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Course: Computer Programming
EERE. £

Prerequisites: None

Fo: 2

Credits: 2

5.1.1  EFEHMAIEA N %5 (Course Objectives and Basic Content)
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This course is a compulsory course for undergraduates in College of Artificial

Intelligence.
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The course focuses on computer program design. Based on C/C++programming
language, it discusses the basic theories and the design methods of programming
design, Procedure-Oriented and Object-Oriented programming methods, along with
the Sort and other basic algorithms. Chapter 1 to Chapter 3 discuss the data
structures of C++ programming, including Integer, Float, Character type, Array,
Pointer and Structure. Chapter 4 to Chapter 5 mainly discuss the basic control
structures of C++, including sequence, branch and loop. Chapter 6 to Chapter 7
discuss the declaration, definition, invoke, overload and template of Functions.
Chapter 8 provides a brief introduction to the memory and namespaces. Chapter 9 to
Chapter 10 discuss the basic concepts, ideas and methods of Object Oriented
Programming including the concept of Class, Object, Constructor, Destructor as well
as Operators overloading.

This course helps students build a solid knowledge for the basic principles,
methods of programming. The course adopts group study method, supplemented by
experiments,in-class tests, discussions and reports to train students the ability of
solving practical problems with basic theories and methods and mastering the basic
knowledge and skills for computer programming. The course includes several
experiments in order to consolidate students’ theoretical knowledge of computer
programming, further strengthen their ability to analyze and solve problems
independently., and develop their comprehensive abilities on system design and

innovations.
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The experiments of this course include experiments for C/C++ and extended

Python programming experiments. Students have studied the basis of programming

design through classroom learning, and students will further learn basic Python

programming through more experiments.

strengthen students’ ability of programming.

The special experiments will further
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5.1.3 B HRMIIEAR ZK (Teaching Objectives and Basic

Requirements)
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5.1.4  ZUFEWNEA Je#2HE(Syllabus and Arrangements)

#i2  (Introduction)

= —H- = 3
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Chapter Class .
Chapters Key Points
Number Hour

() HEMBAZETHER

(2) & & id A2 Fo Hy 6] 5 R 2 A2 0 LR

(3) CHAEFFALTR

%k .

0.1 ) 1 (1) The development of computer programming

Introduction
language

(2) The comparison of Procedure-Oriented and
OO programming

(3) The tools for C++ programming
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EWER

Chapters

i3 B
Class

Hour

Mmo| =
Key Points

1.1

CH+ K K fn iR

C++ initials

1.2

CH+i& 4

C++ statement

1.3

& 4

Function

D
(2)
(3
4
(5

(D
(2
3
4
(5

#2 F 35 AT 09 AL E-main F K
CH+ 2 Fo R AKX D 8 A& X AL
CH++ TR 4L 22 %5 Fo iostream X AF
k XA Fo & F R )

Cout #AT 4y th

The main function

C++ comments and source code formatting
The preprocessor and the iostream file
Header file and name space

Output with Cout

(@Y
(2)
3
4)

(@Y
(2)
3
4

FYE S fe KT

X AR % 4)

Cin # 47 #r X

Cin #= Cout-#1 K A% ] £

Declaration statement and variable
Assignment statement
Using Cin

Cin and Cout: a touch of class

(D
(2)
(3
4D

(D
(2)
(3
4)

i 18 B AR 6 Fa B

EE S

JA P E S A
- W R R REd

A function with a return value
Function variation

User-defined function

Using a user-defined function that has a return

value
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B-EF HEHE (Dealing with Data)

== - =1 3
ETFS TR B
EWAER M OR =
Chapter Class
Chapters Key Points
Number Hour
(O ZEF 4
(2) #=A

(3) # A short.int,long #= long long

) RAgFER

(5) ABFHEHMER

6) FEHEA

(7) char £ #

(8) bool £ #

(9) const FRZ &
meEEF

Simple variable (1) Name for variable

(2) Integer type

(3) The short, int, long, and long long integer
types

(4) Unsigned type

(5) Choosing an integer type

(6) Integer literal

(7) The char type

(8) The bool type

(9) The const qualifier

(D & 5%

(2) FEEAR
=3 (3) FEFE
2.2 Floating-point

number (1) Floating number
(2) Floating-point type
(3) Floating-point constant

(1) B F Ak B A A
(2) thkiB HA4F
(3) B

E)
Cot SR i A (4) kR H3%

2.3 C++ arithmetic

(1) Order of operation: operator precedence and
operator

associativity
(2) Division diversion
(3) The modulus operator
(4) Type conversion
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Chapters

i3 B
Class

Hour

Mmo| =
Key Points

&

Introducing array

FHE
String

string %
Introducing the
string class

oY
(2

D
(2

AN 2B
F 4R A 5 A HL Y

Introduction of array
Initialization rules for array

(D
(2
(3
4
(5

(@Y
(2)
(3
4)
(5

HHEFHETE
PR TS
FH B WA
BRIER—ITFH BN
RAMNFA S o F

Concatenating string literal

Using string in an array

Adventure in string input

Reading string input a line at a time
Mixing string and numeric input

(D
(2)
(3

(@Y
(2)
(3

string %
WAL | BE 4 o T e A B H A 3R AR
string % 1/0

String class
Assignment, concatenation,and appending
1/0 of string

3.4

ZE M A

Introducing structure

3.5

R4 Fe B i A E
Pointers and
the free store

(@Y
(2)
(3

(D
2
(3

AR PR LM
L5 M B
M B

Using a structure in a program
Properties of structure
Array of structure

(D
(2)
(3
4)

(@Y
(2)
(3
4

75 B Fa i 4 A0 35 4
&4t Fo i F

1% A new

1% 7 delete

Declaring and initializing pointer
Pointer and number

Allocating memory using new
Freeing memory with delete
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i3 B
Class

Hour

EVEFS

ETAER
Chapter

Chapters
Number

Hn
Key Points

H R

i

A A IEAT R
Pointer,array,and

3.6

pointer arithmetic

(1) F54+ 0%

(2) 4T &

(3) 8 new Rl ESH B LM

(D) BNGH FEEHISEEH

@Y
(2
(3
D

Summarizing pointer

Pointer and string

Using new to create dynamic structure
Automatic storage.static storage,and dynamic

storage

FHNE

TG HI 22 R £ KX (Loops and Relational Expression)

i3 B
Class

Hour

ETEFS
Chapter

Number

EV AR
Chapters

=

s
0
~ R

N
Key Points

for & &)
4.1 . 2
Introducing for loop

@Y
(2
(3
€Y
(©))
(6)
D

for #2428 2% 3 4
(&N

1 A for 3% 19 F 4% %
++Fo——

F A KA R AR
2EES

(8) WAL b4k

(9) C-R A& 54 $ 09 s g
(10) W4 string £ F 44 &
(1D Fia#ks

(D
(2
(3)
4)
(5)
(6)
(D
(€))
€]
(10) Comparing string class string
(11) Bubble sort algorithm

Parts of a for loop

Changing the step size

Inside strings with the for loop
++ and ——

Combination assignment operators
Compound statement,or block
Relational expression

Assignment and comparison

Comparing C-style string
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ETES i3 B .
ENAWR I
Chapter Class
Chapters Key Points
Number Hour
(1) for 5 while
(2) % 5 3L B A 2R
(3) do while # 2%
(4) H& IR Fo AN
while # 5% 4= do - Wézyff‘éﬁwﬂ
o) MRENAIANTT — ZEZLZ
s while 7 3F 1 0 -
’ The while loop and .
. (1) The for and while
do while loop o .
(2) Building a time-delay loop
(3) The loop of do while
(4) Loops and text input
(5) Nested loop and tow-dimensional array
FHE rIEAMZEIZEE L (Branching Statement and Logical Operation)
T . e ‘
ETAR MmoiR =
Chapter Class
Chapters Key Points
Number Hour
(D) if else &4
(2) A& R AL if else & 4]
. i35 4 (3) if else if else #& &)
v The if statement )
(1) The if else statement
(2) Formatting if else statement
(3) The if else if else construction
(1) # 4 OREF A4 |
(2) iZ 4 AND & f 4 &.&
) (3) A && kX ERALEE
(4 FH NOT i& 4 |
(5) BHBHfFmy
. (6) FHJHE cct
SE T T T e
5.2 (7) 7. EBHAF

Logical expressions

(8)
(9

(@Y
(2)
(3)

switch & &)

break #= continue & 4]

The logical OR operator ||
The logical AND operator & &
Setting up range with &.&.
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EPES &% & Rl R A
Chapter Class
Chapters Key Points
Number Hour
(4) The logical NOT operator !
(5) Logical operator fact
- il & 83 (6) The cctype library of character Function
’ Logical expression (7) The ? . operator
(8) The switch statement
(9) The break and continue statement
ERNE FE—C++ 1A (Functions: C++’s Programming Module)
EEES &% &0 R MR A
Chapter Class
Chapters Key Points
Number Hour
(1) & L& 4
- o A iR (2) & 2R B A ZA A
Function review
(1) Defining a function
(2) Prototyping and calling a function
’ (D 2AM5%
By JA B o e A A (2) B2 WA A 200 F 3
6.2 Function argument
and passing by value (1) Multiple argument
(2) Another two-argument function
(D F Ao T4 R 54 R L 2 5
(2) A A K
(3) #4053 5 1)
(4) 1% A # 41 X ) 49 & 2%
(5) #8442 const
- ) (6) &3 fo =Y 2a
6.3

Function and array

(1) How pointer enable array-processing function
(2) The implications of using array as argument
(3) More array function example

(4) Function using array range

(5) Pointer and const

(6) Function and two-dimensional array
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ETES i3 A .
ENAWR I
Chapter Class
Chapters Key Points
Number Hour
(1) C-RAs 54 % 15 A S sk
% M A C- R A F 5 & (2) & @ C-RAsF 45 %
6.4 Function and
C-Style string (1) Functions with C-style string argument
(2) Functions that return C-style string
(1) #ifFeid =254
(2) # it 4 M a3 atk
T e E MY (3) & # Ao string 5 %
string #= array %t % (4) F % Fe array 5T %
6.5 Function and
structure, string (1) Passing and returning structures
and array object (2) Passing structure addresses
(3) Functions and string class objects
(4) Functions and array objects
(1) #—#% 2R R
) (2) 2 F#H)AEM
i )2
6.6 2
Recursion

(1) Recursion and a single recursive call

(2) Recursion with multiple recursive call

EFtE

PR 4 ( Adventure in Function)

BHES o R ‘
BETAR Mo o=

Chapter Class
Chapters Key Points

Number Hour

, (D) MBS AL A
CH+ A B B
7.1 2

C++ inline function

(1) Using inline function
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TR EH & Wom &
Chapter Class
Chapters Key Points

Number Hour

(L A#EINRES

(2) 31 AR A Ko

(3) 31 Ay &k

(4) 51 A Fa 2k

(5) 51 A=

(6) 2% gk AAF= 3| A

(7) ATaF4% 0 3] A

.y JIREE

Reference variable
(1) Creating a reference variable

(2) Reference as function parameter
(3) Reference properties

(4) Using reference with a structure
(5) Using reference with a class object
(6) Objects,inheritance and reference

(7) When to use reference argument

(D & TR

(2) AT B R & B F &

Function overloading

7.3
(1) An overloading example

(2) When to use function overloading

(1) FHGBEAR

(2) ARy oy Pt
(3) 2X A4k

(4) =440 F= AR AL
& FOBE AR
7.4
Function template
(1) Overloaded template
(2) Template limitation
(3) Explicit specialization

(4) Instantiations and specialization
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PN A7 AR IR 1 44 B 25 8] (Meemory Model and Namespace)

5% “ItENBFZSRA"IRER

ETFS
Chapter

Number

ETAR

Chapters

R B
Class

Hour

M oiH =
Key Points

8.1

32k g%

Separate compilation

8.2

ERTITT Ty
VB 7 4 e i
Storage duration,

scope,and linkage

(D

D

3k 4 %

Separate compilation

(@Y
(2)
3
4)
(5
(6)
(7
(8)
9

AR B Ao i 4

B 2h A bk H S
HEREEFE

HERF SR SRS ES
HERFER AREES
HEBHFSE RN
LA FF Fo PR AF

5 4 o 4k B M

5 E AR

(10) At 7 EAah x40

(D
(2)
(3
4
(5
(6)
N
(8
9

(10) Storage schemes and dynamic allocation

Scope and linkage

Automatic storage duration

Static duration variables

Static duration,external linkage
Static duration,internal linkage
Static storage duration,no linkage
Specifier and qualifier

