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i. INTRODUCTION

Many of the present day ‘modern’ cities were transformed from their
medieval pasts based on blueprints laid out by visionary city planners.
These tity planners resorted to methods of calculation prevailing in their
day and age. This was probably combined with an uncarry instinct and
intuition that identified the talented city planner from the rest. Ndefonso
Cerda was one such planner and the advent of the city structure of moadern
Barcelona may be attributed to his plan. Although Barcelona today is not
gntirely as Cerda had visualized it, it is important to note that it is the
resull of changes imposed subsequently on the original Cerdd Plan. In
order to chart out a course for future city planning in Barcelona it is
essential {o understand the original plan in the context of the objectives

and anlytical tools currently in vogue.

Several programming techniques have been developed to resolve
problems posed by various constraints to desirable objectives. Hence
various programming models have been applied to the problem of suitable
locating facilities like schools subject to criteria that define the user's

convinience,

The objective of this paper is to demonstrate how the p-Median Model
(13} can be used to test the optimality of the distribution of schools in

Barcelona as proposed by Cerda (2). The purpose here is to demonstrate a



methodoloqy for making such comparisons. & meaningful optimality check
would ordinarily require using the whole plan. However, since that was
found {o be too ambitious, a sall sample of nodes has been considered for

the Timited purpose of showing the application of a technigue.

The Plan for the expansion of the city of Barcelona as proposed by
Cerda, a 19th century urban planner, was adopted by the spanish goverment
for several years. However, the documents, known as the Cerda Plan were
formally published only in 1961.  Since a large part of Barcelona, as it
exists today, 'was based on this important document, an understanding of

the underiying framework is useful for further planning.

The orthogonal pattern of streets and the diagonal avenues, designed in
the Cerda Plan, constitute the skeleton of the city. This Plan was a
guide for the transformation of a medieval city , as Barcelona at the end of
the Nineteenth Century, to a modern city. Markets, schools, parks,
hospitals, and other important urban services were planned but not
accomplished by the subsequent implementation of the plan. The Plan was
the focus of controversial discussions among important economic and
power sectors. One of the results of this controversy was that a number of
documents were "lost’. Thus, part of the methodology of the Plan is not
known. The distribution of facilities in the Plan reflects a sense of
regularity and suggests the existence of some optimizing criterion. In

this study a modern optimizing techni'que, namely the p-Median Model is



used in the understanding of the underlying methodology of an existing

part of a City Plan.

The theory of location of public facilities has led to the development
of several modern optimizing techniques. The p-Median Model is one such
technique whose objective is to locate facilities so that the average
distance or time that users take to reach them is minimized. The basic
constraint is that there is a fixed budget for the system of facilities and
that all facilities have the same “investment" (per facility) and
"expansion” (per user) cosys. Hence, by comparing the distribution pattern
fram the p-Median Model (whose abjectives and methodology are known)
with that of the Cerda Plan, some conclusions can be drawn about the

optimality and possible abjectives contained in it.

The reason for developing the p-Median Model in this paper is that the
objective of the model corresponds to the goal of locating the schools

minimizing the weighted distances . Which is the objective of this study.

This paper is organhized as follows: section Il is devoted to the
literature and concepts relevant to this paper. In section Il the pl-Median
Model's objective function and assumptions are explained. Section IV is
devoted to the description of the data used in this paper. The application
of the p-Median Model methodology is made using three algorithms. First a

small sample is chosen from the Cerdd map in which two facilities are to



be located. A mathematical package is used to run the linear programming
algorithm. We assume in this part that nodes of population have the same
distance to each other; i.e., all of them have a regular distance pattern, no
node is different from the others. This is shown in sections V to VIl In
section Vil another area has been chosen. This area is divided into four
parts. A single facility is located in each one, assuming the so called L-1
Rectilinear distance (6,9). Two different procedures have being used to
locate these facilities. The first one is called the Centroid Procedure
{15). The second one is an 31gorithm in which the weighted distances from
each point to the other in the area are calculated, and the smaller
distance is chosen. This is the one that minimizes the weighted distances
among all the nodes in the area. This is shown in sections I¥ and X. The
objective of the p-Median Model is the same in all three cases, ohly the
approaches to techniques are different. section X contains the

conclusions.
ll. BACKGROUND

Hakimi's p-Median Model (15) is ohe which seeks to locate a fixed
number of facilities. As it ignores the changes over time, the model is a
static one. In our problem we are concerned with the location of schools.

Facilities such as schools and libraries may be considered as "travelled



for goods” opposed to fire engines and ambulances which are “delivered for
goods” (12). In the first instance consumers must travel in order to get

the good while in the latter the good is delivered to the consumer,

The p-Median Model belongs to the group of models, in Location Theory,
called Consumer Oriented location models (15). In these models the
objective consists of minimizing the average distance or time that users
take to reach a facility subject to a constraint related to investment
tosts and/or operating costs of the facilities. In contrast, the objective
function of the Goods-Oriented location models contain both the cost of

quods movement and the cost of facilities {15).

Aternatively, Erlenkotter (3) distinguishes between public and private
facility location models : "According to this differentiation public sector
models typically have the objective of minimizing client cost for a given
level of service subject to a public budget constraint while private sector
models seek to minimize the total cost for meeting specified fixed
demands”. The p-Median Model, then falls in the category of public

facilities sector models.

It is important to consider the characterization of public goods in the

spatial context. According to Samuelson (11), & pure public good is

generally defined as a good that remains undiminished following

consumption. Similarly, Bigman and Revelle (11) define the public good as
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3 good 'y such that "sach individual can consume the total amount of 'y
produced without diminishing anyone else's consumption of it". This
implies that public goods are necessarily equally available to all

consumers but does not indicate who those consumers will be,

The factor "space” gives to the public good a "difference in availability”
of consumers to it. That is, when the location of consumers relative to
the public good varies, even if everyone has the same utility function, the
consumption of the public good will be different among the consumers.

This idea is behind the objective function of the model used in this paper.

Thus far we have discussed a public good in general. We now define

public facilities as those aspects of city structure whose primary

function is to facilitate the provision of goods and services. They may be
wholly or partly within the domain of government. The range of such goods
and the degree of governemant involvement may vary over time and place
{18). For the purpose of the present paper, we assume that schools are the
responsibility of the government. This is because the law in Spain states
that a percentage of land has to be devoted to public schools. This

percentage is in proportion to the population which lives in the given area.



i1 - THE p-MEDIAN MODEL

The p-Median Model can be developed in a multiobjective The first
nbjective would be to minimize the travel distance or travel time between
a population center and public facility. The second is to find and optimal
or acceptable maximum time or distance that separates a user from its
nearest facility (14). For example, consider a given region in which three
similar facilities are located. Each facility now serves a particular
population group. Thus, three areas are created such that the distance
petween the facility and points on the area's limits represent the
maximum that the population can travel to reach it. However, this second
objective has been set aside for future research. And hence will not be

further explained here.

The first objective of the p-Median Model, as already stated, is (A) to
minimize average travel distance of all users to their-nearest facility,
with every user assumed to travel their nearest facility. This is subject
to the constraints that ensure (B) that all users receive service, {(C) that
service is provided only from facilities that are open, and (D) the total
number of facilities is nhot exceeded. This objective is the only one which

is going to be used in this paper.
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The mathematical formulation of this model is as follows

s - =y N Y
Minimize 2= 3%, 28 d;5 % (A)

Subject to ey Ry =1 foralli (B)

M~ ¥y ¢0 forallij  (C)

2]
n _ L
ey ®;=p  Tforallij (D)
Xij:(o,l) for all i, ]
where,
a = relevant population of the ith node.
J = possible point of location of a facility.

i = node of population.

d = the shortest distance from node i to node j.

Iif node i does assign to node j

0 otherwise
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i i1 a facility does open at node j.

ii
0 otherwise

SECTION IV. DATA

Data from population within each node, and distance from population to

facility are needed to undertake this analysis.

The Cerda Plan proposes a population of 250 inhabitants per hectare
(2.47 acres), or 40 square meters for each inhabitant. These were
standards requested by the public health committees. Most of the Cerdd
blocks had an area of 12,370 square meters. Therefore, the population in
gach block consists of approximately 310 inhabitants. The normal
distribution of population between 4 and 14 geérs old in the age pyramid is
27 percent. Thus, in each block 84 inhabitants go to primary school. In the
smaller blocks the primary school population is counted proportional to
the area of each particular block. By block, in this paper, we refer to the
squares in which the map of Barcelona is divided (see Figure 1),
Sometimes, a block is divided in a half or a quarter by the patern of the

streets, these are the smaller blocks. We refer also in this paper to &



binck as a node of population or, shortly, as a node.
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Figure 1. Part of Cerda's Map with examples of nodes.

Throughout this paper, the term population nodes refers to small
communities separated from one another by streets. It is assumed that
the population of each node is concentrated at one point at the center of
the node. This assumption is made because the area of each node is small
ehough to assume that people living in different parts of it will have on
average to travel the same distance to the next node. Therefore, distances
are measured from this point of each population node. |n other words if

community “i" is the site of a facility, the population of community “i" has

to travel zern meters (by assumption) to the facility.
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Distance is taken under the assumption of "Manhattan or L, Rectilinear

Distance”. That is people cannot travel diagonally between blocks, but

must follow the assigned orthogonal pattern of streets.

