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I Research Overview

Digital World Physical World

Al/ML Predictions » Agent/Controller

Untrusted Trustworthy
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I Research Overview

Theory

Control, online algorithms
LQR with untrusted predictions
Learning-augmented control
Information aggregation in online control
Bounded-regret model predictive control
System-level networked control with predictions

Prediction-specific learning-augmented algorithms

Reinforcement learning
MDP with Q-value predictions
Safe exploitative play with untrusted type beliefs
Any-time competitive RL

RL with imperfect transition predictions

[LYQSYWL 2022 SIGMETRICS] [LLY 2024 Neurl|PS]
[L 2025 submitted to TAC]

[LCSWL 2021 SIGMETRICS]

[LHQLW 2022 NeurlPS]

[WYL 2025 CDC, submitted to TAC]

[LCL 2026 SIGMETRICS]

[LLRW 2023 NeurlPS]

[LHRW 2024 NeurlPS]

[YLLWR 2023 NeurlPS]

[LCLWW 2025 NeurlPS Spotlight]
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I Research Overview & Plan

Theory < » Application
Control, online algorithms

Distributed voltage regulation [WYL 2025 ongoing]
InstrucMPC [WAL 2025 CDC(C]

DR with real-time AF [LSCYLW 2021 TSG]
Sustainable Al training

A 4

LQR with untrusted predictions

A 4

Learning-augmented control

A 4

Information aggregation in online control

A 4

Lyapunov optimization
SLS control with predictions
Prediction-specific algorithms

Reinforcement learning

Out-of-distribution EV charging [LS 2024 TTE]
Wind farm storage control

MDP with Q-value predictions

A 4

v

RL with imperfect transition predictions
Any-time competitive RL In-context energy management

Safe exploitative play with untrusted type beliefs
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Sustainable Al Infrastructure

PV Power Output over Time

PV Modeling [Accepted PESIM 2026] 1500 >+

Sustainable Al Training [submitted to SIGMETRICS 2026] "
0
';'F-Qp Q’!“‘“ QS"“) Q$"%° \\'-QQ \N»“Q \’\'4@ '\'Q'-“Q
Time 2025-Jul-29

- Trial 1(00:00) A Trial 2 (12:00)




& F LK ECEID L EIER SR T o R

The Chinese University of Hong Kong, Shenzhen To Combine Tradition with Modernity 1o Bung Together China and the West

Homepage:
https://tongxin.me/

MDS 5111:

https://tongxin.me/MDS5111-2026spring

Teaching Assistants:

Tinko Bartels Ruixiang Wu Yu Mao
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Learning Objectives

* This course introduces data science using Python

* Students will learn data analysis and visualization using data
structures and libraries in Python

* Students will learn to apply tools to solve real data analysis
problems
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Assessment

2 Mini-Projects 15%*2

Mid-term exam 30%

Final exam 40%
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Course Materials

* All lecture notes and sample code used 1n classes will be provided
to students via Blackboard

* Readings
* Required

»  Wes McKinney, “Python for data analysis”, 2012, download link: https://bedford-
computing.co.uk/learning/wp-content/uploads/2015/10/Python-for-Data-Analysis.pdf

* Recommended
» Wes McKinney, “Python for data analysis: Data Wrangling with Pandas, NumPy, and IPython,

2nd Edition”, 2019, download link: https://www.programmer-books.com/wp-
content/uploads/2019/04/Python-for-Data- Analysis-2nd-Edition.pdf

» David Amos, Dan Bader, Joanna Jablonski, Fletcher Heisler, “Python Basics: A Practical

Introduction to Python 3, 2020, download link https://static.realpython.com/python-basics-

sample-chapters.pdf

9
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Course Components

Activity Hours/week
Lecture 3x 14

Tutorial No

10
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Tentative Teaching Plans

Week Content/ topic/ activity
1 Course Introduction & Brief Introduction to Python
2 Object Oriented Programming
3 Numpy Basics
4 Pandas I
S Pandas 11
6 Data Loading and File System
7 Data Wrangling
8 Mid-term Exam
9 Matplotlib for Visualization

10  Data Aggregation

11 Machine Learning Basics

12 Linear Regression and Classification
13  Data Analysis with Pandas

14  Review for final exam
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Programmer

Goodle
£

* A junior programmer gets high salary in an Alibaba.com
INTERNET company like Tencent

 Professional programmer writes computer
programs and develops software

Tencent

* A programmer can earn up to 500k — Im
USD in Google

Microsoft
* Software and INTERNET are huge industries

N Meta
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Programmer

Gooale

~Ajunter-programmer-gets-high-salaryin-an Alibaba.com

 Professional programmer writes computer
programs and develops software

Tencent

Microsoft
* Software and INTERNET are huge industries

N Meta
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EE CSHI 2! 3E# 500020
Offer. BAEEE 00 i L2518 Goodbye, $165,000 Tech

Jobs. Student Coders
Seek Work at Chipotle.

As companies like Amazon and Microsoft lay off workers
and embrace A.l. coding tools, computer science graduates
say they’re struggling to land tech jobs.

¥ % Essen

B2, TENNFRUESHFRUARRZE, THFRABANE. A, W
SEBRBHNRARE, NFARBKZH, BEEHIMTRES, fBE,. &
MRS 2R BN W EIGEFNELE.

ECONOMY

mputer-Science Bubble I
(FETSR] HFEE B HA 0 The Computer-Science Bubble Is
W, BT ERBFOERREEN, Bumung

— A RRNBIELFENAEE, REEL fety e f iy Bl
oY E S IR A Al R BIEE? AX FAHURATIR IEFER

HIRATFEH B OE.

