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ABSTRACT

An interactive computer program which provides a heuristic
technique for the design of network geometry for rural natural gas

distribution systems, v¡as developed" The program is coded in two

parts, a procedural component which combines the best features of

Lwo common network optimization algorithrns - the Mininal Spanning

Tree and Díjkstra's algorithm and a cognitive cornponent whích

incorporates rules derived from field experience for improving the

layouts generated by the procedural component. IÈeration between

these two components can result in many near-optinal alternat.ive

solutions rather than convergence on a single solution.
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CHAPTER 1: ÏNTRODUCTÏON

The model described in this Èhesis v/as developed to facilitate
the design of rural natural gas distribut.ion networks" This study

extends previous work on the subject (Davidson and Gor-l1ter, 1989)

and focuses specifically on the issue of the computer assisted
design of the network geometry. The previous work by Davidson and

Goulter (1989) considered the issues of hydraulic design and cost

analysis in con junction with geornetric design " [r]hiIe it rÀras

relatively easy to achieve success in automating the hydraulic
desígn and cost analysis components with that approach, the
geometric design component proved to be considerably more

difficult. Various strategies v/ere tried but the problem was l-eft
substantially unresolved, and instead relied heavily on user

judgment.

ú{hile geometric design is the prirnary enphasís in this work, it
is not possible, or even desirable, to isolate this aspect of the

problem from the physical realiÈy for which the work is intended,

namely the design of rural gas networks. This model is intended for
practical application and therefore, rrreal world¡r concerns such as

hydraulics, cost, physical and legal constraints on the system

geometry are considered to be issues that are integraì- to the

success of a particular system layout"

The proposed nethods combine heuristics and user interaction.
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This approach is preferred over conventional optimization" Vühat is
meant by conventional optinizatíon is that approach which involves

formulating the probJ-em as an objective function and a set

constraints for which a single optirnal solut,ion exists that may be

obtained using some standard algorithnic technique such as linear
proqramming" Experience has shown that the problern of proposing

network geometry does not lend itself to conventional optimization

techniques and there are three major reasons for this:

It is exLremely difficult, if not impossible, to
fornulate mathernaticat expressions for the constraints
for a problem of this type" The greatest difficul-ties
would be encountered in ãrticulating the physical and
Iegal geography of the project area as maÈhemaÈicaI
express].ons.

The cost of compiling all the required inforrnation for
the entire project area would be prohibitit", possibly
exceeding the Cost of constructing the projecl.

There is no known algorithn that can sol-ve the problem
in a practical length of time"

common engineering practice is to use successive refinements to

obtaín the finat layout. The actual procedure is as follows" An

initial layout is proposed before all the constraints are fully
understood. Physical and legal barriers, which will require that
revisions be made, will be imposed once this layout has been

proposed. A project may have to undergo numerous revisions of this
type before a final layout is obtained.

the procedure for designing these networks ís very tedious, time

consuming and prone to error. Davidson and Goulter (1989) showed

1"

¿"

3"
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Èhat successive revisions could be accornplished more quickty and

easily if the entire process of selecting the network geometry,

hydraulic design and cost analysis could be integrated into a

single computer program. The major weakness of their method was in
the way in which the initial network was selected and the work

presented here addresses this problern.



CHAPTER 2: PROBLEM DEFINITION

Physical Characteristics of the Problem

The natural gas distribution systens that are considered in this

work are based on design standards for the Saskatchewan l.Iatural Gas

Distribution program (SNGDP) initiated by the Saskatche$¡an

Government and the Saskatche$tan Power Corporation in the early

19gors. The networks themselves are constructed from polyethylene

pipe. They are branched networks with a single gas source" Since

redundancy is not a requirement there are generally no loops in

these networks. The gas Source, oY regulator station, is assumed

to operate continuously at a pressure of 550 kPa. The minimum

allowable outlet pressure is specified as 1-40 kPa. This defines a

range of pressure referred to as internediate pressure. In addition

a maximum hydraulic gradient of 20 kPa per km is recommended"

Davidson (1988) describes the physical characteristics of these

networks in more detaí1"

There are many natural and man-made obst'acles to t'he

construction of pipe networks of this type" The natural obstacles

j-nclude rivers and lakes and the man-made obstacles include roads,

railways, pipelines and cables. Some obstacles such as rivers can

be crossed at an additional cost, while some obstacles such as

Iakes sinply musL be avoided. Experience has shown that the problem

of obtaining land easernent does more to determine the final layout
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than any of the other constraints"

Rectil-inear geometry is also an important restriction" At a

Iater date it rnay be necessary to locate components of the system,

either to nodify it or to aI1ow some other underground utility to

cross it. To facilitate locating the pipe, the requirement is made

Èhat the system be orthogonal to the survey grid" In practice this

turns out to be an extremely costly restriction which has never

been strictly adhered to. In recent years, this restriction has

been relaxed substantially to reduce cosLs. Some recent work has

shown some success in apptying techniques involving fuzzy set

theory to desiqn networks in compliance with this relaxed

constraint (Davidson, l-989) " The use of these techniques is beyond

the scope of this work, however it will be assumed throughout this

work that the rectilinearity constraint rnust not be violated.

Graphic Interface and User Requirernents

In the previous work by Davidson and Goulter (l-989) ' an

interactive graphic interface was found to be a very effective

means to satisfy all the user requirements" A similar interface is

used with the current program. The cornputer programs that performed

the difficult tasks hrere non-interactive programs and could be

called from the main program which vras interactive and graphics

oriented in nature. AutoCAD provided the graphics environment and
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the user int.erf ace vras programmed in AutoLISP. LISP was f ound to
be particularly well suited to this task because the language is
int.eractive, extensible and handles dynamic memory easily. In this
study the same interact,ive approach has been taken, but since fewer

tasks are required to be performed, the user interface is scaled

down slight1y.

The interactive routines that comprise the user interface have

been arranged in four different categories" The routines in the

first of these categories are required for the input of data" The

only input data required from the user are the set of nodes for a

particular problem" The input of these data can be achieved easiJ-y

and naturally using a digitizer" The connectívity between these

nodes, which in effect, is the geometric design of the system, is
created and maintained internal-Iy by the compuLer. AIt of the

processes and data structures associated with the maintenance of

the connectivity are deliberately hidden from the user. Àny

alterations in the connectívity must be accompli-shed by changing

the configuration of nodes, essentially through the addition of so

called durnrny nodes. The process is described in more detail by

Davidson and Goulter ( 1-989 ) "

I,{hile the process as described here may seen cumbersome, it is,
in fact, extremeÌy sinple and easy to perform in practice. The

objective is to achieve as simple an interface as possible by

tirnit,ing the type of information that can be provided as input" In
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addition to achieving sinplicity of input, the internal generation

of connectivity by atgorithns wilt ensure that the proper network

strucÈures are created" This feature cannot be ensured by manual

input in the case of a careless or an inexperienced user.

Other routines allow the user to subnit data to any of the non-

interactive programs" Output data from these programs are

automatically displ-ayed in a graphical form when the program

terminates. Another category of routines allows the user to control

the graphic display, Successive revisions of a design may require

the user to clear a previous design from the screen, or to overlay

two designs for comparison.

The final category of routines is only required for larger

projects. The nodespace, or memory reserved for the LISP

interpreter, is 4s kilobytes which is unfortunately very small"

Rout,ines are provided to empty the nodespace and reload the LISP

programs íf the nodespace becomes fuIl"

Network Theory Applications

A network of the type described in this thesis is generally

referred to as a Rectilinear Steiner Tree (RST). Tn the field of

Graph Theory the problern of f inding the minirnal cost RST is

generalty regarded as being a computationally hopeless task (Garey
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and Johnson, L977) " Additionally, as networks become more complex,

the use of a mathematical model to select the best solution from

a set of sufficiently good solutions may not be advísab1e" There

is always some discrepancy between a mathenatical model and the

physical reality that is being modelled. Many of the feasibfe

solutions that are to be assessed using the nodel nay be so close

to each other in their evaluation, that the difference between

evaluations is smaller than the accepted precísion of the

mathematicãI model. It is also possible that the criterion used for
evaluating solutions may be sufficiently imprecise and may not

adequatety reflect all aspects of a solution whích deÈermine that
solution,s desirabitity ín the context of the physical reality.

Dubois (1983) has suggested two reasons vthy a good (heuristic)

solution rnay be preferable to the gtobal minimun:

As the network size increases, the optimum
degenerates ínto a group of equivalent solutions whose
evaluations are very close to each other" The more
complex the network, the nore insensitive the
criÈerion, when a link is dropped or added"

Owing to the uncertainties on the data, the system
structure, and the criterion fornulation, Èhe optinal
solution of the mathematical problern nay not
correspond with the optimal solution in the real
worId.

Rather than to attempt to find the global minimum, the approach

that has been taken in this study is one of relying on heuristics

to obtain a reasonably good solution.

1-"

2"
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For the sake of simplicity, in this study many of the accepted

conventions of Graph Theory have been set aside or changed"

Typically a graph is composed of a set of nodes, a set of edges and

sorne function which describes the connectivity between the nodes

and edges. The convention that has been adopted ín this study is
that a pipe network is described by a set of nodes and a set of
1ines.

The nodes are assumed to exist in tv¡o dirnensional space " They

are numbered and each node has an x and y coordinate" One node acts

as a source which is assumed t_o be capable of supplying all- the

required gas at a consistent pressure" Other points act as sinks

which deterrnine the load throughout the system"

AIl lines are assumed to be straight Lines and to have

directions" Each l-ine origínates at one node and terminates at
another" Since only straight lines are permitted, additional nodes

are required to produce the tees and elbows found in a rect,ilinear
network. These nodes do not contribute any load to the system and

are referred to as dummy nodes"

The convention that has been adopted for the representation of

Èhe networks in the figures throughout this work is as follows.
fhe source node is represented as a circle wíth the lett,er rrsrr

drawn in the centre. AII nodes are numbered and the source node is
considered Lo be node !t although this number is never displayed.
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The sink nodes are represented by solid black circles" The number

assigned to a sink node may be displayed to the immediate right of

a node or concealed as required. Dummy nodes may be represented in

a network or they nay be left out to irnprove the clarity of a

figure. If represented, dummy nodes appear as circles that are not

solid and Èhe node numbers may be represented to the right of Èhe

node. Connecting lines are sirnply represented as straight lines.

Alternatively, âD arrowhead rnay indicate the direction of flow of

gas in a line.

Principal objectives of Geornetric Design

Experience shows that experts in the field of gas network design

rely heavily on intuition when designíng systens. Typically the

designerrs methods become less systematic as his ability improves.

It woutd be extrernely difficult to produce a set of rules or

procedures thaÈ would ernulate the entire design process from

begínning to end, but three major issues, or objectives, have been

identified based on the author's experÍence, as follows:

Elininate as much of the paralle1 piping as possible to
reduce the total systern length"

Branch as ¡rearlyt¡ as possible without conflicting with
the first objectíve"

Elirninate as many bends or elbows in the system as
possible without- confticting with the first two
objectives "

i."

2"

3"
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The first. objective results from the fact that the cost-to-

capacity ratio for larger diameter pipe is more favourable than for

smal-Ier dianeter pipe. Parallel- pipes should be replaced by a

single pipe of larger diameter where possíbIe. Figure l-a shows a

system serving two sinks wíth parallel segrments in Lhe system.

Figure l-b shows the same system with the parallel piping

eliminated. The tot.al cost of the system in Figure 1b will be lower

than the cost of the system in Figure l-a even if the system in

Figure l-b requires a larger diameter pipe for the common segment"

The total length of pipe in the systems shown in Figure lc and

Figure l-d is the same. The layout in Figure l-d is superior to the

layout in Figure 1c because the branch occurs rrearliertt ( i " e " ,

closer to the source) " Placing the branch at node 5 rather than

node 2 has decreased the flow of gas through the segrment from node

5 to node 2 which may permit the use of a smaller diameter pipe

for this segTnent "

The systems shown in Figure 1e and Figure 1f are equivalent Ín

terms of total length and hydraulics, however, the system in Figure

l-f has one less bend and is considered to be superior to the system

in Figure 1e for this reason. While the elimination of unnecessary

bends does not translate directty into an improved cost, the system

with fewer bends has an improved general form and hlitl be easier

to install and survey.



a) b)

F
I

c) d)

f)e)

three objecÈivesFigure 1-: Examples illustrating
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CHAPTER 3: PROCEDURAL COMPONENT OF THE PROGRÄM

Äutomated Selection of Dummy Nodes

The procedural cornponent of the program consists of a set of

global data structures which can be operated on by a set of

subroutines. The development strategy adopted hlas one of

exploratory programming" The design of the data structures and

subroutines evolved together. The mechanisms used in the procedure

are best explained by tracing their development"

The previous work by Davidson and Goulter (1989) used Èhe

¡tinimal Spanning Tree (MST) algorithn to establish the connectivity

of a set of input nodes. This approach had the advantage of

ensuring that a relatively efficient network that was continuous

and contained no cycles, would be produced" The major disadvantage

of this method \Àras that it produced trees composed of diagonal

lines rather than rectil-inear lines" One rnethod that was explored

to overcome this problem of diagonal lines htas to enclose each

diagonal line in a rectangle. If an additional node $Ias

incorporated at one of the corners of the rectangle a second

iteration of the MST algorithm woutd replace that diagonal with a

pair of rectilinear lines. This procedure is ca1led the Boxplot

Method and is described in Figure 2"
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a) Source node and sínk nodes b) MST algorithur is used
create a tree network

c) Each diagonal
enclosed in a

Iine is
rectangle

d) One corner of each
rectangle is selected

e) A second iteration of MST- produces a rectilinear laYout

Figure 2r Exanple of the Boxplot Hethod
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Several difficulties v/ere encountered with the Boxplot Method,

narnely:

The method is time consuming for large networks"

Each rectangle offers two potential candidates for the
location of ã single durnmy node" Since each diagonal line
requires one dummy node there exists a very large set of
conbinations of corner nodes Èo choose from" The method
relies on user judgrnent Èo select the appropriate set of
corner locations"

Even the best seleCti-on of corner nodes does not ensure
that the Minimat Rectilinear Steiner Tree (I,ÍRST) solution
will be achieved"

The first step in the evolution of the present algorithn was to

automate the selection of corner nodes. This vtas accomplished by

including both candidate corner nodes for a gíven boxplot and

running Èhe MST algorithm for another iteration. The nodes that are

added are flagged as durnmy nodes. The tree network that results

from the second iteration of the MST algorithm conLains many lines

that supply terminal durnrny nodes. A terminal dumrny node is a node

that occurs at the end of a branch in a tree. Since a dummy node

does not contribute any load to the system, the line supplying a

terminal dummy node serves no purpose. A procedure vtas developed

that identified and removed these terrninal dumny nodes and the

lines that supply thern. Figure 3 shows the sequence of steps for

a sirnple example.

In general, the MST algoriÈhm select,s the shortest spanning tree

L.

2"

3"
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+t 14

ra
t6

b)

a ) Both corner points are sel-ected

À second iteration of the MST
produces a rectilinear layout
dunrny nodes

algorithrn
with terninal

c) Terminal durnny nodes and supplying links
are reruoved

Figure 3: Automated selection of dummy nodes
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subgraph (or subset of lines) from a supergraph (or superset of aLl

candidate lines). A spanning tree is a tree graph which connects

atl the nodes in the set. In this program the MST algoriÈhn is

irnplenented to sel-ect a spanning tree from a complete graph ' ^å'

complete graph is the set of lines connecting every node to every

other node in the set of nodes.

Dijkstra,s algorithm can be used as an alternative to select a

spanning tree from a supergraph (Bondy and Murty, L976) " Dijkstra's

algorithm is a procedure that is used to find the shortest distance

between two points in a graph. The algorithm generates the entire

set of shortest paths from a single point to every other point on

the graph. This set of shortest paths Èakes the form of a tree

graph which is different from the Minirnal Spanning Tree- Unlike the

Minimal Spanning Tree, a different tree is produced when a

different node is used as the origin or starting point" In this

program Dijkstrars algorithn is inplemented with the source as the

startíng point, since it is advanÈageous from the point of view of

hydraulics to minimize l-ine haul distances from the source t'o aII

sinks "

An example configuration of nodes is shown in Figure 4a' The

complete graph formed from these nodes is shown in Figure 4b" If

Dijkstra,s algorithrn is executed using Node 1 as the source node

and the conplete graph in Figure 4b as input, the graph in figure

4c is the result. Thís is a star graph; it is composed of straight
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@10

@5

a) Set of

@ø

nodes b) Conplet.e Eraph

c) Star graPh forned bY' DijkstraTs algorithm
from (b)

SupergraPh Produced
by- eoiPlot I'fethod

_!?you! produced by
HST algorithn

f) Dijkstra's algorithm is used
with supergraph in (e)

d)

e)

Figure 4: The use of Dijkstra's algorithn
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Iínes from the source to each of the sinks. This type of geornetry

is extrenely inpractícaI. Dijkstra's algorithn will always produce

a star graph of this type from a complete graph"

It is necessaryf therefore, to use some other type of supergraph

with Dijkstra's algorithm. The following rnethod combines the MST

algorithn with Díjkstra's algorithn. The graph in Figure 4d results
from the MST algorithm with the complete graph in Figure 4b as

input" The graph in Figure 4e is composed of rectangles drawn from

the diagonal lines of the graph in Figure 4d using the Boxplot

Method" ff the graph shown in Figure 4e is used as a supergraph for
Dijkstra's algorithrn the result is the graph in Figure 4f. The

graph in Figure 4f has had the terminal durnmy nodes and supplying

links removed.

The graph in Figure 4f is a more practical solution than the

graph in Figure 4c but some shortcomings are stiIl evident in the

parallel pÍping used to serve nodes 9 and 1-0. Oíjkstra's algorithn
typically produces layouts that have a greater overall length than

layouts produced by the F{ST algorithm" Howêver, the circuitous
ro.utings that the MST atgorithm often produces can be avoided

because Di jkstra's algorithm rninirnizes individual path lengths"



20

Use of Heuristic Techniques

Two heuristic Èechniques v/ere developed to cornbine the best

features of the MST algorithm and Dijkstra's atgorithm" One of

these techniques vrorks by trying to elininate the para1Iel lines

produced by Dijkst.ra,s algorithrn. This heuristic is referred to as

the e¡conceptrrheuristic and it will be explaíned in detail later"

The other heuristic technique witl be described first" It can

be illustrated by considering the following problem" A system is

composed of three nodes, one Source and tWo sinks" The MST

algorithm is used to generate the graph in Figure 5a. The corner

points of the rectangles enclosing the diagonal lines are added as

dumny nodes and a supergraph is generated containing only the edges

of the rectangles as shown in Figure 5b.

The four possible rectilinear solutions for this system are

depicted in Figures 5c, 5d, 5ê, and 5f" If minimun length is used

as the criterion for optinality, the layout in Figure 5f is

superior to the other three because the rectílinear pathways to

each of the two sj-nks share a common line segment, namely the

segment connecting node 5 and the source" It is this common tine

segrnent that results in the inproved solution" The heuristic

technique ernployed here is to find these common line segments in

the supergraph and assign them artificially reduced lenqths which

are substantially shorter than their actual length. Dijkstra's
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algorithm selects the shortest path to a node through a supergraph

by minirnízing individual path lengths. The distance transformation

will- ensure that Dijkstra's algorithm will choose the paths to the

sinks which contain connon segrments in favour of the paths which

do not contain these common segments" The MST algorithn on the

other hand rninirnizes overall system length and will not ensure that

segments with artificiatly reduced lengÈhs will be incorporated

along a path to a sink. It should be noted that the two rectilinear

solutions corresponding to the graphs in Figures 5e and 5f can both

be generated using the MST algorithm even when the distance

transfornation is performed.

Since the technique just described requires Dijkstra's algorithn

to operate effectively another heuristic is enployed to irnprove the

inefficíent layouts that Dijkstra's algorithm creates" Dijkstra's

algorithrn does not attempt to minimize the total length of the

system in the same u/ay as the MST algorithm does" As mentioned

previously, Dijkstra,s algorithrn often selects layouts with many

parallel lines which could be eliminated" The other heuristic

technique identifies certain paths in the system as central
rrspinesrr and tries to connect the nodes directly to these paths by

the shortest distance. It is possÍb1e to use Dijkstra's algorithm

in successive iterations in cornbination with this technique to

remove parallel lines"

The technique is similar to a method that is used by engineers
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in practice. In proposing a layout an engineer will often select

a very sirnple l-ayout composed of a few lines which do not actually

connect atl the sinks but pass through the centres of clusters"

This sirnple layout forms the Structure, or concept, of the final-

layout. The final cornplete layout is created by connecting the

sinks to thís structure with short lines as shown in Figure 6"

The heuristic technique begins with a layout that has been

generated from the modified supergraph of rectangles using

Dijkstra's atgorithm in the manner explained above. The longest

path is identified by finding the node that is th'e most distant

from the source. Each line on the paÈh to this node has its length

artificially reduced to zero in the supergraph" This single path

of rrzero lengthtt lines designates, or defines, the initial
rrconceptrr.

Díjkstra,s algorithm is run again using the nodified supergraph

with this rrconceptrr of a long path of nzero }engthtt. Since

Dijkstrars algorithm minímizes the individual path lengths, nodes

in the vicinity of the trzero lengthtt path will be connected by the

shortest line to that path in the same way the sinks are connected

to the trconceptt' in practice. To determine if a node is in the

vícinity of a ttzero lengtht'path the following rule can be used"

If there is no path on the supergraph to the source that is shorter

than the shortest path to a ttzero lengthttpath, then the node is

in Èhe vicinity of that ttzero lengthil path and will be connected
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to the nzero lengthtt path. Otherwise the node will be connected to

the Source in the usual manner and not through the ttzeYo length¡¡

path.

This process of identifying the longest path as the ¡¡concept¡¡

can be repeated for several iterations. Each iteration identifies

a nehr ¡tmost distant¡r node and converts the path from the source to

this node to a rrzero lengthr¡path" Thus each iteration adds a new

ttzero lengthtt path to the ¡rconceptrr. When a second iteration is

tried the longest path is ì-ike1y to be a long path proceeding ín

a different direction from the first path" This is because nodes

in the vicinity of the previously selected path may be physically

very distant from the source, but, due to their connection to a

rrzero lengtht'path, appear to the algorithm to be only as far from

the source as the distance to the nearest l'zero lengthtrpath"

Figure 7 illustrates this point. In Figure 7c, node 4 is

identified as being most distant from the source and the path to

node 4 is identif ied as the rrconceptrt. During the second iteration

node g is identified as therrmost distant¡r node and node 8's path

íE included in the concept. Node 2 may actually be more distant

than node B, but to the algorithrn the distance from the source to

node 2 is only the length of the dashed line"

It is possible to iterate on this process until a1l the paths

on the tree subgraph have a zero length, but in practice it Ís not
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necessary. For the reason just explained, and on the basis of

experience with the algorithm, four iterations are generally a1l

that is required to ¡'tighten-up" the most complex network"

Figure 8a shows the same layout as Fígure 4f developed usíng

Dijkstra's algorithm" The layout in Figure 8b is generated from

the same set of nodes usíng both of the heuristic techni-ques that

have been descríbed. The ¡rconcept¡¡ heuristic was allowed to iterate

to the conpletion point when all paths have become'tze.to lengthr¡

paths" The paraIlel lines serving nodes 9 and L0 have been

eliinínated but nev/ problems have resulted in the lines serving

nodes 5 and nodes 7 " These problems occurred because the dummy

nodes at both the elbows adjacent to nodes 5 and 7 i.Jere found to

be the end nodes of a rrmost distant" path. When these most distant

paths htere converted to tt zeto tengthtt paths in subsequent

iterations of the ilconcepttr heuri-stic, the shortest path to the

nodes 5 and 7 is to connect to Èhe ltzero lengthrr paths. The problem

is referred to as a lthookrr in the next chapter and does not occur

as frequently as this example rnight suggest" The rule based

techniques that will be discussed in the next chapter are used to

correct the problem,

The graph ín Figure 8c is the layout produced by the algorithm

as it was finally implemented. In the final algorithn the ¡¡conceptrl

heuristic is allowed to iterate t.o a maximun of four tirnes " The

fotlowing series of procedures is then perforned" AIt terminal-
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dummy nodes and serving l-inks are removed. A complete graph is

constructed and a tree graph is extracted using the MST algorithrn"

If no diagonal lines occur in the tree graph then the process

terminates. If diagonal lines are found, rectangles are substituted

for the diagonals and Dijkstra's atgorithn is run again" The

process iterates until a layout containing no diagonal lines is

produced by the MST algorithn"

This final series of

associated with nodes 5 and

instance the corrections of

wiII not always occur.

iterations corrected the problems

7 in Figure B " Unfortunate)-y in this

this type are due to chance alone and

In most cases the final series of iterations improves the

layout. An improved layout may occur because the MST al-gorithm can

f ind diagonal rrshort cutsrr in the solution produced using

Dijkstra's algorithm. However, it is not correct to assume that

iterating between the MST and Dijkstra algorithms aÌways reduces

the system 1ength. This point is explained further in more detail

in Chapter 5"

A more significant reason for this final iteration process is

to produce skewed rectilinear layouts of the type shown in Figure

g. It is often desirable to have a set of sinks and dunny nodes

that wilI produce a compleÈeIy rectilinear system when the MST

al-gorithm is run on a complete graph of these nodes. A set of
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nodes, such as that. shohln J-n Figure 9, can be rotated to any ang1e.

When the MST atgorithn is run with a complete graph of these nodes

as input, the result will be a rectilinear system skewed at the

angle of rotation"

It may be necessary to design skewed layouts because the axes of

the survey grid often do not correspond to the axes of the

coordinate system used to produce CAD drawings" The example

presented in Figure 29 in Chapter 5 uses the Universal Transverse

Mercator (UTM) system of coordinates. At the particular location

chosen as the example the survey grid is rotated 3 degrees counter-

clockwise from the axes of the UTM coordinate system"

The technique that is employed to rotate the coordinates of

nodes is to multiply the node vectors by a rotational

transformation matrix. The network is designed on the basis of the

rotated nodes. The design program produces the durnrny nodes required

to reproduce the final layout using the S{ST algorithn alone" AIl

nodes including the dumrny nodes are then rotated back to t'he

original position by the reverse procedure of that used to rotate

the layout originally" Running the MST algorithm alone produces a

skewed layout. The example in Figure 9 shows how a grid skewed at

1-5 degrees can be produced"
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Lirnits of the Procedural Approach

FÍgure l-O shows a flowchart of the procedural component of the

program as j-t was finally implernented" After several- experiments

with alternative arrangements of the procedures described so far,

it became apparent that there was no single arrangiemenL of these

procedures that could produce results that tÍere consistently better

than any other arrangement. The problens that resulted vtere always

due to one of two reasons:

The progran chose an inefficient layout because it was
incaþabÍe of generating a durnrny node at a particular
location.
The program chose an inefficient layout because the
progrãrn tiad generated a dummy node at the vtrong location
and was unable to eliminate it.

These problems may be due to inherent lirnitations in the

approach taken. The approach has been to combine the MST and

Dijkstra algorithms to exploit the best features of each of thern"

The two algorithms have distinctly different properties and

behaviour. If the algorithms are examined carefully in terms of the

way ín which each of them handles the problern of selecting and

incorporating dummy nodes into the network, the major weaknesses

of either of the two algorithms become obvious"

The specific strengths and weaknesses of the two algorithms can

be described as follows. If an arbitrary arrangement of nodes is

1"

¿"
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considered and orthogonal l-ines are extended frorn each node to the

perimeter of the smallest rectangle enclosing all of the nodes, a

grid is produced similar to the one shown in Figure 11a. It. is not.

possible to prove at this time whether or not the nininaL RsT ís

a subset of this graph. It wiII be assumed however that the optimal

solution, or a sol-ution suitably close to the optirnum, is contaíned

within this graph. If this is correct, only the intersections of

each of these lines need to be considered as potential candidates

for the location of dummy nodes. Use of these intersections

produces the cornplete set of potential dumrny nodes shown in Figure

11b. Both the MST and Dijkstra algorithns produce very poor

solutions if they are given the fuII set of potential dumny nodes"

yet, the algorithrns behave poorly under these condiÈions for

opposite reasons.

Both algorithns generate paths between the source and sink

nodes. The MST algorithm will try to incorporate every dumny node

along or near a path to a sink in accordance with its objective to
produce the smallest network that includes all the nodes" The

result is very circuitous paths as the algorithm detours to

incorporate nearby dummy nodes vrhether they are required nodes or

not "

Figure 12a shows the results of the MST algorithn using the set

of nodes in Figure 11b as input. The system would be a very compact

and efficient system if all the nodes shown vtere actually required
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to be served. When aII the durnrny nodes and redundant links are

removed, the system shown ín Fígure 1.zb is the result" The

circuitous paths to nodes 5 and 6 are obvious shortcomings of this

layout. From Figure t?a it is apparent that these paths were

selected to incorporate nearby dummy nodes.

Dijkstrars algorithm behaves in the opposite manner to the MST

algorithrn" Its objective is to minimize path lengths regardless of

overall systern length. The algorithm generates paths with cornplete

disregard to the l-ocation of other sinks. The length of the overall

system would be reduced if the algorithn lrere capable of generating

paths with an occasional detour to incorporate a nearby sink"

Figure l-3a shows the results of Dijkstra's algorithm with the

same set of input nodes. This system is much larger than the one

generated by the MST algorithm and contains far more parallel

lines. This would be a very inefficient layout if all the nodes

vrere required to be served, but when the durnmy nodes and redundant

Iinks are removed Èhe remaining systern, shown in Figure 13b, is not

nearly as inefficient. However, there are still some obvious

problems, particularly in the lines which encircle node 4" This

node could have been incorporated at no additional cost in either

of the paths to node 8 or nodes 5 and 2. Dijkstra's alqorithnmakes

this rnistake, because of its tendency to consider paths

independently "
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In summary, both algorithms require some preselection of
potential dumrny nodes. Both algorithns are just as incapable of
producing good solutions when given too many candidates for dummy

nodes, as rdhen they are given too f ew candidates.
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CHAPTER 4: COGNIIIVE COMPONENT OF THE PROGRÄM

Nature of the Control Strategy

Many of the limit,ations of the numerical approaches described

in the previous chapter can be overcome by using an approach which

is essentially cognitive in nature' The concept of coupling

procedural and cognitive approaches has been used with success in

the domain of floorplan design of integrated circuits (Jabri and

Skellern, l-988 ) .

The idea of conbiníng these two approaches grerÁt from the

observation that defíciencies in the layouts that' the procedural

component produced occurred in certain patterns. Each of these

patterns required a specific type of rnodification to correct the

deficiency. The modification could be made once the type and the

Iocation of the deficiency had been identified" This I'diagnose and

correctt' technique could best be accornplished with a rule based

program. The formal structure that vtas adopted after some

experimentation \^/as a data driven production system"

A production system is a program composed in three parLs:

l-. objects - data that symbolically represent the problem
in a particular state.

2. Operators rules that describe how the objects can
bã transformed from one state to another.
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A. control strategy a program that translates
operaLors into procedures that the computer
perform "

The operators or rules are written in a declarative format" This

means that the rules state the actions that the computer can

perform on the objects but the rules do not state specifically what'

procedure is to be used to determine when a rule is to be used or

noL. The production system relies on the control strategy to

translate the rules Lo a procedural form"

The term rrdata driventr means that the operators act on the

objects which are in some initial state, transforming the objects

to approach Some predefined goal state, oY in some cases, simpl-y

an improved state. The other approach is a goal driven system. tÙith

this approach the objects are assumed to be in the goal state and

are transformed in reverse order to the initial state" In most

expert system shells the data driven approach is referred to as

forward chaining or forward reasoning" The goal driven approach is

referred to as backward chaining" Since the goal state or optimal

sol-ution is unknown, the goal driven approach cannot be used for

this problern.

The objects and operators for this ínstance of the Minimal

Rectilinear Steiner Graph problem systen are unusually simple" In

many respects the problen resembles the r¡toyrr problems used to

illustrate Lhe production system concept in textbooks on artificial

the
can
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intelligence. The objects are essentialty of two types: t'he nodes

and their coordinates; and the lines or connections between nodes"

Another important aspect of this problem is that it is possible

to define the production rules so precisely that the effect of any

rule can be known a priori, before that rule is applied. In other

words it is possible to know if the rule will decrease the overall

length of t,he system and, if so, by what amounti or if the rule

will improve the system's hydraulics" It is not possible, hotarever,

to know a priori if the rule will allow further rules to be applied

subsequent to its application. For this type of knowledge a

rrgenerate and testrt procedure would be required, an approach which

was not taken with this program but will be discussed later in

Chapter 5.

Each rule is composed of two sets of clauses antecedent

clauses and consequent clauses. The rules are similar in structure

to the rrif then else . . . ¡t structures in conventional

prograruning languages. The antecedent clauses are predicates, or

statements that are to be verified as true" The antecedent clauses

correspond to the rrifr¡ clauses in the conventional programming

language structures. If the data describing the objects can be

matched to the variables in the antecedent clauses such that all

the antecedent clauses can be verified as true, the control passes

to the consequent clauses. The consequent clauses perform the

actions Èhat transforrn the data. The consequent clauses correspond
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to the rrthenrt clauses in the conventional programrning structure "

There is nothing that corresponds to the conventional r¡elsetr

clauses in the type of rul-es inplemented in this program.

Each rule in the rule base is, in effect, a small program whích

transforms the data describing the network. All of these small

programs have to be coordinated in some way to produce the desired

results. This coordinated action of rules is accornplished by a

larger program under which the rules operate" This larger program

is the control strategy mentioned earlier" In many rule based

applications, such as expert systems, the control strategy is not

designed by the programmer but is an integral part of the

development tool , oT shell" In this application the control

strategy was largely custom designed. The portion of the program

described here was written in PROLOG. PROLOG provides the advantage

of the kind of control that a procedural language alIows, and which

is necessary in designing the control strategy, but stil1 maintains

the declarative syntax necessary for the rule base. Some aspects

of Èhe control strategy, namely unification and backtracking, v/ere

also provided by the PROLOG tanguage. Forurard-chaining and conflict

resolutíon are not provided. by Èhe language and have to be included

as part of the overall Program"

Before the specific details of any of the rules in the rule base

can be understood it is necessary to become familiar with the

control strategy under which these rules operate. A rule is
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activated in two steps. The first step is to search the data to
find every possible instance where a rule could be applied. This

can be accomplished easity with PRoLoG's unification and

backtracking algorithms. Tf a partícu1ar combination of data

fulfits a rule's antecedent clauses, the rule is said to have

instantiated. rf instantiation occurs a copy of the name of the

rule and the data which instantiates the rule is recorded in an

area of the computer memory designated as the conflict seÈ" At this
point the rule is said to have triggered" ff a rule has triggered

it may be used to alter the data, but at this stage it has not yet

done so. The rule is being held on trstand bytt while other

instantiations of the rule, or other rules are being investigated"

Once all the successful ínstantiations of aII the rules have

been recorded in the conflict set the second step begins" The

different instantiations of Èhe rules are rated according to some

predefined criteria and the best instanÈiation is chosen. This

mechanism is referred to as conflict resolution" The chosen

instantiation is then fired. Firing a rule means that the program

described by the consequent clauses of the rule is executed"

Typically only one instantiation of a rule in a conflict set fires"

The resÈ of the triggered rules do not fire. However, in this case

it hras possible to adopt a sIíghtly different strategy Èhat

resulted in a subsÈantial improvement in the programs's execution

time "
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In most instances rules that are applied behave independently

of each other" This is due to the fact that the problem is composed

of several independent sub-problems" Another way to regard this is

that the single object ín the production system is actually a

col-lection of connected yet independent objects. If the sub-

problems are truly independent the order in which the rules are

applied does not affect the final outcome.

Figures l-4a and 1-4b represent examples of this type of problem.

RuIe l- can be applied to one part of the network and Rule 2 can be

applied to another. These two parts of the network are physically

distant from each other and modifications in one part do not affect

the other. Each rule can be applied only once to íts respective

area. Figure LAa shows the search space of a conventional

production system. Since the results of the two paths are the same,

the order in which the rules are applied is of no consequence and

ít would be simpler to think of the two rules as being applied

simultaneously as shown in Figure i-4b.

In most cases it is possible to apply the rules simultaneously"

.Ho\dever, conflict will result when more than one rule applies to

the same section of a network. In this case the order of

application of the rules will effect the outcome. If one of the

conflicting rules is applied the layout of the network will be

transformed so that the other rule (or rules) cannot be appl-ied"

Therefore, a systematic conflict resolution mechanism should be
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applied in this conflicting situation"

Figures l-4c and 1-4d iltustrate the conflict problern" Rule 1 and

RuIe 2 affect the same area of the network while Rule 3 is

independent of Rule 1- and Rule 2" RuIe l- and RuIe 2 are mutually

exclusive. The application of one rule precludes the use of the

other. Expanding the system in the convenLional manner produces the

graph in Figure t-4c. Four different paths are produced but only two

different objects result. The graph in Figure l-4d represents the

problern in sirnpler terms as a conflict between two rule sets'

A simple but effective conflict resolution straÈegy can be

achieved if each rule ís assigned a level- of priority as it is

triggered. This leveI of priority can be determined from the a

priori knowledge about the rule's effect on the network" Rules are

to be fired in order of priority and each rule must be verified

before it is fired" If verification fails the rule does not fire-

Verification consists of checking to see if the portion of the

network that triggered the rule has not been changed" If a rule of

higher priority hrere triggered by the same portion of a neLwork as

a rule of lower priority, the rule of higher priority would be

fired first, transforming the portion of the network Lhat was also

responsible for triggering the rule of lower priority" Verification

of the rule of lower príority would fail and therefore the rule of

Iower priority would not fire"
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Using the example in Figure l-4d the procedure Ís as follows"

Rule i-, Rule 2 and Rule 3 are triggered. In this example the levels

of priority have been assigned so that Rule l- has the highest

priority followed by Rule 3 and then Rule 2. This creates the

firing order. Rul-e 1- is to be fired first, but the rule must be

verified" Since no rules have fired the netv¡ork has not. yet been

mod.ified. For this reason the verification of the rule of highest

priority is not required, however, the conflict resolution strategy

treats all rul-es in the same manner" The verification of RuIe l-

naturally succeeds and Rule l- fires"

RuIe 3 is next to fire and sirnilarly rnust be verified before

firing" The network has been transformed by the firing of RuIe L t

but since these two rules are independent the section of the

network transformed by Rule l- has not affected the section of the

network that triggered Rule 3. The verifícation of Rule 3 succeeds

and Rule 3 fires.

Now Rule 2 ís to be fired, but RuIe 1- has transformed the

section of the network that triggered Rule 2" The verification of

RuIe 2 fails and Rule 2 will not fire. The conflict between Rule

1- and RuIe 2 is resolved.

In summarizíng the t.echnique, a rule only transforms the part

of the network that triggers it" If two rules are triggered by the

same part of a network and the rule with the highest priority is
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fired first, Lhe resulting transformation will not allow the rule
of l-ower priority to f ire "

Figure l-5 shows the scherne that has been adopted" The triggering
stage produces a set of rules to be fired" Conflict resolution will
eliminate some of these rules so that the remaining rules act
independently of each other and can be thought of as acting

simultaneously as discussed previously" the effect of firing rules
simultaneously is to reduce the number of iterations that. would be

required to reach the point where the rule base can no longer

improve the system" If only one rule in the conflict set was

allowed to fire during an iteration, the process of searching the

rule base, creating a ne\,ü conflict set, and firing the best rule
would have to be repeated many t.irnes " If a conf lict set initially
contained five independent instantiations of rules, five iterations
would be required for all the rules to fire. The process of
grouping the instantiations into sets and firing the rules
simultaneously will only require one iteration to achieve the same

resu1t," Clearly, grouping the rules in this vray can achieve a

significant improvement in the execution time of the program"

Often the firing of a rule will transform the network to a1low

new instantiatíons of rul-es. Therefore, it is necessary to perform

a series of iterations even when rules are grouped in sets and

fired simultaneousty. The loop labelled rrArr in Figure 1-5 performs

these iterations which are analogous to the fort¡ard chaining
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techniques used in expert systems"

A special set of rules must be incorporated to ensure that the

rules in the rule base can trigger correctly" This set of rules is

necessary because durnrny nodes witfr only two incident lines are

often found such that the line directed toward the node and the

line directed away from the node form a l-80 degree angle. This type

of dummy node does not define a tee or an elbow, but exists as a

point on a straight line. Dummy nodes of this type result through

Èhe course of manipulaÈions performed by the procedural and

cognitive components of the proqram. During the execution of the

procedural component of the program, these nodes may exist to

ensure that the MST algorithm creates a desired rectilinear line,

but during the execution of the cognitive component of the program

these nodes serve no function and can prevent the triggering of

ru1es. In the context of the cognitive component these nodes are

referred to as redundant nodes" A simple rule based procedure that

identifies and removes redundant nodes is incorporated before the

toop that triggers the rules. The procedure is represented in

Figure 15 as the box labelled rrremove redundant nodesrr"

Nature of the Rules

It is nov/ possible to describe the nature of the rules in the

rule base Ín the context of the control strategy" The rule base has
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been designed to fulfil the three objectives described in Chapter

2, to reduce the total length of the system, to improve hydraulics

by branching early, and to etiminate unnecessary bends" The system

of priorities which are applied to the rules corresponds directly

to these three objectives. The Èhree levels of priority are

positive I zero, and negative, with rules being fired in order from

highest priority to lowesÈ. There are three types of rules" Each

rule type corresponds to one of the three objectives stated

previously. The rule types have been tentatively referred to as

rrhooksil, Ûslidesrt and ¡relbowsrr .

rHooksrrare rules which decrease the overall system length.

Figure L6a shows an example of a ¡¡hookr¡ " Figure 1-6b shows the

solution to the r¡hooktr probtem. The rule will transforrn the layout

in Figure L6a to the layout in Figure l-6b if it' is appJ-ied' It is

possible to calcul-ate the decrease in the system length before the

rule is applied. In this instance the improvement is equal to the

length of the segment connecting node 4 to node 2" The level of

priority assigned to a irhookr¡ rule when triggered is equal to the

incremental decrease in the system length" The priority is assigned

as a positive number. A separate number is calculated and assigned

to each instantiation or triggering of a rule. rrHooksr¡ are the only

rules to receive a priority greaLer than zero" Since rules are

fired in order of priority from híghest to lowest, ¡¡hooks¡¡ are the

most pref erred rules, with those rrhooksrr which result in the

greatest improvement in the system length being preferred over



r
a ) Hook problern

r
c) Slide Problem d) Slide solutíon

e) Elbow problem f) E1bow solution

b) Hook solution

Figure l-6: three basic rule types
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those which make smaller improvements.

