Chapter 9: Coding
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Space & Time Complexity
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def binary search(a, k):
lo, hi = 0, len(a) - 1
best = lo
while lo <= hi:
mid = lo + (hi - lo) // 2
if a[mid] < k:
lo = mid + 1
elif a[mid] > k:
hi = mid - 1

else:
best = mid
break

if abs(a[mid] - k) < abs(a[best] - k):
best = mid

return best

o A2t O(log N) — EtE20ICH B =4



Logistic Regression
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Data Structures
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Array (HHZ3)
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Array — Python glAE S g|sllM

Python BIEHIM Xz EXIkl= 2lAE X 2[sllM(list comprehension):

# 2 100 B =
a =[x * 2 for x in range(1, 11)]
# [2, 4, 6, 8, 10, 12, 14, 16, 18, 20]

. TSI =T DEHIOIANIA XIS ALSE
. SIS 2RS JISHS A 4 YOO HED| AR
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Linked List (212 2|AE)
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' HIOIERE EOIE 2 A=l .L=E(Node) 2 912 MIQ!
B 1A 013 E’E‘(doubly linked), &2H(circular)
' head/tailtil &4-4HI O (1)
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Linked List — <

class Node:
def init (self, val):
self.val = val
self.next = None

class LinkedList:
def init_  (self):
self.head = None

def reverse(self):
prev = None
curr = self.head
while curr:
next = curr.next
curr.next = prev
prev = curr
curr = next
self.head = prev
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Stack & Queue

Stack (AEH) Queue (F)
e LIFO: Last-In, First-Out e FIFO: First-In, First-Out
o push(Z=JH2} pop(MIH) o engqueue(=JHetdequeue(XIH)
o MF AL == AIZ o HI=X(iterative) ZE2MIAN| AFZ
o HHEE L= QI CIAER 1 o BFS EMMO|HAI T2
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Stack 22 — 2 »al ZAl

def check balance(s):
left side = ["(", "{", "["]
right side = [")", "}", "]1"]
stack = []
for i in s:
if 1 in left side:
stack.append(i) # = 23 > push
elif i in right side:
pos = right side.index(1)
if len(stack) == 0 or (left side[pos] != stack[-1]):

return False # & =& X
else:
stack.pop() # 2= 2 Xl - pop
return len(stack) == # 2F A& > 2E

o "({IO{MN)" 2 True / "{3(H"

> False
o SHA]I 0= &= push, H= o= ZI&EHID 2 pop
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Hash Map (cHAl 24)

o X J|-afE NME.SHAI &= J] > H2! 2

e Python: dict JtoHAl & JIS= HISE
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=
Hash Map — Two Sum =Xl
HHEHIM &0l target@! &= 24t EMGH=A] EHE:
def check sum(a, target):
d = {} # ol Al B MA
for i in a
if (target - i) in d: # (complement) &I =0l
return True
else:
d[i] = i # M 2t M&E
return False
) —EAZ O(1)Hl =3

« Brute-force: 0I% for2 O(N?)

« Hash Map: &2 for2 O(N
o OF [3, 1, 4, 2, 6, 9] ,target=11> True (2+9=11)
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Trees
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Tree J|I= {4

o X EE L (root)2t A LLE(children)Cl HIE 22
o OIZI Egl(binary tree): 2 ==0i ZICH 274 Rt&l(left, right)

. ER-A1R1-ALRIO| [0t BIER: O(NV)

class TreeNode:
def init (self, val):
self.val = val
self.left None
self.right = None

- B =HI IR E2 Edl &=l(traversal) + i+ HIOIH HE= FZE

[HO
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In-order (Z2l)
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Pre-order (Z2l)
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Ed| £3] — In-order ZE=

def inorder(node):
if node is None:
return []
else:
return inorder(node.left) + [node.val] + inorder(node.right)

o post/pre/in 2 EE K2l &XIE J12I2
o pre-order: FEE B » 2% 5 @=F

o in-order: 2% » EE &I Q%
o post-order: 2% » QEZ » FE [IX|&}

e Level-order(BFSJI8N: 9, 12, 5, 3, 4, 11, 2, 6, 7, 8
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Binary Search Tree (BST)

o S& 215 NEEL < FE < Q=X MEEL
S(balanced) BSTOIA EfE-&12-AHHI: O(log N)

o OH HIWIOMCHEA BQIE HHIO= =4

= —
Er (Al — 28X 9 AL

1. 2E(8)2tHlul » 9> 8 » LEZO= (Bt H|H)