Artificial intelligence is ideally suited to replacing the very type of
person who built it.

VBN, WS, HENT CSH k@) . DRzl oz
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BEMNZINGA

Anthropic CEO Says Al Could Write '90% Of Code'
In '3 To 6 Months'—Warns 'Every Industry' Will Be
Affected

-

Al could rite of software code in as few as three to
months, Anthropic CEO Dario Amodei said at a Council on

Relations event on March 10. He added that within 12 months, nearly all
coding tasks might be handled by Al. Human developers, however, will

still be needed to provide design inputs and set operational parameters

for these models.

TECH

Satya Nadella says as much as 30% of
Microsoft code is written by Al

PUBLISHED TUE, APR 29 2025:9:33 PM EDT | UPDATED TUE, APR 29 2025:9:58 PM EDT

Jordan Novet Jonathan Vanian SHARE f X in N4
a @JORDANNOVET : @IN/JONATHAN-VANIAN-B704432/
KEY * Microsoft CEO Satya Nadella on Tuesday said that as much as 30% of the

POINTS company’s code is now written by artificial intelligence.
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What
Should
We Do?
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The Al Revolution: Our Generation's 'Dot-Com'
Moment

Just like the internet boom of the early 2000s, Al is creating a new frontier of
opportunity. The landscape 1s changing, but the core skills for success are more
important than ever.

Why Coding 1s Still Your Key in the Age of AI?

% Aim Higher: Al develops code. You develop the Al

N-| Get Hired: Prove your problem-solving skills in technical

Interviews.

Work Smarter: Need knowledge to prompt and debug for more
effective vibe coding.
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Learning Outcome

In the age of Al ...

» Be able to write, compile and execute Python programs, including making use of

Python’s object-oriented methodology

> Be able to make use of some basic data structures and libraries to do some basic data

analysis, as well as to conduct predictive model design
» Be able to use Matplotlib to achieve basic data visualizations

» Be able to comprehensively think and apply appropriate tools to solve some real data

analysis problems
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Python Basics

19
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Introduction to Python

* Developed by Guido van Rossum in 1989, and formally released in 1991
* An open source, object-oriented programming language

* Powerful libraries

* Powerful interfaces to ntegrate other programming languages (C/C++, Java, and
many other languages)

* Programming language of the year 2010

20




& F LK ECEID BB K o BA A A g

he Chinese University of Hong Kong, Shenzhen o C radition with Modernity 7o Brung Tosether China and the West

Python (1991)

* Python is evolving ... Python release cycle
. Python 2.6 end-of-life
* The goal of this course: Python 2.7 end-ot-ife
Python 3.0 )
Python 3.1 end-of-life
Python 3.2 end-of-life
e KEE]E ﬂ:a Ek E£ rec 5|H 5 i ' x Python 3.3 end-of-life
Python 3.4 end-of-life
. . Python 3.5
* Provide you a comprehensive Python 3.6
Python 3.7
Python 3.8 . . sef:urit:«r . ]
knOWledge base J Python 3.9 | . securityl . |
. Python 3.10 [ P
* Qur students have very diverse Python 311
Python 3.12
backgrounds ... Python 313
08l'0gl10 1 lm2l13 1alvsine 7118119 20021122 '23ll2al'25 26127128 '29
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Interpreter v.s. compiler

High-Level Source File

e = 5 = 5 = 3,140

Output

Interpreter

(a)
High-Level Source File Machine-Code File
R -5 Output
area = 5 55 + 3.1015; R

(b)
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Interpreter v.s. compiler

Compiler Based Languages Interpreter Based Languages
C, C++ Python
For A architecture {={***1>| A architecture The Specific )
erpafd A architecture
2D : Interpreter
Source | _) For B architecture | | N B architecture Source [ | _ INEN The Specific B architecture
Code : X system X system Code : Interpreter X system
'> For B architecture | | N B architecture Lt by Tlhi Sp ectlﬁc B architecture
Y system Y system [rerprerer Y system
Development Compilation Platform Development Platform
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Integrated development environment

Python Editors “{ Cursor

Al Code Editor

| S ———
PyChar V ual Studio Code Sublime Text m IntelliJ IDEA

. o D
é KSpyder C 8’ i D) Jsf_yf [hiépa L
e R S— M Modern
[ sen C.
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Elements of Python Language

* Vocabulary/words — Variables and Reserved words

* Sentence structure — valid syntax patterns

* Story structure — constructing a meaningful program for some purposes
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Variables

3 pyvon 3.0 v

File Edit 5Shell Debug Options Window Help

Python 3.5.0 (%3.5.0:374f501Ff4567, Sep 13 2015, 02:27:37) [MSC w. 1900 64 bit (ARl
DE4)] on win32

Type “copyrizht”, “ecredits” or “license()” for more information.
srrow=10

2rr =20

> o=

10

PRy

200

srr omty

a0

}}}l
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Variables

* A variable 1s a named space in the memory where a programmer can
store data and later retrieve the data using the variable name

* The value of a variable can be changed later in a program
* Variables takes memory to store

* You cannot use the following words as variables

False None True and as assert break
class continue def del elif else except
finally for from global if import in
is lambda nonlocal not or pass raise
return try while with yield

Constants

 Fixed values such as numbers and letters are called constants, since their
values won’t change

* String constants use single-quotes (‘) or double-quotes (*“)

27
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Sentences or lines

Each line in python is an individual statement
Like a recipe, a sequence of steps to be done in pre-determined order

Steps can be conditional, repeated or stored to be used over and over again

. <— Assignment statement
x = x + 2 <« Assignment with expression
print(x) <« Print function

!