Y. ASSUMING REGULAR PATTERN/DISTANCE

streets are calculated as 20 meters long and blocks as 113 meters
long. Since & person must travel only along streets, the distance to be

covered between one block and the next is 133 meters.

Figure 2. Calculation of Distances in Regular Pattern in the Cerda Plan.

Space in the Cerda Plan is divided into similar blocks but of different
magnitudes. Blocks have the same size of 113 square meters with the

exception of a few which range from one quarter to twice the area of a

M



common-size hlock.

V1. APPLICATION OF THE MODEL IN REGULAR DISTANCES PATTERN

To choose a sample to demonstrate that the p-Median Model can be used
to test the optimality of the location of schools in a given area, a group of
four nodes of population was randomly selected from Cerdd's map (see

Figure 3J. Twa schools were to be located to serve these four nodes.
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Figure 3. Area in which 2 schools have to be located.

School population in each node and distance among nodes are shown,



respectively, in Tables | and H.

Node No. Population 1 2 z 4
1 84 1 1] 153 439 572
2 126 2 0 153 286
3 74 3 0 133
4 84 4 0
Table . Population Table II. Matrix of Distances

To obtain the results the MPSX (Mathematical Programming
System-Extended) package was used. (Refer to pp- 39- 4 for listing

of the program). The results are discussed in the next section.

Y11, INTERPRETATION OF RESULTS IN REGULAR DISTANCES
PATTERN

Dn page 3X there is a listing of the results obtained, According to
these, if the two schools are located in node humber two and node number
four, the value of the objective function is 22,700, this value represents

the total weighted distance that population must travel to get school.

13
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Assigments are as follows: populations in node one and node two are to be
served by a school in node two, with a weighted distance of 12,900; while
populations in node three and four must be served by the school in node
four, with a weighted distance of 9,800. Based on the problem
formulation, such an arrangement constitutes the minimum distance that
the population in each node has to travel to reach a school Hence, the

focation of schools is optimal.

———3  Assigment to

V Lecation of Scheol

Figure 4. Distribution of schools and assigments of population according to

p-Median Model in the chosen sample.

The entire problem was conceived so as to compare results obtained

as demonstrated above with the actual locations marked in Cerds's Plan.

For a meaningful comparison, merely taking & sample of nodes from the

Plan is insufficient in order to answer the question raised. Onhe yrould

14



necessarily have to compare the whole plan and not just a part of it. From
the map (page 3t) it can be observed that no particular set of nodes can be
exclusively considered. This is because the relationship of nodes to
schools on the boundary of the sample is ambiguous. Assume that the
program is run with the same proportion of schools to population nodes as
in Cerdd’s Plan, a node included in the sample for analysis may actually be

served by a school outside the selected nodes in the Plan and vice versa,

rence a meaningful application of the methodology demonstrated in
this paper can occur only if the model is run with data for the entire Plan.
However, the Plan cnnstitu'tes more than 800 nodes of population in which
22 schools are to be located. Since a solution of the probiem using all the
data ie beyond the scope of this section, only a sample has been

demonstrated.

YHI. ASSUMMING L, RECTILINEAR-DISTANCE PATTERN.
THE CENTROID PROCEDURE.

Defining L,Rectilinear-Distance or Manhatan Distance as the one where

travel occurs along an orthogonal set of streets.

The rectilinear-distance problem can be stated mathematically as

19



Minimize j(xy) = 2, 2", w,(x, - Kl + 1y, - Yyl

where,
(%, y,), and (xj , gj) are the coordinates of points of demand on a plane,
and
W, is the weight. In this paper w, is the primary school population

which lives in each demand node.

To wark with L1 Rectilinear-Distance we start with the assumption

that thirty six facilities should be located on the whole map of Barcelona
{(page 3%). In the Cerdd map there are only thirty two facilities to locate
on the map. The reason why it is necessary to use thirty six instead of

thirty two will become clear in the following paragraphs.

we divide the entire map into thirty six regions in such a way that in
gach region one faciltiy should be located. The division is made in the
following way : the whole map is placed on the x and y axes. We break up
the x and y axes in six equal area parts. Until now the whole map has béen
divided in thirty six equal areas and we might locate a facility in each of
them. And we will now provide to the significance of the assumption
stated above; ie. we want to have thirty six facilities because that

facilitates the division of axes in six equal parts.

16



The following step is to choose the area in which we want to work.
Any area of the map is useful to make the study. We choose randomly four
simall areas, which come from the division stated above , and this

will be the area in which we have to locate four facilities.

This area, which we call the Area of Study, has one hundred and thirty
five nodes, mast of them having a certain number of inhabitants. Few of
them have no inhabitants because they are parks or other types of

facilities where there is ho population.

I'T
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Figure 5. Ares of Study assuming L, Rectilinear-Distance.

First, the Area of Study is treated as a single unit. We want to divide
the area into four equally weighted parts. In order to do that we look for
the centroid of the area. Given the x and y coordinates of this area, we
look for the centroid in each of the axes. A centroid is a point on the plain

which minimizes the weighted distances of the % and y coordinates.
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There are different ways to calculate the centroid solution, all of

which give us the same result. One way to calculate it is given by Francis
and White (6, pp.184):

The formulation of the problem is :
Minimize flx,y) = 3™ w.l(x-8, + (y-b,)?]
‘where, X, U, 9, b,. are the coordinates of points in a given area.

Any point (x*, ¥*) that minimizes this objective function must satisfy
the conditions :

Then, computing the partial derivatives of the objective function with

respect to x and y and setting them to zero gives the following unigque

salution :



The coordinates x* and y* are the ones which minimize the objective

function stated above. This formulation corresponds to the Gravity
Froblem formulation, but the same could be applied to the L‘
Ractilinear-Distance. Similar 'way to calculate the centroid solution on a
plain is given by Revelle and Church (14, pp. 10}, and is the one used in this

paper:
To find a centroid we first consider locating a single facility on a line

an which are scattered points from which people travel. These points

represent nodes of demand.

20
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Figure 6. Calculation of Centroid on the ¥ axis.

The facility point is moved across the line from left to right in an
effort to find the point from which the weighted distance is a minimum.

At each point where the facility temporarily lodges, it is necessary to

evaluate the sum of weights multiplied by distances to that point.

in fact, an easier procedure is the following: suppose the trial site

21
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where we locate the facility is between points 6 and 7 (where the arrow
i located). If the trial site is moved to the right by A distance units, the
weighted distance from points to the left is increased and the weighted

distance from points to the right is decreased. In the example shown in

Figure 6, the weight to the left of the trie) site is 26,.=‘w,. = 304; the

weight to the right is 3'2_; w, = 315 The change in total weighted

distance on movement by A to the left is

where the term in parenthesis is positive since the value is going up. We
want to calculate the change in movernent of A if the tria) site were
between points to the left of the one we started, because we want our
weighted distance to go down. The point where the term in parenthesis is
zero is where the sum of th’e;weights to the left equals the sum of the

weights to the right. The minimum weighted distance occurs either at the

point where the slope of the objective changes sign or at the points where

the objective is constant. In this case the minimurn point is number 4; as

shown in figure IV the objective changes sign (from +21 to -147). Thus

the centroid (or median) in the vertical axis (y) is point 28 209,

This concept is extended to two dimensions. The centroid in the

horizontal direction is established independently of the centroid in the

22



vertical direction. These two centroids give us two lines which intersect

and separate the Area of Study in four smaller areas.
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Figure 7. Division into four smaller areas by the centroids of the X and ¥

axes,

Within each of these smaller areas we want to calculate the centroid

to locate a single facility to minimize the weighted distance. This will
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give us the solution to our p-Median Problem under the L, metric

assumption. In pages4vsithe calculations of these centroids are shown. And

the results are;

1. In area A the points in which we want to locate the facility are
hurmbers: 20 and 21. Thus there are two alternative solutions in this area.
The computation of weights on the X axis gives as candidate, points 40
and 41; thus the centroid on the X axis has two equally weighted points
{page Ay ).Computation of weights on the Y axis gives as candidate, point
19 {page 40). Thus the paint where the two lines (the centroid line on the Y

and on the X axes) cross gives the results stated above.

2. In Area B the point in which we want to locate the facility is
located inside a park; i. e the intersection between the ¥ centroid and
the X centroid are points inside an area in which the construction of
buildings is not allowed. The candidate point to be the centroid for the ¥
axis is number 45; and the one to be the centroid for the ¥ axis is number
22 (pagessod). The point where the two lines cross lies on a park. So, we
need to look for another technique to locate a school in this area. We

study this problem in the fonowing section.

3. In Area C the point in which we want to locate the facility is: 83.
There is only one optimal solution in this area. The candidate point to be

the centroid for the X axis is number 111 (page5Z). The one for the ¥ axis



e number 81. Hence, the point where the two lines cross gives the

solution stated above.