Function and linkage

Language linking

8.3

2 AR 1A

Name space

@Y
(2
3

@V
(2)
(3

A Gwg Cr+ % F 5 1
AL F R
52 45

Traditional C++ namespace
New namespace features

A namespace example
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BAE XL MZE(Objects and Class)

RS - ey ‘
Chapter FEIE Class AR L
Chapters Key Points
Number Hour
FREERHERR OO0 HiE (D SFAEHEBER 00 HAE
9.1 Procedural and
OO Programming (1) Procedural and OO Programming
(D 2 A
(2) C++ ¥ oy £
(3) FIFE AR R &2k
) (4) A £
Th A £ (5) 15 # %= 2
9.2 Abstraction
and Class (1) Type
(2) Class in C++
(3) Implementing class member function
(4) Using class
(5) Changing the implementation
(1) 7 A2 LA ik & 4
(2) 1% A H#y i & 3
(3) BiAH R
(4) 7 Ay 3 8
(5) Bt stock %
ER EAEAE (6) HMy & Fy R Fo b7 My Fy H 25
9.3 e A7 A 2K
Class constructor (1) Declaring and defining constructor
and destructor (2) Using constructor
2 (3) Default constructor
(4) Destructor
(5) Improving the stock class
(6) Conclusion of constructor and destructor
function
(1) this 54894
» (his 3% 4 (2) this 354694 A 3% =
The this pointer ) .
(1) The definition of this pointer
(2) The using scenarios for this pointer
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E+3F  ffifI2 (Working with Class)

= —H- =} Y

ENFS iR Bt
EWAER M OR =

Chapter Class
Chapters Key Points

Number Hour

. (1) EBHFEH
o1 BHFER

Operator overloading
(1) Operator overloading

(1) #nikiz FAF

9 (2) FHRRA
EHFEREH (3) EH A HIF
10. 2 Developing an operator
overloading example (1) Adding an addition operator

(2) Overloading restriction

(3) More overload operator

5.1.5 SZISEATI (Experiments)

~ i i \

2= RS Mmoo o=
Class

Num. Experiment Content Key Points
Hour

(D ARfEE AL #Hrh

(2) ARHBER

(3) &k X

(4) if-else #& 4 55 switch #& 4)
(5) while 5 do-while A3 4 #

CrHmA2 % 1.
N b XA ds H) B R A
AEX BAEANEMN
C++ programming training 1:

brog g . g (1) Standard input and output
1/O,data type,expression, .
(2) Basic data type
loop, branch )
(3) Expression

(4) if-else and switch statements

(5) while loop and do-while loop
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C 30
FS THWAE M oR =
Class
Num. Experiment Content Key Points
Hour
(1) —#eHm —4a
(2) F# & %t
(3) AT ab 45 £ R4 N AR
o (4) &3y 2 S AR A
Cro A 2. (5) 254 89 7 SLAo A
o) Z5 R
FeA M FAAE
B 25 MR . . . .
2 . 2 (1) One-dimensional array and two-dimensional
C++ programming training 2 :
) ) array
ointer,array,string,
P e' Ty Sing (2) String operation
function, structure
(3) The address and content transfer for pointer
operation
(4) The definition and callingof function
(5) The definition and use of structure
(1) FFoxd R 892 3L
G sm A 9 @ %é’a#’]% 4040 47 A
# &
A5t Ry rH R, (3) %44k R A A
K Yk K Fa )
BARERAE AL BA ER
. . . D) AR5 ERER
5 C++ programming training 3: 9
’ class and object,constructor and o )
) (1) The definition of classand object
destructor,inheritance and )
o . (2) Constructor and destructor function of class
derivation, friend and ] ) o
. (3) Class inheritance and derivation
polymorphism,overload ) )
(4) Friend, polymorphism and overload
(D FHEBERARERSH
(2) ¥ #1428 2 %kt
(3) FHAZ 8RR F LT
CrmBEIA A W %4; F % fﬂx J;«z
. o s s e A7 LR B
TEGFHETEELEE
R AR B Sk
4 . o 4 (1) Requirement analysis of the information
C++ programming training 4:
system
student status management . . . .
o (2) Outline design of the information system
program training
(3) Detailed design of the information system

D

The operations of open,close.read and write

for file system
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gk
Fs THHE R W o &
Class
Num. Experiment Content Key Points
Hour
(1) Python % #2 3R 3% Bt B Ao 42 /5 15 47 1 X
a e EN b 24
Pvthon %7 e R 1 ) 52 A
Python A A& & B E A ) h )
5 Python Programming training 1: 2 . . . .
. (1) Python programming environment configuration
Python basic grammar .
and data type and debugging method
(2) Input and output
(3) Variable, string, number, comment
(D 5% %H#H
(2) B EM
(3) B F A
) 7l &
(5) T4
Python %424 & 2. (6) F 4
BEEHEMN ASHELR (7 %£4
6 Python Programming training 2: 2
branch, loop, exception and (1) Branch
composite data type (2) Loop
(3) Program exception handling
(4) List
(5) Tuple
(6) Dictionary
(7) Set
(1) ML FIELA
X B4
Python % 46 & 3 g; ;Z;izgﬁ
7 SR N I 7] 9
Python Programming training 3: . .
function. class. module (D Lonc?pt and usage offunction
(2) Creation and usage of class
(3) Installation and usage of module
(1) A B 48 33 B
(2) LB AN
Python % #2846 J% 4. (3) M 422
HFEMR I T (4) Txt,csv,json.xlsx.jpg X i 5 5% 4
8 Python Programming training 4 : 2
data organization and (1) File data reading
file operation (2) File data writing
(3) File exception handling
(4) Txt,csv,json,xlsx,jpg file operation practice
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Fs TBRAE R W oA
Class
Num. Experiment Content Key Points
Hour
(D) =7 Bk
(2) Numpy,SciPy,Pandas,Matplotlib
Python %A% & 5. (3) OpenCV ,Scikit-learn,Pytorch
Vot A = o (4) Pybindl1
9 Python Programming training 5: 2
standard and third-party (1) Third-party library installation method
libraries (2) Numpy.SciPy.Pandas.Matplotlib
(3) OpenCV ,Scikit-learn,Pytorch
(4) Pybind11

REAHE - FH AT R 8 (VY 22 58l R 2p i LR 2 5 HR 22 B ) L 28 R R #d2
(PG 22 52 R AL 7 5 R 7 ) X e % Rl 22 (74 %2 32 1 R N T
Be) 5K I TR il (Y 22 52 38 R N T B Be)

R E « P94 A0 RPN T REA BE AR Ll AR R B S5 IR I B AR
BT TAEH

5.2 "HBIRGEHMERIEREXRH

RIERR. REEME Lk

Course: Data Structure and Algorithm
FEAEIRTE . AR A
Prerequisites: Computer Programming
F5:3

Credits: 3

5.2.1 FEHMRIZEA N %5 (Course Objectives and Basic Content)

AR N TR RE =B AR Ll Bk,
This course is a compulsory course for undergraduates in College of Artificial

Intelligence.
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A PRAR B IR AR IR G B8 T, 27 23 40 A S8 B LN % BN 2 A 1 R
DA g 7 JFH 945 R B 540 20 49 3 44 1) 3% 6 235 ) | A At 45 A B S B 7 T ) R I B3 L W 20
AR Sy AT L A I [a] A S ) A A BE A ROR , DA SRR T T . AR N R F
P AR LRI R B A% O A, B R = RN T AR IR A A
VB VR AL B I A A T R VMR B A7 BRI M R AR RS A b S AR, I
HYRAMER A AN R M N T NS B B S5 i g by 5 R
SR RRES KA. B LR A O\ R AR MHET M BRG] T AR

T S A PR B 27 ST S A T A B R R R A B 1 i A AR, 2 o) A L
TS A R S I [) AT SR G ol 2 A T AR R R AR o A Y () R 4 A 2 R B L
s 456 SEBR R B » G T 2 0T BRAR Ok J5 SR B A AR Sk 19 TR S BRAT T
R 5110 BE Al

WEE T AL ARG 5 R RS T8 B 45 5 5 R BT TE T S L g AR Hh 4
B A R AR A5 A 5 R B ) g R SR R A R R AR R AR
PRI, 2 402 07 AR DR 1) FEARARE &% A S BRI 3k, X 2 A A e TSR LR T i ke S B
[5] RECRE TN 25 5

This course trains students’ ability of data abstraction and analyzing the
characteristics of data structure processed by computer, so as to select appropriate
logical structure,storage structure and corresponding algorithm for data in practical
applications. The course also enable students master the analysis methods of time
and space complexity,as well as the design method of computer basic algorithms.
This course focuses on the basic knowledge of data structure and the core idea of
algorithm design. Chapter 1 to Chapter 3 mainly introduce the basic concepts of the
course,the time and space complex analysis methods, the basic data structure and
operation for the linear table and the restricted linear table. Chapter 4 expands linear
list to self-study content. Chapter 5 to Chapter 6 discuss the concepts and operations
of advanced data structures such as tree structures and graph structures. Chapter 7 to
Chapter 8 mainly introduce the concept, methods and steps for algorithm design based
on the basic examples of search and sorting.

Through the study of this course,students can understand and master the basic
ideas and common knowledge of data structure and algorithms, learn to analyze,
design and solve practical problems. The course enables students to understand and
master the typical data structure and their applications, to understand practical
programing problem based on the knowledge of this course,and lay a good foundation

for follow-up courses and future engineering practice.
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With the development and enrichment of computer programming languages,data
structure and algorithm design play an important role in computer programming.
Mastering data structure and algorithm design are very important for programming
and software design. Therefore, mastering the basic concepts, basic principles and
methods of this course will make it easier for students to solve practical problems of

computer programs in the future.

5.2.2 RFEIEAE ML (Course Arrangements)

A2 Sk
Data Structure and Algorithm

— B —F % ZHF % v R

RIEATR

TR AR AR K| K| A ﬁg*ﬂﬂiﬁii*
REBENM | AHAHIIHFZEHEHRREHLGR " ;iizzggig;
S 3F 5 (%&/ﬂ’\) AR & %4 (3)
‘ P Bkt ENA TG EE
g% (R AS o R I 8 F ) 2R
per i%f» 3D #r‘;‘ﬂ?#m@%%(zj
o SR (48 ) (F5) | HkseS 43302

SERE | A At

FEERRE | ALF R T FE AL B B X R A

HEAR | REHF

EZAN | MAEE ARG E 70%, FE RS E 30%

SEYM | REE. HEEME L E[M]. T HFHF EMAL,2016.

SZ AR | Shaffer C A. K ®E L M5 F % 5 #[MJ. New York: Dover Publications,2013.
HiE2

5.2.3 BEHRBMIFEAR ZK (Teaching Objectives and Basic
Requirements)
(1) B4 b 5 48 AR S 45 7 B H L 1 g
(2) HA&25 20 3B (B S8 A ok S s ] 81 i) B
(3) F AR FEAKE S5 A AL &, BRAR S Mk 3R (%) 5 40 S 454 - AL 46 7 2% L 3R Bk L BA
ISR N <
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(4) FER 5 GOBUE S A0 S T (1 45 K S AR AT, BRI AR 15 P 119 3 5 538 T 5 5
(5) FRfg R 5 AR, TR AL SR AR Ok A0 S AE Bk IR Sk R

ENZ EOS B UEE

(6) H & 1 BL & 7 figp ke — B L HH 1] RSUER) B T

5.2.4 BN Bl (Syllabus and Arrangements)

F£—F %1% (Introduction)

ETEFES " R BT .
ETEWR Mo =
Chapter Class
Chapters Key Points
Number Hour
(1) %% HEAET KBS HELEME L,
HEEMARAARABMS B BAE T N
1.1 Basic concept
of data structure (1) Data, data elements, data objects, data
structure,data storage
R HEER (1) ADT # & 7 Fo 5 I
1.2 Abstract data
type (ADT) (1) Representation and implementation of ADT
2
OO RE S L 5 (1) B F kA2 o 2 S, ok ey ik
13 Introduction of
’ problem,algorithm (1) Problem,algorithm and program,characteristics
and program of the algorithm
o (1) #E Fk o dr i et ) B 4 B, k3K E
. HUL Sk AT IR R ) AR R R KR
1.4 Algorith lysis
sont m‘ana IS (1) Asymptotic algorithm analysis, asymptotic
overview . . .
time complexity,algorithm growth rate
(1) B 872 B 5 AT 4L
- Y R B4 4 AT AL
. Ti lexit
Hne compiextty (1) Time complexity analysis rules
(1) EmATk, FTRATR.0 ATk LR EN
H UL oA
1.6 ﬁk.ﬂ 4 . 2 (1) Upper limit representation, lower limit
Asymptotic analysis . . R
representation, ® representation, simplification
rule
. . (1) =8 2% B 547 %
L ey =8 3R E AT
’ S lexit
pace complexity (1) Analysis method for spatial complexity
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FZE ZME (Linear Table)
== —H- = 3
EBES iR Bt .
BETAR MmoR o=
Chapter Class
Chapters Key Points
Number Hour
. (1) &Mk E 3L
51 ¥ S8
’ A linear table .
(1) A linear table
EREw X0 2 (1) R P 4% 45 41O A 4k 4 My ol 52 30
5 5 IR A Ak 2 A
’ Sequential storage (1) Sequential storage structure,and implementation
structure of linear tables of sequential storage structure
EREE LN (1) B4k ke sk R, PEIREE R
g 3 Bk 45 2
’ Linked storage (1) Single linked list, doubly linked list, circularly
structure of linear table linked list
. . (D) —A AKX AT, B it 24
EXEE SN0k )
2.4 Application examples 2 ) ) )
. (1) Representation of unary polynomial,commodity
for linear table .
chain update
F=F ZMRELPEFR—H . BAF) I H (Restricted Linear Tables-Stack, Queue,

and String)

