,

and SP Is special mission data stored for display purposes .

Prompt Message: ADd, CHange, DEl ete, or Quit.

A 
~
j entry returns the system to the previous prompt message to

select a data type. An AD entry produces a series of prompt

messages to guide the user in entering the individual elements

of data which comprise the data type sel ected. For example , if

airfield data has been selected , the followi ng prompt messages

appear: ICAO Identifier

LONG ITUDE

LATITUDE

Suitability Codes C5/C141/C130

An explanation and definition of these data elements is included

at the end of this section .

A CH entry produces a prompt message requesting the user identify

the specific mission, requirement, airfield, map coordinate or

special mission to be changed. Mission and special mission data

are identif led by mission sequence number or subsequence number,

where the sequence number identifies the mission, and the sub-

sequence number identifies the specifi c mission leg within that

mission . Requirements are identified by the requirement number

(a value from one to nine) assigned to them when they are entered.
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Airfields are Identi fied by the four-letter ICAO i dentifier . Map

coordinates are identified by the record number and Index corre-

sponding to how they have been stored on the disk file. When

coordinates are added to the map coordinate file, they are stored

after the last record and Index already in use; the Display mode,

explained in the next section, can be used to find record and index

numbers for coordinates which need to be changed .

When the specific data to be changed has been identi fied , it will

be displayed on the CR1, and a prompt message sImilar to the

following will be shown on the calculator disp lay.

Prompt Message: Right Data = 1, Try Again = 2, Done

If a 2 is entered, the system returns to the point where the user

is asked to identi fy the data to be changed. If a ~ Is entered,

the system returns to the prompt message for selecting a type of

data. If a 1 Is entered, a series of prompt messages, identifying

individual data elements to be changed , are produced. If there is

no change to a particular data element, pressing the CONTINUE key

leaves the existing data for that element unchanged, and the next

prompt message is issued . If the data for that element is in-

correct, enter the correct data and press the CONTINUE key. When

all of the data has been entered, the new data will be displ ayed

on the CR1, and the following prompt message will be shown on

the calculator display .

Prompt Message: CORRECT/STORE = 1 , Re-enter Data 2, Quit =

A 1 entry stores the new data and returns the system to the prompt

message for selecting a data type. A 0 entry leaves the old data
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unchanged, and returns the system to the prompt message for sel-.

ecting a data type. A 2 entry starts the series of prompt messages

agaIn.

A DE entry to the prompt message ADd , CHange , DElete or QUIt pro-

duces a prompt message requesting the user to identify the specific

data to be deleted . When the data has been identified It will be

dIsplayed on the CR1, and a prompt message similar to the follow-

ing will be shown on the calculator display :

Prompt Message: RIGHT DATA = 1 , Try Again = 2, Quit =

If a 2 is entered, the system returns to the point where the user

Is asked to identify the data to be deleted . If a 0 is entered,

the system returns to the prompt message for selecting a type of

data. If a 1 is entered, the data is deleted , and the system re-

turns to the prompt message for selecting a data type.

An explana tion of each data element for the various types of data

follows.

Mission and Special Mission Data

Mission Sequence Number - A number which uniquel y identifies one or

more mission legs as a scheduled mission. Mission data transferred from

WWMCCS are assigned sequence numbers starting from 1.

Mission Subsequence Number - A number which identifies a specific

mission leg wi thin a mission. The first scheduled leg of every mission

is numbered 1; succeeding l egs are numbered sequentially.

Mission ID - The 12-digit MAC mission identi fier.

Type Aircraft - C5, C141 or Cl 30. Other entries will not be recog-

nized by system parameters for optimi zation or display .
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r Dpearture ICAD - 4-letter ICAO identifier of the mission leg de-
‘p

parture station.

ETD - Estimated Time of Departure; 4 digit, Zulu time.

Departure Jullan Day - 3-digit julian day for departure date.

Arrival ICAO - 4-digit ICAO identifier for the arrival station.

ETA - Estimated Time of Arrival , 4-digits, Zulu time.

