[ > # the networks package contains graph theory functions
> with(networks):
> # this file contains procedures for the travelling sal esman
probl em
> read ‘Q/223/travel sales.ni;
> random ze(109877); # this sets the seed so that the
out put can be checked: please use the seed you have been assi gned
| - you can find this on the Iist on the web page for the course.
> # this creates a graph with n=20 vertices and random y assi gned
| edges and wei ghts.
[ > R =random { 20):
(> draw(R);
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> # The graph above is a randomy generated wei ghted graph with 20
vertices. To see the weights of edges | could replace the colon on
the following line with a sem col on
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[ >

> ewei ght (R):

> # The function random () nmay output a graph which is not
Ham ltonian. If so | just try it

again. It seens likely that in this case the graph is Ham | tonion. |

think I can see a Ham | tonian closed path and | check this out
by typing in the edges of a possible H c. p. into the induce
conmand.

> H =i nduce({eb, e65, e87, e66, el3, e79, e75, e85, e63, e58, eb0,
| ebl, eb4, e69, el5, e27, e22, el09, e33, e82},R):
(> draw(H);
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"> # H above consists of just the edges of the Ham I tonian cl osed
path. 1’mnow satisfied that this graph is Ham|tonian so |
continue to | ook for a | ower bound on the weight of Ham|. cl osed
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paths. First | check the total weight of the H c.p. above using

the function total eweight().

> total _ewei ght (H);

258

> # The function del _span(G w il take each vertex v of a graph Gin

turn, delete it and

The output is an

Here T(n) is a mninmal

find a minimal weight spanning tree of Gv.

array each entry of which a pair [T(n),w(n)].

spanning tree of G -(vertex n) and wn)

isits weight. In the exanple below the array is output as a
colum with weights down the RHS. To see the output | nust use the

eval () function.
> X: =del _span(R):
> eval (X);

> M =X[6, 1] ;

> # Mis the m ni nal

being entry [6, 1]

> draw( M ;
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20,1 69

M :=min_span, ;
spanni ng tree obtained by renoving vertex 6
fromR Fromthe array X above | can see that the weight of M

is 74 i.e.

entry [6,2].
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> # Simlarly Nis the mninmal spanning tree of the graph obtai ned
. fromR by renoving vertex 15 and N has wei ght 82.
> N =X 15, 1];

N :=min_span ;

- > drawm(N);

Page 4



\Y

10

14

@

13

14

16 7

# The edges incident to vertex 15 are found using the incident()
function.
i nci dent (15, R);

{ €2, el8, 24, €30, e43, e48, €59, e60, €64, e65, €76, e37, €88, e89}
# Their weights can be seen using eweight(); (copy and paste the
list of edges from above)
ewei ght ([ e2, el8, e24, e30, e43, e48, eb59, e60, e64, eb65, e76,
e87, e88, e89],R);

[4,18,1,17,8,17,10,11,19,7,15, 1, 3,9]
# This can all be done in one if you prefer:
ewei ght ([op(incident(15,R)],R);

[4,18,1,17,8,17,10,11,19,7,15, 1, 3,9]
# A |l ower bound for ny travelling sal esnan problemis therefore
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(> X[ 15, 2] +1+1;

84

> # This is alot smaller than the weight of the H c.p. |I found above

(weight 258). | can see if | can increase this bound by | ooking at
renoval of different vertices - but that doesn’t |ook likely. Next
| try to find an Hc.p. of |lower weight. At least |I know | need go
no lower than 84. | need the weights of edges of R, a list of ends
of edges and their correspondi ng nanes - use the function

list _eweights(R) for this. | also need a list of edges of N
(replace the colons by a sem col ons bel ow and renove the # in
front of |ist_eweights)

#l i st _ewei ght s(R)

edges(N):
{ el, €6, €9, ell, 23, €28, €106, €36, e45, e61, 68, €70, e80, e86, €90, €94, €95, €99}
# on inspection | find the followng Ham|. cl osed path and type
in the edges.
HCP: =i nduce({el, e6, €9, el2, e23, €83, 106, €36, e45, e61, €20, €70, €80, €86
, €90, €94, e95, €99, e87, €24}, R):
# calculate its weight and draw it.
total ewei ght (HCP);
120
dr aw( HCP) ;
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