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ABSTRACT 

This thesis implements the expert system technology 

in broadband network cable plant design to provide an 

automated design tool for the design engineer. Under this 

scheme, the knowledge of the cable plant design engineer can 

be captured and adapted into a manageable form. The various 

processes of this system include design rule checking, 

automatically blueprint layout, signal quality analysis and 

report generator. As we know, the broadband cable plant 

design shares 50 % of the installation budget at the same 

time, it is a critical issue in the reliability, the 

extendibility, and the manageability of the network system. 

It is important that the design can be verified before 

beginning installation. This is the goal of broadband cable 

plant design expert system tries to address. 

xi 



CHAPTER 1 

STATEMENT OF THE PROBLEM 

Today's telecommunications engineers and managers 

are constantly pressured to enhance, redesign, or add new 

communications services to their networks. As a result of 

these dictates, they are starting to explore alternatives to 

traditional network design and management procedures 

(Broughton 1986). Applying the expert system technology to 

these fields can offer the ability to perform many design 

and management tasks automatically and with greater ease 

than do the older network management hardware and software. 

Expert system technology combines graphics and database 

management with automated engineering analysis and report 

generation to provide computer-driven applications that aid 

engineers and network managers in their daily duties. 

The cable plant of a broadband network is the blue 

print of the cable subsystem. It includes the information 

of physical cable layout and components placement. Besides, 

it records the result of design calculations, for example, 

the signal level in each node, the tap values of direction 

couples, and the number of amplifiers needed. It is the 

guideline of the installation, management, maintenance, and 

future expansion for a broadband network. 

1 
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The cable plant design is the first step of the 

broadband network design. It is not only a critical issue 

for the whole system design, but also a share of 50 

percentage of the total budget. The broadband network design 

rules are well defined, however design options are not well 

defined and depend a lot on design engineer's experience 

(rule of thumb). In fact, there are few experienced 

broadband network design engineers available (Cooper 1984). 

Expert systems are designed to assist users with domain 

specific problem solving expertise, by encoding the same 

problem solving heuristics that are used by human experts 

(Lehner and Barth 1985). An expert system for cable plant 

design would capture the network design engineer's 

knowledge and provide an automated tool. These are the 

reasons why the expert system technology could be applied in 

this problem domain. 

Thesis Objective 

The objective of this thesis is to use the 

artificial intelligence (AI) technique to build up an expert 

system-basedautomatic cable plant design system for 

broadband network. The expert system includes a cable plant 

design knowledge base. Using this system, the broadband 

design engineer can interactively work out the blue print 

for the cable subsystem (Figure 1). The processes including 
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automatically layout, design rule checking, signal quality 

analysis, and documentation/report generation. 

Approach 

The cable plant design expert system is implemented 

in the Turbo Prolog. The main reason to choose Turbo Prolog 

is because it can support backward chaining search 

mechanism, database management facilities, and window 

interface for user interactive environment. 

The system includes the user interface, the design 

unit, the simulation unit, the blue print/document 

generator, and the cable plant design knowledge base. In 

Chapter 4, we will describe this expert system in detail. 

Local Area Networks Background 

There are three types of Local Networks: Local Area 

Networks (LANs), High Speed Local Networks (HSLNs), and 

Computerized Branch Exchange (CBXs) (Stallings 1985). Among 

these Local Networks, LANs are the most popul.ar and widely 

used. LANs can support the communications among terminals, 

personal computers and host computers within a small area. 

In the following subsections, the characteristics of LANs in 

terms of topologies and transmission media will be 

elaborated. 
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LAN Topologies 

Topology means the physical or logical connection 

between nodes in a computer network. For example, likes 

star, ring, bus and tree are four common topologies. The 

Structure of different topologies is shown at Figure 1. The 

choice of a suitable topology depends on the application 

needs, for example flexibility, complexity, reliability, 

expandability and performance. In this thesis, we will use 

the tree topology for the broadband network design. 

Actually, a tree structure is a generalized form of a bus 

structure with no lo^p in its transmission medium. 

Transmission Media 

Transmission media are the physical connection 

materials among nodes in the computer networks. The most 

common LAN transmission media are: twisted-pair, baseband 

coaxial cable, broadband coaxial cable, and fiber optic. 

Twisted-pair uses two stranded wires that are 

separated insulated and twisted together. The twisted-pair 

is protected by an outer layer of insulation called jacket. 

Twisted-pair is inexpensive and easy to install because of 

its flexibility. Since it's the same type of cable used for 

telephone systems, existing telephone cable may be used for 

a data network in some cases. The disadvantage of twisted

pair is its narrowed maximum bandwidth. It supports 

neither high data transmission dates nor long cable 
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runs (the length of cable in a single LAN or, if cables are 

to be connected, the length of a single cable from connector 

to connector. In situations where data transmission rates 

in excess 1 M bits per second (Mb/s) are not required and 

cable runs will be less than 500 meters, twisted-pair will 

be an excellent transmission medium. 

Coaxial cable is composed of one wire, called a 

conductor, surrounded by a stranded shield that act as 

ground. The conductor and the ground are separated by a 

thick insulating material, and the entire cable is protected 

by outside jacket. Because the coaxial cable is the 

transmission medium of broadband network, we will describe 

it more detail in Chapter 2. The most versatile 

transmission medium for local area networks is a coaxial 

cable because it has a higher noise immunity and higher 

capacity than a twisted pair. A coaxial cable can transmit 

digital signals (10 MHZ) or RF signals (5 - 400 MHZ), and is 

usually applied in the baseband and broadband LANs. 

Fiber optic cable, which uses a glass fiber medium, 

is the most recent of the transmission media technologies. 

The electronic pulse signal generated by a computer is 

converted into a light signal, carried by the glass fiber 

medium. The transmission system is totally immune to the 

outside electromagnetic or radio frequency interference. 

The cable is relatively distortion-free, so it can support 

exceptional high data transmission rates and long cable 
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runs. It is harder to tap into, lasts longer (glass doesn't 

deteriorate), and can carry many more channels of 

information than a comparably sized broadband coaxial cable. 

The negative aspects of fiber optic cable are its poor 

flexibility, poor connectivity, and high material price. 

Fiber optic cables can not be bent around short radius and 

are difficult to attach to devices on a LAN (Stallings 

1984). 

Broadband Network Background 

Broadband distribution network is chosen more and 

more often as the local area network communication medium 

by many organizations. A broadband network operates over a 

long distance, has flexible topology, carries mixed-media 

services (data, voice, and video), and uses standard 

transmission components (CATV components) (Cooper and Edholm 

1983). But even though all these factors contribute to 

selection, implementation issues, such as whether to use 

single or dual cable distribution, remain to be solved. 

This section introduces several important topics 

that will help in understanding broadband network system, 

for example, likes physical topology, logical topology, the 

headend, and the single cable versus dual cable system. 
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Physical Topology 

The placement of the headend and the distribution 

layout determines the physical topology of the system. This 

topology can be represented by a graph showing the location 

of these network components. The physical topology of a 

broadband network is tree (Martinez 1985), it is shown at 

Figure 2. The trunk and branches form the backbone network. 

The backbone can usually support thousands of connections to 

user devices. 

Logical Topology 

From the local network point of view, the logical 

topology or architecture of the broadband network could be a 

ring, star, or bus. This level of arrangement is 

distinguished from the physical topology, and depends on the 

LAN's medium access protocol connected to the broadband 

network. Hence, a single broadband network can support 

several different types of local networks, each with a 

different logical topology, for example, a same trunk can be 

shared by Sytek Local Net 20, Concord token bus network, PC 

network, and Sytek Local Net 2000, and video (Martinez 

1985). 
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The Headend 

The headend is the source of all radio frequency 

(RF) signals transmitted to the whole network, and the 

destination of all RF signals generated by devices connected 

to the network. Any device connected to the broadband 

network may transmit signals to other devices. However, 

these signals do not go directly to the destination device. 

Signal transmitted by devices connected in the network first 

go to the headend and then are transmitted back to the 

network. Routing all transmitted signals, the headend 

prevents interference among signals traveling on the system. 

The path of RF signal from the user device to the 

headend is called the return or reverse path, usually it is 

in the lower frequency band. The path of RF signal from the 

headend to the user device is called forward path, usually 

it is in the higher frequency band. The functions of the 

headend are to re-transmit reverse path frequency into the 

forward path frequency and recondition the RF signal on the 

cable (Martinez 1985). 

Single Cable versus Dual Cable 

In the broadband network system, we might use either 

a single coaxial cable or a dual coaxial cable as a 

transmission medium. A single cable system is a two-way 

communication system which transmits different signals on 

different channel frequencies in the opposite directions by 
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dividing the available frequency spectrum on the cable into 

two different frequency bands. Figure 3 illustrates 

frequency translation in a single cable system. When using 

a single cable to carry two-way communication, the available 

signal spectrum on the cable is split into three major 

portions: the froward band, the reverse band (return band), 

and the guard band. The forward band carries signals from 

the headend to devices on the distribution network. The 

reverse band or return band carries signals from devices on 

the distribution network to the headend. The guard band 

carries no signals, and separates signals in the forward and 

reverse bands. A single cable system is usually used by 

universities, research institutes, or businesses (Cooper and 

Edholm 1983). 

A dual cable system uses two cables, one for forward 

direction transmission, the other for reverse direction 

transmission. Normally, the reverse band is from 40 to 400 

MHZ and the forward band is also from 40 to 400 MHZ. Dual 

cable systems don't need to have a diplexer (also called 

diplexer filter) on the front end of a headend or inside an 

amplifier because there is no interaction or interference 

between reverse and forward signals. 

In design a broadband network of any size, the 

network engineer has to design for future expansion and 

be sure the output signal level at all the network taps ata 

specified amplitude and tolerance. However, the physical 
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building layout and its conduit may dictate a very 

restrictive topology. Single cable networks fit into the 

majority building, especially if the network is to be 

installed in an existing facility. 

Maintenance requirements for both single and dual 

cable networks are low due to the highly reliability and 

mean time between failure of the RF components. Dual and 

single cables have proved to be reliable transmission media., 

As a result, the selection of either topology is not 

affected greatly by maintainability. 

Single cable networks can be represented as a 

branching tree (shown at Figure 2), which simplifies network 

design and also help network maintenance. A technician can 

easily trace such a topology. Dual cable networks become 

more of a headache, since the loop must be maintained 

throughout the whole network. 

Hardware placement and configuration between the two 

schemes also different. The single cable network has half 

the number of components of the dual cable system, and thus 

can be retrofitted into most facilities. The dual cable 

scheme requires twice the amount of hardware to support the 

inbound and outbound cables. Because of this, it may be 

difficult to find the required room to mount or service all 

the dual cable network components. 
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Except for reasons previously mentioned or special 

purposes, a single cable system is better than a dual cable 

system. A dual cable system uses almost twice the equipment 

that a single cable system requires. Furthermore, a dual 

cable system is not easy to maintain compared to a single 

cable system. Figure 4 shows a simple single cable network 

layout including the headend translator and the 

distribution. 

Frequency Spectrum Of Single Cable 

The frequency spectrum of a single cable system can 

be divided into three ways. Each provides a different 

forward and reverse bandwidth (see Table 1). The sub-split 

format is found on many older CATV systems. It has the 

least return path bandwidth of the three. The mid-split 

format provides more return path bandwidth than the sub-

split; it is often used in the broadband local area 

networks. The high-split format is a recent innovation and 

will become more popular as more components become available 

for it. It provides the greatest return path bandwidth of 

these three formats. 
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Table 1 - Frequency Spectrum Of Bidirectional Single Cable 
Systems 

Format Return Band Forward Band 

Sub-split 5-50 MHz 54-400 MHz 

Mid-Split 5-116 MHz 168-400 MHz 

High-Split 5-174 MHz 232-400 MHz 
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Expert System Background 

Since the World War II, computer scientists have 

tried to develop techniques that would allow computers to 

act more like humans. The entire research effort, including 

decision-making systems, robotics, and various approaches to 

computer speech analysis and synthesis, is usually called 

artificial intelligence (AI). Most AI researches still 

remain in the laboratory. A collection of AI techniques 

that enables computers to assist people in analyzing 

problems, making decision, and designing, called expert 

systems, however, has recently proved its practical value, 

and numerous commercial applications are now underway 

(Harmon and King 1985). 

Expert System Functional Components 

Roughly speaking, an expert system consists of a 

knowledge base and an inference engine (see Figure 6). The 

knowledge base contains rules and facts. The basic cycle of 

an expert system consists of a select phase and an execute 

phase. During the execute phase, the system interprets the 

selected rule to draw inference that alter the system's 

working memory. System storage includes components for 

long-term static data and short-term dynamic data. The 

long-term store, the knowledge base, contains rules and 

facts. Rules specify actions the system should initiate 

when contain triggering conditions occur. These conditions 
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define important patterns of data that can arise in working 

memory. The system represents data in terms of relations, 

propositions, or equivalent logical expressions. Facts 

define static, true propositions. In contrast to 

conventional data-processing systems, most expert systems 

distribute their logic over numerous independent condition-

action rules, monitor dynamic results for triggering 

patterns of data, determine their sequential behavior by 

selecting their next activity from a set of candidate-

triggered rules, and store their intermediate results 

exclusively in a global working memory. 