Variable Operator Constant Function
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Assignment

* Assignment statement
Assigned values can be retrieved from located memory

x=100-10 + x*3 - x/10

* Cascaded assignment
Multiple variables can be set as the same value using single assignment

statement >>> z = y=x=2+ 7 + 2

>>> X, Yy, Z
(11, 11, 11)

* Simultaneous assignment
Values of two variables can be exchanged

>>> ¢ = "deepSecret"” # Set current password.
>>> o = "you’ll never guess" # Set old password.
>>> Cc, O # See what passwords are.

(" deepSecret’ "vou’ll never guess")
P r Y g
>>> ¢, o =0, C # Exchange the passwords
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Practice

* Write a program to exchange the values of two variables
without using simultaneous assignment

30
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Numeric expression and operators
* Classic math operators

Addition Subtraction
* Multiplication / Division
*ok Power % Remainder

* Operator precedence rules
Parenthesis are always with highest priority
Power

Multiplication, division and remainder

Addition and subtraction
Left to right

AN NI NN

* More Operations

Floor division: 256 // 10 return 25
Divmod: divmod(143, 25) return 5, 18
Augmented Assignment: X <op>="7 equals x=x <op>7

31
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Practice

* Describe the precedence of following statement
X = 1+2%%3/4%*5
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Data Type

* Some operations are prohibited on certain types
* Check data type using function type()
* Type of a variable can be dynamically changed, and determined by last
assignment
X=)3
x=x+3.14
* Common data types
* Integer: 1,2,100,11550
 Float: 2.5,7.8, 79.99

* String: “cuhksz”, “python”
 Boolean: True False

* Data type conversions
* Integer will be converted into float implicitly when operating float and integer
* Use int() & float() to convert other data type to integer & float
* You’ll get an Error if source type is string and it contains character other than
numbers

33
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Useful functions D e P et
print ('Welcome', nam)
e Input() Who are you?
* Stop program flow and Wait for user input Chuck
* Return a string Welcome Chuck
e Print()
* Output to console or screen
* Eval()

» Takes a string argument and evaluate it as a Python expression, returns the result
* Be cautious about using it when users can cause problems with “inappropriate” input

Comments
* Anything after a “#” is ignored by python

Why comment?
v'Describe what is going to happen in a sequence of code

v'Document who wrote the code and other important information
v'Turn off a line of code — usually temporarily

34
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Examples

>>> string = "5 + 12" # Create a string.
>>> print (string) # Print the string.
5+ 12

>>> eval (string) # Evaluate the stri
17

>>> print (string, "=", eval(string))
5+ 12 = 17

>>> eval ("print ('Hello World!’)") #
Hello World!

>>»> # Using eval() we can accept

>>> age = éval(input("Enter yohr age:

Enter your age: 57.5
>>> age
57.5

>>> age = eval (input ("Enter your age:

Enter your age: 57
>>> age
57

>>> age = eval (input ("Enter your age:

Enter your age: 40 4+ 17 + 0.5
>>> age
57.5

l'l'))

l'l'))

35
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Flow Control
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Boolean type

* Python contains a built-in Boolean type, which takes two values
True/False

e Number 0 can also be used to represent False. All other numbers
represent True

Comparison operators
* Boolean expressions ask a question and produce a Yes/No result

» Comparison operators check variables while not change values

« Common comparison operators

< Smaller

<= Smaller or equal
== Equal

>= Larger or equal
> Larger

1= Not equal

37
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If-Else statement

. .
One way decisions =% ... .,
Pf x==5;
' Xprint "Is 5
print (" I= =till 573

print " Third 5°)
print('ls 5')

print (" Afterwards 5°)

print { Before 67 print('Still 5')

if x==B:
print (" Is &) Y — '
print Is still 6°) print(‘Third 5")

print (" Third &)

print ( Afterwards &)

Two way decisions
y - TR
iF o — x2S
print (" Smaller’ ) 1

print 'All Done'

print  Finished )
Multi way decisions

x=2
it =42
print ( Small’)
=11t =<10:
print (" Medium )
else:
print  Larze’ )

print 'All Done'

print ¢ Finished )|




F P LK E R

_, The Chinese University of Hong Kong, Shenzhen

Tips on if - else

=1 w=1]
1t w2 1t w»2:
print O Bigger’ ) print{ Bigger’ ) P
else: J else: VE
print  Smaller’ )

print C Smaller’ )

print { Finished ) print  Finished' )

* Else must come after if
e Use indentation to match if and else

39
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Indentation

* Increase after if/for statements

%=h

print " Before 5°)

it z==h:

. . . . print (: Is 5') .

* Maintain to indicate the scope of the block print (Is still )
print ¢ Third &)

* Decrease to indicate the end of a block print ( Afterwards 5°)
print (" Before 6]
1t =m==B:
print (" Is &)
print " Is still 67
print (" Third &)

* Blank lines and comments are ignored

[T T L

print (" Afterwards 6" )

Nested decisions

x=42
1f x»1:

n a a
print  More than 17

1 =®<100:
print { Less then 1007 )

x < 100

no
print "Less than 100

print C Finished )
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T00 MANY NESTED
DECISIONS = DISASTER

if' L= -
(A if/elif < 5~ e

N

WM N l 'v

‘ if/elif
b3
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Logical operators

* Logical operators can be used to combine several logical
expressions into a single expression

* Python has three logical operators: not, and, or

>>> not True

False

>>> False and True

False

>>> not False and True

True

>>> (not False) and True # Same as previous statement.