Arrival Jullan Day - 3-digit julian day for arrival date.

Cargo (tons) - Tons of cargo scheduled on the mission leg .

Pax — Number of passengers scheduled on the mission leg. Cargo

and pax data are Informative data; In its present configuration, it Is

not used by the system since WWMCCS data on scheduled cargo and passengers

is unrel iable.

REQUIREMENT DATA

REQ NUMBER - A number between one and nine which will be used by the system

to Identify and locate the specific requirement information . Data on

up to nine airl ift requirements may be stored.

ONLOAD ICAO - 4-digit ICAO Identifier of the airfield where the airl ift

requirement originates.

ONLOAD NOT-EARLIER-THAN TIME - 4-digit Zulu time when the cargo or passen-

gers first become availabl e for pick—up.

ONLOAD NET DATE - 3-digit julian day for the NET (above) date.

OFFLOAD ICAO - 4-digit ICAO identifier of the airfield where the cargo

and/or passengers must be delivered .

OFFLOAD NOT-LATER-THAN TIME - 4-digit Zulu time by which the cargo and/or

passengers must be delivered . 
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OFFLOAD NLT Date - 3-digit julian day for the NLT (above) date.

CARGO (Tons) - Tons cargo Invol ved In this airlift requirement.

PAX - Number of passengers involved In this airlift requirement. Cargo

and passenger data are informative only; in Its present configu-

ration, the system does not use this data in the optimi zation

anal ysis.

CARGO SUITABILITY C5/Cl41/Cl30 — A three-digit code which is used by the

system to determine which types of aircraft could airl i ft the re-

quirement. The left-most digit corresponds to the C5; the middl e

digit to the C14l , and the right-most digit to the Cl 30. A 1 in

any position signifies that the cargo and/or passengers may be

carried on that type aircraft; a 0 in any position signifies that

the requirement is incompatible wi th that type aircraft. For

example, a 11 0 means the requirement may be airl ifted on either a

C5 or C141 , but cannot be scheduled on a C130.

AIRFIELD DATA
ICAO Identifier - 4-digit ICAO Identifier letters for the airfield.

LONGITUDE - Longitude in degrees/tenths/hundredths for the airfield.

Longitudes in the Western hemisphere must ~e entered as negative.

For example: -105.50 corresponds to longi tude 105 degrees 30 min-

utes West.

LATITUDE - Latitude in degrees/tenths/hundredths for the airfield. Lati-

tudes in the Southern hemisphere must be entered as negative.

SUITABILITY CODES C5/C141/C130 - A three-digit code used by the system

to determine which types of aircraft may safely land at the airfield.
4,
4~ .

