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Abstract

The Floyd algorithm is used to find shortest paths in a graph or network. In present article | present full Matlab
codes of the Floyd algorithm for using in the studies of network pharmacology. As an example, it is used to
find shortest paths in a tumor pathway.
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1 Introduction
The shortest path problem dedicates to find a path with minimal weight sum (i.e., shortest path) in a weighted
graph or network (Zhang, 2012). The shortest path refers to the one between two given nodes, or the one
between a given node to every nodes. The weights in weighted graph or network are cost, flux, distance, etc. In
the present study | present full Matlab codes of the Floyd algorithm for using in the studies of network
pharmacology.

2 Floyd Algorithm

In the Floyd algorithm (1962), each time insert a node, and compare the weight sum of the path between any
two nodes with the weight sum of the path going through the two nodes and inserted node, if the former is
larger, then replace the former path with the path having inserted the node (Zhang, 2012). Suppose the graph
or network X has v nodes, and the weight matrix is d=(d;;), where dj; =1 for unweighted network and d;;=w;; for
weighted network (wj; is the weight for the link v; to vj), if v; and v; are adjacent, and d;=0, if v; and v; are not
adjacent; i, j=1,2,..., v. The algorithm is (Zhang, 2012)

(1) Letk=1.
) Leti=1.
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(3) Calculate
di=min(d;j;, di+dig), j=1,2,...,v.

(4) Leti=i+1, if i<<v, then return to (3).
(5) Let k=k+1, if k<v, then return to (2), or else terminate the calculation.

The following are Matlab codes, Floyd.m, for Floyd algorithm:

d=input('Input the file name of adjacency matrix of the weighted network (e.qg., adj.txt, adj.xls, etc. Adjacency matrix is
d=(dij)v*v, where v is the number of nodes in the network. dij=1 for unweighted network and dij=wij for weighted network (wij
is the weight for the link vi to vj), if vi and vj are adjacent, and dij=0, if vi and vj are not adjacent; i, j=1,2,..., m): ','s");
d=load(d);

% d: weighted adjacency matrix; distances: matrix of distances between different
% nodes; paths: string of paths and distances between any of two nodes
inf=1e+50;

v=size(d,1);

a=zeros(v);

b=zeros(1,v*(v-1)/2);

e=zeros(1,v*(v-1)/2);

h=zeros(1,v*(v-1)/2);

distances=zeros(v);

fori=1:v

for j=1:v

if ((d(i,j)==0) & (i~=j)) d(i,j)=inf; end

end; end

fori=1:v

for j=1:v

if (d(i,j)~=inf) a(i,j)=j; end

end; end

fori=1:v

for j=1:v

for k=1:v

c=d(j,i)+d(i,k);

if (c<d(j,k)) d(j,k)=c; a(j,k)=i; end

end; end; end

paths=";

for p=1:v

for g=1:v

if (p==q) continue; end

u=a(p,a);

m=1;

b(1)=u;

while (v>0)

m=m+1;
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b(m)=a(b(m-1),0);

if (g==b(m)) break; end

if (b(m)==b(m-1)) break; end

if (m>v) break; end

end

n=1;

e(1)=u;

while (v>0)

n=n+1;

e(n)=a(p.e(n-1));

if (p==e(n)) break; end

if (e(n)==e(n-1)) break; end

if (n>v) break; end

end

for i=1:m+n-1

if (i==1) h(i)=p; end

if ((i<=n) & (i>1)) h(i)=e(n-i+1); end

if ((i>n) & (i<(m+n-1))) h(i)=b(i-n+1); end

if (i==(m+n-1)) h(i)=q; end

end

paths=strcat(paths,'Shortest path from ‘,num2str(p),' to ',num2str(q),"\n");
for i=1:m+n-1

if ((h(1)~=0) & (d(p.q)~=inf))

if ((h(i)==h(i+1)) & (i<m+n-1)) continue; end

if (ikm+n-1) paths=strcat(paths,num2str(h(i)),->"); end
if (i>=m+n-1) paths=strcat(paths,num2str(h(i)),\n"); end
end; end

if (d(p,q)~=inf) paths=strcat(paths, Distance=",num2str(d(p,q)),\n"); distances(p,q)=d(p,q); end

if (d(p,q)==inf) paths=strcat(paths,'No path',\n); end
end; end

disp('Distances matrix')

distances

disp('Shortest paths')

fprintf(paths)

