
ALES	291/Math	120	 Assignment	12	 Due:	1	pm	April	15	

1. (10	marks)	What	is	the	shortest	route	from	a	to	z	in	the	graph	below?	How	long	is	it?	
(You	can	do	this	on-the-graph	or	in-the-matrix,	whichever	you	prefer,	but	be	sure	to	
show	your	work.	I	want	to	be	able	to	see	that	you	applied	the	algorithm	properly.)	

	

2. (10	marks)	Habitat	connectivity	

Graphs	can	make	clear	a	number	of	habitat	features	of	interest,	e.g.	the	labelled	items	in	
the	graph	below.	These	are	easy	to	spot	in	a	small	modestly	connected	visual	graph,	but	
how	to	spot	them	in	a	matrix	representation	of	a	graph?	

	



a. Draw	the	matrix	representation	of	this	graph.	

Informed	by	this	example	write	instructions	telling	someone	how	to	identify	the	
presence	of	each	of	the	following	features	of	a	graph	in	the	matrix,	i.e.	by	looking	only	at	
the	matrix	and	not	consulting	the	picture	of	the	graph.	

b. The	best-connected	vertex	in	the	graph.	
c. Isolated	vertices.	
d. Low	redundancy	edges.	
e. Exposed	vertices.	
f. Islands.	

	

3. (10	marks)	Reachability	

Consider	the	adjacency	matrix,	

𝑎 𝑏 𝑐 𝑑 𝑒 𝑓 𝑔 ℎ 𝑖 𝑗
𝑎
𝑏
𝑐
𝑑
𝑒
𝑓
𝑔
ℎ
𝑖
𝑗 ⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡
1 0 1 0 0 1 0 0 1 0
0 0 0 1 0 0 1 0 0 0
1 0 0 0 0 1 0 1 1 0
0 1 0 1 0 0 1 0 0 0
0 0 0 0 0 1 0 1 1 1
1 0 1 0 1 0 0 0 1 1
0 1 0 1 0 0 1 0 0 0
0 0 1 0 1 0 0 0 1 0
1 0 1 0 1 1 0 1 0 1
0 0 0 0 1 1 0 0 1 0⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

	

a. How	many	paths	of	length	2	are	there	from	f	to	i?	

b. How	many	paths	of	length	4	are	there	from	a	to	e?	

c. Determine	if	the	graph	is	connected1	by	calculating	as	many	adjacency	matrices	as	
necessary	and	combining	them	into	a	reachability	matrix.	

Remember:	Excel	is	your	friend!	(I’m	not	expecting	you	to	multiply	this	out	by	hand!)	

	 	

	
1	Remember,	a	connected	graph	is	one	in	which	every	vertex	can	be	reached	from	every	other	vertex.	
Intuitively	it	is	in	one	piece.	



4. (10	marks)	The	rule	of	72	

The	rule	of	72	is	a	very	useful	heuristic.	But	if	we	are	going	to	rely	on	a	heuristic	we	
should	know	how	good	or	bad	the	answers	are	going	to	be.	

a. Find	the	exact	doubling	time	for	interest	rates	of	1,	2,	3,	…,	20	percent.	

b. Find	the	doubling	time	given	by	the	heuristic	for	each	of	these	interest	rates.	

c. What	is	the	percentage	error	of	the	heuristic	for	each?	If	you	told	someone	about	
this	heuristic	trick	what	would	you	tell	them	about	the	results?	

d. Derive	a	similar	heuristic	approximation	for	tripling	time,	that	is	the	time	it	would	
take	an	investment	to	triple.	Be	sure	to	show	your	work.	

5. (10	marks)	The	TSP	Challenge!	

Here	is	a	sample	travelling	salesman	problem.	The	goal	is	to	find	the	shortest	circuit	
that	visits	every	node	once.	Since	it’s	a	circuit	it	doesn’t	matter	where	you	begin	as	long	
as	you	end	in	the	same	place.	

	



Submit	your	answer	as	a	string	of	letters	listing	the	vertices	in	the	order	you	would	visit	
them.	For	example	one	(nonoptimal)	solution	would	be	afbgcjdmhieponlka	(shown	
below).	Each	of	the	sixteen	letters	should	appear	exactly	once	in	your	solution,	except	
for	the	first	letter	which	should	reappear	at	the	end	(to	show	that	you	have	returned	to	
your	starting	point).	It	will	be	fun	to	see	how	good	a	solution	we	can	find.	

	
	

6. (10	marks)	Pitcher	problems	and	game	trees	

a)	Complete	the	game	tree	for	the	pitcher	problem	begun	in	the	pencast	“Game	Trees	
and	Pitcher	Problems”	at	
https://www.timtopper.com/Math120.W23/13.61_GT_Game_Trees.html	If	you	don’t	
need	to	rewatch	the	pencast	you	can	consult	the	PDF	of	the	final	document	at	
https://www.timtopper.com/Math120.W23/13.61_GT_Game_Trees.pdf 

b)	In	the	pencast	I	observe	that	the	amounts	of	water	that	can	be	measured	range	from	
0	liters	when	both	pitchers	are	empty,	to	10	liters	when	both	are	full.	The	question	
remains	whether	all	values	within	this	range,	i.e.	1,	2,	3,	4,	5,	6,	7,	8,	and	9,	can	be	
measured.	What	conclusion	can	you	draw	from	your	tree?	

c)	We	already	answered	the	question	in	b)	using	a	linear	modelling	approach	in	
Assignment	11.	What	are	the	strengths	and	weaknesses	of	each	approach?	
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