189

— -
~~~ — ~~

—
~~
- — 1



— -- --- -,- -“ — -•- 
•

The left-most digit corresponds to the C5; the middle digit to the

C141; and the right-most digit to the Cl 30. A 1 In any positIon

signifies that the airfield is suitable for that type aircraft; a

$ signifies that that type aircraft cannot land at the airfield.

MAP COORDINATES

• Map coordinate data is stored as geographical coordinates for indi-

vidual points, plus a code which indicates what kind of line the plotter

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 longitude and latitude specified wi thout draw-

ing a l ine; a code of 2 dIrects the plotter to draw a straight line from

its previous position to the longitude and latitude specified. A code

number greater than t~ directs the plotter to draw a counterclockwise

arc, with a radius in nautical miles equal to the code value , from the

plotter’s previous position to the coordinates specified . A negative code

uses the same convention, except the arc is drawn in the clockwise direc-

tion. A code value of zero is Ignored by the plotter; it disregards any

coordinates corresponding to that code, and remains at its previous position.

In entering coordinates to define a map plot, the user must deter-

mine the sequence of points he wishes the plotter to trace, and the type

of l ine (straight or arc) to be drawn.

LONGITUDE - Longitude in degrees/tenths/hundredths for the point to be

plotted. Longitudes in the Western hemisphere must be entered as

negative.
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LATITUDE - Latitude in degrees/tenths/hundredths for the point to be

plotted. Latitudes in the Southern hemisphere must be entered

as negative.

CODE - Plotter code values as explained above. Code values must be

whole numbers; decimals are ignored.

The next section describes procedures for the OPTIMIZE mode of

operation.

OPTIMIZE Mode Procedures
I

When the OPTIMIZE mode is selected, the following prompt message

is displayed : 4
Prompt Message: NEW OPTIMIZE FACTORS? 1 = YES; 0 NO

Optimi ze factors are used in the selection of diversion options .

The factors Include the following parameters for each type air-

craft: flying hour costs , extra flying time for take—offs and

landings, rescheduling weighting factors, and aircraft block

speeds. Flying hour costs are the computed dollar costs necessary

to operate an aircraft for one hour of flying ; they allow compari-

sons between different types of aircraft to select the most

economical options. Flying time per stop is the extra flying

time needed by an aircraft for each take-off and landing, irre-

spective of the route to be flown. Rescheduling weighting factors

allow either an advantage or disadvantage to be given to an air-

craft type in the mission analysis and selection process. A

weight factor of 1 is neutral; a factor between 0 and 1 gives
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that type aircraft an advantage in the selection process. The

closer the val ue is to 0. the greater the relative advantage. A

factor greater than 1 gives that type aircraft a disadvantage;

the greater the number, the greater the disadvantage . For example,

if the C5’s are overflying their monthly flying hour conini tment, a

factor of 2 would mean that a C5 mission must be twice as econ-

omical as missions flown by other aircraft types to be selected

as a diversion option . Aircraft block speeds are the average

speed, in knots , for that type aircraft over a typical mission

route .

If NEW OPTIMIZE FACTORS are selected, the system prints the defaul t

values , or the last va l ues entered, and then Issues prompt messages

for each of the factors and aircraft types .

Prompt Message : REQ # (Enter 0 to Input New Req )

If the requirement data has already been stored, entering the re-

quirement number will cause the data to be displayed on the CRT ,

and the mission analysis and selection of diversion options will

proceed using that data as a basis. If the requirement data must

be entered, a $ input will produce a series of prompt messages

Identify the data elements to be entered. (See ENTER mode proce-

dures for requirement data.) When the new data has been entered,

it will be displayed on the CRT , and the prompt message RIGHT REQMT

1 YES, 2 • NO, 0 QUIT will be shown . A 1 entry causes the

mission analysis and selection of diversion options to proceed;
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a 2 entry returns the system to the REQ # (Enter 0 to Input NEW
‘p

REQ) prompt message. A 0 entry returns the system to the

FUNCTION: OPtimi ze, ENter, DIsplay prompt message.

Mission analysis and selection of diversion options may take up to

40 minutes to complete; while the analysis is tak4ng place , the

message “CHECKING MSN RECORD” and a record number Is shown on the

calculator display. Since the number of disk records used to store

the mission data was displayed at the end of the TRANSFER mode of

operation, the user is given some idea of where the system is in

its analysis of mission data. When the process is completed, data

on the diversion options is disp layed on the CR1, and the following

