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kCRAY-Z Supercomputer (1985) S16M USD

The CRAY-2
Series of Computer Systems

1018475008
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Computer performance

e |nteger: Name Unit  Value
- 2x3=0010 x 0101 kiloFLOPS  kFLOPS 103

« Floating-point: megaFLOPS MFLOPS 10°
- 1.23456 x 8.765432 gigaFLOPS ~ GFLOPS 10°

teraFLOPS TFLOPS 1012
petaFLOPS PFLOPS 10'°
exaFLOPS EFLOPS 1018
zettaFLOPS ZFLOPS 1021
yottaFLOPS YFLOPS 1024

e floating point operations per
second (FLOPS, flops or flop/
) is a measure of computer

performance.
8
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\ Floating point number; %78 5,
e Floating point
- A method represent a real number 5'35
- Large dynamic range 5+0.25
- N = fraction x 26*Ponent stored as 101 + 0.01

S| Exponent

Fraction

- For example:

e (5.25)10= (101.01),= +(1.0101),X 22

2+127=129=1000_0001

Since the exponent
can be negative,
we should add 127
as bias for single
precision

001 0 0 0O OO 0 1

O 1 0 1




\ Floating point number; %7 &
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e Another example:

- (0.333)10 ~ (0010101)2=

4-bit mantissa
Diff=0.004875

(1.0101), x 272=0.328125

0

0 1 11 110 1

O 1 0 1

~(0.0101010100),

8-bit mantissa
Diff=0.00096875

=(1.01010100), x 272=0.33203125

0

0 1 11 1101

O 1 01 0 100

Not every number can be precisely interpreted!
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\ Floating point number; %7 &
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e Why use floating point number
- Easy to interpret very small and very large numbers

- For image rendering like fig (1), lots of vector based
computation like fig (2) needed.

a(bxc)
albl

(bxc)

b-a, =|b|la, |cos?

@Techquickie
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https://www.youtube.com/channel/UC0vBXGSyV14uvJ4hECDOl0Q
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Tianhe-2
Supercomputer

Samsung Galaxy S6 PlayStation 2s
, A A2 A A 8 2 2 AR A A8 8 8 8 A LA A A A2 A LA AR A AL A 33.86 PFLOPS x i ¥ 1.84 TFLOPS (GPU)
‘ 34.8 - L( - 6.2 (GPU) 32,000 Intel Xeon
z | e CPU Speed =
1.5 GHz quad-core + = = 0.3 GHz single-core and 48,000 Xeon Phi 1.6 GHz octa-core

2.1 GHz quad-core
3GB | » RAM. = } 32 MB

(3.12 M cores)
14PB | - RAM = 8 GB

o
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e In China, 125.4 PFLOP/s ™




InnoTech Expo 2017 “25E2¢

BEEHES @ BAE KX

e Design & Develop by Chinese Researchers
 What do you see below?
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e Have you ever wondered how the
microprocessor, the brain ‘behind the magic’
of your PC, is made?

15
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Do you believe microprocessor is made from sand?

4
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e Microprocessor is the brain of the computer
and intelligent device

e Perform arithmetical, logical and
input/output operations

17
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Logic gates perform arithmetical, logical and
Input/output operations

Key guestion: How to build the logic gates?

a a
c c
a0
a a
ae
a
P i

Logic gates Microprocessor die Microprocessor chip
19




 AND gate / OR gate @Fﬁ/@ZFﬁ?J

Truth Table for Truth Table for OR
AND gate gate

O O
o 1
1 O
1 1

- O O O

O O
o 1
1 0
1 1

_ - =-_ O
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Periodic Table of the Elements
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Silicon (SI)

IS a semiconductor i BB

o an excellent Ge As Se B Ke

conductor SnoshTe I Xe

o an insulator of o - : 2EREEE2E
. . ; Hs : N L Mc Lv Ts

e|ectr|c|ty’ by the TR R EEERAEE R EE :?..: o
introduction of Eﬂm EEEE
minor amounts Of 5;_ Ih; :;_ _9_._ " Pu Am Cm Bk Cf Es Fm Md No Lr

Impurities
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Sand composed of silicon dioxide
the starting point for making a processor

22
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Metal oxide semiconductor (MOS) structure Is
obtained by growing
o a layer of silicon dioxide (SiO,) on top of a silicon

substrate and depositing a layer of polycrystalline
silicon

Si0

2

O
G~

Silicon dioxide

23
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e 1947 by American physicists John Bardeen and Walter
Brattain, William Shockley at Bell Labs.

e shared 1956 Nobel Prize in Physics

A replica of Ahe first transistor,

microelectronics group Invented at Bell Labs.