. = 3
ETES i A .
BETAR MmoR o=
Chapter Class
Chapters Key Points
Number Hour
BAET AN A —A (1) A2 S, AR 0y Fh 338 £ A2 3L
3.1 Operational restricted
linear table-stack ) (1) Stack,abstract data type
AW B 25 M (1) R R A% AR
3.2 Storage structure
of stack (1) The sequence stack and chain stack
. (1) #5 KRk, x5 )2
s ot B o
’ Applications of stack ) )
(1) Bracket matching test.stack and recursion
BT R MR 2 .
S (1) P54 5 5L L B30 60 e 40 2 B 52 5L
3 4 F Sl

Operational restricted

linear table-queue

(1) Queue.abstract data type definition of queue
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== o 3
iii: EHER il MR A
. Chapters e Key Points
A3 84 A Ak (1) R A FA ) 6 M A & 5% L, TA 9] 04 4k X 5 4k 25
s B %I, # R %
3.5 Storage structure
and implementation (1) The concept and implementation of the sequence
of queue queue and chain queue
(D ME=AH KEFREH
56 B 5 g 5 )
Applications of queue (1) Yang Hui triangle. train compartment
rearrangement

FME YV REHEEXEHHAE) X E (Extended Linear Tables-Array and
Generalized Table)

== - = A
ETFES iR B .
EW AR M OR K
Chapter Class
Chapters Key Points
Number Hour

(1) #57 LRGmA L R
ol Lk St RIF

4.1 Arrays and . )
; g% (1) The concept and operations of array and
generalized table .
generalized table

FHET MM XH (Tree and Binary Tree)

EHFE N % B .
ETER Mo o=
Chapter Class
Chapters Key Points
Number Hour
(1) w4, 48 % 09 K K KE
- B oA
J.

The concept of tree . ) )
(1) The concept of tree and basic terminologies

(1) IRy cd, =X 250K, =k
2 W Gk A
= At

Binary tree (1) The concept of a binary tree, the main

(o2}
Do

property of a binary tree and the storage

structure of a binary tree
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ETES i A .
ENAWR I
Chapter Class
Chapters Key Points
Number Hour
(1) =X kteg 28 5 i 7
(2) =Mk Fik i
=S At g i (3) =X AH 4 & v &
5.3 Traversal of 2
binary tree (1) Preorder traversal of binary tree
(2) In-order traversal of binary tree
(3) The post-order traversal of the binary tree
. (D v X Z ey
ES T 1)V RE o #\kj%ﬁs
- S 20 A
5.
Application of binary
(1) Huffman tree construction
tree 1; Huffman tree
(2) Huffman coding
(D =X EHRM GBS
5 (2) =X FZEAM 1 E K
XAt R 2 (3) Z X FZEAaGIEN
X & &Mt (4) =& &AM ik
5.5 Binary tree
application 2 (1) The concept of binary search tree
binary search tree (2) Search of binary search tree
(3) Insertion of binary search tree
(4) Deletion of binary search tree
(1) 85 = bt ey L
(2) Pt e 4
. (3) P =L E &R GIEAN
=AM (1) F 7= X & Bt 69 R
T #45 = X& HA a B
Binary tree .
5.6 o 2 (1) The concept of balanced binary tree
application 3: .
. (2) Balance rotation
balanced binary ) ) o )
(3) The insertion operation in a balance binary
search tree
search tree
(4) The deletion operation of a balanced binary

search tree
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gk
ETES i3 A .
ENAWR I
Chapter Class
Chapters Key Points
Number Hour
ZXH ey A 4 (1) 3 54k 6 TA 2] 69 4 & & 5 3L
5 K S IA P (2) 3 09 3 N e 32 TR M PR
; Binary tree
o.
application 4 ; (1) Heap and priority queue concept and
heap and implementation
priority queue (2) Heap insertion and heap top deletion
2 (1) # o 4% 25 4
(2) A Atk = kb el 253k
(3) w5 A kegmm
0 # 5 Ak
5.
Tree and forest
(1) Tree storage structure
(2) Tree,forest and binary tree transformation
(3) Tree and forest traversal
FEAE K (Graphics)
=TRS . T \
ETEM M OH A
Chapter Class
Chapters Key Points
Number Hour
(D BWEE A, LaB . AaB, A, LT
A, %A
SRR
6.1 The concept ) ) ) )
) (1) Fixed point, edge, undirected graph. directed
of graphics ) ]
graph. weighted graph. acyclic graph, connected
2 graph
(1) ARAE4E M B4 7 &
B o) B4k 454 (2) AR R BAE 7 %
6.2 Storage structure
of graphics (1) Adjacency matrix storage method

(2)

Adjacency table storage method

179



ATERARELHNAGREREBIZE(E 2 O

gk
ERES N ey ‘
ETER /Mo oiE =
Chapter Class
Chapters Key Points
Number Hour
(1) REK K%
] (2) JTEMH LR K
. A 4 3 7 -
’ Traversal of graphs )
(1) Depth-first search
(2) Breadth-first search
2
. (D Btk ms
B s A 1. A4S i .
o (2) B335 ik
64 Application of
) graphs 1: topological .
) (1) The concept of map ordering
sorting
(2) Topological sorting algorithm
(1) AOE X
Beypmm 2. X4ERE .
L (2) XBERZF X
65 Application of
’ graphs 2:
. (1) AOE network
critical Path o )
(2) Critical path algorithm
2
. (1) %R 5 RAaARZFA
B 5 3, RA B T
o (2) £ %W & Z 6] 0 &A% 12
Application of
6.6
graphs 3: . .
(1) Single source point shortest path problem
shortest path
(2) The shortest path between any pair of vertices
Beg i 4. " -
B g 5o A Rt (1) A%
S }}’ AN g .
s (2) ZEHFRE®
Application of
6.7 2
graphs 4:
L ) (1) Prim algorithm
minimum spanning )
(2) Kruskal algorithm
tree




£tE HFEHE Y (Sorting Algorithm)

5% “ItENBFZSRA"IRER

EHFE ey \
BETAR MmoR o=
Chapter Class
Chapters Key Points
Number Hour
(1) # A g4 L
(2) He R Hk ey s 3L
(3) BRI AARE
B RN A *
7.1 Basic concept
. (1) The meaning of sorting
of sorting
(2) The meaning of the stability of the sorting
algorithm
(3) Two factors of the sorting algorithm
2
(1) 46 N5
(2) §ia#s
. (3) fa ik FH A
- 3 B
’ Simple sort
(1) Simple insert sorting
(2) Bubble sorting
(3) Simple sorting
(1) A R A
(2) it HE P
(3) =ZHF#HA
() W BFHA 1 HATRHA
. (5) MW FHF 2. HH
. %ﬁxﬁ?ﬁz ) o 7 + EZ iﬁ- )%—‘

Advanced sorting

(D
(2
(3
4
(5

Hill sorting
Quick sorting

Merging and sorting

Tree selection sorting 1: tournament sorting

Tree selection sorting 2: heap sorting
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gk
EnEE N At ‘
ETER /Mo oiE =
Chapter Class
Chapters Key Points
Number Hour
KB F R HE
(D k#EF MR TR
P SoE - w
7.4 Keyword comparison . .
) (1) Keyword comparison sorting lower bound
sorting lower .
analysis
bound problem
(1) Ak AHE 7
IF £ 4 F LB HE R (2) 3 REFHAF
7.5 Non-keyword )
comparison sorting (1) Cardinal sorting
(2) Multi-keyword sorting
(D BAHAFAEOFHLEE
. (2) Ak Fo 78 M 5T HE 4R
BAYHE T SR R A 7 -
7.6 Comparison of various ) )
) ) (1) Comparison of event complexity
sorting algorithms o . )
(2) Storage and stability analysis of various

sorting algorithms

#EI\E HHE W (Search Algorithm)

L L e \
BETAR moiE &
Chapter Class
Chapters Key Points
Number Hour
(D ERBEGBME
&R A (2) & A
8.1 Basic concept of
search algorithm (1) The concept of search operation
(2) Lookup table
2
(1) A& 0 &
(2) ¥ &K
BaEERE TR
8.2 Static lookup table
1C
@ ! (1) Lookup of the sequence table

(2)

Half-interval search
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sk
RPES EHER Rt a R A
Chapter Class
Chapters Key Points
Number Hour
(1) oA Bdeyw AMEF &
(2) MR rb R 75 %k
(3) A Rty A
(4) »bA £ 09 5 HF
g 3 b A 7 A 9
’ Hash list (1) Common construction methods for hash
functions
(2) Methods for resolving conflicts
(3) Implementation of hash tables
(4) Analysis of hash tables
KRB R (D) & &R GMA. PRI 0T LA FEH,2-3 4
g4 2-3 A 9
Linear index, tree (1) The concept of linear index, the definition
index: 2-3 trees and implementation of block index,2-3 tree
(1) B#F
W &5 BB (2) B+#¢
8.5 Tree index: B 2
tree. B+ tree (1) B tree
(2) B+ tree
FhE HALB ¥ (Other algorithms design)
RUES EHER Rt a R A
Chapter Class
Chapters Key Points
Number Hour
(D ke Hn
(2) i ik
(3) Wk
(4) 3 EHX
Hope k% 0 (5) FEHLAL S =
9.1 Other algorithms (8 %)

design

(1) Greedy algorithm

(2) Divide and conquer algorithm
(3) Backtracking algorithm

(4) Dynamic algorithm

(5) Randomization algorithm
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5.2.5 SEUSIAYI (Experiments)

R BT

Fs XEAE Class M R =
Num. Experiment Content Key Points
Hour

ORIV - % - N/ CIEEA NS F: X

! EXEF - Y- 5 )
Experiments of linear table (1) Add, delete, change, and search operations of
sequence table,linked list,stack,and queue
(1) ey 5= A ik i 32 AF
9 A4 M R B 5
Experiments of Tree structure (1) Implementation and traversal operations of

binary tree

(D) B8 E A 1 2 4F

B %

Experiments of graph structure . .
P grap (1) Implementation and traversal operations of graph

(D) FRHAHF T EHF A ERFHF AR

HR R ERE H A ki’f#ﬁ\)ﬁlﬂ-«‘f*ﬁ
4 Experiments of 2
sorting algorithm (1) Algorithms of insertion sort, bubble sort, selection

sortsshell sort,quick sort and merge sort

KYIHE A AW R HZ (P9 25838 R F T BAHLRR 22 5 R 2B X e 42 Rl #
2 (VG 42 283 K2 N TR e Be)

K E . PLClRFN TR BEAR Ll AR R 5 IR AR E S R
BT TAE4

5.3 “ItEHIFEREH IRIEXN

R HHEAZREH

Course: Computer Architecture

FIERE. RBEMES L E B FHKRE 2%

Prerequisites: Data Structure and Algorithm, Electronic Technology and System
2453

Credits: 3

5.3.1  UEREHRMIZEAS A %5 (Course Objectives and Basic Content)
AR RN TR BB AR Ll MBI,
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This course is a compulsory course for undergraduates in College of Artificial

Intelligence.

RURBRERFHEA S RSB IR IR b R 0285 6 TR PR 7 454 Jop it
RIBEFMEARF S, RGN A T =90t BV RGBT AL RISC-V 84 £ R4
A RO K L AR B AL AR (ALY AT R S BT HOR B IR R G S AE
G & AL BEES  PAFE A ZBUE DL K GPGPU SR8 AR (R BIF TR . £
AL R A R b B 4 DA K T [ S5 30 FH A T OB SR A A O O T ) AR B A ) AR
F 09N A RETH AN 04 i g .