Ru1es at the next, level of priority are referred to as ¡lslides¡f 
"

!rslides!! improve the hydraulics but do not af f ect the overall
sysÈem length" An example of a ttslide¡¡ is shown in Figure l-6c and

the solution is shown in Figure L6d" This is the same example shown

in Figure Lc and i-d and the resulting improvements in hydraulics

are the same as explained previously" The term !¡sliderr refers to

the transformation process. Two parallel lines are connected by a

transverse tine. The solution is to slide the transverse line
upstream as close to the source as possible to make the branch

occur as ftearlyr¡ as possible"

Itsliderr rules are all assumed to be equivalent. AI1 such rules

are triggered r^¡ith zero priority. Conflict between rules of this

type would be resolved arbitrarily in order of the instantiation

of the rules" The conflict condition is unlikely to result due to

the nature of the geometry of this pattern" More than one

transverse line connecting a pair of paralle1 lines would result

in a loop. Since these systems are not looped, only one transverse

tine can exist per pair of parallel Iínes"

Rules in the final category are those that remove superfluous

bends. These rules are ref erred to as trelbows¡r . The example problen

shown in Figure l-6e and Figure 1-6f is the same set of graphs in

Figure l-e and t-f " The desired transf ormation is accomplished by
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¡tflipping¡tthe bend over" The bend node is a dummy node of degree

two" The node has the x coordinate of one the adjacent nodes and

the y coordinate of the other adjacent node. In the example shown

in Figure L6e, node 5 ís Èhe bend node with the x coordinate of

node 4 and the y coordinate of node 6 " To r¡f lip¡r the elbow the x

and y coordinates of the bend are reassigned to the other pair of

coordinates of the adjacent nodes" In Figure 1-6f node 5 has the x

coordinate of node 6 and the y coordinate of node 4"

The priority for rrelbo\^/tr rules is calculated by taking the

negative of the straight line distance from the source to the bend

node with the transformed coordinates. The effect of this is to
favour bends which ¡rflip¡¡ in toward the source in the hope that the

resulting layout wíI1 be more compact.

An Example Rule

The following example will illustrate how a simple rule is
irnplemented with consideration to the points that have been

discussed" Figure l-7a shows a fragrment of a network and Figure 1-7b

shows the same fragment which has been improved by changing the

location of point P2 and rnaking the appropriate changes in the

connecting lines. Arrows shown in Figure i-7 represent the direction
of f luid f 1or,¡ in the pipe segments "
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The layout of the pipe network is described using three types

of objects. These objects are maintained as relations ín PROLOG's

dynanic data base" The relations are r¡count¡¡, ¡rpointt¡ and ¡rlinrr and

are explained as follows:

1-. count This relation occurs only once in the data base. It
has a single integer argument which is set equal to the number
of nodes in a network"

point This relation occurs once f or çvery node ^ in t'he
network" The relation has five arguments which are as follows:

i" node labe1 - an integer number selected arbitrarily
(each one must be unique) "

ii. X-coordinate a real number

iii" Y-coordinate a real number.

iv. sink - an integer number used as a flqg (1 indicates
that the node -is a sink and its position cannot be
altered; O indicates that the node ís a dummy and
can be moved or deleted).

v. degree an integer number between l- and 4 which
indicates the number of lines incident at the node.
If orthogonal networks are used the number of lines
incident on a node has the maximum of four"

lin - This relation occurs once for every pipe segrment or line
in the network. There are two arguments to this relation. The
arguments are the labels of the two points connected by thg
Iine. The direction of fluid flow in each segrment is assumed
to be from the node specified as the first argument to the
node specified as the second"

The antecedent clauses of the example rule will describe the

features of all layouts of the type shown in Figure L7a and the

consequent clauses wilt transform that layout to the one shown in

Figure 17b. The definition of the rule begins as follows. The point

pl- is assurned to have the coordinaÈes Xl- and Yl- and the point P3

3"



b)a)

Fígure 17 z ExarnP1e rule
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has the coordinaÈes X3 and Y3. On examining Figure L7a it is

apparent that the point P2 has the N-coordinate of point P3 and the

y-coordinate of point. PL. Therefore, PZ's coordinates are X3 and

Y1-. SimiIarIY P4 has the same x-coordinate as P]- and a unique y-

coordinate. p4's coordinates are X]- and Y4. The rule must determine

u¡hether P2 is a durnmy node of degree two (having Èwo incident

Iines). The degree and type of the other two nodes are not

import.ant "

The data that are requíred to describe the connecting lines are

sirnply that a line connects P4 to P1, Pl to P2, and P2 to P3. A set

of clauses must also determine if the y-coordinate of node P3 (Y3)

f alls between y4 and Yl-. The point and Iíne dat.a can be summarized

in the pROLOc clauses belor¿ which constitute the complete set of

antecedent clauses for this rule . These PROLOG clauses'use the

representation scheme discussed previously"

point ( P1- , X1 ,
point(P2, X3,
point(P3, X3,
poínt(P4, Xl,
lin(P4, Pl),
lin(Pl-, P2) ,
Iin(P2, P3 ) ,
Y1 > Y3, Y3

Y1, 51, Dl ) ,
Y1, O,2),
Y3, -, -) ,
Y4, 

-t -) ,

Y4,

It is necessary to obtain information about the type of node Pl-

(S1) and the degree of node Pl- (D1) " The consequent clauses will

need this inforrnation to retract and reassert node P]- with the

proper degree since Pi- changes from degree 2 ín Figure l7a to
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degree 1- in Figure l-7b" The necessary consequent

rule are shown below:

clauses for this

retract(point(P2, X3,
assertz(point(P2, Xl,

Y1, 0,
Y3, 0,

2)),
3)),

retract(1in(P4, Pi- ) ),assertz(lin(P4, P2)),
retract(1in(Pl-, P2) ),assertz(Iin(P2, Pl) ),
Dl-new = Dl I,
ret,ract(point(P1-, Xl, Y1, 51, D1)),
assertz(point(P3-, Xl, YL, 51, Dlnew))"

In order to permit separate triggering and firing of the rules,
the antecedent and conseguent clauses must be grouped as separate

procedures" Data that $ras established by the antecedent clauses

will be required by the consequent clauses" These data consist of

the node number, coordinates, degree and sink flag for the

different nodes in the pattern. The data are passed between the two

procedures by means of a list" fn this list the functor rri¡'is used

for integer data types and rrrr is used for real data" Only the x

and y coordinates are represented as real data.

In addition to this list of parameLers t'¡hich must be passed to

the consequent clauses, tï/o pieces of information must be passed

along another path between the antecedent clauses and the control

strategy" The fírst of these pieces of informatíon is a labe1 that

identifies which set of consequent clauses are to be executed, in

other words, which set of consequent clauses correspond to this

rule. The second piece of information is the priority that the rule

is to have. In summary, three pieces of information must be
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generated by the antecedent clauses

proper set of consequent clauses,

resolution of possible conflict, and

used by the consequent clauses"

a labe1 used to select the

a level of priority for
a list of parameÈers to be

The procedure containing the antecedent clauses is ealled
t!f indtt " The procedure ¡!f indrr is requíred to calculate the reduction

in length to determine the priority of this insÈance of the rule"

By inspecting Figure 1-7a and L7b, it, is clear that the reduction

in length is equal to Y3 - YL. ¡rFind" will pass the priority (thê

length Y3 - Yl-) atong with the parameter list and the label of the

required consequent cl-auses" In this example rule the label
¡rrexample¡t ( f or R.uIe EXAMPLE ) will be used. The Iabel, the

priority and the parameter list are passed to a procedure called
I'triggerr¡ . As the name implies, Ittrigger¡r triggers the rule by

placing all of the data passed to it into the conflict set, Each

entry passed to Ittriggerfr appears as a relation, or f act, in the

dynamic data base.

The consequent clauses for the example rule are grouped in a

procedure catled rrexecuteft which is responsible for f iring the

rule" The consequent clauses for all rules are grouped in
procedures Èhat have the name ¡rexecuterr. This is vthy a label is
required to select the correct set of consequent clauses, The label
trrexamplerr identifies the proper set of consequent clauses in this

instance "
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As part of the conflict resolution strategy the procedure

Itexecutel' must estabtish that data describing the part of the

network that triggered the rule have not changed since the rule was

triggered. This process was referred to previously as verifying the

rule. If a rule of higher priority vras triggered by the data, a

change of this type will occur and verification will not succeed.

The antecedent clauses are placed at the beginning of the procedure

nexecutet¡ to determine if a change has occurred" Tf any of these

clauses are not satisfied the rule wíII not fire.

The rule has the following form:

find :-
point ( P1- , Xl , Y1 ,
point(P2, X3, Y1,
point(P3, X3, Y3,
point(P4, Xl, Y4,
1in(P4, P1),
lin(Pl-, P2) ,
lin(P2, P3 ) ,
v4
Priority : Y3 YL
trigger ( Priority,

Ii(P]-), r(x]-)
i(P2),
i(P3), r(X3)
i(P4), r(Y4)

fail "

find.
execute ( rexample ,

Ii(Pl),

, D1),
2)'
_),
-) '

rexample,
, r(Y1-), i(S1-), í(D1-),

, r(Y3),
l),

r(X1-), r(Y1), i(51), i(Dl-),

r(X3), r(Y3),
r(Y¿) I ) :-
Yl, 51, D1 ) ,
Y1, 0 2),
Y3, 

-t -) ,
Y4, 

-t -),

s1_

o,
_t
_,

i(P2
i (P3
i(P4

t
,
Ipoint(P1, X1,

point(P2, X3,
point(P3, X3,
point(P4, X1,
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lin(P4, P1 ) ,1in(P1, P2),
1in(P2, P3 ) ,
v4
retract ( point ( P2 ,
assertz ( point ( P2 ,retract(1in(P4, Pl-
assertz(tin(P4, P2
retract(1in(P3-, P2
assertz(lin(P2, Pl-
Dl-new = Dl- tt
retract ( point ( Pi- ,
assertz ( point ( P1- ,
!.

execute(_, _) "

Y1 , 0,
Y3o 0,

YL, 51, Dl)),
Yl, S1, Dlnew) ) ,

X3,
Xl,
)),
)),
)),
)),
Xl'
XT,

2)1,
3)),

The second rrfindtt clause and the second rrexecuterr clause are

required for similar reasons. The first |tfindrr clause ends with a

fail predicate. The procedure will fail even if all the sub-clauses

can be satisfied. In this r¡ray the procedure will consider every

possible combination that could satisfy it and every time the

procedure is satisfied another instance of the rule is triggered.

The second rrfindrr clause allows ¡rfindrt to finally succeed so the

flow of control can proceed.

Unlike the first ttfind¡r clause which always fails, the first
Itexecuterr clause will only fail if a particular triggered instance

of the rule is to be elininated by the conflict resolution

mechanism. The second trexecuterr is provided to ensure that
t¡executer¡ always succeeds regardless of whether or not the rul-e

actually f ires. trExecutetr must succeed in order for the program to

continue, either to fire other ruIes, to perform an another

iteraÈion, or sinply for the program to terminate properly" The
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first ¡texecute¡t cl-ause ends with a cut ( ! ) predicate to ensure that
the backtracking algorithm will not return control to this point
aÈ a lat.er time "

If other rules are to be included in the rule base they should

be grouped into a itfindtrprocedure and an rrexecutelr procedure" The

rrfind¡t and trexecute¡¡ procedures that always succeed must be placed

physically last in the list of these clauses"

St.ructure of the Rule Base

The problems identified by rules in each of the three

categories, rrhooks¡r, r¡slidesrr and Itelbo\,tsrr, v¡ere found to occur in
dif f erent variations. For example, rrhooksrr occur in eíghteen

different variations" The different variations can be organized

into a tree structure. If the rule base is structured in accordance

with this tree, it ís possible to focus the search of the rule base

which drastically reduces the program's execution time"

The concept of focusing the search vras applied to all three

categories of ru1es. The structure of onJ-y one of these categories,
the |thooksrr, is described here, since the process is essentially
the same for each category" The identification of a t¡hookrt begins

as follows. First, a dummy node of degree two must be found" The

pattern described in the previous section as the example rule was
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a trhook¡¡. In the case of this pattern the dummy node of degree two

is node P2 in Figure L7a" Since the node is of degree two there are

Lwo incident lines" One of these lines is directed to the node

(i.e., Pl- to P2 in Figure 1"7a) and the other line is directed away

from the node (i.e", P2 to P3 in Figure 1-7a) " These two lines must

form a 90 degree ang1e" ff all these conditions are met then the

search begins at the root of the tree graph in Figure 18" The root

of the graph is labelled tre1bowil" The first branch in the tree

indicates two possible configurations of this 90 degree elbow - the

line connecting P1- to P2 may be a vertical or a horizontal line.

The next branch occurs as a result of the third line that is
required to repeat the pattern. This line connects point P4 to the

elbow. The line can connect to point Pl- or to point P3. The line
can be directed toward the elbow - this is referred to as rrinrr; or

the tine can be directed ar¡ray from the elbow referred to as

Itoutr¡ " With two possible points of connectíon and two possible

directions of flow in the lines indicated, four combinations should

exist. However, the combination of a line directed !¡inrr at point

P3 cannot exist. It has already been established that a line is

directed at P3 from P2. fn a tree network with a single source, two

lines cannot be directed at a single point without forning a loop"

Therefore onty three combinations are possible: Pl- ltinr¡, shown as

il- in Figure 1-B; PL rroutrr, shol¡rn as oLt and P3 |toutr!, shown as o3"

The final consíderation is Ëhe relative length of the line
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connecting point P4" The corrective procedure that must be

specified in the consequent clauses, depends on whether the length

of this line is greater than (g), equal (e), or less than (1) the

length of the line that is opposíte and parallel to it. This

completes the tree.

Each rule is given a name that is an abbreviation of its path

on the tree. The name of the rule featured in the example in the

previous section i= rrgil-hft. The name means that the rule identif ies

a horizontal elbow connected to a line directed in at PL and that

line is longer than the line that connects P2 to P3.

This tree structuring of the rules applies only to the

antecedent clauses of the rules. It was discovered that the

consequent clauses occur as distínct types and could be written

generically so that fewer sets of consequent clauses $tere required

than rules. For example, the eighteen rules required to find aII

the rrhooksrt required only Seven sets of consequent clauses"

The search of the tree ís accornplished by PROLOG's unification

and backtracking algorithms. A search performed in this manner is

highly focused and wiII avoid inapplicable rules, reducing the

execution ti¡ne of the Program"
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CHAPTER 5: DEMONSTRÄTION OF THE MODEL

The use of the model is demonstrated through the following two

examples.

Exampl-e l-

Table l- shows the set of x and y coordinates for this example.

The problem is representative of a typical rural gas distribution

system comprised of a single source and 28 sinks" The sinks are all

considered to be the same type of load, namely, âD intermittent'

Ioad of 6 cubic meters per hour" The x and y coordínates in Table

l- are taken from the Universal Transverse Mercator System and given

in meters. A rrlrr shown in the column labelled rrsinkrr in Table l-

indicates that the node is a sink.

For the purpose of comparison, the layouts that follow will

undergo hydraulic design and cost analysis using a computer program

similar to the program used by Davidson and Goulter (1-989)- The

program uses the MST atgorithm to construct a layout from input

data describing the nodes. The program selects the diarneÈer of pipe

for each segTment with the objective of selecting the smallest

diameÈer that will produce a pressure gradient below a certain

specified allowable maximum" For this example 18 kPa/km was used

as the maximum allowab1e gradient" While individual pipe segments

are being sized, the hydraulic profiLe of the system is computed"
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TABLE 1: NODE COORDTT{ATES FOR EXAMPLE J.

NODE X
(m)

Y SINK
(m)

S
2
3
4
5
6
7
8
9

l_0
l_1
L2
l_3
1,4
l_5
1,6
t7
1_8

1,9
20
2I
22
23
24
25
26
27
28
29

7 45967 ,5
7 4535L "L
743467 "r
748789 "2
748823 "9
7501-96 "5
75L874.9
754009 " 4
753775 "5
7 44538 "9
743837 "8
744960 "2
7 45868 .6
7 468L6 "3
747739 "6
747439"9
7 47166 "L
750561-.6
7 49234 .6
75L255.2
7 48052.3
752L44.3
75tO92.7
750284 "9
7 46868.1,
746238.7
7 43672 "O
742793 "8
7 4L954 "L

5452799 "O
5449946 "O
54487L9 "O
544897 4 "O
5448269 "O
5450686 " O

5449961. O

5448723.O
5446768 "O
5443649 "O
5443005 " 0
5441-Ol-0 " O
544L052.O
5443452.O
5442789.O
5442146.O
5439477 "O
5439203 "O
5438837 " 0
543769t.O
543787 4.O
5435890.0
5434093.0
5434061-,0
5432885.0
5432853.O
5437 664 " O
5436483.0
5437L52.O

1_

L
l_

t
l_

t_

1
l-
1
L
1_

1
1
1-

1-

1
1_

l_

1_

t_

L
l-
t-
L
i_

L
L
1
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An estimate of the cost of the systen is produced based on the

total length of the various sizes of pipe Èhat are required. The

cost of crossings can also be estimated" Road and cable crossings

are estimated on the basis of the total length of the system, while

the number of river and railway crossings must be stated

explicitly "

In previous work by Davidson and Goulter (l-989) ' the cost

analysis program establíshed the number of river and railway

crossingTs by grouping the nodes in sets. For example, Èhe nodes on

one side of a river will be grouped in one set and the nodes on

another side wí11 be grouped in another set. A crossing is
indicated by a line with end points in different sets" In the

previous work all the nodes in a system were entered manually. As

each node was entered the user hras prompÈed to provide the number

of the set for that node"

A problem related to this set numbering is created by the

approach described in the study through the automated selection of

durnrny nodes " Both the procedural and cognitive components of the

þrogram add dummy nodes to the system without any user interaction"
In order to assess in which set a particular dummy node should

belong, the program would have to know the side of the riverr or

railroad, where the dumrny node is located. The task is particularly

difficult in the case of rivers with many meander bends and nodes

located within meander bends, The program based on the ne!'¡ approach
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does not possess the capability to recognise where a node is in

relation to a river or railroad at this point"

Since no sinple solution to this problem has been found, the

method relies on user ínteraction to ensure that river and railway

crossings have been accommodated appropriately. User int'eraction

takes two forms, namely, modification and selection" Modification

involves the manual input of additional durnmy nodes to rninirnize the

number of crossings in a layout" Selection involves selecting the

most appropriate layout in the case where several alternatives have

been generated. Of course, any layout that is selected from a set

of al-ternatives can be modified as weII" The example presented here

is not a case in which multiple alternatives have been generated.

Mu1tip1e alternatives are demonstrated in Exanple 2. In Exarnple l-

the iÈerative processes converge on a single solution.

Figure 19 shows the nodes for Exarnple l- from Table 1 graphically

and Figure 20 shows the Minimal- Spanning Tree for this set of

nodes. The results of the hydraulic design and cost analysis

program for the MST layout are given in Table 2" The headings are

explained as follows:

FROM

TO

LENGTH

NUM

the origin node number of a pipe segment

the destination node number of a pipe segment

length of the segment in m

the number of internittent loads on that segment
(used to calculate the coincidence factor that will
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Figure 2t shows the layout produced by the procedural component

of the program as described in Chapter 3. To aid in the clarity of

the figure the dummy nodes have not been plotted. Table 3 is a

description of the locations of the durnmy nodes, from 30 to 58,

that are added by the program to make this layout rectilinear"

Using the method described previously by Þavidson and Goulter

(i-989) these Zg nodes would have to be entered manually and their

Iocations woutd have to be determined using some cornbination of the

Boxplot Method and user judgnent a process that would be both

difficult and time consuming even though it rnight assist in

Iocating the dummy nodes in the correct set as far as crossings of

rivers and rail\^/ays are concerned.
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be applied to the load)

the factored load in n'/h

nominal dj-ameter of t'he pipe ín mm ( chosen by the
progran)

inlet pressure of the pipe segrment in kPa

outlet pressure of the pipe seg:menÈ in kPa

averagie pressure gradient of the pipe segrment in
kPalkrn

warning flag (set to 1- if the outtet pressure falls
below L40 kPa)

warning flag (set to l- if the pressure gradient is
above the specified gradient)

the rectilinear layout is shown superimposed on the

is clear from this figure that much of the general
22

It.
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TABLE 2z HYDRAULTC PROFILE FOR MST LAYOUT OF EX.AMPLE 1-

FROM TO LENGTH
¿¿¿& å&¿+ ¿&¿&&ù&

IüUM

28
2T

6
1
4
3
2
1_

20
i_

18
t7
1-6
l_5

4
1-0

9
I
7
6
5
4
3
3
2
l-
2
1

2
3
4
5
6
7
8
9

10
11
1,4
15
L6
13
I2
1,7
2I
19
18
20
22
23
24
27
28
29
25
26

LOAD STZE PI PO PD WO WD
***** **** ***** ***** ***** **** ****

1
2
2
4
4
6
7
B
3

1_0

Lo
t4
L5
L6
13
1_3

I7
21,
T9
l-8
20
22
23
L2
27
28
24
25

PIPE SIZE
*********
26.7 Ítm
33"4 mm
48.3 mm
60.3 mm
88.9 mm

TOTAL

TOTAL
TOTAL
TOTAL
TOTAL

TOTAL

29L8.8
2248.3
3572 "8

705 "9
22L6 "2
L828 "3
2467 "5
1_968 " 9
5l_82 " 0

952 "O
2285.9
IL36 "7

709 .4
I9)-4 "6
909"4

2040.6
i_831" 6
1524 "9
L37 6 .5
1663.5
2008.5
2082.r
808.4

3585.4
1,477.7
LO73.6
361_3.5
630.3

l-06 .0 60 " 3 550.0
82.6 48"3 53]-.2
33"9 33.4 53L"2
6"0 26"7 477"6

24 "O 33.4 477 "6l-8"0 26.7 458"4
12"O 26"7 430"0
6.0 26 "7 409.0

79"2 48"3 503"6
6 " 0 26 "7 439.3

72"4 48"3 439"3
68 .9 48 " 3 41-2 "965.3 48"3 400.6
61-"7 48"3 393"4
24"O 33"4 375"4
42"9 48"3 375"4
4L.7 48 " 3 365. O

39.8 48. 3 355.8
37.2 48"3 348"7
33"9 48"3 342"9
30"0 33"4 337"0
24 "O 33 .4 301-. 4
L8.0 33.4 274.9
i-8.0 33.4 365.8
L2.O 26.7 342 "86.0 26.7 327 "8t2.o 26.7 268 "56.0 26.7 22L "9

COST
*******

23833.
2991_0 "
63i_1_3.
r_1880.

0"

L28"t36 "

531" 2 6"4 0
503.6 L2 "3 0
477"6 1-5"0 0
475"9 2"3 0
458"4 8.7 0
430.0 l-5.5 0
409"0 8.5 0
403"8 2"6 0
439.3 12"4 0
436.9 2.5 0
41.2 "9 Ll-.5 0
400 "6 l-0.9 0
393 .4 l-0.1 0
375"4 9"4 0
365"8 1-0"5 0
365.0 5"1- 0
355.8 5.0 0
348.7 4.7 0
342"9 4"2 0
337.0 3.6 0
301"4 1-7"7 0
274.9 L2"7 0
268.5 7 .9 0
342.8 6 .4 0
327 .8 1-O.2 0
324.4 3. L 0
22L.9 L2 "9 0
21"9 "2 4 "2 0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

TOTAL LENGTH************
L471-2 "
151-83 "2t9r4.

291,9.
o.

54728.

NUMBER OF ROAD CROSSINGS
NUI'ÍBER OF RÀTL CROSSINGS
NTMBER OF CABLE CROSSÏNGS
NUMBER OF CREEK CROSSÏNGS

cosT oF SYSTEM $r-49s36,

3L
0

37
o

cosT t747L"
cosT 0.
cosT 3330.
cosT 0"



Rectilinear
component

Iayout produced

for Example 1

Figure 2),: by the procedural
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TABLE 3: DUM},TY NODE COORDTNATES FoR EXAMPLE ]-

NODE
(m)

Y
(m)

STNK

30
31
32
33
34
35
36
37
38
39
40
41-
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

745967 "5
7 4535r " L

7 4535r "L
7 48789 "2748823.9
748789"2
7501_96.5
7 5]-87 4 "9
753775 "5
7 44538 "9
743837 "8
7 4681,6 .3
747439.9
747439.9
7 45868 .6
7 47L66 "L
7 48052 .3
7 48052 .3
750561-.6
7 50561, .6
7 51,255 .2
751,092.7
751,092.7
7 43672.O
7 42793 "B
7 42793 "8
750284 "9
7 46868 "L743837.8

5449946 "O
54487]-9.O
5448974.O
5449946 "O
544897 4 "O
5450686 " 0544996L "O
5448723 "O
5448723 "O
54487]-9 "O
5443649 "O
5442789 "O
5442789.O
544tO52 "O
5441010 " 0544tO52.O
5439477 "O
5438837 "O
5438837.O
5437 69I . O

5435890.0
5435890.0
5434061_ " 0
5441_010.0
5437664.O
5437L52.O
5432885.0
5432853 "O
544101_0 " 0

0
0
0
o
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0



Figure ZZz The rectilinear layout for Example 1 generated by t,he

procedural component superimposed on the MST
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form of the two layouts is similar. In general a rectilinear layout

requires greater total system length than the MST. The results of

the hydrauLic design and cost analysis for this rectilinear layout

are shown in Table 4" (The complete hydraulic profile Ís included

in Appendix A. ) In this case the change from a diagonal layout to

a rectilinear layout invol-ves an increase in total length of l-3 " 8?

with a corresponding increased cost is 10"0%"

TABLE 4i RESULTS FROM PROCEDURJ\L COMPONENT
FOR EXAMPLE 1

PTPE SIZE****r(****
26.7 mm
33.4 mm
48.3 mm
60.3 mm
88.9 mm

TOTÀL

TOTAL NUMBER
TOTAL NUMBER
TOTAL NUMBER
TOTAL NUMBER

TOTAL LENGTH COST
***********t< *******

23281,. 377L5.
L4283 " 281-38 "
2L886. 63032"

2853 . 1-L612.
0" 0,

62303. l-40496"

OF ROAD CROSSTNGS 36 COST 20289.
OF RAIL CROSSINGS O COST O"
OF CABLE CROSSINGS 42 COST 3780"
OF CREEK CROSSINGS O COST O"

TOTAL COST OF SYSTEM çL64564"

Next., the cognitive component of the program is applied to

improve the layout" For illustration purposes the control strategy

of this portion of the program has been modified slightly to pernit

the results from each individual iteration to be examined and

plotted.
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An iteration of the cognitive component involves three stages.

The first stage is to search for and remove all redundant nodes"

The next stage is to trigger all rules that can be triggered' The

final stage is to fire the rules in order of prioriÈy and resolve

conflicts. Figrure 23 is the contents of a spil1 file that traces

the execution of the rule base" The file shows that one redundant

node rdas removed; one rrhookrr was triggered and fired; four rrslidesrl

brere triggered, only two of which fired; and ten nelbowsr¡ k¡ere

triggered, only four of these fired" Figure 24 shows the changes

generated by the cognitive component superimposed on the previous

layout. The rules that caused each change are identified by their

type and name. Table 5 shows the results from the hydraulic design

and cost analysis of the improved layout which is shown in Figure

25. The resutt is a L"4Z improvement in cost and a t"lZ decrease

in the total system length.

TABLE 53 RESULTS FROM THE FIRST ITERATION OF THE
COGNITIVE COMPONENT FOR EXAMPLE 1

PIPE SIZE*********
26.7 mm
33"4 mm
48"3 mm
60.3 mm
88"9 nm

TOTAL

TOTAL
TOTAL
TOTAL
TOTAL

lOTAL

23648 "
l-3438.
21,640 "2853.

0"

6t578 "

38309.
26472 "
62322 "
t1-61-2 "

0"

13871_5.

TOTAL LENGTH COST
************ *******

NTJMBER OF ROAD
NUMBER OF R,A.IL
NUMBER OF CABLE
NUMBER OF CREEK

COST OF SYSTEM

CROSSINGS
CROSSINGS
CROSSTNGS
CROSSINGS

çt6222O "

cosT L9725"
cosT 0"
cosT 3780.
cosT 0.

35
0

42
0
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1" e3il-v triggered
1- eLii-h triggered
l- 1o3v triggered
1- esil-v triggered
1- e3il-v triggered
1- e3iLh triggered
1- e3o3v tríggered
1- e3o3h triggered
1- e3i]-h Èriggered
1 esilv triggered
l- el-iLv triggered
J- ghs triggered
L ghs triggered
1- ths triggered
1 gvs triggered
Search terminated

1 redundant node removed
Search terminated

1o3 entered
1o3 fired
gs entered
rule is not

gs entered
rule is not

1s entered
Is fired
gs entered
gs fired
eí1- entered
eít fíred

(hook)

( slide )
fired

( slide )
fired

( slide )

( slide )

( elbow )

eiL entered (elbow)
eit fired
esil entered (elbow)
rule is not fired
eil- entered ( elbow)
rule is not fired
eil- entered (elbow)
rule is not fired
eo3 entered (elbow)
rule is not fired
eo3 entered (elbow)
eo3 fired
eit entered (elbow)
rule is not fired
esi-l- entered (elbow)
esil fired
eil- entered ( elbow )
rule is not fired
All rules exhausted
Iterations comPlete

first iteration of the

for Example L

( elbow)
( elbow )
(hook)
(elbow)
( elbow )
(elbow)
( elbow)
elbow
elbow
elbow
elbow
slide
slide
sl-ide
slide

Figure 232 SPil] file from the

cognitive component



hook (to3v)
etbow (e3ilv) 

\

\å,

\- t,oo* (elllh)

i5
etbow {e3o3h) 

1
16

?a
*-'-- sllde (gvs)

?2

(- *)

s- etbow (esilv)

Figure 242 Modifications produced by the first iteration

of Èhe cognitive component' for Example L



Figure 252 Layout produced by the first iteration
cognitive componenÈ for Example l-

of the
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Figure 26 shows the spill file from the next iteration" A single

redundant node is removed. No rrhooksrt are identified. one t¡slide¡r

is triggered and fired. Three ¡relbov/srr are triggered and two are

fired" Figure 27 shows the resulting nodificaÈions graphically" The

¡relbows¡¡ do not result in any improvement in the system length or

cost" The ¡¡sliderr which is not visible at the scale of Figure 27

contributes a small improvement in the hydraulics resulting in the

highly insignificant improvement in cost of five dollars. The final

layout is shown in Figure 28 and the results are shown in Table O.

TABLE 6z RESULTS FROM THE SECOND ITERÄTION OF THE
COGNITTVE COMPONENT FOR EXAMPLE ]-

TOTAL LENGTH COSTPIPE SIZE*********
26.7 mm
33.4 mm
48.3 mm
60.3 mm
88.9 mm

TOTAL

TOTAL NUMBER
TOTAL NUMBER
TOTAL NUMBER
TOTAL NUMBER

&&À&J&¿¿&&&&

23663 "
L3423.
21_640 "

2853 "
0"

6l_578.

OF ROAD CROSSTNGS
OF RAIL CROSSÏNGS
OF CABLE CROSSINGS
OF CREEK CROSSINGS

cosT L9725"
cosT 0 "cosr 3780.
cosT 0"

T¿¿¿¿& &

38333
26442 "
62322 "
LL6t2.

o.

1_3 8710

35
0

42
o

TOTAL COSÎ OF SYSTEM çL6221,s "
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1- redundant node removed
Search terminated

l- e3irv triggered (elbow)
1 e3i1h triggered (e1bow)
1 e3o3v triggered (e1bow)
1 ths triggered (slide)
Search terminated

ls entered (s1ide)
Is fired
eit entered (e1bow)
rule is not fired
eo3 entered (elbow)
eo3 fired
eil enÈered (elbow)
eil- fired
All rules exhausted
Iterations complete

Figure 262 Spill file from the second ít,eration of the

cognitive component for Exanple l-



(ths)

15

"",--"'''á{
elbow

etbow

(e3o3v)

(e3¡i h)

18

Figure 27 z Þ{odifications produced by the second iteratÍon
of the cognitive component for Example I'



Figure 2Bz Layout produced by the second iteration of Èhe

cognitive coruponent for Exanple L
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The results from Lhis first example are summarized below"

TABLE 7 z SUMMARY OF RESULTS FROM EXAMPLE ].

Method Length Cost
(meters) (dollars)

Minimal Spanning Tree
(not rectilinear)

Procedural Component

Cognitive Component
First iteration
Second iteration

54728

62303

6L578
61,57 8

L49536

L64564

L62220
L622L5

If the cognitive component is executed for another iteration,
two redundant nodes are removed but no rules trigger and no

subsequent rnodifications to the layout occur. In some cases it ís
possible that the procedural component can generate further
improvements in a layout íf the procedural component is executed

using the layout rnodified by the cognitive component as input. For

this example a further iteration of the procedural component did

not result in any changes to the layout. The two components of the

program have converged on a layout that neither component can

improve. The nexL example will show that a series of iteratíons
does not always end in this type of convergence,
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Example 2

The second exarnple is presented in Figures 29 through 34 " The

same nodes as the previous example are used" However, the survey

grid is assumed to be at an angle three degrees counÈer-clockwise

to the UTM coordinate system. Therefore, the problern requires a

skewed rectilinear solution similar to those discussed ín ChapÈer

3" In addition, the solution to this problen is considered with

respect to a river that flows through the project site" The problern

is exactly the same as the previous exarnple in every other aspect,

yet, as will be shown later, the small angle of rotation produces

surprisingly different results"

The network in Figure 29 is the result of the first it.eration
of the procedural component of the program" The nodes are first

subrnitted to a prograrn that rotates their positions three degrees

clockwise. The procedural component is used to create a rectilinear
layout by adding dummy nodes to these rotated nodes. Atl the nodes,

íncludíng the newly added dunmy nodes are rotated three degrees

counter-clockwise back to the original position" The layout in
Figure 29 is created using the MST algorithn" Hydraulic design and

cost analysis are performed on this layout in the same manner as

the previous example with the rnaximum pressure gradient set at 18

kPa/kn.

NexÈ, the network is modified using the cognit,ive componenL and
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the nodified network is shown in Figure 30. Hydraulic design and

cost analysis v/ere performed on this network. It is diffícuit' in

this instance to submit the output data from the cognitive

component of the program to the program that is used to perform the

hydraulic design and cost analysis. Some nodification of the node

data is required to evaluate the performance of the layout" The

rnodifications are necessary because of a program design decision

that lrtas made during the development of the hydraulic design

program.

The hydraulic design program is an older program that was

developed before work began on the automated selection of dummy

nodes. At the time of the older development all node data hlere

entered manually and tinks v/ere generated using the MST algorithn"

The modifications that the cognitive component makes and redundant

nodes that are removed at that stage can result in an efficient

rectilinear layout that is not necessarily a Minimal Spanning Tree"

In other words, there nay exist diagonal links which can produce

a more efficient layout. Since the hydraulic design program, âs

presently written, can only accept node data as input, and because

the hydraulic design program always begins by connecting the nodes

using the MST aì-gorithm, the hydraulic design program often

generates a layout that is different than the layout oríginally

created by the cognitive component. A layout of this type,

generated in error, will contain diagonal 1ines.
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The problem does noL occur with the procedural component because

the output generated by the procedural component is always a

Mininal Spanning Tree. The problem only occurs when a layout

generated by the cognitive component is used as input to the

hydraulic design program, and even then only in some cases for

instance, the probtem díd not occur in the previous example"

The proper solution to the problem would be to rewrite the

hydraulic design program. The new program would not use the MST

atgorithm, or any other algorithm, to redesign the layout, i.e.,

connect the nodes" The new program would be capable of accepting

as input, data describing connections between nodes that have been

established previously using any network algorithm, not just the

MST al-gorithm. Until this new program is created an alternative

technique will be used in conjunction with the existinq program"

Dummy nodes can be added to force the MST algorithm in the

hydraulic design program to generate the same layout as the layout

produced by the cognitive component. This is the method that is

used in this example. The nodes that h¡ere added during the first

iteration of the cognitive component for Example 2 are listed

below:

96

FIRST ITERATÏON

NODE NUMBER

58
59
60

1"0284L7 "O
to2961,4 "O
1_028700.0

5399793.O
5396906,0
5393042 " O



The cognitive component receives input from a file generated by

the procedural component" This file is created before the nodes

have been rotated back to their original position" ft is essential
that the nodes are in Èhe same position as they rÂrere during the

execution of the procedural component for the cognitive component

to function properly. Once the additional nodes that must be added

to generate the layout using the MST algorithm have been entered,

the set of nodes can be rotated back to the original position to
produce the final drawing shown in Figure 30" If a further
iteration of the procedural component is to be attempted it is best

not to rotate the nodes back to their original positions at this
time "
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fn the next step, the outpuÈ node data produced by the first
iteration of the cognitive component are used as input for a second

iteration of the procedural component" The network produced by the

second iteration of the procedural component is shown in Figure

31" The process of iterating between the cognitive component and

the procedural component is repeated to produce the networks shown

in Figures 31- to 34" Each time the results from the cognitive
component were to be evaluated additional dumrny nodes hrere

required. The coordinates of these dunmy nodes are listed below.

In the case of this example convergence hras not reached after many

iterations and, in fact, it is not even known whether the problem

will- converge "



SECOND TTERATION

NODE NUMBER

58
59
60

98

THIRD ITERÀTION

NODE NTMBER

It can be seen that a new set of durnmy nodes is added at each

iteration. For examP1e, node 58 has different coordinates for the

second and third iterations. This situation occurs because the

additional dummy nodes are only required for rotating or for

performing hydraulic designs on the results of the cognitive

component. The results of Èhe cognitive component that are used as

input for a further iteration of the procedural component do not

have any additional nodes added.

The results of an analysis of cost are summarized in Table 8"

As mentioned previously it is not possible at this point for the

cost analysis program to determine the number of river crossings

that occur if the dummy nodes are generated internally by the

computer. Given the sma]l differences in cost between the six

systems presented here, the relationship between the river and the

58
59

L028700.0
1030824.0
1-028693 " 0

539571-3.0
5391-29L.0
539L29L "O

LO29442 "O
1_028700 " 0

5396906 " 0
5392901 " O



different systems may be the

layout "
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deciding factor

TABLE 8: SUS{MARY OF EX,A},TPLE 2 RESULTS

METHOD

PROCEDURAL COMPONENT
f irsÈ iterat.ion
second iteration
third iteration

COGNITIVE COMPONENT
first iteration
second iteration
third íteration

in selecting the final

The results produced by the program are consistent with the

assumptions made in Chapter 2 regarding the nature of complex

problems. It v/as stated that many near-optirnal solutions can be

generated which are close enough to each other in their evaluations

that the solutions should be regarded as equivalent given the

precision of the model. It was also stated that criteria for the

evaluation of solutions often exist which cannot be modelled

easily. In this instance the criterion that could not be model-led

was the number of river crossings. However, many other criteria of

this type are certain t.o exist in complex real problems"

Example 1 and Exampte 2 differ from each other only in the angle

I,ENGTH

62452
6301_1
6357 4

6]-996
63010
63286

COST

]-66332
t64926
L6584J-

L62L85
1-64924
L65492



of rotation. It is important to recognize that it is the change in

the configuration or position of nodes Èhat is brought about bv

rotation and not the process of rotation that is responsible for

the phenomenon of non-convergence" The specific causes of non-

convergence are examined in more detail in the next section"

Problens and Benefits of the Iterative Approach

Iteration forms the basis of the organizational structure of the

program. The iterative processes result in unpredictable behaviour

both in terms of the execution time of the program and the quality

of the results the program produces" Iteration occurs on many

different leveIs in the program both within and between the two

components of the progran. Essentially the Same processes are

involved at any level. In some $iay, at any of these leve1s, the MST

algorithm is used to deternine a layout based on the proximity

relationships between the nodes. The term "proximity relationshipstt

is used to denote the spatial ¡'closenesS¡t, or clustering of the

nodes "

The cognitive component, in contrast to the procedural

component, recognizes and manipulates patterns formed by

connections that have been established between nodes previously"

The cognitive component cannot recognize if these nanipulations of

patÈerns have changed the proxímity relationships between the nodes

1_00



within the patternr or whether the manipulations have changed
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nodes, to permit a more efficient layout to be produced" In other

words, the cognitive component cannot perceive and take advantage

of new cl-usters of nodes that may have been creaÈed by the firing
of ru1es, The problern is not necessarily due to the rule based

approach" It may be possible to formulate rules to perform thís
task" In the present, form, the cognitive component relies on a

further iteration of the procedural component to accomplísh the

task of reestablishing proximity relationships, hence the Íteration
between the two components. The difficulty with this approach is
that the procedural component can react to the nehl placement of
nodes ín the $rrong manner, generating a layout which is less

efficient than the layout from the previous iteration, as occurs

in Exarnple 2 "

The series of graphs shown in Figure 35 illustrate how the

generation of a less efficient layout can occur" The procedure that
v/as used to generate the graphs in Figure 35 is not a procedure

that is used in the program in its present form" The procedure is
an early prototype of the procedural component of the program which

provided some insight into problems wiÈh the iterative approach"

The graphs are presented to illustrate these problems and explain

the solution strategies that $¡ere adopted" The procedure consists

of iterations of the MST algorithn in cornbination with a routine

that produces supergraphs containing rectangles where diagonals

1_01_



a) First iteration of MST b) Dumroy nodes are inserted
at corners of rectangles

c ) second iterat.ion of MST

Figure 35: Problens wiÈh'the iterative approach

for an example network



d) Dumny nodes are addedto remove diagonals

Figure 35: Problems with the iterative approach

for an example netiqork

e ) Third it,eration of MST
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e1

34
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f ) Dumnry nodes added

?1

34

6

16

Figure

q) Fourth lteration of MST

35: Problerns with the iterative approach

for an examPle network



h) Dunmy nodes added í) Fifth Íteration of MST

j) Terninal dummy nodes removed

Figure 35: Problems with the iterative approach

for an examPle network
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$rere produced by the MST algorithrn"

The MST algorithm is used to establish the initial layout shown

in Figure 35a. In Figure 35b dumrny nodes are added at the corners

of reetangles to make the layout rectilinear as explained in

previous examples. Occasionally a dunmy node will be placed

adjacent to another node and a diagonal line connecting the two

nodes will be selected by the BIST atgorithm. The diagonal line is

chosen over an competíng rectilinear line because the diagonal line

is shorter. often diagonal lines of this type result in improved

solutions when the diagonals are replaced with rectíIinear lines

in a subsequent iteration. Hovtever, in some cases the pair of

rectilinear lines that replaces a diagonal on the subsequenÈ

iteration may be longer than the original rectilinear line that was

replaced during the previous iteration. The design becomes less

efficient rather than more efficient"

In Figure 35d a rectilinear line connects node 2 to node 25" In

the Figure 35e this rectilinear line has been replaced by a shorter

diagonal line from node 33 to node 27 " In Figure 359 the diagonal

has been replaced by a pair of 1ines one from node 33 to node 37

and one from node 37 Eo node 27, wlrich are longer than the original

line from node 2 to node 25"

This explains the fact that the subsequent iterations of the

procedural component in Example 2 produced layouts wíth greater



total length and higher costs than previous iterations of the

cognitive component" A clear example of this can be seen by

comparing Figure 30 with Figure 3L. A straight line connects the

tee adjacent to node 3 with node L0 in Figure 30" In Figure 31 this
line has been repl-aced by an elbow that connects node 5 with the

tee adjacent to node 14" This elbow has a greater total length than

the line it replaces however the diagonal distance is shorter" It
is this shorter diagonal distance that is responsible for the

error "

LO7

one possible solution to this problem would be to'search for all
the diagonal lines in the superqraph and replace the actual lengths

of each diagonal 1íne with artificial lengths equal to the

rectilinear distance of the diagonal l-ine. However, this technique

would not produce a final layout that can be generated by the MST

algorithm from a complete graph of the nodes" Furthermore, it would

not be possíble to rotate the nodes to produce skewed networks"

It is preferable to leave the error in the algorithn since srnall

errors of this type are useful. The error perrnits the algorithm to
bypass local optirna allowing the algorithm to generate many

alternative layouts rather than sinply converging to one layout

that can no longer be improved. Non-convergence requires that not

all the modifications rnade on the system during an iteration be

improvements" Some modifications may slightly reduce the level of
performance of the system, but these rnodifications are performed



in combination with rnodifications that improve the system's

performance. In this \Âray an ÍÈeration may produce a system that is

geometrically different from the previous systen, Yet more or less

equivalent ín terms of cost and other aspecÈs of performance"

Exarnple 2 illustrates this point. In the case of Example 2 iÈ

was clearly beneficial to have several layouts of equivalent

performance and cost to choose from when considering the problems

irnposed by river crossings. The property of non-convergence sras

discovered by accident, âs the result of a prograrnming error'

However, the error points to a direction for further program

development. It is desirabte to have many lrerrorsrtof this type to

delay convergence in the case of problems that converge too

rapidly, thereby generating more alternative layouts to choose

from. This type of approach r'rill require a nes/ high leve1 control

straÈegy which is larger and more sophisticated, to guide the

process of generating and evaluating alternatives"

Figure 35 illustrates another problern caused by successive

iterations of this early prototype procedure. As rnore dummy nodes

are added to make diagonal l-ines rectilinear, more diagonal

rshortcuts¡r become possible" The figure shows that the process of

adding nodes and rerunning the MST algorithm had to be repeated

four times before an entirely rectilinear solution could be

generated. By this time the nu¡nber of input dummy nodes is so large

thaÈ the MST algorithm cannot generate an efficíent layout. The

t"o8
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final layout, shourn in Figure 35j, has inefficiencies similar to

those shown ín Figure 72r."

