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Algorithm 8.1: (Warshall's Algorithm) A directed graph G with M nodes is maintained in
memory by its adjacency matrix A. This algorithm finds the (Boolean) path
matrix P of the graph G.

1. Repeat for I, J=1,2,.. ., M: [Initializes P.]
If A{l, J] =0, then: Set P[I, J}:=0;
Else: Set P{I, J]:=1.
{End of loop.]

2. Repeat Steps 3 and 4 for K=1,2, ..., M: [Updates P.]
3. Repeat Step 4 for 1=1,2,...,M:
4. Repeat for J=1,2, . M

Set P[I, J}:=P(I, J] v (P{I, K] A P[K, I]).
[End of loop.]
{End of Step 3 loop.]
{End of Step 2 loop.}
5. Exit.
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Qi[4, 2] = MIN(Q,[3, 2], Qol4, 1]+ Q,[1, 2]) = MIN(w, 4 + 5) =9
Q,1, 3] =MIN(Q,[1, 3], ©,(1,2]+ Q,(2, 3]) = MIN(, 5 + =) =
0,04, 2] = MIN(Q,[4, 2], Q,[4,3]+ Q,(3,2]) =MIN(9,3+ 1) =4

Q.[3, 1] = MIN(Q,[3, 1], ©,[3, 41 + Q,[4, 1)) = MIN(10, 5 + 4) =9
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Algorithm 8.2:

(Shortest-Path Algorithm) A weighted graph G with M nodes is maintained.in
memory by its weight matrix W. This algorithm finds a matrix Q such that Q[I, J]
is the length of a shortest path from node V; to node V,. INFINITY is a very
large number, and MIN is the minimum value function.

1. Repeat for [,J=1,2,..., M: [Initializes Q]
W(I, J] =0, then: Set Q[I, J] := INFINITY;
Else: Set Q[I,J]:=WIL, J].
{End of loop.]

2. Repeat Steps 3 and 4 for K=1,2, ..., M: [Updates Q.]
3. Repeat Step4for1—1 2,... :
4 Repeat for J = M'
Set Q[1, J}: —MIN(Q[I 1], Q[1, K] + Q[K, J}).
[End of loop.]
[End of Step 3 loop.}
[End of Step 2 loop.]
5. Exit.
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Procedure 8.3: FIND(INFO, LINK START, ITEM, LOC) [Algorithm 5.2]
Finds the location LOC of the first node containing ITEM, or sets
LOC:=NULL.

1. Set PTR:=START.
2. Repeat while PTR # NULL:
If ITEM = INFO[PTR], then: Set LOC:=PTR, and Return.
Else: Set PTR := LINK[PTR].
(End of loop.]
3. Set LOC:=NULL, and Return.

cd K I ITEM Sudesls juaie (Algorithm 5.10 5 Procedure 5.9 oy ebL)84 wlyp)
5 5l SITEM \.J‘..:;,._.f\: =S s 03l FLAG ik iz SOt )3 .05 ERTY RV
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Procedure 8.4: DELETE(INFO, LINK, START, AVAIL, ITEM, FLAG) [Algorithm 5.10]
Deletes the first node in the list containing ITEM, or sets FLAG:=FALSE
when ITEM does not appear in the list.

1. [List empty?] f START = NULL, then: Set FLAG := FALSE, and Return.
2. [ITEM in first node?] If INFO[START] = ITEM, then:
Set PTR := START, START := LINK[START],
LINK[PTR]:= AVAIL, AVAIL := PTR,
FLAG :=TRUE, and Return.
[End of If structure.]
Set PTR := LINK[START] and SAVE := START. {Initializes pointers.}
Repeat Steps S and 6 while PTR % NULL:
5. If INFO[PTR] = ITEM, then:
Set LINK[SAVE]:= LINK[PTR], LINK[PTR] = AVAIL,
AVAIL := PTR, FLAG :=TRUE, and Return.
[End of If structure.)
6. Set SAVE :=PTR and PTR:= LINK[PTR]. [Updates pointers}
[End of Step 4 loop.]
7. Set FLAG :=FALSE, and Return.
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Call FIND(NODE, NEXT, START, N, LOC)
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Procedure 8.5: FINDEDGE(NODE, NEXT, ADJ, START, DEST, LINK, A, B, LOC)
This procedure finds the location LOC of an edge (A, B) in the graph G, or sets
LOC:=NULL.

