Minimal Spanning Tree

< JohnsonBaugh’s Algorithms, Section 7.3 (page 284) find
Minimal Spanning Tree (MST) with Prim’s algorithm:

Six cities We want to construct a set of
interconnecting roads such
that one can reach any city
from any starting city and
the total construction costs
are minimized.

1 Foxville 2 Steger

The estimated costs for some

pairs of cities are as labeled. 5
A tree

(MST) .1 or

Prim’s MST (1/7)

+ Prim’s algorithm: starting with vertex 5 (Mystic)

1 Foxville 4 2 Steger
@, O

3 /2| \&
3 b2
2 h 6
5 4 2+3+2+1=8 2+3+4+2+1=12
- y : 7
Prim’s MST (2/7) Prim’s MST (3/7)
123456 1 ) 123456
Adjacency matrix: 1042030 1042030
2/400500 2/400500
3200163 4 3200163
4051006 : . - 4051006
1306002 : A + Adjacency list adj: c1 306002
6l003620 6l003620
h: a list of vertices v not in the MST and its minimum weight to MST 1 o | P[5138Te] *[3T2]<] “[214]ec oy
(weight of the edge from v to the vertex parent[v]) 2
arent[v]: (v, parent[v]) is an edge of the minimal spanning tree s ey . i,
parentlvl: v parentil) s en ec - 3 |9 | 613191 (5169 (4119 [z},
1 . A
= v = 4 O
minimum weight
v from v to MST parent[v] c — N
2 4 1 3 4 6 — T
3 2 1 c
4 6 6

MST={156} © 5




Prim’s MST (4/7) Prim’s MST (5/7)
h

o h

minimum weight minimum weight

V| from v to MST || Parent[v] V| fromyv.ta MgT parent[v]

1 o - <~ 3 > 5

2 z = i s o _

3 © - 3 oK 3 5 6
e PRI R
\/‘ ____________ = = ,’l l 2 3 4 5 6
% @ - MST=BOE 1 parent 5" P67,

° _h . 1 4 o ."' h
minimum weight ° minimum weight
v frog v to MST parent[v] ; v frorgy to I\/IgT parent[v]
% x 3 X5 4 2= X 4__ X1
e - P X 2 > K1

3 X 6 X5 Al 41T 6 6
Iy S o ___ || - 5 6 v 123456
6. X2 > X5, MST={561} / Parent =575

Prim’s MST (6/7) Prim’s MST (7/7)

1 4 P __h _ prim(adj, start, parent) { ,while (ref 1=nuiy { W= We MST
; minimum weight i n = adj.last ! w = refver ref-Welght—Z_
j V| from v to MST || Parent[v] fori=1ton it (hisingu) && h.keyval(w)=3
4 ! 2 -l 1 keyl[i] = o I ref.weight < h.keyval(w)) {
' ,\’§ , 4 K 1 _\/ K 3 key[stal’t] = 0 9: parent[w] =v
\
\

TTTTTTTTT parent[start] = 0 h.decrease(w, ref.weight)

5 6 123456 h.in_it(key, n) v} v 10 4. 09
MST=(56.3} / P o [S]_[1[3[0]s] fori=1ton{ \ ref = refnext
h G;\mv? hlocifl[o] v=1 ¥
; . . ref = adj[v] V=
1 4 2 / minimum weight t ) > (5,3)->(3,2) --3(24).,,‘
" V| from.v.tg MST || Parent[v] réf el
’:7, ! _2_ 1 4 S > 1 h is an abstract data type that supports the following operations
3 4 1_'2'5 '4 5 6 h.init(key, n): initializes h to the values in key
{ parent m h.del(): deletes the item in h with the smallest weight and returns the vertex
1) 5[1]113/0]6] h.isin(w): returns true if vertex w is in h
> 6 ¥ h.keyval(w): returns the weight corresponding to vertex w

A
MST={5,6,1,3,4 MST={5,6,1,3,4,2} h.decrease(w, new_weight): changes the weight of w to new_weight (smaller)
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Implementation Hints

. Write a function to read the file to an adjacency matrix
. Write a function to convert the matrix to an adjacency list

a. Define the list node structure (vertex, weight, next)

b. Define a pointer array adj[] for list heads

c¢. Write an insert() function to insert a node to a specified list
d. Write a freeL.ist() function free all lists

. Define the structure of container h to store all nodes currently not in MST

a. An array vertices[] to store nodes
b. An array keys[] to store the minimal distance of vertices[] to the MST

. Define the array parent[] to store the MST

. Write a C function for the Prim algorithm of previous page

. Write an init() function to initialize the container h from key[]

. Write a del() function to find the node with minimal keyvalue in h and delete that

node/key
Write an isin() function to test if a node is currently in MST
Write a keyvalue() function to return the key value of specified node in h

10. Write a decrease() function to modify the keyvalue fields for all neighboring

nodes of the node being deleted from h




