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TECHNICAL REPORT SUMMA RY

FIBER OPTICS DESIGN AID PACKAGE

This study Final Report provides documentation for a Fiber Optics Design Aid

Package (FODAP). FODAP is intended to be a supplement to the RADC—Sponsored Optical

Cable Communications Study (Contract Number F30602 7 4 C 0 193). It provides the

designer of optical fiber communications systems a method to facilitate his design proce-

dures. This report consists mainly of a User’s Guide to the FODAP computer software .

This guide contains sections which discuss data definition and entry, FODAP module

descriptions, a description of FODAP module interactions, a description of miscellaneous

command statements, execution instructions . Also included is on input/output variable

dictionary and a run listing. The User’s Guide is supplemented by a Design Handbook

which summarizes the design conditions and equations used in FODAP. Also included in

the report is a section containing a series of design curves generated using the FODAP

software . These curves can be used to examine trade—offs at the component or systems

• level .
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EVALUATI ON

This effort has provided a computer based program that will allow a

communication system designer to analyze fiber optic communication links

at either a system level or component level. This effort is based on a

previous RADC effort titled “Optical Cable Communications Study” under

which a graphical design package was developed for fiber optic analysis.

The present program computerized and updated those results so that the

fiber optic link designer will be able to perform tradeoffs and parameter

optimization in an efficient manner.

The design tool developed under this program will aid in providing the

fiber optic technology update for the services.

W~ A~PAUL F. SIERAK
Project Engineer
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1.0 INTRODUCTION

This document is a result of a nine—month program of study (Contract Number

F30602-76—C-0246) conducted by Harris Corporation’s Electronic Systems Division for the
Rome Air Development Center . The objective of this study was to supplement the RADC 

--

sponsored Optical Cable Communications Study (F30602-74—C-0193) with a Fiber Optics

Design Aid Package (FODAP) to facilitate the design of optical fiber communications

systems. This package consists of a design handbook which outlines the procedures used in
optical fiber systems design, a user’s guide to the computer software used in the study and
a series of design curves generated using the FODAP software.

In order to make FODAP most useful to the systems designer, this report has
been partitioned into three sections . Section 2 consists of a design handbook. In this
sectinr , the design philolosphy and design procedures used in FODAP are outlined.

Terminology is also presented and the design equations are summarized. Section 3

conkiis~s a user ’s guide to the computer software. It explains the procedures for operating

FODAP including file maintenance, execution of the modules and subroutines which

FODA P contains, input data requirements, data definition libraries and examples . Section

4 contains a compilation of design curves which are the useful final output of FODAP.

These curves can be used by the systems engineer to design the individual system compo—

nents such as the transmitter , rece iver and fiber cable; or they can be used to design total

systems using general classes of component types.

1—1

~



SECTION 2.0

DESIGN HANDBOOK FOR FODAP



- - .

2.0 DESIGN HANDBOOK FOR FODAP

2.1 Introduction

To make the best use of FODAP, the designer should have a working knowl-
edge of the design philosophy and terminology used in constructing the computer software
associated with FODAP. Such a knowledge will allow the designer to interpret the results
and better understand the component-level and systems-level design tradeoffs. This

section Is intended to serve as such an introduction.

In FODA P, the design of an optical fiber communications system is done at

two levels . One may design at the individual component level, i.e., one may design

• fransmitters, receivers or se lect fiber type. Or, because of the interaction of components

in an optical fiber link, one may design at the system level. In the sections that follow,
the design approach, Including equations and terminology is explained for each level of
design. In particular, the information pertaining to receiver design is discussed in Section

2.2, fiber design relations are discussed in Section 2.3, Section 2.4 contains the trans-

mitter design information and Section 2.5 describes the system—leve l design information.

Each section is discussed from the point of view of the designer who is using FODAP.

It should be pointed out that the information contained in this section is

intended to be a summary of design information. Details such as the derivation of design

equations are beyond the scope of this work . For such information, the reader is referred
to the Optical Cable Communications Study 1 which was mentioned earlier .
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2.2 Receiver Analysis

It is possible to configure a number of different fiber optic communication
systems using a variety of optical and electrical modulation techniques. In virtually all
practical optical cable systems, intensity modulation (IM) of the optical source is employed
together with direct detection at the receiver. Intensity modulation refers to varying the
average (relative to an optical carrier cycle) output power of the optical source in
proportion to an electrical stimulus, e.g., the drive current of an LED or ILD may be
varied to cause changes in the optical power output. Direct detection at the optical
receiver is accomplished through the use of a device such as a photodiode which converts
average optical power (again relative to an optical carrier cycle) to an electrical signal a

An optical source may be intensity modulated in either continuous (analog)

or discrete (digital) fashion, depending on system requirements. The electrical signal

which modulates the optical source may, in term, be modulated in any one of o number of
ways. System ~erformance (signal reproduction fidelity) is largely determined by the noise
characteristics of the optical receivers and electrical demodulators used, and by the
response of the optical detector to the incident optical signal. FODAP is capable of
theoretical predictions of optical receiver performance for a number of modulation types.
This capability resides in the Receiver Analysis Module (RAM).

FODAP characterizes modulation types according to whether the input
in formation signal is analog or digital and whether the input signal directly intensity
modulates the optical source or first undergoes an electrical modulation. Systems in which
the input electrical signal directly modulates the optical source are called baseband

• systems. If an intermediate electrical modulation is used, the system is referred to as a

subcarrier system.

The RAM provides FODAP with the ability to predict system performance in
• terms of output s gnal-to—noise ratio (SNR) for analog input signals and output bit error

rate (BER) for digital input signals. Then performance predictions are based on analytical
expressions which were derived in Reference 1 and which are summarized in the subsequent

L • •~
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paragraphs . The analog transmission formats considered are boseband analog IM, and lM

using AM, SSB—SC, DSB—SC or FM electrical subcarr ers . The digital techniques included

in FODAP are bas~band on—off keying (00K), baseband binary pulse-position modulation

(BPPM) and lM using FSK or PSK electrical subcarriers . Other modulation schemes which

may be regarded as analog—digital hybrids have been studied but not included in FODA P,

e.g., analog pulse—position modulation
2’3 (PPM) and pulse frequency modulation4 (PFM).

While analog PPM may find application in certain specific systems, the associated

implementation complexity and system criticality
5 precludes, for the present time at least,

u s wide spread use. Optical PFM appears more promising and doubtless will receive more

attention in the future .

In the paragraphs which follow basic receiver parameters are defined and

the mathematical expressions used by the RAM to predict receiver performance are

summarized. It is assumed throughout that the reader has an understanding of standard

e lectrical modulation and demodulation techniques and is acquainted with the basics of

optical cable communication systems using direct detection optical receivers.

2.2.1 Assumed Receiver Structure and Parameter Definitions

The receiver structure assumed by the RAM is shown in Figure 2.2.1. Qptica l—

• to—electrical conversion is provided by a photodiode which produces a photocurrent, ii,,

proportional to the intensity of the impinging optical s ignal . The photocurrent is corrupted

by additive noise, ‘n’ 
which is conveniently represented as being referred to the amplifier

input. The amplifier drives an electrical demodulator or detector appropriate to the

modulation format chosen . This demodulator may be as simp le as a noise rejection filter in

the case of baseband analog lM or as elaborate as an FDM demultiplexer in the case of a

system using multiple electr ical subcarriers to intensity modulate the optical carrier .
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Figure 2.2.1. Receiver Structure
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Photodiode parameters required by the RAM are:

Unity gain responsivity - r

Avalanche gain - G

Avalanche gain excess noise exponent - 
~~~ 1)

Surface (nonmultiplied) leakage current —

Bulk (multiplied) leakage current -

This photodiode description may be specialized to the case of a PIN photodiode (no
avalanche gain) by sett ing G = 1 and 1b = 0. The value used for a D in such a situation
is arbitrary.

The noise current, In~ 
is made up of several components. These components

are contributed by the photodiode, the amplifier and by the quantum nature of the received
optical signal itself. For the purpose of predicting optical receiver performance, the noise

contributions are generally described by their second order statistics, namely the input—

referred mean—square noise currents . The major noise sources considered by the RAM are:

2 2+a
Quantum noise: < i Q

> = 2qrG 
D 

~ b

2 2+a
Dark current shot noise: < iD

> = 2qb (I
~ 

+ G D

Input referred amplifier noise:

In the expressions above

-19
q = charge on an electron (1 .6 x 10 C)

= overage (long—term) optical carrier power incident on the

photodiode

b = noise-equivalent bandwidth of the optical receiver (or receiver

channel in the case of on FDM system using multiple electrical

subcarriers)
2-5 



There are as many expressions for the amplifier noise current as there are

amplifier designs. For this reason it was described that the calculation of the amplifier

noise performance should be an “outboard” computation to FODAP. As a precautionary

note, the reader is reminded that <ii> must be calculated for the particular bandwidth

of interest. Some amplifiers for fiber optic receivers have significant non—white noise

components. In the interest of computational simplicity, however, some of the RAM’s
analytical expressions are based on the assumption that the noise is spectually flat over the

desired bandwidth. Therefore, interpretation of RAM results should be tempered with

appreciation of these simplifying assumptions.

Other general parameters required by the RAM are:

Intensity modulation index - M

Digital data rate — R

RMS value of the analog signal -

It is assumed that the analog signal is normalized such that

The performance measures used by the RAM are signal—to—noise ratio in the

case of analog inputs and bit error rate for digital inputs . Signal—to—noise ratio is defined

as the ratio of mean—square signal—to—mean—square noise as measured in the message band-
width at the receiver output. Bit error rate is just the probability of a bit error at the

receiver output assuming equiprobable occurrences of ONE’s and ZERO’s at the input.

2.2.2 Performance Equat ions

The paragraphs which follow summarize the equations used by the RAM to

compute rece iver performance.
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2.2.2.1 Baseband Analog IM

The output SNR for a direct detection fiber optic receiver with baseband

analog IM input is

(MrGPR)2 < 2 >
SNR = 2 2 2 (2.2.2.1-1)

<i Q > + <i D > + <i
A
>

The noise terms are defined in Section 2.2.1.

2.2.2.2 Subcarrier Analog IM

The SNR expressions for the subcarrier analog IM receivers are:

(MSCMrG PR)2 < 2 >
SNR,6J~ = 2 2 2 (2.2.2.1—2 )

2 [< iQ > +  < E D > + <i A >]

(M5~
rG 

~~ 
<s2 >

SNRDSB_SC = 2 [<~~> + <~~~> + <ii>] 
(2.2.2.1-3)

(MSCrG PR)2 < 2 >
SNRSSB SC 

= 

<~~~> + <~~~> + <ii> 
(2.2.2.1-4)

2 ( M G  PR)
2 < 2>

SNRFM 
= 

2 [< u~~ > + <i~~> + <~~>] 
(2.2.2.1— 5)
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in the above expressions, the notation Msc is used to indicate the intensity modulation

index of the individual subccrrier signal, i.e., it is not the overall, composite intensity

modulation index of the optical source in the case of multiple subcarriers . Ma is the
amplitude modulation index of the electrical AM subcarrier . The reader is reminded that

care must be exercised in selecting MSC and Ma for an AM subcarrier system in order to

avoid overmodulating the optical source on signal peaks. 1 fi is the frequency modulation

index of the FM subcarrier.

All of the subcarrier IM SNR expressions presented above assume that the
amplifier noise has a flat spectrum and that all of the noise component are measured in the
basebond message bandw dth.

2.2 .2.3 Baseband Digital 00K and BPPM

The RAM computes BER for baseband digital 00K and BPPM according to

/~~-4-- rGP
BER erfc ~ R 

(2.2.2.3—1)

where
00

erfc .{x} = 
1 J e >~

2/2 dy
Ji~ x

This result is based on the use of the optimum bit decision threshold. 1 Noise components

are computed as given in Section 2.2.1 with

2—8
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b = -
~~
- (00K) (2.2.2.3—2)

b = . R (BPPM) (2.2.2.3—3)

Required optical power for a given BER is obtained by solving for 
~R in the

BER expression, y elding

= 

~~~ 

~ b + ¶tj2qb (I L+lbG D) ÷ < ~2 >
~~~~~~~rG

(2.2.2.3—4)

where

BER = erfc .{Q} (2.2.2.3—5)

2.2.2.4 Subcarrier Digital IM

Subcarrier digital lM performance is given by

BERPSK 
= erfc (2.2.2.4-1)

BERFSK 
= erfc 

11 .1 

~~~~~~~
( 

(2.2.2.4-2)
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with

____ = 
2 

-

~~

- (MSCrGPR)2 

2 (2.2.2.4—3)
0 <I Q > + <I

D > + <iA >

The noise terms are computed using

b = R (2.2.2.4—4)

The amplifier noise contribution is assumed to be spectually flat and matched filter detection
is assumed in the electrical demodulators .

2.2.2.5 Avalanche Gain Optimization

Because of the dependence of both signal power and diode noise power on

avalanche gain, there exists an optimum gain value which maximizes SNR for a given

received optical power for analog channels or minimizes BER for a given received power
for digital channels. In the case of baseband analog IM and both digital and analog
subcarrier lM, this optimum gain can be obtained analytically and is

212 { 2 ql~b + <i A >} I
= 

a0 {2 cb (rPR + ‘b~ 
j (2.2.2.5—1)

The concept of optimum gain for multiple subcarriers is meaningful only if the amplifier

noise spectrum is flat and, hence, G0~ 
has no bandwidth dependence.

Unfortunately, in the case of baseband digital systems, analytical expressions

for optimum gain do not, in general, exist and the gain must be optimized numerically.6

FODA P has the capability to perform this numerical optimization procedure a
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2.3 Fiber Analysis

As with conventional cable systems, two of the main performance parameters

of the optical fiber cable are attenuation or loss and bandwidth. A third important
performance measure is the amount of optical power that can be launched into the fiber

cable by the optical transmitter .

The computation of loss for a length of optical cable is just a straight forward

multiplication of the cable length by the optical attenuation of the cable in dB per unit

length.

The amount of power coupled into a fiber or fiber bundle depends strongly on

both the characteristics of the fiber and the optical source. For this reason the assignment

of coupled power calculat ion to either the Fiber Analysis Module (FAM) or to the Trons-

mitter Analysis Module (TAM) of FODA P is somewhat on arbitrary choice . As it turns out,

both the FAM and the TAM have the capability to compute coupled power . However,

since it appears that in the future most optical sources for fiber communicotion will have a

fiber stub or pigtail permanently attached, it seems most appropriate to compute coupled

power in the TAM. The FAM determines coupled power only when no fiber pigtail is used

on the transmitter . The reader is referred to Section 2.4, which deals with the TAM, for

details relating to coupled power computations .

By far the bulk of the computation done in the FAM is related to fiber cable

bandwidth. Fiber bandwidth is limited by the temporal spreading or dispersion of optical

energy as it propagates a lo-g a length of fiber waveguide . In multimode fibers , the

only ones currently of practica l significance , dispersion may be separated into two

contributions . The first of these is intermodol dispersion which results from differing

transmission delays for the various waveguide modes. Intermodal dispersion is often

ca lled simply modal dispersion. The second contribution is intramodal dispersion or

the variation of propagation delay of optical energy at different wavelengths within a

given waveguide flode. The dominant source of intramodal dispersion is the dependence

of the index of refraction of the waveguide material on wavelength, or the material

2—1 1
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effect. Thus inframodal dispersion is dependent on the optical source being used, in

particular, on the spectral width of the source . Intramodal dispersion is sometimes called

material dispersion . We prefer to call it spectral dispersion.

Multimode optical waveguides generally available today can be devided into

two classes - step index and graded index. In a step index fiber the core material has a

radially uniform index of refraction with an abrupt reduction or step change in refractive

index at the core—cladding interface . A graded index fiber, on the otherhand, has a core

index profile which decreases smoothly with radial distance from the fiber’s long itudinal

axis . There is no sharply defined core—cladding interface in a graded index fiber . Optical

energy propagation along a fiber waveguide is supported by total internal reflection at the

core—cla dding interface in the case of a step index while continuous refraction or bending

of rays provides “guidance” in a graded index fiber . As will be shown in example FAM

computations which appear later in this report, the effect of index grading is a substantia l

reduction in intermodal dispersion.

A functional description of the core index profile which can be used to

describe both step and graded index fibers is

n(r) n1 [i - 2 4  (r/2) ~ ]
1/2 r<2  (2.3—1 )

n(r) = n2, b? r ~~a
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where

= core index of refraction on the longitudinal axis of the fiber

“2 
= cladding index of refraction

r = radial distance from the fiber axis

a = core radius

b = fiber radius (core + cladding)

4 = (n~ — n~)/2n~ ~ (n1 -n2)/n1 for small 4

a = fiber index profile shape parameter

In the limit of ~ 
—

~~ oo, equation (2.3—1) describes on ideal step index fiber . Figure 2.3

shows plots of the index profiles of an ideal step index fiber (a = oo), a practical step

index fiber (a = 25) and a “near parabolic” graded index fiber (a = 2).

As will be shown subsequently, both intermodal and intramodal dispersion

depend directly on the index difference parameter 4. This parameter is usually specified
in terms of the numerical aperture (NA) of the fiber which is defined as

NA = sin 9A ~ 
(2.3—2)

Here 0A is the acceptance half—angle of the fiber, i.e., the maximum angle relat ive to

the fiber axis at which plane wave optical energy impinging on the end face of the fiber
will be accepted and propagated. Plane wave excitation striking the fiber end at angles

greoter ’than 9A passes through the core into the cladding and is lost . Thus the NA is an

indrcator of the amount of optical power that can be launched into the fiber, and, through

its direct relation to 4, is a measure of the dispersiveness of the waveguide.

2-13
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Figure 2.3 . Refractive Index Profiles for Multimode Fibers
(n1 = 1.5,4 = 0.01)
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The next five subsections present the equations used by the FAM to predict

dispersion and bandwidth for general multimode optical fibers described by equation (2.3-1).
• Dispersion predictions are taken from recent work by Olshansky and Keck.7’8

2.3.1 Intermodal Dispersion

it has been found that a convenient measure of fiber dispersion for baseband
digital links is the rms duration of the fiber ’s optical intensity impulse response given by

2 1/2

= [iI!2h(f)dt — 

(.~~~
t dt) 

~ 
] (2.3.1—1)

A =J’h(t)dt

where h(t) is the optical intensity impulse response of the fiber.

The intermodal dispersion of a fiber, ignoring mode coupling effects, is

approximately

1/2
• LN14 a f a+2 \l/2 [ 2 4C1C2 4(a+1) 44 2C~ (2a +2)2

‘~inter~~ 
= 

2c ~ IT \3a+2) [~l 
+ 2a+l + (5a+2) (3a+2)

(2.3.1—2 )

c = free space speed of light
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- _ _ _ _ _C1 
— a+2 (2.3.1—3)

= 
3 a 6  (2.3.1—4)

dn
N1 

= n1-A-~-~- (2.3.1-5)

—2n

N1 j  dA 
a .

A = source wavelength

L = waveguide length

There is an optimum value of the index profile, a
~~

, which minimizes the intermodal

disperson. This value is

opt 
= 2+ E— ~ (54-2E) (2.3.1—7)

Note the linear dependence of intermodal dispersion on fiber length L,in (2.3.1-1). It is

known, however, that for sufficiently long optical cables the intermodal dispersion has a

yr - dependence rather than linear dependence. This behavior is attributed to mode

coupling or mixing within the waveguide caused by microstresses imposed on the fiber by

the cabling material. Intermodal dispersion is reduced by mode coupling because optical

energy propagates first in one mode and then in another, etc . The propagation delay

experienced by the optical energy is then a weighted average of the delays of the various

modes. This averaging of propagation time tends to reduce differential delay and, therefore,

intermodal dispersion.

2-16
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The asymptotic behavior of intermodal dispersion may be expressed by o
~~~

(L)

for L<<L and C.~~ [tfl for L>>L . is the mode coupling length of the fiber and
defines the point of intersection of the linear and VT asymptotes. Mode coupling within
the fiber causes some propagating optical energy to be coupled into radiating modes or

lossy cladding modes. Consequently, mode coup ling introduces excess lass above the

uncabled fiber loss. The mode coupling length of a cabled fiber may be inferred from a

knowledge of this excess loss according to

~ k(a) (2.3.1—8)c
C

where k( a) is a cable parameter depending on the nature of the microstresses on the fiber

and Is the excess loss per unit length due to male coupling. Figure 2.3.1 shows a

typ cal plot of k(a) versus a. The FAM uses the information contained in this plot to

predict L .

2.3.2 lntramodal Dispersion

The intramodol dispersion of a fiber is given approximately by

~intra~~ 
= .~~~~~~~~~ 

[(A

2 d n i) 
~2A

2 d
2nl N14 (a:+;

E) 

(
2~~~2)

+ (N1 4)2 

(

~~~
;E)2 3~~+2] 

(2.3.2-1)

where

= rms spectral width of the

optical source
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2.3.3 Total Dispersion

Intermodal and intramodal dispersion combine in a “square-root of the sum
of the squares” fashion so that the asymptotic behavior of the total fiber dispersion is

2 2 1/2
= Q.~~~ (L) + ai

~~~
(L) , L<<L

(2.3.3—1)

1/2
O!

tota i(L) = 
~ 

o’
~~~~~~

iI + 
~intra~~ 

, L’>L

2.3.4 Fiber Cable Bandwidth

The modulation frequency response of the fiber cable is obtained by Fourier
transformation of the fiber’s optical intensity impulse response. A good approximation for
this impulse response for long cables is a Gaussian shape

2
h(t) = exp (2.3.4—1)

2 0 total~~

Taking the Fourier transform yields

H(~ = e~~ ~_2~~
2 a

~0~~1 L f2 (2.3.4-2)
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The frequency response has been normalized to unity at f = 0 and represents the equivalent

frequency response of the fiber cable to the modulating signal, i.e., the equivalent

electrical amplitude response due to the cable of the modulating signal after direct

detection by the photodetector is given by equation (2.3.4—2). Hence the 3 dB modulation

bandwidth of the optical cable is obtained from equation (2.3.4—2) and is

• 
dB a (L) (2.3.4—3)

tota l

The use of the Gaussian impulse response assumption to arrive at ~ 3 dB (L)

given in equation. (2.3.4-4) leads to conservative results, at least in the rms bandwidth

sense . The validity of this assertion is derived from the uncertainty principle of the

Fourier transform
9 which states that of all time signals having rms duration o , the one

having the smallest rms bandwidth is the Gaussian pulse.
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2.4 Transmitter Desigfl

As far as FODAP is con.cerned, the design of a transmitter consists of selection

of the desired optical source and then specifying the pertinent parameters of that source.

Design of optical source modulation circuitry is beyond the scope of FODAP. Source

selection is governed by performance and cost considerations. This process is performed

• using the Transmitter Analysis Module (TAM) of FODAP. There are several source types

available and they fall into four basic categories:

1. edge—emitting light emitting diode (LED)

2. surface—emitting LED

3. injection laser diode (ILD)

4. other laser types including helium—neon (He—Ne) lasers and neodymium-

dopped yttrium-aluminum—garnet (Nd:YAG) lasers

The most common types of sources used are the surface emitting LED and ILD. To fully

specify the source used, one must specify whether a fiber pigtail is attached to the source

since in FODA P, the pigtail is considered to be part of the transmitter . A pigtail is

attached in the cases where the optical alignment between source and fiber is extremely

cr itical . This is usually the case for sources w ith small emitting areas. Some manufacturers

w ill supply their sources with pigtails attached (for instance, Bell Northern Research). In

addition, a pigtail may be attached in cases where EMI shielding is important. With a

pigtail attached, the source may be located inside a shielded box with only a small hole

through which the pigtail passes .

The important source parameters as required by FODAP are:

1. The optical power available for coupling to the pigtail or fiber cable .

2. The special distribution of the available power including the size of the

optical source .

2—2 1
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3. The spectral properties of the source including the peak—emitting

wavelength A and the rms spectral bandwidth O’
~~
.

4. The properties of the fiber pigtail (if used) .

5. The modulation frequency response or light output risetime .

Some of these parameters such as available optical power and specfral properties are

functions of temperature. If that is the case, then they are specified at the temperature

of interest.

The details of how these parameters ure specified and what calculations are

performed in the transmitter section of FODAP using these parameters are discussed for the

various source types in the sections that follow.

2.4.1 Surface Emitting LED

2.4.1 .1 Available Optical Power

The optical power available from such a source for coupling to the fiber cable

in a system is an important parameter . For the case where a fiber pigtail is used, the

available power from the transmitter that is inputted to the other modules of FODAP is the

power captured by the pigtail. In order to calculate this power, one must evaluate the

coupling losses. The two main loss sources which are accounted for in TAM are the

numerical aperature losses and the unintercepted illumination losses. The former arises

from mismatches between the fiber pigtail acceptance cone and LED emission cone and the

latter results from mismatches between fiber core area and LED emission area . In order to

evaluate these losses, one must know the LED emission angle, i.e., the angle at which the

intensity pattern mills; the fiber acceptance angle, i.e., the numerical aperature of the

fiber; the source radiating area and the fiber core area . The numerical aperature loss is

calculated using

2 2 2
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(2.4.1.1—1 )

In this equation, n = 90/9~ where ~~ is the null angle (Figure 2.4.1 .1—i illustrates this)

and is the fiber acceptance angle which is given in terms of fiber numerical aperature,

NA, by 0NA = sin (NA). Note that the above result does not hold for n l .  That case is

discussed below. Also, for 0NA > °r~ 
1NA 

= 0 is used.

The unintercepted illumination loss is given by

AF
Lui (dB) 10 log -i-— (2.4.1.1—2)

where A is the fiber core area and A is the LED emission area . Note that the aboveF s
equation does not hold for A

~ 
< AF. There is no unintercepted illumination loss in that

case .

To account for the case where a fiber bundle is attached as a pigtail, one

must include the packing fraction loss. The pecking fraction f is defined as the ratio of

total core area to total area within fiber bundle termination. Figure 2.4.1.1—2 illus trates

the packing fraction concepts. Hence, the packing fraction loss is

LPF (dB) = 10109 (f
r

) (2.4.1.1—3)

When a single fiber is used as a pigtail, f 1 and LPF 
= 0.
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As to the special case noted above; when the null factor n 1 , this describes

a so—called Lambertian emitter. For this special case, the numerical aperature loss is

given by

LNA (dB) = 10 log (NA2) (2.4.1.1—4)

In summary, the avai lable power 
~A for the case of an attached pigtail is

found using:

P
10 log = LNA + LUI + LPF 

(2.4.1.1—5)

where P5 is the total source power at the specified temperature and drive current . Thus,

the parameters which need to be specified in order to find are P , n, NA (of pigtail),

f , AF (of pigtail) and A .  In general , these parameters are specified by the component

manufacturer.

The above calculations are val id for the case where a step index fiber is

used as the pigtail. If a graded index fiber is used that has the same NA and core area,

an additional loss, 1Gl 
= 3dB must be qdded to equation (2 .4.1.1—5) to account for the

fact that fewer modes are captured by the graded index fiber i0 • However, at least one

fiber manufacturer , Coming, accounts for this 3 dB loss by specifying an equivalent core

area which is smaller than the actual area so as to increase the loss calculated by equation

(2.4.1 .1 2) (Lu,) by 3dB . Thus, in the event of the use of a graded index fiber pigtail,

the FODAP user should determine what method is to be used to account for LG,.

For the case where a pigtail is not used and the LED is coupled directly to

the fiber cable, 
~A is simply P5 . In this case, the losses associated with coupling to the

fiber cable are calculated in FAM of FODAP using the same equations as above .
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In the event that the LED has an attached lens - whether it is an epoxy

“dome” or glass lens integral with the LED package — the values used for the null factor :1
n and area A are those at the lens output .

Most manufacturers specify the total source power, P . However, there are

a few who specify either the source radiance, B (in W/sr—cm ), or the radiant intensity,

I (in mW/sr). For the case of the Lambertiar~ emitter, the source power is derived from

these parameters using the following relationships:

p = in (2.4.1.1—6)

= Bir A (2.4.1.1-7)

2.4.1.2 Spectral Properties

As was pointed out in Section 2.3, the spectral properties of the source have

a large impact on the overall system modulation capability. Since these are properties of

the source, the spectral parameters A , the peak emission wavelength and a A ’ the rms

spectral bandwidth are specified in TAM. However, no calculations are performed in

TAM using these parameters, the information is passed onto FAM where calculations are

made using A and aX .  In general , these quantities are specified on manufacturers

specification sheets . These parameters are functions of temperature and drive current level

and so they are specified at the desired conditions . Figure 2.4.1 .2-1 illustrates the

spectral properties of typical LED and lID sources .

2.4.1 .3 Modulation Properties

The source modulation properties are mportant in determining the overall

system modulation capability. Mose manufacturers specify the source light—output risetime,

t .  Others may specify the 3 dB modulation bandwidth, ~ 3 dB~ 
The two quantities are

re lated using the following equation:

tr 
= 0

~
35”

~3 cIB (2.4.1.3—i)
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These parameters are functions of drive current level and éive circuit configuration and

so they are specified for the appropriate conditions.

2.4.2 Edge Emitting LED

2.4.2.1 Available Optical Power

The relationships derived for the surface emitting LED apply for the case of

cylindrical symmetry about the emitting axis . Edge emitting LED’s have an eliptical

emission pattern and this assymmetry makes them not ameanable to analysis. Hence, an

empirical expression for is used:11

= 0.1 P~ ~~NA~~
2 

(4)2 f~

where NA is the pigtail or fiber numerical aperture (depending or whether a pigtail is

used or not), dF is the fiber or pigtail core diameter in microns and P5 is the average source

power at the spec ified drive current and temperature.

In this case, if a graded index fiber is used as the pigtail , 
~A as calcu lated

above must be reduced by a factor of 2.

For the case where a pigtail is not used, 
~A is simply P as before.

2.4.2.2 Spectral Properties

The FODAP user specified the spectral parameters A and as part of the

• TAM input . These data are commonly available from manufacturers specification sheets.

They are specified by the FODA P user at the temperature and drive current levels of

interest .
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2.4.2.3 Modulation Properties

Either the light pulse risetime tr ~
r modulation bandwidth 13 dB are specified

using data supplied by manufacturers . They are user-specified taking into account the

appropriate conditions.

