
~~AD_AO I~6 571 TRW DEFENSE AND SPACE SYSTEMS GROUP HUNTSVILLE ALA 

- — 

F~G 9~2
SOFTWARE REQUIREICNTS ENGINEERING MEIH000I.OGY. SREP FINAL REPOR—ETC (U)
AUG 77 M W ALPORD. P H BROWNE r I F BURNS DASG6O—75 C—0022

R4CLASSIFIED TRW—27332 6921 O26 VOt 1 pit.

_ P

~ s l  ___

~~~J I



OH

10 2 8

:: ~ 2 2

1 • 1 II

• 
~~~F25 ID~~’1~i ‘

NATIONAL BUREAU OF STANDARDS
MICROCOPY RESOlUT ION TEST CHART



fJ 27332-~g21-u$

SOFTWAR E REQUIREM ENTS
ENGINEE RING METHODO LOGY

SREP FINAL RE PORT - VOLUME I

CDR L C005 1 AUGU ST 1917

T~i~r~ 
T

~~~~~~~~~ 
,
~ ;App:~

L ___

Prepared For
BALLISTIC MISSILE DEFENSE 0A D V A N C E D  T E C H N O L O G Y  C E N T E R  --~r~~’~

1, ~IT~f~\
DA SC6 O 15-C 0022 

~~~~ 
‘

~~~ ~~
\~~ri~~tt~fli

C-)
w

.

II’,,
DEFENSE AND SPACE SYSTEMS OROLJP

HUNTSVILLE , A LA ØA MA



UNCLASSIFIED
SECURITY CL A SStF IC A T1OW oc TNIS —ICE P ’+’,~~., D.’e Rn’.~.t ~

REPORT DOCUME~4TATION PAGE 1 BEF~~~~~~~~~~~~~~~~~~~~~~~~ O~ZM
I. REPORT NUMB EN ~~~. GOVT AcCES SION NO. ~ . REC IPIENT ’ S ~~~A T A L C O  NUMUER

CDRL_C005__ (Vo lume _ I) 
____________________________

— 
TI TLE (.~d $ubtIIl.) 3. TYPE RI. ~~ P E R i Q O CO~’E .5~~~

Softwa re Requirements Engineeri ng Methodo logy, 1 F1na~~~~~n lca1~~~p~~t ~
~~ SRE P Final 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~. *W~~5~7~j  ~~~~~~~~~~~~~~~~ ____________ ~~~ 

I OR~~ RAN1 NUM~~tN(o~ 
-

M. W ~Alford, et al~~~~ t / r ’ , 

~~~G6~-75-c-o
~~~~~~~~~~~~~ ~~~- M ~~ I~~~t IlIf ~TISU ~. e *WD~~~~~ Rf ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ *0. PROGRAM ELEMEN1 . P R O J E C T , T A S K

A REA & WORK UNIT  NUMO ERS
TRW Defense and Space Systems Group
7702 Governors Drive , West 6.33 04.A
Huntsville, Alabama 35805 ____________________________

II. CONTROLLING OFFICE NAME A ND ADDRESS 7 / );2. R
~~~2~~!P_~~~! .._....

Ballistic Missile Defense Advanced Technolog~k..L..- 
1 AUg~S.t )~77~

Center, P. 0. Box 1500, Huntsville , AL 35807 ‘~~~~ NU~ I~~~ P~~~F PACES

ATTN: ATC-P 378
IA. MONITORI NG AGENCY N A M E  6 AOO RESS ( f f  dlU,r ~~n (rum ControI(,n~ Office) IS SEI URITY CLASS. (of hi. r.port)

- ~ 
. Unclassified

/ ‘ !~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- — *5.. OECLAS S IF ICA T ION ’D OW MGRA OIN O
-. - SCHEDULE

IS. DISTRIBUT ION S T A T E M E N T  (01 thu Report)

Cleared for public release — distribution unlimi ted.
Reference BMDSC-CRS letter dated 8 March 1977.

* 7. DISTRIBUTIO N S T A T E M E N T  (of (it. ab.tracf entorod in Blo ck 20, ii dIfferen t fro m Report)

*8. SUPPLEMEN TARY NOT ES

*9. KEY W O R DS (Cantinu. on reeer .. old . ti n•ct. aawy id tdentIIy by bloc number)

Software
Software Specification
Software Requirements
Software Development

2~~~ A e STR A C. 1 (C*nffnu. on roe. ,.. oil. fn.c...ary .‘.d idenif ly by bI.,ck nwnb.r)

~A methodology is presented for the development and management of software
specifications. The technique is built upon a language (RSL) readable both by
a computer and by man , and a set of tools termed collectively the Requirements
Engineering and Validation System (REVS). The tools provided for retention of
all requirements in a relati onal da ta base from which documentation , COr’sis-
tency analyses , and simulations may be constructed automatically. -~~~~~~‘~~

DD 
~~~~~~~~ 

1473 cr,~~~oM oy lNOv~~~~* 5 OBS0LLTC UNCLASSIFIED
~~~ / ~~~~~~~ ‘7~/ 

srcu~~,t v  C L A S S I r I CA T I O M  or THIS PAG ‘WPi.n 11.1. Rnt e d)

—— — - —. -~ — ~~~~~~ - -
~ 

-
~ .—~~~-—-— - — . — —--————-—.— —



UNCLASSIFIED
SECURITY CLASSI FIr.ATIo p l OF THIS PA GE(Wh~~, Data fnt.rod)

20
\ 

(Continued)

methodology systematically develops the specification from source
documentati on at the system level , documenting omissions and errors of
the source materials in the process. The produced requirements are
provably consistent , and may be validated against system objectives
through the generated simulation. The enti re process is subject to
systematic management through definable and veri fiable milestones
supported by REVS .~~

/
/

U..

- ~~~ 

31~~- -~ ~~~~~~~~ 
I,

J~.

- UNcLASSIFIED
SECURITY CLASSIFICATIO N OF THIS PAGEIW1I.n Dora Entor.d)

_ _ _ _ _ _ __ _ _

~~~~~~~~~~~~~~~

--

~~~~~~~~~~~~~~~~

-

~~~~~~~

-

~~~~~~~~~~~~~~~~~

- - - -

~~~

~-



F

27332 -692 1 -026

I
I

SOFTWARE REQUIREMENTS

ENGINEERING METHODOLOGY

SREP FINAL REPORT — VOLUME I

CDRL COOS 1 AUGUST 1977

CLEARED FOR PUBLIC RELEASE - DISTRIBUTION THE FiNDiNGS OF THiS REPORT ARE
UNLIMITED. REFERENCE BMDSC—CRS LETTER NOT TO BE CONSTRUED AS AN OFFICIAL
DATED 8 MARCH ~977. DEPARTMENT OF THE ARMY POSITION.

Prepared For

BALLISTIC MISSILE DEFENSE
A DVANCED TECHNOLOGY CENTER

DASG6O-75 -C-0022

TRW
DEF ENSE AND SPAC E SYSTEMS GROUP

Huntsvil le , Alabama

- .—— -A

L .- - -— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ J



-~~ — --w -- - — —--- -
~~

- --- - — - --- — - - - ------- —- - - -- 
~~~~~~~~~~~~

27332-6921-026

SOFTWARE REQUIREMENTS
ENGINEERING METHODOLOG Y

SREP FINAL REPORT - VOLUME I

CDRL C005 1 AUGUST 1977

Princ i pal Authors: Approved By:

M. W . Alford

~~~ _______________________________

G. C . Hit t  . R . Marker , Mana ger
J . T. Lawson Software Requirements
M. 0 . Richter  En gi neer i ng Pro gram
R. J. Smith

c~L. 1,~~P. H. Browne , Head J es E. Long , Mana ger ”

Methodol ogy Researc h Huntsville Facility
and Development

Prepared For
BALLISTIC MISSILE DEFENSE

ADVANCED TECHNOLOGY CENTER

DASG6O-75-C-0022

TRW
Of FEA St AM~ SV’4CE SI’S TFMS GROUP

Huntsville , Alabama
Ii

0 _•



- - - - ~~~~~~~~~~ -~~~~~~~~~ ‘ ~~~~~~~~~~~~~~~~~~~~~~ ---

TABLE OF CONTENTS

Sect ion T i tle

1 .0 INTRODUCTION 1-1

1 .1 SCOPE AND CONTENT 1-3

1 .2 THE PLANNED ROLE OF SREM 1-4

1 .3 CONSIDERATIONS OF SREM DEVELOPMENT 1-6

1.4 MAJOR COMPONENTS OF SREM 1-8

1.4.1 The Requirements Statement Language (RSL). .  1— 8
1 .4.2 The Requirements Engineering and Validation

System (REVS) 1— 8
1.4.3 The Engineering Methodology 1-10
1 .4.4 Specification Management 1— 11

1. 5 APPLICABILITY 1-12

1.6 TERMINOLOGY 1-12

PART I - TECHNICAL APPROACH

2 .0 SREM OVERV I EW 2-1

2.1 THE TRACK LOOP SYSTEM EXAMPLE 2-3

2.1 .1 Preliminary Ballistic Missile Defense
System 2—5

2.1.2 ILS Requirements 2-5

2.2 SUMMARY OF APPENDICES 2-5

3.0 FUNCTIONAL REQUIREMENTS 3-1

3.1 PHASE 1 - DEFINITION OF SUBSYSTEM ELEMEMTS 3-4

3.1.1 Initial Inputs 3—5
3.1.2 Interface Definition 3-7
3.1.3 Message Definition 3—8
3.1 .4 The Interface Data Hierarchy 3-15
3.1.5 Problems of Definition 3-17
3.1.6 R_NET Definition 3-19
3.1.7 Entity Definition 3—26
3.1 .8 The Entity Data Hierarchy 3-28
3.1 .9 Independent FILEs 3—31
3.1.10 Summa ry of Phase 1 3—32

3.2 PHASE 2 - EVALUATION OF THE KERNEL 3-34

3.2.1 Data Naming Conventions 3-34
3.2.2 StructL’ral Data r ‘itions 3-35
3.2.3 Entering R_NETs e ASSM 3—37
3.2 .4 The STRUCTURE of an ~~NET 3-37

111 

0 ’~~~~



- . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ =- .~~~ —~- • -

TABLE OF CONTEN TS (Continued)

Section T i t le

3.2.5 Checking the Kernel wi th the Aid of RADX . .  3-38
3.2.6 Summary of Phase 2 3-40

3.3 PHASE 3 - COMPLETION OF THE FUNCTIONAL DEFINITION .  3-42

3.3.1 Enti ty Transitions 3-43
3.3.2 Data Transactions 3-44
3.3.3 RADX Evaluation of Data Transactions 3-46
3.3.4 Hierarchy Transitions 3—48
3.3.5 Further Data Definition 3.49

3.3.5.1 Locality 3-50
3.3.5.2 Type and Range 3-51
3.3.5.3 Use 3-53
3.3.5.4 Values 3—53

3.3.6 Eva l uation of the ASSM Using RADX 3-54

3.3.6.1 RADX Evaluation of Data Origin
an d Usage 3—55

3.3.6.2 RADX Evaluation of File Activity.   3-56
3.3.6.3 RADX Eva l uation of Entity Activity  3-57
3.3.6.4 RADX Evaluation of Data Attributes  3-58
3.3.6.5 RADX Data Flow Analysis 3-60

3.3.7 Summary of Phase 3 3— 61

3.4 PHASE 4 - COMPLETION OF MANA GEMENT AND CONTROL
INFORMATION 3-62

3.4.1 Originating Requirements 3-62
3.4.2 Sources 3-62
3.4.3 Decisions 3-63
3,4.4 Relating to Sources 3-64
3.4.5 Informative Ma terial  3-64

3.4.5.1 Description 3—65
3.4.5.2 Synonym 3-65
3.4.5.3 Authorshi p 3—65
3.4.5.4 Complementary Relationships 3-66
3.4.5.5 Structural References 3-66

3.5 PHASE 5 - DYNAMIC FUNCTIONAL VAL IDATION 3-67

3.5.1 Betas 3—67
3.5.2 Local Data 3-68
3.5.3 SETS Development 3-69
3.5.4 Simulator Applications 3—70

4.0 PERFORMANCE REQUIREMENTS 4-1
- 

4.1 PHASE 6 - ORIGINATING REQUIREMENT DECOMPOSITION . . . 4-3

iv 

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



TABLE OF CONTENTS (Continued)

Section Tit l e

4. 1 .1 Step 1 : ORI G INATIN G_RE Q UIREMENT
Identi fication 4-3

4.1.2 Step 2: Preliminary PERFORMANCE _REQUIREMENT
Definition 4-3

4.1.2.1 Decomposition of ORIGINATING
REQUIRE M ENTs 4 7

4.1.2.2 Preliminary Definition of
Performance Requirement TESTs . . .  4-9

4.1.2.3 Definition of VALIDATION POINTs
an d VALIDATION PATHs 4-9

4.2 PHASE 7 - PERFORMANCE ALLOCATION 4-17

4.3 PHASE 8 - ANALYTIC FEASIBILITY DEMONSTRATION 4-20

4.3.1 Form of Feasibility Demonstration 4—21
4.3.2 GAMMA Development 4-21
4.3.3 Benefi ts Derived 4-22

PART II - MANA GEMENT APPROACH

5.0 INTRODUCTION 5-1

6.0 DEFINING MEASURABLE MILESTONES 6-1

6.1 TECHNICAL MILESTONES 6—3

6.2 REVIEW AND CONTROL MILESTONES 6-5

6.3 SUMMARY 6-8

7.0 COST AND SXHEDULE PLANNING 7-1

7.1 EXPERIENCE TO DATE 7-2

7.2 COST MODEL FORMULATION 7-4

7.2.1 Cost Model 1 (CM1 )  7—4

7.2.1.1 Basic Cost Units 7— 5
7.2.1.2 Intangible Factors 7—8
7.2.1.3 Cost of Supporting Elements 7-11

7.2.2 Cost Model 2 (CM2) 7— 13

8.0 MANAGEMENT CONTROL 8-1

8.1 CONTROL MECHANISMS 8-1

8.2 CHANGE CONTROL 8-4

8.3 ACCEPTANCE OF THE SOFTWARE REQUIREMENTS 8-7

9.0 CONCLUSIONS 9—1

V



_ _-~~~~~~ ~~~~ - - -

TABLE OF CONTENTS (Continued )

Section Ti tle
F 10.0 APPLICABLE DOCUMENTS 10-1

APPENDIX A - SAMPLE DPSPR - TRACK LOOP EXPERIMENT A-i

APPENDIX B - RADAR/DPS INTERFACE SPECIFICATION 8-1

APPENDIX C - C2/DPS INTERFACE SPECI FiCATION C-i

APPENDIX D - RSL TERMINOLOGY D-l

APPENDIX E - RSL SUMMARY OF ELEMENT-TYPE E-l

APPENDIX F - TRACK LOOP SYSTEM RSL REQUIREMENTS KERNEL F-i

APPENDIX G - TLS REQUIREMENTS NETWORKS G-l

APPENDIX H - TLS REQUIREMENTS H-l

vi 

_ _ _



_  

~~~~~~

- . -

~~~~~

- -

~~~~~~~~~~~~~~~~~~~~~~~~

-,_ -

~~~~~~~~~~~~~~~~~~~~~~~

_ _ _

LIST OF ILLUSTRATIONS

Fi gure Ti tle

1-1 The Cost of Delayed Error Detection 1-2

2-1 Track Loop System 2-4

3-1 RSL Subsystem Entries 3-6

3-2 An Elementary Interface Hiera rchy 3-9

3-3 C2 Input Hierarchy 3-13

3-4 RSL Message Entries 3— 14

3—5 Interface Data Hierarchy 3-16

3-6 RSL Decision Entry 3-18

3—7 Three Asynchronous R_NETs 3-24

3-8 Entity Data Hierarchy 3-27

3-9 Enti ty Hierarchy 3-30

3—10 RSL Entity Entry 3-31

3-il RSL Data Entry 3—36

3-12 RSL In itial ALPHA Entry 3—46

3-1 3 RSL Additional ALPHA Entry 3-49

4-1 Sample ORIGINATING REQUIREMENTs (Performance) for ILS . . . 4-4

4-2 RSL Representation of Performance Requirements at End of
Phase 6 (TSL Example ) 4-13

6-1 Overv iew of SREM Activities (Development and Validation
of Functional Requirements ) 6-2

6-2 Sample (Technical) Activity Network for SREM Phase 1. . .  6-4

6-3 Complete Sample Activity Network for SREM Phase 1 6-6

6-4 Sample Decisions from Track Loop 6-7

7- 1 Prima ry RSL Elements Affecting Basic Cost (Functional
Requirements) 7-6

7-2 Basic Cost Unit Relationships 7-7

7-3 Predicted Impact Relationship 7-1 2

7-4 Cost Sumed Over Major Elements 7— 15

vi i

I
.- - - -

~

-

~

-- - .

~

- -

~ 



—---- - — - - .-.--—--.--‘-‘——.— -—.- - -—- - — —.---------- ‘- ------ - -- --— -. — -- — 
.—“ - —. ~~~~~~~~~~~~~~~~~~~~~~~~ 

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

LIST OF ILLUSTRATIONS (Continued)

Figure Title

8-1 Interests Shared by SRE 8-2

8-2 Sample Change Flow into Update of Baseline 8-6

vii i 

- - - -- -~~~ .--- .-‘-—---— .- . - .-—~~~~-—~~~~~ -- -~—— -—— ----- ~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ —

LIST OF TABLES

Table No. Titl e

7.1 Resources Expended on Completed SREM Applications 7—3

7.2 Elements Generated Per Project 7-9
7.3 Intangible Factors 7— 10

7.4 Rating of Intangible Factors 7-12

7.5 Percentage Cost Breakdown 7-16

8.1 SREM Focus of Management Control on Substantive Issues .   8-3

8.2 Control Mechanisms for Major Managerial Control Issues .   8—5

8.3 Acceptance of the Software Requirements 8-8

lx



Pu
ll.— . - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— — -

~~~
—.----— . - --—-—-

~~~~~ —‘-.-

~~
---

1 .0 INTRODUCTION

In the Fall of 1974 the Data Processing Di rectorate of the B a l l i s t i c
Missile Defense Advanced Technology Center (BMDATC) initiated a series of
research programs directed to the development of a complete and unified
approach to software development. These programs encompassed the total
range of activities from development of system specifications through

completion and testing of the software process design. Supporting programs

were also conducted to perform basic research into such areas as software
reliability , static and dynamic validati on techniques , and adaptive control
and learning.

A key element of the BMDATC programs was the Software Require ;:ents

Engineering Program (SREP) -- a research effort concerned wi th a systematic

approach to the development of complete and validated software requirements

specifications. The overall objectives of this research were to:

• Ensure a well-define d technique for decomposition of system
requirements into structured software requirements .

• Prov ide a mechanism for enhanced management visibility into
the requirements development.

• Maintain requirements development independent of the target
machine and the eventual software desi gn.

• Al l ow for easy response to system requirement changes .

• Provi de for testable and easily validated software require-
ments .

To meet these objectives , the Software Requirements Engineering

Methodology (SREM) was developed. This methodology is an integrated ,

structured approach to requirements engineering activities . SREM begins wi th
the translation and decomposition of system level requirements ; performs
analysis , definit ion , and vali dation of the software requirements ; and ends

wi th documentation of the software requirements in a Process Performance
Requirements (PPR) specification. As part of the SRE methodology , a set of
software support tools were implemented to automate many of the previously
manual activities associated with requirements engineeri ng . These software

tools form the Requirements Engineering and Validation System (REVS); REVS

processing is accomplished by expression of the software requirements In the
structured , formal Requirements Specifi cation Language (RSL).

1—1
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SREM represents a different approach and philosophy for software

requirements engineering. It embodies a flow orientat ion tha t e l im i na tes
many of the problems inherent in the classical functional hierarchy . It
expresses requirements in an unambiguous , machine -processable language as
opposed to free form (and free content) English. Support software is
available to automatically process the requirements statements and perform
a wide range of needed activities (e.g., static fl ow analysis , speci~ication
generation , simulat ion generation).

SREM is a comprehensive approach that was developed specifically to

improve software requirements engineering practices. As shown in Figure

1— 1 , errors made in the requirements phase become increasingly more

expensive to locate and correct in the later pfd ses of development.

b E  1 —

50 - 
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INT EGRATION TEST

PHASE IN WHICH ERROR DETECTE D

Figure 1-1 The Cost of Delayed Error Detection

Ambiguity and lack of preciseness in the requirements statements which
indirectl y promote misinterpretation (and therefore errors) n the subse-

quent phases also add to the cost and schedule leverage .
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1 .1 SCOPE AND CONTENT

Th i s report i s a SREM User ’s Gu id e for develo pmen t of so ftwa re
requirements specif i ca ti ons . I t i s not a cook book , i n tha t i t  does no t
attemp t the i nheren tly i mposs ib le tas k of conver ti n g the genu i nel y creat i ve
aspects of specification development into rote , deductive operations. It
does , however , define guidelines through which these creative operations
are reco gnize d , applied and restricted to their natural roles in the

spec if icat i on develo pmen t p rocess . In  th i s manner , the scale an d ran ge of
creativity can be defined and contained , thus allowing the specification
development process to be scheduled with some degree of confidence. It

should be noted that creative features remain in the methodology and as a

consequence the major development effort must be conducted by experi~ nced ,
knowiedgable engineers . However , SREM has been structured in a manner such

that many elements of specification development can be identified and

isolated to permi t less senior engineering personnel to perform the details

of specification statement definition and documentation prepara tion.

This volume is organized in two major parts : Part I addresses the

technical aspects of software requirements engineering. The methodology

is descri bed in detail , step-by-step , i n the con tex t of a representat i ve
example. Part II discusses the management of the specification development

process with emphasis on how the specific features of SREM and its tools

can be use i to advantage in the mana gement of the activities.

The remainder of this section describes the basic role of SREM , its

major components and its position within the overall BMDATC software

development methodolog y .

1—3 
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1 .2 THE PLANNED ROLE OF SREM

SREM was conceived of, and designed as , an integral part of the
BMDATC Software Development Methodology. The objective of the overall
BMDATC methodology was to further the state-of-the-art in the specification ,

design , implementation and test of real-time BMD software. Its applica-
tion was targeted to systems whose major characteristics and development

environments are as follows :

System Charac ter i sti cs

• Systems are large to very large

• Time responses are critical

• Processing is intensive

• Data base is large but not massive

• Computer system is digital with memory

• Technology of the object system is not fully understood
in itially (i.e., exis tence and feasibility of the system
and subsystems is an issue)

• Requirements may be subject to a high degree of change

• Subsystems interfacing wi th the OP may (probably) be
undergo ing parallel development (i .e., interfaces are
flexible).

Range of System Development Environments

• ~rom a deployable system being developed essentially top-
down from system performance objectives , which must deal
with:

- Hard performance requirements ,

- Firm threat definition ,

- Strong top-level configuration control ,

- Slow change control ,

— Maximum design freedom , and

— Cost and schedule as major considerations.

1-4



• To an R&D project where design decisions are infl uenced by
objectives of investigating specific approaches (e.g.,
improvement of the state-of-the-art) which must deal with

- Minimum performance requirements ,

- Flexible threat,

— Less-formal configuration control ,

- Reduced design freedom , and

— Cost and schedule of lesser importance.

The range of activities which are addressed by SREM requires both a
knowledge of systems engineering and of data processing technology . The

starting point of SREM is the point in systems engineering when the system

requirements analysis has identified the functions and the stress points
of the weapon system ; the interfaces between the subsystems (at least on
the functional level); top-level weapon system functions and the weapon

sys tem operating rules (conditional statements impacting when and in what
sequence the functions are performed); and the top-level weapon system
functions that have been allocated to the data processor.

The end ing point of SREM is reached when all system requirements

allocated to the data processor have been sufficiently decomposed into
data processor terms so that primarily software development expertise is
required to continue . The DP interfaces have been determined to the
element level , all processing steps have been identified wi th appropriate
DP requirements levied , all actions of the OP in response to a stimulus
are determined in terms of sequences of processing steps , and the
processing necessary to generate all required OP output interface messages

has been specified.

1— 5
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1.3 CONSIDERATI ONS OF SREM DEVELOPMENT

The first step in defining the Software Requirements Engineering
Methodology was to determine the properties required of a specification
and of the individual requirements of which it is composed. The initial
considerations were that:

• A specification is the set of all requirements which must
be satisfied , and the identification of the subsets which —

must be met concurrent l y ; an d

• A specification is neither realizable nor legally binding
unless it is consistent with both the l aws of logic and
the l aws of nature .

In addition

• A specification defines the properties required of a product
such that any delivery satisfying the specification satisfies
the objectives of the specifier.

Taken together , the above considerati on lead to a set of properties whi ch
a specification must have from a technical point of view .

• Internal Cons istency

• Consistency with the physical universe

• Freedom from ambi guity .

Economic and management considerations lead to an additional set of

properties which a good specification must exhibit:

• Clar ity

• Min imality

• Predictability of specification development

• Controllability of software development.

Since freedom from ambiguity was mandatory , a mach ine-readable state-

ment of software requirements was defined. It is a known principle of

computer operation that input ambiguities can be tolerated only insofar

as they are designed into the software. Thus , by employing an unambiguous
language , and by translating and analyzing it wi th a program intolerant of
ambiguity , a prec i se sta tement of requ i rements was ensure d .

1-6
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To provide an internally consistent specification , analyses of the
requirements statements are incorporated into the system supporting the
lan guage . These analyses include semantic and syntactic decomposition of

the individual statements , and anal ysis of the composite flow of data and
processing. Support of consistency wi th the physical universe is accom-

plished by converting the specification unambiguously into a model

(simulation) which can be executed against a model of the real world.
Recently, the government has required that software be developed in
accordance with a new standard , 5000.29. One key aspect of the new require-
ment is that any software specification must be validated before being

imposed . With the collection of tools and the methodology for their use ,
SREM provides a means for that validation through static and dynamic

analysis at the requirements level .

Finally, to support control of both the specification process and
softwa re develo pment , a means of select ive documentation and analysis of

the specification is provided. The integration of these tools wi th a
soun d and methodical engineering and management approach provides predict-

ability in the specification process and aids in avoiding overspecificatio ri .

1—7
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1 .4 MAJOR COMPONENTS OF SREM

1.4.1 The Requirements Statement Language (RSL)

The Requirer~ients Statement Language is a user-oriented mechanism for
specifying requirements . It is oriented heavily toward colloquial English ,
and uses nouns for elements and attributes, and transitive verbs for rela—
tionships ; a complementary relationshi p uses the passive form of the verb .
Both syntax and semantics echo English usage , so that many simple RSL
sentences may be read as English with the same meaning . However , the
precision of RSL , enforced through machine translation , is not typical
of col l oquial speech; as a result, most complex RSL sentences are a some-
wha t styl i zed fo rm of En g l i s h .

RSL is an extensible language in that certain primitive concepts are

initially built in which can then , in turn , be used to define additional

complex language concepts . The primitives are elements , attributes ,

relat ionsh ip s , an d structures.  From these , a nucleus  of conce pts has been
defined which , to date , has p roven su ff i c i ent . Fu ture users of the
lan gua ge can ad d to the nucleus by means of the ex tens i on fea tures p rov i ded
by REVS .

1.4.2 The Requirements Engineerin g and Validation System (REVS)

REVS is an i n tegrated set of tools used to su pport the de f in i t i on ,

analysis , s imula tion , and documentation of software requirements . A key

concept of REVS is that all requirements are translated into a central

data base called the Abstract System Semanti c Model (ASSM). The RSL
sta tements themselves are not store d i n the ASSM. Instead , they are
translated into representations of the information content of the require-
ments statements . This provides an efficient and flexible means of main-

taining a large software specification in a relativel y small computer
data base.
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The ASSM is a relational data base providing a common source for all

requirements analysis , modelling and for documentation. The commonality
of all data ensures that any combination of extractions from the ASSM at
any time (e.g., a document and a simulation) will be mutually consistent.

That consistency is essential to asserting that the requirements modelled
in validation of the specification are equivalent in every sense to those
written in the specifi cation .

REVS provides two mechanisms for entry of data into the ASSM , trans—

lation and interacti ve graphics , and a powerful set of tools for analysis

termed collectively Requirements Analysis and Data Extraction (RADX).

rranslation is the process of converting RSL statements into the ASSM
information , where the source of the statements may be cards , card images
on tape , or keyboard entry from a terminal . Interacti ve graphics (RNETGEN)

is a software package executing in conjunction with the Anagraph color
graphics console to provide ASSM entry and illustrati ve documentation.

It permits entry of structures and referenced elements in a manner parallel

with the translator , and in fact may be used in conjunction with translation
in an operational environment. Si gnificantly, RNETGEN allows the user to

attribute graphical information to his structure , both for multicolor
display on the Anagraph and for documentation via CALCOMP.

Informa ti on held in the ASSM may be selected and output using RAUX.
That tool is responsive to user direction in selecting either a re-creation

of the information t ranslate d i nto the ASSM , or the forma tted abstraction
of that information in a user-defined HIERARCHY. The combinati on of these
features allows complex selections to be effected , so that a l l  informati on
neede d for documentati on and much tha t is essential to confi guration manage-
ment can be abstracted from the system without the encumberance of i rrele-
vant data . Since al~ data abstractions are drawn from a common ASSM (and
since that data base is confirmably consistent within itself), even redun-
dant assertions in data extractions are absolutely consistent wi th one
another.

Both static and dynami c analysis are provided by REVS in order to

determi ne the internal consistency of the ASSM and its validity with
respect to the laws of nature . Static analysis is performed in R.ADX
which exami nes the data connectivi ty through the requirements to determine
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that the laws of logic and the conventions of the language are fully
satisfied throughout. Some forms of completeness testing are also accom-
plished , determining, for example , that constants are provided as required;
the scope of completeness testing is largely at the discretion of the user ,
since he may define extensive static analyses through RADX commands to
supplement those inherent in the system.

No amount of static testing can fully validate a set of requi rements .
To do so, the system they represent must be exercised against a model of
the environment in which the system is to execute . Such simulations are
provided by an automated simulati on builder (SIMGEN), an d a software
package supporting its execution (SIMXQT). Two different levels of simu-
lation are supported: analyti c , in which high-fi delity models of the
envi ronment and explicit performance measures are provided , and functional ,
in which the connectivi ty of the system is validated wi th non—anal ytic models.

1.4.3 The En gineering Methodology

Historically, the metho ds for develo p in g a software specif ica ti on
have been as numerous as the developers of such documents . In fact, few
cases can be cited in which any formal methodology could be quoted. Unti l
the specifi cation appeared (often after tens or hundreds of man-years of

effort), nothing was available to show that it would actually be generated.
In addition , It has frequently been true that the quality of the specification

even with respect to elementa ry consistency from one requirement to another ,
could be verified only very late in software development. Since the prob-

l ems were discovered only when the cost of correction was prohibitive , the
requirements were fre quently chan ged , degra d in g system performance in
order to have a 1 worka b le ’ product.

The methodology developed within SREM is not only formal , in that i t
provi des an explicit sequence of steps leading to the specification , but

also manageable , in that it illuminates multiple phases for management
review and analys is. Along the way , i t su pports earl y detect i on of hi gh-
level anomalies , since it works from the highest levels of software defi-
nition (processing and data flows) to the most detailed (analytic models
and data content) in a systematic manner. A key feature of SREM is that

the processing functions and data communications are cons i dered in parallel ,
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rather than have either follow the uther. As a resul t, the connectivity
of the system is alway s complete , and it becomes possible to partition the
requirements effort among several groups early in the process without
risking di verç~ nce, omissions , or inconsistencies .

1.4.4 Specificati on Management

The management of a specification developed under SREM benefits
most from the common source in the ASSM for all representations of the
requirements. Thus , the simulati on of the specification and the documen-
tation of its requirements must be consistent at any time , since both
have a single source of data which generate each without human inter-
vention . In addition to a common data base , the methodology itself
supports an orderly development which can be annotated with milestones ,
recorded on PERT charts, and otherwise controlled with the tools of the

last several decades to provide predictability and control . This is not

to suggest that the creativity of the specification process can ei ther be
scheduled or bypassed; it is still needed , but the methodology isolates
i t into segments with high visibility , supporting management cognizance

of its progress and impact.
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1.5 APPLICABILITY

These tools and techniques have been developed to address the needs
of BMD softwa re development. Wi th perhaps minor exceptions , however ,
SREM is directly appl icable to the specifi cation of the requi rements for
any central software process for a large real-time system . In fact ,
since the methodology is i nherentl y and deliberately computer independent ,
the techniques are not limi ted strictly to software in the form of com-
puter programs . The requirements for any process composed of logical
decisions and computati ons performed on data can be expressed via SREM -—
regardless of whether the end product wil l  be softw are , hardware , firm-
ware , or some combination.

1.6 TERMINOLOGY

At the risk of Introducing confusion , some non-standard terminology
is used to describe certain SREM concepts . Th i s has been done for two
purposes : (1) to emphasize the different interpretations given to selected
concepts , and (2) to emphasize the generality of the methodology application.
An example of the fi rs t is the use of the term ALPHA for a p rocess i n g step.
The more common term ‘ function ” would be misleading because there is , in
fact , a wi de variety of common interpretations of “function ” . To avoid
misunderstanding, a new , unfamiliar term is used in order to emphasize its
spec i f ic  meanin g. An exa mp le of the secon d is the name app l ied to the
resulting requirements specification which is called the Process Performance
Requirements (PPR). No documentation system currently recognizes a document

called a PPR. Here , the point is that any software requirements specifi-
cation , whether called a B-5 (in MIL-STD 490) or something else in some
other system , must contain ~ certain set of information. That specific

set of information generated via SREM has been named a PPR. The same con-

si derations lead to a definition of the ori ginating input specifications to
SREM as the Data Processing System Performance Requirements (DPSPR).
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PART I - TECHNICAL APPROACH

2 .0 SREM OVERVIEW

The Software Requirements Engineering Methodology has been developed

in parallel with development of the Requirements Engineering and Validation

System. As a consequence of this integra ted development , there is a clean

an d comprehensible compatibility between the methodolo gy and the instruments

it uses to formulate and test a requirements specification. While REVS

embodies the language and tools required for orderly development of pro - -

cess requirements specif i cations , SREM defines the techniques and proce-
dures w i th i n whi ch the tools an d soun d en gineering and management practices

are combined to generate a specification conta ining the desired properties .

SREM encompasses four major areas of engineering activity that begin
wi th recei pt of the se t of i nforma ti on wh i ch defines the system level
requirements on the Data Process i ng Su bsystem . Th is i n put set is deno ted
as the Data Processing System Performance Requirements (DPSPR) Specification .
The DPSPR includes the Data Processing System Interface Requirements
Specifications and any external subsystem Performance Requirements

Specifications which infl uence the definition of the Process Performance

Requirements . Us i ng these source documents as a stimulus , the requirements
engineer becomes involved in the four major engineering activities defined - 

-

by SREM to develop the Process Performance Requirements Specification .
These engineering activi ties are :

• Identi fication , definition and development of the
functional requirements ,

• Identifi cation , definition and development of the performance
requirements ,

• Development of the Process Performance Requirements Sped-
fication and

• Develo pment of the analytic feasibilit y demonstrations . 4

2-1

I

- -—~~~~- - — - -~~~~~~-~~--- - _- - -_ -



-
~~~~~~~~~~ .~~~~~~

----=- —-—--.- -
~~~r~~

-
~
-—- -r--

The inherently sequential nature of the steps of the methodology
appeared at fi rst to make incremental specification of software awkward.

Experience on many programs , notably Systems Technology Program *, has made

it clear that any new technology should assume that knowledge of requi re-

ments will increase continuousl y throughout the development of the software

specifi cation , rather than be comp lete when software requirements are f i r s t
initiated. Thus , the tools and methodology of SREP were develo ped to
al l ow for incremental development of the specifi cati on . Specific features ,

such as VERSION and the qualified i nc lus i on of R_N ETs i n a s i mula t i on
provide the capability either for defining segments of the software require-

ments , or for au gmentin g a fu l l  su bsystem w ith a ddi t i onal func ti ons .
The consistenc y and inte gri ty enforced by the system are fun damen tal
to success in incremental speci fi ca t ion .  They ensure that :

• Portions of the system speci fied later than some segments
will be consistent since their connectivi ty with the early
segments was defi ned at the highest levels; and

• Any extension of the system will be compatible with prior
specifications , s i nce any i ncons i stency woul d preclu de
enter i ng the extension i nto the ASSM.

Dur i n g eac h act i v i ty of SREM the fea tu res of REVS are u ti l i z e d to
control , moni tor , test and main tain the evolving collection of requirements

statements . The func tional requirements are defined in RSL statements and
catalo gued by REVS in the ASSM by thc~ RSL Translator. The accuracy and

correc tness of these RSL statements is veri fied by the Statis Analyzer
portion of the RADX segment of REVS. Continuity and completeness of these

R SL sta temen ts i s anal yzed t h rou gh the S imula t o r Genera ti on an d S imula t ion
Execu tion functi ons of REVS using algorithms for each function al require-
men t represented as executable PASCAL procedures implemented as BETA models.

Nex t , the performance requirements are defined in RSL statements and

cata l ogued by REVS in the ASSM (by the RSL Translator) and attached to the

funct i onal requ iremen ts each CONTRAI NTS . The accurac y an d correc tness of
these RSL statements are again verified by the Static Analyzer portion of

*Formerl y the Site Defense Prog ram
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the RADX segment of REVS. Continuity and completeness of these RSL state-

ments is analyzed through the Simulator Generator and Simulation Execution
functions of REVS using algori thms for each functional requirement , repre-

sented as executable PASCAL procedures implemented as GAMMA models. Vali-

dation of the functional and performance requirements testability is con-
firmed by REVS through execution of TESTs implemented as executable PASCAL

procedures . in this way, the existence of a feasible design solution for

the collection of functional and performance requirements statements is

confi rmed by REVS through candidate algori thms used as the GPJ~MA models ,
and a model of the System Envi ronment and Threat Simulation (SETS). The
models are executed against one another with a variety of scenarios to

demonstrate the existence of a solution to the requirements statement in

the ASSM. Finally, data collected through RADX are formatted and published
as a Process Performance Requirements Specifi cation.

The detailed descripti on of the SREM technique of specifying software
functional and oerforrnance requirements is presented in Sections 3 and 4.
The methodology is descri bed in the context of an example which is defined
to the degree necessary to illustr ate the method. The example Is a
hypothetical system called Track Loop System (TLS). TLS is representati ve
of the kind and complexi ty of real BMD systems, and yet is simple enough
to serve as a comprehensible example. A complete DPSPR (including the
interface specifications ) for TLS is provided as Appendi x A . The system
is sumari zed below .

2.1 THE TRACK LOOP SYSTEM EXAMPLE

The Track Loop System (TLS) is a subset of a Prelimi nary Ballisti c
Missile Defense System that is capable of nearly autonomous execution in
response to external stimuli. It is the simplest known BMD subsystem wi th
properties of interest for software definiti on , and it is one which has
been studi ed extensively, both in the academic literature and in such

practical programs as Site Defense. Therefore, it has been selected as
the testbed for supporting experimentation in development of the methodology
for software requi rements . A pictorial representation of the TLS is pro—
vided in Figure 2-1. 
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Figure 2-1 Track Loop System
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2.1.1 Preliminary Ballistic Missile Defense System

A Preliminary Ballistic Missile Defense System (PBMDS) has been

postulated as an environment in which the TLS wo c ld execute . It is a
generalized representative of the class of systems currently in develop-
ment , and is particularized for the TLS through representative but non-
real specifications where required. In the Conduct Engagement mode , an
object entering the search region will be detected and designated , tracked ,
discriminated , and engaged (as required) in defense of the ground facilities.
Those functions are implemented through the Data Processing System (DPS),

a radar or other sensor , and a means of neutralizing hostile obj ects . For
the purpose of the TLS, only the radar need be defined in detail; other
system elements are identifi ed only to the extent that they impact UPS
requirements .

2. 1.2 TLS Requirements

The TLS is required to perform five system level functions: 1) system
initialization and engagement initiation , 2) engagement termination , 3) tar-
get tracking, 4) control of system resources, and 5) recording of data duri ng
the engagement. The system includes : the DPS, the ra dar and the recording
media, and directl y interfaces with the external environment through commu-

nications and control (C2).

In genera l, the functi ons of TLS are initiated by messages from C2;

however , track maintenance and certain control functions are autonomous .
The engagement is initiated and terminated by C2 messages; during engagement,
radar data are reported to the DP periodically. When an image is handed
over to TLS through C2, it is tracked wi thout further direction, unti l it
is dropped either by command or by determi nation within the DPS. This
configuration thus demonstrates both exogenous and endogenous process
excitation, and in other way s provides a microcosm of a BMD process.

2.2 SUMMARY OF APPENDICES

The Appendices provide a s ummary of the Requirements Statement
Language and a complete development of the TLS requirements statements .
A complete description of RSL Is provided In the REVS Users Manual

(Volume II of this report).
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Appen di ces A throu gh C conta i n the TLS source specifi cations from
which the 115 requirements were developed. Appendix D summarizes the RSL

Termi nology by providing a copy of the RSL nucleus wh i ch defines eac h

element of the language and an illustration of the symbology . Appendix F
represencs the TLS kernel which contains the flow and data hierarchies

developed as a result of the methodology defined in Section 3.2. Appendix

G presents the set of R-NETs and SUBNETs produced by the Calcomp capability

of the interactive graphics segment of REVS. Appendix H represents the

complete TLS Data Base maintained in the ASSM as extracted by the RAUX

segment of REVS.

The RSL requirements statements in the Appendices have been produced
by REVS from the ASSM in much the same manner that the information content
of a software specification would be developed . Editing of this information
into a specification document would be adapted to the particular needs of
a specific program. A sample PPR specification was produced in Reference [2]
and the review it elicited has underscored the need for adaptation of the
extracted information to the specifics of an application. Therefore ,

neither REVS nor SREM is designed to produce a set specification format;

this final step is left to the discretion of the user based on the needs

of each particular program.
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3.0 FUNCTIONAL REQUIREMENTS

Software requirements can be viewed as defining either what must be
accomplished or how well an activity must be done . The former is termed
a “functional requirement” , since it specifies data processing functions;
the latter is terme d a “performance requirement” since it constrains the
quality of performance of the function in the system. In another sense , a
functional requirement can be thought of as defining the required output in
terms of the available inputs . In a simple case , a program might be named
SUMMER and have a functional requirement of generating the sum of a sequence
of input numbers (X 1). Defining the output after the Ith Input to be
the performance requirement might be that (Y 1~ 1 - Y1 ) be within c of

Note that while the functional requirement specifies what must be
done , and the performance requirement constrains how well it must be

accomplished , the means of accomplishment is left to the software prccess
designer. Since the means ~f implementation is not specified , the req u i re-
ments are then said to be design-free.

Forms and techniques for representing functional requirements have
evolved in recent years and have culminated in the concept of Requirements
Networks (R_NETs). Originally, verbal descriptions of functions were
attempted , but the verbiage was found to be cumbersome and ambiguous . Later ,
through Engagement Logic and Functional Flow Block Diagrams (FFBD’ s),
diagrams replaced many words in the requirements specification , unfortunately
much of the ambiguity remai ned. Notably, it was difficult in practice to
trace required processing paths; data definitions were incomplete ; and
these mechanisms did not lend themselves to consis tnncy or completeness

analysis.

To resol ve the problem of recognizing processing paths , a thread

description was attempted ; however , the number of threads in a real system
proved so large that the (essentially one-dimensional) representation was
almost as hard to use as conventional English text. Conversion to the
concept of thread trees somewhat reduced the magnitude of the thread
problem , but did not of itself resolve the other difficulties of undesired
specificity (in AND branches), ambiguity (especially In data), and

awkwardness for analysis.
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SREM embodies the thread tree (R NET) concept for specification of
processing paths and augments the overall capabil it y in terms of precision
and explicitness. Specifically, the desirable properties preserved in the

SREM conce p t of R NETs were :

• Graphic representation of functional requirements

• Path orientation for specifi cation of threads

• Desi gn (implementation) independence.

In addition , the use of R_NETs permitted inclusion of the followi ng addi-

tional desired properties :

• Unam biguous statement

• Anal yzable models

• Explicit data specification.

In effect , these six properties became the top-level specification for the
tools (REVS/RSL) and methodology (SREM) for functi onal requirements speci-
fications .

It is significant that the properties carried ove r from previous

approaches are those relating to subjective measures of legibility ,

utility and design freedom . The added properties are objecti vel~ as~ess1b le -

most readily by demonstration. Thus , a part of the SREM has been the

demonstration of completeness , freedom from ambiguity , and other attr bu~~es

through static analyzers of the explicit (machine-readable) Requirements
Statement Languaqe. By expressing functional requirements in machine-

rea da b le form , and by using the tools developed on a variety of programs

in both industry and academia , it is possible to generate an ultimate test

of a functiona l specification , i.e., a functiona l simulation . ~ s imula tor
bu i l t wi thou t huma n i n terven ti on from specif i cat i on statemen ts i s a total
demonstration of the consistency , precision , and completeness of that
specification. Wi th a suitable driver , such a simulation provides a

mechanism for defining frequency of transactions , and examination of gross
aspects of system tradeoffs .

Fun damentally, there are three different ways of conceiving soft-

ware require men ts . The classical approach is functional , i .e., what
operations are to be performed by sys tem lo gi c embo di ed i n the so ftware .
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Secondly, a thread approach is more nearly mechanical , i.e., what are the
interfaces and the properties of the messages comunicated th rough them.
The third concept may be termed philosophical ; i.e., what are the realities
of the world the DPS perceives and what information about those realities
must be manipulated. Each approach can lead to mechanisms by wh i ch requ i re-
ments may be generated; SREM uses all three concepts concurrently.

The functional approach is embodied in the concept of a Requirements
Network (R_NET), which defines the processing flow required of the software.
The mechanical concepts are reflected in the heavy dependence of SREM on
definitions of messages through interfaces in establ ishing the top level of
data hierarchies . The philosophical concept is preserved in the imp l ementa-
tion-independent hierarchies defined within the concept of entities.

Activities defined by SREM that lead to specification and validation

of the functional requirements have been segmented into five phases :

• Phase 1 - D e f i n i t i o n  of Subsystem Elements

• Phase 2 — Kernel Evaluation

• Phase 3 - Completion of Functional Definition

• Phase 4 - Completion of Manaqement & Control Information

• Phase 5 - Dynamic Functional Validation

The activities and steps within each of these phases are described in the

following sections in the context of the Trac k Loop example.
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3. 1 PHASE 1 - D E F I N I T I O N  OF SUBSYSTEM ELEMENTS

There are two different “structural” elements to be defined in the
firs t stage of functional specification. One is the flow connectivity
previously represented with Engagement Logic or FFBD’s. The other , con-
tained in the current methodology (SREM), defines the require d data
h ierarc hi es . Previousl y, a spec i f ic  methodolo gy was not ava i l ab le  for
definition of flow connectivity . By adding the data hierarchy to the

structures , a step-by-step approach to top-level requirements development
has been identified in which only those areas requiring engineering
creativity are left unconstra i ned (however , these areas are clearl y i den ti-
fied) .

The f i rs t-ti me SRE M user may find it necessary to reorient his thought

processes to effectively use the methodology , the lan gua ge an d the software
tools . In t ime , however , the phases and steps will form a natural

progression for the job to be accomplished. The requirements eng i neer and
management should always keep in mind that their task is to develop

requirements for softwa re and not to design the software itself . The

per ti nent ques tion i s to cons tan t ly  ask , “Is this a precise statement of

what the UPS is required to do in the most general way such that the process

designer has a maximum range of choices in deriving a solution? ’

A typical specification process usually starts wi th a formulation of

the processing steps involved and later considers the data needed to support

that processing. SREM partially reverses this order of consideration; the
order of concern is 1) “What data are presented to the DPS for processing?” ,

and 2) “What data are expected from the DPS as output?” From the answers

to these questions , an initial concept of the required processing steps

can be derived.

As a genera l guideline , i t  i~ suggested that the work at each step be
completed before proceeding to the next step . In large projects , involving
man y peo p le , the nee ds of commun i cat ion an d coor di nat i on make th i s man datory .
In smaller projects , especially those involving one or two people, tuere is

often a rush to do all the steps for one small area of the system before

considering the next area of concern . This may be possible for a DPS
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problem where the processing functions are independent , but , at best , man y
va l uable insights into the required operation of the UPS as a whole may be
lost.  At worst , a significant amount of rework may be involved.

3.1.1 Initial Inputs

The initial inputs required for application of SREM are , typically, a

system specification and its companio 1i interface specifications . The objec-
tive is to generate a complete specification for the data processing sub-

system (UPS) from these basic inputs . Usually, at this early stage of
system development the input specifications are incomplete , contain many
ambi gu i ties , an d leave several issues for future resolution. SREM does not

require  that  a l l  om is s ions be resolve d before procee di n g. instea d , a user
can proceed from that which is clearly defined , and use the faci l i t ies of
the RSL mana gemen t segmen t to spotl i ght is sues nee di n g resolut i on. Assum p-
tions and decisions may be necessary , often based on inadequate data. These

shoul d not be avoided but rather entered in the ASSM using the RSL element

DECISION and its attributes. The important thing is to make these entries
as they arise. This not only leaves a traceable record of current status
for others , but leaves a valuable record of the evolution of critica l

thoughts about the subsys tem for future reference.

The methodology documented here refers to one of many practical
starting points for developing softwa re requirements ; in particular , it

refers to one which is consistent with top-down system evolution. It
assumes that a system spe cification and the key interface specifications
have been developed to a significant level-of-detail to enable requirements
definition and that the allocation of functions to the subsys tems (notably,

to the UPS) has been complet ed. Basically, the methodology is essentially
unchange d if the tools are applied either earlier or later in the develop-

ment process , but the amount of effor t nee ded in  each phase , particu-
larly the extent of creativity which must be applied , varies greatl y.
Consequently, the pres ent  metho dolo gy is suf f i cien t for the def i ne d
starting point and is readily adaptable if the tools are applied either
during system definition cr after code design (as a V&V tool).
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3. 1.2 Interface Definition

The first RSL entries in the ASSM are concerned wi th identification
of the UPS interfaces which CONNECT with other subsystems . Usually, these
are the elements which are most clearly def in e d in  the or ig ina t i ng speci-
f i cations . Also , it has been found that the interfaces , and the messages
passing through them , are the key focal points for p rogressive develo pment
of the requ i rements s tructure .

Cons ider the ILS specification (DPSPR) and interface specifications
(IFSs) contained in Appendices A , B , an d C. These documents refer to two
subsystems which interface wi th the UPS , namel y t he Ra dar an d C2 (Command
and Communications). C2 w i l l  be re ferre d to as a subs ys tem for conven i ence ,
even though it is a separa te system , external to the TLS. A closer exami-

na tion of the DPSPR reveals that the UPS i s to ou tpu t da ta to permanent
files . Although not explicitly required by the specification it will

la ter become apparent that it is conceptually useful to define permanent

stora ge as a th i rd su bsystem separa te from t he UPS , even thou gh i t i s
embedded i n the UPS . For REVS use , these three subsys tems have been
des ig nate d as SSRAUAR , SSC2 , an d SSPE RM FL , respectively.

In the specifications , three separate interfaces between the UPS and
the Radar are mentioned. Through one input interface the radar sends

returns to the UPS; through another it sends clock inputs to the UPS. The
UPS issues commands to the radar through an output interface. These

interfaces are designated as RADAP IN , RADAR CLOCK IN , and RADAR OUT ,
respectively. The names are arbitra ry, bu t shoul d be mean i ngfu l ly  relate d
to specification terminology . Note that an interface is designated as
“input” or “out put ” from the viewpoint of the UPS.

S im i l a r l y , the snec ifications identi fy one input interface between

C2 and UPS. (Denoted as input interface CC_IN). Data recorded by the UPS
in permanent stora ge a pp arentl y are never accessed from that  source dur i n g
UPS operation. Therefore , the UPS is h iked to the conceptual subsystem

SSPERMFL via an output interface , DATA RECORD.

At this point , the subsystem and interface definit ions , and their

re lationships , can be coded in RSL for entry into the ASSM. Figure 3- 1
il lustrates one way of expressing these data in RSL . Note that the
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management segment attribute , UESCRIPTION , has been used to explain the
nature of SSPERMFL. This entry is for example purposes here , an d w i l l  no t
be perpetuated in the TSL example. However , notations such as th is have

value in a rea l system development project and should be encouraged.

A lso note that the UPS itself is not entered into the ASSM as a
SUBSYSTEM , since it is inherently the object of all software requirements .

3.1.3 Message Definition

Having defined the subsystems , the interfaces , and their connections ,
the next step is to examine the discrete blocks of data , or MESSAGEs which

are PASSED BY the interfaces. A MESSAGE is MADE BY its contents , whether

they be DATA or FILEs.

Usin g SREM , the concepts of “messa ge name ” or “messa ge ca tegory”

differ from that of “messa ge type” . In RSL , the id ent if ier associate d w i th
MESSAGE refers to the message name or category . MESSAGEs are distinguished

by d i fferences in the i r da ta contents . Thus , two blocks of data wi th

different data contents , which pass through an interface , mu st be defined
as different MESSAGEs , hence must have different message names . The
message name is not contained in the data , i t is an external label.

On the other hand , two packets of data may have identical data con-

tent wi th different values , and may require different processing to be

done on the data wi thin the UPS. In this case there would be two instances

of the same MESSAGE , but wi th different “message type ” . Further , it is

typical for one of the data elements in the message to be a message type
i dentifier , with a unique value for each type. Otherwise, the DPS coul d
not distinguish between types of messages and perform different processing
operations on each type. Messages wi th different names must also ha:e a
unique identifier in order for the UPS to distinguish between messages.
It is most economical to require that all messages , whether of different
name or type, contain a type identifier as a data element wi th a unique

value , different from the message name . This avoids both menta l confusion
and possible misinterpretation by the RSI translator.

~
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Figure 3-2 An Elementary Interface Hierarchy
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To illustrate these concepts , consider a UPS with one input interface
calle d IN. Across this interface pass four distinct types of messages .
The first two types consist of a single data element wi th different values :
START , STOP. These comand the D”S to start and stop processing , res pec-
tively. The second two types consist of a data element with two values :
FEET , INCHES. This ele~ient defines which units the real number is in.
Further , the UPS i s to conver t the input data to meters for further
process ing.

These messages can be distinguished by defining a data element
MESSAGE TYPE with four enumerated values : START , STOP , FEET , INCHES . For
the types FEET an d INCHES , an assoc i a ted da ta element , LENGTH , can be
defi ned. Over the four message types two categories can be identified
accor di ng to data conten t an d funct i on . The fi rs t category consists of
messages with only one data element , MESSAGE TYPE , wh i ch provi des comman ds
to the DPS. The secon d cate gory cons ists of messa ges wi th two da ta elements ,

MESSAGE TYPE an d LENGTH , wh i ch p rov id e d imens i onal i npu t data to the UPS.
The first category is named a COMMAND message; the second category is a

DIMENSION message. Hence , a COMMAND messa ge has two types : START an d

STOP. A DIMENSION message also has two types : FEET and INCHES. This

latter message coul d not be called LENGTH because that name is assigned to

one of the data elements within the message .

The messa ge nam es , types , an d data contents associated with the vari-

ous inter faces must be extracted from the system and interface specifica-

t ions , often from widely scatter~d locations. Sometimes the specifications

only def ine messa ge types , and the requirements engineer must group these

into ca tegories which will be named MESSAGEs in RSL. For these reasons ,

some pencil-and-paper prelimi nary work is usually needed to organize the

data before translatin g them into RSL inputs . One diagrammati c represen-

tation of th~ messages passing an interface , that has proved useful , is
shown in Figure 3-2 for the simple example discussed above .

The diagram is simply a tree Driginating at the interface. Each

branch of the tree terminates in a box correspon ding to a MESSAGE name .

Data elements common to all messages are placed on the tree before the

first branch point. Data elements unique to a specific message are placed
on the branch un ique to that message . Elements common to two or more
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messa ges , but excluded from others , are placed on an intermediate branch
leading only to the appropriate messages . (The TLS example discussed below

wil l illustrate this latter condition.) The data elemen t names may refer
to data i tems , or f i l e s .  I t is useful to note fi les as such on the
dia gram. A file is a collection of instances of data i tems, each instance
having the same structure . If desired , the types of each messa ge can be
noted below the message name . While the diagrammatic format shown has
proven useful , it is in no way mandatory. Whatever notation or format aids
a specific problem should be used. The important point is to organize the
material on paper before writing the RSL inputs .

A useful rule—o f- thumb for using SREM is: don ’ t def ine de ta i l s  unt i l
they are needed for the pur poses r~f the moment. At this stage of an
analysis , in terest is focused solely in the elements which are common , and
unique , to the various message types. No further detail is needed. For

instance , if it is known that an identifiable group of data is unique to

a given message , it is onl y necessary to name the group as a data i tem on

the tree. In practice this is often easy, because the exac t compos i t i on
of the group may be ambiguous long after the group itself is identified .

In any case , the composition of a group is easily defined by the RSL

relation INCLUDES when that level of detail is needed .

Now , consider the messages in the TLS example , start in g wi th those
coming from the C2 “subsystem ” . Paragraph 3.2 of the TLS C 2/UPS IFS states
that four types of messages are transmitted from the C 2 to the UPS:

• Init iate Engagement Mode

• Terminate En gagement Mode

• Han dover Image

• Drop Image Track

Implicitly common to all these message types is some sort of message

type i dentifier. Since tP-~se are a l l  common messa ges they were ass ig ne d
a sin gle identifier (COMMAND ID). Paragraphs 3.2.1 and 3.2.2 of the IFS

imply that there are no other data elements in the first two message types.

Both of these types have a common function , namel y to comman d a chan ge in
the operating mode of the UPS. Thus , they form a sing le MESSAGE category
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(named MODE_CHANGE) .  Hence , as shown in the diagram of Figure 3-3, there
is a messa ge MODE _CHANGE , of two ty pes , wi th a s in gle data element ,
COMMAND ID , which d i s t ingu i shes  the two types.

- The remaining two message types contain other data elements , in
addit ion to COMMAND ID , as stated in paragraphs 3.2.3 and 3.2.4. Common to

-
‘ both is an element calle d variously “image designation ” , or “image desig-

nator ” , bu t which is obviously a single element called HO_ID (shortened

from HANDOVER ID). This additional element completes the definition of the

“Drop Image Track” type message . Since the data content of this message
is uni que , it forms a message category by itself. The identifier TERMINATION

was chosen in or der to rese rve DROP _TRACK fo r use as an enumera ted valu e of
COMMAND _ID.

The rema i nin g messa ge type is also  i n a cate gory by i tsel f, in this

example named a HANDOVER message. In addition to COMMAND_ID an d HO_ID ,
para gra ph 3.2.3 of the IFS sta tes th~’. this message contains a data element

“ima ge est imate d sta te ” . However , p~ragraph l.l .2.la of the DPSPR refers

to an “est imate of sta te ” , while paragraph l.2.2 .lg states that “each
handoff shall consist of a unique designator , the state vector , an d its
covariance mat rix. ” At this point the data element could be defined as

INITIAL STATE ESTIMATE . But , it seems worthwhile to state the main com-

ponents , since they are not stated in the IFS paragraph where one would

expect to find them . Thus , two data elements are defined , INITIAL STATE
and INITIAL COVA RIANCE , to represent the vector and matrix , respective ly.
The prefix “initial” is used to avoid confusion with state data generated

by the DPS i n the course of su bseq uen t process i ng . No te t hat there i s no
need , at th is  po int , to define the vector components and matrix elements
individually. The definition of messages related to the CC_IN i nterface ,

as shown in Figure 3-3 have now been comp leted . These - - essages can be
defined in RSL as shown in Figure 3-4. Al though not shown here , it is

usefu l to use the capabil ities of the management segment of RSL to note

the source of the state data definitions in the handover message , an d to
point out that the IFS is incomplete or at variance with the DPSPR.
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Figure 3-3 C2 In put Hiera rchy
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Fi gure 3-4 RSL Message Entr ies
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3.1.4 The Interface Data Hierarchy

At this point the elements of one of the two major data hierarchy
types associated wi th SREM have been partially defi ned. This is the
“interface data hierarchy ” depicted in Figure 3-5.

A SUBSYSTEM is CONNECTED TO either an INPUT INTERFACE or an OUTPUT
INTERFACE wh ich PASSES blocks of data called MESSAGEs . A MESSAGE is MADE
BY individual i tems of DATA , and/or by a group of DATA which INCLUDES
in d iv id ual DATA items , an d/or by FILEs .  In turn , a FILE CONTAINS i n d iv i-
dual DATA items . The RSL concept of FILE is more genera l than the usual
softw are connotation. It is a collection of instances of data , each

instance having the same conten~ of data items , without regard to the

details of stora ge , and without ~.dering unless specified .

In general , a data item must have a different DATA name in each hier-

archy in which it appears , even thou gh the different names refer to the

same info rmation. The exception is that DATA or FILEs may exist in more
than one MESSAGE due to the fact that only one MESSAGE can be active in
the REVS system at any particular time. There fore , the assem b l y of DATA
and FILEs into a MESSAGE is unambiguous regardless of the number of MESSAGEs

that may be MADE BY that element. For example , a MESSAGE PASSED THROUGH an

INPUT INTERFACE only exists at the instant of passage (i.e., the enablement
of the interface network). An ALPHA accesses not the MESSAGE but the DATA
it con ta ins ; there can be no am b i gu i ty amon g those DATA it ems regar d less
of the number of MESSAGEs which  mi ght con tai n them , s ince there can be no
more than one MESSAGE entering the system for a given enablement.

SREM is heavily oriented toward an orderly analysis of the interface

data hiera rchies , in a “top -down ” direction , as the first step in defining
UPS requirements . This is a natural direction , as the interfaces and the

messages crossing them are usually the most clearly defined elements of the

originating specif ications. As the data definitions are developed in

progressively greater detail , the definition of specifi c processing steps ,
or ALPHAs , begi ns to emer ge , as well as the processing flow STRUCTURE which

links the ALPHAs .

For INPUT INTERFACES , the “ top down ” cons ideration of the data hier-

archy follows the flow of processing . For OUTPUT_INTERFACEs , the “top down ”
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Figure 3—5 Interface Data Hiera rchy
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di rection is opposite to the processing f low.  However , backward trac i ng
from the output interface is a valuable tool in constructing the steps

necessary to form an output MESSAGE.

In it i a l l y , the internal processing required of the UPS may be ill -

defined and ambiguous . The requ i remen ts en gi nee r w i l l  need to d raw heavil y
on experience to synthesize the connections between input and output. As

a broad guide line , the primary concern is , “What must be done to the data
that is input in order to provide the required output?”

3.1 .5 Problems of Definition

In genera l , specification documents written in English text contain

statements which yield different meanings depending on a particular inter-

pretation. Confusion and ambi guity usually result when the requiremeits

engineer encounters specification statements similar to subpara grarhs 3.2.5

and 3.2.6 of the C2/DPS IFS . These two innocent subparagraph titles lead

to a number of confusing questions , which are typical of prel i m i n a r y
specifications .

