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TECHNICAL REPORT SUMMARY

FIBER OPTICS DESIGN AID PACKAGE

This study Final Report provides documentation for a Fiber Optics Design Aid
Package (FODAP). FODARP is intended to be a supplement to the RADC-Sponsored Optical
Cable Communications Study (Contract Number F30602-74-C-0193). |t 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 an 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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EVALUATION

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.

Sy |

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-¢.;6i‘93) 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
section, the design philolosphy and design procedures used in FODAP are outlined.
Terminology is also presented and the design equations are summarized. Section 3
contaids o user's guide to the computer software. |t explains the procedures for operating
FODAP including file maintenance, execution of the modules and subroutines which
FODAP 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, receiver and fiber cable; or they can be used to design total

systems using general classes of component types.
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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 FODAP, 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
transmitters, receivers or select 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-level 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 Sfudy] 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.

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 a number of
ways. System performance (signal reproduction fidelity) is lorgely 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
information 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. |f 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 signal-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




paragraphs. The analog transmission formats considered are baseband analog IM, and IM
using AM, SSB-SC, DSB-SC or FM electrical subcarriers. The digital techniques included
in FODAP are bassband on-off keying (OOK), baseband binary pulse-position modulation
(BPPM) and IM using FSK or PSK electrical subcarriers. Other modulation schemes which

may be regarded as analog-digital hybrids have been studied but not included in FODAP,
fed (PPM) and pulse frequency modulc:ﬁon4 (PFM).

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

e.g., analog pulse-position modulation

implementation complexity and system criﬁcolitys precludes, for the present time at least,
its 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
electrical 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. Optical-~
to-electrical conversion is provided by a photodiode which produces a photocurrent, ip ’
proportional to the intensity of the impinging optical signal. The photocurrent is corrupted
by additive noise, i, 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 simple as a noise rejection filter in
the case of baseband analog IM or as elaborate as an FDM demultiplexer in the case of a

system using multiple electrical 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

E Avalanche gain - G

Avalanche gain excess noise exponent - o D
Surface (nonmultiplied) leakage current - IL
Bulk (multiplied) leakage current - Ib

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

is arbitrary.

The noise current, i, 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 20,
Quantum noise: <i Q> = 2qrG P, b

Dark current shot noise: < ilz) > = 2qb (IL +G |

Input referred amplifier noise: < ii >

In the expressions above

19

q = charge on an electron (1.6 x 107~ C)

PR = average (long-term) optical carrier power incident on the
photodiode

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

channel in the case of an FDM system using multiple electrical

subcarriers)




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 - V< 2>

It is assumed that the analog signal is normalized such that
|so| <1

The performance measures used by the RAM are signal-to-noise ratic 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 Equations

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

compute receiver 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

SNR

2

MrG PR)

<s2>

=
Q

<if)

2 4. <

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:

SNR

2
(Mg M _rGP

2
A

R

>

<>

AM 2[<ié>+ <ié>+ <iA>|
M. rGP.)2 <s2>
il E sc P 7
DSB-SC 2 [<i§> + <ig> + <ii>]
(MSCrGPR)z <>
SNRssp_sc = —2 y Vi
b <;Q> 4 <;D> i <iA>
3 B2 M rGP. )2 <42>
1 scCPr
SNRey = 7 V) 2
2 [<iQ> + <;D> + <;A>]
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In the above expressions, the notation MSC is used to indicate the intensity modulation

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

modulation index of the optical source in the case of multiple subcarriers. Mu is the

amplitude modulation index of the electrical AM subcarrier. The reader is reminded that

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

avoid overmodulating the optical source on signal pec:ks.I B 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

baseband message bandwidth.

2.2.2.3

where

Baseband Diﬂol OOK and BPPM

The RAM computes BER for baseband digital OOK and BPPM according to

V2 %rGPR
BER = erfc . (2.2.2.3-1)

L
2<i<23>+ <i|2)>+ <ii> +\/<i12)> + <ii>

o0

erfc {x} =\/_2]7| / e-y2/2d)'

X

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

are computed as given in Section 2.2.1 with




b=F + 5  (0OK) (2.2.2.3-2) .1
b=-’3'- s R (BPPM) 2.2.2.3-3)

Required optical power for a given BER is obtained by solving for PR in the
BER expression, yielding

3 o 2+ o
sl I D Q D 2
T Vo
(2.2.2.3-4)
where
BER = erfe {Q} 2.2.2.3-5)

2.2.2.4 Subcarrier Digital IM

Subcarrier digital IM performance is given by

2Eb
N (2.2.2.4-1)
o E
%
BERFSK = erfc {1.1 N_o

BER

PSK erfc

(2.2.2.4-2)

—




with

1 2
B 7 WGy ;
N = 2 2 2 (Z 0202 04'3)
o <iQ> + <iD> + <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 IM, this optimum gain can be obtained analytically and is

1/(2+a.)
2 {2q1b + <55t o
Gopt = a, {qu (rfR ¥ Ib)}

(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, Gopf 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 numericully.6

FODAP has the capability to perform this numerical optimization procedure.
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2.3 Fiber Anoleis

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 calculation to either the Fiber Analysis Module (FAM) or to the Trans-
mitter Analysis Module (TAM) of FODAP is somewhat an 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 communication will have o
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 along a length of fiber waveguide. In multimode fibers, the
only ones currently of practical significance, dispersion may be separated into two
contributions. The first of these is intermodal dispersion which results from differing
transmission delays for the various waveguide modes. Intermodal dispersion is often
called 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 mode. The dominant source of intramodal dispersion is the dependence

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




effect. Thus intramodal 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 longitudinal
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-cladding 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 substantial

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) = n, [1-24«/2) a]]/z, < 2.3-1)

]

n(r) Y bZr2a




n, = core index of refraction on the longitudinal axis of the fiber
ny = cladding index of refraction

r = radial distance from the fiber axis

a = core radius

b = fiber radius (core + cladding)

A= (n2 - n2)/2n2 ~ (n,-n,)/n, for small 4

¥ 2e ] 27
a = fiber index profile shape parameter

In the limit of @ — o0, equation (2.3-1) describes an ideal step index fiber. Figure 2.3
shows plots of the index profiles of an ideal step index fiber (¢ = ), a practical step
index fiber (¢ = 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 8, = n, V24 (2.3-2)
Here QA is the acceptance half-angle of the fiber, i.e., the maximum angle relative 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
greatersthan © A Passes through the core into the cladding and is lost. Thus the NA is an
indicator 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.
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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 I(ec|<.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

1/2

a5 0 2
a = [_)rl f Phit)dt - < /;h(f)dt> ‘ } (2.3.1-1)
~00 o0

?
A = [ 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

2 2 2,172
= L B s C2+4ch24(a+1)+44 C, 2a+2)
Tinter 7c a+l \3a+2 1 2a+1 Ba+2) Ga+2)
2.3.1-2)

¢ = free space speed of light
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_ o=2=-€
C' = = (2.3.1-3)
_ 3a-2-2e¢
C2 = R (2.3.1-4)
dn]
Nl = nI'A-Fx- (2-3.‘-5)
-2n
5 1 A dA =
€ N] T an (2.3.1-6)
A = source wavelength

-
I

waveguide length

There is an optimum value of the index profile, aopt' which minimizes the intermodal

disperson. This value is

o (4+€) (3+€)
aopt = 2+€e-A W (2.3.]"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
VL - 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.




The asymptotic behavior of intermodal dispersion may be expressed by O ter

for L Lc and ainter(‘/ LLc) for L>»> Lc. Lc is the mode coupling length of the fiber and
defines the point of intersection of the linear and V'L asymptotes. Mode coupling within

the fiber causes some propagating optical energy to be coupled into radiating modes or
lossy cladding modes. Consequently, mode coupling introduces excess loss 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(o)
L N — ede I ™
¥ 1. (2.3.1-8)

where k(@) is a cable parameter depending on the nature of the microstresses on the fiber
and !mc is the excess loss per unit length due to male coupling. Figure 2.3.1 shows a

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

predict Lc'
2.3.2 Intramodal Dispersion

The intramodal dispersion of a fiber is given approximately by

2
2
L= ) _)2 ks 222 dz"l N [2o22€) (2
intra cA d}? dAi 1 a+2 2a+2
1/2
2 [a-2-¢\2 2a

+ (Nl 4) a2 Y] (2.3.2-1)

where

J) = rms spectral width of the

optical source
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23.3 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
atotal(l') i ;ainfer(L) i aintro(L)z g I'«Lc:
(2.3.3-1)
1/2
1 2 f— 2
otofal(L) £ 2ainfer( I'Lc) ¢ Jintro(L)f g L>>Lc
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 @ Gaussian shape

2
h(t) = exp —‘;— (2.3.4-1) ?
2 afotol(L) ,

Taking the Fourier transform yields

|H® | = exp {-2n? o AE (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

fygp (L) = O.I?L) (2.3.4-3) ,q

atota

The use of the Gaussian impulse response assumption to arrive at f 5 45 (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 trcmsi*'ormg> which states that of all time signals having rms duration @, the one

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

As far as FODAP is concerned, the design ;)f a trdnsmitter 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 neodfmium-

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 FODAP, 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
critical . This is usually the case for sources with small emitting areas. Some manufacturers
will 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. Theoptical power available for coupling to the pigtail or fiber cable.

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

optical source.
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3. The spectral properties of the source including the peak-emitting
wavelength A and the rms spectral bandwidth o G

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 spectral 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 are specified and what calculations are
performed in the transmitter section of FODAP using these parameters are discussea 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 imporfant 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
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’-cos [(n-l)ONA] o gz [(M_I)ONA] : E
L (@B) =10 log (n_"‘)" . :(m]n;l” s

cos [P0 7] - [ 7] 2

| n=-1 n+1 5 BT

(2.4.1.1-1)

In this equation, n = 90/9n where 6, is the null angle (Figure 2.4.1.1-1 illustrates this)
and Bp is the fiber acceptance angle which is given in terms of fiber numerical aperature,
NA, by ONA = sin-] (NA). Note that the above result does not hold for n=1. That case is
discussed below. Also, for eNA > Gn, LNA =0 is used.

The unintercepted illumination loss is given by

Ag
Ly (@) = 10log +— 2.4.1.1-2)

H

where AF is the fiber core area and As is the LED emission area. Note that the above
equation does not hold for As < 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 packing fraction fp is defined as the ratio of
total core area to total area within fiber bundle termination. Figure 2.4.1.1-2 illustrates

the packing fraction concepts. Hence, the packing fraction loss is
LPF (dB) = 10 log (fp) (2.4.1.1-3)

When a single fiber is used as a pigtail, fp =1 and LPF = 0.
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Figure 2.4.1.1=1. Plot of LED Output Intensity Versus Angle
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Figure 2.4.1.1-2. Packing Fraction Concepts
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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
» 2
LNA (dB) = 10 log (NA™) (2.4.1.1-4)

In summary, the available power P A for the case of an attached pigtail is

found using:

PA
101og 2 = L+ Ly *+ L (2.4.1.1-5)

. NA  "UI PF
where Ps is the total source power at the specified temperature and drive current. Thus,
the parameters which need to be specified in order to find PA are Ps’ n, NA (of pigtail),
fp’ AF (of pigtail) and As. In general, these parameters are specified by the component

manufacturer.

The above calculations are valid 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, LGI = 3 dB 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 10. However, at least one
fiber manufacturer, Corning, 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) (LUI) by 3 dB. 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 LGI .

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

the fiber cable, PA

fiber cable are calculated in FAM of FODAP using the same equations as above.

is simply Ps' In this case, the losses associated with coupling to the
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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

n and area As are those at the lens output.

Most manufacturers specify the total source power i P . However, there are
a few who specify either the source radiance, B (in W/sr-cm ), oF I'he radiant intensity,
o (in mW/sr). For the case of the Lambertior emitter, the source power is derived from

these parameters using the following relationships:

P =mlI (2.4.1.1-6)
S o
Ps = B As (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 moduloﬁ;n capability. Since these are properties of
the source, the spectral parameters A , the peak emission wavelength and ¢ 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 0, . 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 ILD sources.

2.4.1.3 Modulation Properties

The source modulation properties are important in determining the overall
system modulation capability. Mose manufacturers specify the source iight-output risetime,

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

3dB

related using the following equation:

A 0.35/f

3 dB (2.4.1.3-1)
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These parameters are functions of drive current level and drive 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 P A is used:

2 [d_\2
= NA F
Py = 0.1P <o.14> <90> . (2.4.2.1-1)

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 Ps is the average source

power at the specified drive current and temperature.

In this case, if a graded index fiber is used as the pigtail, PA as calculated

above must be reduced by a factor of 2.

For the case where a pigtail is not used, PA is simply Ps 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 FODAP user at the temperature and drive current levels of

interest.

2-29




2.4.23 Modulation Properties

Either the light pulse risetime L ;J,r modulation bandwidth f3 48 9re specified
using data supplied by manufacturers. They are user-specified taking into account the

appropriate conditions.
2.43 LD

2.4.3.1 Available Optical Power

The ILD is also an edge emitting device. Figure 2.4.3.1-1 illustrates the
ILD emission pattern. The assymmetrical pattern makes exact calculation difficult -
complicated ray tracing calculations are involved ~ and so empirical equations for P 5 Ore
used for the case where a pigtail is emplc:yed.]2 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
the fiber end. ~ In TAM for the case where a pigtail is used, P, is calculated for the

lensed or nonlensed situations using the equations below:

Nonlensed: PA 0.15 fp PS (2.4.3.1-1)

Lensed: P

A 0.5 fp Ps (2.4.3.1-2)

where Ps 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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Figure 2.4.3.1-1. LD Emission Properties ]
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When no pigtail is used, P A is simply Ps as before and coupling losses are

calculated in FAM.

2.4.3.2 Spectral Properties

The values for A and 0 at the desired operating conditions are user
supplied as before. Refer to Figure 2.4.1.2-1 for a comparison of spectral properties of
LED's and ILD'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 ILD 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
ILD, it must be prebiased 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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s P, 1 o (2.4.4.1-1)

Ps is the source power at the given operating conditions. The factor Al/As is included to
account for the case where the optical spot area As even after focusing is larger than the
fiber core area AF' The factor AP/As 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, P s Ps as before.

2.4.4.2 Spectral Properties

The parameters A and ¢ are given by the laser manufacturers. This data
is inputted by the FODAP user at the desired operating conditions.

2.4.43 Modulation Properties

These types of lasers cannot be modulated directly; an external modulator is
required. Typically, acousto-optic modulators are used. These devices are discussed in
depth in the Optical Cable Communications Study.l The optical pulse risetime 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 Systems 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, distor‘;ion
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 calculations that pertain to the overall system SNR or BER performance are
performed in RAM. However, to summarize 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, ine 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
clearly visible 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. |t 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:

£ =% SRS (2.5.2-1)

where b T is the light output risetime from TAM, b is the "risetime" of the fiber from
FAM and tp  is receiver risetime as calculated in RAM. The overall system bandwidth

f is then calculated using the standard relation:
3 dB,

0.35

f3 dB; = —'r-— (2.5.2-2)
t
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LINK BUDGET

AVAILABLE POWER SOURCE mW

INPUT COUPLING LOSS

FIBER LOSS

SPLICE LOSS

CONNECTOR LOSS

OUTPUT COUPLING LOSS

RECEIVER POWER mW
TARGET BER
REQUIRED RECEIVER POWER mW
MARGIN

SYSTEM BANDWIDTH

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 FODAP 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 info 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 basis. 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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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.

'3 Insert one or more blank characters.




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 FODAP, 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 compiler.

3.1.5 Definition of Terms

There are several 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 any 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 FODAP 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 written on mass 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 physical location of the record on mass 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

its own set of current data.

data name - The FORTRAN name associated with a data item.

3.2 Data Entrz
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. ltem 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 file 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 ossociut;d
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 device records.

Format:

CREATE § <PAR-1> FILE § [<PAR-2>]

RPSRPIPRARP ST



FILE STRUCTURE

DIRECTORY
(TAM)

DATA FILE 1

H—‘

NO. OF FILES
IN DIRECTORY

DATA FILE 2

NAME OF
DATA FILE 1

DATA FILE 3

ADDRESS OF
DATA FILE 1

NAME OF
DATA FILE 2

ADDRESS OF
DATA FILE 2

DATA FILE n

NAME OF
DATA FILE 3

ADDRESS OF
DATA FILE 3

DIRECTORY
(FAM)

Figure 3.2.2.1. File Structure

DATA FILE 1

DATA FILE 2

DATA ITEM 1

DATA ITEM 2

DATA ITEM 3

DATA ITEM 4

DATA FILE n

DIRECTORY
(RAM)

DATA FILE 1
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Description:
<PAR-1> <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-1.

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 within 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 "TAMFILE record-name CREATED",
etc., will be printed if there were no errors, |f an error does occur, no changes will be

made in the data file.

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

indicated no errors were encountered.

e
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3.2.2.2.2

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 TAMFILE 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.

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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3.2.2.2.3

retrieval .

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.

Record Retrieval (GET)

Purpose:
Retrieve a device record which has been previously stored.

Format:

GET  <PARDFILEY < 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 successful

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 ¥ <PARD 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, FODAP 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,
FODAP 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.
Example:
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:

].

LIST ¥ <PAR-1>FILE § [ <PAR-2>]

2. LIST ¥ <PAR-1> DIRECT
Description:
<PAR-1> <PAR-2> Description
(TAM), (FAM), | NONE Format 1: Lists current data for the module

(RAM), (SAM)

(TAM), (FAM),
(RAM), (SAM)

(TAM), (FAM),
(RAM), (SAM)

< RECORD-NAME >

NONE

specified by PAR-1.

Format 1: Reads and lists data stored in the
specified module under record-name.

Format 2: Lists the record-names of all
device records stored in the specified
module directory.

The data items are printed with their data names.

Examples:

].

LIST RAMDIRECT

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

LIST FAMFILE

All FAM data items current would be listed.

LIST SAMFILE T

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

read and then listed.

Those data items read are current.
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3.2.3 ltem Entry

Although initially 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 refrieved 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.
<VALUE> - 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

Examples of numbers in scientific and E notation (ENTER NUMBERS ONLY

IN E NOTATION):

ot bk 10 2 -1.66 E-2

9.1 x 102 9.1 E23




3.2.3.2 Defining_fa Multivalued Variable

In many design problems a single variable must be varied over a range of
values while holding other data constant. FODAP allows the user to vary these values

automatically 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 o list of required data items see the
chapter describing the appropriate module. 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 ltems

When one or more data items for the required module are multivalued then
multiple analyses are performed by FODAP and an output table is printed after each data
item incrementation. 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:

CAIN = 80,0

v

EXECUTE
RAM
MODULE

:

GAIN =100,0

\'4

EXECUTE
RAM
MODULE ¢}

!

GAIN =120,0

—

v

EXECUTE
RAM
¢ MODULE

6826-35

t Figure 3.3.3-1. Incrementation and Execution Sequence for a RAM
Module With One Multivalued Input Variable
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CONTROL CARDS:

RAM

EXECUTION SEQUENCE:

DEFINE GAIN = 50,0, 100,0, 50,0
DEFINE PFO=1,0E-3, 5,0E-3, 4,0E-3

GAIN = 50,0 GAIN =100.,0
§ PFO = 1,063 PFO = 1,0E-3
: I
EXECUTE EXECUTE
RAM RAM
MODULE MODULE
GAIN = 50,0 GAIN = 100,0
PFO = 5,0E-3 PFO = 5,0E-3
EXECUTE EXECUTE ',
RAM RAM
MODULE MODULE
STOP
6826-36

Figure 3.3.3-2. Incrementation and Execution Sequence for a RAM
Module Analysis With Two Multivalued Input Variables
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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 executior: is the transmitier 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.
Examples:
1. ORDER ¥ TAM,FAM
The transmitter module, then the fiber cable module will be analyzed.
2. ORDER K RAM, TAM, SAM
The receiver module, the transmitter module, then the system module
will be analyzed.
3-18
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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-valued, each module in the order sequence is executed once. Should an error occur

during processing FODAP 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. FODAP 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 (o 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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CONTROL CARDS: DEFINE  PTI = 1,0€-3, 5.06-3, 4,06-3
DEFINE  XL=0,5, 1.0, 0.5
DEFINE  XAD = 0.3, 0,4, 0,1

5YS

EXECUTION SEQUENCE:

PT) = 1.0E-3 PTI - 5,063
XL = 0.5 XL=0,5
XAD - 0.3 XAD - 0.3
T Execute EXECUTE
TAM TAM
FAM FAM
RAM RAM
SAM SAM
m;;:ﬁ-a PTI = 5,06-3
XAD - 0.4 ik =45
: XAD = 0,4
EXECUTE
RAM EXCCUTE
SAM RAM
SAM
1.06-3
"X.L 5 ,% PTI = 5,0E-3
XL=1,0
AD - 0. .
- 10 ’ XAD - 0,3
Exffx“ EXECUTE
= FAM
RAM
SAM RAM
SAM
FLSE:060 PTI - 5,06-3
RL= 4.8 XL- 1,0
A XAD - 0.4
§ EXECUTE |—_L
i XM :x::xre
SAM
: SAM
,‘.
6826-37

Figure 3.4.5. Execution Steps for System Analysis Using
Multivalve Variables
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initial value and all four medules 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 all valve 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 descriptions 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 actual 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 TAMFILE NAME command (Section 3.2.2.2.3)
causes FODAP to read the named device record from mass storage. A LIST TAMFILE NAME
command (Section 3.2.2.2.5) causes FODAP 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 TAMFILE NAME. A CREATE TAMFILE NAME command (Section
3.2.2.2.1) causes FODARP 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 FODAP 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 TAMFILE,
or series of DEFINE statements. TAM performs the task of calculating the parameters which
describe the transmitter, printing the output table, and making available poran':eters 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 listings (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.