Facts, the other kind of data in a knowledge base, 

express assertions about properties, relations, and 

propositions. In contrast to rules, which the expert system 

interprets as imperatives, facts are usually static and 

inactive implicitly, a fact is silent regarding the 

pragmatic value and dynamic utilization of its knowledge. 

Thus, although in many contexts facts and rules are 

logically interchangeable, in the context of expert system 

they are quite distinct (Hayes-Roth 1985). 

Examples of Expert System 

Most expert systems never get past the research 

prototype stage. This is because until recently most were 

d e v e l o p e d  i n  r e s e a r c h  r a t h e r  t h a n  i n  c o m m e r c i a l  

environments. In many research environments once the 
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concept is demonstrated the work is finished. However, 

commercial expert systems now exist that perform useful work 

on a regular basis from both a research and a business 

vantage point. Table 2 summarizes a few of the important 

expert systems in this category. The table dose not 

include all of the current commercial expert systems or 

those under development that will soon become available 

(Waterman 1986). 



22 

Table 2 - Examples of Research and Commerical Expert 
Systems 

Type Name Application Developer 

SYNCHEM2Synthesizescomplex State University 
organic molecules 
without help from 
a chemist 

of New York at 
Stony Brook, NY 

RESEARCH DENDRAL 

MACSYMA 

Identifies molecular 
structures from 
mass spectral data 

Solves algebraic 
simplification and 
integration problems 

Standford 
University, 
Standford, CA 

MIT, 
Cambridge, MA 

ACE Provides trouble
shooting reports 
and analyses for 
telephone cable 
maintenance 

AT&T Bell 
Laboratories, 
Whippany, NJ 

BUSINESS DELTA 

XCON 

Helpsdiagnose General Electric 
and repair diesel Company, 
electric locomotives Schenectady, NY 

ConfiguresVAX-
11/780 computer 
systems 

Digital Equipment 
Corporation, 
Hudson, MA and 
Carnegie-Mellon 
Univ., Pittsburgh 
PA 



CHAPTER 2 

CABLE PLANT KNOWLEDGE BASE COMPONENTS 

This chapter describes the components which comprise 

the cable plant knowledge base. These components elements 

of the cable plant expert system describes in Chapter 4. All 

the broadband components used in the Local Area Networks 

have 75 ohms impedance and provide 100 dB or better 

shielding from the radio frequency interference (RFI), 

electromagnetic interference (EMI), and signal ingress 

(Cooper, 1984). 

Coaxial Cables 

This section provides the more detail information of 

some specific properties and uses of coaxial cable for 

broadband networks. The types of cable used in broadband 

networks can be divided into three application categories: 

trunks, feeders, and drop cables. These can be installed 

with or without conduits, depending on the insulation 

material, the environments, and local building codes. At 

last, the variations of cable attenuation with frequency and 

temperature are discussed. Because it has been useful in so 

many applications, coaxial cable has developed greatly over 

the past decades. Figure 7 shows the composition of a 

typical coaxial trunk cable. 

23 



B 

A. Center Conductor. 
B. Dielectric. 
C. Outer Conductor. 
D. Flooding Compound (optional). 
E. Jacket (optional). 

Figure 7 - Terminology for Coaxial Trunk Cable 
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Trunk Cables 

Trunk cables come in six sizes, ranging from 0.412 

to 1.000 inches in diameter. These cables exhibit 

attenuations from 1.6 to 0.5 dB per 100 feet (at 300 MHz). 

Generally, all trunk cables should be 0.500 inches or larger 

in diameter. Cables run outside buildings or mounted to 

poles are usually jacketed. Cables buried or placed in 

conduits should use corrosion-resistant flooding gel between 

the outer jacket and the aluminum shield. 

Feeder Cables 

Small-sized trunk cables are used for feeder cables. 

These indoor cables are selected depending on the following 

criteria. 

a. The physical constraints of the building: smaller 

cable are easier to install. 

b. The required signal level for the distribution 

network: larger cables have less signal loss. 

c. Local and national building codes. 

In general, jacketed or unjacketed 0.500-inch 

aluminum cables are used both for trunks and feeders. 

Drop Cables 

Drop cables connect feeder cables to network 

outlets. These cables need not be very large, since only 

one cable is used for each outlet. The range from RG-11 and 

RG-6 to RG-59. Each type incorporates foil and braid 



26 

shielding to prevent radiation and pickup of RF energy. The 

outer jacket is made of an insulating material. 

Cable Attenuation 

The attenuation of cables varies with frequency in a 

nonlinear (exponential) manner. This characteristic is due 

to the composition of the cable and is called cable tilt or 

cable slope. It must be considered in designing a broadband 

network. Figures shows attenuation per 100 feet versus 

frequency for several different sizes of cable. This graph 

shows that as cable diameter increases, cable loss 

decreases, which is why larger cables are preferred for long 

cable runs. The smaller coaxial cables have more loss, and 

only short lengths of them are used in drop cables. 

On the other hand, the cable attenuation is also 

directly affected by temperature variations. The 

attenuation of coaxial cable increase with temperature at the 

rate of 0.11% per Fahrenheit. This amounts to an overall 

change of about 15% over the temperature range of -40 to 

+120 degrees Fahrenheit. The accepted rule-of-thumb is 1% 

change in cable attenuation for every 10 degree Fahrenheit 

change in temperature at a given frequency. 

The network must function properly despite any RF 

signal level changes caused by frequency and temperature 

variations. In bidirectional systems there are two different 

conditions that must be considered: one is for the forward 
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Figure 8 - Cable Attenuation Versus Frequency for Various 
Sizes of Coaxial Cable 
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path and the other is the return path. The design must take 

into account cable tilts for both of these frequency bands. 

These variations affect the operation of the amplifiers 

(because they determine equalizer selection and setting) and 

the overall peak-to-va11ey response of the system. 

Amplifiers must compensate for the combination of cable 

loss, tilt, and temperature variations experienced in daily 

operation. Proper compensation keeps system gain and signal 

levels reasonably stable under all possible conditions. 

Amplifiers 

Because of the parameter variations caused by 

frequency and temperature changes, only small systems can 

successfully transport signals without adding amplifiers to 

balance the whole network. Modular amplifiers in the 

distribution system can include various equalizers, gain 

blocks, filters, and other components to compensate the 

cable-caused variations. Signal level gain corrects for 

attenuation caused by the cable and by other components. 

Frequency compensation (equalization) corrects for cable 

tilt. 

There are four different types of amplifiers used in 

the broadband network: trunk, bridging, line extender and 

distribution amplifier. Each one has its own features and 

application area. 
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Trunk Amplifiers 

The trunk amplifiers are highly quality, low 

distortion units capable of being cascaded into long chains 

to distribute signals throughout a large geographic area. 

Amplifiers are cascaded, or connected in series along the 

trunk cable to compensate the losses and variations 

encountered in long cable runs. 

Trunk amplifiers are typically operated at 22 dB 

gain, with input levels of 8 to 10 dBmV and output levels of 

30 to 32 dBmV for 34 channels systems with 20 amplifiers in 

cascade. When fewer amplifiers are cascaded, the output 

signal levels can be increased up to 45 dBmV. 

A rule-of-thumb for cascading trunk amplifiers is 

that each time the number of amplifier in series is doubled, 

the output level of each unit must be reduced by 3 dB from 

its rated output. For example, the output signal level of 

each amplifier in cascade of two unit should be 3 dB below 

the rated output of the- amplifiers, or less. Doubling the 

number of amplifiers in series up to four requires that the 

maximum output signal level be reduced to 6 dB below the 

rated one, or less. 

Bridging Amplifiers 

The bridging amplifiers, or bridgers, provide high 

level signals for distribution on the branch or feeder 

lines. A bridging amplifier receives its input signal from 



30 

the top of a directional coupler connected to the output of 

a trunk amplifier. 

In a broadband network, a common trunk cable can 

feed several buildings. The bridging amplifier can drive 

the distribution cables the feed the individual buildings. 

With this approach, the trunk amplifier levels can be 

adjusted to CATV standards, allowing easy cascading and 

future expansion. 

Line Extender Amplifiers 

The line extender amplifier, or line amplifiers are 

used when the signal level provided by the bridging 

amplifier is insufficient to drive receiving devices. 

Internal Distribution Amplifiers 

The internal distribution amplifiers are high gain 

units used for signal distribution. They can be used where 

several high level feeder legs are required, for example, 

over several floors within a building. 

Amplifier Modules Additions 

There are several additional circuit modules that 

can be included inside the amplifier housing. These module 

can provide signal attenuation, return channel gain, 

frequency equalization. 
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Attenuators 

When the input signal amplitude is too high, a 

attenuator pad can be installed inside the amplifier module, 

in series with the input of amplifier, to reduce the signal 

level. 

Bidirectional Amplification 

All four types of amplifiers can be used in 

bidirectional networks by adding appropriate filters and a 

second amplifier module for the return path. Return path 

amplifiers usually have less gain (19 to 26 dB) than forward 

path amplifiers since cable attenuation at the lower 

frequency (return direction) is less than that of the higher 

frequency (forward direction). 

Equalizers 

Variable equalizers to compensate for cable tilt can 

be installed inside of each amplifier housing. These 

circuits provide a frequency response that is the inverse of 

the frequency response of the coaxial cable. The combined 

effect of the cable and the equalizer is to provide equal 

attenuation to all signals regardless of their frequency. 
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Power Supplies 

Power supplies supply AC power to amplifiers, except 

for the internal distribution amplifiers which contain their 

own power supplies. AC power is coupled to the coaxial 

cable through devices called power combiners. These devices 

permit the injection of power in either or both direction 

with little effect on the radio frequency signals. The 

distributing power in this manner eliminates the need for 

110-volt AC outlets at each amplifier location and allows 

greater flexibility in amplifier placement. For safety 

reasons, there are capacitors in each outlet or segement of 

trunk used to block AC power to prevent electrical shock or 

short in user devices. 

Passive Components 

Passive components are the elements which do not 

require power to operate and include connectors, couplers, 

splitters, taps, outlets, and terminators. All passive 

components when inserted to the network will cause insertion 

loss or passive loss. The amount of insertion loss is 

different for each type of device and is specified by 

manufacturer. For example, directional coupler and taps can 

have insertion between 0.4 to 2.9 dB, depending on the tap 

value. 
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Connectors 

Although connectors are tiny elements on a 

distribution network, they are weak points in the broadband 

network. Industrial experience has shown that 75% of all 

system failures are directly or indirectly caused by poor 

connector failure, or by poor connector installation. 

Connectors come in many varieties from many, manufacturers. 

It requires care to select connectors suitable for the 

coaxial cable being used and for the environment in which 

they are used. Figure 9 shows some of the types of 

connectors currently on the market. 
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Directional Couplers 

The directional coupler provides a means for both 

dividing and combining RF signals while maintaining the 

system 75-ohm impedance and isolation characteristics. The 

directional characteristic ensures that signals being 

transmitted from any network device go only toward the 

headend, and minimizes the reflection of RF energy back to 

its source. There are three parts in the directional 

coupler: trunk input, trunk output, and tap(s). The trunk 

input is placed toward the headend and the trunk output is 

placed away from the headend. Depending on outlet location, 

we might need a single tap or multiple taps. 

There are four parameters describe the RF 

performance of a directional coupler: insertion loss, tap 

loss, isolation, and directivity. Figure 10 illustrates the 

application parameters for the directional coupler. In 

broadband network application, high isolation alone is not 

the most important parameter. Directivity, which is the 

difference between isolation and tap loss, is the 

significant parameter. 
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Figure 10 - Directional Coupler 
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Combiners/Splitters 

A combiner usually is used at the headend. In the 

reverse direction, a combiner acts like a splitter which 

splits one signal into several signals for distribution 

along different paths. In the forward direction, it is 

truly a combiner which combines several signals for 

transmission to the trunk. The main point for using a 

combiner is to allow a system to introduce more services 

without having to readjust the system to adapt to a new 

service. 

If a device acts like a combiner in the reverse 

direction, then it will act like a splitter in the forward 

direction. A splitter is used to divide a signal into 

several signals paths for transmitting signals to different 

routes. Figure 11 shows the diagram of splitter. 

Terminators 

Termination of distribution lines or unused tap 

parts is important to provide proper matching, to minimize 

ingress of undesired signals. There are two different kinds 

of terminators. One is a 75 ohm resistive terminators for 

ports where there is no AC power. The other is an AC 

blocking terminator for a port where AC power is on. 
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Filters 

Filters are used in several application in most RF 

systems. Most filters located at the headend combine or 

separate frequency associated with antennas, channel 

processors and two-way fi1ter/combiners. Figure 12 shows 

the amplitude/frequency response of some typical filters. 

Diplex filters (diplexers) are used in two-way 

single cable networks. They direct signals in the two 

frequency bands (high and low) to correct processing 

equipment, and have three connections. One is the common 

port and the other two are for the frequency bands 

associated with the return and forward pahts (high port and 

low port). Diplex filters are used at the input and output 

of each amplifier's housing. Signals from the headend are 

passed by the diplexer to the forward amplifier and isolated 

from the return amplifier. Signals from the network 

connected devices are passed from the diplexer to the return 

amplifier and isolated from the forward amplifier. 

Outlets 

An outlet is usually a tap port of a direction 

coupler. All unused outlets should be terminated by 75 ohm 

terminators, otherwise use self-terminating outlets. 