December 23, 1941
Lucent Technologles O 50 Years and Counting...

e Labs emavanont .



https://en.wikipedia.org/wiki/John_Bardeen
https://en.wikipedia.org/wiki/Walter_Brattain
https://en.wikipedia.org/wiki/William_Shockley
https://en.wikipedia.org/wiki/Bell_Labs
https://en.wikipedia.org/wiki/Nobel_Prize_in_Physics
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Silicon dioxide Is
o a dielectric material,
o equivalent to a planar capacitor
o with one of the electrodes replaced by a semiconductor

A voltage is applied across a MOS structure
o modifies the distribution of charges in the semiconductor

Dirain D
Diraim (D1

Shicon di Ceide
Inzsilaticr

Ldicon di Chade
Insuilaticm

Cross section

Mo channel n-channed

of an NMOS
without e couree Subtate 56 i Sousce Substrate (S5)
channel
formed: OFF pdoped pegion n-doped region
state — r——

Meral camadcls MEHIL{IME.S

Source (5] Sourme (5]

Polling Transistor
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e Current technology to create digital circuitry : CMOS
(complementary metal-oxide-semiconductor)

e CMOS = N-MOSFET (n-type) + P-MOSFET (p-type)
e G=Gate, S=Source, D=Drain

5 S5W
E-type MOSFET
"Switch i closad" whan
input is OW.
I Gate Dielectric

S5W
"Switch ies closad"” wha
input is 5W.

26






https://www.youtube.com/watch?v=stM8dgcY1CA

\_ CMOS technology - Example

Polling Transistor

CMOS Inverter

+= +5 W
Fa¥ Fat
1 — 0 0 ——1
NMOS PMOS
e e
= e ol —

Cross section of two transistors in a CMOS gate, in an N-well CMOS process
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Sand / Ingot

Ingot / Wafer

Photo Lithography

lon Implantation

Etching

Temporary Gate Formation

“Gate-Last” High-k/Metal Gate
Formation

Metal Deposition

Metal Layers

Wafer Sort / Singulation
Packaging

Class Testing / Completed Proc

29
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Intel Corporation: From Sand to Silicon — the Making of a chip

30



. Sand / Ingot (3%, =t

oty

1:{]
14
Y8

Sand -

Silicon is the
second most
abundant element
in the earth's crust

Melted Silicon - Monocrystalline
Sand is melted and Silicon Ingot
allowed to cool down into

a solid which is a single,

continuous and unbroken

crystal lattice in the shape

of a cylinder

31
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Ingot Slicing -
The ingot is cut
into individual
silicon discs called
wafers

Wafer -

The wafers are
polished until they
have flawless,
mirror-smooth
surfaces.

32



Photo Lithography (“F*/ii E il 7)

Applying Photoresist - Exposure - Resist Development -
Photolithography is the The photoresist is The soluble photoresist
process by which a hardened, and portions is removed by a

specific pattern is of it are exposed to ultra chemical process,
imprinted on the wafer. violet (UV) light, making 33

it soluble.



. lon Implantation (tH A\ 1

lon Implantation -
The wafer with
patterned photoresist
IS bombarded with a
beam of ions

Removing Photoresist -
After ion implantation, the
photoresist is removed and
the resulting wafer has a
pattern of doped regions in
which transistors will be
formed.

Begin Transistor
Formation -

a tiny part of the wafer,
where a single
transistor will be

formed.
34



Etching (fh%]]

Etch - Removing Photoresist -
Remove unwanted The hard mask is chemically
silicon removed

35



. JPHCE#HFT Logic Gate

Silicon Dioxide Gate Polysilicon Gate Insulator -
Dielectric - Electrode - a silicon dioxide layer
the transistor are covered temporary layer of is created over the
with photoresist and a thin  polycrystalline silicon entire wafer

silicon dioxide layer (red)  (yellow) is created 36
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Polishing -

The excess material is
mechanically polished
away

Metal Layers -
Multiple metal layers are created to interconnect
(wires) all the transistors on the chip in a specific

nfiguration.
configuratio 37
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Wafer Sort - Wafer Slicing - :
This portion of a ready Selecting Die for

wafer is being put
through a test.

Packaging

38
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Packaging -
The package
substrate, the die and
the heat spreader are
put together to form a
completed processor. 39

Individual Die Processor



Class Testing / JHlzF Y

Class Testing -

During this final test the
processor is thoroughly
tested for functionality,

performance and power.