The t i t les of subpar agraphs 3.2.1 through 3.2. 4 correspond to clearly
defined C2 to BPS message types , and the content of the text addresses those

types . The conten’’ of 3.2.5 , titled “Message Acknowledgement ” , and 3.2.6,

titled “Error Handling ” , are lBS (To Be Specified). Do these titles indi-

cate additional nput message types , in conflict with the clear definition

in paragraph 3.2? If so , what message is being acknowl edged by “Message
Ac knowledgement”? No messages from UPS to C 2 have been defined , and no
requirement for a UPS output interface to the C2 system is i nd icated . In
fact , Fi gure A - i of the UPSPR (Appendix A) clearly i n di cates that messa ge
traff ic is one-way, from C 2 to UPS.

On the other hand , a requiremen t for the UPS to acknowledge receipt

of any of the four defined C 2 to UPS message types by transmitting a reply
to C 2 may be intended. If so , bot h the UPSPR an d IFS must be modified to
reflect  thi s , without ambiquity. Similarly, “Error Han d l i n g” might refer

tc either a message type , or to processing in response to erroneous messages.
Resolu tion of these questions is important because major differences in UPS

definition result from the al ternatives.
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Work can either be halted until the problems are resolved , or can

proceed tentatively with the assumptions which make the most sense. If

the wor k con ti nues , the problem should be noted in the ASSM to identify
what elements are af fe cted by the assumptions . Figure 3—6 shows one way
of doing this , for the message acknowledgement problem , us i n g fea tures of
the RSL management segment. These entries announce the problem and

indicate changes needed later if the assumptions are wrong.
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Figure 3-6 RSL Decision Entry

A possible objection is that making these entries and recording

these questions is tedious and takes up time . True. However , more time
will eventually be taken up by other people asking the same questions (over

an d over again). Worse yet , others may make different assumptions or fail

to detect the ambiguities , result ing in more time spent later in rework.

With the information recorded in the ASSM , the answers a re ava i la b le to
everyone - even to those who haven ’t yet thought of the questions.

I t is not w i t hi n the scope of thi s manual  to ex p lore a l l  the as pects
of traceab i l ity an d uses of the RSL mana gement segmen t. For fur ther
development of the TLS example , assume tha t the p ro bl ems have been resolve d

as fol lows :

• A message calle d ACKNOWLEDGEMENT consisting of one data
elemen t, COMMAND I D , is req u i red .
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• This message is passed from UPS to C2 via a new output
i nter face , CC OUT .

• “Error Han dling ” refers to error processing required of the
UPS when a messa ge from C2 is not identified as one of the
four spec i f ied types.

3.1.6 R_NET Definition

A Requirements Net , or R_NET is used to describe the required flow of

processing in response to a single stimulus which ENABLES the net. This

stimulus may be either the passage of a MESSAGE through an INPUT INTERFACE ,

or an EVENT defined by its arrival at a node on the subject R_NET or on
some other R_NET associated with the BPS.

Each INPUT INTE R FA CE mus t ena b le an R N ET . Otherwise , DATA i n a
MESSAGE passing the interface could not be processed by the BPS. Hence ,

there must be at least one R NET for each INPUT INTERFACE , si nce onl y the
processing on an R NET can distinguish between the arriving messages . Thus ,

the fi rst logical step in defin ing the R N [Ts of the BPS is to define

one for each INPUT INTERFACE . In the TLS exam p le , three such interfaces

have been previousl y de f i n ed , so it i s ne cessar y to de velo p three co rre-
sponding R_NETs .

R NETs may be entered into the ASS M r~nua 1ly from the Anagraph termi-

nal , or via a card deck of RSL statements. In most cases , the net should

be diaqra~ne~ on paper first to develop the concept fully and minimi ze

revisions .

As a first example , consider the R_NET ENABLED by I N PUT INTERFACE
CC IN. The Input-Interface is the initial node on the net. It is

reasonab le then , but not mandatory , to provide an ALPHA for common rro-

cess ing of all MESSAGEs through that interface , for such purposes as

val id a ti ng data common to a l l  ME SSAGEs . Thus , a typ ical start i n g structure
i s :

I
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It was noted during MESSAGE definition that each was distinguished

by the di fferences in the i r data con ten ts . S i nce the in put to an ALPHA is
f ixe d , there must be a unique ALPHA for each MESSAGE. There also may be

several messa ge ty pes for each ME SSAGE , an d i t is reasona b le to ex pect
different processing , hence di fferent ALPHAs , for each type . Wh i le not
a lways true , this is usually a profitable assumption a t this  sta ge of R NET
develo pmen t. Further , an additional ALPHA is usually needed for error

processin g of messages not recognized as one of the valid types . Therefore ,

it is possible to draw the following skeleton associated wi th an input

interface with the information gained from our preceding analyses of the

specifications . ~(Refer to Appendix B, Figure D-l for symbols and allowable

structures.) -

• ~~~~~~~~~~~~~~

_____________ 

T~~~ IMT(_T~AC~ 

~ ~~~ I ~ 
-
~~

-
~~~~ I ~~~~~~
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The OR node wit h multiple branches , as shown , i s  described in  RSL

with the aid of the CONSIDER phase. The object of consideration is a data
element with an enumerated set of va lues , in this case the data element
COMMAND ID. If the value of COMMAND_ID in a particular message does not
match one of the four valid MESSAGE types , then the C2 MESSAG E_ERROR branch
is invoked.

The ALPHAs defined above reflect all processing required for a given

message type. The names chosen reflec t a gross conce pt ion of the nature
of the processing. They are subject to change. As analysis proceeds the
definition of the R NET will be refined. The first tentative ALPHAs may
expand , and the branching structure will be modified for all but the sim-
plest systems. Hence , there should be no rush to enter an R_NET into the
ASSM at the first opportunity . This activity is best performed when the
definition of the net has stabil ized and possible relations wi th other
R_NETs are i dentified .

Where the previous effort was purely mechanical , i t  is  now necessary

to apply some creativity to complete the interface network . There are two

fundamental approaches to that completion from the avai lable documentation ,
i.e., thread tracing and sentential analysis. Both should be used so that
completeness of statement is assure d.

The f i rst operation is threa d t racin g. By rea d ing the source speci-
fications , the process ing steps requ i red may be traced from an i nput port
to their logical termination. When all paths have been traced , not onl y
for the input networks but also for those developed *n the following para-

graphs , the set of processing steps (ALPHAs ) required should be complete .

Sentential analysis provides a cross-check by separa ti ng each speci ficat ion
sentence into its nouns (which correspond to system data) and its verbs

(which correspond to ALPHAs). The two sets of ALPHAs should be identical ;
i f  not , they are made to be through refinement of the diagrams .

The result of specification analysis is completion of the paths from
each INPUT _INTERFACE . For example , there is a requirement in the TLS that

each MESSAGE received from C2 be acknowl edged . Therefore the AND node is

added , an ALPH A is provided to FORM the MESSAGE: ACKNOWLEDGEMENT , and the

appropriate OUTPUT_INTERFACE : CC_OUT I s indicated. Continuing this
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process developed the following diagram. It is a complete R NET for
CC_RESPONSE requirements for u S  except that it does not yet reflect inter-
network connectivity . Note that each branch ends at either an OUTPUT_
INTERFACE , or at a TERMINATE symbol.

ACL~~.L( Xt

- 
— - 

. 

CC _~JT

~~~ \. ~~~S ç

In tracing input networks , man y of the MESSAGEs to be ou tput by t he
software will have been isolated. However , no t al l  messa ges for an y OUTPUT
INTERFACE , nor i n deed an y MESSAGE for some of th em , may be defined . Thus ,

there is an inverse operation for output networks which traces back from

an OUTPUT _INTERFACE through individual ALPHAs for each possible output

MESSAGE to the earliest operation required for it in the specifications.

This procedure is not necessary for the network above . All MESSAGEs

pas~ed by CC_IN require an ACKNOWLEDGEMENT message response to be passed by

CC OUT . All  HANDOVER messa ges c lear ly  requ i re a TRACK _INITIATION message
to be p~ssed by DATA RECORD. The above network completely describes the

only condit ions where these responses are generated within the UPS . A

TRACK_TERMIN ATION message is passed by DATA_RECORD in response to an input
TERMINATION message passed by CC_IN. However , t h i s  case represents only
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one con d i t i on where a TRACK _TERMINATI ON message is generated by the UPS.
The remain ing conditions will occur on other R_NETs . But , a l l  of these
responses have one thing in common. Each is a single MESSAGE passed through
a specific OUTPUT INTERFACE in response to a given MESSAGE or class of
MESSAGEs passe d by a s i ng le spec ifi c INPUT INTERFACE . These are examp les

of “synchronous process i n g” : the in~ut is joined to the Output by a
d i rect path of process i n g steps , and ione of the data used are modi fied by
processing performed on any other path.

In the contex t of R NETs , logical connectivity is maintained , not
only by a continuous path through or~e R NET , but perhaps through additional
R NETs by means of EVENTs . An EVENT is an alternate means for enabling an
R_NET. A singl e logical path is formed by the path leading to the event

on the enabling R_NET an d cont inu i n g on a pa th on the ena b le d R_NET . Sb- h
p aths rep resent “synchronous processing ” only if none of the data used are
modified by an independent path .

“Asynchronous processing ” is a more complex concept to grasp. This

type of processing is implicit when two R_NETs a re relate d by da ta , but
without the “log ical connectivi ty ” represented by flowin g tokens . An
example involving three simple R NETs will serve to illustrate the basic
forns of “asynchronous processing .” The example is defined in Figure 3-7.

Whenever a subsystem SS1 passes an XIN message through the UPS inter-

face SS 1 IN , the R NET name d X VALUE is ena b le d. Thi s R_NET acce pts the
da ta NEW ~ i n t he messa ge an d , if NEW X sa ti sf ies  cer ta i n con dit ions , up-
da tes the value  of a glo bal var i a b le , X , to the value  of NEW X . W henever
a second subsys tem , SS2 , passes a YIN messa ge throu gh the in terface SS2_IN
the R NET named Z VALUE is enabled. This R_NET acce p ts the da ta V in the
message and adds it to the current value of X defined in the data base to

form Z (defined as a global variable for this example). The value of Z is

contained 1 n the ZOUT message sent to SS2 via SS2_OUT , but i s also reta i ned
in the UPS because Z is defined as qloba l data . Further , a th i r d R_NET
named ZZ VALUE periodically enables itself , to compute Z2, by means of an
event on it~ own structure an d an assoc i ated ti me delay.  The value of Z
which is uc~d is , of course , that which is current in the data base. There

i s  no specific order of enabiement required of the R NETs .
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R NET : X_VAL UE
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SS1 IN 

NEW X 

~~~~~~~~~~NET : Z VALUE

( SS2_IN )

\ /MESSAGE: YIN
UPDATE_X \_____j_____i MADE BY DATA : V

NEW X VALUE AVPJLABLE 
_ _

[ FIND Z ]{z*x+v

~~~~~~~~~~~~

R N E T : U V A L U E  

)MESSAGE: ZOUT

SQUARE Z {zz ~z2

~~~~ DELTA T

Figure 3-7 Three Asynchronous R_NET5
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Exam ination of this system shows that the values of Z and Z2 depend

not on ly on the inputs X and V (or their previous values), but also on the
sequence of enablement of the R NETs . Thus , with i n a given time i nterval ,

there is not a one-to-one corres pondence between the la tes t values of X an d
V and the latest va lues of Z and Z 2 . For tha t matter , no such corres pondence
exis t s  between Z and Z 2 .

A simple examp le of “asynch ronous processing ” in the TLS example
might be the use of radar c lock time . The sole function of the R_NET
calle d RADAR _TIMING is to accept timing inputs from the radar and update

the global variable RADAR_CLOCK . If ano ther R NET nee ded radar t ime , it

wou l d use the value of RADAR_CLOCK. Th i s value does not reflec t the cur-
rent time , bu t rather the time at wh i ch the ra dar forme d the mess age whic h

was last acce pted by the R NET calle d RADAR _TIMING .

The major , and most complicated , example of “asynchronous process i ng”
in the TLS is the relationship between radar returns and the next set of

radar comman ds. Synchronous trac kin g would req u ire tha t da ta from the last
radar return from an object be used to produce the next succeeding radar

order related to that object. Asynchronous tracking al lows use of the last
data avai lable in the BPS , even though more current data may be coming
from the radar. Asynchronous tracking allows less stringent UP response

times , better time -line usage , and permits gradua lly degraded response with
increased system load. Synchronous tracking, on the other hand , places
stri ngent constraints on the DP which lea d to sa turat i on an d loss of track
under relatively light loads .

The definition of an asynchronous processing concept is subt le and
often difficult. No cookbook solutions can be offered for this creative
process. First , the  R_NETs must be traced both forward from the input
interfaces and backward from the output interface s. The data and logical
connectivity to fill the gaps between must then be added through an active
and creative engineering thought process. Note that SREM does provide a
framework of organization which fosters consistency , and ultimately leads

to a simu lation which can detect errors of conce pt.
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3.1.7 Ent i ty Definit i on

One of the most powerful concepts used in SREM is that of an “entity ” .
This concept a l lows a clear expression e f  ~he role of the DPS requirements

in the same operation , and the RSL facilities provided tend to enforce that

perspective . An “entity ” is simply a thinq , or category of thinqs , i n  the

external worl d about which the UPS must collect , process , and maintain data .

Entities are closely tied to the reasons for the existence of the system and

its UPS. They are usually implicit in the wording of the originating

specifications.

For i ns tance , the basic purpose of the TLS is to gather data on the

position and velocity of designated objects within its detection range , and
to predict the position and velocity of those objects at some future time .

This suggests that “objects ” might be an entity . However , “designated

objects ” would be a better candidate , because  the TLS i s  not  expected to

detect any objects other than those the C2 System orders it to track.

Considering the TLS as a whole , this might be a reasonable choice.
But the focus is on the DPS and it is not “awa re ” of objec ts because i t
does not perceive then- directly. The radar performs the sensor functions.

Thus , the DPS is only awa re of what the radar perceives as objects and
reports to the UPS. The nomenclatu re of the DPSPR calls these “images ” .

Fur ther reading of the DPSPR shows that much of the DPS processing is con-

cerne d wi th the proper class ifi ca ti on of these ima ges , and even tual el imi-
nation of those which do not correspond to real objects (ghosts), or which
are redundant images of the same object. During the time that an image is
consi dered an “image in track” , a certa i n instance of da ta i tems must be
ma i nta i ne d i n the UPS and be associa ted w i th the proper image. When the
UPS dec i des that the image is probably redundant or a ghost , or shou ld drop

track on that image for other reason s , the DPS mus t main ta i n , for a t i me ,
a different set of data about that image .

Thus , there is a general category of things cal led “images ” w h i c h  are

of importance to the UPS. In SREM , such a category is called an ENTITY
CLASS. Hence , for TLS an ENTITY _CLASS named IMAGE was def ined . There
are two types of IM AGE , distinguished by the different data associated with
each type ; des ignated as IMAGE IN TRACK , and DROPPED _IMAG E. Each IMAGE of
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which the UPS is aware has an instance of data uniquely associated wi th it.
This instance may be composed of DATA items and FILEs. The composition of
the instance is a function of ENTITY _TYPE and , by definition , should be
di f fe ren t  in  some manner from at leas t one other type i n the class . Howeve r,

data common to all types may be assoc i ated wit h the ENTITY _CLASS its el f.
Mult iple ENTITY TYPES may have identical data associated wi th them . These

usuall y imply a transition from a common earlier state (e.g., an ENTITY _TYPE
I is set to either ENTITY _TYPE d or E N T I T Y _TYPE K depending on some decision
in the UPS ).

A secon d ENTITY _CLASS is defined in TLS for radar PULSEs. The pulse

is an external phenomenon (an electromagnetic signal) about which the data

processor is found to need data , and which exists in multiple copies .
Therefore , it satisf ies the cri teria for consideration as an ENTITY_CLASS.
The fact that data must be ‘ remembered’ about each pulse while it is in
t ransi t , and the required data themselves , derive from the IFS through the

process of defining the functional requirement. Thus , when considering the

determination of range to the target , it is necessary to know both the

start time of the range gate relative to the start of transmission and the

time wi thin the gate that the signal was detected . The IFS asserts that the

radar return contains the time within the gate ; the start time of the gate

must therefore be ‘remembered’ by the data processor from the command which

gave rise to the return . Thus , the da ta required on a pulse i n trans i t have
to do with the transmission parameters relevant to different pulse waveforms.

Consi deration of data and logical usage differences leads to the definition

of four ENTITY _TYPES name d T 1 T 2, T3, RET URNED P I.JLSE , an d LOST_PULSE w i th i n
the ENTITY _CLASS : PULSE .

3.1.8 The En tity Data Hierarchy

The second major data hierarchy associated with SREM is the “entity

data h i e r a r c h y ” depicted in Figure 3-8. The means for manipulating data

contained in an entity hierarchy differ from those used with the interface

hierarchies described in Section 3.1.4.

An ENTITY _CLASS is COMPOSED OF one or more ENTITY TYPEs. If there

are data ele men ts common to all ENTITY TYPEs , then the ENTITY _CLASS ASSOCIATES
these DATA items and FILEs. For data elements specific to an entity type ,

3-28

L ~~~~ - --- ~~~
- - -  - - -