Terminating all unused outlets can significantly limit the 

ingress of undesired signals in the return path. Manual 

termination is the most positive means to control ingress. 
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Figure 12 - Amplitude/Frequency Response of Typical Filters 



CHAPTER 3 

BROADBAND CABLE PLANT DESIGN ISSUES 

This chapter introduces three concepts related to 

signal levels which are important to the design of broadband 

networks, and later an example design flow is discussed. 

The basic principle of the cable plant design is to design a 

cable network which meets the Community Antenna Television 

(CATV) specifications (Stalling 1985), shown in Table 3. 

A major advantage of a well designed broadband 

network is that it can be easily expanded. Systems built 

according to sound principles several years ago still can be 

upgraded smoothly to support new services, greater traffic 

load, and new communication devices. Without proper design, 

it is much more difficult to change and expand the existing 

network system. 

Signal Amplitude; The Decibel (dB) 

Calculating signal levels through out the entire 

system can be time-consuming, particularly when several 

channels and amplifiers are involved. This task could be 

simplified by expressing signal levels in logarithmic units. 

The decibel is a unit that express the ratio of two 

levels of power. It can also be used to express the ratio 

of two voltage or current values, if they are measures at 

41 
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point of similar impedance. The mathematics expression of 

the decibel is shown at Table 4. A standard unit used in 

the CATV industry to express signal amplitude is the decibel 

referred to one milivolt (dBmV). The mathematics expression 

of the dBmV is shown at Table 5. 

Using dBmV to calculate signal levels allows easier 

manipulation of those values. The gain or loss, in 

decibels of a component is added to or subtracts from its 

input signal level to obtain its output signal level. Also, 

fraction values can be avoided, since any number between 

zero and one is represented by a negative number of 

decibels. Because decibels are easy to use, hence all 

relevant equipment specifications and signal requirements 

are expressed in either dBmV, or dB. The difference between 

two dBmV values is expressed in dB. For example, a typical 

carrier-to-noise ratio is 43 dB and can be obtained by 

subtracting the measured noise floor (in dBmV) from the 

input signal level of an amplifier (in dBmV). "Both the 

input level and the noise floor are expressed in dBmV, but 

the mathematical result is expressed in dB. Thus , dB is a 

ratio while dBmV is an expression of signal amplitude 

(Cooper 1984). 
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Table 3 - CATV Design Specifications 

Characteristics Value 

System Spectrum 5-300 MHZ 
400-450 MHZ (Optional) 

Reverse Frequency 5-108 MHZ (Midsplit) 

Forward Frequency 162-300 MHZ (Midsplit) 
400-450 MHZ (Optional) 

Passive Equipment 
Frequency 

5-300 MHZ 
400-450 MHZ (Optional) 

Headend Input Level 10 dBmV +/- 3.5 dB 

Headend Output Level 56 dBmV +/-2 dB 

Reverse Output Level 
of Outlet 

56 dBmV +/- 2 dB 

Forward Input Level 
of Outlet 

6 dBmV +/- 3.5 dB 

Outlet Insolation >= 20 dB 
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Table 4 - The Mathematics Expression of Decibel (dB) 

Number of dB = 10 log(Pl/P2) 

= 20 log(Vl/V2) 

Where PI, P2 are power levels 

VI# V2 are voltage levels 

log is the base ten logarithm 

Table 5 - The Mathematics Expression of dBmV 

Number of dBmV = 20 log(VI / 1 mV) 

Where VI = the measured voltage level 

0 dBmV = 1 mV = 1000 uV across 75-ohm load 
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Unity Gain Trunk Design 

When designing the trunk cable portion of the 

broadband network systems, the unity gain criterion should 

be followed. The unity gain criterion is shown at Table 6. 

Designing the trunk cable to this standard could 

provide the following advantages. 

* The system is easy to design by consistently 

following this rule. 

* The system is easy to align and maintain, since 

the output levels of all amplifiers are identical. 

In Figurel3 shows the concept of this guideline. 

This can be represented as the following equation: 

Gn = CLn + FLn 

CL = Cable Loss (dB) 

FL = Flat Loss (dB) 

G = Amplifier Gain (dB) 

n = Segment Number 

This rule is requested that either each trunk 

amplifier be adjusted to compensate for the losses between 

its input and the previous amplifier's output point (see 

Figurel3); or that each trunk amplifier be adjusted to 

compensate for the losses between its output point and the 

following amplifier's input point. Thus each amplifier in 

the system has the same output signal level, and the system 

has unity gain throughout the whole cable network (Cooper 

1984). 
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Table 6 - Unity Gain Design Criterion 

1.Alltrunkamplifiers are identical (with respectto 
noise figure, gain and equalization). 

2. All trunk amplifiers are separated by an identical 
length of cable. 

3. Flat Loss + Cable Loss = Amplifier Gain. 

Result: All trunk amplifiers output levels are identical. 
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UNITY GAINV UNITY GAIN UNITY GAIN 

V3 

HEADEND 

Vh = Vi = v2 = v3 

Gn = CLn + FLn 

CL = Cable Loss (dB) 
FL - Flat Loss (dB) 
G = Amplifier Gain (dB) 
V = Signal Voltage Level (dBmV) 

Figure 13 - Unity Gain in a System 



48 

System Losses 

The losses of the cable system can be divided into 

two main classes, flat loss and cable loss. The flat loss, 

or passive loss, is the attenuation through all the passive 

components in the network (not include the cable). The 

value of this loss is constant across the entire frequency 

spectrum (Simons 1968). The cable loss is the attenuation 

of the coaxial cable. This loss increases with frequency, a 

characteristic called cable tilt (Simons 1968). 

Transparent System Design 

During the design phase, a standard signal level 

should be established for all outlets in a system, when 

this is done, connectivity requirements for the network are 

transparent. Any device can be attached to any outlet and 

use the same network services, regardless of its location 

and function. The input and output circuits of a network 

interface device need be adjusted only once for the standard 

system signal levels, after that, the device can be used 

anywhere inside the network. Thus the transparent system 

design methodology provides the following advantages. 

a. Easy relocation of devices throughout the 

network. 

b. Easy connection of new devices to the network. 

For example, a network interface device can be moved 

from one office to another, and plugged into second the 
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second office outlet. At the new location, there is no more 

adjustment need to be done, it can use and provide the same 

service that it did before at the previous location. If the 

network is not transparent, signal level differences at the 

two outlets might require adjustment the network interface 

device where it was moved (Cooper 1984). 

Many devices designed to communicate over the 

broadband networks are built to receive at a signal level +6 

dBmV, and to transmit at a signal level of +56 dBmV 

(referred to a television visual carrier signal in a 6 MHz 

channel). By designing the network to serve these signal 

levels, any such device could be used at any outlet without 

requiring installation adjustments. 

Design Flow 

The whole design of this system can be divided into 

two parts: one for the headend design and the other for 

cable plant trunk design. Adhering to the design issues, 

the headend is designed first, and the trunk is designed 

next. In the following sections, the main design factors 

are discussed in detail. 

System Structure 

System structure must be decided first, because 

other design factors might relate to it. Tree, star, ring, 

and bus are some basic topology structures. Considering the 

overall flexibility, the tree architecture is implemented in 
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this system. The tree architecture is easy for data 

communications between any two nodes using switching 

functions, and it is the appropriate one for broadband 

network (Martinez 1985). 

System Frequency Considerations 

The highest operating frequency of the system can be 

300, 400, or 450 MHz. Today, most system are designed for 

300 MHz, although the 400 MHz systems are becoming more 

popular. Regardless of the system's design bandwidth, all 

passive components should be able to pass signal from 5 to 

400 MHz frequency band. Amplifiers should be able to pass 

any signal in the system's spectrum. 

To determine the necessary bandwidth for a broadband 

network system, the designer can draw up a frequency 

allocation chart. Such a chart shows the devices occupying 

each frequency band helps to ensure that there are no 

conflicting frequency assignments. The frequency allocation 

chart in Figure 14 shows frequencies used in the over-the-

air communication and CATV transmission. This chart can be 

a good starting point when assigning frequencies for a 

broadband network. 
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Figure 14 - Frequency Allocation Chart 
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Physical Layout 

In a multiple building system, the design of the 

physical layout should never loop a main trunk cable through 

one building and into another (Yang 1987). Instead, the 

trunk cable should run alongside each building. Using the 

directional coupler connects the trunk to branches that run 

inside each building. If one branch is damaged, the other 

parts of the network still can continue to operate without 

disturbance. The overall network operation will not be 

affected since each branch is isolated from the others. 

The number and locations of outlets should be 

carefully planned. Allowing connection for all potential 

services including data, television, video, voice, and 

control. An advantage of using coaxial cable network is 

that a single cable can support all these services at one 

location (Cooper 1984). 

Signal Level 

The distribution network should be designed to 

supply a proper signal level to each node. The signal level 

calculation including two parts: the transmitting signal 

level (T) and receiving signal level (R), the translator 

gain (G), and the path loss including forward loss (FL) and 

reverse loss (RL) has the following relation: 



T - R + G  =  F L + R L  

where the path loss (FL + RL) = passive loss 

(directional coupler insertion loss, and splitter 

insertion loss etc.) +activegain (amplifier gain) 

+ cable loss. 

In order to design a transparent communication 

network system, a reference signal level has to be chosen. 

Usually, a video signal carrier is used as the reference 

signal level to design the whole system for multiple 

services. The transmission signal level of a video 

interface device is +56 dBmV, and the receiving signal 

level of video interface device is +6 dBmV. In addition, 

the normal path loss from the headend to an outlet (forward 

path) is about 50 dB (Cunningham 1980). The detailed CATV 

system design specifications is shown at Table 3. By the 

way, the Figure 15 shows a small portion of small portion of 

a distribution system and how the desired signal level can 

be obtained at an specific outlet. 

Broadband amplifier are specified in terms of visual 

carrier level and 6 MHz video channels. When data 

communication devices with many carrier signals in the same 

6 MHz bandwidth are used on the system, the transmission 

level of each data subcarrier must be lower than the video 

level reference; otherwise the amplifiers in the system 

could be overdriven. This would cause distortion on their 

output signal and create interfering harmonic signal across 
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Figure 15 - Signal Level from Trunk to Outlet 
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the entire frequency spectrum of the cable system. The 

necessary carrier level can be calculated with the following 

carrier derating equation: 

DSL = VSL - 10 log(N) 

where N is the maximum data channel number that 

occupies a 6 MHZ bandwidth. 

Normally, the lower the bandwidth, the lower the 

noise level, so a lower signal level may be used for a lower 

bandwidth system, furthermore, the lower the data signal 

level, the less intermodulation distortion. This is why the 

above formula is used. For example, a Sytek LocalNet 20 

system has 20 subchannels (the bandwidth for each subchannel 

is 300 KHz) in a 6 MHZ channel. Using the derating formula, 

the data signal output level should be DCL =56-10 log(20) 

= 43 dBmV. And, the data signal input level is DCL = -6 -

10 * log(20) = -7 dBmV. These two signal levels meet the 

Sytek LocalNet 20 specifications. 

Noise Level 

The noise level discussed here refers to thermal 

noise. The amount of thermal noise generated is a function 

of bandwidth and temperature. When the working temperature 

of a device is above absolute zero, thermal noise is 

produced. For a television system with a 4 MHZ bandwidth 

channel, 75 ohm impedance and operating at 68 degree 

Fahrenheit has a noise floor of -59 dBmV (Cooper, 1984). 
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Here, a noise floor is the minimum possible noise level. 

The following equation can be used to calculate the noise 

floor of a system with a bandwidth B (HZ): 

En = -125 + 10 * log(B) dBmV 

where En: noise floor. 

For example , a system with 6 MHZ bandwidth has the 

noise floor of about -57.2 dBmV. 

Noise Figure 

The noise figure of an amplifier is the amount of 

noise that it contributes to signals which it amplifies. It 

is a property of the amplifier and cannot be changed by 

alignment. Increasing the signal level at the input of a 

amplifier changes the C/N ratio, but dose not change the 

noise distribution of the amplifier. In a cascaded system, 

the noise contributed by the amplifiers increases by 3 dB 

every time the number of amplifiers is doubled. Table 7 

lists noise figure for several values of cascaded 

amplifiers (Cooper 1984). 

This relationship can also expressed in the 

following equation: 

F = F0 + 10 log(N) dB 

Where F = noise figure of the system includingall 

amplifier 

Fc = noise figure of one amplifier 

N = number of amplifiers in cascade 
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Table 7 - Effect of Cascading Amplifiers on Noise Figure 

Amplifiers in Cascaded System Noise Figure (dB) 

1 Catalog spec. of amplifier 

2 Catalog spec. + 3 dB 

4 Catalog spec. + 6 dB 

8 Catalog spec. + 9 dB 

16 Catalog spec. + 12 dB 
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Signal Carrier-to-Noise Ratio 

Carrier-to-noise (C/N) ratio is the difference 

between the input signal level and the noise floor. For an 

input signal of 10 dBmV, the C/N ratio of the single 

amplifier example system (with amplifier noise figure of 7 

dB) is 62 dB. 

To calculate the C/N of a cascaded distribution 

system, use the following rule: the C/N ratio decrease by 3 

dB every time the number of amplifiers is doubled. This can 

be expressed in the following mathematics formula. 