Table 3.5.1-1. Input Variables for TAM

Edge LED Surface LED Laser (ILD) Laser (YAG)
Pi':f:" Pigtail Pi’:; oy | Pigrail Pi’:t:“ Pigtail Pi':;" Pigtail

SRCE! R R R R R R R R
Tai! i R - R 8 R 3 R
T et S ; . orr | orr | - -
PTI2 R R R R R R R R
X102 3 3 R R : . ¥ :
BTR? % . R R 5 3 3 -
RTS R R R R R R R R
B’ R R R R R R R R
ps* » - - % oom] - . - -
ANGL | - R R R ‘ R ¥ R
SPEC® - . - - . - - -
XAM® | - - - - 3 = < c
TNA . R . R . R i R
TFP " R . R N R . R
TDF x R " R . R : R

(R) = Required input

(OPT) - Optional input

1These 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
than one variable has a value TAM will use in order of preference PTl, XIO, then BTR.
Enter RT or BW but not both.

3

4DS must be defined if BTR is used.

SSPEC 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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E Table 3.5.1-2. Coded Input Varicbles and Values for TAM
: Variable Coded Value Definition
SRCE 1 Edge LED
2 Surface LED
3 Laser (ILD)
A 4 Laser (YAG)
: XLEN 0 No Lens
' 1 Lens
TAIL ot 0 No Pigtail ’
1 Pigtail
3.5.3 TAM Output Data
1
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 atfributes of the transmitter yet used by FAM. PTO
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 TAIL BW
PTI PR PTO
XIO BTR XLAM
SPEC TNA TFP
TOF ANGL XAl

]XAI is computed in the TAM module only if there is a pigtail and XAl 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 FODAP 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 SAMFILE 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 are 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 nomes 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.




Table 3.6.1. Required Input Variables for FAM

Input From Input From Input From Onll';'Pl\;;ith

FAM File TAM SAM DEFINE

PTO X
PFI X
CORE3
DF
FP

DEL3
ALFA
XLMC,
CLAD3
XNA3

PN12
pDD?
PSEC2
AF
AS
AC
XAl
SRCE
TAIL
XLEN

DS
ANGL
SPEC
XLAM
XL
CN
SN
XAO

XXX XXXXX XXXXX XXX

XX XX XXX

X X X X

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

PFI is used.
The three variables PN1, 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 germanium doped fiber. The values are: PN1 = -0.0145, PDD = -0.00085
and PSEC = 0.025.

3The four variables CORE, CLAD, DEL, and XNA are interrelated. |f 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 DTER DTOT
BL XLC PTO
PFI PFO XLAM
SPEC ALFA DEL
XNA CORE CLAD
XAt LOSS

]XAI is computed in the FAM module only if there is no pigtail on the transmitter and
XAl 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
receiver 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 threé 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 can be requested by using the GET RAMFILE NAME,
GET SAMFILE NAME, LIST RAMFILE NAME, and 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 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 automatically and is transparent to the user. |f the FAM
module is not executed prior to RAM, the designer must be certain the data items which

would have 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 are the FORTRAN names recognized by FODAP 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 FODAP to be certain values exist for all necessary data items.

Table 3.7.1-3 is a 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

Type' 2

GAIN
XAD
XIL
XIB

X

X15Q2

RES
XM
SRMS
RNB

2

XMSC
XMAZ2
BETAZ
R
oPT!

XXXX XXXXX XXXXX

TBER
TSNR

CI'ANS
PFO X

XXX X XX

lThese 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 | Digital
Baseband [Baseband
(OOK) | (BPPM)

Analog |Analog|Analog|Analog|Analog |Digita! | Digital
Baseband| AM FM DSB | SSB FSK PSK

TYPE]

GAIN
XAD
XIL
XIB

2

DOV OARRD
AV
AR
R 00D

X1SQ
RES
XM
SRMS
RNB

oo mHD ;o:o:uc-gza
-—

o 2

=~ o

~ =

XMSC
XMA g
BETA F
R =
orpT! opT |opr | opr | OpT | OPT | - . - =

11X DI 0D :o:u:ogz:
=<1

1D o® 1 o™ :o:o:ogx
i

1 @1 D PR O™ z::o:ugx
—f

111 ™ oo oD :o:o:ogw
—

TBER - - - - - OPT | OPT OoPT OoPT
TSNR 3 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

lThese are coded variables. Values are given in Table 3.7.1-3.
2|f undefined, GAIN is assumed to 1.0.
3!5 undefined, CHAN 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
l 6.0 Digital FSK
7.0 Digital PSK
8.0 Digital Baseband (OOK)
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
1 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
calculating 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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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/BER!
XAD XI15Q XIL

XIB RES RNB
TSNR/TBER' DPR

]The 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.




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 3.10 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.

3.8.1.1 Input Data for Multichannel Analysis

The special input variables describing multichannel modulations can be

entered or altered by a variation of the DEFINE statement.
Format:

DEFINE < DATA-NAME > (K CHANNEL-NO> =<VALUE>

Description:

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

< 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 v

XL R 3

XAO OPT q

OPT R

TSNR/TBER!

CHAN OPT

TYPE2 OPT

SRMS? OPT

XISQ2 OPT

XMA OPT

BETAZ OPT ;1

PTQS OPT

PFI OPT

pFO3 OPT

XAl OPT OPT

FIBR OPT

SPLC OPT

CONN OPT

SNR/BER! OPT

XMAR OPT

BL OPT

BAND OPT

RT OPT

(R) - Required input variable

(OPT) - Optional input variable

'Either 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
is greater than one.

3One of the three variables PTO, PFl, 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. DEFINE TYPE (1.0)=1.0

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

2. DEFINE BETA (10.0)=1.0E6

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.




Table 3.8.3. Output Items in Link Budget

Heading

Data Naome

Available Power Source
Input Coupling Loss
Fiber Loss

Splice Loss

Connector Loss

Output Coupling Loss
Receiver Power

SNR?

Target SN R2
BER®
Target BER3

Required Receiver Power

Margin

System Bandwidth

PTO, PFI, PFO'
XAl
FIBR
SPLC
CONN
XAO
PFO
SNR
TSNR
BER
TBER
DPR

XMAR

SBW

]The first nonzero variable is used.
2SNR and TSNR printed only with analog receivers.
3BER and TBER printed only with digital 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 allow the designer to enter
commands in either interactivg 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 K IACT
Causes FODAP to enter interactive mode.
2. INPUT g 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 single word

CLEAR
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G ft b

Table 3.9.1. Order of Entry of Module Variables While in Batch Mode
TAM FAM RAM sam! sAM
SRCE CORE TYPE CN TYPE
TAIL DF GAIN SN SRMS
XLEN FP XAD XL XIsQ
PTI DEL XIL XAO XMA
ANGL ALFA XIB OPT BETA
DS XLMC XISQ TBER
XI10 CLAD RES TSNR
BTR XNA XM CHAN
RT PNI1 SRMS
BW PDD RNB
SPEC PSEC XMSC
XLAM AF XMA
TNA AS BETA
TFP AC R
TDF XAl

lRecord 1 is defined for every SAM file.

2Rec:ord 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
é 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 description. 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 zerc.

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 listed as

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

a DEFINE statement.




T T T

—

Table 3.10. FODAP Variable Definitions

. Modules [Modules
FC')\:!:'::N D:;':e Where | Where Units Definition
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, On.
AS FAM - FAM |dB/splice Splice insertion loss
BAND - RAM RAM | Hertz Receiver bandwidth, f3 dB
SAM Ry
BER - RAM RAM |errors/bit Bit error rate, BER
SAM
BETA RAM - RAM - Peak deviation/highest 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-cm? |LED radiance, B
BW TAM TAM TAM |Hertz Transmitter bandwidth,
f
i 3dB T,
CHAN SAM - RAM - Number of channels
SAM
CLAD FAM FAM FAM - Fiber cladding refractive index
index, np
CN SAM — FAM - Number of connectors in the
SAM fiber cable
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Table 3.10. FODAP Variable Definitions (Continued)

'; A Modules |Modules
FiﬂxN D:‘i’ll:e Where | Where Units Definition
Computed | Used
' CONN - FAM FAM |dB Total connector power loss
k SAM
k CORE FAM FAM FAM - Fiber core refractive index, nj
" DEL FAM | FAM FAM | - Fractional index difference, A
DF FAM - FAM | microns Fiber cable diameter, d¢
DPR - RAM RAM | milliwatts Receiver input power for target
; BER/SNR.
3 DS TAM - TAM | microns Source diameter, d,
. FAM
DTER - FAM FAM | nanoseconds | Intermodal dispersion
DTOT - FAM FAM | nanoseconds | Total dispersion, 0l
DTRA - FAM FAM | nanoseconds | Intramodal dispersion, T
FIBR - FAM FAM |dB Total fiber attenuation
FP FAM - FAM - Packing fraction, fp
1 GAIN RAM RAM RAM - Avalanche Gain
' GOPT - RAM RAM - Optimized gain request, G
F LOSS - FAM FAM |dB Total loss due to connectors,
: splices, output coupling, and
! fiber attenuation.
i OPT SAM - RAM - Indicator variable for gain
optimization.
F PDD FAM | FAM FAM | - AdA/dA
. PFI - - FAM | watts Power input to the fiber cable.
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Table 3.10. FODAP Variable Definitions (Continued)

. Medules | Modules
F?\E’::N D;\;;ce Where | Where Units Definition _
Computed | Used 1
PFO - FAM FAM | watts Power at receiver end of the 4
RAM fiber cable, PR _
PN1 FAM FAM FAM - Adny/dA
PR - TAM TAM | watts Global power from transmitter.
Without pigtail, power avail-
able to fiber cable. With
pigtail, power before pigtail
connection P.
PSEC FAM | FAM FAM | — A242n,/d A2
PTI TAM - TAM | watts Input power of transmitter, Pp 4
SAM
PTO - TAM TAM | watts Power output from transmitter
FAM and available to fiber cable,
PA
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
RT TAM TAM TAM | seconds Rise time, t
SN SAM - SAM - Number of splices in fiber
cable
SNR - RAM RAM - Signal /noise ratio, SNR
SAM
SPEC TAM - FAM [ nanometers Rms spectral width of source,
Y ‘
|
SPLC - FAM FAM |dB Total splice power loss 1
SAM




Table 3.10. FODAP Variable Definitions (Continued)

. Modules | Modules
FCﬁl:‘::N D:?'u:e Where | Where Units Definition
Computed | Used
SRCE TAM — TAM - Indicator variable for trans-
FAM mitier type
SRMS RAM -~ RAM Rms value of signal assuming
SAM - /5/max = 1; stored in SAM
device file for multichannel
analysis, /<52 >
TAIL TAM - TAM - Indicator variable for trans-
FAM mitter pigtail
TBER SAM - RAM | errors/bit Target or requested bit error
SAM rate
TDF TAM - TAM | microns Diameter of the transmitter
pigtail, d
f
TFP TAM - TAM - Packing fraction of pigtail, Fp
TNA TAM - TAM - Numerical aperture of pigtail,
NA
TSNR SAM - RAM - Target or requested signal/
SAM noise ratio
TYPE RAM - RAM - Indicator variable for receiver
SAM type; stored in SAM device
file for multichannel analysis.
XAD RAM - RAM - Diode constant (excess gain
exponent), o p
XAl 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, I
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Table 3.10. FODAP Variable Definitions (Continued)

4 Modules | Modules
F?\:!:'::N D:;I;:e Where | Where Units Definition
Computed| Used

XIL RAM - RAM | nanoamps Surface leakage current of
phddeiOde, IL

X10 TAM - TAM |watts/sr Source intensity, |

XISG RAM - RAM | nanoamps Input referred preamp rms

SAM mean-square noise current;
stored in SAM device file for
multichannel analysis, IA

XL SAM - FAM |km Length of fiber cable, L

XLAM TAM — FAM | nanometers Source emission wavelength, A

XLC - FAM FAM |km Mode coupling length, L~

XLEN TAM - TAM - Indicator variable for lensed

FAM transmitters

XLMC FAM — FAM |dB/km Excess loss induced by mode
coupling, e

XM RAM - RAM - Peak IM index, M

XMA RAM - RAM - Mod index of AM waveform;

SAM store in SAM device file for
multichannel analysis, M,
XMAR - RAM RAM - Difference between the power
SAM available and the power
necessary to achieve a target
SNR or BER.

XMSC RAM - RAM - Subcarrier mod index (0-1)
optical mod index weighting
relative to 100% intensity
modulation, Msc

XNA TAM - TAM - Numerical aperture of fiber

cable, NA




3.11 Assignment of Physical Units

Table 3.11 lists the logical files and FORTRAN unit numbers referenced by

FODAP. ]
Table 3.11. File Assignments
SOl Logical Fill Used E

5 Command Input (interactive mode)
: 6 List Output
. 7 Command Input (batch mode)
17 Data File
: 4
3 The data file must be assigned to a mass storage device which allows random

access /0.

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

appropriate physical devices.

The device assignments for Command Input (interactive) and List 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 FODAP 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

flowcharts of every FODAP 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 listings, without going
into so great a detail as to obscure the basic logic of the routines.
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START

INITIALIZE ;
UNIT i
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|

CALL * CLEAR *
ZERO ARRAYS
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Logic Diagram for EXEC
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Logic Diagram for ORDER
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START
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SAVE
ORDER
VECTOR

v

RESET ORDER
VECTOR FOR
SPECIFIED
MODULE

v

CALL *SYS*

GO PERFORM
ANALYSIS

v

RESTORE j

ORDER 1
VECTOR

FROM SAVE

A
RETURN

6826-8 :

Logic Diagram for SET
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ANY
ENTRIES
IN INCREMENT
TABLE FOR
SPECIFIED
MODULE

MODULE ]
P RETURN

St RETURN i

IS

THERE A ;
VARIABLE TO :‘LSGDU}% RETURN 1 ‘-
BE INCREMENTED 7 :

THIS STEP

RESET WILL VARIABLE
VARIABLE Rt WITHIN LIMITS '
TO INITIAL IF INCREMENTED 7
VALUE 5

INCREMENT
VALUE

RETURN 6826-20

Logic Diagram for ALLOT
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B A o b

YT TR Ty S T e T T

ENTER

A FILE NAME YES

IN THE
DIRECTORY
?

PUT FILE NAME IN
NAME VECTOR;
ADDRESS IN
ADDRESS VECTOR

DELETE
A FILE NAME
FROM THE
DIRECTORY
2

SET PROPER ELEMENT
YES | OF NAME VECTOR TO
BLANKS; ADDRESS
VECTOR TO 9999

—»| DIRECTORY

GET NUMBER
OF LAST

ENTRY

INITIALIZE
DIRECTORIES
?

BLANK FILE NAME ARRAY
PUT 9999 IN ADDRESS ARRAY

WRITE WARNING
YES \ MESSAGE; ASK
VERIFI-

CATION

IS
MODE
INTERACTIVE
?

IS
ACTION

VERIFIED
&

RETURN

IS
NUMBER OF
LAST ENTRY
EQUAL TO TOTAL
ENTRIES
POSSIBLE

WARN USER
DIRECTORY

SAVE LAST
ENTRY
NUMBER

WRITE
DIRECTORY
TO DISK

RETURN

6826-29

Logic Diagram for DIRECT (Sheet 1 of 3)
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GET SECTOR
NUMBER OF
DIRECTORY FOR
MODULE TYPE

READ PROPER
DIRECTORY
FROM DISK

CHECK
YES

FILE NAME

FOR
DUPLICATION
?

LOOK
UP NAME

IN
DIRECTORY
?

GET \
ADDRESS
FOR NEW

FILE
?

WRITE THE
ASSQOCIATED
FILE
NAMES

ARE
THERE ANY
ADDRESSES IN
THE DIRECTORY

RETURN

3-52

DOES
A NAME IN
THE DIRECTORY
MATCH THE
FILENAME

RETURN 1

RETURN 1

ARE
WE DELET-

ING A NAME
FROM THE
DIRECTORY

RETURN 1

RETURN

6826-30

Logic Diagram for DIRECT (Sheet 2 of 3)




WRITE NAME
AND ADDRESS
VECTOR FOR
MODULE
SPECIFIED

INITIAL-
IZE ONE DIR-
ECTORY

ONLY
?

WRITE NAME
AND ADDRESS
VECTOR FOR
ALL
MODULES

RETURN

IS
THERE AN
ADDRESS IN THE
DIRECTORY
EQUAL TO
9999

SAVE INDEX
OF DIRECTORY
CALCULATE
ADDRESS

RETURN 1

Logic Diagram for DIRECT (Sheet 3 of 3)
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RETURN
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START

CALL *DCODE*

GET SECOND
WORD OF
COMMAND

CALL
*DCODE*

IS THERE
ANOTHER
WORD

CALL
*SECFIL-
IS SECOND
WORD
NEWFILE

CALL *MODULE*
IDENTIFY
KEYWORD

v

CALL *DIRECT*

CALL *DCODE*
GET THE
FILE NAME

CALL INTTTALIZE

bl *DIRECT* SPECIFIED
e e IS THE FILE MODULE
NAME UNIQUE DIRECTORY

RETURN

RETURN

CALL *DIRECT*
GET AN ADDRESS
FOR NEWFILE

v

CALL *DATCAL®
READ IN DATA
AND WRITE

TO FILE

CALL *DIRECT*
ENTER NAME
L IN DIRECTORY

RETURN

Logic Diagram for CREATE
3-54

CALL *UIRECT*
INITIALIZE
ALL
DIRECTORIES

y
RETURN

6826-16




START

\/

CALL *DCODE*
GET SECOND WORD
OF COMMAND

v

CALL *SECFIL*
IDENTIFY SECOND
WORD (TAMFILE, FAM-
FILE, RAMFILE, SAMFILE)

;

CALL *DCODE*
GET FILE NAME

y

CALL *DIRECT*
LOOK UP FILE NAME
! IN APPROPRIATE
1 DIRECTORY

v

CALL *DIRECT*
WRITE OVER FILE NAME
AND ADDRESS IN
DIRECTORY

/

RETURN

= 6826-12

Logic Diagram for DELETE
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CALL *DCODE*

GET SECOND
WORD OF
COMMAND

CALL
*SECEILY
IS THIS A

DATA REQUEST

CALL CALL *DATCAL*

*DCODE* LIST CURRENT
IS A FILE DATA VALUES kil
NAME GIVEN IN PROGRAMS

CALL *DIRECT*

LOOK UP FILE
ADDRESS IN
DIRECTORY

CALL *DATCAL*

GET: READ DATA
FROM NAMED FILE RETURN
LIST: LIST DATA

FROM NAMED FILE

WAS
AN ERROR
DETECIED

RETURN

6826-27

Logic Diagram for GET, LIST (Sheet 1 of 2)
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CALL
*MODULE*

IS THIS A
DIRECTORY
REQUEST

PRINT FILE
NAMES LISTED
IN SPECIFIED
DIRECTORY

RETURN

NO

ERROR HAS
OCCURED

RETURN

6826-28

Logic Diagram for GET, LIST (Sheet 2 of 2)
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sl S . T v - e - . -
e B h s e ’ ’ s S - g e 7 o i TR Gt o " " T & 1

CALL *DCODE*

GET SECOND
WORD

RETURN

\

CALL *SECFIL*

IDENTIFY ‘
SECOND 3
e CALL *DIRECT* |
ENTER NAME
A IN ;
:
: CALL *DCODE* DIRECTORY g
1 GET THE
4 FILE NAME
RETURN
j A

CALL *DIRECT*

GET ADDRESS
IF FILE NAME
IN DIRECTORY

IS
FILE
STILL TO BE
SAVED

\WAS
FILENAME
IN THE
DIRECTORY

VERIFY
REQUEST

RETURN

CALL “DIRECT*

GET AN ADDRESS
FOR NEWFILE

v
CALL ' DATCAL*

WRITL DATA <
TO MASS
STORAGE

: 68269

Logic Diagram for SAVE

R T T B R T o R R T S I Py VS N PPy T e —
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START

CALL *DCODE*

GET VARIABLE
NAME FROM
COMMAND LINE

v

GET LOCATION
OF VARIABLE
NAME IN
LABEL VECTOR

.