~~~~~~~
-——--- - -- - - — - -

~~~~
--— - - — -- --



the ENTITY _TYPE ASSOCIATES the appli cable data elements . Once again , the
DATA item is the lowest element in the hierarc hy. Each FILE CONTAINS i tems
of DAT A.

The ch ief cha racter i stic of the enti ty data h i erarch y i s the un iq ue
method of mani pulat i ng data which is implemented in RSL. The re is no way ,
in  RSL , for a user to spec i fy  tha t  a F I L E  be created or destroyed by an
ALPHA . FILEs may only be modified by ALPHAs (although instances in files
are created or destroyed in the BETA models). RSL prov id es a mechan i sm to
requ i re  t h a t  an ALPHA CREATE S or DE STROYS the knowle dge tha t an instance
of an ENTITY _CLA SS exists in the envir onment. When ~in ALPHA creates a new
instance of an ENTITY CLASS , a new instance of all the common DATA and

FILEs ASSOCIATED WITH that class is initialized. The ALPHA may then assign

proper values to those data elements through its BETA definitions . These

data elements are retained throuqhout the life of the instance.

The ALPHA can also SET the ENTI Ty TYPE. W hen th is i s done , an i ns tance
of all the spec ifi c DATA an d FILEs A SSOCIATED WITH th e ENTITY TYPE i s
initialized and can be assigned proper values within the BETA defin iti cn s.

When the instance of ENTITY CLASS is SET to a new ENTITY TYPE, the specific

data elements unique to the old tvr n are destroyed and a new instance of

data elements specific to the new t ’~e is nitia lized.

As the data processi on system gathers info rn-ation about an entity , it

may first identif y the entity as beinn of one ENTITY TYPE , and then another.

Instances of a class of entities thus evolve from one type to another , but

instances of one class (e.g., I M A I E s )  can neve r evolve into another class

(e.g. ,  PULSEs). Each E N T I T Y _TYPE therefore COMPOSES just one ENTITY_CLASS.
An instance belongs to one ENTITY _CLASS a fte r an ALPHA CREATES it , and it

bel ongs tn  the last ENTITY _TYPE to which an ALPHA SETS it. Eventually, an
ALPHA may destroy (knowledge of) the instance , and all data associated wi th

the instance vanish. Althoug h the RSL statemen ts for CREATES an d DESTROYS
refer to the name of the ENHTY CLASS , the operation is applicable only

to a single instance.

This concentration of the requirements for creation and destruction

of knowledge about external entities , rather than the mechanics of data

struc tures , allows the user to focus on the requirements for the DPS as a ‘
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part of the system in which it is embedded. Otherwise , the tendency would
be to stray into process design issues , such as when to se t up FILEs .

As was done wi th MESSAGE s i n Sect i on 3 .1 .3, i t is use fu l  to d ia g ram
the entity data hiera rchies before coding them in RSL. Figure 3-9 shows
diagrams of the TLS hierarchies associated with the two ENTITY CLASSes ,
PULSE and IMAGE. When the definitions are stable and ready to enter in

the ASSM , the entries can be coded in RSL as shown in Figure 3-10 for the
ENTITY _CLASS : IMAGE.

ENTITY_CLASS : PULSE

PULSE_TYPE

TARGET _ID
PULSE ID
XM I T START- I I
RECEIVE _STOP 

ACCOUNTED RECEIVE _STOP
Tl_T2_X M I T  . - ‘ 

FOR T3_XM IT
F I L E :  TI T2 WINDOW F iLE : T3 W INDOW

[j l T2 PULSE [ RETU R ~~L D PL JL SE 1 ~ T3 PULSELOST P~ L SE —

ENT ITY CLASS: IMAGE

IMAGE ID

ENTRY _TI M E

STATE 1LAST PULSE
COVAR IANCE FILE: TERMINATOR

TRACK RATE ( DROPPED IMA GE

WAVE FORM

[iMAGE IN TRACK

Figure 3-9 En tity Hierarchy
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C~~~P~~SEO ~ F

EP. TI TV _ TYPE 1)c ~ Pp~ °~_ 1~’A GE
& J ’ T I T Y_ T Y P E $  IP~’ A C . F . _ . I N_~~p A C K ,
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A S$l~C I~~TES;L)~~T* ; (~~V4 R IA ~4CE

i ) A T A ;  IAS T ...PULSE .
D A T A ;  S T A T E
D A T A ~ T P A C ~

(_ R A T E
DA TA; ~~~~~~~~~~~

EI~.T ITY _ T Y F ~~ t DR~’PPE D_ I”A GE .
A $SI ~C I A l E S ;

FILE: TER ’~I~J AT ~ R ,

Figure 3-10 RSL Entity Entry

3.1.9 Independent FILEs

When defining processing requirements , there may be a need for data
sets which fit in neither a transient interface data hierarch ’, nor a per-
manent entity data hierarchy. These should have the proper ties of multi -
pie instances of a data i tem or data group and which either need to be
1) retained as GLOBAL data , or 2) ordered in some particular way, or
3) temporarily maintained as a class of data meeting some selection
cri teria. These needs can be satisfied by defining an independent

FILE. This FILE exists in the BPS at all time , even though it may

be emp ty . Although instances in the file can be created and destroyed
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within BETA and GAMMA executable descriptions of ALPHAs , the FILE itself

cannot be created or destroyed. It can only be modified . FILEs can be

INPUT TO ALPHAs or OUTPUT FROM ALPHAs or both.

The distinction between the concepts of ENTITY_CLASS and independent

FILE often may app ear fuzzy. The key di sti nc ti on is that a FILE i s a set
of data , an ENTITY CLASS is the subject of data.

In the TLS , ~here exis ts a fi le of cons tants calle d WAVEFORM _TABLE .

Th is FILE is part of the site-adaptation data for the system , and is inde-
pendent of real-time input. Two othe r TLS examples of independent FILEs

are those called COMMAND an d CANDIDATE. These files are dynamic (i.e.,

change in response to real-time data). Both of these files are used to

selec t ins tances from ENTITY _TYPE: IMAGE 1F4 TRACK and to order the extracted

data to determine new instances of ENTITY _CLAS S: PULSE . Thus , these files
are part of the da ta br idg e between the two ENTITY CLASSes in TLS .

3.1 .10 Summary of Phase 1

This section has outlined a general procedure for defining the ele-
ments needed to specify the requirements for the UPS. At this point many

of the requirements definitions are gross and tentative . The constructs

may have been entered into the ASSM as they were defined , or they may just
exist on paper. This choice is up to the user , an d depends upon the size
and nature of the UPS problem , and the number of people involved.

The following “top down ” seq uence of steps has p rove d to be the mos t
effec ti ve:

1) Define the subsys tems relevant to the DPS.

2) Define the interfaces connecting the DPS to the subsystems .

3) Establish the messages passing through the interf~ces , anddefine their data contents.

4) Develop the R NETs ori q inating at input interfaces .

5) Construc t processing steps , tracing backwa rd from the output
i n terface s when necessar y.

6) Define the entities of concern to the UPS , and the associate d
data h i erarch ies .
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7) Define independent files as necessary .

8) Refine the R_NETs an d create new ones , as needed , to l i nk
the in pu t and out put i nter faces .

Some varia tion on this sequence may be appropriate to certain problems , but

the basic principle is to move from known interfaces to internal processing

steps , using the data definitions as a vehicle.

The ALPHAs defi ned at this point will be primitive , an d will reflect

hi gh level concepts of the nature of the processing. In Phase 3 (Section 3.3)
they wi ll be mo di fie d , an d ex pan ded i nto subne ts , as necessary. But fi rst ,

Phase 2 (Section 3.2) is needed to consolidate the information developed

to this point and to ensure that it forms a consistent basis for detailed

develo pment.
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3.2 PHASE 2 - EVA LUATION OF THE KERNEL

Before completing the definition of the functional requirements
structure , it is prudent to enter the inform a tion der i ve d in Phase 1
into the ASSM and check the results , both manually and with the aid of
Requirements Analysi s and Data Extraction (RAUX ) proced ures. Therefore ,
a l l  informat i on from the paper cons truc ts that has no t been p rev i ousl y
ontered should be loaded into the ASSM. This nucleus of information ,
called the “kernel ” , const it u tes the m i n i mum nee ded to documen t the major
elements of the functiona l requirements definition.

3.2.1 Data Nam i ng Conven ti ons

RSL has been designed to force an early precision of thought with
respect to data definition. A single i tem of information may require

several di fferent DATA names in the course of it s exis tence in the system .
These are applied as the usage of the informati on and its properties of

trans ience or permanence dictate. Naming is a tedious process , an d may
lea d to a var i ety of awkwa rd names , but it is mandatory in the development
of a co heren t , unam biguous DPS model . While the RSL translator will detect

mos t common am big u iti es or c o n f l i c ts , the user shoul d con tinuall y ref i ne
hi s un ders tan di ng of the data fl ows wit h i n the UPS i n or der to ca tc h more
su btle errors .

The entity data are the first to display the constraints imposed by

RSL nam ing conventions. In general , it is necessary that a data element

exist in only a single hierarchy ; the sole exception is that it may exist

in mul tiple MESSAGEs. Thus , the identifier of an image being tracked is

both the TARGET _ID ASSOCIATED WITH PULSE an d the IMAGE_ID ASSOCIATED WITH

IMAGE . The two values are the same when the TARGET_ID is assigned , but

note that the destruction of an instance in one ENTITY CLASS is unrelated

to the existence of an instance of any other. The meaning of a single

identifier , if the IMAGE instance were destroyed while the PULSE was still

-ac tive , woul d be indeterminate . It is only to resolve such indeterminacy

that the naming rules are imposed ; here , the “same ” information is given

different name s for the two occurrences in di fferent hierarchies.

The i dentifier used for an IMAGE is given to the CC_RESPONSE R_NET
as a HO_ID (handover identifier). The same name is appl ied to a drop-track
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command when a TERMINATION message is sent , an d also any of three MESSAGEs
throu gh the DATA_RECORD irt erface , whenever informa tion about that image is
updated. However , when the information is to be held in global storage

(such as for an entity), a different name must be applied (IMAGE ID for the

IMAGE class , TARGET_ID for PUL SE).

3.2.2 Structura l Da ta De fi n iti ons

R_NETs can be entered into the ASSM in two ways . Using REVS in the

ONLINE mode , the nets can be entered interactively via the Anagraph terminal

at th e ARC fac i l ity . Usin g REVS i n the OFF LINE mo de , the nets can be speci-
fied by an input deck of RSL statements. If the OFFLINE mode is used , cer-
tain DATA which are integral to the R NET structure must be defined wi th

appropriate statements before the set of statements which define the

STRUCTURE of the R_NET can be integrated. Prior data definition is not

necessary if the Anagraph terminal is used , but should be accomplished
wi th i n  Phase 2 for comp le teness of the kernel .

Structural DATA el emen ts i ncl ud e those wn i c h are re ference d on the
network STRUCTURE in FOR EACH or SELECT statements ; CONSIDER statements

associate d w it h an OR no de ; an d con d i ti onal ex press i ons associa ted with
an OR node . The latter two types are called “selec tion variables. ” Other

DATA which should be defined at this point are those DATA which DELAYS the

occurrence of an EVENT or ORDERS a FILE.

The FOR EACH statemen t ma y be a bsolu te or con di t i onal . The objec t
upon wh i c h the sta teme n t operates can be an ENTITY CLAS S , ENTITY TYPE . or
FILE . While the FILE is usuall y associated with c~e of the i n terface or
entity hierarchies , assumed to be defined previously, some FILEs may exist

independently from any hierarchy , as discussed in 3.1.9. It should be

verified that all elements used in FOR EACH and SELECT statements are

declared in the ASSM prior to entry of R NET definitions which use them .
Elements used in the condition part of a conditional FOR EACH must be

defi ned as discussed below for selection variables .

Selection variables require added definition at this point because

of the mechanics of the RSL trans lation process. In addition to declara-

tion of the DATA name , its TYPE must be identified . Further , if the TYPE
i s ENUMERATION , the RANGE of values must be defined before the R_NET
STRUCTURE can be translated.
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While not man datory , it i s recommended tha t the LOCALITY an d USE
attri butes for selection variables also be defined at this point , an d be
verified manually because REVS consistency analysis does not include DATA
referenced in conditional expressions. Thus , t he software canno t detect
definit ion errors unt i l da ta fl ow anal ys i s or SIM GEN execu ti on s. F ig ure
3— 11 shows RSL inputs which are typical TLS examples of selection variable
definition.

D,A TA i ~~~~
L O C A L I T Y S  GLOf ~4L ,
R A N G E S ~E N G A G E 1) ,S T A N D e V ” ,
TYP E ; E N( J M E RATIC ~J ,
USE : ~~~TH ,

~U1P~. 
I Fw ~~~M;

D A T A ,  L A S T _ PU LSE .
L O C A L  IT Y S G L f~B A L ,
TY PE , PEA L ,
U5~~; BOT~i ,

D A T A ;  T R A C K _ R A, T F 1
L O C A L I T Y ,  GL O BA L .
T Y P E :  ~~~~USE ; F3OT~i .

D A T A : TE-~ ’F ,
LO C A L I T f ~ LO rA L ,
TY PE: PEA L.
U SE ; ~3~~ T M ,

Figure 3-11 RSL Data Entry

The id en ti f i ca tion of select i on var i a b les w i th i n a system i s usuall y

straightforward . These are simply the decision parameters whose value

determ i nes w hether one ser ies of process i ng steps or an alternate series
is to be executed . When mul tiple message types pass through an INPUT

INTERFACE , the type identifier contained in the message is , w i t h  no known
exce p t ions , a select ion variable (e.g., COMMAND _ID i n the CC_IN i n terface
hierarc hy). Since the data input to an ALPHA is fixed , and since each

message type implies either different data content or different processing,

there must exist at least one unique ALPHA for each message type .
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3.2.3 Enter i ng R_NETs in the ASSM

The required information about each R_NET is i ts name , ena b lin g

mechanism , and structure . In the current version of REVS , names assigned
to R NETs , SUBNETs , and ALPHAs must be unique within the first eight

characters . For all other RSL elements , names mus t be un iq ue over a fiel d

of s i xt y characters , wh ich is the maximum name length allowed.

The ena bling mechanism of an R_NET is either a single INPUT~ INTERFACE
or one or more EVENTs. If a message passing through an interface is the

mechanism , then the f i r s t statemen t i n the R NET STRUCTURE is  an INPUT I N T E R F A C E  fl
name declarat ion. In the case of EVENTs , the EVENT name does not appea r i n
the STRUCTURE of the ena ble d R NET . However , it appears i n the STRUCTURE
of the enabling R_NET at the appropriate point.

When the R_NET is entered into the ASSM via card input , da ta elements
wh ich appear in the STRUCTURE must be predefined in the ASSM . These data

are discussed in 3.2.2. The R_NET STRUCTURE is discussed in h~1ow.

3.2.4 The STRUCTURE of an R_NET

Flows through the system are specified in RSL as Requirements Networks

(R NETs). R_NET flow STRUCTURES cons i st of no des , which specify processing

opera tions , an d t he arcs wh ich connect  t hem . The processing nodes are ALPHAs ,
wh i ch are spec if ica ti ons of func ti onal p rocessin g ste ps , an d SUBNETs , wh i ch
are specifications of processing flows at a l ower l evel in the hierarchy .

The processing no les are single-entry , single-exit.

In addition to the simple sequential flow which may be represented by

connect in g th i s type of no de , more com plex flow s it ua ti ons are ex press ib le
in RSL by the use of structured nodes which fan—in and fan-out to specify

different processing paths . These nodes are variations of AND and OR nodes ,

an d i nclu de an OR wi th a CONSIDER statement . The REVS Users Manua l contains
an extensive discussion of these structural elements. Also , the TLS
examples in the Appendix show the actual format of various structures.

In dentation is used in the STRUCTURE declaration to facilitate reading.

When entering the declaration on cards , us i ng REVS in the OFFLINE mode ,
the indentation format typified by the REVS output examples in the appendices

shoul d be followed. This is not mandatory , bu t it is stron g ly recommen ded
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in order to check the output against the input. In this way, the user
can q u i ckl y detect whe re REVS has i n ter pre ted the STRUCTURE in a d i fferent
way than intended.

In addition to describing the processing flow of an R NET , the STRUC-
TURE declaration may also serve to declare the existence of the named ALPHAs
and SUBNETs. The STRUCTURE of any SUBNET should also be declared at this
time . Further definition of the attributes of AL PHAs will take place in
Phase 3.

If Anagraph  or CALCOMP p lo ts of the structures  ar e des i red , graphic
data riust be entered for each R NET. Graphi c coordinates may be entered

from the Anagraph terminal or generated by ~ RPDX PLOT command. Th e

Anagraph plots are usefu l while working interacti vely at the terminal. The

CALCOMP plots are more useful for permanent retention and for documentation ,

as shown in Appendix G.

3.2.5 Checking the Kernel wi th the Aid of RAUX

As part of the auditing process , it is useful here to define a set of

RAUX directives which assist in determining the completeness of entries

into the ASSM . Two opera ti ons are recommende d wh i ch are s im p le , but

revealing:

1) AP~~ ND R NET STRUCTURE , ENABLED.

LIST R_NET .

2) APPEND SUBNET STRUC.THRE , REFERRED.

LIST SLIBNET.

These directives genera te a listing of the R_NETs with their structures and

enabling events or interfaces . Since each R NET requires a structure , and

an enabling condition , any failure of that class is detectabl e here .

Similarly, the correctness (agreement with intention) of EVENT naming may

be confirmed.

While it is possible to confirm the structures by inspection of the

RADX ou tput , readinq the equivalent diagrams (generated by RNETGEN) is

generally simpler; since they are equivalent representations , ei ther the
CALCOMP illustrat ion or the RAUX listing may be employed for the purpose.
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(Note that viewin g the Anagraph output at the terminal is less L’seful since

all element names are trunca ted to three characters and since branching

criteria are not immediatel y displayed. )

It is in data analysis that the RAUX tools are most useful at this

stage. Defin ing two hierarchies for data output:

HIERARCHY FILES = FILE CONTAINS DATA DATA INCLUDES DATA .

HIERARCHY DATUM ~ DATA INCLUDES DATA .

It is desired to identify the DATA i tems and the FILEs which are not linked

with hi gher data levels (entities , or messages ). One way derives from the

followi ng definitions:

SET A = ALL WITHOUT ASSO CIATED .

SET B = A WITHOUT MAKES .

SET C = B WITHOUT CONTAINED.

SET D = C WITHOUT INCLUDED.

Now the RCL (RAUX) directive: LIST B WITH HIERARCHY FILES will generate

both the fi le name s an d the da ta com pr i sin g each such file where the file
is not associated with an entity and does not make a message . Such a free-

stan di ng file shoul d be a conscious produc t of requ i rements en gineering and
not an acc iden t.

Free-standing DATA may be extracted by: LIST U WITH HIERARCHY DATUM.

Note that the HIERARCHY DATUM is used here as a convenience to limit the

out put to the names of the top data level not constituting part of a hier-
archy ; i t does not i n fact cause INCLUDED DATA to be out put , s i nce the SET
from wh ich the extraction is effected (U) has no members which are INCLUDED

in any DATA. To complete tracing of the data hierarch ies , yet another SET
woul d have to be defined containing the DATA extracted by LIST U WITH HIER-

ARCHY DATUM , and that SET would then be LISTed with HIERARCHY DATUM.

Typically , free-standing DATA and FILES may be local or global con-

stants. Each i tem extracted by the methods outlined above should be

assessed to determine whether in fact it should be isolated or is properly

a cons t i t u e n t  of an entity or interface hiera rchy .
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Finally , the followi ng HIERARCHies may be defined , and each may be
used to complete the RAUX directive : LIST ALL WITH HIERARCHY 

__________

HIERARCHY ENTITY =

ENTITY CLASS ASSOCIATES DATA
ENTITY _CLASS ASSOCIATES FILE
ENTITY CLASS COMPOSED ENTITY _TYPE

ENTITY _TYPE ASSOCIATES DATA
ENTITY TYPE ASSOCIATES FILE

FILE CONTAINS DATA

DATA INCLUDES DATA .

HIERARCHY INFACE =

INPUT INTERFA CE PA SSES MES SAGE
MESSAGE MADE DATA
MESSAGE MADE FILE

FILE CONTAINS DATA

DATA INCLUDES DATA.

HIERARCHY OUTFACE =

OUTPUT INTERFACE PASSES MESSAGE

MESSA GE MADE DATA
MESSAGE MADE FILE

FILE CONTAIN S DATA
DATA INCLUDES DATA.

The result Is to extract from the ASSM the complete kernel of the require-

ments , as i llustra ted i n Appen d ix F .

3.2.6 Summary of Phase 2

Thi s phase has been a perio d of consoli dation , between the initial

definitions of Phase 1 , and the completion of those definitions in Phase 3.

None theless , the end of Phase 2 is an important milestone in the total effort.

For the fi rst time , the kernel of the requirements construc t has been

loade d into the ASSM as a whole. Many of the early mistakes and inconsis-

tencies will be detected by the RSL translator during the entry process.

More important , the requirements engineer can now use tt~~ fac i l iti es of the
Requirements Analysis and Data Extractor (RADX).
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The in tro ductor y uses of RADX , in 3.2.5, will be bui lt upon and
expanded in Phase 3. Eventually, each user will probably compile his own
libra ry of RADX procedures . In future efforts these “off-the-shelf” pro-
cedures can be used as part of the overall eva l uation sequence.
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3.3 PHASE 3 - COMPL [TIflr; OF THE FUNCTIONAL DEFINITION

The work through Phase 2 has ~rovided definition of the higher -level

elements of data hierarchies; c’efinition of R_NETs , the ir STRUCTUREs , and

their enabling events ; and declaration of the existence of ALPHAs and their

p lace in  t he R NETs . This information has been entered into the ASSM and

has been subjected to various forms of automa ted analysis and review .

It now remains to complete the definition of these elements to pro-

vide a basis for construct ion of an executable simulation . Each ALPHA must
be defined in terms of its data t ransact ions , and definit ion of all DATA
which are known to be INPUT TO or OUTPUT FROM an ALPHA must be completed .
In genera l, the DATA which can he described at this stage are either those

global to multiple R NETs , or those local DATA which make messages . The

need for additional local data internal to the R NETs wi l l  be discovered
in the development of executable descript ions (Sect ion 3 .5 ) .  At that time
the need for definition of lower levels of the exist ing data hierarchies
may be apparent.

During this process , the original primit ive ALPHAs w i l l  often need
redefinition. Additional P,LPHAs can be added , or the original ALPHAs

can be redefined as ~UBNE Ts , which preserves traceability and minimi zes

modification of the R_NETs . Occas ionally, the STRUCTURE of the net may

change , or new nets may be added , as the processing requirements evolve .

The follo wi ng phases w i ll be de vote d to cons truc ti on of a func ti onal
simula tion , us i ng BETAs , which are executable descriptions of the ALPHAs .

It should be emphasized that this activity develops and executes a

simulation of the requirements for the UPS software , no t of the software
itself. The primary goal of this simulation is to ensure that the

functional definition of requirements are complete and consistent.

Since the major interactions of the R NETs have been defined in the

previous phases (Sections 3.1 and 3.2), it is now possible to partition

the work into essentially isolated efforts for several engineers . Each

parcel shoul d cons i st of one or more P NETs , each considered by a single

engineer or group. Since the relationships among R NETs have~alrea dy been
defined , the interactions among parcels will he restricted to joint aqree~
ment on the content of communications (usually individual DATA) between
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pairs of engineers , and need not be coordinated extensively over the

system as a whole . The sole exception to that rule is in naming conven-

tions , where a possib ility of conflict exists , and where control is useful .

3.3.1 Entity Transitions

Whenever an Instance of an ENTITY _CLASS i s selected , create d , or
destroyed , the context of the processing flow Is altered signifi cantly.

To clar i fy the flow , each such operation is represented as a node on a
STRUCTURE (R_NET or SUBNET) or as a relationshi p on an ALPHA. The SELECT

node is always qualified by the conditional which defines the instance to

which subsequent processing refers ; the select i on pers i sts unt i l another
SELECT or FOR EACH node is encountered; note that each branch of process ng

is assumed to be completed before another is entered , so that the SELECTion
of an instance of any ENTITY_CLASS need be per formed only once on a branch
(in most cases ).

It must be remembered in definin g the nodes and relationships which

generate entity transitions (i.e., SELECT , FOR EACH , CREATES , DESTROYS , and
SETS) tha t each is interpreted to mean that the transition is always

effected when the node is reached . Thus , an ALPHA wh ich SETS an ENTITY

TYPE will always do so. Where the in terpre tation Is the same for such a

relationshi p as for, say , INPUTS , REVS enforces it even more strong ly. That
Is , REVS wil l  report on the error (but wil l  build a simulator using the

data ) when an undeclared DATA input is used in a BETA or GAMMA ; however ,
REVS will provide a trans ition of ENTITY _TYPE if and only if the SETS
re lationship is declared . The transition wil l  be for exactly the instance
selected at the time the related ALPHA is encountered on the net.

The R_NET for CC_RESPONSE develo ped in Section 3.1 is illustrated

again in this section wi th enti ty operations expressed on the net. Com-

parison wi th the figures in Section 3.1.6 will show the added detail and

information provided by the added nodes . After modifying the structures
to reflect the enti ty transitions , ana lysis of the kernel (Section 3.2.5)

shou ld he repeated.
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3.3.2 Data Transactions

There was an initial concept of the DATA which were to be INPUT TO

and OUTPUT FROM each ALPHA when the ALPHA was placed in the STRUCTURE of an

R_NET. Now the preliminar y gross concept must be precisely defined.

Durin g th i s process , additional data definitions or more detailed definition

of existin g hierarchies may be necessary .

As the data transactions and the hiera rchy transitions discussed in

Section 3.3.4 are developed , the processing steps wi thin each ALPHA which

transform the inpu ts into the requ i red ou tpu ts must be consi dere d . The
conceptual i deas of the procedure may be noted in the ASSM , in English text ,

or using the RSL DESCRIPTION attri bute . A structured English description

of the processing can later be used for reference during development of the

BETAs which are written in PASCAL . If , at this point , it becomes apparent

that significant logical branchin g must occur wi thin the ALPHA , the ALPHA
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can be redefined as a SUBNET. In this manner the logical structure

requirements are made explicit in the STRUCTURE definition of the SUBMET

and new ALPHAs are defined to specify the operations within this structure .

As an example of the thought process involved with data transactions ,

cons ider the ALPHA named INITIATE TRACK (later renamed TRAC K_INITIATE).
This ALPHA i s on the CC_RESPONSE R NET an d is on the processing path

activa ted by a HANDOVER messa ge of type HANDOVER IMAGE (=COMMAND IU).
Since  COMMAND ID was use d as a selec ti on var i ab le i n order to reach the
ALPHA , it is unlikely that it will be used within the ALPHA. However , the
remaining data content of the MESSA G E must be used within the ALPHA because

there are no other ALPHAs on this path which could use the unique content

of this message type . These DATA are HO_ID , INITIAL _STATE , and INITIAL
COVARIANCE. Thus , these  DATA will be defined as INPUT TO the ALPHA .

.TRACK _INIT IATE must FORM a ~1[SSAGE to be PASSED BY the OUTPUT _ INTER -
FACE name d DATA _RECORD. It is clear that TRACK _INITIATION i s the proper
message to be formed and passed. Thus , the DATA in that message must be
OUTPUT FROM the ALPHA. These are HO lD , I N I T I A L STATE , and TIME _OF_I N I T I A -
TION. The firs t two DATA are present in the inputs , but the third is not.

/ The remaining DATA i tem for the MESSAGE is the time of arrival of

the incoming command at CC IN. REVS ma int a i ns a DATA it em calle d CLOCK _
TIME which is set to the simulator time at the initiation of each P_NET ,
and which is not to be alte red by any processing. (Since time is not

advanced during the execution of an R NET , CLOCK T I M E  i s  not upda ted

along a net.) Note that CLOCK TIld E is a DATA i tem predefined within the

RSL NUCLEUS in the ASSM: a second DATA i tem is maintained by REVS , FOUND ,

which is TRUE i f  the last SELECT operation retrieved an instance satis-
fyin g the selection cri terion. Neither element may ever be OUTPUT by an

ALPHA . Either element may be INPUT TO an ALPHA , as CLOCK _TIME is INPUT TO:

TRACK _INITIATE for assignment as TIME_OF_INITIATION , which i s then OUTPUT
for the MESSAGE .

What add i t i onal process i ng is needed in TRACK_INITIATE? Its primary

func tion is to use the data provided in the HANDOVER message to initiate

t rack  on a new image. Thus , it is log i cal to assume that the ALPHA CREATES
a new instance of ENTITY _CLASS : IMA GE , and des ig nates i t as ENTITY _TYPE :
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IMAGE _IN_TRACK . Hence , the ALPHA should output the DATA associated with

th i s ENTITY _CLASS and ENTITY TYPE. These are : IMAGE_ID , ENTRY_TIME ,

STATE , COVARIANCE , TRACK RATE , WAVEFORM , an d LAST_PULSE.

It is also reasonable to assume that TRACK_INITIATE should assign

the values of HO_ID , CLOCK _TIME , INITIAL _STATE , and INITIAL COVARIANCE to

IMAGE ID , ENTRY _TIME , STATE , an d COVARIANCE , respecti vely. These assign-
ments are uncon d i ti onal , as no choice cri teria are indicated in the speci-

fications . For the moment , i t i s suf f i c ient to defer the ques ti on as to
the origin of TRACK_RATE , WAVEFORM , an d LAST_PUL SE , and simpl y to define
them as OUTPUT FROM the ALPHA . Figure 3-12 shows the declaration , in  RSL ,

of all the data transact i ons of TRACK INITIATE . Note tha t a DATA i tem ,
DATA_RECORD _TYPE is defined for the Output message consistent with MESSAGE

definition requirements discussed in Section 3.1.3. From our concept of the

processing, i t  appears that  the or i ginal ALPHA is adequate and no additional

ALPHAs , or redefinition as a SUBNET , are required.

ALP HA TPA C ,< _ IN I T I A TE .

IN PU TS
D A T A; CL~~C~...TI~~1
D A T A ; ~4 O ... In
D A T A ;  TNt TIA L _C t V A ~ T*P.J CE
~) A T A ;  ! N I T IA L ...S T A T E

OIJ T PL T 5 ;
D A T A ;  C~~V A R !A N C E
D A T A ;  ~A T A _ RE COp n _ Tvp F
D A T A ;  F~r .4 T RV _ 1T ’~E
041 8; IM A G ~ ...IO
D A T A :  S T A T E
[~A T A ;  T I ..OF ..I N T T I A I T O N
D A T A ;  T R A C K _ R A T E
D A T A ;  W A V ~~F~~1~M ,

Fi gure 3-12 RSL Initial ALPHA Entry

3.3.3 RADX Evaluation of Data Transactions

In add ition to conf irming entry of a t t ributes and re la tions hi ps through
RADX directi ves (e.g., LIST ALPHA.), it is now useful to extract the specific

cases which are potential errors , or are at lea s t anoma lous to the poi nt

where they demand special attention . For example , It is possible for an
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ALPHA either to have no INPUTS or to have no OUTPUTS , or even to have
ne i ther , wi thout its being erroneous; but the normal case is that each ALPHA

will have both . Having completed the RSL declarations about the ALPHAs at

this stage , it is meaningfu l to define the following SETS for RADX analy sis

of the ALPHA definitions existing in the ASSM at this point .

1) SET A = ALPHA WITHOUT INPUTS .

2) SET B = ALPHA WITHOUT OUTPUTS.

3) SET C = A WITHOUT OUTPUTS.

Remembering that the declarat ion of a SET generates a count of its members ,
it may be discovered that SET C is empty ; this would indicate that each
ALPHA has either an INPUTS or an OUTPUTS relationship (or both). However ,
i n TLS , several ALPHAs have neither. In particular , the error-processing
elemen ts (C2 ERROR PROCES~iNG) are required to exist , bu t have no other
specifications ; therefore , they have no accesses defined. Similarly, the

ALPHA : ACKNOWLEDGE ex i sts solel y so tha t the ACKNOWL EDGEMENT message may
be FORMED; since the processing modifies no DATA , the ALPHA has neither
INPUTS nor OUTPUTS.

In general , an ALPHA without INPUTS is one which operates on the sys-
tem as a whole , rather than on information retained by the DPS. For example ,

ENGAGEMENT _INIT IATION and TERM_ENGAGEMENT accomplish their purposes by the
occu rrence of the appropriate message ; only the value of the selecti on var-
iable (COMMAND_ID) is required to initiate them , and these AL PHAs execute
Indepen dentl y of the state of the glo bal data base.

In genera l, an ALPHA with INPUTS but wi thout OUTPUTS is a signal of
a spec ification problem. Trivially, the only reason for acquisition of DATA
for process ing is that it may effect some generation of DATA for OUTPUT .
To construct a valid case for an ALPHA which must accept INPUTS but is not

required to provide OUTPIJTs has not yet been demonstrated.
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3.3.4 Hierarchy Transit ions

In additi on to the elementary data relationships , each ALPHA may

modi fy DATA wi thin hierarchies in a variety of ways. Given the engineeri ng

concept of the action of the ALPHA , it is possi ble to express its action on

the hierarch ies in terms of the RSL directi ves: CREATES , DESTROYS, SETS ,

and FORMS .

There are two fundamental generati ve operations that an ALPHA may

express: CREATES arid FORMS . They declare the need for a new instance of a
named ENTITY _CLASS , or for a named MESSAGE , respectively. In response to

either directive it is requi red that the specifi ed INITIAL _VALUEs for all

associated DATA wi th such values be assigned. This is done automatically
when REVS ac ts upon an INITIAL _VALUE definition. If an INITIAL_VALUE is

not de f ined , REVS will a s s i g n  a default value according to the TYPE of the

DATA. These va lues are (0 , 0.0 , FALSE , first defi ned va lue in the RANGE )
for the respective types (INTEGER , REAL , BOOLEAN , ENUMERATION). Once the
DATA associated with the instance are initial ized, they may be ass igned
current values by assignment statements within the BETA .

When an instance of an ENTITY CLASS is CREATED , the ALPHA wh i ch
CREATES the i ns tance normall y SETS the ENTITY _TYPE . Otherwise , only the
DATA and FILEs common to all types in the class can be defined. As the
instance persists in the system , its type will evolve (i .e., an ALPHA SETS
it to a differen t type). The ALPHAs in which such changes are effected are

normally obvious from the P NET . In each case , such an ALPHA SETS ENTITY
TYPE to the appropriate ENTITY TYPE name .

For example , the disc uss ion , in 3.3~2 , of the ALPHA named TRACK _
INITIATE revealed that the ALPHA performs all of the actions above. It
FORMS the MESS A GE name d TRACK I N I T I A T I O N . Also , it fi rst CREATES an in-
stance of ENTITY_CLASS : JMA C1E, then SETS the instance to ENTITY TYPE: iMAGE
IN_TRACK. Figure 3- 13 shows how these declarations are written in RSL .
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ALPH A I TPA CK ..JN ITI A T E ,
C R E A T L 5

EP~T I TY _ C LA S S ;  IM A G E .
F O R M S

M ESSA GE : T R A C K _ I N I T I A T I O N ,

SETS,
E N T T T Y ..~TYPE : I~~Ac ,E_ I,~._ TRA CK ,

Figure 3 -13 RSL Addtional ALPHA Entry

When there i s no further need for the UPS to retai n data related to a
specif ic i~is tance of an ENTITY_CLASS , or to be aware of the existence of the
instance in the external worl d , the “i nstance of the ENTITY CLASS” can be
DESTR OYED BY an ALPHA. The disposition of a PULSE in TLS depends on whether

i t i s a LOST_PULSE or a RETURNED PULSE. For a LOST PULSE , the instance is

DESTROYED (no lon ger of value) after it has been accounted for in the ALPHA
named SET_LOST . For a RETURNED PULSE , the instance is not destroyed until

it has also been accoun ted for in the ALPHA named SET_PULSE. Note that , in
this case , the instance of ENTITY_CLASS : PULSE can be DESTROYED in either
way , but not before it has been accounted for in both. This is because the

R_NETs execute inde pendentl y of one ano ther , an d no specific sequence is
otherwise required .

3.3.5 Further Data Defi n i ti on

Through the previ .~us work many , if not most , of the DATA in the system
have been named , and their relationships with ALPHAs have been established .
In order to complete the requirements specification and construct an execut—
able simulation , howeve r , the “attributes” of the DATA must be defined.

The three principal attributes are LOCALITY , TYPE , an d USE.
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3.3.5.1 L o c a l i t y

DATA and FILEs may have different required accessibility in the sys-

tem. The range of accessibility of an i tem is denoted by the attribute

LOCALITY , which may have values of LOCAL or GLOBAL . Items of DATA or FILEs

which are LOCAL are associated wi th the R NETs in which they are used and

are unknown outside of these R_NETs . LOCAL DATA exist only during the
invocat ion of the R_NET to which they are LOCAL . They are created when

the flow token is generated at P_NET ENABLE ment and cease to exist when
the fl ow token i eaves that R NET . ALPHAs wh i ch use LOCAL DATA an d FILEs
may appear on more than one R_NET; therefore , it is possibl e for a single

DATA i tem or a FILE to be LOCAL to more than one R NET. However, these are
different instances of the DATA or FILE which have no relation to each

other ; each has a comple tely separa te ex i stence , controlled by the P_NET
in question. Note that data local to an R_NET are given their INITIAL

VALUEs at i nitia ti on of tha t net.

GLOBAL DATA and FILES are accessible by more than one R_NET and exist
over more than one R_NET invocation. DATA and FILEs which are ASSOCIATED
wi th an ENTITY _TYPE or an ENTITY _CLASS are t ied  to the en ti ty instances to
which they belong. They are created when the instance is CREATED and persist

unt il the instance is DESTROYED. Items which are not ASSOCIATED with entities

are permanently housed in the global data base , and may exist throughout the

duration of the system .

Thus , DATA and FILEs which belong to an interface data hierarchy (e.g.,

MESSAGE ) are implicitly LOCAL and required by REVS to be LOCAL. DATA and

FILEs  associated wi th an entity data hiera rchy are implicitly GLOBAL and

required by REVS to be GLOBAL . DATA and FILEs not associated with either
type of hierarchy have not implicit locality . Even if the locality is not

expli c i tly de f ined , an item exists in the data base at  all times , accessi-
ble to the R_NETs , bu t in an “undefined ’ state . Failure to declare LOCALITY

can produce we i rd consequences later , i f the element i nvolved has not Im-
plic it locality . On the other hand , dec1a r~tions are not needed if the

locality is implicit. At best they are redun dant , and at worst they are
misleading because REVS overrid es , during simulation generation (SIMGEN),

any declaration in the ASSM which conflicts with the imp licit locality .
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While it is poss ible to manually identify which DATA and FILEs need

LOCALITY declarat i ons , an d wh i ch do not , it is easier and less risky to use

a RADX procedure to do thi s. One such procedure is discussed in 3.3.6.

For the rema i n i ng i tems whi ch nee d a LOCALITY declara ti on , the source
of the i tem should be considered . If an independent DATA i tem or FILE is

not OUTPUT FROM some ALPHA on an R_NET previous to its being INPUT TO some

other ALPHA on that net , it cannot be LOCAL to that R NET. If the item is
OUTPUT FROM an ALPHA on some other R_NET , the i tem is GLOBAL unless an error

has been ma de i n the INPUTS an d OUTPUTS defi n iti ons. In man y cases the
correct local i ty is obvious . The inability to fi nd a source for an i n de-
pendent i tem on any of the P NETs indicates a specification deficiency .

If a DATA i tem or FILE is OUTPUT FROM an ALPHA on a net other than

tha t which uses the i tem as in p ut, the indicated LOCALITY is GLOBAL . If

no other R NET generates the i tem , then the ori gi n of the i tem is on a
prev ious execution of the R_NET which uses it.

If the ALPHA which OUTPUTS an i tem does not clearly precede the ALPHA

which INPUTS it , care mus t be taken to ensure tha t the i tem has an initial
value . The default values assigned by REVS in the absence of an INITIAL

VALUE declara tion were described in 3.3.4. If these are unacceptable , the

user must declare the correct INITIAL _VALUE . Note that “clearly precede ”

in the context above means that the ALPHA which OUTPUTS the item is ei ther:
1) before the ALPHA which INPUTS it , on the same path wi thin an R NET , or
2) precedes the ALPHA which INPUTS the i tem on a single path linked by

enabling EVENTs (generally without DELAYS).

3.3.5.2 Type and Range

Other de tails about DATA must be known for purposes of simulation.
BETAs and GAMMA s are executable code which are meaningful only if more is

known about the DATA than should be stated as a requirement. In addition ,

a hierarchy of DATA may be stated as a requirement , b ut a functional simu-
lation (using BETAs) may employ DATA only part way down the hierarchy . That

is , the simulation may use one DATA i tem to represent a part of an entire hjer-

archy . The characteristics of this summari zed DATA must be stated for the
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simulation to execute using the RSL USE attr ibute . Since an analytic

emulation (using GAMMAs ) might not employ the same DATA , the type infor-

ma tion for BETAs may be di fferen t from that for GAMMAs . The onl y DATA that
can be use d i n the BETAs an d GAMMAs an d have the i r values commun i ca ted
between ALPHAs , howeve r, are those whose TYPE has been defined.

The attribu te TYPE contains the necessary information for typing of

the DATA. This attribute may have val ues REAL , INTEGER , BOOLEAN , or ENUMERA-
TION . A DATA i tem with type ENUMERATION corresponds closely to one wi th a

scalar type in PASCAL ; tha t is , it has values w h ich are deno ted by identi-
fiers . The le gal values for ENUMERATION types are given in the RANGE attribute .

The TYPE declared need not correspond to that of the actual data in

the real UPS. Rather , it should be chosen to reflect the purposes of the

functional and analyt ic simulations , and the fidelity required in those

simulations. For i n s t a n c e , in the real DPS , u n i que alphanumeric text strings
may be used to i den tify objects . I f  these are an open set , they cannot be
represented by a DATA element with TYPE: ENUMERATION because that defines a

close d set. However , for purposes of simulation , the DPS property of

interest is the ability of the DPS to distinguish between uni que identifiers .

Thus , by defin ing the identifier as TYPE: INTEGER , an d re p resen tin g each
object or class of objects by a unique integer value , a represen tat i on
adequate for the purposes is obtained.

Similarly, in  TLS , identif iers such as HO lD , IMA G E ID , an d RADAR
ORDER _ID are represented by integers . In the real TLS some symbolic code
convention would probably be used. In l ike fashion , message i dentifiers

such as COMMAND _ID which form a closed set are represented as DATA with
TYPE : ENUMERATION . The values def i ne d are for ex p lana tory pur poses. The
va lues in the actual TLS would certainly be different.

Since the aporopriate TYPE for DATA is strongly dependent on i ts USE ,

the cho i ce may be deferr ed unt i l the USE attri bute has been determ i ne d.

3-52

-

~

-- - - -—  ~~~~~~ - --~~~~~ ~~-- .



--

3.3.5.3 Use

Further qualification of the use of a DATA i tem in the simulation

is given by the attribute USE. The value of this attribute may be BETA ,

GAMMA , or BOTH denoting that the data i tem is the l owest level in the data

hierarchy which will be used in the correspondin g simulation.

Frequently , even the first declaration of a DATA i tem makes clear

its USE in the system. For example , if the element is known to correspond

to a single unit of information (bit , byte , or word) in implernenta ble soft-
ware , then it is probably used in BOTH beta and gamma models. Nor-

mally , a selection varia ble will be in this class. Similarly, it Is likely
that an i tem which INCLUDEs others in the detailed modeling, but which may
be treated as a whole for functional modeling will have USE:BETA. It is

unlikely that any element wi th USE restricted to GAMMA will be recognized

at this stage of development , since its declaration would be primarily in

support of anal ytic simulation ; the exception would occur if a highly de-

tailed interface specifi cation gave l ow-level DATA definitions , for which
higher levels woul d suffice in a functional model.

For example , i n the TLS definition , INITIAL _STATE is a sin gle DATA
element wi th USE:BETA . In the external world “state ” is defined by a posi-

ti on vector , a velocity vector, and perhaps an acceleration vector , each
with three components . Such ‘~ tail is not needed for the functional simu-

lati on . However, an analytic simula tion has need for these elements . Thus ,
eventuall y each of the components will be defined to have USE: GAMMA .

Simi l arly , for the functional simulation , INITIAL _COVARIANCE can be repre-

sented by a sin gle element with USE:BETA. Later , its matrix components can

be defined with USE:GAMMA when they are needed for analytic simulation .

3.3.5.4 Values

Values are the ultima te object of defining DATA. At the l owest level

In a hierarchy of DATA the requirements engineer may specify the attributes

UNITS , MAXIMUM VALUE , MINIMUM _VALUE , INITIAL VALUE , and RESOLUTION . The

attribute UNITS Is given separately from the various types of values , both
to •ilnt ain cons4stency with their specif ication and to enable requirements

engineers to indicate the minimum possible information about a DATA’s value ,
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its UNITS . In nearly all cases it will be known the units are milliseconds
or microsecon ds even if the spec ifi c value has not yet been determ i ne d.
Separating UNITS from the values enables phased specificati on of the best

information that is available at the initia tion of DATA i tem definition.

Since the attributes UNITS , MAXIMUM _VALUE , MINIMUM _VALUE , and INITIAL_

VALUE are not vectors , the definition of di fferent UNITS and values of a DATA

set above the l owest level in the hierarchy is not possible . RESOLUTION

describes the requi red maximum value of the least signifi cant bit for the DATA
in units described in the UNITS attribute .

3.3.6 Evaluation of the ASSM Using RADX

The Requirements Analysis and Data Extraction (RADX) function of REVS

is the tool use d to i nves tig a te the sta te of the A bstrac t System Semant ic
Model (ASSM). RADX provides commands that allow the performance of several
functions :

• Identification -~mn d list inq of elements i ei the ASSM that do
or do not meet some criterion.

• Listin g of ASSM elements in such a manner as to be suitable
for inclusion in requirements documents .

• Listin g of RSL element , attri bute , and relati on definitions.

• Analysis of the ASSM to i denti fy requirements that are
ambiguous or inconsistent.

RADX can be used to extract specific data for analysis and to detect
incons istencies and omissions in the ASSM. This capability is also available

to management to evaluate progress of the development activity , and to inde-
pendent analysts who may be assigned to veri fy the results of the require-
ments en gi neer .

The followin g subparagraphs discuss typical uses of RADX in evaluating

the work done in Phase 3, an d in identification of work remaining to be

accomplished . These examples are not meant to be comprehensive , nor are
they the only way to do the task. A comprehensive catalog of RADX pro-

cedures would be a very thick document; also , there are many ways to do a

specifi c extraction task effectively. Other examples can be found in the

REVS Users Manual . The purposes here are to suggest some of the possible

uses of RADX , and to encourage further creativity with the REVS fa~i1ities .
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3.3.6.1 RADX Evalua tion of Data Origin and Usage

A DATA item may exist in the relationa l data base in any of the

followin g ways :

1) OUTPUT BY an ALPHA ;

2) INCLUDED IN a DATA OUTPUT BY an ALPHA ;

3) CONTAINED IN A FILE OUTPUT BY an ALPHA; or

4) MAKE a MESSAGE wh ich is PASSED BY an INPUT_INTERFACE .

Inclu ded in the last category are DATA INCLUDED in DATA which MAKES such

a MESSAGE and DATA CONTAINED IN a FILE which MAKES such a MESSAGE.

RADX is used to extract exceptions to the above rules , since they con-
stitute apparent cases of ‘crea tive memory ’ -- data extractable from the

glo bal data base which never need to be entered. A legitimate case of

creative memory is a constant with a defined INITIAL VALUE; in fact, DATA
constants are properly defined in just such a manner. But any non-constant

data i tem which fits in none of the above categories is an apparent error,

and worthy of detailed analysis. (Note that a DATA element which is never

INPUT TO an ALPHA and which does not MAKE a MESSAGE which is PASSED BY an

OUTPUT INTERFACE is also worthy of scrutiny, and may be similarly analyzed

at this stage. Among the DATA which will properly be detected at this step

are those REFERRED by an R_NET-- e.g., selection variables.)

With the aid of the hierarch y definitions in 3.2.4,RADX procedures

can be construc ted to isolate the DATA described above. First RADX commands ,

wh ich are use d i n both cases , are defined as:

SET INALPH = DATA THAT IS INPUT BY ALPHA .

SET OUTALPH = DATA THAT IS OUTPUT BY ALPHA .

The addi tional commands below will provide a listi ng of DATA INPUT TO
an ALPHA which does not have an INITIAL VALUE , and is not in a MESSAGE
PASSED BY an INPUT INTERFACE , and which is not OUTPUT FROM some ALPHA on
some R_NET .
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SET INMSG = ALL IN HIERARCHY INFACE.
SET INDATA = INMSG AND DATA.
SET INOUT = INALPH MINUS OUTALPH.
SET INOUT = INOUT MINUS INDATA .

SET INOUT = INOUT WITHOUT INITIAL_VALUE .
LIST INOUT WITH HIERARCHY DATUM.

If , i nstea d , the commands shown below are used , a l isting of DATA
which is OUTPUT from an ALPHA and not INPUT TO an ALPHA and not in a MESSAGE
PASSED BY an OUTPUT _INTERFACE will be generated .

SET OUTMSG = ALL IN HIERARCHY OUTFACE.
SET OUTDATA = OUTM SG AND DATA .
SET OUTIN = OUTALPH MINUS INALPH .

SET OUTIN = OUTIN MINUS OUTDATA .
LIST OUTIN WITH HIERARCHY bATUM .

3.3.6.2 RADX Evalua ti on of F i le Ac ti v i ty

In 3.3.2 the interpretations when a FILE is INPUT TO and/or OUTPUT

FROM an ALPHA were presented . RADX commands can be used to i sola te var ious
INPUT combinations for verification. The following are useful examples :

SET A = FILE WITH INPUT .

SET B = FILE WITH OUTPUT .
SET C A OR B.
SET D = FILE MINU S C.
SET E = B M I N U SA.

SET F = A MINUS B.
SET G = A AND B.

Set U consists of FILEs which are neither INPUT TO nor OUTPUT FROM

an ALPHA .

Set E consists of FILEs which are only OUTPUT FROM some ALPHA. Given

tha t additions were made to the FILE for some purposes , then the onl y vali d

pur pose , other than for INPUT TO some ALPHA , is for i tems whi ch MAKE an
ou tput MESSAGE. The following RAUX commands provide a listing of the

rema ining which do not MAKE an output MESSAGE and which should be checked

for errors .
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SET H = £ MINUS OUTM SG.
LIST H.

Set F consists of FILEs which are only INPUT TO some ALPHA . This

indicates that the FILE instances are accessed , and possibly deleted , within
the ALPHA , i.e., the BETA or GAMMA description. Since the FILE is not

OUTPUT FROM an ALPHA , it cannot ori ginate wi thin the UPS. Therefore , it
must appear in an input MESSAGE. The following RADX commands provide a

l isting of the remaining i tems which do not MAKE an input MESSAG E and

which should be checked for errors .

SET I = F MINUS INMS G.
LIST I.

Set G consists of FILEs which are both INPUT TO and OUTPUT FROM some

ALP HAs , not necessar i ly the same ALPHA . These FILEs , together with the

ALPHAs wh ich operate on them , can be extracted by the following conrands.

APPEND FILE INPUT , OUTPUT .
LIST G.

This listing should be exami ned to ensure that the FILEs are operated

upon as intende d. Par ticul ar a tten tion shoul d be gi ven to ALPHAs wh i ch
INPUT and OUTPUT the same FILE. It is these ALPHAs which either modify the

instances within a FILE , or add new instances when an appropriate one cannot

be found .

3.3.6.3 RAUX Evalua tion of Entity Activit y

It is also useful to veri fy that ENTITY_CLASSes and ENTITY_TYPEs are

mani pulated appropri ately within the system. Each ENTITY_CLASS must be

CREATED BY some ALPHA. Each ENTITY_CLASS shoul d be DESTROYED BY some ALPHA.

If it is not destroyed , there must be a valid reason for retaining the

ASSOCIATED DATA or FILEs. Further , each ENTITY _TYPE within an ENTITY_CLASS

must be SET BY some ALPHA. The members of the fol l owing sets represent

apparent deviations from these rules and shoul d be exami ned.

SET A = ENTITY_CLASS WITHOUT CREATED.

SET B = ENTITY _CLASS WITHOUT DESTROYED.
SET C = ENTITY _TYPE WITHOUT SET.
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The followi ng hierarchy is useful to determi ne the actions on each

ENTITY_CLASS in the system.

HIERARCHY ENTITY_CHECK =

ENTITY _CLASS CREATED BY ALPHA
ENTITY _CLASS COMPOSED ENTITY_TYPE

ENTITY _TYPE SET BY ALPHA
ENTITY _CLASS DESTROYED BY ALPHA .

The following RADX command w ill provide a structured listing of each

instance of the hierarch y suitable for further analysis.

LIST ALL WITH HIERARCHY ENTITY C: ECK.

3.3.6.4 RADX Evaluation of Data Attri butes

Data extraction can be of major support in development of the execut-

able description , used in BETAs an d GAMMAs , al though it is not a major con-

tributor to assessment of the result . The fact that RADX cannot penetrate

the contents of a BETA or GAMMA to determine its consistency wi th declara-

tions of relationships and attributes is of little significance , s i nce the
consistency and completeness are thoroughly analyzable with the static

anal yzers , and since the crucial test of simulation generation is then

executa ble.

One of the key operations at this stage of specificati on development
is definin g the LOCALITY , USE , and TYPE of all DATA require d for functional
simulation . LOCALITY is the easiest of the attributes to specify :

1) Usin g the definitions of 3.2, LIST ALL WITH HIERARCHY
ENTITY generates a collection of GLOBAL DATA;

2) Usin g these definitions , LIST ALL WITH HIERARCHY INFACE and
LIST ALL WITH HIERARCHY OUTFACE generates a collection of
LOCAL DATA ;

3) LIST B WITH HIERARCHY FILES generates the coUectlon of
DATA CONTAINED IN FILEs whic h are not link ed to higher levels.
Since each such file is inherently either l ocal or global in
sco pe , all CONTAINED DATA have the same LOCALITY as thei r
parent; and

4) LIST D WITH HIERARCHY DATUM Identifies the top level of
DATA which are not linked into highe r levels. Each such
i tem is then assigned a LOCALITY , which is also the value
assi gned to any DATA i tem INCLUDED in that top level .
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Si nce the system prov id es an override of any LOCALITY declara tion for ASSO-
CIATED DATA or those which MAKEs a MESSAGE , any LOCALITY provided by the

user woul d be at least redun dant , and at worst misleading, however , REVS
will identify these conditions during SIMGEN by issuing Error Messages .

There fore , it is recommended that each DATA i tem and FILE generated by (1)

an d (2) above be checked to ensure that no LOCALITY is declared . Similarly,

it is best to declare the LOCALITY for each FILE derived from (3), an d t hen
to omit LOCALITY for each FILE der ived from (3), an d then to om i t LOCALITY
for each DATA i tem obtained. Finally, each DATA i tem obtained in (4) is

ass ig ned a LOCALITY , an d the same LOCALITY is assigned to each DATA i tem

included in it.

Data extraction also supports assigning USE to the DATA i tems. Define

SET A = DATA WITHOUT INCLUDES. Each i tem in that set must have USE: GAMMA

or BOTH. It is given USE BOTH exactly if it is to be a part of the BETA

model for some ALPHA. For each i tem with USE:BOTH , no DATA above it in the

hierarchy can have a USE assigned. Note that USE:BOTH and USE:GAMMA may

be appl i ed only to the l owest level of DATA defined. Once it is determi ned

that a given l owest-level DATA i tem will not be included in the functional

model , an i tem above it in the hierarchy must be assigned USE:BETA. That

item may be anywhere above the one with USE :GAMMA , except that it cannot

also INCLUDE (either directly or through a chain of INCLUDES) any element

with USE:BOTH .

By defining a SET A = DATA WITH USE , the engineer determi nes the i tems

requiring TYPE. It is not man datory at this stage to TYPE DATA which are to

be used only anal ytically, so that the subset required for functional simu-

lation can be obta i ned through SET B = A WITHOUT USE = GAMMA . Through

exami nation of the STRUCTUREs and BETAs , the TYPE of each such i tem is
defined , and enumerated DATA are also assigned RANGE .

Note that i t is at least mislea ding, and sometimes likely to i nduce

errors , to defi ne attributes for elements which do not requi re them . Thus ,

a LOCAL ITY:LOCAL decla~’ation for an i tem ASSOCIATED WITH an ENTITY_TYPE
would be overri dden by REVS , but would be entered into the ASSM and would

appear to the reader of the specification to control the DATA i tem. Such
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a condition would degrade legibility of the document , and should be avoided.

The data extractor can be used to determine if  any over-specification of

this sort has been attempted.

3.3.6.~ RADX Da ta Flow Anal ys i s

The final static evaluation of the functional requirements specifi-

cati on is conducted using the Data Flow Anal ys i s ca pa bi lit y of REVS. This
ca pab i l i ty de tec ts the i ncorrec t use and ass ig nmen t of informa tion that
flows throu gh an R_NET , i ncom ple te an d am big uous con diti ons for makin g

branch dec i sions , an d illegal references to SUBNET structures .

Information is identified as being incorrectly used if there is a

cond i tion whi ch requ i res tha t i t be INPUT to an ALPHA no de , RECORDED by a
VALIDATION POINT node , PASSED by an OUTPUT_INTERFACE no de , or use d for
makin g a decision at an OR node and there is no specifi cation that estab-

lishes a value for the information prior to the node which uses it. In-

formation is consi dered to have an esta b l i she d val ue i f it has an
INITIAL VALUE , i s PASSED by an INPUT _INTERFACE , is OUTPUT by an ALPHA , or
is a member of an identified FILE or ENTITY.

The assi gnment of information that cannot be used is detected when

an ALPHA OUTPUTS information and the information is reassigned before being

used by a predecessor ALPHA , information that is part of a MESSAGE that

PASSES an INPUT _INTERFACE is not referenced , or a MESSAGE is FORMed that

cannot PASS an OUTPUT _INTERFACE .

The branch conditions of a CONSIDER OR node are tested to insure

that they are unambiguous and exhaustive . When DATA wi th TYPE ENUM RATION

is considere d , a check is made to see that all possible values of the

DATA specified in the RANGE altitude are conta i ned in one and only one of

the branch expressions that label the outward branches from the node . For

the case that the considered element is an ENTITY_CLASS , the test is made

that all ENTITY TYPEs which COMPOSE the ENTITY_CLASS are represented

exactly once in the branch expressions and there is only ENTITY_TYPE in
the ex press ions tha t compose the class .

Par tially re~joinin q AND constructs and partially rejoining OR con-

structs are prohibited by RSL within a single net structure . However ,

these illegal constructs can occur when a SUBNET containing a non-rejoining
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lo gic construct is referenced wi thin another net at a point where the

reference is part of a rejoining construct. The Data Flow Analyzer

accesses each reference to a SUBNET to identify the occurrence of this

type of error.

3.3.7 Summary of Phase 3

Th i s sec ti on has ou tl i ne d a general proce dure for com p let i ng t he
definition of the functional requirements for a UPS. The following steps
were accompl ished :

• The data transactions of each ALPHA were defined.

• The hierarchy transitions performed by each ALPHA , if
any, were define d .

• The user has redefi ned ALPHAs into SUBNETs , has added
ALPHAs , and has mod if i ed R_NET STRUCTUREs if the Phase
2 baseline was inadequate .

• The user has evolved a clear concept of the processing
done within each ALPHA , as a starting point for develop-
ment of BETAs .

• The definition of all necessary DATA and FILE attributes
has been com p le ted , to the ex tent possi b le wit hout
develo ping BETAs and GAMMAs .

• The completeness and consistency of the ASSM has been
anal yzed and verified with the aid of RADX capabi lities .

• The REVS Data Flow Anal yzer has verif ied the logical DATA
flow and connectivity.
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3.4 PHASE 4 - COMPLETION OF MANAGEMENT AND CONTROL INFORMATION

Traceability is a feature of the specification supporting its

mana gement , rather than one required for its technical quality per Se.
Therefore, the requ i remen ts for tracea b il i ty are es tabl i she d in the manage-
ment volume; however , they are addressed here in terms of requirements and

techni ques necessary for their entry in the ASSM.

3.4.1 Or igi natin g Re quiremen ts

The originati ng requirements for a software specification are most

commonly contained in hi gher-leve l specifications . In general (depending

on mana gement decision) each identifiable software requirement in each

hi gher-level specification will be called out as an ORIGINATING _REQUIREMENT
in the ASSM . The DESCRIPTION attri buted to an ORIGINATING REQUIREMENT may

be a literal excerpt of the source , or may be an i nterpretation , again at
management discretion. Note that ORIGINATING _REQUIREMENTs in REVS do not
trace to one another , however , an ORI G INATING _REQUIREMENT ma y be INCORPO-
RATED IN a higher level requirement of which it is a part . The lowest

level of requirements to which a DECISION or specification element traces

should be entered as the ORIGINATING _REQUIREMENT . Appendix H illustrates

the structuring of ORIGINATING _REQUIREMENT us ing the INCORPORATES and

INCORPORATED IN relat i onsh ip s.

3.4.2 Sources

There may be sources of information which define specifics of the

software requ i remen ts , but which are not specifications in themselves. For

exam ple , a ta ble of cons tan ts , or a book defining a standard atmosphere

model may be referenced in the source specifications or applied by the

requirements engineer in developing the software specification . Such a

SOURCE is also recorded in the ASSM , since it DOCUMENTs some feature of

the requ i red process i ng. No te that a SOURCE may be chan ged d urin g develop-
ment of either the specification or the software ; when such a change occurs ,

i ts impact on the specification may be followed through use of the DOCUMENTs

relationsh ip.
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A SOURCE may also DOCUMENT an ORIGINATING REQUIREMEN I , where it s
interpretation is significantly different. The co l lec ti on of req u i remen ts
in a specification document should be traceable to that SOURCE to support

control of changes when the specification is modified ; thus the SOURCE

is the name of the documen t from which an ORI G I NATING _REQUIREMENT is taken .

When the SOURCE document is changed (as in a specification revision), the
use of SOURCE can ex ped it e trackin g th e in fl uence of the c han ge on the
software requirements . (In a later section of this report , the conce pt
of a PERFORMANCE _REQUIREMENT is developed. The specification serves as

a SOURCE for the collection of PERFORMANCE REQUIREMENTs in the same sense

as for a collect ion of ORI G INATIN G REQ U IREMENTs .)

The RSL element VERSION is used to document a particular configuration

of the system requirements definition. VERSION is used to trace data base

elements which IMPLEMENTs a particular VERSION DOCUMENTED by a particu lar
SOURCE . Appendix H illustrates the use of these elements and relationships

to document conten ts of the ASSM .

3.4.3 Dec i sions

As was note d in 3.1.5, the process of developing the DPS requirements

may expose system issues which cannot be resolved i mmediately in a forma l

manner , but which may have significant i mpact on the direction of further

work . Each such issue is recorded in the ASSM as a DECISION which is TRACED

FROM the ORIGINATIN G REQUIREMENT (s) either directly or through other

DECISIONs . As each issue is encountered it should be given a DECISION

name , and entered in the ASSM with at least its key attributes : a statement

of the PROBLEM , the reco gnize d ALTERNATIVES , and the CHOICE among them wh i ch
was made to allow work to proceed . When the CHOICE is reviewed by system

engineering, its correctness can be confirmed , or the im plications of any
revis ion can be assessed through analysis of those elements which are TRACED

FROM that DECISION . Paragraph 3.1.5 gives an example of the input needed

to state one of the TLS issues .
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3.4.4 Relating to Sources

The rela tionships TRACES TO and DOCUMENTS have been defined to link - j
elemen ts of requirements definitions to their sources. Each element of the
ASSM should be TRACED FROM its OR IGINATING REQUIREMENT(s) either directly

or throu gh DECISIONs wh i ch may be TRACED FROM the ORIGINATIN G RE QUIREMENT .
In general , the ORIGINATING REQUIREMENT may be entered into the ASSM before

their traceab ility is developed (i.e., before any of the elements have been

defined). As the R NETs are built and as the other elements are entered ,

their links wi th any ORIGINATING REQUIREMENT may be recorded through the

TRACES TO relat ionship. Whenever a DECISION is encountered , it shoul d be
entere d an d TRA CED FROM it s source .

Chronologically, it is likely that the first entries made into the

ASSM will be the ORIGINATING REQUIREMENTs ; some SOURCEs may also precede

development of the R_NETs . As elements are developed , DECI SIONs an d
ad ditional SOURCEs wi ll be recor ded , an d a t leas t some TRACES TO an d
DOCUMENTs relationships will be provided. Before publication of the speci-

fication , management may require element audits to confi rm some level of

completeness of tracing ; throughout development of both the specification
and the resul tin g sof twa re , the l i n k i ng should be mon i tored to track , in
the specificati on , evolu tion of requirements . Note that it is good prac-

ti ce in requirements engineering to explore , th rough the data extractor ,

the impact of any projected modifications to requirements. Particularl y

at the terminal , it is convenient to query the ASSM to the effect: What

if the DECISION (name) is modifi ed? It would be accomplished LISTING ALL

WITH an app rop riate HIERARCHY tha t TRA CED FR OM tha t DECISION , then

examining the at trib u tes of each elemen t th a t was so re la ted . Ju di cious
engineering coul d then focus on the requirements with the least impact when

exam i ning the set wh ich m ig h t be alte red to reflect a chan qe in the soft-
ware env i ronment (e.g., the threat).

3.4.5 Informative Material

Phases 1 throu gh 3 have discussed the development of the technical

content of the ASSM . In addition to such mandatory material , there is a

family of supportive information which might be recorded for any element.

Character istic of that family is the DESCRIPTION , an attribute which allows
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an English -language text to be entered (other languages might be used except

for restric tions due to character sets ) to explain the intent of the element.

Informative material is not constraining on the process designer , and i s  not ,
in fact , a requirement subject to test;  it is merely supportive of communi-
cation between the requirements engineer and both his peers and the process H
desi gner. The need for any informative attribute and the auditing of its

entry are options for project management , and are discussed in the management
volume .

3.4.5.1 Description

A text string of arbitrary length may be entered to describe any
element of the ASSM un der the at trib ute DESCRIPTION. Even where the element
carries a self-ex planatory name , or where it has another attribute formally
specif y in g i t , a DESCRIPTI ON i s usua ll y valua b le . For exam p le , the IMAGE ID

is as simple a concept about an IMAGE as can be promoted. Nevertheless , i t
would be useful to describe it as being assigned from the HO_ID of the ini-

tiation messa ge , and as being embodied also as the TARGET ID in the ENTITY_

CLASS : PULSE. The linkage among the elements is defined in the BETAs of

appropriate ALPHAs , of cours e, and the DESCRIPTION is not binding. But

fol l owi ng all of the references to that DATA i tem to find the meaningful

assignments is tedious at best , where the DESCRIPTION is easil y absor bed.

3.4.5.2 Synonym

A synonym may be declared and EQUATED TO any other ele~ for clari ty

and conven ience . Frequently, the SYNONYM will be a short nar ~r a
fre quen t ly  re ference d i tem , so that at least some of the references are

sim plified ; occasionally, the naming conventions imposed by the language

will prompt the use of a cryptic element name , so tha t an explanatory

SYNONYM is desire d.

3.4.5.3 Au thorshi p

In the current REVS , there is an attribute ENTERED _BY wh ich permi t s
the author of informat ion about an element to record his name and the date
of entry . If required , tha t  operation coul d be automated , so tha t  the

attribute wou ld become a log of changes made , with the entry provided by
the system whenever a vulue or re lationship was al tere d .
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3.4.5.4 ç~~~1ementary Re lationships

Eac h RSL relati onship defi nes a connection be tween two elements ;

since it is transitive , it has a complement which simply reverses the

subj ect and object. When informa tion is extracted from the ASSM , both

- directions of the relationsh ip are derived from a sing le lin k; thus , both

the relationshi p and i ts complement are extracte d , and redundant b ut

absolu tel y cons i sten t i nforma ti on is obta i ne d. Since cons i stency i s

assure d , redundancy is constructi ve in providing information about all

re lationships on an element under exami nation. Complementary relationships

as a class may be suppressed in extraction through an APPEND PRIMARY .

3.4.5.5 Structural References

In the structure segment , an R_NET mak es use of other elements .

lm plicit ly, it has a relat i onsh ip to eac h suc h elemen t whi ch a ppears on
its STRUCTURE ; that relationship is termed REFERS , and is implicit in use

of the data extractor (RADX) of REVS . The relationship and its complement
are vis ible to the user in the RADX output , b ut are en tered automaticall y
and imp licitly through STRUCTURE declaration , not through the conventional
explici t declarations .

p
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3.5 PHASE 5 - DYNAMIC FUNCTIONAL VALIDATION

Dynamic validation of the functional requirements entails development

of functional models which defi ne the outputs of processing in terms of the

in puts . In essence, the only things known to a data processor specification

are the contents of its in terface messages ; all other information should be

defined within the specification in terms of mathematical operations on the

in put data stream. Such a definition is in effect a mathematica l model

of the processing operations required . Where the model reflects only the

gross characteristics of the transformation required , it is said to be

functional ; such model s in REVS are termed BETAs . The BETA and GAMMA

F representations of the DPS must be driven by a system level simulator which

SREM assumes to ex i st, due to the prior need for such a simula tor i n
deriving the orig i na ti ng specifi cati ons . The TLS example presumes existence
of a System Environment ~“d Threat Simulator (SETS).

3.5.1 Betas

A BETA is a PASCAL procedure which models the transformation of the

DATA and FILEs INPUT TO an ALPHA into the DATA and FILEs OUTPUT FROM it.

The purpose of a BETA is to implement the data flow required for functional

simulation in order to determine the sufficiency of a functional specification.

To that end , the fidelity of each BETA is dependent on the capabilities

required of the func ti onal simulator , an d in particular on the data contents

determined for SETS.

Generation of a BETA is more or less creative depending on the fidelity

des i red. At the simples t level , assignment statements may be employed in

place of complex mathematical operations. In TSL , the ALPHA : UPDATE STATE

is modeled by assigning to STATE (a DATA i tem ASSOCIATED WITH ENTITY_TYPE:

IMAGE IN TRACK) the value of the DATA returned by SETS. In an analytic

model , the equivalent opera tion would be execution of a high-order Kalma n
filter. The sim ple model is appropriate since it follows the log ical con-
nectivity of the system data flow , while providing a means for SETS to acti-

vate the required branches of the R_NETs .
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One of the ALPFIAs of TLS is REDUN DETERMINATION. It ‘~mbod ies the

requirements for ident ify i ng two images as redundant if their state esti-

mates are close enough (relati ve to their uncertainties ) for them to be

considered duplicate detections of the same object. The real processing to

impl ement such a requirement would have to select at least a subset of all

images then being tracked for state comparison , then determine redundancy

by an appro priate al gori thm. For a functional model , it is sufficient to

defi ne the USE of STATE (a mul tielement vector in reality ) as BETA and its

TYPE as REAL . Then two inst~mnces of IMAGE IN TRACK woul d be redundant if

their values of STATE were equal . The corresponding SETS activity is

impl emented by having the DATA returned in the radar message selected to

give the required probabilit y of redundancy .

3.5.2 Local Data

In develo ping the BETA for each ALPHA , the requirements engineer must
also solidify the attribu tes related to DATA flow . As already noted , some
h igh—leve l DATA will be sufficient for functional mod eling, an d will be

assi gned the appropriate TYPE and USE attributes. Similarly, specification

of USE: BOTH for DATA required in a functional model at the same level

of fidel i ty as in an analytic model will be accomplished. Also , it wi ll be
necessary to identify DATA required for intercommunication of ALPHA s on a

single R_NET durin g a single transaction (enablement) of that net. For

example , the STATE of the IMAGE IN TRACK corresponding to the current return

must be compared in REDUN_DETERMINAT ION wit h that of al l other i nstances .
Therefore , a DATA elemen t may be defined as OUTPUT FROM ALPHA : UPDATE_STATE
which is the CURRENT_STATE . That defini ti on i s needed si nce the current
instance of IMAGE_IN_TRACK (with which a value of STATE is associated) changes

durin g execution of the R NET. Therefore , the DATA : CURRENT_STATE is
declared , and given LOCALITY : LOCAL , TYPE: REAL , and USE: BETA. Since

the va l ue of the state vector is also an output for recording , and since a

MESSAGE uses onl y LOCAL DATA , the element may be the same as the one which

MAKES the MESSAGE: STATE_UPDATE which is also required from that R NET.

RADX procedures (as discussed in Section 3.3.6) are of continuing use

in analyzing the correctness of the DATA definitions. This applies not orly

to specific softwa ”e requirements information but also to DATA defined for

simula tion purposes.
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3.5.3 SETS Development

SETS is a generi c name assigned to the driver for the software require-

ments models. Since SETS represents the totality of the environment to the

data processor. Its design and development should normally be controlled by

Systems Engi neering or an independent V&V organization. SREM considers SETS

to be an input to requirements development effort (although in reality SETS

coding and debug may be accomplished by software requirements personnel).

From the software’s viewpoint , SETS prov i des all stimuli necessary
for each processing option and also accepts and properly executes all valid

commands. SETS must also be desi gned to properly simulate the expected

system time line . Therefore, when an activ i ty is commanded by the software
models , SETS mus t be structured to 1) simulate the required action , 2)
calcula te how long the activity would have taken in the real system , and

3) make the results o~ the activ ity available to the software at the proper

simulated time . Close coordination between the BETA developers and SETS

designers will typically be necessary to ensure that the response timeline

an d tim i ng i nterfaces are properly han dled .

For Track Loop, time is controlled by SETS via commands from the

requirements models and is administered by the REVS Simulation Executive

using the Event Calendar. At the end of each activity , the Simulati on

Executive searches the Event Calendar and advances simulation time (RSL

DATA i tem CLOCK_TIME ) to the time of the next event to be processed. When

an R_NET termina tes, one of three actions may have occurred :

1) an EVENT was generated to enable an R_NET at some later time ,

2) a MESSAGE was PASSED across an OUTPUT INTERFACE , or

3) no future activity was schedule d.

Item (1) causes an entry in the EVENT calendar indicating the R_NETs future

enablement time . An R_NET can therefore enable itself or another R_NET on
an interm i ttent or periodic basis. Item (2) causes execution of SETS models

and commands SETS to perform a specific function at a time defined in the

MESSAGE . TLS SETS was implemented such that it establishes how long the

commanded action should take to perform in the modeled subsystem and also

at what time the results shoul d be made available to the data processor.
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Because BMD systems are generally asynchronous , R N E i  timin g is

implicitly modeled. The data processing activity of scheduling actions

of other subsystems (i.e., Radar) dri ves the system sensors much like an

open loop servo (i.e., commands are transmitted , action is taken , results
are returned). While SETS is executing the orders (and advancing simula-

tion time ) the Radar Scheduler is concurrently preparing the next set of

commands. Since 1) REVS simula tions consider requirements , not a specif i c
architecture an d process design , 2) it is assumed that the system imposed

timel ines can be met by the software , and 3) SETS has already advanced

simulation time to the time of the next necessary software activity , simulation
time i s not di rectly advance d at the termi na ti on of an R_NET . It i s con-
trolled by the modeling of the data processor schedul ing of the timelines

of the other subsystems .

3.5.4 Simulator Applications

REVS provides the basic capability for the automatic generation of

functional simulations . Also provided are interface software for inte-

gration with SETS , various metho ds of obta i nin g data durin g simulat i on
execution and mechanisms to support post processing of the output data .

The degree to which these capabilities are utilized on a program is

directly dependent on the objectives of each particular application.

Track Loop represents only one level of a functional simulation. Its

fidelity coul d be increased , if desired , an d where necessary its orientation

or emphasis could be changed . Track Loop was developed to meet certain

objectives which may , or may not , exi st on another effort. The key point
is that each application is different and engineering judgement must be

used to deci de what leve l of simulator is needed to meet the objectives

of the dynamic validation.
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4.0 PERFORMANCE REQU IREMENTS

In the phases of SREM described in the following sections , the data

processing specified by the RSL functional requirements is completed by

definit ion of the necessary performance requirements . These performance

requirements specify the conditions that must be satisfied during real-

time processing in order for the system objectives to be met. They are

also statements of the acceptability cri teria that will be used for testing

and val idation of the software to be produced.

Performance requirements may be generally categori zed as follows :

a) Accuracy - Requirements that specify the max imum acceptable
software error i n perform in g computat i ons or in makin g
logical decisions .

b) Range - Requi rements that specify restrictions on the range
(maximum value , minimum value) of data generated during
processing.

c) Timing - Requirements that specify the time span allowed
for processing, the times at which messages will be output ,
or the time spacing (frequency) of output messages .

c) Load — Requirements that specify the computational load that
~E~~software must be capable of handling, e.g., “the software
must provide for concurrent tracking of 300 images ” .

Each of the above categories can be expressed in RSL to completely specify

the desired software subsystem performance.

The approach described here for specifying performance requirements

using RSL avoids most of the ambiguities and problems of untes tability

typical of specifications written in free-form English. It also avoids the

issue of how to inter pret the equations which are frequently included In

software specifications . The techniques described here produce performance

requirements which are explicitl y testable and unambiguous .

The basis of the SREM approach is to unambi guousl y define the desired
performance cri teria as a precise TEST coded in the PASCAL language . Each

TEST is constructed such that a single pass/fail assessment can be made .

Data is first recorded at user specified VALIDATION POINTs and then pro-

cessed by the execu table TEST. The TEST should be so designed that an
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automatic evaluati on can indicate success or failure with ~espect to the
desired performance of the software.

The methodology for specifying performance requirements in RSL , in
the context of the previously generated functional requirements , is descri bed
in the followin g sections . This part of SREM is performed in three phases :

• Phase 6 - Originating Requirement Decomposition

• Phase 7 - Performance Allocation

• Phase 8 - Analytic Feasibility Demonstration

These phases outline procedures for mapping DPSPR performance require-
ments onto the functional requirements nets , for allocatin g accuracy , range ,
timing and loa d requirements , and for verifyi n g the com pleteness , consistency,
and feasibility of the result ing specifications .

2
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4.1 PHASE 6 - ORIGINATING_RE QUIREMENT DECOMPOSITION

4.1.1 Step 1: ORIGINATING _REQUIREMENT Ident ifi cation

The fi rst activity in the generation of RSL PERFORMANCE REQUIREMENTs

is to isolate and identi fy each originating (performance) requirement in

the DPSPR . Given a structured and well written system specifi cation , th i s
activity shoul d be straightforward . Each statement of performance can be

transcri bed di rectly into an RSL ORIGINATING _REQUIREMENT and entered i nto
the ASSM. If the DPSPR is suffic iently structured , each ORIGINATING _REQUIRE-
MENT will address onl y a single area of performance and can be uniquely

i dentified using the appropriate DPSPR paragraph number.

In man y cases , th is straightfo rward transcription will not be possible;

therefore , an alternative scheme has been provided. If one DPSPR performance

statement (paragraph) clearly addresses several different topics then the

RSL INCORPORATES relationshi p is used to maintain traceability . This will ,

in effect, generate a hiera rchy of ORIGINATING REQUIREMENTs . The overall

DPSPR requirement at the top of the hierarchy is declared in the ASSM , and
references the applicable section of the source document. Each individual

subtop i c i s then declare d as a separate ORIGINATIN G_REQUIREMENT that is

INCORPORATED IN the top level requirement. Traceability is thus mainta i ned

through the levels of ORIGINATING _REQUIREMENTs down to the applicable

PERFORMANCE _REQUIREMENTs . Figure 4-1 shows example ORIGINATING REQUIRE-

MENTs generated from the TLS DPSPR.

4.1.2 Step 2: Preliminary PERFORMANCE _REQUIREMENT Definition

In this step, the ORIGINATING _REQUIREMENTs identi fied in Step 1 are

mapped onto the functional requireme nts nets . That is , they are converted

into the preliminary definition of TESTs that are formulated in terms of

DATA collected at various VALIDATION _POINTs l ocated on the R NET and SUBNET

STRUCTUREs. For each ORIGINATING _REQUIREMENT , the functional requirements

define d by the R_NET and SUBNET STRUCTUREs are examine d to determine those

to wh ich the ORIGINATI NG_REQUIREMENT applies . In some cases this mapping
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ORIGI NAT ING _REQUI REMENT
TLSI..DP3PR_ SECTI~ N_ 3_ 2_ PE RF ~RMAN CE_ pEQ tJI~ EM EN T S,

IM PLEM ENTS ,
VER SI~ N~ TLS.,.DPSPR.

I NC OR PflR A TE S s
O PIG INA T ING _REQU IPEP’ENT $
TLS_DPSPR_SUBSECTIOI’~_3_2 1_ PERFt~Rl4 AN CE _ R~ QLJ IREMENTs
O RIG I NA l  ING_ RCQUIRE~ ENT I
TLS_DPSPR_SUBSE C T I 3_2 2 _PE 6R~’4~ CE_RI.QUI kE~ tP~T5
O PIG INA TX N G _ REQ LIIRV ’ENT $
TLS_DPSPR _$’JBS (CTInF._ 3_2 3 P E FI’P~ A~’CE REQUIR(~EN l$OP IG INA T ING _ REQtJI PEfr F p.~l $
TLS_ DPS PR _ SUB SE C TI O P _ 3_ 2 ~_ PER~~IR MAP ~CE_ R E GL IR(M FNT S
OPIGINATING...,REQU IRE frE ,~.T *TLS_DPSPR_ 5Ut3SECTIO~’._3 2 5_ PERF~ P~’A~ CE REQLIRF~’ENT5,DOCUM ENTED BY,
S~L’RcE i TLS_DPSP~_ X 1 ._ TRA CK _ L P _ FX PE~R IP~1NT .

OR IGINAT ING _REQ UIREMENT:
T~ S_OP$PR_SUBSECTT _ 3_2~ 1_ P F ~ RNA NCE_ RE~ UIPEM FNTS ,

IMPLEM ENIS I
VE RS ION , 1LS..JDPS~ R~nOCU~~ NTEO BY,
SOURC E, lLS_DPSPR_~ I_ TRACK _LO~ p_ 1xPERIM I. Nl ,

INC OPP~ R ATED IN I
O P I G I N Al’ I N G_ RE Q U I 

~E ~‘ (N I I
TLS_ DPSPR _SEC IION _ 3 2_ PFRFO PMA r4C (_ RE UUIREP4(NTS,

OR IGINAl ING_ REQUIRL ~’~(NT ,
TLS_ DP$PP_ SL 1B SE C T IO N_ 3_ 2_ PE RF~~PM A N CE_ RE (~(-J I R E ME N T S ,

IM PLE M EN T S ,
V E R S IO N , TLS _ DPSPR,

DO C UM ENTED BY I
SOURCE , TLS_OPSPR_ X 1_ IRACK _ L~ OP_ EXPE~ IML Nl ,

INCOR PORAT ED IN I
OR GINAI ING_ REQUIRV ’ENT$
TLS_DPSPR_$ECTI O N 2 _ PER FORMA NCE _~ EQU IREMENT S ,

ORIG IN A TING_REQ UIREME.NTI
TLS..DPSPR ..SUBSECTT ON_~_2_3.N.P FOP MA P~CE_RE flU1 RFME N TS

I M P L E  M F N T S ,
V E R S I O M i  TLS_DPSPR,

DOCU M EN TED BY~S O UR CE:  T L S _ DP S PR _ X I _ TP A C K _ L~~~P_ E X P 1 R I M E NT ,
I N C O R P O R A T E D  IN,

O P IG INA I IN G_ P E Q U I R Ef r E N T 1
IL. S_ DPSPR _ SEC T I ON _ 3_ 2_ p E R F ORM A M C E _ RF~) t J I R E M ENT S ,

FIgure 4-1 Sample ORIGINATING_REQUIREMENTS (Performance) for ‘fl..S
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O RIG I PIA T ING _ R EQUI PEM ENT $
T LS .PDPSPR_ SUBS ECT ION _ 3_2,,U_ PER F O R MA N C E _ R EO U IRE MENT S S

IMPL EMENTS I
VE RSION , TLS_DPSDR,

DOCUME NT ED BY~
SOUR CE , TLS_DPSPR_ X I_ T RA C K _ LOO P_ EX PE R IM EN T .

INCORPORATED INI
OR IG INATI NG_ R EQUIR E M EN T I
TLS_ DPS PR _ SECT ION _ 3_ 2_ PERF O RM AN CE _ REQ U IR EM ENT S,

~R IG INA T ING_ R EQU I REME N I I
TLS _DP$PR_ .SUB SEC TIO N _ 3_ 2_5_ PE R FOR M A N CE _ REQ UI RF.M EN T S ,

IM P L E M E N TS ,
V E R SI O N , TLS....OPS °R .

DOCU ME NT ED BY~
SOUR CE , TLS_ OPSP R _ X I_ TR A C K _ LO OP_ E X PE P IM EN T

INC O RP O RAT ED IN,
OPIG INAT IN G_ R EQLJ ZR E~ EN TI
T LS_ DP$PR _ SEC T ION ,j_ 2_ PE R F OR M AN CE _ RE QU IR EM EN T S .

Figure 4-1 Sample ORIGINATING REQUIREMENT s (Performance)
for TIS (Contfnued T
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(or decomposition) may be very simple: the ORIGINATING REQUIREMENT may

apply to a processing function that is confined to a single R_NET , and the
TEST may be expressible in terms of existing DATA that can be RECORDED BY

a sin gle VALIDATION _POINT locatable on the net . For such cases , the
resultant RSL PERFORMANCE _REQU IREMENT CONSTRAINs a sin gle VAL IDATION PATH ,

consisting of a single VALIDATION POINT that RECORDS existing DATA for use

in the TEST . In other cases , the mapping may be quite complex , e.g., when

the ORIGINATING _REQUIREMENT effects processing on severa l asynchronous nets ,

and requires the modification or addition of RSL elements in the ASSM in

order to implement the TEST.

Step 2 is not easily configured into a step-by-step methodology ,

since many of the actions that are required in mapping ORIG INAT ING REQUIRE-

MENTs onto the nets are performed in parallel rather than in a stepwise ,

serial fash ion . The activities to be performed in this step consist of the

following general tasks .

• Decomposition of ORIGINATING REQUIREMENTs

• Prel iminary Definition of PERFORMANCE _REQUIREMENT TESTs

• Prel iminary Definition of VAL IDATION POINTs and VALIDATION
PATHs

These activities are performed for each ORIGINATING _REQUIREMENT that
was identified in Step 1. The activit ies are hi ghly interde pendent and
shoul d be viewed as being performed concurrently. The functional requirements

defined by the R_NET an d SUBNET STRUCTUREs are examined to identify the

p rocess i ng tha t the ORIGINATING _REQUIREMENT will (or mi ght) constrain , and

to identify DATA available on the nets that can be used to determine

whether the requiremen t is satisf ie d . An attem pt is made to formulate a
pass/fail cri terion for the ORiGINATIN G REQUIREMENT in terms of DATA or

FILEs on the nets that can be recorded at VALIDATION POINTs during pro-

cessing. The criterion sought is one that can be incorporated in an RSL

TEST that explicitly specifies the conditions that recorded DATA and FILEs

must meet. Depending on the ORIGINAT ING REQUIREMENT , attempting to formu-

late the pass/fail criterion may lead to a decision that:
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• The cri terion is simply stated in terms of available DATA
and FILEs and the ORI G INATING _REQUIREMENT shoul d therefore
decompose into a single PERFORMANCE REQUIREMENT ;

• The criterion is very diff icult (or impossible) to formulate
-in terms of available DATA and decomposition of the ~RIGINATINGREQUIREMENT into seve~~l PERFORMANCE REQUIREMENTs is desirable
(or necessary);

• The sensitivity of the ORIGINATING REQUIREMENT constraint to
DATA on the nets must be determinea by further analysi s in
order to formulate the criterion and to define the required
decomposition.

The activities described below , supplemented by studies or simulations as

required , continue until the decomposition of the ORIGINATING _REQUIREMENT
in to PERFORMANCE REQUIREMENTs has been defined . As previously stated , these
ac tivities are performed concurrently.

4.1 .2.1 Decomposition of ORIGINATING _REQUIREMENTs

In general , the DPSPR will establish performance specifications at a

hi gher level than that of the SREM functional specifications . Consequently,

the methodolo gy provides for performance requirements to be specified as

constra ints on a collection of functional requirements , thereby indirectly

constra ining each component function (R NET , ALPHA , DATA , etc .) of the
collection . This provision wi thin the methodology supports design freedom

for the process designer. It does not , however , preclude the requirements

engineer from “decompos i ng ” a DPSPR requirement into component requirements

for allocation to in dividual elements within the collection of those R NETs

or ALPHAs to be constrained,shoul d this be necessary .

When a hi gh-level ORIGINATING _REQUIREMENT is analyzed during prelimi-

nary definition of Its TEST, VALIDATION POINTs and VAL IDATION PATHs , l ower-

level requirements that it im plies will be identified . A decision must

then be made as to how the ORIGINATING _REQU IREMENT is to be rep resente d .
For example , when a sin gle ORIGINATING _REQUIREMENT applies to more than one

functional requirement defined by R_NETs and SUBNETs that are not connecte d

by EVENT enablements , the ORIGINATING _REQUIREMENT may constrain mu ltip~e

VALIDATION PATHs . Al ternati vely, a single ORIGINAT ING_REQUIREMENT may be
decompose d into mul tip le PERFORMANCE _REQUIREMENTs which apply explicitly
to the functional requirements defined by each non-connective R_NET and
SUBNET STRUCTURE.
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When an ORIGINATING _REQUIREMENT is decomposed into Lr)~ORMANCE
REQUIREMENTs , these will each be TRACED FROM a DECISION that documents the

decomposition. Decomposition of an ORIGINAT iNG REQUIREMENT necessitates

that the followin g actions be taken to enter inform tion in the ASSM.

• A DECISION that documents the decomposition via PROBLEM ,
ALTERNATIVES and CHOICE attributes will be declared.

• Each derive d PERFORM~4NCE REQUI REMENT w i ll be TRACED FROM
the DECISION .

• The DECISION will be TRACED FR ’M the ORIGINATING _REQ UIREMENT.

A PERFORMANCE _REQUIREMENT imposes a quantitative constraint on the

performance of certain processing paths. Decomposition of an ORIGINATING

REQUIREMENT in to a set of derived PERFORMANCE REQUIREMENTs requires that

the constraint i mposed by the ori ginal requirement be allocated to those

that are deri ved from it. Clearly the combined constraints of the derived

requirements must satisfy the constraint imposed by the original.

The alloca tion process may require only a simple mathematical analysis

or it may require an in-depth trade study involving the construction and

execution of functi onal or anal yti c s i mulato rs . If the alloca ti on i s
reasona bly simp le , it can be performed immediately and the manner in which

the resul tant performance limits are obtained should be described in the

DECISION that documen ts the decomposition of the original PERFORMANCE_

REQUIREMENT into the derived ones. If the allocation requires that a large

scale engineering trade study be performed , then the conditions and required

outputs of the study are identified. The study is conducted in Phase 7 -

Performance Al l ocation , described in the next section.

If the PERrORMANCE_REQUIREMENT TEST i s comp le tely def i ned exce p t for the
value of the lim it to be imposed , then the TEST will be written except for

insertion of the l imit , and VALIDATION _POINTs and VALID ATION_PATHs will be

define d. The limit for the TEST w ill be inserted in Phase 7 at the completion

of the al location study .
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4.1.2.2 Prelim inary Definition of Performance Requirement TESTs

Concurren t wi th the mapping and decomposition of the ORIGINATING

REQUIREMENTs and the identification of requ i red allocation studies , attention
must be focused on a preliminary definition of the RSL TESTs .

The TEST attribute of a PERFORMANCE _REQUIREMENT is a PASCAL procedure

whose purpose is to explicitly define the criteri a for satisfying the

PERFORMANCE_REQUIREMENT . The TEST is formulated using DATA and FILES that

are RECORDED by one or more VALIDATION POINTs which appear as nodes on the

STRUCTURE OF VAL IDATION PATHs that are CONSTRAINED BY the PERFORMANCE

REQUIREMENT . During a simulation , these DATA and FILES are recorded in an

output data set and each record in the set is labeled wi th the appropriate

VALIDATION POINT name . During post-simulation TEST execution , the TEST
accesses desire d records in the output data set via the RETRIEVE , SELECT ,

and FOR EACH operators . Use of these operators in the writing of a TEST is

descri bed in the REVS Users Manual. The same DATA and FILEs may be

RECORDED BY many VALIDATION _POINTs . To uni quely define accessing of DATA

and FILEs from the out put data se t, all DATA and FILE names appearing in

a TEST must be prefi xed with the name of the VALIDATION _POINT wh i ch RECORDS
those instances tha t are desired . The two names are separated by a decimal

point. Thus , to refer to DATA (or FILE) A that is RECORDED BY VALIDATION
POINT V i , the identi fier Vl .A is used in the TEST.

Based on engineering analyses of the applicable requirements elements

affected by a DPSPR requirement , it is may be possible to immediately

define the precise TEST needed. In other cases the form of the TEST will be

determined , but precise definition will occur in the Performance Allocation

phase. Dependinq on the degree to which the TEST can be defined , the
applicable PERFORMANCE_REQUIREMENT can be entered in the ASSM wi th a

COMPLETENESS attri bute of ‘COMPLETE , INCOMPLETE , or CHANGEABLE ’ .

4.1.2.3 Definition of VAL IDATION POINTs and VALIDATION PATHs

As the TEST formulation is being defined , the VALIDATION _POINTs and
VAL IDATION_PATHs wi th which Info rmation must be recorded to support the TEST
can also be tentatively defined. The two operations are essentially

concurrent , since they each depend on the other: there must be a TEST
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definition in order to define the VALIDATION POINTs and ViLI DAT ION PATHS

to su pport it, but , at the same time , the TE~T must be written in terms of

info rmation RECORDED BY the VALIDATION POINTs .

A VAL IDATION_POINT is analaqous to a test point in a piece of elec-

tronic hardware ; it is a port through which information is collected in

order to assess performance of the unit under test. A single VALIDATION

POINT may be used to collect information for multiple PERFORMANCE _REQUIRE-
MENTs ; consequently, i t may appear in the STRUCTUREs of severa l VALIDATION

PATHs . The DATA and FILEs declared as RECORDED by such a VALIDAT ION_POINT
w i ll therefore be the “logical OR” of those to be collec ted for each of the
PERFORMANCE REQ UIREMENTs tha t use the VAL IDATION _POINT .

The i nformat ion RECORDED BY a VALIDATION _POINT may be s i mp le DATA , an
ent i re FILE , DATA or a F ILE th at MAKES a MESSA GE , or DATA or FILEs ASSOCIATED
WITH ENTITY CLA SSes or ENTITY TYPEs. For non -simple DATA (i.e., DATA whi ch
are CONTAINED IN a FILE , or are ASSOCIATED WITH an ENTITY_CLASS or ENTITY

TYPE), care must be taken in defining the instance of the repeated DATA

to be RECORDED. In general , the instance desired will be selected earlier

on the net that contains the VALIDATION POINT . For exam p le , in T,~ack Loop,

the PULSE wh i ch i s relevant for the PERFORMANCE _REQUIREMENT : ENERGY PER
IMAGE is the one which was CREATED BY the ALPHA : PICK_COMMAND . S ince no
intervening activi ty modifies the selection , the DATA corresponding to that

PULSE are ava i la b le to the VALIDATION _POINT used for the ENERGY _PER_IMAGE
requireme nt. However , the ener gy of that comman d , whi ch i s also needed
for the TEST , i s not so s i mply ava ila ble. The enerq y of the PULSE is a

part of WE_CHARACTERISTICS in the FILE : WAVEF ORM TABLE . The link between
a PULSE and the WAVEFORM _TABLE is established by correlation of the type

of transmiss ion , identif ied in PULSE_TYPE (and also RADAR_TYPE) and in WF

NAME . There are several ways of obtaining the required information . An

example method is:

1) Record either the PULSE_TYPE or the RADAR _TYPE from
XM IT R;

2) Add a VALIDATION POINT : STARTING POINT following the ALPHA:
STARTER to RECORD the FILE : WAVEFORM _TABLE ;

3) In the TEST, correlate the RECORDED informa t i on to ob ta i n
the energy of the PULSE from the WAVE FOR M TABLE .
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The RSL associated wi th this example is shown as part of Figure 4-2 at the

end of this section.

The correct placement of VAL I DATION POINTs requires careful inter-

pretation of the DPSPR specification to ensure that the intent of the

specifica ti on i s p rese rved . If the exact intent of an ORIGI~JAT I’~fl REQ UIRF-

MENT contained in the DPSPR is amhiquous or unclear , then clari fication

should be sought from the systems enqineerinq orqanization . If clarifi-

cation cannot be obtained , then a DECISION that documents the PROBLEM , the

var ious ALTERNATIVES an d the CHOICE , should be entered in the ASSM . The

DECISION is then TRACED from the ambiguous ORI~~t NAT I N G REQUIREMENT .

As an exam p le , consider the specification statement in the TSL DPSPR

(Appendix A) which requires that “The DPS shall allocate radar comands so

that not more than (TBD) joules are commanded per image “ This

apparently explicit requirement has at least three interpretations that

requi re di fferen t p laceme nt of the VALIDATION POINT .

1) The alloca tor shall assign track rates such that the
accumula ted sum of th e enerqy for each i mage over the
engagement (the product of the allocated pulse rate ,
the energy per pulse and the duration of the allocation)
shall not exceed the specified limits ;

2) The energy required by the radar commands transmitted across
the interface to the radar shall not exceed the specified
limit; or

3) The energy required by the radar commands acted upon by the
radar , as detected by the OPS in the radar
return messages , shall not exceed the spec i fied limit.

Since no t all of the pilses allocated per image may be scheduled and

since some of the scheduled pulses m ay be preempted by the radar , the

three interpretations lead to different performance requirement definitions.

For the fi rs t i nter preta t ion , the VALIDATION _POINT should be locate d at the
ou tput of the allocator; for the second interpretation , the VAL IDATION_POINT
should be located at the input to the OUTPUT_INTERFACE : RADAR_OUT ; for the
third interpretation , the VALIDAT ION_POINT should be locate d at the output
of the INPUT_INTERFACE: RADAR_IN. In the Track Loop examp le , develo pment
of the PERFORMANCE _REQUIREMENT was based on the second interpretat Ion and
is TRACED FROM a DECISION which delineated the development process , through
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use of the DECISION attributes , the PROBLEM , the ALTERNATIVES and the
CHOICE . The RSL associated with this example is shown in Figure 4-2.

Identification of a specific TEST for a PERFORMANCE REQUIREMENT may

require DATA tha t has not been define d in the funct i onal requirement
description of the DP subsystem. Also , it may be inconvenient to collect

and correlate data from two VALIDATION POINTs app earing on disjoint paths

or net structures. Therefore , the requ i rements engi neer may def i ne DATA
elements , ALPHA elements a nd , in some cases , R NET or SUBNET STRUCTUREs

with attributes ARTIFICIALITY : VALIDATION to convey the needed DATA to a

VAL IDATION POINT where it may be recorded for a TEST. For example , in

Track Loop, suppose that a performance constraint establishes a maximum

delay time between the arrival of a track return message at the INPUT

INTERFACE RADAR _IN and the time at which the data contained in the return

messa ge i s i ncorporated i n the data wh i c h ma kes the co mman d messa ge that
passes to the radar through the OUTPUT_INTERFACE RADAR OUT. The connection

between the two interfaces is asynchronous due to scheduling operations and

use of the ENTITY TYPE : IMAGE_IN_TRACK In R NET : SKED_R . Since no one-to-one

correla tion exists between the return received and the command issued , a

vali dat ion DATA item, RETURN TIME , can be def i ned an d A SSOCIATED WITH the
ENTITY TYPE: IMAGE IN TRACK. This DATA i tem would be OUTPUT FROM the UPDATE

STATE ALPHA , where it woul d be se t equal to the curren t value of enga gemen t
ti me , an d would be RECORDED BY a VALIDATION _POINT located on the the R NET

XM IT R immedi a tel y p rece di ng the OUTPUT _INTERFACE RADAR_OUT .

Informa t ion conve yed by an ele ment type w it h ARTIFI C IALITY :

VALIDATION must be provided in the real-time process when it is being used

to val idate the process design aga i nst the system performance specification .

In p rac ti ce , element types so defined represent a counterpart to the hard-

ware test point and , l ike their equivalent , may be retained in the fielded

system by management directive .
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4 . 2  PHASE 7 - PERFORMANCE ALLOCATION

In Phase 6, performance requ i remen ts i n the DPSPR were correlated wi th

the software funct ion requirements expressed by the R_NETs and SUBNETs . Base d

on the anal yses performe d , those DPSPR performance re qu i remen ts wh i ch were not
directl y mappable onto the NETs were decomposed into a set of PERFORMANCE _

REQUIREMENTs . The analyses upon which these decompositions were based varied in

the level of detail considered , depending on the nature of the particular

decomposition. Generally, howeve r, they were on a func ti onal ra ther than
an anal ytic level. They were sufficient to determine the functional
relationships between a DPSPR parameter to be constrained and the pro-
cessing described by the R NETs , i.e., they were sufficient for ORIGINATING
REQUIREMENT decomposition. In many cases , the analyses performed in Phase

6 were also suff ic ient to serve as the basis for allocation of performance

limi ts to the PERFORMANCE REQUIREMENTs derived from the decomposition . In

some cases , however , the decomposition analyses must be supplemented wi th

more in-depth studies in order to allocate these limits.

The purposes of the allocation studies performed in Phase 7 are :

1) To define performance limi ts to be incorpora ted in
PERFORMANCE REQU IREMENT TESTs ,

2) To verif y the decomposition analyses performed in Phase 6,
and

3) If a TEST involves the use of a reference algori thm as a
comparison standard for the software design , to define
that algorithm.

The allocation studies determine the sensitivity of the originating

DPSPR requirement to performance variations in the various functional areas

affec ted . Th i s i s necessar y in order to evaluate tra deoffs between the
derived requirements and in order to select an allocation which is not

overly restrict ive in any particular dimension. It is desirable to use

the least constraining set of PERFORMANCE REQUIREMENTs that will guarantee

satisfac tion of the DPSPR requirement.

The alloca tion studies may cover a complete range of engineering anal y-

ses and techniques (i.e., they may consist of a manual mathematical analysis ,

they may require analysis support from functional simulations , or they may
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re quire the cons truct i on of d e ta i led  models for an anal yt i c s imu la ti on) .

Recall that a functional simulation has previously been generated from the

functional specifi cation using the SI MGEN funct ion  of REVS , and is readily

ava i la b le to su ppor t t hese anal yses . I f anal yt i c mo dels  a re construc ted ,
these may later be use d as GAMMA models for the Analytic Feasibility

Demonstration (Phase 8),  or may be i ncor porat ed i n a TEST as a re ference
algori thm against which the performance of the softwa re design may be

assessed.

The allocation approach should be evaluated b~ a formal design review

for invalid assumptions , inadvertent overconstraints , etc . This review is

assisted by the capability of RADX to extract the t raceabi l i ty  of the

decomposition DECISIONs to the ORIGINATING REQUIREMENTs , to the functional

elemen ts (R_NETs , ALPHAs , etc.), and to other DECISIO~s. The adequacy of

the projected performance models should also be reviewed to assure that

all measures of performance have been accointed for. This should be a

techn i cal rev i ew con ducte d muc h l ik e the p rel imi nar y des ig n rev i ew for a
software desi gn.

The resul ts of the allocation studies may lead to revision of the

requirement decomposition that was performed in Phase 6. If so , then

the decomposition DECISION that was declared , an d the assoc i ated
PERFORMANCE REQU I REMENTs , VAL I DATION POINTS , an d VAL IIA T I fl N PATHs that it

TRACES TO , must be replaced or revised to reflect the new decomposition.

As each a l l oca ti on s tudy is completed , the results of the study are

used to complete the TEST attributes of the ~E’~ ORMA N CE REQ U IRE M ENTs tha t

were anal yze d . Study results are documented either directly in the

decomposition DECISION or in a technica l report which is declared in the

ASSM to be a SOURCE wh i ch DOCUMENTs the DECISION .

A fter the allocation process is completed and the ASSM is updated ,

the RADX function of REVS is used to verify that the content of the ASSM

is complete and consistent. When completeness and consistency are veri fied ,

the PPR is prepared using RADX to extract information from the ASSM and to

lis t it in the format that has been selected by project management. At

this point , the steps of the methodolog y for developing performance require-

men ts have been completed. The ASSM data base has been built wi th liberal
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use of the TRANSLATO R an d RADX segments of REVS to ensure the accuracy and
com p leteness of each PERFORMANCE _REQUIREMENT descr i pt ion. An ana ly t ic
simulator can now be constructed to demonstra te the feasibility of a
mathemat ical solution to the software requirements as stated in the PPR.

•
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4.3 PHASE 8 - ANALYTIC FEASIBILITY DEMONSTRATION

At this point in SREM , a com p lete set of funct ional an d performance
requirements have been developed for the OPS and documented in the Process

Performance Requirements spec i fication. The PPR contains sufficient in-

forma t ion for the process des ig ner to des ig n , implement and test the end

p ro duct software . There is  one major issue , however , that has not yet

been resolved;  that i s , can an en gi neer in g so lu ti on be develo ped that w i l l
mee t the PPR ?

This phase of SREM p rov id es for the demons tra ti on of data p rocess in g

su bsys tem anal yt ic feas ibi l i ty as a par t of the overa l l  re qu i rements val i-
dation activity . The demonstration involves the design , implementation ,

integration , and test of a candidate design (including analytic algori thms

or GA~1MAs) which meets all the requirements described in the PPR except for

those associ ated wit h ti m i nq . The objec tive of the feasi bi l i ty demon-
stration is to 1) provide a “breadboard” design under the same logical

requirements as the real-time process , 2) test this candidate design in a

simulated environment , 3) evaluate the performance of the candidate pro—

ces~ agains t the specified validation criteria , and thus 4) increase con-

fidence in the feasibility o~ the PPR requirements by illustrating a single -

point solution for the requirement s specified. In areas where candidate

GAMMAs canno t be develo ped , the corresponding requirement is potenti ally

infeasible , thus identify ing a problem area to be addressed at the system!

subsystem requirements level. In addition to the establishment of analytic

feasibility of the requirements , the candidate design can also be used

d i rec t l y  as a des i gn and val i dat i on tool by the p rocess desi gners and the
V&V organization. The GAMMA models , since they are guaranteed to effect

the required transformations (input to output), can be augmented wi th

execu tion-time models and used as initial models for the real-time process

des ign.
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4.3 .1 Form of Feasi b i l i ty Demons tra ti on

The algorithms associated with the feasibi l i ty demonstration are
developed and integra ted into a candidate design which meets all require-
ments of the PPR (exclusive of timing requirements). The candidate design

is in the form of an analytic non-real-time simulation , or emulat i on ,
which is  exercise d aga i ns t a Sys tem Env i ronment an d Th rea t S im ulat i on
(SETS or similar subsystem models) simulating the threat , the system

environment , and non-data-processing subsystems . The emulation should

conta i n a l l  of the va l i dation poin ts s pec i f i ed i n the PPR; thus data is
collected and performance evaluated under the same criteria as the real-

time p rocess.  Further , the SREM SETS models can be constructed almost

identically to the driver used to validate the real-time process and thus

es tab l i s h a common performance evalu at i on da ta base. Resul ts  of formal
testing of the candidate design against a predetermined set of test

scenarios can be documented alon g with any applicable unit tests that were
conducted for individual algori thm validation.

4 .3.2 GAMMA Develo pment

Each candidate algorithm will genera l l y be develo ped by an ex pert in
the appropriate engineering or technology field. The design activity uses

the descriptions of the RSL requirements to define what function each

algorithm must accomplish , how well the function nust be performed , and

wha t information should be accepted as inputs and produced as outputs .

Mathematical specifications of the algorithms are then implemented wi thin

the s truc ture of the P NETs as execu ta b le  GAMMAs .

The PPR DATA i tems will usually be defined at a higher level than

w i l l  be neede d to bu i l d an excu ta b le anal yti c s imula ti on . In general ,

very few DATA wi th USE = GAMMA w i l l , at this point , exist in the ASSM.

The l ower level data i tems must be defined and entered in the ASSM as

eit her in dependen t new elemen ts or be INCLUDED i n the app ro p r ia te h ig her
level DATA . RADX can be used to verify the correctness of the new entri es

w i th res pect to USE , TYPE , and LOCALITY .

After the algorithm (and data derivations) have been completed the

mathematical relationships are implemented as executab le GAMMAs In the PASCAL
language. The executable descript ions look l ike PASCAL procedures wi th
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omiss ion  of the p rocedure hea der and w it h au gmen ti n g s ta temen ts for th a t
• part of the requirement representing access to data . All of the normal

PASCAL programming features and facilities are available , except that all

data that is not strictly local to a BETA or GAMMA must be explicitly

declared in the ASSM . The REVS Simulation Generator processes these execu-

table descriptions to produce standard PASCAL procedures for incorporation

in to the GAMMA level simulation. This is discussed in detail in the REVS

Users Manual .

4.3.3 Benefits Derived

The ex p l i c it ness , completeness , and tes t abi l it y of the software

requirements are enhanced by the process of constr ucting a candida te solution .

If additional assumptions or information abcI~ the system are required to

accomplish the candidate design , these assumptions will be explicitly

added to the requirements specification. This type of va li dation aids in

determining the oversights in the requirement c and system enaineerin g .

An extremely important goal satisfied by the development of a feasibi-

lity demonstration is the establishment that the software requirements are

actually testable. Since the candidate design applies the PEPFOr~~’~CE

REQUIREMENT TEST criteria in the same manner as the real -tine process , the

performance evaluation associated with the candidate design will iecessari ly

isolate any requirements which cannot be tested. If a requirement is found

to be untestable or unverifiable through the test inq of the candidate

process , the particular requirement will be changed to a testable cri terion.

The development of an analytic point solution via a candidate desiar

establ ishes the feasib i l i ty  of the requirements cr i ter ia .  This ex is tence

proof assures the process designer that there is at least one set of

algorithms that satisfies the specified logical and computational require-

ments . The process designer is free to apply these candidate algorithm s a~
appropriate to solution of the real-time process desiqn problem .
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PART II - MANAGEMENT APPROACH

5.0 INTRODUCTION

One of the major benefits in using the SREM tools and techniques to

develo p software requirements is that the process is inherently manageable.

The technical approach consists of specific activities which have well

defined beginning and ending points. Also the degree of automation pro-
vided by REVS allows a high level of management visibility which is ordi-

narily not atta i nable in the specifi cation development process.

The three sect ions which fo l l ow  d i scuss  the more im porta nt as pects
of mana ging software requirements engin eering :

• Defining Measurable Milestones

• Cost and Schedule

• Mana gement Control.

The emphasis in these sections is to describe the management considera-
tions which are unique to the application of SREM. Just as Part I will not

make good requirements engineers out of technicians , Part II w i l l  not make
good manag2rs out of clerks. Even good managers , however , can be relatively
ineffec tive i f they do no t hav e the means to es ta b l i s h  v i s i b i l i ty an d con-
trol . Part II is intended to give the experienced manager an understanding

of how the tools and techniques of SREM can be used to establish and main-

tain a sound management plan for the specification of software requirements.

5-1

• —-~~~~--~~~~- - - • --~~~ • • • •--



-- - - -~~~~--~~~ - ~~-• -~~~~~~~•- - • -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