A URFR ] 27 A SR AL T Y F S A R G5 Y SRR TR A AT RE 8 R R A R A,
R ) R JBE R 2 30 P IR TR ) RN 8 BRE R 25 A 1 R B A T ik

The course systematically introduces the design basis of advanced computer
system and key techniques including, RISC-V instruction set architecture, advanced
pipeline technique, SuperScalar Processor, Out-of-Order Execution, instruction-level
parallelism, memory hierarchy design, data-level parallelism in Vector, SIMD and
GPGPU architectures, thread-level parallelism, Many/Multi-core, On-Chip Network
and domain-specific architecture—especially for accelerator designs that aimed for
artificial intelligence applications, like deep neural network.

This course provides students with up-to-date information on current computing
platforms, giving them insight into the architecture. Especially when the Moore’s
Law is nearing the end, the system structure design method needs combining

software and hardware efforts for domain-oriented applications.

5.3.2 REFRIEATE L (Course Arrangements)

o YT
R & R Computer Architecture
FReE | | SFA | 2Ea | wka HENRE SRR
w & x| & x| K| x| A& A A I (2)
REEM | AA A HAAF SRR IRARE LR i HBFEEME L EQD
14 =
= PN 3 2 ) AR R LM ()
77
18 Eu Wk AN F Y E S
SN
G CRR 48 3 KB 0 F0) ALY
ERwm | o #1s | 3D HIEMEH F2)
am RF PR (46 FrP) N aF (2 F ) (F5) | Hiedsb it E(2)
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gik

FIBIRE | #BEEMLEHE . LTHAL A%

BEIRTEE | ATH MRS HA R FR

BEFANX | ReHF kMFLL 8 AT ® HERE

AR | BELRERXRGEE 0%, FARLE 20%. 285 10%

Hennessy J.Patterson D. it ALk 2 4. AR 5 H[M] 6 R, T %, %, &

BEAH W WU T s B, 2019,

P—— Hennessy J.Patterson D. it EAL2A . 5% (M. 5 M. T 5048, % G, g%, &
T PUAR Tk B RAE L, 20109,

Hiifz R

5.3.3 EEHRMIE AR K (Teaching Objectives and Basic

Requirements)

(1) T i = O H SRR 2R 45 0 i Bk B 4 e e 3
(2) BB HLIR R G A AL 20 BT 07 i 0F A 3804 = RGBT

(3) 248 RISC-V 5858 RS 45 5

(4) B PR L AE S EIFATHOR

(5) FEPR 2 ALAT 1 R G5 17 il i

(6) T fige 1) e Ab PR 25 AR S ZRUE LI L GPGPU 8 I AT HOAR 5
() AELRBEIATEOR
(8) A& TH [] AU A9 T35 24
THEE L A AR

2

R ) s T 1) DL TR JRE =~ D AR YN T3 g

5.3.4  BUFEWNE Fe#zHE(Syllabus and Arrangements)
F—F wihii 540 ER (Fundamentals of Quantitative Design and Analysis)
t-ﬂ-}-‘— = 3 s
=S =4 A R MR &
Chapter Class
Chapters Key Points
Number Hour
(D BERMFEANKFFEAASDLH 2
LRGN N N RO S N o v
JE L AT R s M 4
n it A ALk

Classes of computers

(1) Internet of Things/embedded computer,
personal mobile device, desktop computing.,
server, cluster/warehouse-scale computer,

classes of parallelism and parallel architectures
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gk
ENTFS R B
Chapter T ER Class R
. Chapters e Key Points
(D) #ALHRFEMN, LIEHFALIESG T FM
K& M
AU £ 2 B L (2) &3 i % B AR Ae 2 4 % K69 40 e B A
1.2 Defining computer
srchitecturc (1) Instruction set architecture: the myopic view
of computer architecture
(2) Designing the organization and hardware to
meet goals and functional requirements
) QDR ) VTSNS RN o B R R
L FARALH R
Trends in technology
(1) Bandwidth over latency,scaling of transistor
performance and wires
E YRR R R
For B FE AL B (1) AL B NI e fo o R
1.4 Trends in power
and energy in (1) Energy and power within a microprocessor
integrated circuits
OON: RE I & Lh Wl VR A I 9, B DI NN
AL N R R BT R A
- BRI H
Trends in cost (1) The impact of time,volume,and commoditization,
cost versus price, cost of manufacturing
versus cost of operation
e =
L S ) (D HHWTEHR
Dependability
(1) Dependability
EX A SRR 3N (D A X RERERMN KSR HRER
W|ERILE LR
1.7 Measuring, reporting

and summarizing

performance

(1) Benchmarks, reporting performance results,

summarizing performance results
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gk
ETES i3 A .
ENAWR moiR A
Chapter Class
Chapters Key Points
Number Hour
(D ApAANF AHRBREZ TELEFTL
. I RIANGE -3 S YC ¥ AEN
it H ALkt
wyE R 2
1.8 (1) Take advantage of parallelism, principle of
Quantitative principles
locality, focus on the common case,
of computer design
Amdahl’s law. the processor performance
equation
lgﬁi/i\ﬁlﬁ i3 fflé N
44 e 2 FE (1) B Ml X AR
1.9 Putting it All

together: performance,

price,and power

(1) Performance,price,and power

E£-EF BEALFEMEE I (Memory Hierarchy Design)

EHFE R ‘
BETAR MmoR o=
Chapter Class
Chapters Key Points
Number Hour
- SZHEAAME AR E
’ Introduction Introduction
(1) SRAM # K .DRAM # R
(2) 3 DRAM % K A 3069 A4k 35 4k
(3) A% SDRAM. B % # #% RAM = I3 & 7 84
i B R B AR RGN T R
Btk 35 AR A )
A 7 &
2.2 (1) SRAM,DRAM

Memory technology

and optimizations

(2) Improving memory performance inside a
DRAM chip

(3) Reducing power consumption in SDRAM,
graphics data RAM, flash memory, enhancing

dependability in memory system

188



68 “HEVNMFEESRA"RER

ik

ETFS
Chapter

Number

ETAWR

Chapters

R B
Class

Hour

M B =
Key Points

2.

3

% Bk ey 10 A
B BARAC T &
Ten advanced

optimizations of

cache performance

(D) It —REHF, A% RS P
1] Bk R

(2) kA B& TR VA 45 424 F BT 1]

(3) FILE A5 P MR A, AR BHLE KT

D ARARMEZR ARBGEH TR

(5) XHFHEFRIT LB I A BEIKE XK

(6) &3t 5 4 F R v Ak 8 kAR AN

(7)) R %iFBHRAABERE K F

(8) 48 A Fn 5 Bk AT A2 AF TRBL , VA 4K B 2k X
EY TS

(9) 7% % 85 45 ) TR, A B AR B kA SR B

(10) sk A HBM # R ¥ o G 4% B R

(1) Small and simple first-level caches to reduce
hit time and power

(2) Way prediction to reduce hit Time

(3) Pipelined access and multi-banked caches to
increase bandwidth

(4) Nonblocking caches to increase cache

bandwidth

~
wl
~

Critical word first and early restart to reduce

miss penalty

(6) Merging write buffer to reduce miss penalty

(7) Compiler optimizations to reduce miss rate

(8) Hardware prefetching of instructions and
data to reduce miss penalty or miss rate

(9) Compiler-controlled prefetching to reduce
miss penalty or miss rate

(10) Using HBM to extend the memory

hierarchy
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gk
ETES i3 B .
ENAWR I
Chapter Class
Chapters Key Points
Number Hour
(1) 8 3d i LA 45 53 32 B4R 7, A B UL 5 A 3%
HER, EMA (BRI IRESEERZEMN
XH
(2) JE AL 0 B4k 3B A 1/0 89 %R
(3) VMM 5241 . Xen J& 3L
BBk 5 A R WAL
2.4 Virtual memory 4 (1) Protection via virtual memory. protection via
and virtual machine virtual machine, requirements of a virtual
machine monitor, instruction set architecture
support for virtual machine
(2) Impact of virtual machine on virtual memory
and I/0
(3) The Xen virtual machine
Bk B ER (D) Ry fetsbBR 2 LN ZAREH—F KR
2 Ay ah 33t
2.5
The design of (1) Protection, virtualization, and instruction
memory hierarchies set architecture
@A ARM
Cortex-A5 F= 2
(1) ARM Cortex-A5 #= Intel Core i7-6700 P &3
Intel Core i7-6700
HAg B EREM
56 Py BB R R
’ Memory hierarchies
(1) Memory hierarchies in the ARM Cortex-A53

in the ARM
Cortex-A53

and Intel Core i7 6700

and Intel Core i7-6700
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84 F 47 M FHHF & (Instruction-Level Parallelism and Its Exploitation)

== —H- = 3
ETES i A .
BETAR MmoR o=
Chapter Class
Chapters Key Points
Number Hour
F8 A B4 (D) KF#AXE T &
WA 55 Pk, (2) # A4 ¥4 48 %
3.1 Instruction-level
parallelism: concepts (1) Data dependences and hazards
and challenges (2) Data dependences, control dependences
B ILP ek K
Yo iF BHAR (1) AR &R B Ao 18 30 e T
3.2 Basic compiler
techniques for 5 (1) Basic pipeline scheduling and loop unrolling
exposing ILP
(D ABE % XN E EHFTAMNE: AFEAMNEL
A By Tm BB iE N BR A ARIE IR A TR &
A% & T ) Iixgyli‘z:)l 7’3/? ;;1:“ ARIT AT
. ntel Core 1/ 4 NN 5
M A& 5 3 &
3.3 Reducing branch . . )
. (1) Correlating branch predictors, tournament
costs with advanced ) ) L
o predictors: adaptively combining local and
branch prediction ) ) )
global predictors,tagged hybrid predictors
(2) Intel Core i7 branch predictor
A zh &R
(D s XAE AR D RE xR iT9 S8 K
SR A HE F e - o -
3.4 Overcoming data . . .
. (1) Dynamic scheduling and using Tomasulo’s
hazards with . . .
. . algorithm for dynamic scheduling
dynamic scheduling
&AWL A Sk (D #h &RE . T4 F 5k
- Dynamic scheduling:
’ examples and (1) Dynamic scheduling: examples and the
the algorithm 2 algorithm
KT AR AR 64 3] (D A& T A4 a9 3 m
3.6 Hardware-based
speculation (1) Hardware-based speculation
A5 KK A S ,
) (1) 2 % ZA4the 8 &M E R L ILP
kAL ILP -
3.7 Exploiting ILP using

multiple issue and

static scheduling

(@Y

Exploiting ILP using multiple issue and

static scheduling
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ETES i3 B .
Chapter LT Class AR
Chapters Key Points
Number Hour
A AEE L% RS
Fa 3l ok FF A ILP (D) A3 RS 5 L4 A 3w k- L ILP
- Exploiting ILP using )
dynamic scheduling, (1) Exploiting ILP using dynamic scheduling,
multiple issue,and multiple issue,and speculation
speculation
AT HbtiEd
ey BRI K (1) A4 el 6) H AR R
Advanced techniques
39 for instruction (1) Advanced techniques for instruction delivery
delivery and and speculation
speculation
. (1) TEAKLEE L ILP 64 B M A 30l 5
Pk Btk
3.10 Bk B A%
Cross-cutting issues )
(1) Hardware versus software speculation
%8R, FREAERR
FirRGE
438 % Ak 2 (D AP 5 EBRERATRIFFTLEE G
s 1 Multithreading :
exploiting thread-level (1) Effectiveness of simultaneous multithreading
parallelism to on superscalar processors
improve uniprocessor
throughput
w42 % il . Intel Core
i7 6700 #2= ARM
Cortex-A53 (1) Intel Core i7 6700 #2= ARM Cortex-A53
3.12 Putting it All
together: The Intel (1) The Intel Core i7 6700 and ARM Cortex-A53

Core i7 6700 and
ARM Cortex-A53
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in Vector,SIMD,and GPU Architectures)