Binning -

Based on the test result of class
testing, processors with equal
capabilities are binned together in
trays, ready for shipment to 40
customers
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CMOS Technology: Layout

Ref: https://www.youtube.com/watch?v=05rUsMOhoPs

42
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e« Complex Programmable Logic Devices (CPLDs):
- Come in sizes ranging from 500 to 16,000 gates.
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o Automatic Layout Generation
e Layout Engineers
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211 one billionth of a meter




\ 1 nanometer Y

ABBE'S DIFFRACTION LIMIT (0.2 pm]

mammalian cell bacterium  mitochondrion small molecule

1 mm 100pm 10pm Tum

lllustration: ® Johan Jarnestad/The Royal Swedish Academy of Sciences
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\ 22nm vs. 10nm vs. /7nm /
3R0 GENERATION FINFETS

Intel’s 10 nm technology features a Fin Pitch of 34 nm, Fin Height of 53 nm




Complexity: &EFaeTEHE){E (EDA)

Synopsys, Inc.

SYNopSy

17 demoLib demo_vreg_folded_amp layout* {Editing) - Layout Editor SYNoPSYS _ o x
‘o [0 Library Manager #d:  demo_vreg folded... il Home +

Tools Design View Create Edit Connectivity Options Werification SDL Router Window Help

®
% | 8.5715 ¥ 12.0005  |DX |2.3500 D¥ | 1.0090 Dist: 2.5575 - | Selection: 0 | B8 [ ful | > #
S EEB-BEe2@A-AAQAQH I OEE 'B-2°% 80 5 »

Route Point to Point (4| [Multi Layer % |width: | 0.1 [ cost || Tandem | Options ¥

Design Mavigator @ &

e T

- (al
I d;d \ Rl cIEN ‘3
a
W Filter: (B |
* Insts  [v][ nets |[ Terms | Type Public
o _ =
Name ¥ Master Traded as Ei:gﬁg 1801\(;PS&~ t
-] B Nd... nfinhy - componen
= ol Ndpp  nfinhy S&P 500 component
4k Nd... nfinhy ISIN Us8716071076 ¢
& =ik Nd... nfinhv
=ik Nd... nfinhv Industry Integrated circuit
@ T ol M Afinkue Self-driving car
Software as a service
P4 7| Track Pattern Assis... | Design Navig... | Software Testing
(3 - . = Internet of Things
Schematic Assistant @ ® g R
[ Predecessor C Level Design #
o8 Founded 1986 in Research Triangle
Park, North Carolina.
EE .
Founder David Gregory
X Aart de Geus
4 Headquarters Mountain View, California,
® u.s.
fie]] Key people Aart J. de Geus
2 (Founder, Chairman & co-CEO)

Chi-Foon Chan
(President & co-CEO)

Revenue A US$3.3 billion (2019)!"]
Netincome A US$625 million (2019)"]

Number of 13,0001
employees

Add object




N

e
MY

1 B¥@O

[ I e:}"l_ﬂr_f“ 3
)

System Specification

Design Specification
Functional Design
Logic Design
Circuit Design
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Combinational
B Logic | Out
Circuit >
e
Combinational

_/
<
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Out
I ——~  Combinational Y
— Logic
— Circuit
State
Sequential

\ Output = f(input) / \ Output = f(input, state)/
51
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e A Way to Describe our IC in a human

readable format

ENTITY and _gate IS
PORT ( a, b < ITN' BT,
Yy :OUT BIT) ;

END and_gate;
ARCHITECTURE ckt OF and gate IS
BEGIN

vV <= a AND b:
END ckt;

52
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F
E
> | LIBRARY IEEE: D
3 USE IEEE STD _1OGIC 1164 ALL;
4 EETITY and2 IS C
5 PORT (o, b:IN STD_LOGIC; B
6 d, e:IN STD_LOGIC;
7 c:0UT STD_LOGIC: A
£:00T STD_LOGIC);
9 - END and2:
10 /- ARCHITECTURE and2 bechavior OF and2 IS
11 BEGIN
2 c{= a AND b;
13 f{= d OR e:
14 END and2 behavior: Polllng Logic

<


andgate.mp4

e I 22 O
K JCNT E&I_ﬁ J /_\7q | B
L =

Design Specification S
Functional Design Logc Stk _| %
Logic Design e
Circuit Design S ;ﬁﬁ
Physical Design 4@
Fabrication . -
Packaging

IC delivery

I Fabrication

¥
Packaging

54
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From Program to

Instructions ARM
mov rl, #3
Your Program mg\é rg’ #i
a r3, rl,
/1'nt a, b, c;\ I r2
E i 2 translate ntel
= y . / \
C =a+ b; mov eax, 3
- / mov ebx, 4
add eax, ebx
CPU can iny undgrstand mov ecx, eax
machine instructions !! \_ -

Compilers do this job for you [

R E%)ﬁ}’::% /}L['[:),Z

Assembly Code

o ek

NS

Machine
Instructions

ARM

03 10 a0 e3
04 20 a0 e3
02 30 81 eO

translate

Intel

.