• 2.4.3 ILD

2.4.3.1 Available Optical Power

The lID is also an edge emitting device. Figure 2.4.3.1— 1 illustrates the

lID emission pattern. The assymmetrical pattern makes exact ca lculation difficult —

• complicated ray tracing calculations are involved — and so empirical equations for P are

used for the case where a pigtail is employed. The coherence of the laser emission and

the small radiating area allow the designer to couple considerably more power into a fiber

than is possible with an LED. In addition, there are techniques for further enhancing the

coupling. A common technique is the use of a microlens either attached to or melted on
13

• the fiber end. In TAM for the case where a pigtail is used, 
~A 

is calculated for the

lensed or nonlensed situations using the equations below:

Nonlensed: = 0.15 f P (2.4.3.1 1)

Lensed: P = 0.51 P (2.4.3.1—2)
A p s

where P5 is the source power at the desired operating conditions . These equations are

empirical but they are conservative so that their predictions are worst—case . In this

particular case, the coupled power is the same whether the pigtail is a step or graded

index fiber.
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When no pigtail is used, 
~A is simply P as before and coupling losses are

calculated in FAM.

2.4.3.2 Spectral Properties

The values for A and oX at the desired operating conditions are user

supp lied as before . Refer to Figure 2.4. 1.2—1 for a comparison of spectral properties of

LED’s and lID’s.

2.4.3.3 Modulation Properties

An ILD is different from an LED in its modulation properties. This is because

above the lasing threshold current, the quantum efficiency of the lID is considerably higher

than that of an LED. The light output as a function of current input for an ILD is shown in

Figure 2.4.3.3—1 . The lasing and nonlasing regions are clearly shown. For comparison,

the L—l characteristic of a typical LED is also shown. To properly digitally modulate an

lID, it must be prebiosed to just below threshold with the signal current superimposed on

the dc bias. Analog modulation is accomplished by prebiasing to above threshold and then

superimposing the modulating signal .

Modulation bandwidth and/or light output risetime are user specified for the

appropriate operating conditions.

2.4.4 Other Laser Types

Other laser types may be used as optical sources. The two most common are

the HeNe and Nd:YAG lasers .

2.4.4.1 Available Optical Power

Because of the coherence of the laser light, essentially all of the source

power can be focused into an optical fiber . The only losses are those associated with

reflections which are small enough to be ignored. Thus, for the case where a pigtail is

used:
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A
= I’~ f~ -i-. (2.4.4.1—1)

P5 is the source power at the given operating conditions. The factor AF/A is included to

account for the case where the optical spot area A even after focusing is larger than the
fiber core area AF. The factor A1,/A is simply the unintercepted illumination loss discussed

in Section 2.4.1.1. Equation (2.4.4.1—1) holds whether a graded—index or step—index

fiber is used as the pigtail.

In the case where a pigtail is not used, 
~A 

= P5 as before.

2.4.4.2 Spectral Properties

The parameters A and are given by the laser manufacturers . This data

is inputted by the FODA P user at the desired operating conditions.

2.4.4.3 Modulation Properties

These types of losers cannot be modulated directly; an external modulator is

required. Typ ically, acousto—optic modulators are used. These devices are discussed in

depth in the Optical Cable Communications Study.1 The optical pulse riset ime and/or
modulation bandwidth parameters required as input for TAM are those appropriate to the

modulator used. These data are generally supplied by the device manufacturers.
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2.5 ~ystems Design

As was pointed out earlier, design of an optical fiber link occurs at two

levels. First, the individual components must be designed or specified and then secondly,

their interaction is considered in a system—level design. The overall design goals of a

communication link involve the transfer of information from one point to another without
degradation. For analog systems, this amounts to designing for a desired signal—to—noise

ratio (SNR), bandwidth and distortion level. At the present state-of—the—art, analytical

expressions for signal distortion in optical sources are not available. Thus, distortion

effects are not considered in FODAP; they must be measured and specified independently.

However, SNR and bandwidth analyses are performed by FODAP. For digital systems, the

design goals are specified in terms of bit error rate (BER) and bandwidth. For both types of

systems, the calculat ions that pertain to the overall system SNR or BER performance are

performed in RAM. However, to summar ize the interactions between modules, the Systems

Analysis Module (SAM) gathers data from each module and displays it in terms of a link

budget . The link budget concept is a very useful tool because it tells the designer whether

or not he has “closed the link” in terms of having adequate optical power to meet the SNR

or BER requirements . The link budget concept is discussed in more detail in Section 2.5.1

below . SAM also calculates an overall system bandwidth and displays it so that the

designer will know if his link design has adequate signal bandwidth. Section 2.5.2 below

describes this calculation .

2.5.1 Link Budget

To verify whether or not the design goals for SNR or BER have been met by

the combination of the various component designs, the engineer can use a link budget.

This link budget starts with the total source power . All of the system losses (the input

coupling loss, the splice and connector losses, ;~ie fiber attenuation losses and the output

coupling loss) are listed along with the received optical power. The received power

required to meet the SNR or BER design goals is listed and the difference between this
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number and the actual received power is noted. An example link budget is shown in

Figure 2.5.1. This type of listing gives the designer a quick summary of whether or not

his design goals have been met. It also helps him to see the weak points of his design.

For example, because of source or fiber characteristics , a proposed design may suffer from
overly large input and output coupling losses resulting in a power deficit. This would be

clear ly vis ible in a link budget listing with the result being that the designer would select

a different component in order to close the link.

The FODAP user can use this aspect of SAM to work backwards through the

link. That is, he could specify a desired link power margin and have SAM compute the
required source power to achieve that goal.

2.5.2 System Bandwidth Calculation

The overall system bandwidth is an important parameter . The designer must

be aware of it to ensure that his design goal has been met. This is particularly true in

analog systems. The main concern is that selection of the wrong fiber can lead to band-

width limitations. It is assumed that bandwidth concerns have been accounted for in the

transmitter and receiver designs.

The calculation is performed by first taking the rms sum of the ?individual

module risetimes:

“2 \1/2
= I t  + + t

2 
~ (2.5.2—1)r

~ \ r T rf r~~,

where trTx is the light output riset ime from TAM, trf is the “riset ime” of the fiber from

FAM and tr~~ 
is receiver risetime as calculated in RAM. The overall system bandwidth

dB is then calculated using the standard relation:

dBt 
= (2.5.2—2)
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Figure 2.5.1—1 . Sample Link Budget
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3.0 FODAP USERS’ GUIDE

The Fiber’ Optics Design Aid Package (FODAP) is a comprehensive set of

fortran coded computer routines which perform an analysis of an optical cable communica-

tions system. The program is design oriented and interactive or batch in mode. As a tool

for the communication system designer FODA P reduces the time necessary to perform

simple system analyses and can thereby achieve a higher degree of optimization and

accuracy.

FODAP is structured in a highly modular format to facilitate update and

expansion. The routines fall into six basic sections: the executive (EXEC), data

manager (MANAGER), transmitter analysis module (TAM), fiber cable analysis module

(FAM), receiver analysis module (RAM), and the system analysis module (SAM). See

Figure 3.0. The EXEC interprets user instructions and sees that the necessary modules are

called as needed. The MANAGER performs all the standard file management functions,

such as record creation and deletion, and directs and controls all data input. TAM, FAM,

and RAM perform the necessary computations for their respective parts of the communication

system. SAM collects data from the other three analysis modules and computes total system

parameters.

Additionally FODAP is capable of storing and updating optical system data

on a temporary or permanent basis0 This enables the user to build a large data file

describing many different devices which he may then put together in any combination

during a design session. During analysis the user may execute or perform the TAM, FAM,

RAM, and SAM modules either individually or as part of an overall system. A user may

also cause FODAP to automatically vary one or more parameters over a specified range to

provide optimization data .
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Figure 3.0. FODAP Organization
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3.1 Guide Structure and Use

3.1.1 Organization

This users’ guide has been organized to reflect the steps a designer must
follow to use FODAP. Section 3.2 gives a detailed description of the data entry and
management routines and their use. Sections 3.3 and 3.4 provide a general concept of
how a single module analysis and a system (multimodule) analysis is performed. Sections
3.5 through 3.8 give detailed information and instructions on the use of each individual
module. Section 3~.9 describes several additional instructions recognized by FODAP which
make the program easier to use.

3.1 .2 Notational Conventions

The notational conventions used in this guide are listed below. The symbols
are not part of the command line unless indicated in the text describing the statement.

<NAME> Replace NAME with the appropriate parameter for the
command line .

[NAME] Name is n optional argument. If used replace with the
appropriate parameter for the command line .

(NAME) The name in parenthesis is a keyword and should be

reproduced in the command line where indicated.

Insert one or more blank characters.
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3.1.3 Command Format

All commands recognized by FODAP are free—form. There is no special

column in which instructions must begin or end.

3.1 .4 Name Conventions

All names used by FODA P, whether device record names or names of data

• items are limited to four characters. These characters may be any that are recognized by

the host computer and the fortran compHer .

3.1 .5 Definition of Terms

There are severa l basic terms used throughout this guide which should be

defined. These are listed below.

device or component — A physical part of a fiber optics system, either a

transmitter, a fiber cable, or a receiver .

module — A general reference to the portions of FODAP dealing in anj way

with a particular device . The transmitter module refers to the software

analyzing the transmitter, the transmitter device records, and the transmitter

data items . In addition, the segment of FODA P which deals with the

calculation of the total system parameters is defined to be a module.

data item - One attribute or parameter of a device or component.

device record - A collection of data items which describe a device and

are wr itten on moss storage as a single record.

record name - The name given to a device record.

record address — A random access key assigned to a device record which

gives the physica l location of the record on moss storage .
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module directory - An index to the device records of a module, consisting

of the record names and associated record addresses.

module file - The set of device records and directory associated with a

module.

data file — The single mass storage file which contains all the module

directories and module files.

• 
_ 

current data - The data items which have been read into FODAP and would

be used for purposes of analysis if a module were executed. Each module has
p its own set of current data .

data name - The FORTRA N name associated with a data item.

3.2 Data Entry

3.2.1 Methods of Data Entry

Two methods used by FODAP for data entry are file input and item definition.

In file input the MANAGER requests data from the user during the creation of a device

record and that data is thereafter referenced by the assigned record name. This method is

-• 
used for entering multiple data items on a system component or device. Item definition is

a data entry method used primarily for data editing and redefinition or automatic incremen-

tation of parameter values . The use of each of these methods is fully described in Sections

3.2.2 and 3.2.3.
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3.2.2 Data Entry by File

3.2.2.1 Description of Data File

FODAP uses as storage for its device records a direct access fi le written in

free format. The number of device records allowed per module depends on the size of the

module directory record and is determined in the program source code. As shown in

Figure 3.2.2.1, each module directory record is physically followed by its associated

device records, referred to in the figure as data files . The location of the module directory

records within the data file are also determined by the source code. Each device record

[ 

entered requires two words of its module directory, one for storage of the record name and

one for the record address. FODAP currently allows 100 device records per module.

3.2.2.2 File Utility Commands

3.2 .2 .2.1 Record and Directory Creation (CREATE)

Purpose:

Initializes the directory index and creates the devi ce records.

Format :

CREATE $ <PAR—i> FILE $ [cZPAR—2>]
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FILE STRUCTURE

• DIRECTORY
(TAM)

DATA FILE 1

DATA FILE 2
NO. OF FILES 

_______________

IN DIRECTORY
DATA FILE 3

NAME OF 
__________

DATA FILE I

ADDRESS OF
• DATA FILE I

NAME OF 
DATA FILE ~

ADDRESS OF • DATA ITEM 1
DATA FILE 2 _______________

NAME OF • DATA ITEM 2

DATA FILE 3 DIRECTORY DATA ITEM 3
ADDRESS OF (FAM)
DATA FILE 3 DATA ITEM 4

DATA FILE 1
• •
• •DATA FILE 2• •

• S

• S

• DATA ITEM 5
DATA FILE ~

S
S

•
S

S
S

S

DIRECTORY
(RAM)

DATA FILE 1

S

S

• 6826—13

Figure 3.2.2.1. File Structure
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Description:

<PAR-i> <-PAR-2> Description

• (NEW) NONE Initializes all four module directories in
the data file.

(NEW) (TAM), (FAM), Initializes only the module directory
(RAM), or (SAM) specified in PAR—2 . Has the effect of

deleting the files for the specified module
if any were previously created.

(TAM), (FAM), <RECORD—NAME> Creates a device record called record
(RAM), or (SAM) name for the specified module in PAR—i .

When initialization of a directory is requested FODAP will demand

verification of the command by requiring the user to reply YES or NO to a query. This is

done to protect against accidental destruction of existing device records.

Record names must be unique w ithin a module file . You may have a device

record named ONE in both the TAM and SAM module directories, but an attempt to create
an additional device record by that name in TAM or SAM will result in an error .

The command to create a device record causes FODAP to ask for the appro—

priate data items for that module. See the chapter on each module for the exact data

items which will be requested.

The message “DIRECTORY CREATED” or “TAMFI LE record-name CREATED” ,
etc., will be printed if there were no errors. If an error does occur , no changes wi ll be

made in the data file.

Data entered while creating a device record is current once FODAP has

indicated no errors were encountered.
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• Examples :

1. CREATE NEWFILE

The TAM, FAM, RAM, and SAM module directories are initialized.
• Any files which existed previously are effectively lost since their

• addresses are destroyed.
- 2. CREATE NEWFILE SAM

-~ Only the SAM module directory is initialized. Any previous SAM files
are lost. The other module directories and device records are not
affected .

- 

3. CREATE TAMFI LE ONE

A transmitter device record called ONE is generated. The record name
and its address is entered in the TAM module directory .

4. CREATE SAMFILE

An error message is printed because a record name was not specified.
FODAP waits for a new command.

3.2.2.2.2 Record Deletion (DELETE)

Purpose:

• Deletes the specified device record from the module file .

Format:

DELETE $ <PAR > FILE $ <RECORD-NAME >

Description:

<PAR >(TAM) (FAM) - Specifies the module file where the device record
(RAM) (SAM) to be deleted is stored.

<RECORD—NAME > - The name of the device record to be deleted.
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The message “File Deleted” is printed when action is completed.

Example:

DELETE FAMFILE GE26

The device—record named GE26 is deleted from the FAM module directory.

3.2.2.2 .3 Record Retrieva l (GET)

Purpose:

Retrieve a device record which has been previously stored.

Format:

GET $ <PAR>FILE$ <RECORD-NAME >

Description:

<PAR > (TAM) (FAM) - Specifies the module file in which the device
(RAM) (SAM) record is stored.

<RECORD-NAME > - The name of the device record to be retrieved.

A message such as “RAMFILE C13 RETRIEVED” is printed on successfu l

retrieval.

The data items retrieved in the device record are current.

Example:

GET SAMFILE C

The device record C in the SAM module file will be read.
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3.2 .2 .2 .4 Record Update (SAVE)

Purpose:

To update a device record or to save data already read into the analysis

program by writing it to the data file.

Format:

SAVE $ <PAR>FILE $ <RECORD-NAME>

Description:

<PAR > (TAM) (FAM) — Specifies the module file in which the device
(RAM) (SAM) record is to be stored.

<RECORD-NAME> — The name of the device record to be updated or

created.

The module data which is current is written to mass storage and stored under

the record—name specified .

If a device record under the given record—name already exists, FODA P will

demand verification of the command by requiring the user to reply YES or NO to a query.

This is done to prevent accidental overwriting of a device record. If NO is returned,

FODA P takes no action . If YES is returned, FODAP overwrites the contents of the earlier

device record.

If a device record under record-name does not exist, FODAP creates a new

device record and writes the data to mass storage.

Examp le:

SAVE TAMFILE X

All the current TAM data items would be written to the TAM module file

under record-name X.
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3.2.2.2 .5 Record, Directory and Data Listing (LIST)

Purpose:

To list the contents of the device records, the current data in a module, or

the record-names of device records in a module directory.

Formats :

1. LIST$<PAR—l>F I LE $[<PAR—2 >]

2. LIST $ <PAR-i > DIRECT

Description:

<PAR—i > <PAR—2 > Description

(TAM), (FAM), NONE Format 1: Lists current data for the module
(RAM), (SAM) specified by PAR—i.

(TAM), (FAM), <RECORD-NAME > Format 1: Reads and lists data stored in the
(RAM), (SAM) specified module under record—name .

(TAM), (FAM), NONE Format 2: Lists the record—names of all
(RAM), (SAM) device records stored in the specified

module directory .

The data items are printed with their data names.

Examples:

1. LIST RAMDIRECT

All record—names in the RAM module directory would be listed.

2. LIST FAMFlLE

All FAM data items current would be listed.

3. LIST SAMFILE T

All SAM data items stored in the named device recoid would be

read and then listed. Those data items read are current .
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3.2.3 Item Entry

Although ini tially data items will be input to FODAP by file retrieval, it is

necessary in a design—oriented program to be able to initially define or change the values

of single variables. This is done by using the DEFINE statement.

Data items assigned values with the DEFINE statement do not regain their

original values unless the data item is redefined or the appropriate device record it was

stored in is retrieved again. If the user wishes to save the data items changed, a SAVE

statement can be used.

3.2.3.1 Defining a Single—Valued Variable

Format 1:

DEFINE$ <DATA-NAME> < VALUE>

Description:

<DATA—NAME > - The name of the data item to be defined. See the

chapters on each module for a list of acceptable data

names .

<VA LUE > - The numeric value of the data item.

The value of the data item may be entered as a decimal number or in the

fortran equivalent of scientific notation. Decimal points should always be included.

Examples of acceptable numbers are:

1 .2317 -66771 .3 0.00014

Examp les of numbers in scientific and E notation (ENTER NUMBERS ONLY

IN E NOTATION):

—1 .66 x io
_2 

— 1 .66 E—2
9.1 x ~~23 9.1 E23
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3.2 .3.2 Defining a Multivalued Variable

In many design problems a single varithle must be varied over a range of

values while holding other data constant. FODAP allows the user to vary these values

automaticall.y by using an alternate form of the DEFINE statement .

Format 2:

DEFINE $ <DATA-NAME>=<INITIAL-VALUE >,<FINAL VALUE>,
<INCREMENT >

Description:

<DATA-NAME > — The name of the data item to be defined. See the

chapters on each module for a list of acceptable data

names.

<INITIAL—VALUE > — The initial value of the data item.

<FINAL—VALUE > - The final value of the data item.

<INCREMENT > — The amount the data item is to be incremented for each

analysis.

The values are entered in the same manner as described in Section 3.2.3.1.

An increment value of zero is not allowed.

Increment, initial, and final values may be positive or negative.

3.3 Analysis of a Module

3.3.1 Preparation for Module Execution

Before a module can be analyzed the user must be certain all the required

data has been made available to the program. For a list of required data items see the

chapter describing the appropriate m odule. To perform a module analysis use the appro-

priate command as follows.
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Format:

TAM - transmitter analysis module

FAM — fiber cable analysis module

RAM — receiver analysis module

SAM - system analysis module

3.3.2 Execution Using Single—Valued Data Items

When all data items for the required module are single—valued one analysis

is performed and an output table printed.

3.3.3 Execution Using Multivalued Data Items

When one or more data items for the required module are multivalued then

multiple analyses are performed by FODA P and an output table is printed after each data

item incrementat ion. For one multivalued data item the module is analyzed at the initial
value of the item, the item is incremented, and the analysis performed with the new value.
See Figure 3.3.3—1. The process is continued until the final—value is reached or the

increment causes the data item to go beyond its defined range.

For more than one multivalued data item the module is first analyzed at the

initial values of all the data items . The data items are then varied one at a time over their
ranges until all combinations of all the values have been used in a module analysis . See
Figure 3.3.3—2 .

3.4 Analysis of a System

3.4.1 Preparation for System (Multimodule) Execution

The system designer is interested in seeing how various modules interact with

one another to produce a working fiber optics communication system . This interaction is

achieved by using the output values from one module as input values to the next module.
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CONTROL CARDS: DEFINE GAIN = 80.0, 120.0, 20.0
RAM

EXECUTION SEQUENCE:

GAIN = 80.0]

47

• EXECUTE
RAM

MODULE

4,
GAIN = ioo~~j

V
EXECUTE

RAM
MODULE

[GAIN = 120.0

4,
EXECUTE

RAM
MODULE

47
ST OP 

]

6826-35

Figure 3.3.3—1 . lncrementation and Execution Sequence for a RAM
Module With One Multivalued Input Variable
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CONTROL CARDS: DEFINE GAIN = 50.0 , 100.0, 50.0
DEFINE PFO = 1.OE—3, 5.OE-3, 4.OE—3
RAM

EXECUTION SEQUENCE:

GAIN = 50.0 GAIN = I00.0
PFO = 1.OE—3 PFO = 1.OE—3

‘
47 

_ _

EXECUTE EXECUTE
P RAM RAM

MODULE MODULE

~ GAIN = 50.0 GAIN = 100.0

[
~~O=5 .0E_3 PFO = 5.OE-3

17 
_ _

EXECUTE EXECUT E
RAM RAM

MODULE MODULE

I s m ~~ J 1.
:

6826-36

Figure 3.3.3—2 . lncrementation and Execution Sequence for a RAM
Module Analysis With Two Mulflvalued Input Variables

3-17



The data for each module must be already available to the program. For a list of the data

items which are received from preceding modules see the appropriate sections on each

module.

3.4.2 Ordering of Module Sequence

The modules must be analyzed in an ordered sequence to assure that all the

input data is ready when needed. The default order of execution is the transmitter module,

fiber cable module, receiver module, and system module.

For special cases the order of analysis can be altered using the ORDER

statement .

Format:

ORDER$ <PAR>[, <PAR>][, <PAR.>]{,<PAR >]

<PAR> (TAM) (FAM) - The module to be analyzed.
(RAM) (SAM)

Description:

• The modules to be analyzed are listed in the order they are to be executed .

From one to four modules may be specified on one ORDER statement. The default order is

restored by using the CLEAR statement (see Section 3.9) or by entering a new ORDER

statement.

The designer is responsible for making reasonable use of this command.

Examp les:

1. ORDER$TAM,FAM

The transmitter module, then the fiber cable module will be analyzed.

2. ORDER$RAM,TAM,SAM

The receiver module, the transmitter module, then the system module

will be analyzed.
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3.4.3 Execution of the Module Sequence

To perform an entire systems analysis, (the execution in sequence of the

transmitter, fiber cable, receiver , and system modules) the SYS statement is used.

• Format:

SYS

Description:

Each module will be executed in the specified order from the first to the last,

unless altered by the use of the ORDER statement. The output values from each module are

available as input to later modules which use them.

3.4.4 System Analysis With Single—Valued Data Items

When the input data items for all modules executed in a system analysis are

single—value d, eac h module in the order sequence is executed once. Should an error occur

during processing FODA P will cease execution and wait for a new command from the user .

3.4.5 System Analysis With Multivalued Data Items

One of the more powerful features of FODAP becomes apparent when a

system analysis is performed on modules whose input data items are multivalued. This type

of analysis requires that all combinations of values of all variables be used as input data to

the system sequence . Many input variables however, are used in only one module and

have no effect on the preceding modules executed in a sequence . FODA P takes advantage

of this fact by using a “step—up ” procedure after the initial pass through the sequence to

avoid the execution of modules whose input values have not changed. Figure 3.4.5

illustrates this step—up by showing the value changes and order of module executions . The

three variables which are defined as multivalued are PTI , the power input to the transmitter

(a TAM data item); XL , the fiber cable length (a FAM data item); and XAD, the excess

gain exponent (a RAM data item). At the start of the sequence each variable is set to its
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CCP4T1O$ CA~~S: DEFINE P11 • l.01 3, 5.01—3. 4.0(3
DEFINE XL • 0.5, 1.0, 0.5
DEFINE X*D.0.3, 0.4, 0. 1
Sys

EXICUTION SEOUENC1~ 

p
I PTI I.OE—3 1 [P1, —

X L -  0.5 I I X L = 0 .5[ XAD 0.3j  XAD =0. 3

4 4
~ EXECUT E EX E CUTE

TAM [ TAM
FAM I
RAM I RAM

• [ SAM 
L SAM

4 
_ _ _I ~~~~~~~~~~~~~~~~ 1 1 ~~~~~ 14 4

EXECUTE I-
11AM FXIC(IT (
SAM 11AM

____________ SAM

4
( XAD

~~~
0.