The probtem of increasing numbers of dunmy nodes and the

consequent inefficient layouts does not occur to the same extent

in the current version of the program" Applying the cognitive

component with each successive iteration tends to rrclean upn t'he

system. As mentioned in Chapter 4, redundant nodes are removed,

thus reducing the number of dumny nodes. Additionally, rrhooksrr,

rrslides¡r, and trelbowsrr are rules that idenÈify many of the

inefficiencies created through iteration" One hlay to regard the

cognitive component is that ít, is used to ensure that a certain

Ieve1 of performance is maintained. fn a similar way, an effective

cognitive component appears to be the key to the success of any

program that is developed to produce a large nurnber of alternative

layouts using the proposed method of non-convergence" In the

proposed non-convergtence method, the procedural component would

generate sub-optimal rrconceptsr¡ for layouts while the loca1 optimal

would be avoided" The fine tuning of the trconceptsrr would be

performed by the cognitive component bringing the solutions to, or

near, locaI optima"



CHAPTER 6: SUMMÄRY

A microcomputer based model for the design of rural natural gas

distribution systems has been developed" The model,which ís based

upon rnathenatical network optimization algorithms, has been

designed to accommodate as many ¡¡real worldrr concerns as could be

identified while recognizing at the same time that many aspects of
the problem are extremely difficutt or impossible to model

effectively. The model relies on user judgment to accommodate the

aspects of the problern which cannot be rnodelled. As in previous

work the use of an interactive, graphícs-based user interface is
considered to be essential to best facilitate user judgment.

The model combines programs designed for user interactíon with
non-interactive programs that generate layouts, perform hydraulic
designs and analyze costs" Rectilinear layouts are generated by a

procedure that. combines two common algorithms, the Mininal Spanning

Tree and Dijkstra's Algorithm, iÀrith two heuristic techniques to
assist in the selection of durnmy nodes" As development of the
procedure progressed and its performance improved it. became

increasingly difficult to identify errors in the layouts created

by the procedure and substantially more difficult to devise

routines to ensure that these errors would not be repeated in an

improved version of the program.

L10

As a result another component of the program, a cognitive



conponent, vtas created to diagnose and correct errors created by

the procedural component" The majority of errors created by the
procedure hrere f ound to belong to one of three cat,egories,

tentative referred to as ¡thooksrt, nslides¡r, and t¡elbows¡r o A rule
base and control strategy v¡ere developed to identify and correct
all possÍble occurrences of these three problems.

The program is presently composed of these two distinct
components. The procedural component is written in C, which is a

procedural language and the cognitive component is written in
PROLOG, which is a declarative language. In early trials, the two

components would be used in successive iterations to converge on

a single layout that neither component could improve"

Later, it was discovered that a small error in programming logic
existed in the procedural component, which, in certain cases,

caused the program to produce many alt.ernative layouts without
converging" The ability to generate many alternatives is considered

to be highly advantageous in view of the fact that certain aspects

of the problern cannot be modelled and ultimately some user

interaction wilt be required" In the previous work, user

interaction took the form of repeated and extensive modification
of a single layout based on the Minimal Spanning Tree. Using a

program of the type based on the concept of non-convergence, the

user would select a layout that is the best of the alternatives
that the program generat.es. Some nodification to this layout may

1l_1



be required but this modification would likely be very minor in

contrast to the extensive manual work required by previous methods"

A means to ensure non-convergence has not been developed" In

addition, some larger and more sophisticated control strategy will

be required to manage the interaction of the two components of the

program during the generation of alternatives" Future developrnent

of the network generating algorithms developed in this study should

proceed in these two directions"

Ll-2
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F{vdraul ic Prof i 1e for Ficrure 2'l

FROM TO
&*&& *&Åù

l_ 30
302
232

32 3L
31_ 39
393
30 33
33 35
33 4
434

345
35 6
636

367
737

37 38
38 I
38 9
39 1_0

t-0 40
40 1_1

l_l- 58
58 53
58 1-2
a2 44
44 l_3
L3 45
45 43
43 L6
1_6 42
42 t_5
42 4t
47 t4
45 1,7
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46. 47
47 2r
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49 20
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2
1
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3
3
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00
00
00
00
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00
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o
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o
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48.3 41_7 .9
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48.3 375.8
33"4 365"8
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26 "7 356 "926.7 350.6
26"7 350"6
26 "7 348.7
48.3 365.8
48.3 357 "9
48 "3 353 .4
26 "7 350 " 1-
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26"7 338"9
48 " 3 338.9
48"3 334"8
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*****
53L "7
523 "6
51-3 " 6
498. 3
495 "9
489 "7482"4
480"8
480 "7
477 "9
477 "7
476 "I
452.7
442 "7
426 "9
426 "3
422 "O
434 "8
426 "I
4L7 .9
393 "9383"5
375.8
375.7
365.8
365.6
363,8
356.9
350.6
349.7
348.7
346"8
357 "9353"4
350.1
347 "2
344 "5
338.9
337 "8
334"8
332 "9
332"4
300.8
300.3
297 "3

PD
*****

6"4
l_3. l-
t2.3
L2 "52.2
t4 "97"5
2.3
2.3
8"4
8"5
2.3

L4 "9
8"1-
8.3
2"5
2"5

12.5
12 "5
)"2.7
1-2.O
9.3
8.4
2.8
7.7
6"3
6.3
6.3
9.8
3.0
3.0
3.0
5"2
5"L
5"1_
3.0
4"7
4"3
3"1
3.6
3"6
3"1

L7 "8
3.3
3"4

Í{o [^]D
***rr ****

0
0
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20 40
40 2L
44 58
58 24
24 4L
4t 42
42 2s
42 26
2J. 59
59 22
22 43
43 23

LENGTH
*******
t797 "O

32 "O
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3346. O
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669.0
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**?k *****
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*******
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4
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1-5"0
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233 "9
1_955.0
5070.0
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644 "Ol-995.0
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42.O
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42.O
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623 "6663"0
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963"0
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531_ " 1_
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22
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L
6
2
l_

L
4
L
1_

3
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2
2
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20
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L8
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3
3
3
2
1
1
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9
9
L
I
7
L
6
6
L
5
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85"9 48"3 53L"7
82"6 48"3 523"6
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1,2 "O 26 "7 489.7
6"0 26"7 482"4
6 " 0 26 "7 480.8
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6"0 26"7 477"9
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6.0 26.7 427 "26"0 26"7 427"2
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75.8 48.3 426 "1"72.4 48.3 4r7 "9
6L "7 48.3 393 .9
58.1 48.3 383 " 56.0 26 "7 375 " 854.4 48"3 375"8
18.0 33 "4 365 " I
1-B.O 33"4 364"L
l-8 .0 33 .4 363 " Il_2.0 26.7 356"9
6.0 26 "7 350.6
6 " 0 26 "7 350.6
6"0 26"7 348"7
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4L"7 48"3 357"9
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39.8 48"3 350"1-
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L4"9
7"5
2"3
2"3
8.4
2"3
2"3

L4.9
2"4
8.1
8.3' 2"5
2"5

12 "5
L2.5
1,2 "7
1,2 "O9.3
8"4
2rB
7"7
6"3
6.3
6"3
9.8
3"0
3.0
3"0
5"2
5"1
5.1-
3"0
4"7
4"3
3"1_
3.6
3"6
3.L

L7 "8
3"4

o0
00o0
o0
00
ooo0
o0oo
o0
00
00
00
00
o0
00
o0
00
00
00
00
00
00
00oo
00
00
00oo
o0
00
o0
00
00
00
00o0
00
00o0oo
o0
00
o0
oo



FROM TO**** ****
48 19
t9 38
38 20
42 52
52 23
23 39
39 40
40 24
40 25
20 53
53 2L
2t 41,
4t 22

LENGTH
*******

1797.O
32 "O

807"8
3346.0

l-6s " B
878 "2
51-2 " 0
669 "O839"7

34L6 " I
1,L76 "O

32 "O629"4

NUM LOAD
*:t* *****

4 24"O
3 1_8.0
3 l_8.0
3 1_8.0
3 1.8"0
2 r2.O
2 1,2"O
t_ 6"0
L 6"0
2 tz"O
2 tz"O
L 6.0
1_ 6"0

PÏPE SIZE*********
26 "7 mm
33.4 mm
48"3 mm
60"3 mm
88.9 mm

TOTAL

L20

SIZE PÏ
**** *****
33"4 300"8
33"4 278"O
33"4 277 "7
33 "4 393 "9
26 "7 373 "726"7 370"8
26 "7 362.4
26.7 357 "5
26 "7 357 "526"7 271"4
26 "7 227 .9
26 "7 zLl "5
26 "7 2t1, " 4

TOTAL LENGTH
***** *******

23663 "
L3423.
2L640.

2853 "
0"

6l-578.

TOTAL NUMBER OF ROAD CROSSÏNGS
TOTAL NUMBER OF RAIL CROSSINGS
TOTAL NUMBER OF CABLE CROSSÏNGS
TOTAL NT'MBER OF CREEK CROSSINGS

PO*****
278 "O
277 "727t"4
373 "7
370.8
362"4
357.5
355'.5
355"0
227 "92tt "5
2]-t "4208"6

PD*****
1-2.7
7"8
7"8
6.0

L7.9
9,5
9"6
2"9
2.9

t2 "7L3.9
4"3
4"3

TOTAL COST OF SYSTEM L6221-5 "

COST
*******

38333.
26442 "
62322.
Lt6L2 "o.

l-38710 "

wo wD
&&ÁÁ *-L&&

00
00
00
00oo
00
00
00
00
00
00
00
00

35
0

42
0

cosT 19725"
cosT o.
cosÎ 3780.
cosT o.



Hydraulic Profile for Figure 29

FROM TO LENGTH NUM LOAD SÍ.ZE PI PO PD WO liID
**?k* **** ******* *** ***** **** ***** ***** ***** **** ***'*

l_

30
2

31_

38
30
32
32
33

4
34

6
35

7
36
37
37
38
L0
1_0

39
40
1,4
41,
42
42
1,6
43
45
1_3

44
45
L7
46
47
60
60'
47
L9
48
4B
49
20
50
50

30
2

3L
38

3
32
34
33

4
5
6

35
7

36
37
I
9

10
40
39
11
1,4
4L
42
l_5
t-6
43
45
l_3
44
l2
l7
46
47
60
2t
59
L9
48
l-8
49
20
50
5l_
22

2816.9
765"0

tL26 "5
l"l_41,1_
805"0

26L7 "L
485 "7

i.L50 " 5L"9
704 "9

1_495.0
8l_1,1-

L637 "9]-347.9
1-730.9
336"0

L940 "7
5119 " O

3L5.4
734.O
605. I

2264 "O
710.0
554"0
333.0
626 "9

L010.4
4L3.O

r2t2 "9
909.0

6"0
l_641" 3
801.0
747 "O
880 "2
20"0

80L.0
l_231.0
l_34s.l_

295"4
t250 "7
613"0

:l-844.5
350"0
794 "O

28
22
2L
2L

l_

6
4
2
2
L
4
3
3
2
2
l-
1_

20
l_8

1
1

18
L7
L7

L
t6
1_5

l-5
2
1
t_

1-3
1,2
1,2

4
1
3
I
7
1
6
6
5
4
1

L21

L06 " 0 60.3 550.0 531- " 98s"9 48"3 531-"9 52t"9
82"6 48"3 52L"9 508"0
82 "6 48 " 3 508.0 493.6
6"0 26"7 493.6 49r"8

33"9 33"4 531-"9 493"1-
24 "O 33 .4 493 "L 489 "1,
1-2 " 0 26 "7 493 " l- 484.5
L2 "O 26 "7 484.5 484 "5
6"0 26"7 484"5 482"9

24.O 33"4 489"1- 476"5
t-8 " 0 26 "7 476 "5 464 "5
L8"0 26"7 464"5 439"4
3-2 "O 26 "7 439 "4 428 "2
1-2 "O 26.7 428 "2 4J.3 "5
6"0 26"7 4r3.5 4I2"6
6"0 26"7 413"5 408"4

79 .2 48. 3 493 .6 428 "9
72 " 4 48. 3 428.9 425 "26.0 26.7 428.9 427 .O
6.0 26.7 427 "O 425 "5

72 "4 48 " 3 425.2 398.3
68 "9 48.3 398.3 390.4
68"9 48.3 390.4 384"2
6.0 26 "7 384.2 383 " 365.3 48.3 384 "2 377 "6

61, "7 48 " 3 377 "6 367 "9
61- "7 48 . 3 367 "9 363 .8
1,2 "O 26.7 363 " I 352.1

6 " 0 26.7 352.L 349 " 46"0 26"7 349"4 349.4
54.4 48.3 363 " 8 350 " I50"6 48.3 350"8 345"7
50"6 48.3 345.L 339"6
24.O 33 "4 339.6 329.6
6"0 26"7 329"6 329"6

i-8"0 33"4 329"6 324"L
39"8 48"3 339"6 333.7
37 "2 48.3 333 "7 327 "8
6.0 26 "7 327 "8 326 "9

33 "9 48 " 3 327 "8 323.2
33 " 9 48 "3 323 "2 320 "930"0 48"3 320"9 3L5"3
24"O 33"4 3l-5.3 311.1
6.0 26 "7 31-5.3 31-2 "7

6.4
r-3"L
L2.3
L2.6
2,3

l_4"8
8"3
7"5
7"6
2.3
8.4

L4"8
l_5"3

8"3
8.5
2"6
2.6

t2.6
1_l_.5
2.5
2"5

1l-.9
t_L"1
1l_. 3
2"8

l_0"4
9"7
9"8
9.7
3"0
3"0
7"9
7"2
7"3

LL.4
3"L
6"9
4"8
4"4
3.l_
3.7
3"7
3.0

t2.o
3"2

00
00
00
00
00
00
00
00oo
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00



FROM TO
Áùú& Ã4&¿

5L 52
52 23
23 53
53 24
53 57
59 54
54 27
27 55
55 56
56 28
56 29
57 25
25 58
58 26

LENGTH
*******

]-729 " 4
r_l-.0

808"8
l_i. " 0

985"3
2L22.O
¡-462 "O939"0

42t "67!2 "O
803.0

3473 "O
1_"0

63L"0

NUM LOAD*** *****
4 24"O
4 24"O
3 18.0
l- 6.0
2 L2"O
3 l_8"0
3 L8"0
2 t2.O
2 t2"O
L 6"0
1_ 6.0
2 1_2 "O1 6"0
L 6"0

PIPE SIZE*********
26.7 mm
33"4 mm
48.3 mm
60" 3 mm
88.9 mm

TOTAL

L22

SÏZE PI**** *****
33.4 3r"l-.l_
33.4 289 "833"4 289"6
26"7 283"5
26"7 283"5
33.4 324 "L
33 "4 309.2
26 "7 298 "626.7 288 "O
26 "7 283 "2
26 "7 283 "2
26 "7 27L "9
26 "7 227 "7
26 "7 227 "7

TOTAL LENGTH************
23354 "t2762 "
23sL9.

2817 "
0.

62452.

PO*****
289"8
289"6
283.5
283"5
274 "9
309 "2298.6
288.0
283.2
280 "7
280"3
227 "7227.7
225 "I

TOTAL NTIMBER OF ROAD CROSSINGS
TOÎAL NUMBER OF RATL CROSSINGS
TOTAL NUMBER OF CABLE CROSSINGS
TOTAL NUMBER OF CREEK CROSSINGS

Ifrl
*****

L2.3
12 "77"6
3"5

l_L"I
7"O
7.2

LL"3
L1_.5
3"5
3"5

1,2 "74"i.
4"t

TOTAL COST OF SYSTEM L66332"

1¡1ll tr7ñttv v1u
**** ****

COST
*******

37833 "
25L4L "
67734 "
LL465 "

0"

L42173.

00
00
00
00
00o0
00
00
00
00
00
00
00
00

36
0

43
0

cosT 20289"cosÏ o.
cosT 3870.
cosT o"



Hydraulic Profile for Figure 3O

FROM TO LENGTH
**** **** *******

I 23 2876 "923 2 765 "O2 5L i.141.0
5l_ 26 tL27.5
26 3 805"0
26 58 2547 "558 38 257t"5
38 55 315"4
55 53 290 "453 I 734 "O55 59 1,L96.9
59 54 tO67 "L54 57 553.9
57 27 71_0.0
27 l_l_ 333"0
27 L2 626 "91-2 46 1010.4
46 10 t625.9
10 28 909.0
28 9 6.0
28 60 t5L7.t
46 47 1641- "247 29 388.1
47 45 41,2 .9
29 30 747 "O30 L5 900 "230 L4 1-23L " 014 31 1345"L
31- l_3 295.4
31_ 32 1250.7
32 50 263 "O50 48 350"0
60 56 175L"4
56 20 L462.O
20 34 939"0
34 35 42L"6
35 21 7t2"O
35 22 803"0
50 49 L844.5
49 t6 L1_44 "O49 33 L729 "433 77 1L"0
33 1_8 809 " L23 44 26t5 "1_44 43 l-150 " 6

}.iUM LOAD SIZE PI
*** ***** **** *****
28 L06 " 0 60.3 550.0
22 85.9 48"3 53L"9
21, 82.6 48"3 521,"9
2t 82 "6 48.3 507 " 81- 6"0 26"7 493"6
20 79 "2 4A "3 493.6
20 79 "2 48 " 3 462.3
L9 75 " I 48.3 428.8
1_ 6"0 26"7 424"9
l" 6"0 26"7 424"1

1_8 72"4 48"3 424.9
l_8 72"4 48.3 4l_0.8
L7 68.9 48"3 398"0
t7 68.9 48 " 3 39L.8
1_ 6"0 26"7 383"8

t_6 65.3 48.3 383.8
L5 6t_.7 48.3 377 .3
5 30,0 33 " 4 367 "54 24.O 33.4 34L.O
1 6.0 26.7 330.7
3 1"8.0 33 .4 330 "710 42 "9 48.3 367 "59 41,.7 48 "3 359 .L
1 6.0 26.7 359 " 1-

9 41-.7 48 . 3 357 .),
l- 6.0 26 "7 353 .3
8 39"8 48.3 353.3
7 37 "2 48 "3 347 "5L 6"0 26.7 341-"9
6 33 "9 4A.3 34L "96 33.9 48.3 337"4
1 6"0 26,7 336.5
3 1_8.0 33.4 320 "23 18.0 33 " 4 307 .9
2 1-2 "O 26.7 297 "22 L2 "O 26 "7 286.6
1 6.0 26"7 281,"7
l_ 6"0 26"7 28t.7
5 30.0 33.4 336"5
l_ 6.0 26 "7 303 " 94 24 "O 33 " 4 303.9
1 6"0 26"7 282"L
3 18"0 33.4 282"1,
6 33 "9 33 " 4 531_.9
2 1-2 "O 26 "7 493 "2

!23

PO*****
531_.9
52t "9507"8
493 "649L.7
462 "3
428 "8
424 "9
424 "t
422 "3
41_0.8
398,0
391_ " I
383.8
382 "9377.3
367 "5
34L. O

330.7
330.7
320"2
359.1
357.7
357.9
353.3
350"6
347 "5
34L "9341.0
337.4
336"5
335"4
307 "9
297 "2
286 "6
28L.7
279 "2
278.9
303"9
300"1
282.1
282.1
275 "9
493"2
484"5

PD*****
6"4

13"1
t2 "3
L2 "62"3
1,2 "3
l_3"0
L2.5
2"5
2"6

LL.7
1,2.O
l_l-. L
l_1.3
2.8

10"4
9"7

16.3
11_.3

3 .1_

6"9
5.L
5.1
2"9
5.1
3"0
4"7
4"2
3"0
3"6
3.6
3"1
7.1,
7"3

t_L"3
t-l_ " 63"5

3"5
L7 "7
3"3

L2"6
3.5
7"7

1-4.8
7"5

PIO WD
**** ****

0
0
o
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
o
0
0
0
0
o
0
0
o
0
0
0
0
o
0
0
0
0
0
0
0
0
0
o
o

0
o
o
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0



FROM TO
**** ****

43 42
424
44 36
36 24
36 37
245
552

52 25
256
257
18 39
39 4t
41- 40
41- 19

LENGTH
*******

t_"9
704 "9

]-496 "9325.5
485 "7

3,637 .9
L731 " O
1-347 "B
336"0

1,940 "7
3473 "O
995"4

l-. o
631.0

NUM LOAD*** *****
2 1,2 "Ol_ 6"0
4 24"O
3 t_8"0
t- 6.0
3 l_8"0
2 r2"O
2 1-2.O
1 6"0
l- 6.0
2 1,2 "O2 Lz"O
l_ 6.0
l- 6"0

PIPE SIZE
*********
26.7 mm
33"4 mm
48"3 nm
60"3 mm
88.9 mm

TOTAL

1,24

STZE PÏ
**** *****
26.7 484 "5
26 "7 484 "533"4 493"2
26 "7 480.6
26.7 480.6
26 "7 475.9
26 "7 451- "3
26 "7 437 "226.7 426 "O
26 "7 426.O
26 "7 275 "9
26 "7 232 "2
26 "7 2L8 "626.7 2L8 "6

TOTAL LENGTH
************

22920 "
t57 60 .
20499 "

281,7 .
0.

61-996 "

PO
*****
484"5
482 "9480.6
475 "9
479.5
45L"3
437.2
426 "O
425.2
42L "L
232.2
21"8 " 62t8"6
2t5.9

TOTAL NUMBER OF ROAD CROSSÏNGS
TOTAL NI]MBER OF RAIL CROSSTNGS
TOTAL NUMBER OF CABLE CROSSTNGS
TOTAL NUMBER OF CREEK CROSSINGS

PD
*****

7"6
2.3
8.4

L4 "6
2"3

15. o
8"1
8"3
2"5
2.6

L2.6
L3 "74"2
4"2

TOTAL COST OF SYSTEM 1621,85 "

wo wD
**** ****

COST
*******

371_30.
31048.
59038.
1-1465.

0.

138680 "

00
00
00o0
00o0
00o0
00
00
00
00o0
00

35
0

42
0

cosT t9725"
cosT 0"
cosT 3780 "cosT o"



Hydraulic Profile for Figure 3l-

FROM TO LET{GTH NUM LOAD SIZE PT PO PD WO WD

**** **** ******* *** ***** **** ***** ***** ***** **** ****
1

23
23

2
5L
26
61,
44
43
42
44
36
36
24

4
5

52
25
25
58
57
57
27
27
1,2
46
l_0
28

9
46
47
47
29
30
62
62
30
t4
3L
31-
32
50
50
49
49

23
2

61
51-
26

3
44
43
42

4
36
24
37

5
58
52
25

6
7

57
54
27
L1
L2
46
10
¿ö

9
59
47
29
45
30
62
1_5

60
L4
3L
l_3
32
50
48
49
L6
33

281,6.9
765"0
9L2.J.

1_1_4L " O
LL27 "5
805"0

1703 " 0
11"50.6

1"9
704 "9

1_496 "9
325 "5
485 "7t637.9

1-703.0
1731_.0
1347.8
336.0

1-940.7
4706.4
553.9
710.0
333.0
626.9

l_01-0.4
1625 "9909.0

6.0
283.0

t64r "2
388.1_
4L2 "9
747.O
880. 2
20.0

801- " O
L23L " 0
1,345 "L

295 .4
L250 "7

263 "O
350.0

]-844 "5
tt-44 . o
L729 " 4

28 l-06.0 60 . 3 550 " 02 1"2 "O 26.7 531- " 926 99 "3 48. 3 531-,9
L 6"0 26"7 526"5
1 6.0 26 "7 524 "l1_ 6"0 26"7 521"7

26 99"3 48"3 5L6"5
22 85"9 48"3 486"7
22 85.9 48 " 3 470 "4
2L 82"6 48"3 470"3
4 24"O 33"4 486"7
3 18.0 26 "7 474 "Ot_ 6"0 26"7 474"0
3 r_8. O 26.7 469 .2

20 79 .2 48 " 3 460.9
2 12.O 26.7 444.4
2 12 "O 26 "7 430.1-
1 6"0 26"7 4L8.7
1_ 6.0 26.7 418.7

20 79 .2 48.3 438.9
l- 6.0 26 "7 372.8

1-9 7s.8 48.3 372.8
1 6.0 26 "7 362.7

18 72.4 48.3 362.7
1-7 68 .9 48 .3 354.4
4 24 "O 33 .4 342.O
3 1-8"0 33"4 323"4
3 l-8"0 33"4 31-7"1
2 1,2 "O 26.7 3L7 "L

l_3 54.4 48"3 342.O
L2 50.6 48.3 328 "3
L 6.0 26 "7 328.3

t2 50.6 48.3 325.4
4 24"O 33"4 3L9"7
l- 6"0 26"7 309"2
3 1-8"0 33.4 309"2
8 39"8 48"3 319"7
7 37 "2 48"3 3L3"4
1- 6"0 26"7 307"3
6 33.9 48"3 307"3
6 33"9 48.3 302"4
L 6"0 26.7 301-.4
5 30.0 48"3 301""4
l- 6"0 26"7 295"5
4 24 "O 33 .4 295 "5

L25

53L "9
526 "5
5l_6 " 5
524 "L52L.7
520"0
486.7
470"4
470 "3
460.9
474.O
469.2
472.9
444"4
438.9
430"1
4L8.7
417 .9
4t3.7
372 "8
37L.2
362.7
361 .8
354 .4
342.O
323 .4
31,7 "t
3L7.L
314"0
328.3
325"4
327 "O3t9 "7
309 "2
309 " l_
303"4
3L3"4
307.3
306.3
302"4
301-.4
300 "2
295 "5
291, " 6
273 "2

6.4
7"O

16 "9
2"L
2"t
2"1

17 "5
L4 "2]-4"4
l_3"4
8.5

1-4 "8
2"3

t5 "2
L2.9
8.2
8.4
2"6
2.6

14.0
2.8

L4.1,
2"9

L3.3
L2.3
L1,.4

7"O
7"O

IO "7
8"3
7.6
3 .1-
7.6

LL "93.3
7"2
s.l_
4"6
3.3
3"9
3.9
3"3
3.2
3"4

12 "9

00
00
00
00
00
00
00
00
00
00
00
00
00
00
o0
00
00
00
o0
00
00
00
00
00
00
00
00
00
00
00
00
00
00
o0
00
00
00
00
00
00
00
00
00
00
00



FROM TO
&s&& s¿*¿

33 1-7
33 L8
59 53
53 55
55 38
538
60 56
56 20
20 34
34 35
35 21-
35 22
l-8 39
39 4L
41, 40
41, 79

LENGTH
&&&&+e&

11" 0
809.l_

2050 " I290.4
3L5"4
734 "O

2].22 "O
1,462 " O
939"0
421, .6
7t2 "O
803"0

3473 "O995.4
1"0

631_ " O

NUM

1_

3
2
1-

L
1
3
3
2
2
1-

t-
2
2
1
t

LOAD
+t& tt

6.0
l-8"0
3-2 "O6.0
6"0
6"0

l-8"0
1-8"0
1-2 "O
1-2 "O
6"0
6"0

t2 "ot2.o
6,0
6.0

L26

PÏPE SIZE
*********
26.7 mm
33.4 mm
48.3 mm
60.3 mm
88.9 mm

TOTAL

TOTAL NUMBER
TOTAL NUMBER
TOTAL NI.JMBER
TOTAL NUMBER

STZE PI
&*Àú &úù&&

26 "7 273 "233.4 273.2
26 "7 314.0
26 "7 29t.4
26"7 290"4
26"7 29L"4
33 " 4 303.4
33"4 287"7
26 "7 276 "5
26 "7 265 "2
26 "7 260 "1,26.7 260 "t
26 "7 266 "8
26 "7 22r "926.7 207 .8
26 "7 207 "8

PO

273 "2
266 "8
291- " 4290.4
289"4
288.9
287 "7276.5
265 "2260.L
257 "4
257 " 1-

22t.9
207 "8207.8
205.1

TOTAL LENGTH
****** ******

2641_3.
rLg42.
2L940.

281,7 .
0"

630L1 "

PD*****
3"6
7"9

L1. o
3.4
3"4
3"4
7"4
7"7

t2"o
12.3

3"7
3"7

1,2 "9
1-4 "24"4
4"4

TOTAL COST OF SYSTEM 164926"

wo vüD
**** ****

OF ROAD CROSSTNGS 36
OF R.A,ÏL CROSSINGS O

OF CABLE CROSSINGS 43
OF CREEK CROSSINGS O

COST
*******

42789.
23328 "
631-86.
1,1,465.

o.

L407 68 "

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

cosT 20289 "cosT 0.
cosT 3870.cosT o"



Hydraulic Profile for Figure 32

FROM TO LENGTH
tr*** **** *******

l_ 22 28a6.9
22 2 765.0
2 52 1,946 "O52 3 Lr26.5

22 41, 26l.5 "t41, 40 1_1_50 " 640 39 1.9
39 4 704 "941, 33 1-496 "933 ' 23 325.5
33 34 485 "723 5 l.637 "95 48 L73l_.0
48 24 L347 "824 6 336.0
24 7 1,940.7
4 53 4706.4

53 57 1370.0
57 56 710"0
56 55 333.0
55 1-1 626.9
57 50 887. O

l-1_ 43 1_0L0.4
43 t_0 L625.9
t_0 25 909.0
25 9 6"0
9 58 Lt47 "658 54 903 "254 49 282 "949 3s 605.8

49 8 734 "O43 44 t64r"2
44 26 388. L
44 42 41,2.9
26 27 747"O
27 51 880"2
5l- L4 20 "O5t- 59 799.0
27 13 L23t "O13 28 L345.1_
28 12 295"4
28 29 L250 "729 47 263 "O47 45 350"0
47 46 L844 "5

NUM LOAD STZE PÏ
*** ***** **** *****
28 1_06"0 60.3 550"0
2 t2 "O 26 "7 531_.9
1_ 6"O 26"7 526.5
1_ 6"0 26.7 522"4

26 99 "3 48 "3 531.9
22 8s " 9 48.3 486 "722 85 " 9 48.3 470 "42L 82.6 48 " 3 470 "34 24 "O 33 " 4 486.7
3 l_8. O 26 "7 474.O
l_ 6. o 26 "7 474 "O3 1_8"0 26"7 469"2
2 t2 "O 26 "7 444 .4
2 1,2 "O 26 "7 430.1-
l" 6.0 26.7 41-8 "71_ 6.0 26.7 4t8.7

20 79 .2 48.3 460 "920 79 "2 48.3 397 "719 75.8 48 "3 377 .8
1-8 72.4 48.3 367.8
18 72"4 48.3 363.5
1- 6"0 26.7 377"8

1,7 68.9 48.3 355.2
4 24.O 33.4 342.8
3 L8 " 0 33.4 324.3
3 1-8"0 33"4 3L7"9
2 L2.O 26"7 31,7"9
2 1,2"O 26"7 305"5
2 1_2.O 26.7 295.5
1 6"0 26.7 292"3
1 6.0 26.7 292.3

13 54 "4 48.3 342 "8L2 50 " 6 48.3 329 "1-L 6.0 26 "7 329 "t12 50"6 48"3 326"2
4 24 "O 33 " 4 320.5
1 6"0 26"7 310.0
3 l_8"0 33"4 31"0"0
I 39"8 48.3 320"5
7 37.2 48"3 31,4"3
1_ 6"0 26"7 308.1
6 33 "9 48 " 3 308.1"
6 33"9 48"3 303.3
1_ 6"0 26"7 302"3
5 30 " 0 48.3 302 "3

L27

PO
*****
531.9
526 "5522"4
520"0
486.7
470"4
470 "3
460 "9
474.O
469 "2
472.9
444"4
430 " 1-

AtB "7
4L7.9
4L3 "7
397 "7
377 "8
367 "8363.5
355 "2375.3
342.8
324.3
317 "9
3r7 "9
305"5
295 "5292.3
290 "2
289 "8
329 "L
326 "2
327 "8
320 "5
3i_0.0
3l_0.0
304.3
374 "3
308.1_
307.L
303.3
302.3
301"1
296"4

PD

6"4
7"0
2 "J-
2"L

t7 "3
]-4.2
]-4"4
L3 .4
8.5

1_4.8
2"3

1,5"2
8"2
8"4
2"6
2"6

1_3"4
1,4 .6
L4.0
i_3. l"
L3,2
2"8

12.3
IL.4
6.9
7"O

l-0"8
Ll_"1
1_1"3

3"4
3.4
8.3
7"5
3.1_
7"6

1"1_ " 93.3
7"2
5.l_
4"6
3"3
3.9
3.9
3"3
3.2

lvo wD
&*úú úù&&

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
o

o
o
o
0
0
0
0
o
o
0
0
0
o
0
o
0
o
0
o
o
0
0
o
0
o
0
0
0
0
o
0
o
o
o
0
o
0
0
0
0
0
o
0
o
o



FROM TO
**** ****

46 l_5
46 '30
30 L6
30 L7
59 60
60 1,9
i-9 3i-
31_ 32
32 20
32 2L
L7 36
36 38
38 37
38 18

LENGTH
*******

1-L44 "O
L729 " 4

l-1"0
809.1

2131_ .0
L455.0
939.0
42J- .6
7t2 "O
803"0

3473 "O
995.4

l-. o
631.0

NTJM
***

LOAD*****
6.0

24 "O6.0
LB.0
r-8"0
LB.0
1-2 "Ot2 "o6"0
6.0

1,2 "Ot2 "o6"0
6"0

1
4
L
3
3
3
2
2
1-

i_

2
2
1_

1

PIPE STZE
* ********
26 "7 mm
33.4 mm
48 "3 mm
60,3 mm
88.9 mm

TOTAf,

TOTAL NUMBER
TOTAL NUMBER
TOTAL NUMBER
TOTAL NUMBER

t2B

SIZE PI
**** *****
26"7 296"4
33 "4 296.4
26.7 274 "2
33 " 4 274.2
33 "4 304.3
33 "4 288.5
26.7 277 "4
26 "7 266 "2
26 "7 26r "O
26 "7 26L "O
26 "7 267 "826.7 223 "O26"7 209"0
26 "7 209.0

TOT^A,L LENGTH
************

264]-2.
LJ-842 "
2L940 "

281-7 "o.

6301_0 "

PO*****
292 "5
27 4.2
274"L
267 "8
288"5
277 "4
266 "226t "O
258.4
258.0
223 "O
209"0
209"0
206 "2

PD

3"4
L2.8

3"6
7"9
7"4
7"7

12 "o
L2 "2

3"7
3"7

12 "9
1-4 "1-4.3
4"4

TOTAL COST OF SYSTEM 164924"

WO WD**** ****

OF ROAD CROSSINGS
OF RÄIL CROSSINGS
OF CABLE CROSSÏNGS
OF CREEK CROSSTNGS

COST
****** *

42787 "
23328 "
631-86 "
L1-465 "

0.

1"40766 "

00
00
00
00
00o0
00o0
00
00
00
00
00
00

36
0

43
0

cosT 20289 "cosT 0.
cosT 3870 "cosT 0"



Hydraulic Profile for Figure 33

FROM TO LENGTH
**** **** *******

L 22 2Bt6 "922 2 765 "O2 52 L946 "O52 3 tL26 "522 4L 261-5 "t41, 40 t_l_50 " 640 39 1_.9
39 4 704.9
4t 33 1-496 "933 23 325.5
33 34 485"7
23 5 3-637 "95 48 1_731_.0
48 24 ]-347.8
24 6 336.0
24 7 L940.7
4 53 4706 "453 57 1370"0

57 6l- 289 " 461, 60 333.0
60 55 4L9.6
55 56 333.0
60 58 554.L
58 50 290.4
55 l"l- 626 "9l-1 43 L010 " 443 1_0 !625 "9l_0 25 909 " O25 9 6"0
25 59 1462"0
43 44 L641_ "244 26 388.1-
44 42 4I2 "926 27 747 "O27 5l- 880 " 25l_ t4 20.o
27 13 t-231"0
1-3 28 1345"1"
28 1,2 295 " 428 29 L250 "729 47 263 "O47 45 350.0
47 46 1,844 "546 t_5 tt44 "O46 30 L729 "4

NU}4
***

28
2
L
l_

26
22
22
2L

4
3
l_

3
2
2
1_

L
20
20
20
20
1,7

t_

3
1

1-6
l_5

5
4
1-

3
10

9
1_

9
T
i.
I
7
1_

6
6
1
5
i-
4

LOAD
*****
L06.0

12 "o6"0
6"0

99.3
85.9
85"9
82.6
24 "Ol-8.0

6"O
18"0
t2.o
12 "O6.0
6.0

79 "2
79 "2
79 "2
79.2
68.9
6.0

18.0
6.0

65. 3
6L "7
30 " 0
24.O
6.0

1-8"0
42.9
41, "76"0
4L "76"0
6.0

39"8
37 .2
6"0

33 " 9
33"9
6.0

30.0
6"0

24.O

1_29

SÏZE
****
60.3
26 "7
26 "726.7
48"3
48"3
48 "3
48"3
33"4
26 "7
26 "7
26 "7
26 "7
26 "7
26.7
26.7
48"3
48.3
48"3
48 "3
48"3
26 "7
33 .4
26.7
48.3
48. 3
33.4
33"4
26 "7
33"4
48. 3
48 "326.7
48.3
26 "726.7
48 "3
48"3
26 "7
48"3
48"3
26 "748.3
26.7
33.4

PÏ*****
550"0
531".9
526.5
522"4
531- " 9
486 "7
470"4
470 "3
486 "7
474"O
474.O
469.2
444"4
430 " t_
4t8 "74L8.7
460.9
397 .7
377 "8
373 .4
368.4
363 " 5
368.4
365"0
363.5
356 .6
346 .4
31_8.5
307 "6
307 "6346.4
337 "6
337 "6
335"5
331_ " 5
328 "8
331_ " 5
325"4
3L9"4
3l.9"4
3l_4 " 8
3l_3 " B
3t_3 " I
308.0
308.0

PO
*****
531.9
526 "5522"4
520.0
486.7
470"4
470 "3
460.9
474"O
469.2
472 "9
444"4
430"1
4L8.7
4t7.9
4L3 "7
397 .7
377 "8
373"4
368.4
363 .5
362.5
365.0
364.r
356"6
346"4
31_8 " 5
307.6
307.6
297 "O
337 "6
335"5
336.3
331-.5
328"8
328 "7
325 .4
3].9"4
318.5
3L4 "B3L3"I
3r2 "6308"0
304.3
286"5

ññEIJ*****
6"4
7.O
2"L
2.3-

L7 "314.2
1,4 .4
t3"4
8.5

l_4"8
2"3

]-5.2
8"2
8"4
2"6
2.6

L3 .4
14 .6
1,4 "9L5.1
1-1"8

to
6.3
2.9

l_0"9
t0"L
1,7.2
t2.o
3.3
7"3
5"4
5"3
3.l_
5"4
3 .1_

3"L
4.9
4.4
3"2
3"7
3"8
3"2
3,1
3.3

L2"4

WO WD**** ****
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o

0
0
o
0
0
o
o
0
0
0
o
0
0
0
o
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0



FROM TO
r+*** ****

30 L6
30 t7
58 54
54 49
49 35
498
59 L9
79 31_

31- 32
32 20
32 2I
17 36
36 38
38 37
38 18

LENGTH
*******

l_l_ " 0
BO9.l-

L980 " 9
282 "9
605"8
734 "O

3267 "5
939"0
42]-"6
7l-2 " O
803. O

3473 "O995"4
l_"0

631_.0

NUM LOAD
+*tÞ d..¡..9+.L

1_ 6"0
3 l_8"0
2 L2"O
2 tz"O
l- 6.0
1 6"0
3 L8"O
2 1-2"O
2 t2"O
l_ 6"0
1- 6"0
2 1,2"O
2 I2"O
1 6.0
1_ 6"0

i-30

PÏPE SIZE*********
26 "7 mm
33.4 nm
48.3 mm
60.3 mm
88.9 mm

TOTAL

STZE PI
.¡.**ù .&¡¡..ù&.&

26.7 286 "5
33 "4 286 "5
26 "7 365.0
26 "7 345 "7
26 "7 342.8
26 "7 342 "833.4 297 "O
26 "7 272.1-
26 "7 260 "726"7 255"5
26 "7 255.5
26 "7 280 "3
26 "7 237 "3
26 "7 223 "9
26 "7 223 "9

TOTAL LENGTH
&&&&ùÅ¿¿¿¡¿&

26965 "
1_1_854 "
21939 "

281-7 "
0"

6357 4 "

PO*****
286.5
280.3
345 "7
342 "8
34L.0
340 "6
272 "1_260,7
255.5
252 "8252"4
237 "3
223 "9
223 "822r "2

TOTAL NUMBER OF ROAD CROSSTNGS
TOTAL NUMBER OF RATL CROSSINGS
TOTAL NUMBER OF CABLE CROSSINGS
TOTAL NUMBER OF CREEK CROSSINGS

PD

3"5
7.6
9.7

10. o
3"0
3"0
7"6

1-2.t
t2"4
3.8
3.8

12"4
1_3"5
4.L
4"2

TOTAL COST OF SYSTEM ]-6584]- "

wo wD
**.L.t úúúú

COST
úe+úù¿¡

43683.
23352.
63183.
1,L465.

o"

141-683.

