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Connection matrix

ü get list of locations

Clear@genLocIDLstD;
genLocIDLst@activities_D := Module@8locs<,

locs = Transpose@activitiesD@@7DD;
DeleteDuplicates@locsD

D

activities = 884, 7, 1, 0, 0, 13 950, 2938<,
84, 7, 2, 1, 27 000, 17 550, 27 618<, 84, 7, 3, 4, 64 800, 29 250, 2938<,
84, 8, 4, 0, 0, 17 400, 2938<, 84, 8, 5, 2, 34 200, 3060, 6270<,
84, 8, 6, 2, 38 400, 3060, 21 032<, 84, 8, 7, 0, 43 200, 3150, 2938<,
84, 8, 8, 2, 47 099, 4215, 15 370<, 84, 8, 9, 4, 54 299, 34 500, 2938<,
85, 9, 1, 0, 0, 13 350, 10 628<, 85, 9, 2, 1, 25 800, 19 049, 29 740<,
85, 9, 3, 4, 61 800, 30 749, 10 628<, 86, 18, 25, 0, 0, 15 300, 2938<,
86, 18, 26, 7, 30 600, 18 149, 5212<, 86, 18, 27, 4, 65 700, 1800, 2938<,
86, 18, 28, 2, 67 860, 2388, 19 815<, 86, 18, 29, 0, 70 499, 26 400, 2938<<;



personIdLst = 87, 8, 9, 18<;
locationIDLst = genLocIDLst@activitiesD

82938, 27 618, 6270, 21 032, 15 370, 10 628, 29 740, 5212, 19 815<

ü plot of graph

GraphPlot@87 Ø 2938, 7 Ø 27 618, 8 Ø 2938, 8 Ø 6270, 8 Ø 21 032, 8 Ø 15 370,
9 Ø 10 628, 9 Ø 29 740, 18 Ø 2938, 18 Ø 5212, 18 Ø 19 815<, VertexLabeling Ø True,

VertexCoordinateRules Ø 87 Ø 8-1, 7.5<, 8 Ø 8-1, 5.5<, 9 Ø 8-1, 2.5<, 18 Ø 8-1, 0.5<,
2938 Ø 84, 8<, 27 618 Ø 84, 7<, 6270 Ø 84, 6<, 21 032 Ø 84, 5<,
15 370 Ø 84, 4<, 10 628 Ø 84, 3<, 29 740 Ø 84, 2<, 5212 Ø 84, 1<, 19 815 Ø 84, 0<<,

VertexRenderingFunction Ø H8White, EdgeForm@BlackD, Disk@Ò, .4D, Black, Text@Ò2, Ò1D< &LD

ü function to return index of element in a list 

Clear@indexD;
index@el_, lst_D := Flatten@Position@lst, elDD@@1DD

H* test *L
index@15 370, locationIDLstD

5

ü generate connection matrix with people indices as row labels and location indices as column labels
Function to generate people-to-location graph

Clear@genPeopleLocConnMatD;
genPeopleLocConnMat@people_, locs_, activities_D := Module@8connMat<,

connMat = Table@0, 8Length@peopleD<, 8Length@locsD<D;
Do@connMat@@index@activities@@i, 2DD, peopleD, index@activities@@i, 7DD , locsDDD = 1,
8i, Length@activitiesD<D;

connMat
D

connMat = genPeopleLocConnMat@personIdLst, locationIDLst, activitiesD;

TableForm@connMatD

1 1 0 0 0 0 0 0 0
1 0 1 1 1 0 0 0 0
0 0 0 0 0 1 1 0 0
1 0 0 0 0 0 0 1 1

Length@Transpose@connMatDD

9

Minimum dominating set problem

ü function to return the degree of a location node

Clear@degLocationD;
degLocation@connMat_, j_D := Count@Transpose@connMatD@@jDD, 1D
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ü list of ordered pairs of location index & corresponding degree

locDegPairLst = Table@8j, degLocation@connMat, jD<, 8j, Length@Transpose@connMatDD<D