~~~~~ 1 I ~ I
4

E X E C U T E  1 EXE CUTE

~~~ I 
_________

4 4
I PIt — l.OE —3 Pit - 5.0 (3[ 0.4

4, 4,
EX ECUT E 1 I EXECUTE

SAM~~J 
RAM

A 4,
LL) ~~

6826-37

Figure 3.4.5. Execution Steps for System Analysis Using
Multivalue Variables
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initial value and all four modules are executed. Rather than incrementing the first
variable next, FODAP chooses to increment XAD, the RAM variable, and execute only
RAM and SAM. The TAM and FAM modules need not be executed again since their input
data items were not changed. The FAM data item XL is incremented next, XAD is reset
to its initial value, and FAM, RAM, and SAM are executed. This procedure is continued
until al l value combinations of the variables have been used as input. All variables are
restored to their initial values at the conclusion of the analysis.

3.5 Transmitter Analysis Module

The transmitter analysis module is concerned with the parameters of only that
part of a fiber cable system consisting of the transmitter and the fiber cable pigtail, if one
exists . Since detailed descript ions of the four type of transmitters and the variables which
describe them are found elsewhere in the FODAP document, this section will deal only

• with the actua l computer execution of a transmitter analysis.

3.5.1 TAM Input Data

The TAM module, unlike FAM, RAM, and SAM, receives all input data
through the data file or the DEFINE statement.

Input from the data file is requested by use of the GET TAMFILE NAME or
LIST TAMFILE NAME commands . A GET TAMFI LE NAME command (Section 3.2.2.2.3)
causes FODA P to read the named device record from mass storage . A LIST TAMFILE NAME
command (Section 3.2 .2.2.5) causes FODA P to read the named device record from mass
storage and also print the values .

Data is both read into FODAP and written to mass storage as a device record
by using CREATE TAMFI LE NAME. A CREATE TAMFILE NAME command (Section
3.2.2.2.1) causes FODAP to print a list of variables which the user should enter into the
program. This directed entry of data is intended to reduce error by forcing a number to be
input for every requested variable. These numbers are entered in the order asked for by
the program, separated by commas, and in the format described in Section 3.2.3.1.
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The necessary data items could also be entered individually with the DEFINE
statement. The user assumes the responsibility of including every data item needed when

using this entry method.

Table 3.5.1-1 lists all variables defined as input for TAM. The data names
are the FORTRAN names recognized by FODA P and are always used as shown.* Notice

that different sets of input variables are needed for the various source types shown. The

designer should use this table as a checklist before attempting to enter his data into FODAP

to be certain values exist for all necessary data items .

Table 3.5.1—2 is a list of coded input variables and the values those variables

may be assigned. The designer should be sure to use only those values indicated.

3.5.2 Execution of the TAM Module

As described in Section 3.3.1 analysis of a transmitter is initiated by use of

the command directive,

TAM

The TAM module does not attempt to read any data since it assumes the user has already
entered the data through the use of the CREATE TAMFILE, GET TAMFILE, LIST TAMFI LE,
or series of DEFINE statements. TAM performs the task of calculating the parameters which

describe the transmitter, printing the output table, and making available parameters which

must be used by later modules .

It may be helpful to the designer to be aware of when and where certain
• parameters are computed. This information can be obtained by use of the provided logic

diagrams (Section 3.12) and the program listing (Section 3.13) of FODAP. Notes are also

provided with the module tables where helpful to describe more fully the nature of the

variables listed.

*See Section 3.10 for a master list of all the variables and their definitions.
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Table 3.5.1-1. Input Variables for TAM

Edge LED Surface LED Laser (lID) Laser (YAG)

No . . No . . No . . No
________  

Pigtail Pigtail Pigtail Pigtail Pigtail Pigtail Pigtail Pigtail

SRCE1 R R R R R R R R

TAI L
1 

— R - R — R — R

XLEN
1 - - - - OPT OPT - -

P112 R R R R R R R R

XIO2 — - R R — — — —
BTR2 — - R R — — — —

RI3 R R R R R R R R

BW3 R R R R R R R R

DS4 - - - OPT - - - -

ANGL - R R R - R — R

SPEC5 - - - - - - - -

XLAM5 
- - - - - - - -

TNA — R - R - R — R

TFP — R — R - R — R

TDF — R — R — R — R

(R) - Required input (OPT) - Optional input (—) - Not applicable

1lhese are coded variables. Values are given in Table 3.5. 1—2 .
2Enter one of the three variables PTI , XIO, or BTR when SRCE is a surface LED. If more

3than one variable has a value TAM will use in order of preference PTI, XIO, then BTR.

4
Enter RI or BW but not both.
DS must be defined if BTR is used.

5SPEC and XLAM describe the transmitter but are not used by TAM. They are used by the
FIBER module and should be defined if possible.
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Table 3.5.1—2. Coded Input Variables and Values for TAM

Variable Coded Value Definition

SRCE 1 Edge LED

2 Surface LED

3 Loser (lID)

4 Laser (YAG)

XLEN 0 No Lens

1 Lens

TAI L 0 No Pigtail

1 Pigtail

3.5.3 TAM Output Data

The TAM module prints at the end of every transmitter analysis an output
• table which contains variables of interest, both input and calculated, to the system

designer . See Table 3.5.3 for a listing of those variables .

Other values are passed through COMMON for use in later modules. SPEC

and XLAM are two variables which are attributes of the transmitter yet used by FAM. PlO
is calculated and printed by the TAM module, but is also passed to both FAM and SAM.

The values passed to other modules in this manner are listed as input variables to those

modules in their input tables .
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Table 3.5.3. Variables Listed in TAM Output Table

Variables

SRCE TAlL BW

P11 PR PlO

XIO BTR XLAM

SPEC TNA TFP

TDF ANGL XAI1

1XAI s computed in the TAM module only if there is a pigtail and XAI is not given a
• value either with a FAM device record or with a DEFINE statement.

• 3.6 Fiber Analysis Module

The fiber analysis module is concerned with the parameters of only that part

of a fiber cable system consisting of the fiber cable itself. FODAP distinguishes between

types of fiber cables only by the values the cable parameters assume . A complete discussion

of the fiber cable can be found elsewhere in the FODA P document. This section deals only

with the actual execution of a fiber cable analysis .

3.6.1 FAM Input Data

The FAM module can receive input data from three sources; the data file,

the TAM module, and the DEFINE statement.

Input from the data file is received from two device records; one FAM record

and one SAM record. These records can be requested by using the GET FAMFILE NAME,

GET SAMFI LE NAME, LIST FAMFILE NAME, and LIST SAMFILE NAME commands . Data

can also be entered through use of the CREATE statement. The operations of these

commands ore identical to the description in Section 3.5.1 for the TAM module.
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• The necessary data items could also be entered individually with the DEFINE

statement. As stated in Section 3.5.1, the user assumes the responsibility of including all

data items which should be defined.

Data is also passed to the FAM module from the TAM module. This is done

automatically and is transparent to the user . If the TAM module is not executed prior to

• the FAM module, the designer must be certain the data items which would have been

defined are entered by another method.

Table 3.6.1 lists all variables defined as input for FAM. The data names are

the FORTRAN names recognized by FODAP and are always used as shown. See Section

3.10 for a master list of all the variables and their definitions . The designer should use

this table as a checklist before attempting to enter his data into FODAP to be certain

values exist for all necessary data items.

Several variables are assigned default values as shown in Table 3.6.1. These

values are used only if the listed parameters have a value of zero when the FAM analysis

begins.

3.6.2 Execution of the FAM Module

As described in Section 3.3. 1 analysis of a fiber cable is initiated by use of

the command directive

FAM

The FAM module does not attempt to read any data items. The user is assumed to have

already entered all the necessary input data (see Section 3.5.2). FAM performs the tasks

of calculating the parameters which describe information flow through the fiber cable,

printing the output table, and making available parameters used by the RAM and SAM

modules.
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Table 3.6.1. Required Input Variables for FAM

InputInput From Input From Input From o I wthFAM File TAM SAM DEFINE

• PTO X
PFI1 X
CORE3 X
DF X
FP X
DEL3 X
ALFA X
XLMC X
ClA D3 X
XNA3 X
PN12 X
PDD2 X
PSEC2 X
AF X
AS X
AC X
XAI X
SRCE X
TAIL X
XLEN X
DS X
ANGL X
SPEC X
XLAM X
Xl. X
CN X
SN X
XAO X

1 PF and PTO are equivalent if the transmitter has a pigtail. If PFI is the input power only
XLAM and SPEC need be defined from the TAM module . If both variables are defined,
PFI is used.

2The three variables PNJ , PDD, and PSEC have default values derived from an optical fiber
made by Corning with a titanium oxide doped core and fused silica cladding, which is
similar to a german ium doped fiber . The values are: PN1 -0.0145, PDD —0.00085
ond PSEC O.025.

3Tiie four variables CORE, CLAD, DEL, and XNA ore interrelated. If the combinations of
variables listed are entered the missing values will be calculated by FAM. Those combina-
tions are XNA and DEL, CORE and CLAD , and CORE and DEL. New values will not be
computed for any defined variables .
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3.6.3 FAM Output Data

The FAM module prints at the end of every fiber cable analysis an output
table which contains variables of interest, both input and computed, to the system designer.
See Table 3.6.3 for a listing of those variables.

Table 3.6.3. Variables listed in FAM Output Table

Variables

DTRA DThR DTOT

BL XLC PlO

PFI PFO XLAM

SPEC ALFA DEL

XNA CORE CLAD

XM’ LOSS

XAI is computed in the FAM module only if there is no pigtail on the transmitter and
XAI is not given a value either by a FAM device record or a DEFINE statement.

Other values are passed through COMMON for use in RAM and SAM. The

passed values are listed as input variables in the two receiving modules .

3.7 RAM Analysis Module

The receiver analysis module is concerned with the parameters of only that

part of a fiber cable system consisting of the receiver. The nine different

r.eceiver types are discussed in detail elsewhere in this document . This

section deals with the actual execution of a receiver analysis.
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3.7.1 RAM Input Data

The RAM module receives input from three sources; the data file, the FAM

module, and the DEFINE statement.

Input from the data file is received from two device records; one RAM record

and one SAM record . These records con be requested by using the GET RAMFILE NAME,

GET SAMFILE NAME, LIST RAMFILE NAME, and LIST SAMFILE NAME commands . Data

can a lso be entered through use of the CREATE statement. The operations of these

commands are identical to the description in Section 3.5.1 for the TAM module.

The necessary data items could also be entered individually with the DEFINE

statement. The user assumes the responsibility of including all data items which should be

defined.

Data is also passed to the RAM module from the FAM module. As mentioned

in Section 3.6.1 this is done automaticall y and is transparent to the user. If the FAM

module is not executed prior to RAM, the designer must be certain the data items whicE.

would hove been defined are entered by another method.

Table 3 .7 .1— 1 lists the source of all variables defined as input for RAM. The

data names ore the FORTRAN names recognized by FODA P and are always used as shown .

Section 3.10 contains a master list of all the variables and their definitions .

Table 3.7.1-2 lists all variables input to RAM by the receiver type which

uses the data . The designer should use this table as a checklist before attempting to enter

his data into FODA P to be certain values exist for all necessary data items .

Table 3.7.1—3 iso  list of the coded input variables and the values those

variables may be assigned.
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Table 3.7.1-1. Source of Input Variables for RAM

Input From Input From Input From
_ _ _ _ _ _ _ _ _ _ _  

RAM File 
- 

FAM SAM

x x
GAIN X
XAD X
XIL X
XIB X

XISQ2 X X
RES X
XM X

x x
RNB X

xMsc x
x~#

2 x x
BETA2 X X

F 

OPT1 
X 

X

TBER X
TSNR X
CI AN3 X
PFO X

1lhese are coded variables . Values are given in Table 3.7.1-3.
2The five variables noted are input from the SAMFILE if CHAN is greater than one. There

will be one set of variables for each channel.
3lf CHAN is greater than one the user must be sure to enter the variables necessary for
each type of modulation. These may all be input with the DEFINE statement.
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Table 3.7.1—2 . Input Variables by Receiver Type for RAM

Digital DigitalAnalog Analog Analog Analog Analog Digital Digital B ~~ d Bci b dBaseband AM FM DSB SSB FSK PSK (00K) (BPPM)

TYPE 1 
R R R R R R R R R

• GAIN2 OPT OPT OPT OPT OPT R R R R
XAD R R R R R R R R R
Xli R R R R R R R R R
X IB R R R R R R R R R

XISQ R R R R R R R R R -
•

RES R R R R R R R R R
XM R - - - - - - - -
SRMS R R R R R — — — —
RNB R R R R R R R — —

XMSC — R R R R R R — —

XMA - R - - - - - - -
BETA - - R - - - - - -
R - - - — - - - R R
OPT1 OPT OPT OPT OPT OPT - - — —

• p

TBER - - - — - OPT OPT OPT OPT
TSNR OPT OPT OPT OPT OPT - - - —

CHAN OPT OPT OPT OPT OPT OPT OPT OPT OPT
PFO R R R R R R R R R

(R) - Required input data
(OPT) - Optional input data
(—) - Not applicable

‘These are coded variables . Values are given in Table 3.7 .1—3 .
2If undefined, GAIN is assumed to 1 .0.
3 !f undefined, ~HAN is assumed to 1 .0.
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Table 3.7.1-3. Coded Input Variables and Values for RAM

Variable Coded Value Definition

TYPE 1.0 Analog Baseband

2.0 Analog AM

3.0 Analog FM

4.0 Analog DSB

5.0 Analog SSB

6.0 Digital FSK

7.0 Digital PSK

8.0 Digital Baseband (00K)

9.0 • Digital Baseband (BPPM)

OPT 0.0 Do not optimize gain

1 .0 Optimize gain

3.7.2 Execution of the RAM Module

As described in Section 3.3.1 analysis of a receiver is initiated by use of
the command directive

RAM

The RAM module does not attempt to read any data . As explained in Section 3.5.2 the

user is assumed to have already entered the input data . RAM performs the tasks of

calculat ing the parameters which describe the receiver and the information received,
printing of the output table, and making available parameters used by the SAM module.
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3.7.3 RAM Output Data

The RAM module prints an output table at the end of every receiver analysis
which contains input and output variables of interest to the system designer. Table 3.7.3
is a list of those output variables.

Other values are passed through common for use in the SAM module. These
passed values are listed as input variables by SAM.

Table 3.7.3. Variables Listed in RAM Output Table

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

Variables

TYPE OPT GAIN
BAND PFO SNR/BER1

XAD XISQ XIL

XlB RES RNB

TSNR/FBER1 DPR

-• 1The variable appropriate for the receiver type is printed.

3.8 System Analysis Module

Unlike the other three modules of FODAP the SAM module concerns itself

with all parts of a fiber cable analysis system. A discussion of the variables and output

listed by SAM is found elsewhere in this document. This section deals with the execution

of a system analysis only.

3.8.1 SAM Input Data

The SAM module can receive data from five sources; the data file , the TAM,

FAM, and RAM modules , and the define statement.
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Input from the data file is received from a SAM device record. This record

can be requested by using the GET SAMFILE NAME or LIST SAMFILE NAME commands.

Data can also be entered through use of the CREATE statement. The operations of these

commands are identical to the description in Section 3.5.1 for the TAM module.

The necessary data items can be entered individually with the DEFINE

statement. As stated in Section 3.5.1, the user assumes the responsibility of including all

data items which should be defined.

Data is also passed directly to the SAM module from the TAM, FAM, and
RAM modules. This is done automatically and is transparent to the user . Because of the

nature of the SAM module it is unlikely a user would wish to execute SAM without

executing the other three modules first. However, should this case arise the designer must

be certain the missing data items are entered by another method.

Table 3.8.1 gives all variables input to SAM listed by source . The data

names are the FORTRAN names recognized by FODAP and are always used as shown. See

Section 3. 110 for a master list of all the variables and their definitiàns. The designer

should use this table as a checklist before attempting to enter his data into FODAP to be

certain values exist for all necessary data items .

3.8.1.1 Input Data for Multichannel Analysis

The special input variables describing multichannel modulations can be

entered or altered by a var iation of the DEFINE statement.

Format:

DEFINE <DATA-NAME > (<CHANNEL-NO>) <VALUE >

Description:

• <DATA-NAME > The data name of one of the five multichannel

var iables .

<CHANNEL—NO> The channel number being defined.

<VALUE> The value of the variable for the given channel.
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Table 3.8.1. Input Variables for SAM by Source

Input From Input From Input From Input From
_ _ _ _ _ _ _ _ _ _ _  

SAM File TAM FAM RAM

CN OPT
SN OPT
XL R
XAO OPT
OPT R
TSNR/TBER1
CHAN OPT
TYPE2 OPT
SRMS2 OPT
XlSG~ OPT
XMA’ OPT
BETA2 OPT
PTQ3 OPT
PFI 3 OPT
PFO3 OPT
XAI OPT OPT
FIBR OPT

SPLC OPT
CONN OPT
SNIVBER1 OPT
XMAR OPT
BL OPT
BAND OPT
RT OPT

(R) — Required input variable
(OPT) — Optional input variable

1Either TSNR and SNR or TBER and BER will be input depending on the receiver type in the
RAM module.
2The •set of five variables TYPE , SRMS, XISQ, XMA, and BETA are entered only if CHAN

3
is greater than one .
One of the three variables PlO, PFI , or PFO will be used in the link budget for available
power source . The variables are listed by priority .
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Examples:

1. DEFINET’YPE(l.O) l.O

This defines the modulation type for channel one to be analog baseband.

2. DEFINE BETA (10.0) = 1.0 E6

This defines the BETA variable of channel 10 to have a value of 1 .0 E6.

-: 3.8.2 Execution of the SAM Module

As described in Section 3.3.1 analysis of a system is initiated by use of the

• command directive

SAM

The SAM module as the others does not attempt to read any data since it assumes the user

has already entered it. SAM performs a few simple computations, prints the output table

called the link budget, and passes data from its input file to the other modules.

3.8.3 SAM Output Data

The SAM module prints at the end of every analysis an output table called

the link budget. The items listed in this link budget can be found in Table 3.8.3.

Other values from the SAM input file are passed through COMMON for

use in TAM, FAM, and RAM. The passed values are listed as input variables from SAM

in the input sections for each module.
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Table 3.8.3. Output Items in link Budget

Heading 
- 

Data Name

Available Power Source PlO, PFI, PFO1

Input Coupling Loss XAI

Fiber Loss FIBR

Spflce Loss SPIC
• Connector Loss CONN

Output Coupling Loss XAO

Receiver Power PFO

SNR2 SNR

Target SNR2 TSNR

BER3 BER

Target BER3 TBER

Required Receiver Power • DPR

Marg in 
- 

XMAR

System Bandwidth SBW

first nonzero variable is used.

SNR and TSNR printed only with analog receivers .

BER and TBE R printed on y wit digita receivers .
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3.9 Other FODAP Commands

Several commands used by FODAP are not concerned with either data flow or

the execution of analysis modules. Their purpose is to make it easier for the designer to

use the fiber optics package . Each command is listed below along with an explanation of

its use.

3.9.1 INPUT Statement

The purpose of the INPUT statement is to al low the designer to enter

commands in either interactiv~ or batch mode or some combination of the two . Batch mode

in this case means FODAP will neither request user responses nor give prompting messages.

Any errors encountered will cause program termination. The user may change modes at any

time and as often as desired. The default mode is interactive .

Format:

1. INPUT % IACT

Causes FODAP to enter interactive mode .

2. INPUT~~CARD

Cause FODAP to enter batch mode .

All FODAP commands are mode independent . Data entry while creating new

device records is more difficult in batch mode only because the user is not prompted to

enter each variable. Table 3.9.1 shows the order in which values should be entered while

in batch mode. All values for a module are entered at one time .

3.9.2 CLEAR Statement

The CLEAR statement is used to clear all input data items, all arrays and

flags, and reset all default values in  FODAP . Only the mode, batch or interactive, is

not reset . It is recommended that the designer use the CLEAR command after each problem

to avoid any confusion resulting from old data values . The CLEAR statement consists of

the sing le word
CLEAR
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Table 3.9.1. Order of Entry of Module Variables While in Batch Mode

TAM FAM RAM SAM1 SAM2

SRCE CORE TYPE CN TYPE

TAIL DF GAIN SN SRMS
• XLEN FP XAD XL XISQ

P11 DEL Xli XAO XMA

ANGL ALFA XIB OPT BETA
DS XLMC XISQ TBE R

XIO CLAD RES TSNR

BTR XNA XM CHAN

RI PN1 SRMS

8W PDD RNB
• SPEC PSEC XMSC

XLAM AF XMA
TNA AS BETA
IF? AC R

TDF XAI

1Record 1 is defined for every SAM file.
2Record 2 is defined only when CHAN >1.0. The five variables must be redefined for each
channel number . Each set of five is one record.

3.9.3 END Statement

The END statement causes FODAP to close any files it has been using and

terminate execution. The END statement consists of the single word

END
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3.10 Variable Names, Units, Definitions

Table 3.10 is a list of all input and output variables used or computed by

FODAP. The FORTRAN data names are in alphabetical order. Given for each name is

the module device record where stored if the item is an input variable, the modules which

use the data item, the physical units assumed, and a definition or descript ion. Also given

is the symbol used to identify the parameter in the Design Handbook, Section 2.0, if a

symbol was assigned.

Notice that some variables are listed as both input and computed variables .

This usually means a value will be computed for the variable if it is otherwise set to zero.

In all cases, if a variable is not equal to zero FODAP will not attempt to redefine it.

Some variables are also shown as both not being input by file and not being

computed. These variables have special purposes in the modules where they are Iist~d as

being used. See the appropriate section for details . Enter values for these variables with

a DEFINE statement .
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Table 3.10. FODAP Variable Definitions

Modules ModulesFORTRAN Device Where Where Units DefinitionName File
_________ ______ 

Computed Used

AC FAM — FAM dB/conn Connector insertion loss

AF FAM — FAM db/km Fiber attenuation coefficient

• ALFA FAM — FAM — Index gradient parameter

ANGL TAM — TAM degrees LED intensity output null
FAM angle, 0n•

AS FAM — FAM dB/splice Splice insertion loss

BAND — RAM RAM Hertz Receiver bandwidth, ~3 dBSAM

• BER — RAM RAM errors,4 it Bit error rate, BER
SAM

BETA RAM — RAM — Peak deviation,4ighest mod
SAM — frequency (FM mod index);

stored in SAM device file for
multichannel analysis.

BL — FAM FAM Hertz Fiber bandwidth
SAM

BTR TAM — TAM watts/sr-cm2 LED radiance, B

BW TAM TAM TAM Hertz Transmitter bandwidth,
SAM dB T~

CHAN SAM — RAM — Number of channels
SAM

CLAD FAM FAM FAM — Fiber cladding refractive index
index, n2

SAM — FAM — Number of connectors in the
SAM fiber cable
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Table 3.10. FODAP Variable Definitions (Continued)

Modules ModulesFORTRAN Device .Where Where Units DefinitionName File
_________ ______ 

Computed Used

CONN — FAM FAM dB Tota l connector power loss
SAM

CORE FAM FAM FAM — Fiber core refractive index, n1

DEL FAM FAM FAM — Fractional index difference, 4

DF FAM — FAM microns Fiber cable diameter, df

DPR — RAM RAM mill iwatts Receiver input power for target
BER/SNR.

DS TAM — TAM microns Source diameter, d5
FAM

DTER — FAM FAM nanoseconds Intermodal dispersion

DIOT — FAM FAM nanoseconds Total dispersion, 0 total

DTRA — FAM FAM nanoseconds Intramoda l dispersion, 0 .
i ntra

FIBR — FAM FAM dB Total fiber attenuation

F? FAM — FAM — Packing fract ion, f

GAIN RAM RAM RAM — Avalanche Gain

GOPT — RAM RAM — Optimized gain request , G

LOSS — FAM FAM dB Total loss due to connectors,
sp lices, output coupling, and

• fiber attenuation.

OPT SAM — RAM — Indicator variable for gain
optimization .

PDD FAM FAM FAM — Xd4/ dA

PFI — — FAM watts Power input to the fiber cable.
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Table 3.10. FODAP Variable Definitions (Continued)

Modules Modules
• FORTRAN Device .Where Where Units DefinitionName File• Computed Used

PFO — FAM FAM watts Power at receiver end of the
RAM fiber cable, “R

PN1 FAM FAM FAM — Adn1/dA

PR — TAM TAM watts Global power from transmitter .
Without pigtai l, power avai l—

• able to fiber cable. With
pigtai l, power before pigtail
connection P5.

• PSEC FAM FAM FAM — A 2d2n1/dA 2

PTI TAM — TAM watts Input power of transmitter, 
~A

SAM

PlO — TAM TAM watts Power output from transmitter
FAM and available to fiber cable,

R RAM — RAM bits/sec Bit rate, R

RES RAM — RAM amp/watt Responsivity of photodiode, V~~~

RNB RAM — RAM Hertz Noise equivalent bandwidth of
receiver, b

RI TAM TAM TAM seconds Rise time, tr

SN SAM — SAM — Number of splices in fiber
cable

SNR — RAM RAM — Signal/noise ratio, SNR
SAM

SPEC TAM — FAM nanometers Rms spectra l width of source,
a x

SPLC — FAM FAM dB Tota l splice power loss
_ _ _ _ _ _ _  _ _ _ _ _ _  

SAM 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 3.10. FODAP Variable Definitions (Continued)

Modules ModulesFORTRAN Device .Where Where Units DefinitionName Fi le
_________ ______ 

Computed Used

• SRCE TAM — TAM — lndica*~,r variable for trans—
FAM mit~er type

SRMS RAM — RAM Rms value of signal assuming
SAM /5/max = 1; stored in SAM

device file for multichannel
analysis, ,/<~2 ~

TAIL TAM — TAM — Indicator variable for trans-
FAM mitter pigtai l

TBER SAM — RAM errors/l it Target or requested bit error
SAM rote

TDF TAM — TAM microns Diameter of the transmitter
pigtail, df

TFP TAM — TAM — Packing fraction of pigtail, f~

TNA TAM — TAM — Numerical aperture of pigtai l,
NA

TSNR SAM — RAM — Target or requested signal/
SAM noise ratio

TYPE RAM — RAM — Indicator variable for receiver
SAM type; stored in SAM device

fi le for multkhannel analysis.

XAD RAM — RAM — Diode constant (excess gain
exponent), ~ D

XAI FAM TAM TAM dBm Input coupling loss
FAM FAM

XAO SAM — SAM dBm Output coupling loss

XIB RAM — RAM nanoamps Bulk leakage current of photo-
diode, ‘b
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Table 3.10. FODAP Variable Definitions (Continued)

Modules ModulesFORTRAN Device Where Where Units DefinitionName File
________ ______ 

Computed Used

XIL RAM — RAM nonoomps Surface leakage current of
photodiode, 1L

XlO TAM — TAM watts/sr Source intensity, l
~

XISQ RAM — RAM nanoomps Input referred preamp rms
SAM mean—square noise current;

stored in SAM device file for
multichannel analysis, ‘A

XL SAM — FAM km Length of fiber cable, I

XLAM TAM — FAM nanometers Source emission wavelength, A

XLC — FAM FAM km Mode coupling length, Lc

XLEN TAM — TAM — Indicator variable for lensed
FAM transmitters

XLMC FAM — FAM dB/lm Excess loss induced by mode
coupUng, ‘e

XM RAM — RAM — Peak lM index, M

XMA RAM — RAM — Mod index of AM waveform;
SAM store in SAM device file for

multichannel analysis, M0

XMAR — RAM RAM — Difference between the power
SAM available and the power

necessary to ac hieve a target
SNR or BER.

XMSC RAM — RAM — Subcorrier mod index (0-1)
optical mod index weighting
relative to 100% intensity
modulation, M5~

XNA TAM — TAM — Numerical aperture of fiber

_________ ______ _________ _______ - 

cable, NA
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3.11 Assignment of Physical Units

Table 3.11 lists the logical files and FORTRA N unit numbers referenced by

FODAP.

Table 3.11. File Assignments

FORTRAN Logical File UsedUnit Number

5 Command Input (interactive mode)

6 List Output

7 Command Input (batch mode)

17 Data File

The data file must be assigned to a mass storage device which allows random

access I/O.

The user is responsible for assigning the listed FORTRAN unit numbers to the

appropriate physical devices .

The device assignments for Command Input (interactive) and IJst Output on

the Honeywell 6180 under Multics are default. The user need not assign these unit numbers

before using FODAP.

Assignment of a data file to unit number 17 before running FODA P is

required. Remember to specify a keyed read/write file .

3.12 Logic Diagrams

The logic diagrams on the succeeding pages are not intended to be detailed

flowc harts of every FODA P routine, Instead it is hoped the diagrams will allow a user to

understand in a general way what is happening within the program. To the programmer

the diagrams should serve as a road map into the actual program list ings, without going

into so great a detail as to obscure the basic logic of the routines .
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CALL *DIREC T*
WRITE OVER FILE NAME
AND ADDRESS IN

DIRECTORY

4,
C

RETURN)

6826-12

Logic Diagram for DELETE
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START

CALL *DCODE*
GET SECON D

WORD OF
COMMAND

CALL
*SEC FIL * NO
15 11-lIS A 1

DATA REQUEST

YES

CALL CALL *DATCAL*
*DCODE* NO LIST CURRENT
IS A FILE DATA VALUES RETURN

NAME GIVEN IN PROGRAMS

YES

CALL *DIRECT*
LOOK UP FILE
ADDRESS IN
DIRECTORY

CALL *DATCAL *
WAS NO GET: READ DATA _________

AN ERROR FROM NAMED FILE —4.( RETURN I
DETECIED LIST: LIST DATA

FROM NAMED FILE

YES

RETURN
6826-27

Logic Diagram for GET, LIST (Sheet 1 of 2)
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CALL
*MODULE* NO ERROR HASIS TH ISA OCCURED RETURN
DIRECTORY

REQUEST

YES

PRINT FILE
NAMES LISTED
IN SPECIFIED

DIRECTORY

RETURN 6826-28

Logic Diagram for GET, LIST (Sheet 2 of 2)
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~~~~~~~~~~~ --~

---
~ 

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ -- -
~“ ---— -—~~~~~~

- -.—-‘-—
~

- - 
-~ 

- -____________________________

CSTA~D

_ _ _  

1

CALL DCODE
GET SECON D 1

WOR D

4, NEW FILE ? 
NO 

RETURN

CALL *SECFIL * I
IDENTIFY YES

SECOND
WORD CALL DIRECT

ENTER NAME
INJ

CALL *DCODE. 
DIRECTORY

GET THE
FILE NAME

RETURN

CALL DIRECT
GET ADDRESS
IF FILE NAME
IN DIRECTORY

FILENAME YES VER IFY FILE NO

_ _ _ _ _ _  

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

GET AN ADD RESS
FOR NEW FILE

6826-9

Logic Diagram for SAVE
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F

START

CALL *DCODE*
GET VAR IABLE
NAME FROM

COMMAND LINE

GET LOCATION
OF VARIABLE

NAME IN
LABEL VECTOR

CALL *DCODE*
GET A NUMBER

FROM THE
COMMAND LINE

IS
NEXT SAVE

DELIMITER YES NUMBER FOR
AN EQUAL SUBSCRIPT

SIGN

NO

PA~~ OF A 
YES VARIABLE IN 

P~~ VALUE IN 
RETURN

SUBSC RIPTED VARIABLE VARIABLE
VARIABLE LIST LIST

NO

SAVE INDICES
OF LABEL
VECTOR

I 6826-33

Logic Diagram for DEFIN (Sheet 1 of 2)
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CALL
*DCODE* IS DELETE
IS THERE NO VARIABLE YES VARIABLE

ANOTHER NUMBER ALREADY IN FROM
ON COMMAND INCREMENT TA BLE

LINE TABLE

NO
YES

SET VARIABLE
EQUAL TO

CALL ~DCODL VALUE
GET LAST

NUMBER FROM
COMMAN D LINE

RETURN

IS
LAST YES WRITE

NUMBER = 0.0 ERROR RETURN

ALREADY IN NO INCRE MENT YES 
ERR OR RETURN

INCREMENT 
FIL LED MESSAGE

TABLE

YES NO

RESET THE ENTER ALL
VARIABLE EN IRIES VALUES FOR
IN TABLE EXCEPT VARIABLE IN

SEQUENCE INCREMENT
NUMBER TABLE

SET VARIABLE SET VARIABLE
EQUAL TO EQUAL TO

INITIAL INITIAL
VALUE VALUE

RETURN RETURN 6826—34

Logic Diagram for DEAN (Sheet 2 of 2)
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START

IS
NOPT = I

READ INITIAL YES
DATA AND
WRITE TO

FILE

NO

IS
NOPT=2 YES

READ DATA 2
FROM FILE

NO

IS
NOPT = 3

WRITE A YES
FILE

LISTING

NO

IS
NOPT =4

LIST YES
CURRENT

DATA

NO

LI ST
TAM
DATA

RETURN
6826-17

Logic Diagram for TAMDAT , FAMDAT, RAMDAT, and SAMDAT (Sheet 1 of 3)
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— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

INITIALIZE
TAM

VARIABLES

IS MODE NO READ ALL
INTERACTIVE DATA FROM

YES

ENTER
VARIABLES
FOR SRCE

TYPE

WRITE
DATA TO

DISK

RETURN 
6826-18

Logic Diagram for TAMDAT, FAMDAT, RAMDAT, and SAMDAT (Sheet 2 of 3)
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P
CALL *DIRECr*
LOOK UP FILE
ADDRESS IN
DIRECTORY

2

READ DATA
FROM
DISK

IS YES
NOPT = 2 RETURN

NO

4

LIST
DATA

RETURN
6826-19

Logic Diagram for TAMDAT, FAMDAT, RAMDAT, and SAMDAT (Sheet 3 of 3)
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-( ( STARJJ

INITIA LIZE
MODULE
FLAGS

CALL DIRECTED
2 MODULE EXEC

ESAM, ETAM, ETC.

WERE
ANY ERRORS YES RETURN
DETECTED

NO

LAST
MODULE YES

CALLED IN THIS
SEQUENCE

NO

IS
MODULE YES

FLAG=O, O

NO

0
6826-5

Logic D agram for SYS (Sheet 1 of 2)
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-9-GO TO LAST
MODULE IN

EXECUTED
SEQUENCE

VARIED
PARAMETERS NO 

REMLAIN 

2
(MODULE FLAG CURRENT

4YES

BACK UP
ONE MODULE
IN EXECUTED

SEQ UEN CE

HAVE
WE CHECKED

NO ALL MODULES
IN EXECUTION

SEQUENCE

YES

RETU RN 6826-6

Logic Diagram for SYS (Sheet 2 of 2)
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- 

I

CALL *ALLOT*

SET UP ANY
INCREMENTED
‘ VARIABLES

MODULE FLAG 
YES 

~~~~~~~ N1

NO

PERFORM 
- 

-

DIRECTED
MODULE -

ANALYSIS

WERE
ANY ERRORS YES 

RETURN 2
DETECTED

NO

RETURN 1 6826-32

Logic Diagram for ETAM, EFAM, ERAM, and ESAM
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START

4
COMPUTE
RISE TIME/
BANDWIDTH

4
I N I T I A L I Z E
NECESSARY

INPUT
VARIABLES

IS
TAIL = 0.0

A N D  E I T H E R  YES
SRC E NOT SURFACE 1

LED OR

~ 0.0

NO

- SRC E YCS CALCULATE ____

EDGE LED PlO

Logic Diagram for TAM (Sheet 1 of 2)
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- —

IS 
__________  COMPUTESRCE 

~~~~~~~ YES bi COMPUTE I INPUT
LASER ‘J P10 ~~~~~~~~~~~~~~~~~~ COUPLING

LOSS

JNO

COMPUTE 1
PlO FOR

SRCE = LASER

PRINT IA \
~ UTPUT/

W 4
CRETURND

3

IS
THERE A YES
PI GTAIL

NO

COMPUTE
C, D, PT~

2
6826-26

Logic Diagram for TAM (Sheet 2 of 2)
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START

PFO AND PFI 
YES WRITE RETURN

NO

PCI = PFI

PFI = 0.0 
YES 

~~ =

NO

INITIALIZE
FILE VARIABLES

PASSED THROUGH
COMMON

DI.I INE
NLCLSSARY

DEFAULT
VARIABLES

ARE
CORE AND YES WRITE RETURN
D’- BOTH ERROR

0.0

NO

6826-14

Logic Diagram for FAM (Sheet 1 of 2)
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IS
PTO O.0 YES

OR
TAI L 1.0

NO

COMPUTE
PCI

FOR SRCE
TYPE

COMPUTE
INPUT

COUPLING
LOSS

COMPUTE SOME
INTERMEDIATE

GLASS
PARAMETERS

COMPUTE MODAL
DISPE RSION,
BANDW I DTH ,

OUTPU T POWER

PRI NT
OUTPUT

TABLE

RETURN
6826-15

Logic Diagram for FAM (Sheet 2 of 2)
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START

IS YES WRITE NPFO = 0.0 ERROR RETUR 
2

NO

ISIS INITIALIZE CHANNELTHIS A 
NEL 

YES CHANNEL INDEX = YES 
RETURNMULTICI-IAN INDEX TO NUMBER OFANALYSIS 1 CHANNELS

NO 
NO

INITIALIZE
PARAMETERS - INCREMENT CHANNEL
FOR SINGLE - 

INDEX BY 1.0
CHANNEL GET INDEXED
ANALYSIS RECEIVER PARAMETERS

FROM SYSTEM FILE

INITIALIZE
PARAMETERS

NOT AFFECTED
BY NUMBER

OF CHANNELS

IS YES
GAIN O.0 GAIN 1.0

NO

COMPUTE
BANDWIDTH ,

SOME INTERMEDIATE
PARAMETERS

1 6826-21

Logic Diagram for RAM (Sheet 1 of 4)
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OPTIMIZ
GAIN FOR YES COMPUTE
ANA LOG OPTIMUM

MODULATION GAIN

NO

COMPUTE
•2 2u~~ I~~ ~.2

I
Q

IS
THIS A

DIGITA L N~
TRA NSMISSION

YES

COMPUTE Q
FOR GIVEN

MODULATION

COMPUT E
BER

6826-22

Logic Diagram for RAM (Sheet 2 of 4)
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4

IS

YES COMPUTED
BER =

OR
TBER = 0.0

NO

COMPUTE PFO
NEEDED TO MAKE

TBE R = BER
COMPUTE MARGIN

IS
__________  CHANNEL YES

INDEX

::

~~WRITE BASIC1
~ RECEIVER

DATA

WRITE DATA
‘t CHANGED BY 

_ _ _ _ _ _ _

~ MUL1ICHA NNEL
ANALYSIS

2
‘rn-’ 6826-23

Logic Diagram for RAM (Sheet 3 of 4)
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“7- ~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
___

~ 
_______‘__—,

~_----- ,__ _

~~~~~~~~

_ _

~~~~
-—- -- ----.- --

~— — — _ _ _  .