0
0
0
0
0
0
0
0
0
0
0
0
0
0
o

0
0
0
0
0
0
0
0
0
o
0
0
o
0
0

36
0

43
0

cosT 20289 "cosT o.
cosT 3870 "cosT 0"



Hydraulic Profile for Figure 34

FROM TO LENGTH
**** **** *******

1 22 28L6 "922 2 765.0
2 49 L946 "O49 3 LL26.5

22 4L 26L5"L
41, 40 l_l_50 " 640 39 1.9
39 4 704 "941, 33 L496 "933 23 325.5
33 34 485.7
23 5 t637 "95 48 1,73L"0
48 24 L347 .8'
24 6 336"0
24 7 L940.7
4 50 4706 "450 54 1370.0

54 52 710.0
52 5i- 333.0
5l- i.1 626.9
54 53 887"0
Lt- 43 1_01_0.4
53 58 1239.I
58 56 LO24.9
56 57 290.4
56 35 31 5.4
57 8 734 "O43 10 L625 "910 25 909"0
25 9 6"0
43 44 L64t"2
44 26 388.1
44 42 4L2.9
26 27 747.O
27 L4 900"2
27 r_3 L23I "O1_3 28 1345.1_
28 1,2 295 " 428 29 1_250 "729 47 263 "O47 45 350"0
25 59 1658 " 359 55 1-6L0 " 255 1_9 L462 "O

ltlñflt ulvl
***

28
2
1
1

26
22
22
2I

4
3
1-

3
2
2
1-

1
20
20
77
T6
L6

3
15

2
2
1-

1_

1
5
4
l-

10
9
1
9
l-
I
7
t_

6
6
l_

3
3
3

LOAD
*****
l-06 " 0t2.o

6"0
6"0

99 "3
85"9
85"9
82 .6
24 "O
l-8"0
6"0

l-8.0
L2 "O
L2 "O
6"0
6.0

79 "2
79 "268.9
65"3
65.3
l-8.0
61.7
L2.O
1-2.O
6"0
6"0
6"0

30.0
24.O
6.0

42 "9
41,.7
6"0

4L "7
6"0

39.8
37 "26"0
33 " 9
33 " 96"0
1_8"0
l-8"0
l_8"0

l_31_

SÏZE
****
60"3
26.7
26 "7
26.7
48"3
48 "348.3
48.3
33"4
26 "7
26 "7
26 "7
26 "7
26 "7
26 "726.7
48. 3
48.3
48.3
48.3
48.3
33"4
48 "326.7
26.7
26.7
26 "7
26 "7
33 .4
33 " 4
26 "7
48.3
48.3
26 "748.3
26 "748"3
48. 3
26 "7
48. 3
48.3
26 "7
33 " 4
33 .4
33"4

PÏ
*****
550.0
53L"9
526 "5
522"4
531_.9
486.7
470"4
470 "3486.7
474"O
474"O
469 "2
444"4
430 " 1_

4L8 "74L8.7
460 "9
397 .7
377.8
369 "5
366.0
377.8
359 "2372.3
360"5
350.6
350. 6
349.7
349 "O
32r "3310"5
349 "O
340 "2
340.2
338 "2
334 "2
334 "2
328. i-
322 "2
322.2
31,7.5
316"6
3l-0.5
298 "5
286 "5

PO
*****
53L"9
526"5
522"4
520.0
486 "7
470"4
470 "3
460 "9
474 "O
469 "2
472 "9444"4
430.1
4t8 "7
41,7 .9
4I3 "7
397 "7
377 "B
369"5
366"0
359 .2
372.3
349.O
360.5
350.6
349.7
349 "6
347 "5
32), " 3
3l_0.5
3l_0.5
340.2
338 "2339"0
334 "2
331- " 4
328 "t
322 "232I "33r7.5
316"6
3i,5"4
298.5
286 "5
275 "2

PD*****
6"4
7"O
2"L
2"t

1-7 "3
L4 "2
1-4"4
1_3 " 48"5
1_4"8
2"3

L5 "28"2
8"4
2"6
2.6

t3"4
L4"6
1 1.6
LO "7
1-0.8
6.2

1_0.1
9.5
9.7
3.0
3.0
3.0

1,7 "1,
l_1-.9
3"3
5"4
5.3
3"0
5"3
3"1_
4"9
4"4
3"2
3"7
3"7
3"2
7.2
7"5
7"7

WU WU
**** ****

o
o
0
0
0
0
o
0
0
0
o
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0

0
0
o
0
0
o
o
0
o
0
o
0
o
0
0
0
0
0
0
0
0
0
0
0
o
0
o
0
0
o
o
0
o
0
0
0
0
o
0
0
0
0
0
0
0



FROM TO LENGTH
J¿&& &À&& ÁÅ&&&&&

19 31_ 939"0
31 32 421- " 632 20 7L2 "O32 21, 803 " 047 46 t844"5
46 1_5 tL44 "O46 30 1_729"4
30 16 i_L.0
30 17 809.l-
t7 36 3473.O
36 38 995"4
38 37 1"0
38 L8 631_ " O

NUM

PTPE SIZE
*********
26.7 mm
33.4 mm
48.3 mm
60.3 nm
88.9 mm

TOTAL

LOAD STZE PT PO PD WO WD
***** **** ***** ****:t ***** ****' ****

2
2
1-

l_

5
l_

4
1-

3
2
2
t
l_

L32

1"2 "O 26 "7 275 "2
1-2 "O 26 "7 263 "9

6 " O 26.7 258 "7
6 " 0 26 "7 258.7

30.0 48"3 3l-6.6
6.0 26"7 3L0"9

24"O 33"4 31-0"9
6 " 0 26.7 289 "5l-8.0 33.4 289 "5t2"o 26"7 283"4

t2 "o 26.7 240 "76.0 26.7 227 " 46.0 26.7 227"4

cosT
*******

42673 "
240L0 "
63186 "
1_1_465.

0"

L4L334.

TOTAL LENGTH
************

26341,.
i_21-88 "
2L940 "

28]-7 "
0"

63286.

TOTAL NTIIIÍBER OF ROAD CROSSINGS
TOTAL I.IUMBER OF RAIL CROSSINGS
TOTAL NUMBER OF CABLE CROSSÏNGS
TOTAL NUMBER OF CREEK CROSSINGS

263 "9
258.7
256 "O
255 "7
3L0.9
307.1
289 "5289.5
283"4
240 "7
227 "4
227 "4224.8

TOTAL COST OF SYSTEM L65492"

L2 "O
1,2.3

3.8
3"8
3 .1,
3"3

L2"4
3"4
7"6

L2 "3
1-3.3
4.1
4"L

00
00
00
00
00
00
00
00
00o0
00
00
00

36
0

43
o

cosr 20289 "cosT 0"
cosT 3870,
cosT 0.
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APPENDIX B: SOURCE CODE FOR PROCEDURÄL COMPONENT



#include <stdio"h>
#include ¡rsize. crl

int n;
float xISIzE];
fl-oat yISIzE];
int sinkISIZE];
int degISIzE];
float distISIZE];
int 1;
int ifrISIzE];
int itoISIzE];
float xoISrZE];
float yoIsIzE];
float xdISIzE];
float ydISIzE];

int diag î /*int overflow;
int st.opbu;
float rpi;
int i;

#include ¡rrstpro. c¡t

L34

float alenlsIzEl i /* length of a line
float aISIZE] tSIZEI; /* adjacency matrix
int lmaxì /* the highest level in a tree */
int lev[SIzE7î /* the level of a line

/* the number of nodes
/* the x-coordinate of a node
/* the y-coordinate of a node
/* flag ( o : dumrnY node )

/* the degree of a node
/* the distance to the source
/* the nunber of lines
/* origin node of a Line
/* destination node of a line
/* x-coord of origin node
/* y-coord of origin node
/* x-coord of destination node
/* y-coord of destination node

void main( )

{
nread(&n, x, y, sink),"
printf ( "First iteration\nBeginning ltST\n¡t ) ;table(n, xt y, a);
rnst2(n, x, y, a, &1, ifr, ito, xo, yo, Xd, Yd, dist);
printf ( ttBoxes\nt') ;
boxesa(1, ifr, ito, xo, yo, xd, yd, &rI, x, y, sink, a, &diag,

fl-ag ( 0 : no diagonal lines ) */
/* flag ( l- : too many nodes )

/* f tag ( 1- = backup comPlete )

/* performance index
/* counter

&overflow) ;
printf ( ttGraph\ntt) ;
graph(n, xt y, at &1, ifr,
príntf ( t'Àchange\n" ) ;
achange(1, ifr, ito, xo, yo, Xd, yd, a);
printf ( "Beginning oi jkstra\nr' ) ;
Ai jk2(n, x, y, at &1, ifr, ito, xo, yo, xd, yd, dist);
printf ( ItEntering Backup\ntt) ;
backup(dist, 1, ifr, ito, at &stopbu);
for (i = 1-; i <= 4ì i++¡ {

if (stopbu := L) break;
dijk2(n, x, y, a, &1, ifr, ito, xo, yo, xd, Yd, dist.)
backup(dist, 1, ifr, ito, a, &stopbu);
)printf ( t'Backup complet.e\ntt ) ;1evel(1, ifr, ito, &lmax, lev);

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

*/

*/
*/
*/
*/

ito, xo, yo, xd, Yd);



135

cleanup(&n, x, y, sink, dist, &I , ifr, ito, xo, yo, xd, yd,
&lmax, 1ev, a) î

table(n, x, y, a);
mst2(n, x,.y, àt &1, ifr, i-to, Xo, yo, xd, yd, dist);
boxes3(1, ifr, ito, Xo, yo, Xd, ydr-&n, x, y, sinkr'a, &diag,
&overf 1ow),"
while (diag := l-) {printf ( ItNew íteration diag : åd\nrr , diag ) ;graph(n, x, y, a, &1, ifr, ito, xo, yo, xd, yd);

achange(l, iff, ito, xo, yo, xd, yd, a);printf ( ¡'Entering Di jfstra\ni' ) ;
di jk2(n, Tr. y, a, &1, ifr, ito, xo, yo, xd, yd, dist) ;printf ( t'Di jkstra complete\nt, ) ìlevel(1, ifr, ito, &Imax, 1ev);
cleanup(&n, x, y, sink, dist, &1, ifr, ito, xo, yo, Xd, yd,
&lmax, Iev, a) î

table(n, xt y, a);
mst2(n, x, y, a, &1, ifr, ito, xo, yo, xd, yd, dist);
boxes3(1, ifr, ito, Xo, yo, xd, yd, &D, x, y, sink, a, &diag,
&overflow);

)printf ( ttlterations conpletet') ;
level(1, ifr, ito, &Lmax, tev);
cleanup(&n, xt y, sink, dist, &1, ifr, ito, xo, yo, Xd, yd,
&lmax, Iev, a);

table(n, x, y, a)t
mst2(n, xt y, a, &1, ifr, ito, Xo, yo, xd, yd, dist);
rindex(n, x, y, sinkr l, xo, yo, xd; yd, alèn, arpi);
degree(n, I, ifr, deg);
rbwrit(n, x, y, sink, deg, l, ifr, ito);
ni,ürit(n, x, Y, sink);
lwrit2(1, xo, yo, xd, yd, rpi);
con2(n, x, y, sink);



/* This line should be incl-uded in a separate file called r¡size.cr¡ */
#define SIZE 1-2O

/* The following should be included in a separate file ca1led rrrstpro.ctr
*/
void mainlvoid);
voíd nread(int*, floatlSIZEl, floatISIZE], intISIZE] );
void table(int, floatISIZE], floatISIZE], floatlSIZEl tSIZEI );
void rnst2(int, floattSrznl, floattSIZEl ; floattslzEl ISIZE], int*,

intISIzE], intISIZE], floatISIZE], floatISIZE], floatISIzE],
floatISIZE], floatISIzE] ) ;

void boxes3(int, intlSIZEl, intISIZE], floatISIZE], floatISIZE]'
floatISIZE], floatISIZE], int*, floatISIZE]' f]oatlSIZEl,
int.ISrZE], floatISIZE] [SIZE], int*, int*);

voíd graþn(int, floatIsIzE], floatIsTzE], floatISrzE] [SIZE], int*,
intISIZE], intISIZE], floatlSIZEl, floatlSrzEl'
floatlSIZEl, floatISIZE] ) t

void achange(int, intISIZE], intISIZE], floatISIZE], floatISIZE],
floatlSIZEl, floatISIZE], floatISIZE] [SIZE] ) t

void dijk2(int, fioatISI¿E], floatISIZE], floatISIZE] [SIZE], int*,
intISIZE], intISIZE], floatISTZE], floatISIZE], floatlSIZEl,
floatISIZE], floatISIZE] ) ;

void backup(fIoatISIzE], int, intISIzE], intISIzE],
floatISIZE] [SIZE], int*) ;

void level(int, intISIZE], int,ISIZE], int*, i{ttISIZE] );
void cleanup(int*, floatISIZE], floatISTZE], intISIZE], floatISIZE],
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floatlslzEl tsIzEl );void rindex(int, -i1oatIsrzn1, floatlslzE], intISIZE], int,

int*, intISIZE], intISIZE], floatISIZE], floatlSIZEl,
floatISIZE] , floatISIZE] , int*, intlSIZEl ,

floatISIZE] , float* );void degree(int, int, intISIzE], intISIZE] );
void rbwrit(int, floatISIZE], floatISIzE]' intISTZE], intISTzE],

int, intISTZE], intISIZE] );
void nwrit(int, floatISIZE], floatISIZE], intISIZE] );
void lwrit2(int., floatISIZE], floatISIZE], floatISTZE], floatlSIZEl,

float ) ;void con2(int, floatISIZE], floatISIZE], intISIZE] );

floatISIZE], floatISIZE], floatISIZE], floatISIZE],



/*********************************************************************/ .'/* * /.'/* subroutine nread * /
/* */
'/* This subroutine reads in the values of the coorinates */
'/* of nodes in the nodes file. !/.'/* */
'/* */
'/******ót**************************:t*************(**********************/

/* nread(&n, x, Y, sink);

#include <stdio"h>
#include <math.h>
#include rrsize , crl

void nread(int*, floatISIZE], floatISIZE], intISIZE] );
void
(

/*
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nread

output parameters
int *Il,
float xISIZE],
float yISIZE],
int sinkISIZE]

local variables
int i;
char line[80];
FILE *sysin;

)
{
/*

sysin = fopen( rrnodes2rr, rt¡tr ) i
fgetc(sysin);
fgeÈs(1ine, 80, sysin) ;*n : atoi(line);
for (i : J-; i 4= *n; ++i) {

fgets(line, 80, sYsin) ;
xtil = atof(Iine);
fgets(1ine, 80, sysin) ;
Ytil : atof(line);
fgets(1ine, 80, sYsin) ;
sinkfi] = atoi(line);

)fclose(sysin);
return;

/* the number of nodes
/* the x-coordinate of a Point'/* the y-coordinaÈe of a Point
/* flag ( o = dummY node )

/*
/*
/*

a counter
input buffer
input stream

*/

*/
*/
*/
*/
*/

*/
*/
*/
*/



/******* ***************************************************************/
/*
/* subroutine iable
/*
/* This subroutine computes the lengths in the adjacency
/* matrix.
/*
/*
/***********************************'**************************'*****?b***/

/* table(n, x, y, a);

#include <math"h>
#include trsize. c¡¡

void table(int, floatISIZE], floatISIZE], floatISIZE] [SIZE] );
void t,able
(

/* input parameters
int n,
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/*

)

{
/*

float xISIZE],
float yISIZE],

output parameters
float aISIZE] [SIzE]

local variables
float dx;
float dy;
int i, )¡

for (i : l-; i <: n - Lì ++i)
for(j=i+Lìj<:n;++j)

dx:fabs(xtil -xtjl);dy=fabs(ytil-yljl);
atiltjl : sqrt((dx * dx)
atjltil : aliltjl;

)for (i : L'i i <= n; ++i)
aliltil : -L.oi

return i

/* the number of nodes
/* the x-coordinate of a node
/* the y-coordinate of a node

/* the adjacency matrix

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

/*
/*
/*

x displacement
y displacement
counters

*/

+ (dY * dY) );

of
of

two nodes
two nodes

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

*/
*/
*/
*/



/* * * * * * * ** * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * ** **?* * * * * * * * * *€ * * * /

/*
/* subroutine mst2
/*
/*
/*
/*
/*
/*****************:****rt****************************************:t*******//
#include rrsize. c¡l

void mst2(ínt, floatISIZE], floatISIZE], floatISIZE] [SIZE], ínt*,
int.ISIZE], intlSIZEl, floatISIZE] ' floatISIZE], floatISÏzE] 'floatISIZE], floatIS]zEl ) t

This subroutine performs the minimum spanni-ng tree
algorithrn using the indirection method.

void mst2
(

/* input parameters
int n,
float xISIZE],
float yISIZE],
float aISIZE] [SIzE],

/* output parameters
int *1,
int ifrISIzE],
int ito¡SIzEl,
float xoISIZE],
float yoISrZE],
float xdISIZE],
float ydISIZE],
float distlSIZEl

1,39

)
{
/* local- variables

int nrow;
int ncol;
int row[ ]-00I ;
int col [ ]-00I t
float alow, compi
int il, jL¡
int i, j;

/*
/x
/*
/*

the nurnber of nodes
the x-coordinate of a Point
the y-coordinate of a Point
the adjacency matrix

/* the number of lines
/* the oricrin node of a line'/)r the desÉination node of a line
/* the x-coord of the origin
/* the y-coord of the orígin
/* the x-coord of the destination'/* the y-coord of the destination
/* the distance from the source

*1:Iì-1,;
ncol- = D i
for (i = L'i i

colIi] : i;
jl :Lî
dist[1]:0"0i
for (nrow = Ií

ro!,rI nrow] =
-l 

- 
1-

) - L¡

for (i = Lî

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

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

<- n; ++i)

the nuinber of nodes in the tree
the nunber of nodes not in the
the nodes in the tree
the nodes not ín the tree
temporary variables
captures new line in the tree
counters

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

*/
*/

tree */
*/
*/
*/
*/
*/

flfOll (=
j1;
i <- ncol; ++i )

*1; ++nrow) {
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if (colIi] != rowInrow] ) {colIj] = colIi]i
++j;

)
--ncoI;
alow = 1o0E3O;
for (i = Lì i <= nrow; ++i)

for (j = Lî j <: ncolt ++j) {
comp = a[ro$i[i] I tcolIi] I ;
if (comp < alow) {

alow = compi
íI = roi¿li] ijI : collj];

)
)ifr I nrow ]ito I nrow ]disttjll

)
for (i=Lìi.=xl;

xofi] : xIifrti]l;yoIi] = y[ifrti] l;xd[i] = xIitoti]l;ydtil : y[itoti]l;

= ili: jr;: distIil] + alow;

++i) {



/********************************************************************** /'/* */
'/* subroutine boxes3 * /
/* " /
'/o This subroutine finds the rectilinear cycles for each */
'/o tine in the minimum spanning tree. the node coordínates */
'/u 

"na tñ" adiacency matlix.aré.updated and returned" The */
'/* flag u61tní is sät to i- it aiqøona1 lines are found" The */.
'/n ffag r'e[si¡1o[rr is set to f- if-the maximum number of nodes */
/* specified by rrsIzE'r ís exceeded" :/,
/* ^/.
'/* calls: b-error ( integer function ) :/,
/* ^/'/* */
7********************************************************************** /
/*
/*

boxes3(1, ifr, ito, Xo, Yo, xd, Yd, &D, N, Y, sink, a, &diag,
&overflow);

#include <stdio.h>
#include <math"h>
#include rrsize. c¡r

r41"

void boxes3(int, intISIZE], intISIZE], floatISIZE] '-floatISIZE] 'floatISIZE], f1òatIsizE], int*, ftoa!tFI?El, floaÈ[SIZE],
intIsizE1,'floattsÍzE] tSrzEl, int*, int*) ;

int b_error(int);
void boxes3
(

/* input Pararnetersint 1,
int ifrISIzE],
int itoIsIzE],
float xoISIZE],
float yoISIZE],
float xdISIZE],
float YdISIZE],

/* output Parametersint *n,
float x¡srzU1,
f loat yISIZE],
int sinkIsIzE],
float aISIZE] [SIZE],
ínt *diagr
int *overflow

Iocal varíables
float dx;
float dy;

)
{
/*

/* the number of lines'/* the oriqin node of a line'/* the desÉination node of a tine'/* x-coord of origin node'/* y-coord of origin ngde'/* x-coord of destination node'/* y-coord of destination node

/* the nunber of nodes'/* x-coordinate of a node'/* y-coordinate of a node
/* flag ( o = dummY node )

/x adjãcencY rnatrix'/* fIág ( o = no diagonal -lines )'/* flaq ( t = too manY nodes )

*/
*/

/*
/*

x displacement
y displacement

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

*/
*/
]î/



int i, j, k;

k = *n + (2 * 1);
if (k > srzE - 1-)

l¡ = SIZE - l-;
for (i : i-; i <= ki ++i)

for (j = Lí j <: k; ++j)
atiltjl = -l-"0i*diag = 0 i*overflow = 0;

j = *n + 1-;
.: 

- 
a.I - rt

whiLe ((i (= 1) && (*overflol^I :: 0))
if (xoIi] == xdIi]) {

dy = fabs(ydtil - yotil );aIifrii] I tito¡il I : dyi
a[itoti]ltifrli]l = dy;

) else {if (yo[i] =: ydtil) {
dx = fabs(xd[i] - xotil ) ;aIifrti] I Iito[i] I : dx;
a[itoti] I tifrtil I : dxi

) else {*diag = 1-;
dx = fabs(xdtil - xo[i]);
dy = fabs(ydtil - yotil );xtil = xoli];
Ytil = Ydlil;sinkfj] = 0Í
aIifrti]ltjl = dy;
atjlIifrtí]1 : dy;
a[itoti]ltjl = dx;
atjltitotill = dx;
j++ ¡*overflow = b error(i);
xtil = xdtil;-
vtjl = vo[i];sinklj] = 0;
aIifrti]ltjl = dx;
atjltifrtill = dx;
a[itoti]ltjl = dy;
atjlIitoti]l = dy;
j++ i*overflov/ : b error(i) ;

/*

t42

counters */

)
)
++i;

)*n : --j¡
return;



/* *1
/* This function determines íf the maximum nunber of nodes has */
/* been exceeded " */
/* */
int b error
(-

int i
)
{ int j;

if (i >= SIZE) {
-l - i.
J - J-¡
printf(rrError: Maximum number of nodes exceeded"\n");

) else
j = 0,"

return( j );
)
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/**********************************************************************/
/* */
/* subroutine graph */
/* */
/* This subroutine returns the from-to table and the */
/* coordínates of lines given the coordinates of nodes */.'/* and Lhe adjacency matiix" only half the adjacency */
/* matrix is used. This subroutine should only be used */'/* if directionality is not important" */

*//* *//x
/**********************************************************************/
/* graph(n, x, y, a, &1, ifr, ito, Xo, Yo, Xd, yd) t

#include trsíze. crl

void graph(int, floatISIZE], floatISIZE], floatISIZE] [SIZE]' int*,
intISIZE], intISIZE], floatISIZE], floatISIZE],
floatISIZE], floatISIZE] ) t
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void graph
(

/* input parameters
1"nt n,

/* output parameters
int *.1r
int ifrISIZE],
int itoISrzE],
float xoISIZE],
float yoISIZE],
float xdISIZE],
float ydISIZE]

float x
float y
fLoat a

srzBl,
srzEl,
srzEl IsrzE],

)

{
/* local variable

int i, ), k;

/* the number of nodes
/* the x-coordinate of a node
/* the y-coordinate of a node
/* the adjacency matrix

/* the number of lines
/* the origin node of a line
/* the destination node of a line
/* x-coord of origin node
/* y-coord of orígin node
/* x-coord of destination node
/* y-coord of destination node

K_Lì
for (i

for
:Líi<:n-
(i = i + l-; j

if (atiltjl )=
ifrfk] = i;
xo[k] = x[i
yo[k] : Y[iito¡k1 : ji
Nd[k] = x[j
vdlkl = v[i

/*

Iì ++i)
<= ll; ++ j
0.0) {

;

*/

counters

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

*/
*/
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k++;
)rkl = k -l_;

return i



/***********rk**********************************************************/'/* 
:/,

/* subroutine achange -õ /'/*
'/* This subroutine removes the double lines from the */
'/* adjacency natrix of a rectilinear Çycles s9pergragh.. i/.'/u iné Aou¡ie 1ine segrment is replaced-by a tiñe segrment */
'/* that is half the aótual length" The procedure returns */
'/* the adjacency matrix - * /'/* */
'/* calls : achangel (Procedure) */
'/* */
'/* */
'/*** ********************rf **********************************************/

/* achange(l, ifr, ito, xo, Yo, Xd, Yd' a);

#include <math"h>
#include rrsize . c¡l
void achange(int, íntISIZE], intISIZE] ' floatISIZE] ' floatlSIZEl 'floatISIZE], floatISIZE], floatISIZE] [SIZE] ) ;

void achangel-(int, int, double, double, double, int, int, double,
double, double, floatISIZE] [SIZE] );
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void achange
(

/* input Parameters
int l,
int ifrISIzE],
int itoISIzE],
f l-oat xo I SIZE ] ,float yoISIzE],
float xdISIZE],
float ydISIZE],

output parameters
float aISIZE] ISIZEI

Iocal variables
. float di;

float dj;
int i, i¡

/*

)
{
/*

for (i
at

/* the number of lines'/* the origin node of a line'/* the desination node of a line
/* the x-coord of the origin'/* the y-coord of the origin'/* the i-coord of the destination'/* the y-coord of the destination

/* the adjacency matrix

: 1; i <: 1 -1; ++i)
(xo[i] == xdtil ) tdi:fabs(ydtil-yo[
for (j = i + Lì j <:

if (xot jl := xdljl
dj : fabs(yatil
achangel-(ifrtil

ifrljl

/*
/*
/*

il)
1;

&&

,+
,L

*/

the displacement of the
the displacement of the
counters

i*j IxoIi
votiltoIi]
toi i l

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

*/
*/
*/
*/

_= xoi

YoIi],
Yolil,

1
j

ir) {

line
line

vdtilvdtil
o di,
, d), a);



)
) else {di = fabs(xdlil -

for (j : i + 1t j
if (yotjl == ydtj

dj = fabs(xdti
achangel-(ífrIi

)
)

return i

xo

:
t
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tit );1; ++i )
& yo[i]
xolil);

itoIi],
itoI j ],ifrIj],

=: yoli]) t

xoIi], xd[i],
xolll, xdllJ,

di,
di, a);



/**********************************************************************//* */
'¡n subroutine achangel :/,
/:k
'¡* This subroutine determines the order Èhat should be */
'/* used to pass parameters to the subroutine achange2 - */.
/* 

F--- r---- */

'/o calls: achange2 (procedure) */.
/* */
, */
/*'¡x*xx*x***"t***************r**************************************:*******/
Tderine r-PoINTS-Pos (i-origin < i-{est)
#aetine J-POINTS-POS (j-oriqin < j-dest)
#define COMMON(X, Y) (X =: Y)
#define I-GREATER (zi
#define SAME 1-

#define DIFF 2

void achange2(int, int, int,

void achangel
(

/* inPut Parameters
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int oi,
int di,
doubfe i origin,
double i-dest,
double zi,
int oj,
int dj,
double j_origin,
double j_dest,
double zi,

output parameters
float aIsIzE] [srzE]

/*

)
{
/*

double, double, floatISTZE] [SIZE] );

locaI variables
int direct;

if I POINTS POS
iE ¡ POIÑTS POS

dîrect :-SAME
else

direet = DIFF
el,se

if J POTISTS POS
dîrect :-DIFF

else
direct = SAME

switch (direct) {

/* the oriqin node of line i'/* the desÉination node of line'/* the coord of the i origin'/* the coord of the i destination'/* the disPlacenent of line i'/* the oriãin node of line i'/* the desÉination node of line'/* the coord of the i origín'/* the coord of the i destination'/* the displacernent of line j

/* the adjacencY matríx

/* the direction of lines i and j

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

*/
*/



CASE SAME :
if coMMoN(i-origin, j-oriqin)

if I. GREATER
aChange2(oi, dj, di, zi, zi, a);

else
achange2(oi, di, dj, zi, zi, a);

else if coMMoN(i_dest, j-dest)
if I- GREATER

adhange2(di, oi, oin zi, zi, a);
else

achange2 (di, oi, o j, zi, zi , a) ",

break;
CASE DÏFF :

if coMMoN( i_origin, j-dest )
if I- GREATER

achange2(oi, oj, di, z), zi, a);
else

achange2(oi, di, oi, zít zi, a)t
else if coMMoN(i-dest, j-origin)

if I- GREATER
aðhange2(di, dj, oi, zi, zi, a)t

el-se
achang¡e2(di, oi, dj, zí, zi, a);

break;
)return;

L49



/******x***************************************************************/'/* */
'/o subroutine achange2 * /
/* - */
'/o This subroutine removes the line from the common point */
'/* to the end point in tþe adjacenceny natrix" -A line from */.
'/* the common þoint to the miá point is entered at half the */
'/* actual lengln and a line from the nid point to the end */
'/* is entered-at the actual length. */
'/* 

:/,
/* ^/
'/**************************?t***********************?t*******************//

void achange2
(

/* input Parametersint common,
int mid,
int end,

i_50

/*

)
{
/*

double short_seg'
double long_seg,

output parameters
float aISIZE] [SIzE]

local variables
float segl;
float seq2;

segl-=short_seg/2.Oì
seg2 = long_seg - short-seg;
alcomrnonl Iend] = -l-.0t
a[end][common] : -1.0;
alcommonl fmid] = segl;
afmid] [common] = seql;
afmid][end] = seg2;
a[end][nid] = seg2;
return i

/* the number of the common.PoÍnt'/* the number of the mid PoÍnt'/* the number of the end Point
/* distance from conmon to end'/* distance from common to mid

/x the adjacencY rnatrix

/*
/*

half the common distance
the distance from mid to end

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

*/
*/
*/



//*********tr*****************************************************Ìt******//
/?k */

'/o subroutine di jkz * /
ltk 

- */

'/* This subroutine finds the shortest patl from the source */
'/* to each node using the indirection method" :/,
/* :/,
/* ¿rr&&&&tÁ

7* * * * rt * * ** * * * * * * * * * * * * * * * * * * * * * * * * ** * ** * * * * * * * * * * * * * * * * * * * * * * r( * * * * * * * * */

/* dijk2(n, N, Y, a, &1, ifr, ito, xo, Yo, xd, Yd, dist);

#include nsize. crl

void dijkz(int, floatIsIzE], floatIsIzE], tlgelllTzB\IsrzBl._ilt*,
intflsràe],' intISIZE], iloatlSIZEl, floatISIZE]' floatlSÏzEl,
floatISIZE], floatISIZE] ) ;

void dijk2
(

/* input Parametersint n,
float xISIZE],
float YISIZE] 'float aISIZE] [SrzE],

/* output Parameters
int *1,
int ifr¡SIzEl,
int itoI sIzE],
float xoISIZE],
float YoISIZE] 'float xdISIZE],
float YdISIZE],
float distISIZE]

L5i"

)
{
/* locaI variables

int nrow;
int ncol,"
int row[ ].00l
int col [ ]-00l
fl,oat alohr,
int iI, )l¡
int i, j;

/* the number of nodes'/* the x-coordinate of a Point'/* the y-coordinate of a Point'/* the ãdjacencY matrix

/* the number of lines'/* the oriqin node of a tine'/* the desÉination node of a line'/* the x-coord of the origin'/* the y-coord of the origin'/* the l-coord of the destination'/* the y-coord of the destination
/x the distance from the source

*1 =11 -
ncol- : ft i
for (i :

colIi]
jl=Ii
dist[1-] :
for (nrow

I

comp;

L,ì

lii<:n;
.i.Lt

0"0;
= L', nrow

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

the nurnber of nodes in the tree
the number of nodes not in the
the nodes in the tree
the nodes not in the tree
temporary variables
caplures nevr line in the tree
counters

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

*/
*/

tree */
*/
*/
*/
*/
*/

++i )

<= *'1; ++nrow) {



rov¡[Drow] = jl;
-l - i¡
J - J-,
for (i = It i (= ñcoI; *+i

if (colIi] != rowInrow]
colIj] : co1[i]i
++j,

)
--nco1,"
alow : l-"0830;
for (i : L; i <: nrohl; ++i

for (j = Li j <= ncol;
if (aIrowti] I tcolIj]

comp = dist[row[i
if (comp < alow)

alorÀr = coftpi
iI = rowfi];
jl = co1[j];

)
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)
)

ifrInro\,r]
ito I nrow ]disttjll

)
for (í =xoIi]

voIi]xdIi]
vdiil

: il;
= jl;

= alowi

++i )

)return;

L,ì i <: *1;
xIifrti]l;
yIifrti] l;xIitoti] l;yIitoti]l;

>=
l+

{
0"0) {aIrowfí]ltcotIj]l;

++i) {



/**********************************tc***********************************/'/* */
'/o subroutine backup * /
/* - */
'/o This subroutine assigns a length of zero to al-I seqTment's * /'/o in the longest leg of a tree " * /.'/* */
'/* 

*rrr*¡rÅsÅr 
* /'

7* ** * * * * ** * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * ?t * * * * * * * * * * * * * * * * * * *//

/* backup(dist, 1, ifr, ito, a, &stopbu);

#include ¡rsize. crl

void backup(f loatISIZE], int, intISIZE], intIST-ZE| ,
floatISIZE] [SIZE], int*) ;

void backup
(

/* input Paramters
float distISIzE],
int 1,
int ifrISIzE],
int itoISIZE],

/* output Paramtersfloat aISIZE] [SIzE],
int *stopbu
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)
{
/* loca1 variables

int fpoint;
f loat rnaxdist;
int line;
int í¡

fpoint = ito[I];
maxdist : dístIfpoint] ;

/* the distance frorn the source
/* the number of lines
/* the oricrin node of a line'/* the desÉination node of a line

/* the adjacencY matrix'/* flag ( 1- - stoP iterations )

if (maxdist > 0"0)
while (fpoint >

for (i = 1i
if (itoIi

line =
break;

)
aIifrIline] l
fPoint : ifr

)
else*stopbu = 1-ì
return;

/*
/*
/*
/*

furthest point from the
maximum dÍstance
temporary pointer to a
counter

1-) {
i<=

*/

J.,

1r ++i)
fpoint )

itoIline]l
line I ;

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

*/
*/
*/
*/
*/

= 0.0 r"

source

line



/****************************************"r*****************************//* */
'/o subroutine levet :/,
/* ^--L a.:-^'/o This subroutine finds and returns Èhe leveI of each line */
'/* in the tree as well as the highest leve1 in the tree" */
'/* */
'/* 

.r¿rr¿r&*&t&*¿ 
* /'

7*******************?**********:t***************************************ir/

/* levet(1, ifr, ito, &Imax, 1ev);

#include rrsize. crl

void 1evel(int, intISIZE], intISIZE], int*, intISIZE])¡

void level
(

/* inPut Parametersint 1,
int ifrISIzE],
int ito¡SIzEl '/* output Parametersint 'kImax,int lev[SIZE]
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)
{
/* local variables

int i, );
*lmax = L"ì
for (i :!; i 4= 1; ++i

if (ifrtil =: 1-)
Iev[i] = tì
for ( j - Lì ) <= +

else

/* the nunber of lines'/* the oriqin node of a line'/* the desi.ination node of a line

/* the highest line leveI in the'/* the level of a line

(j : Lì j <= 1; +t:)
if- (íto¡j1 == ifrtil) {

lev[i]=1ev[j]+Lì
if (IevIi]

*lmax = lev[i];
break;

)
return;

/* counters

*/

*/
*/
*/
*/
*/

tree */
*/

*/
.j< 

/



/**********************************************************************/'/* 
:/,

/* subroutine cleanup =/'/* */
'/* This subroutine removes all redundant nodes and lines */
'/* from the tree " * /.'/x 

:/,
/* ^/
7* * * * * * * * * * * * * * * * * * rf * * * * ** * * * * * * * * * * * * * * * ** * * * * * * ** * * * * *** * * * * * * * * * * * * *//

/* cleanup(&n, x, Y, sink, dist, &1, ifr, ito,
/* &Imax, Iev' a) i

#include trsize. crr

void cleanup(int*, floatISIZE], floatISTZE], intISIZE]' floatlSIZEl,
int*,- intISIZE] , inttSIZEl , floatISIZE] , floatISIZE] 'floatISIZE], floatISIZE] , int*, intISIZE] ,
floatISrzE] [SIZE] );

void cleanup
(

/* input/output parameters' 'int *rl /* the number of nodes
float x[srzE], /* the x-coordinate of a node
float visrzgl, /* the y-coordinate of a node
int sink[SIZE], /* flag ( 0 = dummy node )

float dist[srzE], /* distance from the source
int *L, /* the number of lines
int iri¡srzEl, '/x the origin node of a line
int itoisrzBi, '/* the destination node of a 1íne
float xó¡srzn1, /* x-coord of the origin node
float yoisrZni, /* y-coord of the origin node
float laisrznl, '/* x-coord of the destination node
float yAiSfZgl, '/* y-coord of the destination node
int *tmax, /* the highest level in the tree
int lev[sÍ2n1, /* the level of a line
ftoat aIsrzn]tsrz¡l /* the adjacency matrix

155

)
{
/*

xo, yo, xd, Yd, */
*/

local, variables
static int ninclISIzE] ;
static int linc1[SIZE] t

int i, ), k, m;

for(i:1-îi
if (sinkIi]

nincl I i ]
else

nincl I i ]for (i = Lì i

<= *n; ++i)
!- 0)

Lt

: 0;
<= *I; ++i )

/*
/*
/*

flag(0:redundantnode
flaá(0=redundantline
counters

*/
*/
*/
*/
*/

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

*/
*/
*/
*/

)

)



lincl[i] = 0i
for (k : *Imax; k >= f; --k)

for (i : L; i <= *I; ++i)
if (lev[i] -: k)

if (sinkIitoIi] I != 0)
lincIIi] = Lì

else
for

)
/* remove all redundant rows */
k : 1;
for (i : Lì i <: *n; ++i)

if (ninclIi] !: 0) {
for (j = 1i j <: *n; ++j)

atkltjl - aIi]tjl;
++k;

)
m : --k;
/* remove all redundant columns
l- 

- 
1 ¡l\ - J-t

for (j : L; j <= *n; ++j)
if (ninclIj] !- 0) {

for (i : L'ì i <= m; ++i)
atil[k] - aIi]tjl;

++k,.