True

>>> True or False

True

>>> not False or True # Same as: not False) or True.
True

>>> not (False or True)

Falzse

>>> False and False or True Same as: (False and False) or True.
True

>>> False and (False or True)

False
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Try/except structure

* You surround a dangerous part of code with try/except
* If the code in try block works, the except block is skipped
* If the code in try block fails, the except block will be executed

Use try/except to capture errors
astr = "Hello hob’

trv: . . ..
istr = int(astr) When the first conversion fails, it just stops

except: into the except block, and the program
istr = -1 ;

print { First’, istr) continues

astr = ~ 123

try: .  t Caste) * When the second conversion succeeds, it just
11T = 1n dasT1Tr .

cucept: skips the except block
istr = -1

print { Second’, istr)
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Repeated Flow - Loop

Program Outputs
n=h 5
while n>0: %
nrint (n) 2
n =n — 1 1
print ("Finish™) > Finish
s

* Loops (repeated steps) have iterative variables that change each time
through a loop

 Often these iterative variables go through a sequence of numbers
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Repeated Flow - Loop

while (True):
line = input { Enter a word:™ )
if line == " done’ :
breal:
print (1ine)
print { Finished )

Breaking from a Loop

while True:

line = input© Input a word: )
if 1inel0Q] == "# : continue
1t légza;: done” :

print (line)
print " Done’ )

print('Done")

Finishing an iteration with continue
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Indefinite Loop

» While loops are called “indefinite loops”, since they keep going until a
logical condition becomes false

* Till now, the loops we have seen are relatively easy to check whether
they will terminate

* Sometimes it can be hard to determine whether a loop will terminate

n=h

while nr0:
print { Lather’ )
print { Einze’ )

n=n-1

print(’DrF of £17)
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Definite loop

* Quite often we have a finite set of items

* We can use a loop, each iteration of which will be executed for each item in
the set, using the for statement

* These loops are called “definite loops” because they execute an exact number
of times
* It is said that “definite loops iterate through the members of a set”

* For loops (definite loops) have explicit iteration variables that change each

time through a loop.
Example Cutput
1 | [EJQJEEE;I]: z
print (i) 4
print { Finished ) ;
]
Finished
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* The iteration variable “iterates” through a

sequence (ordered set) Sequence with

Iteration variable five elements

* The block (body) of the code 1s executed once
for each value in the sequence

fer 1 in [5,4,3,2,1]:

* The iteration variable moves through all of the print (i)

values i the sequence
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Practice

*Given a list of numbers, write a program to

calculate their sum using for loop

49
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Practice

* Given a list of numbers, write a program to calculate their sum using

for loop
Before 0O
numberSet = [3, 4, 98, 38, 9, 10, 199, 7&] 5 3
T 4
total = 0 105 4=
print  Before’, total) 143 38
fTor num 1n numberet: 152 9
total = total + num 162 10
print (total, num) 461 199
print  Last’, total) 439 T8

Last 439
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Filtering in a loop

* We can use an if statement in a loop to catch/filter the values we are interested in

* Operations shall be considered whenever filtering conditions satisfied or not

smallest so far = None

print { Before’, smallest _so_far) gegﬂf Hone
for num in [9, 39,21, 98, 4, 5, 100, 65] : oo’
1t smallest so far == lone: g g9z
smallest_so_far = num 4 4
=11t num < smallest so far: 4 5
smallest so far = num 4 100
print (smallest seo far, num) 4 65
After 4

print { After’, smallest so_far)

Finding the smallest number
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Function
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Python functions

* There are two types of functions in Python
v" Built-in functions which are part of Python, such as print(), int(), float(), etc

v" Functions that we define ourselves and then use

* The names of built-in functions are usually considered as new
reserved words, 1.e. we do not use them as variable names
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Function definition

* In Python, a function 1s some reusable code which can take arguments as input,
perform some computations, and then output some results

* Functions are defined using reserved word def

* We call/invoke a function by using the function name, parenthesis and
arguments in an expression

A is

that we use.A
function takes some input
and produces an output.

>>> big = (‘Hello world’)
>>> print big
’w'

—

“Hello world” maX()
. function

Guido wrote this code

Example - max() y



& F LK ECEID B (s K« BA TR J

The Chinese University of Hong Kong, Shenzhen

Combine Tradition with Modernity 1o rung Together China and the West

Building our own functions

* We create a new function using the def key word, followed by optional
parameters in parenthesis

* We indent the body of the function

* This defines the function, but does not execute the body of the function

x=h
print { Hells' )

def print lvrics():

printC I am a lumberjack, and I am okav.’ ) Hello
printC I sleep all nisht and I weork all dav.’) To
I am a lumberjack, and I am ckaw.
print ( 7o' ) ___ﬂ______———————‘“—————_——_ﬁ_—————_—’ I sleep all nigsht and I work all dav.
print lyrics() T
=gtz
print (x)
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Argument

* An argument 1s a value we pass mto the function as its input when we call
the function

* We use arguments so we can direct the function to do different kinds of
work when we call it at different times

* We put the argument in parenthesis after the name of the function

big = max(‘l am the one’)

Parameters

* A parameter is a variable which we use in the function definition that 1s a
‘handle’ that allows the code 1n the function to access the arguments for a
particular function invocation

det szreet(lang):
if lang== es :
print (" Hola' )
=1if lans==" fr’ :
print  Bonjour’ )
else:
print (" Helle' )
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Multiple parameters/arguments

