Appendix: Computing all pathsin Preprint
9.1 Semiring

A path is a walk in a graph with all its vertices different.
A andB set of paths on network.
A+B=AUB
A-B={aeb:a€ Abec B}

po | ae b last(a) = first(b) A set(a) N set(bf(b)) =0
aev= nothing otherwise

o is the operation ofoncatenation of paths.

D-A=A-0=0

Kleene, Warshall, Floyd and Roy are contributed to the agraknt of the procedure which
final form was given by Fletcher.

Co =W,
for k£ := 1ton dobegin
for i :=1tondofor j :=1tondo
cxli, ] o= cu-ali, ] + crai, K] - (o [k, R]) - coalk, 55
celk, k] =1+ cplk, k] ;
end;
W*.=C,;

If we delete the statement[k, k] := 1 + [k, k| we obtain the algorithm for computing the
strict closurew .
We have an idempotenti(+ A = A) semiring. The unit fort+ is the empty sefi. The unit
for-isl={[v] :veV}.
Let
A = ¢4k, k] = {a € Path: first(a) = last(a) = k} = {[k]}

Therefore
A =14+ A+ A2+ A A =1 R+ R+ {R] +{[K]} =1

Since the semiring is idempotent the Fletcher’s algorittam lbe performed in place — we
can omit indices in,.

9.2 Python
defC times(A B):
if_(A == [])| (B ==1[]): return(Q
for ain A
for b in B:
la = a[lenga)-l]; fb = b[0]
if la == fbh:

Y set(a) & set(b[1:]) == set(): C append(a+b[1:])
return(C

def closure(R):
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Ei/] + times(CQu] [K], Kk][V])
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