1. Call FIND(NODE, NEXT, START, A, LOCA).

2. CALL FIND(NODE, NEXT, START, B, LOCB).

3. If LOCA =NULL or LOCB = NULL, then: Set LOC:= NULL.
Else: Call FIND(DEST, LINK, ADJ[LOCA], LOCB, LOC).

4. Return.

Procedure 8.6: INSNODE(NODE, NEXT, ADJ , START, AVAILN, N, FLAG)
This procedure inserts the node N in the graph G. a

1. [OVERFLOW?] If AVAILN =NULL, then: Set FLAG :=FALSE, and
Return.

2. Set ADJ[AVAILN]:= NULL.
3. [Removes node from AVAILN list.]
Set NEW := AVAILN and AVAILN := NEXT[AVAILN].
4. [Inserts node N in the NODE list.]
Set: NODE[NEW):=N, NEXT[NEW]:=START and START:=NEW.
5. Set FLAG := TRUE, and Return. :
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Procedure 8.7: INSEDGE(NODE, NEXT, ADJ, START, DEST, LINK, AVAILE, A, B,
FLAG)

This procedure inserts the edge (A, B) in the graph G.

1.
2.
3

4.

Call FIND(NODE, NEXT, START, A, LOCA).

Call FIND(NODE, NEXT, START, B, LOCB).

[OVERFLOW?] If AVAILE =NULL, then: Set FLAG :=FALSE, and
Return.

[Remove node from AVAILE list.] Set NEW := AVAILE and

AVAILE := LINK[AVAILE].

(Insert LOCB in list of successors of A.]

Set DEST[NEW] := LOCB, LINK[NEW] := ADJ[LOCA] and
ADJ[LOCA]:=NEW.

Set FLAG := TRUE, and Return.
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Procedure 8.8: DELEDGE(NODE, NEXT, ADJ, START, DEST, LINK, AVAILE, A, B,
FLAG)
This procedure deletes the edge (A, B) from the graph G.

1.
2.
3

4.

Call FIND(NODE, NEXT, START, A, LOCA). [Locates node A.]

Call FIND(NODE, NEXT, START, B, LOCB). [Locates node B.]

Call DELETE(DEST, LINK, ADJ[LOCA], AVAILE, LOCB, FLAG).
[Uses Procedure 8.4.]

Return.
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Procedure 8.9: DELNODE(NODE, NEXT, ADJ, START, AVAILN, DEST, LINK,
AVAILE, N, FLAG)
This procedure deletes the node N from the graph G.

1. Call FIND(NODE, NEXT, START, N, LOC). [Locates node N.]
2. If LOC=NULL, then: Set FLAG := FALSE, and Return.
3. [Delete edges ending at N.]
(a) Set PTR:=START.
(b) Repeat while PTR = NULL:
(i) Call DELETE(DEST, LINK, ADJ[PTR], AVAILE, LOC,
FLAG).
(ii) Set PTR:= NEXT[PTR].
{End of loop.]
[Successor list empty?} If ADJ[LOC]= NULL, then: Go to Step 7.
[Find the first and last successor of N.]
(a) Set BEG:=ADIJ[LOC], END := ADJ[LOC] and
PTR := LINK[END].
(b) Repeat while PTR # NULL:
Set END.:= PTR and PTR := LINK[PTR}].
[End of loop.}
6. [Add successor list of N to AVAILE list.}
Set LINK[END] := AVAILE and\ AVAILE := BEG.
7. [Delete N using Procedure 8.4.]
Call DELETE(NODE, NEXT, START, AVAILN, N, FLAG).
8. Return.
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