(j = 1i j <= *1; ++j)
if-((ifrtjl == itolil)

linclIi] = L;
nincltitotill = tî
þreak;
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)
/*j = 1;
for (i

r-t

&& (linctIj] != 0) ) {

remove all redundant nodes

: 1", i <: *ni ++i)
(nincIIi] !- 0) {
xtjl = x[i]i
vtil = v¡il;sinktjl : sinklil;
disttjl : Oist[i];
j++;

*n
/.*
7=for

)
--j i
remove all redundant lines

t_;
(i

r-t

*/

:Lì i 4- *1; ++i)
(J-inc1[i] != 0) {
ifrtjl : ifrIi];
itotjl : itoIi];
No[j] = xo[i];
volii = yolil;iaijj = laiij;
ydljl = ydfi];
levtjl = leviil;

*/

*/



j++;
)*l = --j;*lmax : 0i

for(i=L1í
if (IevIi]

*lmax =
return;

<: *It ++i)

levlil;
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//* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * ** * * * * * * * * * * * *//

'/* * /.'/* subroutine rindex * /'/* * /.'/* This subroutine computes the efficiency_of the */
'/* Rectilinear Steiner Tree-using Chung and Hwang's ratio" i/.'/n ffre Èrue length of each line ls cornþuted as well " */
'/* :/,
/*'/*****************ãt********?t**************rr****:t***********************/

/* rindex(n, x, y, sinÍ<, 1, xo, Yo, Xd, Yd, alen, &rpi)t

#include <nath"h>
#inctude rrsize. crl

void rindex(int, floatIsIzE], floatISIZE]' il!tST?E],- int,
floatISIZE], floatISIZE], floatISTZE], floatISIZE]'
floatISIZE], float*);
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void rindex
(

/* input Paramtersint n,
float xISIZE],
float yISÏZE],
int siñÉ[srzÈ],
int 1,

/x

float xoISIZE],
float yoISIZE],

output paramters
float alenISIZE]
float *rpi

float xdISIZE],

)
{
/*

float ydISIZE],

1ocal variables
float dx;
float dy;. float xmax;
float xmin;
f loat ]rmax;
f loat lrrnin;float 1s;
float 1r;
float ro;
float. romini
int num;
int i;

ls = 0"0;

/* the nurnber of nodes
/* the x-coordinate of a node'/* the y-coordinate of a node
/* flag ( o = dummY node )./* the number of lines'/* the x-coord of the origin node'/* the y-coord of the origin node'/* the x-coord of the destination'/* the y-coord of the destination

, /* the length of a line
/* the Performance index

*/

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

the x displacement of a line
the v dísplacement of a line
the inaximüm x-coordinate
the minimum x-coordinate
the maximum y-coordinate
Èhe ninimum Y-coordinate
the length of the tree
the length of the serniPerimeter
the ratio for the tree
the calculated ratio
the number of sinks
a counter

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

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
ðt/
*/
*/



for (i : l-t i 4- 1; +
dx : fabs(xdfíl -
dy : fabs(ydtil -
alenIi] : sqrt((dx
Is:Is+alen[i]i

)
xmax = x[1]i
xmin : x[1] í
ymax = y[L];
ymin = y[ 1] ;
num : 1;
for (i = 2î i <= n; ++i)

if (xtil > xnax)
xmax = x[i];

if (xIi] < xmin)
xmin = x[i];

if (ytil > Ymax)
)rmax = y[i];

if (ytil . YTlt)ymin : y[i];
if (sink[i] := 1-)

++num;

+i) {xolí]);
vo[i] );* dx)
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+ (dY '* dY) );

)ir = (xrnax - xmin) +
ro=Is/1r;
romin: (sqrt(nun) +
¡'rpi : (rornin / ro) *
return;

(ymax - ymin);

1"0) / 2.Oi
1"00.0 t



//**********************************************************************/
lrk * /t 'rê rlê.,rÞê * //* subroutine degree

/* 

--- r

'/o This subroutine find the degree or the number of lines */
'¡" i"õiae"t on a node . * /.
/* 

*/
/* -r--r-r-r-arrr&&ees**&*'&.!..b.ú.** 

* /

/* * * * x * * * * * * * * * * ** * ** * ** * * * * * * * * * ir * * * * * * * * * * * *s * * * * * * * * * * * * * * * * * * * * * * * * */

/* degree(n, 1, ifr, deg);

#include t¡size. crl

void degree(int, int,
void degree
(

/* inPut Parametersint n,
int I,

l_60

/*

)
{
/*

int ifrISIzE],
output parameters

int degISIzE]

local variables
int i, )¡

deg[]-l = 0;
for(j:3-ìj<:

if (ifrtjl =:
++deg[1];
for(i=2îi<=

deqfi] = L",
for (j = Lî i

if (ifrtjl == i)
++deg[ í ] ;

)
returni

intISIZE], intISIZE] ) ;

/* the number of nodes
/* the number of l-ines'/* the origin node of a line

/* the degree of a node

Iî
r_)

n;

<:

++i )

++i) {

1; ++i )

/* counters

*/

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

*/
*/



/*********************************************************rf************/'/* * /.'/* subroutine rbwrit * /
/* */
'/* This subroutine creates the file rrwm.datrt that the rule- */
'/* based program uses as inPut " * /.'/* - */
'/* * /.
'/********************************.*******************ir*****?k************/
'/* rbwrit(n, x, y, sink, deg, 1, ifr, ito)î */

#inctude <stdio.h>
#include ¡rsize. crt

void rbwrit(int, floatISIZE], floatISIZE], íntISIZE], intISfZEf ,
int, intISIZE], intISIZE] );

void rbwrit
(

/* input Parameters
int n,
float xISIZE],
float yISIZE],
int sinkISIZE],
int degISIzE],
].NE L,
int ifr¡sIzEl,
int itoISIzE]
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)
t
/* local variables

int i;
FILE *sysout;

sysout : fopen(rrwm"datrr r ttt/tt) ;
fprintf(sysout, rråd\nrr, n) ;
fõr 1i : 1; i <: n; ++i) {

/* the number of nodes'/* the x-coordinate of a node
/* the y-coordinate of a node
/* flag ( o : dummy node )

/* the degree of a node'/* the number of lines
/* the oriqin node of a line'/* the desi.ination node of a line

fprintf ( sysout, r¡åd\nr¡ ,fþrintf ( sysout , "2.3"f \n"
f printf ( sysout , "2.1-f \nrr
fprintf ( sysout, ¡r?d\nrr ,
fprintf ( sysout, rråd\n'¡ ,

i
f printf ( sysout, '¡O\nO " 9\nO. 0\n0\n0\nt' ) ;
fór (i - 1; i <= 1; ++i) {

fprintf(sysout, rr?d\n¡t, ifttiI ) ;
fþrintf (sysout, ¡'åd\n¡r, itoIi] ) ;

)
fprintf ( sysout, t¡0\n0\nt') ;
fclose(sysout);
return;

/*
/*

a counter
output stream

i);
, xIi] )

, yIi])
sinkIi]
deqtil)

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

*/
*/
*/



/****************************************************Jr***************** /./* */'/x subroutine nwrit * /'/* */
'/* This subroutine writes the coordinates of nodes in the */'/* nodes"lsp file" */.
'/* - */'/* 

.. */.
'/ * t< * * * * ** * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * */

/* nwrit(n, x, y, sink);

#include <stdio.h>
#include rtsi-ze. crl

void nwrit(int, floatlsT.zET, floatISIzE], intISIZE] );
void nwrit
(

/* input Parameters
int n,
float xISIZE],
float yISIZE],
int sinkISIZE]
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)
{
/* Ioca1 variables

int i;
FILE *sysout,'

sysout : fopen( Itnodes2 
" lspt',

fprintf(sysout, rr (setq nodes
for (i : Lí i <= n; ++i)

f printf ( sysout, r¡ ( Z9 "Lffprintf(sysout, rr )))) \n");
fclose(sysout);
return;

/x the nurnber of nodes'
/* the x-coordinate of a node
/* the y-coordinate of a node
/* flag(o=durnrnYnode

/*
/*

a counter
output stream

rt^lrr ) i
(quote

z9 "1,f

*/

( Z0d ( \n", n)

Z2d ) \n", x[i]

*/
*/
*/
*/
*/

, y[í], sínkIi

*/
*/
*/

r);



/***x******************************************************************/'/* */
'/* subroutine twrit2 * /,'/* rc /'/o This subroutine writes the coordinates of the tines */
'/* in the lines " lsp f ile " * /.'/* - */
'/* 

. */.
7*********************************?t*****************************?k?t*****/

/* 1i,¡rít2(1, xo¡ yo, xd, Yd, rpi)í */

#include <stdio"h>
#include ¡rsize. crr

void 1writ2(int,, floatISrZE], floatlSTZEl , floatISrZE], floatISIZE] 'float ) ;

voíd lwrit2
(

/* input parameters
int 1,
float xolSIZEl,
float yoISÏZE],
float xdISIZE],
float ydISIZE],
floaÈ rpí
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)

t
/* local variables

int i;
FILE *sysout;

sysout = f open( tt1ines2.lsptt, ttlr¡tt ) i
fprintf (sysout, r' (setq lines (quote ( \n" ) ;
for (i : L; i. 4= 1; ++i)

fprintf ( sysout, rt ( ( 29 "Lf 29 "1'f ) ( 29 "lf Z9 "Lf
xoIi], yoIi], xdIi], Ydlil);

fprintf(sysout, il ))) \n")i
fþrintf(slsout, " (setq rpi Z6"2f ) \n", rPi)i
fclose(sysout);
return;

/* the number of lines
/* x-coord of origin node./* y-coord of origin node
/* x-coord of destination node'/* y-coord of destination node
/* the performance index

/*
/*

a counter
output stream

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

) ) \n",

*/
*/
*/



/*****************************:t****************************************/'/* */'/x subroutine con2 * /'/* */
'/* This subroutine creates the input file for the hydraulic */
'/* design program ¡'submitn. \/.'/* - */
'/* 

... */.
7*r********************r*************************?h***********************/

/* con2(n, x, y, sink);

#include <stdio"h>
#include ¡rsize. crl

voíd con2(int, floatISIZE], floatISIZE], intISIZE] );
void con2
(

/* input parameters
int n,
float xISIZE],
float yISIZE],
int sinklSIZE]

)
{
/* local variables
int i;
FILE *sysout;
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sysout = fopen( ¡rnodes¡r, rtç'tt ) i
fprintf(sysout, rr\n%d\nr¡, n) ;
fprintf(sysout, ¡t?f\n?f\n", x[1], ytll ) ;
f printf ( sysout, rr0\n0 . O\nrr ) ;
fprintf ( sysout, "0 " 0\n0 . 0\n1\n1-\n" ) ;
for(i = 2ì i (= n," ++i) {

fprintf(sysout, ttåf\n%f\ntt, xIi], ytil ) ;
if (sinklil:= o)

f printf ( sysout, tr0\n0 . o\nrr ) t
else

f printf ( sysout, rr1"\n6 
" O\nr¡ ) ;

f printf ( sysout, "0.0\n0 " 0\nL\n1-\n" ) ;
)
fprintf ( sysout, ¡¡niI\nrr) ;
fclose(sysout);
return;

/* the number of nodes
/* the x-coordinate of a node
/* the y-coordinate of a node
/* flag ( o : dummY node )

/* counter
/* inPut stream

*/

*/
*/
*/
*/
*/

*/
*/
*/
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APPENDTX C: SOURCE CODE FOR COGNTTIVE COMPOì{ENT



code = 4096
project ||RSTRB2rt
include trglobal2.prot'

database flags
invoke

predicates
rnainl-

enter
enterpoint(integer, real, real, integer, integer)
enterline(integer, integer)

main2
1oop2
set invoke

/* redün
decount

t.lnct
dist
trigger */

clear invoke
add_priority(rea1 )

fire 
inc-trignum

firel ( integer )
repeat ( integer )
new_priority ( real )maximum(pIist, real, plist)

""'-äåð1åi?lå¿rTtt=t' 
plist' real' prist)

/* 
ir"o..riltcute
decount */

keep
linwrit
pointwrit

goal
mainl "

cLauses'main1 
: -

enter,
main2,
write ( ttlterations complete\nt, ) ,
keep.

enter :-
openread(sysio, rr\,m"datrt ) ,
readdevice ( sysio ) ,readint(C),

L66



assertz(count(C) ),
C2 : C,
assertz(count2(C2) ),
readint(N),
readreal(X),
readreal(Y),
readint( S ) ,
readint(D),
enterpoint(N, X, Y, S, D)'
readint(F),
readint(T),
enterline(F, T),
readdevice ( keyboard ) ,
closefile ( sysio ) ,
write ( ItData loaded\n¡r ) ,
asserùz (priorities( t I ) ),
assertz (trig_nun( 0 ) ),point(3-, XS, YS, _, _),
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write ( ttsystem initialized\n¡t ) ,
!.

enterpoint(N, _, _t _, _) :-
N - 0'
!"

enterpoint(N1-, XL, Y1, 51, D1) :-
assertz ( point ( N3- , Xl , Y1 , S1 , D1 )
readint(N2 ) ,
readreal (X2) ,
readreal (Y2) ,
readint(52),
readint(D2),
enterpoint(N2 , X2, Y2, 52, D2') "

enterline(F, _) :-
f : 0,
!"

enterline(F1, T1) ;-
assertz(tin(F1-, T1) )'
readint(F2),
readint(TZ),
enterline(F2, f2) .

main2 :-
IooP2,

set invoke,
redün,
find,
fire,

assertz (xsource ( XS ) ),
assertz (ysource( YS ) ),

)'



fail.
main2.

1oop2.

loop2 :-
not(invoke),
1oop2 "

set invoke :-
învoke,
I

set invoke :-
ãssertz(invoke) "

decount :-
count(C),
D = C - L,
retract(count(c) )
assertz(count(D) )
!"
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dist(X, Y, Priority) :-
xsource(XS),
ysource(YS),
DX=X-XS,
DY=Y-YS,
DXa = abs(DX),
DYa : abs(DY),
DXZ : DXa * DXa t
DY2=DYa*DYa,
SUM = DX2 + DY2,
D = sqrt(SUM),
PrioritY=0"0-D"

trigger(Príority, Action, Params ) : -
clear invoke,
add_pFiority ( PrioritY ) ,
inc_trignum,
assertz(trig(Priority, Action, Params) ) .

clear invoke :-
inVoke,
retract ( invoke ) ,
!"

clear invoke :-
noEl invoke ) .

add_priority ( P )
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priorities ( Ptst ) ,retract(priorities (Plst ) ),assertz(priorities( [P I Plst,] ) ),
!.

ínc_trignurn : -
trig_num(N),
Nnew = N + I,
retract(trig nun(N)),
assertz ( trig_nurn( Nnew) ),
I

tr-re :-
trig_nurn(lil ) ,
f ireL (N) ,
retract(trig_num(N ) ),
assertz (trig_num( 0 ) ),priorities(P),
retract ( priorities ( P )
assertz (prioritíes ( | l
I

firel(0) :-
write("No rules triggered\ntt),
!.

fireL(N):-
repeat(N),
not(priorities([])),
new_priority ( P ) ,
new_action(P),
tA].I.

f irel- (_) : -
write ( ttAll rules exhausted\ntt )

repeat(_) "

repeat(N):-
not(N : 0),
Nner,¡: li[ - t,
repeat(Nnew) "

new_priority(P) :-
priorities ( Plst ) ,
maximurn(Plst, P, P1st2),
ret.ract(priorities (PIst ) ),
assertz (priorities ( Plst2) ),
!"

)'
)),

rnaximum([X I lr], Max, L2)
maxl-(X, [], LI, Max, L2)



maxl, (x, L1, [ ] ,!"

maxl- ( X, LI , lX2x2)x,
maxl-(x2, ix
I

maxl-(x, LL, lx2.l LZl , Max, L3) 3-
maxL(x, [x2 I L1], L2, Max, L3).

x, L1) :-

ne\ÀI-action(P) :-
trig(P, Action,
retract(trig(P,
execute (Action,
!"

I i,zl, Max, L3) :-

I lrl , L2, Max , L3') ,

incount(Dnew) :-
count(C),
Cnew: C * I,
retract(count(C) ),
assertz (count( Cnew) ),
count2(D),
Dnew: D + Ll
retract(count2(D) ),
assertz (count2 (Dnew) ),
I
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Plst),
Action, Plst) ),PIst),

keep :-
openwrite ( sysio, ¡t1Ínes3 

" lsptt ) ,
writedevíce ( sysio ) ,
write(tt(setq lines (quote ("),
tlI ,Iinwrit,
write(")))"),
DI ,
writedevice(screen),
closefile(sysio),
openwrite ( sysio, ¡rnodes3 

" lsp¡r ) '. wiitedevice(sysio),
count(C),
writef(" (setq nodes (quote ( ZAd ( \n", C),
retract(count(C) ),
retract(count2(_) ) 'point(1, X, Y, S, _),retract(point(1-, X, Y, S' -)),writef('t ( 29.Lf 49"1f Zzd ) \rt", X, Y, S),
pointwrit,
writef(" )))) \n"),
writedevice ( screen ) ,
closefile ( sysio ) ,
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vtrite ( ¡tData written\n" ) "

linwrit t-
1in(F, T),
point(F, Xl", Y1, -, -),point(T, X2, Y2, _, -) rili["i¡* q 1- zo:li ze "îii ( zs "Lr ze "Lr) )tt , x1 , Y1, x2 , Y2') ,
ñ1,
retract(1in(F, T) ),
fait "

linwrit.
pointwrit :-

point(_, X, Y, S, -),LetracE(poinÈ(-, X, Y, S, -) ),writeflrì-1 Zg:Tf e"g.Lf ZZd ) \n", x, Y' s),
fail "

pointwrit.



/* The following shouldItglobal2"Prort */

global domains
file : sysio
paramlst : pâFâfi*
param = i(integer) ;
plist = real*

global database
count ( integer )
count2 ( integer )point(integer, real,
lin(integer, integer)
xsource ( real )
ysource ( real )

L72

be included in

trig_num( integer )priorities ( plist )
trig(real, symbol, paramlst)

global predicates
nondeterm redun
nondeterm decount
nondeterm find
nondeterm dist(reat, reaI, real) - (i,iro)
nondeterm slide( integer,

integer, real, realrinteger, integer,
integer) - (i,i,i,i,i,i,i)

nondeterm trigger(real, symbol, paramlst) : (i'i,í)
nondeterrn exeóute(synbol,- paramlst) ( i, i )

nondeterm incount(integer) (o)

r(real)

a separate file called

real, integer, integer)



code = 4096
project ||RSTRB2rr
include ¡¡g1obal2 

" pro¡!

predicates
rf ix( integer, integrer, integer, rea1, real )

clauses
redun :-

point(P2, Xil, Yil, 0, 2),
1in(P3-, P2) ,
Iin(P2, P3),
rfix(P1-, P2, P3, Xilt, Ym)"

redun :-
wri-te ( rtsearch terninat,ed\nrr ) ,
!"

rfix(PL, P2, P3, X1, Y2)
point(P1-, X1, _, _t _)point(P3, XI , _, _t _)retract(point(P2, Xl,
decount,

1-7 3

retract(1in(P1-, P2)
retract(1in(P2, P3)
assertz ( 1in(P1, P3 )
write ( tt1- redundant
rar_1.

rfix(Pi-, P2, P3, X2, Y1) :-
point(Pl, _t Yl, _¡ _) ,point(P3, _, Yl, _, _) ,
ietraót ( point (P2 ,-x2; Yl, , o , 2) ) ,
decount,

I

,
Y2,0, 2)),

retract(1in(P1, PZ)
retract(1in(P2, P3)
assertz ( 1in ( P1- , P3 )
write ( ¡t1- redundant
fail "

,
,
,

node removed\Dtt) ,

I

,
t

node removed\rtt) ,



code = 4096
project rrRSfRB2rr
include !!globa12. pro"

predícates
elbow( integer,

integer, real, real,
integer )horiz(integer, real, real, integer, integer,
integer,
integer, real, real, integer, integer)

il"h(integei, real, real, inÈeger, integer,
integer,
integer, real, real,
integer I YeaI,

o1-h( integer, real, real ,
integer,
integer, real, reaI,
integer I real,

o3h(integer, real, real,
integer,
i-nteger, rea1, real,
integer, real,

vert(integer, rea1, real,
integer,
integer, rea1, TeaL,

il-v( integer, real, real,
integer,
integer, real, reaI,
integer, real,

o1v( integer, real, real,
integer,
integer, rea1, real,
integer, real,

o3v( integer, real, reaI,
integer,
integer, rea1, real,
int.eger , teal,
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integer, integer,
integer, integer)
integer, integer,
integer, integer,
integer, integer)
integer, integer,
integer, integier,
integer, integer)
integer, integer,
integer, integer)

integer, integer,
integer, integer,
integer, integer)

integer, integer,
integer, integer,
integer, integer)

integer, integer,
integer, integer,
integer, integer)

clauses
find :-

point(P2, X2, Y2, 0, 2),
tin(P1 , P2) ,
1in(P2, P3 ) ,
elbow ( P1- ,

P2, X2, Y2,
P3).

find :-
point(P2, X2, Y2, 52, D2),
lin(P1 , P2) ,
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lin(P2, P3 ),
s1íde(P1,

P2, X2, Y2, 52, D2,
P3) "

find 3-
r'¡rite ( Itsearch terminated\nr¡ ) ,
!"

elbor^r ( P3- ,P2, X3, Y1,
P3) :-

point( Pl-, Xl ,point(P3, X3,
hori z(P1, , XL ,

P2,
P3, X3,

elborâr ( P1- ,
P2, X1, Y3
P3) :-

point(PL, Xl,
point(P3, X3,
vert ( Pl- , x1 ,

P2,
P3, X3,

horiz(P1, XI, Y1
P2,
P3, X3, Y3

Iin(P4, P1 ) ,

Y1, 51, D1 ) ,
Y3, 53, D3 ) ,
Yl, S1, D1,

Y3, 53, D3 ) "

Yl, 51, D1 ) ,
Y3, 53, D3 ) ,Y1, 51, D1,

Y3, 53, D3 ) "

, 51, DL,

, s3, D3) :-
point(P4, X1, Y4, 54, D4),
iLh(PL, xr, Y1, sl, Dl,

P2,
P3, X3, Y3, 53, D3,
P4, Y4, 54, D4 ) .

hori-z(P1-, X1, Y1, 51, Dl,
P2,
P3, X3, Y3, 53, D3) :-

Iin(Pl- , P4') ,point(P4, Xl, Y4, 54, D4),
o]-h(Pl-, xl, Y1, 51, D1,

P2'
P3 , X3, Y3, 53, D3,
P4, Y4, 54, D4).

hori z(P1- , Xt , Y1 , 51 , D1 ,
P2,
P3, X3, Y3, 53, D3) :-

lin(P3 , P4) ,point(P4, X4, Y3, 54, D4) ,
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o3h( Pt- , x1, Y1, 51 , D1,
P2,
P3, X3, Y3 , 53, D3,
P4, X4, 54, D4).

ii-h(P]_, x1, Yl, 51, D1,
P2,
_, x3, Y3, _, _tP4, Y4, _, _) :-

Y4
PrioritY=Y3-Yl,
trigger(Priority, rgil-, Ii(P1),i(P2), r(X3),

i(P4)l),
write ( ¡'1- gil-h triggered\n" ) ,fail.

it-h(Pt-, X1, YL, 51, D1,
P2,
_, x3, Y3, _, _,P4, Y4, _, _) :-y4 < Y3, Y3

PrioritY = Y1 Y3,
trigger(Priority, rgil-, Ii(P]-

i(Pz) , r(X3
i(P4)l),

write ( tt1 gilh triggered\ntt ) ,fail.
il_h(PL, x1, Y1, s1, D1,

P2,
P3, X3, Y3, _, _,P4, Y4, 54, D4)

Y4 : Y3, Y3
Priority = Y3 Yl,
trigger(Priority, rel-

i(P2
í(P3

r(Xl- ) , r(Yl-
r(Yl-), r(Xl-

write ( ttL ei]-h
tarl..

), í(sl), í(Dr.),
), r(Y3),

iLh(PL, x1, Yl, s1, D1,
P2,
P3, X3, Y3, _, _tP4, Y4, 54, D4)

t
,

r(Xl-), r(Yl-
r(Yl-), r(xl-

Y4 = Y3, Y3 < Y1,
PrioritY : Y1 - Y3,
trigger(Priority, re1, tí(PL

í(P2) , r(x3
í(P3),
i(P4), r(X1

triggered\ntt ) ,
i(P4), r(xl-

Ii(P]-
, r(x3

, i(sr_), i(D1-),
, r(Y3),

r(x1),
r(Yi,),
r(Y4),

r(Y1)

i(s4),

i(sr-), i(Di.),

i(D4) I ),

r(X1), r(Yl-),
r(Y1),
r(v4), i(s4),

i(sl_), i(D1),

i(D4)l),



vrrite( ¡ti- ei1-h triggeredtt ),
fail "

iLh(P]_, Xr, Y1, 31, D1,
P2'
_, x3, Y3, _, _,P4, Y4; 54, D4) :-

Y3
PrioritY=Y4-Y1,
trigger(Priority, r1l-, ti(PLi(Pz) , r(X3

i(P4), r(x]-
write('¡1- 1iLh triggered\n" ),fail "

íl-h(PL , xr, Y1, s1 , DL,
P2,
_t x3, Y3, _t _,
P4, Y4, 54, D4 ) :-

Y3
PrioritY : Y1 Y4,
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trigger(Priority, 111, ti(P1)
í(P2) , r(x3 )i(P4), r(Xr")

write( tt1 lil-h triggered\ntt ),fail "

il-h(P1, x1, Yr, s1, 2 |

, r(xL
, r(y]-
, r(y4

P2,
P3, X3, Y3, 53,
P4,

Y4
dist(Xl-, Y3, Priority),
trigger(Priority, rei1, [í(Pl

r(Y]_)
r(x3)
i(s4)

Y4, 54,

, i(sl-
, r(Y4
, i(D4

write ( t¡1- e]-i1h
fail.

Í]_h(P1, X1 , Y!, 51, 2,
P2'
P3, X3, Y3, 53, 1 |
P4, Y4, 54, D4 ) :-y4 < Y1, Y1 < Y3,

L,
D4) :-

r(xr-
r(Y1
r (v4

, í(Dr-),
t

t),

, r(Yl-),
, r(x3),
, i(s4),

dist(X1", Y3, Priority) ,
trigger(Priority, reil-, Ii(P1

i(P2 ) , r(X3
i(P3), r(X3
í(P4), r(xL

write( t¡1 e1-il-h triggered\n" ),fail "

i(P2), r(X3
i(P3), r(X3

triggered\nt') ,

i(P4), r(x1

i(s1-
r (Y4
i(D4

,
,
t

r(x1
r(Yl-
r(Y3
r (v4

i(D]-),

),

) , r(YL
), r(Xl-
), i(s3
), i(s4

, i(sl-
, r(Y3
, i(1)
, i(D4

', i(2) '

r),

,
I

,

r(x]_
r(Y]
r(Y3
r(Y4

t
,
I
I

r(Y1- ) ,
r(x]- ) ,i(s3),
i(s4),

i(sr-),
r(Y3),
i(1),
i(D4) l

í(21 ,

)'



ir-h(P1-,
P2,
P3,
P4,

v4 > YL, yr
dist(Xl", Y3, Priority),
trigger(Priority, reiL, Ii(P].

i(P2 ) , r(x3
í(P3 ) , r(x3
i(P4), r(X1

write( t¡1- e3ii"h triggered\ntt),
fail "

il-h(Pl-, X1, Y1, 51, 2l
P2'
P3, X3, Y3, 53, 3 |P4, Y4, 54, D4) o:

Y4 < Yl_, Y1 < Y3,
dist(X1,, Y3, Priority),
trigger(Priority, reiL, Ii(PL

i(P2 ) , r(x3
i(P3), r(x3
i(P4), r(Xl

write( t'1- e3ilh tríggered\ntt),
fai1.

i1h(P1, X1, Y1, 51, 2,
P2,
P3, X3, Y3, 53, 2 |
P4, Y4, 54, D4) :-

lin(P3, P5) ,point(P5, X5, Y3, 55, D5),
xl > x3, x3y4 > Y1, Yl-

x1, Y1, 51, 2,

x3, Y3, 53,
Y4, 54,

3l
D4) :-

L78

),
),

r(XL), r(Yl-),
r(Y]_), r(Xr_),
r(Y3), i(53),
r(Y4), i(s4),t

,

dist(X1, Y3, Priority),
trigger(Priority, resil-, Ii(P1),

i(
r(
i(

s1) , í(2) ,
Y3),
3),
D4) I ),l_

t
I
,
,

r(x]-
r( Yr.
r(Y3
r(Y4

write( ¡t1 esil-h triggered\ntt ),
fail "

iLh(P1, Xl, YL, 51,
P2,
P3, X3, Y3, 53,
P4, Y4, 54,

Iin(P3, P5 ) ,point(P5, X5, Y3,
x1_y4 < Yi-, Y1 < Y3,

t
I
,
I

r(Yl_),
r(x]-),
i(s3),
i(s4),

i(P2
i(P3
i(P4
i(P5

1
r
ii

s1), i(2),
Y3),
3),
D4) I ),

, r(x3),
, r(x3),
, r(x1),
, r(x5),

2,

2,
D4) :-
s5, D5),

r( xl
r(YL
r( Y3
r(Y4
r(Y3

, r(YL), i(s]
, r(Xl-), r(Y3
, i(s3), i(2)
, i(s4), i(D4
, i(s5), i(D5

, í(2),
,

,
l),



dist(Xl-, Y3, Priority) ,trigger(Príority, resil-, Ii(P1i(P2), r(X3
i(P3), r(X3
i(P4), r(x1
i(P5), r(X5

write(¡f 1, esilh triggered\n"),
fail "

i1-h(PL, XL, Yl, 31, 2,
P2,
P3, X3, Y3, 53, 2,
P4, Y4, 54, D4)

lin(P3, P5),
point(P5, X5, Y3, 55,
xl < x3, x3 < x5,
Y4
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dist(X1-, Y3, Priority),
trigger(Priority, resil-, Ii(P1i(Pz) , r(X3

i(P3 ) , r(x3
i(P4), r(X]-
i(P5), r(Xs

, r(x]-
, r(Yl-
, r(Y3
, r(Y4
, r(Y3

write( ¡t3- esith triggered\ntt ),
fail "

il-h(Pl, X1, Y1, 51, 2 |
P2,
P3, X3, Y3, 53, 2,
P4, Y4, 54, D4) :-

lin(P3, P5),
point(P5, X5, Y3, 55, D5),
x1
Y4
dist(Xl-, Y3, Príority),

),,) 
,

),
),

:-

D5),

r(YL
r(xl-
i(s3
i(s4
i(s5

)
)

)

, i(sl-
, r(Y3
, i(2)
, i(D4
, i(D5

, i(21 ,
,

trigger(Priority, resil-, Ii(P1),i(P2), r(x3),

),
)r),

, r(xl-
, r(Yl-
, r(Y3
, r(Y4
, r(Y3

write ( t¡1-

tar-l- "

ot_h(PL, xr,
P2,

-t 
X3,

P4'
v4

tr
tr
,]
,1
,i

(Y1
(x1

i(P5), r(X5),
esilh triggered\ntt) ,

Y1, 51, D1,

),
(
(

(

, i(sL
, r(Y3
, i(2)
, i(D4
, i(D5

S3
S4
S5

Priority : Y3
trigger(Priority, rgo1, Ii(P1), r(X1)

L(Pz), r(X3), r(Yl-)
i(P4)l),

i(P3), r(X3),
i(P4), r(xl-),

), í(2),
)'
,
),
)r),

Y3, 
-tY4, -'Y3>Y

r(xl-
r(Y1
r(Y3
r(Y4
r(Y3

_) : -
Tl

Yi-

,
,
I
,
I

r(YL),
r(xl),
i(s3),
i(s4),
i(s5),

í(s]-
r(Y3
i(2)
i(D4
i(D5

),
),

í(2',),

I

l),

r(Yr-), i(sl-)
r(xl-), r(Y3)

i(Dt_),
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r^trite(tt1 go1-h triggered\ntt ),
fail "

o1-h(P1, X1, Yl, 51, D1,
P2,
_, x3, Y3, _, _lP4, Y4, _, _) :-

Y4
Priority = Yl - Y3,
trigger(PrioritY' rgol-, Ii(P1),i(P2), r(x3),

i(P4)l ),
write ( tr3- gol-h triggered\ntt ) 'fail "

o1h(PL, x1, Yl, 51, D1,
P2,' P3, X3 , Y3, _, _,
P4, Y4, 54, D4)

Y4 = Y3, Y3
Priority : Y3 - Yl,
trigger(PrioritY, rel-

i(P2
i(P3
i(P4), r(xl-

write( "1" eoLh tríggered\nt' )'
fail.

o]-h( Pl- , X1 , Y1 , 51, D1,
P2'

r(xL),
r(Yl),

P3, X3, Y3, _t _l
P4, Y4, 54, D4) :-

Y4 = Y3, Y3 < Y1,
Priority : Yl- Y3,
trigger(PrioritY' re1, Ii(P]-)

r(Yl"
r( x]-

ti(P]
, r(X3

, i(s]-),
, r(Y3),

write ( rt1- eol-h
fail.

o1h(P1, X1, Yl, 51, D1,
P2,
_, x3, Y3, _, _,P4, Y4, 54, D4) :-

Y3
Priority = Y4 - Yl,
trigger(PrioritY, rll-, Ii(PL

i(P2), r(x3
i(P4), r(X1

!ürite(t¡l- Iol-h triggered\ntt ),
fail "

r(xr")
r(Y1)

r(Y4)

i(Dt-),

, r(Y1)

, i(s4)

i(P2
i(P3

triggeredtt) ,
i(P4), r(x]")

, r(x3)
I

i(sr-), i(D1),

i(D4)l ),

,
,

t

r(xl-
r(Y1

r(Y4

', t'"t

, i(54

, i(s1), i(D1-),

, i(D4) I ),

, r(xl- ) ,
, r(Yi-),
, r(Y4),

r(Yl-
r(xl
i(s4

i(s]-
r(Y3
i(D4

, i(Di-)
I

r),



ol_h(PL, xl, Y1, s1, Dl,
P2,
_, x3, Y3, _, _tP4, Y4, 54, D4 ) :-

Y3 < y4, Y4 < Y1,
PrioritY = Y1 - Y4,
trigger(Priority, 11l-, ti(Pr.i(P2), r(X3

i(P4), r(X1-
write( ¡tL 1ol-h triggered\n" ) ,
fail.

o3h(_, xl,
P2,
P3, X3,
P4, X4,

x4
PrioritY = X1 - X3,
trigger(Priority, rgo3, Ii(P2), r(x3

i(P3), r(X3), r(Y3
i(P4)l ),

write ( rt1- go3h triggered\n" ) ,
fail.

o3h(_, x1 , YL, _, _t
P2,
P3, X3, Y3, 53, D3,
P4, X4, _t _) :-

x4 < xl_, x1
PrioritY=X3-Xl,
trigger(Priority, rgo3, Ii(P2), r(x3

i(P3), r(x3), r(Y3
i(P4)l),

write ( ttl- go3h triggered\ntt) ,
tar_I"

o3h( P]-, X1 , Yl, _, _t
P2,
P3, X3, Y3, 53, D3,
P4, X4, 54, D4) :-

X4 : X1, Xl-
Priority = X1 - X3,
trigger(Priority, reo3, Ii(Pl),í(P2), r(X3), r(Y1

i(P3), r(X3), r(Y3
i(P4), r(x4), r(Y3

18L

Yl, 
-, -t

Y3, 53, D3,

-, -) :-

, r(x]- )
, r(Y]-)
, r(y4)

r(Yr_
r(xr-
i(s4

I

,
i(st-), Í(Di-),
r(Y3 ) ,i(D4)l),

, r(Yl"
, i(s3

write( t¡3- eo3h triggered\n" ),
tar_l- "

o3h(P]_, X1, Y1, _, _t
P2,

r(xr_), r(Y3)
i(D3),

r(Y1), r(X]-), r(Y3)
i(s3), i(D3),

, i(s3), í(D3),
, i(s4), i(D4)l),
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P3, X3, Y3, 53, D3,
P4, X4, 54, D4) :-

X4 : X1, X1
Priority : X3 X1,
trigger(Priority, reo3, Ii(P1),i(P2), r(x3),

i(P3), r(X3),
i(P4), r(x4),

write ( ttJ- eo3h triggered\n" ) ,
tal-1 .

o3h(_, X1 , YL, _, _,
P2,
P3, X3, Y3, 53, D3,
P4, X4, 54, D4) :-

x]_ > x4, x4
PrioritY : X4 - X3,
trigger(Priority, r1o3, li(P2i(P3), r(x3

i(P4), r(X4
write(¡'1- l-o3h triggered\ntt),
fail "

o3h(_, x1 , Y!, _, _l
P2,
P3, X3, Y3, 53, D3,
P4, X4, 54, D4) :-

r(Yr-
r(Y3
r(Y3

xL < x4, x4
Priority : X3 X4
trigger ( Priority,

, i(s3
, i(s4

write(¡t1- 1o3h triggered\ntt ),
fail "

o3h(PL, x1, Y1, 51, r,
P2,

, i(D3),
, i(D4)l),

t
,
,

r(x3
r( Y3
r(Y3

P3, X3, Y3, 53,
P4, X4,

x1
dist(X1, Y3, Priority),
trigger(Priority, reo3, Ii(Pl),i(P2), r(x3),

i(P3), r(X3),
i(P4), r(x4),

write ( tt1- e1-o3h triggered\ntt ) ,
fail "

+ 2,
rlo3 , Li(P2
i(P3 ) , r(X3
i(P4), r(x4

r(Yi-
i(s3
i(s4),

, r(X1
, i(D3
, i(D4

o3h(Pt_, xL,
P2,
P3, X3,
P4, X4,

54,
2l
D4) :-

, r(x3
, r(Y3
, r(Y3

, r(Y3),
,
l),

,

,

r(Y]-),

Yt, sl, r,

i(s3),
i(s4),

Y3, 53, 2,
s4, D4) :-

r(x]-
i(D3
i(D4

r(xr.
r(Y1
r(Y3
r(Y3

, r(Y3),
,
t),

) , r(YL
, r(xL
, i(s3
, i(s4

, í(sr-
, r(Y3
, i(2)
, i(D4

', i(r) '
t),



x]_ < x3, x3 1x4,
dist(X1, Y3, Priority),
trigfer(Priority, reo3, [í(PL

i(P2), r(X3
i(P3), r(X3
i(P4), r(X4

write(rtL eLo3h triggered\ntt ),
fail "

o3h(P1-, Xl, Yl, 51, 3,
P2,
P3, X3, Y3, 33, 2 ,
P4, X4, 54, D4)

xl_
dist(X3-, Y3, PrioritY),
trigger(Priority, reo3, Ii(P].

i(P2 ) , r(X3
i(P3), r(X3
i(P4 ) , r(X4

write(¡¡1- e3o3h triggered\ntt) ,
fail "
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o3h(P1, X1, Y1, 51, 3,
P2'
P3, X3, Y3, 53, 2 |
P4, X4, 54, D4)

xL < x3, x3 < x4,

- 
/ va \

, Llt\L),
, r(Y]- ) ,
, r(y3),
, r(Y3),

r(Y]
r(xl
i(s3
i(s4

dist(X1, Y3, PrioritY),
trigger(Priority, reo3, Ii(Pl-

i(Pz) , r(X3
i(P3), r(x3
i(P4), r(x4)

write ( t¡1- e3o3h triggered\n" ) ,
fail-.

vert(Pl-, xI , Yl, 51, D1,
P2,
P3, X3, Y3, 53, D3) :-

1in(P4, P1),
point(P4, X4, Y1, 54, D4) ,
il-v(Pl- , XL, Yl, 51, D1,

P2,
P3, X3, Y3, 53, D3,
P4, X4, 54, D4) "

vert(PL, x1, YI, 51, D1,
P2,
P3, X3, Y3, 53, D3) 3-

lin(Pl- , P4) ,point(P4, X4, YI, 54, D4),
ol-v( Pl- , Xl , Yl, 51 , D1 ,

P2,

) , i(s]-
, r(Y3
, i(2)
, i(D4

, r(Xl-), r(YL
, r(Yl-), r(Xl-
, r(Y3), i(53
, r(Y3), i(54

', í(L) '

l),

, i(sr-)
, r(Y3)
, í(2) ,
, i(D4)

, r(xl-),
, r(Yr-),
, r(Y3),
, r(Y3),

', i(3) '

t),

r(Y]-
r(x1)
i(s3)
i(s4)

, i(s]_
, r(Y3
, i(2)
, i(D4

i i(') '

l),



P3, x3, Y3, 53, D3,
P4, X4, 54, D4) "

vert(P]-, X1, Y1, 51, D1r.
P2,
P3 , X3, Y3, 53, D3 ) Z-

tin(P3 , P4) ,
point(P4, X3, Y4, 54, D4),
o3v(Pl-, X1, Y1, S1, D1,

P2,
P3, X3, Y3, 53, D3,
P4, Y4, 54, D4) "

i1-v(P1, Xl, Y1, 51, D1,
P2,
_, x3, Y3, _, _,
Þ4, x4, _t _) :-

,<4
PrioritY : X3 X1 'triggeriPrioritY, rgil-' Ii(P1),

i(P2), r(Xl-),
i(P4)l),

\,/rite( "t giLv triggered\nt') ,
fail.

il-v(P1-, X!, Y1, 51, D1,
P2,
_, x3, Y3, _, _,
Þ4, x4, _, _) :-

x4 < x3, x3 < x1,
PrioritY = X1 X3,
triggerlPrioritY, rgiL, Ii(Pl),i(P2), r(XL),

i(P4) I ),
write(tt1- gil-v triggered\ntt ) ,
fail "

L84

il-v(Pl- , XL, Y1, 51, D1,
P2,
P3, X3 , Y3, _t _,
P4, x4, s4, D4)

r(xl-
r(Y3

X4 = X3' X3
Priority = X3 - X1,
trisser(Priority, ri;l i, tiIii ì ;

i(P3),
i(P4) ' r(x4),

write(¡tL eil-v triggered\ntt) 'fail.
il-v( P1 , XI , Yl, 51 , D1 ,

P2'

, r(Y1),
, r(x3),

i(sr-), i(Dl-),
r(Yl-),

r(x1
r(v3

, r(Yl-),
, r(x3),

i(sr.), i(D]-),
r(Yl-),

r(x]-),
r(Y3),
r(Yl_),

r(Y]-),

i(s4),

i(s1), i(Dl-),

i(D4) I ),



P3, X3, Y3, _t _,
P4, X4, 54, D4) :-

X4 = X3, X3 < Xl,
PrioritY = XL X3,
trigger ( Priority, rel- ,

i(P2),
i(P3),
i(P4), r(X4),

write ( tt1- eiLv triggered\ntt ) ,
fai L

ilv(Pl-, XL,
P2,
_, x3,
P4, X4,

x3
Priority = X4 - XL,
trigger(Priority, rll-, Ii(P]-i(P2), r(xl-

i(P4), r(x4
write( tt1 lil-v triggered\ntt ),
faiI.
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Yl, 51, D1,

Y3, 
-t -,s4, D4) :-

ti(Pr-)
r(x]- )

iLv(P1 , XL,
P2,

-' X3,
P4, X4,

r(x]-
r(Y3

r(Y1

x3
Priority = Xl- - X4,
trigger(PrioritY, rL:.' Ii(Pl)i(P2), r(xi.)

i(P4), r(x4)
write ( ¡t1- tilv triggered\ntt ) ,
fail "

i1-v(P1-, XI , Yl, 51, 2l
P2,

, r(Y]-

, i(54

Y1, 51, D1,

Y3, 
-, -ts4, D4) :-

, i(s1)

, i(D4)

, i(DL),

l),

,
,
,

r(xL
r(Y3)
r(Yr-)

P3, X3, Y3, 53,
P4, X4,

x4 > xL, xl ) x3,
dist(X3, Yl, PrioritY) ,trisser(Priority, 

i?Èå t, 
tlIii

i(P3 ) , r(X3
i(P4), r(X4

write( t'1- el-il-v triggered\ntt ),
fail "

, r(Y]-
, r(X4
, i(s4

, í(s1)
, r(Y3)
, i(D4)

i1-v( P1" , X1 ,
P2,
P3, X3,
P4, X4,

54,
L,
D4) :-

r(xr.
r(Y3
r(Yl

, i(D1),
I

r),

, r(Yl- ) ,
, r(x4),
, i(s4),

Y1, 51, 2,

Y3, 33, L,
s4, D4)

i(s1-
r(Y3
i(D4

, i(D1)
t
r),

t
I

r(x1
r(Y3
r(Y3
r(Yl),

),

, r(Y]-),
, r(x3),
, i(s3),
, i(s4),

i(s]-),
r(Y1),
i(1),
i(D4)l

i(2) ,

),



dist(X3, Y1, PrioritY),
rrisler(priority, 

i?åi i, 
ti[Tl

i(P3 ) , r(X3
i(P4) ' r(X4

write(¡'1- etil-v triggered\n") 'fail "

il-v(Pl, X1-, Y1, 51, 2,
P2,

x4 < xl-, xl < X3,

x.4
dist(X3, Y1, PrioritY),
tríqùer(eriority, 

i?åå i, 
tl[Pxt,

i(P3), r(X3
i(P4), r(x4

write( "1- e3il-v triggered\nt' ),
fail "

i1-v(P1- , Xt, Yl, 51, 2,
P2,

P3, X3, Y3, 53,
P4, X4,

L86

54,

I

I

I

,

3l
D4) :-

r(X]- ) , r(Yi-
r(Y3), r(X3
r(Y3 ) , i(53
r(Yi-), i(s4

P3, X3, Y3, 53,
P4, X4,

x4 < xl-, x1
dist(X3, Yl, PrioritY),
trigler(eriority, rei1, Ii(Pl')i(P2), r(xl-)

, í1Sr
, r(Y]-
, i(1)
, i(D4

write( t'1- e3i]-v triggered\ntt) 'fail "

il-v(PL, x1, Y1, s1, 2,
P2,
P3, X3, Y3, 53, 2,
P4, X4, s4, D4) :-

Iin(P3, P5) ,point(P5, X3, Y5, 55, D5),
x4 > xl, xl- > x3,
Yl-
distlX3, Y1, PrioritY) 'trisler(erióritY,'i?iä 

i, 
tiITl] 

;
i(P3), r(x3),
i(P4), r(x4),
i(P5)' r(x3),

write( "L esil-v triggered\ntt ),
fail "

54'

, í(2j ,
I

)

)
)

,
,
,
t

3,
D4) :-

r(X]
r(Y3
r(Y3
r(Y1-

)l),

)
)
)

, r(vL
, r(X3
, i(s3
, i(s4

i(P3), r(x3)
i(P4), r(x4)

, i(sL),
, r(Y]-),
, i(3),
, i(D4)l

, r(x]-
, r(V3
, r(Y3
, r(YL

í(2) ,

),

r(Y]-),
r(x3),
i(s3),
i(s4),)'

i(s]-), i(2)
r(YL),
i(3),
i(D4)l),

r(X1-
r(Y3
r(Y3
r(Y3-
r(Y5

, r(Yl-
, r(X3
, i(s3
, i(s4
, i(s5

, i(sL)
, r(Y1-)
n i(2) ,
, i(D4)
, i(D5)

, i(2)
t

,
t),



itvlet, xl, Y1,
P2,
P3, X3, Y3,
P4, X4,

lin(P3, P5) ,point(P5, X3, Y5, 55, D5),
x.4 > x1_, x1 > x3,
Y]- < Y3, Y3 ( Y5,
dist(X3, Yl, Priority),
trigger(Priority, resil,, Ii(P]-)

51, 2,

53, 2,
s4, D4) :-

write( tt3- esil-v triggered\ntt) ,
fail.