~~~~~~

• -•

~~~

-•--- - - • • •-

~~~~~~~~~

•-

~~~~

-— ---

6.0 DEFINING MEASURABLE MILESTONES

The key to successful management of software requirements engineering
Is the establishment of meanin gful , clear , and measurable milestones. There
is  a tendenc y to treat re quirements genera t i on as a level of ef for t  pro b lem
since the job of milestone definition is somewha t nebulous and imprecise
usin g conventiona l approaches. Establishi ng milestones such as “Process in g
Performance Specific ation - First Draft” , Process in g Performance Specif ica-
t ion - Secon d Draf t” , etc., may provide clarity and superficial measurability
but does not establish a meanin gful or effective management tool .

Management of an activity using the Software Requirements Engineering

Methodology (SREM) can be extremely effective because the discipline in-

herent in SREM permits segmenting the effort into activities which have
mean ingfu l and measurable terminations.

As an example , consider the SREM procedures for nenerat ion of func-
tional software requirements. An overview of the applicable SREM phases is
shown in Figure 6.1. The initial activity is a preliminary evaluation and

organization of the source specifications. This is accomplished by an

initial definition of the R NETs . Once this act iv i ty  i s com p le te , parallel

deve lopment of the segmented requirements can proceed . As the requirements
segments are developed , they are entered into the REV S data base (ASSM ) for
static evaluation. When the ASSM entry for all software requirements is

complete , a functional simulation is generated and a dynamic evaluation
performed to complete the functiona l requirements validation. At various

points in this process , problems in the source specifications are i dentified

an d fed back to the systems enajneer.

Each of these five phases ends with the development of an intermediate

product and thereby constitutes an initial set of high l evel milestones.

As was shown earlier, the status of these intermediate products can be

automatically assessed in many areas using the support features of REVS.

Given tha t the completion of each SREM phase represents a significant

milestone within itself , a much finer decomposition is necessary to effec-

tively manage and control the sub-elements of the requirements development
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process. To accomplish this ,eac h SREM phase can be broken down into a
definitive set of milestones via a two-step process. First , the specific

technical activities necessary to develop the desired product are i dentified.

Then the key review and control points peculiar to the specific program

are define d and integra ted with the technical milestones. An example of

this process for Phase I is described in the fol lowi ng sections.

6.1 TECHNICAL MILESTONES

• A sample set of technical milestones is shown in Figure 6—2 for Phase

I , Definition of Subsystem Elements. Each of the milestones was derived

directly from the discussion of Phase I activities given in Section 3.1.

Eight milestones have been identified in this sample; for different appl i-

cations these could be added to, or modified , to emphasize specific pro-

grammatic objec ti ves .

The begi nni ng po i nt for the overall sof tware requ i rements develo pment
process is the basel i n ing of the sys tem level source speci fi cat i on by the
Confi guration Control Board (CCB). Once this is accomplished ,technica l

activities are focused on clearly specifying the direct interactions of

the software subsystem with its external environment. Three milestones

were specified for completion of the RSL INTERFACE and MESSAGE definition

and the necessary supporting data hierarchy .

One milestone is provided for the completion of eac h R NET to the
ALPHA level . Since the number of R NETs i s driven by the necessity to
accept or produce data at the subsystem interfaces (which were defined

at milestone 1.1) , the required number of nets can be determined early
i n the p lann i ng process . T he f i nal four miles tones i n the exam p le are
directed to comp le tion of the requirements information ,’data structures

and documen tat i on of all eng ineer i ng decisions that were made during the
activity .

Fi gure 6-2 does not represent a series of technical activities in

which the predecessor must be fully completed before the next effort can be

initiated . In most cases overlap of the activ ities would be scheduled

as soon as possi b le. For exam p le , af ter each individua l INTERFACE is
defined , then the work can proceed on formalizing the precise content of
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Fi gure 6-4 Sample Decisions from Track Loop
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not the software requirements adequatel y reflect the intent of the source

specifications and to what extent the software requirements provide an

appropriate base for process desi gn. The former issue can be resolved by

analyzing the D~CISIONs against the source specification. These can be

categorized into those with major effect on software requirements and

those with minor effect on the software requirements. Baselining may be

deferred until certain major problems are resolved and the number of minor

problems is reduced to an acceptable level. The visible act of deferring

a major miles tone can bring considerable pressure to work problems

ex pedit i ousl y.

6.3 SUMMARY

The preceding was an example of how the SREM activities described in

Section 3 .1 can be relate d to measura b le and meanin gful milestones. An
Identical approach can be used for the activities described for the other

phases of SREM . The activity networks presented are not intended to be a

universal SREM management plan in which one can fill in dates and names

and be done. Every program is different as is each engineering organization .

Therefore, there cannot be a universa l milestone/management plan any more

than there can be a universal R-NET . The point is that the SREM ’s app roach
to software requirements development and validation is structured and

formalized such that meaningful milestones can be readily defined --

miles tones that are specific and measurable.
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7.0 COST AND SCHEDULE PLANNING

The formalized steps of SREM and the specific intermediate milestones
which result provide a sound basis for scheduling and bugeting software
requirements development. This section provides models and guidelines for
estimating the cost of developing software requirements using SREM. The
experience data base is as yet too small to fully calibra te and validate the
models; however , cost data has been collected on three SREM applications ,
and the correlation between that data and the cost models is provided .

SREM/REVS is a composite of a methodology, language and supporting
tools that allow Identification of key milestones in a development program
and which generates an output whose size Is realistically quantifiable.
Consider a requirements paragraph written in English. It can be measured
by the number of words or sentences , but these parameters do not scope the
content in any meaningful way. Conversely, requirements written in RSL
consist of specific elements such as R_NETs , ALPHAs , INTERFACEs , DATA , etc.
While these elements may vary slightly in length , size or implied complex i ty,
they do offer a reasonably consistent set of parameters for specification
sizing . Given the magnitude of the product to be developed , then cost can
be related directly to the work to be accomplished to generate that product.

SREP cost and schedule estimation involves establishin g cost parameters
for each RSL ELEMENT or ELEMENT TYPE. These parameters are developed in
much the same manner as cost—per-unit code. After a cost-per-element or
cost-per-element—type is derived (based on previous experience ), then the
accuracy of SREP cost and schedule estima tes becomes a direct function of
the initial understanding of the problem . This situation is somewhat
analogous to software development , i.e., accurate cost-per-instruction data
Is useful to the extent that initial estimates of how many statements will

be required Is accurate.

Using this approach to costing , there is a necessity for an early and
accurate estimate of the number of RSL elements required for a given program.

In fact, this was one of the underlying issues in the definition of Phase I

of the SREM. In this phase a quick response primitive construct of the
major elements is completed . Phase I can be conducted on paper , or entered

into a working data base with machine-processable RSL , allowing maximum use

7— 1



of REVS automated graphi :s capabilities. Either method provides for
rapid collection of information for end product sizing .

7.1 EXPERIEN CE TO DATE

SREP has been applied to severa l small efforts (less than 1-2 man-
months) and to two medium scale projects (1-2 man—years in duration). The

small applications were demonstration type problems that focused on spec i-
fic subsets of SREM/REVS capability. One , referred to as Project B , was
developed to the extent that its resource utilization data is meaningful.
Three data points are therefore availab le to assist preliminary formulation
of SREM cost models:

• Track Loop was the first med i um scale SREM application. Track
Loo p represents a well-defined system for which a specifica-
tion of reasonably high quality was available. The system ’s
mission is a subset of a full ballistic missile point defense
role: inclu ded are the tracking, resource mana gement and
schedulin g functions. A software implementation of i rack
Loop requirements is estima ted to be 25-40K of program source
statements.

• Project A, the second medium level effort, generated the
requirements for a tactica l weapons system . The weapons
system was di stri buted i n nature and fea tured var i ous types
of air defense subsystems interacting with multiple airborne
attackers and offensiv e missiles. This effort was conducted
early in the project ’ s Concept Definition phase~ consequent ly,
requirements were modified many times due to changes at the
system level . It was estimated that when the Project A
software su bsystem i s implemented, it wil l  con tain app roxi-
mately 200,000 source s tatemen ts.

• Project B was the only small demonstration problem of suffi-
dent scope to include for cost and schedule information.
The system configuration consisted of a data processor and
radar whose functions were to collect telemetry data from
ai rborne weather balloons. System operation was such that
the data processor con trolled an uplink from the radar to the
weather balloon for beacon trackin g purposes and a down link
for the monitorin g of tempera ture , wind , pressure, etc., at
various altitudes. No estimates have been made on the size
of the software subsystem for Project B.

Table 7.1 i temizes t he resources ex pended on each of these three
projects accord i ng to the phases of the SR[ Methodology . Note that the

• small demonstration effort (Project B) is listed in man—hours as opposed

to the other two projects which are listed in man-weeks.
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Each of the three efforts were performed using a uniform staffing
profile. Project B was conducted by a single engineer during a 3-week
period . Of the two larger efforts, both were conducted at a steady state
level of either 2 or 3 engineers. At the start of both efforts, one
engineer generated the definition of subsystem elements and derived the
initial R_NETs connecting the input and output interfaces. The staffing
levels were then increased and maintained at a constant rate throughout
the duration of each effort.

7.2 COST MODEL FORMULATION

Two approaches to formalizing a SREM cost model have been formulated .
The first is theoretical and will require significant data for accurate
calibration. The second is less complex and can serve as a interim approach.
Both use , as a key element , the basic resources necessary to generate a
measurabl e quantity of output and both were developed to meet the following
objectives.

• End product size estima tes must be generated as an
initial part of Phase I of the SREP methodology.

• Overall program resource requirements must be decomposed
and allocated to defined intermediate milestones.

7.2.1 Cost Model 1 (CM1)

Because Software Requirements Engineering is basically a creative
process , it closely parallels software development ; this implies a cost
relationship of the form

C0StSRE = (BCU~ i=l 
IC 1~) + CSR

where

BCU~ = Basic cost unit (man-months) per methodology 
phase

P = Number of methodology phases to be conducted

IC~ = The set of intangible factors that modify the BCU

CSR = Cost of developing peripheral/supportin g i tems
necessary for completion of the SRE effort.
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This relationship shows tha t each phase of the SREP met hodo logy has

associated with it a certain basic cost. The basic cost reflects the
resources necessary to complete that phase under average conditions. Since
average conditions tend to be atypical on most projects , the basic cost of
each phase can be adjusted (either higher or lower) by the values of three
parameters that reflect a set of intangible (or off-normal) constraints.
Supporting i tems developed external to the mainline requirements engineering
function (e.g., tactical algorithms) are added directly to the adjusted
basic cost to determine overall resource requirements.

7.2.1.1 Basic Cost Units

The Basic Cost Unit for software requirements is calculated in terms
of the resource expenditure related directly to the size of an intermediate
or end product. Figure 7-1 presents a chart of the phases of the SRE method-
ology. The Basic Cos t Uni t assoc i ate d w ith each phase is rela ted to s pec i fic
measures of the quantity of outpu t from that phase . For ex amp le , in Phase III ,

the number of ALPHAs and DATA i tems drive the Basic Cost for that phase.
Although many different functions are performed in this phase , and other
specifications i tems generated , these are the two controlling parameters.

Therefore, given an estimate of the number of ALPHAs and DATA quantity
required , the Basic Cost of Phase III can be determined.

The upper section of Figure 7-2 def i nes the postulated relationship

between the BCU and the number of RSL elements to be specified . As shown ,

the curve is anticipated to increase as a damped exponential prior to

Point N; the basic shape of the curve will then cha nge to a fast-rising

exponential form . This indicates that , up to a certain point , the addition

of one element to the data base will cause an increase in resource expendi-

tures at less tha n a linear rate . Once Point N has been reached , any

additional element added to the data base will cost more than one unit of

resources. The value R0 accounts for startup time and 
indicates that even

for l imited productiv ity the resources expended in learning and understanding

the problem are the dom i nant factor.
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The second half of Figure 7-2 shows the correl ation of the three
available data points for SREM Phase I appli cation on Projects A and B
and for TLS. For Phase I, the independent parameter (S e) was assumed to
be a linear function of the number of MESSAC1ES , R~ J E T s ,  and ALPHAs . The

count of the fi rst two elements have been combined with ~~e number of
ALPHAs divided by two to indi cate that aDproxim ate~v • 0 oerrc~nt ~~ the

ALPHAs are def i ned in Phas e I, and the rem, in ino  ~0 percen
1 comp letE”~ in

Phase III.

Tab le 7.2 presents the number of requir e-~ - e l €- ’~~~t~ for e~c~ of

the three projects. From this information , the exact  nun~ er of e l r - ’c rts
generated in each SR EM phase can be determined . The three data t’ ;in ts

are plotted in Figure 7-2 in man-weeks versus th~ ~‘ f f ’ c t i v e  r u r t t ~r of
• elements generated . As shown , these results pot entia l~ y on~or’~ to t~~

expected shape Df the relat ionsh ip curve. By select ing t~e ~p~ rcpriate

combination of cost el ements , this exercise could be co pleted ~~- — each
phase . This would , however , be so:~ewna t acade n ic due to t h ~ l~ mit d
number of data points currently available.

7.2.1.2 Intang ibl e Factors
• There are a num ber of int dng ibl e factors that will affec t the cost

of a creative development process. For the purposes of SREM Cost Model

One, all of the intangible factors have been grouped into three categories:

1) System Spec i f ica t ion(s)  Quali ty - How ~good ” is the SRE
inpu t information?

2) DP Subsystem Compl c i ty  - Wil l  the compl exity of the end
product be “normal” , re lat ive ly  simple or compl icated and
highly in terac t ive?

3 ) Development Factors - Is there sornethinq about the way the
j ob must be performed that wi l l  impact the cost?

Given these categori es the next question is how can they be quant i-
fled or rated for a speci f ic  program? Since the rating wil l, of necessity ,
be intu itive , there is no easy answer . To reduce some of the ambiguity ,
a second level breakd own of the contributing factors in each main category
has been defined (Table 7.3). The subcategories indicate the genera l class
of factors that should be considered under each major grouping.

7-8
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Table 7.2 Elements Generated Per Project

ELEMENT PROJECT PROJECT
TYPE TLS A B

R_NETS 7 55 2

ALPHA s 30 148 13

DATA ITEMS 100 333 68

MESSAGES 13 47

INTERFACES 6 32 4

• In put (3) (19) (2)

• Outpu t (3) (13) (2)

FILES 10 33 3

ENTITY CLASSES & 8 7 5
EN TITY TYPES

7-9
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Tab’e 7.3 Inta ngible Factors

• Sys t~n Specification(s) Quallti

• Interface Definitions - Have the OP interfaces with other sub-
systems been adequately specified?

• Functional Integrity — Has the required processinq been logi-
cally connected or specified as an
unrelated series of activities to be
(somehow) performed?

• Perfonnance , Timing , — Are there quantitative measures for
Accuracy ‘how well’ the software must perform ?

• Envlronrient Description - Quality of the specification of the
environment external to the overall
system (of which the software is a
part)

• General Organization , - Aggregated assessnient of all factors
Consistency , Completeness , other than the above.
Level of Detail , etc.

• OP Subsystem Coriplexity

• ‘Type — Batch vs distributed , off-line vs
real—time , etc .

• • Threat — Effects of the system mission , threat
size , complexity , and imposed time-
lines

• Interactions — Assessnent of the logical flow , con-
nectivity, r : ~ber of path s and branches , etc .

• State-of-the-Art — Is this a new type of system with 
- •

unknown control proccsses or does all
required technology already exist?

• Develop~rent Factors

• Personnel Talent — Assessment of the basic capabilitie s
of the contributing individuals

• Motivation - Any unusual factors that add to, or
subtract from, personnel motivation

• Management Procedures — Effects of government Imposed standards ,
documentation reporting schemes , con-
figuration management , etc .

• Artificial Schedule - External requirements to proceed faster
Constraints than a realistic tim eli ne or the delay

of key Inputs

• key Element Availability — Assessment of the access to, or
availability of , computers , systems
engineers , Input data , skill centers ,
technology Information , etc .

7-1 0 
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A scale of zero to 10 was selected to quantify each major group:

10 highest pos itive value , subtracts from cost
Scale 5 average , no effec t

0 worst case , adds to cost

The Basic Cost Unit was defined as the cos t of an ‘average ’ effort. If all

Intangible factors were rated at five , the BCU would not change. Values
higher than five would decrease the net cost and values lower than fi-.~e
would cause an overall increase.

Table 7.4 shows the composite intangible rating for the three SREM
projects conducted to date. Each rating was determined after program
completion following the guidelines in Table 7.3. As s hown , Project A ,
which was conducted during Concept Definition , was rated relatively low.
The system specification do- iments were no t firm and , wi th each update ,

additional effort was nece~~~.’y to revise the evolving OP requirements.
Developmental factors were also rated low because of a large geographical
separation between the various participating agencies plus a limited
access to the necessary computer resources.

For these three projects the values of the intangible ratings were

assessed to be constant across all methodology phases. Although the basic
cost equation allows for var iable ratings , the pertinent chararacteristics

of these SREM ap plica tions did not vary sufficiently per phase to impact

the assigned values.

Fi gure 7-3 depicts the predicted impact relationship of the IC ratings

on the Basic Cost Units. As shown , the predicted relationshi p follows the

theory that ‘the bad outweights the good ’ . For exam p le , if Development

Factors were very constraining (rated at 1), then the value of a good

system specification could be more than offset by a possible 100 percent

increase due to poor Development Factors .

• 7.2.1.3 Cost of Support ing Elements

There are two major contributors to overall cost tha t can be classi-

fied as supportin g or periphera l activit ies : SETS (simulation driver)

develo pment and al gorithm development .

7— 11
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Table 7.4 RatIng of Intang i ble Factors

TJ~ PROJECT A PROJECT ~
System Specification Quality 7 2 7

OP Subsystem Complexity 7 5 8
Development Factors 6 3 9

I,

‘I,

I—

1 — AVERAGE
CONDITIONS

44 ‘ I

I

4.) - I
w

— I
0 2 4 6 8 10

Id PARAMETER VALUE

Figure 7-3 Predicted Impact Relationship

7-12

L • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~ 

- - - -



p.-,-- ~
r- -- — -

~ 
• -

SETS Is a generic name for the driver software for both the REVS
generated functional and analytic simulators. Since the required SETS
processing is applica tions and program peculiar , there are few a priori

criteria for its development cost. Also, the specification and design of

SETS fa l ls in the domain of systems engineering. This occurs because it
is at that level that the env i ronment and it s effects are studied/formu-
lated in the most detail . SETS cos ts have , therefore , been somewhat
decoupled from the overall softwa re requirements engineering cost model
and can be estimated using classical engineering and software development

rules.

The Gan~na models that form the REVS analytic simulator demonstrate

th e exis tence of a feasi b le ma thema ti cal solu ti on . There are two se para te
activities involved in Gamma development: first , the mathematical formu—

lation of the al gorithms , and secondly, their implementation as PASCAL

procedures. The f i rst act iv i ty  is best performed by experts in the various
disciplines associated with technology or weapons systems operations. Costs
associated with this activity are , therefore , provided by the individuals
directly involved and are assumed to be inputs to the SRE cost estimation
scheme . Alqorit~-~ implementation as RSL GAMMPi~, therefore , becomes a
standard software development cost estimation process.

7.2.2 Cost Model 2 (CM2)

The approach to a val id at ed SREM cost model , as described in the previous

section , is somewhat ambitiou s. Accurate collection of the necessary data
represents one problem area . The lead time necessary to generate and
calibra te the information represents a second potential constraint. An

interim cost model , that is simplier than CM1 and can be used as the cost

estimating baseline in the near term is presented here .

For Cost Model 2, resource expenditures for SREM applications are

divided into two components.

Cost 0fSRE = COStFunctional Requirements + COStperformance Requirements

7-13
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Resources for generating the functional and performance requirements are

again calculated based on the total number of RSL elemen ts that must be
developed . For the development of functional requirements , the primary
RSL elements are:

• ALPHAs

• R NETS

• DATA

• INTERFACE S

• MESSAGES.

FIgure 7—4 presents a preliminary correlation of the results for this
approach on the three projects completed to date . The dashed line

represents a postulated curve fit. Note that all resource expenditures

were used , inclu ding the simulation driver development cost.

Given the overall cost of the functional requirements , a finer break-

down is needed for each intermediate milestone or SRE methodology phase.

Referrin g to Table 7.5, three logical breakdowns of the activities are
indica ted . At the end of the f i r s t  three methodology phases , a comp lete
descri ption of the R_NETS , ALPHAs , etc., that constitute the functional

requirements have been completed . At the end of Phase 5, the functional
models have been developed and requirements testing or dynamic validation

conducted . The third set of activities are miscellaneous in nature and

are conducted throughout the course of the development with the exception
of generat ion of the simulation driver. For the purpose of cost and

schedul ing the development process through the static validation , which occurs

at the end of SREM Phas e 3 requi res app roxima tely 30 percen t of the total cost
of generating the functional requirements . Dynamic valid ation requires
approximately 40 percent of the total required resources . Mi scell aneous
activities encompass the remainder of the cost , wi th development of the
simulation driver beinq the most expensive of these activities .

Given the total cost for developing functional requiremen ts (see

Figure 7-4), then the 30-40—30 percentages can be used to determine the
cost for each of the three milestones within the development. A further

7-14
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Table 7 ,5 Percentage Cost Breakdown

TLS PROJECT A PROJECT B

______________________________ MWs % MWs MHs
I. Definition of Subsystem 2 4.2 13 12.0 3 3.5

Elements

11. EvaluatIon of Kernel 5 10.3 4 3.7 8 9.3

III. Completion of Func- 10 20.8 15 13.9 11 12.8
tiona l Description

Ml Static Validation 17 35.3 32 29.6 22 25.6

V. Development of 12 25.0 22 20.4 8 9.3
Functional Models

Requirements Testing 6 12.5 25 23.1 24 27.9

M2 Dynamic Val idat ion 18 37.5 47 43.5 32 37.2
(Functional)

IV. Informative Material 4 8.4 12 11.1 0 0
and Traceability

IV . Docianentatlon 1 2.1 2 1.9 8 9.3

Simulation Driver 8 16.7 15 13.9 24 27.9

Misc. Act iv i t ies A

(Subtotal)
13 27.2 29 26.9 32 37.2

TOTAL 48 100 108 100 86 100
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breakdown can be formulated to meet Milestone 1, static validation. Phase
1 is basically the initial definition of the R_NETS , the connection of the
Input/Output INTERFACEs and definition of the preliminary or high level
ALPHAs. In Phase 2 this information is entered into the REVS data base.
Then, In methodology Phase 3, the functiona l description is completed with
all ALPHAs defined to the lowest required level and all DATA i tems defined .

These three activities are clearly interrelated . The greater the amount

of time and resources expended in Phase 1 then a corres ponding smaller

amount of resources must be expended in Phase 3 to complete the functional
description . The SREM program manager has the discretion of applying

the majority of the resources in Phase I or Phase 3 depending on the
particular problem or application.

Required costs for development of Performance TESTs follows the same
philosophy as that described above for SREM functiona l requirements defini-

tion . To date , detailed Performa nce TESTs have been generated only as a

result of specific demonstration probl ems. None of the three projects

addressed the full range of performance necessary for a complete specifica-
tion. At this point , no measured data exists to assist identification of

the major RSL el ements that will quantify the expected cost of Performance
TEST s. 

- - -
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8.0 MANAGEMENT CONTROL

The Software Requirements Eng i neering activity must interface wi th
other activities during the system development phase. Figure 8-1 explains

the major interests shared by SRE with these other activities . The key
interac tions may be sumar ize d as foll ows :

• SRE supports SE in system definition by accepting the spec i-
fications and pointing out deficiencies .

• SRE may question the subsystem allocation because of implemen-
tati on p roblems .

• SRE participates in the overall system cost / schedule planning
and control by providing status data to SE and vis ib i lity to
Process Design.

• SRE must work with the other subsystem engineering activities
to define interfaces to a functional level .  Process Design
can work to desi gn the detail i nterfaces . When a referee
i s neede d the SE must decide interface issues .

• SRE defines the processing via softwa re requirenients which
may be modified if real-time implementat ion is a problem .

8.1 CONTROL MECHANISMS

Management of SREM can be viewed as a two- ievel process. REVS pro-
vides certain direct , automatic control of the product under development
(the software requirements). As described in Table 8.1, this frees manage-

men t to focus on high er level i ssues and the implemen tat i on of REVS . W ith

a vali da ted REVS , implementation of its control features is completely

mechanical and can be delegated with confidence. In particular , the following
observations can be obta i ned from Table 8.1:

• At each level the manager can focus on intent , softness of
decisions , level of detail and schedule performance.

• At the BETA , GAMMA and PATH/PERFORMANCE levels , cost perfor-
mance becomes i mportant. Overkill must be avoided by main-
tam in g pressure to use the simplest , chea pest models which
will do the job. (Thus, level of detail is an issue here also.)

• At the GAMMA level the manager must assess real-time feasi-
bility even though the GAMMA models are not real _tiloe.

8-1
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• Previous ly, managers had to strain to get the kind of
visibi l ity easily obta ined wi th SREM/ REV S.

The major managerial issues identified in Table 8.1 require mechanisms

outside of REVS. These are the more widely used managerial controls , and are
much more effective when based on the timely, complete , and organized infor-
mation provided by REVS. The kinds of control mechanisms used for these

issues are shown in Table 8.2 and are sumarized below:

• In ternal reviews can be used to establish confidence in the
software requirements by addressing items checked in the Table.

• Starting with a parametric cost model , projected cost can be
estimated as actua l parameter v ulues are determined (e.g.,
num ber R NETs , ALPHAs , etc .).

• Ear ned value as a measjre of progress toward each milestone
can be used in the C-.~PEC sense to evalua te cost /sche dule
performance in a continuous fashion . Earned value can be
quantif ied by usinu number of ALPHAs , BETA s , GAMMAs , PATHs ,
TESTs , etc. weighted by comp lex ity factors.

• T~
-i ( - mi lestone schedule is a standard schedu le performance

L j nt’m l best implemented by public display .

• Revi e.~s witr i the system engineer should help unders tand
questio r s of intent and softness of decisions plus adequacy
of level of detail.

• The process designer should be involved in rev i ews of level
of detail and real -time feasibi l i ty (includes storage capacity).

8.2 CHANGE CONTROL

The process of chan ge control is a cri t i cal one on a large , complex
system development activity . Figure 8-2 shows how collected decisions can be

fol ded into the baseline as schedu l ed updates. The upda tes are inserted

at points in the schedule where they are likely to have significant inputs

from within the SRE activity arid from System Engineering and Process Design.
They also follow specific measures of the software requirements , namely the
initi~ l dynamic eva luation and the initial feasibi l i ty  demonstration.
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8.3 ACCEPTA NCE OF THE SOFTWARE REQUIREMENTS

Both the System Engineer and Process Designer must accept the end
produc t software requirements. SREM possesses key features which should
assist the SRE manager in effecting this buy-off. These are explained in
Table 8.3 in terms of answers to concerns of both System Engineering and
Process Design .
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9 .0 CONCLUSIONS

This manual has explained both the technical and management considera-

tions in the development and validation of software requirements using the

tools and techniques of SREM . The engineering and management princi ples
explained here are not actually new -- they are the result of hundreds of

man-years of experience and observation of large-scale,real-time software
development. The disci pl i ne of RSL and the power of REVS , however , are new ,

as Is the formalization of the detailed steps to be followed in their use.

This manual will not make instant engineers or managers out of in-

ex perienced peo p le . It w i ll , however , guide the experienced engineer and

ma nager in the app lica t ion of RSL , REVS , and SREM techniques to obtain a

software requirements specification which is superior in terms of the basic

qualities of a yood requirements specification.
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I. INTRODUCTION

LO PURPOSE AND SCOPE

This report presents the preliminary Data Processing Subsystem Per-

formance Require m ents (DPSPR) for the Track Loop Experiment (X-l). Trie

goals for this experi Filent are presented in Section 2.0.

The pririary intent of this document is to provide the initiating
input to the Software Requirements Engineering Methodo logy which wi ll sub-
sequentl y p ro duce a Process Performa nce Re q uirement s (PPR) speci f icat ion
for the Track Loop System Data Processing Subsystem . It is further the

intent of this document to present an exampl e of the required contents and
level of detai l  of a DPSPR discussed in Refere nce 1. As Such ) this example
wil l provide a more concrete basis for technical exchange between the Soft-
ware Requirements Engineering, DPSPR an d V&V contractors . Such interchange is

considered necessary to arrive at a final definition of the required form ,

contents and format of a [JPSPR. Part II of this report constitutes the
exal ,)ie ~~~~~

1 .1 The Track Loop System

The Track Loop System (TLS) is a subset of a Preliminary Ba ll isti L

Missi le Defense Syste m which is ca ha ble of nearly autonomous executio n
in response to external stimuli. It is the simplest known subsystem with

properties of interest for software definit ion , and it is one w h ic h has
been studied extensively , both in the academic l i terature and in such
practical progriu~s as Site Defense. Therefore , it has been selected as

the testbed for supporting experime ntation in development of the methodology

for software requirements. A pictorial representation of the TLS is provided

in F igure A—i .

1. 1.1 Preliniinar~ Pa i l ist i c ~is sil e Defense System

A Prelim inary Ballistic Missile Defense System ( PBMDS ) has been

postulated a~ an environment in which the TLS would execute. It is a

generalized representative of the class of systems currently in develop-

nient , and is particularized for the TLS through representative but non -

real sp2cific3tions where required.
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The top level flow of the PBMDS is shown in the functional f low block
diagram , Fi gure A-2. In the Conduct Engagement mode , an objec t enterin g the
search region will be detected and designated , trac ked , discriminated , and

engaged (as required ) in defense of the ground facilities. Those functions

are implemented through the Data Processing System (DPS), a radar or other
sensor , and a means of neutralizing hostile objects. For the purpose of

the TLS , only the radar need be defined in detail ; other sys tem elements

are identified only to the extent that they impact DPS require ents.

1.1.2 TLS Requirements

Functional Requirements on the TLS would normally be contained in a
system specification (Level 1 , or A in MIL STD 490 terminology). If soft-

ware is develo ped fr om the requiremen ts p rov ided i n Sec t ion II of t hi s
report , and if that software is to be instal led and exercised in the f ie ld ,
then suc h a system s pecif i ca ti on may be required. In the interests of
both economy and t imel iness , only the subsection of the A Specif icat ion
roq~:ired for the DPSP R is provided nere.

1.1.2.1 In i t ial izat io n

The TLS sha ll accept C2 messages for ini t ia l izat ion with the fo l lowing
propertie s:

a) An esti~nate of state shall be generated external to TLS and for-
warded to TL3 over the communication channel to initiate tracking .

b) If an object corresponds to that estimate , the estireticn accuracy
shall be such that the expL- ctcd (l-sigmd ) deviation of the object
from a perfect extrapolat ion of state shall be in accord with
Table 1- -i.

c) Initial i~ 3tion estimates shall be provided (handed off) at a rate not
exceed n~ 150 per second over any it erval greater than 50 mi l l  i -

secon ds .

d ) The total number of iandoffs shall not exceed 1500.

e) The total number of real objects shall not exceed 300.

f ) A handoff F C ~ be an est imate on a real ouj ect or an est imate relating
to a state at which iio object is located (ghost) .  Mul t ip le handoffs
of a single objec t may be qene ra ted .

g ) Each handoff sha ll  censis t  of a unique designator , the stat e vector
and i t - i cov a r i3 nce r’~ t rj x .

A- 4
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Table A .2 Table A.1 Handover Errors In Radar Face Coordinates

COORDINATE MINIMUM MAXIMUM UNITS
R 3 5 M

U 0.4 0.6 ms ine
V 0.03 0.05 msine

R 40 55 rn/sec

U 2 4 ms ine/scc

V 2 4 msine /sec

~

NOT ES:

1. All data i-c
2. Handover altitude ?~ 65 K meters

F
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1.1.2.2 Termination

a) Redundant images of objects shall be dropped iro~i track in or-icr to
conserve radir - resources . The probabil i ty of dropp ing t r e c k  on a
non-redundant image shall be considered in determining lea k ge.

b) Ghosts shall be dropped from track in order to conserve c~idar
resources. The probability that a non-redundant iFflage is dropped
as a ghost shall be considered in determining leakage .

c) For flight safety , no track pulse shall be commanded with true elevation
angle less than 30 ,

d ) Track shall be dr -i ped in response to an Lxt er -e dl command re~ e-
senting handoff to another defense f ac i l i t y  or successful interce~~.No track pulse shal l  be trans mitted to a desig nated image - -ore t h n
100 mi l l iseconds after such a command a~oears at the TLS port , , ith
probabi l i ty .3.

1.1.2.3 T rack i~~
a) The TLS shall  generate state est imates s -~f f ic ie nt to -~upport cis cr im i-

nation t h r o u ~ h beta estimation accuracy in accordance wit s F i u ~~ A-
and iin~ ar t  pe int prediction in accordance with Figure A-5 . 
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b) The TLS shall generate state estimates sufficient to support object
intercent in accordance with Figure 1-6 (TBD).

c) Leaka ge is he -c defined to ~- e the probabilit y that all images of p

a rcal object entered at an altitude not less than 1 50K feet are
dropped from track for any reason other than the minimum-elevation
constraints or external command defined in 1.1.2.2. Leakage in
TLS shall not exceed .03.
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1.1.2.4 Resource Control

a) The TLS shall cornit to tracking functions not more than 1800 radar
pulses per second , using not more than 25 kilowa tts ERP .

b) The TLS shall comm it to tracking functions not more than 2500 joules
per object .~

1.1.2.5 Data Record ing

The TLS shall provide records for post test analysis of the following
data:

a) Time of handoff an d designator and estimate received.

b) Time of termination of track on each designation with reason
for term i nat ion .

c) At intervals not greater than 100 milliseconds, the estimate of
state for each designation received and not yet terminated .
That estimate shal l  consist  of the fo l lowing data:  posit ion,
veloci ty, a beta esti m ation parameter and estimates of the
uncertainty of each .

d) At interv cl s not neu ter than 300 m illisecond s , the us age of
radar resonrcu~ - 1 n-’~ -1’~e c ’ re s~ ia 11 m d  ude: radar energy profile
and DPS estimat es (-f u~~~- ~ ~ and niaxi rnun i energy commanded .
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2.0 SREP OBJECTIVES FOR X-l

a ) Demonstrate the sco pe, contents and level of deta i l of the DPSPR ,
descr i bed in Reference 1 , and transmit the results to the DPSPR
contractors for their evaluation.

b) Demonstrate the scope , contents , format , and level of detail of
PPR Vol ume I specified in Reference 2. The PPR will be written
in preliminary RSL (see Reference 4). In particular:

1) Evaluate the format of the PPR descr ib ed in Reference 2 for
com p leteness and adequacy.

2 ) Evaluate the adequacy of the preliminary RSL definit ion for
st at i ng requ i rements .

3) Provide the PPR for evaluation ; in particular , the form and
content of the performance requirements.

4) Eval uate the extent of the traceabilit y of the PPR to the
DPSPR.

c ) Evaluate the steps of SREM (see Reference 3) from the DPSPR to a
PPR ; in par ti cular , the procedural steps, form , and content of the
performance a l locat ion ac t i v i t i es .

di Exercise the available experimental software to generate portions
of the PPR (e.g., the structure segment of RSL).

A-l b
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3.0 LIMITATIONS

Two primary forces limit the application of the DPSPR of Section II.
The first is the result of excising the track loo p from the total PBML)S.
Although the loop is nearly self-contained , it has extensive interfaces
both in terms of requirements and in the sense of implementation wi th other
software functions. Consequently, requirements are imposed on TLS which
orig inate or terminate within the DPS in ways and to an extent not believed

appropriate for a true , fu~ctional system .

The second major area of limitation arises from the novelty of the
approach. While the methodology employed is believed valid , it has not

yet been tried. (In fact, this experim ent is its trial.) Conseque ntly,

it is likel y that this initial DPSPR will be found to be i ncompleLe in scm ..

materials needed for the PPR and for software development. Every effort has

been made to antici pate suc h fai l in g s , but we anticipate ciethodo logic bugs

in the same way we would expect to find bugs in a new compiler or other

majur software development.

3.1 System Objec ti ves

Isolation of TLS from PBMUS was art i f icial , and the objectives of

Section 1.1 are corresponding ly less than real . The select ion of t hose
objectives was based on simplicity of implementation , ex pected useful ness
of the TLS as a tcstbed , an d availability of comparison criteria. Since

no DPSPR had ever been prepared before , it was not possible to select

crite ria to optimize its quality . The obj ect ives provided are belie ved
to be good for 9eneration of the DPSPR , but cannot be shown to be opt imal

3.2 Allocation to DP

Again , the absence of p rece dent and the artif i cial i ty of the TLS make
an “opt imum” allocation of functions unreasonable. A complete allocat ion

is prov ided , which is believed to be sufficient for the experiment.

3.3 Level of Detail

The objective of the DPSPR of Part II is to provide the complete

specificat ion required for th~ P PR Feasibility Demonstration. It is likely

A- 12



that some of the material wil l prove to be unnecessary ; it is certain that

not all data presently missing will be required before initiating work on

Volume I of the PPR . Therefore , rev i sions are planned both to comp lete
specification of the requirements and to delete data fourd to be non-essential.

3.4 Formula tion of UP Requi rements

The X-l DPSPR defines some data in a form and to a depth we feel to be

undesirable . In particular , efforts ar e now under way to ex p ress require-
ments on Redundant Track Elimina tion in tenis of total radar energy per

object. Converting both redundant tracking and other expHcit requirements

to a derivable form will be an objective for revis ions of the DPSPR.

3.5 Coroll ary Documents

The UPSPR is one document in a family requir ed to develop the Process

Performance Requirements (PPR). For the TLS , tne ether documents are:

• TLS System Requirements

• TLS Radar/UPS Interface Specification

$ TLS C2/DPS Interface Speci f i cation
• TLS Radar Performance Specification *

• TLS Environment an d Threat Model Definition. *

The system requirements are sketched in Section 1 .1 above . The starred (*) docu-
ments in this fami ly are not yet prepare d.

For the purposes of develo pmen t of the PPR , th e abs ence of the docu-
ments is believed to be less than critical. For the X— l effort , the contents

of the missin g specifications are subsets of the corresponding Terminal

Defense Program (TOP) documents . Therefore , the required information for
the PPR is available from TDP documentation . However , a property of the
methodology is its recognition that not all specifications ultimately required

to support software des ig n wil l  be ava i lable earl y i n tha t desi gn effor t.
To the extent that the TLS documentation corresponding to initiation of a

PPR is required , the TDP documents are excessive . Thus , there is an effort

required as a part of the ongoing work to edit the TDP material to the

specific , appropriate contents for the stage of development represented by

the DPSPR. Tha t work is under way on the Radar/DPS Interface specification ,

and will soon be undertaken on the other elements of the DPSPR package.

A-i 3
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II. DATA PROCESSING SUBSY STEM
P[RF0[~MAF~C[ RE QUIRL MF NTS - TRACK LOOP SYSTEM

1.0 SCOPE

This specification establishes the functional , performance , design

and test requirements for the Track Loop System (TLS) to the extent

necessary to develop the Process Performance Requi rer; er its (PPR) for the

Data Processing Subsyste i;i (UPS) portion of tne system . The TLS is a test

configuration of an integral element of a Preliminary Ballistic Missile

Defense System (PBMDS).

The prima ry objective of this specification is to constrain the UPS

so that it fulfills the intended obl i gations to the functions and perfor-

mance of the overall TLS of which it is a part. To accomplish this , this
speci fication

• identifies the TLS mission and performanc e goals.

e identifies the var io’~s subsystems , their functio ri~ l capa-
bilities , and the inte r fac es between the Data Processing
Subsystem and each of the others.

• allocates a portion of the system performance to tue
Data Processing Subsystem .

• describes the system ope ration al design , i .e., how the
subsystc;~s are tn be use-U in order to achieve the sjstem
perfo F-ul ance goals by ut il ization of the subsyst em capa-
bi l i t ies .  -

This specification provides the tec inical basis for the development of the

DPS , but is not a TLS system specification .

A— 15 

—--
~~-- -—- - -—

~ --- .. ---~--.-



2.0 APP LICABLE DOCUMENTS

2.1 DPSPR Content Requirements , TRW Report 27332-6921-003 , (CURL A004),
RevisIon 1 , December 12 , 1975.

2.2 TLS System Requiremen ts, (Part I , Section 1.1 of this report).

2.3 TLS Radar/UPS Interface Specificatio n TRW Report No. 27332-6921-012

2.4 TLS C2/DPS Interface Specific ation TRW Report i~o. 27332-6921-013

2.5 TLS Radar Performance Specification

2-.6 TLS Env1ronment and Threat Model Definition
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3.0 DATA PROCESSING SUBSYSTEM

The TLS is defined in [2.2] (Part I , Section 1 .1 of this report).

Section 1.1 .2 provides the system requirements , while Figure A- l represents

the operat ion of the system . TLS consists of a radar and a data processor ,

and receives input data from radar echoes and from interface w i th the C2

system . A mode l of the system environment is to be provided as [2.6].

With i n the TLS , the radar-data processor interface specification is to be

[2.4], while the C2/DPS interface will be defined in [2.3]. The radar models

will be in [2.5].

The TLS DPS has been allocated requirements from those established oti

the TLS as a whole. The resultin g requirem ents on the UPS are defined in

Section 3.2 of this DPSPR. Traceabil i ty of the DPSPR requirements to the
u S  requiremen ts is shown in Figure A-l . All TLS requirements not allocated

to the DPS are satisfied by the radar. Quantita tive verification of thc

suff iciency of the allocation m ill be undertaken in the preparation of the
PPR.

3.1 Traceability

Figure A-l is the traceabil i ty matr ix for this DPSPR , and i llus trates
the relationship between the TLS requirements [2.2], and the UPS requirements
of Section 3.2. It also depicts the alloca tion of portions of system require-
ment s to the ra dar ; not all of that al loc ati on is clearl y vis ib le in the
i nterface s pec i f i cat i on , some of it being located in [2.5].

T;; c funct ion of the tiv~m cz~ Z - t ’  i-u~ i ’~ .r is twofold:  to locate the sub—
y ’~- j ~’r ~-~~~~ derived f r~m-n ca~’l: r ’’s tcm 2v rcL ’; cmt , C~2d to f ~3Ll i t ~zte

r€ ’c’c~p m~ ~~c tha t; caci~ DPS requ irement ~Y’i~-7 -;~m7tc6 from an a~~1’~p r~ m~’c source .
T~~- ~~~~~ f w~~~- ion is insurance tha t the DPSPR (an d i ts  counterparts f o r  other

suL ’~~ st~-ru~) are sufficient to embody the s~in t ~’m requircmcnts, while the second
vcr~f i e -s that no gratuitous r~- ~ir , -m ’n~~ have been introduced.

To detci ’ntinu the source (s)  of a DPS requirement , the appropriate row is
loci .~ ~~-J in the lef t -han d column . Reading across the row, an c?2t r ~’ of “C”
in d i c 2 t , m~ that vir tual ly ce~’: ’lL - t~, - sat i.~;f a ’t ion  of tlic ~~~~ cm requirement f o r
tha t co lumn is provid ed. A “I” indicatco 1-i - mt  a portion 0.1 the sys tem require-
ment is there sa~ isJ ~ied. Scanning the cutire chart , one f i n d s  tha t the DPS
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requirement to sa t i s fy  the interface e m i f i~sz1 ion  is i~et 1- ccl -~e to the

eystcm requirements; however, it.  is e7 -ar1 ? required , and is e1ear ~~. im—

appropriate fo r  the system s~ ee~f i cczt ien.

De termininj  the impact of ~ s~—s t c 1 - ;  rc ; m- ire? -; cmt cm he ~! - - - emm is

constructive both in confi rming tl; a t cme~-~y r emuirer - :L - mt j S  cC-Vcr ~ am I in

tracking the eo wi q:~euc~ s of a c7uzm ;e to the  . y s t -  ~-s~~~: m - t  n . ! ’ ; :

a coZw~rn will  ch~ t I e  p~m-t - iml  (F)  or ec- :~-7 ~ ~-c (C)  ;; at ~~ f m -~ ~~~~- f a s~- ci  -m

r cquirei :emt in the ~~ i ’:-u:s ; -~~~f n ~ [ !~~PI~ see ~- is ;; . In I ha ; r  sen t - s .  us -I :

sys t em 1’c~~~ r cmcnt I:m ;~ so--u - PI’~ i~y ; mt; LI - . t ; - j h~ n ot- 1e true 1 1 :

For cxs~-m-~ e, if  a s ; - 1  s t e ;  c - u  e?~ ~‘m~~~ - ’: a~~~le m~-r ~- i’- . Zer -: e ; ; t~- ?  i-n L -t ; e radar ,

then the  tn - ; ; e  reu / : r em, ~ t ml: ?, - ; -  :. 2. ~~~~~~~~~~~~ ~~~~ i. ~~- :, an~ e s-

tion af the thir.? ~
- - f ~r em1 n~ ~~ (2 ~a~ - I)  1 . 1 . 2 . 2  med.?  L u  , ‘~ i -~-~~:l~ -7 ~ z-~ 7 -

:1 ~ n the Y-m ] mr smi s -

3.2 Data Processing Subsystem R~~uir cments

Many of the following specific re~uiren ents are stated in term : of a

value enu a prob ability of its satis c ccuio n. in CdU~ such cus , t I- c inter-

pretation shall be that at every point in the engagement , the .rc ba bil ity o~
sat isf y ing the inequality shall be at least the stated value. The required

confidence in that assertion is establi shed in test planning.

3.2.1 Initialization

a) The UPS shall accept comands froin the C2 to initi ate ~racL on a
designated object. A radar order in response to sach a cumme! d
shall be provid ed at the ra!ar interface for transmission i.-i th in
55 m ill iseconds of the coam~and wi th  probabil i ty .9. Theuu ’ co mma nds
are defined in Reference 2.4  [TLS C2/DPS Interface Sheciiicction ].

b) Capacities. The UPS shall be able to accept handoffs at a rate
of 150 per secon d over any i nterval g rea ter than 50 m i l l iseconds ,
and a total of 1500 handoffs per engagement , of which up to 300
wil l  be real ima ges .

3.2.2 Termination

a) The UPS shal l commanJ not more than 15 pulses to a redundant image
with probability .7, nor more than 50 with probability .99.

A-i 9
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b) The DPS shall command not more than seven pulses to a ghost with
probability .7.

c) The UPS shall comman d no track pulse with elevation angle less than
30

d ) The UPS shall command no track pulse to an image of an object which
has ach ieved an elevation of less than 5°, or v h ich w i ll attain
such an elevat ion by the time of transmission , with probabil i ty .9.

e ) For an image on which a drop-track command is received , the UPS
shall command no transmission wi th execution time more than 100
mil l iseconds after appearance of the order at the C2 interface
w ith probabil i ty .7, nor more than 300 mi l l iseconds with probabil i ty
.99.

3.2 .3 Trackin g

a) The DPS shal l maintain an estimate of state for each image in
track. Defining the true state of an image by Appendix A , estimated
state shall deviate from true state by not more than the tolerance
of Figure A- l (TBD) with the probabilities of that Figure , where
the assessmen t is relative to the time of the last processed return .

b) The probability that all images of an object shall be dropped as
redundant shall not exceed .01.

c) The probability that any image of an object shall be dropped as
a ghost shall not exceed .2.

d) The UPS shall command track pulses at a rate sufficient to keep
the p ropagated error de fi ned by App en d ix B less than the toler ances
of Figure 3-2 (TBD) with probabi l i t ies defined in that Figure .

e) The UPS shall provide orders to the radar in accordance with the
interface specification. The relevant fields , tim ing , etc., are
defined in [2.3]. In par ti cular , the UPS s hall sel ect waveforms ,
frequenc ies , beamwidths and related parameters in accordance with
radar constraints in order to satisfy TLS performance requirements.

f) The DPS shall accept radar returns in accordance with the Interface
Specification [2.3].

g) The UPS shall maintain track on each image until one of the following
conditions is satisfied :

1) Drop Track command received ,

2) Image determined to be redundant ,

3) Image determined to be a ghost, or
4) Est imated elevation of object or of image expected to violate

elevation-angle constraint before next assessment.

A-20
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3.2.4 Resource Control

a) The UPS shall ma intain an estimate of radar energy scheduled by
track functions which sha ll be w i th in  three percent of the ener gy
nom i nall~’ expended , and an upper -bound estimat e such that the
actual ERP and total radiated energy do not exceed the bound ~.-iithprobability (TBD ).

b ) The UPS shall a l locate radar commands so that not more than (T BD)
jou les are commanded per im age , nor more than (TbD) kilowatts or (TBD)
pulses /secon d for all ima ges i n track .

3.2.5 Data Recording -

The UPS shall output to permanent file the foll ow irq data:

a ) Time of handoff and desig nation end est i mate provided.

b) Time of ter m inat ion of tr uck on each designat ion ; - i th reason
for ter mination. The reason shall be one of thu fo l lc ing .

1) Drop Track Comm and
2) Minimum E lev a t ion
3 ) Image Decl ured Redundant
4) iin. ge Dc- ci urcd G ust .

c )  Subsequent to each state update , tue r~ u l t i n~ estim ate ofstate on that image. Conte nts of t hat estimate are Ti-ti .

d) At inter vals not greater than 300 mill iscccnds the us~ge of
radar resources. That estimate shall includ e the nom inal
and upper bounds def ined in 3 . 2 . 4 ,  and T Ed addit ional data.
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4 .0 GLOSSARY

State Vector: A set of data perta i ning to a spec i f ie d image defining its
locat ion in space and permitting extrapolation of its locat ion to
other times. The contents of the state vector may vary wi th di fferent
applications; i n particular , the coordinate system emp loyed is de pendent
on the use to which it wi l l  be put . A conv ent ional state ve ctor in
RFCC i s : R , U , V . R , U , V , ~~~~~, and the time to which all are
referenced .

Object: A physi cal entity external to the UPS with radar reflection properties

correspond ing to a reentry vehicle of the def i ned threat .

Image: A target defined to the TLS UPS for trackin g and cat egor i zat i on as the
image to be tracked , a redundant image , or a ghost.

Ghost: An image with which no object is correla ted.

Redundant_ Imag~: An ima ge which correlates mith both an object ?nd another

image. Of the set of red unda n t ima ges of an objec t , one i s intended to
be retained in track wh ile the others are categorized as redundant
and dropp ed.

Han doff: The receipt by the TLS UPS of a valid order to initiate track on

an irit age .

Track Termination: The recei pt bv the TLS UPS of a val id order to Drop
Track , or the determinati on by the UPS that trackin g shoul d be terminat ed .
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APPENDIX A

STATE VECTOR PR CUICT IO~

The filter maintains the state vector in the RFCC system at al l times.

Specific details of the equations of motiou and the rthod of trajectory

integration employed for state vector predic t mu in the RFCC system are

presented in this section . Figure 8—1 h- -1 I ’ in~- ~~~~~~ r~rcc ‘ )S tu- - .

1.1 Equati ons of Motion

In the general formulation of thu cqua~ inns c - f  ution , it is assu med
that all vector variables appearing in the di  f fc~

- - r ju l c- - uations -~ ma

appropriately referenced to the RFCC s:,st c -n associ at - J mi th the face of a

given radar under considerat ion . Ex - l i c i t  i’’-: 1 r~ ssio ns for the transfori ad
variables are given whenever they f i rs t  ap 1 -c - a r.

Let the RFCC posi t ion vector  to a ta rhet , denoted rf~ have Car tes ian
components X f~ Y f and Z f . The d i f ferent ia l  equations duscr i b in ;  the
motion of a tarqc-t in the ro tat in g  fd- CC s ys te m r a y , in ~ -‘ e r - l , -a wr i t ten
as 

-~ I
(A . l )

— 2 ,c~~ 
— >: ( ‘ ‘ ~ 

;~

and assumin g constant A model

i = 0
where

= GM
G = universal grav it at ion a l cons tant
M = ma ss of the earth

is the vector from the geocenter to the target
p is the atmospheric density which is a function

of the al titude h

g earth ’ s se a level g ravi ty
A is the i nver se of the ball ist ic coeffic i ent
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rf is the veloci ty vector of the target

x is the vector cross-product

earth’ s angu lar rotation rate , a vector
quantit y resolved along an earth-centered
Cartesian coordina te system ali gned w i th the
RFCC system .

Define 
~sf as the vector from the geocenter to the radar site expressed

in the RFCC system . Then

R
f 

R
sf 

I- r
f (A. 2)

where the vector R f 
is given by

O 1
;f R Co~ 1: (A.3 )

~

and E is the elevation angle of the radar boresight with respect to the

local horizon plane .

Tii~ eauth roLaLes about the pola r axis with ~ cons tant angular
velocit y ‘

~e~ 
The components of the earth ’ s an gular velocity vector in the

RFCC system is given by

(&i
~~ 
1 ‘~ Sin A Cos 4 

-

f C

= 
~~ 

:~~~(Cos E Siii ~ — Sth E Cos A Cos c~ ) ( A. 4)
- 

A Cos E Cos ~ 4- Sin E Sin 
~

)

where A is the azimuth of the radar boresight with respect to the radar

centered horizon coordinate system and ~ is the geocentric latitude of the

radar site.

1.2 Trajectory Integration

The trajectory integration involved in the prediction of the state
vector will be performed by a second-order Taylor ’s series expansion in

t~~1 
— t~ for the position vector which gives
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r f (t
÷1) = ÷ 1- 1/2 (A.5)

and consequently, the velocity vector is given by

i
1
(t ÷1) 

= -f r
f
(t )At (A.6)

and

= )-( t ) 
( A . 7)

where ~f(t~) is readily evaluated from Eq. (1.1) by using the current
es ti mate of the state vector at ~~
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APPENDIX B

PROPAGAT ION OF ERROR S

Ignoring the process noise , the propagation of the state error covariance

matrix from cycle to cycle is computed by

P (n+1/n) ~~
- ~ (nfl ~~ r (~

) .T(~~ 1 ,n) (B. 1)

in which ~(n+l ,n) is the state transition matr ix expressed in terms of the

appropriate filter coordinate system (RVCC).

The derivation of the ~ matrix starts wi th the f irst order Taylor ’ s

expansion of a set of nonlinear differential equations describing the target
motion about some nominal solution of the state. For this specific develop-

ment , the target motion Eq. (A.l) is approximated by

— 

~~~ 
r
f (B.2)

that is , all other acceleratin g forces except that due to the atmospheric

drag are ignored.

The decoupled in-plane an d out-of-plane transition matrices and

in the RVCC system are given by

1 0 A 0 0
n

o 1 0 A 0n

• (n+1 , n) = 0 0 1 0 —D~1
A 

(8.3)

o o 0 1

0 0 0 0 1

ri ~i
~ (nFl ,n) (8.4)
II 

~~
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I

B-i

- - - - -

~

-- -- -_ -~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~ ~~~~~~---



- 
- -a--- - -- -- — —- — — - -  — --

~ 
- 

- _______

1.0 SCOPE

This specification defines the physical and functional interface between

the Radar and the Data Processin g Subsystem (UPS) of the Track Loop System (TLS).
The TLS i tself  is a testbed derived from a Preliminary Bal l is t ic  Miss i le  Defense
System (PB M DS) , which is in turn a representative but unreal environment for
these studies.  TLS is intended to have develo pment and test capabi l i ty ,
although realization of that capacity in actual testing is not now contemp lated .
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2.0 APPLICA BLE DOCUMLI4TS

2.1 TLS SYSTEM REQUIREMENTS 27332-6921-01 1 , PART I , SECTION 1.1

2.2 TLS DATA PROCESSING SUBSYSTE1~ PERFORI-1A1CL REQUIREMENTS (DPSPR) 27332—
6921-01 1 , PART II

2.3 TLS RADAR PERFOR ;-;A :;CE SPLCI [ILAT ION

2.4 TLS ENVIRONNENT AiW THREAT iiUiJL L D L F I N I T I O ~
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3.0 INTERFACE REQUIREMENTS

3.1 PHYSICAL INTERFACE

TBD

The p hysical interface is hig hly  dependent on h ar dc or e se-lection fo r

both the DPS and the Radars in genera l- , it wil l  be irro levant to the speci-

f icat io n process throug h the Pre liminary Desi gn Review. Sortie p ortions of

the p hysical interface map be specif ied du ring PP R, notab ly those re lating

to t iming of signals and clock protocol .

3.2 FUNCTIONAL INTERFACE

The functional interface between the DP and the Radar shall consist of:

• Commands issued by the UP to the Radar

• Returns issued by the Radar to the UP

• Engagement C lock issued by the Radar to the UP

3 .2.1 Radar Command Generation

a. The Radar wi l l  execute only the comman ds i s sued  by the UP.

* b. Each command shall contain transmit , receive and synchronization

data as described herein.

c. The radar shall transmit one pulse for each command which satisfies
the radar and interface constraints . With in PBMDS~ but cxterna l to TLS,
there are exceptions f o r  pu l se  pairs and f o r  verify p u l s e s .

* d. The DPS shall command a single receive window for each pulse.

Within each receive window, the DPS shall comand at least one receive gate .

3.2.2 Comma nd Order ing

a. Radar shall execut e commands in the order received.

* b. The UPS shall provide End of Transmission at least 1 msec before

the scheduled execution time of the first command in the message. 
-

3 .2.3 Command Unp~c~ ing and Deco di~~
* The UPS shall issue cowL ands in accordance with the format of ThU.
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3.2.4 Timin g Control

* a. The commanded times for Radar actions or for returns shall be in

absolute time measured from a clock with nominal 1.68 second rollover . The
least significant time bit shall be 6.25 nsec.

b. Radar shall determine all intermediate times needed to comply with
command data for transmission and reception .

* c. The UPS shall not command receive windows which overlap. The
receive window duration in each case shall be at least the uncompressed pulse
length plus the desired range coverage.

* d. The UPS shall not command conflicting transmissions. Consecutive
commands shall be separated in execution time by at least the uncompressed
pulse length of the earlier plus TBS.

3.2.5 Command Conte nts
* a. The UPS shall provide a waveform identifier corresponding to one of
the waveforms of Table A .2 (TBD) in each comm and.

b. The UPS shall provide in each corrrnand both transmit and receive codes

corresponding to direction cosine phase tapers .

* c. The DPS shall provide a receiver gain setting in each receive wi ndow.

* d. The UPS shall provide a signal processing mode code in each receive
gate.

* e. The UPS shall provide a fixed signal acceptance threshold and threshold
type selection for each receive gate.

* f. The UPS shall provide the range gate mark generation technique for
each receive gate.

* g. The DPS shall provide the transmit power level for each cotmnand.

3.2.6 Return Contents

a. Radar shall return identi fier data provided in the command.

b. Radar shall return actual range mark times and the signal ampl i tude

at each range mark .

c. Radar shall return vi den sig ral amplitudes at comanded points.

Amplitude shall be corrected by the Radar for stored instrumental errors.
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d. For appropriate coninianded signal-processing modes and waveforms ,

the Radar shall return direction cosines of the echo. Directional data shal l

be corrected by the Radar for stored instrumental errors.

e. For appropriate commands , the Radar sha ll return TBS wake array data.

f .  Radar shall return noise level relevant to each amplitude in a return .

3.2.7 Error Handling

a. Radar shall return an error message for each discernible command not

im plemented . That message shall include a code corresponding to the reason

for the failur e of transmis sion . Among the reasor~ may he preemption , rece i ve
or transmit win dow overlap, i nsuffi cien t t ime for transm i ssion , and faulty

comand (internal inconsistenc y).

* b. The UPS s hall i nit i ate a recor d on permanent f i le of each error return .

— * c. The UPS shall determine whether the fault is persistent or unique;

if persistent , whether i t is safety-related . (Definitions los). A persistent ,

safety-related fau~t shall cause test tcrminati omi to be comma nded by the UPS
within TUS nil li seco nds; in par t icular , no command shall be issued for trcns—

mission by the Radar more than TBU milliseconds after a persistent, safety-

related fault is detectable from returns.