881, 3<, 82, 1<, 83, 1<, 84, 1<, 85, 1<, 86, 1<, 87, 1<, 88, 1<, 89, 1<<

ü function to return lst sorted by the second members of the ordered pairs

Clear@sortSecondD;
sortSecond@lst_D := Sort@lst, Ò1@@2DD > Ò2@@2DD &D

H* test*L
sortSecond@locDegPairLstD

881, 3<, 89, 1<, 88, 1<, 87, 1<, 86, 1<, 85, 1<, 84, 1<, 83, 1<, 82, 1<<

ü Function to return list of indices of personIDs adjacent to location with index j

Clear@adjacentPeopleLstD;
adjacentPeopleLst@connMat_, j_D := Flatten@Position@Transpose@connMatD@@jDD, 1DD

H* test *L
adjacentPeopleLst@connMat, 1D

81, 2, 4<

H* test *L
adjacentPeopleLst@connMat, 9D

84<

ü function to return partial minimum dominating set to cover percent fraction of the people using FastGreedy Algorithm

Clear@minDominatingD;
minDominating@locationIDLst_, connMat_, percentPeople_D :=
Module@8people, locations, locDegPairLst, sortedLocDegPairLst,

locDegPair, locIndex, locDeg, loc, percentLength, j<,
If@percentPeople < 0 »» percentPeople > 1, percentPeople = 1D;
people = 8<;
locations = 8<;

locDegPairLst = Table@8j, degLocation@connMat, jD<, 8j, Length@Transpose@connMatDD<D;
sortedLocDegPairLst = sortSecond@locDegPairLstD;
locDegPair = 1;
percentLength = percentPeople * Length@connMatD;

While@Length@peopleD < percentLength,
8locIndex, locDeg< = sortedLocDegPairLst@@locDegPairDD;
loc = locationIDLst@@locIndexDD;
locations = Union@locations, 8loc<D;
people = Union@people, adjacentPeopleLst@connMat, locIndexDD;
locDegPair++

D;
locations

D

H* test *L
locations = minDominating@locationIDLst, connMat, 1D

82938, 5212, 19 815, 29 740<

Length@locationsD

4
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H* test *L
locations = minDominating@locationIDLst, connMat, 0.5D

82938<

Length@locationsD

1

H* test *L
locations = minDominating@locationIDLst, connMat, 0.75D

82938<

People-to-people graph and degree distribution

ü function to generate connection matrix for a people-to-people graph

Clear@peopleToPeopleD;
peopleToPeople@connMat_D := Module@8maxPersonIndex, connPeopleMat, i, locIndex, j<,

maxPersonIndex = Length@connMatD;
connPeopleMat = Table@0, 8maxPersonIndex<, 8maxPersonIndex<D;
H* go through every column of connMat *L
Do@
H* go down locIndex column looking for 1's *L
Do@
If@connMat@@i, locIndexDD ã 1,
H* for every 1 look through rest of locIndex column looking for 1's *L
H* These people are adjacent *L
Do@
If@connMat@@j, locIndexDD ã 1,
connPeopleMat@@i, jDD = connPeopleMat@@j, iDD = 1D, 8j, i + 1, maxPersonIndex<

D
D,
8i, maxPersonIndex<

D,
8locIndex, Length@Transpose@connMatDD<

D;
connPeopleMat

D

connPeopleMat = peopleToPeople@connMatD;

TableForm@connPeopleMatD

0 1 0 1
1 0 0 1
0 0 0 0
1 1 0 0

ü graph

GraphPlot@connPeopleMat, VertexLabeling Ø TrueD

GraphPlot@87 Ø 8, 7 Ø 18, 8 Ø 18, 9 Ø 9<, VertexLabeling Ø True, VertexCoordinateRules Ø
87 Ø 8-1, 0<, 8 Ø 80, 1<, 9 Ø 81.2, 1<, 18 Ø 82, 0<<, SelfLoopStyle Ø 0.01,