CALL *DCODE*

GET A NUMBER
FROM THE
COMMAND LINE

IS
NEXT
DELIMITER
AN EQUAL
SIGN

IS
THIS
PART OF A
SUBSCRIPTED
VARIASBLE

SAVE INDICES
OF LABEL
VECTOR

YES

YES

SAVE
NUMBER FOR
SUBSCRIPT

IDENTIFY
VARIABLE IN
SUBSCRIPTED

VARIABLE

LIST

PUT VALUE IN
SUBSCRIPTED
VARIABLE
LIST

RETURN

3-59

Logic Diagram for DEFIN (Sheet 1 of 2)
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CALL e
*DCODE* DELETE
1S THERE AY&%?{LEN ves | VARIABLE
ANOTHER NUMBER Fessale s FROM
ON COMMAND TABLE
e TABLE

SET VARIABLE
EQUALTO

GET LAST
NUMBER FROM

COMMAND LINE
RETURN

LAST
NUMBER = 0,0

RETURN

IS

IS
VARIABLE
INCREMENT
ALREADY IN TABLE RETURN
INCREMENT

TABLE FILLED

RESET THE ENTER ALL
VARIABLE EN IRIES VALUES FOR
IN TABLE EXCEPT VARIABLE IN
SEQUENCE INCREMENT
NUMBER TABLE
A
SET VARIABLE SET VARIABLE
EQUAL TO EQUAL TO
INITIAL INITIAL
VALUE VALUE

Logic Diagram for DEFIN (Sheet 2 of 2)
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IS
NOPT =1
READ INITIAL

DATA AND
WRITE TO
FILE

IS
NOPT =2
READ DATA
FROM FILE

IS
NOPT =4
LIsT
CURRENT
DATA

RETURN

6826-17

Logic Diagram for TAMDAT, FAMDAT, RAMDAT, and SAMDAT (Sheet 1 of 3)
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INITIALIZE fi

TAM
READ ALL
DATA FROM
BATCH |

VARIABLES

IS MODE
INTERACTIVE

ENTER
VARIABLES
FOR SRCE
TYPE

WRITE
DATA TO
DISK

@D, 261

Logic Diagram for TAMDAT, FAMDAT, RAMDAT, and SAMDAT (Sheet 2 of 3)
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Y

CALL *DIRECT*

LOOK UP FILE
ADDRESS IN
DIRECTORY

¢

READ DATA
FROM
DISK

RETURN

\/
RETURN

6826-19

Logic Diagram for TAMDAT, FAMDAT, RAMDAT, and SAMDAT (Sheet 3 of 3)
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CALL DIRECTED
@-—p MODULE EXEC
ESAM, ETAM, ETC.

START

INITIALIZE
MODULE
FLAGS

v

WERE
ANY ERRORS
DETECTED

RETURN

LAST
MODULE
CALLED IN THIS
SEQUENCE

6826-5

Logic Diagram for SYS (Sheet 1 of 2)
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GO TO LAST
MODULE IN
EXECUTED

SEQUENCE

Y

VARIED
PARAMETERS
ALL CYCLED?
(MODULE FLAG
=1,0)

$YES

BACK UP
ONE MODULE
IN EXECUTED

SEQUENCE

HAVE
WE CHECKED

ALL MODULES
IN EXECUTION
SEQUENCE

RETURN

REMAIN
WITH
CURRENT
MODULE

Logic Diagram for SYS (Sheet 2 of 2)
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START

CALL *ALLOT*

SET UP ANY
INCREMENTED
" VARIABLES

IS
MODULE FLAG
0.0

e 2R e e e S —

Bt o Sl S

PERFORM
DIRECTED
MODULE
ANALYSIS

WERE
ANY ERRORS
DETECTED

2 aie dr i Uil

RETURN 1

YES

RETURN 1]

RETURN 2

6826-32

Logic Diagram for ETAM, EFAM, ERAM, and ESAM
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COMPUTE
RISE TIME/
BANDWIDTH

v

INITIALIZE
NECESSARY
INPUT
VARIABLES

TAIL=0.0
AND EITHER
SRCE NOT SURFACE
LED OR PTI
#0.0

IS
- SRCE
EDGE LED

Yis ;

CALCULATE
PTO

_.@

IS
SRCE
SURFACE

COMPUTE
A, PS

_,®

LED

Logic Diagram for TAM (Sheet 1 of 2)

3-67
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COMPUTE
PTO FOR
SRCE = LASER
(YAG)

COMPUTE

IS
THERE A
PIGTAIL

COMPUTE
C, D, PTO

Logic Diagram for TAM (Sheet 2 of 2)
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PTO >

COMPUTE
INPUT
COUPLING
LOSS

PRINT

OUTPUT
TABLE

6826-26




ARE
PFO AND PFI
0.0

PCI = PFI
Is YES -
PFI = 0.0 €)= FTO
NO
INITIALIZE
FILE VARIABLES
)

PASSED THROUGH
COMMON

!

DLIITNE
NLCLSSARY
DEFAULT
VARIABLES

ARE
CORE AND
D=L BOTH
0.0

6826-14

Logic Diagram for FAM (Sheet 1 of 2)
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TAIL=1.0

COMPUTE
PC|
FOR SRCE
TYPE

COMPUTE
INPUT
COUPLING
LOSS

COMPUTE SOME

INTERMEDIATE ‘
GLASS

PARAMETERS

COMPUTE MODAL
DISPERSION,
BANDWIDTH,

OUTPUT POWER

PRINT
OouTpPUT
TABLE

RETURN
6826-15

Logic Diagram for FAM (Sheet 2 of 2)
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e i

T

THIS A
MULTICHANNEL
ANALYSIS

INITIALIZE
PARAMETERS
FOR SINGLE
CHANNEL

ANALYSIS

WRITE
ERROR /—’QETUR"D e

INITIALIZE

CHANNEL

INDEX TO
1

INITIALIZE
PARAMETERS
NOT AFFECTED
BY NUMBER
OF CHANNELS

IS

CHANNEL
INDEX =
NUMBER OF RERLRN

CHANNELS

INCREMENT CHANNEL
INDEX BY 1.0
GET INDEXED

RECEIVER PARAMETERS

FROM SYSTEM FILE

¢

GAIN = 1.0

COMPUTE
BANDWIDTH,

SOME !NTERMEDIATE
PARAMETERS

6826-21

Logic Diagram for RAM (Sheet 1 of 4)
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OPTIMIZ
GAIN FOR
ANALOG
MODULATION
?

COMPUTE
OPTIMUM
GAIN

COMPUTE

IS
THIS A
DIGITAL
TRANSMISSION

COMPUTE Q
FOR GIVEN
MODULATION

|

COMPUTE
BER

6826-22

Logic Diagram for RAM (Sheet 2 of 4)
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IS
COMPUTED
BER = TBER
OR
TBER = 0.0

YES

COMPUTE PFO
NEEDED TO MAKE
TBER = BER
COMPUTE MARGIN

IS
CHANNEL
INDEX >1.0

WRITE BASIC
RECEIVER
DATA

WRITE DATA

CHANGED BY
MULTICHANNEL

ANALYSIS

6826-23

Logic Diagram for RAM (Sheet 3 of 4)
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TV

COMPUTE
ARG FOR
MODULATION
TYPE

v

COMPUTE
SNR

COMPUTE
POWER
REQUIRED AND
MARGIN

IS

CHANNEL
INDEX >1.0

WRITE BASIC
RCCLIVER
DATA

WRITE DATA
CHANGED 8Y
MULTICHANNEL
ANALYSHS

6826-24

Logic Diagram for RAM (Sheet 4 of 4)
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J

3.13 Program Listings '
|

The following pages contain a complete set of listings of the FODAP i

routines. The routines are grouped by functions; the EXEC, the MANAGER, TAM, FAM, ;
RAM, and SAM. ;
|

g

|

|

|

i ki b R s o i
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DOUELE PRECIZION MR 1Y s NTEK 0200 o BLAMNK

COMMOM ~FRR-MFLAG 110>

COMMOMN “LHEEL -LREBE S5« 22

SOMMON SINFUTALINE P2 v« LDILDOCLIDFs LDA
OATA ELANK.-2H -

EATA LRE' 119 ~4HCORE -~

ODARTA MTIEK-ZHLCRPERTE  « ZRHGET v SHIAVE

~CEHDELETE o

SHDEFINF  «SHPWRITE  «2HFWRITE  « 2HFAM

“ e BHTRM ’

-t

H=HM s SHINPUT «SHEMD EHFLOT

SHCLERRE «2H .
IATR IMD1IHMS

SET MNIT MOZFERDO FILAGE

oLl FLOCK

HCMO=12

E=LAE 112

HCFL=T

HTER=1

LDI=S

LI=e

LOF=17

LIA=4

CHLL CLERR

WRITE cLDOs 20000

FORMAT i« -9 “eeFDIAF EXECUTIVE®® "y <0 "

H

TEiMFLAG & JER. 10 ETOF EFFOR

CALL COMCRD

CAHLL OCODE CIMDs HEEG s HENT s HLEM E3 0000

IF P MUEM.GT 200 TO 9o

MRl =RLAMNE

EMHZODE A 10w 1O000 VL THE (i o B sHEER HEMI
D0 10 T=1.00MD
FORMAT 010 B I5e A2

IFVHACL L EQ HTEE TS TO 200
COMTIMLIE

=3 TO [0t0

b

ZALL CREATE
al T0h 21
ol EY

Sl WEE 2
Crki EAYVE
e Tel 2
o SRR B
B0 7D 21
CHLL [ELETE
53 TO ~1
el DEr U
) kR el
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— —
0 (g

—
DL O oY

1oon
A0

L0

CALL FWRITE
50 TO 21
CRALL FURITE
50 TO 21
CHAHLL SET1»
=0 TO =1
CHLL ZET 2>
=0 1O 21
CHLL ZET O3
S0 TO =1
CHALL ZET 4)
=0 TO 21
CALL IMFUTD
=0 TO =1
=TOF

CALL CPLOT
20 TO 21
CALL OFRDER
=0 1O =1

" CALL Tv3

0 70 21

= CALL CLERF

5t VE 21
COMTIMLE
COMTINLE

0 TO 21
FORMAT cF2A1»
CRLL ERFORLD
30 TO &1

CHLL EFRROFR 2
rd TO 21

EHD




IUERFOUTIME COMCRD
COMMON S IMPUT-LIME cT@7 o LOI«LDOs LDF«LDRA
1 FERDLDI« 1 000EMD=10000 L IME
1ang FORMAT (FZHLD
FETLIFM
1tooon &0 10 1
EnMD

ZUEFOUTINE DZOLE cINDs MEEGs MEMD s HLEMN 0
COMMOM SIMFUT-LINE P& «LOI«LDdeLDF«LDA
IMTEGEF ELHAME s COMMAs FLAG EGLIAL
DATH ELAME s COMMRs MMH-1H «1He o [HMH s EDLIRL < TH=
ODATA OFRAFSLCPFAF - LH e 1M -
MEELR=1
HEND=TS
IFCIND.HE.HH» G0 TO &
H=HEEI
M=MHEND
2 FLAG=N
ng o1on I=HeM
IFCFLAS.ER. O.ANDL LINE ¢T3 (ED, ELAMK» GO TO 100
IFCFLAG.EP. 1. AMD. cLIME v I2 JED, BLANE .OFLINE LI CEE, COMMA
“i- . 0OF.
CIME VI LB ERUAL.OR.LINEcI) L EC.OFRF.OF L IHE (1Y ED T FPARF
o o e 4 8
IFeFLAG.EG, TR TR 100
) Bi5=1
HEFR=]
100 CHOMTIMOE
4 FETLIFM |
3 IFflomE. R0 TO 1
IFvEIME e T, E cERLIRL3BE T 4
=141
=t Tl 2
."“:-:"4[;:[—!
Y EMHEHEMD=NEER«]
R
M=T=
FETLIEM
e

-




TUBRROUTINE SECFIL CHAs I
DIMENZIDON MRACED sHIEC S E2 s LA CED
DIMEMZION MIEC C42 « LEZEC 79D
DATAH LIEC<4HFAM +4HFAM «4HTAM s 4HZRM -~
DATA HNEEC -~4HFAMF « 4HFAMF » SHTHMF « SHZRMF s 4HNEWF « 4HILE + 4H
“CITLE

GHILE +4HILE +94HILE
IIRTA MEEC-4HFAMDs SHFAMD aHTAMD s 4HZRMD -
DO 100 I=1+5
IFMR LY (NE.MZEC I« 1230 TO 1400
IFHAYE) JER.HIEC YT+ S0 PRETLURN

100 COMTIMLE
FETLIEMN 1
EMTRY MODULE "MAs I+ e °
Do 200 I=1.9
IFMR.ERD . MEECCI 2 RETURN

2S00 CONTIHUE
FETLUREM 1 .
EMTEY MODALHsIse2 ' : °
oo o0 I=1.4
IFCLALED,LEECCIN 'RETLIFEN

200 COMTINHUE
FETLURM 1
EMD

ZUBRROUTINE Y%=
DIMEMZION MFL g
COMMOM TS CDRDRE cd « JEND
COMMOM CEFF-HFLAG Y100
HFLRG Y2 =N
MFLAG 4 =1
HELRIFL S =0
I=1
7 IFORDR 10 B L. 00 CALL EFAMOEd s FL 0100
IFe0FDF I JEG, 2.0 CALL EFAM ORI FL C T2 2
IFfQRDF ¢ 1% JEQ. 2. 00 ZALL ETAM CRderFL r T
IF:OFRDR eI JER. S, 00 CHLL EZAM O34
IFCTLER, JEND»O TD 1
4 IFfMFL »Th ER, 00R0 TO 1
I=1+1
30 T0 S
1 DO 10 F=0EHDe a1
IFMHFL ke, 100 TO S
I=+-1
10 COMTINUE
4 FETURM
EMD

o

|
é
|




(]

SUEBFOUTINE ALLOT cNs sl s

COMMON <“ERR-NFLRAG <11

COMMOH -~ INCTAHIMCC L0 72 o CT (S o ONT
DIMENZION »cL>

IFCCTEMN» LEQ. 0, 02530 TO 9997

IF ‘NFLAG CN+22 JER. 0050 TO 92998
H“M=N

IKIP=10000,0

SHEHT=N0,0

IND=0

ng 1o I=1s10

IFCATHC CIe @y JHE AN OF SR IP LE HINC (19 10 L 0P XNEXT 5T, 21

RN R I 3 B0

10

30 7O 10

HMEST=XTINC I 1

THD=1

COMTINLUE

I=IND

IFCIMD.ED, 0030 TO 9995

IF v IMC VIR S BT 0. 0AMD, vXINC "I e 70 L ER. STIMC TSy . OR. ¢ 1

UM ¢ [0S R 3

HMIMC CTeln s BT AINC OIS0 R0 TO 100
IF S IM el ey JLT. 0.0 AND, X IMCCIe 7y JER . HINC TSy . OF., CA1

SCHC c T e T4

Y
e gl

By

F T
T

10n

Ao

L

SIMC CT el JLT.HIMC TS 030 TO 100
AIMC CT 7o =W INMC (Ls 70+ 1N ¢ Ta 6l

= IMC e 2

RN SRR f ST I

50 TO 2293

SINE CTe 73 =R INC CTed)

ZEIP=5THZ 0 Te 10

=HINT T4 3

svb = THC CTa T

wal BE 2

WE ARE FIMIZHED
HELRHG iH+2 =2

S0 T wwad
HELHA i+ =1
FETLIRM

FE AR CH+ 3 =0
FETLREM {

EHD
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ZUEROUTIME ZET M2
COMMDMN -2 EZ<DRDRE C42 o JEMD
AVE=DFDF ©12
kE=_END

JEHD=

DRDF 10 =H

CHLL EYE
ORDF Y12 =ZRYE
lerb=k

FETLIFM

END

SUBFOUTINE DATCAL cTs IOFT e
IFCILED, 1y CALL FAMDAT IOFT . 99390
IFcT. .20, 22 CALL PAMOAT cIDFT e 329990
IECILER. 20 CALL THMDRT Y I0OF T 3935990
IFCILEQ. 42 CALL ZAMDAT CcTOF T IHQQ?W
FETI2FM

CETUREM 1

=MD

S
L
D
o

TUOFFULTIME IMFUTE

DOUELE FRECIZION MAME “13 sMCAFDs IRCT s MOCRRTCT s NEL M

COoMMor CERPFE<HELAG L O £
COMMOM IMPUT<LIME P o LDISILDOsLDF«L TR {3
DATH HOARRDs MCARPLTEE s TRC T SHCART s ZHCARD: sEHTRACT

ODATH To1HO- e MELMK -2

CHLL TCODE CD- NFEh-NEHD HLEH-£4uuu-

IF vMLEM ST S0 TO =000

HSME C1 0 =HELME

S OLE crd@ME« 10000 (L TME vk sk =HEESs HEMTI

IFCHAME 10, HE HCRRDLOABD, MAME 1y (MEHCRFD TR0 TO 1

CLi=v

MELRGO1 =

Hi] TO =994y

1 ISeMHAME 1y (MELTRACTHRD T3 =non

Lt ==

HELRG O =0 1
299% FETUAN 3
NN FORMAT 72
Jpnn LELL EwkE
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10

Ty fo

310

=0

TUERROUTINE TLERF

DIMEMTIDON TRHAM L2050 .

COMMON “EFRE-MHFLAG .10

COMAON ST TCORTIR Cd5 o JENT

COMMDM CIMCT S THC L O 70 s 0T 05 « THT
COMMOM cFAMI-ROR1

COMMOM STHME 1201480

COMMOM - FRMZ- B S

COMMON SIFPECL-TRAMs DFF

V=HFLAG LY

ng 1o I1=1.10

HIMC cTeZe=000
HFELAG I =N

HFLRR-13~r

OFDFLIn =2,

OFDR =1, U

OFDF 2 E.
OFDF 4'=4
JEMD=
CHT:ﬂ.ﬂ
OFF=0.10
g an I=1+5
D 25 =1+ =0
TRAM O I Tho=0, 100
CToIn=0n.n

Do 30 I=1s31
Hila=0,0

DO 46 I=1+14
CoIn=0.0

o S0 I=te2e
Ecla=0.10
FETLIFM

EMD




ZUERDUTINE ORDEF
INTEGER ELHAME
DIMEMZIUN MRAC1Y
COMMOM S IMPUT-LIME 722+ LDI+LDOsLDFsLDA
COMMON ~ERR<MFLRG 10
COMMOM ~2YZ-O0RDFE ¢4 « JEMD
IRTA ELANK -3H <2 [-4H0 #
I=10

(e RET FIRET MODULE

10 HARCL =BLAMNK

CALL DCDDE cOs HEER s MHEMD s HLEM s $93:33)
IFMLEM.3T. 3. 0F. vA+12 . GT. 33530 TO =010

d=1+1
EMCODE sHACY 3« 10000 CLIMHE Ck s K=NEEGs HEMIN
8 IDEMTIFY MODULE

CHLL MODAMACLY s ToE301 00
OFOR =1

JEHDI=J

S0 TO 10

FOFMRAT fF2A1

1000
S0 CRLL ERROR CZS
49323 RETLIEM

EMD




SURROUT IME ERFFROR M
COMMON S THFUT L IME GV «LDICLDOsLIFs LDH
COMMON “ERFR-MNFLAG L0
IFiHFLAG 1 JEG. 1O NFLAG 2y =1
IFYH BT 00 TO 100
’ B0 TO e ZedaSetaToSade 1110180150130 1S0 151712412

S0 oM
n M=pH=210
GO TO 73188 220 Cd s Sy SR ST S I3 2010 o 4
1 WETTE fL IO 20010 T
SO0 TO 10000
S OMFTITE (LTl 20020
=0 T0 in oo 1]
E I MREITEVLDO« 9005
| G00TO 10000
4 WRITE cLDOs 20040
; R0 TO 10000
& S WRITE cLDOs %0055
\ S0 TO to00n
SOMETITELIIO S 00eE
B0 TO tooog
t FONMRITE L DO« 20070

—

S0 TO 1toann
SOLMRITE LD 20020
=0T fonen
2 MREITE QL DD B 0030
B0 TO fnndan
WEITE LD =01 00
a0 TO tooan
WRITE vL.D0s 20110
S0 TO 1oann
1 WMRITE L file301S0

=55 —
— -

S0 TO toonn
12 wRITECL IO 20130
A S0 T fonan

14 WETITE CLDMeS0145
sl BEY L G

19 LRITE A De=anl1S)
a3 TO 10000

1 WRTITE o D901
i T Annnn

17 WRTTE (LD 3017
: 3t} T jnpnn

| 15 WFITE LDJe30180
s T fooin

13 WSITE L DOe=0 2
B TG LG

} 28 WP LTE oL DD 0200
a0 TD t il

WEITE CL Die D010

"
(o

afl TO tonan
METTE LD e 20y
al TR 100006

[
i




WMEITE LDDO« 20250
20 TO 10060
WRITE LDOs 20240
G0 TO 10000
MEITE L0 20250
0 TO 10000
WMEITE cLTOsSNEEN
SO TO 1000n

LX) T rig
L | &

X
(i)