4. In Area D the point in which we want to locate the facility is : 76.
Again there is only one optimal solution in this area. The centroid for the X
axis is point number 115 (page 53). The one for the ¥ axis is number 73

{(pagesa). The point where the two centroid lines cross is the one stated
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Figure V1. Optimal Location of Facilities Given by Centroids in the

Smaner Areas.
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Thus, in this Section we have found a solution for the initial problem of
locating & number of facilities minimizing the weighted distances, the
abjective function of the p-Mediah Problem. All p-Median points with
minimum distances are allocated, but a problem is discovered in Area B
where these minimum points are inside a park. In a park, construction of
buildings is not allowed; so, another technigue to find the optimal point is

daveloped in the next section.

[X. COMPUTATION OF THE MINIMUM WEIGHTED DISTANCES IN
L,RECTILINEAR-PATTERN USING THE THIRD ALGORITHM

We want to minimize the sum of the weighted absolute distance
between each node of demand and each node of supply. i. e; points of
demand are all points aimed in each of the Smaller Areas dsfined in
section VIl (i.e; areas A, B, C, D); points of supply are the points where

we will locate a facility.

The procedure to get the optimal solution and, hence, the solution to

our p-Median Problem is the following.

I. Suppose you take Area B (any of the areas can be choosen) and

assume a school is located in node number one, with coordinates (x1 , g1);

26



2. Now, the absolute weighted distance among node one and all of the
rest in Area B is calculated. This is done in the following way : suppose
coordinates in point one are (5 , 69), and coordinates in point two are
(10,69). Population in point two is 84. Thus, the absolute weighted

distance between point one and point two is

(15 - 10|+ 169 - 69(] x 84 = 420

Suppose coordinates of point three are (19 , 62), and population is 21.

Thus, the absolute weighted distance between point one and point three is

[5-191+169- 6211 x 84 = 1764
the same method may be continued until all nodes in Area B are exhausted.

3. Find the sum of the absolute weighted distance of each point in Area

B and point one, i. e; following the example started in part 2:
420 + 1764 + . |

This will give us the absolute weighted distance that all the primary

school inhabitants in Area B have to travel if we locate the school at

point one.

27



4. For each node of Area B, steps 1 to 3 should be dohe. The node where
the absolute weighted distance is minimum is the one where we should

locate the school. Thus, in this point we will locate the facility, and this

will be our solution to our p-Medish problem.

Doing all of the steps for each of the Smaller Areas already defined, we
will have the solution to the problem of locating four schools in the four

Areas.

Once those computations have been completed (refer to pagessehfor

coh{bdtétional results), the solutions are:

1. Area A. The optimal points are 20 and 21. Note that the solution is
fot single and that the solution coincides with the one given in section
VIl using the centroid method. If & school is located at one of these two
points the total weighted distance that population has to travel to reach
the school is of 20,496 (see pages%.

2. In Area B the opimal point is 34. Thus, using this method we have
obtained an optimal point outAside the park . In section VI, the optimal
solutions given by the centroid method were points located in a park. If a
school is located in point 34, the total weighted distance that population

has to travel to reach school is of 50,820 (see pagesw).
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3. In Area C the optimal point is 83. This point does coincide with the

one given by the centroid procedure.  Total weighted distance that

populatian in this area has to travel to get the school is 36,015 (w-}oﬁr%)

4. In Area D the optimal point is 76. Again this point is the same as the
aptimal point given by the centroid procedure. Total weighted distance
that population has to travel to get the school is 85,848, (Pp‘?l‘r-’-}%
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Figure X. p-Median Solutions to the Problem Studied in this Paper .
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K. CONCLUSION.

The objective of this paper was to demonstrate how the p-Median
Model (15) could be used to test the optimality of the distribution of
schools in Barcelona as proposed by Cerda (2). Three algorithms have been
developed in this paper in order to operationalize the p-Median Model. The
accomplishment of this objective has been demonstrated in two different
sampies taken from the Cerda Map. The results necessary to actually carry

out a comparative study are not obtained in this paper. The complete

comparison between the optimal locations of schools as obtained by the L,

technigues used in this paper and the locations of all schools in the Cerds
map has to be posponed for future research. Such a comparison should
ideally include the entire map or relevant zone, and not just a sample.
Within the limitations of the samples selected for study here, it is found
that the algorithms for the p-Median Model are appropriate to test the

optimality of facility distributions in city plans such as the Cerda Plan.

Thus far the model is based on the assumption of a omogeneous and
isotropic plane. For a realistic test of the entire Cerda plan barriers to
travel will also have to be included. The imposition of such barriers ( 9,

10) to travel on the areas of study may lead to different results to our

problem. |n urban location of facilities the L‘ metric is a reasonable

approximation to travel behavior. Using the L1 metric approximation,



introduction of urban barriers, such as parks, lakes, rivers, etc., to the
foregoing problem can constitute a continuation of the prablem planned in
this paper. Under such circumpstances the resuits may be similar to the

facility distributions in the Cerda Pian.

Therefore, a useful application of a mo'dern optimizing technique,
namely, the p-Median Model in understanding the underlying methodology of

the Cerda City Plan has been demonstrated,
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AREA  NODE
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(5, 69)
(10, 69)
(16, 69)
(19, 69)
(27, 69)
(32, 69)
(37, 69)
(41, 69)
(46 , 69)
(5, 62)
(10, 62)
(16, 62)
(19, 62)
(27, 62)
(32, 62)
(46 , 62)
(32, 62)
(58, 62)
(3, 56)
(10, 56)
(16, 56)
(19, 56)

X &Y COORDINATES

4y,

WEIGHT OR POPULATION

84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84



D,B,C,A
D,B
D,B
D, B
D, B

23
24
25
26
27
28
29
30
31
32
33
34
33
36
37
38
39
40
41
42
43

45
46

(27, 56)
(32, 56)
(46 , 56)
(52, 56)
(38, 56)
(5, 350)
(10, 50)
(16, 50)
(19, 30)
(27, 50)
(32, 50)
(37, 50)
(41, 50)
(46 , 50)
(52, 50)
(38, 50)
(5, 43)
(10, 45)
(16, 45)
(19, 45)
(27, 49)
(32, 45)
(37, 45)
(41, 45)

Ay
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84
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84
84
84
84
84
84
84
84
84

- 84
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84
84
84
84



D,
D,
D,

B
B
B

O 0O U 0O O 9O g9 oo o o060 909 99 o9 9 9. o909 0o 0

47
48
49

o1
o2
o3
>4
35
56
57
>8
59
60
61
62
63
64
65
66
67
68
69
70

(46 , 45)
(32, 45)
(38, 45)
(5, 39)

(10, 39)
(16, 39)
(27, 39)
(32, 39)
(37, 39)
(41, 39)
(46 , 39)
(52, 39)
(38, 39)
(3, 33)

(16, 33)
(19, 33)
(27, 33)
(32, 33)
(37, 33)
(41, 33)
(46 , 33)
(52, 33)
(38, 33)
(5, 27)

44
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84
84
84
84
84
63
63
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84
84
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(10, 27)
(16, 27)
(19, 27)
(27, 27)
(32, 27)
(37,27)
(41,27)
(46, 27)
(52, 27)
(38, 27)
(5,21)
(10,21
(16, 21)
(19,21
(27,21)
(32, 21)
(37,21)
(41, 21)
(46, 21)
(52, 21)
(38, 21)
(5, 16)
(10, 16)
(16, 16)

AS
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D, C 935 (19, 16) 84
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C 104 (16, 10) 84
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C 110 (10, 4) 84
C [ (16, 4) 84

D,C 112 (19,4 ‘ 84
D 113 (27, 4) 63
D 114 (32, 4) 42
D 115 (37,4 21

Points from 116 to 135 do not have population. They correspond to

parks or other public facilities which are not concerned in this paper.
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AREA A

Fascal Cuut/2.E weec  {27juloy

1 0630 -- program rdatll (Luput,output);
2 U6ad -- coenst RECS = 20; (* unuwber of records in wata *)
3 0628 == LIST = 0 (* 0 for a long list or 1 to supress it
4 (6al -- var n,i,j,x,absl,nin : integer;
5 06c0 -= uinxl,minyl,uinx2,niny? ¢ integer;
6  06d0 -- suim,x,y,v : array (.1,.RECS3.) of integer;
7 08l0 -- a function abs (x:integer) integer;
!
9 0018 -~ if %<0 then abs:=-x
10 002a -- else avs:= x;
11 004c -0 a end;
12 6000 0-  begin
13 0062 ~- min:=32676;
14 006a —- for i:=1 to RECS do
15 0088 -- readln (n,x(.1.),y(.i.),w(.1.));
16 0llc —-- for i:=1 to RECS do
17 013a 1- begin
18 Ul3a -- write (7 Record#”,i:1,” pointl= (7);
19 0176 -~ writeln (x(.i.):1,7,7,y(.i.):1,7)7);
20 023a ~- if LIST = 0
21 023a 2~ then begin
22 0244 -- write (7 Point2”);
23 025¢ -~ write (“  Population”);
24 0274 - writeln (7 Result”);
25 0292 -2 end;
26 0292 -- sun{.i.) 1= 0;
27 02aa -- for j:=1 to RECS do
28 02c8 2~ begin
29 02¢8 —- absl:i=abs(x(.i.)=x(.j.));
30 0312 -- absl:=absl+abs(y(.1i.)-y(.j.));
31 0368 -- absl:=absl*w(.j.);
32 039a -- if (LIST = 0)
33 03aa 3- then begin ) .
34 03ah4 -- write (7 “)s
35  03bc — write (7(7,x(.3.):2,7,7,y(.3.):2,7) )
36 048c -- writeln (w(.j.):6,” “,absl:6);
37 O4ec -3 end;
38 Qbec —- sum{.1.,) := sum(.i.) + absl;
39 052a -2 end;
40 054c -- writeln (7 sum = “,sum(.i,):7);
41 0594 —- if min > sum(.i.)
42 05b0 2= then begin
43 05¢0 == min:=sum.i.);
44 (05e0 -- minxl:=x(.1.);
45 0600 -- nuinyl:=y(.i.);
46 0620 -2 end;
47 0620 -- writeln;
40 062¢c -1 end;
49  064e —-- writeln;
50 065a -=- wvriteln (7 The Minimum is “,min);
51 G690 ~-= vriteln (7 At Pointl = (“,minxl:1,”,",uinyl:1,7)");
52 0742 -0 end.

