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Some Weight on Our Edges
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Abstract In this paper, we put two concepts together: Shortest paths and starant graphs. We calculate the costs involved in
putting two randomly selected individuals in contact in a controlled network. That would be the costs in terms of public health.
Disease spread became our main concern in what comes to the starant graphs in the year of 2002 because that is one of the
directions the work of Comellas et al. and Watts et al. pointed at, and our work is inspired in theirs. Other factors, such as
random, and unexpected, contact between individuals, are disregarded, so that if the individual visits the clinic that belongs to
Mister X, his mate, but his usual doctor, Mister Y, is not there, and he is then served by Miss R, we will need new calculations,
what means that we go from predictive power to disgrace power, and that frontally opposes our initial intentions with this
work.

Keywords Starant graph, Disease spread, Network, Shortest path, Cost

1. Introduction

We designed the Starant Graph in 2002 to address the problem human network for disease spread. Since then,
unfortunately working independently, and with little or no support, our progresses were slow, but perhaps reasonably steady.

Our first paper on the topic (produced in 2002) brought a bit of criticism to Comellas et al.’s theories. We found what we
believed to be a small inaccuracy with a lemma, and counter-examples made it all evident (Pinheiro, 2007).

We recently published a summary of our developments in what regards the Starant Graph. That was (Pinheiro, 2016).

In-between the first and the last paper on the topic, we produced Starants Il or (Pinheiro, 2012). There we talked about
Colloquium Rectangles and Double Colloguium Rectangles.

We now want to put weights on our edges and apply the concepts associated with the name Dijkstra in the academic
products. We will talk about costs and we then will mean cost of putting a particular individual in physical contact with
another. That cost is directly connected to disease spread in our studies, so that we worry about impact of the spread each, and
every, time.

2. Development
We will quote Sedgewick (2017) here:
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Shortest paths in a weighted digraph
Given a weighted digraph, find the shortest directed path from s to t.
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cost of path = sum of edge costs inpath

\“\> l\ Path: I 61 31 Sl ¢
\_,\ ] Mo Costil4v182+416-50

/\

Note: welghfs are arbitrary numbers

* not necessarily distances

* need not satisfy the triangle inequality
* Ex: airline fares [stay tuned for others]

Figure 1

Versions

source-target (s-t)
single source

all pairs.

nonnegative edge weights
* arbitrary weights
Euclidean weights.

Figure 2

Shimbel (1955). Information networks.

Ford (1956). RAND, economics of transportation.

Leyzorek, Gray, Johnson, Ladew, Meaker, Petry, Seitz (1957). Combat
Development Dept. of the Army Electronic Proving Ground.

Dantzig (1958). Simplex method for linear

programming. Bellman (1958). Dynamic programming.

Moore (1959). Routing long-distance telephone calls for Bell Labs.

Dijkstra (1959). Simpler and faster versionof Ford's algorithm.

Figure 3
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Dijkstra's algorithm example

Dijkstra's algorithm. [ Dijkstra 1957]
|S1'ar'1' with vertex O and greedily grow tree T. At each step,
add cheapest path ending in an edge that has exactly one endpoint in T.
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Shortest paths application: Currency conversion
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Currency conversion. Given currencies and exchange rates, what is

* loz.gold $327.25.
* loz.gold £208.10

* loz.gold 455.2 Francs

UK Pound
Euro
Japanese Yen
Swiss Franc
US Dollar
Gold (o0z.)

304.39 Euros

i.0000 0.6853 0.00529%0
1.4599 1.0000 0.007721
189.050 129.520 1.0000

2.1904 1.4978 0.011574
1.571¢4 1.0752 0.008309

0.004816 0.003235 0.0000255

Figure 5
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Single Source Shortest Paths Implementation: Cost Summary

algorithm worst case typical case
Dijkstra (classic) v Ve
nonnegative costs
Dijkstra (heap) ElgE @
Dynamic programming EV EV
no negative cycles
Bellman-Ford-Moore EV @

Figure 6

Our studies have to do with disease spread and impact of the contact between two randomly selected individuals in a
controlled network, impact in terms of population health.

The impact is going to be a nonnegative number, this as a rule, so that we can easily apply Dijkstra’s algorithm or way of
thinking to the problem.

From (Pinheiro, 2016), we got the following graph (Figure 7):

SCsa.

Alex

Jack Peter

Marcel Paul

Figure 7

Let’s now say that Alex has face-to-face contact with 100 people during week X. Peter has face-to-face contact with 500
instead. That is due to differences in employment arrangements, lifestyle, and so on. Jack has face-to-face contact with ten
people because he works at home and lives with his wife, only her and him. Paul has face-to-face contact with 50 people
because he works in IT, hardware, and everyone else who works with him has contact with people, sees others face-to-face,
but he doesn’t. He spends the entire day inside of an office full of equipment. Marcel has face-to-face contact with 200 people
instead. Asha, who always speaks to everyone else, students, fellows, superiors, relatives, and all else, has face-to-face
contact with 600 people. Every edge that leaves the centre of our Starant Graph will then have a weight to represent the
impact of Asha having contact with one of those people whose names we here mentioned, that is, Alex, Peter, Paul, Marcel,
and Jack. These weights, which we will not write on the graph for clarity purposes, are, respectively 700, 1100, 650, 800, and
610.
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SCs 4.
Alex
110 600
Jack Peter
210 550
Marcel 250 Paul
Figure 8

If Peter visits Paul at home and Paul then decides to see Marcel with Peter at his place, we get an impact of Peter + Paul +
Marcel = 500 + 50 + 200 = 750.

That means that, during week X, 750 people are potentially infected with the viral disease that Peter got.

That is then the impact of Peter’s existence in the public health arena.

If Peter visits Paul at his place, and that is all he does, the impact is reduced to 550, which is the value of the edge that goes
from the node we called Peter to the node we called Paul in the figure we here have named Figure 8.

Of course, we are assuming that the people each person we mention here meets face to face is not someone the other person
we have mentioned here would be meeting, that is, we are assuming that there is no intersection between the groups of people
attached to each person we here mention.

3. Conclusions

In conclusion, we have now created a way to tell the impact of the face-to-face contact between any two randomly chosen
individuals in a controlled network in terms of public health or population contamination.

We make use of Dijkstra’s algorithm to measure such an impact and our calculations are based on how many people the
individual who is randomly chosen meets face-to-face during a certain period of time.

Each edge of our Starant Graph starts having a weight, and that weight represents the sum of the weights of the networks of
both nodes or individuals involved.

We could think of a social network environment such as Linkedin here to make it easier: Assume all the people we can
meet in face-to-face mode appear in our Linkedin network. In this way, the number of members of our Linkedin is the weight
of our network or the weight of our personal network in the problem we here consider; that of disease spread.

We make very nave assumptions, such as that there are no common members to these networks and those networks do not
include any member of the main group we study, just for the purpose of presenting the tool, which we will be using later, in
more advanced studies.

We cannot really add the weight of the edges if we talk about more than two members and face-to-face contact amongst
them. In this case, we would have to diminish the weight of the individual’s network attached to the common nodes when
considering the edges instead. For instance, in the example we here give, of Peter, Paul, and Marcel meeting face-to-face, if
we added the weights of the edges between them, if we simply did that, we would get 550 + 250 = 800, but the impact of these
contacts is actually 750 instead because Paul is represented by a node that connects to more than one node involved in this
calculation and his weight is 50, precisely what has to be subtracted from the straight sum. In conclusion, we have to add all
edges and subtract the weight of the common nodes multiplied by the number of participating nodes that it connects to minus
one. If that node only connects to one participating node, we would subtract zero then.
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