F5ZE “TENBEEREARMRER

Z 45 ¥y (Data-Level Parallelism

ETES i3 B .
ENAWR I
Chapter Class
Chapters Key Points
Number Hour
HAE RS AT R A (1) ¥ % HF47
4.1 Introduction of
data-level parallelism (1) Data-level parallelism
(D G FRAEE T T4, & = AT 8 A
Rid
2) A AT M ET AT KEFA
R OERRFARZ AL LEGEHRZ
GHMP R S am EaERAEM T LR
9 A SR AE
) OERALEMBAE
Lo mEALEERERLEMN
' Vector architecture
(1) Vector execution time, multiple lanes
(2) Beyond one element per clock cycle, vector-
length registers: handling loops, supplying
bandwidth for vector load/store units,
handling multidimensional arrays in vector
architectures
(3) Vector architectures programming
BIEA LB A
(1) 3 %4k SIMD & 2 ¥ A#2
(SIMD) 3¢ T
. (2) Roofline 7T A1 A 42 A
EE N E S
4.3 2
SIMD instruction set
(1) Programming multimedia SIMD architecture
extensions for
(2) The roofline visual performance model

multimedia
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EUES EH LR Rt W oA
Chapter Class
Chapters Key Points
Number Hour
(1) GPU 4%
(2) NVIDIA GPU i+ H 4 #
(3) NVIDA GPU #54 % 1k 24 #
(4) GPU Py &t5 %
(5) GPU At 5 %M
(6) M GPU 4k & 25 # F o9 41 37
() MERZEMS GPU ¢4 5 R E
(8) % ¥4k SIMD # A5 GPU Z 17 9 481l 5
Ay B *
44 (Im%hr;ci(Pé;CGismg 2 (1) Programming the GPU
’ (2) NVIDIA GPU computational structures
(3) NVIDA GPU instruction set architecture
(4) Conditional branching in GPU
(5) NVIDIA GPU memory structures
(6) Innovations in the Pascal GPU architecture
(7) Similarities and differences between vector
architecture and GPU
(8) Similarities and differences between multimedia
SIMD computer and GPU
H i A 3 1% (1) & #&A0 %M K AR 3t i
L5 VAT A FHAT R
Detecting and enhancing (1) Finding dependences, eliminating dependent
loop-level parallelism computations
(1) #&# %5 DLP
(D) BmELERME . SAEHEEREY G
% . ¥ iz A TLB 8k
46 X #m
Cross-cutting issues 2 (1) Energy and DLP
(2) Slow and wide versus fast and narrow, banked
memory and graphics memory, strided accesses
and TLB misses
ﬁk)\i\‘%ﬂg\%% GPU (1) #3254 % GPU,Tesla 5 Intel Core i7
Putting it All together:
17 embedded versus (1) Embedded versus Server GPU and Tesla

server GPU and

tesla versus Core i7

Versus Intel Core i7
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FRE LBEHIIT(Thread-Level Parallelism)
== —H- = Y
ETES - iR B :
ETEWR MmoiE o=
Chapter Class
Chapters Key Points
Number Hour
KRBT HA (1) 3R BIKEREM FHATA B
- Introduction of
’ thread-level (1) Multiprocessor architecture; issues and
parallelism approach, challenges of parallel processing
(1) $ABEZHF B
(2) —HMHEARERFTFE
(3) %91 — B WX
(b AAR—8Hhle ¥k
B) MHEEFAMBELAREE RN NG A
. N PR
EPXEFE - o
o (6) % 472 35 F= I5 o7 B X
BBk R EMH e .
. () BHEH— e %k
5.2 Centralized
shared-memory )
) (1) Multiprocessor cache coherence
architecture
(2) Basic schemes for enforcing coherence
(3) Snooping coherence protocol
(4) Extensions to the basic coherence protocol
(5) Limitations in symmetric shared-memory
(6) Multiprocessors and snooping protocol
(7) Implementing snooping cache coherence
(1) AR R B egHaeal &
SR (2) 3 ERBFPBRFELZAT/FAK
% A P Byt Ak (3) 2 EHBRF AR R %6 TAE R E A9 M4
Performance of
5.3 2
symmetric (1) A multiprogramming

shared-memory

multiprocessor

(2)
(3

OS workload
Performance of the multiprogramming and

OS workload
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gk
ESFE o R \
EWER M oOR =
Chapter Class
Chapters Key Points
Number Hour
PR E TR » ‘ o
. (1) BERXEH—smthl: Aot o2kl
Fo B RX— &M
5.4 Distributed shared-
(1) Directory-based cache coherence protocols:
memory and directory-
the basics
based coherence
(1) AR RE A2 A — M F IS
Bk2 2
5.5
Synchronization (1) Basic hardware primitives,implementing locks
using coherence
. (D) A RGRE T E R AR
Btk 35— BB F A
5.6 Models of memory
(1) The programmer’s view,relaxed consistency
consistency
models: the basics and release consistency
(D) HFBHRAEEFTHEER
(2) ) 7 Hem) R B g8 = 42 AR AL F g 2E R
(3) 2 FABA S ARG R
XX E A
5.7 (1) Compiler optimization and the consistency model
Cross-cutting issues
(2) Using speculation to hide latency in strict
9 consistency models
(3) Performance gains from multiprocessing and
multithreading
(1) 2L EERLER
S A AR R R
5.8 Multicore processors

and their performance

(@Y

Performance of multicore-based multiprocessors

on a multiprogrammed workload
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18 FH I 4L #8483 (General Purpose Graph Processing Unit, GPGPU)

EVFS

TR B

Chapter LR Class AR A
R Chapters — Key Points
& A~ (1) i 7 B 7% 4 22 85 A~
6.1 Introduction of
GPGPU (1) Introduction of GPGPU
(1) FHHhLEE
(2) hfm R AL LR T X
GPGPU # T4 7 X A= (3) A6 EHE Kernel #47
6 A2 BE A
Programming mode (1) Heterogeneous CPU-GPU system
of GPGPU (2) Block and arrays of parallel threads
(3) Device memory management and kernel
execution
GPGPU # 7 4 5 4 (1) B3 EHE 3k F Ak ek At
6.3 Memory structure 2
(1) Local Memory, shared memory and global
of GPGPU
memory
(1) GPGPU & 5 4 AT Fo i) JEAE X
(2) Warp #§ TR X
(3) % ZAEA R & 45
GPGPU # H & # (4) 5% B VA B Mo ik 4 5F
B Y F2 7 H)
6.4 GPGPU architecture (1) Hardware execution and scheduling mode

and programming

examples

of GPGPU
(2) Warp grouping and dispatch
(3) Branch divergence and dynamic warp
Formation

(4) Memory divergence and address coalescing
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EEE 1w A AN AT B AR R 25 H) (Domain-Specific Architecture)

. = 3
ETFS . TR B .
EHRR M OB =
Chapter Class
Chapters Key Points
Number Hour
& A~ (1) ¥ e AR 3R 5 R 84 3 AL A
7.1 Introduction of domain-
specific architecture (1) Introduction of domain-specific architecture
(1) DNN #¥ £ 5T,
(2) Nk 5HER
(3) % ER S5
(4) BAAP 2 M %
5 (5) H)AAZE M %

AR AR it A (6 ¥4, &4

Deep neural network

7.2
(1) The Neurons of DNN

(2) Training versus inference

(3) Multilayer perceptron

(4) Convolutional neural network
(5) Recurrent neural network

(6) Batches,quantization

(D TPU K 244 84 % A Z M, LI,
A Fo Bk
23 TPU
7.3 . ks (1) TPU architecture, TPU instruction set
Google TPU . . .
architecture, TPU microarchitecture, TPU
implementation, TPU software, improving

the TPU

(1) # % Catapult X F 69 P S mik, 2 #H,
B AR ZE M LIELT R mik

% % Catapult

7.4 v ~ o ‘apu (1) Microsoft Catapult, a flexible data center

Microsoft Catapult . . .

accelerator, Catapult implementation and

architecture, Catapult software, CNN on

Catapult,search acceleration on Catapult

(1) AT heik Dl 25 49 F 45 R Crest K 4% F S do

¥4 R Crest

Intel Crest .
(1) Intel Crest, a data center accelerator for

training
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EHES N iR ‘
ENEWR /Mo oiE =
Chapter Class
Chapters Key Points
Number Hour
N (D AABHHFEARARERELSE
AAAS S SRR o

A personal mobile . o )
7.6 o (1) Personal mobile device image processing
device image ] ) ] ) )
) ) unit, pixel visual core instruction set
processing unit i
architecture

2 (1> GPGPU, CPU, DNN #n i % & g8 | $h47 B
GPGPU,CPU,DNN ) Bk AR A
e i B LA
7.7 CPU versus GPGPU (1) GPGPU versus DNN accelerators, performance:
versus DNN rooflines, response time, and throughput,
accelerator cost-performance, TCO, and performance/
watt

KRG T AT HO (P92 2838 R N TR BE B

R 58 45 AT MG 2 B (VY 22 3838 R~ N TR B~ ) 8 SCHT I B 42 (7“2 52
SDNE N i S NN R €/ S N N = i = )

R E « P9 %30 RN T REA B AR Ll AR IR R B 5 IR i B2 —
BT TAEH

5.4 “ERITENHMFHNEEZERR"REXR

IRIEETR. AR FNHAFHEZETA

Course: Great Ideas in Theoretical Computer Science
EfERE: £

Prerequisites: None

F4: 1

Credits: 1
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5.4.1 FEHMRIEA N %5 (Course Objectives and Basic Content)

A PRFEIE N T B2 B AR Ll B PR,
This course is a compulsory course for undergraduates in College of Artificial

Intelligence.

BRFE DABRIS TR LR 4 14200 AR R F2 4k 1 o8 Bk R AIL AR B T TR b
HOE S IR BOE B 2 AR T 18 A5 F A 43 ol B A A L
FIRUET . BREGIBZ AN — T B L AR L A S ) e B — A B R R
AT AL 4G B R AL AL, R LA U8 g R0 4 im0 8 v 55 52 4 RO ik LR A
PUIERT a0 A 25 4 | 3% 730 805 o BB 38 I SR RO S IR S B 45 55

A PR S S 0 A LI i R 1 0 A 2 B 2 A T G T IR TSR LR R Y
WA ENG . URAR R F M A B 5l i 2R YRR AR, Sl 27 2k U 2 5 BIR IE Ml & 2
oL T LR A T A 1Y )R pe I 2 L ) SR AE IR R 52 BUR 2 28 BE 0 0 45 4R B T ML
B2 i AR SR TR . g AU S L E — 2 N i 2 AR Y R FBOR R RE T 25 A
P B8 3 R0 TR GARE T L B R R 2E AR I A e N 2D E I BE SR AT T AL SE Y
At

BEE NSHE AL B A, BIS TH S AL 27 A AL 4K 28 78 15 5L H R ST A8 22 51
R T LR R e R B AL Sy T . R 2E S G B TR HURL 2 Y AR RN
T X TN B AR AA A EWHRIE N E L, e A RBEZ G, &2
e 97 1 AR R AR 2% A 07 4 e LS THRHLRL 4 AT DU MR 28 A C il 0 9 T 2 Ay
P, dlais R S TR AN 2 R S SR s A A B EUS OR 2 BT R .

This course focuses on the key idea of theoretical computer science and covers
topics like deterministic algorithms, randomized algorithms, computability theory,
cryptography, game theory, discrete mathematics, and numerical linear algebra,
especially introducing the rigorous mathematical proofs. Chapter 1 to Chapter 7
discuss one specific problem from one of the above topics, respectively, including
Halting Problem of Turing Machine, Karatsuba Algorithm,las Vegas Algorithm and
Monte Carlo Algorithm, Zero-Knowledge Proofs, Nash Equilibrium, Continued
Fractions and Approximation of Irrationals, Condition Numbers of Matrices and Ill-
Conditioned Matrices, etc.

This course helps students have a preliminary understanding of theoretical
computer science through the study of basic theories and problem-solving methods.
The course adopts an interactive teaching strategy, encourages students to actively

participate in demonstrating and deducing problems, and gives students sufficient
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training on solving problem, and strives to master the basic idea and method of
theoretical computer science after the course is completed. Through problem-solving
training, students’ problem solving ability, comprehensive understanding ability and
writing skills will be further strengthened,and a rigorous and scientific style will be
cultivated,laying a solid foundation from learning to research in the future.

As humans enter the information age, theoretical computer science not only
continues to make important contributions in the field of information technology,but
also extends its influence to all aspects of society. Therefore,learning the important
ideas and solving methods of theoretical computer science has far-reaching
significance for the next generation of scientific and technological talents. After
completing this course, students should be aware of the powerful tools and methods
that theoretical computer science can provide to them whenever they face new
technical challenges. By applying these tools and methods,and combining them with

practice,it is expected to achieve greater and more innovative results.

