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e my_tree = [a,['b',[d’,[L.[I].['e"LI0IL['c.[T. (.01
e print(my_tree)

e print('left subtree ='my_tree[1])

e print('root ="' 'my tree[0])

e print('right subtree ="'my_tree[2])
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def binary_tree( r):

return [r, [], [] ]

WINTW binary_tree 1Jwn135a3149 list N4 root wazd sublist
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def insert_left(root, new_ branch):
t = root.pop(1)
if len(t) > 1:
root.insert(1, [new_branch, t, []])
else:

root.insert(1,[new_branch, [], []])

return root
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def insert_right(root, new_branch):
t = root.pop(2)
if len(t) > 1:
root.insert(2, [new_branch, [], t])
else:
root.insert(2,[new_branch, [], [I])
return root

g b uwsnTi get set Wad root WA subtree
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def get_root_val(root):
return root[0]

def set_root_val(root,new_val):
root[0] = new_val

def get_left_child(root):
return root[1]

def get right_child(root):

return root[2]
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2971031 tree N

o daliin code MNTINAULEIFINUTILAF
r = binary_tree(3)
insert_left(r, 4)
insert_left(r, 5)
insert_right(r, 6)
insert_right(r, 7)

| = get_left_child(r)
print(l)
set_root_val(l, 9)
print(r)
insert_left(l, 11)

print(r)
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2971031 tree N

X = binary_tree('a’)
insert_left(x,'b")

insert_right(x,'c")
insert_right(get_right_child(x), 'd")

insert_left(get_right_child(get_right_child(x)), 'e')

print(x)
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Node and references
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class BinaryTree:

def _init  (self, root):

self.key = root
self.left_child = None
self.right_child = None

RILNG b3 13 constructor 1@ aIN1TVAINLAL LN root

WL AEINUANIN LI AU L list
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[ mavlﬂmﬁlzmg] function NLINADILVILNY I%ﬂ’ﬁLW&J left
child 1#NU tree 151232&379 binary tree object LazRNRUA
. g ;a . |d9/
left attribute W@ root 181384 object JRVSAET
def insert_left(self, new_node):
if self.left_child == None:
self.left_child = BinaryTree(new_node)
else:
t = BinaryTree(new_node)

t.left_child = self.left_child

self.left_child =t
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def insert_right(self,new_node):
if self.right_child == None:
self.right_child = BinaryTree(new_node)
else:
t = BinaryTree(new_node)
t.right_child = self.right_child

self.right_child =t
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o lUdunan method NIRRT
def get_right_child(self):
return self.right_child
def get_left child(self):
return self.left_child
def set_root_val(self,obj):
self.key = obj

def get _root_val(self):

return self.key
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r = BinaryTree('a’)
print(r.get_root_val())
print(r.get_left_child())

r.insert_left('b")

print(r.get_left_child())
print(r.get_left_child().get_root_val())
r.insert_right('c")
print(r.get_right_child())
print(r.get_right_child().get _root_val())
r.get_right_child().set_root_val(‘hello")
print(r.get_right_child().get_root_val())
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Priority Queue with Binary Heaps

o luunnawmnlaisuulasiainsdayauuy first-in first-out T
a9 queue luwiadafiisnazaula queue Tlianitefisonin
priority queue
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ANMNFAYFIRALDLNUAU FInaNUFIAYFIazagnY

Computer Science, CMU = CS700




e {8131 enqueue Tayandlu priority queue Taualnai
mngﬂﬂ’w@‘mmuﬂﬂﬂ’aé’m%ﬁ’]ﬁg@

e \TIRINNTOFIN priority queue Laag1ddne g laglons sort
PDUAUTIUNTNRY list TIVNIUT

e \3132&319 priority queue lagldlasiainsdayatisuniy
. ‘gl o V<
binary heap TI¥N91% b7
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e Binary heap ininanaae tree watsazaanulasld list
LN ALAE
Binary heap & 2 it

Min heap dianwmuzfa key NilAdasgaazadannti

Max heap dianuusda key NilFnanngaazatidnunin

4 .
luniis19:83719 min heap
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Binary heap operations

e N1IANLHUNITVAY binary heap
BinaryHeap() &34 binary heap aiblnal
insert(k) Lﬁwiayjaiﬁajaalu heap