%gaec pascal 2.0 compilation concluded®

“no errors detected in pascal program¥®

loader
o ran size = 3oed (news), 22,760 (decimal).
Recoruwl pointl= (5,069) ¥

¥ )



soincd lopuialion - AREA I

( :),(_.‘)) wdh Y
(10,69) S4 420
(16,69) b 924
(19,69) 34 1176
( 5,62) 54 568
(10,62) 34 1003
(16,62) 84 1512
(19,62) 84 1764
( 5,56) 34 1092
(10,56) 84 1512
(16,56) 34 2016
(19,56) 34 2268
( 5,50) 34 ' 1596
(10,50) 84 2016
(16,50) 84 2520
(19,50) 34 2772
( 5,45) 84 2016
(10,45) 3 2436
(16,45) 84 2940
(19,45) R 3192
sum = 337638
Record#2 pointl= (10,69)
Point2 Population Result
( 5,69) 34 420
(10,69) 54 C
(16,69) G4 504
(19,69) 34 756
( 5,62) 54 10038
(10,62) 34 588
(16,62) 84 1092
(19,62) S4 1344
( 5,56) 34 1512
(10,56) 84 1092
(16,56) 84 1596
(19,56) 84 1848
( 5,50) 34 2016
(10,50) 84 1596
(16,50) 84 2100
(19,50) 84 2352
( 5,45) 34 2436
(10,45) 84 2016
(16,45) ‘ 84 2520
(19,45) o 84 2772

sum = 29563

[

Record#3 pointl= (16,69)

Point2 Population Result
( 5,69) 34 924
(10,69) 34 504
(16,69) 34 0
(19,69) 84 252
( 5,62) 34 1512
(10,62) 34 1092
(16,62) 34 588
(19,62) 34 840
( 5,56) 84 2016
(10,56) 34 1596
(16,56) 34 1092
.(19,56) 54 1344
( 5,50) 34 2520
(10,50) 34 2100
(16,50) 34 1596
(19,50) S 1348

( 5,45) o 2940



(1G,-5) 2524 AREA A

(16,45) St 2616

(19,45) Gl 2263

sum = 29505

- Record#4 pointl= (19,69)

Point2 Population Hesult

( 5,69) 34 1176

(10,69) 84 ' 756

b (16,69) 84 252

(19,69) 84 0

( 5,62) 84 1764

(10,62) 34 1344

1 (16,62) 84 840

| (19,62) 84 588

( 5,56) 34 2263

(10,56) 84 1848

(16,56) 84 1344

(19,56) 34 1092

Coe ( 5,50) 84 2772

N (10,50) 84 2352

(16,50) 34 1848

(19,50) 84 1596

{ ( 5,45) 34 3192

/ (10,45) 84 2772

. - - (16,45) 84 2268

. (19,45) 84 2016

" sum = 32088

Record#5 pointl= (5,62)

. : Point2 Population Result
Y ( 5,69) 84 58
. (10,69) 84 1008
\ (16,69) 34 1512
(19,69) 4 1764
( 5,62) 84 0
(10,62) 34 420
(16,62) 84 924
(19,62) - 84 1176
. { 5,56) 84 504
(10,56) 84 924
(16,56) 84 1428
(19,56) 84 16 80
( 5,50) : 84 1008
(10,50) 84 1428
(16,50)" 84 1932
(19,50) 84 2184
( 5,45) 84 1423
(10,45) 84 1848
(16,45) 84 2352
(19,45) 34 2604
sum = 26712
Recordi6 pointl= (10,62)
Point2 Population Result
( 5,69) 84 1008
(10,69) 84 538
(16,69) 84 1092
(19,69) 34 1344
( 5,62) 34 420
(10,62) 3 0
(16,62) 84 T 504
(19,62) 34 756
( 5,56) 34 924
(10,56) 84 504
(16,36) S 1008 50‘



G PREA A
{ 5,34) wér Lewdo
(10,50) b 1GUs
(16,50) 54 1512
{19,50) 54 1764
( 5,45) 84 1343
(10,45) A 14238
(16,45) 84 1932
(19,45) 84 2184
sum = 22512
fecord#7 pointl= (16,62)
Point2 Population Result
( 5,69) 34 1512
(10,69) 34 1092
(16,69) 84 58
(19,69) o4 340
( 5,62) 34 924
(10,62) 84 304
(16,62) 34 0
(19,62) 34 252
( 5,56) &4 1423
(10,56) 34 1008
(16,56) 34 504
(19,56) oh 756
( 5,50) B84 1932
(10,50) o4 1512
(16,50) 84 1008
(19,50) 34 1260
( 5,45) 34 2352
(10,45) 34 1932
(16,45) 34 1423
(19,45) b4 168
sum = 22512

Record#8 pointl= (19,62)

Point2 Population Pesult
( 5,69) 34 1764
(10,69) G4 1344
(16,69) o4 - 840
(19,69) 34 588
( 5,62) - 84 1176
(10,62) 84 756
(16,62) 34 252
(19,62) 84 0
( 5,56) 84 1680
(10,56) 34 1260
(16,56) 84 756
(19,56) 84 504
( 5,50) 84 2184
(10,50) 84 1764
(16,50) 3 1260
(19,50) 54 1008
( 5,45) 54 2604
(10,45) 34 2134
(16,45) o4 1630
(19,45) 34 1428
surr = 25032
Recoru#9 pointl= (5,56)
Point2 Population Result
( 5,69) N7 1092
(10,69) Sh 1512
(16,59) o4 2016
(19,69) 7 2268 60

( 5,62) o 504



\ixr‘,d-‘-)
(16,52)
(19,62)
{ 5,56)
(10,56)
(16,56)
(19,56)
( 5,50)
(10,50)
(16,50)
(19,50)
( 5,45)
(10,45)
(16 ,45)
(19,45)

ik

“oa
P

Record#l0 pointl= (10,56)

Point2
( 5,69)
(10,69)
(16,69)
(19,69)
( 5,62)
(10,62)
(16,62)
(19,62)
( 5,56)
(10,56)
(16,56)
(19,56)
( 5,50)
(10,50)
(16,50)
(19,50)
( 5,45)
(10,45)
(16 ,45)
(19,45)

Record#ll pointl= (16,56)

Point2
( 5,69)
(10,09)
(16,69)
(19,69)
( 5,62)
(10,62)
(16,62)
(19,62)
( 5,56)
(10,56)
(16 ,56)
(19,56)
( 5,50)
(10,50)
(16,50)
(19,50)
( 5,45)
(10,45)
(16,45)
(19,45)

e 1425
b 1656
b 0
34 420
84 924
54 1176
34 504
34 524
34 14238
84 1680
84 924
8 1344
34 1848
84 2100
sum = 246 96
Population Result
34 1512
84 1092
84 159
84 1848
34 924
34 504
34 1008
34 1260
34 420
34 0
84 504
34 756
84 924
54 504
84 1008
34 1260
84 1344
84 924
34 1428
3 1680
sum = 20496
Population Result
84 2016
s 84 1596
84 1092
84 1344
84 1428
84 1008
84 504
84 756
84 924
RIA 504
84 0
34 252
34 1423
34 1003
84 504
34 756
84 1848
34 1428
34 924
34 1176
sun = 20496

wecorairlZ  pointl= (19,56)

AREA A

Al



(e TN AREA A
(16,09) s 1340
(16,69) 54 1344
(19,69) ol 1092
{ 5,02) o4 1680
(10,62) 34 1260
(16,62) 34 756
(19,62) 34 504
( 3,56) o4 1176
(10,55) RIA 756
(16,56) oh 252
(19,56) S 0
{ 5,50) 34 1680
(10,50) 34 1260
(16,50) 34 756
(19,50) 34 504
( 5,45) 34 2100
(10,45) 34 1630
(16,45) 34 1176
(19,45) 34 924
sun = 23016
Lecordi#l3 pointl= (5,50)
Point2 Population Result
( 5,69) 34 1596
(19,69) 34 2016
(16,69) A 2520
(19,69) 54 2772
( 5,62) 54 1008
(10,62) 34 1428
(16,62) 54 1932
(19,52) I 2184
( 5,36) 84 504
(10,50) 34 524
(16,56) 34 1423
(19,56) 34 1680
( 5,50) 34 0
(10,50) 84 420
(16,50) 34 924
(19,50) 84 1176
( 5,45) 84 420
(10,45) 34 840
(16 ,45) 84 1344
(19,45) 84 1596
sum = 26712
Record#l4 pointl= (10,5Q)
Point2 Population Result
( 5,69) 34 2016
(10,69) Sh 1596
(16,69) 34 2100
(19,69) 84 2352
( 5,62) 34 1428
(10,62) 34 1008
(16,62 54 1512
(19,62) 34 1764
( 5,56) B4 924
(10,56) 54 504
(16,56) 3 1008
(19,56) 34 1260
{ 5,350) 4 420
(10,50) 34 0
(16,50) YA 504
(19,30) ol 756 @QJ