~
b8 03 00 00 00
bb 04 00 00 00
01 d8
89 cl

)

Different CPU Microarchitecture
Different Set of Instructions




PO R B g8 A TAFRY ?

A Simple 3-Stage “ARM” CPU

: Program Instructions are R
Instruction Memory loaded into instr mem
® mov r1, #4 before program
O |mov r2, #3 execution )

@|add r3, rl, r2

4

e

Decode Execute



PO R B g8 A TAFRY ?

A Simple 3-Stage “ARM” CPU

Instruction Memory

@® nmov rl, #4
O |mov r2, #3
@|add r3, rl, r2

4

O

-

Three Stage CPU

1. Fetch - fetch an instr. from mem

2. Decode - interpret the instr. properly
3. Execute - execute the instr.

J

Decode Execute



A Simple 3-Stage “ARM” CPU

Instruction Memory

®
@)
@

PO

g3 e TAERY ?

mov rl, #4

mov r2, #3

add r3, ri,

r2

Program Counter =

Points to Instr. to be executed

|

4

O

Decode

Execute



PO R B g8 A TAFRY ?

A Simple 3-Stage “ARM” CPU

Instruction Memory

®
@)
@

mov rl, #4

mov r2, #3
add r3, rl, r2

4

{7 SetR1to4 {

Program counter points the

first instr.

|

O

Decode

Execute



A Simple 3-Stage “ARM” CPU

Instruction Memory

@)
@

PO

g3 e TAERY ?

mov rl, #4

Fetch the first Instr. from mem
{7 SetR1to 4

mov r2, #3

add r3, ri,

r2

Decode Execute



PO R B g8 A TAFRY ?

A Simple 3-Stage “ARM” CPU

Instruction Memory

mov rl, #4 (™ SetR1to4

{Decodetheinsﬂ.

O|mov r2, #3
@|add r3, rl, r2

4

O

Decode Execute



PO R B g8 A TAFRY ?

A Simple 3-Stage “ARM” CPU

Instruction Memory

mov rl, #4 (™ SetR1to4

L No execution needed

O|mov r2, #3
@|add r3, rl, r2

4

O

Decode Execute



PO R B g8 A TAFRY ?

A Simple 3-Stage “ARM” CPU

Instruction Memory

mov rl, #4 (™ SetR1to4

L Write 4 to rl

O |mov r2, #3 n
@|add r3, rl, r2

4

O

Decode Execute



A Simple 3-Stage “ARM” CPU

Instruction Memory

@)
@

PO

mov rl, #4

mov r2, #3

add r3, ri,

r2

4

O

g3 e TAERY ?

Write 4 to rl
{7 SetR1to 4

Decode

Execute



PO R B g8 A TAFRY ?

A Simple 3-Stage “ARM” CPU

Instruction Memory Advance the program counter
to the next instr.

mov rl, #4

O |mov r2, #3 {7 setR2to 3
@|add r3, rl, r2

4

O

Decode Execute



PO R B g8 A TAFRY ?

A Simple 3-Stage “ARM” CPU

Instruction Memory Similar to the first instr.
nov 1. #4 Write 3 to r2
mov r2, #3 (™ setR21t03

@|add r3, rl, r2

4

O

Decode Execute



PO R B g8 A TAFRY ?

A Simple 3-Stage “ARM” CPU

the last instr.

Instruction Memory L Move program counter to

mov rl, #4

mov r2, #3

@|add r3, r1, r2 |{71 R3<-R1+R2

4

O

Decode Execute



PO R B g8 A TAFRY ?

A Simple 3-Stage “ARM” CPU

Instruction Memory

mov rl, #4

{ Fetch the last instr.

mov r2, #3

add r3, rl, r2 |{71 R3<-R1+R2

Decode Execute



PO R B g8 A TAFRY ?

A Simple 3-Stage “ARM” CPU

Instruction Memory

mov rl, #4

{ Load required register values }

mov r2, #3

add r3, rl, r2 |{71 R3<-R1+R2

4

O

Decode Execute



PO R B g8 A TAFRY ?

A Simple 3-Stage “ARM” CPU

Instruction Memory

mov rl, #4

L Add them together

mov r2, #3

add r3, rl, r2 |{71 R3<-R1+R2

4

O

Decode Execute



PO R B g8 A TAFRY ?

A Simple 3-Stage “ARM” CPU

Instruction Memory

mov rl, #4

{ Write the result to r3

mov r2, #3

add r3, rl, r2 |{71 R3<-R1+R2

4

e

Decode Execute
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e Machine Code running on this architecture
e Compile a high-level language to machine code

Fetch Decode Execute Memory Writeback
Stage Stage Stage Stage Stage
Y
[ -—___
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c
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MUX 2 E = =
= = = - op2 o
£ - Z 4 JEH g gl | E
2 . » = > E E > MEM — % _:-;5 - WB =
< = - = T g Ctrl a 5 Ctrl
as 2 @ =] =
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I | Key :
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Research work at CityU - Secure AloT Microprocessor
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o Compiler will handle the translation for you.