VertexRenderingFunction Ø H8White, EdgeForm@BlackD, Disk@Ò, .15D, Black, Text@Ò2, Ò1D< &LD
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ü degree distribution of people-to-people graph

ü function to return the degree of a person node in people-to-people graph

Clear@degPersonPPGD;
degPersonPPG@connPeopleMat_, i_D := Count@connPeopleMat@@iDD, 1D

ü list, distribLst, of degrees of each vertex

distribLst = Table@degPersonPPG@connPeopleMat, iD, 8i, Length@connPeopleMatD<D

82, 2, 0, 2<

ü function to return the degree distribution list:  If n is the number of nodes in the network and nk is the number of nodes of degree 
k, then the degree distribution is P(k) = nk/n, which is the proportion of nodes having degree k.  

Clear@pLstD;
pLst@connPeopleMat_D := Module@8numPeople, degreeLst, i, deg<,

numPeople = Length@connPeopleMatD;
degreeLst = Table@degPersonPPG@connPeopleMat, iD, 8i, numPeople<D;
Table@8deg, Count@degreeLst, degD ê numPeople<, 8deg, 0, Max@degreeLstD<D

D

lst = pLst@connPeopleMatD

::0,
1

4
>, 81, 0<, :2,

3

4
>>

ListPlot@lst, Ticks Ø 880, 1, 2<, 8.25, .50, .75, 1.00<<, PlotStyle Ø PointSize@0.025D,
PlotRange Ø 88-0.05, 2.1<, 8-0.05, 1<<, AxesLabel Ø 8"Degree" k, P@kD<D

ü average degree

tbl = Table@degPersonPPG@connPeopleMat, iD, 8i, 4<D
Mean@tblD êê N

82, 2, 0, 2<

1.5

Clustering coeff in people-to-people graph

ü Function to return list of indices of those adjacent to person with index i in person-to-person graph

Clear@adjacentPeopleD;
adjacentPeople@connPeopleMat_, i_D :=
Flatten@Position@connPeopleMat@@iDD, 1DD
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H* test *L
TableForm@Table@8i, adjacentPeople@connPeopleMat, iD<, 8i, Length@connPeopleMatD<D D

1 2
4

2 1
4

3

4 1
2

ü Function to return the number of edges  in a set in person-to-person graph

Clear@numPeopleEdgesD;
numPeopleEdges@connPeopleMat_, vertices_D := Module@8subMat, trans<,

subMat = connPeopleMat@@verticesDD;
trans = Transpose@subMatD@@verticesDD;
Count@trans, 1, 2D ê 2

D

H* test *L
numPeopleEdges@connPeopleMat, 82, 4, 1<D

3

ü function to return the clustering coefficient for a node
For a node with 0 or 1 adjacent nodes, return 1

Clear@clusteringCoeffD;
clusteringCoeff@connPeopleMat_, v_D := Module@8deg, adj, numerator, denominator<,

deg = degPersonPPG@connPeopleMat, vD;
If@deg < 2, 0,
adj = adjacentPeople@connPeopleMat, vD;
numerator = numPeopleEdges@connPeopleMat, adjD;
denominator = deg * Hdeg - 1L ê 2.0; H* floating point number of combinations *L
numerator ê denominator

D
D

H* test *L
clusteringCoeff@connPeopleMat, 1D

1.

H* test *L
clusteringCoeff@connPeopleMat, 3D

0

ü average clustering coefficient

Clear@meanClusteringCoeffD
meanClusteringCoeff@connPeopleMat_D :=
Mean@Table@clusteringCoeff@connPeopleMat, vD, 8v, Length@connPeopleMatD<DD

H* test *L
meanClusteringCoeff@connPeopleMatD

0.75
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