prompt message is displayed :

Prompt Message: DISPLAY RESULT = 1 , RECOMP = 2, DONE 0

A ~~, or any entry other than a 1 or 2, returns the system to the

FUNCTION: OPtimize, ENter , DIsplay prompt message. The diversl~n

data is stored, however , and may be recalled at any time via the

DISPLAY mode. A 2 entry causes the system to reanalyze the mission

data file to select the next six-best diversion options for the

requirement. Data on the first six options is no longer stored .

• A 1 entry Invokes the DISPLAY mode, and allows the user to select

a plotted or printed data presentation. For an explanation of

this capability , see the procedures for the DISPLAY mode (OP dis-

play) in the next section.
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DISPLAY Mode Procedures

When the DISPLAY mode is selected, the following prompt message is

shown on the calculator display:

Prompt Message: MS. MI, RE , CO, IC , SP, PE , MA , OP, DOne

MS refers to mission data; all mission legs of a mission are dis-

played. MI refers to data on individual mission legs. RE is re-

quirement data; CO is map coordinates; IC is airfield data, SP is

special mission data; PE is used to re-designate the pen colors

used to plot the various data types; MA is used to set new map

boundaries for a map plot; and OP refers to the collection of

miss ion , requi rement and diversion option data presented in a

special format.

A DO entry returns the system to the FUNCTION: OPtimize, ENter,

DIsplay prompt message. An MA entry causes a series of prompt

messages which guide the user in selecting map boundaries , a

long i tude/latitude grid overlay on the map, and the color of pens

to be used in plotting the map, missions , requirements, etc. A

PE entry allows the pen color selections to be made Independently

of the map boundary selections. For an explanation of the data

entries to select map boundaries, map gr id, and pen colors, see

the end of this section.

The remaining entries all select data for display . After the data

has been selected, prompt messages to indicate the type of display

desired will be shown in the calculator display.
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Prompt Message: PLOT? 1 = YES , 0 = NO
* A 1 entry ultimately produces a plot of the data selected .

A ~ entry bypasses he plot option.

Prompt Message: PRINT? 1 = YES , 0 = NO

A 1 entry ultimately causes the data selected to be printed on the

Hewlett-Packard printer . A ~ entry resul ts In the data being displayed on

the CR1.

At this point , the specific mission requirement, airfiel d, etc.,

to be plotted or printed must be identifi ed. Since the system responds

differently for each type of data , each will be explained in the following

subsections .

MS (Mission Data)

Prompt Msg: MSN SEQUENCE NBR

The sequence number for the mission, including all its mission legs ,

to be plotted or printed must be entered. For an expl anation of

the sequence number, see the mission data description in the pro-

cedures for the ENTER mode of operation. When the sequence number

is entered, the data stored on all the mission legs of that mission

is displayed on the CRT, and the prompt message RIGHT MSN = 1 , TRY

AGAIN = 2, QUIT = 0 is shown in the calc (ilator display . A 1 entry

causes the system to plot or print the mission data according to

the previous selections for those options. A 2 entry returns the

system to the MSN SEQUENCE NBR prompt message ; a ~ entry returns

the system to the MS MI, RE, CO. IC, SP , PE , MA, OP , DOne prompt

message .
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MI (jlission Leg Data)
• The system operates the same as for mission d’ta , except that the

subsequence number for the specific mission leg must also be entered.

For an explanation of subsequence numbers , see the mission data descrip-

tion in the procedures for the ENTER mode of operation . Only the specific

mission leg Identified will be plotted or printed.

SP (Special Mission Data)

The system operates the same as for mission leg data , except that

the mission legs identified are only those stored in the special mission

file. Only 6 mission legs may be stored in the special mission file.

RE (Requirement Data)

Prompt Message: REQ # TO BE DISPLAYED

The requirement number (from 1 to 9) must be entered . Data for that

requirement is displ ayed on the CRT. As with the mission data , the sys-

tem requests the user to confirm that the correct data to be plotted or

printed has been identified by issuing the prompt message RIGHT REQMT =

1, TRY AGAIN = 2, QUIT = 0. Responses are the same as for the mission

data .

ICJ~irfield Data)

• Prompt Message: ICAO to be displayed

The four-letter ICAO identifier for the airfield to be displayed

should be entered. If data on the airfield Is stored, it will be dis-

played on the CRT, and plotted or printed as previously selected . If

there is no data stored for the airfield, an error message is printed

on the cal culator internal printer , and the system returns to the data

selection prompt message .