3.2.8 Mode Chan ge
* The DPS s hall control all Radar node changes through issuance of
appropriate coni cia nds . The changes shall include startup and shutdown . Time-
line constraints on mode changes and on preparation time for transmission are lBS.

3 . 2 . 9  Tir~~~
a. Radar shall provide a master timing reference to UPS v i a TUS interface .

b. The clock shall provide 28 bits of data ~-:ith a least significant bit
of 6.25 nsec.

4 c. The resetting of the clock shall be entirely under Radar control . In
consequence , its abs olut c- value shall be regarded by the UPS as ar b itrary . T he
Radar shall reset the clock within TBS milliseconds of startup , and shall not
again reset it during the engagcnment.

B-6

L— A
—

~ 

— — --- --



3.2.10 Miscellaneous Requirements

a . Negative nunmbers crossing the interface shall 3e represented in
two ’s complement form.

b. Radar coordinates shal l be defined in accordance with Figure 3— 1 .

3.3 DATA REQUIREMENTS AND FORMATS

lBS

Data requirements and f o ir uz ts  have been defined for  TDP, and tha t
definition might be can ’ led over to ti;~ present document. However, it is
not charact eristic of spa tems such as TLS that details of bit positions,
messaye formats , e tc . ,  would be known at this stag e of development. However,
t~ e d;~’:c- ’cic range , unit s, and least signif icant  bit information is necessary
in orde r to write p orfor monco r cc~ uir c7-:e~ita on radar coti~tcznd generation . The
f ormats identification can be postponed until  proce ss desi gn ti~ne.
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1.0 SCOPE

This specification defines the physical and functional interface between
the Command and Communications (C2) System and the Data Processing Subsystem
(DPS) of the Track Loop System (TLS). The TLS itself is a testbed derived
from a Preliminary Ballistic Missfle Defense System (PBMDS), which is in turn
a representative but unreal environment for these studies. TLS is intended
to have development and test capability , although realization of that
capacity in actual testing is not now contem~)lated.

This specification corr esponds to one which would be available prior to

preparation of a PPR. To that end, its contents have been extracted from TDP

documentation. Reference is made to tha t material as the source from which

data here labeled “TBS ” and “TBD ” will  be derived. In this publication , “TBS ”
is used to identify material expected to be required dur ing earl y stages of

PPR preparation , whi le “TBD’1 denotes material which may be supp lied later in
the specification process. Material presented in ita lics, such as this
paragrap h, is i l lustr a t i~ve or m r  ~zti~ e in n~ tu~’e , and wou ld not n r ~ a l l p
appear in such a specification.

Some of the paragrap hs in this Interface Specif icat ion p lace constraints
or requirements on the DPS~ these have been identified L y a ~ in front of
that paragrap h.
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2.0 AP PLICA L~LE DOCUMENTS

2.1 TLS SYSTEM REQUIREI.1ENTS 27332-6921-01 1 , PART I, SECTION 1 .1

2.2 TLS DATA PROCESSING SUBSYSTE M PERFOR NANCE REQUIREHE i~TS (DPSPR)
27332-6921-011 , PART ii

2 .3 TLS RADAR/DPS INTERFACE SPECIFICATIO N

2.4 TLS ENVIRO NMENT AND THREAT MODEL DEFINITION
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3.0 INTERFACE REQUIREMENTS

3.1 PHYSICAL INTERFACE

TBD

The physica l interface between the C2 and the DPS is entirely dependent
on hardwar e selection. I t  w i l l  define polari ty conventions , signal levels,
and re lated parameter s of interest onl y following PDR., and accoun table only
f rom the time of hardware integration. Although this section is required in

such an interface spec i fi cation , it i~~ll normally re-’~ain undc ter,rzined throughout
the ear ly stages of sof ~.w~ue des ig n .

3.2 FUNCTIONAL INTERFACE

The functional interface between the C2 and the UPS shall consi st of
messages of four types transmitted from the C2 to the DPS .

• Initiate Engagement Mode

a Terminate Enga gement Mode

• Handover Ima ge

• Drop Image Track

3.2.1 Initiate Engagement ~1ode

* a. The DPS shall accept an Initiate Engagement Mode message from any of

the following prior modes of the OPS: TBD.

* b. The DPS shall be prepared to accept a Handover Image message within
lBS seconds of appearance of the Initiate Engagement Mode message at the

interface.

3. 2 .2 Terminate Engagement Mode
* a. The OPS shal l accept a Terminate Engagement Mode message at any

time when it is in Engagement Mode. The OPS shall transition to TBD mode in

response to a Terminate Enga gement Mode message.
*

b. The OPS shall command no Radar transmission wi th an execution time

more than lBS milliseconds following appearance of a Terminate Engagement Mode

message at the interface.

C -4
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3. 2 .3 Handov~r Image

a. The contents of the 1-landover Image message sha ll be

Image designation

Image estimated state

I BS

b . The C2 shall transmit no Handover Image message except when the UPS

has been placed in the Engagement Mode by transmission of an Initiate Engage-
ment Mode message at least lBS milliseconds earlier , and since the last
Terminate Engagement Mode message.

3.2.4 Drop Image Track

a. The contents of the Drop Image Track message shall be the image
designator.

b. The C2 shall transmit no Drop Image Track message for an image designator

unless that designator was previously included in a Handover Image message.

3.2.5 Message Acknowl edgement

lBS

3.2.6 Error Handling

TL3S

3.3 DATA REQUIREMENTS AND FORMA TS

TBD

Da ta requirements and formats have been defined for TDP, and tha t
definition mig ht be carried over to the present document. I t  is not
characteristic of systems such as TLS that details of bit positions, messag.
formats, etc., would be known at this stage of development. However, the
dynamic range., units, and least significant bit information is necessary
in order to write performance requirements on the radar cor,vnand generation.
The formats identification can be postpon ed until process design time.
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(* A PR~ CESS IwG STE P IN THE F (JN CT T 0N AL R~ Q(J1P (ME N TS

D O M A I N , *)~
STRU C T URE AP P L I CA B ILI T Y $ SET ,

I

1:
D-2

_ _  ___________  ___----———

~~~~

- - - - -
- _

-



-~ - -~~~-- . -~~~~- , -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

EL.E I4 ENT. UTY PF$ D A T A
A SING LE IT E P~ ~P 5E T ~F D A T A  T H A T  IS SPt.C IfIEQ
AN t) T I4 A T W ILL . E ITHER ~3E PE QUT RED IN THE
R E A L ’ T IM E  S~ F TW A R E  ~P IS NFEr)Er’ ~~~DESCRIPTIVE PUPP~~SE S. *)~
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ELEMENT..,TYPEI DECISI ON
(* THE D E C ISI ON T HAT HA S EiE~ N MA r )E TO E.NA BLE

PE QUI RENIEN T S T~ RE T A$ <E N F RO M T ,.iE D PSPR TO THE PPR ,
THIS ~iE 4NS T H A T  THE R E Q U !RFM E~4TS ARE . NOT SIMP L Y
A LLO CA TE D, BIT HA V E BEEN SUB JECTE D TO
D E R I V A T IO N ,  *),

4 .
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ELE~ EN T I,TYPE ~ ENT ITY_ CLASS
( *  A GE~JER A L C LA SS N F “OBJErT S ” IN ~bE REA L W O RL D

#~UT SIOE Tr ~E C A T A P POC CSS I N r ,  SYST EP I  AND ~i ICH IS
IM P O R T A N T  TO Ii, FOP EX A MP L E , AN E NT i TY _ CLASS
M IG H T BE RV S OP I NTERCEPT O RS , THE ENT ITY _ TyPES
M IGHT 8E OE T EC T T Oc j, P OIENT TAL _ Rv , IOEN TIF IE O_ RV ,
ETC , *),
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ELE PI ENT_ T Y P t I ENTITY _ T Y P E
- 

C* A SPECIFIC TYP E OF “O BJECT ” IN THE kEA L ~OR LD
OUTSID E THE DA TA pR O CE SS IN G SYSTE M AND W H IC H ~$ O~
IM P O R TA N CE T0 IT. W HEN A SPECIFI C TY PE O~ ‘OBJECT ”
IS DETER P~INEC TO E X I S b  IN AN EN T ITY _ CL ASS, FILE S
AND DA TA MA y BE TE MPORA R IL Y CREAT E D TO M A IN T A IN
I N F O R M A T I O N  AB OUT IT. *)~

a-.

0-

n
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EL EME NT _ T Y P E R  EV E NT
(* AN ID E N T IFI E D POIN I T HAT E X I S T S  IN THE PROCESSING

OF ON E OP M of~E P_ N ETS O~ S~ R N P T s  A N C W HIC H M A Y
CAUSE THE E N A B L E M E r 1 1  O F A N  w _ NFT, * ) .

STR UCTU R E A P P L I C A B I L I T Y; P E T ,
STRUC TUR E APP LIC A B I L I T Y ;  P A T H ,
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ELEM E N T~ TYPEI FILE
(* AN AGGR EGAT ION OF INSTANCES OF DA TA , (AC M I NST A N C E

OF WH ICH IS T R E A T E D  IN TH E SAM E MANNER , * ) ,
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EL EMENT_ T YPE ,  INPUT _ INTE RFA C E
( a  A “ P ORT ”  BE T W EEN T HE D A T A  PRO CESS ING SY STE M

AN D THE RES T OF THE BMD S Y S T E M  WH ICH ACC E PT S
DATA FR OM THE OTHER SYSTE M (E. G , THE
RADAR _R ET U RNS ) , A ) ,

STR UCTU R E A P P L I C A B I L I T Y ;  NET ,
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ELE M E NT_ T YPE , M ESS A GE
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ELEM E NT_ TYPE ’ ,
( a  THE HIGHER L E V E L (DPSP P) P F Q I II Q E M E N T  FRO~ W H ICH

LO W E R LEVEL R E Q U I R E M E N T S  (THE ONES D( SCW ISE~ IN
THE PSL ) ~~~ TR A C E A B L E ,  * ),
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ELEMENT _ TY PE , 
~U TPU T _ IN TE R FACE
(a A “PORT” t3E IW EEN T H E  D A T A  PP”cFs5p ~, SYSTE M

AN t ) THE PES ’ O~ T HE R MD S Y S T E M W H ICH T R A P SM IT S
- DATA TO THE OTH ER SY STE M (E.G, THE

R A D A R _ CO M M A N D S ) , a) .
STR UCTURE ’ APP LIC A B IL IT Y , t’ET,

I
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ELEM E NT_ TYPE ,
( a  AN A N A L Y T I C  PE~ v OR MAN C E PEQI J IH EMENT ~~NOP4~ STIMULU S.RESPONSF TIMI N G ~4FQUI RE MINT

WHICH IS TO ~E ME l’ BY Ti4 F R EA L .T IM E SOFT W AR E. *),
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ELE M EN T_ TYPE ; P_ NET
(a THE ORDER OF LOG I CAL P’ O CES S I NC,  STE PS THAT M U ST BE

PERFO R MED, A~’ P_ NE T MA Y C O N TA I N  ANDS, OHS, A N D
FOR EA C H NODE 5 , IT M UST ~E ~NAF3 L E D AND T E R M I N A T E D ,
THE PR OC E SSING STFPS AR E A L P H A S  OP SU GN ETS W HI CH
M A Y  BE EX PAN D E D  !~‘T 0 LO W E R L E V E L S  OF DE TA IL . AN
R_ NE T HA Y ALSO C O I T A I N  V A L T C’A T I~~N_ POjN T S , EV E NTS,
AND IN TERF A CE S ,
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ELE M E N T_ TYPE , SOURCE
( a  SOURCE M A T E R I A L  F O R R E Q U IR F M L ~ITS , I.E., ORI G I N A T I N G

PO IN T F5R O NE OP MORE O R I G I N A I I N G _ RL QUIH (MEN TS ,
DOCU M E N T A T I O N  OF T R AD E OFF STu 1)IES , OR 6AC I (GRO UN D
M A T E R IA L  F OR REt )L j IR E HENT S F L E M F N T S ,  a),
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ELE PIENT~ TY PEI
(a  TI lE OR DER OF L O G I C A L  ~R O C F S SI N G 5T~~~5 T HA T M U ST BE

P E RF O R M E D INJ O Pr)F~ TO P E R F O P ~1 IkE FEUUIREP ~ENTS OF
THE PR O CESSI N G STEP TH AT R E PRE SE N T S IT AT THE NEXT
HIG HER L EVEL , a) ,

STRUCTURE APP LIC A BILIT Y ;  P ’ET .
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EL EM ENT _ TY PE S SUB SY STEM
( a  A P ART OF THE BMt) S Y S T E M  (S I ’C~ A 5  pA ~~~~A R )  WHI C H

C OMM UN ICATES W ITH THE DATA PROCESSING SYSTEM , a ) ,
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ELE M EN T_ TYPE , SYN O N Y M
( a  A $ yN 1 N Y I~ 15 MERELY A N A L T F ~~N A T E  ~A M E  THA T

C A N  RE ~jSE~ P~ PLACE OF 1H1 PRIME NAME. , IT
IS U SED A S AN A PBRE ’ V I A T I O N  IN M OST C A S E S ,
BUT HAY BE U SED FO R O THE R P E A 5 ~ N 5 A L S O .
NOTE S j N  A N  ( E t E ME N T  T Y r E  LIST,, “ALL ”
A L W A Y S  IM P L I E S  “A L L FX CE ~~T S Y N O N Y f r ” , *)~
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EL EM EN T_ TYPE ; UNST R UCT URED _ RE Q UI R E M E N T
(a A REQUIREMENT THA T MUST BE PASSE D TO TH( CES IGNER 5F

THE REAL~~TIME CODE BUT THAT DOES NOT FIT INTO THE
STRUCTURED FRAM E WO RK PROV IDED Be ” R$L , THIS ELE MENT
M IGHT BE USED BECAUSE THE RE.Q (JI REMENT I N  CUE$TION IS
TOO UNI QUE TO JUST IFY DE FINITI ON Of A NEW TYPE OF
ELE MENT, A NEW RELATI ON SH IP, OR A NEW AT TRIB U TE . IT
ALSO MIGHT BE USED BECAUSE THE REQUIREMENT S A NA LYST
DOES NOT C AR E TO DE SIGN A NEW C0NCEPT TO ~ IT THE
RE QU IREMENT, Op BECA USE THf REQU IREM EN T IS CLEARLY
A DESIG N L IM ITA T IO N THAT SI4WUL () BE DESCRIBED
Ill ENGLIS H TE XT . (AN E X A M P L E  OF T H E L A S T
REASO N M IGHT BE P R E C L U S I O N  OF USI N G A
MULTI PROCESSO R W ITH ASSOCIAT IV E MEMOR Y ,) I) ,

I

I’
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ELE M ENT _ TYPE , V A L I D A T I O N _ PA T ~’.( a  THE PATH OF PROCESS IN c, ~VEP W~ ICH T HE  Q UANTI TA TIVE
VA LID AT ION 1~ ST I~~ ~ILL ~E PFI~FW RM F D, a ) ,
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EL EM ENT _ TYPE , V A LI D A T I O N _ P O IP~T(a  A LO GIC A L PO IN T IN THE PPOCESS ING A T W H ICH T IM ING ,
V ALUE , OR PRESENCE D A T A  M U S T  RI O B T A I NA B L E  IN THE
P E A L _ T IM E  SO F TW A R E IN  O P ! ) F P  T O V A L I D A T E  T H A T  THE
REQII I REM~ NTS t’~A VF BEEN F’JLFI LL It ), a ) ,

STRUCT URE APP LICABI L ITY : NET ,
STRUC ILPE APP LIC A B I L I T Y :  PAT H ,

L -



ELEMENT_TYPE ; VERSIO N
(a TIlE A GGR EGAT ION OF R E Q UI R FM FN T S THAT AR E TO

APPLY AS A IJN IT TO THE DATA PROrESSING
SYSTE M A T A PAR TI C U LA R TIM E, LOO P_ I,
LOCP_2, EI’C ,, APE vER SIO~1S, AS Is AN IOC
SYSTE M , a) ,

PELATI 6NSHIPI AS SOCI ATES
(a TELLS WHICH DATA AN D FILES

C OME INTO EXISTE NCE kHF~ THE DA TA
PROCESSING SYSTEM (SOME A L PHA) CREA TE S AN

-
~~~ INSTANCE OF AN EN T ITY _ CL A SS O~~ A N  P_ NET 15

ENABLED , a), 
-

CO M PLEMENTARY RELA T IONSHIPS AS SO C IATED (“~~ITH ”),
SUBJECT ELEMENT _ TY PES EN T ITY _CL ASS

ENTIT Y_ TY PE.
OBJEC T ELEME NT _ T YPE ; DAT A

F ILE,

RELATIO NSHIPS COMPO SES
(a TELLS WHICH ENTTTY _ T YPES APE. M E M BF R S  OF AN

ENT !TY _CL AS S, a ) ,
CO MP LE~ E NT ARY RELA T IO NS H IP ; C O M P OSED (“OF”),
SUBJE C T ELEMENT _ TY PE S E N T ITY _ TYPE ,
OBJECT ELE MENT _ TYPE, ENT ITY _ CLA SS.

RELATIONS HIP, CONNEC TS (“TO” )
(a TELLS WHIC H SUBSYSTEM THE INPJT _ I~~TERFACE Op

OU T P U T _ IN TE R FA CE COMM UN ICA ’NS ‘4ITh. a ) ,
COM PLEMENTARY REL ATI ONSHI P: CONNECT ED (“TO”) ,
SUBJECT ELEMEN T_ TY PE: INPLT _ IN T E R FAC E -

O U T P U T _ IN T E RFAC E .
OBJECT ELE MENT_ TYPE; SUBS YSTEM .

RELA T ION SHI R I CO N STRA IN S
(a  IDENTIFIES TO WHI CH VALIDA T IO N _ PATH (S) THE

PERF OcI MAN C E _ HEQ uTRE M E N I  APP LIE S , *)~
CO M PLE P E N T A R Y  PE LA 1IO ~4SHIp : C O N S T R A I N F D  (“BY” ) .
SUB JEC T ELEME NT _ TY PE ; P E R F O R M A N C E _ RE~ U I PEM E N T .
OB JECT ELE M ENT _ TYP ES V A L I D A T I O N_ P ATH ,

RE LA TIO N SHIP ; CO NTAI N S
(a TELL S THE ID E NT I TY OF - EAC H C O N S T I T U E N T  PART OF EA C H

IN STA ~1CE I N A F ILE. A D IREC T IM P L E M E N T A T I O N  IN
S O F T W A R E  W O U L D  uS~ T H IS R E L A T IO N S H I P  TO GIV E THE
MA I(E UP OF RECORD S IN F ILES , a ) ,
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CO M P L E M E N T A R Y  R E L A T I O N S H I P  C O N T A I N E O  (“IN” ) ,
SUBJECT ELE M ENT _ TY PE S FI L E .
OBJ ECT EL EM ENT _ TYPE; D A T A ,

RE L AT IO N SHIPS CR EA TES
(~ TELL S W H IC H PR O CESSI N G STEPS C R E A TE TH( INST A NCE

OF AN E N T ITY_ C LAS S , a) ,
CO M P L E M E N T A R Y  R E L A T IO N S H I P ;  C R E A T E D  (“B Y ” ) ,

SUB JECT ELE MENT _ TY PE S ALP HA ,
OBJECT ELE MEN T_ TYPE , ENT IT Y_ CLASS,

RELATIO NSHIP; DELAY S 
-

(a  THE E~~~A B L E M E N T  OF P_ N E T S  BY THE OBJECT EVENT IS
PO ST PO NE D F~~ T HE A M O U N T  OF T IM E S P ECIF IED 5Y
THE DATA , 0) ,

CO M PLEMENTARY P~ LA TI ONSMIP DELAYE D (“BY”) ,
SUBJECT ELE MENT _ TY PES D A T A ,
OBJECT ELE MENT_ TYPE; EVENT .

RELATI ONSHIPS DESTROYS
(a T ELLS W HIC H PR OCESS I N G STE PS D E S T R O Y  A M

I NS T A NCE OF T HE ENTI TY _ CL ASS. 0) ,

COMPLE MENTARY RELA T ION SHIPS DESTROYED (“BY”) ,
SUBJECT ELEMENT _ TYPES ALP H A ,
OBJECT ELEMENT _ TYPE; ENT ITY_ CLASS,

RE LAT ION SHIPS DOC UM E NTS
( a  THE SU9J ECT S O U RC E M A T E R I A L  DOC U M E N TS THE OB JECT

ELE MENTS, a ) ,
CO MP L E M E N T A R Y  R EL ATIONSHIPS D O C U M E N T E D  (“B Y ”),

SUBJECT ELEMENT_ TY P E S SOU R C E ,
OBJECT ELE M E N T_ TYPE ; A L PHA

DA T A
DEC ISIO N
ENT ITY _ CL A SS
E NT I T Y_ TY PE

— E V EN T

FILE
I NPU T _ IN T E R F AC E

M ES S A(~E
ORI GI NA TIN G _ REQU IREM ENT
O U T P L T_ I ~‘ T E P F A C E
PERF OR I A P4 C E _ REM U IRE ME NT
P_ N ET
SU BNET
SUBSYSTE M
IJ NST R UCT U R ED _ REQ II IP EM ENT
V A L  IC A T IO N_ PA TH
V A L I t A T T O N _ POIN T
V E R S ION .
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RELATIO N SHIPS ENABL E S
(a WHEN THE EV EN T( S ) IS (ARE ) PASSED THROU GH By THE

CO N TR O L FLO W ON AN R_ N (T , OR W HEN DATA A R E
A V A I L A B L E  A T AN IN TE R FA C E (AS DE F INED IN THE
IN TE RFA CE DE F I N I T IO N ) , THE F U N C T I O N A L  PRO CE S SING
INDI CAT E D ON THE R_ N (T CAN BE BEGUN , a ) ,

CO M PL EMENTARY R ELA T IONSHIP ; EN A B L ED (“BY ”) ,
SUBJE CT ELEME NT _ TY PE; EVE N T

I Np U’ T_ ! N T ER FACE ,
O8J ECT ELEMENT _ TY P E, R_ NET .

R EL A TI ONS HI P I EQUATES (“TO ”)
( A  DE F IN ES A N A L T E R N A T E  NA M E  F -O R A N ELEMENT , THE

OBJE CT IS C AL LED THE PR IM E N A M E , THE SUBJEC T N A M E
CA N BE USED FO R INPU T TO THE A SSM , BUT ALL
R ELA T IONSHIPS , AT TR IB U TE S , AN D STRUCTUR E S A $
DEF IN ED A R E A C T U A L L Y  C H A R A C T E R T S T I C S  OF THE PR IME
NAM E , a ) ,

CO MP LE M ENTARY R EL ATIONSHIP ; E Q U AT ED (“TO ”) .
SUBJECT E LEMENT _ TY PES S Y N O N Y M ,
OB JE CT EL EME NT _ TYPE ; A L P HA

DATA
DECISIO N
ENT ITY _ C L A S S
EN T I T Y_ T Vp E
EVENT
FILE
INPUT _ IN TERFA C E
ME SSAGE
ORI GI NA TING _ RE QUIREMENT
O T p U T_ I ~ ‘ T ER F-ACEPE RFO P HA N C E_ PE Li T RE ‘IF I
P_ MET
SOURCE
SUBME I
SUBSYSTE M
UNSI F~UCTLpED _REQuI PEM ENT
VA Lj CA TT6 ,~_PATH
VA L jC A T ION_ PO INT
V ER S ION .
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R E LAT ION SHI PI FORM S
( A  IND ICAT E S THE A L P HA ‘~P1IC H DE~~I P’4ES A M ESSAGE

TO BE PASSE D THRO U GH A N OUTPUT_INTERFACE , 0) ,
CO M PLEMENTARY R ELA T IONS HI pS F O RM ED (“ PY ”),
SUBJECT ELEM EN T _ TY PES AL P HA ,
O8JECT ELE M EN T_ TYPES M ES SA GE .

RELAT IOPISP4jP IMPLEMENTS
(~ TELLS THE V E R S I ON S TO W H IC H THE ELEMENT, AS

DESC R IB ED , AP PLIE S , a ) ,

C OMP LE M ENTARY R EL ATIONSHI P , IM PLE M E NT E D (“BY”) ,
SUB JECT ELEMENT _ TY PE S A LP HA

D A T A
DEC 157 mN
ENT ITY _ C LA SS
EMI IT v _ I y~ E
E V E N T

FILE
INPLT _ TN TE R FAC E
MESS A GE
6PIGI~~*T I NG

_ R E~ UIREMEPJ T
OUTPUT _ INIER FA C F
PE pF OR MA NCE _ REQUI REMENT
R_NFT
SUB NET
SUBSYSTE M
UNSI RUCTU RED_ REQUIPEMFNT
V A L ID ATI O N _ P AT H
VA LID A T iON _POINT ,

OBJ ECT ELE M E NT _ TY PES VE PS ION ,

RE LAT ION SHIPS INCLUDES
- 

( a  INDICATES THE H IE R A R C H I C A L  RE LA TIO N SH IP B ETWEE N
DATA . IF A IN CLUDE S B . THEM OBTA IN iN G A WILL
O B TAI N B, a ) ,

CO M PL EM ENTAR Y RELA T IONSHI PS IN CLUDE D (“IN ”),
SUBJE CT ELE M E N T_ TY PES D A T A ,
OBJECT ELEM EN T_ TYPES D A T A ,

RELATIO N SH IPS INCORP OR A TE S
(a IN D ICAT E S THA T THE SCOPE OF THE SUBJECT (HIGHER

LEVEL) ORIGI NA T ING_ RE QU IREMENT INCLUDES THE
OBJECT (LOWER LEVEL ) OR IGI PJ A T IM G_ RE QU IRE P ENT , 0) ,

COM PL EM EN TARY REL AT IONSH IP S IN C O R P OR ATED (“IN ”).
SUBJECT ELE MENT _ TYPE; OR IG I NA T IM G _ RE QUIPEMENT,
OBJECT EL EMENT _ TYPE, ORI G I NA TIN G _ REQU I R (MENT ,
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RELATIO N S HIP , INPUTS
(a INDICATES T H A T  THE NAMED ELEMENT INPUTS THE

OBJECT ELE M E N T (S) , a) ,
CO M PLEMENTA RY RELA TIONS PIIPS INPUT (“TO”) ,
SUBJECT ELEMENT _TYPE; ALPHA ,
OBJECT ELE M ENT _ TYPES D AT A

F I L E ,

R E LAT ION SHI P I MA K ES
- 

( a  TELLS THE ID ENT ITY OF DATA AND FILES THAT
MA K E  UP A M E SSA GE , a) ,

COMP LE M E NTAR Y RELATI ONSH IPS M A D E (“BY”),
SUBJECT ELEMENT _ TYPES DA T A

FILE .
OBJEC T ELEMENT _ TYPE ; ME SSA GE .

RE LATI ONSHIPS ORD (RS
(a THE ELEMENT ON WHICH THE INSTANCES A RE

ORDERED IN A FI L E , a) ,
C OM PL EME NTA RY RELA T IONSH IP S OR D E RED (“BY ”) ,
SUB JECT ELEMENT _ T Y PES DA 7 A ,
OB JECT ELEMENT _ TY P ES FILE,

RELATIONSHIPS OUTPUTS
(a IND ICAT E S THE NAM E D ELEMENT OUTPUTS THE

OBJECT ELEMENT(s), a)~
CO MPLEMENTARY RELATI ONSHI PS OUTPUT (“FR OM ”),
SUBJECT ELEMENT_TYPE S A%,pMA ,
OBJECT ELEMENT _ TYP ES D A T A

FILE,

RELAT IONSHIPS PASSES
(a  IND ICAT E S THE I N F O R M A T I O N  HHI CH PAS SES THRO U GH

THE INTERF ACE , a) ,
CO MP LE MENTARY RELATIONSHI P;  PA S S ED ( “TH RO UG H” ) .
SUBJECT ELEMENT _TYPE; IMPLY_ INTER FACE

O U T P U T _ IN TERFACE .
OBJECT ELEMENT_ TYPES MESSA GE .

RELATI O N SHIP s RE CO RD S
( a  INDIC AT ES THAT THE NAMED V A L I D A T I O N _ POI NT RE COR DS

THE OBJECT ELE ME”~TS , a) ,
C OMPLE ME N TARY RE LATI ONS H IP , RE CORDED (“BY”),
SUBJECT ELEMENT _ TYPE S V A L I D A T I O N _ POI N T ,
OBJECT ELEMENT _ TYPE; DAT A

FILE,
RELATIO NSH IPS SE T S

(a TELLS W HICH A LPHA SETS THE E NTITY _ TYPE OF AN
INST ANC E IN A N E NT IT Y _ CLASS,  a) ,

CO M P LE MENT ARY R ELA T IONSHI PS SET ( “ BY” ) ,
SUB JECT ELEMENT _ T Y P ES A LpHA ,
OBJ E C T ELE M E NT _ TYPES ENT I TY _ TYPE ,
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RELATIONSHIP , TRACES (“TO”)
(a TELLS THE HIGHER LEVEL (ORIGI NATING) RE~ LIRE WENT

FRO M WHICH THE ELEMENT WAS TRAC ED (ALLOCATED ) ,
A DEF AULT ORIGIN A TING REQUIREMENT IS “NO~.E” ,
WHICH INDICATE S THA T THE ELEMENT IS DERIVED ,
WE WOULD EXPECT THAT THE A TIPIRUTE
“AR TIF ICIA LI TY” WOULD HAV E VA LUE
“ARTIFICI A L” IF THE ELE MENT IS TRACED FROM
“NONE ” , HOWEV ER , THIS M A Y  BE UNTRUE IN
CASES WHERE AN AR B IT RA R Y HEURISTIC MUST BE
EMPLOYED. ~~~~,

• C OMP LEMENTARY RELA TIONSH IP ; TRACED (“F R O M ”),
SUBJECT ELE MENT_TYPES DECI SION

OR I G I N A TI N G ,, RE Q U I RE MEN T,
OBJECT ELEMENT_TYPE, ALPHA

D A T A
DEC ISION -

E N I II Y_ CL A SS
EN I I T V_ T Y p E
EVENT
FILE
INPUT_ INTERFA CE
MESSAGE
O U I P U’ T_ I MT E R F ACE
PEPFOR MA M CE _ REQI JTREMEN 1 ’
R_N( I
SUBNET
SUB S V STE M
U N S I ~ U C I U RED_ REQ U I ~ EM EN I
VAL b A T ION _PAT H
VA L ICAT ION_ POINT
V E R S IO N ,

ATTRIBUTE ; ALTE RNAT IVES
(0 THE A L T E R N AT IV E S  TH A T  H A VE  BEEN ENVISIONED yO

RESOLVE THE PRORLEM , a) ,
AP PL ICA 8LE ELEMENT_ TYPES rEcIsIOM ,
VALUE S TE X T ,
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ATTRIBUTE; ART IFICIALI TY,
APPL ICABLE ELEMENT_ TYPE; ALP HA

DAT A
DECISION
ENTITY_ CLASS
ENTITY_ TYPE
EVEN T
FILE
INPUT_ INTERF A CE

• MESS AGE
OP I NA T I NG_RE QU IRE WENT
OUTPUT_ INTERFACE
PERFORMAN C(_REQUIREMEN T
P_NET
SOURCE
SUBNET
SUBSYSTE M
UNSTRUCTURED_ RE QUIPEMENT
VA L IOA -I ION _PA T H
VA L ID A TION _POINT
VER S ION ,

VALUE ; ARTIFICIAL
(a T’IE ELEMENT HA S BEEN DEFINED FOR EXP LANAT ORY OR

EXECUT A BI LITY PURPOSES IN THE REQUIREMENT S
STATE MENT AND NEED NOT BE PRESENT IN THE REAL .TIME
SOFTWA RE, A ) ,

VAL UE , VA LID AT IO N
(a THE ELEMENT IS NECESSARY FOR DESCRIBING

PERFORMANCE REQUIREMENTS BUT IS NOT
REQUIRED IN THE REA L— TT M F SO FTWARE, a),

VA LUES IMPLEMENT_A PPR OXIMA TELY
Ca THE ELEMENT MUST BE IMPLEMENT ED IN THE REAL .TIME

SOFTWA RE, BUT THE PRECISE IMPLEMENTA TI3N IS LEFT T(
THE PROCESS DESIGNER , OF COURSE , THE DETAILED
!MPLE9ENIAT ION MUST BE VALID A TED BY THE
REQUIRE MENTS ANAL yST . 0) ,

V ALUE S IMPLEMENI_ PRECISELY
(a  THE ELEMENT MUST BE IMPLFMENTED IN THE REAL sYIME

SOFTWAR E EXACTLY AS DEFINED; NO CHANG ES SHOULD BE
CONSIDERED UNTIL PERMISSION IS OBTA INED FROM THE
RE QUIREMENTS ANA LY ST, a) ,

ATTRIBUTE; BETA
(a THIS PROVID ES THE PROCEDURAL CODE (WHICH IS NOT

INTERPRETED B Y THE RSL PROCESSORS) FOR FUNCTIONAL
MODELS , IT IS PASSED TO THE SIMULA TION GENERATOR
AND, SUBSEQUENTLY , TO THE COMPILER, -a),

APPLIC ABLE ELEMENT _ TYPE S A LPHA .
VALUE S TEXT ,
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A TTRIBUTE S CHOICE
(-a THE DECISION FROM AM ON G THE A L TE RNAT IVES W ITH THE

RAT IONA LE FOR THE DECISI ON , a),
APP LICABLE ELEMENT_ TYPE S DECISI ON ,
VALUE ; TE XT ,

ATTRIB UTE S COMPLETENESS ,
APP LICABL E ELEMENT~ TYPE$ ALP HA

DATA
DECISION
ENTITY_ CLASS
ENTITY_ TYPE
EVENT
FILE
INPUT _ INTE RFAC E
MESSA GE
OR IGI’~A T I N G _PEQUIREME I T
O tJypUr_ INTERFAC E
PE RFOR MAN CE _REQUIREMENT
P_NET
SOURCE
SUB NE I
SUBSYSTEM
IJNSTRUC lURED _RE QUIREMENT
V A LI DAT ION _PATH
VA LI DATION _POINT
VER SIO N ,

VALUE , INCOMPLETE
( *  THE ELEMENT ’S DESCRIPTION IS K NOWN TO BE

INCOMPLETE . THEREFORE, READER S SH0ULD ~E A WAR E
THAT . EVEN IF ALL RELATIONSHIPS, ATTRIBUT ES , AND
STRUCTURES ARE STATED, THE ELEMENT IS STILL
INC OMPLETE, INFOR MATION ABOUT THE LLEMEP .T SHOULD
BE EMPLOYED ONLY AT THE USER’ S OW N RISK , a) ,

VALUE; COMPLETE
(a  THE ELEMENT ’S DESCRIPTION SHOULD BE AS SUMED TO H

BE COMPLETE AND W ILL PROBABL Y N5T CHANGE, *),
V ALUE ; CHANGEAB LE

(a ALTHOUGH ALL RELA TIONSHIPS , A TTRIB UTES , AND
STRUCTU RES MAY BE DEFINED FOP THE ELEMENT , SOME OF
THEM WILL PROBA BLY BE CH AN GED , INFOR MAT ION ABO UT
THE ELEP~~NT IS BELIE VED TO BE CORRECT, BUT IT IS
SUBJECT TO CHAN GE , a) ,
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AT TRIB UTES DESCRIPTION
(* TEXTUA L DESCRIPTIO N , a ) ,

APP LICABLE ELE MENT_ TYPES A LPHA
DA TA
CECISI ON
ENTITY_ C L A S S
ENTITY_ TYPE
EVE NT
F ILE
INPUT_ INTERFACE
MESS AGE
OR IGIN A TING _REQUI REMENT
OUTPUT_ INTERF ACE
PEPFOR MANC E _REQUI~~EMENT
P_ NET
SOURCE
SUB”JET
S LiP 5 V S 1(11
LN S T R U CTUR E O _ PEQ UI RE M E NT
V A L IDA T IO N _PA TH
VA LI DA T ION _POINT
VERSI ON ,

V ALUE ; TEX T ,

ATTRIBUTE S ENTERED_BY ,
APPLIC ABLE ELEMENT_ TYPE A LP HA

D A T A

DE C ISI ON
ENTITY_ CLASS
ENT ITY_ TYPE
EVE NT
F II.
INPUT _ INTERFACE
M ESS A GE
eR IGIN A T ING_pErnJIRE HEMT
0 liT PU I_ IN IF P FACE
PERFORM ANCE_PEQUIREMEM T

S OU R C E
SU B N E T

SUBS YSTEM
L N S T R i j C T U R E O_ R E QU I PE M E N T

V AL IDAT ION _PATH
VA L ICAT ION _ POIP¼ T
V ER SION ,

VALUE ; TEXT
(a THE IDENTIT y OF THE LAST PERSON TO ENTER

INFOR MA TION ABO UT THE ELEMENT , a) ,
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AITRIBUTE S GAMMA
(a THIS PROVIDES THE PROCEDURAL CODE (WHICH IS NOT

INTERPRETED BY RS~ PROCESSORS ) FOP ANA L YTIC
MODELS, IT Is PASSED TO THE SIMU LA TION GENERATOR
AND , SUBSEQUEN TLY , TO THE CO MPILER, a) ,

APP LICABLE ELE MENT_ TYPE S ALP HA ,
VALUE ; TEX T,

ATTRIBUTE S IN ITIAL_ V ALUE
(a  THE INITIAL _ VA LU E A DATA ITEM IS REQUIRED T~

HAVE IN THE IM PLEMENTED SOFTWAR E. THIS VAL UE
WILL BE ASSUMED By THE DATA ITEM WHEN IT COMES
INTO EXISTENCE IN A SIM ULATI ON , a )~

APP L ICA B LE ELE M EN T_ TYPE S C A T A ,
VAL UE ; NAME D,
VA LUE S NUMERIC ,

AT TRIBUTE , LOCALIT Y ,
APP LICAB LE ELEMENT_ TYPE S DA TA

FILE.
VALUE S GLOBAL

(* GLOBAL DATA AN D FILES MA Y BE
A SSOCIATED WITH ENTI TY _TYPES OR
ENTITY~ CLASSES OR MAY BE IN THE
GL OBAL DATA B45f, a),

VA LUE ; LOCA L
(0 LOCAL DATA AP’D FILES ARE

CRE ATE D AND INITIALI ZED FOP EACH ENA BLEMEP4I
OF AN P_MET , a) ,

A TTRIBUT E S MA XIMU M _ TIME ,

APP LIC AB LE ELE M E N T _ TYPE S V A L I D A T I O N _ PATH ,
V ALUE S NUMERIC

(a THE M A X IM U M  TIME THAI CAN BE TA KE N TO TRAVE RSE THE
VAL IDAT ION PA TH , a) .

ATTRIBUTE S MAXIMUM _ VA LUE
(a THE MAX IM UM_ VA LU E APPLIES TO DA TA VALUES AND

EMPLOYS THE LNITS STATED IN THE UNITS
ATTRI BUTE , a) ,

APP LICABLE ELEMENT_ TYPE; DATA,
VAL U E S NUMER IC,
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ATTRIB UTES MINIM UM_TI ME
(a THE M IN IMUM TIME THAT CAN R( TA KE N TO THAVE RSE THE

VA LI DAT ION PA TH , a) .
APPLICABLE ELEME NT_TYPE S VA LI DA TION _PATH ,
VAL UE; NUMERIC,

ATTRIBUTI .s MINI MUM_VALUE
(a THE M IN IMUM_ V ALUE APP LIES TO DA TA VALUES AN D

EMPLOYS THE LNITS IN THE UNITS ATT RIBUTE, a) ,
APPLIC ABLE CLEMENT_TYPEI DATA,
VAL UE S NUMERIC ,

ATTR IBUTE S PROBLEM
( THE PROBLEM THA T HAS LED TO THE NEED FOR A

DECISION, *),
APP LICABLE ELEMENT_ TYPE S DECISION ,
V ALUE ; TEXT .

AT TR IBUTE , RANGE
(a THE RANGE 0F THE DA TA IS ENUM ERATED HERE,

IT IS ME AN INGF UL ONLY IF EN UM ERAT ION IS THE
VALUE OF TYPE , a) ,

APP L ICABLE ELEME NT_TYPE , D A TA .
VALUE ; TE X T
(a THE ALLOWED VALUES ARE SEPARA TED BY COMM AS , a),

ATTRIBUTE; RESOLUTION
(a DESCRIBES THE REQUIRED MAX IMUM VA LUE OF THE LEAST

SIGNIFI CAN T BIT FOR THE DATA IN UNITS DESCRIBED IN
THE UNITS A TT R IBUTE , a ) ,

APP L ICABLE ELEMENT_ TYPE S DATA,
VALUE S NUMER IC ,

ATTRIBUTES TEST
(a PROCEDURAL CODE WHICH DEFINES THE COMP UTA TION S

NECESSARY TO TEST THE SAT IS FACT ION OF A
PERFOR MANCE_ RE QUIREHENT USING DATA RECORDED BY
VALIDA T ION _ POI NTS , a) ,

APP LICA BLE ELEMENT_ TYPE , PERF ORMAN CE _PEQUI PEMENT ,
VA LUE ; TEXT ,

ATT RIBUTE; TYPE
(0 THE TYPE FOR THE DA TA ITEMS WH ICH AR E REFERENCED

ON R_METS CR ARE USED IN BE TA 0R GAMMA
SI MULAT IONS , a ) ,

APP L ICA BLE ELEMENT~ TYPE S DATA,
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VA LUE ; REAL,
VALUE S ENUM ERAT ION

(a THE ALLO W ED VA LU ES MUST BE SPECIFIED IN THE
RA NGE A TTR IBUT E , a),

V ALUE ; BOOLEAN ,
VA LUE; INTEGER ,

ATTRIB UTE S UNITS
(a THE CON FIGURAT ION MANAGEM ENT MA NAGER MUST CREATE

THE ATTRIBU TE VAL UES THAT MAY BE EMPLOYED IN
DESCRIBING THE REQUIREMENTS FOR THE DATA
PROCESSING SYSTEM UNDER CONSIDE RA TIO N , a) ,

APP L ICAB LE ELEMENT_ TYPES DA TA
V A LI DA T ION _PATH ,

VALUE ; NAME D,

ATTRIB UTE , USE
(a THE APP L ICA BILITY OF TYPE AND RANGE ARE

SPECIFIED IN THE USE, a),
APPLICABLE ELE MENT_ TYPE S D A TA.
VAL UE S BETA .
VALUE S BOTH
(a BOTH BETA AND GAMMA a),
VALUE , GAM MA .
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R_NET START

Vi 

INPUT_INTERFACE

VALIDATION_POINT

~ A j ’ ~ ALPHA

- It~tAGE
S ENTITY SELECTION

& 
.,, —.—-——-— “AND”

B D 1 “CONSIDER OR”

HISTORY + 
STATUS

FOR EACH ~ (1) READY
k,
/ ‘‘ ~~~~~OT_READY

_  
[El  [

~~1
SUBNET ~~~~

- C
+ “OR ” REJOIN

& ~ “AND ” REJOIN

+ 

~~~~~
_

__ ____.

(X >5.0) OTHERWISE
_ _ _ _ _ _  

X— 5 . O)  Q
_ _ _ _ _ _

G 
& E~~~ - — EVENT

1V2 
____ _______ TERMINATE

~
) I H  [ a j

02

OUTPUT_INTERFACE

Figure D-1 Sampl e R NET Structure in Graphica l Form
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R NET: SAMPLE.

STRUCTURE:

INPUT_INTERFAC E Ii
VALIDATION_POINT V i
ALPHA A
SELECT ENTITY CLASS IMAGE SUCH THAT (Y c Z)
DO

ALPHA B
FOR EACH FILE HISTORY RECORD

DO SUBNET C END
AND

ALPHA D
CONSIDER DATA STATUS
IF (READY)

ALPHA E
OR (NOT_READY)

ALPHA F
END

END
IF (X 5.0)

ALPHA G
VALIDATION P OINT V2

OUTPUT INTERFACE 01
OR (X = 5.0)

DO
ALPHA H

OUTPUT INTERFACE (22
AND ALPHA J

ALPHA J
TERMINATE

OTHER WI SE
EVENT Q

TERMINATE
END

END .

Figure D-2 Equiva lent RSL for Sample R_NET Structure (Figure D—1 )
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APPENDIX E

RSL SUMMARY BY

ELEMENT-TYPE

E-1
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r — —=-- - -  
- -~~~~

- —V-----

ELEMENT_TYPES ALPHA
LEGAL RELAT I ONSHIPS;

CREATES ;
ENTITY _CL ASS

DES TRO VS S
ENTITY _CLA SS

FOR MS;
MESSAGE

IMPLEMENTS S
VERS ION

INPUTS,
DAT A
FILE

C U 1 Pt) T S
DAT A
FILE

SETS;
ENT ITY_ TYPE

OCCUME NTED (“BY”);
SOU RCE

EQUATED (“TO”);
SYNONYM

TR ACED (“FROM ”):
OE~~ISION
ORIG INAT I NG_ REQUIREMENT

LEGAL ATT R IBUTES ;
A RTZFICIAL1TY:

ARTIF ICI AL
VALIDAT I ON
IMPLE MENT_ APP ROX IMATELY
IMPLEMENT_ PRECISELY

BETAS
TEXT

CO MPLETENESS S
INCOMP LETE
CO MPLETE
CHA NGEABLE

DESC RIPTION S
TEXT

EN T E P £ D.., B VI
T X T

GA M MAS
T E X T

E -2
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‘. - —-

~~~~~~~~~~~ 
_ ‘

~~~~ 
-- 

~~~~~~
“- -

ELEMENT_ T YPE; D A T A
LEGAL RELAT IONS HIPS; LEGAL ATT RIB UTESS

DELAYS ; ARTI F ICI A L ITYS
EVENT ART IFICIAL

IP1PLEMENTSS VALIDATI O N
VERS I ON IMPLEMEN T_APPROX IMA TELY

INCLUDES; IMPLEME NT_ PRECISELY
DAT A COMPLETENESS ,

MAK ESI INCOMPLETE
MESS A GE C OM PLETE

ORDERS; CHANGEAB LE
FILE DESCRI PTIONS

A SSOCIATED C’WITH”) ; TEXT
ENTITY_CL ASS ENTERED_BY;
ENTITY_TY PE TEXT

CONTA INED (“IN ”); INITIA L_ VA LUES
FILE N AME D

DOCUMENTE D (“B Y”); NU MER IC
SOURCE LOCALI TY;

EQUATE D (“TO”); GLOBAL
SYNONYM LOCA L

INCLUDED (“IN”); MA X I MUM _ VALUE S
DATA N(J’4FRIC

INPUT (“TO”); MI NIMUM _VALUE S
ALØ HA NUMERIC

OUTPUT (“FR OM”); RAN GE S
AL~ HA TEX T

REC ORDED (“By”); RES OLUTI ONS
VA LID AT ION POINT NUMERIC

TR ACED (“FR OM”); TYPES
DECISION REAL
ORIGINATING_ REQUI REMENT ENUMERAT ION

INTEGER
UNITS

N AME D
USE S

BET A
80TH
GAMM A

E .3



_ _  -~~~~~~~ - -~~~~~~~~~~~~~~ - -~~~~~-- ~~ -~~~~~~-- ~~~~~~~~~~~
--

~~~~

ELE MENT_ TYPES DECISION
LEG AL RELAT IONSHIPS ,

IMPLEMENTS ;
VERS I ON

TRACE S (“TO”);
AL A
DAT A
OECISION
EN TI TY _CL ASS
ENTITY_TYPE
EVE NT
FILE
INPUT _ INTER FACE
MESSAGE
OUT PUT _INTERFACE
PERFORM AN CE_ REQU IREMENT
P_MET
SUSNET
SUBSYSTEM
UNSTRUCTURED_RE QUIR EM EN T
VALIDAT ION _PAT H
VAL IDATIO N _POINT
VERSIO N

DOCUMENTED (“5Y” );
SOURCE

EQUATED (“TO”);
S Y N O N Y M

TR ACED (“ FR OM”);
DECISION
OR I G I NAT IN G_ REQ U I REM EN T

LEGAL ATT R IB UTES ;
A LTERNATIVES,

TEXT
A RT J FI C IA LI TYS

AR T IFICI A L
V ALIDAT ION
IMPLEMENT_ A PPROX IMA TELY
IMPLEME NT_PREC ISEL y

CHO ICE ,
TEXT

CO MPLETENESS ,
INCOMPLETE
COMPLETE
CHA NGEABLE

DESCRIPTIO N;
TEXT

ENTERED_BY;
TEXT

PROBLEM I
TEXT

E -4 
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ELEMENT_TYPE S ENT ITY_ CL A SS
LEGAL RELA1 IONSHIP $ ;

ASSO CIATES;
DATA
FILE

IMPLEME~I1TSI
VERS I ON

COMP OSED (“OF”);
ENT I TV _ TYPE

CRE ATED (“BY”);
ALP HA

DESTRO YED (“BY ”):
ALPHA

DOCUMENTE D C”BY” )S
SOURCE

EQU ATED (“TO” );
SYNONYM

TRACED (“FPO M” )~
DECISION
OR I G I NAT I N G RE c~ U I REM EN 1’

LEGAL ATT RIBUTE S ;
AR TIFICI ALI TY ;

ART IFICIAL
V ALID A TION
IMPLEMENT_ A PPR OX IMA TE L Y
IM PLEMENT _PREC ISELY

COM PLETE NESS,
INC&MPLETE
COMPLETE
CHAN GEA BLE

DESCRIPTIO NS
TEXT

ENTER E LB V ;
TEX T

E-5 
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ELEMENT_TYPE S ENTITY_ TYPE
LEGAL REL AT IONSHIPS;

A SSOCIATES ;
DAT A
FILE

COMPOSES ;
ENTITY _CLASS

IMPLEMENTS;
VERSI ON

DOCUMENTED (“8Y” )~SOUR CE
EQUATED (“T O”);

SYNONYM
SET (“BY” );

ALPHA
TRACED (“ FROM” );

DECISIO N
OR IGINAT I NG_RE QUIREMENT

LEGAL AT TRIBUTES ,
A RT IFICIA LI TY;

ART IFI C IAL
V ALI DAT ION
IMPLEMENT _ A PPROX IMA TELY
IMPLEMENT_PRECISELY

COMPLETENESS ;
INCOM PLETE
COMPLETE
CHA NGEAB LE

DESCRI PTION;
TEXT

ENT ERED _BY S
TEXT

E-6
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ELEME NT_TYPES EVENT
LEGAL RELA TIONSHIPS;

EN ABL ES I
R_~ET

IMPLEMENTS ;
VERS ION

DELAYED (“BY”);
DATA

DOCUME NTED (“BY”);
SOURCE

EQU ATED (“TO”);
SYNONYM

TRA CE D (“FRO M”);
DECISIO N
OR IC I NAT I N G REQ U I REM EN I

LEGAL ATTRIB UTES ,
ART IFICI A LIT Y;

A RTIFICI A L
VAL ID ATI ON
IM PLEME NT_ A PPRO X IMA TELY
IMPLEMENT_ PRECISELY

COM PLETE NESS;
INCOMPLETE
COMPLETE
CHANGEAB LE

DESCRIPTION :
TEXT

ENTERED_BY S
TEXT

E—7
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ELE MtN’LTYPF S FILE
LEGAL RELAT IONS HIPS,

CONTAI NS;
DAT A

IMPLE MENTS ,
VERS IO N

MA KES I
MESSAGE

A SSOCI ATE D (“ WITH”);
ENTITY _ CL ASS
ENT ITY_ TY PE

DOCUMENTE D (“ $Y”);
SOURCE

EQUATED (“TO” );
SYNO NYM

INPUT C’TO”)~
ALPHA

ORDERED (“BY”);
DATA

OUT PUT (“FROM ”);
A LPHA

RECORDED (“BY” );
VA LID AT IO N_POINT

TRACED (“FReM” )~
DECISION
OQ IG IMAT I NG_ RE QUIREMENT

LE GAL ATTRIBUTES ,
ART IFICI ALI TY ;

ART IFICIAL
VA LID AT ION
IMPLEME NT_ A PPROX IMA TELY
IMPLEME NT_PRECISELY

CO MPLETENESS ,

INCOM PLETE
COMPLETE
CHA NGEABLE

DESCRIPTION ,
TEXT

E NT ER D_B V S
TEXT

LOC A LI TY;
GLOBA L
LOCAL

E -8
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ELE~MENT_TYPE INPUT_ INTERFACE
LEGAL RELAT IO NSHIPS;

CO NNECTS (‘To’);
SUBSYSTEM

ENABLES ;
R_~ETIMPLEMENTS,
VERSI ON

P A S S I S S
MESSAGE

DOCUMENTED (“BY”);
SOURCE

EQUATED (“TO”);
SYNON YM

TRA CE D C’FPOM ”)I
O(~ IS! ONOPIGINATING_ REQUI REMENT

LE GAL ATT R IBUT E5S
ART IFI CIA LITY ;

ARTI FICI AL
VALID AT ION
IMPLEMENT_ A PPROX I MA TELY
IMPLEMENT_ PRECISELY

COM PLE TENESS;
INCO MPLETE
COMPLETE
CHA NGEABLE

OES CPI PT ZON ,
TEXT

ENTE RED_BY;
TEX T

E-9
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ELEMENT_T YPE S MESSAGE
LEGAL RELAT IONSHIPS ;

IMPLEMENISI
VERS ION

DOCUMENTE D (“BY” );
SOURCE

EQUATED (“TO”);
SYNON YM

FORMED (“BY ”);
A L PHA

MADE (“BY”);
DAT A
FILE

PASSED (“THROUGM ”)$
INPUT_ INTER FACE

OUT PUT_ INTER P ACE
TRACE D (“PROM ” );

DECISIO N
OR I C I NAT I NG.~.REQ U I REM EN T

LEGAL A T TRIBUTES ;
ART IF IC IALI TY;

ART IFIC IA L
VALIDATI ON
IMPLEMENT_ APPR OXI MATELY
IMPLE MENT_ PRECISELY

CO MPLETENESS;
INCOMPLETE
COMPLETE
CHA NGEAB LE

DESC RIPTION ;
TEXT

ENTERED_BY ;
TE X T

E-1 0

_  _  

-I i

____  - -  ~~~ --~~~~~~~~~-



_ _ _ _ _

ELEME NT_TYPE , OR IGINA TING _RECUTREMENT
LEGAL RELAT IO NSHIPS ;

IMPLEMENTS;
VERS I ON

INCORP ORATES ;
ORI GINAT ING_ REQUI REM ENT

TR ACES (“ TO ”);
A LPHA
DAT A
DECISI ON
£I~T IT Y_CL ASS
ENTITY _ TYPE
EVEN T
FILE
INPUT_ INTERFACE
MESS AGE
OUT PU I... I NT (. R F ACE
PERFORMANCE_ RE QUIREMENT

SUBMET
SUBSYSTEM
UNSTRUCTURED_RE QUIREMENT
V A LID A T IO N_PATH
V ALIDATIO N_POINT
VER SION

DOCU MENTED (“BY”);
SOURCE

EQUATED (“TO”);
SYNONYM

INCORPORA TED (“IN” );
ORIGINATI NG_ RE QU IREMENT

LEGAL ATTR IBUTES S
ART IFICIA LITY ;

A RT IFICIAL
VALID AT ION
IMPLEMENT_ A PPROXI MATELY
IMPLEMENT_PRECISELy

CO MPLETENESS ,
INCO MPLETE
COMPLETE
CH AN GEAB LE

DESCRIPTIO NS
TEXT

ENT E PED~ BYI
TEXT

E-11 
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ELE MENT_TYPE S OUTPUT_ INTER FA CE
LEGAL RELAT I ONSHIPS;

CONNECTS C”TO” );
SI’ B S V STE H

IMPLEMENTS;
VERSION

PASSES;
MESSAGE

DOCUMENTED (“BY”);
SOURCE

EQUATED (“TO’)S
SYNONYM

TR ACED (“FROM”);
DECISI ON
OP IC I N A T I NC_ REQ U I REM EN T

LEGAL ATTRIBUTES ;
ART IFICIA LI TY;

ARTIF ICI AL.
VALID ATIO N
IMPLE MENT _ A PPROX I MA TELY
IMPLEME NT_PRECISELY

CO MPLETENESS,
INCOMPL ETE
COMPLETE
CHAN GEABLE

DESCPIPTION ;
TEXT

ENTERED _BY S
TEXT

E-1 2 
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- -  -— -~~~~~~~~~~~~~~~~~~~~~~~~~ 
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ELEMENT_ TYPE ; PE RFORMAN C E _ REGUIRF MENT
LEGAL RELAT IONSHIPS ;

CO NSTRAINS ;
VALI DAT IO N_PATH

IMPLEMENTS$
VERS ION

DOCuME NTED (“BY”)S
SOURCE

EQUATED (“TO”);
SYNONYM

TRA CE D (“FROM”) ;
DECISIO N
OP IG INAT ING_ RE QU IREME~~T

LEGAL ATTRIBUTES ;
A RT IFICI A LI TY;

AR TIFICIAL
VA LID AT IO N
IM PLEMENT_ A PPROXI MATE LY
IM PLEMENT _PRECISELY

CO MPLETENESS:
INCO MPLETE
COMPLETE
CHANGEAB LE

DESCRIPT ION :
TEXT

ENTERED_ BY t
TEXT

TESTS
TEXT

E-1 3
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ELEMENT_TYPES R_NET
LEGAL RELAT IONSHIPS ;

IMPLEMENTS;
VERS ION

DOCU MENTE D (“BY”);
SOURCE

ENABLED (“BY” );
EVENT
INPUT_ INTER FACE

EQUATED C”TO ” )S
SYN ONYM

TR ACED (“FROM”);
DEC I S IO N
ORIG INAT ING_ REQUIREMENT

LE GAL AT TRIBUTES ,
ART IF ICIA L ITY;

ART IFICIAL
VA LID ATION
IMPLEMENT_ A PPROX IMATE LY
IMPLE MENT_PRECISELY

COMPLETE NESS;
INCOMPLETE
COM PLETE

- CHANGEABLE
DESCRIPTIONS

TEXT
EP4TE PED..,By ;

TEXT
LEGAL STRUCT URE ELEMENT _ TYPES;

A LPHA
E V E N T
INPUT_ INTERFA CE
OUTPUT_ INTERFAC E
SUB NET
VAL ICA IION _POINT

E-1 4
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ELEME NT.,TY PE; SO URCE
LEG AL RELAT IONSHIPS ;

DOCUME NTS;
ALPHA
DATA
DECISION
ENTITY _CL ASS
ENTIT Y_TYPE
EVENT
FILE
INPUT_ INTER FAC E
MESSAGE
O PIGINAT ING _ REQUIREP’ENT
OL JT PU ’_ ! NTER F ACE

PERFORMANCLREQUIREMENT
P_ NET
SUBNET
SUBSYSTE M -

UNSTRUCTU RED_REQUIRE ME NT
VA L IDAT ION _PATH
VALI D A TIO N _POINT
VER SION

EQUATED (“TO”);
SYNONY M

LE GAL ATTR IBUTES ;
ART IFICIA LITY ;

A RT IFICIAL
VALID A T IO N
IMPLEMENT_ APPROX IMATE L Y
IMPLEMENT_ PRECISELY

COMPLETENESS;
INCOM PLETE
COM PLETE
CH AN GEAB LE

DESCRIPTI ONS
TEXT

ENTERED _ BY,
TEXT

E-15
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ELE MCNT.,TYPE$ SURNET

LEGAL RELA TION$~~Ip5;
IMPLEMEN TS;

VERS IO N
DOCUME NTED (“BY”);

SOURCE
EQUATED (“TO”);

SYNONY M
TR ACED (“FROM”);

DECISIOw
ORIG I NAT ING_REQUIREMENT

LEGAL AT TRIBUTE S;
ART IFICIA LI TY ;

ART IFICIAL
V ALIDAT ION
IMPLEMENT _ A PPROX IMA TELY
IMPLEME NT_ PRECI SELY

COM PLE TENESS ,
INCOMPLETE
COM PLETE
CHANG EAB LE

DE S C R I P T I O N ;
TE X T

ENTERED_BY;
TE X T

LEGAL STRUCTU RE ELEMEN T_ TYPES,
ALPHA
EVENT
OUTPUT _ INTE RFACE
SUB NE T
VAL IDA T ION_P h I NT

E-1 6
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EIPEME NT.IITYPEI SUBSYSTEM
LEGAL RELAT IONS HIPS;

IMPLEMENT S,
VERSION

CON NECTED (“ TO ”);
INPUT_ INTERFACE
OUTPUT_INTERF ACE

DOCU MENTE D (“BY”)S
SOURCE

EQUATED (‘TO”)S
SYNONYM

TRACED (“FROM”);
D EC I S I O N
ORIG IN ATING_ REQ UIREMENT

LEGAL ATTR IBUTES ,
ART IFICI A LI TY ;

A RTIF ICIAL
VALIDAT ION
IMPLEMENT_ A PPROX IMATELY
IMPLEME NT_PRECISELY

COMPLETENESS ,
INCOMPLETE
COMPLETE
CHAN GEAB LE

DESCRIPT IO N;
TEXT

ENTERED.,BY;
TEXT

E-1 7
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~~~~~~~~~~~~~~~
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ELEM ENT_ TYPES SYNONY M
LEGAL RELA TIO NSHIPS;

EQUATES (“TO”);
ALPHA
DA TA
DECISION
EN I ITY~ C A SS

• ENTITY _TYPE
EVENT
F ILE
INPUT_ INTERFACE
MESSAGE
ORIGINATI NG _RE QUIR EMENT
OUTPUT _ INTER FACE
PERFOR PIANCLREDUIRE$ENT
P_ NET
S O U R C E
S U BNE I
SUBSYSTEM
UNSTRUCTURED_RE QUIREMENT
V A LIDAT ION_PAT H
VA LID AT ION_POINT
V E R S IO N

NO LEGAL ATTRIB UTES

E-1 8
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ELEMENT_TYPE ; UNSTRUCTURED _REQUIRE MENT
LEG AL RELATIONSHIPS;

IMPLEMENTS $
VERSION

DOCU MENTED (“BY”);
SOURCE

EQUATED (“TO”);
• SYNONY M

TRACED (“FROM” );
DECISION
ORIG INA TING_ REQU IREMENT

LEGAL ATT RIBUTES ;
ART IFICI A LI TY;

AR TIFIC IAL
VA LIDATION
IMPLEMENT_ A PPROX IMATE LY
IMPLEME NT_ PRECISELY

COMPLETENESS I -

INCOMPLETE
COMPLETE
CHANGEAB LE

DESC RIPTION;
TEXT

ENTERED _BY ,
TE X T

E- 1 9 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ELE MENT_ TYPE; V A L I0AT ION_PA T I~
LEGAL REL AT IONSHIPS:

IMPLE MENTS ;
VERS IO N

C O N S T R A IN E D  ( “ B Y ” ) ;

PERFORM ANCE_ RE QUIR E PFN T
DOCU MENTED (“BY”);

SOURCE
EQU ATED (“TO”);

SYNONY M
TRA CE D (“FROM ”);

DECISIOw
ORIG I NA T ING_ REQUIR(MEN,

LEG AL ATT RIBUT ES ;
ART I FICI A LIT Y ;

ART IFICI AL
V ALIDAT ION
IMPLEMENT _ A PPROX IMA TE LY
IM PL EM E N T _ P R E C I S E L Y

COMPLETENESS;
INCO MPLETE
C OM PL ET E

CHA NGEAB LE
DESCRIPTIO N ;

T E XT
ENTERED _ B Y ;

TEXT
MAX IM UM _ TIME S

NUMERIC
M IN IMUM _ TIME;

MLJM E R IC
UNITS S

NAME D
LEGAL PAT H ELEME NT_ TYPES ;

EVE NT
VA LID AT I ON _PO IN T

E -20
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ELEMENT_ TYPES VA LI DAT ION_ POIPST
LEGAL RELATIONSHIPS;

IMPLEMENTS ,
VERSI ON

RECORDS I
D A TA
FILE

DOCUMENTED (“BY”);
• SOURCE

EQUA Y~~D (“TO”);
SYNONY M

TR ACED (“FROM”);
DECISION
ORIGI NAT ING_ RCQUIRE MENT

LEG AL ATT R IBUTES ;
A RT IFICI A LIT Y ;

A RTIFICI A L
VA L ID AT ION
IMPLE MENT_ A PPROX IMA TELY
IMPLEMENT _PRECISELY

COM PLETENESS ,
INCOMPLETE
COMPLETE
CHANGEA BLE

DESCRIPTI ONI
TEXT

ENTE PED ,BY ;
T EXT

E-21
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E L EM E N T_ TY PE ;  V E Q S I ON

LEGAL REl AT IO N SHI PS :

~6CU MEN TED (“ BY ”) ;

SOURCE
EQ UATE D (“TO ”) ;

S v N ON V M
IM P L E M E N T E D  (“BY ”);

AL PHA
D A T A
DECIS IO N
ENTITY _CLA SS
ENT ITY _ TY PE
E E ~ IFILE
IN PU T _ IN TE R F A C E

M E S S AG E

OR I r, I N A T I ~ G_ RE t~ U I ~ EM E ~ IOUT PUT .INTERFACE
PE R F O RM A N C E _ R E Q L IL R E M E N T

S U h3 NET
S UB S Y S T E M

UNSI P UC T URE U_ RE (~U I ~E MEN T
VAL I D ATI ON _ P A TH
V A L I DA T I O N _ PO I NT

T R A C E D  (“ F ROM ” ) ;

DECI SION
O PIGjNAT ING_ REQL I PEMF.~~T

LEGAL ATTR IBUT E S ;
A R T  IF I C I 6 L I T Y ;

AR TI F IC IA L
V A LIDATIO N
IMPLEME NT_ A PPR OXI M A T E L Y
TM PL E M E I_ P PEC I S L v

C OM P t E I E NE S S ;

INCOMP LETE
C OM PLETE
CHAN GEA BLE

DESCRI PTION ;
TEX T

ENTEREr_ BY:
TF X T

E-22
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APPENDIX F

TRACK LOOP SYSTEM
RSL REQUI REMENTS

KERNEL
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M ESSAGE : ~A t ) A ~_ tJ S ACE ,

INPUTS:
D A T A ;  rLr ’ C k _ T I~~E
O A T A 1 ~ A nAR _ C Lf l C K ,

eu Ip l :Ts :
D A T A :  fl AT 4_ 4FC~~

R().T YPF
L ) A T A :  F r AGt ~NENT _ T I~~E .

T R A C F ~
) F~~r~~ :

~~~~~~~~~~~~~~~~~~~~~~~~T I. S_ f l PS P R_ P A Gf ~A P H_. 3_ ?_ c_ D_ F’J~~r T T ~’ A L _~~1 w J Ir~~ t1I kT s ,
P1FEP~~~O F .Y :

~_~~E 1 :  R A D A r ~_ St .I~1’~A P Y ,

A I P~~A I CPE. AT E _ ST A T L _FILE .
R ITA I
“BE ~; I ‘~

C R E A T E  STAT h _ FTLE ~ EC~~~T s
S T A T  F .., T D = t ~ M,F_ I U;
S T A T F _ r’ .~T A $ = S T  A T E ;

W RITE LN (O U IPt T ,’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
~aRITF .LN ((’IUT )~’t I T , I 5 TA T ~~_ I):’ ,STA T f _ I1 );
w R I T E L N ( ~~uTP ( r 0 ’ s r A T F ..~~~~ rA : ’ ,s T A T F . _ r . A T A ) ;

END; ” .
I N P  U T S I

DA T A :  I 1~~i~~_ Tt )
L ) A T A ;  S T A T ’ ..

