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CSSE	473	– Day	6
EXHAUSTIVE	SEARCH
GRAPH	REPRESENTATIONS

Traveling	Salesperson	Problem	(TSP)
n cities,	length	of	traveling	between	pairs	of	cities

Must	visit	all	cities	(starting	&	ending	at	same	place)	with	shortest	possible	distance—
i.e.,	find	the	shortest Hamiltonian	cycle

Exhaustive	search:	how	many	circuits?
(n–1)!/2	Î Θ((n–1)!)
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Knapsack	Problem
n items	with	given	weights	wi and	values	vi.

Knapsack	with	weight	capacity	C

Task:	maximize	value	∑	vi while	staying	within	knapsack	capacity	∑	wi ≤	C

Exhaustive	search:	how	many	subsets?
2n Î Θ(2n)
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NP-Hard	Problems
E.g.,	TSP	and	Knapsack

No	general	polynomial-time	algorithm	is	known to	generate	a	solution.

However,	a	solution	can	be	verified	in	polynomial	time	(P-time)

Thought	not	to	exist	(𝑃 ≠ 𝑁𝑃),	but	never	been	proven.

Some	instances	can	be	solved	in	sub-exponential	time,	some	have	approximation	
algorithms.

Typically	us	optimization	algorithms	such	as	genetic	algorithms	and	swarm	intelligence

More	later	in	the	course.

Assignment	Problem
Assign	n people	to	n jobs,	one	person	per	job

Given	associated	costs	(person	i on	job	j),	minimize	cost.

Job->	1				2				3				4
Person	1
Person	2
Person	3
Person	4

Cost	matrix Exhaustive	search

Exhaustive	search:	how	many	assignments?
n!

There	is	a	much	more	efficient	algorithm	for	this	problem.
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Graphs
Basic	ingredients:	vertices	&	edges

Often	specified	with	one	of	these	data	structures:
◦ Adjacency	matrix	(good	for	dense	graph)
◦ Adjacency	list	(good	for	sparse	graph)

Edges	can	be	directed/undirected

edges/vertices	can	have	weights/costs/values/colors

many	variants

Directed	Graphs

SOLUTION KEY

CSSE/MA 473 Worksheet for Class #7
September 14, 2015

Depth-First Search (DFS) Graph Traversal

Basic DFS principles. Proceed to an unvisited neighbor (push on stack); backtrack (pop o↵ stack) only when

impossible to proceed. To get consistent results, let’s choose the starting vertex and “break ties” according to

alphabetical order of the vertex labels. Also, in a directed graph, we must follow only “forward” edges.

Notation for this worksheet. In a DFS step, we either push a node on the stack or pop a node o↵ the

stack. To notate DFS, write two step numbers in each node: “step when pushed” | “step when popped.” Also,

DFS splits edges in a (directed) graph into four categories, as follows. We denote the tree edges with solid

lines, and the non-tree edges with dotted lines. Let’s also label non-tree edges with their type (B, F, or C.)

• Tree edge: traced by the DFS algorithm. Altogether, the tree edges create a forest.

• Back (B) edge: non-tree edge; vertex to ancestor,

• Forward (F) edge: non-tree edge; vertex to descendant.

• Cross (C) edges: non-tree edge; vertices have no direct anscestry.

An example is now shown: graph at left, and relabeled according to DFS at right. Please see if you can follow

along with the DFS traversal and how the labels are assigned!
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Exercise. Redraw and label the vertices and edges of the following graph according to the DFS traversal.
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How	is	a	directed	graph	implemented	as	an…
◦ Adjacency	matrix?
◦ Adjacency	list?

Directed	acyclic	graph	(dag):	no	directed	cycles