i1v(Pi-, XL, YL, 51, 2 ,
P2,
P3, X3, Y3, 53, 2 |
P4, X4, 54, D4) :-

1in(P3, P5),
point(P5, X3, Y5, 55, D5),
x4 < x1, x1 < x3,
Y]_ > Y3, Y3
dist(X3, Y1, Priority),
trigger(Priority, resi1, Ii(P1i(P2), r(xl-

i(P3), r(x3
i(P4), r(x4
i(P5), r(x3

hrrite ( ttl- esil-v triggered\ntt ) ,
fail "

iLv(Pi-, X1, Y1, sl, 2,
P2,
P3, X3, Y3, 53, 2,
P4, X4, 54, D4) :-

1in(P3, P5),
point(P5, X3, Y5, 55, D5),
x4
Yl_ < v3, Y3 < Y5,

L87

i(P2), r(xl-)
i(P3), r(x3)
i(P4), r(x4)
i(P5), r(x3

, r(xl,
, r(Y3
, r(Y3
, r(Yl-
, r(Y5

I
,
I

r(Y]
r(x3
i(s3
i(s4
i(s5),

),

), i(sl-
), r(YL
), i(2)
l, i(D4
), i(D5

dist(X3, Yl, Prioríty),

, i(2\ ,

trigger(Priority, resil-, Ii(P],i(P2), r(xl-

I

,
t),

, r(x1
, r(Y3
, r(Y3
, r(Yl-
, r(Y5

write( tt1 esil-v triggered\n" ) ,
fail "

o]-v(Pl-, X1, Y1, 51, D1,

),
),
)'
),

r( Yr-
r(x3
i(s3
i(s4
i(s5

, i(s]-
, r(Yl-
, i(2)
, i(D4
, i(D5

i(P3), r(x3
i(P4), r(X4
i(P5), r(X3

, i(2),
,

,
l),

, r(NL
, r(Y3
, r(Y3
, r(Yl-
, r(Y5

I
,
,
,
,

r(Yl-),
r(x3),
i(s3),
i(s4),
i(s5),

i(s1-
r(Y]-
i(2)
i(D4
i(D5

, í(21 ,
t

f

l),



P2,
_, x3, Y3, _, _tP4, X4, _, _) :-

x4
PrioritY = X3 X1,
trigger(Priority, rgol-, Ii(Pl-i(P2), r(xl-

i(P4)l),
v/rite(tt1- go1-v triggered\ntt ),
tAII "

ol-v(PL, XL, Y1, 51, D1,
P2,
_, x3, Y3, _, _,P4, X4, _t _) :-

x4 < x3, x3 < x1,
PrioritY : X1 - X3,
trigger(Priority, rgo1, Ii(P1

188

write ( tt1-

fail "

oLv(P1, XL,
P2,
P3, X3,
P4, X4,

), r(x1), r(Yl-), i(S1),
) , r(Y3), r(X3), r(Yl),

i(P2), r(X]"
i(P4)l),

gol-v triggered\ntt ) ,

Y1, 51, D1,

Y3, 
-t -ts4, D4) :-

X4 : X3, X3
Priority = X3 - X1,
trigger(Priority, re1, tí(PL)

!'trite(ttL eol-v
fail "

ol-v(Pl-, X1, Y1, 51, D1,
P2,
P3, X3, Y3, _, _,P4, X4, 54, D4)

. X4 : X3, X3 < X1,
PrioritY : X1 - X3,

r(x1), r(YL
r(Y3 ) , r(x3

Í(Dr-),

i(P2
i(P3

triggered\ntt) ,

trigger(Priority, re1, ti(P1)

i(P4), r(X4)

write(¡t1- eol-v triggered\n"),
fail.

ol-v(Pl-, X1, YI , 51, Dl,
P2,
_t X3, Y3, _, _,

, r(x1)
,

, i(s1),
, r(vL),

r(x]-
r( v3

r(Y]-

i(D1-),

, r(Y]_ )

, i(s4)

i(P2
i(P3
i(P4), r(X4)

, r(xL)
t

i(sl), i(Dl-),

i(D4)l),

r(x1), r(Yi-)
r(Y3),
r(Yi"), i(s4)

i(sL), i(Di_),

i(D4)l),



P4, X4,
x3
PrioritY = X4 X1,
trigger(Priority, r11, ti(Pl-i(P2), r(Xl-

i(P4), r(X4
write ( ¡ti- Iolv triggered\nt' ) ,
fail "

o1-v ( P3- , X1 ,
P2,

-t 
X3,

P4, X4,

s4, D4) :-

x3 < x4, x4 < x1,
PrioritY : X1 X4,
trigger(Priority, rll-, ti(Pf-)

YL, si- , DL,

Y3, 
-t -,s4, D4) :-

write ( rr1 lol-v
fail "

o3v(_ , XI, YI,

t_89

P2,
P3, X3, Y3, 53, D3,
P4, Y4, _, _) :-

Y4
PrioritY : Y1 Y3,
trigger(Priority, rgo3, lí(P2i(P3), r(x3

i(P4)l),
write(tt1- go3v triggered\ntt ),
fai1.

o3v(_ , XL, Yl., _t _,
P2,
P3, X3, Y3, 53, D3,
P4, Y4, _, _) :-

Y4 < Yl-, Y1
PrioritY = Y3 - Yl,
trigger(Priority, rgo3, lí(P2

i(P3 ) , r(X3
i(P4)l),

write ( ¡¡1- go3v triggered\ntt ) ,
fail "

r(xr_), r(Y]-)
r(Y3), r(X3)
r(YL) , i(34 )

i(P2), r(xL)
i(P4), r(x4)

triggered\nt') ,

i(s1)
r(Y]-)
i(D4)

r(XL), r(Y1)
r(Y3), r(x3)
r(Yr-), i(s4)

, i(Dr-),
,
r),

o3v ( P1- ,
P2,
P3,
P4,

i(sr-)
r(Y1- )
i(D4)

, r(Xl-), r(Y3
, r(Y3), i(53

, i(D1-),
,
r),

*t Yl, 
-, -t

X3, Y3, 53, D3,
Y4, 54, D4) :-

Y4 : Y1-, YL
PrioritY = Yl Y3,
trigger(Priority, reo3, Ii(P1),

, r(X3
, i(D3

, r(Xl-), r(Y3
, r(Y3), i(53

, r(Yl-),
,

, r(X3
, i(D3

, r (v1-) ,
t



\Àrrite( ttl- eo3v triggered\ntt ),
fail "

o3v( PL , -, Y1, -, -,P2,
P3, X3, Y3, 53, D3,
P4, Y4, 54, D4) :-

Y4 = Y1r Y1 ( Y3,
PrioritY=Y3-Yl,
trigger(Priority, reo3, Ii(P].)

i(Pz), r(X3)
i(P3), r(x3)
i(P4), r(X3)

i(P2
i(P3
i(P4

write ( ¡rL eo3v triggered\ntt ) ,
fail,

o3v(_, Xl , Y1-, _, _,
P2,
P3, X3, Y3, 53, D3,
P4, Y4, 54, D4) :-

Y1
Priority = Y4 Y3,
trigger(Priority, rlo3, Ii(P2

i(P3 ) , r(x3
i(P4), r(X3

write(t¡1- 1o3v triggered\ntt ),
fail "

o3v(_, XL, YI, _, _t
P2,

, r(x3)
, r(x3)
, r(x3)

t_90

, r(YL
, r(Y3
, r(Y4

, i(s3), í(D3)
, i(s4), i(D4)

, r(Yl-),
, r(Y3 ) , i(53 ), i(o¡
, r(v¿), i(s4), i(D4

P3, X3, Y3, 53,
P4, Y4, 54,

,l),

Y1
Priority = Y3 - Y4,
trigger(Priority, r1o3, li(P2

i(P3 ) , r(x3
i(P4), r(X3

write ( ¡'1- 1o3v triggered\ntt ) ,
taal. -

o3v(P1,
P2,
P3,
P4,

Yl-
dist.
trig

D3,
D4) :-

r(xl- ) ,
r(Y3 ) ,r(Y4),

X1, Y1, 51, 1- ,

,
l),

X3,

Y3,
(X3'
ger(P

r(Y3 ) ,i(s3),
i(s4),

Y3, 53, 2,
Y4, 54, D4) :-
Y3
Y1, Priority),
riority, reo3,

i(P2)
i(P3)

r(x3
i(o:
i(D4

, r(xl- ) ,
, r(Y3),
, r(y4),

)
)

,
,
r)

r(Y]-),

,

r(Y3),
i(s3),
i(s4),

Ii(P1),, r(x]-),
, r(x3) ,

r(X3), r(Yl-),
i(D3),
i(D4)l),

r(Xl-), r(Yl-
r(Y3 ) , r(X3
r(Y3), i(53

, i(sl-),
, r(Yl-),
, i(2) ,

i(1),



L91,

i(P4), r(X3), r(Y4),
write([1- e]-o3v triggered\ntt),
fail.

o3v(P1-, Xl, Y1, 51, !,
P2,
P3, X3, Y3, 53, 2,
P4, Y4, 54, D4) :-

Yl_ < Y3, Y3 < Y4,
dist(X3, Y1, Priority),
trigger(Priority, reo3, Ii(PL

write ( tt1- el-o3v
fail "

o3v(P]-, X1, Yl, 51, 3 ,
P2,
P3, X3, Y3, 53, 2,
P4, Y4, 54, D4) :-

Y]_ > Y3, Y3 ) Y4,
dist(X3, Y1, Prioríty),
trigger(Priority, reo3, Ii(Pl-i(P2), r(X1

i(P3), r(X3
i(P4), r(x3

write(tt1 e3o3v triggered\ntt) ,
fail "

o3v(Pl-, X1, Y1, 31, 3,
P2,
P3, X3, Y3, 53, 2,
P4, Y4, 54, D4) :-

Y1_

dist(X3, Y1, Priority),

i(P2), r(Xi-
i(P3 ) , r(x3

triggered\ntt ) ,
i(P4 ) , r(x3

í(s4),

) , r(XL
), r(Y3
), r(Y3
) , r(Y4

i(D4)l),

),
),

r(Y]-
r(x3
i(s3
i(s4

trigger(Priority, reo3, Ii(P].

t
,

\, i(s1"
), r(Yl-
l, i(2)
), i(D4

write ( ¡'3- e3o3v
tar_1"

,),

),
)'
),

l, i(1),
),
,
)r),

r(xl),
r(Y3),
r(Y3),
r(Y4),

r(Y]-
r(x3
i(s3
i(s4

i(P2 ) , r(x1
i(P3), r(X3

triggered\ntt ) ,
i(P4), r(X3

,
,
t
,

i(s]_
r(Yr-
i(2)
i(D4

', í(3) 
'

l),

,
t
f

I

r(x]_ ) ,
r(Y3),
r(Y3 ) ,
r(Y4),

r(Y1-
r(x3
i(s3
i(s4

I

,
,
,

i(s1_
r(YL
í(2)
i(D4

)

)

', i(3) 
'

l),



code = 4096
project |!RSTRB2rr
include t'gJ.oba12 . pror¡

predicates
hs(integer, real, real, integer, ínteger,

integer, integer, integer,
integer, real, rea1, integer, integer,
integer, teal, integer, integer)

vs(integer, real, real, integer, integer,
integer, integer, integer,
integer, rea1, real, integer, integer,
inteÇer, real, integer, int,eger )

clauses
slide ( P1- ,

P2, X3, Y1, Szt D2,
P3) :-

point(P1, XL, YI, 51, Dl),
point(P3, X3, Y3, 53, D3 ) ,
lin(P4, P1) ,point(P4, X1, Y4, 54, D4),
hs(P1-, XI, Yl, 51, D1,

P2, 52, D2,
P3, X3, Y3, 53, D3,
P4, Y4, 54, D4).

slide ( P3- ,
P2, Xl, Y3, 52, D2,
P3) :-

point(P3-, X1, Y1, 51, D1),
point(P3, X3, Y3, 53, D3 ) ,lin(P4, P1 ) ,point(P4, X4, Yl, 54, D4),
vs(P1, XL, Y1, 51, Dl,

P2, 52, D2,
P3, X3, Y3, 53, D3,
P4, X4, 54, D4)"

1-92

hs(P1", Xl, Yl, 51, D1,
P2, 52, D2,
P3, X3, Y3, 53, D3,
P4, Y4, 54, D4) :-
y4
trigger(0, rgs, ti(Pi")i(P2), r(x3

i(P3), r(X3
í(P4), r(x1

r(x1
rorrite ( ttl- ghs triggered\ntt ) ,
fail "

r(xr- ) ,
, r(Y1)
, r(Y3)
, r(Y4)
, r(Y3)

r(Yr-), i(sr-)
, i(s2), i(D2
, i(s3)n i(D3
, i(s4), i(D4
r),

i(D]-),
,
,



hs(PL, X!, Yl, 51, D1,
P2, 52, D2,
P3, X3, Y3, 53, D3,
P4, Y4, 54, D4 ) :-
v4 < Y3, Y3
trigger(0, r9s, Ii(Pl), r(xl)

i(P2), r(X3), r(Yl-
i(P3), r(x3), r(Y3
i(P4), r(Xr"), r(Y4

r(Xl), r(Y3
srrite( tt1- ghs triggered\ntt ),
tar-I "

hs(P1, XL, Yl, 51, D1,
P2, s2, D2,
P3, X3, Y3, 53, D3,
P4, Y3, 54, D4) :-
trigger(0, res, Ii(P]-), r(x]-)

i(P2), r(X3), r(Yl-
i(P3), r(X3), r(Y3
i(P4), r(X1), r(Y3

write ( ¡tL ehs triggered\nrr ) ,
ta].I.
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hs(Pl-, XL, Y1,
P2,
P3, X3, Y3,
P4, Y4,
Y3 > y4, Y4
trigger ( 0,

r(YL),
, i(s2),
, i(s3),
, i(s4),
r),

i(s]-)
i(D2
i(D3
i(D4

r(X3), r(Y4
\,/rite ( ¡'L lhs triggered\nrr ) ,
fail "

hs(PL , Xt, Y1, 51, D1,
P2, 52, D2,
P3, X3, Y3, 53, D3,
P4, Y4, 54, D4) :-
Y3 < y4, Y4 < Yl,
trigger(0, rls, Ii(Pl-), r(XL)

i(P2), r(X3), r(Yl-
i(P3), r(X3), r(Y3
i(P4), r(Xl), r(Y4

r(X3 ) , r(Y4
write ( tt1- ths triggered\nr¡ ) ,
tar_I "

vs(Pl-, xI, Y1, 51, Dl,
P2, s2, D2,

s1, Dl,
s2, D2,

s3, D3,
s4, D4) :-

í(Di-),
,
,
t

rls, Ii(P1), r(Xl-)
i(P2), r(X3), r(Yl-
i(P3), r(X3), r(Y3
i(P4), r(Xl-), r(Y4

r(Y]-), í
, i(s2),
, ilSa¡,
, i(s4),

(s1), i(Dr-),
i(D2),
i(D3),
i(D4)l),

r(Y1), i(Sr.),
, i(s2), i(D2),
, i(s3), i(D3),
, i(s4), i(D4),
r),

i(D]-),

r(Yr.), i(sl),
, i(s2), i(D2),
, i(s3), i(D3),
, i(s4), i(D4),
r),

i(Di-),



P3, X3, Y3,
P4, X4,
xl_ > x3, x3
trigger ( 0 ,

s3, D3,
s4, D4) :-

> x4,
fgs, Ii(Pl), r(X1)
i(P2), r(X]-), r(Y3
i(P3), r(x3), r(Y3
i(P4), r(x4), r(Yl

r(X3), r(YL
r¡rrite( ¡¡L gvs triggered\not ),
fail.

vs(PL, XI, Y1,
P2,
P3, X3, Y3,
P4, X4,
x1 < x3, x3
trigger ( 0 ,

L94

s1, D1,
s2, D2,

s3, D3,
s4, D4) :-

< x4,
f9s, Ii(P]-), r(Xl-)

write(tt1- gvs triggered\ntt ),
fai1.

vs(Pl-, xL, Yl, 51, D1,
P2, 52, D2,
P3, X3, Y3, 53, D3,
P4, X3, 54, D4 ) : -

i
)

)

r(Y1)
i(s2
Í(s3
i(s4

),

,
,
,
l

L
i
i

P2) , r(Xl-), r(Y3

, i(
), i
), í
), i

P3), r(X3), r(Y3
P4), r(X4), r(Yl-

trigger(0, res, Ii(PL), r(xL)

sl)

write ('r1
fail "

vs(P1, Xl,
P2,

D2
D3
D4

Í(D]-),
,
,
I

r(X3 ) , r(Y]-

r(Y]-), i(Sr-),
, i(s2), i(D2),
, i(s3), i(D3),
, i(s4), i(D4),
t),

i(P2), r(Xl-), r(Y3),

i(P4), r(x3), r(YL),
evs tricrqered\nrr ) ,

i(P3), r(x3), r(Y3),

P3, X3, Y3,
P4, X4,
x1-
trigger ( 0 ,

Y1, sl, D1,
s2, D2,

s3, D3,
s4, D4) :-

rls, li(P1), r(Xl-)
i(P2), r(xl-), r(Y3
i(P3), r(X3), r(Y3
i(P4), r(X4), r(Yl-

r(X4), r(Y3

ggered\nrr ) ,

write("1 lvs triggered\nr' ),
fail "

vs(P1, XI, YI, 51, D1,
P2, 52, D2,
P3, X3, Y3, 53, D3,
P4, X4, 54, D4) :-

i(D1-),

r(Yi-)
i(s2
i(s3
i(s4

i(s]-), i(D]-),
, i(Dz) ,
, i(D3),
, i(D4) I ),

r(Yr"), í(s1)
, i(s2), i(D2
, i(s3), i(D3
, i(s4), i(D4
l),

i(D]-),



xl_ < NAt x4 < x3,
trigger(0, rls, Ii(P]-), r(x]-)

write ( t¡1- lvs triggered\nr¡ ) ,
fail "

i(P2
i(P3
i(P4

, r(Xi-), r(Y3
, r(X3), r(Y3
, r(X4), r(Yi-

L95

r(X4 ) , r(Y3

r(Y1-), í(S1),
, i(s2), i(D2),
, i(s3), i(D3),
, i(s4), i(D4),
l),

í(Dr-),



code : 4096
project ¡|RSTRB2rt
include llglobal2.prooo

clauses
execute(rgiJ., Ii(p1), r(XL

i(P2), r(X2), r(Y2
i(P4)l) :-

write ( ttgil entered\trut ) ,point(P2, X2, Y2, O, 2)
1in(Pi., P2) ,point(P1-, Xl, Y1, 51, Dl-
1in(P4, Pl),
Dl-new = D1 tl
retract(point(P2, X2, Y2
assertz(point(P2, X2new,
retract ( lin ( P1- , P2) ') ,assertz(Iin(P2, P1) ),retract(point(P1-, Xt, Yl,
assertz(point(Pi-, Xl, Yl
retract(1in(P4, P1) ),assertz(Iin(P4, P2)),
write( "9i1 fired\n\D" ) ,!.

l.96

, r(Yl-), i(s1), i(DL),
, r(X2new), r(Y2new),

execute ( re1 ,

),

write ( tiel entered\nt' ) ,

i(P2
i(P3

, o, 2)),
Y2new, 0, 3) ),

poínt(P2, X2, Y2, O, 2),
lin ( P1- , P2) ,lin(P2, P3 ) ,point(PL, Xl, Y1, 51, DL
point(P4, X4, Y4, 54, D4
DLnew = D1 t,

i(P4), r(x.4), r(Y4)
f ll a1 ¡*& ^-^.1\ * ll \

Ii(P]-), r(x1),
, r(X2), r(Y2)

s1, D1)),
51, Dlnew) )

D4new = D4 + 1",
retract(poínt(P2, X2, Y2, O, 2)),
decount,
retract(Iin(PL, P2\) ,retract( lin(P2, P3 ) ) ,assertz(1in(P4, P3) ),

r(Y]-), i(s]-)

retract.(point(Pl-, Xl,
assertz ( point ( Pl- , XL ,retract(point(P4, X4,
assertz(point(P4, X4,
vürite( "el- fired\n\Dtt ),

i(s4), i(D4

execute(11L, Ii(P1),i(P2), r(xz),
i(P4), r(x4),

, i(Dt-),

) I ) :-

,
,

Y1, 51, D1)),
YL, 51, Dlnew) )Y4, 54, D4) ),14, 54, D4new) )

r(x]-),
r (Y2) ,r(v4),

r(Yl-), i(Sr-)
r(X2new), r
i(s4), i(D4

i(D1),
Y2new),
I ) :-



hrrite ( rt11- entered\f,tt ) ,point(P2, X2, Y2, 0, 2),
lin(P1 , P2) ,point(Pl-, X1, Y1, 51, Dl),
point(P4, X4, Y4, 54, D4),
Dlnew = Dl- L,
D4new = D4 + 1- |
retract(point(P2, X2, Y2, O, 2)),
assertz(point(P2, X2new, Y2neul, 0, 2)),
retract(1in(Pl-, P2) l,assertz(Iin(P4, P2)) ,
retract(point(P3-, X1, Yt, 51, Dl)),
assertz(point(P1-, X1, Y1, S1, Dlnew)),
retract(point(P4, X4, Y4, 54, D4) ),
assertz(point(P4, X4, 14, 54, D4new) ),
T,{rite( ttlL f ired\n\ntt ) ,

I

execute(19oL, Ii(P1),i(P2), r(x2) ,i(P4)l) :-
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!,rrite ( ttgol entered\Dtt ) ,point(P2, X2, Y2, 0, 2),
lin(Pl, P4) ,
point(P3-, X1, YI, 51, D1)
Dl-new = Dl -L,
retract(point(P2, X2, Y2,
assertz (point(P2, X2new,
retract(1in(Pl-, P ) ),assertz(tin(P2, P4) ),
retract ( point ( P1- , Xl , Y1 ,
assertz ( point ( Pl- , X1 , Yl ,
hrrite (ttgo1 f ired\n\Dtt ) ,
I

r(xl_),
r (Y2) ,

execute(rgo3, Ii(P2), r(X2), r(Y2), r(X2new), r(Yzne\,i),
i(P3),. r(X3), r(Y3), i(53), i(D3),
i(P4)l) :-

write( t'go3 entered\htt ) ,point(P2, X2, Y2, O, 2),
1in(P3, P4) ,point(P3, X3, Y3, 53, D3 ) ,
D3new : D3 l-,

r(v]-), i(sr.), i(Dt-),
r(X2neltr), r(Y2new),

o, 2)),
Yznehr, 0, 3)),

sl, D1) ),51, D1-new) ),

retract(point(P2, X2, Y2,
assertz (point(PZ, X2new,
retract(1in(P3, P4) ),
assertz(1in(P2, P4) ),
retract(point(P3, X3, Y3,
assertz(point(P3, X3, Y3,
v/rite( ttgo3 fired\n\f,tt ),
I

o, 2)) 'Y2new, 0, 3)),

s3, D3)),
S3, D3new) ),



execute(reo3, Ii(Pl),

\ürite ( I'eo3 entered\n\n" )point(P2, X2, Y2, 0, 2),
lin(P1-, P2) ,
1in(P2, P3 ) ,
tin(P3 , P4),
point(P3, X3, Y3, 53, D3
point(P4, X4, Y4, 54, D4
D3new : D3 I,
D4new:D4+!,
retract(point(P2, X2, Y2
decount,

i(P2), r(x2), r(Y2\
i(P3), r(x3), r(Y3)
i(P4), r(X4), r(Y4)

retract(tín(Pl, PZl),
retract(1in(P2, P3) ),assertz(Iin(PL, Pa) ),

19B

,l
,i
,

retract( lin(P3, P4 ) ) ,

retract(point(P3, X3, Y3
assertz(point(P3, X3, Y3
retract(point(P4, X4, Y4
assertz(point(P4, X4, Y4
write(rreo3 fired\n\tr" ),
!"

execute(r1o3, Ii(P2), r(X2)
i(P3), r(x3), r(Y3)
i(P4), r(x4), r(Y4)

write ( ttlo3 entered\n" ) ,point(P2, X2, 12, 0, 2),
1in(P2, P3 ) ,
lin(P3, P4) ,point(P3, X3, Y3, 53, D3
poínt(P4, X4, Y4, 54, D4
D3new : D3 1,
D4new:D4+L,
retract(point(P2, X2, Yz

assertz(lin(P4, P3) ),

S3
S4

, Í(D3),
, i(D4)l)

),
),

,0 ),

s3, D3)),
53, D3new) ) ,
s4, D4) ),54, D4new) ),

assertz (point(P2, X2new,
retract(1in(P2, P3) ),
assertz(1in(P2, P4) ),retract(1in(P3, P4') ),
assertz(1in(P4, P3) ),retract(point(P3, X3, Y3,
assertz(point(P3, X3, Y3,
retract(point(P4, X4, Y4,
assertz (point(P4, X4 , Y4 ,
write(tt1o3 fired\n\Dtt ),
I

r (Y2
i(s3
i(s4

, r(X2new)
, i(D3),
, i(D4)l)

execute(resi1-, li(P1), r(X1-), r(Y]-), i(SL), i(Dl-),

I

,

o, 2
Y2new

, r(Y2new),

),
0, 2)),

s3, D3)),
53, D3new) ) ,s4, D4)),
54, D4new) ) ,



i(P5), r(X5), r(Ys)
hrriÈe ( ¡tesi1 entered\Dtt ) ,

í(P2), r(X2), r(Y2
i(P3), r(X3), r(Y3
i(P4), r(X4), r(Y4

point(P1, Xl, Y1, 51, D1),
point(P2, X2, Y2, 0, 2),
point(P3, X3, Y3, 53, D3 ) ,point(P4, X4, Y4, 54, D4),
point(P5, X5, Y5, 55, D5),
1in(P1-, P2) ,
1in(P2, P3 ) ,lin(P4, P1) ,
Iin(P3, P5),
retract(point(P2, X2, Y2, 0, 2)),
assertz(point(P2, X2new, Y2nev/, 0, 2)),
i^/rite ( ttesil- fired\n\n¡r ) r'
!"

, r(Xznew), r(Y2ne!,I),
, ilSl¡, i(D3),
, i(s4), i(D4),
, ilss¡, i(D5)l) :-
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execute(reir, Ii(P1), r(x]-), r(Yl-), i(sL), í(D1),
i(P2), r(x2), r(Y2), r(xznew), r(Y2new),
i(P3), r(x3), r(Y3), i(S3), i(D3),
i(P4), r(X4), r(Y4), i(54), i(D4) I ) :-

r^/rite ( tteil entered\Dtt ) ,point(P1, X1, Yl, 51, Dl ) ,point(P2, X2, Y2, 0, 2\,
point(P3, X3, Y3, 53, D3 ) ,point(P4, X4, Y4, 54, D4'),
lin(P]-, P2) ,1in(P2, P3 ) ,
lin(P4, P1),
retract(poínt(P2, X2, Y2, 0' 2)),
assertz(point(P2, X2new, Y2new, 0, 2)'),
$/rite( tteil- fired\n\f," ),!.

execute(reo3, Ii(Pl), r(X]-), r(Y].), i(SL), i(Dl-),
i(P2), r(X2), r(Yz), r(X2new), r(Y2new),
i(P3), r(x3), r(Y3), i(33)' i(D3),
i(P4), r(X4), r(Y4), i(54), i(D4) I ) :-

vJrite ( rreo3 entered\Dtt ) ,
point(P3-, X1, Y1, 51, D1),
point(P2, X2, Y2, O | 2) ,
point(P3, X3, Y3, 53, D3 ) ,point(P4, X4, Y4, 54, D4) ,
lin(Pl , P2) ,
lin(P2, P3 ) ,
tin(P3 , P4) ,
retract(point(P2, X2, Y2, 0, 2)),
assertz(point(P2, X2new, Y2ner¡¡' 0, 2)),
virite( ¡'eo3 fired\n\f," ),

I



execute(rgs, Ii(Pl), r(X1-
i(P2), r(X2), r(Y2
i(P3), r(X3), r(Y3
i(P4), r(X4), r(Y4

r(X5), r(Y5
write ( ttgs entered\D" ) ,point(P1-, X1, Yl, 51,
point(P2, X2, Y2, 52,
point(P3, X3, Y3, 53,
poínt(P4, X4, Y4, 54,
lin ( P3- , P2) ,lin(P2, P3 ) ,lin(P4, P1),
Dlnew = D1 L,
D2new = D2 tl
D3new:D3+tl
retract(point(Pl-, X1, Yl-
assertz(point(P1-, X1, Yl-
retract(poiht(P2, X2, Y2
assertz(point(P2, X2, Y2
retract(point(P3, X3, Y3
assertz(point(P3, X3, Y3

, r(Y1-), i(51),
, í(s2) , i(Dz) ,
, i(s3), i(D3),
, i(s4), i(D4),
I ) :-
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Dl_
D2
D3
D4

),
),
),
),

incount(P5),
assertz(point(P5, X5, Y5
retract(1in(P4, P1) ),
assertz(Iin(P4, P5) ),

i(Dl),

assertz(Iin(P5, P1) ),
retract(1in(P1, PZl),
assertz(1in(P5, P3) ),
retract(1in(P2, P3) ),
assertz(Iin(P3, P2)),
vrrite( ttgs fired\n\ntt ) "

execute ( res
i(P2
i(P3
i(P4

, sl, D1)),
, 51, Dl-new) ) ,
, s2, D2)),
, 52, D2new) ) ,
, s3, D3)),
, 53, D3new) ) ,

, or 3)),

write( ttes
point ( P1- ,point ( P2 ,
point(P3,
point ( P4 ,
1in(Pl-, P2
lin(P2, P3
1in(P4, P]-
Dl-new = D1

Ii(P1), r(X]-),
t
,
,

r(x?) , r(v2) ,r(X3), r(Y3),
r(X4), r(Y4),

entered\ñtt) ,
xL, Y1, 51, D]
x2', Y2', S2', D;
x3, Y3, 53, D3
x4, Y4, 54, D4

D2new : D2 L,
D3new: D3 + tl
D4new = D4 + 3-,
retract ( point ( P1- ,
assertz ( point ( P1- ,

r(Y1-),
i(s2),
i(s3),
i(s4),
,
,
,
t

I
,
t

L,

i(s1-
i(D2
i(D3
i(D4

I

,
I

l)

i(D]-),

x1, Y1,
xl, Y1,

s1o Dl)),
51, D1-new)),



retract(point(P2, X2,
assertz(point(P2, X2,
retract(point(P3, X3,
assertz(point(P3, X3,
retract(point(P4, X4,
assertz(poínt(P4, X4,
retract(lin(P1, P2)),
assertz(1in(P4, P3) ),retract(1in(P2, P3)),
assertz(lin(P3, P2)) ,write( ttes f ired\n\n" ) "

execute ( r1s
i(P2
i(P3
i(P4

20L

Y2, 52, D2) ),Y2, 52, D2new)
Y3, 53, D3)),
Y3, 53, D3new)
!4, 54, D4) ),
Y4, 54, D4new)

write ( ttls entered\Dtt ) ,point(P1-, X1, YI , 51,
point(P2, X2, Y2, 52,
point(P3, X3, Y3, 53,
point(P4, X4, Y4, 54,
lin ( P]- , P2) ,tin(P2, P3 ) ,
lin(P4, P1) ,
Dlnew = D1 I,
D2new : D2 I,
D4new = D4 + Ll
retract ( point ( P1- , XL ,
assertz ( point ( Pl- , Xl ,
retract(point(P2, X2,
assertz(point(P2, X2,
retract(point(P4, X4,
assertz(point(P4, X4,
incount(P5),

Ii(P]-), r(X1
, r(XZ) , r(Y2
, r(X3), r(Y3
, r(X4), r(Y4

r(X5), r(Y5

),

t,
),

, r(Y1)
, i(s2)
, i(s3)
, i(s4)
I ) :-

, i(s]-
, i(D2
, i(D3
, i(D4

D1) ,
D2) ,
D3),
D4) ,

assertz(point(P5, X5,
retract(1in(P1-, P2) ),

, i(Dr.),
t
t
I

assertz(1in(P4, P5) ),retract(1in(P2, P3) ),
assertz(Iin(P5, P2)),
assertz(1in(P5, P3) ),
write( t'Is f ired\n\ntt) "

execute(_, _):-\^/riteTt'rü1e is not f ired\n\n¡¡ )

Yr, s1, Dl)),
Y1 , S1 , Dl-new )
Y2, 52, D2) ),
Y2, 52, D2new)
Y4, 54, D4)),
Y4, 54, D4new)

Y5, 0, 3)),
),
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APPENDIX D: SOURCE CODE FOR HYDRAULTC DESTGN COMPONENT
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PROGRAM SUBMTT
***************************************'* ******* *******************

*

*
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*
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(n)
(n)

c
c
c
c
c
c
c
c
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
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¿

¿

¿

¿

*

¡

À

*

*
*
*
*
*
*
*
*
*
*
¿

*
*

*

*

*

VARTABLE DTCTTOhTÄRY

CONFIGURATTON VARIÃ,BLES

uc267 - THE UNIT cosr oF 26.7 p"E" prpE ($/n)
Uc334 - THE UNIT coST oF 33"4 P.E" prpE ($/n)
Uc483 - THE UNIT coST oF 4s.3 p"E. prpE ($/n)
Uc603 - THE UNIT coST oF 60"3 p.E" prpE ($/m)
UC889 - THE UNIT coST oF 88.9 p"E. pIpE ($/m)
ucRoAD - THE COST OF A ROAD CROSSING ($)
ucRArL - THE COST OF A R.AILROAD CROSSING ( $ )
UCABLE - THE COST OF A CÀBLE CROSSTNG ($)
UCREEK - THE COST OF A CREEK/RTVER CROSSING ($)
RPERKM - THE NUMBER OF ROAD CROSSINGS PER KTLOMETER
CPERK},Í - THE NUMBER OF CABLE CROSSTNGS PER KTLOMETER
RLEN - THE EQUIVALENT LENGÎH OF A RÀILROAD CROSSINGCLEN - THE EQUIVALENT LENGTH OF A CREEK CROSSTNG

NODE VARIABLES

N - THE NUMBER OF NODES
X - THE X-COORDINATE oF EACH NODE (m)
Y - THE Y-cooRDINÃ,rE oF EACH NoDE (m)
NUMN - THE NUMBER OF INTERMTTTENT LOADS
QIN - THE INTERMTTTENT LOAD (n^3/hr)
QcN - THE coNTINUoUS LoÀD (n^3/hr)
QDN - THE DRYER LOAD (n^3/hr)
IRSET - THE RAILROAD SET
ICSET . THE RTVER/CREEK SET

LINE VARIABLES

¿

¿

*
*
&

*
¿

¿

*

*
*
*

&

*
*

NL
IFR
ITO
ALEN
x1-
Y1-
x2
Y2
LMÄX
LEV
DMAX
DÏST
NUML
QTL
QCL

- THE NUMBER OF LINES
- THE ORTGIN NODE NTIMBER
- THE DESTINATION NODE NUMBER
- rHE LENGTH oF A LINE (m)
- THE X-COORDINATE oF ORIGIN (m)
- THE Y-CooRDINATE oF ORIGIN (n)
- THE X-COORDINATE OF DESTINATION
- THE Y-COORDINATE OF DESTINATION
- THE MÀXIMTJI,T LEVEL TN THE TREE
- THE LEVEL OF ^å, LTNE
- THE LENGTH OF THE LONGEST LEG IN
- THE DISTANCE FROM DESTINATTON TO
- THE NUMBER OF INTERMITTENT LOAÐS
- THE ïNTERMITTENT LOAD (m^3/hr)
- THE coNTINUoUS LoÀD (n^3/hr)

THE TREE (n)
SoURcE (m)
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+

¿

&

*
*
*

*
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*
*
*
*
*
*
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QDL - THE DRYER LOAD (m^3/hr)FC - THE COTNCTDENCE FACTOR'QTL - THE ToTAL LOAD OR DESTGN LOAD (n^3/hr)
PDMAX - THE OPTTMUM PRESSTTRE DROP PER KM (Í<PAiM)PIN - THE INLET PRESSITRE (kpa)POUT - THE OUTLET PRESSURE'(kPá)pD - THE PRESSIIRE DROP pnÈ xríoMETER (kpa/km)SIZE - THE DIAMETER oF .A pIpE SEGMENT fi,ml

SYSTEM VARIABLES

¿

¿

*

¿

*
¿

*
*
*
*
&

*
T

*¡
&
&

*
¿

*
T

- II,AG ( TRUE IF LAYOUT F.ATLS )- IlAc ( TRUE rF MAX" CAPACTTY EXCEEDED )- II,¡g ( TRUE rF TNSUFFICTENT END PRESSURE)- FtAc ( TRUE rF PRESSURE DRop "cT" zO kna/km)- THE ToTAL LENGTH oF 26"7 p.E" prpE (m)- THE ToTAL LENGTH oF 33"4 p.E" prpE i*Í- THE ToTAL LENGTH oF 48"3 p.E. pIpE i.i- THE ToTAL LENGTH oF 60.3 p.E. prpE i*j- THE ToTAL LENGTH oF BB.e p.E" prpE i*i- THE NTIMBER OF ROAD CROSSTNGS
- THE NUMBER OF RAIL CROSSINGS
- THE NUMBER OF CABLE CROSSTNGS
- THE NUMBER OF CREEK CROSSINGS
- THE ToTAL LENGTH oF prpE (rn)
- OUTLET PRESSURE BELow ]-40 kPa
- PRESSURE DROP OF 2O kpa/krn EXCEEDED

* COST VARTABLES
*
* c267 - THE* c334 - THE* c483 - THE* c603 - THE* c889 - THE* CPTPE - THE* CROAD - rHE* CRATL - THE* CCABLE - THE* CCREEK - THE* CTOT - THE*
**********************************************************on*o***T
GLOBAL VARTABLES

CONFTGURå,TTON V.ARIABLES
l+! üc267, ucl l-4-, uc4 I 3, uc6 o 3' uc8 I 9, ucRoAD, ucRArL, ucABLE, ucREEK
5F¡! BPERKM, CPERKM,RLEN, CLEN
NODE VART^A,BLES

FAILl.
FATL2
FÀIL3
FAIL4
4L267
.A'L334
4L483
.4L603
.AL889
IROAD
IRATL
ÏCABLE
ÏCREEK
ALTOT
TWARNl
TWARN2

cosT oF 26.7 P"E" PIPE ($)
cosT oF 33"4 P.E" PIPE ($)
cosT oF 48.3 P"E" PIPE (S)
cosT oF 60.3 P"E" PÏPE (S)
cosT oF 88.e P.E. PIPE ($)
ToTAL COST OF ALL PIPE ($)
cosT oF ALL ROAD CROSSTNGS ($)
cosT oF ALL R^AIL CROSSTNGS ( $ )cosT oF ALL CABT,E CROSSTNGS 

- 
( $ )cosT oF ALL CREEK CROSSTNGS ($i

TOTA], COST OF THE SYSTEM ($)'
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INTEGER N,NIMN( 200 ), IRSET( 200 ), ICSET( 200 )
REÀr, X( 200 ),y( 200 ),QIN(2oO),QCN( 200 ),QDN(200 )C LÏNE VARIABLES
INTEGER NL, rFR (2OO), ITO( 200 ),LMAX,LEV( 2OO) TNUML( 200 )
REÀL å,LEN ( 200 ), DMAX, DrST( 200 ), X1 ( 200 ), y1 ( 200 ),X2 (2OO ),y2 (2OO )

. REAL QIL(2OO),QCr,(200),QDL(2OOl,FC(200),Qrr,1200)
REAL PDMÀX,prN( 200 ),pouT( 200 ),pD(200),sIzE(200)C SYSTEM VART.ABLES
LOGICÀL FAILI-, FAIL2, FAIL3 , FAIL4
TNTEGER IROAD, TRAIL, TCABLE, ICREEK, IF{ARNI_ (2OO ) , TWARN2 ( 200 )
REÀL AL267,AL334 ,AL4g3 ,AL603 ,Â,LTOTC COST VARTå,BLES
REAL C267, C33 4, C483, C6 0 3, C889, CPTPE, CROAD, CRAIL, CCABLE, CCREEK, CTOT

c
C MATN LINE
c
C CONFTGURE THE PROGRÄ,M

CALL UCREAD (UC267,UC334, UC483, UC603, UCB89,UCROAD,UCR.AIL, UCABLE,
*UCREEK, RPERKM, CPERKM, RLEN, CLEN )C READ NODES FILE
CALL NDREAD ( N, X, Y , NUMN, QIN, QCN, QDN, TRSET, TCSET')

C !ÍRITE NODES . LSP FTLE
CALL NDLRIT (N,X,Y,NUMN,QTN,QCN,QDN, IRSET, TCSET)

C WRTTE NODES"DAT FTLE
CALL NDDRIT (N,X,Y,NUMN,QTN,QCN,QDN, IRSET,ICSET)

C FTND LAYOUT
CALL ROUTE ( RLEN, CLEN, N, X, y, IRSET, ICSET, NL, rFR, ITO, ALEN,X]-,y]-,X2,

*Y2 ¡ IRÀ,TL, ICREEK )
C FTND THE LEVEL OF THE LINES IN THE TREE

CALL LEVEL (NL, IFR, ITO,ALEN,LMAXTLEV,DMÀX,DIST)
C FIND THE LOAD ON EACH LTNE

CALL LO.A,D ( NUMN, QIN, QCN, QDN , NL , rFR, rTO , LMÀ,X, LEV, NUML, QIL, QCL, QDL )C FIND THE DESTGN LOÀD FOR EACH LINE
CALL FLOAD (NL,NUMLTQTL,QCL,QDL,FC,QTL)

C CHECK LAYOUT
CALL CHECK1 (NL,QTL,FAILI_,FAIL2 )IF (FÀrLr."OR.FAIL2) cO TO 1_00

C GET DESIRED PRESSURE DROP PER KM
CALL MAXPD ( DMAX, PDMAX )

C FIND PTPE STZES AND PRESSURES
CALL PRESS ( NL, IFR, ITO, ALEN, LMAX, LEV, QTL, PDMÀX, PrN, POUT, PD, SI ZE,

}IIWARNI, TWARN2 )
C CHECK FOR SUFFICIENT END PRESST.IRE. AND PRESSURE DROP CONSTRATNT

CALL CHECK2 ( NL, MARNI- ,IWARN2 , FAIL3 , FAIL4 )C TOTAL PTPE LENGTHS
CALL TOTAL ( RPERKM, CPERKM, NL, ALEN, Sr.Zg,, AL267, AL3 3 4, AL4 B 3, A,L6 0 3,

*AL889, IROAD, ICABLE, ALTOT )
C FIND COSTS

CALL COSTS (UC267,UC33 4,VC483,UC603,UCB89,UCRO.A,D,UCRAIL,UCABLE,
*UCREEK ,AL267 

'Ã'1,3 
34 

'4L483 ,4L603 , ÀL889 
' 
IROAD, IRÀ,IL, ICABLE 

' 
ICREEK,

* c267 | C3 3 4, C4 83, C6 0 3, C8 I 9, CPTPE, CROAD, CRATL, CCABLE, CCREEK, CTOT )C WRITE LTNES"DAT FTLE
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CALL LNDRTT ( NL, rFR, rTO, ALEN, NUML, QTL, PTN, POUr, PD, Sr ZE, ÏV{ARNI-,
* TWARN2, AL267, A,L3 3 4, AL  83, AL6 O 3, AL8 8 9, TROAD, IR.A,TL, TCABLE, TCREEK,
*ALTOT, C267 Ì C3 3 4, C4 8 3, C6 O 3, C8 B 9, CPIPE, CROAD, CRATL, CCABLE, CCREEK,
*cToT )

C WRITE LINES " LSP F'ILE
CALL LNLRTT (NLrXl_ ,YL,N2,y2 tSIZE)
GO TO 1_01_

1-OO CONTINUE
C WRITE ERROR LTNES.DAT FÏLE

CALL FDRIT (NL, IFR, TTO,ALEN,NUHL,QTL)
C !{RÏTE ERROR LINES " LSP FILE

CALL FLRIT ( NL, Xt_ ,Yl ,X2, Y2 , FAIL1 )
]-O]- CONTÏNUE

STOP
END
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SUBRoUTINE UCREAD (UC267 ttJC334, UC483,UC603, UC889,UCROAD,UCR.AIL,
*ucABLE, UCREEK,RPERIG{, CPERKM, RLEN, CLEN )c **************************************************************.****