* We can define more than one parameter in a

function definition
det AddTwe (a, b) :

* We simply add more arguments when we call the total = ath
function return total

* We match the number and order of arguments and z=AddTwo (3, 5)
parameters print (x)

Default argument
* Arguments can be set as default argument values

* Default argument values will work when function
1s invoked without respective arguments

def printArea(width = 1, height = 2):
area = width * height
print("width:", width, "\theight:", height, "\tarea:", area)

printArea() # Default arguments width = 1 and height = 2
printArea(4, 2.5) # Positional arguments width = 4 and height = 2.5
printAreaCheight = 5, width = 3) # Keyword arguments width
printArea(width = 1.2) # Default height 2

printAreaCheight = 6.2) # Default width 1
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Return values

* Often a function will take its arguments, do some computation and return a value
to be used as the value of the function call in the calling expression. The return

keyword 1s for this purpose.
* The return statement ends the function and send back the result of the function

def greet Iilan;g] - »2» print(greet{ en ), Glenn )
1t lang== 55 Hello Glenn
. returlj_ﬁ Ht::u}la »»» printlzreet Ces ), Sally’ )
elit lang== fr : Hola Sally
turn " Benjeur’ : Pe Y ’
elsel;E L Do jolr 27 print (greet O fr' ), Michaesl® )

return " Hello' Bonjour Michael
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Return values

Void functions
» Void function is a function that does not return any value
*  When a function has no return statement, it will return None

Return multiple values
* Python allows a function to return multiple values
* you need to pass the returned values in a simultaneous assignment

def sort(numberl, number2):
if numberl < number2:
return numberl, number2
else:
return number2, numberl

nl, n2 = sort(3, 2)
print("nl 1s", nl)
print("'n2 1s", n2)
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Argument, parameter, and result

»»> big = maz{ I am the cne’ )

»»» print (hig)
t

L ]

'l am the one
/

Argument

Parameter

\ Result
blah /

blah ) T

tor = 1n v:
hlah
hlah

A
return

def mazlinp):

a

t
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To function or not function...

* Organize your code into paragraphs - capture a complete thought and name it
* Don’t repeat yourself — name it to work once and reuse it

* If something goes too complex, break up them into several blocks, and put
each of them 1nto a function

* Make a library of common stuffs that you do over and over again — perhaps
share with other people
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String type

* A string 1s a sequence of characters

* A string literal uses quotes ’ or
* For strings, + means “concatenate”

* When a string contains numbers, it is still a string

e String can be indexed to get any character within it

* Index number must be an integer which starts from zero
>>> print

* String has a length, which can be get by built-in function len() [

 Python error if you attempt to index beyond the end of a string
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Slicing strings

* We can look at ant continuous section of a string using colon operator

* The second number 1s one beyond the end of the slice, which 1s not
included

* If the second number is greater than the length of the string, it stops at
the end

* If the first or second number of the slice is not specified, it is assumed
to be the beginning or end of the string, respectively

»>»» g = "Montvy Pvthon' iii 5:’.M-;:-1-Et§|.:r.gﬁr;:h@n’
#2> print (=[0:4]) printisl:
Mont S it (e [3:1)
. int g
0 | 2345 6789 (01] »»> print (s[6:7]) ty pfiﬁﬁn °
F »>»> print(s[:])
»»» print (s[B:20]) Monty Python
Fvthen o
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String library

* Python has a number of string functions which are in the string library

* These functions are built-into every string, we invoke them by appending
the function to the string variable

* These function do not modify the original string, instead they return a new
string altered from the original string

>»» gtuff = "hello world

»>» type (stuff)

{class “str' >

»»» dir (stuff)

[ add_ ', ' __elass_ ', ' contains_ *, 7 _delattr_*, ' _dir_ ', ' dec_*, 7 _

— a 0 2 ] ) 2 - 2 ¥ . 2 E]
eq__ , __format__~, " __ge__, " __getattribute_ ", * __getitem_ , ~__getnewargs
a L) Ll L) L) - . L) - Ll L) a a L) Ll
. _egt_, __hash__, __init__", "~ __iter__, " __le__", " __len__", " __1t__
a a a a a a a a a a
s _med_ 0, __mul__, _ne__, _ new _ ,  __reduce__ , __reduce_ex__ , T

a a a A a A A a . a A a a —
epr__, _ rmed ,  __rmal , °_ setattr ~, __sizeof °, _ _=tr_ ~, __ =ubecl
a a - " a a a a a a a a a a - a a
asshoolt  °, " capltalize , ~casefold , ~center , ~count’ , " encode , " endswith ,
a a " a a a a a LY a 3 . a L a LY
expandtabs , ~ find ,  format , ~ format_map , " index , " isalnum , ~isalpha , " isd
- a L . . L) L - - - a LI a L . a L . L) L
ecimal’, isdigit’, izidentifier , ~islower’, isnumeric ,  isprintable’, issp
L) L . a L a a - . a Ll - a a L) a - a a Ll L)
ace , istitle . " i1supper ., ~ Join , ~ liust ., ~ lower , lstrip’, "maketrans , "pa
- - a a a a . a a . a a . a a . - a a . a a -
rtition , replace , " rfind , "rindex , ~rjust , " rpartition , " rsplit , "~ r=trip
a a - a a - " a a " a a " a a a a " a a
. =split’, " splitlines , "~ startswith , ~strip’ , ~ swapcase , ~title ,  translate
a a a " a
., Tupper’, Tzfill']

2

https://docs.python.org/3/library/stdtypes.html#string-methods o
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Searching a string