( 5,45) 1S 040



P : o AREA A

A= D) il R
(19,45) ol 1175
suin = 22512

decoruil5 pointl= (16,50)

Point2 Topulation Result
( 5,69) 34 2529
(10,69) 34 2100
(16,69) 84 159
(19,69) o4 1348
( 5,62) 34 1932
(10,62) 34 1512
(16,62) 34 1003
(19,62) 34 1260
( 5,50) 34 1428
(10,56) 84 1003
(16,56) 84 504
(19,56) o4 756
( 5,50) 34 924
(10,50) b 504
(16,506) 34 0
(19,50) 3 252
( 5,45) b4 1344
(10,45) Sb 924
(16,45) 34 420
(19,45) 34 672
sum = 22512
fecordi#l6 pointl= (19,50)
Point2 Population Result
(5,69 84 2772
(10,69) 84 2352
(16,69) 84 1848
(19,69) 34 1596
( 5,62) 34 2184
(10,62) 84 1764
(16,62) 84 1260
(19,62) 34 1008
( 5,56) 34 16 80
(10,56) 54 1260
(16,56) 84 756
(19,56) 34 504
( 5,50) 84 1176
(10,50) 84 756
(16,50) 84 252
(19,50) 84 0
( 5,45) 84 1596
(10,45) 34 1176
(16,45) 34 672
(19,45) 84 420
sum = 25032
fecordi#l? pointl= (5,45)
Point2  Populatiom Result
( 5,69) 34 2016
(10,69) 34 2436
(16,69) 34 2940
(19,69) 54 3192
( 5,62) o 1428
(10,62) 54 13438
(16,62) S 2352
(19,62) oh 2604
( 5,56) 34 924
(16,56) 54 1344 63

(16,56) wé 1343



s i T2 AReA *

(l(),SL}) 0h Ny
16,50) ob 1344
(19,50) 4 1596
( 5,45) 84 G
(10,45) 34 420
(16,45) 34 924
(19,45) 84 1176
sum = 31752
fecoraild pointl= (10,45)
Point2 Population Result
( 5,69) 34 2436
(10,69) 84 2016
(16,69) 54 2520
(19,69) 34 2772
( 5,62) 84 1848
(10,62) 34 14238
(16,62) B34 1932
(19,62) 34 2184
( 5,56) 34 1344
(10,56) 84 924
(16,56) 84 1423
(19,56) 34 1680
( 5,50) 84 840
(10,50) 84 420
(16,50) - 84 924
(19,50) 64 1176
( 5,45) 34 420
(10,45) 54 0
(16,45) 34 504
(19,45) 34 756
sun = 27552
Recora#l9 pointl= (16,45)
Poiuc2 Population Result
( 5,69) 34 2940
(10,69) 34 2520
(16,69) 34 2016
(19,69) 84 2268
( 5,62) 34 2352
(10,62) 84 1932
(16,62) 84 14238
(19,62) 84 16 80
( 5,56) 84 1848
(10,56) . 84 1428
(16,5) - 84 924
(19,56) 84 1176
( 5,50) 84 1344
(10,50) 84 924
(16,50) 84 420
(19,50) 84 672
( 5,45) 34 924
(10,45) 34 504
(16,45) 84 0
(19,45) 34 252
sum = 27552
iecordi#20 pointl= (19,45)
Point2 Population Result
( 5,69) 34 3192
(10,69) 84 2772
(16,69) o4 2265
(19,59) o 2016
( 5,62) ol 2604 b



O SUN—

{16,62)

(16,52)
(19,62)
( 5,56)
(10,56)
(16,56)
(19,56)
( 5,50)
(10,50)
(16,50)
(19,50)
( 5,45)
(10,45)
(16 ,45)
(19,45)

The Hininum is
At Pointl = (10,56)

e
w0
o

.

s
o4
84
84
84
84
84
84
84
84
84
34
84
3

I

L1 o
1660
1423
2100
163
1176
924
1596
1176
672
420
1176
756
252

30072

AREA A

6



ENG FCZ C

- 4549

CPU MODEL SERIAL
VM/SP SERVICE LEVEL
USERID ORIGIN

DISTRIBUTION CODE

SPOOL FILE NAME TYPE

CREATION DATE

3080 170596
0316

ENGFCZC ENGFC2ZC
ENGFCZC

ENGFCZC TERM

04/11/86 18:06:58

Boston University
Academic Computing Center
I11 Cummington Street
Boston, Massachusetts 02215
(617) 353-2780

PRINT DATE 04/11/86 18:06:59
SPOOL FILE ID 4029
RECORD COUNT 0091
N 00 DEVICE CLASS OE1E A
P FORMS STANDARD

3 - LISTING OF .MPI0OO4B FRI APR 11, 1986 18:06:59

/LOAD PASCAL
PROGRAM RDAT01 (INPUT ?UTPUT)'
*

PAGE 1

o CONST REC NUMBER OF RECORDS IN DATA #)
LIST = 1; O FOR A LONG LIST OR 1 TO SUPRESS IT =) -
VAR N,1,J,K,ABSL,MIN : INTEGER;
. Mxnx1,uxnv1.mx~xz, INYZ : INTEGER;
SUM, X, Y,W : ARRAY (,1..RECS.) OF INTEGER;
;ggg;xon ABS (X:INTEGER) : INTEGER
. IF X<O THEN ABS:iu-X
ELSE ABS:= X;
¥ END;
BEGIN
HIN:=99999990;
FOR I:=1 TO R

RECS D
READLN (N, X( 1 ) V( IWGIO ),
FOR I:mt TO
BEGIN

WRITE (’ RECOHD#‘.I:!,
WRITELN (X( Lo )et
LIST = ©
THEN BEQIN
WRITE -

POINT!- (’)3
YT, ) )y

OINT2’);

WRITE POPULATION');

WﬂxTELM RESULT’);
END;

SUM(.I.) := 0

FOR J:;1 TO RECS Do

€)1
ABSL'IABS(X( I.)=X(.d.))
ABSL'-A88L+ABS(Y(.I.) =Y(. d ))}
ABSL 1 =sABSLaW(,J,);
IF _(LIST = 0)
THEN BEGIN
WRITE (' ‘)i
WRITE (/(’,X(.J.)
WRITELN (W( v )18

ND;
SSM( X, ) te SUM(.I,) + ABSL;

WRITELN (’

IF_MIN > SUM( I.)
THEN BEGI

MIN!ISUM

“MINX1 =X

MINY1 =y

END
WRITELN;
END;
WR!TELN
WRITELN (’ THE MINIMUM IS '.MIN):
WRITELN (’ AT POINT1 = (‘,MINXt:1,’ 2 OMINYTIT, ) ),

/DATA
4

)
12,0,0, 0.4
16,7 v

SUM = /,SUM(.1.):7);

——
e
~———

19 69 84

66



oy

LISTING OF .MPI0O4B
5 27 69
& 32 69
7 37 69
8 41 69
g 46 69

13 19 62

14 27 82

15 32 62

186 48 62

17 52 62

18 58 62

22 19 56

23 27 56

2 32 56

2 48 56

26 52 56

27 58 56

31 19 50

32 27 50

33 32 50

34 37 50

35 41 50

36 48 50

37 52 50

38 58 50

43 27 45

44 32 45

45 37 45

46 41 45

47 48 45

48 52 45

58 45

END OF FILE ,MPIOO4B

FRI APR 11,

AREA R

1886 18:06:59 PAGE 2

RECORD COUNT: g8



- g

v

LISTING OF .MPI0CO4B

5 27

[ 32

7 37

8 a1

9 46

13 19
14 27
15 32
16 48
17 52
18 58
22 19
23 27
32

25 46
28 52
27 58
31 19
32 27
33 32
34 37
35 41
36 48
37 $2
<1} 58
43 27
44 32
45 37
46 41
47 46
48 52

48 58
/END DATA

END OF FILE

«MP1004B

FRI APR 11,

.