5.4.2 PRFEIEATE L (Course Arrangements)

i BRI ANHAFHELTA
e h Great Ideas in Theoretical Computer Science

—F % —HFR =ZF% v 25
i B . HENREEREAR

| A ER ,ﬁ; B R R A it AR AR (2)
BRI | AA A INA R SRR REBLER | | g | R EAEREG
. N o ay | THRAUR R 5 (3)
# 9 L35 IR RNy e )
B oA 16 0 BALD

CRR 16 5 05 K5 0 5 #) w5 | 3D EAEH F ()
BIR S R FE 4 F ), (F2) | FRASEBHHIEQ
43 BL PR I (2 F )
EBIRE | £
JREIRTE
HEHR | REFH T HEES DA BRRS
EZAN | FHAGESE S E 500, FEHPRFRAE 504
SERM | amFL
wews | 1. MIT Open Courseware 6. 080/6. 089

SRR 2. CMU Course 15-251
HitifE R




ATERARELHNAGREREBIZE(E 2 O

5.4.3

2 Hny M JE AR 255K (Teaching Objectives and Basic

Requirements)

(1) HRfig [ R AL E S PR RALASE AL IR A A BT 0 5 1 S FEE ]

(2) PE % =K B e 1 O VA PRI , B R R

(3) B4R S0 307 240 o 307 530 02 R 52 R 9 SRk 0 S, B 7 22 1] A4 IB 2R R DX 5
(4) FRfige 5 P R IE W] B RE S 028 2 2 B H 2 MR IR 5

(5) PR A YA 1) 58 SC L PRAR A AT 5 B, T A A AN Bl RE B A E B ) Y

KHK;

(6) A AR R BB A, R T B 110 3 S () A G A
(7D PR AR RO DR 22 Z 1B OG22 2l A% R BOR R S AR 0 1 22

5.4.4 BFEWNE KAk (Syllabus and Arrangements)
#%1i¢ (Introduction)
== —H- = 3
ENEFS R B 5
BETNAR omoiR A
Chapter Class
Chapters Key Points
Number Hour
(1) 1.5 > adaml 35
B BRI (2) ) 3 A0 3 4T 1) S 3 2
0.1 Mathematical 2
examination (1) A preliminary mathematical screening of 1.5 hour
(2) A brief presentation of solutions
F—F witAEMER I B R PLE LR B (Lectures on Computational

theory: Halting Problem of Turing Machines)

ETFS iR B ,
EVER M OR &
Chapter Class
Chapters Key Points
Number Hour
(1) B R A2 sL
(2) @ AHE IR
(3) AT REFHEWIER
- A 7 1 A" B L

Turing machine

(1) Definition of Turing machine

(2) Universal Turing machine theorem

(3) Notes on the number of tapes




6% “IHEVRFESRAMREZR

gk
EPES &% & Rt R A
Chapter Class
Chapters Key Points
Number Hour
(1) # )2 T # A% F 69 2 L
(2) % )25 F 49 52 3L
(3) #HPATHEES HIFNG X A
)3 T A (1) #PTHAEEZHHPFEZTHX R
EE 5% EES
1.2 Recursive enumerable (1) Definition of recursive enumerable language
language and (2) Definition of recursive language
recursive language (3) Relationship between recursive enumerable
language and halting problem
(4) Relationship between recursive enumerable
language and recursive language
(1) B XA 1E A
(2) & FI AL R 7T $) 2 M 49 3E A
B R AUAF AU AL (3) & 2
1.3 Halting problem of
Turing machine (1) Halting problem of Turing machine
(2) Undecidability of the halting problem
1 (3) Rice theorem
M AR R (1) B A AL IR T H A0 L5 o
T H] M L R o
. X5 Hirfh
w The practical value of

the undecidability
of the Turing machine

shutdown problem

(1) Practical implications of the undecidability of
halting problem

-

i 78 B 55k % PF— $1 %8 B 5B 3 (Lectures on Deterministic Algorithm
Karatsuba Algorithm)

EHFS o R ‘
BETAW MmoiR o=
Chapter Class
Chapters Key Points
Number Hour
(1) BTk B 3t 50 ok ek it
- (2) $hAk S kB H oM
B Rk 7
2.1 High precision 1

multiplication

(1) High precision multiplication and its algorithmic
challenge
(2

~

A naive algorithm with analysis
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gise
ETES i3 B
ENAWR I
Chapter Class
Chapters Key Points
Number Hour
(D FEFefFxntign
(2) Hxd%
N (3) BB Master & 32 49 2 & 5 #7
Faedx
2.2
Karatsuba algorithm
(1) The main idea behind Karatsuba algorithm
(2) Algorithm specification
(3) Efficiency analysis through Master theorem
R Af AR AL K ) . .
. (D) FFrsHAEFEEE AKX
FrienrX
2.3 1
Asymmetric
(1) Some asymmetric Karatsuba-like formulas
Karatsuba formula
E=EF WLk O A Bk 5 54 R I8 575 (Lectures on
Randomization Algorithm: Las Vegas Algorithm and Monte Carlo Algorithm)
BETEFS R BT .
ETAR Mo =
Chapter Class
Chapters Key Points
Number Hour
(D # A=A
(2) A BT ERAL TR
(3) R k?ﬂ?ﬁ-%ﬁ’]%i\‘ﬁ*
(4) FEAUH 3k F ok 09 F Bd BRR 5 A
[ AL B HE R
3.1 1
Random quick sort (1) Sorting problem
(2) Deterministic algorithms for sorting and their
complexities
(3) Basic ideas behind random quick sort
(4) Algorithm specification and efficiency analysis
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ETES i3 A .
EVAR moiR A
Chapter Class
Chapters Key Points
Number Hour
(1) & # 19)A
() HERBRFAIDHNLEALT LR
(3) MR DE S FeARER
o (4) ALK )5 ik o 2 B ol B R o A
AL 3 ) ) %
3.2 Randomized min
(1) Min cut problem
cut algorithm
(2) Deterministic algorithms for min cut
(3) Basic ideas behind randomized min cut
algorithm
(4) Algorithm specification and efficiency analysis
1 (1) 3587 2 he A 3 ik 09 & 3L
(2) FHFF &L FE L
) Mt mbr ks ZRFFELEHR AR
EhgEmirE xS X A
ARk ) ZHFEHxmak
3.3 Las Vegas algorithm
and Monte Carlo (1) Definition of Las Vegas algorithm
algorithm (2) Definition of Monte Carlo algorithm
(3) Connections and differences between Las Vegas
algorithm and Monte Carlo algorithm
(4) Classification of Monte Carlo algorithms
FME  H00F 5 M A A E B (Lectures on Crytograhpy: Zero-
Knowledge Proof of Knowledge)
== —H- = Y
ENEFES iR Bt .
ETNAR MmoR o=
Chapter Class
Chapters Key Points
Number Hour
(D) REKXERHEZ L ZEW SR
XA X GE
4.1 1

Interactive proof

(D

Definition of interactive proof system,

completeness, soundness
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ETES i3 B .
ENAWR I
Chapter Class
Chapters Key Points
Number Hour
(1) =% K4 giE A
(2) %t B Ho 7 E R
(3) #HIFE R I EN
. (4) &K 4m 2 E 0] 5 4
K 4n 2 JE B
4.2 1
Zero-knowledge proof
(1) Perfect zero-knowledge proof
(2) Statistic zero-knowledge proof
(3) Computational zero-knowledge proof
(4) Examples of zero-knowledge proofs
(1) FmiGE B (iR FHh B 3S)
(2) R In12 89 s 17 E B
(3) R4nif 5 fn 2 HE W 4G B ik
B o 3748 S 3 FRRE AR
4.3 Zero-knowledge 1
(1) Proof of knowledge (knowledge extractor)
proof of knowledge
(2) Zero-knowledge proof of knowledge
(3) Paradox of zero knowledge and proof of
knowledge
FRE WFEIREI—911 8 (Lectures on Game Theory: Nash Equilibrium)
== —H- = 3
EBES iR B .
BETAR MmoR o=
Chapter Class
Chapters Key Points
Number Hour
(1) R I 09 2 L 5%
” ) (2) %K 5 Re R
_ Fows 1 IE ;
5.1
Strategic game o .
(1) Definition and examples of strategic game
(2) Pure strategy and mixed strategy
. (1) w3945 5 AR BAr & 4
(2) AB T &2
AT R R (3) wft e AR HLIEN
5.2 Nash equilibrium
and Nash theorem (1) Nash equilibrium and best response function
(2) Kakutani fixed point theorem
(3) Nash theorem and its proof
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gk
ETEE o e \
ETEM M H A
Chapter Class
Chapters Key Points
Number Hour
(1) #AH 345 5 A8 5 5wk 34 5
7] ¥ !i 7
At 3 15 5 Jote Ei; gg;ﬁ%’?iﬁfﬂ # %
fEMEA Z ) 8 X & - -
0.3 Relatlons.mp l.oetween ! (1) Relationship between Nash equilibrium and
Nash equilibrium and . e -
th Qibri dominant strategy equilibrium
other equiibrium (2) Rationalizable actions
(3) Pareto optimality
FARE ButdE—&E A E S L HE AW E I (Lectures on Number Theory:

Continued Fraction and Theory of Approximation of Irrationals by Rationals)

EPES L R a R A
Chapter Class
Chapters Key Points
Number Hour
(D) ARES#H RS F EH &S HEES
BB E S AT
R 54
6.1 Finite continued (1) Finite continued fraction, convergent, positive-
fraction quotient continued fraction, simple continued
fraction, representing rational by continued
fraction
(1) R Bk 55
(2) BB FH &S HEF
T PR 5 3 (3) A TR FosmAi T
6.2 Infinite continued
fraction 1 (1) Infinite simple fraction
(2) Representing irrational by continued fraction
(3) Approximation by convergent
(1) R 2244918 38 9] A
(2) PA £ F 2
(3) R # 5 AMEK
PR B GO RUR I Ry (4) *) 4 RT A
6.3 Theory of
’ approximation of (1) Problem of approximation of irrational by
irrational by rational rational
(2) Dirichlet argument
(3) Algebraic number and transcendental number
(4) Liouville theorem
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FEtE  BUELMERBOGE I 5 BN IR S S5 BE (Lectures on Numerical
Linear Algebra; Condition Number and IlI-Conditioned Matrix)

EPES =% A R m R A
Chapter Class
Chapters Key Points
Number Hour
(1) 48 B £k 8 52 3L
(2) FHH 5 xR 20X &
F 2
ol Condition number (1) Definition of condition number
(2) Relationship between the condition number of a
matrix and the relative error of the solution
(1) 42 o4 5 1L
2) FH1an M
(3) RILEHREHEFHFFIAZ A6 X F
1 D) FHrESFFAEZ MG X R
(5) A A FH A8 2 i SR P e 1R 2
SR S e
75 Singular value of (1) Singular value of matrix
matrix and condition (2) Singular value decomposition
number (3) Relationship between the Euclidean norm
and the singular values
(4) Relationship between the condition number
and the singular values
(5) Computing the condition number through
singular value decomposition
(1) Fk Hy B i
Fo i 0 MR (2) #) A St 23 AR sh iz £
5 gm 5 4 1% (3) yAEHEE
7.3 Properties of condition 1
number and (1) Properties of condition number
ill-conditioned matrix (2) Computing relative error from condition number
(3) Ill-conditioned matrix

R EL . MEEHEE (B AR R ALR 2 S HAR 5D
R E « 7Y% S R N TR BB BE AR L AR R B S IR B B R
BT TAEH
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5.5 “SDiItENBERE"IREXN

RFEZ. 3D HEME Y F

Course: 3D Computer Graphics

FEIEIRTE . XKL BATIUAT 3 E AR 5t KBS L
Prerequisites: Linear Algebra and Analytic Geometry, Computer Programming,

Data Structure and Algorithm

EH: 2
Credits: 2

5.5.1 EFEHMRIZEA N %5 (Course Objectives and Basic Content)

AR RN T REA B AR Ll BB TR

This course is an elective course for undergraduates in College of Artificial Intelligence.

PO J2 i A5 U AT R M A5 5L A A 4 L T A5 RS L ST i 0 P A X 42 L 3 SR L I
W27 R 58 T F LR s A B A 3R S 7 P 1 D 3k L I R R 1 — 1] 2%
Ft. 3D IFENLETE %09 H 0 & WK 1Y 3D JLA 48 A 7= A5 ) 1k 5 37 5% i 1 52 &
ASE

A URFE EZ IR 3D A ALETE AL B A O BE A 3D MR R R S 2
Py U 22 ) B RS0 8 2 R IS Y e T K 48 JRy B OIG BRASE AL | 22 3008 3R TG 5 1158 LA e
M A G A B D R, S SR BT B 2 ) 2 A 2 T O3 A L B B A A
2 Jap ol BRAR AR

AR H 2 iR B4R 3D THR AL EIE S W B R J7 kL 1 22 3008 A% 2 il 1Y
AR PRFREOR 2 2R ) 12— 5 1 SCHR KL L 58 LT 8 TRAR S0 B R AR S %
LA MR TR [R) RELRE 7 o 25 T SRUAIL B 2 U i B il AR RN BE AR HOR fiE

A graphic is a visual object made up of basic primitives such as points, lines, and
surfaces that contain geometry and attribute information. Computer graphics is a discipline
that studies the principles, methods and techniques for representing, generating, and
displaying graphical image with the aid of computers. The purpose of 3D computer graphics

is to generate realistic graphical images of objects or scenes from 3D geometric models.
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This course focuses on the core concepts of computer graphics processing:
representation, modeling and rendering of 3D objects. The rendering of the object
mainly introduces polygon mesh rendering pipeline, local illumination model,
polygonal face luminance calculation, and mathematical principle and algorithm
description of rasterization calculation. Realistic image rendering includes surface
texture mapping,shadow generation,and global illumination models.