— 11— —= L—

2.E(10)2FHIW » 9 < 10 » 2O = (ZEHH[A)

11— =
3. 2Z XA Q12 » 9= ECIN| 1=

Al

alE A B-tree(DB QlHId))= BSTO| &8st L840 H|FEE 20] 4~50M =2 Js.
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BST

— AFOI 13
| — ) — 'T'E:!

class BST:
def init (self, val):

self.root = TreeNode(val)

def insert(self, node, val):

e T T —p— e T~ ——————

if node is not None:
if val < node.val:
if node.left is None:
node.left = TreeNode(val)

else:
self.insert(node.left, val)

else:
if node.right is None:
node.right = TreeNode(val)

else:
self.insert(node.right, val)

else:
self.root = TreeNode(val)

(R R [ G —— R |

g g e B owm 0§ e
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Heap (&)

Max-Heap

Min-Heap

o HO > XAl — ZEJ} X|CHgk

o EMA: O(N)

21 < KA —FEJH Xl
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Heap — Python heapq &8

KIRC| ZICH = &I

import heapq

k =5

a=[13, 5, 2, 6, 10, 9, 7, 4, 3]
heapqg.heapify(a) # 8 M4
heapg.nlargest(k, a) # K-largest Btat

o heapify: O(N )0 HHEE elo= izt

 nlargest/nsmallest: 2 10| &2I/612 KIHE E2HO=Z ==

CHE BHE Al
o KIHO| ZICH/E|A R4 2T

o AEE HIOIENIA ST S allmedian) +1otJ]

=IN H=2dc 11Hiood ™H=2ad 24111
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Graphs

g

28



Graph JI=2 )i

Q

o A LE(vertex) + 2N (edge)
Hisk g I (directed): M0 Bfe /US
o 8IS I (undirected): 20| Eiat

o DAG: &lgf HIz=t 12 — Airflow, Spark, TensorFlow SHIA Q1AL SE B

o

==
o
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g Hoi 24

Adjacency Matrix (2I& &i=) Adjacency List (21& BIAE)
e N x NHZ ZIMQEE /12 EAl « ZLLO|0R=E=S NE
. L0220 0(1) . LT 012 0l 22t O(N)
o T2t O(N?) — 8|4 THIN HIZSE — » 22 268 200 HI# — 3|4 JHZ0 &
o (I Facebook 2049 K » 2B x 2B =5
2 TQ . A5 [HEE0| JFHIOY Rt
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Graph +#gi — 2IF g|AE J[Ht

class Vertex:
def init (self, val):
self.val = val
self.neighbors = {}

def add_to neighbors(self, neighbor, w):
self.neighbors[neighbor] = w

def get neighbors(self):
return self.neighbors.keys()

class Graph:
def init (self):
self.vertices = {}

def add vertex(self, val):
new_vertex = Vertex(val)
self.vertices[val] = new_vertex
return new_vertex

def add_edge(self, u, v, weight):
if u not in self.vertices:
self.add vertex(u)
if v not in self.vertices:
self.add vertex(v)
self.vertices[u].add_to_neighbors(
self.vertices[v], weight)
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220IMel 2T

« PageRank: ElOIXI(.E) + SIOIMEA(Z2HM). B2 ISE 3 B2 0K = =2 =
£

o Computational Graph: Airflow, Spark, TensorFlowAxl DAGE QiAt SE Hod

— y L—1—
o ol =8 S sSAl & Jis
o Ol HOI0 Rt 34 HS
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BFS vs DFS