_ oA A~ Ao A .
find_min() ARAILBURNU key NUaENFa ammagiu heap

. = | [ % [ dtﬂl

Is_empty() a%a1 True 1 heap 14 NITWaH False
. A I o o

size() AnAIIUIUTBYA LU heap

build_heap(list) 8519 heap b33 list VBIUBYS
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I import BinHeap l

bh = BinHeap()
bh.insert(5)
bh.insert(7)
bh.insert(3)
bh.insert(11)

>>> print(bh.del_min()) 92 l@f min LN
3
>>> print(bh.del_min()) 92 l@A1 min L&Ue
5
>>> print(bh.del_min()) 92 l@F min L&ue
7

>>> print(bh.del_min()) 92 |G min LN
11
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Binary heap implementation

o luN13&319 binary heap LT198d4MILANIENLRBNTANG
057 asuizdasrilidaysd level Nén Huda n3
¥inlet tree balance

e Balanced binary tree %itlunuaaziduinlnuals subtree
1’]70%’18%&3 subtree ma"nml,mm]zm’m”u

e heap NL3N1AFININULTILYNLA tree balance Llayn1ais

complete binary tree
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e Complete binary tree 9@ tree Nuweaz level F5193%
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° qmawﬁ’aﬁémmaﬂamwaa complete tree A LIIRINITD

U

1o list unw el 137 b wa 898319 node WAz reference
%38 list of lists

> 148991071 tree Bk complete I%uﬂgﬂmasﬁ”mmaa parent

1
=

(Funiks p) Aalnuanatndunits 2p lu list sulnuagn

p=| = dl o 1 .
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Heap order property

nddl ~ U 09: é/ > [ 3% o) (-7
o ’Jﬁwmlﬂumimwagam heap BWIUNUNIIINBHIRIAL
T heap

Q/

e heap order property Luadh

I dld Y 1
. Tu heap LAazlRua x N4 parent p key lu P EUBELNIAN
= 1 Q 1 % | .
W30 key L4 x JUnaunuLn complete binary tree

N heap order property
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Heap operations

e SUGUAIY constructor 1489317 binary heap aNNI0 kT list
NS AL IUNNTRINI LA LSUAWLIIFDIRTI list LRZHI
attribute current_size lWMSALINAOWHNVUIALYINES

e bk binary heap Luaws1azlwlanndn 0 viuliidn
FUNENAIWINBY heap_list 1934 0 lanldnw udiwalw
197871989 index Y 1319 bALINAILTAN index L1 1

class BinHeap:
def __init_ (self):
self.heap_list = [0]

self.current size = 0
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e 612l method insert "S%‘ﬁdﬂmmzﬁﬂizﬁﬂ%mwﬁq@ﬁa

WAL LU list

o ML vy list fesvilAamanti@ complete tree 1w
39t uddamasmaiiendeyaslnd ludevihoduazdany
ALRULAVDY heap

1 v A = = % 1 @ 9% U
e LL@]Li’]ﬁlzl"ﬁ'ﬁ‘ﬁlﬂ_liﬂﬂLﬂﬂﬂﬂayjﬂlﬁwﬂ‘u parent UaJNw D1

iayjaﬁﬁmiﬂﬂlmjﬁfaﬂﬂd’] parent L31NATHALNNL
INNUUATIIFBUNY parent Ada bl aurii bl lewIadg root
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Qw 1 Q U &/ o Qu Q Qi
° mmmﬂmsﬂiwayjamﬂﬂ mlmmsnmgmawumaa

heap T"Wj’m@T'ﬂmJﬂ”U@”'a parent YBINW be WAILITNE
Q/Ad Q/

ﬂf%ﬁlm@luﬂﬂ@nﬂ@ﬂ(ﬂ’]%ﬂﬁd@ﬂ(ﬂ?El @]BVL‘UL‘TJ% code V-

MUsuUw (perculate up)
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def perc_up(self, i):
while i // 2 > O:
if self.heap _list[i] < self.heap_list[i//2]:
tmp = self.heap _list[i//2]
self.neap_list[i//2] = self.heap_list][i]

self.heap_list[i] = tmp

=1/l 2
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: _ A A Y y v
e dialUu19 code 28IM7 insert LilaLTWWNVBIL ldavine
tree 3INWULINIL perculate up 1NaUTLFUnIIlARN

def insert (self, k):
self.heap _list.append(k)
self.current_size = self.current_size+1

self.perc_up(self.current_size)
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o 6011131928379 function del_min 14899710 ATARAILAY
heap 1 root ﬁ@hﬁaﬂ‘ﬁ'q@ Lﬁalﬁ’m@hﬁfaﬂﬁq@%’ama
20152 FIuNB NV del_min Ao WOLENFILINANLAY
709150 1ATI8319DY heap asmvl,ﬂﬁalﬁﬂ’amqmawﬁa