~~~~~~~~

. -

~~~~~

—- .-_ - - - 
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COMPUTE
ARG FOR

MODULATION

COMPUTE
SNR

YES TSNR — 0.0

TSNR = SNR

COMPUTE
POWE R

REQUIRED AND
MARGIN

IS
YES

WRITE BASIC
R(CIIV[R

DATA

4,
WRITE DATA

~ CHANGED BY 
________

~~MULTICHANNEL
ANALY StS

2 6826-24

Logic Diagram for RAM (Sheet 4 of 4)
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3.13 Program List ngs

The following pages contain a complete set of listings of the FODAP

routines. The routines ore grouped by functions; the EXEC, the MANAGER, TAM, FAM,
RAM, and SAM.
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

,BLAr-IK
- - - FPP.’NFLAi~ 1

,::OMM0F-4 - LA FEL- - - ’LAF ’ .E5.-3 ’
iD~1MON - •-- IMF 1IT ,L IME 72’
t’FsT Fs BLANKJ9H
EATA LAI~’ 1’ 1:. ’4HCOfrE/

NT :K. ’8HCPEATE , E i t-s ’~ET ,;~H-~~ VE , 81-$L 1 :T
- - --C3HDELETE

:~HpEF IME • 8HPI,,,R I TE • ~ HFI.IP I TE 8HFAM
- -.C ,8HTA II

: R H ’F 4 M  c 8H I N P U T  ~~ HENr ’ • :~HPLOT ‘~~HOPUEP
-i : • 3H:(.:

‘~HC LEA ~ ~8H ‘ EN
r’ATF ’ IMr’ —’ lHM.----

C: :.ET ‘JF-4 1T r-4 O~~~’EPO FI_AG-
OFiLL FLOC1-
MC’ r~i ti= j
F=LAF ’l’ 1.’
iIC- F’t’= ’
MTEP= 1
L D T = ~LI’J=t
LLIF=17
L PiR 4
C~4LL ‘:-LF~iR

~.IF ~ TE ‘L [‘El ~? or~ ,:,:t
~ f l1iO - - - - - - — -- . “ ci..FOt~~P FXEI::IJTIVE .. ” , — ~ EFi FY FOR I I’4P1J

- - C T ” ’
.21 IF’r- IFLAG ’:2” .EO. 1:’ ~‘TOF ER FO F -

CA LL C Dr4CPt ’
I::ALL tu:,JDE I Nt’ • MPEG • r-lEr4T’, I4LEN ~~~~~ cc i o,~
IF •‘ r-11. EN.  ~T . ~ GO TO 90 1 0

r-~i s  1. ‘ = FL F~r-4~:
Er-4’::Ot’E ’~ -4- -i 1:’ ! i c’ ’ ’:’ . ‘ L i r - 4 E j :
r:o ~‘ ~‘ i = i 1-4’: ri

~51 FEJFliRl i:1,-- - : ,? ~ ’~~~,
.EO.I-1 T~- F ~i ~~~~ TO

1 (i fs C:~~r I T I N ~~E
~~~~~ To ~‘:‘i

: ‘ ~ ~~~. TO ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- - ::,.2I,s -. 

~ 1
I :.F-~LL CPEr~i1E

•:~LJ To ~ i
:~~L L  :~ET

1 Tfl ~- 1
C s - 4 L L  :~4 ” E
~~
“ To ~~i

4 -RLL ~ 1:- 1 -

~o TO ~i
~ :~lL. L IiEL~~TE

~: r~ - i
‘ ‘ ..~~~~~~L t’EF’~NE

‘~:i ifl ~
-
~1
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—.- —‘— —.—-- —--.- ----~ —-——,----- .-—- -

7 CALL PI,~pITE —

‘30 TO 2 1
S CALL FItIPITE

‘50 TO 21
9 C-ALL :S’ET ’:’1~‘50 TO 21

1 0 I:-ALL LET ‘:2)
iSO TO 21

11 ‘:ALL ‘ : El
‘50 TO 2 1

12 CALL :~:ET(4 .’
GO TO 21 —

1:3 C ALL I MpIsrr,
‘:~o TO 21

14 - TOP
15 CAL L ,::PLOT

:30 TO 21
16 CAL L ORDER

GO TO 21
17 I:AL L -

~

GO TO 2 1
1 : (AL L C-LEAP

GO 10 2 1
19 ON TI ~4IJE

i::or-~ T I F-4L’E
GO TO 21

1 oc ’ c’ FOF r1AT ‘:‘72A1 :’
‘ ‘ O i . i ’ i  (‘ RI L EF.F[]P ,1:I

~O TO ci
9( 1 0 .RLL ER RO R “2 ’

0 TO 21
END
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- — — — - -—-7--——

‘ :UBPOI I T IME ,::OMCPD
C OMM0~1 - --

- I MPIJT ‘L I NE ‘72 ~ • LIII .L tb , L DF. LIlA
1 PEAP ’LDJ , i ~io(i~ END 1 OOi:i O ’ L ThE

1 11110 FORMAT ‘ 72A 1 -,

RETU RN
1 000€ ’ ‘SO TO 1

END

:IJ}:POIJ T I NE tu::OIE ‘:1 Nti s r-i ,E:EG. MEND • r-sLEM, . -
‘

COMMON -‘INFL#T- ---LINE ”~~~ qLDI’Lr’D,LI’F,Lt’A
INTEGER BLAF*- ,COMMA~ FLAG , E€’UAL
f’RTI~ FLAr*~ COP tM~ . NM” 1i~ ‘ 1H’ ‘ I Ht’4’~ E’7’,I

~ L/  i
DATA OPAP,I:PHF- .- IH ’:. l i-i ’ - ---’
!4PE15= 1
NE N D 72
IF ‘:‘ ~ Mr . NE. MN.:’ GO TO 2
tI=MBEI5
r•1=NE Fir ’

.2 FLA’S Ii
I’D 1 li ii I =r-i • N
IF ‘:FLAI5.E l ’ . 0. RN II .L I M E  ‘~r: :’ .EC ’ . £:LA1*~’ ,50 TO 1
IF “FLAG . El ’ . 1 .~ iML’ . ‘- L I M E  ‘II:’ . El’ . I:LAF-w . OP. LINE ’ I .E’.~.COMMA

Lit - iF ’ I ’  . Ec ’ .E’:’L A L . o F . L I N F ~ I , :’ . EC- .OF AF .OF .L f l - I E  ~ ‘ E~ 1 .c-PAP
—. - : - ‘: ‘ iS E TO S

iF  “FLR’~ .EO. ‘ “ ~~
[‘ ir I C ’ ’

Fl R’S =l

I ‘: : rrft 
~~~

‘. F
4 PET L!~ N I
S !F’ 1J-4 E .:~ ’ a D  T~j  I

1F’L1NE ’ I ’ .~-~- .E’ .’ 4 j ,~~~L1 T 1 4

10 .2
1 ~~~~~~~~~~~~~~~~~

4~~1 +J  -
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-

I ME ~ECF IL <NA ’ I
ION MA ‘-2) ,M.SEC- ‘:,5~ 2) ‘LA ‘:2)

III MEI’-$’ : I ori M~.:EC (4’:’ •
4H :AM

DATA M:~EC — -‘4HFAMF ’ 4HFAMF, 4HTAMF . 4H:~RMF, 4HNEIIF

4HILE ,4HILE •4HILE
DATA MOEC.- -’4HFAMD, 4HRAMD, 4HTAr-Ir~ 4HSAMD’
ItO 10’:’ 1=1,5
IF ‘ Nfi(1:’ . ME .M:~EC (I~ D ‘ ISO TO 100
IF (NA (2::’ . EQ. NSEC ~I ~~:‘ :‘ RE T U R N

1 0€ ’ f:OF-4T I MIlE
RETURN 1
ENTRY MODULE (~‘1A, I , •,:‘
DO 200 I=1~ 4
IF ‘:‘MA. Er’ . MSEC: ~ :‘ ) FETIJPM

,~ ii ci c-or’ r I ~‘-II. IE
RETIJF?N I
EN TRY MO DR ‘:LR, I .•:‘
DO 00 1=1 , 4
IF “LA. El’. LSEC (I::’ :‘ RETIJF’N

:3 1,,:, !:-ONT IMI_IE
RETURN I
EN I’

,::, JFFDUT I NE
II I MEt -I — I ON NFL <4 :’
‘SUMMON - - ‘ S i S  --OF t’F’ ‘:4’.’ • -JENfI
COMMON --EF-F-’t-IFLA’ “ 1 0.:’
NFL A’S 3 I =

NFL AG ~4 ’  = 1’
F4F LAG ‘.5:’ 0
1=1

5 iF  ‘OPII P ‘I,’ . EQ . 1. 0:’ CAL L E FAM ‘ 1;4,NFL 1>: ’
I~ .ORDP ’: I..’ .EO. 2. U)CALL FRAN ‘

. 1.4. c-4FL ‘.
IF’D~-PF ‘ I’  El’ - ‘I’I:ALL ETAFi ’ 14.r4FL ’ I ’ ’
IF ‘:QPPP ’ I’ . EQ. 4. 0.’ C-ALL E:SAM ’ 1.4:’
IF ‘I . El’. JE N ri:’ ‘50 TO I
I F “NFL ‘ I ‘ . F (“ . ‘:‘ !5fl TO I

3D TO S
1 [‘0 1 fI IEFII, • I • — 1

IF’ N L  • 
~~~. ‘ .21’. 1:’ ‘50 TEl S

1=’ —1
I ‘i or-i T 1 NIJE

4 FE rL;Rr-4
Erit
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- - 7-- -- — - -  — --- - -7---.-- —-__- -.7--—-— — - ._•_,~~~~ ~~~~~~~~~~~~~~~~~~~~~ -- 
_____ ~~~~ ••~• 

- 
~~~~

IjBROIJTINE ALLDT ’-t1~ X ,L~.’COMMON ‘EPP/NFLRG ‘1 il.

COMMON ~ INCT,x INC<1cl,7),cT~ 5) ,CNT
DIMEN:rION X~ L)
IF’.,C T<N. ) .EO. 0. 0> 150 TO 9997
IF ‘:‘ tIFLAG ‘M+2::’ . EQ. 0~ ‘50 10 9998
XN =N
:~~~ . IP= 1 0000. 0

.2 :-:r4E :~:T=uI . Ij
IFItI=0

I rio 10 I=1~~10
IF ,>: INCf I ,2 .F-IE.XN.L1R. Li~ IP . LE . : - - : Ir-4 c - ( I

~ 1~ .OP .X IIEX T. GT.X I
—-‘: 1-I’: < f , ~ ~

,‘ :‘

‘30 TO 1€ ’
NE:>-:T=> INC. ’:.I, 1.:’

rr in= i
1 0 CONT I MLIE

1= 1MB
IF’IMti.EO.0~’GO TO 9995
IF,:’ :- :INCs I,6 :, .GT.0.0 .Ar4 1, . ‘.X IF-lC ‘I,7,’ .EO.>~Tt4CtI ,5~~.OR . ‘> I

i-if. ‘: I, 7 +
:< I r-4 , :(r ,s :’ ::’ .IST .> :IM , : ’:I ,5:- s ~ ‘ ‘5O TO io’:’
IF ’ :~:Ir4’::<I,6::’ .LI.0.0.ANT I . ,:xIriC, ,::I.7:, .EQ .XINC( I,S) .OF: _ < > 1

- -~‘S 1-I C ‘: 1 ~ 7::’ +
IF-li : ‘I ‘‘ — ‘ ‘ L I  It-l ’~ i 

•
‘ ~‘SO TO liii’

IFiI_ ‘1.7 = IN1_ ‘I, 7 ’ +  i n ’  I~ t
k=>~~t-4(~ ‘-.I~ 5- ’
~ ‘.~~~, :‘ =::-:INC ~

-‘I,7~
GD TO 9999

IC ’ ’) :--.~INc ’- 1 ? ~~~=x IMC ’:I,4:’
-: F- I F =:--: INC ‘: J • 1:- ’

= — -: IF- i:’ - I • 3 .’
- ‘ ~~ - . : ‘  ~::~It IC ‘I .?’50 10

C. l~~ APE ~ IF-IL .HED
*:‘~‘7 MFLFi,5 ’N~ 2 ’ 2

•;. rj -
~9~ 9

99~~ r-W i~~; ‘:N +2 ‘ = 1

~~~~ F-ETLlFr-~
-~ -

-
~~s~ M~ LRl~ ’ r4+ ’

PETUPI-4 I
EN I’
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— .------- —- 7 - 7 - 7 - ,~~~ ______ ______ 
~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~7- - - -

-;IJPROUTINE -:ETffl::’
COMMON - - -(5 - - - OF PP (4::’ ,
:-RV E=oFr,R ’:l.:’

.JEI-ID=1
DPDP ’:l:’ =FI
‘:HL L :: y ::
DR DF ‘- 1:’ = -SAV E
JE N I’ V
RET LIF’N
END

:.L’FPOUTINE r’ATCAL ‘:1, IOPT,.:’
IF ‘:I . Er . 1- ’ ,::ALL FAMDAT “ IOPT~ 1.9999:’
IF’: I. EQ. 2.:’ CA LL pAr’IIIAT ‘: IOPT• I:-9~~~~,:’IF (I. EQ. 3 ,:’ CALL TA MT’AT ‘ lOFT, I~ 999:~I~~’:I. EQ. 4:’iRLL :~A1lt,AT ‘T D P T ~ 1.9’~99 . ’
RETURN

?~‘99 RETI FM 1
END

)FFDI ’~ tHE I NF--l)1 F -

DOIJE:L E F-RE,:: 1:- I On F-lANE ‘ 1::’ • NCFIPP• I FfCT~ N,:Apr’:::~ NBLF-l i’-
C- D r•lrI[1 N - - - E RR - --- t-4FLA’; 1 0)
c- Or- lM Or -l .- - - IN F ’JT - -- L I N E  ‘:7 2,” , LDI LDD~ Lr’F. LDA
D~ TA NC AFt’ , NC.APIi:~ • I A: T.- - -

~3HC’AR D SHCAPP • :~H I ACT

DA TA 3- - 1 ’~ 
- - 

~N FLNI ~ - - : ~k -‘

C-ALL t~: ODE ~0 F-IREG • MEND, NLEN . -1.? Ci ci
IF “NLFII. ‘ST. ~~- - ‘SO TO 9 ’:’’:’’:

t- 4~ P1F • 1 - ‘ =r-i I:L Fil,
~‘ ‘-4 ( !Jf:~ “ r ~A !iE ,  io ’: ’o- ‘:L IN E  ‘~~~ . 

-
‘

I F , ’4F4 r~~ , 1 .F - ~~.r-4 cAF - r’ .Ar ~r,.r-l A M E ’ 1 :  .r4 E . ,4 C ’ R~ I~ - ”GO TO 1
LII

~.L LA ~~.I =1
~J TO ~~~~~~~~~

1 I r-l!-l t.IE ,.I ‘ .1-sE . IA ’ . r. so r~j  ~“i: r
[ 1  

~
- .

• ‘
--~~~~

-
~~~~• ~ 5’~~:;N

‘Iii’ i F~~ -r ’~A T  •

-
~~~~~ ‘‘ ‘ ‘‘ . L ~~~~~~~ 1 ’

T ’ ~-N
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:IBFOUTINE LEAR
III MFN I Oil TRAM ‘-.3 0~ 5’  -

COMMON .- --EPF -- NFLAIS ‘~ 1 0”
COMMON ‘S~~=- - --OPI ’P ‘ 4  

-, • JENr I
c-OMMOF-1 - - INl~T .~ --:IF4C : ‘ 1 Ii, ~~~~ , 1ST u.s:-. ,
COMM ON . — - FAM~~-sA ‘: :3 I:’
i: OMMON —TAM- S — i :  ‘ :1 4:’
COM MON . -~~AM.S - -- E :  ‘-2 3 . ’
C OMFI O r-I --- - :PE CL - --- T P A N ,  DPR
~ =NFLAIS 1. ’
rio 1’’ j = i~ iü

11-I,: ’ x .2 ‘ = ‘:i . C’
i f ’  rIFLEs’S ‘~I :’

r-IFL AG I -‘

I:’ = 3. 0
OPt’P ‘:2 :’ =1.
ORt’F ’ 3 =?.
OF-OF ’ 4 ‘ =4 .  1
.JEI-i r ’=4
CHT= I’ . 0
r’F-P=O .
1,0 21’ 1=l ~~5
tO 55 -i=l •

2 6 IQFIN ’: ._ I .  I .=‘:‘ .

:-r ‘-I::•
rio 5 ‘:‘ i = i I
A ’  I: =‘:.
DO 41t 1=1,14

4,) ii:’

I’D ¶11 1=1.3.2
5 ~ p • ,:‘ .

R E TURN
EN Li
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-—— _-

:UBR0I’T IME ORDER
I N T E G E R  BLA MI~I’ I MEN :~ ~ QF-~ NA ‘: 1::’
‘:-OMMoN - --- IMPLST/L INE (72:’ ,Lt’ I , LDO , LDF , L BA
COMMOF -s .—E RR.-’rIFLPG ‘l 0
COMMON -: ‘-,-:5 .- - - OPt’R (4~ • -JEMI’
DATA P;LAh~ ‘4H -- .[] -- - 4}-4 O
I =

‘SET FIR::T MODULE
10 F-IA ‘- 1 .:‘ =

CA LL rii::or,E ‘-0 ’  F-iP.Ei~. NEND~ ML EM • $99.~9)
IF ’ : F - I L F N . G T . 3 . O F . ‘ J+~~. ’ .ssr.i::’ iso TO 9111 11
= J +1

ENC ODE I ~~ I ‘ . II’ i’ ’ ’ ’  L I I-IF ‘ I’ ‘ . s~ =F-It EG •
C- I BEt-i I I F? MODULE

I:ALL MODA ’-r-IA ‘-1: ) , I. :191,1 i:,:’
flFf,R ’: j ’ =~
JENI’=.J
-SD TO 10

1 OOo FORMAT ‘ 72R1::’
~ 0 10  c-A LL ERFE1R ’:25’:’
~‘999 RET URN

Er-ID
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SUBROUTINE ERROR ~r4’~
CO 1’ltiClF-4 - -- T N FUT - -- L INE (72:’ • LD I • LDO, L ~lF, LDF$
f:Ot’fllON - - - ERF/NFLAIS ‘: 1 1,.-’
IF ‘NFLA’S ‘- 1:’ . EQ. 1:’ NFLAG .2::’ = 1
IF (fI • ‘ST. 2C’’GO TO 1 ‘‘‘)
‘50 TO •1 .~~.3.4,5,~~,7.~3.9.i0,I1.12,1.3.14.15,16,I7~~18.19
• N

1 ~‘ ii M 14—2 I)

~O TO ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I i  • f l
1 ‘IF I TE ‘-:L rio • 9’’’: 1

~o TO i o ’:’c’ ’:’
3 ‘IF ITE ‘LIen, -~o,:,~-: ’

‘~O Tfl 1 0,) ,:,
3 i,IRITE I LEO’ -~ U0S. :’

ISEl 1 0 111€’ ’) ii
4 .,I~~j T E  ~-Lr,fl , 9 i:ir4::~

‘50 TEl 1 i: ‘:‘ f’ ’i
5 hIP I TE ‘LL’O’ 9i)1~5.’

SO ID i ‘:i ’:’ c’ c’
!.iF T TE ‘LIl0~ 901’S.:’
‘50 TO 1 U 1’ 01’

7 hIFITE LDO . -~f’o7::.
El r~j ii:’:’

-
’

3 -“~~ITF ‘ L P0~ 9C, fi~:.:’
so To i

9 “IF I TE ‘: L tsD. -~ c ,:,~ ::’
;n To I I’ll

1’~ ~.If I TE (Lf’L) . ,,,1 i: ::’
‘SIJ 10 i 1’ ’:’11 IiI F I T E ‘ L DO • 5’ 0 11::’
;o TEl IC’ ‘) 0 1

1.— “ tR ITE ‘ L IT’D. ~~~~~~~~~~~

- ,  fl TEl 11’ ’)
13  ‘ - —  T IE ‘ L  r n .  ::~i 1

Tfl I
1 3  ‘IPI IF ‘.1 j ’fl . 9’~:~ 4:’

T r’  1 ‘

~s -~~i T~ t ~~~~ ~(j ~- ’
;,~ r -’j ~ r s: -

ii: . T T r ,=
~~ L’Ifl, -L~I,i , -,

VUl t
IT  ‘F-- Il  E ’ L ID .  - - i

-; :~ 
-i— 

~ 1’  ‘: r
1:: 

~
— i T E ’ . L.~~- .1. ~~‘ i S  I

- T ’  ii
I -~ - . T T E :.r:. : • I  -

:5i~j  TO J ( -  ‘‘I’ :

I~~ J E ‘ L 10 • 5-’ 1~— e -

-~o ~~ i i ’
:-~~ ~~~ IT E ‘ L  1.-i. 5’’~T 1 ’

sn 1(1 1 i - ’
’:i ’

35 P T  TE ‘ L f L f  ~ ‘J c 2 ’
iEJ 1 fl j i i  - ‘ t .~ I
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2-3 I”FITE ‘Lt’O ’ 9(123
‘SD TO 1 1’ il ’:

24 I,IRITE ’:LP0,91,24’
‘3D TO 111 1,00

25 l I P  I IF ‘ Lri fl~ 51’25 -
‘

SO TO 1€’
25 I IPIT E ,:Lr ,9 ,S ’i,26 .,

‘SO TO I ii ’:’ (‘IT’
27 l~lRIT E .LPO~ 9 ’:’.37:-~

‘SO TO I 0 C’ ‘Ti
23 l’.IFITE ‘- LDO , 9 i:i2:3)

15[) TO io’:’ ci c’37 t.lR I TE “LD O . 5(,29:’
GO TO 100  C’

:1:, ,IPITE ‘:Lr,IJ. c, f, -:: , , - ’
11,0 10 F-ETLIF- r4
91”T’ l ROPMFiT ’ ” EPPOR..IMPROPER FORMAT FOR COMMAND LIME.. )

~1’(’2 FORMAT ’:’” ERROF..C.OMMAF-4EI DOE NOT E:- -: I: T..” .:’
~iii~3 FORMAT ’: ” ERFOP..FILEFIAME MORE THAN 4 CHARACTERS.. ”)
90’:’4 FORMAT ’ ’ EPFOR..FILE—TYPE INCORRECTL Y EHTERED..’”’
-5’ 1’ i~5 ~OPMEsT ’: ’ EFROF-.. t’EFINE :5TPTEMEMT INCOMPLETE.. ’) 

- 
- 

- -

~~is f i5 FORMAT ‘ FRPOP..ERROF ON TAMFILE CAFr ’ READ.. ” — 
-

~ ‘:“:~7 FORMAT ~ ERRDF ..[IJPLICATE NAME TN DIRECTORY.. .:’
- ‘0 ’ . .5-: FOF-MAT ’ : ’ ERPOR*.ERFGR ON FAMF ILE CARP FEAT’.• ’ -’
,: ( 5 ’  FORMAT - EPF-OR..DIRECTOPY NAME IS Ir-4cOF-FEr~r..’ -

FORMAT ‘ EPFOR..FILE—NEsr’lE HA:S F-lOT BEEN SIVEN.. .:’
91:11 FOR’MA r’  ‘ EFP0R..L~IREC.TOPY TS FULL.. :’
901. : FORMAT ‘ ERPOP..NEI,IFILE IS £-4~ T- A VALID FILE—TiRE.. ,:’

~ 01 : FO R MAT ‘ ERPOP..Ir-ICFFMENT T~~PLE :: FULL.. ’~
9014 FO R MAT ”  EFPOR..THI:- D IRECTOR-- F-lAME IS- ILLEGAL..” :’
9 ’Ti1’5 FORMA l  ‘: ‘ EPPOR..FILE—NAr’l E ODE S F-lOT EXI :~T..” :’
.iIl~ FrErdAT , ‘ EF-FIjP.. iflD MAFI’i SHAPAI:TERS.. ’
“i 7  FORMAT “

‘ EPPCIP..FILE HA”E NOT BEEN I1-4IIIALI2ETI.. ’
1 i I ~~ FO RMA T ’  EFFElP.. .EFO IN,:.pEr4Er-l T ‘-, ALLIE ILLEGAL..’ ’

~C’ i9 FORMA T -- EFFOF-..L’NIDEFiT IFIFr’ VA RIABLE NAI1E.. ’
~ ii~- 1t FO R MA T ‘

‘ EPPOP.*” RLUE riOT ENTEF-Er CO FPECT I_ i.. -
‘

~‘:‘2 I. ~D FMA T ’  -- EFFiJP..ERFOR DII ‘~A MFILE CAF E’ REAP..
9 ’:’2.2 ,~iJF NEsT ’ ‘ EF~~OP..NOT E F-4 O ’J’SH IF-IFUT DATA FOP TAM Mfl t;j 1E•.

“~~~- -~~: -TPMA T “ 

~~ FOP..IN’:DFPF’: T :.P,:-E f - ,~~F -:~~E’: TF) ED . . ’ -
‘

~‘ 5 4  F E~~ 1AT I ‘ EF-FflF..’. A P I A E L E  ‘,‘HLL’E OUT :IriE ALLIJI.,IAEL E RANGE

~ i. ’2S F7Fr IAT “ E~ RflF- ..TNiOPFE~:T NAME.. :’
~“3~ FD~

-
~-~A T  - ‘  ERFOF.. -’-~~~T’ ~ j F ~-1RT~ 

‘ E~~F- rJF-.. -

~~‘ : - - s  :j~~~h~ ~~~
‘

5 ’ ’ ’ S :~ ~[lFi~*4T EF-Fok.. ’
- I II :- 11F i’li—t r - r~ F FEIF.. ’
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~~~

S.IJBF’OIJTIME DIRECT ‘:1~TYpE, NAMER. T ACT .  ~~,
III MEN : I ON I MO <~~~“ • NA (2) • 1 FlAME ‘ 99:’
,:-OMMOI-I -“IMPI.IT.--L It-I E ‘:~~~.2’ •LLII ~Lpo~ LDF.Lr’A
-: OMM OF-I -~ERP---- t-4FLFII.S ‘ 1 0.’
c OMMON NF~ IFAE’I’
DAT A T EL. , Ir I OF , MYF : : : .MD. —-4H • ~9,4H-,’F-: .4Hr~0
1-4T’iPE — I r - sDI CA TE :S F I L E — T Y P E

t - F I B E R  F I L E
C 2— F- ECEI\- ’FR F I L E
C: -~~ 

— T PAF- ISM ITTE R FILE
I:: 4 — . -,- :T~ II F I l_E
C S — ‘~LL FILES

~: NAME — FILE OF DIRECTORY NAME

— A C T I O N  INDICATOR

1 — CREATE MFI.!I r’IREcToF- ’~
C 2 — ENTER NAME IN DI R EC T O R Y

3 — C.HEC~-: 1-lAME FOP DUPLICATIO N
C 4 — LE1D~- - UP 1-lAt-1E IN t’IPEC.TOF’i’

5 - DEL ETE MA r iE FF OM .[‘ IPECTOP’i
— SET APEIF:E:S: :S: FOR NEI.’~ F I L E

C- 7 — LI:- T DIRECTOR - !-

r-4A1’lE =NAMEP
TO

IF IR’: T .E,:.’ .S:’ SD TO 1:3
I F ” I R ’ : T .NE . i ’ I O  10 5

F ‘: INlIIP1, T~~E r,IFEC:TDF- IE~.
IT’D 10 “ I = 1 , I 140 F
I NAt-iF “ I - ’ = r}:L

i. ’:,’’ 1 1-s fl : 1 = 1-,-:,:,

lErlt=
IF’ r -4 F LF i ’ — ’ i ’ . E ’ .I ’ ’;D I i]
,lf ITE .~_J)i.~

-: 1i01’ F LJRFil-’ I 1’ .’ .•‘*,fl~J A~ E AF-DI)T TO f F . T R O y  ~~~~ c:-.I S F I ’ 4~ F

i - ~
, *...Er-iTEp -

~E: TO :Or 4 I 1~
-
~’J E,  t-~D TO A BORT CflF’iMAms.

I F E A P- i P I  •

1 ’ : ’ :  ~OF- r1AT ~Fs4: ’
IF’  ~

-
~~ ‘S . —.1’. r’4El ’ ~- ETi)F-r l 5

JF ,~~~‘ r4 .. Er, , F~i F - , , r j  10 2
IF- ITE ‘- L TD .  5 - i l.’- —:~~‘ - 1  F 0 S t ~AT i~~• ~ L~~A E  ~ i’4 ::- -~-~ ‘,‘ E - .  OF t.4D. NIl l , T L . L R~~T’ . F t 4  -i’-tl;J

— C  TQ 0r’4 ’ -DI
- ILJ f ’ S .