The purpose of this course is to develop students’ ability to think,integrate and
solve problems. They need to read certain literature materials and complete specified
course experiments,to strengthen students’ ability to analyze and solve problem,and

develop technical skills in the field of computer graphics.

5.5.2 RFEIEAIE U (Course Arrangements)

3D HEMAE F

R B 3D Computer Graphics
— - § - v S 2R

LN I I P R R L R HEMRE SRR

‘ ‘ L - — - : AL Bkt (2)

RIBENS | AAATHEIMFZERRREHLSGR N MM Bk (3)

¥ 4 EDS R D)
D

38 ot Bt ENA e ER
B OE R . . . . 4D
(R 32 FoF 5% 6 F ) =

s | 3SDHFEMEE F(2)

7 1H 24 O N -

iR B (32 D) ($5) | BB BHT I

Vit
FEIRTE | K BMRHEE BATIUM G FIEF R KB EMES
BEREE

HEAN | RELP AL EFRERRE
EZAN | LRSS 6020, RAFEL RS & 2000, R E L 20
Marschner S, Shirley P. Fundamentals of Computer Graphics[MJ. 4"™. New York:

SEHM
CRC Press, 2016.
1. Foley ] D. Computer Graphics: Principles and Practice[M7]. 3™. New York:
e Addison-Wesley, 2013.
SERR

2. Edward A, R Z X HMEAHLE — KX F OpenGL 8§ AWM & F 4 x[M]. 5 m. %
X E,#F. TE: FEKRF R, 2007,

Hitlz 2
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5.5.3 FAEHMMIZE AR K (Teaching Objectives and Basic

I{eqluren1ents)

(1) Hfig 3D HAHLEIE 2 AN S 5 8IS, 1R HOR
(2) 48 3D YR 2R 5T %

(3) %47 3D YR 5 757 19 2 3000 18 e i K 207 5

(4) PTG SR T ' IR L 55 WY 5 Ao PR

(5) BABCHHME T 51 HE A T7 5 5

(6) ZE42 3D PR i) B SCIR L U5 ik SR

(7) BAZE AR SO RS H A 5

(8) A& 42 Ry e MRS Y A e AR O 9% 5

(9) AEATH OpenGL FIHAL K 51 9 52 Y (K 468 5 22 1 5 12

5.5.4 FFEWNE Sz HE(Syllabus and Arrangements)

F—EF MR (Introduction)

ETFS R
e EH AT o m R A
Number Chapters — Key Points
(D H AR F 6y R A4
(2) #HHAER F 0 LR A
HAAE T HA (3) HHAE T 5 49 B A AT
1.1 An introduction to
computer graphics (1) Basic concepts of computer graphics
(2) Development history of computer graphics
3 (3) Application fields of computer graphics
(1) w1 & 48
HHAEE S0 (2) Adicwh &A= St @
1.2 HoF Ak
Miscellaneous Math (1) Vector and matrix
(2) Parametric curves and surfaces
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FZE  JLTHER (Geometric Modeling)

RS - ey :
Chapter FEIE Class AR L
Chapters Key Points
Number Hour
(1) —% AT #%
(2) Z 4 AT E He . s db4Eh, WL H
LT (3) AMAEAR ZHY L #%
2.1 Geometric
. (1) 2D geometric transformation
transformation
(2) 3D geometric transformation: rotation matrix.,
Quaternion
(3) Camera models, projective transformation
(D BXAE: $RAHRE. =
(2) re XAk JEB R REW T AVZEHY
Z Y My 4k 0 JUAT A AE
2.2 3D Geometric (1) Explicit representation: polygonal meshes,
representation point clouds
(2) Implicit expressions: distance functions,
algebraic surfaces, NeRF
(1) ) 4& a0 5
9 (2) M HAt
(3) MR L &k
» b 5 (4) £ M AL
Mesh processing o
(1) Mesh subdivision
(2) Mesh simplification
(3) Mesh smoothing and denoising
(4) Remeshing
(1) A% W4, Bezier & . BH LWL . ¥H4E
CEREE 3
(2) %% th @ . Hermite W & . Bezier 1 @ . B ##
SRR E -k
2.4 Parametric curves

and surfaces

QY]

(2)

Parametric curves: Bezier curves, B-spline
curves, NURBS
Parametric surfaces: Hermite surfaces,

Bezier surfaces, B-spline surfaces
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F=F k54 B (Rasterization and Ray Tracing)

= —H- =} h]

ENFS iR Bt .
EWAER M OR =
Chapter Class
Chapters Key Points
Number Hour

(D) ey A A4 LmBER AL RAEL

Se AL (2) MK S FosE+

Rasterization

3.1
(1) Basic concepts of rasterization: raster
image, primitive, z-buffer, clipping

(2) Depth testing and anti-aliasing

(1) A% E R

(2) &5 ke
(3) & 36 R pBt 5
(4) #ya k& 32
(5) Mt A

(6) &k
EX TR .

Ray tracing

3.2
(1) Ray generation

(2) Ray-object intersection
(3) Local lighting calculation
(4) Recursive ray tracing

(5) Shadow calculation

(6) Global illumination

$ME 5 (Shading)

EHFE e \
BETAR MmoiE &
Chapter Class
Chapters Key Points
Number Hour
(1) %24 Ji 3
(2) AR ZER
(3) BB FAAR EH @ KR
i R AL A A
) Luminaire models (1) The radiance function
(2) Direct and indirect light
(3) Spot light, parallel light, rectangular area
light
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gk
ETES i3 A
ENAWR I
Chapter Class
Chapters Key Points
Number Hour
(D Fe#R ., B2 FE . F@4E . Gouraud &
# .Phong % & .Blinn-Phong % &
(2) B EH B B4 Rk
AAFEHA
4.2 AFERD (1) Shading models: constant shading, plane

Shadi lels
ading modets shading, Gouraud shading, Phong shading,

Blinn-Phong shading
(2) Diffuse reflection, specular reflection, ambient
light

(1) AR ZRFERE @R x4
L3R Fo 5 KSR

Mi .
5 5w 4t (2) Mipmap #& K

Texture mapping . .
(1) Texture coordinates, diffuse texture, specular

texture, normal texture and specular texture

(2) Mipmap technology

FRHE HITELH (Photorealistic Rendering)

EBES ey ‘
Chapter LI Class AR L
Chapters Key Points
Number Hour
(1) i BH 4 A & 4
AR 5 shAL (2) #-F @2 it
5.1 Materials and
appearances (1) BRDF
(2) Microfacet theory
(1) A& R LEES A REL&IERS. T
5 i fa 4t A
BAXEEES (2) ShULzEAL . R @A A, wEEEA EHE
B4 S HE ARG S L
5.2 Advanced light
transport and (1) Light Transport: Unbiased and biased light
appearance modeling transport methods, instant radiosity
(2) Appearance Modeling: Non-surface and surface
models, procedural appearance
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gk
EREE N At :
ERER /Mo o=
Chapter Class
Chapters Key Points
Number Hour
(D RERR REZH . EH-m EHERS
3 .Gamma &R E . H 3 AL B AL
e
5.3
Color (1) Color model, color space, color perception,
color quantization and dithering, Gamma
correction, HDR image
FAE hm 5L (Animation and Simulation)
T . ey ‘
ETEM M OEH A
Chapter Class
Chapters Key Points
Number Hour
(D £4EMzhd EEZHE BBz e
@ i kA A e B
6.1 Basic concepts
. . (1) Keyframe animation, hierarchical animation,
of animation
skeletal animation
(D Bk i
(2) BT A%
Q) W@ AFEras hF
6 o 4y AL
’ Physical simulation .
(1) Mass spring system
5 (2) Particle system
(3) Forward kinematics and inverse kinematics
(1) R AR AE 40
(2) FARBEDL: K T2 F a9 B 7 &, Lagrangian
. Ji k%5 Eulerian W #-% , 4 i & 0k
R4k 5 374k m ’
6.3 Rigid bodies o ) )
) (1) Rigid body simulation
and fluids

(2) Fluid simulation: position-based method,
Lagrangian method and Eulerian method,

Material point method (MPM)
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5.5.5 SEUSIATI (Experiments)

R B

Fs XEAE M OR =
Class

Num. Experiment Content Key Points
Hour

(1) 3D %27 W A6 = ] & 4
(2) 3D %A% M0 k& & 28 o
(3) BEkmPp B2+

3D % M A&
AR S e )
Viewer for 3D polygon
(1) Space transformation of 3D polygon mesh
mesh model
(2) 3D surface tessellation

(3) Level Of Details(LLOD)

(1) ME R
(2) MWER W&\

(3) feFaras ik
R NERE LS W@

Drawing Bézier curve and surface
(1) Bézier curve

(2) Bézier surface

(3) de Casteljau algorithm

(1) A%k @S s R
(2) 3 ABRAEZE LB LS FFKE

(1) Realistic surface texture mapping
(2) Space transformation and rendering pipeline

of polygon mesh

RPIGTE . AT HOH2 (W92 2838 K N TR e Be)
R 5E 25 X BR P2 204 (P4 22 5838 R~ N TR 7 ) Lo A R 4% (74 24 5838 R
N TR REBE) | 5k Bt B PR 2 (P4 22 3838 R N TR R~ Be)
R E « PY % S R E N T BB BE AR AR R B 5 IR AR B B A R
BT TAEH
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5.6 “HEBRMEBIMTE REAN

REEZT. FaekaE Bt F

Course: Smart Sensing and Mobile Computing

FIERE: MEG T EEMTE ATFRBELE KFETLAE, ARES LR G
FEALAL 3 55 4t X 3R A

Prerequisites: Probability Theory and Stochastic Process, Introduction to Artificial
Intelligence, Digital Signal Processing, Natural L.anguage Processing, Computer Vision and

Pattern Recognition

EH: 2
Credits: 2

5.6.1 EFEHNMRIZEA N %5 (Course Objectives and Basic Content)

A PRFEIE N L BB 2 B AR Lol BEAE R URAR th 0> = A i, 45 E 0 1. 24k
FERESAIMEN 2. BaitA 5B HF 6.

This course is an elective course for undergraduates in College of Artificial
Intelligence. It consists of two topics, 1. Multi-dimensional Information Collection

and Processing,2. Mobile Computing and Mobile Intelligence.

ERE BT A EORONE AR BOR % i B SRR I AR R R RN TR
ER GRS Al A E 2L G oy . AR MR BRI RE 23 S 2 A I R U R i 3 L A
IR AN A ELHR B AR TR AR 1™ I HE T A S R el P JR B R A R
BREZR BT VR BT AR 2 S0P R A A T i g A R A S R R
Pl SR T T B, AR R TR 5T 2 8 S ORI B A A ORI Ak B A O B 4
AR BRT A GE AL E A T SRR A i 5 SR A X T % 1 A A RS R R
MBI BEATARRNL A o 7 — 20 T BRI AR 7 AE ol 55 L B M0 G2 & 4 79 1 B
& ST i 555 1 S AR A B BN 22 i R BE R Y D X ST BT S T B RE R
R

Topic 1 aims to illustrate that the collection of perceptual data is the bridge between

4|
f
fi

the physical world and the digital world,and is the foundation and important component of
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artificial intelligence systems. Under the trend of intricate information and explosive growth
of information types,smart sensing and Ubiquitous Internet technologies have begun to
highlight their important strategic and fundamental technologies. In the smart city,
smart home, smart factory, smart medical and many other fields, it plays an
indispensable role and is also an important mean to promote the upgrading of smart
industrial structure. This topic aims to study the key technologies of multi-modal
sensing information collection and processing. In addition to traditional visual
perception, auditory perception and tactile perception, the focus is on introducing
emerging non-sensor sensing and group sensing technology. Furthermore,under the
condition that the perceived target features are weak and the perceived objects are
non-cooperative, how to achieve ubiquitous intelligent sensing computing through

weak signal feature extraction and multi-dimensional sensing data fusion.