3 Application Case

Here | use the PPAR tumor pathways to find shortest paths in the network (Huang and Zhang, 2012; Li and
Zhang, 2013). The adjacency matrix (unweighted network) of PPAR tumor pathways is as the following
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Running the Matlab program, the distances matrix is as the following
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Some of the shortest paths are achieved as follows

Shortest paths

Shortest path from1 to2:
1->6->2

Distance=2

Shortest path from1 to3:
1->6->8->10->3
Distance=4

Shortest path from1 to4:
1->6->8->10->13->11->9->7->4
Distance=9

Shortest path from1 to5:
1->6->8->10->26->5
Distance=5

Shortest path from1 to6:
1->6

Distance=1

Shortest path from1 to7:
1->6->8->10->13->11->9->7
Distance=8

Shortest path from1 to8:
1->6->8

Distance=2

Shortest path from1 t09:
1->6->8->10->13->11->9
Distance=7

Shortest path from1 to10:
1->6->8->10

Distance=3

Shortest path from1 to11:
1->6->8->10->13->11
Distance=6

Shortest path from1 to12:
1->6->8->10->13->18->16->14->12
Distance=9

IAEES

g o W N Wk A~ b

W W wWwN W w DN

o o O B~ W ool

N N N P DD N W -

o o A W N D R~ O

P P P N W w s~ O

g g W N P W O N

A~ A N P N O W W

A A NN P O DN PP W

W Wk, O P P NN DN

NN O P NN W
N O N W M D O
o NN W DM DN O

Wwww.iaees.org



Network Pharmacology, 2016, 1(1): 42-53

47

Shortest path from1 to13:
1->6->8->10->3->13
Distance=5

Shortest path from1 to14:
1->6->8->10->13->18->16->14
Distance=8

Shortest path from1 to15:
1->6->8->10->13->18->24->22->15
Distance=9

Shortest path from1 to16:
1->6->8->10->13->18->16
Distance=7

Shortest path from1 to17:
1->6->8->10->13->18->16->14->12->17
Distance=10

Shortest path from1 t018:
1->6->8->10->13->18
Distance=6

Shortest path from1 t019:
1->6->8->10->13->18->24->23->21->19
Distance=10

Shortest path from1 t020:
1->6->8->10->26->20
Distance=5

Shortest path from1 to21:
1->6->8->10->13->18->24->23->21
Distance=9

Shortest path from1 to22:
1->6->8->10->13->18->24->22
Distance=8

Shortest path from1 t023:
1->6->8->10->13->18->24->23
Distance=8

Shortest path from1 to24:
1->6->8->10->13->18->24
Distance=7

Shortest path from1 t025:
1->6->8->10->26->5->25
Distance=6

Shortest path from1 t026:
1->6->8->10->26

Distance=4

Shortest path from1 to27:
1->6->8->10->13->27
Distance=6
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Shortest path from2 to1:
2->6->1

Distance=2

Shortest path from2 to3:
2->6->8->10->3

Distance=4

Shortest path from2 to4:
2->6->8->10->13->11->9->7->4
Distance=9

Shortest path from2 to5:
2->6->8->10->26->5
Distance=5

Shortest path from2 to6:
2->6

Distance=1

Shortest path from2 to7:
2->6->8->10->13->11->9->7
Distance=8

Shortest path from2 t08:
2->6->8

Distance=2

Shortest path from2 t09:
2->6->8->10->13->11->9
Distance=7

Shortest path from2 t010:
2->6->8->10

Distance=3

Shortest path from2 to11:
2->6->8->10->13->11
Distance=6

Shortest path from2 to12:
2->6->8->10->13->18->16->14->12
Distance=9

Shortest path from2 to13:
2->6->8->10->3->13
Distance=5

Shortest path from2 to14:
2->6->8->10->13->18->16->14
Distance=8

Shortest path from2 to15:
2->6->8->10->13->18->24->22->15
Distance=9

Shortest path from2 to16:
2->6->8->10->13->18->16
Distance=7
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Shortest path from2 to17:
2->6->8->10->13->18->16->14->12->17
Distance=10