C*4
C * THIS SUBROUTINE READS IN DA,TA FROM THE FILE '¡UCOST¡I *
C * AND C^A,LCULATES THE LENGTH OF 26.7 mn PTPE EQUTVALENT *
C * TO A RÀILVÙAY CROSSTNG AND A CREEK CROSSTNG. *
C*¿
C*s
C * VARIABLE DICTIONARY *
C*s
C * OUTPUT PARÄMETERS *
C**
c * Uc267 - THE UNIT coST oF 26"7 p.E" prpE (Ç/n) *
C * UC334 - THE UNTT COST OF 33"4 P.E" PIPE ($/N) *
C * UC483 - THE UNIT COST OF 48"3 P.E" PIPE ($/N) *
C rr Uc603 - THE UNIT COST OF 60"3 p"E" pIpE ($/m) *
c * Uc8sg - THE UNrT coST OF 88.9 p.E" prpE ($/m) *
C * UCROAD - THE COST OF À ROAD CROSSING ($) *
C * UCRAIL - THE COST OF A R.A,ILROAD CROSSTNG ( $ ) *
C * UCABLE - THE COST OF A CABLE CROSSING (S) *
C * UCREEK - THE COST OF A CREEK/RIVER CROSSING ($) *
C * RPERKM - THE NUMBER OF ROÀD CROSSTNGS PER KILOMETER *
C * CPERKM - THE NUMBER OF CABLE CROSSTNGS PER KILOMETER *
C * RLEN - THE EQUTVALENT LENGTH OF A RATLROAD CROSSING *
C * CLEN - THE EQUTVALENT LENGTH OF A CREEK CROSSING *
C**c ******************************************************************
C OUTPUT PARAMETERS

REAL lJC267, UC3 3 4, UC4 B 3, UC6 0 3, UC8 I 9, UCROAD, UCR.ê,IL, UCABLE, UCREEK
REAL RPERKM, CPERKM,RLEN, CLEN
OPEN(UNIT:I r FILE='UCOST' )
READ ( t , 1s0 lUC267
READ( 1,1_50 )UC334
READ( 1_,l-50 )UC483
READ( i_,1_50 )UC603
READ( l-,l_50 )UC8B9
REA,D( 1,1_50 )UCROAD
READ ( r-,l_so )ucRÀrl,
READ( L, t-50 )UCABLE' READ( l_, t_50 )UCREEK
READ( 1_,150 )RPERKM
READ(1_,r_so)CPERKM
CLOSE ( UNIT:I )
RLEN:UCRAIL/UCz67
CLEN:UCREER/UC267
RETURN

150 FoRMAT (2OX,FB "2)
END
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SUBROUTINE NDREAD ( N, X, Y , NUMN, QIN, QCN, QDN, IRSET, ICSET )&¿ú&úúù\- ^ ^ ^***********************************************************c**
C * THTS SUBROUTINE READS TN DATA IN THE ¡INODES!¡ FTLE *
C * CREATED BY THE AUTOLISP ROUTINE ¡¡SUBMITII ô *
c**c**
C * VARTABIJE DICTIONARY *
c**
C * OUTPUT PARAMETERS *
c**
C * N - THE NI'MBER OF NODES *
C * X - THE X-CooRDINATE oF EACH NODE (n) *
C * Y - THE Y-CooRDTNATE oF EACH NODE (m) *
C * NU}ifN - THE NUMBER OF INTERMITTENT LOADS *
c * QIN - THE INTERMITIENT LOAD (m^3/hr) *
C * QCN - THE CONTINUOUS LOAD (m^3/hr) *
C * QDN - THE DRYER LOAD (m^3/hr) *
C * ÏRSET - THE RÀILROAD SET *
C * JCSET . THE RTVER/CREEK SET *
c**c**
C * LOCAL VARIABLES *
c**
C * I -ACOUNTER *
c**
C ******************************************t<********************JÉ**
C OUTPUT PARÄMETERS

INTEGER N, NUMN ( 200 ) , IRSET ( 200 ) , rCSET ( 200 )
REAL X(200),y( 200),QrN(200),QCN(2OO),QDN(200)

C LOCAL VARTABLES
INTEGER I
OPEN(UNIT=I, FILE='NODES' )
READ ( r_ , r_50 )N
DO i.00 ï=3_rNr1_
READ(1, *)X(r ),y(r),NUMN(T),QIN(I),QCN(I),QDN(r),*IRSET ( T ) , ICSET ( I )

L00 coNrrNUE
CLOSE ( UNIT=1 )
RETURN

l_s0 FoRMÀT ( /r4)
END
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SUBROUTINE NDLRTT ( N, X, Y , NUMN, QTN, QCN, QDN, IRSET, ICSET )C ********************'***'******tr************************************
C*s
C * THTS SUBROUTINE CREATES A NEW ¡INODES"LSP¡¡ FTLE *
C * USED BY THE AUTOLTSP ROUTT}¡ES. *
C**
C*g
C * VARTABLE DICTIONARY *
C**
C * TNPUT PARA.METERS }K

C*s
C * N - THE NUMBER OF NODES *
C * x - THE X-COORDINATE oF EACH NODE (n) *
C * Y - THE Y-cooRDrNATE oF EACH NoDE (n) *
C * NUMN - THE NUMBER OF INTERMTTTENT LOADS *
C :t eIN - THE INTERMITTENT LOAD (n^3/hr) *
C :t' eCN - THE CONTTNUOUS LOAD (m^3/hr) *
C * QDN - THE DRYER LOAD (m^3/hr) *
C 'b IRSET - THE RAILROÀD SET *
C * ICSET - THE RIVER/CREEK SET *
C*s
C*s
C * LOCÀL VARIABLES *
C**
C * I -ACOUNTER *
C*a
C *********************Cc********************************************
C INPUT PARÄMETERS

INTEGER N,NUMN (2OO), IRSET( 200 ), rCSET( 200 )
REAL X(200),y(200),QrN( 200),QcH(200),QpH(200)

C LOCAL VARTABLES
INTEGER T
OPEN( UNfT:1, FILE:'NODES " LSP, )
wRrTE(1_,1_50)N
DO 1_00 f=1,N,1
wRrTE ( 1, 1_s1 ) X( r ), y ( I ), NUMN( I ), grN( r ), QCN ( r ), QDN( I ), IRSET ( I ),*ICSET ( I )

1OO CONÎINUE
WRITE (t ,l.52)
CLOSE ( UNIT=I ). RETURN

L50 FORMAT('(setq nodes (quote ( ',Í3,, (r)
l_51 FORMÀT( ' ( ' t2(F9"tt2X),r3 ,3(2XrF6"l,) t2(2X,I2),' )')
1-52 FORMAT( ' ) )) )')

END
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SUBROUTINE ${DDRIT (N,X,y,NtrsÍN,QItitrrQCN,QDN, TRSET, ÏCSET)*****'***cr*************************************.*******t************
^*
* THIS SUBROUTTNE CREATES THE !¡NODES.DATI' FTLE WHICH ** TS PRINTED BY THE ''NODEDATAII AUTOCAD MA,CRO. *

*

&

*
*
T

ú

*
*

* LOCAL VARIABLES

* I -ACOUNTER ***
******************************************************************
ÏNPUT PAR.A,METERS

IryT-EGEB N,NTMN( 200 ), rRSET (2oO), ICSET( 2OO )REÀL X( 200),y(200),Qru( 200),QcN(2OO),QDN( ZOO)
LOCAL VARTABLES
ÏNTEGER I
OPEN(UNIT:I, FILE=' ( C ) NODES " DAT' )

VARTABLE DICTIONARY

ÏNPUT PARÄ,METERS

N - THE NUMBER OT I{ODES
X - THE X-COORDINATE oF EACH NODE (m)y - THE Y-cooRDrNATE oF EACH NODE (m)
NUMN - THE NUMBER OF INTERMITTENT LOA,DS
QIN - THE TNTERI,ÍITTENT LOAD (m^3/hr)
QCN - THE CONTTNUOUS LOAD (m^3/hr)
QDN - THE DRYER LOAD (m^3/hr)
TRSET - THE R.ATLROAD SET
rcsEr - THE RIVER/CREEK SET

ù
ú
¿
&

&

ù
ù
¿

.*
*
&

&
¿
T

ù

*
*
*
*

c

wRrTE ( 1- , i_50 )
DO 100 I=1rNr 1
WRïTE( l_, L51 ) r,X(r ),Y(I ),NUMN( l*ICSET ( I )

1.OO CONTINUE
WRITE (I,L52)
CLOSE ( UNIT:I )
RETURN

),QIN(I ),QCN(r ),QDN(I ),IRSET(I ),

,NUM' ,3Xr rQrN' ,SXr rQCNt ,5X,*********, ) ,, *** r 
r

l_50 FoRMAT( ' pOrNT' ,6X,rX' ,10X, 'yî t6X,* rQDN' ,4X, 'RSET CSET' / t ***** ' ,2(i*3(, **rt:k**r),2(, ****r))
151_ FORMAT( ' ' tI',2(2X,F9 " 1) ,2Xtf3,3(2X,F6 " l-) ,3X ,!2,4X,I2)L52 FORMAT('L')

END



(n)
(m)

(m)
(m)

c
c
c
c,c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

21_r

SUBROUTINE ROUTE ( RLEN, CLEN, N, X, Y, TRSET, ICSET, ltl,, IFR, ITo, ALEN, Xl,*Y1 , X2 ,Y2, rRArL, TCREEK )******************************************************************
^** THIS SUBROUTTNE FINDS THE MINTMUM SPANNTNG TREE ** THROUGH THE SET OF NODES GIVEN" NODES ARE GROUPED ** TNTO R.ATL AND CREEK SETS TO DETERMTNE IF A RAILWAY ** OR CREEK CROSSING OCCURS" IF A LINE IS FOUND TO ** CROSS A RATLWAY OR CREEK THE LENGTH IS WEIGHTED IN ** PROPORTTON TO THE COST OF THÄT CROSSING" THE TREE ** TS ÐETERMTNED ON THE BASIS OF lHE IIEIGHTED LENGTHS. *
^** THIS SUBROUÎINE RETURNS THE ACTUAL LENGTHS OF LTNES *?K RA,THER THÀN THE WEIGHTED LENGTHS. **
*

¿

*
*
*
*
¿

*
*
*
*
*
*

¿

*

*
&

*
*
4

*
*
*

'tc

*
*

VARTABLE DICTTONARY

ÏNPUT PARA.METERS

RLEN - THE EQUTVALENT LENGTH OF
CLEN - THE EQUTVALENT LENGTH OF
N - THE NIIMBER OF NODES
X - THE X-COORDINATE OF EACH
Y - THE Y-COORDINATE OF EACH
ÏRSET - THE RAILROAD SET
ïcsET - THE RIVER/CREEK SET

A RAÏT,RO.AD CROSSTNG
A CREEK CROSSING

NODE
NODE

¿

*

*
&

*
*
*

*
¿

*
*
*

*
*
*
&

&

¿

+

¿

?h

*

OUTPUT PARA,METERS

NL - THE NUMBER OF LINES
IFR - THE ORTGTN NODE NUMBER
ITO - THE DESTINATION NODE NUMBER
ALEN - THE LENGTH oF A LINE (rn)
XL - THE X-COORDINATE OF ORIGIN (rn)Y1 - THE y-cooRDrNATE oF oRrGrN (*)X2 - THE X-COORDTNATE OF DESTTNAIION
Y2 - THE Y-COORDINATE OF DESTINATION
ÏRÀTL . THE NUMBER OF R.A,IL CROSSTNGS
ICREEK - THE NI.IMBER OF CREEK CROSSTNGS

LOCAL VARIABLES

B - THE ÎABLE oF WETGHTED LENGTHS (n)ICOLS - THE LÏST OF COLTTMNS (NODES) rN'rúe rRn¡HIGH - THE LONGEST LENGTH (m)
ALow - THE SHORTEST LENGTH FOUND IN A SEARCH (n)ïL,JL - THE rNDrcES oF LÏNE wrrH THE SHORTEST r,eñcrHl,J,K,L - COUNTERS
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c ************************************************************,******
C ÏNPUT PARJ\METERS

ïNTEGER N, IRSET( 200 ), ICSET( 200 )
REAL RLEN,CLEN,X( 200 ), Y( 200 )C OUTPUT PAR^A,METERS
TNTEGER NL,IFR(2OO),rTO(2OO),IRÃIL,ICREEK
REAL ALEN(200),X1(200),y1_(200),X2(2OO),y2(2OO)

C LOCA,L VARTABLES
INTEGER ÏCOLS( 200 ), IL,JL, I rJ,K,L
REÀL B( 200,2OO),HIGH,ALOI{
IRAIL=O
ICREEK=0

C BUILD TABLES
NL:N-l-
HIGH=O " 0
DO lO7 Î=t , NL, 1
DO 106 J=ï*1rN,1
B ( r, J ) =SQRT ( (ABS ( x ( I ) -x( J ) ) **z 

" 0 ) +(ABS ( Y ( I ) -Y ( J) ) **2 
" 0 ) )

IF( IRSET( I ) -TRSET(J) ) L00, t_01_,l_00
1-OO CONTINUE

B(I,J):B(I,J)+RLEN
]-O]- CONTÏNUE

rF( rcsET( I ) -ICSET( J) )LO2, LO3, LOz
1,O2 CONTINUE

B(I,J):B(I,J)+CLEN
103 CONTÏNUE

B(J,r):B(I,J)
IF(B( I,J) -HIGH ) l_05, t_0s, 1,O4

IO4 CONTINUE
HIGH=B(I,J)

1-05 CONTINUE
1-06 CONTINUE
IO7 CONTINUE

HIGH:HIGH+I " 0C SET DIAGONÀL 10 HTGH
DO l_08 I=1 , N, 3_

B(I'f):HIGH
]-08 CONTINUE

C START SEARCH IN COLUMN 1.

ICOLS ( I ):1-
DO l-1-8 L:A tNLr l

C WIPE OUT SELECTED ROW
I=ICOLS ( L )
DO l-09 J=1_ , N, 1_

B(I,J)=HIGH
]-09 CONTÏNUE

C INITÏALTZE FOR SEARCH
ALOW=B( 1,1 )
ïL=l-
JL:1

C BEGIN SEARCH FOR SMÃLLEST DTSTANCE
DO 1l_3 K:1_ , L, 1
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,J=ICOLS ( K )
DO 1_1_2 I:1_rN,1-
IF (B(r,J)-ALOW) 1l-0,11_1,, t-l_t-

1-].0 CONTTNUE
ALOW=B( I rJ)
IL=f
JL=J

ILL CONTTNUE
1-L2 CONTINUE
]-].3 CONTTNUE

IFR( L ) =Jl,
ITo(L)=rl
ALEN ( L ):e ( IL, JL )
rF( IRSET(JL) -IRSET( IL) ) 114,1-1-5 t 1_t4

LL4 CONTTNUE
ALEN( L) =ALE¡I(L ) -RLEN
IR.AIL:IRÀIL+l-

]-15 CONTINUE
IF( ICSET(JL) -ICSET( rL) ) 1l_6 | LL7, L!6

].]-6 CONTINUE
ÂLEN ( L ) :ALEI¡ ( L ) -CLEN
ICREEK:ICREEK+1

T1,7 CONTINUE
x]-(L):x(JL)
V1(L)=Y(JL)
X2(L):X(IL)
Y2(L)=Y( IL)
ICoLS(L+t¡=1¡

1-1-8 CONTINUE
RETURN
END
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SUBROUTTNE LEVEL ( NL, rFR, rro, ALEN, LM.AX, LEV, D¡{ÄX, DÏST )**************************************À****,*,**********************
^** THTS SUBROUTT¡IE CALCULATES THE LEVEL OF EACH LINE ** IN THE TREE AND THE DTSTÀNCE OF THE DESTTNATTON NODE ** FROM THE SOURCE. ù
&^*
* VARTABLE DICTIONARY
+

* TNPUT P.A,RÄMETERS

* NL - THE NUMBER OF LTNES* TFR - THE ORTGIN NODE NTIMBER* ITO - THE DESTTNATION NODE NUMBER* ALEN - THE LENGTH OF Ä LINE (m)

*
* OUTPUT PA,RÀ,METERS

** LM.AX - THE MÀ,XIMUM LEVEL IN THE TREE ** LEV - THE LEVEL OF A LINE ** DMÀX - THE LENGTH oF THE LONGEST LEG IN THE TREE (n) ** DIST - THE DTSTANCE FROM DESTTNATION TO SOURCE TN) *n*
^** LOCAL VARTABLES ?I*
* f,J
*
***************************************ìt*******2t*x**Ì+*************
ÏNPUT PARÀMETERS
ïNTEGER NL, IFR (2OO), ITO( 2OO )REAL ALEN(200)
OUTPUT PARÄMETERS
INTEGER LMAX,LEV(200)
REAL DMAX,DTST(2OO)
LOCAL VARTABLES
TNTEGER T,J
FIND THE CORRESPONDING LEVELS OF ALL LINES
FTND THE MAXTMIIM LEVEL
LMAX:O
DMAX=0
DO l_00 I=1 , NL, l_

rF( IFR( r ) -1)LO2,1-01,1_02
]-01 CONTTNUE

LEV ( I ):l-
DIST(r)=ALEN(r)
co To l-03

IO2 CONTTNUE
T-1
U _J-

TO4 CONTTNUE
rF( rFR( r ) -rTo(J) ) 1 05, j_06, l_05

- COUNTERS *

c

c
c
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]-06 CONTINUE
LEV(I):LEV(J)+1
DIST ( I ) =DIsr ( J ) +A,LEN ( I )
GO TO 103

105 CONTÏNUE
iI=J*1
GO TO l-04

103 CONTINUE
rF ( LEV( r ) -LMAX \LOT ,107 , r_08

1.08 CONTINUE
LMA,X:LEV( I )

LO1 CONTÏNUE
rF ( DrsT( I ) -DMAX ) 1-09, t_Og, r.r-0

]-]-O CONTÏNUE
DMAX=DIST( I )

]-09 CONTINUE
1-OO CONTTNUE

RETURN
END
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SUBROUTINE LOAD ( NI]MN, QTN, QCN, QDN , NL, TFR, ITO , LMÃX, LEV, NUML, QIL,*QCL,QDL)
c **************************************************.****************
C*g
C * THTS SUBROUTTNE FINDS THE NTJMBER OF LOADS AND THE *
C * LOAD ON THE LINES TN THE TREE. *
C:h*
C $r VARIÃ,BLE DICTIONARY *c

C**
C ?K INPUT PARAMETERS *
C*'*
C * NTJMN - THE NIIMBER OF TNTERMTTTENT LOADS *
C * QIN - THE INTERMITTENT LOAD (m^3/hr) x
C :t QCN - THE CONTINUOUS LOAD (rn^3/hr) *
C * QDN - fHE DRYER LO.A,D (m^3/hr) *
C * NL - THE NUMBER OF LINES *
C * TFR - THE ORIGIN NODE NTI¡.TBER *
C * ITO - THE DESTINATION NODE NUMBER *
C * LMÂX - THE MAXIMIM LEVEL TN THE TREE *
C * LEV - THE LEVEL OF A LINE *
C**
C*¡
C * OUTPUT PARAMETERS *
C*a
C * NUML . THE NUMBER OF TNTERMTTTENT LOADS *
C * QIL - THE INTERMITTENT LOAD (m^3/hr) *
c * QCL - THE CONTINUOUS LOAD (m^3/hr) *
C * QDL - THE DRYER LOAD (m^3/hr) *
C**
C**
C * LOCAL VARIABLES *
C*'*
C 'b I ,J,K - COUNTERS *
C*s
C ***************************************rk**************************
C INPUT PARAMETERS

INTEGER NUMN( 200 ),NL, IFR( 200 ), rTO( 200 ),LMA,X,LEV( 200 )
REAL QrN( 200 ),QCN( 200),QDN( 200 )C OUTPUT PARÀMETERS
ïNTEGER NUML(200)
REAL QrL( 200 ),QCL (2OO),QOl,( 200 )C LOCÀL VARIABLES
ÏNTEGER I,J,K

C FIND LOAD FOR EACH LTNE
DO i-00 I:LMAX ,I,-t
DO L0l- J:1 r NL, l_

IF (LEV( J) -I ) IO2, LO3, rO2
]-03 CONTTNUE

NUML ( J ) :Nu¡lt't ( ITo ( J ) )
QIL(J):QIN(ITo(J) )
QCL(J)=QCN(Iro(J) )
QDL(J)=QDN( Iro(J) )
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DO 1_04 K:1rNL,1
rF( rFR(K) -rro( J) ) L06, 105, 106

]-05 CONTTNUE
I{UML ( J ) =NIIM1, ( J ) +NU},1L ( K )
QIL(J):QIL(J)+QIL(K)
QcL(J)=QCL(J)+QcL(K)
QDL(J):QDL(J)+QDL(K)

].06 CONTTNUE
].04 CONTINUE
1-O2 CONTINUE
J-O]. CONTINUE
1-OO CONTÏNUE

RETT.IRN
END
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suBRouTrNE FLOAD (¡tL,NUML,QrL,QCL,gDL, FC,QTL)
C ***************************************:tic****'***'******************
C*g
C * THIS SUBROUTTNE COMPUTES THE FACTORED LOADS FOR ALL *
C * THE LÏNES" COINCIDENCE FACTORS ARE OBTAINED FROM A *
C * LOOK-UP TABLE IIFLOOKUPII " *
C**
C * VARTABLE DICTTONARY *
C**
C * ÏNPUT PARÄMETERS *
C*s
C * NL - THE NUMBER OF LINES *
C * NUML - THE NTIMBER OF TNTERMTTTENT LOADS *
C * QrL - THE INTERMITTENT LOAD (m^3/hr) *
C * QCL - THE CONTINUOUS LOAD (m^3/hr) *
C * QDL - THE DRYER LOAD (n^3/hr) *
C*¿
C:ts
C * OUTPUT PARÄMETERS *
C*¿
C * FC - THE COINCTDENCE FACTOR *
C * QTL - THE TOTAL LOAD OR DESIGN LOAD (m^3/hr) *
C:ka
C*¡
C * LOCAIJ VARIABLES *
C*g
C * FACT - THE TABLE OF COTNCIDENCE FACTORS *
c * QWL - THE WINTER LOAD OF A LINE *
c * QSL - THE SUMMER LOAD OF A LINE *
C * I,J . COUNTERS *
C*çc ******************************************************************
C INPUT PÀRÄMETERS

TNTEGER NL,NUML(200)
REAL Qïr,12OO) ,QCL( 2OO) , QDL( 200 )C OUTPUT PARAMETERS
REAL FC(200),QTL(200)

C LOCAL VARIABLES
REAL FACT( 36 ) ,QWL,QSL
ÏNTEGER I,J

C READ LOOKUP TÀBLES
OPEN(UNIT:i- r FILE:'FLOOKUP' )
DO l_00 I=1_ r 36,1
READ(1,*)FACT(r)

1OO CONTINUE
CLOSE ( UNIT=I )C FACTOR THE IJOAD OF EACH LTNE
DO 1_01- ï=1 , NL, L
IF(NUML( r )-0 ) l-02,LO2,LO3

1-O2 CONTTNUE
T_a(J -l-
GO TO t-06
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]-03 CONTINUE
rF(NtrML( r ) -36 ) 1_05, r_05, LO4

]-04 CONTTNUE
J:36
GO TO 1-06

1.05 CONTINUE
J=NUML( I )

]-06 CONTINUE
Fc( I )=FAST(J)
Q!ìlL= ( Qrr,( I ) *rC ( I ) ) +QcL( I )
QSL=( 0. 4*Fc( I ) *QIL( I ) )+QcL( I )+QDI,( I )
IF (QSL-QWL) l-07, tO7, L08

LO7 CONTINUE
QrL(r)=QWL
GO TO l_09

1-08 CONTÏNUE
QTL( I )=QSL

1.09 CONTTNUE
101- CONTTNUE

RETURN
END
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SUBRoUTINE CHECKI_ ( NL, QTL, FAILI_ , FAILz )
&4*&*ú&*¿*¿¿Áú¿¿¿&¿úr&¿¿&+4¿¿r¿ú¿¿+4ù&¿¿¿úú¿À¿&¿&¿¿ú&¿¿&&¿¿¿Ã¿À&¡r

**
* THIS SUBROUTINE CHECKS TO SEE IF A TERMTNAL DUMMV NODE *
* HAS BEEN CREATED" IF A LINE IS FOUND WITH NO LOAD, THE *
*' FL.A,G FÃ,IL IS RETURNED AS TRUE. *
**
&¿

* VARIABLE DÏCTÏONARY

* ÏNPUT PARÄMETERS

* QTL - THE TOTAL LOAD OR DESIGN LOA,D (n^3/hr)
'I NL . THE NUMBER OF LTNES
¿

IK OUÎPUT PARAMETERS
*
* FAIL1 FLAG ( TRUE IF L.A,YOUT FÀTLS ) *
* FAILz FLÀG ( TRUE TF MA,X" CAPACTTY EXCEEDED ) *
**
**
* LOCAL VARIABLES

* T -ACOUNTER *
**
******************************************************************
INPUT PARAMETERS
INTEGER NL
REAL QTL(2oo)
OUTPUT PARAMETERS
LOGTCAL FAILL,FAIL2
LOCAL VARIABLES
TNTEGER T
FAILI-:. FALSE.
FAIL2: " FALSE "
DO l-00 ï:1rNL,l-
IF (Qtr,(I )-0 " 0 ) t_0i_,Lo1,,1"o2
CONTÏNUE
FAILI-=. TRUE "
CONTINUE
IF (Qrr,( I ) -600. 0 ) l_03 , t_03 ,l-04
CONTINUE
F.AïL2: " TRUE.
CONTINUE
CONTINUE
RETURN
END

L

*
J

*
*

*
*

c

c

l_01_

1,O2

l_04

r_03
l_00
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SUBROUTINE MAXPD (DMAX,PDMAX)
********************'********************************'**************
ú&

* THIS SUBROUTTNE DTSPLAYS THE OPTIMT.IM PRESSURE DROP *
* PER KILOMETER AND GETS THE OVERRIDE FROM THE KEYBOARD" *
*&

* VARTABLE DICTIONARY *
**
* TNPUT PARJ\METERS *
**
* DMÄX - THE LENGTH OF THE LONGEST LEG IN ÍHE TREE (n) *
**
**
IK OUTPUT PARÀ.METERS *
*,*
* PDMA,X - THE OPTIMIIM PRESSURE DROP PER KI,f (KPa/m) *

**
**********************************************************rb*******
INPUT PARAMETERS
REAL DMJ\X
OUTPUT PARAMETERS
REAL PDMAX
OPEN ( UNIT=5, FILE:' TERMINAL' )
OPEN(UNIT=6, FILE=' (C ) TERMINAL' )
PDMAX=630000 " O/DMAX
rF ( PDMAX-2O "O ) 100, l-00, 101-

l-01_ CoNTTNUE
PDMAX:20.0

1-OO CONTINUE
Í{RÏTE ( 6, r-50 )DMAX
wRrTE (6 ,L5L )PDMAX
READ(5,*)PDMAX
PDMAX=PDMAX/I-000 " 0
cLoSE ( UNIT=6 )
CLOSE ( UNIT=S )
RETURN

l_50 FORMAT(' THE LONGEST LEG rS t,F9.L,' m.',)
i-51- FORMÄT(' THE RECOMMENDED PRESSURE DROP PER KM: î tF4"L,' kPa'/

*I TNPUT THE DESIRED PRESSURE DROP PER KM TN KTLOPASCALS')
END
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SUBROUTINE PRESS ( NL' IFR, TTO' ALEN, LMAX, LEV, QTL, PDMAX, PTN, POUT, PD,*SIZE, IÚüARN]- , Tb]ARN2 )* :t * * * * * * * * tt * * * * * * * * * * rr * * * * * * * * * * * *, Cr *, * * * * * * * * * * * * * * * * * rt * * * * t< * * * * * * *

K THTS PROGRAM CALCULA,TES THE ^A,PPROPRIATE DTA¡,ÍETER ** AS WELL AS THE TNLET .AND OUTLET PRESSURES FOR EACH ** LINE SEGMENT. THE CALCULÄTIONS ARE PERFORMED !ÙTTH ** THE ATD OF A LOOK-UP TABLE OF GAS FLOh] FORMULA ** CONSTANTS " :K
À

* VARTABLE DTCTTONARY *
** fNPUT PARA.METERS *

* NL - THE NU¡{BER OF LINES ** TFR - THE ORTGTN NODE NI.IMBER ** TTO - THE DESTINATION NODE NUMBER ** ALEN - THE LENGTH OF A LINE (m) ** LMAX - THE MAXTMUM LEVEL IN THE TREE ** LEV - THE LEVEL OF A LINE ** PDMAX - THE OPTIMUM PRESSURE DROP PER KM (kpalm) ** QTL - THE TOTAL LOAD OR DESIGN LOAD (n^3/hr) *

* OUTPUT PARÄMETERS *
J

* PIN - THE INLET PRESSURE (kPa) ** POUT - THE OUTLET PRESSURE (kPa) *
* PD - THE PRESSURE DROP PER KÏLOMETER (kPalkrn) ** SIZE - THE DIAMETER OF A PIPE SEGMENT (rnm) *
* TWARNJ- - OUTLET PRESSURE BELow 1.40 kPa *
* IWARN2 - PRESSURE DROP OF 20 kPa/km EXCEEDED **¿
* ** LOCAL VARIABLES *
:t ¡t* AK - THE FLOhI FORMULA CONSTANTS *
* TQ - THE TNDEX TO THE TA,BLE OF FLOW CONSTANTS ** PTA - THE ÀBSOLUTE INLET PRESSURE *
* AKMIN - THE MTNTMUM ALLOWABLE FLOW CONSTANT ** I ,J,K - COUNTERS *
*cr
******************************************:t***********************
INPUT PARÄMETERS
TNTEGER NL, IFR( 200 ), rTO( 200 ),LMÀX,LEV( 200 )
REÀL ALEN( 200 ),QTL( 200 ),PDMAX
OUTPUT PARAMETERS
TNTEGER TWARN1 ( 200 ), TWARN2 ( 200 )
REAL PrN(200),pouÎ( 200),pD (2oo),srzB(200)
LOCÀL VÂ,RIÀBLES
TNTEGER TQ,I,J,K
REAL AK( L20 ,5 ) , PTA,AKMIN
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C READ IN LOOK-UP TABLE
OPEN ( UNIT=I r FILE=' KLOOKUP, )
DO 100 I=1r I2O ,l
READ( 1, * ) (AK( I,J),J:1, 5 )

]-OO CONTÏNUE
cLoSE ( UNIT=I )C SET WARNTNGS TO O

DO l-01- I:L ¡NL,1
I$IARNI-(I)=O
IWARN2(I)=o

]-O]- CONTTNUE
C DESÏGN PTPES AT EÃ,CH LEVEL

DO 1-02 I=J- rLMÀXr 1
C FTND .A,LL PTPES .A,T LEVEL T

DO l_03 J:1rNL,1
rr (LEV( J) -r I LO4,105, 1_04

]-05 CONTTNUE
C FIND TNLET PRESSIIRE

rF(LEV( J) -1 ) LO7, LO6,1,O7
1.06 CONTINUE

PIN(J):550.0
GO TO 108

IO7 CONTÏNUE
K:1

].09 CONTÏNUE
IF ( rTO( K) -IFR(J) ) l-r_0,1-1]-, l-l_0

110 CONTINUE
K:K*1
co To 109

]-11 CONTÏNUE
PIN(J):P9UT(K)

] CHECK TO SEE TF INLET PRESSURE TS ZERO
rF(PIN( J) -0. 0 ) l_l_7, l-t_7, 108

1-OB CONTÏNUE
] FÏND THE MTNTMUM K REQUTRED

IQ=INT( (Qtt, (J ) /5. 0 ) +0. 5 )
PIA:PIN(J)+94.1-
AKIÍIN:QTL ( J ) *SQRT ( ALEN ( J ) / ( ( PIA* * 2 ) - ( ( PIA- ( PDMAX*ALEN ( J ) ) ) *'t2 ) ) )] FÏND MINTMUM K POSSTBLE
K=1

TT2 CONTÏNUE
rF (AK ( rQ, K ) -AKMIN ) LL3 , tLA ,LL4

1-1-3 CONTINUE
IF (K-5 ) 1_1_6 , l-l-5 ,1-t-5

115 CONTINUE
IWARN2 (J)=r
GO TO l-1_4

].]-6 CONTÏNUE
K=K*1
GO TO 7L2

L]-4 CONTÏNUE
] CALCULÃ,TE OUTLET PRESSIIRE
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!9gr (-Jl =sQRr ( ( pre** 2 ) - ( ( ( Qrr, ( J ) /AK ( rQ, K ) ) x * e ) *ale¡¡ ( J ) ) ) -e4 . l-
CHECK TO SEE IF OUTLET PRESSURE IS SUFFTCIENT
rF (pouT(J) -1 40. 0 ) l_l-7, i_18, Lt_8

T1,7 CONTTNUE
POUT(J):0.0
PD(J)=0"0
srzE(J):0"0
ÏwARNl- (J):1
co To 1-1_9

J-].8 CONTTNUE
C CALCULATE PRESSTTRE DROP PER KM

- tP(¡)1=(PIN(r)-Pour(r))/(ALEN(r)/t_oo0)C PTCK PIPE SIZE
IF (K-l) L20 ,1-2O ,IzL

LzO CONTTNUE
sIzE (J)=ZO "l
GO TO LLg

1,21, CONTTNUE
ïF(K-2 )L22,L22,1_23

T22 CONTINUE
sIzE(J):3¡. ¿
co To 3-L9

L23 CONTTNUE
IF(K-3 )L24,1,24,t25

1-24 CONTINUE
SIZE(J)=49. ¡
co To l-t_9

l.25 CONTINUE
IF(K-4 )L26 tL26,127

L26 CONTINUE
sIzE(J)=60"9
co To l_l-9

L27 CONTTNUE
sIzE(J):88"9

1-1-9 CONTINUE
104 CONTTNUE
103 CONTTNUE
IO2 CONTÌNUE

RETT]RN
END
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SUBRoUTINE CHECK2 ( NL, IWARN1 , IWARNz , FAIL3 , FAIL4 )c ******************************************************************
C**
C * THIS SUBROUTTNE CHECKS TO SEE IF SUFFICTENT END *
C * PRESSURE HAS BEEN M.A,TNTAINED OR THE MÀXIMUM PRESSTIRE *
C * DROP CONSTR,ATNT OF 20 KPa PER Km HAS BEEN VTOL.ATED. *
C*x
C**

*C *. TNPUT PARÄMETERS
C**
C * NL - THE NTMBER OF LTNES *
C * IWARNI- - OUTLET PRESSURE BELOW 1-40 KPA *
c * IWARN2 - PRESSURE DROP OF 20 kPa/kn EXCEEDED *
C**
C**
C ?b OUTPUT PAR.AMETERS *
C**
c * FAIL3 FLAG ( TRUE rF TNSUFFTCIENT END PRESSURE) *
C * FAIL4 FLAG ( TRUE IF PRESSURE DROP "cT" 20 kPa/krn) *
C**
C**
C * LOCAL VÀRIABLES *
C**
C * I -ACOUNIER *
C**c ******************************************************************
C TNPUT PARÀMETERS

ïNTEGER NL, II¡IARNl ( 200 ) , IWARN2 ( 200 )C OUTPUT PARAMETERS
LOGICAL FAIL3,FATL4

C LOCAL VARIABLES
TNTEGER I
FAIL3= " FALSE "
FAIL4=. FALSE "
DO l_04 I:1- rNL,1
IF( IWARN1 ( I ) -0 ) 100, l_01_, l_00

]-OO CONTINUE
FAïL3:. TRUE.

1.01- CONTINUE
IF( TWARN2 ( I ) -O ) rO2, tO3, 1_O2

1.02 CONTINUE
FAïL4: " TRUE "

1-03 CONTINUE
TO4 CONTINUE

RETURN
END
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SUBROUTTNE TOTAL ( RPERKM, CPERKF{, NL, ALEN , STZE I AL26'r-, AL3 3 4 , AL483 I*AL603, ^AL889, TROAD, TCABLE, ALÏOT )******************************************************:t***********
^** THIS SUBROUTINE FIND THE TOTAI LENGTHS OF PIPE USED ** AND THE NIIMBERS OF ROAD AND CA,BLE CROSSINGS. *
^*
^** VARIABLE DICTTONARY

* TNPUT PARÄMETERS *¡
* RPERKM - THE NUMBER oF ROAD CROSSTNGS PER KILOMETER ?t* CPERKM - THE NTTMBER OF CABLE CROSSINGS PER KILOMETER ** NL - THE NUMBER OF LINES ** ALEN - THE LENGTH OF A LINE (n) ** srzE - THE DIAMETER OF Ä plpÈ Sncur¡¡r (mm) *
&^*
¿
^&* OUTPUT PARÃMETERS
¿

* 4L267 - THE TOTAL LENGTH OF 26.7 p.E" pIpE (m)* 4L334 - THE TOTAL LENGTH oF 33.4 p.E" prpE (*i* 4L483 - THE ToTAL LENGTH oF 4e.3 p.E. pTpE (*)* AL6o3 - THE TOTAL LENGTH oF 60.3 p.E. prpE itni* AL88e - THE TOTAL LENGTH oF BB.9 p.E. pIpE (*)* IROAD - THE NUMBER OF ROAD CROSSINGS* ICABLE - THE NUMBER OF CABLE CROSSINGS* ALTOT - THE TOTAL LENGTH OF prpE (rn)
Å

* LOCAL VARIABLES* AKM - TOTAL LENGTH oF PIPE (km) ** J -ACOUNTER ***
***********************************Ìt******************************
INPUT PÀRAMETERS
TNTEGER NL
REAL RPERKM, CPERKM,ALEN( 200 ), SIZE( 200 )
OUTPUT PAR,AMETERS
TNTEGER TROAD,ICABLE
REAL AL267,ÀL334,ÀL483,AL603,AL889,ALTOT
LOCAL VARIÄ,BLES
TNTEGER T
REAL AKM
.ê'L267=0.0
.A'L334=0.0
.AL483:0.0
Ä'L603:0.0
ALB89:0.0
DO l-09 I:L,NLr 1
ïF( SrZE (I)-26 " 7 )l_00,100,l-oi-

¿
&

*
*

*
*
*
*
*

*
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]-OO CONTINUE
AL267:AL267+ALEN( I )
GO TO 108

1.01. CONTI¡ITJE
IF( SIZE( r ) -3 3 " 4) L02, IO2, IO3

]-O2 CONTINUE
A'L334=4L334+ALEN(I)
GO TO 1_08

]-03 CONTTNUE
rF( srzE( I )-48 " 3 ) t_04,LOA,LO'

104 CONTINUE
4L483:4L483+ALEN( I )co To L08

105 CONTINUE
rF( srzE( I ) -60 " 3 ) i-06, 1,06, 1"O7

]-06 CONTTNUE
À,L603=ÀL603+ALEN( I )
GO TO l_08

LO7 CONTINUE
A'L889=4L889+ALEN( I )

1OB CONTÏNUE
]-09 CONTTNUE

ALTOT:AL 2 67 +AL3 3 4 +AL4 8 3 +Ä,L6 O 3 +AL8 I 9
AKM:ALTOT/I000 . 0
IRO.â,D=INT ( RPERKM*A,KM )
ICABLE:INT ( CPERKM*AKM )
RETURN
END



c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

ú

228

SUBRoUTINE COSTS (rJC267, UC3 3 4, UC4 I 3, UC60 3, UC88 9, UCROAD, UCR.A,IL,
*UC.A,BLE , UCREEK ,AL267, AL3 3 4 ,AL483 , AL6O3 , Ã,L889 , IROA.D, TR.åTL I ICA,BLE 

'*ICREEK ,C267 ,C334, C483 , C6O3 , CB89 , CPIPE , CROAD, CR.ATL, CCABLE, CCREEK,
*cror )

ú&&å¿ú&&&ú&tú&&*¿úù&¿4¿&&¿¿ù&¿¿¿¿¿&¿&+ú¿¿&¿+&¿¿ú&¿¡¿*ù&ùú¿¿&¿¿&&¿¿

*¿
* THIS SUBROUTTNE TOTALS THE COSÎS FOR THE SYSTEM
¿

V^ARTABLE DICTIONARY

ÏNPUT PARÄMETERS

* UC267 - THE UNIT COST OF 26"7 P"E" PIPE ($/M)
* UC334 - THE UNIT CoST oF 33"4 P.E. PIPE ($/m)
* UC483 - THE UNTT COST OF 48"3 P"E" PrPE ($/M)
* Uc603 - THE UNrr CoST oF 60"3 p"E. pIpE ($/m)
* UC889 - THE UNTT COST OF 88"9 P.E" PIPE ($/N)
* UCROAD - THE COST OF A ROAD CROSSING (S)
}t UCRATL - THE COST OF A R¡,TLROAD CROSSTNG ( $ )* UCABLE - THE COST OF A CABLE CROSSING ($)
* UCREEK - THE COST OF A CREEK/RTVER CROSSING ($)
* AL267 - THE TOTAL LENGTH OF 26.7 P.E" PTPE (N)
* 4L334 - THE TOTAL LENGTH OF 33.4 P.E. PIPE (m)* 4L483 - THE TOTAL LENGTH OF 48.3 P.E" PIPE (m)
* AL6O3 THE TOTÀL LENGTH OF 60.3 P.E" PTPE (m)
* 4L889 - THE TOTAL LENGTH OF 88.9 P.E" PIPE (n)
* IROAD - THE NUMBER OF ROAD CROSSTNGS* IRAIL - THE NUMBER OF RAIL CROSSINGS
* JCABLE - THE NUMBER OF CABLE CROSSTNGS
* ICREEK - THE NU]'ÍBER OF CREEK CROSSINGS
*
&

OUTPUT PARÃMETERS&

* C267 - THE COST OF 26.7 P.E. PTPE ($)
* C334 - THE COST OF 33"4 P.E" PTPE ($)
* C483 - THE COST OF 48.3 P.E" PIPE ($)
¡t c603 - THE coST oF 60"3 P"E. PIPE ($)
* C889 - THE COST OF 88.9 P.E. PTPE ($)
* CPIPE - THE TOTAL COST OF ALL PIPE ($)
* CROAD - THE COST OF ALL ROAD CROSSINGS
* CRATL - THE COST OF AI,L RAIL CROSSTNGS* CCABLE . THE COST OF ALL CABLE CROSSINGS
* CCREEK - THE COST OF ALL CREEK CROSSTNGS:t CTOT - THE TOTÀL COST OF THE SYSTEM ( $*
*************************************************)t****************
TNPUT PARAMETERS
TNTEGER TROAD, TRÀTL, ICABLE, ICREEK
REAL UC267,VC3 3 4, UC4 I 3, UC6 0 3, UC8 I 9, UCROAD, UCRÀIL, UCABLE, UCREEK

$)
$)
($)
(s)



c
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REAL AL267,AL334 rAL483,AL603, AL889
OUTPUT PARÄMETERS
REAL C267 tC334,C483,C603,C889,CPrPE
REAL CROAD, CRÄ,ïL, CCABLE, CCREEK, CTOT
C267=}'L267*UC267
C334=Ä'L334*UC334
C483=4L483*UC483
C603:Ä,L603*UC603
C889:4L889*UC889
CPIPE:C2 67 +C33 4+C4 B 3+C6 O 3+Cg I 9
CROAD:IRO.A,D*UCROAD
CRAIL=fRÄ,f L*UCR.AïL
CCABLE=ïCABLE*UCABLE
CCREEK:f CREEK:t UCREEK
CIOT=CP I PE+CROAD+CR.A,IL+CCABLE+CCREEK
RETURN
END
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SUBROUTTNE LNDRTT (NL, IFR, TTO,ALEN,NUML,QTL,PIN,POUT IPD'STZE'*IW.å,RNI-, rtitARN2 ,AL267,AL334,AL483 ,AL603 ,Ã,L889,IROÄD, IRÄIL, TCABLE,
*ïCREEK, ALTOT ,C267 tC334 tC483, C603 , C889 , CpIpE, CROAD, CRAIL, CCABLE,
*CCREEK, CTOT )*****Cr*********************************rr**************************