C/N = C/Nq - 10 log(N) 

Where C/N = the C/N ratio of the system including 

all cascaded amplifiers 

C/N0 = the C/N ratio of one amplifier 

N = number of amplifiers in cascade 

For convenience, the CATV/broadband industry has 

related the following C/N ratio values to the subjective 

evaluations of picture quality (signal quality) shown at 

Table 8 (Cunningham 1980). A system's C/N ratio should be 

greater than or equal to 43 dB. The worst case design value 

is measured at the most far end of the each branch of the 

network. 
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Table 8 - Picture Quality for C/N Values 

C/N (dB) Picture Quality Rating 

45 Excellent, no distortion 

35 Fine,distortion just perceptible 

29 Passable, distortion perceptible 

25 Marginal 
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Noise at a Splitter/Combiner 

The effect of noise in a two-way communication 

broadband networks are not identical for both directions. 

One factor contributing to the difference is the passive 

signal splitter. Such kind of device divides one signal 

traveling in the forward direction into two or more signals 

paths for contribution. In the return path, it works like a 

combiner. It combines signals from two or more paths into a 

single signal for transmission to the headend. 

Usually, the overall noise effect in the reverse 

direction is greater than that of noise effect in the 

forward direction. As a result, C/N (Carrier /Noise) ratio 

could be degraded. So, noise effect is the dominate factor 

in the reverse path calculation when deciding the system 

size. As a result, noise effect has to be considered 

especially when designing the reverse path of the trunk. 

For the forward path, the distortion is a limiting factor in 

determining the system size. If the noise effect is 

significant, a higher signal level should be used to 

maintain C/N ratio to keep a certain service quality. 

Generally speaking, the noise effect of the return path in 

two-way communication broadband network will be the dominant 

factor in deciding system size (Cooper 1984). 
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Amplifier Selection 

Selection of the type of amplifier to use depends on 

the application, the performance and features desired, the 

signal level requirements, and the number of amplifiers to 

be cascaded. 

Cable Plant Trunk Design 

A forward path is usually designed first. If all 

the networks in the system are compatible to a video cable 

system, then the whole system can be designed by using video 

signal level as a reference signal level. We may always use 

a video signal level as a reference signal level to design 

the whole system first. Depending on whether or not a 

network is compatible to a video cable system, we might need 

to adjust the tap values of directional couplers on the 

corresponding outlets. 

According to the cable loss, the tap values of 

directional couplers, and the insertion losses of 

directional couplers, a diplexer, or combiners, the signal 

levels on different outlets can be calculated. 

After finishing the forward path design, the next 

step is checking the reverse path signal levels to make sure 

that each interface device can supply sufficient signal 

levels to each translator's RF INPUT port respectively. 

They must meet the input signal level specifications for 

each translator. If they do not, a redesign procedure of 
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the forward path must be done. The procedure is to redesign 

the forward path first, then to check reverse path until a 

satisfied result has got (Hewlett-Packard 1977). 

Design and Performance Calculations 

This section will describe sample calculations of 

system parameters including amplifier gain, output signal 

level, C/N ratio, and intermodulation distortion. 

Amplifier Gain 

Amplifier gain is the factor that allows the design 

engineer tc> overcome the loss caused by the coaxial cable 

system. All signals on a single cable system pass through 

two diplex filters for each amplifier module encountered. 

The loss through an equalizer module is proportional to the 

length of the cable being equalized; usually, 2 dB is an 

approximate value to use in estimation. 

Reserve gain is a small amount of amplifier gain set 

aside during the design processing to serve signal level 

variations which can arise when implementing and using the 

network. Especially, this gain can be used to compensate 

the condition that the length of an installed cable run 

exceeds the estimated value used for design calculations. 

For example, a typical forward path gain of the 

trunk amplifier can be calculated as Table 9. Hence, the 

distribution will be designed with an amplifier gain of 21.3 
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Table 9 - Typical Forward Path Trunk Amplifier Gain 

Minimum full gain (catalog specification) 26.5 dB 

Diplex filter loss (2 x 0.6) 1 .2 dB 

Equalizer loss 2 .0 dB 

Reserve gain 2 .0 dB 

Total loss 5.2 dB 

Usable amplifier gain 21.3 dB 
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dB in the forward path (the return path needs less gain, but 

the calculation is similar) (Cooper 1984). 

Amplifier Cascade 

Amplifier cascade is the number of amplifiers 

connected in a series configuration (one after another) in a 

trunk system. In such condition, each amplifier contributes 

some noise to the cable system, there is a practical 

limitation of the maximum number of amplifier modules that 

can be cascaded. 

To determine the maximum cascade amplifier needed in 

trunk, several factors must be considered such as: output 

level of the amplifiers, the system bandpass, and the amount 

of cable loss between each amplifier. Generally, the more 

amplifiers in series, the lower each amplifier's output 

level should be. 

The following process of calculations shows how to 

determine the minimum number of amplifier needed to 

compensate for the signal loss of the whole cable run of the 

network system. Finally, the number of amplifiers need to 

be cascaded in designing the broadband network system is 

then found by double this calculate minimum value (to 

provide room for future expansion) (Cooper 1970). The 

calculations are shown at Table 10. 
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Table 10 - The Number of Amplifiers in Cascade 

Longest cable run (estimated) 1880 feet 

Cable loss (0.5 inch cable @300 MHz) 
1880 feet x 1.31 dB/100 feet 24.6 dB 

Required cascade over longest run 
Cable loss / Usable gain 
24.6 dB/21.3 dB 1.1 amplifiers 

Minimum required cascade 2 amplifiers 

Design cascade 
2 x Minimum required cascade 4 amplifiers 
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Amplifier Output Level 

Knowing the number of amplifiers required in 

cascade, allows the calculation of the maximum amplifier 

output level permitted in series. The amplifier's rated 

output signal level (the highest signal level it can deliver 

without exceeding the distortion specification of the 

network system), should be reduced by 3 dB for each doubling 

the number of amplifiers in cascade (Helett-Packard 1977). 

The mathematics formula can be expressed as 

following. 

Sc = SD - 10 log(N) 

Where Sc= maximum permitted output level ofeach 

amplifier in cascade (dBmV). 

SD = rated output level of one amplifier. 

N = number of amplifiers in cascade. 

Intermodulation Distortion 

Intermodulation distortion (IMD) occurs when desired 

signals on the system interact to produce undesired signals. 

The primary causes are amplifiers operating at improper 

signal level and defective amplifier modules. Either of 

these situation might cause the unit to operate in a non

linear fashion, which can create IMD. 

For example, Fl, F2, and F3 represent frequencies of 

carrier signals on the system, the intermodulation 

distortion can occur at the following second-order beat 
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frequencies: F1 + /- F2, F1 + /- F3, and F2 + /- F3. 

Interference can also occur at the following third-order 

beat frequencies: F1 +/- F2 +/- F3. 

The suggested extent on second-order intermodulation 

distortion is 60 dB under video carrier level. In a 

cascaded system, the second-order beat frequency components 

increase by 6 dB for every doubling of the number of 

amplifiers in cascade. However, these second-order 

interference signals will decrease by 6 dB for every 3 dB 

drop in amplifier output level. As a result, reducing the 

amplifier output level by 3 dB every time the cascade is 

doubled maintains the same second-order intermodulation 

distortion specification (Cooper 1984). 

Hence, we only need to concern the composite triple 

beat (CTB) of the intermodulation distortion on the system. 

CTB is caused by the combination of all possible third-order 

beat frequencies that occur on the system. The recommended 

extent for CTB is 51 dB or more under the video carrier 

level. The CTB increases by 6 dB with every doubling of the 

number of amplifiers in cascade. 

The mathematics expression of this relationship is 

shown as following. 

CTBC = CTBq + 20 log(N) 

Where CTBc = CTB ratio of a cascaded system 

CTB0 = CTB ratio of one amplifier 

N = number of amplifiers in cascade 
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System Level Graph 

A system level graph summarizes many of the design 

calculations for a broadband network in a graph manner. A 

typical system level graph is shown at Figure 16. 

This graph shows the relationship between amplifier 

specifications (noise figure, rated output level) and system 

specifications (noise floor, carrier-to-noise ratio, 

distortion level, and amplifier cascade). It also shows the 

operating window inside which the amplifier's input and 

output must reside. A graph likes this can be used to check 

that the amplifier operating level are within acceptable 

ranges and to show what signal margins exist between the 

operating value and the limits (Cooper 1984). 

How to Create the System Level Graph 

1. Starting with a typical amplifier's noise figure 

(e.g., 8 dB), compute the equivalent noise input (ENI) for 

system of cascades of 1, 2, 4, 8, and 16 amplifiers. Plot 

the resulting values of ENI versus cascade. 

2. Select a signal-to-noise ratio for the system 

(e.g., 45 dB). Add this value to the plot of ENI versus 

cascade to obtain the plot of minimum acceptable input 

level. 

3. Compute the maximum allowable output level for 

each value of cascade. 

4. The operating window for the system using these 
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amplifiers is the area above the minimum input line and 

below the maximum output line. 

5. Compute the maximum allowable gain for each 

cascade value by subtracting input from output. This value 

drops by 6 dB with each doubling of the number of amplifiers 

in cascade. 

Using the System Level Graph 

When designing the network layout, cable lengths 

cannot always be the desired length for amplifiers to be 

used at the exact design values. Once amplifier placement 

is estimated, the loss for which it must compensate can be 

calculated, and the input level it sees can be found. 

Plotting this input level on the system level graph provides 

an estimate of its margin above the minimum input level. 

If the calculated input level is below the minimum 

input level, the sysetm's S/N specification will not meet 

at that point in the distribution system, and the design 

must be modified to provide a higher signal level to this 

amplifier (e.g., shorten the distance between it and the 

previous amplifier). 

After an adequate input level is delivered to the 

amplifier, its output level can be determined by adding the 

amplifier's gain to its input level. The output level 

should below the maximum amplifier output level line on the 

graph; the difference between it and the maximum output 
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value is the margin; 3 dB is commonly used as a minimum 

margin value. 

In case the output level is beyond the maximum 

amplifier output level, the design must be changed to avoid 

excess distortion. Possible corrective procedures are shown 

as following. 

1. Decreasing the input signal level feeding the 

amplifier input by introducing attenuators or by inserting 

more cable between it and the previous unit. 

2. Lowering amplifier gain (but not too far, since 

trunk amplifiers operate best at their maximum gain level. 

3. Using fewer amplifiers in cascade. 

Those design rules described in above are 

implemented in the cable plant layout design knowledge base 

in Chapter 4. 



CHAPTER 4 

CABLE PLANT EXPERT SYSTEM IMPLEMENTATION 

The cable plan design expert system is implemented 

in Turbo Prolog. The main reason to choose Turbo Prolog is 

because it can support backward chaining search mechanism, 

database management facilities, and very powerful window 

interface for user interactive environment. It is an 

appropriate environment for PC based expert system 

development (Vellino and Covinton 1986). The block diagram 

of this system is shown at Figure 17. 

Functional Description of Cable Plant Design Expert System 

In Figure 18, the functional flow of how this system 

works is shown. There are four main functional groups in 

this system: user interface, design specification check 

unit, the cable plant layout design unit, and the 

report/document generator. The detail function of each part 

will be discussed in the following sections. 

72 
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In the beginning, the design engineer need to input the 

connection information and user design specification into 

the system, the example of this information is shown at 

Table 11. After received the input data, the next step, the 

system will do design rule checking to see if there is a 

conflicting of the user's specification with the system 

design rules. The system design rules are induced from the 

System Level Graph, which is discussed in Chapter 3. In 

case of conflicting, an error message will show up to 

notice the design engineer about the situation, then the 

designer can go back to modify the user specification until 

every thing has met the requirements of design 

specification. 

After the design rule checking, next step, the 

system will using the layout design unit to do the detail 

cable plant design, for example, the location to add 

amplifier, the signal level of outlet, and the tap value of 

directional coupler. Once this layout design has finished, 

the design blueprint and two support document will be 

generated by the report/document generator (the bill of 

material and the maintenance document). These particular 

functions of both parts, we will discuss in later sections. 

The design engineer can view those results from the 

user interface, either through the graphics mode (for 

design blueprint), or the browser mode (for support 

documents). If the design engineer is satisfied with the 



Table 11 - An Example of the Connection List and 
User's Specification 
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cable 4 
ssp_3ir, 
ssp_3_l 
ssp_3", 
ssp_3_2 
cable_5 
ssp_4", 
ssp_4 1 
ssp_4ir, 
ssp_4_2 
cable 6 
ssp_5ir, 
ssp_5_l 
ssp_5"» 
ssp_5_2 
cable_7 
ssp_6", 
ssp_6 1 
ssp_6ir, 
ssp_6_2 

II 
ssp_l_l 
,"end_l 
ssp_l_2" 
,"cable_ 
,"cable_ 
,"ssp_2" 
ssp_2_l" 
,"end_2" 
ssp_2_2" 
,"cable_ 
f"ssp_3" 
ssp_3_l" 
,"end_3" 
ssp_3_2" 
,"cable_ 
#"ssp_4" 
ssp_4_1" 
,"end_4" 
ssp_4_2" 
,"cable_ 
f"ssp_5" 
ssp_5_l" 
#"end_5" 
ssp_5_2" 
,"cable_ 
,"ssp_6" 
ssp 6 1" 
,"end_6 " 
ssp_6_2" 
,"end_7" 

" )  
" )  

" )  

" )  

" )  

" )  

user spec(23.1,0.5,40,25,"yes") 
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result, he can go back to remodify the connection 

information and user's specification, then redo the design 

process again. 