WS heap

o LSUGWLTIAZUNUN root ﬁaaﬁ’mﬁwﬁagaﬁaq@ﬁ”mlu list
msﬂ”’m@"’aq@ﬁww’]ﬁﬂﬁ FIR9TNEN LATIRINIVDI heap 13
ld uddurhanamanti@ves heap Sathbl syl
ATINLAVEY heap lanlTudd root lﬁaiaavlﬂlﬁagljgﬂﬁ
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o lumstsuiialiinmquani@zed heap L319ZHRL root
nUaNUaIlBNRasnd ﬁnﬂﬁfummzﬁamé’uﬁﬂwaiﬂag
dunibalnaua Yinaunsznalddgnda nuieondndi i

) 6 dl p=| I = 6 o ot
FININTUNLIONIN perc_down Lo AWIRTWEIRIUA

o A

Y = . .
Qﬂ@%ﬂ%@ﬂq@ﬂa min_child
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def min_child(self, i):
if i*2+1 self.current_size:
return i+2
else:
if self.heap_list[i*2] < self.heap_list[i*2+1]:
return i*2
else:

return i*2+1
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def perc_down(self, i):
while (i*2) <=self.current_size:
mc = self.min_child(i)
if self.heap _list[i] > self.heap_listmc]:
tmp = self.heap_list[i]
self.heap list[i] = self.heap listimc]

self.heap_listfmc] = tmp

| = mcC
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remove min
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e 58 bl code a9 del_min An13:38nlE perc_down
def del_min(self):
ret_val = self.heap list[1]
self.neap list[1] = self.heap _list[self.current_size]
self.current_size = self.current_size — 1
self.neap _list.pop()

self.perc_down(1)

return ret_val
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e WNLIH list WALIINBINITFTY heap LT19e¥aEN9 LS

118199 3UAUALY insert key NazAINBWLT 18 list Fa7
LAEINUN sort WA Wa insert A2 LRAUNTA LT binary search 1"
FuriINruaNEInILa lnd inluiSes 9

130 L1319 NI TUNL TN 8 M /319 LAL
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def build_heap(self, a_list):
| = len(a_list)//2
self.current_size = len(a_list)
self.neap list = [0] + a_list[:]
while(i>0):

self.perc_down(i)

| = i-1
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Initial Heap j =2 j o=
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o 1N3U Suew list 1w [9.6,5.2,3] &2 build_heap 22£e
dunialiinanzay wiinISuauNaTINaTd tree Las
Yianganlunig root WInTh perc_down ¥inlRiilaingd
NINFAITDNALAS

e 189311091 heap W complete binary tree I%u@ﬂ,(ﬂe] 7
_ A = = < A = @ .
Index Lﬂ%ﬂid’cﬂzwﬁmﬂu{[%%(ﬂlﬂ mavlwgmaﬂ RAILNGIN

U8 i=1 137132 perc_down 317 root AINTIAND LTRANLATI
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Tree traversal

e @iavl,ﬂ%m@mi@mﬁummu tree NEALOEIREIABNTY
§313RA tree LI1GIIIROU tree b ﬂ”@ﬂﬂi%umwuﬁ

AU
u

= | Q/ ,§’ (o P o (e 97
o 31_ LLUUl%ﬂWi@]?’J’%N@U&J%ﬂﬂG] 3 LLUUT%ﬂUﬂW@UI%ﬂ’]?