-Sf ] V~
- 

2 IF T~~ ’F. Ei .~~.L~F. N 1 - ,- F E.EC 1 .4. i.,IE ITE~~L LlF - 3 5 . 1 . ’ IrNti . ‘. IFIAME ’:

• ~ - :~~~p~~~ ‘ .
~~ = 1 •

IF’ F 4 T I~~F ~~~ 
r-~~ OF. r i - - R E .  EQ. -: ‘ dR T T F ‘L tiE- .5 (Ii -

~ T E F I r , . ‘ Ir’4AMF
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, I- I-lO ‘ I : ’  • ~=1 ‘ INOF)
IF’MTYPE.EQ ,ó .OR.NTYPE .EO.2)I,.IRITE’LDF ’ 1’ lEND, ‘:INAME (K
• I E’.MO ‘: Ic: .’, ~~~~ INOF)
IF(NTYPE.Ep.6.DP.r1TY PE .EQ.1)bIPITECLr,F’lo l) IENB, ’-IrIAME (

• I. F-l[]’~~:’ ,K=i , INOF
‘50 TO 5”~99

6 IF (NTYPE . EQ. 4:’ NSEC=C01
IF ‘ rlT -i’PE . EQ. 3:’ rlSEc:=~’ 01
IF (MTYPE. EQ . 2 ::’ tl:5E(=1
IF (NTYPE~ EQ. 1:’ riSE,::=1 1:1
READ (LDF~ MSEc:’ lENt’, ‘ IN AME ‘iI) , ISNO (j ) ,I=l INOF.:’
GEl TO ‘.~“~-~‘ 4 ,3 .4 ,4 ,4 ,2 .14 :’ . jA f . T

.3 I FIF4F’iE ‘:NF’EC:’ =IIA F’1E
I . M O  ‘:rIFEi:::’ = I F ADD
‘SO TO 10

~ INANE ‘I:’ =r-4AME
I::F-lO ‘-~I:’ =M: :EC:+I+l
F-IREC=I.LNO ’:I:’

12 ,,
~PITE “LL’F NS-EC IEF— IP, ‘ Il-lAME (I), I-:1-lrj ’:.I -‘. 1=1’ INOF:- ’

C C:HEC~ NAME FOP r’UPLICATIDFI
4 t’O ‘5: f~(~ I = 1 I Er-It’

IF ‘:‘ t- iAtlE. EQ. It-lAME : 1- :’ :‘ GO TO s
is 0 NT I 1-il_IF

IF’ IA CT. EQ. 4:’ I3C TO 99-~9
I F ’  IAc :T . EQ . 5::’ Go TO 9’~’50

C: NAME t iDES f-~OT E X I S T
‘3D TO -5’99~C: NA ME MAC BEEN FOIj t’lti

S IF ‘:IAIT.EQ. 3:’ PETIj RtI 1
IF1~~A CT . E’~.S:~, O  TO 1-3
TIE EC=t -

lFAt It l=I:.1-IO ’. I
GO TO S’999
~EAt”- 10 DEL.ETE FILE

1 3 i :.r-io ‘:.~1PEi: :~ =9999
I F-IFs F’lE ‘:NPEC .:‘ = t PL
SO TO 10

1 4 DO 51, ii I = 1 ‘ I E Fl t’
IF’! :1—lo T:’ .NE.5~ 94 ’ l , IP TT E (LD1J , loci l::’ INANE ‘- I:’

2 (‘ C’ :. or-i I I HUE
GO TO 9~ 9 - ~F IF-I t’ -iI-~ EMPT-, i:ELL TO ENTER r-4 A F’lE
IT O 4, 1: 1=1 ’ INOF
ir ~’ I : r I O ’ i : ’  .E ’) . -5’9~~9 ’~~O TO 9

41’ ’: ,:- rj r-I T I r-~L E
‘30 TO 9993-

C’ NR E C = I
I F A E T , = r i ’ El : ÷F-4F-E,:-+1
-SD TO ‘S~~ 9
- ]T T 1i-’~ i i:EL.L FO c- TENt’
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I ‘:‘ r’o ~ ‘‘C, I = I F-lflF • I — I
1F’. T . F - l [l’ I’ .r-IE,9999:’ iSO TO 11

SC”) C ONT I tIIJE
I EI- I~’= I
l~JR I T E ‘ L t’D, ~ i~ ‘T’2 :’

‘so to 12€’
11 IEFIti=I

IIIRITE riIRECTOF-~-
1 2’) I,,FITE ,.LDF~ H:~-Er : t IEIIP. IIF- lHF’1E~i- :I , IS-No ’:~

- -’.~: = .  1r-4DF~GO TIl ~9- ’9
F i 01, 1 FORMAT ‘ L- - - , A4

FORMAT ‘ :1: - --:. .•..“IAF FIIri~ ••4• THIS— t’IPECT DR’-’- 1:5 NflI..l FULL

-5’ 1-~ ’Ts C- A L L  ERROR ‘- i S ’
~ -5 ’ -~~~ FE F I I F N  I
~9 9 4  PETIJI-N

El-s I’
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: UBROLITINE EFAM (.~ N)
COMMON ‘ERP’NFLAG (1 0)
COMMON ‘FAMS~ Ac31)
COMMON ‘TRMS -’C(14
COMMOFI ‘RAMS-/B ‘-23)
COMMON .- -~Ir1c-T-’-xJMc : ( 1(1,7.:’ • ‘ST (5) • CN T
CALL ALLOT ’:1,A ,31.$1)
CALL FAM ‘:~ 9998)

1 1 M MFLAG ‘:3)
1- ‘30 TO 9’~99
I EN TRY FTAM ’~.,Nt CALL ALLOT (3’C,14 ,$2)
I - CALL TAM($9998)

2 rI=NFLAG (5)
‘50 T O 9999
EN TRY EPAM ~.. N::’
‘:.ALL ALL DT (2 ,P,23 ,~~:3)
CA LL RA M i~9998:

~ t-I=MFLAIS ‘4:’
‘53 TO 9999
ENTRY ESAM ‘.‘
CALL SAM ‘:.~ 999E:)

~999 PETIJF’N
‘998 R E T U R N  1

El-It’
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: UBROU T it lE TAMI ’AT ‘ NOPT, a- -’
THI - - l.IPPOUTIME CALLED B’-,’: CP EATE ,LI-ST .’3ET ,SAVE

C. OPTIONS: ARE :
C 1 — READ INITIAL DATA ANt’ WRITE TO FJLE
C 2 - FEAt’ PATE’ FROM FILE

-3- — W RITE A FILE LI::TIM,3
C 4 - L IST C ‘JRFFl-IT DATA

— , 4 R I T E  ,::11F-REI-i T DATA TO F I L E

CE) rlMOr-- l —- E F F - -’t IFLAG ‘1 ‘:s ”
-: EIF’lMElN S IN F IJT — -LINE ‘:7,5 ” .Lt’I •Lt’O ’ LDF~ LtiR
- :D’IM ON -.-T~--,M:C .-- -’TAIL.  ::--:LEN. --:10, BT F- .FT I  • :5 Pi:E.RT.ANISL , p:5:, BW,

- - C THE ’. -

TF P.T t ’F’RTI
‘:Dr’lrflJt —-FAt-I : -~i::opE. tiF.Fp.r,EL,::-:LAM. PEC,A LFA .XLMC,L-LAI’ ,X

\i”NlS • P14 1
.Pt,I , .PSF , :,AC .Ac .AC .Crl , - 1- i q > L ,X A I , : < E ’O .F ’F J .F ’ T O ,
TOr _ I r l . :F’LC . ,FIE:R.T RA.T EP,T OT .  E L . G A I

, :- Ol-1l-ION ~A~iE • IFArIt
‘30 TO ‘.l• -~ .3,4~ 5~ .F-10FT
~ EA I INITIA L. PATE’ FROM CAR t’S OP TELETYPE

FSLTI HLI,:E I’ATA

1 ~~~~~~~~~~~~

Ar4GL =’ . ii
::<~~~= , .
p t E = . ii
~ ~~i= ii . i:

TFF’=” .
Tt’ F -= ’:’ . i

1F” r ’ IFLF4G” l . ’ .~’4E . 1..’ ’SO TO lCi
PEAl’ t P1 .Fr--p=~~,:,c,c,’:’ .FC- E. TA IL, ~LEF1. F-T I  ,Ar-~i~L, D’S’ . 2I O~ f:1 P . R

T . f:5, .

~~EC’.~~’, A1-~.TF-iP. TF~~.TT’F
‘SD TO S

:‘_ ‘, I F- I lE ’ [_ f’ . ~~~~~~~~
~ = I

1 - - ’  —- FFst . L1- l .EF~
- = -

~ ”-’ : 1 .Et-lt ,= -~ -~~~
- 3 I . S F T E .  r~~IL. —- T LENq PT !

1,:,

‘~ 
-~ 4

1 : - ’ ’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I F T ~~T L . ~~ - . ! . i, h I3O TO ~5.
‘, ‘ 1 TE ‘ ~ . t’O • ~

- ~_,4 i :

s sRL. F =~~ -

14 ’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I ~~~~~~~ I, ‘; .!JF . ~5 ’ F . E’ ’ . : - ‘ ‘ IC’ ~

IFI ci :E.EC .~~ ., , 1 I SO to . . ”
LF ‘ 

‘
,‘‘ . . 

_ - ~ , TC ~ ~~‘ .I i i 4

:~ IT E. ‘~~ 10. - .1 1
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ii’:’ READ’-Lr’I,EPP=’~0o 1.ENE’=9’~98) AN’SL,DS,xlo.BTp 
-

‘50 TO 5
7 ‘,,IPITE’LDO,802(’ )

N I’IAL Ic: =
120 PERt’ ft I’! , EPP 9 0 0  I ‘ ENt’ 9~ 98) PS

5 l,IRITE ”L t,F’IFADD:’ SPCE.TA IL.X LEFI,PTI,ANG L.DS,XlO,ElP,PT ,
‘— -.C BJ,l. :-FEC~ XLAPI

TIlE’, TFP-’ TDF
‘50 TO 9999

:3 c-ALL t IiPEC.T’-3 .NAME,4 .~~9998,:~9999:’
2 REAt’ (Lt’F’IFADD:)~~RCE,TAI L~ XLEN~PTI,ANGL ,DS,XIO ,PTR .PT ,B

—.Cl’i , SF’EC ’ XLRM
.TNFs”TFP.TPF
IF’MOPT.EC’.2n30 TO 999~

4 ,,IRlTE,LDD,::0,:1.EPP=9 C,0:3::’SPCE,TAIL,XLEr4,PTI.Ar~iiL .fp .S,Xl0
.B TP .PT ,B l ’i .

-SPEC~ XL All. TI-IA -’ TFP~ Tt’F
‘50 TO ~~~~

so0’:i FORMAT ’: ’ ENTER VALUES FOP: SPCE~ TRTL,XLEN~ PTI” ’
3010  FOR MAT S’” ENTER WAL UES FOP: Al-IGL,tiS,X.IO,PTR”)

~~~ FORMAT ’ ’ ENTER A VA LISE FOP: PS” ’
- ,,;,:‘ FORMA T ’ “ E N T E R  VAL I.’E-S FOP: XLAFI, S-PE~-, PT, B3””)
-
~ 04U FORMAT - “ ENTER VALUE: FOP: IF-IE’,TFP~ TPF ” .:’
~ ‘:‘€‘ i FORMAT ’ - :F- ’TE= ’- ,E11.5,124, ”TAIL= ” ,E11.5.T4e, ’XLFrI= - ,E1

‘-~~1 i .~
; , - - •

- ‘ PTI= .E1t .5.T84, AN’5I= ”.E1l.5.T4-~.” D-:=” -.Ell.S,,- .-’
‘-‘10= ” .

E11 .5,T24.’ BTF-= .E1t.5.T4~?.” RT= ’ ’Ell,S.” ’ PI,l= ” .E
- ‘ 1 1 . 5. T24

.~~~ pEr- = ’- ,E11.5 .y4A. ’ : - • LAM= ” •E 11. 5 . - -- ,” TNA= ”~~EI1.~ ’~ T24.
--i: ” TFF’= ’ .

E11.S .T4 .S . Tr’F= ” .ET1l.s .~~,
-’ •~J’4ti FTLE~~” ’

~o ’:”- CALL ERR OR ‘~~~

SO TO S ’ ’ ~ 5
:~‘:‘‘:‘i i,sp j TE ‘- I _P D. — O f T

’,S ’
-i’ I,2 FOF’FlAT ‘ “ ‘.‘.. INPLIT ERROR- . PLEASE T RY AGAIN..’ .

‘3D TO ‘ 101 .1 1’. 12’T’ . 13’:’ . 141’ -’ .NW ALK
~~ i ( ?  !~~ LL ERROR ’ i~~‘30 TO 99~ 5-
~ I~ 04 iT AL L ERROR . ,5 : -

‘

-
~~ ~ :-~~. RETURN 1
~~~~ RETI’~ r-4

L’ F-IC’
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UBROIjT I NE FAMPRT ‘ NOPT. .‘
C THI:. SUBROUTINE c-ALLEt~ B-i

’: i::P~ ATE,LI.ST,l3ET..S-AVE

C OPTIONS ARE :
C 1 — READ INITIAL DATA AND W RITE TO FILE

2 — READ DATA FROM FILE
3 - I.i IRITE A FILE LISTING

C- 4 — LIST CURRENT DATA
C 5 — “RITE CURRENT DATA TO FILE

COMMON ‘EPP/NFLAG (10)
COMMON / I 1-IPUT’ LI ME ‘-72) , LII I , LDO, Lt’F. LDR
f:OMMOF—I ,TAFI1-S/TA IL,X LEM,::- UO,BTP,PTI , SPCE.PT ,A N,SL,IyE,Bhl,

- -- ! T1-IA,TFP,TDF
COMMON .‘FAMS.’COPE. rIF, FR, DELI X LAM . 5PEC. AL FE’. X LMC’ CLRD~ X— --CNA, PM!
, PD~~. P5E’ - . AC- . AF, A S , CII. SM, <L’ :-: Fs I , XRO, F’F I • RIO.
CONN,-:-PLC~ FIBP,T PA.TE F~~TOT~~BL ,3AT -

:-O MMDF-1 ‘F~RM5.’XA t ’, x i;_ . :~:It:
, ::~:I:SQ, RES, :-~M, SPF’1S- .RMF~ X MSC , :~:MA

~C- , BET F s , R ,
TY PE~ OPT-. I3AIN, TBER. TSMP ,PFD, CHAII.
GDF’T , BER. -StiR . BAr-ID
C:OF’lMOr F-jANE, IFAriti
‘3D TO ~1.2 ,-3 ,4 ,5) ,NOPT

C ~EAP INITIAL DATA FROM CAPIrS: OP TELET-,-’PE
I IF ~NFLAG ‘- 1) .  tIE.!:’ ‘50 TO 11’

PEAL’ ‘1 Pt,  ERP=9flflCiT’ CORE, t’F~ FR. DEL, ALFA’ XLMI:: • CLAD, Xi4A .
F-r-u,P pD.F- -s- Ec- ,F4 F,A-: ,AC ,:--A t
‘30 TO S

1€’ I’IP I T E ‘ Lt’O. :50 00)
rII,.IE-IL,< = I

1 00 PEAt’ ‘-LIII • EPF=90C’l ENt’=99’~~::’ ‘::DRE. PF’ FF- . DEL

~lRITE~ L ~~~ 
, :~ 112 Ci..’

=

121’ PEAt ’ ‘-LDI • EFF.=~~01’ 1 • ENI’=9992:-’ ALFA. -~LMu:- , ‘S LAIT’. ;~:r4p
‘dR I TE ~LIT’G, R1;:30
F-l”AL F:

. 
=4

j :3 i) PEAI’ ’-LI’ I .ERP=901’ 1 .ENt’=99~~~~FH1 .PoP. PSE’:
S,’ PIT F’ LDP.504 1’ ’

14’) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
5 I,IPTTE ,.L I :F— IFAI ,tI ,-OFE.,.LF .r,.::-:’t-IA ,tuF .FP,t,EL;Ai Ff1.

‘3D TO -
~9 ’ ’

‘_ FSL I_ DIRE’ T ‘ 1. NHMR • 4’ ~ ~~~~~~~~~~ ~~
‘
~~~— - ~~~~

3 F-ERr’ ’.Lr’F’!FFst It -’ ’:-OPE .CLAr,,:~r4A ,r F,FP.t ’EL.PLFE’ .
:-::LM’:- .Pr-i l .Pt’ ts ,F- - EC .A ~:.A F.A-S .,-’AT

IF ‘ !-IOF T .E,’ .~~’ I5O TO -~~~‘ ‘
-
‘-

4 “RITE ‘Lr’r. 30 ’ ’ 3  • EEF-=9’ .’’Y . ’ ‘:- DF-E. ,::LAr’,.-< r-iA. [‘F.FF- ’ tEL. AF.
AIFA , .:.:-Lr’1C. .F-M1.p th(,p~ Fc ,A :. .AC. .~~

,
~ r

‘30 TO ~—‘ 9 -’
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0

9ru ii ,) FORMAT~~” ENTER VALUE-S FOP. COF’E,DF~ FF,I’EL ”
:30 20 FORMAT ‘

“ ENTER VALUE S FOP: A LFA ’X L MC~ CLAB ~ XNA ” )
:30 30 FORMAT ’: ENTER VALU E 3 FOR: PN1,Pp D,P:SEC”~;:~1’4 C’ FORMAT ’ ” ENTER VALUES . FO~~ RF ,A-S~ AC~ XA I” :~-3 C”~’ i FORMAT ’: ” C:ORE= ” ,E11 .5 ,T24 , ” CLAP= ” ,E11.5 .T48 , ” Xt-IA= ” ,EI

DF= ” -.E11.S.T24,” FP=”.E11.5~ T48,” tiEL= ” .Ell .-S-’’,”
- - -C AF= ” .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ PHI= ” ’E
I

t2$ , ” ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A.S = ” ,E l l . S .T
— ---: 24. -

AC= ”’El1.5’T48~~
” :~AI=S .Eii.5,’

,’ •ENI’ FILE.”)

~CI00 ,::ALL EPPOP’’~::’
GO TO 9999

~C’01 I.~~- IT E ~LrIo.so, :,2 ::’
3’1’)2 FORMAT ’- “0..INPUT ERROR. ~LER~ E TRY AGAIN. ..‘ .

GD TO ~1 0f~’, 101’, l20~ 13Ci~ 141a::’ •
90~

).3 c-ALL ERPOP ’.17~
9’ 9’3 RETURN 1 -

~9’~9 RETURN 4
END -

p.

$
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SUBROUTINE PRMr’AT ’- NOPT~.)C: THIS SUBROUT INE CALLED BY: CREATE,LIST,GET’SAVE
C
C OPTIONS APE:
C 1 — READ INITIAL DATA AND WR ITE TO FILE
C 2 — READ DATE’ FROM FILE
C 3 — WRITE A FILE LISTING
C 4 — LI:ST CURRENT DATA
C 5 — “IPITE CIJPPENT DATA TO FILE
- 

COMMON ‘ERR’NFLAG (10)
COMMON .‘IMPUT’LINE (72) ~LDIULDO~ LDF .LDA
COMMON ,FAMS,COPE,tIF ,FP,DEL,XLAM,:SPEC,ALFA,XLMC,CLAt’,X

NA ‘ PM I
,PDt,, PSEC,AC: , AF, AS., CM, SN, XL , XE’ !. XAO,F’FI’PTO~COI4N, 5 Pt. C-’ FIBR~ IRA. TEP, TOT . BL, ‘SR I
COMMON .-‘RA MS,HAP .X IL ,XIL ’,X ISQ,PES ,XM ,S PMS.. PMP’ ,XM SC ,XMA

\C , BETA ’ P,
‘~EEE 

.EGMENT EEE NOT FOUNt’.
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.SUBROUT INE RANIIAT ~r1OPT,.>
C. THI. -: :IJBPOUT1ME CALLED BY: CPEAT E.LIST~ GET,SAVE

C OPTIONS ARE :
C 1 — PERIl INITIAL DATA AND I,JP ITE TO FILE
C 2 — READ DATA FROM F I L E
C 3 — 

~‘IRITE A FILE LI::T ING
4 — LI-S T CUF’PENT DATA

C: 5 — hI~~ITE I::URPENT DATA TO FILE

C OMMON ‘ERR’-NFLAG ~1 15)
COMMON ;INPUT’LIME (72::’ , Lr’ I Lt’D~ Lt’F. LDA
COMMON - --FAMSiCOF’ E. L’F.FP,t ’EL ,X LAM ,S .PEC,A LFA ,XL Mc- ,CLA I’,X

- - - THE ’ , PM!
• P150, P.SEC,AC ,E’F, A T - • CII’ :5N, XL, XAI~ XAO . F’FI. PTO,
C OMr-I~ . .PLC F lISP, IRA, TEP, TOT , BL, GAl
‘:-oMMori —-PAM: .. -’XAT , , :~:IL, XIE~ X ISC’ . F’F: , XM, SRMS- ,PNB. P1:SC:. >-~‘1A

BE TA , P
TYPE. OFT . GAIN, TISEP, T ::.NP, PFEJ . CHAr-i .

COMMON NAME • I FADE’
‘SO TO ‘. 1,2 ,-3’4 . 5.-’ ,NDPT

C READ INITIA L DATA FROM CARP-:: OF TELETYPE
1 I F (t - I F L A ,3 I 1 . :’ .ME. i:’ I3O TO to

PEAT) ‘.LLS I .EPR=900(’) TYPE, -SA Il-i, XF4L’, X IL’ .~:IF ~ XIS(~ PES-:, XM, SR
I
- ;i-::. .

F’F E: , :~<M :1 . :-<MA, BETA S F
I’ ’ . TY PE .L T . 1.0 . OR .TYPE. ’ T .9 .C ’ ’ ’3O TO 9000
.30 10 5

C: t t - I ITIA LTZE ALL PAM VARIABLE-:: TO ‘EPO
in :- ‘~-i= ,.i •

FM : =i . ii
FI-48 fl .

= ‘) • it
.- M A I I . C,

E:ETA=i, . C’

“IF’ I TE ‘LL S D • :5 (1 ~ c’ -
‘

El—h ER FAR At -1ETEPS C OMNOI-4 TO ALL PAM ANAL YSE : .
r4,,IALI =1

1 ’:’ ’. ; R’EAI ‘ Lt’ l , EF- R=5’O ’ .’l ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -1 E,XI .:.c’ .

IF ‘ T - ~F’F. LT.  1. 0,- OP. TYPE. i T.  9. ‘:1... ‘SO TO 90’. ’~’
1F~ T’ -,-F~~.’~T . l . ,:’ ,3 0 TO 12- ’.

ENTER - RAE-PMETEPS FO~ -;EBAF 4CS ANALOG
“ IP I TE ‘1 I,O, :~’, ’ t 0 : ’
!4I~êfIt ~

111’ ~EAr ’ :LDr .EPR=-~1~01.H-4 .C’=~~9 9 ’ - S t .  :.PM- ,R’NE:
-33 TO I
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0- ENTER PARAMETERS FOR MULTI—ANALOG
120 IF’1’?PE.NE.2. 0::’Gfl TO 140

W RITE ‘:LflO.:3 1J20)
NI’, IAL F =3

I 3’) REAP IL DI ~ EFR=9 01’!, END=9998 5 RM5~ RI-lB. XM:!.C, XMR
‘30 To io’:’ o

140 IF (TYPE . ME. :3. o::’ ‘50 TO 16€’
‘,IP I TE ~LDD, Al;
rIWAL K=4

15’) READ ‘ L D I  , EPP=9001 • EI41’=9998) :5pF15. PMB, XMS-C, BETA
GO TO 1000 - -

161’ IF’:TYPE.ME.4. 0.AMI’.TiPE.t’IE.S. 0) 150 TO 180
i,IPITE ’- Lt,I,:304 ,i’
t-4t’IALI<=S -

171, REAl’ ‘LOT ~ EPR=901,1 .END=9998: SRI-iS. PI-IB, X MS C
‘50 TO 10 00

180 IF ‘TYF’E. tIE. 6. 0. AND. TYPE. NE. ~
‘
. 0:’ ‘30 TO 200

WF. I TE ‘ L I’D’ 8050)
t’Il’IAL K =~~

191’ REAP ~LD I • EPR=9001 .EME’=9998) PIlE:, XI’S C
GO TO 10011

2 ’:’I’ “IRITE ~Lt’O~ 8060:”
F = 7

21 0 READ ‘:.LDI ERP=9’:’ol Ef-l t’=9998) P -

1 (‘00 C:9NT I HUE
5 I,1RITE’: Lr ,F’ IFAPD’TY PE,,E’ IF- l ,XAP ,XI L,XIE .XISO .PES ,

>::r-1 . :5:F:l-l.5: , pN~i , X MSC- . ::<MA, BETA~ F’
‘30 TO 9999
CALL DIF’EC:T ’:.2,tIAME,4 , ’I9998,~~9999:’

2 REAL’ ‘.L.DF’ IFADI’::’ TYPE . GAIN, XAI’. ::~IL, XIIS , ::-. 15€.! . RES~ XM, SRI-iS.

- 
‘:. • >-:r’iA . E:~ TA . F-

IF’~-1OFT .EC ’ .d:’ GO .0 T ’— ’ 9
4 .tIR~ TE ‘LD3~ 8~0(’ 1~~EPP=9’) ’ .’.? ’  T y ’PE.’5E’IM.’~PIi,XtL,: 1B.>~I.- .C’ .PES--

- ‘:. • ~-:r’1 .
:.c:r’l S • RI-i F: • Xl’i:.C , :~.MA • FE TA • F:

- :~J TO 9~ 99
uui’ FORMAT ’ IIFNTEF ‘ ‘RUE: FOP F~ E,,A11 1, SAP.  IL’ II- . II’.

- - RE
I”l ‘ OFMF4T’T:. F’:E= .E11 ~ .T24 ‘SF$Iri ‘El I  S. r45 At’
= “ . ElI.

:::IL = “.E11.5.T24.’ :1B = “ -,E1I.5.T48,” -: t .::r’= ” ,E
-, PE T-. = ‘ .Et1.5,T24 .’T- ~M = -‘ .E1I.S,r1~,.

- .:.pN::.= ” .E1I.5,

P1-41. = .E1 1.5. 124. “ :-  1::,~= ,E1 I . ‘~~ . T4~3. ‘ X MA =‘
~~E11.5.- -- C . --- .T~~.-- ~;ETA

’ ,E11.S.T24.”P ‘ .E11.5.-’.’ •t~Nt’ FILE• ’ ’
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.3 f l j (~ FORMAT ’- ” EMTEP VALUE-! FOP : .-‘M.S.F-MS ,PNF” ’
8020 FORMA T ‘

“ ENTER VALUES- FOR : SRMS.,RNB,X MSC.XMA”)
3 1r30 FORMAT ~~

“ ENTER- VALUES FOR: SPMS • RN?, XMS-’: •
-3 114 €’ FOF’MAT(” ENTER VALUES FOE- : SRMS,PI- IB,Xr lSC”)
-3u50 FORMAT ‘

“ ENTER VALUES- FOR: PHB~ XMSC”)31)61’ FORMAT c ” ENTER A VALUE FOP: P” :’
‘~~,I1, n CALL ERROR ~21.:’

GO TO 9998.
9151,1 cdp TIE ‘:Lt,O. A(’02)
-3002 FOPMAT ’ ” O..INPIJT ERROR . PLEASE TRY AGAIN...”)

GO TO (10€’, 111 ’, 1:30, 15(’’170. 190~ 21 C’) ,NMALK91,0:3 CALL ERPOP ’17:’
-~99:3 PETIIPrI I
S’~99 RET IJRM

El-if’

1 1

I -‘
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:SUBPOIJT I NE 5:AMDAT (NOPT, NPT)
D IM E N S  ION XTYPE (.31,:’ , XXI -s- c’ (:30) , :-:~~PF.15,: (30) • XXMA (30) .XBETR

(~: 1,:’
i::0MMDN -‘EPP’NFLAIS .1 o:’
IOMMOt-I -, IMPUT-’LIF-IE ~?2) LDI ‘Lt’O. LDF. LDA
,::0MM0M — FAMS -COPE ’ OF, FR, DEL, XLAM , SPEC, ALFA ’ XLMC , CLAD, X

~.CNU, PN1
POLl, p:~~~:, AC:, AF, A S .  C:t’l, SN, X L, XE’ I , XA D, PF I • PTO,

,::oNr-I. PLC.FIBP ,T F’A .TEP ,TOT ,BL ,GAI
,::OMMOrI -/RAMS. rXA D,>::IL,XI B,XI :CI,RE:!.,XM ,CRMS- .RNB,XMSC ,XMA

— -- C , BETA.P.
T’-

~
-’PE, OPT, GAIN. TBER, T~TNP.F’FO, CHAN,

GOF’T , BEP. SNF- . BAMI’
C:OMMON .- -- :EPEC.L.~1:<TYF’E, ): >: I :-:c’ , X S-PMS-. • :~ ::MA • ::- BETA , t’PR’
C.OMMOr-i NAME. IFAI’D
‘50 TO ‘l .2 ,-3 ,4 .5: :’ .NOPT

1 IF (NF’LAIS ’::l:’ .ME. 1::’ ,so TO 1€’
R EAD ‘:Lt,I .EPF’=~ 0 1’ o::~ Cl-I, 5N. X L’ XAO ’ OF’T. TBEP’ T:.MP , CHAN
‘30 TO ~ill ~‘JRITE ‘:Lt,O, 8€ lf l u~,:’NI.’IAL K=  I

100 pEA1, ,-L DI,ERP=9oo1 ,EMp=9998: ” ~ .N, : N ,> - : L ,xAO
I,IF’ I TE ‘-L 00, 0 10.:’

- 
- 

r-IWALK =2
11 0 PEAt’ ft P I ~ ERP=9 DC’ ! .EMt’=9998) OPT’ TEEP • TS-:NP, CHAN
S “RITE ‘:Lt,F ’ IFAI,D::’ CN, :5t4,X L,XAD ,DF’T, TPEP,T: !NF’ ,NC , ‘ :XTYP E 11

‘SO TO 9999
3 c-ALL ruIpEcT (4 ,MAME ,4 ,~~9000 , ’~99~ 9::’
2 R’EAI’’-LDF ’ IFAL’D::’ CM’ ::.N, XL’XAO,OPT.TF’EF’. T:s:r-hR’,r-i,:, ‘-XT’-?PE I)

IF (rIOPT. EC’ . 2) ‘50 TO 9999
4 hiP-lIE ‘L DO,8001 • EPP=91,0:3 ’ CN.::F- i.X L • ::-:E’O,CPT. T?EP. TS- NF- , (-HR

— - . 1:1-i
GE] TO 9998-

-90’:’’:’ FORMAT ’:~” ENTER VALU ES FOR : CM, SN, X L, XA O” ”
:3010 FORMAT ’:’ ENTER VALUES FOR: OPT,TBER .TSF-4R,C.HAM ”

~
::1;R1 FOP-MAT ’. ” CM = ‘ .E1l.5~ T24. “TM = “ .E11.5.T4$ , ‘X L  =“ ,

E 1 1 . 5 , - -~~’ : A,j = ’ .Ell.5 ,T24.” OPT= ” ,El1.5, T48,”TBER-= ” ,
E1 1.5,.-— .’T .:r-IR = ‘E1l.5.T2 4.’CHAM= ’ ’E11.~~’- ’’ ” •EF-it’ FILE.

-~1r, ,:,I:t C-ALL ERROR ‘: :3 ’
‘50 TO 9999

~r,1~t hl~- ITF iL  I’D’ 800 2.:’
:3002 FORMAT ’ ’ O..INPIJT ERROR. PLEA:T E rpy AGA IN. ..”)

‘so to ~
. ii:’’:’, ii’:’ -

~ • Nl,, ’~ L ~.:
9” o-3 ‘:-ALL EF- F:OF-~ ‘17:’
9 4 ~4;5: PETIJF?N FIP T
~999 PET’J Rt-l

ENL’
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.hJ~’pflIJTIf’1E PEATE
I l-ITE 15FF’ PL ANK

Lu M E N T - ION ‘IA ’ ~~~ ‘

COMMON - - - IHPUT-’LIME ‘72) .Lt’I LDO. LDF. I LIE’
C:tlMr’lOIl -, E PP-/NFL A” ‘ IC’ -

‘

DATA E~. ANI~.—-4H
I: GET ~-ECOt-l tt l,~flRt, OF 1:-OMMANLI L I N E

‘ I -
‘ = F:L AMY

I-IA ‘:2~ =F LANK
;-i~ ~- -:~ 

-
‘ = ~ LHNR

C ALL r’~: tilE ‘:0 • MP EG ,  HENI’’ NLEr-I , ‘~9 01’ ii :’
IF ‘ML EN, ,T. 9.:’ i5~ TO 9115’:’
EI-4C01’E ‘: r-i~i • I II.’ i:,:’ I L I r-iE ‘~~~~~ ‘ • ~:=ME:EG • I-lENt’)

‘: i PEr-IT I F’-~
-’ :-EC-Of-~P ~o~

-p
f:ALL S.ECFTL ‘:NA , I.~~

-
~’ :1o.~

T F.1.NE .S.:’,SO TO 7

t’EAL Nfl”l 3r~lLi 
?,, I TH CRERT It-I’S DIF-ECTOF--JE.:

c:AL L L~COr’ E ~O • fIPEi’ • r-IEI-’t . I-ILEN~ ~-s:~
i~ ‘:r-ILEI-i . N T .  3-’GO TO 9(121,
r -IA ‘- 1 -

‘ = ~ LAI4
Er-l’::or’E ‘N~4~ i,:~t: c, -

~ ‘L INE’r ’  .~~=MFE’3.MEt4t,:’
CA LL NiJls’JLE. ‘MA ’ i • I •

5 C:IRL L 1IF.’E C T ’  I.Hp~ ’.l’  •
‘.‘!~- IT E q_ t,O,5i. i..’~ ::’
GO It] 9999

A NE” F1LE
7 ‘:ALI_ r’C EJt’E ‘.0, MEE’5~ ri~ N .r’. N LEN .  ~~~~~~~~~~~~~~~~

J F ‘ r1LEr- -’ . ‘:.i. 4 ‘‘30 TO ~~‘~ -~~“
i-iA ‘ 1 = ~:LI~1-1k

~-.~1C’Jt tF ‘I - -lP . I U ( , ( :~ ‘ L  ~1-4 E’ -~- ’  ‘~ . =t4P,El5.NENri’

fE Ti  DR ‘JN 1. ,:‘JE !- IAME
‘:-~ LL f J F E ~ T’.I,~4~’-4 ’:1 , . :. ~~~~~~~~~~~~
CALL f ,IF- EC:T ‘ 1  .1—i.~-~ ‘. 1’ ‘6 .1 ~‘.70, ~~9~ 9:-
CA LL. ~Ic T ’ ~PL~ i. 1. ’I-5~~~9’
‘ — IL.L. t 1 p EC I , : I , NA , 1 . ,~~.~~-:19~4 . ,i;-~99:,

r T E  ‘ L_ h O .  :5: I _ ’U l  :‘ -
~A ‘ 1

50 T J  ~~-~~~o:.
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1000 FORMAT (72A1
8000 FOPMAT (1X~ “.DIRECTORY CREATED.”)8001 FORMAT clx , “4FILE “ A4, “CREATED.”)
9000 CALL EPF’OP l)

GD TO 9999
9010 CALL ERPOR (4.:’

‘SO TO 9999
9020 CALL ERROR c3)

‘30 TO 9999
9040 CALL ERROR (?)

‘SO TO 9999
-
~050 CALL EPPOR~ 9) - -

GD TO 9999
9060 CALL ERPOP~~10)

G~
) TO 9999

90? Ii C ALL ERROR ‘:11)
GO TO 9999

9080 C-ALL ERPOP(16)
9999 RETURN

END

/
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SUBROUTINE DELETE
INTEGER BLANK
DIMENSION IIR (2)
COMMON - -‘TtIPUT’LINE (?2) ,LDI.LDO~LDF.LDA
DATA PLAI-IK-’4H /,O/ 1HO/
CALL DCDI’E (0. NBEG, MEND, NLEM, $91100:)
IF(MLEN.’5T.7) GO TO 9040
NA c i . ’ =BL ANY
NA ~2) BLAMK
ENCOL’F ’NA(l: , 100€’ ) 

~LINE ’- K : - ’ .K=MEE’3~ NENt’)
CALL -!ECFIL ~

.NA. I. $9010)
IF~- I.Ec ’ .5:~GD TO 9(120

‘SET FILE NAME
CAL L tiCOtlE (0, NBE’S , NEt-It’ . NLEt-~

, $900 0)
IF ‘ NLEt-i . GT. 4 ‘30 TO 9030
NA ‘:1) =FLAMK
ENCODE ‘-NE’ 1~’ • 1000 .’ IL TIlE ‘K) , K=r’IBEG, HENrI::’

LOOK UP FILE IN t’TPECT IR’i’
CALL DIRECT (I. MA c i :’  , 4, $9999~ ~9999)

C DELETE FILE
CALL DIPECT’ I.NA ’. l.:’ ,5, ’~9999,~~9999-’
I.iJF’IT E ‘:L pO ,~~(,1j01:
GO .0 9999

I 00€’ FORMAT ‘:7E’A 1)
5000 FORMAT c lx .  ‘ .FILE DELETED. ”)
s ’:’’:’o cALL ERR-OF- ‘~1

‘3D TO 9999
90 1 ‘:‘ ‘::PLL ERROR <4:’

GO TO 9999
9020 ‘T ALL ERRDPC12)

‘30 TO 9999
9130 ‘:AI.L ERROR ‘:. 3:’

IT’D TO :4999
-
~ 041i CA L.L ERROR’ ’. 16:’
3999 RETUR N

El-it’
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SUBROUTINE GET
INTEGER BLANK
DIMEM.:-.ION NA (3) ,LAB <2) ,NAM~~1)COMMON ,IMPUTrLINE (72;:’ .LDI~ LDO,LDF,LDACOMMON -‘EF’R’NFLAG (1 0.”
COMMON NAME , IFRDL’
hAT E’ LAB’4HIREC.4HT
DATA BLAt-4K’4H
NEtIT=C’
‘30 TO 1
ENTRY LI:S:T
NENT= 1

1 CALL t’COBE CO. MPEG, HEMP. MLEN. $9000)
IFINI_ EN.GT .9:’ GO 10 9050
HA c i:- =BLANY
HA ‘ 2::’ =PLAMK.
rIA (-3.:’ =BLAMK
ENCODE ‘.tMA. 1 0C’O) (LINE c~~

) . K=NPEG. HEMP::’
CALL : ,Ei.FIL (NA, I , $2.”
CALL tIC ODE (Os MPEG, MEND. NLENP $4)
IF <tILEII. GT. 4::’ GO TO 915:i11
HAM ‘ 1’  =BL ANY

- ENcODE q’IAM, 1 01,0::’ c-LIME ‘1<) • K=NE:EG, MEND:)
CALL DIRECT (I. NAM~ 4, $9060. $9999)

C: CALL ROL,TTr-IE.5: WHICH AcTUALLY HANDLE DATA
IF ‘MEMT. EQ. 0::’ CALL t’ATCAL (I , 2. $9999)
IF <NEt-IT. EQ. 0) CRLL PATCAL c-I .3. $9999)
IF’:t- IEMT.EC’ . 0)W PITE (Lt,O,8C, ,:,C’:’ M A ’ l )  ,I-iA ’-2~ ,tIAM
!IFLASS ‘ 1+3” =1
‘30 TO 9999

2 IF (IIENT . EQ. 0::’ ‘3D TO 9010
C:ALL MODULE c NA ‘:1) • L. $9040::’
IF’NA : lIE LAE ‘- 1’ OF MA’  :~ HE LAP~ 2 ‘GD TO “4”

3 IFcNFIAG ’:2.:’ .E0. 1::’ ,sD TO ~~-39
CALL t’IPEc:T(L,NAME, ~‘,$9999• ~9999’
GD TO 9~ 99

4 CALL t’AT’:.AL ‘ I 4~ $‘~~~‘ . J
‘30 TO 999’~
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I1’00 FOPMAT’: 72A1)
-3000 FoF’MAT ’- 1x.2A4 ,1X .A4 , 1X’ ”RETPIEVED” .)
9000 CALL EPROP(1)

GO TO 9999

~010 CALL EPROP (4)GD TO 9999
90 2 0 CALL ERROR(12)

GO TO 9999
30:31, CALL ERPOPcS)

‘30 TO 9999
~040 C-ALL ERROR c 14. ’

~D TO 9999
‘€ ‘SO CAL L ERPOR’(16.)

‘SO TO 9~ 99
90t.0 CALL ERROR (15::’
9999 R ET URN

END
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SUBROUTINE SAVE
INTEGER BLANK
DIMENSION NA (2)
COMMON .‘INPUT/L INE(72) .LDl,LDO.LDF,LPA
COMMON - -‘-ERP’NFLAG(lO)
DATA NYES, ?4O/4HYES • 4HhD / • BLANK/4H
DATA O— 1HO/
MFLA’S=O

C IDENTIFY FILE TYPE
CALL LICODE CD • tIBEI3. tIENr’ • NLEM. $900 o::’ - -

IF(MLEN. ,ST.7::’ Iso TO 9061’
l’IA ’ I:’=BLAt-W
NA’-2. :’ =BLANK.
ENCODE (NA, I h O D )  (LI NE (K) • Y =MBE’S. MEND)
1 :ALL SECFIL(NA , I,$9010 .:’

C GET THE FILENAME
CALL t’CODE <0, MPEG. NENI’, NLEN. $9001’:’
IF(NLFH.GT .4:” GO TO 9040
MA 1 1::’ =~:L At-W~ENCODE “NA c 1 • 1 ooo:” LINE (K::’ • =NBEG’ MEND)

i: GET THE FILE ADL,PESS:
CALL DIPECT ’ I,NA ’:l~~.4,$J .$ 1)
l~PITE ‘:LI~J. 801’(D

.3 PEAD ftPI,100i:” NAN~IF ~NANS. EQ. Na:’ GO 10 9999
IF ‘ NAri C- . EQ. MYES::’ ‘30 TO 2
~,IRITE ’:Lr,O, So c t l: : ’
GO TO -3

1 MFLAG= 1
c-ALL t’ IPECT ‘:1 • F-iA <1.:’ .6. $9050, :~91,~~h,:’

-3 CALL PATCAL’ I ,5 ,$9~ 9-9~JF ’M FLAI  El’ l ’cA LL  D I F E C T ’ I ’ M A ’ 1 ’ s 2 .~~~~~~~.l’~~~
)

hIs - I TE ‘LDO. :3 1)02:)
GO T O
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1000 FOPMAT c 72A1)
1001 FORMAT c.A4)
3000 FDPMAT ’:lX, ”....YOU APE ABOUT TO WR ITE OVER AN ExISTING

- -f FILE. ” ,/.
1::-~, “....ENTER YES TO COt-IT INUE. NO TO ABORT COMMAND.”)

:3001 FORMRT’iX , ”PLEAS:E ANSWER YES OP NO. NO WILL RETURN YD
‘—CU TO CONTROL

MODE. ‘)
:3Q,~2 FORMAT ’:lX. ” .FILE SAVED. ”)
3 1:’OlI C AL,L ERROR (1)

150 19 9999
901 1’ CALL - ERROR .4 )

‘30 TO 9999
-
~02” CALL EPROP(12)

‘30 TO 9999
~040 CALL ERROR :3?

GO TO ‘~999
9051’ CALL ERF’OR’l 1:”

‘30 TO 9999
~061, CALL EF’F-OPc16)
~~~ ‘3 RETURN