User Interface 

A user interface acts as a buffer between this 

expert system and the design engineer, allowing the engineer 

to interactively communicate with the system. In 

implementation, we use the multiple windows including pull

down menu to guide the user throughout the whole process. 

Basically, the user interface is menu-oritened, the user 

will never get confused throughout the whole design 

processing. 

As we mentioned before, there are two extra 

subsystems built in the user interface as shown at Figure 

19. One is the graphics interface to translate the 

connection information into graphics output (Figure 20). It 

is implemented in the high resolution mode (640 x 200) on 

color/graphics adapter for personal computer, using the 

graphic primitives like point, line, and turtle graph. The 

other is the browser interface to let the user view the 

design support documents. It is implemented in the same way 

as an editor except you can not modify the content which you 

look at. 
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Design Specification Check Unit 

In this part of system, we use the connection 

information and user's specification which inputed by the 

design engineer through the user interface (Table 11). 

Figure 21 shows the functional flow of this unit. From the 

connection information, we can calculate the total trunk 

cable length of the cable run. After that, we can follow 

the method in the section of Amplifier Cascade of Chapter 3 

to calculate the estimated number of amplifier needed for 

the configuration (Rule-1). Once we get the estimated 

number of amplifiers needed, we can use the Rule-2 and Rule-

3 (in next section), which are induced from the section of 

System Level Graph of Chapter 3, to calculate the minimum 

input signal level and the maximum output signal level of 

each amplifier. These two parameters are important to the 

layout design unit. The minimum input signal level can be 

used to evaluate where needed to put an amplifier to restore 

the signal quality. The maximum output signal level can be 

used to calculate the output signal level in each outlet. 

The next step is to get the maximum amplifier output 

level from the user's specification. To make a comparison, 

if the calculated maximum amplifier output level is higher 

than the value required. An error message will show up to 

indicate this condition, the designer has to go back to 

remodify the user's specification. The main reason to make 
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Check Unit 
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such kind checking is the lower the rated amplifier output 

level, the better the system signal quality. These 

information like the estimated number of amplifiers, the 

minimum amplifier input signal level, and the maximum 

amplifier output signal level will be saved in the working 

memory for later use. The rules discussed in this section, 

are global design rules for the system. 

Rules for Design Specification Check Unit 

Rule-1: The total length of the cable can determine 

the number of the amplifiers needed for this cable plan. 

This rule can be converted into 

N = (L * Lc) / (100 * Ag) 

N : number of amplifier needed. 

L : total length of cable. 

Lc : typical size cable loss per 100 feet. 

Ag : trunk amplifier specific gain 

Rule-2: The number of amplifiers needed for the 

cable plan will determine the minimum input signal level of 

each amplifier. This rule can be converted into 

mathematical formula shown as following. 

si = Soi + 10 log(N) 

: minimum input signal level. 

S0£ : rated input signal level for one amplifier 

for 45 dB S/N ratio, the value is equal 

to -4.2 dB. 
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N : number of amplifier in cascade. 

Rule-3: The number of amplifiers need for the cable 

plan will determine the maximum amplifier signal output 

level. The rule can be converted into mathematical formula 

shown as following.. 

so = soo - 10 lo9<N> 

Sc : maximum output signal level. 

S00 : rated output level for one amplifier 

for -57 dB Composite Triple Beat (CTB), 

the value is equal to 48 dB. 

N : number of amplifier in cascade. 

Cable Plant Layout Design Unit 

This part is the heart of system, the simulator uses 

the connection list data and the user specifications (Table 

11) to generate the cable plant data base. In the process 

of layout design, the cable connection is checked from the 

start point to the end point, if there is any point in the 

cable plant its signal level is too low, then the layout 

design unit will add an amplifier into the section of the 

cable plant. After the process has finished, the final 

design data base will be updated automatically, later, the 

graphic blueprint and the support documents will be 

generated by the report generator base on it. The functional 

flows of the layout design unit are shown at Figure 22, 23 

and 24. 
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Process of Cable Plant Layout 

Using the cable connection data list, the layout 

design unit starts the cable layout from the start point of 

the connection list. In each point, for example, likes the 

end of cable, the end of a splitter, the end of a 

directional coupler, or the end of the tap, the layout 

design unit uses the specific design rule to do the cable 

plant design. If it finds out the signal level is not fit 

the requirement, then adding a amplifier into that part of 

cable system, in the same time, assigning the gain of the 

amplifier, the location to put it, and the new signal level 

information for the related point. Continuing the process 

for next point, until the end point is met. 

If the design engineer dose not satisfy with the 

result, he can go back to modify the original connection 

list and the user specification, then, the whole process can 

be revaluated according to the design data updating, or 

the modification of user specifications. 

At the end, the system can use the design data base 

to generate two different kind of documents for the design 

engineer and the system manager who wi 11 be in charge of the 

maintenance responsibility (the detail of document will be 

discussed in next section). 
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Rules for Layout Design Unit 

There are several design rules for the cable plant 

layout design unit. They are the design rules for trunk 

cable layout design. 

Rule-4: This rule is used inside the layout design 

unit for checking signal strength through one specific 

section of cable including the attenuation information of 

cable to see if the end of it still greater than the minimum 

input signal level or not. This rule can be interpreted in 

the following IF-THEN rule format. 

Rule-4a: 

IF the component is cable AND 
the attenuation of the cable is A AND 
the length of the cable is L AND 
the signal strength of the start end of cable 
is S AND 
the minimum input signal level is M AND 
the other end signal strength of the cable 
Xis equal (L x A) / 100 AND 
X < M 

THEN insert a amplifier in the place of this cable 
the signal level is equal M AND 
update the connection list AND 
update the end point signal strength 

Rule-4b: 

IF the component is cable AND 
the attenuation of the cable is A AND 
the length of the cable is L AND 
the signal strength of the start end of cable 
is S AND 
the minimum input signal level is M AND 
the other end signal strength of the cable 
Xis equal (L x A) / 100 AND 
X > M 

THEN update the connection list AND 
update the end point signal strength 
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Rule-5: This is used inside the layout design unit 

for checking one specific directional coupler including the 

insertion loss to determine the signal strength through the 

directional coupler is still greater than the minimum input 

signal level or not. 

Rule-5a: 

IF the component is directional coupler AND 
the tap value of the directional coupler 
determine by the user's specification for 
outlet signal level is T AND 
the insertion loss of the directional coupler 
with tap value T is A AND 
the signal strength of the start end of cable 
is S AND 
the minimum input signal level is M AND 
the other end signal strength of the cable 
X is equal S - A AND 
X < M 

THEN insert a amplifier in front of the directional 
coupler AND 
update the connection list AND 
update the end point signal strength 

Rule-5b: 

IF the component is directional coupler AND 
the tap value of the directional coupler 
determine by the user's specification for 
outlet signal level is T AND 
the insertion loss of the directional coupler 
with tap value T is A AND 
the signal strength of the start end of cable 
is S AND 
the minimum input signal level is M AND 
the other end signal strength of the cable 
X is equal S - A AND 
X > M 

THEN update the connection list AND 
update the end point signal strength 
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Rule-6: This is used inside the layout design unit 

for checking one specific splitter including the insertion 

loss to determine the signal strength through the splitter 

is still greater than the minimum input signal level or not. 

Rule-6a: 

IF the component is splitter AND 
the number of branches of the splitter 
determine by the connection list is B AND 
the insertion loss of the splitter 
with branch number B is A AND 
the signal strength of the start end of cable 
is S AND 
the minimum input signal level is M AND 
the other end signal strength of the cable 
X is equal S - A AND 
X < M 

THEN insert a amplifier in front of the splitter AND 
update the connection list AND 
update the end point signal strength 

Rule-6b: 

IF the component is splitter AND 
the number of branches of the splitter 
determine by the connection list is B AND 
the insertion loss of the splitter 
with branch number B is A AND 
the signal strength of the start end of cable 
is S AND 
the minimum input signal level is M AND 
the other end signal strength of the cable 
X is equal S - A AND 
X > M 

THEN update the connection list AND 
update the end point signal strength 
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Report Generator 

Once the cable plant layout design processing has 

finished, the system can use the updated connection list and 

the component data base to generate two different kind of 

support documents for designer. One is the bill of material 

(BOM). The other is the maintenance document. 

The designer can either use the built-in browser to 

check the BOM, or the maintenance document, or use the 

printer to make a hard copy. 

Report Generator for BOM 

The functional flows of the report generator forBOM 

are shown at Figure 25, and 26. The main purposes of BOM are 

for cost estimation and the contract proposal preparation. 

Without it, the installation of the cable system will be 

very difficult to handle, especially for inventory and cost 

control. 

The process to generate the BOM is based on the 

updated connection list (from the layout design unit) shown 

at Table 12, and the component data base (including the 

vendor name, the serial number, the unit price, and ... 

etc.). It starts from the cable, in the connection list can 

find out the name of cable and the length of the cable, then 

references in the component data base to find out the serial 

number of this specific cable. After all, put the desired 



92 

TAR 

table don mplifier don 

Put into the 
BOM listing 

Put into the 
BOM listing 

Searching through 
the working memory 
find the cable 
information 

Map to the 
component database 
to find out specific 
cable information 

Searching through 
the working memory 
find the amplifier 
information 

Map to the 
component database 
to find out specific 
amplifier information 

don 

Figure 25 - The Functional Flow of Report Generator 
for BOM (Part I) 



93 

splitter don coupler do 

Put into the 
BOM listing 

Put into the 
BOM listing 

Searching through 
the working memory 
find the directional 
information 

Map to the 
component database 
to find out specific 
directio coupler 

Searching through 
the working memory 
find the splitte 
information 

Map to the 
component database 
to find out specific 
splitter information 

Figure 26 - The Functional Flow of Report Generator 
for BOM (Part II) 



94 

Table 12 - An Example of Updated Connection List 
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ssp^S""", "ssp_5_2" 
ssp_5_2","cable 
cable_7", "amp_3ir 

amp_3","ssp_6") 
ssp_6", "ssp_6__l" 
ssp_6_l"»"end_6" 
ssp_6","ssp_6_2" 
ssp_6_2 " i " end_"7 " 

" )  
" )  

" )  

" )  

" )  

Add one amplifier in front 
of directional coupler 1 

Add one amplifier in front 
directional coupler 3 

Add one amplifier in front 
of directional coupler 6 
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data into the BOM. There is an example print out of the BOM 

shown at Table 13. 

Table 13 - An Example of The Bill of Material 

Parts ID Parts Name Unit Serial Number 

cable_ 1 trunk cable 340 ft 1235-00-7 
cable" "2 trunk cable 270 ft 1235-00-7 
cable "3 trunk cable 120 ft 1235-00-7 
.cable" "4 trunk cable 370 ft 1235-00-7 
cable_ "5 trunk cable 190 ft 1235-00-7 
cable "6 trunk cable 100 ft 1235-00-7 
cable" "7 trunk cable 450 ft 1235-00-7 
amp_l amplifier 21 dB 100-A-0567 
amp 2 amplifier 16 dB 100-A-0567 
amp_3 amplifier 14 dB 100-A-0567 
ssp_l direction coupler 16 dB 244-B5-339 
ssp_3 direction coupler 16 dB . 244-B5-339 
ssp_4 direction coupler 12 dB 244-B5-339 
ssp_5 direction coupler 12 dB 244-B5-339 
ssp_6 direction coupler 16 dB 244-B5-339 
ssp 2 2-way splitter 2 way 300-05-112 
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Report Generator for Maintenance Document 

The functional flow of the report generator for 

maintenance document is shown at Figure 27. The main purpose 

of this document is for the system manager, or the 

technician who will be in charge of the maintenance job. In 

this document, it records the signal strength in every 

connection point. Using it, the routing maintenance job 

will be very easy. Once there is a bad connection or error 

comes out, following the document to trace, the location of 

the problem soon will be located and fixed. 

The process is based on the updated connection list 

(Table 12). From the starting point , each time, gets a new 

point, record its signal strength into the maintenance 

document until the end. There is an example output of the 

maintenance document shown at Table 14. 

Implementation of Prolog Program 

The source program listing of this expert system is 

shown at Appendix A as a reference. In this section, we 

will describe the relationships between the design rules and 

the actually implementation, and how the forward chaining 

mechanism be implemented in this system. 