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CO (Ma p Coordinates Datal

Prompt Message : SHOW COORDINATES ON CR1? YES = 1

Individual map coo rdinates may not be plotted or printed; rather a

Full disk record, of up to 42 coordinates , is selected for plotting or

printing. The selection is made by entering the record number of the

coordinates to be displayed. The above prompt message allows each set

of coordi nates , and their corresponding plotter code , to be displayed on

the CR1 as they are being plotted or printed . For an explanation of map

coordinates and the plotter code, see the map coordinates data descrip-

tion in the procedures for the ENTER mode of opera tion .

If the CRT d i splay is not desired , press the CONTINUE key.

Prompt Message: STARTING REC #. . .CON TINUE FOR FULL MAP

The map coordinates display program will plot and/or print all

coordinates stored on the disk records beginning with the starting re-

cord number through the ending record number. Enter the lowest record

number containing the coordinates to be displayed. If a complete map, or

a print of all map coordinates is desired , press the CONTINUE key .

Prompt Message: ENDING REC #. . .CONTINIJE FOR A FULL MAP

En ter the highest record number containing coordinates to be dis-

played . If only one record of coordinate data is to be displayed , en ter

the same record number for both the starting and ending record number.

If a complete map, or a print of all map coordinates is desired, press

the CONTINUE key. When the ending record number has been entered , the

system responds by plotting and/or printing the map coordinates sel-

ected, and then returns to the data selection prompt message.
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OP (Optimized Diversion Options )

This selection will plot or print all the data associated wi th an

airl i ft requirement, missions selected for possible diversion to this re-

quirement, and data on the diversion routing, extra fl yi ng hours and

dollar costs incurred , etc. For such a display to be presented, the

OPTIMIZE mode must have been executed against the airl ift requirement,

and all of the mission, requirement and diversion data must still be

stored. If any of the data has been changed (for example , i f new m i ss ion

data has been transferred from WWMCCS), the system w i l l  plo t or pr i nt

the new data, but there may be no relationship between the requirement,

missions and diversion Information. When the diversion data is created

by the OPTIMIZE mode of operation , It stores the requirement number and

mission sequence numbers selected as diversion options. If requirement

or mission data is changed after the diversion data is created, the re-

lationship is lost.

The presentation is identified by the requirement number . When the

• user selects the OP display, the followi ng prompt message is shown in the

• calcula tor display:

Prompt Message: REQUIREMENT NBR

Enter the requirement number for the display des i red .

Prompt Message: FIRST OPTION TO BE PRESENTED

The system computes and stores six diversion options for an airl i ft

requirement. They are numbered from one to six according to their rela-

tive costs for diversion . The system will plot or print data on the

diversion options beginning with the number of the first option selected

through the last option selected.
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• Prompt Message: LAST OPTION TO BE PRESENTED

When the first and last diversion option numbers have been entered,

data on the previously selected requirement is presented on the CR1, and

the following prompt message Is shown on the calculato r display :

Prompt Message: RIGHT REQMT? 1 = YES , 2 NO , 0 = QUIT

A ~ entry returns the system to the data selection prompt message.

A 2 entry returns the system to the REQUIREMENT NBR prompt message. A 1

entry causes the selected data to be plotted or printed , af ter wh i ch the

system returns to the data selection prompt message.

• MA (Select M~~ Boundaries)

The MA entry allows the user to select map boundaries , pen colors

of plotted data, and a grid overlay for plotted data. Since the system

plots all data wi th reference to the last map boundaries selected , the

same boundaries should be maintained for all data presented on a single

plo tting paper. If the MA option is not selected before a plotting dis-

play is called for, the system uses a default set of map boundaries which

will plot all data falling within the continental US. Selecting the MA

option implies that a new plot Is being initiated , and the following

prompt message Is displayed :

Prompt Message: CONTINUE when Plotter Ready

The system is hal ted to allow the user to place fresh paper on the

plot ter, and to set the mechanical plotting lim its P1 and P2 (see the

HP9872A Graphics Plotter Manual for instructions). When this is

accomplished , press the CONTINUE key.
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Prompt Message: MAP EAST BOUNDARY

Enter the east boundary of the map or data display to be plotted in

degrees/tenths/hundredths of long itude. For long i tudes in the western