27 WRITELDOs 20270
=0 TO 10000

S22 MRFITECLDOs 20230
S0 TO 10000

S WMREITECLDDOs SN2

S0 TO to00o

S0 WRFITESLDOs <0300
1000 FETLRH
annl FORMAT o EPPUP‘OIMPPUFER FOFMRT FOF COMMAMD LIMNEee™)
anng FOFMAT o ERFOFee_OrMMAMD DOET MOT EXIZTee")
ANNT FORMAT " EFFOFeeFILEMAME MDFE THRM 4 CHAFARCTERZee™":
2004 FOFMAT " ERFOFeeFILE-TYFE INCOFRECTLY EMTEREDee")
SINNS FOFMAT o ERFFOFeeDEFIME ZTATEMEMT INCOMFLETEee ™)
INnne. FORMAT o EFROFe«ERFOR ON TAMFILE CARD FER[iee™:
G007 FORMAT " EFFOFeeDUFPLICATE MHAME TH DIRECTORYee )
INUS FOFMAT o ERFOF++EFRFCR OM FRAMFILE CARD FERDee™:
AGN% FORMAT @ EFFOFeeDIFECTORY MAME IS INCOFRECLTee")
4010 FORMAT V" ERFFOFReeF ILE-HAME HAZ MOT FREEH SIVEMes )
3011 FORMAT " EFFOFe«UIRECTORY 1% FliLlLee":
2012 FOFPMAT © " EFRDOFeeHEWFILE IZ MOF A YALID FILE-T'YFEee" )
D013 FORMAT " ERFOFe« IHNCFEMENT TRELE (2 FlLLLee"
2014 FORMAT " ERFOFRe«THIT DIFECTORY HAME IZ ILLEGHLee")
aAni1s FORMAT o ERFFOF+eF ILE-HAME DOEZ HOT EXISTee™:
ANt FRREMEAT " ERFFOFRee OO0 MAMHY CHAFHCTERZee")
SNIT FAORMAT @ ERRPLOFeeFILc: HHYE HOT BEEM THITIRALIZETiee'
an1E FORMAT " ERFFDOFe« EFD IMCREMEMT SRLLIE ILLEGHLee ")
A019 FORMAT " EFFCHeelHIDENTIFIED YAFIAELE MAMEe®e™

‘3 FORMAT " ERROFeeYSLILE HOT EMTEREL COFFECTI.vee
FOFMAT " ERFOFe«ERFFOF OM ~AMFILE CAFD FERTee™)
CBARMAT Y ERFOFe«HOT EMOLGH IHFUT DATAR FOF TAM MODLDLEee

AGRE FORMAT " ERRPOFPe«[MIORRECT ZRCE TYRE IZRECIFIENee":
Ancd FORMAT " ERPOFeeVARIHELE WHLIDE JUTTIDE HILLOWARELE FARSE

AUES FORMAT " ERFOFe« THMIOFFECT MAMEee ™)
INTE FOFMAT " ERFOFes "
2T FDORMAT Y ESRIIFee
anrs ZORMAT " ERROFee")
Q029 EORMAT Y ERFORFe®
A0 FOFMKHT O eRFOFes
el
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ZUEBFODUTINE DIRECT CHTYFPEs HAMEF s IAC T ®s o
DIMENZION IZMHOC390 «MA S s INAME (9370
COMMOM -~ IMPLUIT-LINE o7&« LDIsLDOs LDFsLIIA
COMMON CERFSHFLAG O1 00
COmMMOM MF« IFRDD
DATA TEL . IMDF s HYE=s HO- 4H

i HTYFE -~ IMDICATEE FILE-TYFE

i 1 - EEREREEEE

2= REEETNEREILE

Z - TRAMEMITTER FILE

= s T E M

£ = HEE TETLES

« A3 AHYE

2 MAME - FILE OF DIFECTORY HAME

= IACT - ACTION IMDICATOR

5 1 - CRERTE HMEW DIRECTORY

Z 2 = EMTER MAME IM DIRECTORY

(z T - CHECE HMAME FOFR DUFLICARTION
o 4 - LO0OL LR MAME IM DIFECTOFY
[ S - DELETE MAME FFROM DIRECTORY
2 = - 3FT ADDREEE FOR MEW FILE

¥ v - LIZT DIRECTORY

HMAME =HAMEF

IFVIPCY ER. 2D TO

IFCIRCT.ER, S0 TO 13

IFVYIRCT.HE. LSO T0 =
B ITHITIRLICE DIRECTORIE®
D9 ton T=1.1MH0F
IHPME I =TEL
I MO »==22323
IEMTi=1
IFTMFLAG oL JER TGRE T 2
WFITE Dl S0
SU0N FORMART 1w, "eseey'[lil AFRE REDLIT TO [DEZTRDY
L ER A S A

1l "eeeebMTER YET

1 RERD YLD o L0000 RN

Togd FOFRMART cHda
[Forans S0, MO RETLIFN 2
JE iHmb= . By Ry =l T3 &
MEITE CLTOe 0]
FORMAT L "FLERTE RHLLER YEL
COMTROL
LIRS 7D
ol 13 1

fan

TO COMTIMNUE.

=0t G Hide

o T

P WMTLL PETURHN

T e dHM[ -

Ay ENTITING F

MO T REORT COMMRHD,

W

E O IFVHTYRE.S0, n  OF JHIYPELED G MR ITE v LLDF - 20610 L&D « ITHAME ©

R ]
. L_"“::'i- ' -}‘:] . Ih‘k:!i"

TFVHTYEE. B e DR HTYRELER . 2 MR TTF oL DE " Z 015 TEMD v TNEMF 0
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RN 9

-

—
(X

4

00

E
(%
|
14
14
il
i

G000

s TEMO ks k=1s INOFD
IF 'HTYFE.EX. e, OR.NTYFE.EQ. 2O WRITEYLDF “ 1> IENDs “IMAME <K
«IZMO KD s KF=1 INOFD
IF CNTYPE.ER. £, OF HTYPE.ER. 12WRITECLDF -1 01> IENDs v INAME ¢

<IENOck s k=1 INOF>

30 TO =999

IF cHTYPE.ER. 4 NZEC=Z01

IF SHTYPELER. SO MEEC=201
IFCHTYPE.ER. SO NIEL=1
IFCNTYPE.EQ. 1D HIEC=111
FERDCLDF “HZECH IEMDs ¢ IMAME v I3+ IZHD T2 s I=1s INOF >
50 TD v3933%: 3sdedede e 1dd « JRACT
IHAME THFEC) =NAME

I1ZHDYHEEC =TFRADD

=0 TO 10

IMRAME 1 =HAME

IZHOC I =HIZEC+T+1

HREC=TZMOCI

* WRITE CLOF "MEEC) IEMDs CIMAME (I3 » TEZMODCI e I=1s INOF

CHECKE MAME FOR DUPLICATION
oo =00 I=1sI1EHD
IFdMAME.EQ, INAME <1250 TO S

COMTIMLE

IFVIARCT.EQ. 4250 TO 2993z
IF P TRCT.ER. S TO 2050

HAME DDEZ KOT EXIET
30 TO 23939
MAHME HRT EBZEM FOLIND
IFCIRACT.ER. ZRETLIRH 1
TEVIACT.ER. S50 TO 132
HRED=1 :
IFRDT=1ZM0 1
30 TO 3999
PERDY TO DELETE FILE
TIHO CHREC y =333
ITHARME (MFECD =TEL
S0 7O 10
0g &nn T=1sI8HD
TFCTIHO T S HE LS990 WP TTE VLD 1501 THRME ¢ 10
COMTIHLE
G0 TO 299s
FIMD A EMFETY
00 400

HEkEtE
I=1+ INOF

TO ENTER HMHAME

TF IO Ly JEG, 22229050 TO =
COMTIMLE

B0 70
MREEC=1
IFRND=rE EC+MREEC+1
a0 T3
SET LAST

Lo

A.: Bl -? -'.4.‘

CELL FO% TEMD




i i g R i ) & B ) L

1o

S0n

—
foe
=

o0
anng
et
SHEN
e

:."I? l;' P

no soo I=THOF. 141
IF TEMO T2 JHE 99220 TD 11
COMTINLE
IEHD=THOF
WMEITE LTO« 2002
S0 TO 120
IEMD=1
WMREITE DRIFRECTORY
MREITECLDF " MIEDs IEMDe cIMAME ck o TTMOCKE v ok =1+ IHOF?
B30 TN 29334
FOFMAT 1« A
FORMAT (1. "essenifFMHIMHoese THIZ DIFECTORY 13 HMOW FULL

CHLL EFRDF 150
FETLIFH 1
FETLIFM

EMD
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SR Aaaiisl S Y SACEESIAS S A Ut cea bl

;
SUBROUTINE EFAM (s N> : :
COMMON ~ERP-NFLAG ¢ 1 0) 7
COMMON  “FRMS <F¢31) - 4

COMMON -~ TAMS.AC (14>

COMMON ~RAMI-E (23

COMMOM < THET <R TMC C10y 70 o 2T €53 o CNT

CALL ALLOT ¢1sFs 31810

CALL FAM¢E999)
1 M=NFLF 30
50 TO 2939
ENTRY ETAM(®sN) -
CALL ALLOT ¢3sCs 149 FED !
CALL TAM ¢ $3992) ?
M=MHFLHS S
50 TO 9999
ENTRY ERAM®«M: ;
CALL ALLOT (29 Ee 23§83 g
CALL FAMEIS92) |
T H=HFLAGC3 |
50 TO 9993 1
ENTRY ESFM (e
CALL SAMF9998)
FETURM
FETLUREN 1
END

e

A LY
AL
LD
o0

e e

o s s e
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(]

LR S O e B

ST THRA

ILUEROUTI
THIZ ZUE

OFTIONE:

it T b
|

N B
1

alaicialg]
TOMMOM
~OMmOr

TFF«TIF»

COMAEOM ~FAMT -COREsOF s FReDEL s ZLAMs SFECs RLFRA ©LMC s CLAD S &

ML e P

1

PO FTE
O ZFL
COMMOMN
a0 TO ot
FERD INI

IMITIRLI

Daz=n, 10

RUsL=0, 1
“id=0, n
ETF=0,.1
THHE=N0, 1
TEF=0. 0
TOF=0. 10
1F " HF LA
FERAL LI

ST Eilie
TEEC e L AN THAS TFR TDF

-

10

1 AC R,

’dl‘l

GE To %

HE THMDAT 'MOFTs &
FOUTIME CALLED EBY: CREATEsLIZTGET,ZAYE

RFE:

FEAD IMITIAL DARTAR HAND WRITE TD FILE
FeRD DATR FFOM FILE o

WRITE A FILE LIZTIMG

LIZT CURFEMT DATH

WRITE CURRPEMT DATA TO FILE

SERFCMELAG 100
SIMFUT ALIME o720 o LDISLDDs LIFsLDA
STHME -THIL«HLEM = I0s BTR«FTI«ZRCEsRT e AMGL » Iz s Bl

FTI

CaBCa AR e AT« CHe ZMHe XL e AT e XAD«FF I« FTDs
CsFIEFsTRASTEFs TOTs BLsGHI

HME [FADD

sSeZede S S HOFT

TIAL THRTHA FFROM CAFDE OF TELETYPE

ZE DATH

il HEL1MGE T Lo
CERR=20000 SFCE TRIL s “LEM«PTIaAMELy DT IO ETRSF

WE T TE CL D0 20

HuALE =1
~FAT D]

CERR=9G01 EMT=23320 TRFCE THIL « XMILEMFTL

MR TTE (. T e 0

I It |
SCERNVLLT
3 2 1 = 5 o

CEFF=S00 e EMDI=Ra@n HLAMy TRED ST BN
gt @, tristl FE 5

WF TTE L DO ez 0t

ANALE =5
FEATCLT
IF ¢ TPLE,
IFCIRCE,
R

VERR =S o M= 53952 THE« TEF« TDF
B, U 0FARCELED. 200030 TO 5
go.4, 0030 1O 7

R NSO W S A

W ITTE CL BGe =g 00

Al =&
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110 FERDLDI+ERPP=9001EMND=23292 ANGL s DS 9 XI0ETR

30 7O 5

" WRITE CLDOs 20200

MNhUALE =2

120 READ(LLI+ERP=9001+END=%995) DT
S MRITE L DF“ IFADDY SPCEs TAIL s XLENs PTTs AMNGL « DS+ X105 ETRSRT,
“CRWs SPEC ¥LAM

» THRs TFPs TDF
50 TO 9333

3 CALL DIFECT c2sNAME s 44 $9392, 3999937

FEAD CLDF “ IFADD) SRCEs THIL s XLENsPTIsRNGL » DSs IO RTR«RTH E

~Chis SFEC « XLAM

e THH«TFP«TIF
IF'MOPT.ERQ. 2230 TO 2994

4 MFITECLDO 2021 sERR=30020 ZRCEs TRAIL s “LENSsPTICANGL« DL XIND
e ETR«FTs Ehiv

EZPEC s “LAM« THR« TFF« TUF

0 TO 29393

FORMAT ¢ ENTER YALUE: FOR: TFCEs TRILs¥LENSPTI™>
FORMST o ENTER “ALLIES FOR: AMGL DSy XI0«RBTR"2

SOFMAT v EMTER A YALLIE FOR: D"

FOFMAT ¢ EMTER YRLLE: FOF: =LAMs SFECsPTe B2

FOFRMAT - ENMTER VALLED: FOF: THR«TFFRP«TIDF "2

FORMAT ¢ IFCE="sE11.5: T4 "TRIL="+E11.5«T42y "<LEN="+E1

“UleSe

FTI="+E11.SeT2ds "FANGL="4E11.S5¢T42+" DI="4E11.Se-e¢"

“10="»

E11.5: 724" ETR="+E11.5Ta42¢" RT="«E11.S¢ 0" EW="4E

S0 S T24

CIPECETELL . Se TR "HLAM=" 9 ELL.Se et THR="2E11.%: T24,

TFF="4

TR R
S L Ui
ORI N

E11.5¢T43¢" TIF="4E11.%5e-9" ®END FTILE®">

CALL ERFOR e

S0 TO O 3Eas

WMPITE L LDDe=0020

FOFMAT « “pee [HMFIIT EFFCR, FLEHIE TFY AGHINees™)
SOOTO d10001100180s 1300 1300 « HURLK

CALL EFFDR LT

0 TO 299

CHRLL EFFOF 22D
FETLFM 1
FETLIEM

EMD
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D B O O B ]

TUBROUTINE FRAMDAT ‘MOFT. o0
THIZ TUERPOUTINE CTALLED BY: (CRERTESLIZT»BETs ZAYE

OFTIONS RRE:

- RERD IMITIAL DRATA AND WRITE TO FILE
- FERDI UATH FROM FILE

- WFITE A FILE LISTING

- LIST CURFEMT DHTH

- WRITE CURRENT DRTH TO FILE

Lo N

COMMON ~ERR-MFLRAG 1 00
COMMON < THPUT<LINE ¢FS3sLDISLIOSLDFsLDA
COMMDN < TAMZ-TRIL s *LENs “I0s ETRsFTI« SRCEsFT s ANGL s IZs BElly

~CTHR:s TFPs TDF

COMMOMN <FAME<COREs DFs FFs DEL s ALAM« SPECsALFRA« SLMCs CLADs ¥

~ZMHRs FM1

sPDODsPEEC s HO s AF s A s CHe EMs ML o MR T o RO FF T« FPTO
COMNS ZFLCsFIEBRs TRACTER s TOTs EL s SAI
COMMON <FPAMES-HAT KT s IEs KIS RES s WMy ZPM T RNE ZMECY “MA

e BETHs R4

[}

L TG

TYFEsOFTsGRINs TEERs TEMNR s PFOs CHAM

B0OFT s BEER« “NF« ERAND

cOoMMOMN HAME« TFADD

SO TO 7122050 oMOPT

CEAD IMITIAL DHTHR FFROM CARDT OF TELETYPE

IF/NFLAG 1> .HE. 130 TO 10

FERD LI «ERF=2000 COREs IF s FRPs DEL s ALFR e SLMC « CLAD HHA

FHIsPDDsFEEC s RF AT RC s HHIT

0 TO =

WRITE (LDDsS0000

MWALE =1

FERDLDISEFF=2001.END=22332 COFRETIF« FF+ DEL

WRTTE v LDD e 50200

:'{lllFiLK: -

FERD LTI CERFR=3001 EMUI=232930 ALFA LMo CLR D SMHA

WRITE "LOGs 20300

HYAL K =4

FEAD LII«ERE=30N1  ENL=2993FHL o FDDFIEL

WERTTE vLDD 0400

MUALE =S

FERDILDI «ERPFE=3101 s EMD =3935 v AF e AT e AT o BH [

WRITECLLF " IFRDD LOREs LLRDIe “MA«DF «FRe DEL s AL FH.
M s FMNL e FODePIEC s T e MF e R 0 AT

=) TO 2339

CRLL DIFECT Ol eMEAME«de 33000« F2593,

FEAN LDF  TFARDT TORE« CLRADs #MS s TIF s FPDEL s FLF R
SILMC e PMLPODFREC s HI s HF e RS e AT

IFCMOPT ER. 200 TO 2535

WMRITEVLIODe 0N sEFR=20020 COFE«CLADs <MHA« DF « FF s DEL « AF «
AL FA L MO e FML PR FIEC s MR ST

B30 TO =9as

e deineiy




S S ety

“C11.5.

«noG FORMAT O ENTER YALLE:L FDF& COFEsDFsFFsTEL "D

S020 FORMAT < ENTER “RLUEE FOF: ALFRAs XLMCs CLADs XNF")

S020 FORMART ¢ ENTER VALUES FORS PM1sPDDOsPIEC™Y

040 FORMAT Y ENMTER YRLUES FOMP AFsASs AT XAT ™)

2001 FORMAT ¢ CORE="+E11.5:sTSds "CLAD="E11.5.T48, " XKMHA="sE1

nF

“WE11.SeT24s" FFP="+E11,.5:T42s" DEL="+E11.5s 9"

W AF=",

E11.5.T24y "ALFR="sE11.5. T‘JE; "HLMC="sE11.5s-+" PH1="»E

Tads " POD="sE11.5:T43s "PSEC="+E11.5s»s"  AI="4E11.5T

AC="«F11. 5 T2 " I*fF'I=‘- E11.5s7s" ®END FILEe®")>
An0n CALL ERRDR S

0 TO <3949
2001 WRITELDD«S00S)
SN02 FORMAT " nee INFUIT ERFOR. =L EFI‘Z_’?E TRY RGRRIN, ee"
S0 TO ‘100 100 180 120 1400 « MWALE

an0z CALL ERPOR LT
2393 RETUPN 1 :
3393 FETUPM 4

ENT




SURPOUTINE RAMDAT (NOPTs e

=
20
8 -
4 =
S

Lo v R N B B B

COmMMON

COMMON

COMMON
~HRAs PN1

THIS SURROUTINE CRALLED BY: CRERTEsLISTsGETsZAVE
OPTIONT RRE:

FERD INITIAL DATA AND WRITE TO FILE
RERAD DATR FROM FILE

WRITE A FILE LISTING

LIET CURRENT DRTH

WRITE CURRENT DRTR TO FILE

<ERRsNFLRAG 10
SIMPUTALINE ¢722 s LDISLDOsLDF«LDA
#FAMS-CORE+DF s FPs DEL s ¥LAMs SFECs ALFA« XLMCs CLADs ¥

PO PSECSACs AF s s CHa SNy XLy XAT s “ADsFF I« PTOs
COMMs TPLCsFIBRs TRAS TERs TOT« EL s SAT

-omMmMon
~Cs BETR«RY
~~EEE
~ZEBGMENT EEE

SRAMIZAHAN« X ILs XTI By XIS0s PES s XMy SRMT« PNEs XMECs XMA

NOT FOUND.
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EUERROLITINE RRAMDRT iNOFT s &2

' L THLE ZUERPDUTINE CRLLED EY: CRERTECLIZTRETs SRAVE
| l-

L OFTIDONS RFE:

N 1 - RERD INITIAL DRTHR AND MRITE TO FILE

N & - #ERD DRTR FPOM FILFE

N 3 - WRITE R FILE LIZTING

i 4 - LIZT CUFRENT DATH

. S - WRITE CURPENMT DATH TO FILE

(5

COMMOMN -ERFE-MFLFAG < 11
COMMDH S IHPUT AL INE f722 s LDTsLDOsLDF - LDA

COMMON ~FAMZ<CORE«DF s FPs DEL » XLAMs SPECy RLFAs ¥LMZs CLADS ¥

MRS PHY
«FDDs FZECYACs AF s AZ o CHe ZMs B o ¥AI s XAD«FF 1 FT0s
COMMe ZFLCsFIBFs TRAS TER s TOT s EL 2 3RI

COMMORN - RAMZHAD HTL s AIBEs KT RED s “Me ZRME s PNE« SMEC XMA

e KETHs Ry
TYFE«DFTeGRIMN« TEER s TEMF s FFDO« CHAM
| SOFTEEF s ZHF« BAND
I TOMMON MAME « IFADD
| G0 TO f1eSeledeSo o MOPT
FERD THITIARL DATH FFOM CREDT OF TELETYPE
1 IFCNFLAScl JNEIDGD TD 10

FHEs “MI0 s “NAs BETRF
IECTYPE.LT. 1. 0. ORTYPE. ST S. 0060 TO <0G0
=0 TO S
= IMITIALTIZE HLL FHM YARIRELEZ TO ZERD
10 M=n, 0
TEMI=0, 10
FHE=O, i
AT =0, 0
SMA=0, 0
EETA=0,D
F=0, 0
WEITE VLOGeS 00l
2 EMTER FREARMETEFS COMMON TO ALL FAM ANPLYIER
HLHLE =1
1un FPERTVLDISERFF=3001 « ENI=2235 TYPE« GRIMe #HD I
ORET
IFVTYPF.LT L. 0. OF . TYPE.RT,. %, N30 TO 0G0
1IFSTYRE.GT 1o0vxD TD 120

X EMTER FREAMETERS FOF EATEERHD ANRILDG
WRITE L DDe2 L 00
MhiFLE =~
110 SEADCLOTCERF=A001 ¢ Eid(i= 45320 Hide ZRMT o RNE
S0 TO 100
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'-\

Son

=10
1000

CIRED”

sS001

ENTEFR FARAMETEFE FOF MULTI-RNALOG
IFSTYPE.MHE. 2. 0250 TO 140

MRITE cLDO« 20200

MWRLK =3
FEADCLDIERER=3001 EMNI=2392% SRMI s RHEB MEC, XMA
=0 7O 1000

IFYTYPE.ME. 3. G230 TO 120

WRITE ‘LODs 20300

MWAL K=4

) RPEADYLDIs ERFR=2001«EHD=2338) TRMIZ«RENBs “MZCs BETH

=0 7O 1000 5
IFCTYPE.NE. Q. 0.AND. TYFE.HE.S. 0230 TO 120
WMERITECLDIs 20400

MHWARLK =% .
FERD(LDISERR=2001« END=32220 SRMZ s FNEs XM C

30 TO 1000

IFiTYPE.HE.E. D.AMD, TYFE.NE.T. 0050 TO =00
WEITECLDOs 20500

MHUIRLE ="

FERD YLUI«ERFE=2001« EMI=22953 PNEy “MIC

ad TO tann

WRITELDOs 20502

HWRLE=T

FERDLDIsERR=9001 s EMD=9993 F

COMT IRUE

WMERITECLDF IFAND) TYPEs GRIMy “ADs S IL s S IR XIS« RPES
=M ZEMI s FMEe “MEZC s “MAsEBETASF

50 TO 2393

CALL DIFECT 2 MHAME s g T2 F2999)

FERD VL.DF“ IFRDD} TYFE«GRIMNs “RATe X ILs SIEs SIS0 RET « XM SRME o

HMT T e EMHEBETHF
IEFMOET EQ, 2730 TO 3953
WMETTE LD 2001 s ERR=30020 TYPESGRIN Al A TLs M TR HITOWRELD

TRMIRMESHMIC e 5MA EE TR
A0 TO Awad
FORMAT « “OENTER WALUES FOR: 3RCEsGRINHRT I s X TE IS0,

?DFMHT!T?!" ITRCE="sE11.%5: T34« "CATH="+E11 .5+ T42. "AD

RO T =S B -

“i11.Se 0 TE

seT2e" HIL ="eE11.5eT4e "2IE ="+E11.5¢ TS ““130="4F

FEZ =" +E11.5:TE3¢ "M ="+E11.Ss TaR«"IFEMI="eE11,S»

FHE

CWE11.Se T3y "HMIC=" E11.Se T3 "NMA =" 4E11. S
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aZnio
2020
2050
=SNG0
INS0
ANAN
SN

gy

1
L.I oy o=
o

o
Lt "L
o

FORMAT +* ENTEFR
FORMRAT v ENTEF
FORMAT ¢ " ENTEF
FOFMAT ¢* ENTEFR
FORMAT ¢ ENTEF
FORMAT ¢ " ENTER
CALL ERROR i1
0 TO 2o

WMETITE CLIO 50028
* FOFMAT ¢ " NeeINFPUT EFFOF. PLERZE TRY RGRIM.ee™)

YALLUEZ FOR:
VALLEE FOR:
VALLIEEZ FOR:
YALLIEZ FOF:
YALLIEZ FOR:
A “ALUE FOR:

HMe ZREME s RHE "D
TRMZIsRENE XMIC <MA"D
TRMEZsRMEBs ¥MTC« BETA" D
ZREMZ s RNBs XMSC" D
FEMNEs ZMIC")

=

B0 TO “100: 330120 1S5S0« 17019052103 s NWALE

CALL ERFEOFC17)
FETLIFM 1
FETLIEN

EMD




SUBROUTINE ZAMDAT cNOFPTsNFPT?
DIMEMIION HETYPE (200 o XHEIZQ OC200 3 BERMI C200 « XH<MAC30) « “RETA
AT CS00
COMMON ~“ERRP-NHFLRAG 102
COMMON ~IHFUTLINE Y722 sLDIsLDOSLDFsLDA
ZOMMDN ~FAMS.-COFEsDF s FFsDEL s “LAMs SPECs ALFA« XLMC s CLADs ¥
~IZNLls FM1
fPODsPIECYTACsAF s A s CHe EMe XL ¥RI s A0« PFI«FPTO,
ZONMs SFLCsFIERs TRRAs TERs TDT EL BRI
COMMOM ~FAMZ-SADs X ILs XIBs MIZDs RFEZ s XM ZPME« PME s ZMEC e xMA
~CsBETRsF«
TYFE«sDPTs GRIMs TEER s TENR «FFOs CTHAM»
30FTs BER« ZHF s BEAMD
COMMOM < SPECLAHTYFEs HHE LI HIFPME « H2MA« “EETHs IPF
COMMOM HAMEs IFADD
50 TO “1«2e3ed4a50 MHOFT
1 IFCHFLAGC 1Y JHE. 1230 TO 10
FERDLDISERF=3000 CHs SN XL« *ADsOF T TEER s TEMR « CHRAN
S0 TO S
10 WMRITE cLDOs 2000
MUWALK=1
100 RERDLDICERR=2001s END=299324 CHs SNy =L« “AO
WMEITECLDDOs 20100
MWALEK =2
110 FEADCLDISERR=2001«ENT=2232320FTs TEER « TEHF « CHAN
S WRITECLDF- IFADD) CHe SN ZLs “AO0«OF T TREFR s TEMF s Ny (X TYPE ¢ 1
S e HERMI G o METER I o MEMACIY « SBETRCTD s I=1 Y
S0 TO 29339
S CALL DIFECT Y4aNAME s 3 F2000s FH3230
2 FRERDCLDF " IFADDICHy SMe XL e =A0sOF Ts TEER s TEMR « N s CRTYPE (12
e HERMI I s METIOCIN «MEMA I o “EETR VI o I=1 o« MO
IFCMOFT.ER. 2030 TO 2999
4 MRITECLDD 2001 ERF=S003"TMHe ZHs ML “HD«OF T« TEER s TEHF « LHA
oM
30 TO =293s
000 FOFPMAT o EMTER WALIGELS FOR: CHs ZMe =L« #AHO"
2010 FOPMAT ¢ EMTER WALUES FOF: OFTsTEER«TIMRCHAM
SN0l FORMAT 0" CH ="+E11.S«eTEde"TH  ="2E11,.SaTA4Se "ML ="
El11.Ss-a" HA0 ="+E11.5:TS9«" OFT="+F11.5T4=s "TEEF=""
E11.S5e-«"TEZMHF ="E11.S: TS24 "CHAMN="+F11.Ss¢"” SENN FILEe

R ]
an0n THLL ERFFOFR cE)
0 TO 2933
AnN) WRITECLDO 20020
2002 FORMAT " JeeINFLIT ERFOR. FLERIZE TFY RISATH. ¢+
0 TO 1001107 o MWHLE
CHLL EFFORCL1TH
FETLIFMN MET
FETLIFHM
SHD

Al Al
T U
U L=
o 00 G




LUEBERFOLTINE CFERTE

IMTEGEF EL RN

DIMEMTIDN MR

COMPOM S IHFUTSLIME P22 o LDISLDOsLDFsL DR
COMMOM ~EPF-MFLAG L0

UATH Ei AME -9 <o THO

SET TECOMT wOFD OF COMMAMD LINME

A1 =ELANE

MA 2y =BLANE

AL E = BELAME

CALL DCODE cOsHEEGs HEMD s MLEM s FS0000
IFvHLEM, AT, 2030 TJ F0zd

EMIODE cMBAse 1000y o THE CE D « K=HEEG HEMD)
IDENTIFY ZECOHDT WORD

CHLL ZECFIL cMAs I« %20100

TFel . ME SO0 TO 7

DERAL MOM JMLYy WMITH CREARTIME DIFECTORIE:
CRLL DOODE vOeHEER« HEMTIe HLEM 350
IFCHLEN.GT 2030 T 2020

HMe o1 =ELRMNE

EMCODE sMAs 10000 vUINE s Y sk =HEES« HEND
CHILL MODULE MR s [ 20500

CHLL TIRECT O IemP el o le gR323, 320333
WETITE cL DO S0

0 T A

AN 5 MEW FILE

CHILL DCODE v HEES e MEMT MLEM £2GA (10
IFvHLER 3T, 460 TD 26z

MR =R RNE

EMCODE cMPa 1 GO0 VL [HE vk e b =HREEG HEMT

TEZT FOR UMIOUE MAHME

CALL DIFEST olemHo v S A0 (e Fo2390
CARLL DIFECT Y LeMA LY R 2 30T 0y BA3350
CALL DSTORL YT e o Baaan

CALL DIRECTOTaMA0 ] o Ze B aads, 39059,
MR TTE (L DO S0y 4Rty

6 T S5

PR




1000 FORMAT ¢72A1>
2000 FORMAT ¢1xs "eDIRECTORY CRERTEDe ">
2001 FORMAT c1¥s "eFILE “sR4s "CFEATEDe">
2000 CALL ERFOF <12
50 TO 9999
3010 CALL ERRDR (4>
50 TO 9999
2020 CALL ERROR O3
50 TO 2999
2040 CHLL ERROR (7
S0 TO 9939
2050 CALL ERROR 730
S0 TO 93933
A0S0 CALL ERROF 100
60 TO 92399
an?n CALL ERRORC11D
50 TD 3939
2020 CALL ERFOF Y16
939 RETUREN
END




1000
2000
000

anin

IUBROUTINE DELETE
INTEGEF ELRNK
DIMEMZION NA<2)
COMMON ~TNPUT-LINE 722+ LDI«LDOsLDF+LDA
DATAR ELANK.-4H <+ 07100~
CALL DCODE <Os NBEGs HENDs NLEMs 320000
IF CMLEN.ST. 7260 TO 2040
MR 010 =EL ANK
MA 22 =BLAMEK
EMCODE "‘NA 12 s 10000 CLINE (kD « K=HEEG s MENID
CALL FECFIL MRAs1«$20100
IFCI.ER.SHi30 TO 2020
SET FILE NAME
CALL DCDDE Oy HEEGs HEMDs MLE $9000%
IF‘HLEMN.5T.4 5D TO 2030
MA ¢ 17 =ELANK
EMCODE erH 012 o 10000 CLINE CKD s K=HEEGs NENMDD

LOOk UF FILE IM DIFECTIRY
CALL DIRECT CTeMA 1D 9y 3299, 3390

DELETE FILE

CALL DIFECT cToMA LY » Sy F2399, 39390
WRITE cL.IIOs S0000

30 TO 2935

FORMAT C72A1
FORMAT 1« "«FILE DELETED®")
CALL EFFOF L

30 THO ==99

CRILL ERROFR <43

50 TO =933

CTALL ERROR 1Y

0 TO 2993

CALL EFRORCZH

R0 T 3999

CALL EFROFc1eD

FETLIFH

EMD
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TUBRDUTINE GET

INTEGER ELANK

DIMEMSION MAC3) s LAE <2 s NAMC1)
ZOMMON .~ TNPUT-LINE ¢722sLDI+LDOsLDFs L DR
COMMDON ~ERFR/NFLAG (100

COMMON NAME s IFRDD

DATA LAB-4HIRECs 4HT -

DATA ELAMK .~ 4H <30 1HD~

NENT=0

50 TO 1

ENTRY LIST

NENT=1

CALL DCODE <0s NEEGs NEND's NLEN» $2000)
IF CNLEN.GT. 9250 TO 2050

MA €13 =ELANK

MR 23 =ELANK

MF 33 =ELANK

EMCDDE NAs 10003 (L INE k) s K=NEEGs NEND
CALL ZECFIL CMAsIs$as

CALL DCODE <OsMEEGs NENDs HLENs $4)

IF ¢NLEN.GT. 4250 TO 2030

MAM ¢ 17 =EL ANK

. EMCODE "HAMs 10003 (LINE k) « K=HEEGs NENDD

]

4

CALL DIFECT CIsMAMs 3 EA08 0 FIFIND

CALL ROUTINEE WHICH ACTUALLY HANDLE DRTH

IF {NENT.ER. 00 CALL DATCAL cIs e FII3330
IFCMEMT.EG. 02 CALL DATCAL 1+ 3s 3993590 :

IF CHEMT.EQ. M WRITE CLDD« SO0 HRA CLY s MR C 2 o NAM
HFLAG I+30=1

=0 7O 9999

IF MENT.EG. 0250 TO 2010

CHLL MODULE cHA 1Y s Ls F90400

IFiMACSs JHELLAE1 ) JOFHACZ) JHE.LRE S 20 TO 2040
IF eMFLRAG C2x JER. 1250 TO 39399

CALL DIRECT Ly MAMEs 7e 39993« F3995)

i TE =29

CHLL DATCHL vTede F3935.0
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1000
2000
IN00
010

020

FORMAT «72A1>

FORMAT i 14« 2R3s 1 X Ads 15« "RETRIEYED"

CALL ERPFRORY12
50 TO 2999
CALL EPFROR<4)
50 TO =399
CALL ERROR <12
50 TO 9999

0 CALL ERPDOR <23

50 TO 99339

) CHLL ERFROR 14>

g TO 9939

0 CALL ERFOR C1g2

30 TO 2999

D CALL ERROFCLS)
A RETUREN

=D

AR o) T s
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SUBRPOUTINE =RVE
INTEGER ELANK
DIMENSION MR2D
COMMON -~ INPUT-LINE 72> sLDIsLDDsLDFsLDA
COMMON ~ERR~-NFLRAG <1 0)
DATA NYESsNO-4HYES +4HND .+ ELANK.-4H -
DATR O0-1HO~
MFLA=1
C IDENTIFY FILE TYPE
CALL DCDDE <Os MEEGs NEND'« NLENs $2000)
IF ¢NLEN.GT. 7250 TO 90&0
NF 13 =EL ANk
NS C2 s =BLANK,
EMCODE NFs 10002 CLINE CK) s K=MREF s NEMI? ‘
CALL SECFIL CNAs ITs$230100 ‘ 1
. GET THE FILENAME
CALL DCODE <0s MEESs NENDs HLENs $20007
IF ‘NLEN.GT. 4230 TO 2040
NA (13 =EL ANK
EMCODE “NFA €1 « 1000 €L INE K3 « K=NEEG« HENID
i RET THE FILE ADDFESS
CALL DIFECT IsMAC1Y sde®1aE1D :
WRITE cLDOs 20003 \
3 READCLDIIS 10012 NANT
: IF FMANZ.EQ.HOX GO TO 9993
IF (HAMS.ER.HYEZ» 50 TO &
WRITELIOs 30015 ]
50 TO 3
1 MFLAG=1 ?
1 CALL DIRECTcIaNACLY s 6e 32050 F2OSM
CALL DATCAL €T+ Se 395590
IFCMELAG ER. 1V CALL DIRECT CToMA (10 o 20 909, F929)
: WETTE vLDD« 20020

30 T =539

R i itk e A s i

e

iy
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1onn FORMAT cF2A1D
1001 FORMRAT cH4>
2000 FOPMAT c1xs "eeeeyYOL AFE RBOUT TO WRITE OVER AN EXISTING
O FILE."s~s ‘
1y "eoeeeENTER YEE TO COMTINUEs HD TO REORT COMMAND. ")
2001 FORMAT C1:+s "PLERZE AMIWER YES OR NO. ND WILL RETUPN YO
2 TO CONTROL
MODE. "2
2002 FORPMAT i1« "oFILE ZRAVEDe"»
2000 CALL ERFOR 1D
0 7O 2999
2010 CALL . EFRDR (4
50 TO 2999
2020 CALL ERFOR €122
o0 TO 2939
2040 CALL ERFOR 30
30 TO 3939
F050 CALL ERFORC11D
50 TO 99939
n CALL EFFOF (182
2 RETUEN
END

——
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e

SUEROLTINE THM (e

COMMON < INPLT-LINECF2)+LDIsLDOsLTFsLDFA

COMMON ~TAMI~TRILsXLEMs XIOs BTRsPTIs SRCEsRT+ANGL » D<o
Blls THRs TFP+ TOF s FTI

COMMON ~FAMZ-COREsDF s FPs DEL s LAM» ZPECs FLFRs ¥LMCs CLADy ¥

~IZHUs FN1

D T v I v v v I O T B |

T

N

sPDODYPEECTACsAF s RS s CHe SHy XLy AT+ XAOSsPFIsFPTOs
COMMNs EFLCsFIERs TRASTER TOTs BLs BRI

PTI - POWMER INFUT TO THAM ROUTINE
FF - SLOBAL RAYAILRELE FOMER
FTO - POWER DOUTPUT TO FIEBER ZAELE

TOURCE TYPEE LENE ZYEZTEM FIGTARIL
1 - EDGE LED 0 - MO 0 - NO
2 - ZLURFRCE LED 1= WES 1 - YES
2 - LRZEF ILD
4 - LAZER AR

IFCRT.ER,. 0. 0, AND,BW.EGQ, 0. 0060 TA 2000

RTI=FT

EWI=FN

IFYRUT.ER. 0. 03 EWI=0, 35-RT
IFCRTILEG®, 0. 00 RTI=0,35-BW

FTO=FTI

FrR=FTI

MIRCE=IRLE

IFCTRILLEQ. D, O AMD, ‘NIRFCE.NE. 2. 0R.PTI.HE. 0. 02250 TD 99
0 TO ‘vnsdes3edd s NIFCE
FTO=0.1¢0.SeFPTIeTHReeZeTIIFeeZoTFP.- i, 13620, (1) oo

RO TN 22

IF'PTILEGR. 0. 0. AMDLETR.OEG. N, 0, AND, XINLE2. 0, 0G0 TO 2000
IFrAMGL.LE. 0, 0.0F AMSL 3T 20, 000 TO =010

FH=30, N-AMGEL

H=1.1

IFFM.ME. 1. D2 A=COT i3, 141cel, SevFMN=1, 00 “FMHY » 'FN=1, 02 =0
.131ce

G, S® FMH+L, 00 “FM) < cFH+1, 00 =2, 0 CFHeeZ =1, 1

FPLZ=FTIT

IFPTIME.G. 20 TO S

IF'BTR.HE. 0. 3 Fi=3, 14100 oHeETRO 003, LES
IFiIDHE. D, 0 PI=2. 141 eRex 1]

FR=F=

FTO=FZ

IFCTRIL.EG. D 00 T 3599

C=THRAees

IF (FH.ME. 1. 00 0=00% (THAS (FH=1, 000 < (FM=1, 03 =0 D3 THRe (FN+




SO0 T LR
PEM+1, 0 =2, NS iFNee—~1 . D)
L=1.n
IFCTDF.LT. DI D=TIFee2 - TiToe2
FTO=FIe_eTFFeDl. A
50 TO 2=
S IFCHELEM.ER. D, M FTO=FTIe. 15¢TFF
IFCHELEM.NE. 0. 2 PTO=FT1le0.S¢TFF
0 TO =232
4 FAT=TIFeez NIZ o0z
IFRAT.GT.L, FPAT=1.0
FTO=TFPeFTIeFAT
2% FUR=PTI
IFPTI.ED,. O, DPUR=FS
GARAI=*AIT
IFCRAT.ED. O, 0 AND, THH.LT.ANGLY GRI=1 0, OeRLOG1 0 CFPUR-PTO>
2933 WRITELDD100 SRCEs TRILSsEWISFTISPRsPTO
100 FOFMAT c" QeTAMe "y ~9 "  ZRLCE="+E15.9¢ T34« "TAIL="2E15.9.T4
D2 Rhi="
E1S5.%s #0 " FTI="sE1S.%:T24s " PR="2E15.9:. 742" PTO="»
~LE1S. 9
WMRITELDOs 200 “I0« ETR e ¥LAM« SPEC s THR QML
SN FORMAT o~ ATO="+E1S.9sT24s " EBTR="+F15.9«T42s "HLAM="«E
R B - F I
Y OIPEC="eE1S,. 2 TEde "TNH="sE1S. 9 TS "AMGL="+E15. 9
FETUFRN