The implementation of global design rules are shown 

at Appendix A, from page 120 to 122. They are applied in 

every design cases including trunk cable design or interior 

of building cable design. 
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the end 

END 

Qet the 
next point Put into the 

maintenance 
document 

Get the signal 
strength of this 
point 

Qet the starting 
point of the 
connection list 
from the working 
memory 

Fiqure 27 - The Functional Flow of Report Generator 
for Maintenance Document 



Table 14 - The Maintenance Docvunentation 

cable _1 begin : 23.1 dBmV end : 18. 646 dBmV 
amp_l~ begin : 

begin : 
18.646 dBmV end : 40 dBmV 

end 1 
begin : 
begin : 40 dBmV end : 38. 8 dBmV 

cabTe_ 2 begin : 38.8 dBmV end : 35. 263 dBmV 
cable "3 begin s 35.263 dBmV end : 33. 691 dBmV 
end_2~ begin : 33.691 dBmV end : 29. 291 dBniV 
cable _4 begin s 29.291 dBmV end : 24. 444 dBirtV 
amp 2 begin : 24.444 dBmV end : 40 dBmV 

end 3 begin : 40 dBmV end : 38. 8 dBmV 
cabTe _5 begin : 38.8 dBmV end : 36. 311 dBmV 
end 4~ begin : 36.311 dBmV end : 34. 811 dBmV 
cable _6 begin : 34.811 dBmV end : 33. 501 dBmV 
end 5 begin s 33.501 dBmV end : 32. 001 dBmV 
cable_ 1 begin : 32.001 dBmV end : 26. 106 dBmV 
amp 3 begin : 26.106 dBmV end : 40 dBmV 
end_6 begin : 40 dBmV end : 38. 8 dBmV 
tap_l the tap node : 25 dBmV 
tap 3 the tap node : 25 dBmV 
tap_4 the tap node s 20.8 dBmV 
tap_5 the tap node : 21.3 dBmV 
tap_6 the tap node : 25 dBmV 
end 7 the end node : 38.8 dBmV 



99 

The specific design rules for trunk cable layout 

design, Rule-4a to Rule-6b, are shown at Appendix A, from 

page 115 to 120. When this expert system in the layout 

design state, these rules will be applied depends on the 

forward chaining mechanism. The forward chaining mechanism 

is used in planning type expert system, for example, the 

cable plant design expert system. It is a data driven 

search mechanism, used in the condition there are more than 

one rule can be applied in a specific state of the expert 

system. When the system in layout design state, there is no 

estimation of the next possible layout design rule of the 

system should apply. This is the reason we implement the 

forward chaining mechanism in our prototype expert system. 



CHAPTER 5 

SUMMARY AND CONCLUSION 

In this project, a prototype cable plant expert 

system has been designed and implemented. The resulting 

expert system meets the design guidelines. But restricting 

to the complexity of the system and time concern, the system 

design and implementation need to be refined. Since the 

system we are developing is just a prototype, more effort 

and time need to contribute to it. Presently, we only 

include basic rules into this system in order to do trunk 

cable plant design. In the general case, more effort 

should be included to do more detail design, for example, 

the cable layout inside of each building. In addition, we 

did not develop a complete interactive graphic system for 

the input of cable plant geographical data. 

The purpose of this cable plant expert system is to 

assist to design, maintain, and manage a cable plant that 

may help relieve the burden of the rapid growth of broadband 

networks. As we mentioned before, the operating cost of a 

cable plant is over 50% of the total expenditure for a 

broadband network system. Therefore, the operating cost of 

a broadband network system could be reduced by using this 

cable plant design expert system which we apply artificial 

100 
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intelligence technology, and is expected to help make cable 

planning more efficient and manageable. 

Throughout this project, we have learned the 

prototype system can handle the design case for trunk cable 

plant layout as the cable plant design engineer dose. We 

use the campus cable expansion plants as the test case, the 

original plant was designed by qualified engineer. The 

result is very interesting, it shows up the original cable 

plant design is only one of the possible outcomes. Of 

course, this system still need to be enhanced. We will 

discuss the constraints of this project we found in the next 

section. 

Constraints of Expert System Approach 

There are two different approaches for the cable 

plant design, one is implemented in the computer aided 

engineering (CAE) workstation which using the conventional 

program techniques and data base management facilities 

(Broughton 1986), the other one is implemented in the 

commercial spreadsheet package (Fico 1986). 

Both using different techniques to automate the 

design processing of the broadband cable plant design. The 

advantage of them is those techniques are more easily to 

grasped, for example, the spreadsheet, and conventional 

languages programming. The drawback of them is the system 

is hard to maintain, any tiny change of the design 
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specification will affect the whole system. This a common 

problem in using the conventional programming to solve the 

question, one specific solution can not be easily adapted to 

another problem domain. 

From the expert system's point of view, the 

knowledge base and the inference engine can be separated 

into independent parts of the system, it means each part can 

be modified and updated without effecting to the another 

part. In case of the design specification changing, the 

design engineer only have to update the knowledge base of 

the system. It is much easier job, the reason is the 

knowledge base of an expert system is readable and easily to 

modify (Harmon and King 1985). Table 15 shows the different 

emphases of conventional and symbolic programming. 

Table 15- The Different Emphases of conventional and 
Symbolic Programming 

Conventional Programming Symbolic Programming 

Algorithms 

Numerically addressed 
data base 

Oriented toward 
numerical processing 

Sequential, branch 
Processing 

Heuristics 

Symbolically structured 
knowledge base in a 
global working memory 

Oriented toward 
symbolic processing 

Highly interactive 
Processing 
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Constraints of PC Based Expert System 

In the field of expert systems, this has led, for 

example, to the idea of the compiled knowledge base found in 

such product as Expert-Ease. On a mainframe computer with 

several megabytes of disk storage capacity, compiling the 

knowledge base for an expert system, while often done for 

other reasons, would probably not be seen as essential to 

the success or usefulness of the program. In a micro-based 

PC, one way to achieve size capacity for a 'meaningful' 

expert system implementation is to compile the knowledge 

base so that it occupies less space. It turns out that this 

also leads to faster access and usage, but that is a 

useful fringe benefit of the original compilation and 

compression work, rather than its primary goal (Shafer 

1985). 

Despite the usefulness of microcomputer-based expert 

systems, it is clear that the desktop computers are less 

powerful, have less capacity and process information more 

slowly than their larger counterparts. 

Future Work to be Performed 

As we mentioned in the beginning of this Chapter, 

two issues has to be added in order to improve this cable 

plant design expert system. One is to build up design 

methodology for the cable plant design processing inside of 

each building, most of it can follow the same ideas of the 
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trunk design as shown in Chapter 4, the only exception is 

seldom need to insert the amplifier to boots trap the signal 

level (Cooper 1984). The other is to add an interactive 

graphics environment for the geographical data (map) and the 

physical cable connection constraints information input, for 

example, the location of tunnels, the locations of 

telephone poles. With them, the system can be said to be 

complete. 



APPENDIX A 

LISTING OF PROLOG PROGRAM 

/* *************************************** */ 
/* Expert System for Cable Plan Design */ 
/* *************************************** */ 
/* */ 
/* By: Lyu-Shi Chen */ 
/* */ 
/* */ 
/* Date : 11/12/1986 */ 
/* Revision s 1/15/1987 */ 
/* Revision : 3/2/1987 */ 
/* */ 
/* *************************************** */ 

domains 
file=out file 

database 
/* */ 
/* parts */ 
/* 1. equipment id (string) */ 
/* 2. equipment name (symbol) */ 
/* 3. direction (symbol) */ 
/* 4. length or gain or others (integer)*/ 
/* 5. building name (string) */ 
/* 6. room number (string) */ 
/* */ 
part(string,symbol,symbol,real,string,string) 

rel(string,string) 
trick(string) 

/* data base for draw */ 
position(integer,integer,symbol) 
pposition(integer,integer) 

/* new item for improved drawing procedure 
amp_id(integer) 
dcp_id(integer) 
sp_id(integer) 
angle(integer) 
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J* end of new staff Lyu-Shi Chen 3/5/1987 

/* database for simulator */ 
length(integer) 
amp_need(integer) 
amp_min(integer) 

J* *********************************** -k J 
/* user specification */ 
/* 1. Start point signal level (real). */ 
/* 2. cable diameter (real). */ 
/* 3. amplifier output signal */ 
/* level. (integer). */ 
/* 4. outlet signal level. (integer). */ 
/* 5. reserve for expansion or */ 
/* not. (symbol). */ 

*********************************** */ 

user_spec(real,real,integer,integer,symbol) 

end_strength(real) 
amp_out(integer) 
outlet_out(integer) 
min_input(real) 
max_output(real) 
no_amp(integer) 
ssp_strength(string,real) 
dcp_strength(string,real) 
test_strength(string,symbol,real) 
input_file(string) 

predicates 
begin 
main 
mainl 
my_selection(integer) 
cl ear__wm 
repeat 
endd(integer) 
clear_dcp_ssp 
show_spec 
add_item 
/* predicates for draw */ 
draw(string) 
graph(string) 
drawc(string) 
graphy(string) 
cable_draw(symbol,real) 
get_position(integer,integer,symbol) 
save_position(integer,integer) 
pget_position(integer,integer) 
psave_position(integer,integer) 



head draw 
box(Integer,integer,integer,integer) 
ssp_draw(symbol) 
dcp_draw(symbol) 
clear_pos 
end_position(integer,integer,symbol) 
/* cable_drawa(symbol,integer) */ 
/* end_draw(symbol) */ 
amp_draw(symbol) 
/* ahead_draw(symbol) */ 

/* new predicates for improvement gaphics drawing 
dcp_ru 
dcp_dr 
sp_r 
circle 
circlel 
amp__r 
amp_d 
clear_id 

/* predicates for simulator */ 
estimate_len(integer) 
cal_cable_len 
cal_amp 
number_of_amp 
cal_min_input 
cal_max_output 
simulation(string) 
siml(string) 
cal_signal(string) 
signal(string) 
cal_cable(string,real) 
cal_end(string) 
cal_ends(string) 
int_real(integer,real) 
insertion_loss(real,real,integer) 
amp_no(integer) 
clear_trick 
ssp_check(real,real) 
report(integer) 

include "menu.pro" 
include "report.pro" 

clauses 

/* */ 
/* clauses for drawing procedure */ 
/* */ 
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draw(X) s- graphics(2,l,7), 
rel(X,Child),graph(X), 
drawc(Child),1. 

draw(_) cursor(22,l), 
no amp (N), 
wrrtef("The number of amplifier 
needed is : %",N), 
cursor(23,1), 
write("Press any key to continue ..."), 
readchar(__) ,text, 1. 

drawc(X) rel(X,Y), frontstr(3,Y,T,_),T="end", 
graph(X),graph(Y),fail,1. 

drawc(X) rel(X,Y), 
graph(X), drawc(Y),l. 

graph(X) s- frontstr(2,X,T,Rest),T="ss", 
str_len(Rest,N),N=3,graphy(X),I. 

graph(X) frontstr(2,X,T,Rest),T="ss", 
str__len(Rest,N) ,N>3, 1 . 

graph(X) graphy(X),!. 

graphy(X) part(X,dcp,D,_,_,_),not(trick(X)), 
dcp_draw(D), 
asserta(trick(X)),1• 

graphy(X) part(X, ssp,D,not (trick(X)), 
ssp_draw(D), 
asserta(trick(X)),1. 

graphy(X) s- part(X,amp,D,_,_,_), 
amp_draw(D),I. 

graphy(X) X=s,head_draw,1. 

graphy(x) part(X,end,, /* end_draw(D), */ 1 

graphy(X) part(X,cable,D,L,c,_), 
/* cable_drawa(D,L) */ 
cable_draw(D,L),I. 

graphy(X) s- part(X,cable,D,L,_,_), 
cable draw(D,L),l> 



/* */ 
/* new clauses to improve graphics interface */ 
/* */ 

circle angle(X), retract(angle(X)), 
X <> 72, circlel, Y=X+1, asserta(angle(Y)), 
circle,1. 

circle. 

circlel forward(40),right(5). 

/* draw directional coupler down and right(outlet) 
dcp_dr asserta(angle(0)), 

penpos(XI,YI,_), 
penpos(XI,YI,90), 
circle, 
penpos(OX,0Y,_), 
CX=OX-300, 
CY=OY-1700, 
int_real(CX,OXR), 
int_real(CY,CYR), 
CCX=((OXR* 24.0)/31000.0)+0.5, 
int_real(CXX,CCX), 
00Y=((CYR*80•0)/31000.0)+0.5, 
int_real(OYY,OOY), 
cursor(CXX,OYY), 
dcp_id(N), 
retract(dcp_id(_)), 
N1=N+1, 
asserta(dcp_id(Nl)), 
str_int(NA,N), 
concat("D",NA,Amp), 
write(Amp), 
cursor(22,1),write(OX," ",CXX), 
cursor(23,1),write(OY," ",OYY), 
right(55),forward(900), 
penpos(X,Y,A), 
Al=A+55, 
penpos(X,Y,A1), 
forward(500), 
penpos(XI,Y1,A2), 
A3=A2+90, 
penpos(XI,YI,A3), 
forward(300), 
A4=A2+270, 
penpos(XI,YI,A4), 
forward(300), 
penpos(X,Y,A), 
penup,back(900),right(35), 



pendown, forward(900),1. 

draw directional coupler right and up(outlet) 
»_ru asserta(angle(0)), 

penpos(XI,YI,_), 
penpos(XI,Yl,180), 
circle, 
penpos(OX,OY, ), 
CY=OY-300, 
int_real(OX,OXR), 
int__real ( CY, CYR), 
CCX=(vOXR*24.0)/31000.0)+0.5, 
int__real (CXX,CCX), 
00Y=((CYR*80.0)/31000.0)+0.5, 
int_real(OYY,00Y), 
cursor(CXX,OYY), 
dcp_id(N), 
retract(dcp_id(_)), 
N1=N+1, 
asserta(dcp_id(Nl)), 
str_int(NA,N), 
concat("D",NA,Amp), 
write(Amp), 
cursor(22«1),write(OX," ",CXX) 
cursor(23,l),write(OY," ",OYY) 
right(55),forward(900), 
penpos(X,Y,A), 
Al=A+55, 
penpos(X,Y,Al), 
forward(500), 
penpos(XI,Y1,A2), 
A3=A2+90, 
penpos(XI,Yl,A3), 
forward(300), 
A4=A2+270, 
penpos(XI,Yl,A4), 
forward(300), 
penpos(X,Y,A), 
penup,back(900),right(35), 
pendown, forward(900),1. 