~UTPLT $:
FILE : ST A T E _ F I L E .

TI.~ACH) F~~M~1;
.i~~IG1~J A T 1~~G_ E )t I~~E fr F NT :
T~ S_ r~PSN’_,~ A~ ‘A P~ S_ ?_ !~_ A_ FI) ~CT I t~’~AL~~~ (J LI I~~EI~F N T S

PE FI~~r~E)  ~3 Y
r~_~ J f T :  C i T ~~~L_~ Fs~

i tR r F s ,

A L P I A $  t)F~~~_I~~ST ,
B E TA ; “ 

~~rd~
j L’.I’ , •~~•

GA ”~’iA : ‘;~F~~i’~ ~~~t ’ ; “
,

fi IS T ~ ~ ~!‘ ~ I
L~~T T T y _ r.1.~~SS :  P t ) )  SL

T R A C I D  F RM~’:

I L  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ l~L_~~f ~ U If~EhEN TS ,.) A v :
c ~F T : C ‘ r i  T~? ‘1L_~ f S r I t ~~~ S.

A L PhA UP IP_ PUI .5~~,
1311*: u

~i E ( t .  ~

~L N T T T V _ C L A 5 S :  PULSI .
T R A C I D  F RC ~l;

~~~~~~~~~~~~~~~~~~~~~~~~~~~ :

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

II S r,~~
Sp

~~~
p ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ JuI !~EriN T S .

PIf ~.~~ F) H Y :

• ~ I’~3 NI1: S U l _~ ETU ~:P~
S l ’ ’~ . E T t  T A L L Y  P~~Ts J 1. N51
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A L P H A ;  I P I G A ~; E N r r , T _ T . T T t A T I ~~N ,
131.14:  “ -3Fr,T ~ - F : : L ~~G A ; E U  r N r ; ” .
nU Ip I TS:

DA T A ; Pi r l iL ,

T RA C E D  FR~~M :

TI S ~~~~~ P!\I)AGP4P
~~~3 2 1 _ A_ FU~~C T T  t L~~~f QI.tk E M F I ~1s.

REF I1~~i ~
~~~~C T ;  Cr _ ’.’ESP1~NSI.

AL PHA: F I N P..C ( ’ ! ’ I F L I C T .
BET T A ;

F G I N
r~~~P_ FLA (,: :F A L~~~Ffu ~ 4c.H C~~’~~A~~t~ ~~~~~~
5IC’~ THAT (STA ~~T_ TI HE )TFrPF,

t~F ( ; IN

)[ST~~M Y CA ~~DI flAT F ~1C t’PI)
1..r);

~RI TL LN (0UI PtT , CL~~Ck ..,TT~’ ’,CI~~C~ T I M E ) ;
W~~ITIL N (eL JT PL ’T. ‘ ~~lA ’~~T _ T 1’ 4 f ’ ,ST*pT 1IP~’C);
W R I T F L N (M J I P T , I

I NpF A C
E N D ; ”
DI Sc R IF’ I I ~C~~MP A~~ES T~~A N S M 1I ~? FCE 1V E W 1~~ (~~~

l
~ r~F TI~E cA NI) II)A TE W I T H

T H~~SE ‘F T~’~E rHEr. _ CI~~~pENT C~~
4
~~A~~t~ FI~P C~~N F L ICT , IF

A C ’~~FL IC T IS ~~ L P n rp l~P_ F LAG IS S~~T T R U E, ” ,
INP U T S  t

DA T A : 5 T A R I TI~1E
DA T A: TE~~F.

O U T P I T S  I
O A T ~~ r)I.Vi p_ F LAG ,

T RA C E D F~~M’4 :
D F C T S j ~~~: T~~4 C P E1~FI~p MA N CE _ 4 L1 0 C 4 T I M N

I G I N A 1 I ’~G..
I ;

~LI~~E f r E N T t
T I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~IG I% J A I I ”G _ PF hi  NT I
T L S _ DP5 Pk _ P.\

~~A G~~AP H_ 3_ ?_ 3_I_ FIJ ’JC T IO~.M _ RI (
~u I P E HE NT S ,

R~ F II.RF1) B Y :
SI~~~ FT; ~~~~~i_ F R A ~~E,

A I P F ’A ;  Fr4 RM _ T 1 _ T? .
RE 141
“ BEGI N
I ~ T2 TF ~A~ 5~1 T T  :=~~,O ;
C R E A T E  T 1 _ Td _ C,4 T E  ‘~E~C f ~~’t ,

~EC I I _ S1~~P : : T P l A N S’~ IT _ S T A ~~1
T~ I 2_ Xe ’ I T :  ~. . ~C)~F A T E T1 _~ ?_ ,~T 4O1 W ~~ C Np r~;
T i  I ?_~ ~ 

‘~ ~~~~ A T A  : :0 ,0;
W R I T ( L N ( N I J I P I I T ,’ C L~~r~ _ T 1 ’ ,(L~~CI( _ 1I~~E) I
W RITELN( f

~U T l.~~T , I ~ j 1? _ T P
~A~~S~~II:’, T 1 _ T? _ TRANS~~tT );

W R I T E L P J ( O L J T P I I I. ‘ T 1 _ T 2 _ ( ;4TE _ .~A T A :  I , 1 1 2_ G A 1 1_ D A T A ) ;
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W R T T F L ~.(f ’~~T P I T ,I r F G F 1 ’ _ sI~~P:’ ,k F C r I v E _ ST ~~P) ;
W R J I E L N ( ” J I P I t T , ‘

W R I T 1 L N ( ~~U I P t t t , ‘ T I _ I ~I D M ~ _ L A T A :’ ,

~~~~~~
lS I  •

F N ~ ~
11 SS 4 (1 : ~ ~ _ T 2 ...C ~~~

I FP ~J T  S
)‘TA ; T~~A ; :S 4 I T _~~T A~.T .

~ I.
) T Pt 1 c:

4 C~~I ~
[_ ST 1P

~ A T A :  T 1 _ t~~_ T~~A~t S’ i IT
~~~~~~ t 1 _ T2 ..~~~~T T

~ ~LE : r 1 _ T .~_ G 4 T ~
F T L ~~: T 1 _ l 2~~~ I \ ) ~~~ ,

S E T S :
F r r T T v _ TYP[ : TI _ T2_ PIJLSE,

T R A C F P  Fp~’~ ’:

IL S DP5 PI? ~~A G~~A PH_ 3 ? 2 C ...F(i ’1CIT ~~~AL Pl; (I IJ IRE M ENI S

T L 3 nPS2 PA ~~A G~~A P~~~3 ?_ 3_ E_ F1I~J CIT r I~~A I _ PN~I IR E P* NT S ,
RI F EP RE ) R Y :  

—

~_ 4ET : x’~IT _ 1.

A LP’~A F{~~~_ T 3
P~~I A S
“ME ci T ~

T 3_ T PAN S ’l I I: ~ •
C~~F~~TE fl _ r, A T L  ~

(C1
~~D;

13 _ GA IF _ r ) A T A : : ’ , ;
T S _ X~~IT:

),.t;

~ E C L  I V f _ 5 I ‘~s ’ : :T..~A~~Sri T T _ SIA 1;
C R F A T E ~ T~~_ . A j ’ .Pj) ~~ .’J ~UC ~~RC ,
1~~_ I~~f l r~..l _ A I ~ := J , O ;

~RIT ~~L N c ~~uIpI r ,’ C I C .~~_ TI1E: ’ .C L~~ C K _ T I~~E J
W R I T E L N ( l ’~( j T ~’II T ,I T 3 _ T R 4 ~~3 l I T : 1 ,T 3 _ T p A N S ~1I T) ;

~R I T € L N ( ~~uIPt T . I T3_ r A 1E_ 1)ATA : ’IT~~~G A TE _ r.ATA );

~RITE L N (1~tJ1 PI t T , ‘ I ç _~~~I 1= 1 ,13 A ll);

~RI Lt ’.~(~~U I PU I ,’ ~~ CFI~~E_ S T M P : ’ ,c~FC tVF _ SIP’P);
W R I  TELN(” I II P L I T , ‘ I I’,”~

(4 _ f l A T A : ’  ,

F ~~~ S:
P I I Fj S A G F : T 3 _ C~~~P lA N C..

INPUTS :
i)A T a :  T 1~A r. S A T T_ S1A ~~1OU T P ( ’ T ~~:r ) A T A ;  ~ F C ~~T V E _ SI~~P
‘ ) A T A ;  T $ ..T R A ~~SV IT
D A T A ;  T 3 _ x~~IT
FILE:  T3 _ G A T ~
FTL F : T~~_~~T J’)i~~

S E T S :
E N T I T Y _ T Y P F I T 3_ P U L SF~IPA C EL ) F R ~~~~:

C’, I AT ~ ~ _~~F )(II
~~EI~ I t’~T

T~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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FIg.~r }Y ;
J~ T ~ ~ 1 T 1 ~

AL P~~A ; Fr .fl ~ _ I J P 1  t.

F,IT A : ~~~~ ~A 1 . _ I
~frC 9PD_ TVp Fi; :5TA TE i : l A I f _ c 1 P 1 R T L t ’ ( . ;W ,

F .  R ~~ 5:
~4FSSA (~ : S T A i r _ U P D A T E

M UT PI  T~~:j ) A  TA : A T n ~~~ C~~~~_ T Y P F
TW A C F I) Fr1 ’~~:

II S.,1 P S U ’R _ P A ? A t.~~A P~i_ 3_ ?.,5_ C _ F I t ’ ~r T I  ~ r~4L _ P1 r~U J T R FM~ NT 5,
PE FE 1~~r ) l~~V :

~F I: ~~~ ~~~~ ~~
‘ T~ _~’ A f l A ~

A L P H A :  G~
.
~~S I D FT ; ’ I ’A I ~~~~

.
PI T A :
“~~F i T N

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
WR IJ [ L N(~~t j T P ’ u 1 ,’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
a~p J T ~~L N ( P UIP I IT , ‘ P~~~~

j l
~~ P~ . ’ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ N T ) ;

~ R 1 T ~T L N ( t ~t t 1 P t T ,’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I \ C’ ; “

IN P ItT S:
D A T A :  ‘~ A I 4 R ~~~~ A 5 t t p f  “ IPI  •

~UTP I’ IS I
D A T A :  G H l S I _ I~1 A G E ,

IRA C IG F RM” :
DFC T S I ’’~: 

T.~A CK _ PEkF~~p~A A NCE_ ALL~~LA T I M N
N .j ’ T I ~~G ~E. J 1 i IPE~~1 N T :

II 5_ 1 S _ I’A ~~A C,~~AP _ ?_ 2_ B_ F ( I r J C T T M ’ AL _ R F ( IRE”~F N T 5
‘~~IGI~ . A T j ~~C,_ RE ~ J I rQ 1~~E N T  I
TI S_ DPS0i~l_PA ~~A G PAP H_ 3_ ?_ 2_B_ PERF M AN CE_~~E C~UIRt~~E I,ITS

IL S D P 5~’t.~_ p A t~ A r,P A~’H_ ~ _ ?_ 3_C_ FUNC IT ~ ~ 4L_~ I O UT REME NT S
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~T LS _ I)PSPI~_PA PA G ~.AP H_ 3 ?_ 3_G_ F I ~1CTI AL _ PFciUI 4E~ EN TS

~~ 11,1 ~i A T J ‘ t(; . .~~~ 31 J I~~E~~F P~ 1
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

R EF E PRE ) MY :

~_~ E T :  ~r.SP .3E _ T~ _ ’~ar,~ I,’,

A LP HA :  GH’I S T _ T t c ~i~ \ Ps i  I~~”J
B E T A :

“P IGIN C’~F A T E  TFP ”j ’. A T ~~ P EC M p I~;He _ ID ; :  I MA G E _ ID;
PEA S _ F’ ~_ D~i ~P ; :~~b~~S i ;
ORM P _ W E A S ~~N ::r,HNSI ;
~~~~~~~~~~~~~~~~~~~~~~ : =CL. nC~~_ TI~ ’ E ;

C A T A _ REC I’RC IYPE::TMAC Ic TE~~ 1 1 N A T I ~~ W~~P~~R T g
PR~~P_ T j M F : = CLt ’~C I~_ It”F F~\41; ; ” , 

—

F~~Ri~S
“F 3SAGL; I’~AC ~<_ T F R~~T P ~a T I 1 N .

I ~ ~U T 5;
DA T A ;  CL~’CK _ I !~~F
D A T A ;  T 1 A ( , C _ ID,

~UTPI  T.s :
) A T A ;  r)AIA _ C~~RD TV PF
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ *i*; ~-n_~~f’
t)A TA ; A S ’~~_ F~~R_D~~~p
D A T A :  II’~L_ r) FJ~R ñ P
FILl: T~. P

~~T I A T ~~i.? ,
T R A C E D  F~~~M;

~~~~~~~~~~~~~~~~~~~~~~~~~~~ I
Ii S C ~PSPP _

PA GR&PH_ 3_ ?_ 2_ FtIN CTI ~~N&L _ R~~~UIRE~~€ N T S
~IPI GI’ .tA T I ’  t,_ RE~~~IPFY’E NT;
TLS DPSP~~_ P A G ~~A F~p.I_ 3 ? 3_C_ P.”JC T I~~ ’At. P r 1~U7~~Etl ENT S

~ P Ic; x ‘~~~~ i i ~
. ~~~~~~~ T t .I I ~E ~ E ~ I I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
REFE~~~F3 RY :

R_~~iT : r.’r 5P~~~sE _~~~_ p~~pA p ,

A L P H A  I~~IT IA L I L F _ S~~F~
1_ ? ,

B E T A ;

I E~~F : C L~ C P~_ T I~’E +FP A 11.. RA IF I
T S T : : C L~~C~ _ T I~~C;

~R I t F L N ( M UT P U I ,’ CL 1Ct ~_ T I ’~’E: ’ ,UL~~c T I ~4 1) I
W R I T ILN (‘~JTP UT ‘ F ~~~~ L_~~A T l :  ‘ ,F A~~~ R A T E) ;
W R I T I LN (MU T Pt JT , ‘ TF~ ‘~~~: ,I F  ~~~ ) ;
~~~~~~~~~~~~~~~~~ I Ict: ’ ,ISI );

I ~ 0; ” .
DISC PI PT I~~

r
~:

“C ’ IM P UT ES T H E T I~~E ~ F IHE F t’~:D ~F T ’~E C’~~~~ ~
. T F R A 1 1  •

I N P U IS:
D A T A ;  CL ’IC P< _ T IUE
DA T A ;  A ”~i_~~A T E,

~u IPL’T S
DAT A ; 151
DA TA :  TE ’”F ,

T R A C E D  F R~~ ’;
I C’, I~~4 T J  “IG _~~E ~)IJ IR1 I~ I NT

TI S_ f ) PS P P A R A G R A P H 3_ ?_ 2_ A _ F U NC T I M NA L _ F~LGUIREI’ 1ENIS
M~~I G I N A T T ’ G ~~~E~~L1IPEj ’Ft’ .T
T 1S _ rPsr f _ i.

~A ( ; ~~A r H_~ ?_ 2 ~~ F t I N C T I ’ ~~AL _ RF r;LIREr E~~I5
O~~IGI~~A TJ NG~~?F~~tJ NEt’ Fr
ILS _DP3~~P_~~A R A G P A P M_ 3_ ?_ 2_ C_ FU rJC Tt A L _ R L G~~TRE~~ENT 5

IGI NtsT ING _~~E ~1’IREI’ F I:
TI S_~ PSr ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Q UI R E N EN T S

IC, Ir IA I I\ G  ~~~~~ 1P11’ NI’
T L S _ DPSP~ _ PA ~~A G~~A PH 3 ?_ 2_ E _ F 11r 1C ’ T I MNA L _ P F Q L I R E~~E NT S
~P~~~jNA I ING _ RF~h 1)IPEI’FNI :T L. S_ DPS P~ _ P A ’ ~A G R A P H_ 3_ ?_ 3_ c~_ FIJNCI J M N A L _ R E Q UIkE M E NT S
~i R Z G IN A I I~ :G _ t~E (iUI P E I F N I t
T L S _ DP SPk _ P 4 R A G R A P H_ 3_ ?_ 3_ E_ FU NrT In’ .A L _ RIC LIRE~~E NT S .

REFIT RRF’) B Y :
‘~_~~ET ;  s~ E:)_ R .

ALP HA
HE TA I
“BEG IN

L~~~_ E L E V A I T~~’ : (CLt’~C k ITfrF .ENIR Y_ TJ ’~f F  LF V A T  I _~~~~~T )
CUP1~F~~I_ STAIF : Ctt R P (f)T _ SI &I€ ;

W R I T E L P . ( M t j T P I t T ,  I C L ) C K _ II~1E~~ ,C I.j~cI~_ T j ~~I) IW R I T E L N( O U IP I~T , ‘ L~~
P. _ E L E V A T I MN : ~~~

W RI  T F L N (~~UT P T ,  ‘ F N 1 kv _ TIM E :’ ,Er~1p Y _ TI PlE ) I
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W R I TFL’ (~~L1 T P tlT , ‘ IL~~A I t ’~ LLT~A I T: * .F E V A T T 1 ’ . _ I. I II I);
\ I) ; ‘•

I N P ~ t 1  S
c ) A T A :  r~~~ , E T S  r A T E
f~A T A; r L E Y A T I P a N L I P T T
‘ AlA :  ~~~~~

‘u T P I T  ~~
D~~T~~: L ’~~~~~LF~~A T T ~~~,

THA C F ) F~
’
~~~:

~Pr~~T AT I ’ (, kE~~t ,IR [t”~ r’5 T
TI S_ j’ c’SP ~~~~~~ A ?  A~~kA P H  3 ? _ 2_ C_ F U~~c IT 1,41 t~f Q UI RE r EN T S
.~P I( ; I~~~ r I  ( _ .

~E~~I I R €~~F~~T :
It S_ r~~~ ;~_ A .? 4~;~~A P H_ ; 2 2 _ D_ F i\j r~ T I  I~MA L _ RE r~LIR F~’ E N T S
M I~ I ’ 1 ~A 1~ ~~~~~~~~~~~~~~~~ :
TI S C ’ r : p p  P A 

~? 4 G ~~~
A P H~~~~~~ 2 3 Q F 1 t  ‘ t C ’  T I  ~~~

‘ AL _ RE (~UIRE~~E NT5
I I’

T L S PPS _ P R A G~~AP H ?_ s_ A _ F J ~~rII A L,..Q E C U I k E~~F NT S ,
M IFER~~FJ ~~:R J E T :  ; S21~~SF T Ant.~~.

A L P HA :  Lr~~_ T E1~
h I . A T V ~ .J ,

BETA:
“P EG I N  [ R FA I f .  I j .~A 1~~ ~EC ’~~r;

~~~~~~~~~ A GE _ I~~;

rR~~P_ ASr ’~ ::t r ~..;

UA I A _~~E C r Q r _ TY P€ ::T~~4CP~_ TEt~r1I~ iAT IMN _ RE PIPT;
rR~~P_ T I~~E : :CL”C~’,_ T ! . E  F~~ f l ;  “~~~

F A ~-‘ $ :
iFSSM ;~~: 1.~AC K _ TE R r I N A I I M N .

INPUT S:
‘A l A ;  r L ~~CA _ II~’E
D A T A :  t’ I A C, r _ Irt .

~uTP 1Ts:
D A T A ;  1~A TA PFC~~PD TYPF
) A T A :  ‘-4 ’_ I~
D A T A ;  QF A S r~

. t _ F~~P~~.Dkr~P
D A T A ;  1 L ”E_ 1F _ fl~~ip
FILE: T [t?~~T J•\ T~~R ,

T R A C E D F PM” I
~~ I C, ! ‘~ A I~ ~I; _~~~ ~U I~~E t ’ F NI ~TI S_ r ) P S rp _ pA ~~4 A r H_ 3 ? ? _ C...,F I J ~~r I T ~~r J A L . PF ( ,f t IR ENENIS
MR IC, I’~ A I II  (,_~?~ Qt tRE~~F NT
TI 5_ D P ’~~_ pAR4 G ka P~ _ 3_ ?..2_ D_ Ft J i c i T ~‘ AL _ r~F 11t1.IREhE NI5
lIP Ir,I~~A T I , G_ r? FQ LII~Et” [NI  ;
IL3_ [)P5P~~_ pA ~~A G P A P ? _ 5_ 3_ FIJ N CTI 4L_ PI(~U IRE t~(NTS,

REFEP~~~
) M v :

~~~JIT : ~~-5P S[_ TL1~A flLP .

A LPHA:  P
~lA ~~f _ A L L i C A T I M J .

~~ T*;
“~~At .~ J,~~,I~FL T A TIM l :RE
bEG ! ~G E L T A _ II& . F 

~~CL~~C~< _ T I’~’F~~L A c T _ A L I .’CA IE
W R IT FL N (~~U iP1’I, ‘ C L r C ’ ~c ._ T I ’ ~F : ’ ,CLM r K _ TP’E );
WRIT1L N(~~U IPt IT , ‘ ‘~E L T A _ I t  ~E - ‘ ,r E L T A _ TT~~E);

~R ITE~~1~((~1JTP (t , ‘ L .A S T ..~A LL~~CA T~~:’ ,LA ~~T_ A L I~OC 4TE)
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I

W R1TE L r (~~I J 1PL T , ‘ ~~~[~~(;Y :’ ,E~~F R C ~ 1) ;
L A S T . A LL’ 4CAIF ::CL’L~~_ T ! ~~E ,

I~RI TI LU (~~U 1P ~ I , ‘ 
~ 

A 5  T, A L L ~C AT I ,
~~I A~~ A L .~C A T E );

I~ F~~E~~,v > ( 
•

( T-4~~’~

f J E p C . Y :~~F f t ~G Y / I ) ) - L 1  t_ I F ;
W R I T E L r C~~uT p L T ,’ 1 :LF : 1;Y:’ ,U.’Fk r,y);

• 
t~ ;

ri~. F 4r~ ~,T \ T l~_ F T L F  ~ F C~~~’
(‘I.-

~P R I  IF L r  (~~uTP I . I, * ‘ , j  )
i~ ~J ’ ~F ~‘ E A C h
IF j > t’,p T~~l~

v ; : f  L ’~f . Y / J i
WR IT E Lt- (~~u T P I T , ‘ ‘ , v ‘ F ;

£ ~fl
ELSE

EL~~L\i ; :TRA CK _ PA i ~ ;
WR I T E L N ( U ~UT p I I , ’ v: ’ ,fl;

F 41~ r & d - I  5 T ’ T E _ F !LF P F ( D ~’r1
CI”

SIA TE _ DA TL: :V
WR ITEL IIJ (MUTPI!T, ’ SIA IE _ f l A T A :’,SIA IF C A T A )

ENr F’- ~F A C H ;
W R I T E L N ( l ~UIPt . T , ’ S I A T F _ D A T A = ’ ,$ T A T I _ D A I A ) ;

E N D ; ” .
INPJIS :

DAT A : CL 1C~~~T I ~~E
D/~T A :  F~~E P C,~
D A T A ;  1 A ,SI_ A L LI~C A T (
FIL E : ST~~T~~_ F I I E ,

~c IT pt IS :
t )A TA: F F ~~CY
D A T A :  LA 51 _ A LL lICA I [
D A T A :  S I A T F _ D A T A

T R A C F D  F P’~~ :
~~ t G I ~~A I I~.G _~~F~~I J I R E r F r .1 I
T I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C~P I G I ~ A Ij ‘ C ,_ PI ~ I ~~ F NT :
TI S_ DPSPIL~ 

A~~A G r~A r H_ s_ ?_ 4_ B_ FIIr~c T I 1 \ A I _ PlI;IJ I k EH ENT S ,
PEF E P RIL )  MY ;

R...lE 1 : Cf IT~~’L_ kE$NJFClS.

ALP H A : P A ~~r_ c M Mj ’ A N r ) .
B E T A :
“ 13161 ~C R E A T E c -‘MAN( RFC~~RN

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C ~H~~A’4O_~~A vL F~~R ’ : :CA N DIPA iF I’~A V E F I R ~ F I

C A\j
~)...F !E I~GY ::C .~Nt )IOA TF 

FyjF R~ y J
STAR T _ I I”E ;:15T3
1ST : :1ST +C’F LT 41;

W R T T ( L N ( C U T P ( I T , ‘ cL~~C F ~_ T I ’ h4 U : ’ ,CLM C K _ TIM E ) ;
WRITE LN (OUTPI.I I , * ( • . I l l 4 H j )_ It ’~~A C ,L_  II’:’ ,C~~

PI MA,~JD _ I MA GF _ Tr ) ;

H-9
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W M I T F L N ( M U I P I F T .1 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

W R IT E LN (t~UTP i l I, ( ~r~~P 4 ~~fl_ E\ f : r?Gv :  ‘ ,C 0”~ ’A ’~D F NE P(- Y ) ;
W R I T F L ’~, i ( P I J1’PtII . * STA Q I _ TT -~E:’ ,SI ARI _ IJhE );
W RITFLN (!JUJ TP( IT, ‘ 151: ’ .1ST);

E~ IC ;

I ’ . PtJT 5:
D A T A ;  CIi4 I~~A TE _ E’4E PGV
DA T A :  c A I t~

I1
~
AT F Ir1~~,LTr,

DA T A : CA fl )ATF~~~ A~~1FMk~
J

)A I A; ~ 1 L T A T
DAT A : 1ST ,

I~U T P I . T S :
D A T A ;  C~~ ~1~~~

il) _ r - N E F~ (.y

D A T A ;  C f l ’ ’ A ~~
’ _ I M A G F _ J r 5

D A T A :  ~~~~~~~~~~~~~~~~~~~
D AT A :  151
DA T A ; ST AF - T_ Tj~~F

T R A C E D  F R~~’~:
~~~~~~~~~~~~~~~~~ .~ I ’ I ) 1 P  INT:
T I S_ rtr’SF’P_~ A - ? A f l~~A P F, 

~_~ ...3_ D_ F I J I C  T I  ~‘~A I ~~ F (JL IREr~INT S
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
T L S _ DPS PF~~PA R A G~~A 4 _ 3_ ?_ 3_E_ FI~

\I CTT M ~ A L _ PF QUIREI-I[NTS .
WEFEPRID f F y ;

5 I I~~ Nf I: ~ ~~~ ~_ F~ A M E  •

ALP HA ; P1 C~’ ..~C A~~~1’ I , A T~
BE 14;

CRE AT E C 4 .r I D A T E  R FC M RC;
C AND! ) A i f _j ‘A  GF _ I ‘ :1 ~i A(;~ 1 I ;
IF ~ A~~f F 1 ~~~ : T I I

PPI M R IT Y : :I ,I)

E L SE
IF ~ A~~EF”r” :T?? THE7,

PP I MR T IV : :2. 1

ELSE
PPIMR IIY ; :~~,J;

51.11Cr F J P S T  ~~ C~~RD V~~~
.’i ‘tA v EF F ~RM _ T4HLE

SUCH TH AI ~~~~~~~~~~~~~~~~~~~~
IF ‘~M T PF(. lkIj _ F IIj, ’~ i’. T~i Fr~

C A .J L ) Ifi ATF ErjE~~Gy : :0~~OELSE
CA N D 1 r A T E _ NF~~GY ::.F_ CHA PA C.TFP IST TCS ;

W R ITELN(e UT PUT, ‘
W R 7 T E L N ( ~~UTP (I T ,’ L A 5 T _ PULSE: ’ ,L A s I _ p LsI) ;
W R IT ILN(M UTPUT ,* T~~11E= ’,TE MF );
i~R I T F L N ( ~~UTP Lt T ,* 1f ~4 C F ~_ F~A T E : * , I R 4 C X _ kA I 1 . )
WR JIEL N (nUT P (IT , I C A ’ ” I r ’A l  I’~A (’ _ jr= ,CA N OT D A T U _ T HAG E _ TD );
WRIT 1.LN (~ UIPI,JT ,’ k4V E F ( ’ R~

l:’ ,W A V € F ~~W h);
w R I T F L .~J ( r’Uy PuT , * PP IMAIT Y :~~,PPIflP TTy );
W R I TEL N(~~U’ T P t t T , * C A 1, IGAI E _~~A v F F ’ ,C A N ) I D A T F _ F A V i F t R M ) ;
W R I T 1 . L N ( e c J T P U T, ‘ C A ~~I I 1~A T E . EN E1~GY: * ,C A ’ ~JD t 0 A T F __ I N E R G V )

EN D; ” ,
DESCF~ IF’ I

“ E A C H I ’A f l L JN_ T R A C~ ~HICk H IGHT c,E’~Ef~A T l A MESSAGE THIS
‘ FP4~’f ~t A 5  I T S  T R A N S M I T  ANt ) R EC EIV E 5IA RI ANL ’ 5I~ P TIMES
FX I PA C 1 F r ~, ITS E~~FP (~ 

DEMAND OFTEP ~’~INFC) AN’) ITS

H-I 0

‘ . ,

~

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

--



-~~ - -_- -
_-- ~~- - - -

PRI~~R I T Y  EST A t~LIS HF 1~~~” ,
f NIePEt~_ Hv : “~

4,PTC’4rF~? ”.
I NPUTS :

D A T A ;  It4 A (,~~_ T O
D A T A :  ~ A V E ~~~~”~”t

~~ F N I IIY _ IY ~’E 1’~A t ; E _ J’~_ T P A C k * )
FILE : . A v f ~~~~R’~_ T 4 B i E

Mt jT PUT~~;
I )A TA : C~~’ I l )ATI _ F NF F~(y
Dt TA~ C A~- ( ID ~ 1’I_ I t ’ j A C , f  Ii’
D A T A ;  CA Li ! A T F _~~A~~EF Nr.M
(~ 4 1 A ; PP11~?II Y .

IP A C E L ) F~~’” :

~E C TSI~~~ ; S Y ’ ~CH~~
1
~ ~~~ I IS  V5_ A~5Y NCfi ’ IIM JS TF A C *~

T~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
REF’ LPI~F )  

~~~~R_ iIFI: S~~lf) _~~,

A L P H A ;  P T C ~~_ C M~1r A ! : 1  •
A E I A ;
“BEGI N

IPA N 5 1 I T _SI~,PT:~~jT ART _ T I F..F;
W A C I A R .., T Y C ’ (  := C ~~* : 4 A ’ r ~_~.A ~~~r,, r~M ;

Rp _~~k ‘JFP _ I ) ;  “ _ “ .fl’E~~_ 1 f’c ;
P h I  Sr _ I Y P E  :C Cl ’ - ‘A ~ D _ .d A ~ F F PI P ~A
T AF GE T_ Ir::C f~

M A A . J )_ IMACF _ Tr . ;
PUL SE
X~~IT _, 5 I 4 P T ; : S I A . ?T _ T 1~’E;
eESTF~~V C C 1 ~~~~A~~~~ ‘ C ~~RD;

W R TT E L N(C- LJ IPI’T ,I C L .  , TI”E : ’,Ct Pt Ch* _ TIr~E);W R I T E  L N ( C I UT P I I T , ‘ T~~A 1 .SMII _ ST A R 1 : $ ,1RANS M t T _ 5 IA R T )
Wp 1TfL N(~~IJTP (IT ,’ P A D A I ~’_ IYPF: * ,~- A r ,A R TYPE );
W R I I F L N ( r uT p , I r ,, i-~

p Nj, r~~P I0C:’,uc~_ MRI )F. R_ InC);
WR I TELN (~~UTP

III , I L  ~ P~~E ?  ID: a , M~~
r) EP _ j U)  ;

W R I T E L N  (~~UIP( IT ,  I P ’ J L S F ,T Y P E  :‘ ,F’ i~~ ~F _ lyr~~);
WR IT EL N (ñ,JIPI’T, ‘ TM, C,E T ta : ’ ,T ~~~r,F l ID);
W RJTI LN( r’ U TP L I I , ‘ r IF LS [ _ Io: ’,Pu (.sI Ir);
W R ITF LN(~~UT Ph IT , 

I ~~ 11 S T A ~~T: ’ ,X I IT S T A R T ) ;
f N C ’ ” ,

DE SC R IPT IlI N : “~~ICK _ C’~~’A ~ C’ SELEC TS “EX T C~~~ 4MAP I .P ,” ,

CREAT ES ;
IF lilY _ C L A SS:  PULS E ,

INPUTS:
D A T A ;  PR _~ R ’ F f R _ 1P~
D A T A ;  STA PI _ T 1 P’ F

~ 4T4; X~~t T _ STA ~~T
F I L E :  Cr , ’’ A JU ,

~uTPITS:D A T A ;  $‘UI.SF _ I)
D A T A :  P(ILSF IYPI
DA T A ;  PA IJ AP _ TYPE
DAT A : p,

~_ , Rf t R _ Ir
D A T A ;  _~ POf ~ _ 1DC
D A T A :  T A F ~G E T _ II~ 

-

‘DA T A ;  TRA F ,.S’4 1 1_ S T a R T
D A T A :  ~‘I1 _ STA W T ,

H-il
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T R A C E D  F~ ‘‘~ :

TI S r ) PSpR _ p4~~AGNA Pp. 1_ 3_ ?_ 3_ D_ FI)’Jc II ~~ AL _ RF cII RE~ E NT 5

II S_ P S P; _ P A R A G RA P H _ 3 ?_ 3.,.E_ FIJ ’J C T T ~~ A l _ kI QI.Ik~~ME NT5,
R E FE R R ED n y ;

M_, ’~F T :  x ’j l _ k ,

ALPHA: PEO h1 ~ _ C ’F1EP ’1l1~A I T M ~~,
B E TA;

A ir U~ 
)A ~~T _ T c ~t A ( r.: :( (~~F D L~ IrI A rI T_ I~~A r,E) MR

(S 14 ’TE:CFI1 .~R€. rJT _ 5T A T F ) ) ;
W RI TIL~~(rUTP

.)
~IT , ‘ 1L~~C~ ,_ T t  :‘ ,CL~~r~ ...~T V E ) ;

~R IT FLN (eUTpI T ,’ C I~~~ E~~T_ sT.ATE :
I ,rL .A R ir l _ STA Il );

W RITE~~Pq (~~tJTP( IT, ‘ S T A T E : ’ • S T A I E )
W RtTiLN (~~u1P I1 ’ T , ‘ ,FI I w A ~4 I _ IM AC ,E:  I ,RF DtJN D A t - T_ I~

’AC ,E) I
I \ o;  “

,

I N P j j  IS :
D A T A :  r- J R ~~~’ J T _ S IA T [
D A T A :  S T A T E ,

M I J I P I T S :
1)4 TA ~ A l l  j ’~I )A ’ .J T I ’ lA G E’

TR~ CF J F P ’ ” :
1 ) F C T S I C ’ ’ ; T R A C’~_ P l k F M r ’ A ’ C F _ A L I~ ’ C A 1 I ” N
ii. IC ,IF~A T I ’~C,_ RF . ~‘.‘i~’c fr Fr ~.T ;

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I~~IC,I’:~~II~~(;_~~E ~UI R E N ’ F N T  :
TI . S_ DPSPA _ PA i RA G RA PH _ 3 ? _ ?_B_ PERF M P M A J C L _ RELU IRE frEN T S
u P  IC. I ’  ~ T p c ;  I~ I;
TI S,~DPSPi~_ E’ A R  A G P A P H _ 3 ? _ 3_ E1_ F’NC T I  ~ ‘ A L PI (~Ij IRE~’I UT5
~IC IC,~ ~~, A T j ç,_ PF ~~~~ I RE t ” f N I Z
TI  S_ DPSPP PA R A G PA P H _ 3 ? 3 G F 1 1’ JCTP INAL Pt Q L IREM F NTS
‘II IG 1 1 A  II “~C,_ RF- [)1I I ~‘E~ EN I~T I S C P S PR P A R A G P A P H._ 3 ? 5_ F3_ F ( J ’ 1 C T t I’h l~IA L PEC UI R Er ’~1 .NT S .

R L F E P R E I )  r~’v :
R_, ’I F T :  RES P 1” I~,E _ T~I_ I~A D A P .

AL P H A :  RE N J  11PM I ‘A TI ~~‘l ,
ME IA :
“ ci £ ci

C R E A T E  T E I~~A T ’ J \ T ’ R  kEC~~Ir’ ;
k (~_~~1 : =I lA r ,EI_ Ifl ;

l P T 1 P ~1F : : c L N C K _ T I M I ;
REASM’ J _ F ~P_ r~R~~P ;:RF Oli N t A N T;
CI~~~P ~ F A S e~ .,::i.,F. ~1’ ir A * J T ;
D A T A _ C fl_ T Y P E :: T~~A C K _ T r A r ’ T N A T I ’ * 5uj _ F~F P f I F Q T ;

W R I T t - L N ( M UT I ’ I ’ T ,’ (I. .’~r, c _ II”E: ’ ,C L M rIc _ II~~L) ;
W R IT f L N ( I~ijT P UT ,* I-1 l~
WR IT E L N ( C i J T P I IT ,’ TI  ~F_ DRl1P: ’ ,II _ C l )~H~P) ;
W R I T E L r J (~~UT P ( ’ T ,’ DPr,P I IS F E:* ,o krIp 1IF* E) ;
WRIIILN(~~uTPI. T ,’ r r A S t ’ * P _ FrI P_ r P : I , F , E A S ~~N_ rMR _ I,R’* P) ;
W R ITELN (F~ftJTP (T ,’ (.~“~~P PIA S~~N :1 ,OPr’P PEA 5ri~J~~;W R I T I L N ( ~~UT PI T , I P A T A EC~~

PL)_~TVP E ’,i)A T6 _ RFCMRI )_ TYPL )
1. Nt); ” .

FF~R M 5 ;
M E SSAC , 1 ;  T R A C K _ T IRfrIIu,. A T I(~ 4 .

H-i 2
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I NP FiTS I
).A T A ; CL~~C~~..T I M E
D A T A :  I44G1 _ I D ,

~?UTPLTS:
D A T A :  r~A T  A_ REC~~R D_ 1 YP~
DA T A ;  NP~_ I~
D A T A :  PF&S~1’J _Ff~R_ I)Pr*P
D A T A :  TI~~L,,,~,F _PFThP
FILE ; TFR’h I \ IAT I~R ,

TR A CE D Fp~*~~;

T1 S _ OPSPA_PAs ?A G PAP H_ 3_ 2_ 2_ 4_ Fl C TI lI~~AL _ R 1l 3LIREUEN1 5

~ P Ic;j~ Al l ‘ .~~_ ‘J F t1i 1~~E~ F NT~T L S _ D P S Puh _ i’A ~~A G R A P H_ 3_ ?_~~~H_ F ( J h i C T V~NA I. _ 1~I ~U I P E P1 EN T S
~~~~~~~~~~~~~~~~~~~~~~~~~~~~
lL , 5_ DP SP W _ P A R A G P A P I I _ 3_ 2_ 5_ f3_ E 7 )  ~c TI~~NA L _ RLUU IR Ft ’?ENT 5 ,

RIFIPRED MY:
A _ ’J IT ; AF5 P~~!SI _ It’,_ PA rA P.

ALP HA ; REM I ~i~ [P _ sT l I’ ,
B ~~. 14;
“BEG IN

ST ~~P_ T I M E : : P E C E I V E _ S Tr ~ ;
WR I I~~LN(1~t JT PFlT , ‘ C L~~CF~_ T I ” F :’ ,CL fIC$~_ 1IME )
W R I tE LNt~ UTRt a 5Tri P_ TI ~’E: ‘ ,5TMP I I”~E 

) ;
END; ”.
INPUTS:

D A r 4~ PECII~~E_STI’*P.

~UIPITS:
D A T A ; S T ” P_ T I” F .

TRA CE D F P~~ I;
UP IC IN A T  G, REQL IPERE N i;
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

RIF1.P~~EO f3Y;
P_ lET : kESP~~’sSF _ Tf1_ RAt’IA P ,

AL PHA : PP_ F R R D R _ P,  
~CESS 

IF( •
B E T A ; “HE G It ’. i’~o;

” .
PEFEP i~E1) n

y ;
R_ * T :  F S P ~) .J S F I~~~P A D A P .

ALP HA: sELFCT _c~~~~~
1r),

BET A : “ ‘3 ECd i .  S~~L FC T F i R S T  RECM PO FR I~M r~’~~ iA N[ l  Er ~D; ” ,

INPUTS :
FILE; Cr1 ’~MA ;JD ,

I~ ~I I p(F T 5;
DA TA ; PEC~1k)_ FP(J ND.

TR A CE D FP~~i;

~P I r , IF IAT ING_ RE:~I’IRI~~E NT ;
T t S _ Dt’5PR _PtR4GPAP,.4_ 3_ 2_ 3_D...FU4C TI~~NAL _ RI QUIREb ’FNT S

~P I C , I N ’~ T I ‘~C_ PE iLl I~~E P F N T ;T 1S ._ DPSPR _ PA P 4 G R 4 P H _~ _ ?_ 3_ E_ F1I~J C T T~~~AL _ RFGU! REM F NT S ,
REFE~~~Fl) B y ;

A _ ’IIT : ~~ IT _ 1? ,

ALP HA S SF T_ C~’UI~uT F I ,
BETA :
“BEG ! ~J

H-i 3
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~v
”
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AC ( ~I FI ’~TE I I _ F L’p’ : C J ~.TF c i ;
W R IT (LN (P FJ ’TP II T , C I “C~~ _ T ! ” f :  *

W R l T E L N(~~tjTI~tlI , * A C C ~~~I) T€P_ f~~i~:* ,A (CM I.iNT F 9_ F~~R);

~ ij T p t ’  I S ;
),ATA ; .~C C . J F T E r ’ _ FM ~~.

1
~~A C F I~

C L _ ‘S ‘R_PA G~~A~’H_ 3_ ?_ 1J_ 4_ F’tI J C T I 1 n i A L _ R~ Ut,jI REM EN T S ,
Plc EP~~I’ . ) ‘ ‘i ;

s~~~~~~T :  IAI. L’V _ k E T U P N S .

A L P kA ; ~~ ~~~~~~~~
F 1 E T ~~ : “ -~f ’~ T~ F ’~
plSc~~I r r T ~-~~: “ S E  ~s T YPE F ~

p I?.~A C ,C I~ ~~ r~R rl p p F r~” ,
5t- T~~;

E ’ I I T Y _ ry ” E : u)P~~PPL~ _ T M A C , E ,
T PA C F D F~~’F ”:

T I ‘S rSr ~ _ pA ~ A T h  AP M_ ~_ ?_~~_~ _ FlJ ’ r TI ‘~PAI _ PE UUIREP E t”

Si ~‘~[1 ~IC’~~”_ r’PI~~

ALPHA ; SE 1_ L A S T .
~E 1A f
“ L~ 1 61

W RITE LN(f 1 tJ IP( T . ‘ C,.~~r~~_ TI’~F:’ ,CL~~c~~_ II1” 1);
WR ITFL N (IIU 1PI 1 T , I L A ST _ PJLSE: ’,L A ST _ Pt .LSF )
W R J T E L N ( e u T P I T , I S T A R T _ TI’”’:’ ,ST APT _ 11* ’L I;

L A S T_~’Ii L 51* :5 IA’~T_ II~~Ei~~ 5 . Y k  lv CA ’,~~Tr .~T~i P~~c~~r~p;
W R7T iLN (~~ IT P (’T , ‘ L A 3 T _~’ J L S E  ‘ ,LA 5 T _ P (’LSE)

IN PUTS:
)A T A ;  t.~~ST _ P ’LSE
U~~TA : sr~~~T_ Tt’’e. .

‘iJTpI’IS :
U A T~~: L A ST _ ’’JLSL

T~~4 C FI) ~~~l’~~:
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ;
11 _ i’u P5Pt~_ PA1’)A 1,PAP H_ 3 ?_ 3_P_ FU 4CTI~~NA L _ RF UUIPE~’ENlS,

PlFEPRr .~ M Y ;
SI’ ’i’ E I; F~~

R.4_ FR AP4 E

ALP HA; S FT _ L~~SI .
RITA: “ ‘~[GT

r . E~~F)i ”.
O E S C ~~IF’ T j’~N : “P~~C~~~r) S L r I S S  r~F ~‘U1SE I.F~ FN CVERr’uE ,” ,
TNP I.)1 S ;

D A T A ;  T1 _ T 2 _~~I’O~~-~I_ P A T A
D A T A ; T 1 _ T2 _ X ’ 1 l T
D A T A ;  ~~~~ T N l ~~~ _ DA 1 A
D A T A :  T~~,,_ X”i I T ,

SETS :
E N T I T Y _ TY PE : L~~sT_ FuLsE .

REFE PRE1 By ;
SI ‘~“l 

T ; I ~ 51 !ir,_~ E 1 I ,I~ ~ S,

ALPHA SF I_~~lL51 .
H- 14
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BETA; “HFt~j” 1 E’~r ” ,
r’FE SC~~1PT Ir I~..: “9 Et ” P 1 5 V A L I r , C~~P~ EI~ A T F r  ~ETu~~r ,

H ,
SETS :

~~.t T T Y _ Iv Pi : ~ET l R’~1r~ r IL S E .
TRA L FU FPM~~:

~~ I G I N A T I  J l ; _~~L )  IPE~~E~ 12
T L S _ r P SPR _ F’ C1 PH_ 3_ ?_ 5_ C _ Fl I ’~i C T I A L_ k ’ I W T k E ’~E N l5.

R~~F E P~~E . )  DY :
S I ’ ~’.~ I: F’ x TRA C T_ ”F A .st~~ E HINT .

ALP HA: SE T_ Shjt~MED
R I TA ;
“BF.Gl ’~

A 
~ C ~J T F ’  C _ F ~“F-~ : : 5IJ .A I~~ r.

W R I T F L N  (~~(‘TPiT ,’ CL’lC T I ’~’1:I ,CL~*C~c _ ij ME);
HP! TELN (riI l TP LJT , ‘ A CC (~IK JTL D _ FV ~iI~~ t 

• A C C~~l.’ NT ED_ F~~P)  I

END; ”.

~U1Pt T s ;
D A T A :  A C C M I J J T L r ,F~~~ .

TR A CE D FPr~ ’
F~ 16 1 ~ A T I  I 

~_ ~ E ~ I ~ ~~ F ~ F I’. I 1
TI  S_ i PSrI~_P .~ P A ( ;R A~~H_• ~_ ?..4_ A_ F 1I 

~C T I  ~~ A L _ RI ~U IR EMEN T~
~~~~~~~~~~~~~~~~~~~~~~~~ E N T  :
TI S_ i ~S PF~_ PA ~~A I ;A A r H _ S_ ?_ 5_ D_ F~~~r I T~~~AL _ 4 F(~u IREN E. NT S ,

PEFEPPE .) 
~ Y ;

SI~~ NEl : StJ~ _ ’~ETUI ~rj 5

ALP II AI S TACT FP ,
A P T I F I C I A L I T Y ;  A Q T T F I C I A I .,
BE IA:
“~~EG 7N C PF AT E ~.aVEFCl

P’4_ TAH I F PEC~~R’);; a
IE~ ISIICS 1:1. 0;

CPIAT F ~A vE F~ RM _ T4 R tE RFC rIRD;
,.FF N

~~ P 1 E  ::l~
~
F_ C H A P A C T~~R IST IC S; :2,o;

C R E A T E  ~AV~~~M Pv _ TAM I E REC~~P
!’)

.‘FF C HAI ~ A C T EA IS T IC S ::~~.o
END; ” .

Discp IrT 1”~..; “TH IS EL~~.IE NT IN ITIA LILF5 ~AV FF~ R~ _ IABL(” .
~tjTpt Ts :

F ILE ; ..i A V E F  ‘*~~ ‘_ T AMt , F
T RA CF I ) FP~rA :(

~P I 6 I A I I ’~J G _ RE ~~l ! I R E t ~F NIl
T I S _ DPS PR _ PA F~4&~~AP H_ S_ ?_ I_ A_ Fh J ’ i rII r1N AL_ Pt QUIREME~~T5.

PEFEPREI ) F3Y:
R_ ’4FT ; CC _RES~’M NSIS

ALP HA ; St~ 4_ E J F . PC , Y ,
RE TA:
“BEGIN

SELEC T FI F~ST HFCrIR 1~ FpM~’ ~ AV 1FMR 51_ TA F~LE
SUC H THAT (l.F _ N4 :p

~~,SF _T VPF );
IF R E C~~;’)_ Fr, lfl THf N

L~,[RGY::[~~E N G Y +A ~_ CHA ~~A CT I RIS T IC S S
WRjTELN( l~LJI PL IT ,’ CLIIC II * F:* ,CL F,rk _ IIME );
WPITFLN (F’UTP(lT ,* ~~JL SE_ T YPr: ’,PIl I. S~’ _ TYP1);
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WP ITELN (F ’LITP I~ T , ‘ f
~ ~~~ ~

INPUTS;
,)A TA ; F ~~~~~~
D A T A :  P . I .Sc _ T YPE
F I L ~ S ,

~. A \ d E F  * ‘ ~ ‘_ TA B I 1,
OU IPL Is;

D i ’  TA ; ~~~~~~~
T R A C E D  F~~~ ’;

~Ir, I’~ A I J ‘6_ RE .fliIRE~’E NT :
IL S_ O S P P  PA R A G ~

’ AP H S ? ~~4 4 F J  4CTI (1~~A L_ PE1~UI kEMLNT$ .
RE FE RR ED ~ v :

SI’~~~E. I: T A L L Y _RET ,J~~ IS ,

ALP HA : 5t’~~_ SA G E .
MEL T A ;
“ME G I N

SE LEC T E l i -S T PFC~~P~D F~~f~ 4 ,.A V F F ~~RM _ TAR LE
S L IC H  T H A T  (~~~_~

I aM F :pLLSF _ y YP F);

~~~~~~~~~~~~~~~~~~~~~~ S+.,~~_ C*,A RA C T E P 1STIC S ;
HRII fLN (~~U T NT , ’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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R E F E P R E D  f ’ . V :
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R I F E — R E D  ~ v ;

R _~~IT :  CC _PISP~~~S1,

A L P HA ;  T PA r ~~_ I~~I T l A T F .
RIT A ,
“BE r~ II IPE _~~F_ T~1 I T~~A T I~~r.;.:CL~~C K _ TI~’E

S Tt It : : I~~1T I AL_ ST A T E a
C~~VA P I4’~CE: :ItJTII4 L _ C ) V A P T A N C E J
IRA ChC _ W AT E . : :?~ .c ’;

~ A VtF ~~.~~’: :Tj ;
O A T A _ REC~~P1)_ TY PE ::THAC~~_ T N 1 T I A T I I~~ RE P u R l;
E”J TRY _ TI ME ::CL ’IC K _ T IM E ;

W R I T E LN U I U I P I I T, ‘ CL’rTh_ TI’1E ’ ,LLu C~c _ TI”E ),
WR IT E LN (~~UT i ”IlT , * 11 1 ’E _ ’r _ I \ I T I A I T M N : ’ ,T I~1E _~~F _ T I T T I A T 1 ~~N)
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)
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F ~ P 15:
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DA T A; ~~~~~~
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l)A TA ; C A T  A _ RIC~~R D _ TYPE .
DATA : F~.Il.’V _ TI~~ED A T A ;  J P I A ( F,_ ID
DAT A ; S T A T E
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D A T A ;  ~,A V1~~
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~~

’4 ,
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T ’
~_

•
~t CEI ii I- : ‘ , I 

~_~~~CF ly E );
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I e t r . ’  :‘
~ ~

~— : _~~r :~~i A i . E  1 ;
SI’ IF ::~~A l  ~~,. r. ~S ~~~~~~ I;
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D A T A :  A V I F  * R H ,

T R A C E D  F R
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D A T A : 11 _ T~~_ R f r E I v t
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7 N . C L [ UF  ‘) P,:
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TYPE: PEAL.
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D A T A :  ~ A k F _ A R R A Y  ,
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D A T A :  T3 _~~ECUVL ,
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~
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~L~~MA L .
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USE.: -Y’ T~~,
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F I L E :  r. A~i r I D A T F
It~P uT  I’;

A L P HA : ‘~ A p  F C’i”’ANC ,

~ uT P t T F W ~*” :
A i~~~*; PICK _ CAN DI(~~ IFS,

D A T A :  C L u C~ _ T I~~L(. A PPEI ) EFT NI D  DA T A  ITF~l u’~HI CH IN C R F’I N T S A T THE
SA”E RA T E A S FP ,GA G F~

4 ENT T !”t  • LXCEI ’ T F ITS
T ’1TII AL _ V A L U E  NHI C H IS A PPII PA PY , CL~ CK _ TIP’ E ‘~A Y

~ E l~E G A R D F D  A S  E N C A G E F ” E ’ J T T I M E ,  IT HAS N~ CLOC K
F R R ’ R , *) ,
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TYPE , PEAL,
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USE; I~~~ T H ,
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~A PY
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A l PHA : (;.1 I~ST _ TE~~ I I N A T I~~NI
A L PH A : P.11 T IA L !LEL_ 5*~~rl_ p
A (~~’ M4 ;  L _ TER~” I N A I I t~N
A L P H A :  I .4N ’E A~~L (~C41~~1p~
A L P H A :  R F U h I ’ J _ T F R ’ ~ IN A T y I ~N
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A L P H A :  T 1 ?A CI< _ It. I I IA T F
A ( P~~4 4 ;  ij P 1~A TEL _ ST A T E ,

DA TA : ~~~~~~~~~~~~~~~~~
L~~C A l I T~~: r,L’~ ,A L ,
TYPE: E A L.
U S E ;  F~~~f u~
C fIN T A L ’ ED TN :

FILE; C~~~’ 4 I f l ,

~ U T P ( T FP~~~’ :
A L PH A : ‘~~ cF _ C ’~~ ’A’~C ,

DA TA : c~,~~ 1 A Nr ,._~~L’ ,
L~~C4I I T Y :  L f :A L ,
P A N  Cl
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

T ER~ I’. A T F_ F ~ (, A l ., F~~ lE T _ P’r~1~~ ~~~~~~~~~~~~~~~~~~~~~
TYPE: F•
USE; ~~~~~

A M A K E S ;

~fTSS 4C,f ’ A rK ’ 1~~LFD (,~~
p
~’F-NI

“F 3~~A GE : iA ~ ji)uvE~~
4
~’ I S S A r ~L : ~~ )F _CHAN ( i~F
“ f S S A ~~1:  TFt~M I P ,AT I~~N .

INPUT I~~:
A l P 1~~ ; V A L I ) A T E ...HEA[i fp ,

~ U T P L T Fe ’”;
A l  P~~A :  V A L I ) A T E _ H E A I f P ,

PE FE F~~I 
) MY ;

~_~~F T ;  Cr _ RESP~~NSE,

D A T A :  C 15 N’ sI A ~D_ I “ A C E _ I fl
L~~CAI. IT Y : C,L~ 1 BA L .
TYPE.: l~~T E r,t r ~.
USE ; F~~ T~i ,
CO N T A I P E C  i’ .;

F ILE ; ~~~~l4’4D ,

~ uT P l T  FPu” ;
A L  P~iA  ; S I A < E _ C ~‘~M A A 1r,

D A T A ,  C ’ ~~A ”~
)_ u~AV EE13 R ’ ,

L~ C A L I’ Y l GL IIiA L .
RA N G E ; “ 11 , 12, 13” ,
TY PE: F~~t J ’ F ~~A I tl” ’~,USE ; r1 r1r~.u .
C~~NT A I P F_ r~ I’ :

FILE: ç.~ 4 ’ : MA N f )

uUTPLi I F P u ~~:
A L P H A :  ~IA pc E _ C i P ’ i A N 1 ,

DA TA ;  C~~,AP IA F.r E ,
L a CALI T Y : r,Lut~AL.
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TYPE: PE AL.
U S E: (41 T A ,
A 55~ C 1A T~ i~ ~~~ ~~~

E N T I T y _ lyrE ; IIIAr.E_IN _ TP A CN .
INPJI 11 :

A 1~’H A ; ‘‘P1,4 TEL _ S 1411,
u UT P I..T  F~~~~’:

AI~~H A;  IQACK _ PJII AT E
A l ~‘‘-‘A : I J c~r~aTE: ST A TE

DA T A: C J F ~~F~~ T_ SI8IE ,
L~~C A L I T Y :  L~~C,AL . ::
TY~ EL: P FA L .
u S E  : ~ F I A ,
MAK ES ;

14f SSA C,E : 5 TA T L _ U~~U~ IF ,
INPUT T ’~;

Al ~~‘A : L’ A _ EL F V A  T~ ~1N _ r~ET F . R~1IN A T  I~~
’J

A l k4 g RI )I i  ~j r ~ T~ ~ H TN’. A T 
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I

~UTP ( T FRu~u ;
A t  P~~4 4  ? P u , A T E  S T A T E ,

DA TA ; C A T A _ R F C u i ~ LI_ TY PE.,
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~RI
I ~A C N _ T E Q f-i~~ j~~~~~ I PEP ~PI , T F~4C K_ INIT I A T t IJN_ Pl P’ F  I”

TY PE ; F it J h i E ~?’~TI~~’J .
USE: ~~~Tk ,
M A K E S :

‘
~~~ :;s#r,u. : .

‘ f3 5 4r,V : 5T~~TE _ UP [)ATE
‘~f S S A Gf ~~ l ? A C < _ I N I I IA T IuN
~~ ~S AG F T ?A C K _ TE R~ P~A T  1i~N ,

~UTP L T Fr ~i

A t  ~ H A  : C~1’~ ’1.E IF _ SU ”AF ’ Y
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Ai :)HA : ~

;A4 (:ST TF~~” I F A T T u ~.4
A l PH A :  L” .’ _ I~~

)
~~I’. 1 A T T~~N

A L ~‘~~A : ~.ED ‘ J _ T F 4 ~ ”I~’ A T 7 t~’u
t i  P~~, 4  : T~ k~~_ T R A L K
A ( ’ H 42 T..