2000 CALL EPPOR 223
G0 TO 23992
Q01N TALL EFROR c24»
99z RETURN 1
END




SUEROUTINE FRAMe)

-

E INPUT I% EITHER CORE AND CLADDING REFRRCTIWE INDICES OF T

~IZHE HMLUMERICAL
T  APERTURE AND FRACTIOMAL INDEX DIFFERENCE

C

COMMON ~TAMZ “TRIL s SLEMs ¥*IDs ETRsPTIs SRCEsPTeAMGLy TS Bl
e TNF s

TFP«TDF«FTI

COMMOM FAMZ.-"OFEs DF s FFPs DEL s LAMs ZPEC« ALFHAF s “LMC s CLATD
s ENLle PHL s

FDDsPIECsACsAF s RE s CHe ZNe ML o AT « “ADPF I s PTOs

COMMs ZFLC«FIBR«TRASTERs TOTs EL AT

COMMDOH <PAME-“ANe HILy XIBe S TEZNaFEZ e XM ZEMT s PMB o ZMEC s XMRA
e BEETRsF e ’

TYPE+OF Ts3RIHs TEER« TZHR s FFOs CHRAM

SOFT«EBEF« ZHR« EAND

COMMON < INFUT-LINE ¢S sLDILDOs LOFsLDA
o
7 THE HEXT 10 YARIAELES MARY HRAYE THEIR VYALLUES CHARNGED WITHI
“LN THE =ZUBFDUTINME.
r  THEY HARYE THEREFOFE EBEEN MADE OME-LIAY “WRREIARELEZ.
i

IFCPTO.EQ. 0. O RAND.FFILER. O, 0050 TO 10000

FLI=PFI

IFCFFI.ER.D.2PCI=FTO

COREI=COFE

DELTR=NFL

CLADI =CLAD

AHA=%MNL

FHE=FN1

PHII=FT'T

FHI=FZEl
e
- IZET WP TEFAULT SLAZE FPAFAMETERS
3

IFPHALED, 0. D9 FPNA==-0. N149

IFPHD.EG., 0. 03 PHO==0, 000ES

IFCPHT . ED, D, D3 PNT=0, 2%

IFCALAMLGER, O, 0030 7O 1000

IFCDELTH.GE. L. o0 TO =2oun

IFFCORELLEC. O, 0. AMD, PELTReMS HE, 0, M COREI=RMA-SET L2,
~sNeDELTHY

IF/CLADTLEG., G, 0, AMD, DEL THeCOFEL. . ME. 0, 00 CLAUT=CORELI® ' 1.
L O=DELTH>

1IFCDELTAR.ED, O, 0 AMD, CORETSCLADL.HE. O, Gy DELTA=C.OFEI =L
~cADT» < COREL

IFVEMA R, O, b, AMLCOFETSDELTA.ME. 0, 02 “HA=CDFET SORT 7 2,
CLNeNELTHY
i
- CHECE THEZE WAFIAELEL TD BE CEFTAIMN THFEY SAWE EFEM DEF INE

A U

i ki o




e

T T P

IF {COPET#DELTA.ERQ. 0. 0730 TO 10000

i

(e CALCUL.RTE FOWER RECEIVED BY FIEER CRELE
IFPTOD.ER. 0. 0.0R.TRIL.ED. 1. 00550 TO &1

C

[ FTO HAT BEEN DEFINED RAND WE HAVE ND FIGTRIL

IF/ZRCE.EQ. 1. PCI=0, 1 xHRAeDF ' ee2eFPePTO-/ 0. 14090, 00 ¢
wCe2en. S
IFCERCE.ERD. 2. 0.AND. ¥LEN.ER. 0. 00 PCI=0, 15eFPePTO
IFCERCE.ER, 2. 0. ANMD, SLEM.NE. 0. (D PCI=0, SeFPePTO
IFiZRLCE.ER. S, 02 PCI=FFeFTOSIFeec NIZee2
IFYSRCE.NE. 2. 0050 TO 22
IFiAMGL.LE. 0. 0. OR.AMGL.GT.20. 0030 TO 10000
FH=330, 0-AMNSL
H=1.10
C=*MHRee
IFCFHLER. L. 0030 TO =22
RF=C0Z 02, 14100, SecFMN=1, 00 ~FN! # (FN=-1, 02 =C0Z 03, 141600, Se
CFH+1, 00 “FMHr < CFN+1. 00 =2, 07 cFHeeZ~1, (00
C=COS L THASFM=1 . 000 < FN=1 . 02 =03 cTHNA® FH+1, 0D > 2 ¢FH+1. 0
WD =2 (e
FHee2-1, 12
o2 I=1.0
IFDF<DZ.LE. 1. 02 I=liIFeel Do
FCI=PTOel ~ReFFel

o
¥ COMFUTE IMPLUT COUFLING LOTE
22 SRI=ERAT
IFCSRILED. 0, 0. AMD . HMA.LTAMGL GRI=1 0, 0eRLOSL G CFTO-PCIY
UF

2 COMPUTE IMTERMEDIATE GLAZL FARAMETER:

&1 CHI=COREI-PMA
EFZ==2. UeOJFEleFND- rCH1eDELTH
CE=3, DeRLPHAF=2. NeEFPT=C ., L1 i 2, DeRLFHAF+4, 1)
Ci=vRALFHAF-EPZ-&, 00 < (ALFHAF+&. I

E TRELE LOOKLUP — INTERFOLATION FOR EYRLPHAY SIVEN RLFPHA,
iz

TALL ALFAYALFHAF s XEKAF« 31 00010

=0, 0

IF LM ME., D, 0 xeC=xEAF < XLMC
)

o COMPUTE IMTERMODAL DI1SPERTION - UIE & ITERS

T 11 DTER=HLeCH1eDEL TReHLFHRF < (6. NE-de (ALEHAF+1, 1) ) #30RT (iR
IL PHAF

#2000 S G NeRLPHAF+E, U ) .
OTER=TTEF®INFT (T 100244, e 1 eCZeDELTA® "RLPHAF+1 . (1 - €2, 0

" 8P PHRF

+1, 00 +4, Ne[IFL TRee e Seece 2, NOHLFHAF+Z . N1 e 0 iS5, NeHLF
CCHRF+Z, 00 e
CRLNeRLFPHRF+S,
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e e e e e

(s
o COMPUTE INTRAMODDAL DIZPER:EION
(e

DTRA=FLZPECS V3. 0E-4e=LAM) ¢ZORT (PNTeec -2, e

FNZeZM1eDELTR® ALFHAF-Z. U-EF%) ~ iALFHRF+2. 072 ¢ (2, Ne

ALPHAF - 72, DeRALFHAF+&, 02 » + /CH1eDEL TR #o2e ¢ cHLFHAF-2. 0-E
“CPEY - (ALFHAF

+2. 000 ee2e (2, QeRALFHAFY ~ 3, DeRALFHAF+2. 0033

N

C  COMPUTE TOTAL DIZFERTIDH

C
DTOT=DTEFee2
IF vHL . GE. SLC.AND, SLC HE, 0. 00 DTOT=0TOTexLT XL
DTOT=20FPTCOTOT+OTFRee

C

Z COMFUTE = I'E FIEER ERANLWIDTH

I

EL=0.122-¢DTOTe1. GE-S2

COMM="MHeRL

LZPLC="HeR=

FIER=*LeHF

HLIT=COMM+EPLC+F IER+XR0

FFO=F"le10, Nlee =0, 1exL =)

WEITECLDO«1002 DTRRSDTEF« DTOTSEL« XL+« FTOFFI+FFD

100 FOFMAT c" (eFAMe s 9" DTFRA="+E15.3«T23. 'TITEF="+E15. 3. T4

w23 "DTOT="»

EL1S. Qe 9" EL="+E1S5.2: T34 " HLC="sE1S.2T4=." FTO="+E
515, D

PFI="+E1S.3:T24«" FFD="+E15.3]

WEITELDOs 2000 =LAMe ZFEC s HLFHAF « TIEL « “MHR«CORPEIsCLRADI « GR]T

el o
200 FORMAT v HLAM="«E1S,. 9« T34« "ZPEC="«E15. 9 T4Zy "ALFR="4E

U S D]

b DEL="4E1S.3«TZ4¢" “MHRA="+E1S,23«T42 "CORE="aF15.Fe 7
Lt TLAD=E".

E15, 3T “AT="eE1S, 3 TA42 "LOLI="+E15, 9

RETLIFM

N

é THE STIGHT COMEIMATION OF INMFLUT DATA CCOFEISCLADL«“MACNELT
Ll H3 WAL HOY SIVEM
|
10000 WRITELDDO« L utng
10001 FOFMAT " DATH INTUFFICIENT FOR FLIFTHER FIEBEFR FMRALYITT,
T BETURN 1
2000 CALL ERFOF @24
CETLIFM 1
D
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SUEBRDUTIME ALFR (R« ALFHR«NPT)
FERL KHAL
DIMENZION RLF (&) s KAL Y500
COMMOM ~INPUTALIME 723 +LDI«LDOsLDFsLDA
DRTR ZRAYE~N0, 0~
DATA ALF-1.43s1.50s1.55¢1.5091.55:1,.791.75¢1.591.235+1.
RS- T - LT
el e 1121 e S1 e . S1C B . TeC.29 2. 993, (93,193,393,
RO TRE I ¥ e Y
BB A T e 3 B2 e, 00, S S, e S S8 008, S 7. 07,002,103,
RURITR" P ER= T
10,013,014, Ne 1A, D13, 020,025,020, 025, 0030, Ded=_10
eGS0, Dead, O
TO.020, Ve300, 00100, 0
JATA KAL - 2.5s 3.2 3. 0812, T s T39C . BSsC.DecC. 22,230
RUSTI-S Gy NI
1.95¢1.8F+1.77s1.89: 1,
“el.282 1,25
1.23¢1.3801.12s1.1501.1401.1301.101.05s0,22«0.23%a0,92:0
= RN =1
O0.3da B B2 D B0 Da TN TR0 0. Fre 0. T30 0. 7Fo 0. 67 0. 680, 04,
S P T
0. S90S 0. ST 0. ST D, SEC DTS5 N 36 1), 55y D, 557
IFrR.ED. ZAVEXPRETURN
IFiA LT 42, 0F.H. ST 100, m2G0 TO 20
ug 16 I=1eel
IFCALFCI» JER.R»0 TO 40
IFCALFCIr (3T A0 TO S0
10 CONTINUE
2 WRITELDO«100>
100 FOFMAT c"ORLPHA MLET BE MITHIN THE FRMSE OF t.432 TO t1an0
“D. 0 IMCLUEIVE
- '.v..
FETURN MRT
40 ALPHA=KAL /1)
FETLUFN
S0 ALPHP=EAL (T2 = dHLF CIo =Ry« clLF CID ~ALF cI-1r v e kRl C Iy =kRL Y
Wl =100
ZAYE=HLPHRA
FETUFN
EMD

M

My

—

951,491 4491, 3951, 3501, 2

T

=gt ]

1T
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1 TURFOUITINE FRAMoe
k DIMEMZION TPﬂN(?ﬂ,E}.Pf&,?
COMMON ~FAMZ <XRATNs = ILs < IEs >='I s FEZ s ¥Me ZRFMT s FNE e XML 2MA
“iLe BETH«F>»
TYPEsOFT«GHINs TRER s TEHF«FFOs CHAM
SOFT« BER s ZMF » EAMD
COMMEDH S IHPUTA-LIME TS s LDISLDGsLDF s LDA
COMMOM <FAMZCOFEsTDF s FP«DEL s “LAMy SPECs ALFH« XLMC s CLAD S
~IZHL s P4 .
PDIDFIET«ACsAF s HE s UMy SMe L s “AT s “A0«FF I« FTOs
COMHs ZFPLC«FIEBR« TRRSs TER TDT« EL s GRT
COMMON SSPECL-TRAMS TIFF
DHTH PrO 1023301, 250 0. 010942, 210 0, 103A9E=2 2, U200, 103
y |:T lE e
FeTla M, 12342 E-Ged , Do 1, 5412 Fed, Z90 (1, TRIASE—Fed, 7394 01,47

1t S A AR BN A A 10

-1
G 2T 0, 2EEESE - g, 99 [, [ PEZE-E e S, 025 11, IIEQSE-Fe 5, 1
I:. :‘91
D ST A0 E=F s 5. 232 0, ZRE2IE-F e 5. 399 DL INPIBE=-7+ 5,939, 10, S
SCRANGE-S.
S.EINCD, 2RESTE-24 5. 7990, 1 E-SeS, 239 01, %3nS9E-9.5,3
TR
O, S3N3AE =2k, 039 ), S22 2FE =Sk, 1990, 13SHCE-9e 5, 93 11, | ;
nC?GB?F-]0¢
me 2R N G01IE0E=]1 Qe 399 0, ZNSSEE-1 Do, S92 0. 1 OGS 1E-1 100

3 N, 127 I2E-11+5, 2399 0. 194 222E-1 2 V. 339 N 14207 7. 59300, 12

i LAY SE =14
' T THA G IS RE -1 =0 5 190 0, 2 22IE-1r e B, 239 D, 1eS34E~1 7 5

R -

N 11SERE—12e 2, 2393 0, ITSSIE—-133, 1390 0, 1 OQESE=21 2, 35

E00000000000000000000000000000000000000000009000000000000000
TS 0000000000500 0000

< TYFE SRPLANAT IO
. C 1 AMALDS - BALERANT
e 2 AHAL O - M
" E; AMSLOG - FM
= 4 AFALOG - D
C S AMALO: - YLER
o £ O1EITAL- FIk
3 T DIRITAL- Fik
“ z DIAITAL- BACEEAND <00
£ 2 DISITAL- B9 EBRMD v BEFPM




IND==0
FR=FFDOe1. 0E2
IFCPFO.EQ. 0. 0G0 TO 10070
IF¢CHAM.LE.1.0>50 7O 17
19 INDE=IHDX+1
IFCFLOAT CIMDM» . GT. CHAMNY GO TO 22399
HTYPE=TFRANCINDMe 12
AIZORA=STRAM CIMD<s 20 o0
IRME=TRFAN CIMDX s 30
SMA=TREARN CITHDE « 40
BETH=TERM cIMDxe S)
"0 TO 1=
17 HTYFE=TYFE
“IZRRA=EIZ0ee
12 “BRIM=5RIN
BOPT=0.0
HMEOFT=0FT
IF i3RIM.LE., 0, 0 #GRIN=1. 0
“ME=FHE
EAND=FMNE
IF CHTYPE=2S2 10030 10010« 100020

DEFINEZ =HE FOR 2 CRIEZT - DISITAL BAZEBAND 0OOF AND EFFM

{DUID IHE=Fe3, 14162, 0

BAMND=F-2. 0
a0 TO 10030

10020 INE=Fe3, 141562, 02, 0

i

ERMTI=F

ZHOULD WE OFTIMIZE GAINT

iUﬂBﬂ IFCHGOFT.ER. L ANMDL  HTYPEL LT 62 HEATIN= 02, Dol . a0z 1E-10eX]

Il e IME+SIEEA

1201 ENS1IE=1 NeEZHEe<AlIe 'FEZePR+XTE) D v ee 01, 0702, O+%RID 0

EVALLUATE ZOME IMTERMEDIATE EXPREZZIONT TOMMOM TO ALL AMRL

.:1TVPE.ED.E.DP.HTYPE.ED.?ﬁiNH=3NEﬂE.n

s el  BNSE=1NeZHEe ¥ TL - TREe SR Hee o, U+SQT0 )
SIMEN=FDERA+ADE0R+ 2 T T0R

1F WE ARE DOTHS AN ANALOS ANALYZIEZ, 30 70 10020
IFHTYFE.LT.=0x0 TO 10040

CHLOUWLATE DIGITAL EAZEEPHD cOO0F« EFFMY
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S o e e i

[N

R=ZRRT 2. 0 ed, 02, 141 5eREZOXSAINORPF . cZORT cAIMZOY +Z0OPT (
SCETERR+X T Z0RY

A

ZNE=EBRAND

50 TO 10050

COMPUTE EE-NO

— T

=

040 IFCMTYPE.LT.2230 TO 10050
ECR=0,SeREZ e RN s oFPee e M ooz X TNID

CHLCULATE DIGITAL FEK

£ 1 it I v )

IFiMTYPE.ER. 2 =1, 1 eZOFT VECRY

=i

CRLCULATE DIGITHL, FIE

IF CMTYRE.ER. P R=I0RT (2, NeECRD

]

COMPUTE EIT EFFOR FATE

-

00NSa BER=2MOFRM OG0

IFYTERER.ED. O, 0, OF.EEF.EQ. TEER»GO0 TO 1005S

Do 1onst dk=1+235

IFCTEER .M .F Ly Jk250 TO 10052

IFCTREER.GT.PCLs W20 TO 10052
10051 COMTIMIE

CR=1.0 ’

50 TO 10057
1O0SE CoO=P o2 kD

30 TO 10057
10092 Jkk=1k-1
i TUFF IZ IM LATTS

D= iZe I = Pl e B =TEERY (P Lo IbED=File JE 1V @RSy Ik
SLEY =P S e K
10057 JFEHTYFE.RE. S0 DFFE=C0e%, (d1ce]l , DE-Se  TORT A THIDD $50ORT o
SCDIZOALETE0AY D

S NIRRT (2. 0 sFEZeXER 1M

IFHTYFE.EQ . IFE=C0e Z0FRT 2, NesTHAMe] , (=210 1, 1eFES e}
SR eI

IFHTYPE.EQ. THIFF=_0eI0RT CaTHInel, (=51 - i RET &N ] HeML
O
10055 =MAR=10, DeRLDOGL L PR IFFe] , NEX0
IFCIMOS . aT. 100 TO 1 00Se
WRITE L DD 2008 AN S IEs  ILs FEZ o FME 5MIC o Fo ERMO« TREF s FF

£

oo

2002 FOFMAT v NeRPAMe e oy " “AT =" E1S, @ TEde "HIE =" F15, %14
SIS YIL ="
E1S.3s o" PEZ ="4E15. % T24s FHE ="¢E15, 9 T4« "SMSI="oE
8 b P TPL
P =" E15. 9 T34 "EANMD="yE15, 3¢ T2« TREP="4E15, 9 ¢ "
L PED ="

E1S. 3
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e

1005 WRITECLDO«S002CHANS TYPEsGRINXIZ0 IPP « AMAP s BER
2003 FORMAT v CHAN="sE15.9:T24s “"TYPE="sE1%.3: T48, "GRAIN=",E1
RO PR

" ORIZO="9E1S5.2eT24s "IPR ="3E15.93sT43¢ "XMAR="sE1S. 99~ "
=~ BER ="

E1S.9)

FRETURN

-

I s
L EWALURTE THIS EXPREZSION MOW - IT IS COMMONM TD ALL S ANAL
=C0R MODULATIONE

LRG0 FRPT1=IRMSeeZeRES se2eXEAING+2oFReeE

E CALCULATE ANALDG BRASEEAND

i IF ‘HTYPE.ED. 1) ARG=XMeeZoPART L X INZE

E CALCULATE ANALOG AM

t IF (NTYPE.EQ. 2) APG= (XMICeHMAT ¢o2ePART1 &0, =¥ NI
. CRALCULATE ANALOG FM

. IF \MNTYPE.ED. ) ARG=1, SeEETAee2eXMIC 62 ePART 1~ INID
E CALCULATE AMALOG DIE

3 IF ENTYFE.ED. 42 ARG=0, SeXMIC +e2ePART 1 X INSO

E CALCULATE AMALOG SIE

% IF (NTYPE.ED. 5) ARG=XMIC e ZeFPART 1 - H INIH

© COMPUTE IGMAL-NDISE FATIO

[

SHR= 01 0. 0eALDOS1 0 CARE) )

IF *OFT.EQ. 1. 00 SOPT=XEAIN

IF ¢TEMPL.ER. 0. 0.0R. TSNP.EC. SHR2 GO TO 10061

AARG=10, Cee cTEMRES1O, 00

IF (MTVEE, EQ. 11 YARG=HARG X INTR- Hieed

IF ¢NTYPE.EQ. 21 YARG=E . 0eHARGOXINTO., (HMICOHMA) so8

IF (NTYFE.ER. 30 YAPR=XARGX INI0- V1 SO RETAe SR $XMIC eo2)

TE CHTYEE ., EfL 41 VARG=Z . NeHARGSY [NTH-HMIC o8

DPRHTIPE (EARG) YARBMSMRES S EARIHXM: ool

HMAR=1 10, ALDS 10 PR IFRe] . DE3 )
100ET TF (INEX.GT. 1250 TO 10062

WETTE (LT0» 20042 5FDs X1Es 5 IL «FES s RHEs HMICs ¥MaOPT e BANDS T3
LEHR S PED
E00d FOPMAT (" GeRAMe ™y oy " WFD ="+ £15. 9, T34+ "I ="+E15.9.T4
CCEsRIL ="

E1S. 500" FED ="4E15. 3 T241 "FNE =" +E15. %« TdR "MMI="1E
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015, Fe

St MM ="WE15. 2 T24s "OFT ="+E15.3:T45, "BERAND="4E15.9y~
“e " TEIMR=".