* Use find() function to search for a substring in a >»» fruit = " bhanana’
. 27 pos = fruit. find({ na’ )
StI‘lIlg . »»» print (pos)
* find() finds the first occurrence of target substring -
* Ifnot found, find() returns -1 >»> aa = fruit. find( z")
»»» print (aa)
-1

Making a string upper/lower
* A string can be convert into all upper case or lJOWer s:» nysir = 1 an the one, T will beat latris

>»» newStr = myStr. upper ()

case using upper() or lower() 555 print (newStr)

I AM THE ONE, I WILL BEAT MATRIX
>r» newStr = myStr. lower ()

»»» print (newStr)

i am the one, 1 will beat matriz

Search and Replace

. . . »»» greet = "Helle, Bob’
* The replace() function is like a “search and 03 memSte = greet. xeplace ( Box', " Jane')
. . *2% print tnewStr
replace” operation in a word processor Hello, Jane
. . »»» newStr = greet.replace( &', )
* Itreplaces all occurrences of the search string with 535 ozint tewstr)
. Hell¥, BXb
the replacement string >5> newStr = greet.replace(z’,” X')
27 newStr

"Hellw, Bob’
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Stripping whitespaces

* Use strip method to remove whitespaces at the beginning and/or end
 Istrip() and rstrip() processes the left and right end of a string respectively

* strip() removes whitespaces at both ends

»»» greet =7 Hello Bobh °
»»» greet. lstrip ()

"Hello Bob 7

»»» greet.rstrip ()

" Hello Beb’

»»» greet. strip ()

"Hello Bob’
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Using ‘in’ in conditional statement

* The in keyword can also be used to check whether one string is 1n another string
* The in expression is a logical expression and returns True or False

* [t can be used in if or while statement

»»» fruit = " banana
»rr 'n’ in fruit
True

>y 'm in fruit
False

»»» "nan’ in fruit
True

»rr o if Ta in fruit:
print C Got chal’ )

Got chal
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File processing

* open() : Before we can read the contents of a file, we must tell Python which
file we are going to work with and what we will do with that file

* open() returns a “file handle” - a variable used to perform operations on
files

 handle = open(filename, mode)

* Filename 1s a string; Mode 1is optional, use ‘r’ if we want to read the file,
and ‘w’ if we want to write to the file

* Error 1f the input filename not exists
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Handle

»»» fhand = epen( ¢:\Pvthon35imvhost. tzt’, v’ )
»»» print (fhand)

{ io. TextIOWrapper name= c: % \Prthon35%\mvhost. txt’ mode=r’ encoding= cp936° >

|H mbox.txt
open A phen
read N bbbl o
write o [ % ¥
close L epher
t b t [saka
Your

Program
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File processing

* A text file can be thought of as a sequence of lines

* A text file has newline at the end of each line

* We use a new character to indicate when a line ends called “newline”

* We represent it as ‘\n’ in strings; Newline is still one character, not two

»rx gtuff = "Hello'\nWorld
srr o gtuff
"HellenWerld

»»» print (stuff)
Hellc

World

»rr ogtuff = TE\RT
»»» print (stuff)
X

bi

»»» lenf(stuff)

5
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File Reading

File handle as a sequence

* A file handle open for read can be treated as  fhand = open (' myhost. txt™, "r")

a sequence of strings where each line inthe - : _ . .4

file 1s a string 1n the sequence print (line)
* We can use the for statement to loop through fhand. c10se O

a sequence
Read the whole file

* Read the whole file into a single string

fhand = cpen( mvhost. tzt™, 7 )

2llText = fhand. read()

print{ The lenzth of the file:”, lenfallText))

print { The first 20 characters of the file:’, allText[:20])
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File Writing
* To write a file, use the open() function with ‘w’ argument

* Use the write() method to write to the file

fhand = open( test. tzt’,  w )
fhand. write C The first line'n )
fhand. write { The second line'n’ )
fhand. write { The third line'n )
fhand. close (J
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Practice

A file named “score.txt” is shown below which contains a sequence of lines. Each line
starts from the name of a student and then shows the scores of 5 courses one by one
(note that the order of courses is random). Please write a program to 1) calculate the
average score for each course; 2) write them to “average.txt” (for each line, write the
course name followed by the average score).

E-] score txt B3

-

L ks

oy

Jerry C5C1001:57 C3C1002:78 C5C1003:8% C5CLl004:66 C35C1005:77
Michale C5C1002:83 C5C1001:95 C5C1003:7T7 C5C1005:87 C5C1004:66
Michelle C5C1003:54 C5C1001:%5% C5C1004:92 C5C1005:50 C5C1002:595
Mike C3C1001:537 C5C1003:78 C5C1004:e7 C35CLl005:88 C5C1l002:7a
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List, Dictionary & Tuple
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List is a kind of Collection

* A collection allows us to put many values 1n a single “variable”

* A collection is nice because we can carry all many variables around in
one convenient package

* Not a collection: variables have only one value in them — when we
put a new value in the variable, the old value will be over-written

par ow=d

rrr o ow=d

> print (z)
4
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List constants

* List constants are surrounded by square

brackets and the elements 1n the list are
separated by commas

* A list element can be any Python object — even

another list
* A list can be empty

* Like string, list can be indexed

* Unlike string, list 1s mutable, whose element

can be changed by indexing

* Length of list can be obtained using len()

»»» print ([1, 24, T&])

[1, 24, 78]

»»» print ([ red’,  vellow , blue' ])
["red’, "vellow , "blue’]

>»» print (["red’, 24, 98. 6])

["red’, 24, 98.6]