Shortest path from2 t018:
2->6->8->10->13->18
Distance=6

Shortest path from2 t019:
2->6->8->10->13->18->24->23->21->19
Distance=10

Shortest path from2 t020:
2->6->8->10->26->20
Distance=5

Shortest path from2 to21:
2->6->8->10->13->18->24->23->21
Distance=9

Shortest path from2 t022:
2->6->8->10->13->18->24->22
Distance=8

Shortest path from2 t023:
2->6->8->10->13->18->24->23
Distance=8

Shortest path from2 to24:
2->6->8->10->13->18->24
Distance=7

Shortest path from2 t025:
2->6->8->10->26->5->25
Distance=6

Shortest path from2 t026:
2->6->8->10->26

Distance=4

Shortest path from2 t027:
2->6->8->10->13->27
Distance=6

Shortest path from3 tol:
3->10->8->6->1

Distance=4

Shortest path from3 to2:
3->10->8->6->2

Distance=4

Shortest path from3 to4:
3->13->11->9->7->4
Distance=5

Shortest path from3 to5:
3->10->26->5

Distance=3
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Shortest path from3 to6:
3->10->8->6

Distance=3

Shortest path from3 to7:
3->13->11->9->7
Distance=4

Shortest path from3 to8:
3->10->8

Distance=2

Shortest path from3 t09:
3->13->11->9
Distance=3

Shortest path from3 t010:
3->10

Distance=1

Shortest path from3 to11:
3->13->11

Distance=2

Shortest path from3 to12:
3->13->18->16->14->12
Distance=5

Shortest path from3 to13:
3->13

Distance=1

Shortest path from3 to14:
3->13->18->16->14
Distance=4

Shortest path from3 to15:
3->13->18->24->22->15
Distance=5

Shortest path from3 to16:
3->13->18->16
Distance=3

Shortest path from3 to17:
3->13->18->16->14->12->17
Distance=6

Shortest path from3 to18:
3->13->18

Distance=2

Shortest path from3 t019:
3->13->18->24->23->21->19
Distance=6

Shortest path from3 t020:
3->13->18->20
Distance=3
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Shortest path from3 to21:
3->13->18->24->23->21
Distance=5

Shortest path from3 t022:
3->13->18->24->22
Distance=4

Shortest path from3 t023:
3->13->18->24->23
Distance=4

Shortest path from3 to24:
3->13->18->24
Distance=3

Shortest path from3 t025:
3->13->18->20->25
Distance=4

Shortest path from3 t026:
3->10->26

Distance=2

Shortest path from3 t027:
3->13->27

Distance=2

Shortest path from4 tol:
4->7->9->11->13->10->8->6->1
Distance=9

Shortest path from4 to2:
4->7->9->11->13->10->8->6->2
Distance=9

Shortest path from4 to3:
4->7->9->11->13->3
Distance=5

Shortest path from4 to5:
4->7->9->11->13->18->20->25->5
Distance=8

Shortest path from4 to6:
4->7->9->11->13->10->8->6
Distance=8

Shortest path from4 to7:
4->7

Distance=1

Shortest path from4 to8:
4->7->9->11->13->10->8
Distance=7

Shortest path from4 t09:
4->7->9

Distance=2
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Shortest path from4 t010:
4->7->9->11->13->3->10
Distance=6

Shortest path from4 to11:
4->7->9->11

Distance=3

Shortest path from4 to12:
4->7->9->11->13->18->16->14->12
Distance=8

Shortest path from4 to13:
4->7->9->11->13

Distance=4

Shortest path from4 to14:
4->7->9->11->13->18->16->14
Distance=7

Shortest path from4 to15:
4->7->9->11->13->18->24->22->15
Distance=8

Shortest path from4 t016:
4->7->9->11->13->18->16
Distance=6

Shortest path from4 to17:
4->7->9->11->13->18->16->14->12->17
Distance=9

Shortest path from4 t018:
4->7->9->11->13->18

Distance=5

Shortest path from4 t019:
4->7->9->11->13->18->24->23->21->19
Distance=9

Shortest path from4 t020:
4->7->9->11->13->18->20
Distance=6

Shortest path from4 t021:
4->7->9->11->13->18->24->23->21
Distance=8

Shortest path from4 t022:
4->7->9->11->13->18->24->22
Distance=7

Shortest path from4 t023:
4->7->9->11->13->18->24->23
Distance=7

Shortest path from4 t024:
4->7->9->11->13->18->24
Distance=6
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Shortest path from4 t025:
4->7->9->11->13->18->20->25
Distance=7

Shortest path from4 t026:
4->7->9->11->13->10->26
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