N

int
int

main () {

res

while (res

asm volatile

"keygen %[z ][\n\t"
. =r "

(
[z] °
);.
}
return 0;

0) {

(res)

0000000000010164

10164:
10168:
1016¢:
10170:
10174:
10178:
1017c:
10180:
10184:
10188:
1018c:
10190:
10194:

fe010113
00813c23
02010413
00c0006f
200007b3
fefd42623
fec42783
fe078ae3
00000793
00078513
01813403
02010113
00008067

<main >:

addi sp,sp,—32

sd s0,24(sp)

addi sO,sp.,32

] 1017¢c <main+0x18>
keygen a5

SW ad,—20(s0)

Iw as>,—20(s0)

beqz a5,10174 <main+0x10>
11 a5,0

mv a0, as

ld s0,24(sp)

addi sp,sp,32

ret

N

7

Polling cPU




Apple A12 - 7nm

Video processor

64-bit control CPUs

Apple performance controller
Secure Enclave

Tempest | Te mpest
GPUCore0 [ | GPUCore2 CPU CPU
Tempest | Te mpest
CPU CPU
GPU Corel L | GPUCore3
L2
CC Fabric
ISP VortexVortex
|videm Pmaﬁinrl N PU CPU CPU
| Depth Engine I
||-|Evc Enfnacodm] Sys Cache ;"::5 -
| contoimecu | Display
Storage Engine
Sac ur&::f lave NW':E?I-GH Contioller IMC 9
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Kirin 980 A12 Bionic
General Info General Info
. HiSilicon, Designer Apple
esigner ARM Holdings Manufacturer TSMC
Manufacturer TSMC Model Number A12 Bionic
Model Number 980 Part Number APLTWE1
Market Mohile Market Mobile, Embedded

Introduction

Family

Frequency

ISA

August 31, 2018 (announced)
August 31, 2018 (launched)

General Specs

Kirin

2,600 MHz, 1,920 MHz, 1,500 MHz

Microarchitecture

ARMvS (ARM)

Microarchitecture Cortex-ATG, Cortex-AS5

Core Name
Process
Transistors
Technology
Word Size
Cores

Threads

Cortex-AT6, Cortex-A55
7 nm

6,900,000,000

CMOS

64 bit

3

3

Introduction

Family

Frequency

ISA

September 12, 2018 (announced)
September 21, 2018 (launched)

General Specs

A
2,400 MHz

Microarchitecture

ARMVE.3 (ARM)

Microarchitecture “ortex, Tempast

Core Name
Process
Transistors

Technology
Die
Word Size

Cores

Threads

Vortex, Tempest
7 nm
6,500,000,000
CMOS

83.27 mm*®
9.689 mm = 3 42 mm

64 bit
6
G

76
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e Moore’s law - transistor size doubled every 2 years

10 SILLION =
TRANSISTORS
PER CHIP

IBLLION ™

100 MILLIKON —

0 MILLION

IMILLION =

100,000 =

10,000 =

2300

Moore's Law Ending (Red Line):
Delayed products, Delayed 45nm /32 nm, Reduced Capex i
s A
s “ Future to 2018 , ~ BIT

% 2009
B @
< 2015 20i8

EVERY 15 MONTHS 7 ITANIUM2 . X\/
7300 x 20-5667 Yo - 070/ WITH9-M3 CAC'HE
. 2006; MONTE-
\ 7 i AN 2 e,
N, e 1.7 BILLION
TRANSISTORS/ CHIP DOUBLINGEVERY 2YEARS “a PENTRM A
WORKED OUT WELL BUT NOT P e A FUTURE PATH IN
MUCH LONGER.) / p DTN COLOR
o 0.5(Yex - D71l -~ L ]
J ., ® PENTIUM
/7’ & a5
7’ -~
/ ”
Ve o35
7/ ”~
- ” 186
P Basedonlogisticregression, asymptote at 6,25 billion
e
e A ""m
P
7 ”~
“@ 3050 By Clayton Hallmark
Dadicated to
8008 Professor Frederick E, Termun

| | | | | 1 | |
L4 1980 Year 590 2000 2004 2010 0105 208
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Y x86 vs. ARM )

e Mobile computing market is continuously growing.