M3ARDY preorder, inorder LLRZ postorder
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@ preorder lunns traversal wuy preorder L313EHAIVNIRDL
root AaUAINNHUAL LATITRBUWLL recursive NU left

subtree LAININAIY recursive NU right subtree

@ inorder luﬂ’l‘s traversal LLUU inorder L3363V LU
recursive NU left subtree NauaNLWIZ LUANTIIFOL root
LRIGNNAIY recursive NU right subtree

@ postorder lunns traversal kU postorder L3132A39RAU
LWUL recursive NU right subtree AawaNhuaz lasiagay

root LLRIAINAIEY recursive NU left subtree
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Chapterl
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e DLIGAINITANWRILIRBINNRUN LURKT preorder az¥in it
ladaunandas 13uduN book IMNUUILITLN preorder AL
o . & <
ANNTIBUUL recursive 49A8 Chapter 1 3NARWITLN
@ v A Y, _ A
preorder nuanynINTLan 92 l@ Section 1.1 t#8937n
Section 1.1 lajflanuaa AlNL3EN recursive Aazdaunaua
dl vV & ) = . 1 A ~
1 chapter 1 a2 lN19VNUAD section 1.2 LTULAND
2z ldaTamaumstionawaz la section 1.2.1 Wbl
section 1.2.2 Wa¥inL&5a Section 1.2 NLRSALAETAWAAL L1
Chapter 1 waadas bUvin chapter 2
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o WniduWinTuwaLnan
def preorder(tree):
if tree:
print(tree.get_root_val())
preorder(tree.get_left_child())

preorder(tree.get_right_child())
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o wniduuiAnly BinaryTree class
def preorder(self):
print(self.key)
if self.left_child:
self.left_child.preorder()
iIf self.right_child:

self.right_child.preorder()
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def postorder(tree):
if tree |= None:
postorder(tree.get_left_child())
postorder(tree.get_right_child())

print(tree.get_root_val())

I#889¥i inorder
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Binary tree application

m3ien tree llEnudanads lavdiedinazununliaas
sé g Q/ I a
parse tree TInnldunulszloadiag uazluniadiamans

@

Verb Phrase

Proper Noun

I

Noun Phrase
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e AneaddunNITLEAI mathematical expression Lo
((7+3)%(5-2))

N
7N\

(_4
(=
4
77N
7
Lm
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Y

o (1382l expression #1i9

e LFIMIMAALNIIMILINUAZANTAY UaLibadand
’J@Lﬁumjﬁﬁauﬁ%ﬂmvlﬁ gt wImlulLau bAleSanaw

e SNAUTUVDI tree Y11 AL R8GO UNIIVNII WY DINT

U32U718NA expression
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e NAUNAZYIN level U LI160I711 level mael,ﬁt,a%"'ﬁ]ﬁauélugﬂ
Y Y & 2 &
B LS’WI@GU’JﬂﬂUI%Lﬂ‘Jﬁ]ﬂa%ﬂm ANIUINGILdw left sub
tree LANRANT 10 NIIRU LGNIANT 3

8!
G D

e INNLWLIN=LURYY subtree LﬂuI%u@Vl@TLLé’aﬁagvlﬂﬂmeia
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dalisnazang
e IBMIFINY parse tree 31N mathematical expression
e I5F1uImh expression AU parse tree

e 1D1URsunauLdw mathematical expression
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e JULINLNIIFINI parse tree ABNITLAN expression
& ] v o 6
aanLii list Vo4 token (FYANL)

e token 4 4 ﬂﬁj&lﬁa 198 uULDe 19Lauie operator operand

o (Il lsnanunduuaaediua dudainiiai:
133 expression A3 AIBHLINAITITRINI tree LAN LN
NAUNWLNBLIL09L A LT ALRAIINIL expression

o Li’lfﬁﬂ’i’l operand 32 11114 leaf node LLazLﬂug}ﬂma{l

operator §AT1NELT133MN operator WTANNITIUUAZYIN

Computer Science, CMU = CS700




U
v v A

o ldlasing 4 valaasi

i1 token Taguimilu (' 9z1Wa node lnsiidugnnadiuad node
ﬂﬁ]w‘“w,l,é’aﬂ”ﬂslvl,ﬂaﬂmoeﬁw

0N token ﬁ%‘umﬂu[ TARARLY ﬂ’mu@mlﬁ’l%u@ﬂawmﬂu
operator §ia%his LwﬂﬁuﬂlmmugﬂmwmLLm i ﬂ"lﬂg]ﬂmw'n

o1 token ﬂagﬁmﬂmﬁmm AR WA LA LA AT T U LR LA
NALUNIN parent

i1 token Tagtuidu 'y nav'luf parent va9lnuadagiu
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e 1D RNNAINY expression (3+(4*5))

e o

(a) (b)