_r s- asserta(angle(0)), 
penpos(Xa,Ya,_), 
penpos(Xa,Ya,180), 
circle, 
penup, 
right(45),forward(700),right(45), 
penpos(X,Y,A), /* save position */ 
right(90),forward(900), 
pendown,forward(500), 
penpos(XIfYl,A1), /* save position */ 
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A2=Al+90, 
penpos(XI,Y1,A2), 
forward(300), 
A3=Al+270/ 
penpos(XI,Y1,A3), 
forward(300), 
X11=X, 
Y11=Y, 
int_real(Xll,X1R), 
int_real(Yll,Y1R), 
X1C=((X1R*24.0)/31000.0)+0.5 # 
Y1C=((Y1R*80.0)/31000.0)+0•5» 
int_real(XC,XlC), 
int_real(YC,YlC), 
cursor(XC,YC), 
sp_id(N), 
retract(sp_id(_)), 
N1=N+1, 
asserta(sp_id(N1)), 
str_int(NA#N), 
concat("S"fNA,Sp), 
write(Sp), 
penpos(X,Y,A), 
forward(1000),I. 

/* draw amplifier — right */ 
amp_r penpos(X/Y,A), 

right(90),forward(500),right(225),forward(700), 
right(270),forward(700),right(225),forward(500), 
Z=Y+500, 
amp_id(N), 
retract(amp_id(_)), 
N1=N+1, 
asserta(amp_id(Nl)), 
str_int(NA,N), 
concat("A"/NA,Amp), 
X1=X, 
Yl=Y-500, 
int_real(XI,X1R), 
int_real(Y1*Y1R), 
X1C=((X1R*24.0)/31000.0)+0.5, 
Y1C=((YlR*80.0)/31000.0)+0.5, 
int_real(XX,X1C),int_real(YY,YlC), 
cursor(XX,YY), 
write(Amp), 
penpos(X,ZfA), 
forward(400). 



/* draw amplifier -- down */ 
amp_d penpos(X,Y,A), 

right(90),forward(500),right(225),forward(700), 
right(270),forward(700),right(225),forward(500), 
Z=X+500, 
amp_id(N), 
retract (amp_id(_)), 
N1=N+1, 
asserta(amp_id(Nl)), 
str_int(NA,N), 
concat("A",NA,Amp), 
Xl=X-300i 
Y1S=Y-1800 / 
int_real(XI,X1R), 
int_real(Y1#Y1R), 
X1C=((X1R*24.0)/31000.0)+0.5( 
Y1C=((Y1R*80.0)/31000•0)+0•5, 
int_reai(XX,XlC),int_real(YY,Y1C), 
cursor(XX,YY), 
write(Amp), 
penpos(Z,Y#A), 
forward(200). 

dcp_draw(r) s- dcp_ru,i. 

dcp_draw(d) dcp_dr,1. 

/* 3/5/1987 */ 
ssp draw(r) sp_r,l. 

/* 3/5/1987 */ 
amp_draw(r) :- amp_r, J. 

amp draw(d) t- amp_d,J. 

/* 3/5/1987 */ 
cable_draw(r,L) penpos(X,Y,_), 

penpos(X,Yf90), 
Yd=((L / 10) * 100), 
forward(Yd),1. 

cable draw(l,L) penpos(X,Y, ),penpos(X,Y,270), 
Yd=((L / 10T * 100), 
forward(Yd),1. 



cabl e_dr aw (u,L) 

cable draw(d,L) 

/* 3/5/1987 */ 
head_draw pget_position(Xl,Y1),X=X1+(6*160), 

Y=Yl+(6*50),box(Xl,Yl,X,Y), 
penpos(XI,Y1,0),1. 

pget_position(X,Y) s- pposition(x,Y), 
retract(pposition(_,_)), 1. 

psave_position(X,Y) asserta(pposition(X,Y)),1 

get_position(X,Y,D) i- position(X,Y,D),clear_pos 

end_position(X,Y,D) position(X,Y,D),1. 

clear_pos retract(positionfail,J. 

clear_pos. 

save position(Xl,Y1) X=Xl+(6 * 160), 
Y=Yl+(6 * 50), 
Xd=((XI + X) div 2), 
Yd=((Yl + Y) div 2), 

asserta(position(Xd,Y,r)), 
asserta(position(Xd,Yl,l)), 
asserta(position(XI,Yd,u)), 
asserta(position(X,Yd,d)),1. 

box(X1,Y1,X,Y) line(XI,Y1,X1,Y,1), 
line(Xl,Y,X,Y,l), 
line(X,Y,X,Yl,l), 
line(X,Y1,X1,Y1,1),1. 

! *  * * * * * * * * * * * * * * * * * * * * * * * * *  * /  
/* */ 
/* clauses for layout design */ 
/* */ 
j *  * * * * * * * * * * * * * * * * * * * * * * * * *  *j 

simulation(_) 
number of amp, 
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cal_min_input, cal_max_output, 
user_spec(_,_,A,_,_),max_output (N), 
A > N, beep, 
write("There is an error in user 
specification of max amp output level. " ), 
nl,write("Press any key to continue..")/ 
readchar(_),1. 

simulation(X) 
user_spec(S,_,A,0,_), 

/* in the main module, should initialize t 
he end_strength 11 */ 

retract(end_strength(_)), 
asserta(end_strength(S)), 
asserta(amp_out(A)), 
asserta(outlet_out(0)), 
rel(X,Child), 
cal_signal(X), 
siml(Child),1. 

simulation(_) write("Simulation has finished."),nl, 
write("Press any key to continue .."), 
readchar(_),1. 

siml(X) rel(X,Y),frontstr(3,Y,T,_),T="end", 
not (part (Y, end,_,_, s,__)), 
cal_signal(X),cal_signal(Y),fail,1. 

siml(X) rel(X,Y),frontstr(3,Y,T,_),T="end", 
part(Y,end,_,_,s,_), 
cal_signal(X),cal_signal(Y),1. 

siml(X) s- rel(X,Y),cal_signal(X),siml(Y),1. 

/* ssp, headend and start point do not need */ 
/* recalculate again, so just ignore them */ 

cal_signal(X) not(trick(X)), 
frontstr(2,X,T, ),T="ss", 
asserta(trick(XT),1. 

cal_signal(X) part(X,headend,_*_»_)/1• 

cal_signal(X) X=s,l. 

cal_signal(X) signal(X),l. 

/* the place needs to be thought about add amplifier is */ 
/* either cable or end. */ 



signal(X) part(X,cable, »L»_#_)» 
cal_cable(x,L7»1• 

/* end of trunk */ 

signal(X) part(X,end,_,_,s,__),not(trick(X)), 
cal_ends(X),asserta(trick(x)),1. 

signal(X) part(X,end,_#_*_«_)# 
cal end(x),1. 

signal(_). 

cal_cable(P,L) X=((L * 1.31) / 100), 
/* attenuation of cable X */ 
end_strength(N), 
assertz(test_strength(P,b,N)), 
Xd=N - X, 
/* the signal level in the other */ 
/* end of cable */ 
min_input(l), 
Xd > I, /* no need to add amp */ 
retract(end_strength( )), 
assertz(test_strengthTP/a,Xd)), 
asserta(end_strength(Xd)),1. 
/* update the signal level */ 

cal_cable(x,L) end_strength(N),retract(end_strength( 
min_input(I), 
Xd=N-I, 
Ld=((Xd * 100) / 1.31), 
Lr=L-Ld, 
P=40 -((Lr / 100) * 1.31), 
G=40-Xd, 
asserta(end_strength(P)), 
/* update end strength */ 
rel(X,Y),rel(F,X), 
/* find parent and child of X */ 
retract(rel(X,Y)),retract(rel(F,X)), 
concat(X,"_1",X1), 
concat(X,"_2",X2), 
assertz(test_strength(Xl,b,N)), 
assertz(test_strength(Xl,a,I)), 

/* no_amp should be initialized to 0 
in main module 111 */ 

amp_no(No), 
str_int(Noa,No), 
/* convert to ascii format */ 
concat("amp_",Noa,Amp), 



assertz(test_strength(Amp,b,l)), 
assertz(test_strength(Amp,a,40.0)), 
assertz(test_strength(X2,b,40.0)), 
assertz(test_strength(X2,a,P)), 
asserta(rel(F,Xl)), 
asserta(rel(Xl,Amp)), 
asserta(rel(Amp,X2)), 
asserta(rel(X2,Y)), 
part(X,cable,D,_,B,C), 
retract(part(X,cable,D,_,B,C)), 
assertz(part(XI,cable,D,Ld,B,C)), 
assertz(part(X2,cable,D,Lr,B,C)), 
assertz(part(Amp,amp,D,G,B,C)),I. 

/* cal_end for splitter */ 
cal_end(x) rel(Ssp,X), 

frontstr(5,Ssp,T,_), 
part(T,ssp,_,M,_,_), 
s sp_check(M, A), 
end_strength(N), 
ssp_strength(T#S), 
Q=N-A, 
Q > S, 
assertz(test_strength(X,b,N)), 
assertz(test_strength(X,a,Q)), 
retract(end_strength(N)), 
asserta(end strength(Q)),1. 

cal_end(X) s-
rel(Ssp,X), 
frontstr(5,Ssp,T,_), 
part(T,ssp,D,M,B,C), 
ssp_check(M,A), 
end_strength(N), 
ssp_strength(T,S), 
Q1=N-A, 
Q1<S, 
G=40-N, 
Q=40-A, 
end_strength(N), 
retract(end_strength(N)), 
asserta(end_strength(Q)), 
rel(F,T), 
retract(rel(F,T)), 
amp_no(No), 
str_int(Noa,No), 
concat("amp_",Noa,Amp), 
assertz(test_strength(Amp,b,N)), 
assertz(test_strength(Amp,a,40.0)), 
assertz(test strength(X,b,40.0)), 



assertz(test_strength(X,a,Q)), 
asserta(rel(FfAmp)), 
asserta(rel(Amp,T)), 
assertz(part(Amp,amp,D,G,B,C)),1. 

/* cal_end for direction coupler */ 
cal_end(x) rel(Ssp,X),frontstr(5,Ssp,T,_), 

dcp_strength(T,S), 
end_strength(N), 
N < S, /* need an amplifier here * 
G=40-N, 
retract(end_strength(N)), 
amp_no(No), 
str_int(Noa,No), 
concat("amp_",Noa,Amp), 
assertz(test_strength(Amp,b,N)), 
assertz(test_strength(Amp,a,40.0)) 
assertz(test_strength(X,b,40.0)), 
rel(F,T),retract(rel(F,T)), 
part(T,dcp,D,_,B,C), 
retract(part(T,dcp,D,_,B,C)), 
assertz(part(T,dcp,D,16,B,C)), 
asserta(rel(F,Amp)), 
asserta(rel(Amp,T)), 
assertz(part(Amp,amp,D,G,B,C)), 
assertz(test_strength(X,a,38.8)), 
asserta(end_strength(38.8)), 
frontstr(3,X,_,Rest), 
concat("tap",Rest,Ts), 
assertz(test_strength(Ts,dd,S)),1. 

cal_end(X) rel(Ssp,X),frontstr(5,Ssp,T,_), 
end strength(N), 
notTdcp_strength(T,_)), 
outlet_out(P), 
N < P, /* need an amplifier here * 
G=40-N, 
retract(end_strength(N)), 
amp_no(No), 
str_int(Noa,No), 
concat("amp_",Noa,Amp), 
assertz(test_strength(Amp,b,N)), 
assertz(test_strength(Amp,a,40.0)) 
rel(F,T),retract(rel(F,T)), 
part(T,dcp,D,_,B,C), 
retract(part(T,dcp,D,_,B,C)), 
assertz(part(T,dcp,D,16,B,C)), 
asserta(rel(F,Amp)), 
asserta(rel(Amp,T)), 
assertz(part(Amp,amp,D,G,B,C)), 
assertz(test strength(X,b,40.0)), 
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assertz(test_strength(X,a,38.8)), 
asserta(end_strength(38.8)), 
frontstr(3,X,_,Rest), 
concat("tap",Rest,Ts), 
int_real(P,Pr), 
assertz(test_strength(Ts,dd,Pr)),1. 

cal_end(X) rel(Ssp,X), 
frontstr(5,Ssp,T,_), 
dcp_strength(T,S), 
end_strength(N), 
Q=N-S, /* attenuation value for ssp */ 
Q<12, /* signal strength is not enough */ 