E1S.2:T24+"PFO ="+E15.2)
10053 WRITE(LDO: 2005 CHAM TYFEs GAIMs GOPTs X150 SEME s MR« BETA
~CIIPR s =PAR «

ZNF
2005 FOFMAT o CHAN="E1S. PT84 "TYFE="+E15. 9+ T43, "BAIN="3E1
WIS e
CROFT="sE1S5.9¢ T2y "HIZO="sE1S. 3 T2« "IPME="2E15, B 7 “
1S, 9 T2ds "EBETH="¢E15.9: T42+ "DFF ="+E15.9-9" HMAR="sE
LSS B T

Teds "ZHF ="«E15.90

IFCCHAM.AT. 1. 0230 TD 12
2239 PETLFEN
10070 WMRITE 'L.DO« 100200
10026 FORMAT < POMER THPUT 12 ZERD. "

FETURMN 1

EMTI

=i HMA
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FUNMCTION 2HORM G
COMMON < INPUT-LINE c7S2sLDI«LDOsLDF+LDA
C COMPUTES %=1-P (¥ =0 =PROBREILITY THAT THE RANDOM YARIAE
~CLE
Z  ERUAL TO DR SREATER THAM #Xs WHERE THE PANDOM VYARIARELE IS
~ZHORMALLY
. DIZTRIBUTED WITH ZERDO MERN.
RE=ARE ()
IFCRE.RT.2.6250 TO 2
IF AT 0. 000001250 TO 1
BHORM=10, 5
FETLRN
1 D=0, 0438673
De=u.0211410
D:=2.2FFeE-N3
D4=2.20E-05
0S=4.229E-05
DE=5. ZE-0R

LN+l eRE i cexgr+ i NZex v+ Diderd s + i DISeS v+
RN - SR X 2
C=1r0
AHORM=F1
- THE MRA=Tmum ERROFR IZ 1.SE-07
0 TOD 4
S PI=3.1415927
IFeR=. ST 10,230 TOD =
HP=EBF F—HHeeZ .3 AHESEZORT C2, oFP T3
A=, Axee
HEAEE, THReed
Ad=15. ~AxeeR
#S=105, “ALee:
He=24S, ‘Rreel ]
AT=10E9%, "Rrleel
FPl=%FPe ], =HZ+n2=rd+= 0=+ 70
OHOFM=F1
o THE MA-TMoM EFPOR 1T 1SS0, eEXFPV=RAEZ V=) eec -
34 JFE a7 7
negem=1, 0-pP1
30 T0 10
OHORM=0, 0
[E v LT e 2HOFM=1, 0
WRITE cLLOs=
9 FOFMAT 2. "eeeee 20 HAL BEEM TET TO TERO. = 17 GFERT
CCER THAM 107
170 FPETUREM
EMT

L CREEVE 6] ]

oy 0
o
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3.4 Sample Programs

The following pages are computer listings of design problems actually run
with FODAP. Command lines input by the user are indicated by asterisks.




«xFODAP 4AS DEVELOPED FERBRUARY, 1977 UVDER
THE SPONSORSHIP NF RNOYME AlR DEVELOPVMENT CENTEX RY
HARRIS CORPORATION, ESSD, MELBOURNE, FLA.

READY FOR [VPUT




9k CREATE VEWFILE
xexx70U ARFE ARNUT TN DESTR)Y AVY FXISTIVG FILFS.
*x*x«FENTFR YES TO CONTIVUFE, V) TO ARIKRT COYMAYDe
* YFS
*DIRECTOKY CREATED*
3$CHpArF IAMFILE TFST
FNTER VALURS FOR: SKCE,TAIL» XLEVSPTI
2e2516753¢%51e?
FVTER VAL!UFS FOR: XLAY, SPEC,RT,PW
‘35"!-3: 15-'3’ I.QF:-P"".']
FNTFR VALUES FOR: TVA,TFP,TDF
Me14,7¢355,%.723
EVDER VALUES FOR: AVGL, DS»X10,BTR
2PeB5NeMN¥5PaB,M%e %
*FILE T*¥ST CREATFD*
JeCREATE RAMFILF TESP

ENTER VALUES F)R: ReCEIVER=TYPFE,; GA1 1, AN XTI L, XIR, XISD,RES

HeM21e¢M757¢351M7eMN52e™2,541 75755
ENTER A VALUE FOR$ R
12E7
*FILE TESP CREATEDk

J¥crEary vAMKILE TEST
FNTER VALIJKS FOR: COKF, DFs FP, DFL
16461253562 5M¢355,%2¢779595
FYTFR VALUFS FIRtALFA,XLMC, CLADsXVA
25e25,2eD5 10452557016
ENTER VALUES FOR$PJ1,PDDsPSEC
Ne?,3.%,7.0
EVTFR VALUFES FOR$AF,AS,ACsXAl
P2e¢%51e¢M52¢%5%72
«FILF TEST CHFATFD«

9 CREATK SAMFILF TEST
FNTEK VALIJES WOR:CVsSUsXL
2¢M5Fe®51e7
EVTkrt VALUES FIR:$OPT, TRER, TSUKR, <40
a.’!’l.:‘:E-ajgl".
20
«FILE TEST CHEATED#

¥ DEFIJE TSik=".2

HDEFIVE XA0=2.7

96 SAVE SAMFILF TEST
sexe(0OU ARF ARYJT [ whiif dvex AV KAISTING FILE.
ke kENTER YES TO COTINIF, ¥) T) ARIRT COIMMAD.
(RS
*FILF SAVED&

¥LIST SAMFILE TEST

CN= 2773073k +3] Si= 23R4 XL=
OPT= «129%7k+7] TREK= «13272K="7 TSIR=
A= 22972 F+2]

*FID FILF*
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TV

<% GET RAMFILE TEST

9 GFT RAMFILE TESP
RAMFILE  TESP

%k SAVE RAMFILE TEST
*«FILE SAVED+

<k DELETE RAMFILE TESP

RETR

*FILE DELETED+*
LIST RAVMDIRECT
TEST

% TAY

«TAq%x
SRCE=
PTI=
X10=
SPEC=

¥Fav

«FA*
DTRA=

BL=

PFI=
ALA9v=
DEL=
cLap=

Hrav

kRAav*
TYPE=
BAND=
Xap=
XIB=

¥ sa1

*kkokkk

« 22092939 29E+91
1322722939 E+2 |
« 22312372 E+)
« 159772073233 E+92

«122775669E+31
* 324732332 E+73
«ANIAANACIIE+2]

e 3599993733 E+33

¢ 594999921 F-22

¢« 14524998 7F+91

« 39730332933 E+31
s SADAAAAAAESL AT
¢ 299999952E+22
«299999975E-31

AQVAILARLE P)4ER (SOU
INPUT COUPLING
FIRFR

SPLICE

CONJECTNR

MITPUT COUPLING

RECEIVFR POWNFR (I

DESIRED
SYSTFY RAVDW

Kk kkk

IEVED

TAalL=
PR=
RTR=
TVa=

DTER=
XLC=
PF0O=

SPEC=
ANAa=
Xal=

R=
PR)=
¥ 1SNs=
RES=

RCE)?

LOSS
LSS
LOSS
LNSS
LSS

NPUT)

RFR =

NER =

InT4 =

EKROR**FILE~VAME DOES VNT EXIST**

¢« 13337293972 E+721
e 137233 AAAAE+A )
« 2372392 F+ 21
¢« 13999994 6E+272

e 7778433%4E+7]
¢« 3793933943F+99
«267433532E~23
¢« 15272292 QE+ 92
e 159999996FK+27
«197277527E+722

e | AAARAARAE 4+ R
e PRTH433532E-23
«541AI9951E+73
¢ S499939952F+22

e 2ATHHNE=-D3
¢ 19724k +22
¢ 12223 F+ 22
¢« NAAARE+ 2]
«4NAAAK+N]
¢ PARAAL+A]
«26TUNE=-73
¢ AN AESA]

S ELLLILY)

e U3IJAE+T
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RW=
PTN=
XLAY=
AN GL=

DTNT=
PTO=

ALFAa=
CORE=
L)SS=

GalN=
RFR=
XIL=
RIR=

G e slietiing s i S s e e vvgq
|

«3439999272F+73
e 126469244E~7]
«BSAAANAAAF+A3
e 292N AFES+ A2

4% T2I%BHF+ D]
e 126469244F-"]

«1727117417F~-36
e 14K12921%K+ 72}
¢ 1AZNAAAAAR 4 AD

«131219333F+ 7]
L LLELLLE T B
«1A%AQARAGELA]
S LLLLLLLEI LS




¥ CREATE TAMFILE TES
ENTER VALUKES FOR:
#2.751.7,%.7,7%.2
EVTER VALUES FOR1
*35"09: 150'5”50 1S5E~7
H$2.2
ENTER VALUES FOR:
Nelbs1e2,85%.2
EVDER VALUES ¥0OR3
P92.7,75.353¢7,6643

R
SRCE, TAIL»XLEN,PTI

XLAM, SPFC»RT»RBW

TVA, TFP, TDF

ANGL»s» DS»X10,RTR

*FILE TESRE CREATEDx*
F* TAv
*Tav«

SRCE= 2729299922 E+3] TAIL= 1232297227 F+™]
PTI= «2939%3%2%F+21 PR= «9167226533E=-22
XIU= 929997992 E+2] ATR= 667922220 F+22

SPEC= 157923 A%%F+32 TilA= +159999996F+79

IRDER FA4d,RAM, SAM
QGSYS
*FA %

NTRA= <17M277SAAIE+Al DTER= « 737843324E+7]
BL= «324792473E+24 XLC= «3723999943F+22

PFI= «937%9239493E+71 PFO= «549%43375E=-75

XLAM= 3522 A2NE+233 SPFC= « 15772229228 +722
DEL= «594999921E=-92 XJA= ¢152999996F+22

CLAD= «145249987E+21 XAl= «153175387E+32

*RAa9 &

TYPE= 87372932339 E+71 R= « 1322223295 +38

RAVD= « S2IAFAAANAR+DY] PEO= « 5432439 7S5K=-25
AAD= «299393952F+77% XISA= «541693I351KE+73
X[IR= «2339339975E=-91 KFS= «5479997952F+27

A KKK

AVAILABLF PIWER (S)JKRCE)

IJPUL COUPLING
FIBER

SPLICFE
COINECTIR

DITPIT COHUPLING

RECFRIVER PONER CINPIT) =

kKkkkik

DESIRED

SYSTEM BAVDW

LaESs
LSS
LOS5S
LSS
LAES

REHR =

RER =

IDTH =

e 159145+ 232
« 1AAAAREAD
ol a0 Lo T
i e AT AL |
¢ 2RARAR+ 2|
e 5%INAFE=2]
« 2NANE+A]

LRI LY

e U443U3F+2T
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ny=

PTO=
ALAM=
AJGL=

DTOT=
PTO=

ALFA=
CIRE=

LOSS=

(AL =
RER=
X[L=
RYR\=

«233333322F+7212
e 234572 74AF~-7213
e 35ANB3PAAE+ 2R
e INAAAATAAES N2

c 4T TPINKAYTF+ )
e 234522 TURF=-1R

e 1727211741 TR~ 3A
14612722484+
¢ 1 6A2ARAN2E+D2

«37233320ae00
N ELLLEELE T Y
e 120RAARIARLA]
N LLLELEEET LS

L s e




inenvs AVGL=99.9

SYS
*TAM*

SRCE= .27972722222E+21 TAlL=
PTIs .992200293E+21 PR=
X10= +22272722922E+71 BTRs

SPEC= +15729%9090E+22 T\NA=

*FAv*

DTRA= «1232775598E+2) DTER=
BL= «32492928922E+28 XLC=

PFI= .3220229032E+21 PFO=

XLAM= .853232227%2E+23 SPEC=
DEL= «594999921E-92 X\Va=

CLAD= +145249987E+21 XAl=

=*RAv*

TYPE= «80727299292E+31 R=

BAND= <5827%222A%E+37 PFO=
XAD= «299999952E+37 XISQ=
XIB= «29999997SE-91 RES=

T T T

AVAILABLE POWER (SOURCE)

IVPUT COUPLING LOSS
FIBER LOSS

SPLICE LOSS
CONNECTOR LOSS
OUTPUT COUPLING LOSS

RECEIVER POWER (IVPUT) =
BER =
DESIRED BER =
SYSTEM BAVDWIDTH =
ok g ok &

3 DEFIVE AVGL=289.7

% TAM

¢ 199992339 E+91
«916226995E-22
«667229992E+22
«159999996E+29

e 797843228 E+71
*« 399999943E+22
¢ 5399244521 E-05
* 15022292237%E+92
«159999996E+39
+159176326E+92

* 13993333793 E+78
*589244521E~35
eS41699951E+93
¢« 549999952E+39

«S8994E-25
«15918E+22
e 127292%E+32
¢ NAARAE+N ]
e 42929 E+21
«2379933E+721
+«S8924E-25
¢« 36332E-937
«12292E-29

e 48343E+27

3-123

Sl i

Bus
PTO=
XLAV=
ANGL=

DTOT=
PTO=

ALFA=
CORE=
LOSS=

GAlN=
BER=
XIL=
RVB=

+233333327%E+28
¢ 23457928 62E~23
«352992279E+73
99329329 7%E+92

e 473729%745E+91
« 2345228 62E~23

« 2478 79939E~-29
14612392929 E+31
*16239992%E+92

« 1299227%23E+21
«363327%268%E-217
« 1292399 32E+93
e A23233922E+21




*TAM*
SRCE=
PTI=
XI0=
SPEC=
< DEFIVE
<% Tav

*TAaM*
SRCE=
PTl=
X10=
SPEC=
% DEFINE

3% Tav

*TaAM#*
SRCE=
PTI=
X10=
SPEC=
¥ DEFINE
% Tav

*TAM*
SRCE=
PTl=
XI10=
SPEC=

2099399932 E+91
« 393320979239k +21
« 312932933 DE+2 1
¢ 1529999399E+92
ANGL=69.9

« 23799339399 E+71
«29922229%E+21
«223929322E+21
« 159229292E+02
ANGL=5%.9

27939999 929E+21
39999290372 3E+31
«292397223%E+921
«15727999323E+92
ANGL=46+2

« 222309229 E+71
«3932233923E+31
«327299299E+21
« 1529299933E+22

TAlL=
PR=
BTR=
TNA=

TAalL=
PR=
BTR=
TNA=

TAlL=
PR=
BTR=
TNA=

TAIL=

PR=
BTR=
TN A=

e 132229723 E+2 1
¢8196997%4E+29
e 663999933 E+32
¢ 159999996E+29

« 1227203990 E+91
¢ 155454483E-921
«66290A222E+22
¢ 159999996E+79

«13799299%%E+21
e 454924814E-22
«6672279223E+32
¢« 159999996E+29

« 139939933 9%E+71
«864912427E-73
«6673293%9E+32
¢« 159999996E+22

3-124

Bijs
PTO=
XLAM=
ANGL=

BW=
PTO=
XLAv=
AVGL=

Bi=
PTO=
XLAM=
AVGL=

Riy=
PTO=
XLAav=
AN GL=

«233333322E+78
*817943624E+9%
«853333233E+23
«B93922%23E+12

«233333327E+78
* 143899354E=-71
«8SAARARAAE+23
¢« 679329223 %E+32

«233333323E+78
«B842992294E-72
«852299%233E+23
«579222993E+22

+233333329E+28
e 677854468E=-22
«B53AARARATIA]Z
« 467237333 E+92




N T T

¥ LIST TAMFILE TEST
SRCE= +223337F+21
PTI= «22973E+91
X10= «+23%23E+71
Bis .222%9%E+9)
TNA= «16377E+27
*END FILE=*
¥ LIST RAMFILF TEST

TalL=
AN GL=
© RTR=
SPEC=

TFP=

REC TYPE= .372999E+31 GAIN=
XIL = .1999%E+33 XIB =
RES = «55299E+19
SRMS= .3717397E+3) RYB =
XvMa = JAA%9F+2] RETA=

«FND FILE*
¥ LIST FAMFILE TEST
CORE= «14612FE+73]

DF= «35397E+32
AF= . 1932%E+92
PVl= «23239%E+3]
4S= +1%399E+21
*EVD FILE#
¥ LIST SAMFILE TEST
CV= «2723239E+31
OPT= +232322E+731
X402 <29299E+7)
*EVD FILE*
Ta4

*TAv*

cLAD=

ALFA=
PDD=
aC=

Sys=
TBER=

SRCE= .2937292923E+921 TAIL=
PTl= 32327332 9E+21 PR=
XIN= ,93932293223E+3]1 RBTr=

SPEC= 1529799723 3E+32 TNAa=

% Fav

*FAM*

DTRA= «1792775669E+91 DTER=
BL= «32473287%73E+78 XLC=
PFI= 292372332 E+21] PF)=
XLAM= 85732793 3%7E+23 SPEC=
DEL= +594999921r-22 XJA=
CLAD= «14524322337FE+?1 XAl=

RAY

¢ 1 2NAAE+ D)
«IAAARES+ 22
« 66923 E+22
¢ 1SAMZE+22
« 13232 F+7)

« 12223 E+D)
« 39202 E-91

« 133933 E+7)
« 219933 E+71

«14525E+7]
«35397E+23
« 25AIAE+ 22
e 2ANNAE+D)
« 29937 E+9]

«33233E+T1
e 13232E-29

¢ 129322372 E+21
«916726533E-"2
¢ 667332 ANES+AD
e 157933336E+22

e TAT343374F+7]
¢ 3399393394 3F+93
« 53933439 T5F="5
e 1529939223 E+22
«159993936KE+22
¢« 15917598 7F+22
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XLEN=
DS=
RT=

XLav=

TDF=

Xan =
X1S9=
X1 =
XMSC=
R =

XNA=
DEL=
XLMC=
PSEC=
XAal=

XL=
TSiR=

PTN=
NLAY=
Ay GL=

PTIT=
PT)=

ALFA=
CIRF=
LNSS=

e AAABRAF+D ]
s 1SARAE+22
e 15%2%2E=-27
«3532AFE+23
¢ 35230 E+22

e 3NAANE+AA
¢ 541 77E+73
e AZN2BEL+"]
¢ ARAAAT 4+ |

e 17937 FK+733

e 167222E+A2
« 5IS2FE-22
e 2ANANAE+2)
cAAAARE 4D )
e ANNAAF+A]

e 1 A2 E+)

1S E=35

«233333322F+723
e 2345722 74KF=-7213
s FSNANAAA NS A]
¢ IAAAAAAAAREAD

«UNT2IAAUTESN]
e 2345722 746F=-"3

«259703723 LA

« 146127 EL"]
«1A7AAAANALLAD




*RAM %

TYPE= 3239229329 F+21 R= « 179932322 E+ 7K e 1 2AAANANANAESA]

BAND= «959933393322E+97 PF)= «539%439275E=-95 « 3633324 75F="17
KAD= ¢2999933S52E+92 AISd= «541699951E+73 0 1AAAARABBES+A]
XIR= «299999975%=31 RES= ¢543999952E+2% e BAARAMARANE ¢ )

AV

LEA R 3
AVAILABLE POJER (SOURCE) ¢ S892YE=-22

INPUT COUPLING LOSS
FIBER LOSS

SPLICE LOSS
COVVECTNR LOSS
DUTPUJT COUPLING LISS

« 15914 E+22
1 AAAAR+ 12
e A3ANAE+ 2
CYAZAAE+A]
e 2712025 +21

nwuuuun

RECEIVER POWFR C(INVPUT) = «S8924E-22

BER = «36333E-27
DESIRED RER = o A2 F=D9
SYSTEYM BANDWINTH = +48343E+97

LR R L L ]