ARM + x86 DOMINATE THE FUTURE OF COMPUTING

W x86 wam Other ARM =0O=xB86+ARM TAM
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Processor Value Chain

STEP 1:
Processor Architecture

STEP 2A:
Processor Design

STEP 2B:
System on a Chip

STEP 3: STEP 4:
Fabs/ Foundry Device Manufacturing
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e Circuit design

Current, Voltage, Power, Resistance,
Capacitance ... (P =VI, P=I’R ...)

‘ Pl’é)‘CéSSOI‘: T R 17T
,Graph|cs "“ beod st ::‘r;r ‘ |

controller |
Layout Intel i7 CPU

including
Display;
DMl and
Misc: /0

‘ “lll'l’llll'lllllvl'lm_l-
s Memory Controller 1/O sssasman’
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 Silicon compounds (Silicon Oxide ...)

e Find new materials to replace silicon ?
- Smaller
- Faster
- Less power

( ) «—Silicon atom

81
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Structure and Flowchart for BEng in Computer and Data Engineering

Updated on: 17 April 2020

Semester 2020/21 Entering Majol'ﬁ
* * @ #
MA1200 or @ 1
EE1001 (3CU i o
1A MA1300 (3 CU) Foundaﬁons(of Di}gilal Choose TWO from the following three courses (6 CU)
GE1354 (3 CU) Techniques;
L7 Introduction to Electronic CS‘ICSSU}; 0:3 JICU EE1002 (3CU) PHY1201 BCH 1100 BCH 1200
* Design A (B ) Principles of Electronic (3CU) (3CU) (3CU)
MA1201 or or Engineering; AorB AorB AorB
1B MA1301 (3 CU) AorB
l Y ‘I' Y A 4 | Y
MA2001 (3 CU) EE3001 (3 CU) cs2311(3cu) X EE2000 (3 CU v
2A Multi-variable Calculus Foundatlions .Of Data Computer Logic CircuEI Des: .
and Linear Algebra Engineering Programming 9 g EE2005 (3 CU)
Electronic Devices
I v v |- and Circuits
EE2004 : Aor®
EE3211 (3 CU) 2201 6 ?”’ :
Modelling Techniques wéoc?mpu e !
2B EE3210 (3 CU) EE2331 (3CU) yoema ! . 0% 000) A
Signals and Data Structures and | }-------, ' ! ! =E4096 (0 CU)
2s Sgyslems Algorithms i boeeeey 4 Engineering Training |
AorB Y AorB LA ] \ 2 4 ‘ \ 4
EE4146 (3 CU) EE3009 (3 CU)
Data Engineering and 0083:.03 {83 C;U) EE3Q70 {1'.5 cv) Data Comms and
3A Leaming Systems perating Systems Design Project () Networking
| B
v v ¥ v
EE32 EE322
o Cs3402 (3CU) e oy Eeson(15cy) || EEmtsEcy
Java Programming Embedded System |« ! ;
38 and Appllcallons Database Sysmms Design Deslgn Pro]ect ("] Internet Techn0|09Y Yy
EE4097 (0 CU)
38 i Engineering Training Il
4A&B 5 Final Year Technical Electives (15 CU) EE3012 (3 CU) EE4080 (6 CU) CU: Credit Units)
(At least 2 electives from each group) Engineers in Society Project ——» Pre-requisite

# College Requirements

* College-specified GE courses

=== Pre-cursu

—

24 CU

21to
271Cu

2410
30CU

24 CU

@Major Requirement (Level 1): applicable to Normative 4-year degree students only
% Not applicable to ASII students

& Excluding Gateway Education Requirements in English, Chinese Civilization and Area Requirements
A EE2000 or EE2005 or EE2301 or CS2311 is the pre-requisite for EE4096

V EE1002 or PHY1201 is the pre-requisite for EE2005



\_ HKSTP - Microelectronics Center )
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Design Specification
Functional Design
Logic Design

Circuit Design
Physical Design
Fabrication
Packaging

|IC delivery

Thank you very much for your listening.




General Advice 48Ry

Solid Mathematics,
Science Moderate Coding
Foundation in High skills
School

Create an active
Identify your strong learning circle with
interest domain the help from school
teachers & parents

Department of
Electrical Engineering

BEHERD AR

City University of Hong Kong



Past workshops

. —— ]




How to adopt new tech in STEM?

5G Lab Visit

=

‘ 09 /
L)
]
=)
&
-
a1
° 3
B
(o}

Robotics Hardware Training

CityU EE provides

hardware and

software complete

. <4 training to support

4 - secondary school
students.

L “é
_~ (

loT Lab Traning

Al Coding Summer Course

2018 \ w‘ !