AREA B

1986 18:08:59 PAGE 2

RECORD COUNT:

6t



AREA B

PASCAL B80C0/2.0 AAEC  (27JUL8O)

1 0680 -~ PROGRAM RDATO1 (INPUT OUTPUT);

2 OBA8 -- CONST REC = 33 {* NUMBER OF RECORDS IN DATA *)
3 o6A8 -- LIST = 15 (* O FOR A LONG LIST OR 1 TO SUPRESS IT *}
4 06A8 -- VAR N,I,J, K.AB ,MIN : INTEGER;

5 06CO -- MINX1 MINYY MINXz MINY2 : INTEGER;

8 0600 ~- SUM, X, Y,W : ARRAY {(.,1,.RECS,) OF INTEGER;

7 OBEO =-- A FUNCTIDN ABS (x INTEGER) : INTEGER;

8 0000 0~ A BE

9 0018 ~-- IF x<o THEN ABS:i=-X

10 0024 ~-- ELSE ABS:= X;

11 004C -0 A END;

12 0000 oO- BEGIN

13 0062 -- MIN:-ssssesss-

14 O0BA -~ FOR I:=1 TO RECS DO

15 0088 -- * READLN (N, X( I ).Y(.I.).W(.I-));

16  0t1C -~ FOR I:=1 TO Do

17 O13A t- BEGIN

18 O13A -- WRITE (' RECORD#’,1:1,’ POINT!= (7);

19 0176 ~- WRITELN (X(.I.):1,'. V(.I.):1,’)’)

20  023A -~ IF LIST = 0

21 023A 2- THEN BEGIN

22 0246 -~ WRITE (f POINT2);

23 025E -- WRITE (7 POPULATION’);

24 0276 -~ WRITELN (/ RESULT’);

25 0294 -2 END;

28 0294 -- SUM(.I.) := 0;

27 FOR J:=t TO RECS DO

28 BEGIN

29 ABSL:=ABS(X(.I, Y)=X{Ju))s

30 ABSL’-ABSL+ABS(V(.I.)-V(.J.)L

31 ABSL :=ABSL*W(,J,);

32 IF _(LIST = 0O)

33 THEN BEGIN .

34 WRITE (/ ‘)

k1 WRITE (/(’, ( e )i2,7,0,¥(,J0)12, ) ’)

35 WRITELN (W( )18, ‘4 ABSL:B) ¢

37 END;

38 SUM(.I.) := SUM(.I.) + ABSL;

39 END;

40 WRITELN (84 SUM = /,SUM(.1,):7);

41 IF _MIN > SuM(.1.)

42 THEN BEGIN

43 MIN:=SUM(,1.);

44 MINXti=X(,1,);

45 MINY1:=Y(,1,);

46 ND;

47 WRITELN;

48 D=

49 WRITELN;

50 O6SE -~ WRITELN (’ THE MINIMUM IS /,MIN);

51 0694 -- WRITELN (/ AT POINTY = (’, MINX1:81,7, 7 MINY1:t,7)7);

52 0746 -0 END,
*AAEC PASCAL 2.0 COMPILATION CONCLUDED*
#NO ERRORS DETECTED IN PASCAL PROGRAM#

LOADER
PROGRAM SI2E -~ 58FO (MEX), 22,788 (DECIMAL).
RECORD#1 POINT1= (19,69)
SUM = 91392
RECORD#2 POINTi= (27,69)
SUM 74592

RECORD#3 POINT1= (32,69)
SUM = 68282

RECORD#4 POINTi®= (37,69)
SUM = 66182

RECORD#5 POINT1= (41,69)
SUM = 665628

RECORD#6 POINTi= (46,69)
SUit. = 89468

RECORD#7 POINT1s (19,82).
SUM & 79044

RECORD#8 POINT1= (27,62)
SUM- = 82244

RECORD#9 POINT1= (32,6§&

M = 55944
RECORD#10 POINT1= (46,62)
SUM = 57120

RECORD#11  POINT1= (52,62)
SUM = 65688

RECORD#12 POINT1= (58,62)
SUM = 78288

RECORD#13 POINTI= (19,56)
SUM = 74508

RECORD#14 POINT1= (27,56)
SUM = 57708

RECORD#15 POINT1= (32, 56)
SUM = 51408

RECORD#16 POINT1z (48,56)
SUM = 52584

RECORD#17 POINT1= (52,23)

M = 61152
RECORD#18 POINT1= (58,56)
SUM & 73752

RECORD#19 POINT1=z (19,50)
SUM 76020

n

RECORD#20 POINT1= (27,50)

6R
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ENG
4548

CPU MODEL S
VM/SP SERVICE L
USERID [¢]

DISTRIBUTION CO
SPOOL FILE NAME
CREATION DATE
PRINT DATE
SPOOL FILE ID
RECORD COUNT
DEVICE CLASS
FORMS

START: JOB 0017

/1D ENGFCZC
/LOAD PASCAL

FCZ C

ERIAL 3080 170596
EVEL 0316
RIGIN ENGFC2C BATCHOO4

DE BATCHOO4
TYPE ENGFCZC Joo17
04/11/86 18:06:48
04/11/86 18:06:49
4028
o167
OE1E A
STANDARD

18:06:45 FRI APR 11, 1988
RMT Q@ JOO17 30s

BATCHOO4

Boston University
Academic Computing Center
111 Cummington Street
Boston, Massachusetts 02215
(617) 353-2780

]




‘ AREA B

SUM = 58220
( RECORD#21 POINT1= (32,50)
SUM = 52920
RECORD#22 POINTi= (37,50)
SUM = 50820
{
RECORD#23 POINT12 (41,50)
SUM = 51156
RECORD#24 POINT1s (46,50)
- SUM = 54088
RECORD#25 POINT1=2 (52, 50)
SUM = 62664
RECORD#26 POINT1= (&8,50)
SUM = 75264
RECORD#27 POINTi= (27,45)
SUM = §7200
RECORD#28 POINT1= (32,45)
SUM = oS00
RECORD#29 POINT1= (37,45)
SUM = 58800
: RECORD#30 POINT1= (41,45)
SUM = 59136
RECORD#31 POINT1= (46,45)
i SUM = 62076
RECORD#32 POINT1= (52,45) .
SUM = 70844
o RECORD#33 POINT1= (58,45)
f ) SUM = 83244
AN
THE_MINIMUM IS 50820
AT POINT1 = (37,50)
END: JOB 0017 18:08:49 FRI APR 11, 1986 COST2$0.26/$0,00 BALANCE=$218.11/§0.00
CPU=0,12 105184 CDS_INu=O CDS_OUT=0 PAGES=2 TAPE_MTS=0 TAPE_RES=0:00:00
£
s
)
i

69



L

ENG FCZ C
4555

CPU MODEL SERIAL 3080 170596
VM/SP SERVICE LEVEL 0316

USERID ORIGIN ENGFCZC ENGFCZC
DISTRIBUTION CODE ENGFCZC

SPOOL FILE NAME TYPE ENGFC2C TERM
CREATION DATE 04/11/86 18:08:20
PRINT DATE 04/11/86 18:08:24
SPOOL FILE ID 4039

RECORD COUNT o087

DEVICE CLASS OE1E A
FORMS STANDARD

 LISTING OF .MPIOO4C FRI APR 11, 1986 18:08120 PAGE 1

/LOAD PASCAL
PROGRAM RDATO1 (!NPUT OUTPUT);
CONST REC = (* NUMBER OF RECORDS IN DATA %)

s 1, (* O FOR A LONG LIST OR 1 TO SUPRESS IT %)

IST
VAR N, I J,K,ABSL,MIN : INTEGER;
MINX ,MINV1 M!NXZ M!NVZ : IN EQER;
SUM, X, Y, ARRAY (.1..RECS.) OF INTEGER.
ggNC;ION ABS (XXINTEGER) t INTEGE Rj

ax
IF X<0 THEN ABS:=-X
ELSE ABS:= X;

END;

=
E

- BEGIN

MIN:=999899
FOR Ii=1 T0 RECS

READ! LN(Nx(x)Hl)W(:)).
FOR_1i=1 70 ‘04

IN
WRITE (/ nsconul 11,7 POINTI= (/)
WRII%N (X( )11. .V(.x.)n,')'):

THEN BEG!N v
WRITE (* ’)
WRITE (’ POPULATIO N’
WEITELN (4 LT

D3
SUM(.1.) 1= Q3
FOR J:=1 TO RECS Do
BEGIN

ABSL :=ABS(X(.I,)=X{(
ABSL:'ABSL+ABS(V(-I
ABSL :2ABSL=aW(.J, );
IF_(LXIST = 0O)

THEN BEQIN

WRITE (' ‘
WRITE (/(’,X{(.J
WRITELN (W(.J.)