END
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-~-UBROiITINE TAM ’.:: ’
COMMON ‘INPIIT,’LIHE ( 72),LtlI,LDO.LtIF,LDP
COMMON ‘TAMS/TAIL.XL EtI,X IO,BTR.PTI,SPCE.PT ’ANGL,DS .
BL~h, TMA .TFP,Tt’F,PTI
COMMON .‘FAM S.;CORE .DF,FP,t,EL,XLAM,SPEC,PLFR,XLMc:,CLAD,X

F 
-‘-.,::rlu • F’N 1

,PDD,PS:EC,AC ,A F ,AS , CM. SN,XL , XA I, XAO ,PFI, PlO,
COHN, S .PLC.FIER,T RR’T ER,TOT,BL.GAI

PTI — POW ER INPUT TO TAM ROUT INE
C PP — GLOBAL AVAILABLE POkIER
C PTO — POW ER OUTPUT TO FIBER CABLE

C SOURCE TYPES LENS SYSTEM PIGTAIL
1 — E I”SE L Er’ C’ — F-ID 0 — MO

- :~~IPFACE LEt’ 1 — ‘,“ES 1 — YES
C :3 — LA:SEP ILD

4 — LASER YR’S

IF(PT.E0. 0. c’ .ANr’.B’,.’.E’3 . 0. 0 ’ G O TO 9000
PTI=PT
Bki I =PI I
IF ‘PkI T . El’. 0. 0::’ BhII=0. :35- -PT
IF (PT!. El’. 0. 0:’ PT 1=0. 35/BW

1 PTD PTI
F’P=FT I
II :: P C E= S PCE
IFc ’T RIL.E0.0 .0 .Al-4 t,.’:NSRCE.NE.2.OR.PTI.FIE.C’ .0.;’)G O TO 99

‘30 10 ‘.6, 2,.3,4 .:’,rIERc:E
6 P10=1. l.0.5.PTI.Tt’IH..2.TDF..2.TFP,cO. 14.90. 0) ..2

‘3D TO 23
2 IF ‘ F’T I . EQ. ‘:‘. 0. A r-ID. PTR .EQ . r~. C’. AND. xiO. EQ. 0. C’” GO TO soi:’ o

IF’ANG L. LE. 0 .0 .  OR. AI4GL. ’ST. 90 .C I :’ GO TO 9010
FN =9 0. ii — - E’I--IGL
A=1. 0
IF ‘- FM. IIE. 1. D:’ A=,t :OS ‘:3. 141E-.0. 5.’ Fr- l—l 0:’ /FN~ -; ‘ F’N—l . c’: — ‘ - a

-‘- .,:S~:.3 . 14 16.
,1. ’5.’FI-~-$- 1. ,:,::‘ .---- FN.:’ — Ft-4+l . 1:1 —2.  1,.—-’:FN..2— l .  ID
p.:=PT I
r F (PT I . lIE. C. or ’ ‘50 10 5
IF ‘ P-TF :.NE. C’ . “ . E.~=:3 . 1416..2.A.F;TF:.t’:S..3.- 4 . ‘iE8
IF ,: :.::IO. tIE. 0.1, :’ P5=?. . 1416.A.x !D

5 FF=P
F’TO P
IF ,TAI L.E, . 1’. ~.‘ . ‘ i3C It) 9’39’~-’
= T F-I A •.2

I F ’F ~-4 . F-4E . 1. ‘:‘:-.~:=C-O : ~T T-4A. ’ :F i4— i . 1,. ’ .:’ -‘(Ft - I—I .

3_J~6~

-—5-- --  - 7 -  ---— —~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_______________ - - . -—- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - —~-5~~-5_5~ 7-~

-‘-.1:1. 11-’ ‘
• FI4+ 1 . 0-’ —2. I- ’- ’ (Ft4..2— 1 •
t’= 1 • ii
iF (TDF . LI. DS- t’=TDF..2.’t’~•.2PTO=PS.C.TFP.D-’A
GO TO 23

3 IF(xLEM.E0. 0. 0.:’PTO=PTI.0. 15.TFP
IF ‘XLEI’-l . NE. 0. n PTO=PTI.0. 5.TFP
ISO TO 33

4 PAT=TPF..?/t’~-.•2
IF (RAT . ‘ST. I. o:’ PAT= 1.0
PTO=TFP.PTI.RAT

23 PI.Ip=PTI
IF ~PT!. EC’. C’. 0” PI IP=PS
GAI=XAJ
JF~~ AJ Er’ o 1’ AND ThE’ LI AMbL ” GAI lI’ hi.ALDG1I,’PL,lP,PTO:’

‘39~’3 I,tR’ [~~~’~~1jJ3. 100) . PCE,T RIL,BWT ,PT I,PP .PTO
10€ ’ FOF’ttAT ” ”O.TE’M.’ ,’,” ~-R’CE ” .E15.9,T24e ”TAI L ” .Ei5.9.T4

E15.9”-’ ” PTI= ” .E15.9.T24. ” PP= ” .E15.9-’ 148, ” P10=” .
‘-C.E15.9)

l~IPITE cLtIO, 21’O’ XIO’ BTP. XLAM . SPEC , TI-IA. AN’3L
2’) ’) FORMAI c ” XtO = ” .E15.9,T24 ,” BTP= ” .F1-5.9-’ T48. ”XLAM=” .E

C. 15. 9.
0 SPEC= ” .E 15.9,T24 . ”TN A ” ,E 15.9,T48 . ” AM’SL = ” .E 15.9)
RET ‘ 1PM

-
~ ‘:‘oo c-ALL ERROR <22.:’

GO TO 9998
9011, CALL EPPOP ’-24)

993 R ETIJPII 1
El-Il’
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.SUFROIJTINE FAM (..’

(: INPIJT IS EITHER CORE AND CLADDING REFRACTIVE INDICES OP T
~-CHE NUMERICAL
,:: APERTLIPE At-It’ FPAC:TIOt-IAL INDEX DIFFERENCE
- 

COMMON —-TAM S -’-TAI L.XLEt- I.X IO,BT P.PTI,S- RCE,PT ,A NISL, rlS • Bw
--C, TI-IA.

TFP . Tt’F. P11
COMMON ~FAMS,rOPE • DF • FP, DEL , X LAM, SPEC. ALPHAF, XLMC, CLAD

PDDq P:SEC, AC , HF. AS., CM , SI-I, >L, XA I .  XAO -’ PFI, PTO,
C-OHM. SPLc . FIP.R’ IRA. TEP~ TOT . BL. GA I
COMMOI-4 ..—PA M5 .;::-:Ar,. X IL. ::- :1B,Xj. ,? , F’E: :,XF’l. : .R’M , FNB. XMSC:, X MA

• BE TA . P
TYPE .OPT.GAI F- I.T BER’ T::MP,PFO,C:HArI ,
‘SOPT.BEP.:rIP.BAND L

- 

COMMOI—I ‘INPUT-’LIME ‘: 72.:’ • U’! • Lt’O, Lt’F, LDA

C THE ME::<T 10 VARIABLE S MAY HAVE THEIR VALUES CHANGED l,’ITHT
-
~CM THE ~:lj PRPUTINE .

C THEY HA\- ’E THEREFORE BEEN MAr’E ONE—W AY VARIA BLES.
— 

IF ‘:PT~~. EQ. 0. 0. Al-IL’. F’FI . EQ. 0 • (a .:’ ‘30 TO 10000
PCI=PFI
IF ‘:PFI. El’. 1’. 0) PC I=PTO
COPEI=CORE
DELTA=J”FL
,::LArlr-= :LAII

F’I-IA=PI-II
Pr’lP=PPt,
PI-4: . =F’ -.El

.~ET LIP DEFAULT GLAT :L F’APAF-IETEPS
- 

IF ~Pt-4E’ . EQ. 1,. 0:’ PMA=—0 . 114 5
IF ‘ PHD. EQ. 0. 0:’ Pt- It’=—O. 00085
IF ‘:Pt45. EQ. ~~ . 

1,: F’F- IC=O . 1.135
IF ‘ :- - -

~LAM . E’:’. II • (‘‘ ‘3 0 TO 101’ ’)’)
IF ,.PFLTA . ‘SE. 1 . 0 ’ 150 TO ?‘:ft ’)
IF ~C.~~~E1 . E’~- . o. ‘:‘ . Al-IL’ . iELTA.Xt -IA . tIE. ~ 

0- ,::OPEI=xt- IA— :~
- ,;.’F.-T ‘.3.

r,.r,ELTA-~IF ‘- C . LAE i  . EC’ . 1. ‘‘ . Pr-i l.’ . DEL tA.C OF-EI . liE. 0. C:’ CLAIT=C.OF-E 1.1- 1
1,— DELTA:’

iF ‘ h’EL TA . EQ. 1,, 0. At-iD. ~:tJR’Ei.C.LAD1 . NE. ‘1. CI :’ t’ELTA= U:OF’E!—I:L
C Ar’ I -

‘ .- -- C OPE I
IF ‘ - - NP .  , ‘ ‘ . 0. ~~. AML~. C DPp~I .i”ELTA. t IE. t~. u,:v:t-4A=i:OPEI.SC!RT ‘3- .

- C 0 .PELTA .’

CHEC:~-: THE : E “AR’ I A EL . E .  TO .EE CE F -T F IIN THE’ -,-’ NAVE BEEN r’EF THE
ci’
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IF COPEI.DELTR.EQ.O.0:-’ ’SO TO 10000

C CALCUL,ATE POWER REcEIVEr ’  BY FIBER CABLE
IF(PTO.EQ. 0.U.OP.TAIL.E0 .1.0) GC TO 21

C RIO HA-S BEEN DEFINED AND WE HAVE NO PIGTAIL
IF(SRCE .EQ.1.0. PCI=0.i*(X NA•DF) ••2•FP•PTD/(0.14•90.0’ •

IF (SRCE. EQ. :3.0. AMI’.XLEH.EO. 1’. o::’PC I-=0. 15.FP~ PTO
IF”SPCE.EO.3. 0.AND.XLE F- I.ME. ‘i . 0,:’PCI=0.5.FP•PTO
IF ‘ E  R IE . E O.  4. 0::’ Pc!=FP.PTO.PF..2 ’DS..2
1F -SPCE .NE.2.o:- ’GO TO 2~~
IF (ANISL . LE. 0. 0.OR. ANGL.GT . 9€’ . 0’’SO TO I 0000
FN=9 U. 0-’ Al-4’SL

IF(Fr-I.Ec!.1 .or:’ GO TO 22
A=CO5- (:3 . 1416.0. 5.(FN—1 . 0.’ .’FN::’ ‘(FM—i. 0) — ,::os -~~~. 1416.0.5.

• 0.:’ ,—FN::’ -
, (FN+1 . 0:’ —3. 0’ ‘~FN..2—i. 0)

c=c-os <It-IA. ‘:FM— l . 0) ::’ ‘(FM—i. 0::’ —‘: os ‘mA. <FI-4+1 • o:’ :‘~ / cFti+ 1 . 0
--~i::’ —2. i:i.—

(
~ F-4..2—1 .0 .)

22 t’=l. ”Jc DF-;r,-::.LE. 1. ’)’D=t’F..2-’DS-..2
pc I=pTo.,::.-’A.Fp.t’

COMPUTE fl-IPIIT CD)JF-L IN’S I 05:5
2.3 ‘SA I=XA !

IF”SRI.E’) . 0. ,:‘.ANr,.::,~t,1A.LT.ANI5L,,SA I=i0. o.ALO,Stc, <F’TO’Pc:I

COMPUTE INTERMEDIATE GLASS PARAMETERS

,~~ 1 ~t-4 1 =COPE I —Pt-IA
EPS=—3’ . (,.f:OPE I .pI-4~i,- (CF-Il .t’EL T A ’
03= ‘::3. Cc.HL PfIPF—2. C’.EF’~’— 3 .  Cs .’ .— - 2. 1’.ALPHAF+4. 0.:’
C.1= ‘:AL F’HAF—EP:5—2. i:’:’ ..‘ ‘:ALPHAF+2. 0~

iL TA BLE LDO~:UP — INTER POLATION FOR ~. (PL PHR) GIVEN ALPHA.

C:FILL ALFA (A LFHA F ,XK FIF,$1000€,.:’
C. = Cl. I’

I ‘:.~- LF-1f. . tIE. 1,. Ii.:’ :~.LC= >’~:.HF - - xLr’ll:.

COMPIJTE INTERF’lOL’ ftL [,
~ .PERC:iOM 

— J E  2

ii PTEF’ =XL.’::ri l ~I.’EL TA.RLF’1*iF~- ‘:6. ‘)E—4. ‘ALPIiAF+l. Ii :’ ‘.:~~‘RT- .C.L PHAF
3. ‘:‘.ALPI4AF+2. u’ -

‘

L,TEP=t,TER.s’:.’F- T ’ :, 1..3+4. 0.C.1.C3.[’ELTA.(HLPNHF+I. ‘r~ — - 
‘ ,~:. c’

•F’~ PHPF
• ‘:‘ ~4. ‘:‘.t’FL TP..,~.’:2..3. .~:. 0.hLF-HA F +~~. c,” ..~~.— ‘ ‘5. ‘T’.HLP

‘3 . ’i.’RI. PNAF+3.
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C- C OMF’UTE It-ITRAMOI’AL DI :PEF’:~ ION
- 

DTPR=>:L.:SPEC/’:3 .C,E—4.xLAM) .SQRT (PNS..?—2. 0.
PN:5.CN1.IJELTA. ( ‘ALPHAF— 2 . (‘—EPS) / (ALPHAF+2. 0 )  • <2. 11.
ALPHAF.— ’ 2. 0.ALPHAF+2. O))+( ’ : F-I1.DELTA) ..2.(’:fILPHAF—2. 0—E

~CP5”'.-’(ALPHAF
- 

+2. ,:, : ::. ..~. I “ 2. o.ALPHAF::’ ‘‘:3 . 0.ALPHAF+2. 0) ) :‘

C COMPu T E  TOTAL D!5.PEPS.ION
- 

DTOT =t’TEP..2
IF ‘-X L . ‘SE. ::<Lc . At-It’. XLC. . tIE. Ii. 0) DTOT=rTOT.X LC ‘XL
DT OT=~.:OPT (t’TOT+DTF’A..2::’

f:flMF’PjTE 3 PB FIBER BANFW Tr ’T H
- 

BL=C’ . 1-32/ ’t ’TOT.l. ,:.E—9.:’

:.pLC=:~:I-I.A:5
FIP-P=~:L.AF:::L:::=corIr’I+spLI:-+FIBE’+::.::F,o
F’FO=F”TI.l C’ . U~~. (—0. 1.XL:3 )
i,.IRITE .LDO.100::’ DTRA,I,TEP .DTOT ,PL.X LC,PIO,F’FI,PFD

i’:” FORMA T ’ ’ O.FAM.’ .,- - - .” t TPA= ” ’E15 .9’124’ ‘DTEF:=’ ,E15.9.14
- - -..1:3, “1101=

E15 -‘. • PL= .E15 ~.T24’ Ll:= .E1~ ~~~~~ P10= .E

-- PFI= ”.E15.9.T24.” PFO= ” .E15.9 ’
W R ITE ‘:LDO, 200:” XLAM. SPEC. ALF’HAF’ DEL • XMA . ,::OREI • OLAF! • ISA!

2€” FORMAT ’ ” ::-:tAM= ” .EI5. ’3. T24 . ”~~F’Ef= ” q E 1~~.9, T48, ”RLFA= ” ,E

- ‘ [‘EL= ” .E1’5 . ~~~~~~ 
‘ :— rlF4=” ,E 15.9.T4?. ““.!JFE=” ’E15. ’3..— - .