FRE 2 BRI A = 2 AR IR SR Y R
BtiE o 2 B s T H B RE T AR T, H AT 55 8 2P ol I 55 4 o 1) B 2D & P i A A% L X R
AR RIS R N TR RE R e 7 3h 1T 53 HOR [ e TP 3 H A 2 BE 4 o
WA TE IO L PR T 52 BRI 1% iy S 0% U 3k =, A OR Ml e 28 AT 8 A 0 O SR AR T
o BT 2 —A WA+ B no itk J7 58 5 1E % Bl W 46 i G4 B BE I 55 26
BN G AT BERE T LA 19 25 45 4 R 55 S8 AE A0 B A, HE R R R AR 3 AL 4 4 T
P AR SIE 5 T R AR O AR AT TR A I I 5 0 A2 R Can e N B |
AR AR AL T B | M 42 AT S A 46

Topic 2 aims to explain the relationship between perception, computing, and
transmission,as well as to explore the development trend of computing models. As
the computing power of mobile devices increases, the computing tasks gradually
migrate from the server to the mobile client. This phenomenon of computing
advancement is a new trend in the development of artificial intelligence. Mobile
computing technology enables smartphones or other information intelligent terminal
devices to realize data transmission and resource sharing in a wireless environment,
which greatly changes people’s lifestyle and working methods. Mobile Computing is a
“hardware + software” solution that reduces the latency of network operations and
service delivery by providing intelligent service environments and edge computing
capabilities at the edge of the mobile network. Its technical features mainly include
“proximity,low latency,high bandwidth and location awareness”,and there are broad

application prospects in the future, such as car networking (such as driverless), AR,
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video optimization acceleration,surveillance video analysis,and so on.

5.6.2 UREFEIEATE L (Course Arrangements)

% 4 do 5 5 303t

Lt Smart Sensing and Mobile Computing
— R —F % =R R
FF i Bt i8] HENLAZERR
| AR R | K| A K| A
. — - R — AR B (2)
RIBEAM | ARAETHENHAFEHRREH LGSR " MM k(3
¥ H 2% (s | TR R BB
B T e rarE
Mo .
&= W (BB 32 F 0. E B 6 28 TR
: @A | 3D LA F(2)
&R = R RI26 F R, (3 | B AIEBHH A
5B Sk B i k5 o it i (6 SR
Py BEGH B AR AIFREE KFIEFLE. O RETLE LML SRR
BIRE |
EEIRTE
HZEHRX | REg Lkt itk R E S RAE L

EAR

RAELE RE R MG & 609, KA & 30%, =8k 10%

SEH

1. Meijer G. % e B B 2 %0 EAZ B A[M]. F @ 8,3, K AUk Tk B iRAE, 2018,
2. REA,AFF A% H. RE HARARAEHR[M]. b7 PRI L $ g 4E,2018.

1. Spencer Jr. B F, Ruiz-Sandoval M E, Kurata N. Smart Sensing Technology:
Opportunities and Challenges[ ] ]. Structural Control and Health Monitoring, 2010, 11
(4): 349-368.

2. Jiang H B.et al. Smart Home based on WiFi Sensing: A Survey[]J]. IEEE Access.,
2018,6: 13317-13325.

3. Santos P M,et al. PortoLivinglLab: An IoT-Based Sensing Platform for Smart Cities
[J].1IEEE Internet of Things Journal,2018,5(2): 523-532.

4. Abbas N, et al. Mobile Edge Computing: A Survey[]]. IEEE Internet of Things
Journal,2018,5(1) : 450-465.

5. Chen M, Hao Y X. Task Offloading for Mobile Edge Computing in Software Defined
Ultra-Dense Network[ ] ]. IEEE Journal on Selected Areas in Communications,2018,36(3) :
587-597.

6. Lyu X C,et al. Energy-Efficient Admission of Delay-Sensitive Tasks for Mobile Edge
Computing[J]. IEEE Transactions on Communications,2018,66(6): 2603-2616.
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5.6.3 B HRMIIEAR ZK (Teaching Objectives and Basic

Requirements)

FH1 L2415 B RE 5 AP (The Collection and Processing of Multi-dimensional

Information)

(1) PR HE AL &L 4 Hom M 5 0 38

(2) T8 BRI 1 B A 7 1 (RS R R B HRRALE 5

(3) TS AR N T3 e 45 24 B & T 1) BT ik 5

(4) B3 AR 12 SR A SRR A AR Jit L | = S A TR R A I 1 5 B 1k

(5) T Al A R SRR 1 A% o SEAEL N M R

&2 BahitH 5315 68 (Mobile Computing and Mobile Intelligence)
(1) PR shit B AL &, 1 B AR S T = AR G &R
(2) T i # Byt 5 v T i i) 22 4 R B RA B T AL, DA R AH I 1) fige T 5 5% 5
(3) T fift % 20 N 2% %) FE Al 00 I OC R R

(4) TR Eh G S M EOR T 5 AL H PR

(5) THEFISITRR G R EERGERIEGBS.

5.6.4 BN K44Ik (Syllabus and Arrangements)

FJ1 245 E RE S5 AP (The Collection and Processing of Multi-dimensional

Information)
ENTEFS i A .
Chapter LTS Class AR
N Chapters T Key Points
(D ATt 5 % dmZ 1A 09 X &
(2) BB is S 5k
% fe s Jm Y (3) R B At R R AR
1 Basic concepts and 0.5 (1) The relationship between artificial intelligence
classifications of and smart sensing
smart sensing (2) The concepts and classifications of smart
sensing
(3) The perspective of smart sensing
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ik

EVFS
Chapter

Number

ETEAR
Chapters

R B
Class

Hour

M oR =
Key Points

AR B S

Visual perception

(1) ARG 8 B 5 i R

(2) HHAE B K

(3) A THRAEF T ML B S A
(4) % RRALGE B B AR 89 22

(1) The advances on the study of human vision

(2) The conventional technologies of visual perception

(3) Deep-learning based visual perception technology

(4) The application of intelligent visual perception
technology

ikR-%
Auditory perception

(1) "3t Bdmdt R o952 b & s

(2) B &89 kR A AR BT 58 B S 0 52 45
(3) AARIT G069 2344

(D) FEEFAEHER

5) ATREFINITEBRmER

(6) it RmBE R E AR

(1) The theoretical foundation for auditory perception

(2) The origin of human-auditory and its feature,as
well as some real-world examples

(3) Physiological structure of human auditory

(4) The signal processing technology of acoustic
signals

(5) Deep-learning based auditory perception technology

(6) The real-world application of auditory perception

Tactile perception

(1) fik 58 B S B K 04 3238 K 2

(2) fil 5L 1 Sm 08 2 J RO R

(3) o AT A T A7 AR 55 I Ak 2 S
(4) fik 5t B S B 98 0 R SR R AL 32

(5) w47 ) JA fil 5 2% S B HE AT AR

(6) fix ot B S B R A 5 A RR R K AL H

(1) Fundamentals of the tactile perception

(2) The classifications and properties of tactile
perception

(3) How to achieve tactile perception in Al

(4) The data-collection and data-processing of
tactile perception data

(5) How to establish a model via tactile perception
data

(6) The applications and future trend of tactile

~

perception
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i;ﬁ: 557 ol mow A
Number Chapters — Key Points
(D EH# R BRI Koy 2k K ok
(2) FHERBR WP RKEZLER
(3) 4 % 3k # B B & o H R (Wi-Fi & 4 RFID
Bdm KT REER )M 25 R
(D) M THAEGE R BB H A SRR
Fn R GG AR
(5) BAT A S A B R T 20 5 R AR KA
A 5T A
(6) FHABRMAREDHAGXERAR
K H
R E AR (1) Basic ideas about sensor less perception
’ Sensorless perception ’ technology

(2) Basic types of sensor less perception technology

(3) Basic mechanics of each non-sensor perception
technology

(4) The advantages of sensor less perception
technology compared with the traditional
sensor perception

(5) The main applications of sensor less perception
technology

(6) The relationship between non-sensor sensing
technology and the Internet of Things and

the development trends in the future
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gk
ETES ——— R At W om A
Chapter Class
Chapters Key Points
Number Hour
(D) 3% R ROME
(2) 3% RSB R ENZRZ
() 3% RIBEBRGEIEREZEHN
(1) B B dn B AR ME & B L
(5) B RBAEARGBEAZLEM
(6) B BB R B0 %74
(7) B B Jo B AL 09 AR % B ST
(8) HE BB RGARE AAR—F AR T &
EE T r (1) The concept of multi-dimensional perceptual
5K B fusion
6 Multi-dimensional 4 (2) The major way to achieve multi-dimensional

perceptual fusion
and crowdsourcing

3
4
5
(6)
D

(8

perceptual fusion

The main architecture of multi-dimensional
perceptual fusion

The basic concepts and properties of crowdsourc-
ing

The basic architecture of crowdsourcing

The major challenges towards crowdsourcing
The research about the incentive mechanism
of crowdsourcing

The applications and future trends of crowdsourc-
ing

T2 B3hitHE 5B 3% fE(Mobile Computing and Mobile Intelligence)

== - = _
EES iR Bt
wRAR MmoiR A
Chapter Class
Chapters Key Points
Number Hour
ALIHREHFH (1) BHRALE
ék»bé;):;tg\/@;;i/\ (2) /\l%fjﬁé’j*%
- J'FJ A y ‘ Nadl == ~ S
*%Ai;} (3) ALK EBIHLBEERELRN A
o " AL
! W 4 @ )

The deep fusion of Al
and mobile terminals

—the new trend of Al

(D
(2
3

Traditional Al
The future of Al
The application of deep fusion for Al and

mobile terminal
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gik

EVFS

Chapter

Number

ETEAR
Chapters

R B
Class

Hour

M oR =
Key Points

D S N
Data security and user

privacy protection

~

~

ZhEHRBYE RN LK AR
KB T 0 5 2 Pk

HEEeE R P RARY XEHKR
HEZLERBRPORESRE

The differences and connections between
security and privacy

The challenge towards the security issues at
the age of big data

The key technologies for data security and
user privacy protection

The development and prospect of data

security and user privacy protection

%3 M B H K
Mobile network
technology

A 2 % 84 % i
TR % R 3%
RGN BB W%

% 3 W &K KA

The development of mobile network
The theory of wireless network
Wireless sensor network

The trend of mobile network

% HAE F
Mobile-terminal based

machine learning

~

~

~

LR F T e
HHHMBEEITIHR
BB FI G RAGF

B HIBEF T RRER R RREF A

The origin of mobile-terminal based machine
learning

Mobile-terminal based machine learning
technology

Application scenarios of mobile-terminal
based machine learning

Limitations and future developments of

mobile-terminal based machine learning
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BETEFES . i B .
ETER /Mo oiE =
Chapter Class
Chapters Key Points
Number Hour
(1) # 3h il %3+ 56 2238 K ah
(2) Bohhatkitis =it
(3) #3hia %t ot B APk
. (b BHhiagit Loy kEBa Kb m BT =
P % T A AR e 5 A A %
5 Mobile Ed 2.5
c © )tl_e (l\/?;:(‘) ? (1) The theoretical foundation of MEC
-omputing i (2) MEC and cloud computing
(3) The advantages and challenges for MEC
(4) The key technologies and applications of
MEC
(1) K s it i dk 469 22 36 Kk
(2) Bt Fakbth B A 355
R it 5wk A (3) Besmit F k4 @ s o 19 3 Am Pl K,
6 Perceptual computing 1 (1) The theoretical foundations of perceptual
fusion and its computing fusion
applications (2) The applications of perceptual computing
fusion
(3) The challenges for perceptual computing fusion
5.6.5 SEISIAYI (Experiments)
TR A
FS AR MmoR =
Class
Num. Experiment Content Key Points
Hour
(D) R RABHAR
(2) 2P SN
(3) BHEREREKRK
ERRABEARAE - . . . .
. . (O ATHRERSEEWBAFR L RF 5%k
. B A% B g P 04 )
Object sensing )
(1) Beam forming
using beam forming )
(2) Multi-user multiple input and muliple output
(3) Channel State Information (CSI)
(4) Object sensing based on CSI
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gk
C 30
FS THWAE M oR =
Class
Num. Experiment Content Key Points
Hour
. (1) TinyOS &2
AAMGLER S (2) 4‘?;;%%&%#11‘%E1ﬁ 3L
) B Fo Y 3R I 5
Sensing data collection using o .
(1) Principle of TinyOS
wireless sensor network ) )
(2) Dissemination & Collection Tree Protocol(CTP)
(1) #2242 8
(2) & &NiE
A TFHEERZLY
L (3) BHAERE A
5 T 43 A GE )
Authentication using ) ) )
. ) ) (1) Physical layer informaiton
physical layer informaiton ) o
(2) Device authentication
(3) The secret key generation and dissemination

KRR TH . AR CFBRH AT R 25 TRR)

R E A B AR Bz (V9% S8 R R LR 5 R 2 )

KA E « P9 %580 RPN TR RE# BE AR Ll M yUR R g i 5 IR R B B2
BT TAE