»»» print (1, [9, 6], 7)

1[5 8] 7
ﬁ} print ([]1)

[ Joseph | Glenn [ sally

0 I 2

»»» friends = [ Joseph', "Glenn’, " 2ally’ ]
»»» print (friends[1])
Glenn

»»» fruit = ' Banana’

> fruit[o] = v

Traceback (most recent call last):

File “<pyshell#3>”, line 1, in <module>

fruit[0] = 'b

TypeBrror: "str’ chject does not support item assiznment

N

>»> g=fruit. lower ()

»»» print (z)

banana

R

»»» lotto = [2, 14, 28, 41, B3]

»»> print (lotto)

(2, 14, 28, 41, B3]

»x> lottol[2]=28

»»> print (lotto)

[2, 14, 28, 41, B3]

76




& F LK ECEID BB K o BA A A g

- The Chinese University of Hong Kong, Shenzhen

Combine Tradition with Modernity 1o rung Together China and the West

List methods

Build a list from scratch

* We can create an empty list using list(), then add elements using append()
* List stays in order, and new elements are positioned at the end of the list

>»» gtuff = list ()

»rr gtuff. append hoolk’ )
»»» stuff. append (99)

»»» print (stuff)

["beook™, 99]

»»» gtuff. append (" cockie’ )
22 print (stuff)

["book™, 99, " cookie’]

Concatenating lists

* Addition between two lists creates a new list, who is concatenation of
original ones

»»r a=[1, 2, 3]

>»» h=[4, 5, 6]

»»> e=ath

»»» print (o)

[1, 2, 3, 4, 5, B]
»»r print (a)

[1, 2, 3]
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List methods

Slicing list
* List can be sliced using colon; the first number is start position while the second is “up to
but not included” >»> t=[9, 41, 12, 3, 74, 15]
>»» 1[1:3]
(41, 12]
> t[:4]
[9, 41, 12, 3]
> 1[3:]

[3, 74, 15]
> 1]

[9, 41, 12, 3, 74, 15]
Sort list

* Alistis an ordered sequence, and hold items in order until order is changes
* Alist can be sorted using sort(), meaning “sort yourself”

»r» friend = [ Tom ,” Jerrv , Bat’ ]
»>»» friends. sort ()

»»» print (friends)

["Bat’, " Jerrvy , ~Tom ]

»»» print (friends[1])

Jerry

e

»>»» numbers = [1, 2,5, 100, 32, 7, 97, 1001]
»>»» numbers. sort ()

»»» print (numbers)

[1, 2, &, 7, 32, 97, 100, 1001]
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List methods

Build-in functions of list

srr ox=list ()
>»7 type (z)
{class " list’ >

> dir (z)
a a a A a . a A a A . a a M a
[* add ’, ° elass ', '  contains ', 7 delattr ', 7 delitem ', 7 dir
a a A a A a a a a M a A M a
, _doe ", " _eq ,  _format ~,  __ze_ ", _ _ezetattribute  ~, °  zetitem
a a a a a . a a M a A . . A a . a a a
, =zt ", hash °, ° _iadd ~, ~ __imuml ~, ° __ init ~, ~ __iter ~, ~__le__
a a A A a A a a a A a
, _len ~, " 1t °,  __mml ~, _ne_ ",  __new , _ reduce_ , _ reduce_ege
a A A a A a a a A a . a a
¥ , _repr_, __reversed_ ~, __rmul ~, _ setattr_~,  __setitem_, = __ =
. a a a a a A A a A a A a A a
1izeof °, ° __str_~, _ _subeclassheock ~, " append , " clear , " copv , " count , ~ex

a d . a d . a a a a a a a a a
tend , index , insert , "pop , ~remove ,  TEVEIrsSe , sort’ ]

https://docs.python.org/3/tutorial/datastructures.html#more-on-lists
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Practice

* Write a program to instruct the user to input several numbers and calculate
their average using list methods

while True
inp = input('Enter a number: ')
if inp == 'done' : break
value = float (inp)

print('Average:', average)
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Best friends: strings and lists

* Use the split() method to
break up a string into a list
of strings

* We think of these as words

* We can access a particular
word or loop through all
the words

»xr myStr = " Cateh me if vou can’
»rr words = myStr.split ()

»»» print (words)

[ Cateh’, "me’, "if’, Tvou', Tecan’ ]
»»» print (len (words) )

]

2> print (words[0])

icatch

»r»» for w in words: print (w)

Catch
me

1t
oLl
CAarn

81




HE P LK ECGEY

-, The Chinese University of Hong Kong, Shenzhen

* When you do not specify a
delimiter, multiple spaces are
treated like “one” delimiter

* You can specify what
delimiter character to use in
splitting

B fF s K » B4 tA s & 3

To Combine Tradition with Modernity 7o Bring ToSether China and the West

»rxr line = " A lot of spaces’
»»» ete = line.split()

27 print (ete)

4", "1lot’, "of, "spaces’ ]
Ey

»»7% line = " first second: third
»»» thing = line.split ()

>»» print (thing)

[" first:second: third’ ]

>»» len(thing)

1

Ly

»»» thing = line.split( ;")

»»» print (thing)

[ first’, "second’, 7 third ]
»»7 print {len(thing))

3
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* List: a linear collection of values that stay in order

* Dictionary: a “bag” of values, each with 1ts own label
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Dictionary

* Dictionaries are Python’s most powerful data collection
* Dictionaries allow us to do fast database-like operations in Python

* Dictionaries have different names in different languages
* Associative arrays — Perl/PHP
* Properties or Map or HashMap — Java
* Property Bag — C#/.Net

