Data Structures (CS 1520) Lecture 27 Name:

1. Suppose you had a map of settlements on the planet X
(Assume edges could connecting all vertices with their Euclidean distances as their costs)
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We want to build roads that allow us to fravel between any pair of cities. Because resources are scarce, we want
the total length of all roads build to be minimal. Since all cities will be connected anyway, it does not matter
where we start, but assume we start at “a”.

a) Assuming we start at city “a@” which city would you connect first? .&)Why this city?
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b) What city would you connect next to expand your partial road neiwork?
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¢) What would be some characferistics of the resulting "graph” after all the cities a d?
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d) Does your algorithm come up with the overall best (globally optimal) result?
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2. Prim’s algorithm for determining the minimum-spanning tree (MST) of a graph is another example of a
greedy algorithm. Unlike divide-and-conquer and dynamic programming algorithms, greedy algorithms DO
NOT divide a problem into smaller subproblems. Instead a greedy algorithm builds a solution by making a
sequence of choices that look best ("locally" optimal) at the moment without regard for past or future choices (no
backtracking to fix bad choices).

a) What greedy criteria does Prim’s algorithm use to select the next vertex and edge to the partial minimum

Spanning rec? V2 prto X {(o secd ~to any vert [Z AN ;@ﬁf“f‘?;f mST

b) Consider the textbook’s Prim’s Algorithm code (Listing 7.12 p. 346) which is incorrect.

def pfim(G,start):

(“ pg = BErioxityQueusT) Br:f\l-fiﬁﬂ() ("Gd f:’m'un)/QuaeEM»y(V,f)#ﬂ:?fmu(’)l!/)

for v in G:

v,setbPistance (sys.maxsize)
v.setPred (None) 4‘ P —
start, setDlstangg Qrijéﬁf Ki?

pq.buildheap ([ (V. getPT (Y %) for v in Gl) [ﬂ D
while not po.isEmpty(): ) . A
currentVert = pg. delMln()a ?&“%VA[{;&&C ] ' !" -

for nextVert in currentVert getConnections():

f%fdfdbéutgffynewCost = currentVert. getWelght(nextVert) \
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: fo# W 1n pg and newCoste<nextVert.getDistance(): .

e extVert setPred{currentVert) _ kY
3? e nextVert.setDistance {newCost) ~S . i
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¢) What is wrong with the code? (Fix tl?) above code.) st 4 (‘X Ut ba '{f}" HQW(@#, next Vert,

;\)5 Biteny incleal o€ Priorty Queve
2] new Co'rf aﬁlcé{% ,L,,,, Veung
3) W& choold nextlUerts o 0L s*’(@%mw%g

(Efj P §’é@w(ﬂggf '!\eﬁ/‘g of Fw.mhf&w%@ éi“ﬂ‘ffff’ C?g)jéd‘{”f
<§ 6&9&0 “”(\Qﬂw{\‘f?y . 7 lg(\ ch/ﬂ

(ifea R
3. To avoid “massive” changes t(ﬁhe BinHeap class, it can store PriorityQueueEntry objects:

class PriorityQueueEntry:
def init_ (self, Y} def _ 1t {self,other):
self key = §44ﬂ€eﬁ return self.key < other.key
self.val = y Vaﬁmﬁok
def gt (self,other}:
def getKey{self): return self.key > other.key
return self key
def eqg (self, other):
def getValue(self): return self.val == other.val
return self,val
def _ _hash _(self}:
def setvValue{self, newValue): return self.key
self.val = newValue

a) Update the above Prim’s algorithm code to use PriorityQueueEntry objects.
b) Whydothe 1t and _gt__ methods compale key attributes, but (_ compare val attnbutes‘?
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Data Structures (CS 1520) Lecture 27 Name:
¢) When used for Prim’s algorithm what type of objects are the vais compared by __eq  ? Uﬁ, ﬂLQ I /,; v 71’ (
- » ‘\) ‘

d) What changes to the Graph and Vertex classes need to be made? /? onp 2

(‘ \4\ \)

¢) Complete the  contains and decreasexey methods. ,DP{ O /‘i ﬁ e {ﬁ(w

class BinHeap:

def _ init_ (self): : .
Self.heapList = [0 def _ contains (self, value):

self cur tsi K ! ‘
Bl = 0 o 4ot tange ([, lenfee

def bu:.ld.Heap(self alisgk): _
i = len(alist} // 2 V
gelf.currentSize = len(alist) lw?fﬂéit'f' P

gelf heaplist = [0} + aligt(:)

while {i > 0}: f”\Q V‘a[&"f‘ = 5@ 7[‘ AQ")”’L(?

self,percDown{i)

i f/f?@Q’}fj

def percbown{self,i): £
while (i * 2) <= self,currentSize: ¢ U’ p‘jU&w{?-l’&nQép w ,s»?ﬂé(y
mc = self.minChild(i) mg%wm Trpre.

Py

if self.heapbList(i] > gelf. heaplist(mc]: A { l
emp = self. heaphistii] Ay 52 .
self heapbist([i] = self,heaplist(mc} e {F £ ‘;‘e
i zzlf'heapmsumc] = tmp def decreaseKey(self decreagedvalue)
- ‘ ' nunprecondition: decreasedvalue
def minchild{self,i): in heap already" LA

1f 1 * 2 + 1 > gelf,currentSize:

return 1 * 2 \ {\O "R ) h£
else: . ’:up A&Cpﬂ\ﬁ_ﬂjéﬁ( Vé\/(feﬂ f\'é\ Qe .

if self.healest[i*2] < self.heaplist [1*2+1]:

-

return 1 * 2

else: _ V‘ﬂt'j‘g .VA ll«e E‘if‘fuf(“

return 1 * 2 + 1

déf p;alri:Up(s?}f,i) : g (C «
while i 2 > 0 J\ r {) -
if self.heapList(i] < self.heaplistfi//2]: a’? L‘ ”! ‘{r e y"'f/,‘f"!{é)

tmp = self.heapListii // 2}

self heapLigt[i // 2] = self.heaplList(i] Cip
self heaplList[i] = Emp o= @Cff"dq_fe 4 <

i=4//2

def insert(self,k): | L ”‘P’ F@pﬂc u/:’) (ﬁ&m - ‘ﬁmmﬁ

§

o —

self ,heapLiat,append{k}
self.currentSize = self.currentSize + 1
gelf .percUp{self.currentSize)

o

def delMin(self):
retval = self.heapList (1]
self.heapbist[1] = self heapList[gelf.currentSizel
self,.currentSize = self.currentSize - 1
self  heapList.pop(}
self.percbownil)
return retval

def igEmpty{self):
return self.currentSize == 0

def gize{self):
return self.currentSize

def _ str (self}:
return str{zelf heaplist{i:]}
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