Softwadre Tr dine ‘
| For Al and ctding ™

Department of
Electrical Engineering

EEHTREB

City University of Hong Kong




Office of Education Development Depar.t’nent Of '

and Gateway Education Electrical Engineering

EBETAR saanrn ’ B 1 2
City University of Hong Kong ong Kong '

LEARNING CODING AND Al PROGRAM 2019 BIONIC

Learn to Code for Al !
Oct to Dec, every Sat (except exam period), 2pm-5pm

Briefing Session: 27/9 (Friday), Spm, LT-11, Yeung

WORKSHOP CONTENT:

n BASIC PYTHON

n ADVANCED PYTHON L ,"= L
AR :

(0
o c«i(:(««(:
RHAER2AE8 &z

n MACHINE LEARNING WITH PYTHON

REGISTER

n DEEPLEARNNGWITHPYTHON ~~ ov: s T

HARDWARE ACCELERATION WITH
PYTHON

Department of
Electrical Engineering

EEHTREB

City University of Hong Kong

STUDENTS FROM ALL MAJORS ARE WELCOMED'!

Contact person: John Wong (Whatsapp: 6485 4147, Email: tljewong@cityu.edu.hk)
Remark: This program is supported by CityU Teaching & Learning Fund




What’s Next? F—352(+EE ?

JS1205 Department of @ Cecca Engineern

: A : pRnAR 1) Principal Nomination
Electrical Engineering

Scheme
(Options: BEng Computer and Data Engineering,
BEng Electronic and Electrical Engineering*, BEng Information Engineering)

Our Majors

+ Common first year

2) Al Workshop for High
School Students

+ Students choose a major after one year of study

« Majors offered:
- BEng in Computer and Data Engineering (CDE) T2+ (B Fit W R BB IES)
- BEng in Electronic and Electrical Engineering (EEE) T2 H(BF R SH T ES)*
- BEngin Information Engineering (INFE) T2 + (Eif T2 2)

* Change of major title from “Electronic and Communication Engineering” to “Electronic and
Electrical Engineering” is subject to approval of the University.

3) EE International
students summer course

Program Highlights

CDE - Computer Applications INFE - Computer Network and System 4 ) Fa ce Re CcoO g 9] |t | on

- Digital Systems ${1% R #t « Networking and Telecommunications 8 £ 52 # 3 .

+ Computer and Embedded Systems % i &2 ik A 3 % #t « Algorithms and Software 5% S # # WorkShop for H Igh SChOOI
+ Security Systems R & R #t « Cybersecurity and Forensics #1#% % 2 SiE&#

« Data Center and Cloud Computing ${#§ 05 % &5 « Artificial Intelligence and Big Data A T fi£5 X #118 St u d e nts

- Big Data and Multimedia X ${ i 2 2 i% M # i - Signal and Image Processing &l §% 52 ¥ (8 8 12

EEE- Electronic and Electrical Systems

+ Wireless Communications & Data Technology # & i il }2 X #§8 iy
« Terahertz & Optical Technologies A fi# &% % 3 8 f

+ Photonics, Electronics and Sensors ¥ & + &+ 2 M A 8§

+ Smart Control & Power Systems % fit & 1% % fit i R 4

« Bioelectronics and Bioinformatics 4 ¥) & 14 ¥ 15 B &l

5) Others upcoming

Department of
Electrical Engineering

EEHTREB

City University of Hong Kong



https://www.ee.cityu.edu.hk/home/

Do you know? CityU EE ran

' No.' in Electrical Enm Hong Kong

15th in Engineering in the world
U.S. News Best Global Universities Rankings 2019

Wave 1,012 EE U!v#te Students‘

Now it is good chance to join us!
We have ~200 undergraduate positions per year!

Jepartment of
ectrical Engineering

https://www.ee.cityu.edu.hk/home/doc/prograrﬁ

THE FUTURE ...

+ EDUCATIGN,
:: - e
New Tech-
Eh’ucaﬁ?ﬁ‘
Trends in HK

D, &

\ o~

B

Why Electricaf'Engine‘eting is the Future?

STEM Education in HK

o E ectrical E eering
% e . Sh.

me/CityU EE-V3.0.pdf @) Department of
Electrical Engineering
sawnsn



https://www.ee.cityu.edu.hk/home/doc/programme/CityU_EE-V3.0.pdf
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* HKCEE
— Mathematics
— Additional Mathematics
— Physics, Chemistry, Biology
— Computer Studies

* HKAL

— Pure Mathematics

— Applied Mathematics
— Physics

— Chemistry




KETRIHE

* BEng

— Digital Logic (no VHDL) ‘Q@

— System Design (VHDL) ﬁb

— FYP (published one paper
in TENCON, South Korea)
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* Asynchronous Forth Processor — Layout the
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e Fabricate my first Chip!

 |EEE TENCON is a flagship
conference in Asia-Pacific.