* Dictionary literals use curly braces and have list of key:value pairs

* You can make an empty dictionary using empty curly braces or dict()

»r» 333 = { chuck 11, fred :42, " jan’ :100]
#rr oprint (333)

U fred @ 42, " chuck’ : 1, 7 jan’ : 100}

»rr ooo=1]

?i} print (ooo)
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List v.s. dictionary

* Lists are ordered sequences while dictionaries have no order

* Lists index based on positions while dictionaries index based on key

»»» lst = list () >3 ddd = dict ()

»»» lst. append (21) rr oddd[ aze’ 1=21

»»» lst. append (183) 2y ddd[’ course’ ]=182

»»» print{lst) »»r print (ddd)

[21, 183] {"age’ : 21, " course’ : 182
5> 1st[0] = 23 »rroddd[ age’ 1=23

>>> print (1st) 772 printlddd)

[23. 183] Tage’ 1 23, "course’ : 182}

* List gets error if index number beyond its length while diction gets error to
reference a key which 1s not within it

* in operator can be used to see if an element is 1n list or a key 1s in the dictionary
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The get() method

* This pattern of checking to see if a key 1s already in a dictionary, and assuming a
default value 1f the key 1s not there is so common, that there 1s a method called

get() that does this for us

»»» counts = 1 aaa :1, bhk' 2,7 ceoe’ 15]
»»» print (counts. get ( ece’, 0) )
[l
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Definite loops and dictionaries

* Even though dictionaries are not stored in order, we can write a for
loop that goes through all elements in a dictionary — actually it goes

through all the keys in that dictionary and looks up the values

counts = 1 chuck 1,  fred :42,7 jan :100] Jan 100
fred 42
for key in counts: chuck 1

print (kev, counts[kew])
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Definite loops and dictionaries

* You can get a list of keys, values or items (both) from a dictionary

Prr o333 = U chuek’ 11,7 fred 42,7 jan’ :100;
»»» print (1ist (j3j))
[" jan', ~fred , " chuck’ ]

22 print (1ist (333, keys ()))
[ jan', " fred', * chuck’ ]
»rr print(list (333, values()J)
(100, 42, 1]

Prr oprint(list (3ij. items (1))
[ jan', 1000, O fred', 423, O chuck , 1)]
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Definite loops and dictionaries

* We loop through the key-value pairs in a dictionary using two iteration
variables

* Each iteration, the first variable is the key, and the second variable 1s the
corresponding value for the key

counts = 1 chuck’ :1,” fred 42,7 jan :100}
fer kew, value in counts. items () :
print (kev, value)

chucly 1
fred 42
Jan 100
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Tuples

* Tuples are another type of sequence that function more like a list —
they have elements which are indexed starting from 0

»»> x=0 Glenn , Sally , Joseph') 333 for ioin v
»>»r print (x) : :
CGlenn’, *Sally’, ° Joseph') print (i)

ey oy=0(1,9, 2)
> print (v)
(1, 9, 2)

> print (max(v))
9

-0 o

* Immutable: Unlike a list, once you create a tuple, you cannot change its
contents — similar to a string

* Efficient: Since Python doe not have to build tuple structures to be
modifiable, tuples are simpler and more efficient in terms of memory use
and performance than lists
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Tuple vs Dictionary

* The item() method 1n dictionaries returns
a list of (key, value) tuples

»»> d=dict ()

22y Al esev’ ]1=2

22r dl cwen” ]1=4

2ry for (k,w) in d.items():
print (k, v)

csev 2

cwen 4

»»» tups = d.items ()

»>»» print (tups)

dict items ([ czev’, 2), cwen', 4)])
>»» print(list (tups))

[P csev’, 2), Uecwen', 4)]

»>»» tups = list (tups)
»»» tupsl[1]

(" cwen’ , 4)
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Tuples are comparable

* The comparison operators work with tuples and other sequences if the first
item 1s equal. Python goes on to the next element, until it finds the elements
which are different

pryo (0,1, 214008, 1,2)

True

»»» (0,1, 2000003 < (0, 3, 4)

True

> ( Jones',’ 85ally’ )< Jenes', Fred’ )
Fal=ze

»»7 (O Jones , Bally )>»( Adams’,  Sam’ )

True
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Sorting dictionary via sorting tuple

* sort the dictionary by the key using the items() method

»rrod={"a" 10,78 11,7 2" 122

*rr t=d. items ()

»»» t=1ist (1)

S

(e, 22), v, 1), Ca', 101]
»»r» t.sort ()

SRt

[Ca, 100, Cb', 1), Ce, 22)]

* We can do this even more efficiently using a built-in function sorted()

which takes a sequence as a parameter and returns a sorted sequence
srrod={"a" :110,"b" :1,7 & 122}
2 d. items ()
diet_items([ (<", 22), b7, 1), Ca’, 10)]J
»27 t=sorted(list (d. items ()))
>yt
[Ca", 100, Cv, 1), e, 22)]
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Practice

* Write a program, which sorts the elements of a dictionary by the
value of each element
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Sort by values instead of key

e If we could construct a list of >»> d=la’ 110,71 1, ¢ 122
tuples of the form (key, value) we 5 2V Y deme 0

could sort by value tmp. append ( (v, k) )

rr print (tmp)

* We do this with a for loop that [(22, "¢), (L b)), (10, *a)]
. >»» tmp. sort (reverse=True)
creates a list of tuples >>> print (tmp)

[(z2, *&’ ), (10, "a%), (1, "b*i]
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Thanks for Listening !
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