~A Ci< _ I i I I t AI[ ,

C A T A ;  DLI T A T ,
(‘E S c i - I r T T~~r .: “ ‘ i J j ” ~ J M 

~ IJ L SF 5PA CT’ J C ~ N1~ REA M S’aJICP’4ING ,” ,
I N , T T I A I _ V A L I F :  3. )f : — h ,
Ll~CA L IT Y : I .’IC AL
TY PE: PEA L.
U SE : r~rI~~,
I~~’ P UT  II:

A L P k 4~ i8 l F C , ~ M M A N t

D A T A ; CRr P _ FLA ( .
L~~C A l IT Y : I. P~ A l
TYPE : M ‘A 1  F ~~ ‘

uS~ ; 
L 4 I’~ Tp 4

~1)TP ( l FPr~” ;
A I~~’H A :  F I ’ r ) _ C ” ” .F L I C T ,
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REFEF~~FD BY;
SI IRNE T ; F(~R 4_ FRAM E ,

DA TA ; DRe~~~~~4S~~,4 ,
L~~CA L I T Y ;  r,LuBAL ,
R A N G E : ‘1CH~~ST ,1 tN DANT ,LA W ,CC_ C I*4 6)_ T A _ DR~ E’” ,
Tv~ 1; F ~1 IJ r 1 F P 4 t ~~ 1~~,
USE; TM ,
C~~N TAINEC 

1,5, :
FILE : TERH TNA T I ’R ,

INPUT I’;
A L P H A ;  T ER~’’_ T P A C X ,

TRA CE D FP~~M ;
r p I r ; 1A ,4 T I~~~_ RE~~t i IPEP’E NI :
T L S ,_ PPSPR _ P A P A C ; RA P H _ 3 2_ ?_ A _ FIJ~J C T T ~~’JA L_ RI ~(JI R E MENT S

~r I c , I N A T I N c ;_ PF,~U IREf r FNI ;
ILS ._ DPSPP _ PA RA G PA P H_ 3_ 2_ 2_ B_ FU ’ICII A I._ PEi~UIREf~’EI’

1
~TS

IPIGIN A T 1 (;_~~E~~UI PEt ”ENT :
T I. 3_ 14P ~~PR _ P A ~~At’,~ A P H_ 3_ 2_ 2_ D_ FU ~J C T IlIt

~AL _ RI. 1~UINE~4 E N T S

~PICIN4 IING _ ME JUI kE P FNTX
T L S _ DPS PR _ P A R A ~~PA P H _ 3_ ?_ 2_ E_ FIJ~ CT I J A I ._ RL’~L1T kIl ’FNT5 ,

DA TA ~~~ P_,TIe.
4
~~,

LOC AL II Y I G L u R A L ,
TY PE ; PEAL.
USE; ~3l’TH ,
C~~N T A I P E . F )  T I :

FIL E ; T E k M I\ I A I~~R ,
IN PUT TI :

A L P HA :  TER~
’_ TRA C K .

DA T A ;  ELI V A T T F I N_ Lj’IIT ,
IN IT I A L_ VA U I I F : 15 ,’),
L~~C A LI TY : GLPI c IAL .
TY~ E: PEAL.
USE;  t3 1’ T k .
I UPUT TA :

4 L P ~~A :  L~~~_ E L E V A T I~~N_ DE T IRM IN&T t~~ 1 ,

DAT A : EN E RGY ,
INI T IA I _ VA L IJE : (1,0,
L~ C A L I 1Y; LA CAL .
TYPE ; PEA L ,
USE; F3~~TA ,
INPUT TI ;

A L P H A ;  PIA KE._ A LL ICA T I~~PI
A( PH4 ; SJ)NI _ E:~~PGY ,

I~UJ1PU T FRu ~~i;
A L P HA : M A K E ALL~ C A T IAP5
A L PHA ; S l i*~._ E~~ERGY .

DATA ; ENCAr ,EMENI_ TIM F.,
L.~ CA1 IT Y VCAL .
TYPE; REA L,
USE; BA TH ,
A I’ I S

‘4 F S S A ( E s  RA DA R _ USAGE ,

~uTPl’ T FRiI ’4;
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A l  $ “H A ;  C .~ljjP~~fJ TI _ SUN MA PY

DA T A ;  ENT’~Y_ Tp1I .
L~~CAI flY : GL 

‘
~‘~ A L ,

TYPE ; PE .\L,
lJSE~ ~l rn T~~,
A SS DCI A T ~~D ~ IT H :

E N T I T Y_ CL A SS: I”A GF .
INPUT T~~:

A L PHA : L~~~_ L L E V A T IA r _ DE1EF~~INA TT (’~~.

~Ij1P1 T FP”~~:
A L P H A :  T RA C K l~~IT IAI F .

TRA CE D FPA~~:
IP IS J ~: A T I  ~ G_~~i ‘~U I REt’ F NT 5
Ti S_ OPSP,,l_ p’ ~P4GRA P M_ 3_ ?_ 2_ U_ Ft J .4C II A; .,AL Pf GLIRE~~ENTS.

DA TA; F~~( ~ fl
(* 4 PRELDEEI~.1ED D A T A  ITI~’1 I4H 7C I-l IS SF1 Iti EITHLP

T R H E ~P F A L~ F. AF TER F A C ’~ SfL FCT ~ N. A N  ENT ITY _ CL AS S

‘~~ E’I T I T Y _ TY PF. F 4 U ~~r is ‘ F T  T~ T R U E TF A t .
I ~STA.JCE ~ A T IS F y T p G  T r i F SLF.CT1’~N 

( l~’ITERL ~~N IS
t t ~CA I E D , ( 1 T l E P ~~T 5 E , F I~U ’ F  IS A S S T G N F L ,  TI- I.
V A l U E  ~A ( SF , •) ,

IN IT T 4L ._ VA L I ’F : F A L F ~F ,
L N C A L I T Y :  L r ’ CA L ,
T Y P E ;  B~~~l F A F .
USE ;  t~A T H ,
RE FE PRE ) ~v ;

~ _ “J FT ; Cr _ P ESP~~~SF_
~‘~_ ‘i~~T : ~~~~~~~~~~~~~~~~~~~~~~~~~

DA TA: F RA” I~~_ P A T U ,
INJ ITTAU... .V A I. ;E : 11 , )I
LI~CA1 ITY; (;L-~HA L ,
TYPE: PE A L.
USE: ~~~~~
D E L A Y S ;

EVE NT: SCHFIf)ULF
INPU T T~~ :

A l P HA :  I’. IT IA L IZ E _ S K F r ~_ P.

DA TA : GA I L _ LENI T H .
L~ C A L I T Y  L~~CA L ,
TYPE ; PEAL.
IJS E; GA ’ i~’A ,
I NCL IOF ) In

D A T A ;  IL _ T2_ GA IE _ DAT A
D A T A ;  I3_(;ATE _r )A TA,

DAT A :  GA T L _ STA ~~T_ TtHE ,
L~~C AL f lY ;  L~. 1CAL ,
TY PE; PEA L,
USE:  GA 4r .~4~

IN C L U D E ;.) 7N :
D A T A ;  T 1_ T 2 _ NATE _ DA T A
D A T A ;  T~~.GA T &’_DAT A.

DATA; G R~ ST_ IP1 A r;E ,
H- 25
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LDC AI ITV: Lr CAL .
TY PE; I~~ ’LE AN .
USE; dAIM ,

~UTPl’T 
Fr.~r~N’:

A L PHA: Gi1~~ST _ I)F T E R P~T N A T  j A N ,
T R A C E ’ )  FRr’~1:

~
l
~~tGI’. A. 1’ I~ b_ ”~E 1~UI PE N EN T I
T~ 3_ DPS P~~_~ ‘

~~A G PAP H_ 3 ?_ ?_ I~_ FI1N r TT~~~A L _ PI ‘~tjTRE~ F P’~T 5
IC, I~~A I I .r;_~~1T ~U I PE~~f NT 5

TL S_ rPSPP _ P4~~~GPAP.4_ 3_ ?_ 3_C_ F ,i JC TI~~”Al _~ ( QL, i~:Er~F NIS,
RE FEFRED P Y :

P_ fl :  -FS~~~ .SE _ T1_ PA PAP,

D A T A ;  ~~_ I1’ ,
L O C A L I T Y  L’~CAL .
TY PE , I ~I f’ .f ~~~
USE ; ~~~~~
MAK ES :

U 1 S S A G F ; r~t~.’irM ~,EP
“~F ,~SAC.F : ST A T E _ I J P UA T E
‘~F 5s A1 ;F ; 1FR’.’I F ,AT I~~ ;
“ E S S A r,F :  T~~A C~ ._ I ’ I I T A T T r t N
‘F SS A (1 : T~?AC ~(_ TF~ . l’ I~~A T 1 1’I N .

I NPUT T I :
A 1 ) A; T .

~ A C~~_ P 1 T IA T F .
A UTP I, T F P A ” ;

A L P H A ;  G Hr l S T _ Ti~~~IP~ A T I~W
A L P HA :  L~~~_ TF~~” I ’~A T IAN
A L P H A :  ~~~‘)‘

, ‘~_ T F R~lII~ A T I ( 1 ’ J
A l )~’A: l I P I A T E _S I A I I ,

v A L I r 4 T T~~I _ r ) 1 ’ J T :  (2 _ T M 4 G E _ HA 41 V1~~.
PtFEM~

Q F )  D Y :
P \JF 1; CC _ PCSPI’ sSE ,

D A T A :  I ”A G F _ Jfl .
L~~C 4 l  IH: G L’~” \ L .
Ty PE: J J T E r , F P ,
liSE : ~3 A t H ,
A ss~ r I A T F  I) ‘.1 T 4 ;

E L F . T I T Y_ rL A SS : i’~A GE ,
INPUT T A :

A I P M A ; A~~STG ’~_ PAI E
A L PH A: C R EAT E _ ST A TE _ F ILl
A L P H A :  ;,..~~SI T r R M I~ A T ~~~ J
A l  PHA ; Li~ _ T E~~I’ I HAT 1 ~
A l PHA, PICK _ CA NI ’

~I1)ATES
A L P H A ;  ~~ U)’ l’ i _ TF ~~~’I~’ A T  I
A ( ~ ’ HA ;  UPUAI~~_ S T A T F .

n U I P UT  F’ R A ’ :
A L P H A ;  T~~A C~ _ I ’ I T I A T F ,

REFI.P~ U )  B Y :

~_~ ET : CC _~ ES~~~~St
‘~_ ‘lET ; FS P r,SP_ T~ _ R A f l A p
S f ~3 \ f  1; E X T ’~A CT ’ !tAsl ,pE i.’ ENT
S (’.’ET : . F r ~RM _ F~~AM [.

DA T A ;  I NI T TA L _ C A v aRI 8 r~ICE ,
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L ICA I L~~~: L’CAL.

USE :  R r ’ T k .
MA ~A. F  s:

‘F S S A GI  ; HA J ” ’ V ER ,
INPU! T I ;

~l PH ,~ ; TRAC (_ I N I I IA T F

D A T A :  IN I h A L _ ST AT E
LA C A I. fl Y : L A C A L ,
Ty~~[: ~EA L ,
U S E :  -~~‘ T ’ i ,
UA ~~~L 5 :

“FS SA ”,E: p
~~A . I” ~~’ V E P

‘4E S S A i ~.F z T~~A C~
(_ I~

..IT T A T  1I’~.
INr ,JT l~~;

A t  ~‘“~ A :  T~~A C~~_ ZA I T IL T F

DA T A :  1ST .
r)E Sc r : I~~T I ( ~~ ; “ I N I T I A L  S I A~~T IrE  FA R T H E F~~ A~~F . ” ,
L ’ C A I  j T ~ ’ ; L~~C A L .
Tv ~~F P r  4L .
SE : ~ “ I ~‘

INrIJ T T ’ ;

~L ~‘ ‘ ‘A  ; , A , ~F~~ C~~” ’ 4 A N C

~uTP I I  F~~~M :

A L ” ”A :  I ’ I I I A L I L E _ SK ED _ R
A L PHA: ~A K E _ C~~~ ’A NC a

D A T A ;  L A S t _ A LL~ C AT F
L~~C A l I ~~~: cU l L .
TYP E: ~~
U S E :  J~~I’-~,
IN P u T I~~:

A l  ‘ A :  “ IA ~ . f A L L A C A T I r~.

~UIP ( 
T FP i’i ” :

A L P H A ;  ~s 4 K F ~~~Ll~ ’if’. 4 T IA ’~.,

DA T A :  LA SI _ ?ULSL .
L~~CA I ( 1 Y :  r,L~~~ 4L,
Ty PE. ; PEA L ,
USE; r4~~ TH ,
A 5 S .,r IA T F r N ’ITN :

L’ T I TY _ TY PL : t~~AGE_ IN T RA C s ,
INP UT T~~;

A ( ~‘~A SF 1_ LA ST ,

~U1P (’T FRr’~~;
A L ’ k A ;  SE T _ LA ST .

PEFL I’ U )

-~_ ‘ F T :  S NEr~_~~,

DATA : L E ?GT H _ A F _ P1CE IV~~.L A C A L I T Y :  L A C A I
TY PE: PEAL.
USE:  GA i ” A ~
I N ,CLI OF 1’.:

D A T A ;  ~E r, F I v E _ II~ F ~~~M A ~~I~~F’4 ,
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DA T A :  L~~ ...E L E V A 1  I nN ,

L~~C A L flY : ‘
~CA L .

TY PE ; H
USE:  ~i’T h ,

~uT Pt T FP~~’;
A l ~~~A : L’ ~_ LLE~ AT I~~

.’ _ DF TH~ ’ I NAT  I IN ,
TW A ~~F~ F P’ ’ ;

I P I C , J N A T J  Jr,_~~E
(fl.’LRE~~F NT ;T L S _ P PS P R _ PA~i4 A P H_ 3_ ?_ 2_ C_ F U N C T J A ~~AL _ RI NU IPE~- F N T 5,

P E L F L F~~I~~ M Y ;

~_~ E T : ~F5P 5E_ T~ _ pAr ’~A p ,

DA TA : ~~~~
L~~C A U I T Y :  GL~~l’4L,R A N G E ; “ Ff J A r.Fr ,S T A I J P R Y n ,
T YPE: F~ J LJ ~1E 1 :A TII N ,
USE;  d~~rH ,
~UTPL T F pu ~si;

A L P H A :  t ’ .. ( ;Ai ~~~lE kT _ T~~T T I A T I I r :
A l  ‘~HA : T rR” _ E ~! r .A C ,Er ENT.

REFE P~~F 
) M Y;

‘~_~~FT: -~A !, AR _ SuJ ” u’ A~.y
-~_~~ET : SkL I

~_~~.

DA T A ;  N I T S E_ L IV E L .
L~~C A L I 1 Y :  L” C A L.
IY~ L; PEA L ,
USE; G A 1 ~~A ,
JN CLI L)F ~

D A T A :  Il _ T ? _ QEC~~P(~
,.)4TA ;  T3 _~’lFC’Pr ,

DA TA : PRT~~PtIY ,
L OC A L I ll : L f I HA L .
TYPI: PEA L ,
USE: B~’TH ,

F ILE: C A ’ ~1,I~~A T F  I
C~~~ T A I P.I.D I ; :

F I LE :  LA ~U t i~A T F

~UTP1 JT FP~~”~‘A L PHA : ~ Ic~< _ CA N 1 )IoATf S.
T R A C E )  F~~~’~;

)FCjSP ’~; T~~A C~ _
PEu~F A p ’.1 A NCF _ ALL ICAT IrI N

n P IF. INA T I ‘~ ;_ P E ;~lJ IPEt ’ EN ’ I;
TLS _ DPSPP _ l ’ARA G PA PH _ 3_ ?_ 2_B_ PEW FAP ~~~~~~~~~~~~~~~~~~~~~~

DA TA : PIf l  ~~~~~~~
L~ CAI. IT Y : GL ’~us A L .
TY PE: I JI 15~~— ,
USE; R ATH ,
A S S ICI A T ED ~1T ’~’;L i I I T Y _ r. L A S S :  PU LSE .
~u T P U ’ I  FPr ~~;

A L PH A; .PTCK _C~~~’IAN1 .
PIFEPRF.’ Mv:

R_ 411; R E S P V S F _ 1O_ RA C . AR ,
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DA T A ;  PUISI _ Typ F ,
L~ C A L I T Y : G LAR A L .
RA NGE : “T I ,‘T ? , 13” ,
TY PE: F 4~ ’~~F L 4TI’I~~,
USE: Rf’TH~
A 55~~C I A T F .C) ~TT ’4 :

F ” I T T Y _ r. L A s S;  P ut 51 ,
IN PLI T 1 .1:

A~ ~‘ 4 4 ;  S~~’_ LNEPGY ,

~U T P L ’ T  ~~~~~ :
A l~~H4: ~ lc K _ C’! M”~A~~C ,

REFLP~~F 
)

~~~~
.

I f _ f ;  
~FS1 u ’F _ Tr _ RA r ’14P ,

DA T A, R A r A I~....CLA( K
L~~C A U  I T Y : C L N H A L ,
TYPE: PEAL.
USE; B’11H ,
JN P LII l’

~:
A(  PHA : C ’” ’LE TF _ SUt ’i-’AP v ,

~UTPi T F.Pl’i.4 ;
A L PHA: LI PPA TF _RAD A u . _ CL .,CP(

DAT A : RAC A P ,CL l1 C~c_ T PIE,
L’~CA L I I Y ;  V ’CAL .
PI. Sr iL UTI~~N : ~,, 2 S E — 9 ,
TY PE: PEAL.
UN I T S :  S F CA N r ) s .
US E ; ~l PT H 1
T M A K E S :

‘~~SS AGE : R.,,CLIC K_ M E SSA GE ,
IN PUT I ~:A t  P H A  : LI~

’ 1) 4  TE _ PA D AF; _ (- 1 A C K
TRA C F ) FP’u~’:

TI s_ p 4DAp _~)Ps_ IFS _p A p A G R A P H _ 3_2 q _ Fi~~ CTIr i h4L_ RE(aJIpE~lrNr s ,

DATA : R 4CA P _~ E A S J ~~~”FNT ,
L~ C AI. L IV : L ’CAL.
Ty~ E~ PEA L.
USE ; ~3€ T A ,
INPUT T I:

A [ P H A :  G S I _ r) F I F T N ’ 4 I I~~ 1
AL~~HA ;  I P r A T E _ STA T E.

~UTPi T FP .’i~.l:

A t~~H A :  I~ _ T 2 _ U EAS U F. Et ’~F NT _ EX I RA ( ’ 1 t ’ I N
A L P H A ; T~ _ ME A S t~~E~~LN T _ Fx IRA C T IAN ,

DAT A; PA C A R _ TyP E ,
L~~C A l I T ~~: l. A C A L ,
R AN(,E ; “ T1,I?, T3 ” ,
TY PE: F ’~i J M I 1 A T I ~?\ ,
(ISI s Rl~T ” ,
M4K E S

M F S S A C , E L ;  T I _I~~_ C~’M~~A N ( ,
‘4ESSAC.E ;. I1_ 12 _ RF T I .PN ’
M ESSAG E., T3_CN~~~AN [
TM E SS A GL ; T3_’~EYUP N,
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u~~ C~~_ L~~’”A. .,

~Lt ~rth )F ) 
~v :

vA LIr ’ A T T ’ . . P ,
~ I .,T : r A r  ~u. 

~~~~ 
‘~~~ ~ “ iT .’ T r  r 1 I ,

-~_ F T :  ~~ S’~~ ’
~SF _ T’_ ’~A ”A I ’

J~ T: ~‘jT ,_,— ,

D A T A : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
L~~C AI I~~~ ; L~~r A L.
T Y P E :  I 4 T E ~~ F P ,
Li51; ‘~~~ ‘~~A ,
IN LL L~~ F ) 1 ~:

A TA : I I — I .~‘_ C .\ I E_ u A T~

(~A TA ~ A~ ~I
_
~~A ._ j~.Fi’~ ‘A T j

~~~!J5F_ : ~F I

‘A l A :  ‘~A ’ i ,k _ A P~~_ 1l ~~F
. ) A  r A : SI (~

, ~L_ A’’P I I I ’  ~
I~ 

r~~i ~F 
)  j ’ ’ :

‘ ‘A T A :  I
.~u A T A ;  T .~_ pF C’Rr. ,

D A T A :  ~ A F ’  ~F _~’A.~
s _ TrC” i T J L f ,

I’ I C A I J T Y ;  L ” C A L .
T Y P E :  P EA L .
.iS~ ; 

, ; A t M A ,
T N ( L I  ~“f ‘

~~

~A r t :  T .~_~;~~T I _ r~~!A . ,

t) A T A :  ~‘ A Uf _ ‘ .‘. ~ _ T I ‘i ..

L ’ CA L I TY; l_~’CAL,
lyrE : ~ EAu
‘S I : A 1 ’ A ,

.~~~ 
) I’’:

~A T A ~ ~ — ~~~~~~~~~~ F ~~~ ‘ A T I ’  -,.

D A T A :  ~EA SA~ _ F _~~~~r .
LnC A L I T ~~: ~r AI .
P A t 5F : “ r,H~~Sl ,’~~~ 

;j’ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
0
,

TY~~~: F ‘~I ’F1’ A T I ~ ~~
‘ 151 ~~~~
‘-I 4~~E.c ;

“F~~SA (,F : T~~AC~
(_ 1FP ~~T Na T J (’N ,

A ( I T P I T E P A ’ ;
A l  ? ,., A : G~~IST _ T E  ~~i’j ~ AT I A ,

A l  ‘M A :  L’~~_ IF  ~~~
“ I’~~ T I A N

AI~~I~A : PF, I J _ r F R ’ ’ I~’ A I T ~~N
A l ‘‘-A : T Fk’ _ T RA C K ,

TR A C ED FQr”~ ;

~ P I r , IN A T J .G_ RE.~(I PF I-FN ’T
1LS _ pP5Pk _ PA ~~A G PA P k_ 3 ? _~ _ A Ft I~ C TI .AL _ PF 4-ikENENT S

~P IC.~ ‘.A TI ~(,_ PEJ ~ j P~. 1 - F  1- T ;
T l $ _ f~P 5 PQ _ PA~~A 5 P 4 P~ _ 3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
A F IC. I’~A I I’~U,_

RF ~l I~~iP F P T  1
T L S _ DP5r’ P_ PA ~~A C ,P A P~.ç3 ?_ ?_ t~_ F~’ ’ J C T ! ’ ~~ A L _~~F 1 l  I P E ’ E N T S

~P I G I . A T P ( _ P[~~i I R 1P  E N I
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D A T A :  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
L A C A L  I T Y :  L r ’ C A L .
R A r ~GF :

‘
~~
‘ TEF _ T ‘~A 

‘h” I S5 I A ”
C L T 1 F _ , I ’ . ’~~~~_~~~ E~~L A P ,

IRA ~ ‘II_~ t \ : “~~~‘~v~~R L* ~
I cj p-  F I~ IF N I _ Tr? AN SM j S~ I ~~~~ I I r. .€

P 4 i”AP C. A ~fl I . lCA \ ~~I $ T F N ’ r~~,

T Y P E ;  l~~~~~f.~~~ T I r ~’ .
U SE ; ~‘TH ,
I~~LL ( 

.)F 
~

i)A l~~; T 1 T T~4_E _ PEF ’i~~T
D A T A ;  T 3 R T ” _ F~~’~ .~’ f . E P A P T .

[ ) A T A ;  ~~~~~~~~~~~~~~~~~~~~~~~~~
USE; .‘4FTA
I N C L I L F  .~~:

) A T A  LE TH _ AF _~~E (FTv ~) A  T~ : RICE I ~/ E _ S T A kI _ I T~~F
l A T A ;  ~? F C I T ~~E.~,..~G A I N _ c F T 1  T ’ r ,.

TN C L I 5[ ~~~) I.:
) A T A ;  T I _ T ? _ I~~A S M T I
U A T~.: T 3 _ T R A ’ S ’  j I

L~A T A :  ~ E CE I ~E _ ST A.~~I _ I I ‘ E .
L ( C A I  I T Y :  ~~~~~~~
T Y P E :  r , EA L .
u S E  : A i~ A ,
T CL I UI “

~ I .
~~I)~~T A ;  L C E I v E _ I . E A A ’ ’~A I J ’ l ’J .

D A T A :  PIrET~~~_ TlP .
LlC~~l 1 1 1 :  G L ’ ~~ L.
T Y c ’ l:  P E A L .
r i S E :  ~~~~~
A s S ’ ~f I A T 1 p  “ I T :

~~~T T T v ly PF : l’ _ 12_ Pt j S E
~~ 

T T T v _ TY P~~; T~~_ P~ ,L çç

INP UT I
A L ~‘‘ A :  ~~~ ‘ F 4”C~ _~~if~~,A l , T P l  I F~~’’:A l P A :  F ~1l~’ _ I I_ I?
A l  P ,~~; F I P ” _ Ic ,

~ EF E~~~F ) ‘iv;
5I ’4~~E I: ~~Ic S 1 N C ._ PE T I r P ’  S.

DA IA; ~E (E1 P_(~4I’._ ’SE ITI\G ,
L~~C A I flY; LA C A L.
T Y P E ;  P F A L .
(‘5 1.; GA  ~ I4 ,
INCL I ) U ) I’d:

D ,A rA; ~€C F T/ FI _ I\F~~P~’A T T A . .

D A T A ;  ~ F C ‘~~~~ 
) _ F M I ’ A j r)

C ,  A PRF )l~FT’ .Fri ‘~A T A  I T E M  4 H IC H  IS S E T  IA  LI T I-~~~
H-31
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TM I ‘~R F 4L5~ A F TF~~ F4C ~ SE LEC T ~ 1. A F I L E  I~
A IA  ~~ GA P~~’A . RF.C~~P._ F~~U~~r IS S IT  IC T~~uE
IF A FILE 

~E(~~~ SA T I S F Y IN I .  T~~~F 5 F L I CT U~N
C R T T E.~~I~~ Is I.A r A I F D , A TH E PA I SF, PIC ~~R _ F~~u’.D
IS A SSI (N E P Tkf ~A I~UF F A U S F . a ) ,

INI T I A L _ V A L ’ F  ; F A LSE. .
L~~C A L I T Y  LA C A L .
TY PE: P~~A L F A .~ ,
USE:  r~r 4 T i 4 ,

~U~ Pl . T FR~~’;
A (  ~ k A ;  SEL~~C T _ r~~

b MA ~~r.,
R E F E P R E )  ~ v :

-~_~~FT ; .“L 1 _~~,

DA T A :  ~ I~~~J A  ) A ~ , I_~~ ’ A1 , E,
L n C A L I I Y ;  L’r,A L .
T Y P E ;  ~~~~~~~~
US E :  ~~~~~~
‘~,.u T p p .  I FPt :

A L PI
~A ; ~ E fl ,~ J ,)E’TF~~ ’ T ~,A T I ’ ’. ,

T RA C E )  
~~~~~

“‘
~~;

~P I(’ 1’~ 4 T  I ~;_ -~f I’~i~ 
E l  I~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
A PIC ,I A I j  ~._ PF 

~ ~~~~ 
P~-~~’~

TI S p 5’ ’. P A - . ~~~, - A P _~~~~~ ?~~~ _ H _ l. I i  i r T T ’ A L _ P( ~L I ~~E E~ ~S .

.~~~~4 F  I: ,‘F 5 P A ’ .3~ T~~~ L~~ r L L  .

D A T A ;  ~E S”’ ~~~~~
L ’ C A L j I Y ;  L C A L .
T I - E S ‘~E~~i
~ 5f ; ,

~F T A ,
“A ’  I

~F ~~~~ t ‘~ C. ”~A~~~ I~ S A . 1.f
‘t ) IP, T 

~~~
‘.
~~
‘
~~

‘;
A L  “ ‘ .

~ S “_ . t~~A ( , F  ,

DA T ~ : 
R _ ~~ )E P _ j r’

L ”C A U I T Y ; L~’rAL .
T Y P E . : I ~~~~~~~
(‘SE; ~~~~~
“A  L S

“‘[ S S A c F  : T I  . I2_ C r’~.l~ 1’ i,r

“F SSAC .F. ; TI T2_ .~F II ~P.4FS5A5~ : I3_ CV’’A N r
“ FS SA GE ; 13 _ R ET U..i~~,

.A U T P I  I
A~~~~I .A; P T C ~~_ C A ” ’ A N 1 .

R I F E P R E )  ~ Y ;

~_~~F T :  sP~~~SE _ T~ _ Q A D A k ,

D A T A ;  PR~~~ P ) FQ _ Ir~C,
I ~ IT  I 41 _ V A L L F  ; )

L O C A L I T Y ,  r.Lr~PA L ,
IY P~~ I~~T Er , E’~.
USE: ~~~~~
INPUT TI;

A L PHA : PICK _ C 1’’~A NL ,
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~UTPU T FRA ’~1;
A L P H A :  PlC C ’~~’~A N ,

DA TA ; S1 4AL _ A HN ITU~~E,
L~~C A I I T Y I  L~~C A L .
T Y P E ;  PEA L.
I S E ;  G A ~ I~IA ,
I”.CL ( D[) J N:

D A T A ;  ~~~~~~~~~~~~~~~~~~~~~~~~~~~

DA T A :  S I r , NA L_ PR~~r E S s I ’ G _ P’ ’rE,
L~~C A L I I Y  Lr~ .AL.
TY PE, r ’EA L ,
u SE :  G A 1 ~~A .

~ C L U I l ’ )  i~~:
D A T A :  I I _ T 2 G A T E _D A T A
D A T A :  I3_ GATE _r)AT A ,

D A T A ;  ST A ’~T_ TI~IE ,
L~~C A I . I T Y ;  1 L ~~P A L .
T Y PE; F~L AL.
tJ5 F ; H A T H ,

~ R C E F 5:
F I L E :  CI~~P A J c .

(A~.T A I r E f l  I’~:
FT L F : ~ 1. ‘ “4  ~~~~~~

I NP U I T ‘~
A L P H A :  FP.~~_ L’~- F L I (T
At  Pi~~4 ;  p Tc K _ c .~

M
~~A \ r

A L P H A :  SET _ L4S T .

~I U T P L  r FPA ’~;
A l  ~~~A ;

DA T A ;  S T A T E .
L uI CA L ITY : r .IA H A L ,
TY PE : ~;EA L ,
USE ; ID TA ,
A S~’” (IA T FD ~ 1T P1 :

I N IT T V _ 1Y0 1 : I”AC,E,... T P _ T 1 A C ~~.
INP U T T A ;

A L~~ HA. ; C~’~I A T ~~

__
S T A 1 f _ F T L F

A (~~’ H4 :  ~.‘ E ( ’ )F T F R ~~T N A T I ”’~.
A LJ Ip (  T I~PA ” ;

A I R - A ;  T~~AC K _ 1 I 1 T 1 A T r
A L~~HA ;  II~~I~~ T E _ S T A T ~~.

TE1 A C E r ) F’P’~’:

IL 3_ L S ’ P _ Ff ~Q ‘ G ’~A P H_ ~ _ ?_ 3_ A _ F ‘JN r IT A ’,AI _ pI c .IHF± E NT5

D A T A :  S T A T I _ r’A IL .
L ( ~C A I  I T Y :  L~’ CA L .
TY PE: PEAL.
USE; n E  I A ,
C O N T A I P , E f l  I~~:

FILE: St A r r _FILE.

~UIP( I
A L P H A ;  M A K E _ A LL A C A T IAN
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DATA ;  STA TF..~I[’ ,
L~~C A L  I T Y :  I..A C A L .
T y P 1~ 1~J T E G ~~~,
USE;  3 F 1 A ,
CO N TAI N ED JN;

FJL F :  S T A T E _ FILE ,

DA T A ;  S T r P _ T I N F .
L~~C A L I T Y *  LA C ,AL .
TY PE: PEA L ,
USE; 3P’IM,
ALITP( T FR~i~’ ;

A L PH A; REM E ”’~ER _ ST~~P.
RIFEF’~~

) 
~Y:

SII’iNET ; ~ ISSI NG_~~E1 I F k S ,

DA T A :  SLI~~’~A~~Y_ R A T E ,
I N IT IA L_ V A L U F : ‘ ,3 .
LA C A L IIY : G LAl ~A L ,
TYPE: PEA L,
USE.; ~A TH •
DEL A YS:

E.~~E~~T: S’I” ”A R I ZE ,

04 I A :  TAP GF r_ p),
L~~CA t ITY ; ~~~~~~~~
TY~~h ; IN IEC.IP ,
(uSE.: t~~Tk ,
A S S O C I A T E D  A I T J :

E,P f IT Y _ CL A SS; P u~LsF
AUJTPL 1

A 1~~HA :  PI LK _ C ’ ” ‘ ” A .~( .
P E C O P D F O  p Y ;

V A L 7 p A T 7 ’ l ’._ PA I ’~T : PAr . A~~~c!1 r ’ .A I r ’ _ A uT P ’. ’T ,,r A 1 ’.T .
PE FE PRE ) f~Y:R,,’JE T: p~~5P~~.5 E I~~~p4 r ..A ~,

5 1 ~ ~ E I : ~ x 
T R A C T_ “

~~~ 
A S I r  ~ I ~ F N I .

DA T A :  T E A l .
L P C A L I I Y : L~~C A L.
TYP E.: FE A L ,
USE.: 3f’Ik ,
INP UT TA ;

AI.PHA; FIN D _C~~~EL I (T ,
O U T P L  T F R A M ;

A U P M A ;  I’~ IT I4 L I L E  S K E C _ In ,
PE FE~~~F) ~ Y :R_ NE T; Si<FD _ R ,

DA T A :  Tp 1FES - L!’~_ C)Ml~
._ CR A5 ST .J C _ T T F~I.

L~~C4L IT Y ;  1r ~C.4 L.
Ty P(; PEA L,
USE ;  G A ’ ~ 4 A ,
INCLUDE ) IN :

D A T A ;  A4P(L_ AP~~A Y .

DA TA ;  TH PISHAL I )_ IY PL,
L O C A l I T Y :  L~~CA L .
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TYPE ; PEA L,
USE; G A I P A .
INC Lu DE ) IN :

D A T A ;  T I _ I2 ...,G A T I_ D A T A
)A I ’t ;  I3_ G A 1 E _ !’~A I A ,

DA T A :  II ES L fl_ P_ CPA 5SI ..~G_ 1I~’F ,
LA C A L  I T Y :  L~~C A I
T Y P E . :  P EA L .
USE:  GA ’ i ’~A ,
I NC LU DED I~~:I~A T A ;  MA KE _ A R R A Y .

DAT A ;  ‘~~~E_~~F_ I~P’P ,
L O C A L I T Y :  L~~C A L .
TYPE ; PEA L.
USE : B A TH ,

MeSS AG E ; T~~AC,(_ I F R P I 1 - A T I 4N ,
A U TP L T E P A M ;

A l PHA ; G~~A ST _ T E~~’I1s A lT~~N
A L P H A :  L ’ _ IF~4” I ’ A I I~~
A L P H A :  RE t ’ ;  4 T F ~~ ’ r P A T T ~~I
A l  P k4 ;  T E P ” _ T~~A C ”  •

D A T A ;  T I 1 - E_,.’~F _ I i T T T A T I r. ,
L ’CAIIT Y : L~~CA L ,
TY PE; ~E AL .
USE: ~3A T M ,

“F S S A C . E ; N8Ci( _ I’II I A T I A ’ .
~uT P u T  F R A H :

A L PHA ; T~~AC (_ IN I T IA IF ,

DA T A :  T R A C K _ PA T E .
LOC AL IIY ; Gl’~~A L .
TYPE ; P E A l ,
USE : ~A T i
855’ C IA T FD ~

.,IT k ;
E~~T I T V _ T Y P E : I ” A G E_ 1P _ IPA C~

~ 1 T P L  I FR I” :
A L PHA; A S 5 IG ’~_PATE .
A ( 2HA; T~~A C K _ I~J I I I A T E .

PEFE~~~F)  bY :
P_ N ET; ~~~~~~~~

D A T A :  T P A N S ’ I I T_ S T A P 1,
L O CA L I TY ; LA.CA L.
TYPE: REA L.
USE. : BA TH .
M A K E S, :

.“ F S S A G E ; T I _ T 2 _ C A ’ ~ ’ A ~~r
~iF5~,AC,L; I 3,,C iIM ” IAN C.

INPUT TA ;
A L P H A :  F ( ~RA 1 _ II_ I2
A L PHA; F R M _ IS,

OUTPI’ T FR”‘:
A L P H A :  P ICK _ C ‘~A MC ,
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RE.C~~’DF~ p
~~:

~/A L T [ )A I T ’~’!
P’i I IT ; P A r A ~, C O H M A  

~r A J I P T _ r ’ I r T ,

DA T A :  Il _ T2 _ G4IF _ r~~ 1 A ,
L O C A L I T Y :  L~~CA L .
T Y P E ;  P EA L ,
USE; F~E TA ,
I NC L( C F 5;

D A T A ;  A C C L~ 1” ‘~r F JbR f  S H A L  I)
D A T A ; C , A TE_ LE’iI, l
D A T A :  c A T E _ ST AP T _ T I .a F
)AIA ; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
D A T A :  SIr,riA L .~~~’OC E SS I~~c ’~~r’E
D A T A ;  TH Sr~~LI) _ T Y ~~F ,

C O N T A I N E D  II :
FILE; T i _ T ? ,,_C,411.

DA T A :  I1 _ T2_ PEc [I~~F ,
LOC A L I T Y ; l~~C A L ,
T Y P E ; ~~~~~~US E : r 4 O T k ,
T N’CLI. n r S ;

U A T A ;  A~~PH A _ ERP~~P
C A I A ;  M E T ~~_ E~~~’~~R
D A T A ; I j T ~~k T ’ ~_~~~~~~E _ P 1P~~~~T
D A T A :  ~ A~~[_ AR ~~A Y ,

‘~4 K L,c
‘1 SSAGE : I t _ T~?_~~FT ( ~ N ,

INP uT II ;
A l ,~~HA : T1 _ T2 E A S u P F l ~FN ’T....E’~ T P4CTT’ ’~,

D A T A ;  I ;_, T ?,...R E C C . ~n ,
LOC AL I T Y ;  L~~C A L .
T YPE: ~E 4L,
U S E :  u.3 F TA ,
I NCL ( f)F ~ :

L) A T A ;  ~~‘ I S F  L~ . L
DA T A :  ~ A ’.r, ’AP

~~_ E A ~~~A T I A ~~,
C A N T A I P E n  T .~

FILE: I I _ T,?_ ’4T~

D A T A ; T l ,, r?_ Tr~A ’,s IT,
TY PE. ; F.E4L,
USE : H FT A ,
I N CL I 1) F S

D A T A ;  A L PHA _ PHA SE _ I “~E~D A T A ;  RE , TA _ PHASL _,TAP ~ p
DA t4~ kIt L IVE _ I NrO P~~A T I r ’~.

r~’ A ~ IS;
~E 5 S 4 r E  : T I _ T~?_ C”~i I ’AN ’ r

O U T P U T  FQ A ~I;
A l ,  P H A ;  F.1P’~’ T j T2 ,

DA T A :  I 1_ I?_.~~Pr t ’A ~~_ r A T A .
L O C A L  I T Y :  GL (~~A L .
IYP E,  P EA L ,
IJ S C ;  ~OTA- 1 ,
C’N ’T tI 1 - E I ” I~~;
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FI L E : II _ T2_ .’I ’ J )O .,~,
INPUT T~~;

Al PHA; SFI_ L’ST .

DA TA; T1 ,T2_ x~~[T ,
LO C A L I T Y :  ~ LA R 4 L ,
TYFE: PEA L ,
uSE: B ATH ,
A SSOCIA TE () ~ l TN :

E~~T IT 1 ._ IyPIn Z Yl ...I2_ PLLSE.
INPU T 7A ;

A L P H A :  S ET _ L A S T ,
O IJ Ipl’T FPO~! ~

A L P H A :  F~~R”’.,T l _ T ? ,

DA TA; T 1 T d P T N _ E PRAR _ QIPMRT ,
USE: R O T H ,
IN CLI D E S ;

D A T A :  PEA S A
~~_ F0i~_ TP Jc~~ISSfl~’1_ FA IL 1 1RF .

INCLUUF ~
) I’d :

D A T A ;  T i _ i ?_~~E C E 1v E

DA T A ;  13_ GAT E _ DA T A ,
LO C A L I T Y :  LO C A L .
T Y P E ;  P E A L .
USE ;  A F T A ,
I N CL U DI 5;

DATA; A CCE P TAN C E _ TI RESE~AL
I)

D A T A ; G A ’ E _ LEN(~IH
DA TA ; GAT E _ STA PT _ TIM E
D A T A ;  PAN GE _ T M A R K _ T 1 C~~’iI 0(1ED A T A ;  SIr,P A L P DCESS I 1- I r , h lAD E
D A T A ;  I 4PESH’Lr_ TY P E ,

CO N TAI N E r IN;
F ILE : 13_ G A T E ,

DATA; T3_.P~ECE TV E..
L O C A L I T Y :  L O C A L .
TYPE : PE A L ,
1151; B A T H ,
I N CL U C) F S:

DAT A : A L P HA _ EPQ A P
D A T A ;  ~E TA _ E ‘AR
D A T A ;  T3PTN _ERP~AP _ PEP,RT
L)A T A ; ‘M AK1,,,A RP ~A V.

MA I~E 5 :
~FSSAG E: T3_~EIUPN .

INPU T TA ;
A l ,  ~~1A!  T3 _ 1 F T A S I R E M FN’T ,,.,Ex T P A C T I A ~~,

DA T A : 13,_,PFCAR D .
L O C A L I T Y ;  L 0CAL,
TYPE.: REA L.
USE: BETA ,
I ~ CL (0 F S *

D AT A ;  NAI SC ,LE V EL
DATA ; R A ’JC PW _ I F ~~P”’ATI A N .

CO N TA I KEfl jN ;
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ETLE : 13_DA T A ,

DA TA: T3_ TPAN SM IT ,
1YP~~; PEA L.
USE; BET A ,
INC L IDES:

D A T A ;  AL PHA _P1lA SE _ TAP E~
D A T A ,  H E T A _ PHAS E _ TA PEP
DA T A ;  R E C EI V E _ I~~

f O~~M A T I O ’1,
M A K ( S ;

M FSSAC ,1: 13_ Cfi ”N A NC ,
OUTP u T FR AM ;

A ( P - A ;  F IPI” _ T3,

DA TA; T 3_ ’.JIl) ’ ~_ N A T A ,
L O C A L I T Y ;  GL ’HAL .
TYPE : PEAL.
USE ; B E TA ,
Cf I N T A P  En i~FILE; T3_ ”I ICT.. ,
INPUT T~~;

A l ,PHA; SET _ LO ST .

DATA : T3_ XE I T ,
L O C A L I T Y :  G L O BA L ,
TY PE: PE A L,
USE;  B A T H ,
A SSOCIA T E D ~.ITH;

EN T IT Y_ TYPE. : 13_ PULSE ,
INPUT IA;

A L PH A; SET_ LOS T.
OUTPI T FRA U ;

A L PHA : FA PM _ 13,

DAT A; 13RT 1 _ ERPI’R_RIPOPT ,
USE : t~OTH .
INCLUDES:

DA T A :  REA SO J_ FAP _ TF AN S~~ISSI~~N_ FA IL 1 1PE ,
INCLI DLI) I’~:D AT A :  I3_RECET ’/E. ,

DA TA: VA( Ir_ RETURN,
LOC A L ITY : LA CAL ,
TYPE: P’~A L E A N ,
USES BOT H ,
OUTpUT E P A M ;

A L P H A :  T1 _ T2_~’iE A SUFEP 4 [NT _f XTRACTIO N
A L PHA; T3_ H EA S I J PFM€N T _ EX TRA CTI AN ,

REF EP PF I,) r ;Y ;
P_~~f T ;  ~~~5P~?N SE,_ To_ p A r 4 p ,

DATA; KA l~E_ AR R4Y .
USE; BA T H ,
INCL IDES ;

DA T A :  AVER A G E _SIG NA L _ POKE R
D A T A ;  T~l RE3 LD_ D~~~N_ CP OSSING _IP’E
D A T A ;  THPESHOLI)_ lI P _ C PA S5ING _ TIHE,

INCL I OFI) IN ;
H-38 
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DA T A ; Tt _ T2_ RECE. IV F
D A T A ;  T3_RE C EIV E.

DA TA; KAVEF ’RM .
LOC AL ITY : GLA BAL,
R A I GE : “11 .12,13 ” :
TY PE.: F~1II ’4E PA T!AN ,
USE: BA TH ,
A 5 S~~C I A T E , I )  . IT H :

Er T I T Y _ T Y P F .: IMAG E_ IN T R A C K .
INPUT T’A :

At. PHA ; PICK _C A P. DI DA T FS
( * I N S IA NC ( S  A F E N T I T Y _ T Y P E ~MA GF _ IN_ T P A C K * ~
A L P H A ;  U P D A T E _ S T A T E

O U T P U T  FROM ;
A L P HA ; T~~AC K _ jN IT IAT F
A L PHA : IJ P I A T E _ST A T E

D AT A ; KF’_ C HAP A CT FRI S T ICS.
LOC AL flY: r,L A BA L.
TYPE ; REAL.
USE: BAT S .
CON TA IN E D IN :

FILE: AA V E F TR~_ IA iRLE ,
REC O PU E I)  f lY ;

v A L T D A 1 I D ~~_ P r ~I .JT ; S1A PT !NG_ P’A Ir. T ,

DA T A ;  A F _ NA .’IE ,
L O C A L I T Y ,  G Lf ’~A L ,
R A N c ;~~: “T 1 , T 2 , 13” .
T Y P E , ;  E~~U M EPA IID’~,
USE ; B A T H .
C O N T A I N E U  T N :

FILE; ~.A V E r ~~
R . 4_ T A 8 t E ,

PE C O F ~f’E ’) B Y :
~~~~~~~~~~~~~~~~~~~ : SIA PII ’G _ P’A IH I.

DA TA : X M I T _ SIA RT ,
LO C A L flY : GLAH A L.
T Y P E ;  P E A L ,
1)5 1; 140 T H ,
A SSOCI ATE D ‘~t 1l. :

I I T T T Y _ C L A S S ;  PULS E ,
p:PUT T A :

A L P HA :  p IcK _C O M M A N I .
OUT PUT FR~~~;

A L P H A ;  P IC K _ CA ~” ’ A N ( .

DECISI ON : PAD 4r~_ !~~SA U PCE_ CA N T PA t _ B 1 .
A L 1E P~~A TI V ES;

“ 1, TH E A L L  , C A T r P  SHALL ~S S IC ~
I T R A C K  R A T E S  Sl .ICH T h A T  TH E

CU M U L A T I V E  S u M  O~ T HE (NI Pr,y FAR EA C H  I MA G E  O~~ER THE,
ENGA G EM EN T (TuiF PRA DL ICT OF AL L O CATE D P’JLSL RA TE,
ENE R G Y P(p PULSE,, A ’~D DUP A T T A N  OF A LL A C A T IA N )  SHA LL
NUT EX CEED (TIj r ) JO JL E S ,

2 , THE F~~F .H’ Y ~ FU~)1~~Et) ~‘ V  T E’ E pA 1~A R C~~ 1 MA 1~i~S T R A P S’ 111EC
A C~~O S,S TH[ I N I r P E A C E  T A  TI.~F R A D A R  S NAI L  N A T  F k C E E D
(TBO) J0I~L ES .
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3, T~~F F~~f~~Gv kE ,~ u Ip E r) ~~Y 1~~ r u, A f l A p  C’’i~~A~ ~S A c T~ F’ u i ~~~,.
bY T N E RA F ~A~: 4 S )I T E C  T E D  ~~ T u~E I PS I~ T’~~ ~ E ID ’ \
MESSAGE S, S PA LL N’T EXCEH~ (Tf ~~) JA lL fS , ’ .
CH~ ICE,

“2, T~~E ~ Nf ~GY kF’~~’lI ‘lED BY T~~E rA DA R  C~~ ’~~A~~1S 
T p4; ,SP’I I TL1~

AC RA S ,5 THE IN TE RF AC E ~ O T~’~ PA ” A ~ SH A L l . NI T ExC~~F1~
(T ~J D)  J0t .iLES S ’-iA LL ~ E T E , S T f . r’~ F ’R Ct O l P L IA ~~C~ A T  T H E
IJd c’ (JT T ~ T ’ i r~ ‘lIbI P . IT  P~I(F’ F A r E :  P A D A ~~~~~t T  ,

“D~ SPR PA R A G R AP H 3,2.~~(B), 5lA T r~’f .T (‘THE DE’5 SHALL
A L L 0 C A T E  RA ~~A P C A ~~’ 1A ~~DS S O T E A T  N O T  ‘~O RE TI~A L (114 1 ) J t I LJ LES
ARE C O fr ’4A Nr E D PF ~ I ; IA GF. , . . , ‘ ) A l  L A ’ S  F~~~ T H R E E  PA S S I 1 4 L E
IN T L P P R E T A T I ’ ~~ S P fl E T f ~~”‘ I”J I’~C. T~’-F P” P T  A T  ~H T C H  T~~F
PE,PF0~~ ’A ~~CF _ RF~~1 ! T i ’~F M F t I T  T~~S T IS LPPLIt . H,” ,

T R A C I S T A ;
PE ~~~~~~~~~~~~~~~~~~~~~~~~~~ I’ EP GV r E ,P  TMA I ,I’
V A LID A T T  .1\ PA I ~ ; p A D A P  r~~M~ ’ A ’~D O H  I
V A L I D  ~ T~ A~._ F’ ~ II I: ~‘ A p A 1~ C A .  ~A J U _ NU Tp! ‘T _ F A 

~~~~ 
I

TRACh ) F R A ’ ~i:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

D(CISIO ~~; P4flAP _ PES IRCE _ CA N IRr ~(_ i.~?,
AL I ~ F A T I V ~‘S ;

“1, T~~ C A 1 A ~I ~~~~~Q r 1 ’ u S T ~~A I N T S  r~~~’Lr ‘
~~~~ 

A P r L I F .n A~~~P T hE T I T M E
INT F R V A u  I f  T H E  F ‘ r ;A r, E ’E~~T .
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I.?AC~ _ rFl.I “l, ”,,~-C F _ A L I TIC A T l r ’ P4 .

DI’C~,p’ENTFD -~y :
SNJW cC : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TLS DrSPR PA~~A G F~A PH _ 3_ 2_ 3_ t _ I L ~ -C 1 T .~ -.Ai. _ RiO UT~~F - ‘ F e  IS,
L.ESC I. Il’T IA ’.;

‘ A C T I l ’ ,’: SF’ -J R A D A R  “~~DFQ
I~~F~~c’

p. t,T I 1 :  P A l - A R  ~~~ - 1k , ” ,
IM PL (TM F ’4I5:

V E R S IA ~~: 1LS _ DPS~~R .
TRA CES TI’;

A L P~4 .~; FT p r)_ r~~ ,F l I C T
A L P HA ; F I R” ' _ T I _ T2
A (  Pp -i A ; F ” t ~”_ T ~
A L PHA: I ‘~~~~ 

T I A L T ZE _ 5’~F P_ P
A L P H A :  F ’ A K F  _C ir””Ap ’,C
A L~~~ A ;  PICK _ C-A’” r,T(~~ T F S
A l ~~~A : PIC~~~

C .fr M A~,(
A L ~~~ SEL F CT _C r~~1

~ IA P - r

~4 I c S A r ~~ I l ~_ T 2 _ C~~~~ A F. r,

‘ 1SSA C~L; I~~_ C i ” ~ ’ A N (
4 -JF T :  S~~L~~_~ri_ lI T: x ’ ” 1 1 _~~1

()TI CIj P- E P- T I I) ~ V ;
S” IJR C E : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

INC~IPPI”~A TE (’ 
~~

‘-

~IRIr,I~,4I INC ,_~~E~~’ I-’ E P E N T :
IL S_ PP jPR_ S ’1- 1 S1C I T’i~ _ 3 ? 3 _ F u’~C T I ~ F~A L Ri (J~IPE Mr P. IS ,

O~~IC.P.A 1IP G _~~I ~ ‘, 1PL ’C ’  I;
TI S_L)PSPR_ PA ‘~A G RA P t1 _ 3_ 2_ 3_ i_ P( ‘~I r~R ”A ’ C E _ RF Nt ’WE ”E”- T S .

TP’PLF ~F ‘115;
VE~~SI~

l ’ ; T L 3 ,_~~PS~~r ,l)IiCLI l”~~P III; I v ;

S I’~ J l . C f : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

O R IGI P~A IP L _~~F f l’ II~~L” t  ‘-- I:
lLS _ LiFSPR A C.RA P~~_ 3_ ._ 3_ F F L N C T T ,

~AL..)~EflI.TPE~~FNT 5 ,

P’P LF 11 ITS:
QF~~SJ ”’ ; I L~~_ ”'PS Pl.’.

TR A C E S  T~~ :
A t P ” ~~~~: ~P ( P ~~ ‘~~r I~_ S T ”P

~E 3SAGE 1 I _ T t ?_~~F TI ~~~~

‘~F SS A (,L ; I 3_ ”E I :J P~,
P 4 1  1 ; U F ~ S~’ ~~.SI _ T!1_~.A r .A F ’
SI ’41 ,EI ; “I .SsT ‘IC._ 4 [  l I IR~~S ,

DTI C t.jl”E P TFJ) l~Y;
5LA~~~C1 : TLS_ I)PSF’P.~~ I _ I~~AC K _ LA ~~P_ F X E t’ I’~E NT ,

INC~~PP I ’QA TF f) P-:

IL S_ l)PSPP .,,_ S’I~~SEC T I A~ _ 3_~ _ ~
_ F lIP- I C II ~ H A L _ RI (,IJ1F, f ~A~~ T’ IS ,

~R I G I N AT P G_ ”~F Q( I  I ‘~1 ‘f ‘
~ I;

TLS _UPSPR _~~A R A C .P .A P H _ 3_~?_ .~_ F _ Pl RE ,~~‘“NCE _ RE (~l1 JR 1” E~,lS ,

~E “ IT S;

~‘E ‘~SI~~ .: T t 3 _ 1) PSPR,
1)OCU~ E~ TEC’ 

Py
S ” ’ PCE : TLS _ OPSpp _ xt _ IRA CK _ Lr AP_ F X r ~E R I P .F P .T .

~~~~~~~~~~~~~~~~~~~~ ,p~~T :

TM PL F ‘r~ ’TS:
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~~— --— p-~----p-—- - .---—-—

VI~~S I i ?~ ; T L S _ DFSPR ,
T R A C E S  ~~~A L P H A ;  ( 1 % S T _ 1)F T F p ~~T N A I ~~”~

A ( D I 4 A ;  L A A _ E L E V A T I A ’ _ r 1 l~~R~~I . A l I~~
A L P H A ; R F i tN ,_ ,~E T E P N ! N A I I ~~\
A L P~ A ; T ” _ II~A C~
E N T I T Y _ CLA SS; T ”A r ,r
E~ T~~T v _ Ty~~ : P A C,r_ I~ ‘T IQA C ~~.()

~ CUP’E~ YE”' r’Y ;

S TItIR C E; TLS _ I S F P _ .* l _ T R A C ~ _ LTI~ P_ f X P 1R IPA f N~~,
INCOPP~~~ATV’ I’ d ;

T I S D P S S .~~S 1 C T I A N 3 ? ~~~~FUN C T I I ’ ’A L_ IJ1RLMEP.TS .

O R I G I NA T  IP- ( _~~E- r I R E -  ‘A ENT I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
TP’PLF ~F 4T5:

v E ’ ~5I~~’-z T IS ’ )rS~’p ,
DOC tI P -E P TED I V ;

SI’UR CL ; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~ IC— I ~ AT I P G_~[ r~ 1~ I Rf~ ’f’, T :

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
DISCP Zr TI  I ” ’ :

“ ACT Ti \ : ~‘ ,A t N T A J 1 , F S T T ” A T C  A f  A I I A R  F . E S ? ’ L ’q L F S
I k E  ~‘P ~ Al I -~ : ~~ C AR F’ f  S~~l PCI JSr , r.f- [ 5 1 1  Al E, F~A p A R
F.P’Ekf.Y E S I I - I A I F , I I P P E F i4V~uN;) ES T T~ 1 A T F .”.

IMPLE ‘41 4lS:

~F ’~51~~r.: TLS _ DPSP R .
TR A C E S  TA;

P H 4  : nP ~‘~ ‘ r : J 1  5F
A t ~~t-i~~~; 5 [T _ C’1 Iy~lF D
Al P I — ’A ;  SF T _ S i ” ~- F . l’
A ( P H A  ; S ’ A _ E ” E R I - ,V
A l  P b 4  1
IP ’TT IV _ cI_ A SS : P1. 1 51

~_~~F T ;  C T ~~’~L_ R [ S I ’ i J RC F S
u_ -IF I ;  R A l I A R _ St A1l A F~ v
St ’~ ’A E T ; SI I- ’ ..PE IU Pi~5
SI’ i-~~.ET : T 4LLY _ r

~f.IuR~~S,
DI’C IJ P- E~ T E D  BY ;

5~~ IRCF ; ILs_opspP~~~1 T RAC K _ LTITI P_ Lx P Fc.IN ’FN1 ,
I NCTI~~P~~R A T F I J  P~:

~ F I C, I N A l I ~4G _ R E ~ t IR E T ’ I N T  I
T LS _ DPSPR _ 5 1JF 3 S E C T I O T ’_ 3_ 2_ !J_ FIJ ’tC T I ’ L _ I’E (~LUPEMINTS ,

OR IG IP4A I IP’G _ RE WJ I ~EME 
N I :

ILS _ tD PS PR _ PA ~~A G P L P H _ 3_ t? _ -
~_ A _ pf RI APJC L_ f~Fr~l!IP f P ’ E NT 5 ,

I r-I PLI ~F~~T S ;
V F R 5 I A P ,; TL$ _ DPSPW .

DTICu P ’EPTEC ’ PY;
STIURCE: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

OR IGINA T r- .G _ W E IRE MI.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘IINIS,

DISCI’~ IF T hA N ;
“AC T~~~’~; ALL (’CA TE PA I’A R r~RDFR5
IN FI’~~A A T I T I 4 ;  RA IA P  I ’ p l ) f F5 .  P AGE ,”.
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— .p -_ - ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ T==~-— , - .- - - —
~~~ t -t . —- - . . c Z  , .------ .p—p— .p-- ._ . .

I P-IFLI”l E 4IS:

~E’~SI~~ - ; TLS_ —’)PSPP.
T R A C E S  T I’ :

A L f -~HA: AS SIGN _PAT E
A L PI-~A ; C~~f A TE _ ST A T E _ F ILE
A L ’ H A :  [‘1Q TI P_ L’~ST
A L P r IA ;  ‘1A~~E_ A L L t 1 C A T I f l P,

~IFC IST I ’~:: .ADAR _ 5C F ’frl~L [R_ P kI I P I T I 7 A l I t’P
E k T I T Y _ CL .ASS: PULSE
P_ SET; C~~NIR1L_ RI .5 e ’ U R c E S .

D~~C IJ f r IP - J T ED f lY ;
5I’JRCF: ILS ,_,UP SP R  X I _ Il AC x _ LA f3P _ EX Pt~. PP’INT ,

INC I ’PP I ’RA TF D IN :

TLS_ OPSP~I_ Sth’~SEC, TI _ 3_2_ 14._ FUP -IC I!T1 P4A L _ RE1 .U1RL ’~EP. IS ,

OR IGI NA l IT ’G ~~ (l11 P 1 ’- l f 
P . 1 1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

“l~PSPP P A R A G RA P H  3,2,4(h), PF5I’I.IPCE C PN T R i l , ST AT E S  T h A T
( ‘ T H E  ,

~PS S HA L L A L L I I CA T E  ~ A P A ~-~ C I’4’-4A P:I -S S~ It Al Nr~ I
T HA P ( 1- 3 D)  J~~ULES 

A~~E CA P - H A i r E D  ~~~ T~’AG f , N~~I - ~~‘~e-( ThA N
(IBC) ‘(IL~

A
~’ATT S “~ (Ii-~c ) Pl’LS FS/SFCI’PIr FD~ A L L P- A t ,FS 1N

TP A C I~, ‘
IM PL FM E ~I5;

VF~~SjA ” ; 1LS _ ”~~SPP.
T i~A C F S  T A ;

t)FC 151 ~‘~: ~ A i ” AF4 _ P[5” l . R( E_ CA N T Pf i L_ k1
)F C I S T Di ; R A I A R RE SIL ~C f.C I ’NTRNL _ R?
RE ~ F’ Ar? 4N CL _~~

F_
~~t IPEP F I’, I; ENERr,V F F

PE ~~~‘IIV - ’ANC 1 _ RF, j(ijW ~~’ F NT: p lL sES rE~~_ SECr” ,L
Pf~~Ft~~i- P’~~CE _~ F i1Pf~~FK T ; RAL’l AT E 1” _~~’-’E1~
V A L T D A I  I q ’~~~~ - A T’4 : (~~_~~A T ’ r~~VER _C””~’A’ L ~_ I~.E ‘iT
V A L I r ) A T I I M _ PA I~ II pA r AR _ IT I M M A N D  r~i i T P j I
VA L !rI A T T~~

F _~
’A T H :  R t r A l ._~~A V EF _ rR~’PE~~Th 1S

V A L T D A I h ” ’~ P’I\I; C ? T~’A GE _ HA”ir ’~~~Fk
V A L I PA T T tI ’._ PiI ~T : kA r A R r l’4A ’4D_~~IlT P fl_ F’ rFI ’~T

~L L T P A T T  ~t~~_
P
~~I’jI ; ~ 1 A P T I ’JG _ PA !NI 1 ,

DACu P”EP~IFr.’~ ~ Y :
5’~iJQC F: ILS_ I)i)SpR~~~I TpA C (_ L l r _ F.

~~PfI l. I IhrN T ,

TLS _ I)P S FR _ PA r,PLc~H_ 3_ 2_ 5_ A _ I L i C T I AL _ RE(’Il It ~F~~t - ’~T S .
DE-SCP In I I ” :

“ A C T  r ’ ,~ A i J T P IJ T Ir P1 RM LNF ~~T F ILE
T N F T I Q~ F A TPi ”I : Tp’ f ~F AP P 1 A R A N C F  TIE ( 2  P E S S A C I ,
kA ’~DI’/E~ I” .’~G1 (iSI T P ’AI ET ) STATE ) . ” ,

IM P L F ’~F ~T 5 ;
yE ISI TI~ : T L S _~~P5PR.

T RA CE S T I’;
A L P HA ; IkAC K _ P4I I l A T E
‘4FSSAC,E : l~~ACI<_ I N h l  TAll ’”
P_ tE l ; CC _ PF - SPI ”~SF.

()ACU~’EP- TED t’v;
SI’JRCF : TLS _ PPSPP_~~I_ ’rRAC K _ LAA P _ 1*P1l~I P I ’~T ,

TN CAR P I ’’-~A TE L ” 
I,,:

TIP IGI A l Z rlC ._ R1~~(II PLt- I
~~T ;
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.

eR1GI NAT IN G _~ Ef2I.JIR ~ ~E~
- T

TL S _L)PSPR _ PA lA C .PAPH_ 3_ 2_S_ A _ r ,E PFA PP 1ANCE _ PE (~III kEu E N l S ,
Iu IPLFM I ’41S;

V F R S IT I P~; T LS _ DP5~ p.
DTI C (IP - E T ’ TED BY;

5I’UPCE; TLS _ DPSPP~~~1 T R A C K _ LA~~P_ IX PE~~I NPF r
~,T ,

~R IGI P ’~A l IN G _RE QIJIR~~4EN I;
TLS _ SPR_ PA ~~A G PA~~I_ 3_ 2_ 5_ f~_ FL N( II ~ ‘~4 A (  _ REr)LI IRE FEN T S .