- - : “  - LAr ’= ” .
E15,~~,T24 ’  ‘ ‘ - - A1 = ” .E15. 3 ,T 45. “ LIJ :.:= - .E15. ’9 :’

- 
F’ETIJPN

c. THE ~ I’3H1 CO !’1E:Il-4~ T 101-i DF INPIJT DA TA •.:‘?nF-E I • CLAPI .‘rIA. DEL I
~~~~ ‘,IE’: 14111 ~I’.EN

b r ’ —
’ ,:’ ‘~~ IT E ‘:LL,C. 1_ ~~~~1 C’ l’l F[WME’T ‘ “ tW~TA I~i C . !FF 11 IEFIT FOP ~L’PIHF~ FIBER ANP’,’-,

‘ETI ’F rI I
? ‘:“‘e CAL L ERPOR ’-24 ’

“EILIF!~ 1
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S’JBRDLIT Il-IE AI.FA ‘A .  ALPHA . NPT)
PEAL KAL
DIMENS ION RLF (60) ,~~AL (60)
COMMON -, I MPUT/L I tiE (72::’ . Lb I ~ LDD, Lt’F, L DRDATA -SAVE/ I’ . 0’
DATA PLF-’1.43,1.~~0,1.55.1.6t’,i.65,1.7,1.75,1.8,I.85.1.

- - ‘:9, i . 95.
2 1”3.i.2.2.2.3.2.4’2.5.2.6.2.7.2.8,2.9,3.0,-3.1,3.2,-3.

- - -‘: 3 ,3 .4 ,3.5 ,
.3. 6 .3 .7,3 .8 .3 .9 .4 .0,4 .5.5 .  (‘.5.5,6. 0.6 .5’7.0,7.5,8.0 .8 .

..,::~,,9 . 11,9.5,

11’. 0. 13. C’. 14. 0. 15. 0, 18. 0.20. 0,25. 0.30. 0,35. 0,40. 1’. 4=. 0
\‘:~~50~ 11,60.0.

70. 0,90. 0 .90.0,100.  1”
r,HTA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2. 17, 3- . 10,
1.95.1.87,1.77,1.6’9,1.63,1.55,1.49’1.44,1..39,1..35’1.32

‘C. 1. 28~~1. 3’S,
1.2:3 . l.2.1.18,1.16,1.14.1.1:3,1.l,1.05, 0.9~ ’ ~~~~~ 0 .92 ,0

- - -.C: .-33, €1.86,
0.34. 0.82. 0.80. 0. 79. 0.7:3,0.77. 0. 73, 0.7, 0.67. 0.66, 0. t’4,

~~~~~~~ (‘.6.
O 5-4 . s l  

~~~~~~~~~ 57. Is 57,t i  5~~ .l I  5~ .t) ~ 5 , p p  ~~~~ 55
IF ‘~A • EQ. SAVE) RETURN
IF’ :A .LT.1 .4 3 .OP.A.GT .100. is? GO ID 20
t~0 10 1=1.6- 0
IF (ALF <i:’ • EQ. A) ‘30 TO 40
IFIALF IT::’ . ‘ST.A ) GD TO 51’

1’) CONT INUE
21’ I~IPITE (Lt’O.100)

100 FORMAT ’:” OALPHA MU-S T BE I,IITHIF’I THE RANGE OF 1.43 TO 100
s) INCLUSIVE

PETIJRN rIRT
40 ALPHA=k FsLIJ :~’PETUF’ F-I
s ’:’ ALF’HP=~-A Lc l : : ’— (A LF I.-’ —A. ” .~’ ~-A L F< I)—A LF ,:.I~~1::’:i. I~:RL~- :i )—KA L .,-:

— 1 7 — 1 . ’
RE TURN
END
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:‘JBPOUTII-IE F’AM..:’
t,IMEM::.IDF-I TPAN ’:SO,S:’ .P’2,35.’ - -

C DFIMflN PAM Ar’ .~- IL. IB,yFr’ .F E . ~~M.:pM:.~~NB,~~t’ c . ~~MA
— C ,BETA .R.

TYP E. OPT. ‘SHIN. TEER. T~-NP . FF0. CHAM .
‘SOFT’ BEP . :5t~ ’ • BAND
C:OMI’lOr-4 — IrI P II T. ---L IME ‘:7~~ • LB I • LDO, Lt’F. LDA
l:flF’lMOI-i ,FAI’l::.’COPE,t,F, FP.PEL , .~LAM, :SPEC,AL FA.XLMC,CLAI , .,-<

pDr’. P:Er .. Al::, AF. AS . CF-I . .:r-i . XL , ::<AI, ::-~:Ao. PF! , plo’
CDt-IF-I , SPLC.FJBR.TF’P,TEP. TOT. BL,~3Al
COMMON — SPEC -L .-- - TRAM , t’PP
DATA P 0 l’i _ -: • 1 3~ • ‘‘ ‘‘1 u44.3 1 1 ll 4’~E—3 . — ii?. ‘‘ 1 fl~

- .C71 E— ~~.3. 7 1’ 0 . 1334 8E—4.4 .3 ,  0.54129.4.39. 0.7935’5E—5,4 . ,‘99. ~i.47

4. :3~ 9. ‘:‘.25’6~ 5E—6.4. ’999. o . 16’9:3 .3E—6 ,5 .  ‘:‘9’~,’:~.99645 E—7 .S .  1
~4’~~

0. 57902E—7.5.299.0.-3 .E~321 E—7 ,5 .- 39- ’ .o. l’)718E—?,5.599,C’ .5

S.~~99. 0. .3 .3 158E—8.5 .79-9 . 0~ 18175E—8,5.89’9 . C’ . 98t,59E—9,5. ’9
- ‘—1 -—I .

0. 5Th~~4 F—9 , 
~~

. . 099. 1’. 383?3’E—9 . 6~~~ 199. Ii • 149~ 2E— 9, ~~~~ 3’99~ i : .  7
-..i.7A:: ’ F— l ‘:‘.

t~. T:~’~’9, ,,.4l:’l €.CIE—l 0.6-.49-~-~, ‘:‘.3’)558E—1 (‘.6.599. 1,. 10421E—11’ .

1’. 12798 E—1 1.6 . 9’19’ 0. 143SS E— 12 .  ~‘ . 3- ’99. ii . 14807. 7.599 . 1,. 1:3

~
‘
. -

~“~9. ‘ - . 12’)19E—1=. 8. 19.0. 32:?24E— 16, 8 .3-99 ,0.  15594E—1 1.8

‘:‘ . 1 13:s6-E—1;s , 8. 999. I). 1789:3E—19 . ~~~. i99, <‘ . 1 04~ 5E—3’ fl, 5~ 49.—
O .. . .. . ...... . . . . . ....... . .. .... .. .• .. . ..... , . •. ...... ,-. .. •.

T’- - ’F- E E::- -:PLA NFsT IC1r- i
1 II rIFiLO’S —

C. 3 A~4A L O’~ 
—

— Fri
C -4 Ri-IFILOG — 0 F-

5 At- IAL OG —

-: t’ lG ITAL— ~‘-:I~r ’ IS ITAL— ~~~~~~~

L’I L T A L —  ~:A TE FA: -~r’ ~:OD~- : . ’
9 t’ I’S l TAL — F~-’ . Et;~ r-4 r! ‘ E:FF’ F’l ’
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PR=PFO.l. 11E9
IF’ :PFO.EO.u.O) GD TO 1007 0
IF(CHAN.LE.1.0) I3O TO 17

1 9 I Nr’x= I r4DX + 1
IF’:FLOAT(Itlt iX) .‘ST.CHFsN) Go TO 9999
F-I T’r- PE=TP’pF-I ‘I Nt’X. 1::’

:.PMS=TF’AN ‘- INDX -’ -3:’
:-< r•l Fi=TRAtI ‘ I t-It’X. 4)
BETA=TFAN ’: IMDX, 5)
‘SO TO 19

17 IITYPE=TYF’E

~-: I.SC’A=XI :O..2
1:3 X’SAIN=tSPItI

‘SOPl= C’. i:
rI’SOF’T=OPT
IF ‘:,3~ 11-4 . LE . ‘:‘ . C,::’ XGA I N= I . 0
3 F-IB=F’FIB
f:A 1-ID = P NB
IF (t-4T’-g’PE—9~ 1 0(130, 10(110. 10020

C PEFIME:3: St-IE: FOR 2 ,::P:.ES-: — DIGITAL BAS-EP.Af-lt’ 00K AND £PPM

111010 ~ND=P.3. 1415 :3 . 1’
BAI-4D P - - -- 2 .  0
iSO TO 11’030

ii:’ 020 SF-f E;=F’.-S. 141 E.E’ . 0~ :?. 0
BAF-It’= P

C SHOULD WE OPTIMIZE s3AI~I~

1 00.~ I’ ~~ lr-I’SOF-T.EQ. 1. AriD. F— IT’iPE. LT .  6) ::-:GAIF’4 ~‘.2.0.1. 6021E—10 .XI
- ---:L.Sr-IE:+xI SQA

-s 
~ 6- ’:3- 1E— 1 0.Sr-IB.XAD. ‘-PES.PR+XIE) ) ‘ •~ I • OS— ‘.3’ . o+XAL,::’

1: E’-.-’ALIJATE S-ONE I NTEPMEI’ lATE EXPRESS I 01-IS ‘ DMF-IOt-l TO ~LL ANAL
-:

- 

--:11-501 -4. 0*1. ~- 021 E—1 0.PE.5.FF-.SNP.’~ 5AIN.. ‘
. 2. (‘+X~ r’- ’

F (t-IT’~FE. EQ. 3. OF- . NT’ T’PE. EQ. 9..’ :5NF= NB- -~~. 1’
— u.l .~lJ3 E— 1 ,,.:tiE. , T L U. GAIN.. H+” At,”

I r-4:5~’=:- -:~’ . . I:,A+:,.rI .~.,::!F~+~. I

C 1F W E APE BO IN’S AM At4 ,ALfl~S AHFIL.’-,- S I 3 , ‘30 ‘TO I (‘USC’

IF ‘: F- iTYFE. LT. -
~: ‘ ‘39 in 1 004I~’

-: CA), C-’ .~~A ’ F DiGITA L F;A -S.EB~ Ni’ ‘:99~ • BPF-1’l ”
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- 

I;!=S,)RT ’- 2.o::’ .4.0.- --3. 1416.pE~ .x,;A IN.pp/i .- :- ,7pT(x I1-r:o :’+S,-,pT i
-Sl ..:’Jl’.QA+XI .‘::,:‘A:,

-St-IB=BAMI’
‘30 TO 10050

C. COMPUT E E B- - NC’

1004 :1 IF “1-h YPE . LT. 6 ’30 ro 1006 0
ECR= 0. 5*PES..3’.XGA IM..2~ PP..2•XMSC..2.—X INSO

C CALCULATE t’I~SITAL FSK
— 

IF ‘:NTYPE. EQ. 6) 11=1. I •311F’T ‘:EC.F.:’

C C ALCULAT E E’IGITA L PSK

IF~ r4T?pE.EQ.7::’ Q=SopT 2. 0.ECP:’
C
C COMPUTE BIT ERROR RATE -

10 ‘:~s i: BEF- =OtIOF’M (‘3’::’
IF(T BER.EQ.0 .0 .OR.BER.EO.T BEP::’ 3o TO 10,555
DO 1’~’ 051 . J ~:= 1 • :35
IF ‘:T :E:Ep. MQ . F ‘:1 • .JK..:’ :‘ ‘30 TO 1 00~ E’
IF(TBEP.IST.P’:Il .JK :’ .:’GO TO 1005-?

10051 c-oMrr r -IHE
‘:3 =1. u
GO TO 1 01’S?

10052 C-Q=P ’- 2. .JK)

~5O TO 10057
1 i:,c,5:? .J~:K= .JF: — 1

t’PR I ~: I i-i I- IA ITS
L. Jf ‘ — ‘ F  ‘ 1 • l~ ‘ —TE ’EF ‘ F- ‘ I • _R’ i~ ‘ —± I • Ji-~ ‘ “ • ‘F- , •

~: :‘ — P ‘:2 • j l- . -‘

1C’ ’:’57 IF ‘:rIT- -,- F- E. GE. 3.:’ DPR=C-17.-3: . 1415~~1 . i’E—9. ‘ ~~~ ‘T i~ -:iN:5Q , +1’7FT ‘:X
~ 

: s ,A+ -~ I 
:?:,~~~~~ -

‘

‘4 .  ii. 3- OPT (2 . f , :’ .F-E3-.::- 15A .1 N)
IF ‘: 1-frr’F’E . E~’. 5.:’ PF’P=C.Q.:C’F’T (3~ ii. ~~J F -~ThT’.1 . i~~— 9 . ’ .— ‘ I.

‘:~~~ i ri.:~:r~ .; 
r- .:‘

IF ‘::r -4T -,- F- E. EU. T’ t,F’F-=i:U.-3c’P1 ~~
--:• T t-I~ 1’.l . ~~~~~

— -
~~~. ‘ - — ‘ ~E5 .  .:~‘SA

1 C’~i55 :- :r-IAP = 10 . 0*ALOG 1 0 ‘~~P.— ‘: L’F-~ .1 . C’E9~IF .. 1N15 :- - .,ST. 1 :‘ , ,D TO 1’i’~-5’~-
‘~iPI TE .LDO’ ,2 ,:in5 :-:Fsr’ . :-~i F. . IL • F-ES. F-r-1~~, ~M-:.’: • F.  EAt- It ’. IPEF’ . F- F

.3102 FOPMHT ’ ’ ’)*R~ M.” ..- .-- . ’ - -A t  = ‘ .Ej 5 . 9. T3 4 .”;- -:~~~: = “ iF1~~.~~ .14
- C S .  “XIL = “ .

F’E 1 .E15. ’. 134 . - PNE = ‘ .E1~~.’~. T4 3 .  - - ri .- . - := ” .E

-- 
~~

F-~ fl -= “ -.

El  ‘5. ~~:‘
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11,056 WRITE ’~LDO.200:3’c::HAN,TYPE,GAIM.XISQ,DPP.xMAP,BEP
2003 FORMAT ’..” CHAN= ”,E15.9,T24,”TYPE ”,Eth.9,T48,”GA I1-9=’ ,E1

— -.f:5.9, ,.
X IS-Q=” .E15.9.T24, ”BPR “ .E15.9.T48. ”XMA P= ” .E15.9,’. ”

- - - -C- BER =“
‘

E15. 9:’
RE TuRN

C EVALUAT E THIS- EXPRESSION MDI,) — IT IS C:OMMON TO ALL S ANAL
\CDG MDr’ULAT IONS

10060 PART ! =:SPMS..2.PES..2.X,3p I N..2.PP..2

- - C CALCULATE ANALOG BA:SEPAMI,
- 

IF ‘ t4 T ’ -~’PE. EQ. 1) AP’3=XM..2.PAPT 1,~--XIN :S.U

C CALCULATE ANALOG AM

IF ‘:t-IT’-r’PE. EQ. 3:’ APG= (XMS-C..XMA) ..2.PAPTI.c’. =/X IF-hS-Q

CALC uLATE ANALOG FM
C

IF ‘..t-IT”i’PE. EQ . -3) ARG= 1. 5.EETA..2.XM:SC..2.PAPTI ‘XI MS- I)

C ‘::ALCULATE ANALOG D.SB
- 

IF (MTYF’E. EQ. 4) APG=0. 5.XM5:C..2.PApT1~-XIN5Q

C. CALCULATE ANALOG :SSB

IF (MTY~ E. EU. 5’:’ AF:G=XMtC..2.PART 1 ‘—XINS -C .’
C-
C C:DF’lPIJTE 5 I’SNAL. -’NO I -SE F-’F.T lO
— 

:5.I-IR= ~
- i’ . 0.ALOIS ii:’ cAPi3 :

IF ‘OPT. EQ. 1. 0.:’ GOPT=X’SAIN
IF (TS:NF’ . EQ. 0.1’ . OR. TSNP. EQ. .S1-IR~’GO TO 1006 1
:-:FsF’ ’S=l ‘: .  i.. TS:NR,’l C’ . I):’
IF <F-IT’-

~-PE. EQ . 1’ YAPG=XAPG.X INS-U.-- - XII ..?
IF’rIT~ FE Er ’ 3’~~HPG=2 “. APG. IN~” ‘ M C •  MA ’ *.3
IF ‘ t-ITYPE. EQ. 3::’ YAP,3=XAF- )3.>.:IMSQ--- ‘.1. 5.BETA..#.X1’ISC..2
I F’ ‘ ,IT , C E El’ 4 ‘ ,“APG=3 ,‘. pp’;. IF- h : I’ N — I

~P T ~i3P~~CEA~ 5) M P64~~~~~~N).’M:3:C..2
:—MHF - = t O .  Ii.A L. OiS 1 p .1 ‘:PP.— - I ~‘F’R. 1 . ‘:‘E9 .-’

101161 I F ”  Ir Ir ! ::-.’ . IST . 1:13 0 10 1006- 2
I,IF- ITE ,:LtiO,2r,04 .:, :-: :pD,XIB. IL.FE5.F: 1-IB,~

. F’ l3C,XM.OpT ,BFl1-It I,T .
;T.rIF’ ,PF O
a I:” ::4 FOP1-W~T ‘ “ (‘•PA1-i• ’ , - - .-- , - -: A r’ = “~~EI 5. ’9, T24-’ • --: IB =“ .E1~~.9 .t4

-- :~~. : - -: IL ‘ .

E15.9. - - - - ’ 
“ FE .: =“ ‘E15 . ‘.T24 . “PNB =“ . E t5 .9 .T 4 E- . “XM5~:-= - .E
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-C 15.9.
‘. ‘ XII =“ .E15.9,T24. ”OPT = “,E15.’~,T4~ ,’BA t-II’=” sE15.9,/

- -C . . T.SNF’= ’
E15. ”.T24 .”PFO =“ ‘E15.9.

1111163 I,IpITcILr,o.2uos)cHArl.TypE,GAIH,GopT ,~~I:rI.;pM:,~~p1A.BETA.
—C DPP.XMAP,

21105 FORMAT ’ ” f HAM =” ,E15.9,T24 ,”TYPE ” .E15.9.T4$ .”GAIN ” ,E1
-C 5.9,- --- -’

I3OpT= ” ,E15.9,T24, ”XlSQ= ’ ,E15.9,T48. ”SP MS~~’ ’E1S.9-” -’ ”
-C : > M A -‘

ElS.9, T24 ,”BETA= ” ,E15.9,T48 .”DPP =“ ,E15.9.’. ” XMAR= ” -.E
— ‘:15.9.

T24 . ’”SNR =“ .E 15.9.’
IFICHRN.’S T . l .O) GO TO 19

99~ ’~ RETURN
101:570 I.,IPITE ‘:11,0. 1 0080)
1’) 08 11 FORMAT ‘ “ PO! ’iEP I NP)JT 1.3 ZERO. “)

RETURF—I I
Et-It’

5- 
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FUNCT I ON 01-hORN x~’— 

COMMON —‘
- r F-ipuT-’LII-hE(72:) ,LDI,LDO,LDFPLDA

C COMPUTES Y= 1—p (X) =Q ’:X) =PPOFABILITY THAT THE RANDOM VA RIA B
\CLE
C: EQUAL TO DR GREATER THAN X . I’.IHERE THE RANDOM VARIABLE IS

- --.CMOPMALLY
‘5 DISTRIBUTED W ITH ZERO MEAN.

AX=AP’!. ‘: X)
IF,A ::< .I;T .:3.6..,Go TO :3
IF ,A::~. si. ‘:‘ . 00000l::’ Go TO 1
QNORM=” . 5
RETURN

1 I’1=0.1’493~673
D2=1I. (‘2-11411’
t ,3=:3.3776E—U.3
t’43 . SUE—OS
D5=4 . :~39E— (‘5

- 
D’S=5. .3E—Ii S
.‘2=AX.AX
X3=X2 .AX
::-::4=’:-: -?.Ax

:~:s=:-:5.A:-:
F’l= -j . 5.(1. I:,+’j ,l .Fs:~::’ + ‘..t,2.X2::’ + ‘:r,:3.X.3::’ + ,:D4.>:4 :, + ~~~~~~ + ‘.1’

-:: ~ - .6  :‘ -
~ •~

r)r’IOF’1-1=p I
C THE I’lAX I MUM ERROR IS: I . 5~T— 07

‘30 TO 3
t-~I=3. 1415927
IF ,.F:::~.’~T.to..:i Go TO 8

— A X .- - .3.’)RT ‘:2. .F’ I ::’
:.-~-- = 1.

:—:4 =15..---AX..6
5= I’S.
5=945~ - - -

~ i”..t’:i:-: 1f1 ’45 . --A ~ *.12

9t-40F M=F’ 1
C THE MA~- - - rri~’ri ERROR 13 1~~i..EXP ’—AFs.,-::.: :,..2 .-2...~ ~AE 3- ‘-X ’ ..11

- -4 IF~ :--:: :i~ ..?. 7
‘:. i,riOPt’l=i . (‘—P 1

‘30 TO Ii’
‘:!r-IoF- M=’’ . ‘:‘
I ~ :— . L I . 0. - ‘ 11FIOF t-~ -= 1 . u

C- “ RIT E ‘.. LDO.9..’
C 9 FORMAT , 2:.::, - ‘ ..... C- ’:.- ’  HA.3 BEEN SET TO ~EPO . :-: i~ C~F- EAT

- ‘.EP T~4AF-4 I 1’ ”

11’ RETUF’r-4
El-It’
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3.14 Samp le Programs

The fol low ng pages are computer lisfl ngs of design problems actually run

with FODAP. Command lines input by the user are indicated by asteris ks.
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**FODAP 4AS DEVELOPED FEfl~UAHY, 1977 LJ~J DEH
THE SP1~JSORSHIP ‘)F HOlE AIR DEVFLOPIE’JT CE4’IEH RY

~AH1~IS COHPORAT! O~ J ESSI), I EL.8OUR IE s  FLA.

I EADY FOH E~IPUT
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us CRE4TE 1E~ FILE
* * **fj (j  AR E 4ROIJI It) DF:STR’)Y Al l  F’~(T STI4G FTI ., ’S.
‘P*** E’~J 1KH IES TO C’)411JEJF, ~j t)  it) A R)~(T C 1) llAsJ r).

*DI~~~CT1)Ni CH).’4TFD*

* 
Ch~~Ar F IAIFILE TEST
~ jT~~ VALtJ~’1~ FOR: SI’C F:. T A I L ,  ~LF4. P11
2. ’~, 1 ~~~~~~~ I .~~
F~IIKH VAL ’JFS FOR: ~(LAl ,SPEC,RT, T’ -4
~~~~~~ 15.~~, L .~3F-’4 ,’~.’i
) N TI~H VALUES FOR: 1’44 ,TF P ,TD F

E’J DEH VALUES F0z1: - GL, PS,- ~I O, B Tt ~2’3.’~,3. ‘~~~~ ~~~~~~~~ ~
*FILF T’ST CF~EATFDk

*CRF’ATE H4IFILF TESH

F4TE’-( VALUES F’)H: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FN-r 1~H A VALUF FOR: H

*FI LE TES ’~ CHEAT ED-N
~~C~ E4fE FA ’lI.ILE TEST

E-4T E~ VAL JFS FOR: COHF. 1W, F~ , DFL
1.-A6 12 ,S5. ’~.~ l. 35, ”.’~~ 595
F4TFR VALUES FOR: ALF4,~~L4C, CL ,ADs ? (44

~5. 2. ~~~, 1. ~‘,25, ~~. 16
~NTE H VALUES ~-iR:P41,PDD,PSEC

EJTFH VALUES FOR: AF, AS ,AC ,~~A I

4’)”ILF TEST C’~~”~fFD*
* 

Cr(E4 T) ’. SA ’I R I L F  TE S t
F:4Tl~h v4L-JE -, s.OR C s J , S - J ,’(L

E~J T E ~ VALU E S R:O PT,T PEF,T S ,-~At)

~~~~ ~~~~~~~~~~~~
2.~I ’FILE tE ST (~~~~1FI) *

9~~ 
r)E:Fz JE r s J ) = ’ .”

-$D~~ I4E fl AU= 2.’~
~~iS4VF SAIFILF ‘f~~ST

~** *(t)5J AR E  A~1-t)’Jj ~s) -Mr ~t~~ ’ - ) v ~’,:~ -‘\~~ }AI STL ’Jt1 ~1LF .
*~~j ’:’JT~~~ IE S 1’) CO~JT 1 4 - IF, 4 - )  t ) 4PTh1 c-)l-l4-J r’.

* (F S
“FILE SAV EDk

*LI SL’ SA1FIL~ 1E~~f(‘.4= . 2 - ~~~~;i~~I -1= . ) ~+~~t L= . )~~~~~~~~
-
~~~~ -“~~~~

‘)PT= . ‘~~~~~~1~~~~’:+’~~ i Tn~~k= . 1 ’~”I~:— ~~ , f S~~~ .~~~~~~ “ +~~1
~A’) . 1’~’iF+’~’1

*F’Ji’ FILF*
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-$CIET RAIFILE TEST
ERROH.*FILE-~Ja-’1F~ DOES ‘JOT E~(IST**

*~~ T RAIF’ILE TESP
RAIFILE TESP RETRIEVED

4sAVE RAIFI LE TEST
*FILE SAVED*
*DELETE RA’IFILE TESP

*FILE DELETFD*
4 LIST R4IDIRECT

TEST
.~~TAl

~‘TA4k
SHCF2 •2~~~~~~~~’3E+~31 T41L ~~~~~~~~~~~~~~~ ~~~~~~~~ .3’ -~9992”F+~~3P11= .1~~~~~~~ ’4’3E+’~ I PR = .1~~~~~~~~~~E+~’)I PTO= .I’~f-469244E-”)(102 • Ø J ’ +’~ !~TR ~~~~~~~~~~~~~~~ ~(LA.1 ~~~~~~~~~~~~~~~~SPI~C= .15 ’ 3 ~~3E+’~2 144= .13~~ 999~ 6E+’~~ A’JOL= .2~~~~~~~~~1E+~32

~~IFAI

DTRA .11’2775669E+~31 DIER: .7~ 7 33’~ sE+~31 DTOT= .~~~72~~~’3!s’~’F+~”1
BL .324 2a~~~E+’~F4 6LC . 3 A ~~F+~3’I P10 .1’~6LI~ 9244F- ’~1

PF I = . “3~ ’3E+”1 PFO .26743’3532E-~~36L4 12 ~~~~~~~~~~~~~~ SPEC .15~~~~~~”~’5E+~ 2 ALFA .1’~’311 7L, 1 ’1E-36
DEL= .59499 21E-’42 444= .15 9Q~ 9~~E+’~~ CC)~~E= . l I ~~~~~~~~;-s- ’~1

CL4D .1452499I37E+ ’~1 (412  . 1 9 72 7 752 7 E + ~~2 LOSS . 1 ’ ~’~’-’F+”2
*R41

*RAI*
TIPE = . ‘~3E+~31 R .I~!-~~~~~~~”~F+’~~ ~A t \ I=  .1~~~~~’~~’~’~~ E+” l
R A J D =  .5~~~~’ ’ ~~+~~7 P~’)= .P6 74 5’WE- ’~’3 ~~‘R= .~~~~~~~~~~~ ‘E+~I 1

X 4 D = .2999 9S2E+~~ X T Sr3= .c436?995 1E+ ”3  ~ 1L.= ~~~~~~~~~~~~~~~~~~~~~~~~~~)( 18 .29~~9) - 975E - ’31 RE ” S= .5 A’~99~~952F+ ~~~ ~~~~~ .
,
~~~~~+

6:

* 
Sal

4VAL LAR LE P.’)~~FR (SOURCE ) =

14P’JT COiJPL 14~3 LOSS = .1972~ E+’~2
FIRER L~)SS =

SPLICE LOSS =

CO .J J E C T O R  L~)S S =
-~ JTPtJT C OUPLI ’J ” LOSS = .~~~~~~3~~+~’1

RF.r,EIVFH PO iFr~ (I’JPIIT) =

~ F.R = ~~~~~~~~~~~~

01~SIRED ‘3E1~ = .I’~~”~F-~~7

SY S I F I  P41C’4 1DT 4 =

*** ***
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*CRE4TE TA1FIL~ TESH
E’JTEH VALUE S ~5)H SRCE,TALL ,~~LE~J,PTI

E4T ER VALUES F’)Hz XLAl, SPF C ,RT ,R ~
~~~~~~~~~~~ 

15. ’~,3.  15E - 7

E’JTEH VALUES FOR: T~JA, T FP,TDF
-~~~ ~~~~~~~~~~~~~~~~E’JDER VALUES EOH 4’JGL,1)S.~~IO,RT R
~~~~~~~~ ‘I 5 . t) ,~3. “, 66. ~3

“FILE TFSR CREATED*

*141*
SRCE= ~~~~~~~~~~~~~~~~~~ TAIL= .1~~~~~~~~

#
~F+~aI ~ 4= .2~ 3 3 3 ~~ F4’~R

PTI .~~~~ ‘~~~F + ’ 1  PH = .~~1 Pf533E-~ 2 PTO .23 5’~’274AW-”i
XIU= ~~~~~~~~~~~~~~~~~~~~~~ 

qTR= .66’ 1~~~~’~ 3F+ ’~~ X LAI = .~~5~~~~~~~’~~ E#”~
SPEC = .15~~~~~~~~ F+’~2 144= .1599’~99’~6F+’~~ A-J GL ~~~~~~~~~~~~~~~

* ~~ DER FA.l~ z~4l.5Al
* 

SYS

flTHA .I~~2775 ’ F +~i1 I)TERZ ~~~~~~~~~~~~~~~~~~~ DTt)T= .I 7 ’ 3~41j’~ F+”1

f3L= .324 2~’~~E+’3s1 .4LC= .3 9999/4~~F+ ’3’~ P10= .21 ’~P71iAF- ’~~
PFI= . ‘ 3 F +”I PFO= .5 ”i3975F-’~S
~ LAl2 . W ’ ~F+~~3 SPF C= .1~~-1~~~~~~~~F’- *’32 4LFA2 .I tt 7~ l 7E—~ f~[IEL= .59/499992 1E— ’~P (442 .!~~

)
~ 9O~ 96l +’~~ (“)RE= . I / 1P ~~~~~~~~4’~ 1

CLAD . 145249 ’) ’3 7E+ ’3 1 X A I=  .1 17599’(E +~32 LOSS= .1~~~~~~~~~’F+12

i ’RAl*
TYPE= .8~~~~~~~~~3F+~~1 R= .I- ”~F+3~3 13A14 ~~~~~~~~~~~~~~~
RA ’J[~= .5~~~~~~~~~~ iR+ ’~ F P~’O= .5~~~~ 41~)7SE-~~5 A~ R= . ‘~).‘+‘~ 1

‘~1~D2 .2’~~~ - - -)52F+’3 -~ :-cjs~)= .54I6’~ -1~~,1E+ ’~3 41L ~~~~~~~~~~~~~~~
‘U!~= .2-~

-) 9 -) - ) ) 7 5 E — ’31 HFS= • 54-)~)~~-)- 5’ .F+’~~ H4r3 ~~~~~~~~~~~~~~

*** ***
•WAL LAB LE P)4FR ( $-1~JHCF )  = .3~3-Y”~E-~ ”5

1 - ,IPU L’ C-)t J P L E 1 (  L-t)~~ . J 5 - ? I~~~ + 3~
F I B E R  L’)SS = .