BFS (L{H| 41 Ef4H) DFS (0] 41 EfAH)
o HHA J(Queue) AFE, 012 X X o SAl THT/AEH St A= E=TNHK| EMAY
o A& X|Et BZ(shortest path) B o XI&: AIOIZ EXI, S1& B
o EHGHE BIEAI &Z, THF 2 82 o A MHE2I&HZ, HEMEHNTE
o I 2| AFS B3 o AL THAO ZE £~ /UAS
« HEIREO(E+V) « EEIR:O(E 4+ V)
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BFS 213

def bfs(graph, v):
n = len(graph.vertices)
visited = [False] * (n + 1)
queue = []
queue.append(v)
visited[v] = True
while queue:

curr = queue.pop(9) # 70 JHE (FIFO)
for i in graph.get _vertex(curr):
if visited[i.val] == False:

queue.append(i.val)
visited[i.val] = True
return visited

o AZHEE 5 0 =T 012 EE &AMIE EE
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DFS ¢

def dfs _helper(graph, v, visited):
visited.add(v)

for neighbor in graph.get vertex(v).get neighbors():

if neighbor.val not in visited:
dfs _helper(graph, neighbor.val, visited)
return visited

def dfs(graph, v):
visited = set()
return dfs_helper(graph, v, visited)

o N& E 5 0|2 otLIE 2N IHd= Fl - EI=S0tRtA L= 012

e visited &iel(set)OF F5 BIE HIL|

< EFAH

2 B3
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Algorithms

2dIS
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Recursion (Xi+)

o AO|: | KIAME 2 L= P18 SE6HE=E e
o A QA T HIOIA(recursive case) + JIX HOlA(base case)

o ROl S5 = - KA SR, AR QHEZ JIs

def fib(n):
if n == 0:
return O
if n == 1 or n ==
return 1
else:
return fib(n - 1) + fib(n - 2)

e fib(6) @= Al fib(2) JI 02 H B= HAIE - HIS2

37



M+ vs 8= — L2 LK

# Bt=(iterative) &4

def fib(n):
if n == 0: return ©
if n == 1 or n ==
prev2 = 0 # fib(n-2)
prev = 1 # fib(n-1)
res = 0

for i in range(1, n):
res = prev2 + prev
prev2 = prev
prev = res

return res

. THH: BB 2 “6}II'FJO(N) T =

rE
Il
[
3
B
H1J
S
—

: return 1
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Greedy Algorithm (B2 21112|5)

o SHA|: I EFHINIA X1 £[H (locally optimal) AEH

o THIE O 22 612 EHI= =400

def minCoins(k):
coins = [1, 5, 10, 25]
= len(coins)
res = []
i=n-1
while i >= @ and k >= 0:
if k >= coins[i]:

k -= coins[i]

res.append(coins[i])
else:

i-=1

return res

e 6/HIE 5 25+425+10+5+1+1 =6JH S&

RN Al OEAE- DO11'1Dd N =l gEasindl 1d XMH NI wfA AR FEIOTHO =T FIifux=L
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Dynamic Programming

=X T2

S ™1
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DPQ| & JIXl =2

DPJI HE Jisoldi¥ & 20| 25 2Rk

1. 218 BE& FE(Optimal Substructure). ZHIE 6121 =XI=Z E010{ £1& oHE &8
& US
2. 35 5= EHl(Overlapping Subproblems): 22 6t¢| 2XIJt 012 H Ht=E SEE

=LK DPE Bi&Eok= Ol

e fib(n) = fib(n-1) + fib(n-2) - XA EE X

e fib(n) Il fib(n-1) PE fib(n-2) EERE &+ FE
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Top-down vs Bottom-up

Top-down (HIZ20IHI0IA)

Bottom-up (EI=2|01A)

HIOIS= e
1 &2 =Hl= 8

= NIEZF AHIEE

H [L
Rl
>
=

-lo >- >

dp = [@0] * 1000
def fib(n):
if n == 0 or n ==
return n
dp[n] = fib(n-1) + fib(n-2)
return dp[n]

o Hi

=2+ B I
. T2 SRIRE 2 2H2 M

o =02 XIS = ALHZ HILt

def fib(n):
dp = [@0] * (n + 1)
dp[1] =
for i in range(2, n + 1):
dp[i] = dp[i-1] + dp[i-2]
return dp[n]