+

END;
SUM( I.) 1= SUM(,I,)

WRITELN (84 SUM = /,SUM(.1.):7);
IF MIN > SUM(.X.)
THEN BEGIN
MINi=SUM(.I.);
MINX1:=X(.X.);
g!NVlr-Y(.!.):
WRITELN;
END;

WR!TELN

WRITELN (¢ THE MINIMUM IS ‘,MIN);

WRITELN (’ AT POINTt = (’,MX X151, 7,7, MINY1:11,7)7);
END.
/DATA

39 45 84

10

Boston University
Academic Computing Center
111 Cummington Street
Boston, Massachusetts 02215
(617) 353-2780




LISTING OF ,MPI0O4C
40 10 45
41 16 45
42 19 45
50 5 39
51 10 38
52 16 39
60 5 33
61 16 33
62 19 33
70 5 27
71 10 27
72 16 27
73 19 27
81 5 21
82 10 21
83 16 21
84 19 21
82 5 16
a3 10 16
94 16 16
a5 18 16
103 10 10
104 16 10
108 19 10
106 27 10
110 10 4
111 16 4
112 18 4
/END DATA

END OF FILE .MPIOO4C

FRI APR 11,

AREA C

1886 18:08:20 PAGE 2

RECORD COUNT: 84

FIN

B el g

Bu @



AREA C

LISTING OF ,MPIOOAC FRI APR 11, 1986 18:08:20 PAGE 2

40 10 45 84
41 16 45 84
42 19 45 84
50 5 g 84
51 10 <t 84
52 16 38 84
€0 5 33 a3
61 16 32 83
62 19 k) 84
70 S 27 a4
" 10 27 84
72 16 27 42
73 19 42
a1 5 21 84
82 10 21 84
83 18 21 84
84 19 21 84
92 5 18 84
23 10 18 84
94 18 16 a4
95 18 18 84
103 10 10 84
104 18 10 84
108 19 10 84
108 27 10 84
110 10 4 84
113 16 4 84
112 19 4 84
/END DATA
END OF FILE .MP10O04C RECORD COUNT: 84

1



AREA C

PASCAL 8000/2.0 AAEC (270UL80)
1 PROGRAM RDATO1 (INPUT OUTPUT);
2 CONST RECS = 28 (* NUMBER OF RECORDS IN DATA *)
3 LIST = 1; (* O FOR A LONG LIST OR 1 TO SUPRESS IT %)
4 VAR N, 1, J K,ABSL,MIN : INTEG GER};
5 ,MINV! MINXZ MINY2 ; INTE GER;
6 SUM,X,Y,W : ARRAY (., 1..RECS, ) OF !NTEGER'
7 0890 -- A FUNCTION ABS (X:INTEGER) ¢ INTEGE
8 0000 O- A BEGIN
] 0018 ~- IF X<0 THEN ABS 1=-X
10 002A ~-- ELSE ABS:= X;
11 Q04C -0 A END;
12 0000 o~ BEGIN
13 0062 -- MIN'HSSQQSQ.
14 O06A -~ FOR I:=1 TO RECS Do
15 0088 -~ READLN (N, X( I ) Y( I.),W(.1.));
16 o11C ~- FOR I:=1 ToO
17 O13A 1- BEGIN
18 013A ~-- WRITE (‘' RECORD#’, I:1,” POINT1= ()
19 0176 -- WRITELN (X( Iyt 7, YOI, )0y,
20 023A -- IF L1
21 023A 2~ THEN BEGIN
22 0246 -- WRITE (’ POINT2’);
23 O28E -~ WRITE (&4 POPULATION’);
24 0278 -- WRITELN (/ RESULT’);
25 0294 -2 END;
26 0284 -- SUM(.1.) 1= o;
27 02AC -~ FOR J"1 TO RECS Do
28 O2CA 2~ BEGIN
29 O2CA ~-- ABSL :=ABS(X(.1,)- X{edi));
30 0314 -- ABSL'IABSL+ABS(V(.1-)~V(.J-)):
31 036A -~ ABSL :=ABSL#W(.J. );
32 039C -- IF_(LIST = 0)
33 Q3AE 3~ THEN BEGIN
34 03A8 ~- WRITE (’ ‘)
35 03C0 -- WRITE (/(, X(.J.):Z,’,’,Y(.J-):Z,’) )
36 0480 -- WRITELN (W(.J.):8,’ ‘4ABSL:6);
37 O4F0 -3 END;
38 04F0 -~ SUM( 1.) i= SUM(.I.) + ABSL;
39 052E -2 END
40 0550 -~ WRITELN 184 SUM = ’,SUM(.1.):7);
41 0598 -- IF_MIN > SUM(.1.)
42 0584 2~ THEN BEGIN
43 Q5C4 -~ MIN:aSUM(.I.);
44 O5E4 ~- MINX1:=X(,I,);
45 0604 -~ MINY1:=Y(,1.);
46 0624 -2 END;
47 0624 ~- WRITELN;
48 0630 -1 END;
49 0652 ~- WRITELN'
50 OBSE -~ WRITELN (’/ THE MINIMUM 15 N);
51 0694 -- WRITELN (’ AT POINT1 = (' X1:1,’,',M!NV1:1,')’H

52 0746 -0 END.
*AAEC PASCAL 2,0 COMPILATION CONCLUDED=
*NO ERRORS DETECTED IN PASCAL PROGRAM®

LOADER .
PROGRAM SIZE - 58FO (HEX), 22,768 (DECIMAL).
RECORD#1  POINT1= (5,45)

sum = 52879

RECORD#2 POINTI® (10,45)
SUM = 56679

RECORD#3 POINTI= (16,45)
SUM = 56178

RECORD¥4 POINT1= (18,45)
SUM = 58577

RECORD#5 POINT1= (5,39)
SUM = 53655

RECORD#6 POINT1= (10,38)
SUM =-.. 47385

RECORD#7 POINT1= (16,39) -

SUM ‘= 46881
RECORD#8 POINTI= (5,33)

SUM = 47358

RECORD#9 POINT1= (18,33)
SUM = 40551

RECORD#10 POINTt= (19,33)
: SUM = 43883

RECORD#11  POINT1= (5,2;&

M = 43575

RECORD#12 POINT1= (10,27)
SUM = 37278

RECORD#13 POINT1= (16,27)
SUM = 38771

RECORD#14 POINT1= (18,27)
SUM = 40173

RECORD#15 POINT1s (5,21)
SUM = 42819

RECORD#16 POINT1= (10,21)
SUM = 36519

RECORD#17 POINTt= (15:2&)
s

M = 360186
RECORD#18 POINTI= (19,21)
SUM = 38417

M = 45548
RECORD#20 POINT1= (10,186)

RECORD#19 POINT1= (5,16&
s

1L
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4

ENG FCZ C

4554

CPU MODEL SERIAL
VM/SP SERVICE LEVEL
USERID ORIGIN

DISTRIBUTION CODE
SPOOL FILE NAME TYPE
CREATION DATE

PRINT DATE

SPOOL FILE ID

RECORD COUNT

DEVICE CLASS
FORMS

3080 170586
0316

ENGFC2ZC BATCHOO4
BATCHOO4

ENGFC2C JoO19
04/11/86 18:08:10
04/11/86 18:08:19
4038

0152

OE1E A
STANDARD

START: JOB 0019 18:08:09 FRI APR 11, 1886

/1D ENGFCZC RMT Q@ Joo1g 308

/LOAD PASCAL

BATCHOO4

Boston University
Academic Computing Center
111 Cummington Street
Boston, Massachusetts 02215
(617) 353-2780




e,

RECORD#21 POINT1=
RECORD#22 POINT1=
RECORD#23 POINT1»
RECORD#24 POINTt=
RECORD#25 POINT1=
RECORD#26 POINTI=
RECORD#27 POINT1=

RECORD#28 POINT1=

THE_MINIMUM IS

AT POINT1 = (18,21)

END: JOB 0018 18:08
CPU=0.12 10=15

SUM = 38249
(16,16)
SUM = 38745
(19,16)
SUM = 42147
(10,10)
SUM = 46587
(16,10)
SUM = 46053
(18,10)
SUM = 49455
(27,10)
SUM = 65919
(10,4)
SUM = 57897
(16,4)
SUM = 57383
36015

$12 FRI APR 11, 1986 COST=
4 CDS_IN=O CDS_OUT=0 PAGES

AREA C

$0,26/$0.00 BALANCE=$218.79/$0,00
=2 TAPE_MTS=0 TAPE_RES=0:00:00

R



‘ ENG FCZ C
~ 4557

T
£

CPU MODEL SERIAL 3080 170596
VM/SP SERVICE LEVEL 0316

USERID ORIGIN ENGFCZC ENGFCZC
DISTRIBUTION CODE ENGFCZC

SPOOL FILE NAME TYPE ENGFCZC TERM

CREATION DATE 04/11/86 18:09:37

PRINT DATE 04/11/86 18:09:38
B SPOOL FILE ID 4047

RECORD COUNT o114

DEVICE CLASS OE1E A

FORMS STANDARD

LISTING OF ,MPI004D FRI APR 11, 1986 18:08:37 PAGE 1

/LOAD PASCAL
PROGRAM RDAT01 (INPUT OUTPUT)
CONST REC S 55 (* UMBER OF RECORDS IN DATA #)

LIS 1' (# O FOR A LONG LIST OR 1 TO SUPRESS IT *)
YAR N, é 1oy K, BSL L,MIN : INTEGER

3
X1.M!NV1 Mlzﬁz +MINY2 : INTEQG

ER;
UM, X, Y (.1.,RECS.) OF INTEGER;
Fgg?TION ABS (XIINTEGER) ¢ INTEGER;

IF X<O THEN ABS1=-X
ELSE ABS:= X;

END;
BEGIN
MIN:-999999;
FOR I:s1 TO
READLN (N, X( I ) Y(.3.),W(.2.));
FOR I;a! TO
WRITE (f RECORD@!‘lni POINT1m (‘H
WR!IELN (X(.I YOI081,0));
THEN BEGIN
WRITE NT2/);
WRITE A POPULATION');
WRITELN (* RESULT’);
END
SUM(.I,) = 03
FOR Ji=1 ToO Recs oo
BEGIN
ABSL 1=ABS (X(.I.)=X(.J.));
ABSL'-ABSL+ABS(V(.I Y=¥(.d));
ABSL :=ABSLeW(.J,);
IF _(LIST = 0)
THEN BEGIN
WRITE (°’ R H
WRITE (7(’,X(.J.):2,7,7/,¥(.J.):12,") ‘)
wnsTELN Wi, Jio)ie, ! *,ABSL:6);
1
égM( «I.) tm SUM(.I.) + ABSL;
WRITELN (’ SUM = 7, SUM(.1,):7);
IF MIN > SUM(.I,)
THEN BEGIN
MIN:=SUM(.I,);
MINX1:=X(.1.);
gINV1;-Y(.1.);
WRITELN;
END;
WRITELN;