/* need add one amplifier */ 
G=40-N, 
retract(end_strength(N)), 
amp_no(No), 
str_int(Noa,No), 
concat("amp_",Noa,Amp), 
assertz(test_strength(Amp,bfN)), 
assertz(test_strength(Amp,a,40.0)), 
rel(FfT), retract(rel(F»T)), 
part(T,dcp,Dl,_,B,C), 
retract(part(T,dcp,Dl,_,B,C)), 
asserta(rel(F,Amp)), 
asserta(rel(Amp,T)), 
assertz(part(Amp,amp,D1,G,B,C)), 
assertz(part(T,dcp,Dl,16,B,C)), 
assertz(test_strength(X,b,40.0)), 
assertz(test_strength(X,a,38.8)), 
assertz(end_strength(38.8)), 
frontstr(3,X,_,Rest), 
concat("tap",Rest,Ts), 
assertz(test_strength(Ts,dd,S)), 
1. 

cal_end(X) rel(Ssp,X), 
frontstr(5,Ssp,T,_), 
end strength(N), 
not~Cdcp_strength(T,_)), 
outlet_out(P), 
Q=N-P, /* attenuation value for ssp */ 
Q<12, /* signal strength is not enough */ 

/* need add one amplifier */ 
G=40-N, 
retract(end_strength(N)), 
amp_no(No), 
str__int (Noa, No), 
concat("amp_",Noa,Amp), 
assertz(test strength(Amp,b,N)), 

# 
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assertz(test_strength(Amp,a,40.0)), 
rel(F,T), retract(rel(F,T)), 
part(T,dcp,DlB,C), 
retract(part(T,dcp,Dl,_,B,C)), 
asserta(rel(F,Amp)), 
asserta(rel(Amp,T)), 
assertz(part(Amp,amp,D1,G,B,C)), 
assertz(part(T,dcp,Dl,16,B,C)), 
assertz(test_strength(X,b,40.0)), 
assertz(test_strength(X,a,38.8)), 
assertz (end_strength (38.8-)-), « 
frontstr(3,X,_,Rest), 
concat("tap",Rest,Ts), 
int_real(P,Pr), 
assertz(test_strength(Ts,dd,Pr)),1. 

cal_end(X) rel(Ssp,X), 
frontstr(5,Ssp,T,_), 
dcp_strength(T,S), 
end_strength(N), 
Q=N-S, 
insertion_loss(Q,I,Qi), 
N1=N-I, 
retract(end_strength(N)), 
assertz(test_strength(X,b,N)), 
assertz(test_strength(X,a,N1)), 
asserta(end_strength(N1)), 
part(T,dcp,D,_,B,C), 
retract(part(T,dcp,D,_,B,C)), 
int_real(Qi,Qir), 
assertz(part(T,dcp,D,Qir,B,C)), 
frontstr(3,X,_,Rest), 
concat("tap",Rest,Ts), 
assertz(test_strength(Ts,dd,S)),1. 

cal_end(X) rel(Ssp,X), 
frontstr(5,Ssp,T,_), 
end strength(N), 
notTdcp_strength(T,_)), 
out1et_out(P), 
Q=N-Pi 
insertion^loss(Q,I,Qi), 
N1=N-I, 
retract(end_strength(N)), 
assertz(test_strength(X,b,N)), 
assertz(test_strength(X,a,Nl)), 
asserta(end_strength(Nl)), 
part(T,dcp,D,_,B,C), 
retract(part(T,dcp,D,_,B,C)), 
int_real(Qi,Qir), 
assertz(part(T,dcp,D,Qir,B,C)), 



frontstr(3,X,_,Rest), 
concat("tap",Rest,Ts), 
int_real(P,Pr), 
assertz(test_strength(Ts,dd,Pr)),1 

cal_ends(X) end_strength(N), 
assertz(test_strength(X,end,N)), 
part(X,end,D, ,s,C), 
retract(part(X,end,D,_,s,C)), 
assertz(part(X#end,D,N,s,C)),1. 

/* insertion loss for splitter */ 

ssp_check(3,A) A=7.9,l. 
/* three-way loss is 7.9 dBmV */ 

ssp_check(2,A) A=4.4,l. 
/* two-way loss is 4.4 dBmV */ 

amp_no(X) :- no_amp(N), 
retract(no_amp(N)), 
X=N+1, 
asserta(no_amp(X)),1. 

int_real(X,Y) s- X=Y,J. 

insertion_loss(X,Y,Z) :- X >= 16/ Y=1.2,Z=16,1. 

insertion_loss(_,Y,Z) Y=1.5,Z=12,1. 

estirnate__len(L) :- asserta(length(0)), 
cal_cable_len, 
length(L),1. 

/* if user specifies the system need reserve for 
/* future expansion, then amp_min is the no of 
/* amplifier need, otherwise amp_need is the 
/* answer. 

number_of_amp s- cal_amp,retract(amp_need(_)), 
u s e r _ s p e c ( _ , y e s ) , i .  

number_of_amp :- amp_need(N),retract(amp_need(_) 
retract(amp_min(_)), 
asserta(amp_min(N)),1. 

cal_amp :- cal_cable_len, 
length(L),X1=(L * 1.31), 
int__real(Xli,Xl), 
X=(Xli div 2130), 



Y=(Xli mod 2130), 
Y > 0,Ans=X+l, 
asserta(amp_need(Ans)), 
A=2 * Ans, 
asserta(amp_min(A)),i. 

/* calculate the minimum number of 
* amplifiers need in cascade. 
* L = length of estimated cable run 
* A = typical attenuation of a specific 
* cable size @300 MHz. 
* G = typical (trunk) amplifier gain. 
* N = number of amplifiers need. 
* 

* N = ( <L * A) / (100 * G) ) * 2 
*/ 
cal_amp length(L),X1=(L * 1.31), 

int_real(Xli,X1), 
X=(Xli div 2130), 
asserta(amp_need(X)), 
A=2 * X, 
asserta(ampjmin(A)),1. 

cal_cable_len part(_,cable,_,L,_,_), 
length(T), X=T+L, 
retract(length(T)), 
asserta(length(X)), 
fail,1. 

cal cable len. 

/* the formula of the minimum amplifier input 
/* signal level s 
/* Smin = Si + 10 log(N) 

/* 
/* Smin : minimum input signal level. 
/* Si : rated input signal level for 
/* one amplifier is -4.2B.(45dB S/N) 
/* N : the number of amplifier cascaded. 

cal_min_input s- amp min(N), 
Xl=Tl0 * log(N)), 
X=Xl-4.2, 
asserta(min_input(X)),1. 

/* the formula of the max amplifier output 
/* signal level s 
/* Smax = So - 10 log(N) 
/* 
/* Smin : minimum input signal level. 
/* Si : rated output signal level for 
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/* one amplifier is 48dB. */ 
/* N : the number of amplifier cascaded. */ 

cal max_output amp min(N), 
Xl=Tl0 * log(N)), 
X=48-X1, 
asserta(max_output(X)),1. 

clear_trick s- retract(trick(_)),fail,I. 

clear trick. 

retract(part(_»_»_#_#_»_))>fail,1. 

retract(rel(_#_))» fail, 1. 

retract(trick(_)),fail, i. 

retract(position(_#_»_))» fail,i. 

retract(length(_)),fail,I. 

retract(amp_min(_)),fail,1. 

retract(user_spec(_,), fail, 1 . 

retract(end_strength(_)),fail,1. 

retract(amp_out(_)),fail,1. 

retract(outlet_out(_)),fail,1. 

retract(min_input (__)), fail, 1. 

retract(max_output(_)),fail,1. 

retract(no_amp(_)),fail,1. 

retract(ssp_strength(_,_)),fail,1. 

retract(dcp_strength(_,_)),fail,i. 

retract(test_strength(_,_,_)),fail,1. 

/* 3/5/1987 */ 
clear_id retract(dcp_id(_)),fail,1. 

clear id retract(sp id( )),fail,l. 

clear_wm 

clear_wm 

clear_wm 

clear_wm 

clear_wm 

clear_wm 

clear_wm 

clear_wm 

clear_wm 

clear_wm 

clear_wm 

clear_win 

clear_wm 

clear_wm 

clear_wm 

clear_wm 

clear wm. 



clear_id retract (amp__id(_)), fail, J . 

clear_id s- asserta(dcp id(l)), 
asserta(sp_Xd(1)), 
asserta (amp_id (1)), 1. 

clear_dcp_ssp s- retract(dcp_strength(_,_)),fail,1. 

clear dcp ssp. 

begin s- clear id, 
draw(sT, 
clear_trick, 
cursor(10,15), 
write("Cable Plant Layout Design In Progress ...") 
simulation(s), 
input_file(F), 
concat(F,".bas",Fname), 
save(Fname), 
clear_trick, 
clear_id, 
asserta(pposition(2000,2000)), 
draw(s),1. 

main s-
makewindow(7,7,7,"",0,0,25,80),cursor(10,15), 
write(" Broadband Cable Plant Design 

Expert System"),nl, 
cursor(12,20), 
write(" Copyright 1987 "), 
cursor(22,14), 
write(" Press any key to continue ...") 
readchar(_), 
r efno v ewi ndow, 
makewindow(1,7,7,"Cable Plant Design Expert System" 

0,0,24,80), 
makewindow(2,7,7,"Master Thesis Project",1,0,23,80) 
gotowindow(2), 
cursor(10,15), 
write("Please enter the data filename : "), 
readln(Input), 
asserta(input_file(Input)), 
clearwindow, 
mainl,1. 

mainl repeat, 
clearwindow, 
menu(6,30,[demonstration,simultation, 

report_generator,quit],Ans), 
my selection(Ans),endd(Ans), 1. 
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my_selection(0) exit. 

my_selection(l) i 
clear_wm, 
input_file(F), 
concat(F,".dat",Fname), 
consult(Fname), 
begin,mainl,1. 

my selection(2) 
clear_wm, 
input_file(F), 
concat(F,".dat",Fname), 
consult(Fname), 
clear_dcp_ssp, 
show_spec, 
begin,mainl, i. 

my_selection(3) 
clearwindow, 
menu(6,30,["BOM","Maintenance",quit],Ans), 
report(Ans),1. 

my_selection(4). 

endd(0). 

endd(4) 
clearwindow, 
write("Quit. Are you sure ? (y/n)")f 
readchar(A),write(A),A='y',exit. 

report(l) s- clear_wm,bom,1. 

report(2) clear_wm,maintenance,1. 

report(3). 

show_spec s- makewindow(4,7,7,"View Of User Specification", 
5,5,18,70), 
user_spec(_,D,0,I,_), 
cursor(5,10), 
writeC'The trunk cable diameter is : 

D," inch"), 
cursor(7,10), 
writeC'The minimum outlet signal level is : 

I," dBmV"), 
cursor(9,10), 
writeC'The maximum amplifier output signal 

level : ",0f" dBmV"), 
cursor(12,10), 



write("Do you want to update the 
specification (Y/N) 7 "), 

readchar(X) ,X='y' ,add_item, 
removewindow,1. 

show_spec s- removewindow. 

add_item s- clearwindow, 
cursor(5,10), 
write("Please Enter The New Item You 

Need.\n"), 
cursor(6,10), 
readln(x), 
not(X="end"), 
frontstr(3,X,T,R), 
T=dcp, 
frontstr(2,R,T1,R1), 
concat("ssp", T1,A), 
frontstr(1,R1,_,B), 
str_real(B,Br), 
assertz(dcp_strength(A,Br)), 
add item,1. 

add_item clearwindow. 

repeat. 
repeat repeat. 

goal main. 



APPENDIX B 

Introduction for Preparation of Input Connection List 

We would like to use one example case to show how to 

prepare the input connection list for this expert system. 

The example is there are four building in this sample cable 

plant: Building-A, Building-B, Building-C, and Building-D. 

Supposing the starting point of this cable plant is 

Building-A, and the end point is Building-D. The trunk 

cable will route from Building-A to Building-B, Building-B 

to Building-C, then Building-C to Building-D. In each 

building, there are directional couplers for interior 

building cable layout, we name them as ssp_l, ssp_2 and 

ssp_3 for Building-B, Building-C, and Building-D separately. 

Using the suppositions we made in above, the input 

connection list can be generated in the following fromat: 

rel("s","cable 1") /* s — Building-A */ 
rel ("cable 1" ,irssp_l") /* ssp_l — Building-B */ 
rel ("ssp_l'ir, "ssp_l_l") /* ssp_l 1 — tap in */ 

/* Building-B */ 
rel("ssp_l_l","end_l") /* end for this branch in */ 

/* Building-B */ 
rel("ssp_l","ssp_l_2") /* the out going point of */ 

/* Building-B */ 

rel ("ssp_l_2", "cable 2")/* to nextbuilding */ 
rel("cable_2","ssp_2"y /* ssp_2 — Building-C */ 
rel("ssp_2","ssp_2_l") /* ssp_2_l — tap in */ 

/* Building-C */ 
rel("ssp_2_l","end_2") /* end for this branch in */ 

/* Building-C */ 
rel("ssp_2","ssp_2_2") /* the out going point of */ 

/* Building-C */ 
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rel("ssp 2 2","cable 3")/* to nextbuilding */ 
rel ( "cable ~3", "ssp_3"7" /* ssp_3 — Building-D */ 
rel ("ssp_3ir, "ssp_3_l") /* ssp_3 1 — tap in */ 

/* BuildTng-D */ 
rel("ssp_3_l","end_3") /* end for this branch in 

/* Building-D 
rel("ssp_3","ssp_3_2") /* the out going point of 

/* Building-D 
rel("ssp 3 2'V'end 4")/* end of this cable plant 
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