hemi sphere, enter as a negative number. For example 105 degrees 33

minutes west should be entered as -105.55. Pressing the CONTINUE key

without entering a longitude selects -67.0, the defaul t for the east

boundary .

Prompt Message: MAP WEST BOUNDARY

Us ing the same conven tion as for the eas t bounda ry, en ter the wes t

boundary for the map or data display to be p’otted. Pressing the CONTINUE

key without entering a longitude selects -125.00 as the west boundary .

Prompt Message: MAP NORTH-SOUTH MIDPOINT

Enter the latitude of the center of the map or data display to be

plo tted in degrees/tenths/hundredths. For latitudes in the southern

hemisphere, enter as a negative. It is necessary to enter the latitude

of the center of the plot, rather than the northern and southern boun-

daries , since the limits on the plotting paper have already b~en estab-

l ished by the eastern and western boundaries , and by the mechanical limits

set by P1 and P2.

Prompt Message: NEW PEN COLORS 1 YES, 0 NO

A 1 entry allows selection of pen numbers, corresponding to the num-

bers for each pen color on the plotter pen rack, which will be used to

plot map coordinates, a~rfields, miss ions , requ i remen ts, diversions, and

grid overlay. A ~ entry bypasses the option , and the defaul t color con-

ventions are used. See the explanation for the Pt entry In the next sub-

section.
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Prompt Message: MAP GRID SIZE; NO GRID. . .CONTINUE

A numerical entry causes a longitude—latitude grid to be plotted

within the map boundaries selected . The size of each grid square in

degrees will be the number entered. For example, a 10 entry causes 10

degree grid squares to be plotted. Longitudes and latitudes of 10 degrees,

20 degrees, 30 degrees, etc., will be shown where they fall wi thin the

map boundaries selected. Pressing only the CONTINUE key bypasses the

grid plot option .

Prompt Message: MAP BORDER? 1 YES

A I entry causes a frame to be plotted around the plotti ng area on

the paper. Any other entry bypasses this option. After this entry, the

system returns to the data selection prompt message.

PE (Select Plotting Pen Colors)

The system can plot each type of data (missions, airfiel ds, map

coordinates, map grid , requirements, diversions) in up to 4 different

colors. The PE entry allows a selection of the colors to be used for

each. When Pt is entered, the currently designated pen numbers, corres-

ponding to the pen colors on the plotter pen rack, are printed on the

calculator internal printer for each type of data. A series of prompt

messages are shown to get new pen number designations. The default

values are as ollows:

Green: Map Coordinates, Map Grid , Airfields

Red: Diversions

Blue: Missions

Black: Requirements

4 .
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When new pen number designations have been entered, they are pr inted

on the calculator Internal printer, and the system returns to the data

selection prompt message.

ERROR Messages

The system evaluates entries input by the user, and will print an

error message if the entry Is unacceptable. In most cases, the error

message is printed, and the system returns to the prompt message where

the unacceptable entry occurred. In some cases, the entry may be accept-

able, but the requested operation cannot be performed. (For example, a

request to plot an airfield for which no data Is stored.) In such cases,

an error message will descri be the problem, and the system will return

to the point at which the operation was requested.

Since there are a large number of possible errors and error messages ,

they will not be listed In detail . Error messages are sufficiently des-

criptive of the error that the user should be able to correct his entry

after referring to User ’s Guide procedures.

If the calcul ator program halts, and a calculator error message is

shown in the calculator displ ay, a system program error is indicated .

Copy the error code, and the operation being performed when the error

occurred, and advise the MAC/DOOMO branch chief who will arrange for the

necessary program corrections.
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APPENDIX N

SAMPLE DATA DISPLAYS

The Opportune Reschedul ing System has the capability for printing

or plotting any of the information stored in the data files. This

Appendix contains samples of some of the display capabilities .

Data displays in text format are directed to the Hewlett-Packard

CR1 unless a hard-copy print has been requested. The output format is

the same in either case.

Fig N-l shows a geographical plot of map coordinates and ICAO-

coded airfield locations. Fig N-2 is a sample of mission data in

printed form; Fig N-3 is a plot of the same data. Fig N-3 also shows

the sel ectable map boundary capabilities . Fig N—4 Is a sample of a

diversion options presentation in printed form; Fig N-5 Is a plot of

one of the diversions. The actual plotted information is normal ly pro-

duced in four colors to make the display more readily understandable.
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