42



Greedy vs DP — 0/1 Knapsack Hiid

as A

JHXl(Value) 3

SH(Weight) 4

JHKI/Z2H 0.75
BH S W =5:

« Greedy: JIXI/2H HIZ x|

B
1.2
2
0.6

OI A MEH 5 JIXI 3, £H04 2HI 1 (=

« DP:B + C &EH 5 JIX| 3.2, FH| 5 (Y X|H)

Greedy = X< XA, DP = &Y

A HE

It

C
2
3
0.67

=1
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Knapsack DP <81

def knapsackDP(values, weights, max _weight):
n = len(values)
dp = [[0 for x in range(max_weight + 1)]
for x in range(n + 1)]
for i in range(n + 1):
for w in range(max_weight + 1):
if weights[i-1] <= w:
dp[i][w] = max(
values[i-1] + dp[i-1][w - weights[i-1]],
dp[i-1][w]
)
else:
dp[i][w] = dp[i-1][w]
return dp[n][max_weight]

e 2D HHE dprilw] : IEHH OFOIELIIK] T, BH| St Wt [HO £ICH JHX]
« 2t OOIZUOICH"IERIZHCHvs OF JERIZHCH 5 AICH AEH
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Mergesort

Quicksort

= C=XEt 52 “F_fﬁl
CALI 2RIt E=0
o Mergesort?t Quicksort — & JIX| gt

O
0z
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Mergesort (2 &g)

Divide-and-Conquer &=

1. HHE= HIS BIOZ Lis » &4 1IH(IIK AR DR

2. 88z B HiEE BI=HO= gfd(merge)

def mergesort(a, low, high):

if low >= high:
return a

mid = (low + high - 1) // 2
mergesort(a, low, mid)
mergesort(a, mid + 1, high)
merge_helper(a, low, high, len(a) // 2)
return a
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Mergesort — merge_helper

def merge_helper(a, low, high, mid):

if len(a) == 1:
return a

i=j=k=20

left = a[:mid]

right = a[mid:]

while i < len(left) and j < len(right):
if left[i] < right[]j]:

alk] = left[i]
i+=1
else:
a[k] = right[]]
j o+=1
k += 1
while i < len(left): # 25 &G
alk] = left[i]; i += 1; k += 1
while j < len(right): # LEZ &G
alk] = right[j]; J += 1; k += 1
return a
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% (pivot) J|EE =&k
1. 0|0 II|EH MEH
2. OIS CHE

3. 2t E=01l ChoH A-+HA

def helper(a, low, high):
1 = low - 1
pivot = a[high]
for j in range(low, high):
if a[j] <= pivot:
i+=1
a[i], a[]j] = a[]J], ali]
a[i+l1l], a[high] = a[high], a[i+1]
return 1 + 1

def quicksort(a, low, high):
if len(a) == 1°: return a
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=4

H= ML Z412

Iy
FIO
0%

2= eig MO = 2
def matrix multiply(A, B):
= [[@ for _ in range(len(B[©]))]
for _ in range(len(A))]
for 1 in range(len(A)):
for j in range(len(B[@O])):
for k in range(len(B)):

m[i][j] += A[i][k] * B[k][]]
return m

e AI2EO(N?)—3Z for2
)

A[R{S): B $H21 ZOR 3t 5 H2Y/2A K2 s
. DIE HH: SSHIM MEHA T8 + 218 A2 SA T}

ST
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Array

Linked List
Stack/Queue
Hash Map
BST

Heap
Graph

O(1) &1/AH
LIFO/FIFO

O(log N) Et
O(1) ZICH/AIA &2

ZHH 2 EiE

oMl ARZ?

=Xt IO, 2IEIA T8t &=

HIEHSHAFRI/ALHI, 3T| JHA

R+ AlZdI014, BFS
Bl JH2E, HHiE ==

SEEIHIOIE, DB 2Eld
Top-K, 2EE S8}t

HIESIS, 22 S
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Binary Search
Recursion
Greedy

DP
Mergesort
Quicksort

BFS/DFS

K71 2 + IR AR
OH £ K123 51X Afed

of?l =Xl 24t S
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e

EX

O(Nlog N)
1= O(N log N)
OE+YV)
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