20&:?!\"-:
RAY
*RAV *
TYPE=
BAND=
XAD=
X1IB=
K DEFIVE

H¥rav

*RAM ¥
TIPE=
RAN D=

XaD=
XIB=

*RAM &
TYPE=
BA D=
XaD=
XIB=
¢ DEFIVF

J6srs

*RAM*k
TYPF=
BAVD=

KAD=
KIB=

*RAV %
TrPE=
BAND=

XKAD=
XIB=

*RAM*
TYPF=
RAJD=

Xan=
A1R=

PFO=2.223395

eB223392922E+31 R=
«SAANZ2AADE+AT  PFO=
«2999999S52E+293 X[ Sd=
«2999993975E-31 RES=

¢ 1232022 E+B
« 49999998 TE=-25
«541A99951E+23
¢« 549999952E+27

PFO=2¢32%9294,7 29903 7,%. 2227322

«B80390323322E+21 R=
«59999%999E+37 PFO=
«2999999S2E+2% X SA=

«299999975E~-21 RES=
«8A3AIAAIAF+A] R=
« 523232 329E+27 PFN=

«2993999952E+97 X[Su=
¢ 2999999 75FE~31 RES=

« 1332732222 FK+ 24
« 399999954 E=25
«541699951E+23
¢ 543999952K+22

¢ 11A2AAAAN K+ 2]
¢« 5299999372K=15
«541699951E+723
¢« 543999952EF+727

PFO=%.12%3%%4,%. 2937993, 3. 213372
9 ORDER RA4

8732322332 2E+21 R=
e 533923233 E+37 PFPO=
¢ 299999952F+972 X1S519=

¢299999975E=-21 RES=
« 8333393333 E+31 R=
e 52AA3AAA3E+2T PFO=

«299399952E+20 XISA=

«299999975kE-21 RES=
e 832233322+ 1 R=
5334 2AABF+AT  PFR)=

«2999999”2¥+22 KISu=
« 2999999 75E-21 RES=

« 1272232%29E+78
© 3999999854 k-25
*+541699951E+23
° 549999952F+22

e 1222322220 E+ "]
¢ 59999939 39%F=95
« 541639951 F+73
e S5493939952E+727

o 1 AR ANNAD W F AR
¢« 79993991 7FE=15
«541693351FE+23
¢ S4IPIIIS2F+AA

GAlN=
HER=
AIL=
RVYR=

RAT V=
RFR=
X L=
RVR=

GAlIN=
RER=
XIL=
RYD=

GAIN=
RER=
XIL=
2VR=

GATN=
BER=
X1L=
RyR=

GAIN=
RER=
X1L=
RiIR=

S LLELL LT Y
«2432456%24F~25
s 12A23ANAES+23
«AAARANAANF L)

e 123332 RBANE+A]
« 128727 33R0E~27
¢ 1 2AAAAARAAR+ AT
e NARARANRANRE + M |

¢ 1A ARAARINE+ 2 )
e 27 7275959%~-27
¢ | ARAAARAAAL AT
e AFAANANNIE+ A )

¢ 1 AIANAIAAE+ V]
¢« 12%37223332F=-213
o 1 2NANAAARESDA]I
e NRARAYARNE S ™ )

¢ ] AAAAAAAART 4 A |
e P2AT225982E-217
¢ 1 AAAARARARLA]
S AANABANB AL N |

e1NARAAAARLA)
« 13733301 1F=-12
L L L LT YT ke
. ARNARAAAARLA)
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S GET TAMFILE TEST

TAMFILE  TEST  RFTRIRUED
WGET FAMFILE TEST

FAMFILE  TRST  RRTRIFVED
¥GET RAMFILE [EST

RAMFILE  TFST  RFTRIFVED
RGET SAMFILF TEST

SAMFILE TREST  RETRIRVFED




2€ LIST TAYFILE

SRCE= .23722E+31
PTI= +39929E+01
X10= «239922E+231

Bw= 292332E+91
TNA= «16222E+22
*END FILE*

gguxsr FAMFILE

CORE= +14612E+91
DF= .85223E+22
AF= «1272922E+02

PNl= .2290939E+2)
AS= +193932E+21

*EVD FILE*
¥ LIST RAMFILE

REC TYPE= .893992E+21
XIL = +1922293E+33
RES = +55293E+232
SRMS= «22239E+31
XMA = <2FI022E+31

*END FILE*

¥ LIST SAMFILE

CN= .229229E+31
OPT= «332%2F+71
XA0= .22279E+9%1

*END FILE=*
SYS

«TAMx%

SRCE= .2929292932E+91
PTI= «23339329329E+91
X10= «9293339322E+21

SPEC= +153292932E+922

*FAM*
DTRA= «172775598E+91
BRL= «3242928939E+233

PFI= «22220329922E+231

XLAM= 852229792 E+23
DFL= ¢594999921E-22

CLAD= +145249987E+21

*RAM*

TYPE= «823232329%E+31
BAND= 532799933 E+937
XAD= «299999952E+33
XIB= «299999975E-21

TAlLs=
ANGL=
BTR=
SPEC=
TFP=

CLAD=
FP=
ALFA=
PDD=
acs

GAIN=
XIB =

RNB =
BETA=

S\=
TBER=

TAIL=
PR=
BTR=
TVA=

DTER=
XLC=
PFO=

SPEC=
XNA=
XAl=

R=
PFO=
X1Sa=
RES=

¢« 199929E+21
«99%299%E+22
«669972E+92
+15%222E+22
«12929E+91

e 14525E+721
¢ 35232%E+22
«2529%9E+32
«AMP2ANE+D
«29323E+71

e 12922E+21
« 39993E-31

«22999E+31
«3922AE+21

«72922E+921
«12992E-29

¢« 1792299399 E+91
«916226995E-22
« 6677232922 E+02
¢ 159999996E+99

e 737843228E+21
¢ 399999943E+99
«589344521E-35
¢ 1522927992 E+92
¢ 159999996E+22
¢ 159176726E+922

e 172222790 E+23
«58397%44521 E-25
«541699951E+73
«549999952E+729

XLEN=
DS=
RT=

XLAaMv=

TDF=

XVJA=
DEL=
XLMC=
PSEC=
XAl=

XaD =
X1SQ=
XM =
XMSC=
R =

XL=
TS\R=

B¥=
PTO=
XLAMs=
AVGL=

DTOT=
PTO=

ALFA=
CORE=
LOSS=

GAI =
BER=
XIL=
R\B=

e 39333E+91
e 75293E+32
e 15993E-27
«B5ANIE+723
o BSANAE+2Z2

¢ 16%23E+92
¢59593E=-22
«22393E+31
«2329%E+21
e IID20E+ 71

« 39293E+39
e 541 73E+93
«293923E+21
e DADI3E+2 1
¢ 122AAE+N%

«12299%E+91
« 19922E-29

«233333323E+78
« 23450228 62E-73
«3593329939E+93
e 939333790 F+22

«427292745E+91
« 234572283 62E-23

« 2478 719939E-29
« 146122923 E+ 2]
« 162231239 E+722

« 1339333 23E+9)
«363329687%E-237
«17223%23932E+93
s 3ANANRITEL" ]
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*okok k kk

% DEFINE
DEFINE
RAM

*RAM*
TYPE=
BAND=

XAD=
XIB=

*RAM*
TYPE=
BAVD=

XAD=
XIB=

*RAM*
TYPE=
BAVD=

XaD=
XIB=

*RAM#%
TYPE=
BAND=

XAD=
XIB=

tm-:n-\sz
RAY

AVAILABLE POWER (SOURCE)

1 OUTPUT COUPLING LOSS

INPUT COUPLING LOSS
FIBER LOSS

SPLICE LOSS
COVVECTOR LOSS

RECEIVER POWER (INPUT) =

BER =
DESIRED BER =

SYSTEM BANDWIDTH =

GAIN=1e¢2512¢7,9.9

¢ 589904E-25
«15918E+32
+13023E+22
«332292E+91
«42DAME+21]
«2993A9E+01
*« 58934E-25
«36332FE=27
*«192222E-19

e 48343F+97

PFO2e4E=55,0¢ SE=5,5%¢ 1E=5S

e8329929939E+31 R=
«537333333E+37 PFO=
¢ 299999952E+39 X SQ=
¢29999997SE-31 RES=
«300992992E+31 R=
¢ 5399297223 E+27 PFO=
*«2999999S52E+32 X1S59=
¢299999975E-21 RES=
«BA2AAAANAE+T] R=
¢« 579232993E+27 PFO=
¢ 299999952F+323 XIS5Q=
¢299999975E-21 RES=
« 3309729720 E+21 R=
¢ 52923999 3E+27 PFO=
¢ 299999952E+22 X[SA=
¢« 299999975E-21 RES=

GAIVZ23¢351%¢955¢9

e 1222929999 E+28
+399993954E-35
«541699951E+23
¢« 549999952F+29

« 199292339 E+28
¢ 49999998 7E=-2

¢5416999S1E+23
¢ 549999952E+29

¢ 1722929223 E+78
¢ 399999954E=-25
¢541699951FE+23
¢ 549999952E+72

¢ 1AAAAAAAE + 28
«499999987E=-25
¢541699951F+23
¢ 549999952E+272
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GAIN=
BER=
XIL=
RNB=

GAIN=
RER=
XIL=
R\B=

GAIN=
BER=
XIL=
RYB=

GAlIN=
RER=
XIL=
RN B=

¢ 133299332E+31
e 1289%339%12E-23
«129299922E+33
e 29929929 99E+71

« 122923390%E+21
*«243235649E-15
133229729 %E+73
e AANNARANRAE+2 ]

¢« 132A°3223AF+232
e 29922 NIE+I 1
¢ 13ARARAAARE+ 2]
e AN2AR2RATE+" ]

¢ 13A2ADIAE+N2
¢ ANARAAANAESD |
¢ 172222 ABAF+23
«AAAAAAAAAR+ 2]
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*RAM*

TYPEs «832233923%2E+21 R= <.12232227%2E+28 GAIN= 2799733223 %E+%1
BAND= 57299292992 E+37 PFOs ¢399999954E=95 BER= ,12872937%212E-93
XaAD= ¢2999999S2E+39 XISQA= 5416999S1E+33 XILs ¢12972799723E+23
XIB= ¢29999997SE-71 RESs ¢5499999S2E+22 RVB= 3297993932333 E+21
*RAM*
TYPEs «820722999E+21 R= 1399927333 E+38 GAIN= 727222227 22E+71
BAND= «522290022E+27 PFOs 499999987E-25 BER= ,243285649E-75
XAD= ¢2999999S2E+729 X1ISQ= ¢541€99951E+93 XIL=s « 129232993 E+23
XIBas ¢299999975E-21 RESa «5499999S52E+29 RIB= «222232%22E+91
*RAM*
TYPE= .8233929323E+31 R= « 1399933393 3E+98 GAIN= «5793327%39E+31
BAND= ¢522939232%E+27 PFO= «399999954F~925 BER= 299332399 E+71
XAD= +299999952E+22 XISQ= ¢541699951E+23 XIL= 17923299999 E+73
XIBs 02999999 7S5E-21 RES= ¢549999952E+2% RIB= .?22237%932%E+21
*RAM#
TYPE=s «872220923E+231 R= < 139902933%2E+98 GAlN= 5737929799922 E+71]
BAND= 52279333933 E+37 PFO= «49999998 7E-35 BER= 72292339333 E+21
XAD= ¢299999952E+29 XISQ= +5416999S51E+23 XIL= «1739999297E+23
XIB= 2999999 7SE-21 RES= +549999952E+22 RYB= 299239222 72E+21
*RAM*
TYPE= «839332322E+21 R= «129233323E+28 GAIN= .132232923E+22
BAND= «52922293022E+727 PFO3 ¢399999954E-95 BER= ,27993297%2%E+71
XAD= «299999952E+27 XISQA= «541699951E+33 XIL= «122229322%E+23
XIB= «¢29999997SE=71 RES= ,549999952F+21 RNB= 332973733 32E+71 |
|
*RAav* j
TYPE= 8227399337 E+21 Rz 1232929329 E+28 GAIN= (172723992273 E+72
BAND= «¢592322232E+27 PFO= +4999399387E-25 RER= 72973223237 E+71 i
XAD= ¢299999952E+27% XISQ= .541699951E+173 XIL= «17299972992E+73 ]
XIBs ¢299999975E-21 RES= +5493933952E+722 RYB= 2723222723 E+71
% CLEAR
)
4
|
i |
]
3
b
{
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96 GET TAMFILE TEST
TAMFILE

% GET FAMFILE TEST

FAMFILE

¥ GET RAMFILE TEST

RAMFILE

9GET SAMFILE TEST

SAMFILE
DEFINE TVA=¢1%5¢3%,9. 1
‘Ta‘

*TAM=*
SRCE=
PTI=
X10=
SPEC=

*TAM*
SRCE=
PTI=
X10=
SPEC=

*TAqdx
SRCE=
PTI=
X10=
SPEC=
¥ EVD
STOP

TEST RETRI EVED
TEST RETRIEVED
TEST RETRIEVED
TEST RETRIEVED

« 207273972933 2E+91 TAIlIL=

«33222303229E+21
¢« 399299999 E+21
«159999%292E+922

«29333%329E+31
«332202922E+21
«2029222292E+91
+150229292E+22

« 29999929299 E+91
« 223333232 E+2 |
«1239%923%E+2 1
* 1592999293 E+92

PR=
BTRs
TNA=

TAlL=
PR=
BTR=
™A=

TAIL=
PR=
BTR=
Tvas

«123399232E+91
«916926925E~-22
e 662999932 E+72
©999999942%2E-21

¢« 193293%232E+21
«9167%26925E=-22
¢ 6622372232 E+32
¢« 199999983 E+29

e 1992929922E+21
e916326935E=-22
e 669192993 E+22
¢299999952E+39
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BW=
PTO=
KLAaM=
AVGL=

Bi=
PTO=
XLAM=
ANGL=

Bi=
PTO=
XLAM=
AN GL=

«23333332%E+783
e916%26627E-14
«8599999%9E+33
« 933271223 AE+22

«233333327%E+28
«3664172648FE=-23
«8593239292E+23
«937%2329932E+22

¢233333329%E+93
e832442374%E-23
«353722220E+723
«972933393%%F+932
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SECTION 4.0

DESIGN CURVE EXAMPLES




4.0 DESIGN CURVE EXAMPLES

4.1 Introduction

One of the useful outputs of FODAP consists of the design curves that can be
generated by incrementing various input data. Unfortunately, because of the lack of
component standardization in the fiber optic field, one cannot construct design curves that
cover all situations. Once components are standardized, FOCAP can then be used to
generate generalized curves. It would simply be a matter of using input files consisting of
data for the standardized components. In the mean time, one can construct curves for
specific design situations. Examples of such curves are given in the sections that follow.
Sample curves appropriate to transmitter, fiber or receiver design are given in Sections 4.2,

4.3 and 4.4, respectively. Section 4.5 gives examples of systems-level design curves.

4,2 Transmitter Design Curves

One important operation in TAM calculates the input coupling loss from the
source to a fiber pigtail. The input coupling loss is a function of both source and fiber
parameters. It is interesting and informative to see how this loss is affected as the
pertinent parameters are varied. Such results can help the designer to select the proper
device to maximize source-to-fiber coupling. The largest portion of the input coupling
loss is usually LNA as defined in equation (2.4.1.1-1). Figure 4.2-1 shows how LNA
varies as a function of On, the null angle. A single fiber with an NA of 0.18 was assumed.
The value of LNA at On = 90° was calculated using equation (2.4.1.1-4). This curve
shows that as the source output beam becomes more sharply focused, the loss is reduced.
An important point should be made here: One does not necessarily reduce the total loss
simply by focusing the beam. The emission angle reduction caused by focusing is accom-
panied by a source area magnification. Once the magnified area becomes larger than the
fiber core area, the unintercepted illumination loss (equation 2.4.1.1-2) becomes
important. Thus, one wishes to reduce the emission angle just to the point where As = AF'

If As 2 A_ to begin with, then focusing has no effect.

F
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While the above mentioned figure illustrates how source parameters affect
the coupling loss, fiber parameters can also have a large effect. In particuler, the fiber
numerical aperature has a large influence on coupling loss. Figure 4.2-2 shows a plot of
LN A %O 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 i (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 &, the total
dispersion is minimized for both cases. However, because of a lower intramodal dispersion
for the ILD (due to its narrower spectral width), the total dispersion resulting from its use
is considerably less than for the LED. The optimum o 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 gets more
interesting. The designer is able to examine trade-off's between excess loss and increased

bandwidth. Curves showing total dispersion 0, as a function of fiber length are shown in

total
Figures 4.3-2 through 4.3-5. The parameters used to generate Figure 4.3-1 are used in
these figures 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 g, , | for the case of an LED
used with a step index fiber (& = 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 (& = 2.04, 10% of optimum). Because, in this case, the system is already at

the intramodal dispersion limit, mode coupling does not reduce Ototal*

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 ILD 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 of goin 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 = 10 MHz
° iA =10.7 nA
@ r = 0.65 A/W
° IL = 100 nA
* RCA C30817 APD parameters
® Ib = 50 pA
° D =103
° M = 0.8
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Note that as the SNR gets relatively large (greater than 35 dB), the 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 OOK system at 10-9 BER using the RCA C30817
APD, G

opt
Section 2.2.2.5, thisrelationship cannot be explicitly solved for, it must be found

as a function of bit rate R is shown in Figure 4.4-2. As was mentioned in

numerically. By calculating the minimum optical power required for a 10-9 BER as a
function of gain at a given bit rate using RAM, one can find the gain GOpf 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 bipolar
transistor as the input device. The equivalent input noise currents, iys @s a function of
bit rate are given by Goeli .M 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 point it is not the amplifier noise but the APD surface leakage current noise

\ L) 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 are examples. These
figures are plots of maximum allowable bit rate R (OOK) as a function of link length (or
repeater spacing) L. Note that excess loss fe discussed in Section 4.3 is a parameter.

The other parameters used to generate the curves are listed on each figure.
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Figure 4.5-1 is for the case of an LED transmitter, step index fiber (& = 25) “ ..

and APD receiver (at optimum gain). Data from Figure 4.3-2 is used to calculate the

dispersion limited bit rate From]5

RDL = 0.2/¢ . (4.5-1)

YT e S

In the figure, the oblique lines represent RDL while the near vertical lines show the loss
limited bit rate, RLL' The design trade between excess loss and increased information
capacity 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
(o =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
capacity.

Figures 4.5-3 and 4.5-4 are for an ILD/APD transmitter-receiver combination
with a step (& = 25) or graded (@ = 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 =10 dB/km case does not significantly increase
the capacity over the !e = 6 dB/km case. This is because at Ie = 6 dB/km, the system is
already near the intramodal dispersion limit and reducing the intermodal 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, f g 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 curves 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 transmission systems.
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METRIC SYSTEM
y BASE UNITS:
! tit Unit S1 Symbol Formuls
1 length metre m
P mass kilogram kg
3 time second s
3 electric current ampere A
F thermodynamic temperature kelvin K
amount of substance mole mol
luminous intensity candela cd
SUPPLEMENTARY UNITS:
plane angle radian rad
solid angle steradian sr
DERIVED UNITS:
Acceleration metre per second squared m/s :
activity (of a radiosctive source) disintegration per second (disintegration)'s
angular acceleration radian per second squared rad/s
angular velocity radian per second rad's 1
area square metre m |
density kilogram per cubic metre kg/m |
electric capacitance farad F AV |
electrical conductance siemens S AN |
electric field strength volt per metre Vim
electric inductance henry H V-s/A
electric potential difference volt \' WIA
electric resistance ohm VIA
electromotive force volt v WIA
energy joule ) N-m
entropy joule per kelvin JK
force newton N kg-m/s
frequency hertz Hz (cycleys
illuminance lux Ix Im/m
luminance candela per square metre cdm
luminous flux lumen Im cdsr
magnetic field strength ampere per metre A/m
magnetic flux weber wb Ves
magnetic flux density tesla T Wb/m
magnetomotive force ampere A
power watt w Jis
pressure pascal Pa N/m
quantity of electricity coulomb Cc As
quantity of heat joule ) Nem
radiant intensity watt per steradian Wisr
specific heat joule per kilogram-kelvin Jkg-K
stress pascal Pa N/m
thermal conductivity watt per metre-kelvin Wim-K
velocity metre per second mis
viscosity, dynamic pascal-second Pas
viscosity, kinematic square metre per second mis
voltage volt \' WIA
volume cubic metre m
wavenumber reciprocal metre (wave)m
work joule ] Nem
SI PREFIXES:
___Multiplication Factors Prefix SI Symbol
1 000 000 000 000 = 10'? tora T
1 000 D00 000 = 10° wige G
1000 000 = 10* mega M
1000 = 10° kilo k
100 = 10? hecto* h
10 = 10' deke* da
0.1 =10"" deci® d
0.01 = 10-? centi® «
0.001 = 10~? milli m
0.000 001 = 10—* micro M
0.000 000 001 = 10~* nano n
0.000 000 000 001 = 10~"2 ico
0.000 000 000 000 001 = 10" emto r
0.000 000 000 000 000 001 = 108 atto [ ]

* To be avoided where possible.
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