¥ 2
% &
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o dl =\ Y U (e 9% I
e L713¥NLAN class tree MTouLINNUszundld 3nda8L19
nladinaula lnuadagtiu parent 2a38% annsdne

anN19271 L1 code 1314 get_left_child Uaz get_right_child

e LAILIN9TAANTALNI LINU parent

A

e ITURAADLT stack LD LA AWNRL Lo

9

o (i lanauiinazdadadlunlnuagn 1319z push lnua
17991jua49 stack 11 1i8L3132NALNIIA pop 187
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e 319l TNI class Stack LA

BinaryTree

def build_parse_tree(fp_exp):
fp_list = fp_exp.split()
p_stack = Stack()
e _tree = BinaryTree(")
p_stack.push(e_tree)
current_tree = e _tree

for i in fp_list:

if i ==
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current_tree.insert_left(")
p_stack.push(current_tree)
current_tree = current_tree.get left child()

elif i not in ['+,"-",""'/")')']:
current_tree.set_root_val(int(i))
parent = p_stack.pop()
current_tree = parent

elif i in ['+',"-",""'M":
current_tree.set_root_val(int(i))
current_tree.insert_right(")
p_stack.push(current_tree)

current_tree = current_tree.get _right child()



elif i ==")"
current_tree = p_stack.pop()
else:
raise ValueError
return e_tree

pt = build_parse tree("( (10 + 5 ) * 3")

pt.postorder()
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e INNYHNI 4 Tarnudawidn if luusvan 11, 15,19
8z 24 luuaaznstiann code anwunglaainasunld

BinaryTree LY Stack

e FIUNGIIIRAL error Aa else é’uq@ﬁ"mﬁmﬁﬂﬂ
ValueError G3tAaLia token NIULLANILIN LTI

b1

e MOWILI A parse tree ka6 bt TN INTH
UTZIaNE LadAUNRaNTLLBAILeY
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A Y v o Y A &
e 312U RYUINN tree AURUULLUAIUUIN LRILLRYHLLI

@ 6
NARWND

/
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o 912281 recursive L3132LNAUNNTABNLULY

recursive algorithm @18 base case

4 &
e Base case Aan37138aL leaf node T3l parse tree #i leaf
node 9zL0u operand LR

° Lﬁaoﬁnﬂ’i’@qﬁLﬂuLam'«i‘im’mLﬁw%aﬁim’am‘%a ladasnis
wiandnu L latas lwWenaw evaluate LSIRZAUAINLAL 1T

1 leaf node VL@TLMI
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o I%ﬂ’ﬁfLﬁﬁJNﬂaquﬁlaﬂﬂﬂﬁL%ﬂﬂ recursive 2 39 L313211LaN

operand NAUlK LAua parent INUTeNIANAANNBLVDINNT
ATITHAIDAY node AN

e G12ILT I%umﬂﬂaamﬁﬂizmawaw 10 LA 3 WRIN
qu 1 ()] / 6 QU P~ |
uuﬂizmawama%waawm@mﬂﬂa 30

3

(o) (3D

("«

Computer Science, CMU = CS700




e Code 184 evaluate L%&J@Tuﬁ]z"l,ﬁmmaagﬂmaeﬁ’]ﬂu,azm'w
maﬂ%u@ﬁﬁ]ﬁ;ﬁu SRERVRKERHITRE o) U52378 Le None

LRI Iﬁu@ﬁﬁ]ﬁ;ﬁmﬂu leaf node

ﬁ/’ﬂ%u@ﬂ%’gfu"l,aﬂ"ﬁ leaf node 2383 1UN operator Va
current node LL&"JI%’&T%W}Naé'wﬁ'mﬂmsﬂﬁxmamaagﬂ

maeﬁ”muaz@ﬂmam’]
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e N 8n code 1319 dictionary NU key +,-.* )/ @11
Lo dictionary Luwsnauan Python operator module

e Operator module AW TUnaLIUULLN T ULaY 9
A % . . ~ % € A % Q
e UaLINAuRLY dictionary 131092 bRINTUNFOAARDINI

e AIDENILTWAINAWAT LG opers[+1](2,2) ey ldnumsiIun
WINDI operator.add(2,2)
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import operator
def evaluate(parse tree):
opers = {'+".operator.add,'-".operator.sub,™":operator.mul,'/":operator.truediv}
left = parse_tree.get left_child()
right = parse_tree.get right_child()
if left and right:
fn = opers[parse_tree.get root_val()]
return fn(evaluate(left), evaluate(right))
else:

return parse_tree.get root val()
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