¿

¿

*
&

*
*
*
*
*
*
¿

*
*
*
*
*

*
*
&

*

*

*

¿

*
*
*

THTS SÜBROUTINE CREATES THE ¡ILINES 
" DAT'¡ FILE WHTCH

TS PRINTED BY THE I¡LINEDATA¡¡ AUTOCAD MACRO "

VARIABLE DTCTTONARY

INPUT PARÄMETERS

4

t

*
J

*
NL
IFR
ITO
ALEN
NUML
QTL
PIN
POUT
PD
SÏZE
rWARN]-
IWARN2
4L267
A'L334
4L483
AL6O3
4L889
IROAD
ÏR.ATL
ÏCABLE
ICREEK
ALTOT
c267
c334
c483
c603
c889
CPÏPE
CROAD
CRÀIL
CCABLE
CCREEK
CTOT

- THE NUMBER OF LTNES *
- THE ORIGTN NODE NTIMBER *
- THE DESTINATTON NODE NUMBER *
- THE LENGTH oF A LINE (m) *
- THE NUMBER OF TNTERMTTTENT LOADS *
- THE TOTAL LOAD OR DESTGN LOAD (m^3/hr) *
- THE INLET PRESSIÍRE (kPa) *
- THE OUTLET PRESSURE (kPa) *
- THE PRESSURE DROP PER KILOMETER (kPalkin) *
- THE DIAMEÏER oF A PIPE SEGMENT (nm) *
- OUTLET PRESSURE BELOW ]-40 KPa *
- PRESSURE DROP OF 20 kPa/km EXCEEDED *
- THE TOTAL LENGTH OF 26.7 P.E. PIPE (m) *
- THE TOTAL LENGTH OF 33.4 P.E. PIPE (n) *
- THE TOTAL LENGTH oF 48.3 P"E. PIPE (n) *
- THE TOTAL LENGTH oF 60.3 P.E. PIPE (m) *
- THE TOTAL LENGTH oF 88.9 P.E. PIPE (m) *
- THE NUMBER OF ROAD CROSSINGS *. THE NUMBER OF RAIL CROSSINGS *
- THE NUMBER OF CABLE CROSSINGS *
- THE NUMBER OF CREEK CROSSINGS *
- THE TOTAL LENGTH OF PIPE (m) *
- THE CoST OF 26"7 P,E" PrPE ($) *
- THE coST OF 33.4 P.E. PIPE (S) *
- THE coST oF 48.3 P.E. PIPE ($) *
- THE coST oF 60.3 P.E. PIPE ($) *
- THE coST oF 88.9 P.E. PIPE ($) *
- THE TOTAL COST OF ÀLL PIPE ( $ ) :k

- THE COST OF ALL ROAD CROSSINGS (
- THE COST OF ALL RArL CROSSINGS (
- THE COST OF ALL CABLE CROSSINGS
- THE COST OF ALL CREEK CROSSINGS
- THE TOTAL COST OF THE SYSTEM ($)

LOCAL VARIABLES

rrJ - couNrERS

*

¿
&

th

*
¿

$)
s)
($)
($)
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c**c ******************************************************************
C TNPUT PARÃMETERS

ïNTEGER NL, rFR( 2OOl,rTO( 2OO),NUML( 200 ), IWARNT_ ( 200 ), TWARN2 ( 200 )
RE^A,L ALEN ( 200 ), QTL( 200 ), pIN( 200 ), POUT ( 200 ), pD( 200 ), SIZE ( 200 )
INTEGER IROAD, IR.A,IL, TCABLE, TCREEK
RE^A,L AL267 ,AL334,AL483 rAL603 rAL8g9,ALIOT ,C26'7 tC334,C483, C603
REAL CSB9,CPIPE,CROAD,CR.ATLTCCABLE,CCREEK,CTOT

C LOCAL VARTABLES
TNTEGER Ï,J
OPEN(UNIT=I, FILE:' ( C ) LINES. DAT' )
I=45
DO J-O4 J:lrNL,l-
IF ( I-45 ) l-01-, l-00,l-00

].OO CONTÏNUE
C TYPE HEADING

wRrTE( r_, r_5i- )
I=0

]-01 CONTTNUE
C TYPE ONE LINE

wRrTE ( r, L52) rFR ( J ), rTO ( J ), ALEN ( J ), NUML ( J ), QTL ( J ), SIZE ( J ), prN ( J ),*POUT ( J), PD(J), TWARN1 ( J ), IWARN2 ( J)
I=I*l-
IF ( r-45 ) l_03, 1"O2 ,LOz

1-O2 CONTINUE
wRrTE(1,1_50)

103 CONTINUE
TO4 CONTÏNUE

wRrTE( 1,1_53 )
WRITE ( t, L54 ) AL267, C267
WRITE ( l_,1_55 )AL334, C3 34
WRITE ( 1_, l_56 )AL48 3, C483
wRrTE (I ,]-57 )AL603 , C603
WRITE ( 1 , l_58 )AL889 , C8 8 9
WRITE ( 1, ,L59 )ALTOT, CPIPE
IùRïTE ( 1, 1-60 ) IROAD, CROAD
wRrlE ( 1, 16L ) IRAIL, CR.AIL
wRrTE (t , 1-62 ) ICABLE , CCABLE
$IRITE ( 1_ , t_63 ) ICREEK, CCREEK
WRITE (L ,L64 ) CTOT

' CLOSE(UNIT:I)
RETI,IRN

l-50 FoRMÄT ('L' )
l_51- FoRMAT( ' FROM TO LENGTH NUH LOAD SIZE pI pO"

*, PD WO WDt/t *tr** **** ******* *** ***** ****,
* t ***** ***** ***** **** ****, ) 

'

L52 FORMAT( ' ' ,2(I4,2X),F7.1, ,2XtI3,2X,F5"t,2X,F4.l_,3(2X,F5.1_),4X,r]-,*5X, r1 )
l_5 3 FORMÀT ( ' I_PIPE SIZE TOTAL LENGTH COST ' /* t ********* ************ *******, )
154 FORMAT(' 26"7 ilrr',8X,F7"0r8X,F8"0)
155 FORMÄT( ' 33"4 rìrn'rBXrF7"0r8X,F8"0)



].56 FORMAT
L57 FORMA.T
]-58 FORMAT
L59 FORMÀT
)-60 FORMÄT
T61- FORMÃ,T
L62 FORMAT
1-63 FORMAT
L64 FORMAT

232

t 48.3 lln' r8XrF7.OrgXrF8"O)t 60.3 f,f,t rBXtF7"0rgXrF8"0)t 88"9 mm',8XrF7"0rBX tF9"O/), TOTAL or8X,F7 "OrBXrFS"O//), TOTAL NUMBER OF ROAD CROSSI¡üGS 

"I3 
, ' COST 

" 
F7 " 0 )

' TOTAL NUMBER OF R.AIL CROSSTNGS o ,r3 ,' COST t ,î7 "O)
' TOTAL NITMBER OF CABLE CROSSTNGS ', ,r3,0 cosT t,F7"0)
, TOT^A,L NUMBER OF CREEK CROSSTNGS o ,13, ' CoST ' ,F7.O//J, TOTAL COST OF SYSTEM ' ,F7 "O)
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SUBRoUTINE LNLRIT ( NL , Xl ,y! ,X2 ,y2 , S]ZE)
****'****'******************tr***************************************
^** THTS SUBROUTTNE CREATES THE FTLE I¡LTNES.LSP'I WHTCH IS ** USED BY THE AUTOLTSP ROUTTNES TO PLOT THE SELECTED ** LAYOUT AND DESIGN. *

VARIABLE DICTIONARY

INPUT PARAMETERS

NL
x1
Y1_

x2
Y2
SÏZE

- THE NUMBER OF LTNES
- THE X-COORDINÄ,TE oF oRIcrN (m)
- THE Y-COORDINATE oF oRrcIN (n)
- THE X-COORDINATE OF DESTINATION (rn)
- THE Y-COORDINATE oF DESTINATTON (m)
- THE DIAMETER OF A PTPE SEGMENT (mm)

s

¿

*
*
&
¿
&

¡
L

*

c

c

* LOCAL VARIABLES
*
* I -ACOUNTER ***
***************************************************tÉ**************
INPUT PARÀMETERS
INTEGER NL

BIè1,_ x_1__( 290 ) , y1( 2oo) ,x2(2oo) ,y2(2oo ) , srzE( 200 )LOCAL VARIABLES
ÏNTEGER I
WRITE LINES.LSP FILE
OPEN (UNIT=f r FILE:, LINES " LSp, )
WRTTE ALL 88.9 mm LINES
wRrTE(1,1-50)
DO l_00 I=1 r NL, l-
IF (SIZE(r)-88.9)l_03,1,O2,LO3

LO2 CONTINUE
t{RrTE ( l- , L5t_ ) xt- ( r ) , yl ( T.) ,X2 ( r ) , y2 ( I )]-03 CONTTNUE

1-OO CONTINUE
D{RITE( l-,1"52 )
WRITE ALL 60"3 mm LINES
I/üRITE(1,1_53)
DO l_04 I=1 , NL, 1-

rF (sIzE(I)-60" 3 ) L06, t_05, l-06
]-05 CONTTNUE

htRrTE( 1, 151_ )X]- (r ),y1 ( r),x2( r),y2(I )106 CONTINUE
1"O4 CONTTNUE

wRrTE( 1,1-52 )
WRITE ALL 48"3 mm LINES



c
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lirRITE( t_,1-54 )
DO 107 L:L,NLr 1
IF (SrZE(r )-48. 3 )109, l_08,LOg

1-08 CONÎINUE
WRITE ( l_ , l-51 )Xl_ ( r ) , yl ( r) ,x2 ( I ) , y2 ( I )].09 CONTTNUE

1.07 CONTTNUE
9üRÏTE ( l_,1-52 )
WRTTE ALL 33"4 mm LTNES
WRITE(1,1_55)
DO 1_1_0 I=I ¡NL, 1IF (SIZE( r )-33 " 4)Lrz,1_L1, ttt 2

l_l-1 CoNTTNUE
wRrTE( l-,i_s1 )xl_ ( r),y1 (T),x2( I ),y2( I )I1,2 CONTINUE

].10 CONTTNUE
vüRrTE (L , L52)
WRITE ALL 26"7 nm LINES
htRITE( 1,156 )
DO 1l_3 Î=LtNL,1
ïF ( SrZE ( I ) -2 6 "7 ) l_l_5,1]-4 ,LLs1,I4 CONTINUE
I^lRf TE ( 1 , 1-51_ ) X1 ( I ) , y1 ( I) ,x2 ( I ) , y2 ( I )

J-15 CONTINUE
1-13 CONTINUE

virRITE (I ,1,52)
END OF FTLE
CLOSE ( UNIT:S )
RETURN

r_50 FoRMÀT(
1sr_ FoRMÀT(
l.52 FORMAT(
1_53 FORMAT(
l.54 FORMAT(
r-5s FoRMAT(
L56 FORMÀT(

END

'(setq 1889 (quote,(( ,,Fg.L,2X,Fg.)_l
' )))')
'(setq 1603 (quote
'(setq 1483 (quote
'(setq 1334 (quote
'(setq L267 (quote

,F9.1_tzx,Fg"Lt' ))r)
('
,

t
t
,
,

)

)('
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SUBROUTINE FDRTT (NL, IFR, ITO,ALEN,NUML,QTL)
ú&*ú&¿úùúg&Àù&&À&Â&À+¿Å¿¿&&Ã&&¿*&¿¿úú¿À&¿4Å&¿¿ú&úúú&&&&&&&&&À¿r¿¿¿

L ^ôðõ ^õôðòõc**
C * THTS SUBROUTINE CREATES THE IILTNES 

" DAT9¡ FILE IìIHTCH *
C * IS PRIhTTED BY THE ¡ILINEDATAII AUTOCAD MÀ,CRO" *
c**c**
C * VARIABLE DICTION.ARY *
c**
C * INPUT PARÄMETERS *
c**
C * NL - THE NUMBER OF LINES *
C * IFR - THE ORIGIN NODE NUMBER *
C * ÏTO - THE DESTTNATION NODE NUMBER *
C * ALEN . THE LENGTH OF A LTNE (m) *
C * NUML - THE NUMBER OF TNTERMITTENT LOADS 'tC * QTL - THE TOTAL LoAD OR DESIGN LOAD (m^3/hr) *
c**c**
C * LOCAL VARIABLES *
c*'*
C * I,J COUNTERS *
c**
C *******tr**********************************************************
C TNPUT PARÀMETERS

INTEGER NL,TFR(200),rTO(200),NUML(200)
REAL ALEN( 200 ),QTL( 200 )

C LOCAL VARIABLES
TNTEGER I,J
OPEN (UNIT=L r FILE:' ( C ) LINES. DAT' )
L=41-
DO l-00 J=l , NL, l_

rF (r-41-)l_02,l-03,l_03
1-03 CONTÏNUE

C TYPE HEADING
wRrTE ( l_ , 1-50 )NL
wRrTE ( r_ , r.sr_ )
Ì-1I-I

LO2 CONTINUE
C TYPE ONE LTNE

I^IRITE (L,1"s2 )IFR(J) ,ITo(J) ,ALEN(J) ,NLIML(J) ,QTL(J)
I:I*1

1.OO CONTINUE
CLOSE ( UNIT=2 )
RETURN

i_50 FoRMAT(11 
"r3,' 

LINES TOTAL'//)
l-51 FORMAT( ' FROM TO LENGÎH NU¡,f LOAD',

* /' **** **** ******* *** ****tt t 
)

1,52 FORMÀT( ' ' ,2(r4,2X) , F7 " l- ,2XtI3,2X,F5.1)
END
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SUBRoUTINE FLRIT (NL, XL ,yL ,X2, y2 , FAIL1 )*********tr********************************************************
*
* THTS SUBROUTTNE CREATES THE FTLE ¡ILINES.LSPII WHICH IS ** USED BY THE ^A,UTOLISP ROUTTNES TO PLOT THE SELECTED ** LAYOUT .â,ND DESIGN" IN THIS CASE AN ERROR HAS BEEN ** FOUND IN THE DESIGN" TN THIS INSTA,NCE EITHER Ä LINE ** WAS FOUND FTÏTH NO LOAD OR THE S{å,XTMUM CAPA.CITY OF THE ** SYSTEM HÀ,S BEEN EXCEEDED. *

* INPUT PARÄMETERS
¿

* NL - THE NUMBER OF LTNES* Xl- - THE N-CooRDINATE oF oRrcIN (n)* yl_ - THE y-cooRDrNATE oF oRrcrN (*)* x2 - THE X-CooRDTNATE oF DESTINATToN (n)* y2 - THE y-cooRDrNATE oF DESTTNATToN (*)* FArLt_ FLÀc ( TRUE IF LÀYOUT FAILS )

* LOCAL VARTABLES
*
* I -ACOUNTER¿

*************************************************************,:*****
ÏNPUT PARÀMETERS
LOGÏCAL FAIL1
INTEGER NL
REAL X1 ( 200 ),y1 ( 2OO),X2(2OO),y2(2OO)
LOCAL VARIABLES
ÏNTEGER T
WRITE LINES.LSP FILE
OPEN(UNIT:I- , FILE:TLINES " LSp, )
wRrTE(1,1-50)
DO 1-00 f :1 , NL, 1
wRïqE( 1, 151_ )Xl- ( r ),y1 ( r.),x2( r ),y2 ( I )

1-OO CONTINUE
wRrTE (t t ).s2)
rF (FAILI) cO TO l-01-
wRrTE(1,1_53)
GO TO LO2

]-O]- CONTINUE
WRITE ( l_ , i-54 )

LO2 CONTTNUE
CLOSE ( UNIT:I )
RETURN

l-50 FORMÂ,T('(setq lines (quote (, )1?1 FORI,IÀT('(( , tF9"l-,2XtF9.L,t ) ( ',F9"LtZX,Fg.f-t' ))r)1,52 FORMAT(' )))')
1?3 FORMAT('(princ I'ERROR: MAX. CApACfTy EXCEEDED " ) 600 ',)L54 IgIMAT('(princ TTERROR; LINE WITH No LoAD ',) O',)

END

t

¿

*

¿
&

*
*
¿

*

c

c



The following should be included
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in a separate f ile called ¡,ucostor.

O.75 IN PTPE
]..00 IN PTPE
]- " 50 IN PIPE
2.OO IN PTPE
3 " OO ÏN PIPE
ROAD CROSSTNG
RAÏLWAY CROSSTNG
CABLE CROSSTNG
CREEK CROSSING
ROADS PER KM
CABLES PER KM

+0001_ " 62
+0001- " 97
+0002 " 88
+0004 " 07
+0007 " 85
+0563 "57+t449.OO
+0090 " o0
+0542 " 00
+0000 " 58
+0000.69



should be included
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in a separate f ile called ¡tf lookup,t.The following

1 " 0000
l- " 0000
1_ " 0000
1_ " 0000
i-.0000
0.9430
0.8860
o.829L
o.772I
o " 71-5L
0.7091-
o.7032
o .697 4
o " 69L7
0.6861
0.6806
o "6752
o. 6700
o .6649
0.6601_
0.6555
0.651_1-
o .6469
o .643r
0.6396
0.6365
o .6337
o " 631,2
o .6292
o"6274
o "6260
o .6250
o.6242
o.6236
o " 6233
o " 6232
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The following shoutd be included in a separat,e file called utklookuptu

3 .69037
4 " 05659
4 "25L67
4 " 40290
4 "5L557
4.62725
4 .698s7
4 "75809
4 "83024
4 "894784.953t7
5 "00647
5 " 05550
5. t_0090
5 "1,21,675.1-4044
5 "1,77575.2L259
5"2457l.
5 "277L3
5 "307025.33552
5.36275
5.38882
5 " 4t_383
5.43785
5.46097
5.4631,6
5.48466
5.48598
5 " 50606
5.52551_
5.54436
5.56265
5.58041-
5 "59767
5 " 61-445
5 .6307 9
5.6467O
5.6622L
5.67734
5.6921-0
5.70651_
5 "72059
5 "73436
5 "7 4783
5 " 761_00
5 "77390
5.78653
5 " 79890

6 "2053I
6 "8447e
7 "1,854L
7 "493L3
7 " 68815
7 "84]-22
8.0061_0
8. i.4893
I "27492
8.34725
8 " 4L030
8 " 50337
8.58899
8.66825
8 "7 4205
8.81-L09
I " 87593
8 "93707
8 "957378.97597
9 "0281,6
9.O7792
9.1,2547
9.L7099
9 "214669.2566I
9.29698
9.33588
9 "3734L9.40968
9 " 44475
9 " 47 871_
9.5LL63
9.51541
9.53949
9 "569629.59205
9 "62058
9 "621,289.64836
9"67477
9 " 70055
9 "72572
9 " 75031_
9 "77 435
9 "79786
9 "820869.84338
9 "86544
9 " 88705

t4 "73307 30 "23703 83 "32298
1,6 "20L34 31-.09201- 83 " 3 2298
1,7 "29060 3l_ " 81488 83 "32298
L7 "82969 32"44LO7 83"32298
L8 "42916 32.99340 83 "32298
l_8 " 91-896 33 .487 47 83 "32298
1,9 "33308 33 "93442 84 " 501-30
L9 "47677 34.34245 85.57704
19.793t9 34 "71,780 86 "5666220.07624 33 " 99955 85.831-96
20"33228 34"44650 87 "OLO2920.56603 34 " 85453 88.08602
20.78LO6 35.22988 88"57092
20.87877 35 "57740 89.487]-L
20 "9664L 35 " 90094 89.8551-9
21.t3979 36 "20359 90.65309
21,.30266 36 " 48788 9L "402602L.45621_ 36.40839 92.LO926
2I"60146 36.66t94 92.77769
2L.73926 36.90247 93.41-l_84
2L"87033 37 "L3t27 94"01-504
2L"99530 37 .34942 94 "59017
22 .1t47 2 37 .557 87 9 5 . l- 397 3
22.22905 37 .757 45 95.66591-
22.33872 37 .94888 95.70400
22.3498L 38.1-3280 96. t_8890
22.451,20 38.30978 96.20586
22 "45783 38.48032 96.65548
22.552L0 38 "64488 97 .08932
22.643L7 38.80386 97 " 50845
22.731-26 38.95762 97 .91"383
22.8t655 39. L0651- 98.30634
22 "89922 39 " 08625 98 "6867822.97942 39.22624 99.05585
23.O5729 39.20320 99.4t423
23.J-3297 39 " 33530 99 "7625r
23 "20658 39 .46379 i_00. L0120
23 "27822 39 " 58884 l_00.43090
23 "34800 39 "71_066 LOO "752IO23.41,602 39.82938 L0l-"0651_0
23 " 48235 39 "945L7 l_01_ " 37040
23.54709 40 " 0581_7 1_01_.66830
23.61_030 40 "t6852 i_01" 95920
23 " 67 206 40 " 27 633 1,O2 " 243 40
23 .73244 40 " 381-71- LOz.523-30
23"79L48 40.48478 1,O2"79300
23 "84926 40.58563 LOz.62500
23 "90582 40.68436 L02.88530
23 "961-2L 40.781_05 1-03 " 14020
23 "92739 40.87579 l_03 " 39000



5 "7959L
5.80780
5, 8l_575
5 "82720
5"83474
5"84578
5 "85662
5.86727
5 "8777 4
5 "87345
5.88358
5 " 89354
5.90334
5.91,299
5.92249
5 " 931-84
5 " 94105
5 " 9501-3
5.95907
5.96788
5 .97 657
5.9851_4
5 " 99359
6.001 93
6 " 010L5
6.01,826
6 . 02627
6.034L7
6. 04198
6.04968
6 "O5729
6.06481_
6.07224
6.07957
6 " 08682
6 " 09399
6.l-01_07
6. t_0807
6.1-L499
6.t2L84
6 "L2861
6 " 1-3530
6.t4L92
6.L4847
6 "L5496
6 "1-436L6.t4996
6.t5625
6.L6246
6 "L6862
6"L7472
6.L8075

9 "90823
9 "92900
9 "94937
9 "969379.98899

1_0.00827
3-O.O2720
10 " 04580
l_0 " 06409
10 " 08206
to "0997 4
l_0 " l_17L4
l_0 " 1_3425
1_0.1_1818
ro "a3477
1_0.l_5Ll-0
1-O " L671-8
L0 " l_8303
l_0 " l-9218
to " 207 57
LO "1-9728
LO .2L224
10 . 2 2699
LO.243-54
10.25590
1,O "27007
i-0 " 28405
1-O " 297 86
10 " 31148
10 . 3 2494
10 . 3 3822
L0.35l_35
l-0 " 36431_
10.3771,2
l-0.38978
1-O .40229
1-O " 4t466
1,O " 42688
L0.43897
LO .45092
to " 4627 4
1-O .47 443
10 " 48600
LO " 497 43
1-0.50875
l-0 " 51-995
l_0 " 531-04
to "5420L
IO "55287
1_O.56362
]-o.57 426
10.58480

23.98059
24 " 0327 6
24.08393
24 "O4885
24 "O98L5
24.L4655
24 "t94LO
24 "24083
24 " 2867 5
24 "331_90
24 .37 63L
24 " 4L999
24 " 46297
24.50528
24.54693
24 "58795
24 "62835
24 " 668]-5
24 "70737
24 "7 4602
24.7841,3
24 "82L70
24 " 8587 6
24 .8953r
24 "93L3724.96695
25.OO207
25 . 0367 3
25 . 07 095
25.rO475
25.I38L2
25.1,71-O8
25 "20364
25 .23582
25.26761
25 "29903
25.33009
25.36079
25 "3911_5
25 " 42L1,6
25. 4s085
25 "3975425.42659
25 .45532
25.48375
25.51_1BB
25 "53972
25 "56727
25 "59454
25 .62L54
25 " 56808
25.59454
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40 " 96865
4L "0597t
4L "L4903
4L "23669
4L "32273
4L " 40723
4I " 49023
41- "57L794t " 65L95
4L "730774l-.80828
4L "73077
41- " 80580
41- "87965
4L "95235
42.02395
42 "09447
42 "OL506
42.08352
42.1-5099
42.2r75r
42.28310
42.34778
42.4rL58
42 " 47 453
42.53664
42.59794
42 .65845
42.71-8L9
42.7771-8
42 .83543
42 .89297
42.94981,
43 . OO597
43.O6t47
43.Lt631,
43 "L7053
43 .224L2
43.277LL
43 " 3295L
43 "381"32
43 " 43258
43 " 48327
43 "5334243.58305
43 "6321,5
43 "68075
43.72884
43 "77645
43 " 82358
43 "8702443.9]-645

l_03 " 2L570
1-03 " 45580
l_03 " 691-30
ro3 "92230
LO4.L4920
L04. 37200
1-04 " 59080
L04 " 80580
1_05 " Ot-720
l_05 " 22490
l_05 " 42930
1_05 " 63030
r_05.8281_0
1-06. 02280
106 " 2L450
l-06 " 40330
L06 " 58920
l-06 " 77230
l-06 " 95280
LO7.i.3070
LO7 " 3061-0
L07.47900
IO7 "64950
LO7 .8L770
ro7.98370
l_08 . 1_ 47 40
108.3091-0
1-08. 46860
l_08.626L0
l-08 " 781-60
108.93520
l_09.08690
109 " 23670
l_09 " 38480
l_09.53L1_0
1_09. 67570
L09.81-860
1_09.95990
1_09.69420
L09 " 83240
109.96900
1_l-0. t_041_0
Ll-o " 23770
L1_0 " 37000
1_l_0 " 50080
1_l_0 " 63030
1-l-0 " 75840
l-1_o " 88520
1_1_l_ " 0L070
l_10.74240
1_1_0 " 86550
1_10.98730



6 " L8673
6.1-891-6
6 "1-9502
6 " 20083
6 "20658
6 "2L228
6 "21792
6 "22352
6 "2t529
6 "22079
6 "22623
6 "231,63
6 "23698
6 "24228
6.24754
6 "25276
6 "25793
6 "26305

10 "59524
1_0 " 60557
1_0 " 61581
3,O.62595
10.63599
ro "64594
l_0 " 65580
to "66557
1,O.67525
to "68484
10 " 69435
LO.70377
ao "7L3L2
LO "72238
1-O "7 3L56
1,O "7 4066
1,O "74969ro "75864

25 "62075
25 " 6467 L
25 "67242
25 .697 88
25 "7 23lr
25 "7 48LO
25 "77286
25.79739
25 "82170
25 " 84580
25 "86968
25 " 893 35
25 "9L68L
25.94007
25 "963L3
25 "98599
26 "00866
26 "O3LL4

24L

43 "96220
44 "OO750
44.05238
44 "09683
44 "L4086
44 "18448
44 "22770
44 "27053
44 "3]-297
44.35503
44 "3967L
44 "29373
44 "33468
44 "37528
44 " 41553
44 " 45544
44 " 49502
44.39427

t_t_l-.10790
l_l_L " 22730
1_11-.34560
l_l-l_ " 46280
1_11- " 57890
Ll-1" 69390
1Ll- " 80790
l-l_1_.92080
LL2 "03270
1-1-2 "L4350
1L2 "25340
L12.36240
tt-z " 47030
LLz " 577 40
tLz " 68350
1-r2.78870
1,1-2 " 89300
1-1-2 "99650
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APPENDTX E: SOURCE CODE FoR LTSP ROUTINES



( defun

( defun

( defun
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C:EMPTY ( )(setq atomlist (nember 'C:EMPTY atonlist) ) ¿DONE)

C:SoURCE ( )(setq scmde (getvar r¡cmdechorr))
(setq sblip (getvar "blipmode"))(setq shigh (getvar f¡highlight") 

)(setvar r¡crndecho" 0)
(setvar rrblipmoderr 0)
(setvar "highlight¡¡ 0)
(COmmand rrlayerrr rrset¡r ¡rnOdeS¡r r¡rr)
(setq pt1 (getpoint rr\nEnter coordinates of source: u') 

)(setq pt2 (list (car pt1) (- (cadr pt1) 200"0) ) )
( command ¡rcirclert pt1 400 . 0 )
(command rrtextrr rrsrr pt2 400.0 0"0 ¡¡S¡¡)
(setq nodes (list 1 (Iist (append pt1 (Iist 1) ) ) ) )
(cornmand rllayerrr rrsetrr rr0¡r rilr)
(seivar ¡rcmdechorr scmde)
(setvar rrblipmode[ sblíp)
(setvar "highlig¡¡t' shigh) )

C:SINK ( )(setq scmde (getvar rrcmdechorr))
(setq sblip (getvar "blipmode"))(setq shigh (getvar 'thighlight") )(setvar rrcmdecho¡¡ 0)
(setvar ttblipmode" 0)
(setvar "highlight" 0)
(comfnand rrlayefrt rrsetrr rrnodesrr rril)
( setq nurn ( + l- ( car nodes ) ) )(setq ndlst (cadr nodes) )(prinÈ (quote NODE) ) (print nun)
(setq pt1- (getpoint rr\nEnter coordinates of nodes t'))
(while pt1-

(setq pt2 (list (+ (car pt1) 500"0) (- (cadr pt1)
200.0 ) ) )

( setq a ( it,oa nun ) )
(command rrdoughnutrr 0. O 400.0 pt1 rrrr 

)
(command rrtextrr pLz 400.0 0.0 a)
(setq ndlst (append ndlst (list (append pt1 (list
(setq num (+ 1- num) )(print (quote NODE) ) (print num)
(setq ptl- (getpoint rr\nEnter coordinates of node:

(setq num (- nun l-) )(setq nodes (list num ndlst) )
(command rrlayerrr rrsetrt rr0rr rrrr)
(setvar rrcmdechorr scrnde)
(setvar Itblipmodert sblip)
(setvar "highlightil shiqh) )

(defun C:DUMMY ( )

1) ) ) ) )

")))
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(setq scmde (getvar ¡rcmdechor') 
)

( setq sblip ( getvar I'blipmode" ) )(setq shigh (getvar "highlightr') )
( setvar ¡¡cmdecho" 0 )(setvar |tblipmoder¡ 0)
(setvar ¡¡highlightlt 0)
(command ¡tlayerrr ¡rsetr¡ ¡¡nodest¡ rrÚr)

( setq nurn ( + 1- ( car nodes ) ) )(setq ndlst (cadr nodes) )
(print (quote NODE) ) (print nurn)
(Ëetq ptL (getpoint "\ñEnter coordinates of
(whi1e pt1-

(setq pt2 (list (+ (car ptl-) 500"0)

(setq a (itoa nun) )
( comrnand rrcircle¡t Ptl 200 " 0 )
(command ¡¡textr¡ P|uz 400"0 0"0 a)
(setq ndlst (appênd ndlst (Iist (append pt1- (list'
(setq num (+ 1- num))
(print (quote NODE) ) (Print num)
(setq ptl- (getpoint tt\nEnter coordinates of node:

(setq num (- num 1) )(setq nodes (list nun ndlst) )
(command rrlayerrr rrsetr¡ rr0rr rrrr)
(setvar r¡cmdechorr scmde)
(setvar rrblipmoderr sblip)
(setvar ¡'highlight" shigh) )

sub1 ( )(setci'nodes (list (- num 1-) (append nd1stl- (cdr ndlst2))))
(setq ndlst2 nil) )

sub2 ( )(setq ndlstl (append ndlstl-
(list (car nd1st2) ) ) )

(setq ndlst2 (cdr ndlst2)))

node: tt ) )

(- (cadr pt1)
2oo"o)))

( defun

( defun

0)))))

")))

(defun C:SUBNODE ( )(setq pt (getpoint ¡¡\nEnter
(setq x (fix (car pt) ) )
(seÈq y (fix (cadr pt) ) )
( setq nurn ( car nodes ) )
( setq ndlstl- ' O )(setq ndlst2 (cadr nodes) )
(while ndlst2

(if (and (= x (fix
(: y (fix

( subl- )
(sub2) ) ) )

coordinates of node to remove: "))

(caar ndlst2) ) )
(cadar ndlst2))))
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(defun nodesave ( )(setq f (open ¡INODES2tr rrvJ'¡r))
(print (car nodes) f)
(setq ndlst (cadr nodes) )(while ndlst

(print. (caar ndlsÈ) f)
(print (cadar ndlst) f)
(print (caddar ndlst) f)

( defun

(setq ndlst (cdr ndlst)
(print nil f)
(cIose f) )

rnodesave ( )(setq ang (getreal ¡¡\nlnput the
(setq f (open TTRNODEST¡ rrwrr))
(print ang f)
(print (car nodes) f)
(setq ndlst (cadr nodes) )(while ndlst

(print (caar ndlst) f)
(print (cadar ndlst) f)
(print (caddar ndlst) f
(setq ndlst (cdr ndlst)

(print nil f)
(cIose f) )

C:coMP ( )(setq scmde (getvar rrcmdechorr))
( setvar rrcmdechott 0 )
( nodesave )
(command rrshellrr !!compr¡ 

)
( graphscr )
( setvar rrcmdechorr scmde ) )

C:DrJKL ( )(setq scmde (getvar r¡crndechorr) 
)

( setvar rrcmdechott 0 )
( nodesave )
(command ttshelltr rrdi jk1" )
( graphscr )
( setvar rrcmdechorf scmde ) )

C:DIJK2 ( )(setq scmde (getvar trcmdechorr))
( setvar rrcmdechorr 0 )
(nodesave )
(command ¡!shell!¡ trdi jk2tt)
( graphscr )

(defun

angle of rotation: tu ) )

( defun

( defun



( defun

( defun

( defun

( defun
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(seÈvar rrcmdechor¡ scmde) )

C:MST ( )(setq scmde (getvar ¡rcmdecho¡¡)
( seÈvar rlcmdechott 0 )
( nodesave )
(command ¡rshel1¡¡ ¡¡mst_2rr 

)
( graphscr )
( setvar ¡rcmdecho!! scmde ) )

C:RST2 ( )(setq scmde (getvar ¡rcmdechor¡)
( setvar rrcmdechou 0 )
( nodesave )
(command rrshellrr rrrst2rr 

)
( graphscr )
( setvar rrcmdechofr scmde ) )

C:RoT ( )(setq scmde (getvar trcmdechotr)
( setvar rrcmdechott 0 )
( rnodesave )
(command rrshellrr rrrotaterr 

)
( graphscr )
( setvar rrcmdechorr scmde ) )

C:LINEPLoT ( )(setq scmde (getvar rrcmdechorr)
(setq sblip (getvar rrblipmode¡l
(setvar rrcmdechott 0)
(setvar rrbliprnoder' 0 )
(command rrlayerrr rrsetrr rtlinesrl
(setq Inlst lines)
(whi1e lnlst

(setq pt3- (caar lnIst)
(setq pt2 (cadar lnlst
(command rtlinetr ptl Pt2(setq lnlst (cdr Inlst)

(command rllayerrr rrsetrr rr0rr rtrr)
(setvar ¡rcmdechorr scmde)
( setvar rrblipmode¡r sblip ) )

)

ril 
)

nr 
)

)

(defun C:NODEPLOT ( )(setq scmde (getvar I'cmdechorr))
(setq sblip (getvar "blipmoder')(setq shigh (getvar lthighlightr¡
( setvar rrcmdechott 0 )
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(setvar ¡rblipmode" 0)
(setvar r¡highlighttr 0)
(command ¡rlayer¡¡ ¡rsetrr !¡nodes¡r ¡¡r¡)
(setq ndlst (cadr nodes) )(setq pt1 (car ndlst) )(setq pt2 (Iist (car ptl) (- (cadr pt1) 200"0)))
( command rrcircleil pt1 400 " 0 )
(command rrtextr! r¡crr pt2 400"0 0"0 r¡Sr¡)
(setq ndlst (cdr ndtst) )(setq num 2)
(whiIe ndlst

(setq a (itoa nun) )(setq tenp (car ndtst) )(setq pt1- (list, (car temp) (cadr tenp) ) )(setq flag (caddr tenp) )(setq pt2 (1ist (+ (car ptl) 500"0) (- (cadr ptl)
2oo.o)))

( defun

(command
( setvar
( setvar
( setvar

C:WIPE ( )

(if (/: f¡-ag 0)
(comrnand fldoughnut¡r 0"0 400"0 ptl r¡r¡)
(command rrcircle¡' pt1 200.0 ),)

(command rrtextrr pt2 400.0 0.0 a)
(setq ndlst (cdr ndlst) )(setq num (+ l- nun)))rrlayerrt ilsetil r0il ¡ilr 

)rrcmdechorr scmde )rrbJ-ipmoderr sblip )

"hiqlhligh¡" shiqh) )

setq scmde (getvar rrcmdechorr 
)setq sbIíp (getvar 'tblipmode") )setq shigh (getvar "highlight"))setvar rrcmdechott 0 )(setvar rrblipmodert 0)

(setvar I'highlightr' 0)
(setq ptL (getvar rrextminrr))
(setq pt2 (getvar rrextmaxrr) 

)
(command rreraserr r¡wtr pt1 pt-z rr¡r

(setvar rrcndechorr scmde)
(setvar t'blipmodefl sblip)
(setvar "highlight" shiqh) )

(defun C:SUBMIT ( )(setq scmde (getvar rrcmdechorr) 
)

( setvar rrcmdechott 0 )
(comrnand rrshellrr rrsubmit¡r 

)
( graphscr )(setvar |tcmdechort scrnde) )



(defun

( defun

( defun
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C:NoDEDATA ( )(setq scmde (getvar ¡rcmdecho¡¡) 
)(setvar r¡cmdechott 0)

(command r¡shel1t, t,type nodes.dat
( graphscr )(setvar rrcmdecho¡¡ scmde) )

C:LINEDATA ( )(setq scmde (getvar t¡cmdechorr))
( sefvar ¡rcmdechorr 0 )
(command ¡¡shell-t' uttype lines "dat
( graphscr )(setvar r¡cmdechor¡ scmde) )

IploÈ (lntst)
(while lnlst

>1pt1-¡r )

>Ipt1-r¡ )

( setq pti. ( caar
(setq pt2 (cadar
(command r¡linerr
(setq lnlst (cdr

lnlst) )
lnIst. )ptl pt2
ln1st

) r¡il 
)

)))

(defun C:DPLOT ( )(setq scmde (getvar rrcndechorr)
(setq sblip (getvar rrblipmodett
(setvar rrcmdechorr 0)
(setvar'rbliprnode" 0)
(command rrlayerrf rrsetrr r¡11889rr

)

¡rn)
( lplot 188e )
(command rtlayerrr rrsetrr rr11603rr rrrr)
(Ip1ot I603)
(comrnand rf layerrr rrsetrr rr11483rr rr¡¡ 

)
( lplot 1483 )
(command r¡layerrr r¡setrt rrI1334rr rrrr)
(lpIot 1334)
(command rrlayertr ¡rsetrr nl.!267 rr rrrr)
(Iplot L267)
(command rrlayerrr rrsetrr rr0lt r¡rr)
(setvar rrcmdechorr scmde)
(setvar rrblipmode¡' sblip) )

(defun C:FAILPLOT ( )(setq scmde (getvar ¡¡cmdechorr))
( setq sblip ( getvar I'bliprnode" ) )
( setvar rrcmdechort 0 )(setvar rrblipmoderr 0)
(command rrlaye¡rt rrsettr rrlinestt rrtr)
(Iplot lines)
(setvar rrcmdechorr scmde)
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(setvar ¡¡bliprnode¡¡ sblíp) )
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APPENDIX F: SOURCE CODE FOR MENU



25r
***BUTTONS
,
$P]-=*
^c^c
^B
^o

I

^D
^E
^T***AUX1
t

$pl-:*
^c^c
^B
/\O

g

^D
^.8
^T***scREEN
**TORNADO

[ToRNADo ]
[ ******** ]
I MÀrN ]

INPUT 1$S=INPUT
LAYOUT I$S:LAYOUT
DESIGN ]$S:DESIGN
DISPLAY ] $S=DISPLAY
OUTPUT I$S=OUTPUT
MEMORY I$S=MEMORY

RSTRB I (LOAD ¡rLrNES3" ) (LOAD
Ft¿zzY I (LOAD ilLINES4¡r ) (LOAD

i|NODES3 " ) ( C : LINEPLOT )||NODES4 " ) ( C : LINEPLOT )
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**INPUT
ITORNADO l$S=ToRNADO
[ ******** ]
I INPUT ]

I souRcE
I SINK
I DITMMY

IsuBNoDE

c:SoURcE) (c:SINK)
C: SINK)
C: DUMMY )
C: SUBNODE )

I END ]END;

**LAYOUT
IToRNADO ]$S=TORNADO
[ ******** ]
I LAYOUT ]

COMP I (C:COMP) (LOAD "LINES2" ) (C:LINEPLOT)
DIJKI- I (C:DIJKI-) (LOAD "LINES2" )(C:LINEPLOT)
DIJK2 I (C:DIJK2) (LOAD ¡'LINES2" ) (C:LINEPLOT)
MST I (C:MST) (LOAD ''LINES2" )(C:LINEPLOT)
RST2 I (C:RST2 ) (LOAD "LINES2" ) (LOAD ''NODES2't ¡ (C:LINEPLOT)
RoT I (c:nOr) (LoÀD rrNoDES2r') (C:WIPE) (c:NODEPLOT)



253

**DÏSPL.A,Y
ITORNADO
[ ********
I DTSPLAY

$S:TORNADO

I NODESON ] L,AYER; Ot{; NODES ; t
I NODESOFF ] LÀYER ; OFF' NODES ; ;
INoDEPLOT ] ( c : NoDEPLoT )
ILTNESON ]LAYER;ON'LINES ; ;
I LTNESOFF ] LAYER; oFF ; LrNES ; ;
ILINEPLoT ] ( c : LINEPLoT )

I wrPE ] (c:wrPE)
I LWIPE ]LAYERToFF;NODES; ; (c:WIPE) ;+
LAYER;ON;NODES; ;
I LT/üIPEP ]LÀYER;OFF;NODES; ; (C:WIPE) ;+
LAYERT ON r NODES T ; ( C : LINEPLoT )

I RVALUE ] (C:RVALUE)

**MEMORY

[ToRNADo ]$S:ToRNADo
| ******** l

MEMORY l

LOAD I (LOAD 'TTORNADO" )
EMPTY I (c:EMPTY)
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**DESIGN
ITORNADO l$S=TORNADO
[ ******** ]
I DESTGN ]

I SUBMIT

**DTSPLAY
I DESTGN
[ ********

I LAYERS ]$S:LAYERS

I LINEPLoT ] ( c : LINEPLoT )
I NoDEPLoT ] ( c : NoDEPLoT )
I FÀïLPLoT ] ( c: FAILPLoT )

I wïPE ] (c:WIPE)

( C: SUBMTT ) ( LOAD I'LINES¡' ) ( C: DPLOT )

$S:DESTGN
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**OUTPUT
ITORNADO ]$S:TORNADO
[ ******** ]
I ourPUT ]

I NoDEDATA ] ( c : NODEDATA )
I LINEDATA] ( c : LINEDATA)
I PRPLOT ]PRPLOT