DESC PT II P -.*
“A~~T I -~

’- ; A - J ’TP1j 1 TI’ r [ P ’ -’A N F ’ 4 l FILL
PJ FI ’R ’ 4A T T~~~: I1F- [ ~F I~PI’P TP A C K, RE A 5AI. F~~

L)PI’P IR A C~’,
” ,

IH PLEM r .~TS;
VNSI’~.; ILS _ ”~~SPt~,

TRA CE S TI’,
A L PHA; ~;H~~sT _ r~~~ f P’pfl J~~
A l PHA; r~~’SI _ ’Fl.”I~~A Iy ~~- .
A L P H A ;  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
A L PM A; Lr _ lF~R ”I ’ 4TI~”’~
A L P H A; R1LH~ ~

_
~
)
~~1FR” 1~~A 1 T IN

A L P HA; PF ” 1 .~~
_ IfP~~I P A 1 ~~~r~

A L PH A : SF T_ ~
A L P H A :  TFl: ’ _ T~’A C~
E P - T h T Y_ TY PE : PPEP _ IP~A GE
M FSS4 GI; Tt ?ACK _ T F ~~P J N A I I A~4
R_ -I F , f l ;  CC _ PISP

~’” ' S E
R_ IEI: P F . S P ’ J S E _ T ’ ~_ P A P A P
5 l’ ’~NiI: I C - 4 f l_~~l- riF ,

fl TI ClJ~-€ P - TFp F~Y :
S’~~

J RCE : ~~~~~~~~~~ ~ I Tl.A CK _ LAAP FX P L R T ’ F  Ni ,
INC~~PP~~~A TED 

Ij .; 
—

~R IG I NA T I 4(,_ f-
~F ” L I R E ~ E N T;

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

OP IGINA I I t G_ RErL I~~I 
4F’.T

lLS _.DPSPR _.PA ’-~AGPt.PH_ 3_ 2_ 5_ t~_ pE PFI’F~!’A N1L _ RFCL !IPE”-’ENT :i .
IM PLF Is:

~F ’~SI iT ’ ; ILS ,_ t”P51’R ,
F’ TI- f) ‘ A ’ ? :

SI’JPCE: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

OR IG I N A  I IP -— G_ -~E 
(
~lJ IRL NT :

TI S_ LIP SF p_ P A R A GR AP H_ 3_ 2_~ _ C_F I. ‘;rT IA ‘ AL _ RE DI IIRE ‘IINIS I
flESC~~I FT I- ~r ’.:

“ AC T I I ’’ ; ~UIP l’T TA PEPII A iJ E ‘IT F ILL, Ii I ’ [)ATL ~ I AI[
1~~

E A ,
~”AT I~~’~J ; I~’A ;E - S TA ll E S T I P ’ A I E . ” .

P~~
LL TM F ~Jl5 ;

“E- ~~~ I “- ;  TL .i_ -.~P5Pp ,
Ih A CFS TA ;

A L PHA ; F 1P’~_ UPl .)4IE
A L PH A; SET _ P’JLS€ .
A L P HA: Tt _ I2_~ FA S 1 )1iEM FP. T_ FX T RAr II I ’” ’
A L P H A :  r ’~_ ’ F A S t :~4 E~’E .T FXIP A C I IA ” l
A L PHA; I J P(  A TE _ST A lt 

—

E l - r I T v _ CLA S c : PUL~~f
E~ T h Y _ TY PE : RCh IlR P-E [~_FULS1
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N 4FS SA G[; STAT E _ UP DAT E
‘~~~. ~1l: 

p~~5P . 1~.5[ T( j I, L r ’A I . ,
D~ Cu P- E~ TED FY:

5I”iPC E :  T L S _ I)PSPP _ X I _ T P A C K _ LA I ~P_ E X P 1R I M 1N T ,
INc FRPT ’ T

~A T E U )  j~~~;

~ 1: I G I N A T I N~G_ RE~~ti I P E P E P . l ;

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

O R IC. INAT I P G_~~E Q I J I~~E”EN T :
T L S _ DPSP R _ PA ~~A G RA P F1 _ 3 2 _ 5_ C..p E R F A lAt 4 C E _ RFC I IP E ” E~,IS,

TM PL FME~~I$; 
-

V~’P5~~~i ; TLS_ D~~SPp.
DrPC U P-E P-.lED ‘ I ” :

Sfl~ lPC E ;  T L S _ D P 5P P _~~I I 1~A C K _ L A A P_~~X P E~~IMI N1 .

O R I r , I NA T 1t -G_~~EDlJIPE L N T :
TL S _DPSPP_ PA ~~A G PA PH _ 3_ 2

_5_ D_ FLNCIII ,~~AL_ PEr~U IRF ” 1ENI SS
DLSCR Ir TT ’t -:

“ ACT TM’ -.: ‘IIII PII T T”, Ff ~~-4A ~~f JI F ILl
INFI’P” I ,T I~~’~ : ~ A C A P  RE SP ’’RC E I lSAr,F ,” ,

I “ ~ L F ~ F N 15 ;
VF~~SIA N : TLS _ DPSPR ,

TRA CE S TI’;
A L P’H 4; C °”PLETL.~SuP~~ A p Y
A L P H A :  DQr ~~~ PJI 5 E
A L I~HA : SIT S’ ’~

’- E 1’-
A L PHA I S ~_ - l SA1 , F
E~- T I IY _ CL A 5 5 ;  P1) 1 SI-
E P - IT T Y _ IY”I: ~ F T l I p F - E f - PL,L5F
I ~.‘LN T : S J ’ ~”A~~ILL
-~F3SAf ; [ ~-~_~~I 1: ‘ A I , A t ~’ 3 ( ” ’ ’  ~~~

- V

S I I” INE T : S’ ’- _ ’ E 1~~-”,S .
1 AC u~ E N  I I I - ’ 1 V ;

SI’.1(?CE ; l~ S_ ’SI~’ -~ ‘ I A C P -_ LI’’I F ~P L P I P I  \I~
I -~C~~RP ’-~A T F F’ I’-: 

—

‘FI r , P -A T I  ~~~~~~~~~~~~~~~
IL S_ DPSr~~_ S-~~ S~~CT I ~~

“ -
~ r _ c_ F- U~lCl I ~‘‘ A L PEL IJ I RL  ~t P- IS ,

G~~IG1 ” .t ,TIP G_ 
(
~H 1PL ’E ‘. 1:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I - ’E ”L~~TS ,
T ’”’LI “F~iTS :

V F ’~5j ~~ : TLS . ’PSPp,
f~tA C (J P E F ~-TFf) I.-Y :

3I”.IPCE ; TLS _ riPSP R_~ I _ TR .ACK _ L~~’~F_ F VPE~~1M I .1 ,

O P Z I , I N A T I P - G_ 4 E G I IJ R L ” I . ’ .T
TLS _L’PSPR_ SEC II~~’~_ 3_~ _

F I J - J CT TI ’ F.AI _ FF 1.(iIPE.~~ - N TS,

I~ ’~~L F ~1 .T5 :.
~c I r1’ : ~~~~~~~~~~~~~

TR A C E S  T~~;
5l”~S y S T F - ~; ,5 SC ?
$l - 4 S y 5 T F ~ ’: S S P F P M F L
SL ~-cV~~Tr~’ SS~~A l )Ap .

IF P [~v :
5 I ’ j PC F :  115 _ I SPR T~~A C ( _ LA 1 P _ F X P L ~’PI~~ I,

O R IGI N Al j~ f _~~Er~t J I P L ’ I ~l
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It- ~~Lf ~F ST5:
— VF~~S!~~ : TL S_~~PSPp ,

PI’CU P ’ E P- .IFr) I~- y ;

SAJR CE: iL S _ )PSPQ_ ZI _ T R AC X .L~~~P_ E X PERV ’lENT .

O R I G I NA l  I P G _~~E r )UIPI ’ t~~ T ;
TLS _ C’PSPR _ S[CTp ~i _ 3_ l _,FU -J c TT I i A t R F . Il PF~lf~’IS ,

ZiIP L EM I ‘~I 5
V I RSj~~ ’; IL S_ DrsPp- .

• Ii~A Cf5 TA ;
Sl~~ S Y S T F ~- :  53~~A r ) A p ,

r.~~C u N ’ L i  T Fp r - Y :
5r 1 1 4 c f :  ILS flp S X 1 y P A C i ~~ L* ~~p EX P E p I v E r , f l

Ti C,_ lFf ~HT2L ”1 , T
T L S _t~PS~

R_ SI C T I I ’i,..3_ 1_ PE’~I 1 AN CF :F(Jl’IRE .~F~-T S ,
~F ~I5.;
V F  ‘~~‘ I ‘p - :  TI .  s_ PS~~p ,

TI~A C F 5  T r ~;
Sl’ t~S Y S T F ’ t :  S~~’~~ 

)Ap ,
l~~ C~J r - - E P IfD F’i’;

S”JRCE: TL~~_
I _~~t _ TP _ L1M P_ FXPLP]i.I ’.I .

TL5 _ .DPSP~i_ SF C I _ 3_ 1’_ r- ‘“c I~ ~~
‘ ‘-L I-~ ~

) IRE ‘If ‘ IS ,
I” PLF ~[

~F~~SI~~~: TL 3 _ ) r s r - p ,
INC ~PP (“~A II S

I L  S_ DPSPP _ S~~-.SF I 1I ,~ _~~ 2 I_ EU ~C T I ~~r .A I  _~~€T (, fJ IR E M E P . I S
“'I ; I GINA I J ~~(~~ -~E - ‘ ‘ I ~ ’ f~~I NT :
Ti S_ DPSPP_ S ’ISIC II ‘~T ’ 3 ? ? I- i)NCI 

~ 
F ‘A L _ y-4 1~~I- “‘LP- 15

l u  II.! ~‘
. A T  I “.~~

, -
~ ~ ~~ 1 —~ E N  T

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

IL 5_ pP 5Pp _~~’ ‘ “IS EC IT ii _ 3 2 ~~~_ F LINCI ~ 
A N A L_ RILL.IREMIJ. IS ,

TIV !_ F5 l~~:
I f ~ ’ l I T _ I T F .. I-~ A C E ;  R~~r’) A F - _ T ’~
A t I T pU 1_ I r . T I ~~F A C F  : ~ t-C~~R _ A U 1

D A C u P - F  ‘ If  (1 k y ;
S I ’- J1C 1 : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0P1C,INAT I T ’  ( _~‘y ~I j Q ~~H~~r . I:
IL S_LIPSPF’_ SF C 1h IN._ 3_~ _~’E RE TI~~M A ~~r f , R JU IRE’ ” F N IS ,

IMPL I-  “F 4T~~;
VF ’~SjF’N; Il . S_ IJP 5 P P ,

I H C tIP PA ~ A IFS ;
P P  IGI NI1 1 ’ F ,  ~~ ‘~I I~~1 

P’ F F ’- I ;
T I, S_ PPSPP _ SI..3SECII , _ 3 2 _ I _,PLR FTIP l-~&~ C~ _~ F 01 I~’c Fi-’F P~IS
PF’ I C .  J NA TI ~~~~~~ ‘I l4~~I E N  I:
t L S _ f , PSP ’~_ .~’ . ~5E( . I I~~f- _ 3 _ ?_ ?_ PFRF~’ PF - 4 ~ CF _ Pf . W: T R F N ’ L T ’ T S
- ip  

~~ I ~- -  A T I  ~( _ ~E -JUl  1~Ei. I N T
TL S_ DPSPR’_ S~~~SEC III ’t _ 3_~ _

’ _ PEPFr iA ~.CF _ RI Q L - T R L I - F N I S

~~~~~~~~~~~~~~~~~~~~~~~~~~
T1 5 _ DPSP P_ S’; t C  It ~ r- _ 3_ 2_ 4_ PEPFI’Pt A~~CE _ PF N(,TR E ’- I NIS
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“ I HE P SE
TUpP- I NA T E

END
A -i D

A L P H A : FAFP - i _ LJP OAI F
(IUTPIJT _ INT ER FA CE: DA TA _ PECAR L

A ~ I)F~~R EA C H E l.ilII’f _ T V P F_ :  IMA I.E_ IN_ T R A C I
S J C H  IF- AT (I ~

i AGE _ ID~~~I A R 1~EI_ IL- )
DO 4lr~~A ; REDIJ N_ i)ETL RH IP .A T Ini N END

SELECT E NTIT Y _ CLAS S : ItI A c,E SUCH IF - A T
(IPIAGLID:TAWGI I_ ID)
IF (REt IIP. DANT _ I l’1AGF

S1Ib l ’ F 1 ;  PECARD _ I I P A P
A LP l-- A ; REDI,JN _ TFR l ” PA T IO N
0 311- l IT INTE R FA CF : DAT A _ REL NRD

F! THER~~J SF
I F RI’ I N a T f

E -‘II)
f_ N ~

A T HER .~ISE
A I.PHA I GI-~~SI rETER M IN A T I ~~N
IF (GH~ ST _ TH AGF )

S )St’IEI; R E CA R D _D R A P
ALP HA , GHA SI_ TEP~1T N A IIO t~
Ii tJT PLJT_ jp TFR F A CE , DA TA _PECA RL

15 THE P ~ IS I
TERn -I INA IF

1
I

AL PHA ~
Q
~
(_E~

(R Nr._ PPtCESSING 

:~IIT1.1 liii



TEE~ l I N AT E
END

0TNE P ’~ISE
AL PHA: PR_~ R RAR _PROCE SSTNG
TERMI NA TE

END
END .

R_ N FT S SI ED_ R ,
DES CR IPT ION ;

“SK ED_ R C ONSTRUC TS T HE ORD E R ED FILE OF DATA FOR
A FRAM E ,” ,

REFE~RS To;
ALP HA , INIIIA LIZE_ SKED_ R
ALP HA ; PICK _C AN DIDATE S
DAT A ; LAST _ PULSE
D A T A ;  MOD E
DATA; lEA F
DA T A : TRAC K _R ATE
ENTITY _ TYPE ; IFIA GE_ IN_ IR A CK
EVENT; XRS 

-

FILE; CAN D ID ATE
S1I~ NET : FORM _ FRA ME,

ENABLE D BY ;
E VENT; SCHEDU LE ,

TRA c ED FRO M ;
DECISIO N; R A Q AR _ SCF-Ef )lJLEP_PRIOPITI ZA T ION
OPI GINAT ING _ RE QUI RE frE NT $
TL S_DPSPP_PA RA G RA PH...3_ 2_ 2_ A_ FLJNC TI A NA L _ REQUIRE MENTS
OPIGI NA TIP- IG_ RE QU IREl ’1P-T $
T LS_ DPSPR _ PA R A G R A P H _ 3_ 2_ 2_~_ FUN C TI O N A L _ PE QUI R E F~E N TS
A P IG INAT I NG_ REQUI RFIENI $
IL S_DPSPR _PARA G PAP H _ 3_ ?_ 2_C_FUNCII A NAL _RE QUIREMENT S
15PIG INAI ING_ REQL1 IR E P~ENT $T LS _ DP$PR _ PA R A G PA P H _ 3_ 2_ 2_ D_ FUNCT TON AL _ RE QUIRE MENT S
t~ P I C I N A I I N G._ REQ U I RE P~FN T $T LS _ DPSPR _ PAPA G PAP H _ 3_ 2_~ _ Eju)NCT I A N A L _ RE QUI R EME NT S
6 P I G I NA T IN G _ RE~~tJjM EI’ENT 8
T LS_ DPSPR _ PA R A G R A P H _ 3_ 2_ 3_ D_ FU N C T I O N A L _ RE Q UI R E M E N T S
O P IGINA T IN G _REQU IR~ HENT S
T LS_ DPS PR_ PA R A G R A P H _ 3_ 2_ 3_LFLJ N C TI A N AL _ RE QUI R EMENT S
OPIGI NAT ING_ REQUIPEP’ENT$
TI. S_ D PSPR _ S (IR SE C TI _~_~_ 2_ FUNCT I AN A L_ RE QU IR EME N T S
OR IGI NAI ING_REQUIRE~ ENTI
T LS_ DPSPR_ SW i SE CT TAN _ 3_ 2 3_ FUN C TI A NA L _ RE QU IREP - IEI b T S.

STRUCTURE ;
CONS ID E R D A T A ;  M ODE
IF (E NGA G ED )

AL PHA ; INITI A L I ZE_ SK ID _ P
FOP EACH ENT I T Y _ TY PE , IMA GE _ IN _ TRACK SUCH THAT
(L A ST _ PUL SE +(t , 0 /TR A CK _ P A TE ) (TFAF )

D O A L PHA , P ICK _ CA N D IDATES END
F~~ EAC H F ILE ; C A N A I r A T E  RECO RD

D O SUB NET $ FOR ’ _ FRAM F END
EV ENT: X R R
TER M I N A T E

OP (STA N DBY )
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I 1PM 1~
.4 TI

EP 0
E ND,

R_ N FT X fr I T_ P ,
DESC R IF h AN;

“ Yli t 1_ P RII ILDS A N r F r’~ wA R DS TA THE M 1J T F~UT _ IN IFRFA CE
RAI )A~~_~~LJT T~~E C O Fn - lAniD s OF THF FRAME ,” ,

RIFL ES TM :
A L PH A; F~~l~ 1_ TI _ T 2
A L PHA ; FOH M _ T3
A L P kA . : PICK _C.A~ MA NL
A L P HA : SELECT _C Au ~r
DAT A : PA1)A~ _ IYPE
DAT A ; REC A ~~)_ F~~UND
EV EN T : 5C l--iED I ’LF.
EVEN T: X I ~~
OIITP U T _ IN TEPFACE: 1 r A t ) ~~P_ F!UI
V A L I ?)AT t A r  P1~~~I ; u A f l A F _ C A Jf)_ AUTPI T_ f-O IN T ,

ENA ~~I LI) ‘~Y:
EVENT; xR f~,

TR A CE D FRO’A :
D E C I S IO nS ; RAO4R _ SCl - -E r~t u LF R _ P RI r1p i T IZA T iAP,
jPIGI NA I IN G _ RE~~L J L R E P F N T :
T LS _ DPSPR _PA QA G F~A P H _ 3 ?_ 2_ A_ F1JN C TI1 ~P- JA L_ PL OL 1IREMENT S
O R I G I NA l  ING_ RE~~1J i~~~- IF. T I
T I. S_ PPSPR _ rA R A G R A P H _ 3_ 2_ ?_ R_ FU~J r T I A I ~AL _ R E Q l f I R E P~E NT S
O P IGI NA T IN G _ RE QUIR E FENI :
IL S_ DPSPW _ PA PA G RA PH _ 3_ ?_ 2_C_ F (JNC T I A L _ R~~~L IR F l’E NIS
OPIGI NAI IN G _ RE~~UiPE P-’ I-Nl;
T I  S_ PPS PI _ P A R A G P A P H _ 3_ ?_ 2_ D_ FI.PJ C T I ( ~NAL _ PEQ UI RE M ENT S
O RI G I NA l  ING _ RE UUIPE~’f -N1 :
IL S_ UPSC’R_ PA ~~A G PA PH_ 3_ ?_ ?_ E_ Ft1 JC I TA ~ AL _ RI QU ZR EMF NI5

~PIG I NATpJ G_ PE.C~[1IRE F EN T:IL S_ PPSP P_PAPAG cA PH _ 3_ ?_ 3_ D_ Fu J r I CTI O ’A L _ RF nU TREMENI S
IGI N A I iN G _ RE~~U IPE PEF .T ;

It S_ DPSPR _ FA R A G R A P H _.3_ ?_ 3_ E_ FU J1T I (t~A l _ PEQ Ij IHE frEN TS
£~R I G IN A T I NG_ RE~~

1iIREP ’FNI:
II S_ DPSPR _ SLIR SECTII’I P _ 3 2_ 2_ Fl J N C T I A N A L _ REC ~U 1 REMIl’ - T S
~ P I r, IN A I I ~ir,_ PE 

~~‘ I ~ F I NT $
T IS_ DPS PP _ S I ~~SECIP1l _ 3_ 2_ 3_ F UNCIIl” N A L_ R E C W I R E M E P - T S .

STRUC TU RE ;
A L P H A :  SELFC T_ C OP-- PIA NI

~~ RFC MRP _FNIP’1O
A L P H A :  P ICK _ C( ’~M 4 F f
E V E N T :  X I~I3
C lNstr~ER ~)A TAI PAPAP _ TYPE
IF ( 13)

ALP HA : FOP~_ T3
AR (TI r~l~ 12)

AL PHA : FOP ’~_ It_ T?
F ~ t)
V A L I I )A I IA ._ P A I~~T ,  R A I ) A R _ C A M~1AP,1 D_ A 1 I T P UT _ PO I N T
A- JIPIIT _ Ir. T EP FA C - - : — A P A R _ 01i T

~~ TM FR ~ IS I
E VEN T : SC~ E~wLE
T E R M  P A T E
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END
END ,

SOURCE z TLS_ DPSP R_ Xj _ IRAC tc _L~
bA P _ Ex PER IMENT,

DOCU MENT S:
A R Ir. INA TIN G_ REQU IRE frEN I:
T 1S_ DPSPR _ PAR A r,RA P H_ 3_ ?_ ,_A_ FU NCT If~’.AL _ REG UIR E FENT S
O R I G I NA T I N G _ REQ IJ IREM ENI :
T LS_DPSPR _PARA G PAP H _ 3_ 2_ 1_ A_ PER FOPMA N CE _ REGuUIPIYENTS
A R IGINAT IN G_ PEQIJIPE P

~EN T ; ;

T LS _ Dpspp _PAR A G RA P H _ 3_ ?_ 1_ B_ FIJ r4cTIO NA L _ RL QUIREMENTs

~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Ti S_ DPSPI~_PA RA G RAP H _ 3_ 2_ 1_ A_ PEPFORMA UCE _ RFl~U1RIME NTS

~~~~~~~~~~~~~~~~~~~~~ INT :
IL S_ DPSPR_PA RA G PAP H _ 3_ ?_ 2_ A_ F(J N CT IA NAL _ RF QUIRE MENT S
O P I G I N L T ! NG _ RE~~U I RE~~ E N T  :
IL S_DPSP P_ f~A~~A G RAPH _ 3_ ?_ 2_ A_~~ERFO PMA N CE _ PE(~(JIPEfrENTS
Op IC,I IJAT I t - ~G_ RE~~UIRE~~FNTILS_1)PSPP_ PARA G PA P }1 _ 3_ ?_ 2_ t-3_ FU NCTI A L_ REQUIRE hE P~iI5
O P I G IN A T I r r ,_ RI Q U IPE FEN T ; .
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
OPIG J NA TP~G_ PE~~UI PE?’ENI
T LS _ DPS PP _ F A C,RA P H _ 3_ 2_ 2_ C_ F UJ C T I ’A L _ RI Q U I R E P E N T $
A F I G I N A T I - N G _ UE~ (J I R E F - F N I
TL5_ f)PSPI~_ p A RA G R A P H _ 3_ 2_ 2_ C_ PERF MA ~1CE _ PE(~UIRE MENTS
O R I G IN A I I NG_ RE Q1J IRE~~ENTIT L S _ DPSPi~_PAR AG PAEi .~t_ 3_ ?_ 2_ D_ FlJ~JCTT F!NAL_ REGU IREM EN T 5
OR IG IN A l ! NG _ REI~L JI RL 3 I N T l
TI S_ DPSPR _ F~A R4 G PA PH_ 3_ ?_ 2_D_ PF~RF A PMAn4 C E_ FE (UI REPEN TS
tiP IG ~ ~

A I In -1G _ REQ [II RE~ I N I  I
T I.  S IP S~’P P A P A G PA P H _ 3 ~ 2 F FlJ NC I I t~~ AL P E D L IR E M EN I S
OPIG I t i A T I t J G _~~EQUI PE P f N T ~T L S _ DPSPR _ PAR A G RAP H _~_ ?_ 2_E_ PE RF AN CE_ RE(.ILlIRLj~EN lS
A P I G I N A I I NI;_ RE QI IPEUFNI:
11S _ pP 5 P~i _ p 4 R A G PA P F ~_ _ 2_ 3_ A_ F U u C T T A n A L _ PE (~LJIREMENT 5
OP IG1NA hIN G_ PEI !L I P E n-~[NI :
IL S_ rPS Pk _ P6R A(~ A PH_ 3_ 2_ 3_ A_ PERFnP n-~~ 4CE _ F-E~~U I R L P EN T S
O P 1 G I N A T I N G _ R F- r~I I P Et E N T :
ILS_ DPS PR_F- 4R A G RAP H_ 3_ 2_ 3_B_ FIJ T IO P~LA L _ PI QUIREF.FNTS

T L S _PPSPR _ PA RA G P 4PH _ 3_ ?_ 3_B_ PIRFA P~~ANC E _ RE (~UIRE FENTS
A I I G I N A T I - , t .,_ REf ~UI PF_~~FN1;
TI S_ p PSPR _ F- ARA( ;PAPH_ 3_ ?_ 3_C_ F11’I C TI A N A L _ UI GUI REMENTS
CIPIG INA T P~(,_ 1~EQ [J IR 1 1 1 P -~T 5
u S  DPSP~ _ E’~~~A G RA P H_ 3 2 3_C_ P ~RFt1 1~r-i AN CE _ F-ILUIPLP’ENTS

T I S_ npSr’u_ PARA G RA P H _ 3_ ?_ 3_D_ FUN CT TO N AL _ RI ?Ii IR EM EN T S

I
I s _ rps r H _ U A P A G~~aP H_ 3_ ?_ 3_ D_ PF~~ A~~’~A NC E _ F EII~UI P1F’ENTS

• L ~ ~ S’~~ _ ’ A A P H_ 3 ? _~~_ E_ FIJ J C T T A N A L _ Rc G L I R E M E N T S

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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It S_ 1)P5PP _ P A~~~G PA P~~_ c_ ?_ 3 _ G_ E 1I~~C T T A ~~A t _ PI n~t ~~~~ [hIS
~PIG IN~~T I 4 ; _ qE~~l I I U E I IN T 1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

T I S_ DPSP t ~_ F A R A c ; P A P ~ _ 3_ ?_~i_ A_ F 11 iC T Ii~~AL _ Rf ( J L T R E M L N T S
~~ IG I NA I  IrJ(, _~~E- -~ L T R I P UN!:
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
tiP IG I N A T  1 [j_ RE 1~~ IRifr E N I :
IL 5_ r~~

spp p A R A G R A P H_ i ? ‘~ R_ F1i J C T T n ~~A t  Rf Q U I k E F ~E NT S
tip tr~INA T ING _~~E~~UIRL~~EiT ;T t S _ 3) P $ P k P A P A G P A P H_~ 2
ti P I G I n -~A I t -~G_~?Ifl I~~E 1 1 N T  1I L  S_ DPSPP _ pA ~~A C,NA P~4_ 3_ ?_ s_ A_ FU-J r I ~~~~~~~~ Q U I P E ’ - E N T S
OR IG IN A l INI;_ PEQ UI R E FE NI
II S_ r~PSPP PA RA3, R A P H _ 3 ? 5 A p F R E  ~~~

N T 2
It S_ PPSPR _ P A R A G RA P  ?_~~_ f3_ F t J N ~rT I~~ - _ P f ( ~UI~~EM ENT S
1?- T G I N A T T ~~I;_ REL ~tJ L P E~~E N T ;
T L5 _ PSP~~_ PA G U # P~ç 3 ? c ,_~~~pF ~ F OP~- A N CE _ I F  t 4 tIIPIj~EN T 5
OR IG INAl I~~G_

l
~E (~l L R E n - EN !:

ILS_ DPSPP_ PAP Ar,PA P M_ 3 ?_ S_ C_ F t I - ~rT At _ F n~Lj I~~EhENIs
riP IG 1NA I I G  ~F I J U~~PEr
It S_PPSPP_PA U A G N A P FI_ 3_ ?_~~_C_ PFRF i~k~-A N C E _ PELUIp L FEN T S
OP I G I ‘IA TI r - ( _ U~ ~JU I N~ fr [  N I 1

r~F t r,i~ Al I’IG_ ’~E ~UI REn - [NT
TI S_ DPSPP _ P4RA G PA P H_~~~?_~ _ D_ PE FA 4 CE_ F E V II IR LF ~EKTS
OP IC, I !~A T  I ‘ ( ~_

RE(
~t h I P E P -  E n -  1:

TI S_DPSP~ _ 5EC T I~~N~_ 3_ _ F lr ~C TT ANA L _~ E I l J t R EI n - E r~TS
A PI GI N~~TI NG _~~[cjlJIPEN FP.T 1
T L S _ DPSP c~ S E C T I~~N_ 3_~I p F M A l c E _~~Er I l - M ~~NT s

F-I;
TI S_ DPSP~ _ S E C T IA N ._ 3_ I rL~~C IIA N8 1 ~F ( II IREF E ’- l S
O R I G I r A T I N G _~ E~~lJ I R [n-- F~~I;T I S_ rPS~’P_ sEC T r F!~ _3_ , F!E k F~’PP’A ICL _ PFrJ IIR F PA INT S

~P ~ ‘, I- 1 A T I~~G_ UF:~~UI~~i~ I n - I :
IL S_ 1)PSPR_ SIC I I~~ _ 3_ ?_ F L L C  II A - A L  ‘~I ~‘i T R E n - E N IS

P - T I
It S_ fPS~~~_ C l T O rI _ 3_ 2 rE p r t P~~A~lrL _ PE~~li t P t PA ( NIS
O P Ir,INA T r~~;_ t~[(~l I k 1~ E n - I:
It S_ DPSPP_ ShJ~ SEC lI~~t _ 3_ 2 1_ FU 4C I IAL A L _ RFI -U T R h n -It N T S

En - - I :
It $_ DPS PP_ S 13S1C It _ 1_ 2_ I _ PE~~FAR ~~A~- CF _ PEGL IREn - .ENTS

115_ F SP~ _ s1’43ECTI ’~n-- 3 2 ?_ FIJN CT T A L _ PEIU IR[M LF .TS
API G1’~AT IN r,_ O II IP~ F F p ~~:IL S_DPSPR _ 51 ~ S[ CIT ~n- 

— 3~~~_ ?_~~EQ F A P U  A - CF P~
. 
~-~U I REIIE N T S

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

It S_ DPSPk _ SII~1SEC TI o~ _ 3_ 2~~ _~ (JC ~ I 
AI~AL PFG LI I~~E M INTS

OP Ir, INAT I G_ PE~~UIP~ P-E -N T
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
i~Pjr,j NA TI ~r;_ REc~l j I R € n -E N I:
TI S_ PPSPq_ S1J~ SEC I Iri F _ 3_ 2_ J_ FU~ CT I AN A L _ RIf) U 1UEM~ P-TS

fl. 5_ PPS ’R _ S~~~S EC T I  - _ 3 2 4 _ PLR F A P P ~&N CF _ PI Q L T W E ~~I NI S
‘PIGI A TI’JG RE (

~UIP I P -E N T :
tL$_I)P5pr4_ 5 J E ~S E C T I _ 3 2 S _FU~JC T ION ~ L_RE (JU1 REM~ P-T$
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O R I G I N A l J F~G_ RE~~UI PE frENl:
IL 5_ DPSP~ _ S’I~ SEC TI  ri I •_ 3_ 2_ 5_ PERF riPI 1A~-C [_ RF C~~’ t~~E n - E n - I S ,

SOU I
~CE: T LS _ R A O A R _ DPS _ I NT E R F a CE SPECIF ICATV ~~,

flNCIJ n-’Et~TS:

~lPIr,INA T LN G _ RE~~UIPE~~F~~T ;
TLS_ PAflA ~ _[)P5 TF$_ p ARA A PM _ 3~_~_ 9_ F I I n - i CT IANA L_ PLGU IRE MENTS

~ PI G It ~A T I N ( _ P~F_~~Ij I P E P E N I :
TI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SL’BNLT ; FXT PA C T ...ML AS IRE-iENI ,
In-iPLE~FF~~TS:

V F r~SIO n- ; P~ L2_CO ’P TL E p _ L T M IT A T J r ~ :_CO~ PIN SA T IO ,~.
RE FERS TM ;

A t PH4; SET _ PIJLSL
A L P HA: II _ Te ,.~ 4fA SUF ’Il~E NI_ EX 1P A (TT”
A L P~ 4: T3 PAE A SU~ E MF N T _ Fx IRA C T IA ~
)A T A; ~r AC ,E_ Ir~
DA T A ;  TA Rr,F T _ Ifl
E n - - T IT Y_ CL~~SS: It A GE
E l - l I l y CLA S S PULSE
E N T I T Y _ liFE:  LA S I _ P l I S E
INTI IY _ T Y P E :  ~ E T ’ ’ ~ . n - E r  rI LSE
E N T I T Y ..IYP E; T 1 _ I2_ Plj ~~S[
E r -l I ly _ lyr E : 13_ PULSE .

PEFE~~~F - -~ ~ Y:
R~~4ET : PFSP-1iSE _ T A _~4A I~Ap .

SIPUC Tt~~E ;
SEL E C T FN T I1Y _ CLA5S ; T n - A C [ S IC~ T HAT (IMA (;E. L :TA kGLT_ ID)
CA~~SID[ R E - T I T Y _CL A S~~: PULSE
J F  ( T 3 _ P ( I 5 F)

A L PHA: 13 I[ A S I . P[n- F NI_ E X T PA C I P1t~
O~ 

( T 1 _, T2 _ P~JL S E )
A L P H A :  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~iF ( L I S T _ PULSE ~~ ~
[T( ~NFU _ PULSF:)

En- - I)
Al PHA ;  SF T _ PIJ L SE
F~F T I ’ 4 r - ~

ENr ,

SUBNE T: F1P 1_ FRA ~A F ,
IL S C P IPI IA N : “F1~~A _ FN AHE. PPA\sjt)ES PA !)AU CA ~~FL IC 1 PESA LLT ION .” ,
R IFE P S TA;

A L PHA ; F I ~-I )_ Ci NF L IC I
A l PHA : ~.A KE _ C ~HYA ~~
AL PIIA; SET _ LA S T
I )A TA ; C A J t - T D A T F _ IH AG F In
L )A TA; Df~NP_ FLAC ,
DA TA ~ T n -~A GF~_ ID
L~~TII Y_ TYP I- IMA I,E_ IN _ TPA CK .

TRA C IL ) FROM ;
OPIr,IN AI I _ RE~~I h I RE~ [NT
Tl$_~ PSPR _P4~~A G RAP H,,~~_ ?_ 2_ A_ F U JCTI Ah A L _ R IQ L h IR E t~f NT 5
r ip  r r , I N A  T JN G _~ (~I J I R F F  I - N I :
T L S _ DP SPP _ FA ~~A G E A P H_ 3 ? _ ?_ B_ FI J~4 C T I~~NA L _ R F ( ~L 1 I R Lh E NT S

T LS _ DPSPP_ PAR A G R AP H _ 3_ ?_ 2_ C_ FII~1 C1 I rn -.AL _ R Ira .TREn-INT S
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~

OP Ir,I’4A I I~~G_~ E’~(JIREF’ F NIl
TLS_ DPSPR _ PA RA GR AP H_ 3_ 2_ 2_ D_ FJ ’JC IT D n --AL HF Q U I R E F E N T $
Op Ir ,INAI INLRE~~(IIREn-i~NI;T LS _ DP5PR _PARAGRAP I .ç 3_ ? ,3_D_ F li -~C 1IOh A L_ REGU IkE F ENT$,

REFEPRI- f) HY I
R_ N FT ; SKE~ _ R ,

S T R U C  TI RE;
ALP H A ;  FINI)_ C:AN FL ICT
IF (NO T DPD P _ F L A G )

A LPHA : t.iAKE C~ n-4M A P -D
• SELEC T E~- J II T Y . 1YPL Il’ Ar.E_ IN _ TRA C k SUCH THAI

(I’4 AGI Ir,:CA~iDTD 4 T[_ TPA4 G E_ I0)
(*MUST S IC I FE I ) SINC E SELECTE D ~~ CA LLI N G NE T *J
A L PHA ; SF1 _LAST

15IHER~~IS1
En-’ i)
HF TL ~~N

END ,

SUB P-EI Z t~ISS Jn-4G_ PEIL RNS ,
REFERS TO;

A L P H A :  3ET _ L0ST
DA T A :  PECEI~f[_ST AP
DA T A ;  STA P TI’IE
EN T ITY _ CLA SS: PULSE
E N T I T Y _ 1YP1, LO S T _ E LS E
ENI IT Y_ IypE: R ETUR n -E D_ PULSE
ENT IT Y_ TY PE ; T1 _ T2_ PUL SF
Et iT I TY TYPE: r3_ PuI.SI,

TRA CED FROM;
OP IGINL T ING _ RE QUIPEP’F NT I
ILS DPS PR P AUA G P A P n - i_ 3 p 3_ F_ FU N C T I O N A L  R IOD IHEM ENT S ,

R EF E R R E L ) BY : 
—

H_ -ill ; PESPA ISF_ 1A _ PA PAR ,
ST R UC T I R E;

Cf~4SIDER 11 - J II TY _CLA SS : PULSE
IF (h 1 _ l2_ Pl .IL SE )

IF (PCCn - . TV E _ STO P 5 T A P _ T I - ~E)
A L PHA, SET_ LA sT

TH[ R~~T SE
F -I D

~F (13_ PIlL5E)
IF (~~ECE IVE_ SINP (STAP _ T1M E )

A L PHA SF.T_ LOsI
OTHERHISE
F ‘If)

OP (LOST _PIJI .SE OR PElt PNF (~_~~ULSF)

R E TU RN
F. N C ,

SUB l E T ;  PECORD _ flRrI P.
PIFE PS IA;

A L PH A: SF1 _ DR O P
IF - T I T Y _ CL A SS ; IM A G E
E N T I T Y _ T Y P E ;  D ROP P ED _ IM AG E
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E n - lIl Y_ TY PE: PAG E_ TN _ T RA C K
EVE NT: A L L 0CA TE ,

TR A CED FR A n - i ;
O PIG INA T I~-~G_ RE~ (JIPEfrENl I
TLS_DPSPR _PA PAGRAP H _ 3 2_ 5_B_ FtJ NC TI 0 F AL _ RtQl TREF~ENTS,

REFEP UF) BY:
R_ -”lEl; CC _ RESPt~NS~
R_ tEl; RE S PO -~lSE _ T O_ RAr)AP,

ST H UC lI RE I
C O N S I D E R  EN T I T Y _C L A S S ;  IMAGE
IF (I MAGF _ It~_ T RA C K )

A LPH4 SET _ DROP
E VENT: A LL iCAI I-

A R ( D RO P PED _ I MA G E)

~ n- L)
RE It ’Rn - j

END ,

S L) BNET : SUM_ PE T IJ PIJS ,
PE~~EPS TO;

A L PHA ; DROP ..PULSE -

A L PHA ; SET _ S’J~ ”1()A L PHA ; S lln - 4_ ’S A GE
D A T A ;  A CC l ,1J 1I F-’I_ FA t~,

TRA CE D FPA ’-i ;
APIG~~N A I j~.G_ PE QL IR~~fr [NT
ILS_ ppSPR_ rARA G PAP H_ 3_ ?_~~_ A_ FIJ ’IC TiO n -~At _ RE QUIREtENT S
iPI G I F J 4 T I f ~1,_ RE~?L IRE~’ F N II
T LS _DPSPP_P 4GPAPH _ 3 2 _ 5_D ,FIl IC II O r~A L _ R fQ UI RE F~ENTS

TI S_ DPS PH _ SII~~S I C T I O F  3 2 ~_ FUN CT IMn - J A L _ REGUI RE M1NTS ,
REFE F ’~LO BY: 

—

~~ _ ET: R AL)A I.
~_ S I J MPA A RY .

S T R U C T I r R E :
C A N S  I~~[P E ) A T A  : A C C o t . ‘ - T E  ~_ FAP
JE (C rILN T FD )

A L PHA : S I ’ _ ’ J S A G FJ
A L PHA : r~p flp_ pULSE

o~ 
(— h ITHER)
A L PHA : S t i ll U SA GE
A L PHA; SIl_ Si 1n -~~ED

rip (S’Ji-’~~Eu )
E n -  U
RE Tt ’-~ -J

END ,

St~~l-1 I: TA L L Y _ RI TIJ U n-I S,
REFER S TA :

A L PHA; D1 r,P_PULSE
A L ? n - 4 A ;  SE T _ C OUN TEI )
A L PHA :  S J M _, ENL RGY
D A T A ;  A ECO~JNTEf)_ Fflt- ,

THA C I D FPflM;
O PT GI NA T T N G _ HEQLIRIF’ENI
TIS_ DPSPR _PA PA G RA PH ...3_ ?_~4_ A_FU’ICTT~~FA L _~ E0UIREMFNT S

TG I NAT IN C ,_ RE~ UIP (P’ENT:
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TLS _ OPSPR _5L’MS ECTT _ 3 2 _ J1_ FUNCII ONA L_ PEI~U 1REM E P-1S ,
REFERRED F-IYI

R_ -’41T; C AFJ THO L_ RES ” J RcIs,
ST RUC TI RE:

CO NSIDER t )AT A ; A C CAI.NTED FØ P
IF (SL IMMEr ))

A L P H A :  SU~4_ F~~EPGy
A L P HA ; l.) EA P _ PUL5E

OP (JF ITH FR )
A L PHA : s(.J~ _ ENER (;y-

• A L PHA ; SET _COU NTEL
OP (C O U N T E D )
E~ 

‘-)

RE T i ’ R~
END S

SUBSYSTE M : SSC2

CO NNECTED TC- ;
IP- .PI.l T _ I- ITEP F4CE: CC_ P
-~I TPUT _~~’IeRFA cf ; CC _ oUT ,

TRA CEr ) FROM:
OP Ir,p4A Ij N( ,  I~~F 

N I. NIl
IL 5_DPSPR _ 5E C TION _ 3 _ r LNCT!O N AL_ ’~E~~U I RE P 1 NIS
O P Ir IN A T I NG _ c)u IREn -— E p. T:
T L .S_ DPSPR _ 5 J H S E C T T AI _ 3 ? _ 1_ FU N C T IA NA L _REG U 1PEML P-TS.

SUBSYSTE M : SSPLP~-IFL
,

CONNECTED T~~;ri UT P1) 1_ INT L U F A C F l  C A T  b_ P F CA R D ,
TR A C ED FRO ’~:OP Ir, I N AT I hG _ PE~~U I R E P F N T ;

IL S_ f) D S PR _ SE C I I A N_ 3_. ll_ F Ii n-~ C T I ON AL _ ~ I~ 
(~ U T RE P- I I IS

C~P IGTN A T I r c ,_ RE QII U E P- E. Nl;
TLS_ DPsP H_ s .~SECTI~,n- _ 3_ 2_5_ E u .\ c T JAn -~4L_ RE ;Ul RLME NTS .

SUBSYSTEM; SSR A I -’AP

C ONNECTE r ’ TO :
L n -~~III_ I ~ T E F F A C E ;  R A P A F _ C L A C K _ IN
In-’PUI_ I TIRE AC E ; RAD A  p 1F:
A l’ TPUT _ I’IT~ RF A CF I ~

TR A CE D FPf)M;
OP I C INAlI ’~G_ RE Dt1IRiP F NT S
IIS_ f)PSPR_ SICIIAN _ 3_ n_ cUn - .CTIC N AL_ PEf)UIREMENTS

~PIGI NAT IP;G_ RE~ L J I R E P - E N T :
I t S _ DPSPR _ 5ECTI0 N_ 3_ I_ FUFJ CT tt ~~A L _~ lD L J T R EFEF-T S

~‘ P I G INA T I  JG _ RE(~UI’ ? [PF .NI:
J U S _ DPSPH_ SECII’N _ 3_ I_ PE R FO Rn - IA ’4CE_ RFC ,U IRF MENI S ,

SY NONYM ; CK .~A DM F S,

SYNO NYM: CA -~T RES ,

SY NONYM; RA’)T n-j ,
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T LS _DPSPR_PA R 4GRA PH _ 3_ ?_ i _B_ PER FO PMAn -ICE_ FEu U IRENEN T S ,
PAT H

v AL T O A TI O -’-J_ POT ’JT : STAPlING_ POI NT
(NC ,

VA L IDAI Irir _ P M In -~41: C~ _ I~A A _ n-4ANDA ~~IP .
REC (~PDS I

D A T A :  HO _ ID ,
T R A C E D  FROM;

OF IGINA TI NG_ l~EQUIR 1P’f Nfl• I (S _ DPSP P_ PA R A G R4 P H _ 3_ ?_ L4 _ B_ PE R FA R M A N C E _ pE(~L l I R L P - E N T S,
REF EPRED BY;

H_’4EI; CC_ RESPONSE
VA L IDA I I ,N _ PA TH C2_ HA N DN V F R _ CA M P- I 4n-J O_ IP-R UT ,

VA L IL )A1I A P ,_ POI NT: PA U A R _C~~PA M A Nfl_ O 1jTPUT _PA IN T ,
RECORDS ;

D A T A ;  R A D A ~ _ IYP E
D A T A ;  TAU(~EI_ ID
DA T A ~ IFAN S .A IT _ STA I• T .

TRA C E D F Rf ) M:
DEC T S I~~N ; R A p A R _ P~~s nupc[_ Co NIRo L _ F~1
D E C I S I O N :  RA P4R _ R[~~r~1!pCE _CM NIRO L _ B?
AP I r,T N A l IN G_ P(~~tj IP[P- E N T ;
T LS_t PS PR _PAPA GRAPH _ 3_ p_ a_H_ PEHF OPPAANC (_ pEi~UIRL PENTS ,

R E FE PR E~ B Y :
R_ n-lfl; X M I T _ II
VA L II )A T I~tN _ PA TPI S RAI)A P_ CA n -IM4ND _ A IITPUI ,

VA LI DA1 j~ P--_ POIN1; STARl IN G _POI NT .
R( CØ RDS:

DATA; WE_C HA RACTE RI ST IC S
D A T A ;  ~F _ NAME
FILE : WA V E FO RM _ TABLE ,

IRACE I) F RO M ;
OR IGINA Tp ’~,_REQ IJIR~ M ENT;
TLS_f)P5PR_P4RA GRA PH _ 3_ 2_ i~_B_ pE RF OPPl

A l.
~C(_F.ELUIRE PENTS ,

RE F ERR E D B Y ;
R_ 4E1; Cc_ RESPONSE
V A L I I ) A T  I~~N_ PA T H RA DA R _ W A V IFAHM _ PPA P ERT IES ,

VE RSION:  O PIG I NA L _ PI IB L ICA TIO P _ D A T EF)_ AUGIi S T_ 1975 ,
I M P L F M E4 T E D  BY ;

INPUT _ I N T E R F A C E :  RA D A R _ IN
OU T PUT _ IN I E RFA C E ;  ~ A D A R _ O(J T ,

V E R S IO N ;  Pf ) L2_ C O M P T L C R _L I M I T A 1 T o N _ CO M P E~JSA I I~~N.IMPLIMENILD B Y X
H N (T; RESPONSE_ Fri_ RA DA R
SUBN(1: FXTPA CT _ M (ASUPEn-4EN1,

VERSIO N; ILS_DPSPR .
!P4PLE ME~~TED BY :

OR IG INA 1IN G_ REc~U1R~ E ENT ;
T LS_DPSPR _P4HA GRA PH _ 3_ 2_ I_ A_ FlHC1IO NAL _ RE QUIREP-~EN T S
O R IGINA l In - d G_ PEQUIRE~ E NTs
T L S _DPSPR_PARA GRA PH _ 3_ 2_ 1_ A_ PFRFOPM ANCE_ BE (1UIREM(N FS
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SYNO NYM ; RA DO UT .

SYN ONYM ; RESPRA D ,

SY NON YM ; TIT ?CM P SEr~LJA IE S TA ;
MESSAGE : II _ T 2_ CF1 M P-AN D.

SYN ONYM ; T~~T2RTn- .,
EUIJA TES Iri s

MESS AGE ; T1 _ T 2_ RCTLR N ,

SYNONYM ; T3CMD ,
EQUATES TO;

M E S S A G E :  13_ C O M M A l L .

SYNO NYM; T3 RTn - j,
EUL A TE S TO;

M ESSAGE : T~ _ RE lU P 4 ,

VA L ID A IION _ PA TH, C2_ H AP-WO~~~R_ COM fr AN D_ INP IJT ,
REFERS TA;

V A L I P A T I U N _ F~~I N T :  C2 _ I P-A G E _ PIA NIDOV IP ,
CON S TRAIN E D BY ;

PFRF~~R MANC ~ _ REqI !I P~~P F N 1 :  ENERGY _ PEP_ IMAG E ,
TRA CE D FROM :

OP IG~~NAIp~G_ RE~~UJIR (P F N ~~;
IL S_ DPSPR _ PARA G RAP H _ 3_ ?_~ _ B_ PER FOPl lANCE _ P1QU1RL frCNTS .

P A TH
VAt.IO A TION _001 T : C2_ Tn - AC E_ MA NDOV E P

END ,

V A LID A TI O N _ PAlM : RA UAR _C AP ’MA P. fl_ OLTPUI ,
REFE RS TA :

V A L IDA T IU~ _ PA IN T FA PAU _ COMMA r4D _ ti IJIPIJT _ POI NT ,
CO P-ST RA PE D HY:

PEH FORMArJC E _ RE Q1J IPE~~F~~I: ENERGY _ PEP_ IMAGE
PFR FARMAN CE_ RE Q I J IR In - - FNT ; PULSES_ PEP_ SECO NL-
PFRFORMAN CE_ RE()UJI PE l INT ; RA DIATE D _POW ER ,

TR A CE D FROM :
DECIS I ON; PADAR _ PESOURCE_ CANIRO L _ B1
D E C I S I O N ;  A D A R_ RLS r ’ U) PC E_ CO N IROL _ 52

TI S_ DPSPR _PA RA G RAP h _ 3_ ?_ Li_B_ PE HFA Pn -~ANC E_ F’E~
I J IRtfr EN TS,

PATH 1
V ALI )AT ION _PA I 1: PA UAR _COMM AND _AU IPIIT _POINT

END ,

VA L IDA II OP _ PATH; PA f )AP_ WA V E FOR M _PPAP(RTIFS,
REFE RS TO ;

vA L ID AT IO ’~_PA INT1 STA R T IN G _ PA I NT,
CO NSTRA INE D BY:

PER FA RM AN CL _ RE~ U !P E n - EN1 1 ENERGY _ PEP_ IMA GE
P1 R F O R P~ANCE _ REQUI PEfr F NT; PADIA IEO _ POW (R,

TRACED F ROM :
OPI CI lIA1 IPJG _ RE1~t l IR E~ FNT :
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,P I ; i- ~T 114G_ RE Q L J I P E P - E P - T :
TLS_ DPSPi~_ PAPA GHAP ii _ 3_ ?_ I_ B_ FtJ~J CTI A r ~AL _ R~ ~L IRE f’ E N1S
OP IGI~~A T IN(

_ RE i~ tJ IREN F N T  1
U. S_DpSpR _ pA RA G RA P H _ 3_ ?_ 1_B_ pEHFri U~

i LwCE _ RE r. uI pEPENTS
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ILS_ DpSp p_PARA G RA P H _ 3_ ?_ 2_ A_ FU N CIIO NA I _ RE. QUt REN FNTS
~~~ IG INA T I~~C~_~ EQU I~~Et’F NI ln S_ 1)PSPW_ PA HA G PA P H _ 3_ ?_ 2_ A_ PEH FOP UAN CE _ RE (~IJIRL frEN TS
OP IGINA IING _ HE (~U IREn - ’ E NT I
IL S_DPSPH_PA ~~A GRA Ph_ 3_ 2_ 2_B_FU~1CTI~~~AL _ PIQL IW E PEN T S
~i R IGI NAT IN G _ RE t~(I REN EN T :
T I S_ DPSPR _ FA~~A G RA PH_~ _ ?_ 2_ B_ PERFNR ~ ANCE_ FEUUI PEMENTS
O PIGj~~A II’~G_ REOUI R~ NE~-T ;
T I5 _ DPS PF~_ P A R A G~~A P H_~ _ ?_ 2_C_ Ft i n - J C l I O n - J A L_ P FQ L - I R E P E N 1 S
ip IGJ P - hA T~~NG_ pEq u IR(n -EN~~;
IL S_ DPSPR _ PA RA G R AP H_ 3_ 2_ 2_ C_ PEPFO Pn- IA NCL FELU 1REMENTS
OPI G INAI I NG_ UE~~L1 I R E fr IN T:
TLS_ DPSPR _ PA RA G R A P M_ 3_ ?_ 2_ D_ F I JNCIIO N A L _ W F fl LJI RE~ E N T S
A P I r , I NA l I NG_ R EQ l i IP 1NF~~l:I; S_DPSPR _ PA PAG RA PH _ 3_ ?_ 2_ O_ PEPFA Pn - ANC E _~ 1 (tJIRL frEN TS
O RI GIN A l I~~G_ RE’-~t 1I PE fr FN1 -

T I S _ DPSPR _PA RA C PA P H_~ ?_ 2_ E_ FUM C TI ANA L _ PIJ~LIkE M FNT S
OP IG INA I I N(,_ R EQ IJ  IR E P E  P T
T I S_ DP St~R_ PA H A G PA P n- ç 3_ 2_ 2_ E_ P F R FA P N ’A NC E _ FE(~UIP Lf r EN 1S
OP I G INA l IN t ;_~~Ec ~UIRE~~E N T :
T L S_ DPSPP_PA RA GW A P H _~ ?_ 3_ A_ FLJ ’- i rT TO~~A L RE GI~IRENF N T S
OP IGI n - - hA1 I’~G_ RE~ UJ I PE frEN1 ;
IL S_ f)PSPU_ PA R A G PAP H_ 3 ?_ 3_ A_ PEHFOR~~ANC E _ E1l. hh I RlM EN 1S
OpI Q~~N A T J N ~ _~~EUUI R~~r - F P T ;
TIS_pPSPR_P4HA GRA P H_ 3_ ?_ 3_ F~_ F tI’i CTI O NA L _R FQUIHE M tNT S
ORI G INA IIN G _ HEQ UI PE l F~~I;
TI S_ DPSPP _ P A H A G R A P n - - 4_ 3 2 ~_ B_ P F R F O P ~~A N CE _ FEr ~IJ I P E f r E N T S
II P IG IN A T In - JG_ REUIIIPEP FP~T:
TI S_ DPSPR _ PAR A G PAP H _ 3_ ?_ 3_C_ FIJNC I IA~-A L _ RF DI.- IPEM ENTS

~i P I G I N A T I N G _ R E Q u I R E N F N T :
T L S _ DpSpQ _ pA RA G R A P H _ 3_ ?_ 3_C_ PEWFOPH A ~-iCE _~ Fr~IJ IRLfr EN T S
OR IGI NAI Il4G_ REDL 1R11 F NT I
T iS _ DP5PP_PAR A G RA P h _~_ ?_~ _D_ FUNt lIO~~A I _ RFQUI MEMENT5
!)PIGI AT I ’~G_ RC’iUI PEP- I-~~T*TI 5_ DPSPR _PA RA G RAP H _ 3_ 2_ 3_D_ PEPFORP’AN CE _ PE I,IUIPEP -ENTS

~PIGI NA1I !4G_ REQU I PEN F N I;
IL S_PPSPR _ PA RA G PA PH _ 3_ 2_ 3_E_ FU4 CT IO P -AL_ R IQ UIk E P-~tNTS
OP IC, INA I I ~G_~~l~~

l; I R~ lf N f
TI. S_ DPSPH_PAH A C ,RA PH_ 3 ?_ 3_E_ PERF~~~~ANC l_ RE (,LJ IRL PEN 1S
OP I C j N A T  ING _ REQ U IRENE NT
T 15_DPSPR _PAPAGR AP H _~_ p_ 3_F_ F l J N C T IO NA L _ RE.CUIR EM LN1 5
OP IGI NA T INC _ RE QI j P ~ I- F NT
T I S_ DPSPR _F A RA G PA PH_ 3_ ?_ 3_ F_ PLHFAF’I ANCE_ RE ( IJlREN INTS
A~- TGI NAT IH r ,_ PEQI IRE l- EN T s -

ILS_ DrSPP _ pA QA G PA PH _ 3_ ?_ 3_G_ F tJ J C T T A AL _~ EQUIkE MINT S
I NAT Jtd C _ PE~JU IREl F P41 1

T LS _DPSPR _ EA R A r AP H_ 3_ ?_ 3_G_ PERFOk’~ANCE_ PEt~U IRLPE NTS
OPIr,INA T I’~G_ PE~~l~ IPEt E n - - T I
TIS_ DPSPR _ P*PAGRA PH _ 3_ ?_ ’4_ A_ FUn -IC T I f~ J41 _ RFQU IIRE PIENT S
OP IC, I~~A I ING _ RE ~IJ I P1~ F. N IlT I_ S_ DPSPR _P4RA G F~~PH_ 3_ ?_ 1h _ A _ PFHFO~~ 1A NCE_ kILv Lh IRL PF~~T 5
ORIG INA l INU _ REQI JIP (P- E NT:
T LS _ pP5P~ _PAR A G PA PH _~~~ _ ,J_~_ F1j q C T TA N A L _ PIQUIkEhENTS
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OP I C I NA I I G_ RE ~U I R€ P 1- NI:
T LS _f)PSPR_ PA RAG RA PH_ .S_ 2_ R_H_ PERF APn - ’ANC E_ FE(.UIRE PLNTS

~PIGI NAT I~~G_ RE~ U IRENEN T :
TI S_ DPSPR _ PA RA GWAP H _ 3_ ?_ 5_ A_ Ft J J C T I A ~~A L _ RlQUIH Et~E NlS
Of~IG INATI N G _ Rlc~UIPEYENT:
TI S_ DPSPP _ P A R A G R A P H _ 3_ ?_ S_ A _ P E R F A P M A N C E _ EEtI LJ IRLMINIS
OPIG I NA I INI,_ RE QIJIR E PENT :
T LS _ DPSPH _ PA~~A G PAP H_ 3_ ?_~,_ r~_ F1J N C IIA NAL _ RF GUT R E P1N 1S
6RIr,INA TIN (;_ RE Q L JI R EN ENT ;
T 1S_DPSPP_ PA PAG PAP H _ 3_ ?_ 5_U_ PFRFO FcMA NC E _ RE (U IRL PENIS
OR IG~ NA T I NG_ RE~~IJI REP ENI :T 1S_DPSP~ _ PA RA GW AP H _ 3_ ?_ 5_C_ F1 C T T A N A L _ PE Q UI R E rFN T 5
OP IGI NAT I~~G_ REDUIP L fr ENT I
TI S_ r)PSPR _ PA ~~A G RA PH_ 3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~OP t G I ’ IA T I -~G_ R E Q U I R E P - F N T :
T L S _ DP5 P~~_ PA ~? A G PA P H _ 3 ?_~~_ D_ F1J’IC T I~~~- A L _ RLQ t - I R E P~ENlS
OP IGINA T I NG _~~EC~U IRE NE Nfl
IL S_DP5PP_ PA RA G RAP H _ 3_ ?_ 5_D_ PE HFA PHANr E _ PEC UIPL~ ENTS
O PIG I NAT I ’JG _ RE QL J IPE P-EN T ; -

I I. S_ PP SP P_ SE C I I A N_ 3_• 0 F I~ n- C I I ON A L_ R E ‘I~J I RE fr-I N I S
OR I G I NAT I N C 1_ REQ U IPE F EN I;
1LS_OPSPR _ S EC T I ON _ 3_ (~_ p Ep FOPMA’ JCI~_ PF (Jt l IR FM EN T S
OR IG !NAT !~~G_~~EDUIP€ P- F N I l
TLS_ DPSPR _ SEC T IA N _ 3_ I_ FU n - ;C TT ONA L _ R IQ IJIRE PE PI S
AR I G I N AT  ING _~~EQ U I R E P-  F Nfl
IIS_ DP5PP_ 5ECTI AN _ 3_ l _ p EpF OR M AN CE _ PE(ItiIPF~MI.NTS
OPIG INA II N&_ RE (~LJ IPE P INT l
TLS _ f)PSPR_ SECT IO N_ 3_ 2_ F1 N CT IA NA L _ PE QUIRE1ENI S
OPI GI NAl Il i G_ RF r~lJ 1 R E P- El T ;
T L S _ DPSPR _ SEC IION _ 3_ 2 p Ep FO PM A ~4cE_ PF1J (IIR[ME NTS
O P I G I N A T I n -~G_ R€~~UIRE l EP ~I,
T~ S DPSPP _ S ’ ’ R S E C T I A P _ 3 ~ I FLU~C T I A n - J A L_ R F G U I R LM EN I S
OR IG I N A T  INC _ R E IJIRIP I n - T
ILS_ DPSPR _ SUHSEC IIA P ’_ 3 2 1_ PERFOPP- A~JL F _ REQL-I kEH1NT S
A p j ( I N A T I N C,_ R U J R E N F  n-~j ;
T L S _ DPSPR _ 5I.P~~SECIIo l’ _~ 2 ?_~ U N C T t r - w A L _ REr ~U I R L M L P % T S
OP I C , INA I IN C ,_ RIQIJ J R E P ~
TI S_ DPSPR _ 5 J RS FC TTP P _ 3 2 ?_ PIPFrIUNA NC I _ RFQ LiREM EN TS

Ti. S_DPSPR _ 5U~~SECTIri ~ _ 3 ~ 3_ FU NC I IA ’ A L _ REGUIPEME N TS
OR IC I NAI INT;_ HE G1’ IP(P ( NT  I
T LS _DPSPP_ SW 3SECTIO~- _ 3 2 ~_ PE PFARP ~ANCF _ RF~GI IRE fFP4T S
OP ID, I NAT j n-~G_~~( QUIP(P ENT I
Ti S_DPSPR _ st -~~SECTIriP _~ 2_~_ FUN C 1 IAP ~A L _ RE CIJIBE P4LNTS
O P IG ThJ A I IN G _ PEQ U IW Fn - F Nfl
lLS_ f)FSPR_ S J~~S( TIriN _ 3_ d_ 4_ PER FOR P1A N CE _ RI QUIREP- 4LN TS
OP Ir ,INA Tjl~G_ HE- ~L I PE~ F N y :
1(5 DP5PH_ 5’ i R S E C T I O P~ 3 2 5 F L P N C T I lA L REf ~U]P E~~E P ’ T S
O R I G I NA T I N G
u S  f)PSPR SuUS EC IIOn-~ 3 2 ~ PERF ARP A A rJ C F REQ UIR EM ENT S
OP IG INA II NI,_ HE JLJ IR IM E NT I
T~~3_ p A DAR _UP S_ IF 5_PA R Ar,P A PH_ 3_2_ q_ F P IP-4~~I~~A N A I._ REGU IRE MENTS
O P Ir, JNA1 IN G_ RE~~UIRE NF NT :
TIS _RACAR _DPS_ IF5_ PAP Ar ,RA PH_~ _~_9_ P E R F O R P A P C F _HEQU 1QEME NTS.
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