1999 IEEE TENCON

MSL16A: An Asynchronous Forth Microprocessor

P.K. Tsang, C.C. Cheung, K.H. Leung, T.K Lee, P.H.W. Leong
Department of Computer Science and Engineering
The Chinese University of Hong Kong
{pktsang, ccheung2, khleung, tonylee, phwl}@cse.cuhk.edu.hk

Abstract

A 16-bit Forth microprocessor, MSL16 [7], was de-
veloped. for embedded applications as the design of-
fers good code density, easily developed software de-
velopment tools, high performance, and small area.
A delay-insensitive re-implementation of the proces-
sor has been developed to explore the potentials of
asynchronous logic for low-power applications and to
demonstrate the feasibility and practicability of using
asynchronous circuits in embedded applications. This
paper describes the asynchronous clone of MSLI6.
The implementation and performance evaluation of it
is also presented. The design will be fabricated using
AMI 1.2 CMOS double layer metal process in 8Q99.

Recent research has demonstrated that asyn-
chronous circuits techniques have matured and im-
plementations of asynchronous processors have been
reported [9, 15, 10, 12, 1, 11, 2, 14]. The asyn-
chronous re-implementation of the microprocessor,
called MSL16A |, has been developed to investigate
the potential advantages that asynchronous designs
may enjoy, namely average-case performance instead

of worst-case performance and low power consump- -

tion. MSL16A was also developed to demonstrate the
feasibility and practicability of using asynchronous cir-
cuits in embedded applications.

The paper is organized as follows. Section 2 givesa
brief description of the architecture of MSL16A. The
design methodology and circuit style used in design-
ing MSL16A, which were an original application of

S GOE

Figure 4:

MSL16A chip image

95



TEERE+ ( M.Phil)

* From a Layout engineer to become a
Computer Aided Designs (CAD) designer

— Circuit Partitioning %‘f‘

DT A

— Switch-box designs

Chak-Chung Cheung received the B.Eng. and
M. Phil. degree in computer engineering and com-
puter science and engineering from The Chinese

In 2001, he worked as a System Administrator
with the Center of Large-Scale Computation (CLC),
Cluster Technology, Hong Kong. He is now an

University of Hong Kong (CUHK), in 1999 and g::I>— zD
2001, respectively.

Instructor with the Deparment of Computer Science

&,
and Engineering, CUHK, and is responsible for d
the courses on Internet and Web Programming
Technologies. His current research interests include optimization of logic and
physical design automation of very large scale integration (VLSI) ASIC/FPGA
designs and high-level synthesis of reconfigurable computing.

Fig. 1.

2T 1]
s>

Circuit partitioning by rewiring (cut net size improved from 3 to 2).
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* Cluster Technology Limited
* Founding System Administrator @ BRI R E
* HPC MPI| Message Passing ’

CLUSTERTECH

Node 1a Node 1b

~

-

MPI Process

MR-MPI Library 7!

. _/




R T BT ST

—

ol i b \
Y \\\
e~

| =

\\:\j\\s\\

e Spent 3.5 years in London i3

i e— e

* High-level designer
* Compiler design
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Prof. Michael Flynn - Stanford

SISD Instruction Pool MISD Instruction Pool
E 3
S———|pu S| |PU PU
o 7]
A a
SIMD Instruction Pool MIMD | Instruction Pool I
——|PU |+ —PU ‘—_I—' PU [+
& |————|PU|+ g—»Pu~—_|—-Pu—
o a
A |————|PU| = —fpul L[pol
———[pul- —[pu]) Lol
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172 1H9% TAE @ UCLA

* From Crypto-graphic, Arithmetic Design to
system-level and designer.

Base Sh;tinn
Controller (BSC)
DsL, Cable or

NIl
CISCO.

Standard Cellul i

Transceiver Stations
100



A=

=R

JLEHA

) |

Fal It |
g% :

[ ¥

@ Princeton

. o e oy & 4
m A L A G U LU A LT T ST S R S N B B A 1 25 iiith



Solomon Systech @ F &R [E

 OLED Display IC Chip
Designer

* Founded by a group of
former Motorola
Engineers

* Around 400 people
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* My 10t year in CityU, EE o

Department of
Electrical Engineering

BEREPHARB
City University of Hong Kong

(4} About Us People Research Admission Students Alumni News & Awards Events & Seminars Donation

EE and Five Technology Organisations
Establish Joint Laboratories to Drive
Research and Commercialisation [ More]

m Opening Ceremony

m (ASTRI) Sharing From Mr. Hugh Chow

m (EMSD) Sharing From Mr. CK Lee
m (HKEIA) Sharing From Dr. CH Ng

m (HKPC & APAS) Sharing From Dr. Lawrence Poon
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