WRITELN (/ THE MINIMUM IS /,MIN);
WRITELN (’ AT POINT1 = (/,MINX1:1,/,,MINY1:1,7)7);

/DATA
43 27 45 84

14

Boston University
Academic Computing Center
111 Cummington Street
Boston, Massachusetts 02215
(617) 353-2780




LISTING OF .MPIOO4D
44 32 45
45 37 45
46 41 45
47 46 45
48 52 45
49 58 45
53 27 39
54 32 3¢
55 37 38
58 41 38
§7 46 39
58 52 39
59 58 39
62 i9 33
63 27 33
64 32 33
65 37 33
686 41 33
67 46 33
68 52 33
69 58 33
73 19 27
74 27 27
75 32 27
76 32 27
77 41 27
78 46 27
79 52 27
80 58 27
84 19 21
a5 27 21
86 32 21
87 37 21
88 41 21
k] 48 21
20 82 21
91 58 21
95 18 16
13 27 16
87 32 18
a8 37 18
99 41 16
100 46 16
101 52 16
102 58 16
105 18 10
106 27 10
107 32 10
108 37 10
108 41 10
112 19 4
113 27 4
114 32 4
115 37 4
/END DATA

LISTING OF .MPI004D FRI APR 11, 1886 18:09:37

END OF FILE .MPI004D

FRI APR 11,

ARE A D

1886 18:09:37 PAGE 2

RECORD COUNT:

PAGE 3
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AREA D

LISTING OF ,MPIO0OAD FRI APR 11, 1986 18:09:37 PAGE 2

44 32 45 84
45 37 45 84
48 41 48 84
47 46 48 n 84
48 52 45 a4
49 58 45 84
53 27 39 a4
84 32 39 84
55 a7 39 a4
56 41 39 a4
87 48 38 a4
58 52 39 84
59 58 38 84
82 19 33 84
83 27 33 -~ 84
64 32 33 84
&8 37 a3 84
(1] 41 33 84
67 46 3 84
68 52 33 84
69 &8 33 84
73 19 27 42
74 27 27 84
78 32 27 84
76 32 27 84
77 41 27 84
78 46 27 84
79 52 27 84
80 58 27 a4
84 19 21 84
85 27 21 42
86 32 21 42
87 37 21 84
a8 41 21 84
a8 8 21 &84
80 52 21 84
9 58 21 84
98 19 18 84
86 27 16 84
97 32 16 a4
98 a7 18 42
89 41 16 42
(% d 48 18 84
101 52 16 84
102 58 18 84
108 19 10 84
108 27 10 84
107 32 10 84
108 37 io 84
(23] 41 10 84

19 4 84

27 4 83

32 4 42

37 4 21

<1
3

=T

-

LISTING OF ,MPI004D FRI APR 11, 1986 18:09:37

END OF FILE .MP1004D

RECORD COUNT:

PAGE 3
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pascal 8000/2,0 aaec (27jul8o)

1 0680 ~- program rdat0Ol (input,output);
2  06a8 = const RECS = 55; (* number of records in data *)
3 06a8 -- LIST = 1; (* 0 for a long list or 1 to supress it
4 06a8 -- var n,i,j,k,absl,min : integer;
5 06c0 -- minxl,minyl,mian,minyZ ! integer;
6 06d0 —- sum,X,y,w : array (.1..RECS.) of integer;
7 0a40 -- a function abs (x:integer) : integer;
8 0000 0- a begin
9 0018 -- if %<0 then abs:=-x
10 0022 -- else abs:= x;
11 004c -0 a end;
12 0000 0- begin
13 0062 -- min:=999999;
14  006a —-- for i:=l to RECS do
15 0088 —- readln (n,x(.i.),y(.i.),w(.i.));
16 O0llc ~- for i:=1 to RECS do
17 0l3a 1- begin
18 0l3a -- write (7 Record#”,i:1,” pointl= (”);
19 0176 -- writeln (x(.1.):1,7,7,y(.i.):1,7)7);
20 023a -- if LIST = 0
21 023a 2- then begin
22 0246 -- write ( Point27);
23 025e -~ ‘ write (°  Population”);
24 0276 -- writeln (° Result”);
25 0294 -2 end;
26 0294 -- sum(.i.) := 03
27 02ac —- for j:=1 to RECS do
28  02ca 2- begin
29  02ca -- absl:=abs(x(.i.)-x(.j.));
30 0314 —- absl:=absl+abs(y(.i.)-y(.j.));
31  036a -- absl:=absl*w(.j.);
32 039c -- if (LIST = 0)
33 03ae 3- then begin
34 0328 -- write (° )
35 03¢0 ~- write (“(7,x(.j.):2,7,7,y(.5.):2,7%) )
36 0490 —- writeln (w(.j.):6,” “,absl:6);
37 04£f0 -3. end;
38  04f0 -- sum(.i.) := sum(.i,) + absl;
39 052e -2 end;
40 05507 == writeln (7 sum = “,sum(.i.):7);
41 0598 «- if min > sum{.i.)
42 05b4;2~ then begin
43  05c4 == min:=sum(.i.);
44 Q5e4 —-— minxl:=x(.i.);
45 0604 —- minyl:=y(.i.);
46 0624 -2 end;
47 0624 ~- writeln;
48 0630 -1 end;
49 0652 -- writeln;
50 065 -- writeln (° The Minimum is “,min);
51 0694 -- writeln (At Pointl = (“,minxl1:1,7,”,minyl:1,7)");

52 - 0746 -0 end.
*aaec pascal 2.0 compilation concluded¥®

*no errors detected in pascal program®

loader jHZ



Proprau size - 58f0 (hex)

Records

Record#2

Record#3

Record#4

Recordi#s

Record#6

Record#7

Record#8

Record#

Record#10

Recorditll

Record#12

Record#13

Record#l4

Record#15

Record#16

Recordil7

Recordi#18

Record#19

Record#20

recordif2l

Record#22

pointl= (27,45)
sum

pointl= (32,45)
sum

pointl= (37,45)
sum

pointl= (41,45)

sum

pointl= (46,45)
sum

pointl= (52,45)
Sum

pointl= (58,45)
sum

pointl= (27,39)
sum

pointl= (32,39)
sum

pointl= (37,39)
sum

pointl= (41,39)
sum

pointl= (46,39)

sum

pointl= (52,39)
sum

pointl= (58,39)
sum

pointl= (19,33)
sum

pointl= (27,33)
sum

pointl= (32,33)
sum

pointl= (37,33)
sum

pointl= (41,33)
sum

pointl= (46,33)
sum

pointl= (52,33)
sum

pointl= (58,33)
suta

i

[}

i

It

1}

]

» 22,768 (decimal),

135156

124446

11916

120288

126588

140196

159852

116508

105798

10096 8

101640

107940

121548

141204

13179

104916

94206

89376

90048

96348

109956

129612

1



Recoraw23

Recordit24

Record#25

Record#26

Record#27

Record#23

Recordif29

Record#30

Record#31

Record#32

Record#33

Record#34

Record#35

Record#36

Record#37

Record#38

Record#39

Record#40

Recordi4l

Recordit42

Record#43

Recordifss

pointl=s (19,27)

Sun

pointl= (27,27)
sum

pointl= (32,27)
sum

pointl= (37,27)
sut

pointl= (41,27)
sum

pointl= (46,27)
sun

pointl= (52,27)
sum

pointl= (58,27)
sum

pointl= (19,21)
sum

pointl= (27,21)
sum

pointl= (32,21)
sum

pointl= (37,21)
sun

pointl= (41,21)
sum

pointl= (46,21)
sum

pointl= (52,21)
sum

pointl= (58,21)
sum

pointl= (19,16)
sum

pointl= (27,16)
sum

pointl= (32,16)
sum

pointl= (37,16)
sum

pointl= (41,16)
sum

pointl= (46,16)
sum

I

I

]

I}

1]

i}

L1}

it

[}

1]

it

i

i

128268

101388

90678

85848

86520

92820

106428

126084

132300

105420

94710

89880

90552

96852

110460

130116

141540

114660

103950

99120

99792

106092

Y




Recordi#4h

Recordi#46

Record#47

Record#48

Record#49

Record#50

Record#51

Recordi#52

Recordi#53

Recordi54

Record#55

The Minimum is

pointl= (52,16)

sSum

pointl= (58,16)
sum

pointl= (19,10)
sum

pointl= (27,10)
sum

pointl= (32,10)
sum

pointl= (37,1)

Lum

pointl= (41,10)
sum

pointl= (19,4)
sum

pointl= (27,4)
sum

pointl= (32,4)
sum

pointl= (37,4)
sum

At Pointl = (37,27)

s
oo
=3

85848

it

119700

139356

159684

132804

122094

117264

117936

182668

155988

145278

140448

ksl

'."ix’gé