St~L E C E  LOSS = .~~- - ~~~~~“~ l
C-)-J -J ECT-)R L.~)SS = . / i”~1’~ -’~F+ ’~ I

‘) IT~’-Jf C-) U~~L I ’J ” LOF S =

R E C E I V E R  PO~~Ei-~ C I ~J~~’i f )  = . 4 ~~~ i I E — ~~~

• 1

OE~~1RFr’- !~E~1 =

S i s r i~.l fl A 4 r ~J I f l T I = .4’~ ’3 A 3 F+ ” 7

** * * 3-122
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.5--.. ’

I

t DEF I IE A’I GL 9ø.~~
*Svs

SRCE— •2~~~~~~~~øE+~~1 TAIL. .1 00 ~0E+01 B~ •23333332~’E+09PTI. • 0ø~300E+01 PR. •916026905E-02 PTO .234502~ 62E-03
1(10. . 00000E+01 SIR. •66’~)0~ 0000E+02 XLA~1— .~3 5 0 ~V3E4’~3

SPEC. •I5~~~3’5~ 00E+~ 2 T -4A •159999996E+00 AIGL •9~~~~~~~~~E+02

* FA~f*
OTRA . •102775598E+SI DTEH .707~~~329l~3E+~~) DTOT .4’~729~ 745E+0 1

51, • 3240928 00E+08 WLC .3’39999943E+00 P10= .234502~ 62E-03

~FI. •0’30000000E+01 PFO •5S904452 1 E-05
XLA 1— .85~~~~0’~00E+03 SPEC S .15~0000~0E+02 4LFA •247879939E-!39
DEL= .594999921E—02 ‘C’IAa •)59999996E+00 CORE •14612~~~~ E+”~1CLAD. .145249987E+01 )(A1 •159 1 7f0~6E+~2 LOSSa .16 3~~F,+~~2

TYPE . •80~~~ 3~ 000E+ ’31 R .1~~~~~~~~0E+0S Ga l la •)0 0 0’Y309)E+~3I
BA~4D. .500 00 E+07 PFO •569044521E-05 BER* .3633206~~3E-~~7

XAD. •299999952E+00 1(I SQ . •54169995 1E+ 03 (IL . . 1 0 ~~00~30E+~~3
XIB= •299999975E-01 HES * • 549999952E+00 R’lRa . 0 0 ~~~3~Y3E+~31

AVA ILABLE PO WE R ( SOURCE ) = .58904E-05

IIPUT COUPLPIG LOSS • .15918E+02
FIRER LOSS *

SPLICE LOSS a .~~~~0~ E+~~1
CO.lJECTOR LOSS • •~~0~3~ 0E+~~L

OUTPUT COUPLI ’J G LOSS • •~~~~~0E+’11

RECEIVER PO~J ER ( l I P U T )  • .589~ 4E-!~5

BER • •3 633 2 E— ~~7

DESIRED RER .100’30E-~~9

SYSTEM BA’JD~4IDTN • •4~~343E+ 07

Cs. **
* DEFIlE A’lGL~~9.0
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- ~ - - - - . —5- —

SRCE= .2 000’300E+~~1 TAIL. •10~~~~~ C~~0E+01 R~. •2333333~ ’3E+’3S
PT!— .00~~301000E+01 PR. .BI969~ 704E+~ ’3 P10= .8109436~4E+5’~(10. . ~i000000E+01 SIR . •66 0’~000E+02 XLAM. •850010’~’30E+03
SPEC. •1500~ 00~30E+02 T’JA . .159999996E+00 AJGL . •890~~~0’~40E+12

* 
DEFI lE AJGL.60.0
*TA-~l

*TA~1*
SRCE. •2~~~~~P~30E+31 TAIL •10050’~I000F+01 SW. .2333333P~ E+~~
PT! . .0000~~0000E+ 01 PR~ •155 ’4544~~3E- 01 RI O— .14~3~39’i35LsE-~~l
1(10. • 000000003E+01 BTR~ •66~00~ ’309E+02 KLA -l— •~~S~~~~~~ 0~~F+03
SPEC2 .1S0000000E+02 T J A  •159999996E+~~ A 1GL~ •6~~~~~~00’flE+02

*DEFI JE AJ GL ~~50.0

CT AZ1*
SRCE . •200’300’~00E+ 0I TAIL • 1~~~~~~~ 30~~E+01 R~I •23333332 0E+’~S
PT!. •0000000’30E+91 PR. •454924814E-02 PIG. •~~40992294E-!~2
1(10= •0~~~~~~00’3E+01 SIR— .66~~~~000~3E+02 1(L4~l. •S5~~ 0’~~00E+03
SPECS .15~~~~~000E+02 T IA. .159999996E4 00 AIOL . .5~~~~~0i~ 0E+02

*DEFI 9E A~lGLz46.0

*TAI*
SHCE- .200000000E+01 TAIL .1’~1090’3330E+01 RW . .233333~32~ E+”~M

PT I •9!~3~~~~ 3000E+ø1 PR •86~~~1~~427E-”3 PlO. .67 5~~4~~9E-0~
(1 0= .0 00 OOE+0 1 SIR. .6600000’~0E+02 XLA ’l  .~~5~~~~~~~~~+03

SPECS .15000 0~3E+0P~ T’3A •159999996E+’~0 A ’JGL •4 0000’30E+02
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-—5-— —•,-~~— — -5— ~~~~~~~~—--- - -~~ -—-~~~~~ —- 
-

~~~~~ ~~ -5- - -—

.1,ILI ST TAIFILE TEST
SHCE * • 20000F+01 T AIL  . L ~~0’~~ E#01 XL EJ .  • ‘i”'00~~F.+01

P112 .Ot3P3OE+01 AJ GL = •9f30’50E+’~2 DS. .7 5!~~~~F+ ’~~
.1(10= •‘~‘3’~~~E+’31 

- 

~ rH= .6~~~~~E+’32 RT= • ‘~‘~~F-07
R~~ .0~~~ ’~F+~31 SP~C. •)5000E+02 XLAI= .~~50’~~ El- ’~3

TIA. .160’50E+~ 0 TFP. •1~~~0’~F+~~1 IDEa .~~5’~~~ E+’i2
*E9D FILES

* 
LIST HA.IFILF’ TE ST
~ EC TYPE. .~~~000E+ ’31 6419: .10~~~~~+i1 1 (AD =

1( I L  = .l ’~~ 00E+03 ~(f l3 2 •30’~’i~3E-01 41S~)= .~ 417~ E+’~31(ES = .55P33E +i0 ~Cl =
SHIS. .!~~0’~’3E+03 RIB = . ‘3~300~~E+’~1 )c’ISC. •~~~~‘~~~+“I
1(44 = ~~~~~~~~~~~~ RF TA= • 0’300’3E+’) 1 R • •l1 0’F+03

SF90 FILE*

* 
LIST FAIFILE - TE S t
CORE: .1-4612E+01 CLAD .14S~5E+’~1 1( 94= •16 ’~E+’~
DE2 •-35000E+02 FP= • 3510’~ E40’~ DEL= •~~~‘i~~~E-~~2AF .10~35~~E+12 4LF4~ .1~5’~0’~’E+ ’2 1(L~1C .2’~’V”F+’~1

P J 1  .~~~ 300E+~~I PO D: .‘~~~ ‘~‘~‘E+13 l PSEC~ • ‘~‘~‘~~ +‘~J
45 .1000’11E+01 AC— •2~~~0’3E+01 (Al a •~~~~~~F+”1

*E90 FILEs
4~~ 

LI ST S4IFILE TEST
C J  .2?’3’33E+01 S9. • ‘30~”30F+11 ‘IL • 1 ’ ~I ’~~’iF+’~I
OPT: .~~~~~~E+01 TRER •11”~~~E- ’3-? T S J R =  . 1~~~~~3F -0’
X 40s .2~~ 00F*’~l

*E 9O FILE *
*141

CIA-IC
SRCE= •20 ’~~0E+01 TAIL •1~~~~~~3’3~ E+!~1 R~~ •233 332~iF+’~~
P11= .0 ’30”0E4~’!1 PR .~~I6 tc5~ 3E-12 P I G:  • 4 ~~~~ 7I~~~ -”~1(10. .03 50~30E*’33 n-r~~= .66~~-~~~~~~~ E+”~ X L4 l=  • R ~~~~~~~~~ ’~F+~~3

SP EC: . 1 5 0 ’ 3 ~~E*~~ T 1A • 1 S-~~~~~~ ?6 E+~~” A J O L 2  . “E+~~24F4” l

S F4-IC
DTRA. • 1’12175F,69E+01 DTER •717 ’~4E+’~1 01)1= • 72-~~~4ti~~E+ ’~1
!3La ~~~~~~~~~~~~~~~~ 1(LC= •3~~~~~~-?Ls3F+~~ PT—) = .23 7~~~F- ”3

PF I= .0’~~ 3 .~E+’~1 P F’). ~~~~~~~~~~~~~~~~
CLA I: •R ~~~3~~E + 3 3  Sr ’EC .15~~1~~~~~ 3E + ”~2 ALFA ~~~~~~~~~~~~~~~
t)EL. .59499992U-12 .1(44= •15 9~~~~ E+”~ C) R F = .If l61~~~~~~ E+ ’~lCLAD: .1-Ii52 ).~7E*’9 1(4j= .l I7S~~ 7Fs’~2 LOSS= .I~~~~~~~~~~+~ 2

* 
riAl
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7
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---- -~~~~~~~
---- -

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

5 - ’
~~~~~~

5-

~~~ 

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

*R 4l*
TYPE= •~~~~P30Pi-~F+’1!1 It: . GAI l: •1~~~~~~~~~~~~E+’~ I
R44D= •~~~~~~~~~~~~+~~7 PI~

)z •S~ 90/J~ ’)75E-05 I3ER: •3A ~~i~ 247S~fr’1i1(AD: .2~~~~~~~ 52E+0’3 1(151= •541699951E*t )3 ?CIL= •1~~~~~~~~~~E+03
1(IR= •29’)999975F-21) RF.S= .S4~?9999 52E+05 R~i~~= • ‘~‘~1~~~~~~~oF.+’~I

~~~~AI

*5*5*5

AVAI L4 R L E PO~~FR ( SOURCE ) = •S~ 9~~Ll E-~~2

I ’JPUT COUPLI9G LOSS = • IS~~1~~E+~32
FIRER LOSS =

SPLICE LOSS =
CO49ECTOR LOSS = .‘4~~~~~ F+ 1

~~
OUTP U T COUPLI9G L-)SS =

RECEIVER PJ WFR (lIPIJT ) = .S%9’4E-02

BER •36333E- ’~’7

DESIRED RER = ~~~~~~~~~~~

SISIEI RA 9fl~ I flT’4 = • !I 1 1 I E+07
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~~ DEFI lE PFO.0.000005
RA4

*RA ’l*
TYPE .~~00~~~~~ 0~3E+01 R= .1~~~~ 0 0 ’~0F.’~i3 ~At 9. • 1~~~~~~~’~~~~ ’+”)
BA-ID: .5~~~~~~ 00F+07 PEt): •1i)9999937E-”S T-IER= •2~ 32~ ’~~~~iF-~~5
-4AD= .299999952E+’~0 4IS)= •5IiI$~-)9951E+03 1( IL • 1 ’ ~~~ +”3
1(IB= •29999~~975E-0 1  RES= .5499999S2E+ ’~0 R9c~= .‘ ‘ ‘ ~‘~~~-‘F~~~l

*D1~:FI9E ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TY PE= .~~~~~~~~~~ ‘3E +~~1 H: • 1~~~~~~~~~~~E+0~ qA l9=  • l ~~~~~~~~’~’3F+” I
RAID:  .S ’30’~090E+07 PF 1= .39999-~9S1iF-9~t RFR = .l2q F.-~~11(A DZ .299~~999 S2E+ ’~~ 41S’4 : .S4I699 51E +~~3 1 ( I L  .1 ’Y3F+03
Xl8 • 299999975E-~~1 RES= • 5Ls~~999952E+~3’~ R JR= .~~~~~~~~~~~0F $~~ l

lYRE: • 1 ~~~~’~1~~F.+1l R: •I1~~~~~~~~~E+~~ GA Il : • 1~~~~~~~~~~~~ + ’~l
RAID: •5~~~~3 Y3’3E4~~7 PFt)= .S~ 999993” IF- ’~’5 RER= •2”7205950W - ’~7

X A D  .29)999952E 4~~~ 1( I S _ ~~ e 5 111699951E+~u 3 XIL: • I3~~~ E+fA 3
.1(15: •~~99991975E—01 R~;S= •5Li~ 9~ 99s2F+’30 R lr!= ~~~~~~~~~~~~~~~~~.~J.DFFI4F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

*
)RDER HA- I

*SYS 
-

*HA’l-*
TYpE : .8~~~~~~~~~~ E+~~I R • 1~~~~~~~~ 00E+ ’~~ ( A j J. .) “F+l I
R AI D:  .S~~~~~~~ 30F.+07 PEO= .3999999S/lE-~~5 PER: . 12 ~~~~~~~~2F- 3~
.4402 •299999952F+ ’3~ XIS~= •5111699’)SIE+’53 1(LL= .1~~~~~~~~~”E+’33
1(19= .299999~?75E- ”1 RFS= .54 999~ 2r.+~~ 939= •~~~~~~~~~~~~~~c+’-

~~

T I PE  • 0 3 ’ Y ~E + 3 t  R .I~~~~~~~~~~E+’~-S 3A T J= ~~~~~~~~~~~~~~~~~~~~~~~~~~
94902 •5 3’~E+ ’~7 PEO .5999~ 9~~3IE-~iS RER= • 2172~~~~5~~F.-~~i1(A D .299)99952E+~~3 XIS): •541~~;9~~5 1E +”3 XIL= .1~~~~~~~~~~F+’~11(IB •299999975E- ’~1 RES = •S/i99~ 4952Es’~’~ R 4~3a . ‘~~+‘~l

CRAIC
TYPE: . ‘~~E+~~l R= .I~~~~~~~~~~E~~ R r,A19= .1~~~~~~~~~~F+~~i
94402 •5 !3’~~’3F+17 P~~)= •7 9Y~7E- ”~5 RER : .1.’V~S~~~2 1 1F - l 2
1(40: .2 999 ~+“V~ 1(IS~ = •5416 -4~~~5 1 E + ?~ 1(1L~ • I ’ ~’iF+’~~
~~I P  •29999~~975F- ”1 FiES= •5 949~~52F + ’3’~ 549= .~~~~~~~~~~‘~~F+’9

3-127

-~~~~~~~ - _ - 5 _ -~~~~~~~~~~~~~~ — __- - _ - .- - rn--~~~~~~~~~~~~~_  - - 5 -



— — 5. — ~~~~_• 5-_~••_

*GET TA.IFI L E TEST
- 

TA.IFILF. TEST RETRIEVED
~~ GET EAI~ I L E  TEST

FAIFILE TEST RET RIEVED
~~GET HAIFILE t EST

- R4~1F I L E TF ST RET R I E V ED
*( ET SA IEI L F TEST

S AIF I L E  TEST RETRI E V E! )

I

I

t

i .
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LIST TMFILE
SRCE— •20000E+0I TAIL. .L 0000E+01 XLE1 . .0 000E+~!I
PT!. •00000E+01 A9GL. .90000E+02 DS. •750’30E+02

~ IOa .‘50000E+01 RTR= .66000E+02 RT— •I5000E-~~7
B~— •00000E+01 SPEC— .15000E+02 ~LAM . .~~50~~~E+03

T9A . •16000E+00 TFP. •l 0’300E+01 TDF .~~5~~ 0E+02
SEW FI LES

* 
LIST FA1 (FILE
COR E— •14 612E-*0I CLAD . •145 25E+01 X IA. .16000E+00
DF. .~~5t’~00E+02 FR. .350S0E +00 DEL— •595~0E-02
AF— •Z03 00E-s02 ALFA— •25000E+02 CLIC. •20~ 01E+01

P11. • 000~ 0E+01 PDD. • 0’30~ 0E+0I PSEC— • 00000E+~~1
AS . .I0000E+01 AC . •20000E+01 XAI . •!300~~~E*”I

SEW FILES

* LIST RA~’1FILE
REC TYPE— •80000E+01 GAI l- .100’3’3E+01 ~AD •

1 (IL — •10000E+03 XIS • •30000E-01 -1(ISQ. .541 70E+03
RES • .55050E+00 CM =
SR ’IS. .00000E+01 R I B  • •00000E +01 ?(ISC. •000IOE+01
-X.44 • •00000E+01 BETA . • ‘~000~ E+01 R •

SEID FILES
*1~IST SA~1FILE

CI. •20000E+01 S’1 .00000E+01 ~(L. •1000’3E+01
OPT= •00~~ 0E+01 TBER •1~~000E-09 TS’IR. •101~0E-09
XAO .200’30E+01
SE ID FILES

* 
St’S

*14.1*
SHCE— •209000000E+01 TAIL. .100000~~00E+0 1 S~i .2333333P0E+ 18
PT!: .00000000’3 E+01 PR. •916026905E-02 PT 0= .234502~~62E- ’33
*10. • 00000E.01 BTR— .66’3’~00!300E+02 1(LA~1. •OS0500000E+03

• SPEC. •1500~ 0000E+02 114. •159999996E+00 AIGL . •9~~~~~~~~~~ +~3~

*FAIS
DN4 •10277559~ E-’01 DTER .707843203E+01 DTOT . •40729~’745E+01
RL. ~324092900E+0~ 1(LC• •309999943E+00 PTO— •2345’32’62E-’53
‘Fl. •000000000E+01 PF0= •589044521E-05
1(LAI* .S5 000E+~~ SPEC. •I5 0~3000E+02 ALF42 •24 7~ 79939E-’19
DEL* .5949999~~1E-ø2 1(-9A= .159999996E+’3~I CORE— .I4612~~~~~E+m 1

CLAD. .145249~ 87E+01 -1(41— .159176’~I06E+02 LOSS . .16~~ 0’~~00E+02

SRA-~lS
TYPE. • ~0000E+01 Ra •I 0 0 0’Y50E+0~5 641-4— • I 0 ~~~~~0F+0I
BA9 D •5~50’300000E+0? PFO. .5~ 9’~44521 E-05 !3ER. .36332068”E-07

-ICAD. .299999952E+ 00 XI S~ — •541699951E-s03 (IL. .I’30 00’!OOE+03
(IS. .299999975E-01 RES. •549999952E+”O R95— • ‘~1~~F.+”l  . -
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55 5*5*

AVAILABLE POWER (SOURCE) - .58934E-05

IJPUT COUPLI 1G LOSS • .159 1~~E+02
FIBER LOSS •
SPLICE LOSS • •00000E+01

COllECTOR LOSS •
OUTPUT COUPLI 9G LOSS • •200~~5E + 9I

RECEIVER PO~ EH (lIPUT ) • .58904E-05

BER .36332F-07

DESIRED BElt — .10000E-09

SYSTEM BA’JDW IDTH — .4~ 343E+07

* 
DEFI lE GAI Ial.0.10.1s9.0

*DFFI JE PF0=.4E-590.5E-5.’~.1E- 5

CR4.45
T~’PE. .i400000000E+01 R— . l000000t3O E+ 0S GAI l. .100001090E+01
SAID.  .5 0000~~0E+07 PF 0= .39’39 39954E-35 HER— .12~~0~~~~ t2E-~~3

KAD. . 299999952E+00 -XISGI . .541699951E+03 -X I L. . 1 01010’~E+ 03
X I S .  •299999975E-01 RES. .54~ 999952F4~~ R95. .0000’3 3000E+ ’31

SRAI*
TYPEa .~~00000c500E+01 H. .1 00~~~E+~ 8 GAI l~ . l 0 0 ’ 3~3E+~’1
BAlD. •500000’300E+37 PFO: .4999999~3?E~~’5 BER .243P’~5649E- 55
1(402 .299999952E+00 XI S~~ .541 699951E+03 (IL. .10~~~00’~00E+

113
1(15. .299999975E- 01 RES= .5e~9999952E+0~ R’JB. .~~~~~ 000’3?E+t~I

Sk( AM S
T *P E ~ .~~~~~~~~‘3’3~13 E+01 R. .1~~~~~~~~~ 0E+0~3 G419 • 1 0 ~~~~0’~F+02
SAID. . 5’30000500E+~~7 PF O~ .399999954E-05 BF.R. •~~~~~~~~~~~~~~~~~~~~ +‘~~~

XAD. •299999952E+00 1(I S Q.  .54 1 69 9 9 5 1 E + 03  (IL . .~~~~~~~~~~~~~~~~~~~~~~~~~~~~ F-i ’
~~~~

XIB . .299999975E-01 RES . •549999952E+~V3 RIB . .~~~~~~~~~~~0F.+” 1

SRA ’I*
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4.0 DESIGN CURVE EXAMPLES

4.1 Introduction

One of the useful outputs of FODAP consists of the design curv es that can be
generated by increment ing various input data . Unfortunate ly, because of the lock of
component stan dardization in the fiber optic field , one cannot construct desi gn curves that

cover all s ituations . Once components ore standardize d, FODAP con then be used to
generate generalize d curves , it would simp ly be a matter of using input files cons ist ing of
data for the standardized components. In the mean time, one can construct curves for

specific cles gn situations. Examples of such curves are given in the sections that follow .

Samp le curves appropr iate to transmitter , fiber or receiver design are given in Sections 4.2 ,

4.3 and 4.4, respect ive ly. Section 4.5 gives examples of systems—leve l des ign curves .

4.2 Transmitter Design Curves

One important operation in TAM calculates the input cou pl ing loss from the

source to a fiber pigta il. The input coupling loss is a function of both source and fiber

parameters . It is inte resting and informative to see how this loss is affected as the

pert inent parameters are varied . Such results can hel p the designer to select the proper

device to maximize sou rce—to—fiber cou pling . The largest portion of the input coup ling

loss is usuall y 1NA as defined in equation (2 .4.1 .1— 1) . Figure 4.2— 1 shows how LNA
varies as a function of the null angle . A single fiber with an NA of 0.18 was assumed .

The value of LNA at = 90° was calculated using equation (2.4.1.1—4). This curve

shows that as the sou rce out put beam becomes more sharp ly focused , the loss is reduced.

An important point should be made here: One does not necessaril y reduce the total loss

simp ly by focusing the beam . The emission angle reduction caused by focusing is accom-

panied by a sourc e area magnification . Once the magnified area becomes larger than the
fiber core area , the un intercepte d illumination loss (equation 2.4. 1 .1—2 ) becomes

important. Thus, one wishes to reduce the emission angle just to the point where A A F.

If A � A F to beg in w t h , then focusing has no effect .
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While the above mentioned figure illustrates how source parameters affect

the coup ling loss, fiber parameters can also have a large effect. In particular, the fiber

numerical aperature has a large influence on coupling loss. Figure 4.2—2 shows a plot of

1NA as a function of NA for the case of a Lambertian emitter . For purposes of comparison,
the loss associated with numerical aperature effects for an edge emitting LED is also

plotted. Note the superior performance of the edge—type emitter . There is roughly 7 dB

less loss. This is the result of the fact that the edge emitter has an elliptical emission

pattern. That is, it is a “compressed” Lambertian pattern in one plane and a normal

Lambertian pattern in the other plane. The slight focusing gives a lower loss.

4.3 Fiber Design Curves

One of the more useful fiber design curves is a plot of the rms dispersion per
unit length ~~~

‘ (assuming no mode coupling effects) as a function of the fiber profile

parameter a. Figure 4.3— 1 shows this curve. It was generated using the equations for
inter— and intramodal dispersion given in Section 2.3. Two specific cases are considered;

one, a 15 nm spectral width LED and the other a 1 nm spectral width ILD. Both were

assumed to emit at a peak wavelength of 850 nm. The fiber parameters, as shown on the

figure were those appropriate to a 0.16 NA fiber. Note how at the optimum a, the total

dispersion is minimized for both cases . However, because of a lower intramodal dispersion

for the ILD (due to its narrower spectra l width), the total dispersion resulting from its use

is considerably less than for the LED. The optimum a shown is the design goal for

manufacturers of graded index fibers. However, since the fiber making art is relatively

new, these manufacturers are only presently able to make fibers with profiles of 10% of

optimum.

When mode coupling effects are accounted for, the situation get-s more

interesting. The designer ;~ able to examine trade—off’s between excess loss and increased

bandwidth. Curves showing total dispersion 
~total as a function of fiber length are shown in

Figures 4.3—2 through 4.3-5. The parameters used to generate Figure 4.3—1 ore used in

these fi gures with the addition that excess losses associated with mode coupling of 0, 2, 6

and 10 dB/km are used.
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Figure 4.3—2 shows the effect of mode coupling on °total for the case of an LED

used with a step index fiber (a = 25). Note how the dispersion begins to approach the
intramodal dispersion limit at long fiber lengths. This limit is more rapidly approached as

the excess loss becomes larger. Figure 4.3-3 shows the case of an LED with a graded

index fiber (a = 2.04, 10% of optimum). Because, in thh case, the system is already at

the intramodal dispersion limit, mode coupling does not reduce 0tota I

Figure 4.3—4 is for the case of an ILD with a step index fiber. Here, mode

coupling has a large effect because the total dispersion is predominantly intermodal . The

case of an lID with a graded index fiber is shown in Figure 4.3—5. In this case, the mode

coupling effects are smaller because the intermodal dispersion is a smaller fraction of the

total .

4.4 Receiver Design Curves

When an avalanche photodiode is used in the receiver, its noise properties

as a function 0f gain in conjunction with the noise properties of the input amplifier give

rise to an optimum gain at which the noise is a minimum. This was discussed in Section 2.2.

Specifically, the optimum gain as a function of input power, diode properties and amplifier

noise is given by equation 2.2.2.5—1 . Since the SNR is a function of the optical power,

then one can infer a relationship between optimum gain and SNR. This is shown in

Figure 4.4—1 . The parameters used to generate this curve are listed below:

• b lOMHz

• iA 10.7nA

• r 0.65A/W

• l1 lOO nA
RCA C30817 APD parameters

•

• D = 0 . 3

• M = 0 . 8
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Note that as the SNR gets relatively large (greater than 35 dB), th, required optimum gain

is below 20. Most APD’s do not work well below a gain of -20. Thus, from a design
implementation point of view, one would prefer to use a PIN photodiode instead of an

APD for systems requiring SNR’s of 35 dB or greater .

A more complicated problem is solving for the optimum gain in a digital

system. Specifically for the case of an 00K system at BER using the RCA C30817

APD, G as a function of bit rate R is shown in Figure 4.4—2 . As was mentioned inopt
Section 2.2.2 .5, this relafionshipcannot be explicitly solved for, it must be found

numerically. By calculating the minimum optical power required for a 10~~ BER as a

function of gain at a given bit rate using RAM, one can find the gain G0~ 
that minimizes

the required power . As is shown on the figure, this was done for the cases of two different

amplifier configurations, one using a FET as the input device and the other using a bfpolar

transistor as the input device. The equivalent input noise currents, i0, as a function of

bit rate are given by Goeli. The FET amplifier is the noisiest at high bit rates and so it
requires a higher APD gain. The two curves merge at approximately 10 Mb/s because

below that paint it is not the amplifier noise but the APD surface leakage current noise

that determines the optimum gain.

4.5 System Design Curves

The ultimate usefulness of FODAP is that it allows the designer to examine

how various component changes affect the overall system performance. In that way, the

optimum design can be found. This design trade information can be illustrated by

parameterized system design curves. Figures 4.5-1 through 4.5—4 ore examples. These

figures are plots of maximum allowable bit rate R (00K) as a function of link length (or

repeater spacing) I. Note that excess loss discussed in Section 4.3 is a parameter.

The other parameters used to generate the curves ore listed on each figure.
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Figure 4.5—4. R Versus I for lID/Graded Index F ber/APD System Combination
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Figure 4.5—1 is for the case of an LED transmitter, step index fiber (a = 25) 
-

and APD receiver (at optimum gain). Data from Figure 4.3-2 is used to calculate the
dispersion limited bit rate from

RDL 
= (4.5-1)

In the figure, the oblique lines represent RDL while the near vertical lines show the loss
limited bit rate, R11. The design trade between excess loss and increased information
capacily is well illustrated here . With no excess loss, a maximum bit rate of 11 Mb/s at
2.5 km is allowed whereas with ‘e 

= 10 dB/km, 65 Mb/s at 2.5 km is allowed.

Figure 4.5—2 shows the case of an LED transmitter, graded index fiber
(a = 2.04) and APD receiver (at optimum gain). Here, intermodal dispersion is negligible
and as a result, excess losses do not increase system bandwidth. Obviously, for this type
of system, one would not want to induce excess losses to increase information Carrying
capac ity.

Figures 4.5—3 and 4.5—4 are for an J LD/APD transmitter—receiver combination -
with a step (a = 25) or graded (a = 2.04) index fiber, respectively. Note that for both
cases, excess loss contributes to increased information carrying capacity . However , for
the graded fiber case, note that the ‘e 

= ~~ dB/km case does not significantly increase
the capacity over the ‘e 

= 6 dB/km case . This is because at 
~~ 

= 6 dB/km, the system is
already near the intramodal dispersion limit and reducing the intermodol dispersion further -

does not significantly reduce the total dispersion. Thus, it appears that if the designer
wishes to induce mode coupling effects in order to increase information capacity, te ~ 6
dB/km is the maximum desired excess loss for this particular situation.

Unfortunately, the above discussed figures are not general design curves

because specific components were assumed which may not correspond to those selected by
other designers. However , the c’irves are approximately general in that other components
are not radically different from those assumed. Therefore, these curves give the designer
Insights into the potential information capacity of optical fiber data fransmission systems.
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METRIC $YSTD(

BASE UNITS:
Quant ity Unit Sl~~ymboI

length metre m
mlii kI logram kg
time second $
electric current ampere A
thermod ynamic temperature kelvin K
amount of substance mole mol
luminous intensity candela cd

SUPPLEMENTARY UNITS:
plane angle radian rid
solid angle steridian Sr

D~~JVW UNITS:
Acceleration metre per second squared ... mis
activity (of a radioactive source) disintegration per second ... (disintegration Is
angular acceleration radian per second squared radis
angu lar velocity radian per second ... radii
area square metre ... m
density kilogram per cubic metre •.• kg/rn
elictric capacitance farad F A.sIV
electrica l conductance siemens S AN
electnc field strength volt per metre •. • Vim
electric Inductanc e henry II V.a/A
electric potential difference volt V WIA
electric resistance ohm VIA
electromotive force volt V WIA
energy joule I N.m

L entropy joule per kelvin • . . JIK
force newton N kg-m/s
frequency hertz Hz (cycleys
illurnin ance lux ~~ lx Imim

• luminance candela per square metre •• . cd/rn
luminous flux lumen Im cd.sr
magnetic field strength ampere per metre • • • A/m
magnetic flux weber Wb V-s
magnetic flux density tesla T Wb/m
magnetomotive force ampere A
power watt W is
pressure pascal Pa Nlm
quantity of electricity coulomb C A-s

• quanti ty of heat joule J N-rn
radiant Intensity watt per steradian .• • W/st
specific heat joule per kilogram-kelv in .• • J/kg.K
stress pascal Pa N/m

— thermal conductivity wat t per metre-kelvin • .• Wlm-K
velocity metre per second .. . rn/s
viscosity, dynamic pascal-second .• • Pa-s
viscosity, kinematic square metre per second • • •  rn/s

• voltage volt V W1A
volume cubic ~netre •.. m
wavenum ber reciprocal metro • . . (wave lim
work joule I N-rn

SI PREFIXES:

Multip licat ion Factors Prefi x SI symhul

1000000 000000 1O’~ Inn
• 1 000 000 000 10’ gIga

1 000 000—10 ’ meg. M
1 000 102 kilo k

100 l0~ heclo~ h
10— 10’ deks di

0.1 — 10-’ (led’ d
001 = 1 0 ’  c on1l~ c

0.001 — 10 ’  mIIli m
0.000 001 — 10 ’  micro

0.000 000 001 10 ’  nano n
0.000 000 000 001 — 10 ‘~ pk:o

0.000 000 000 000 (101 1O~ ’~ Iemtn
0.000 000 000 000 000 001 = 10~ ” alto a

To be avoided where posalbl.~.
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