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Course Crew of CS1002A.03

Instructor Jun-Shi Chen ( Bff&ft) ciuns@ustc.edu.cn 13721074819
TA Si-Yue Chen ( BERB1H ) daffodils7 @mail.ustc.edu.cn 17756001132
TA Xing-Tang ( FEE ) tangxing@mail.ustc.edu.cn 13956281317
TA Rui-heng Zhang (#%$%{8 ) zhangruiheng@mail.ustc.edu.cn 13570663434

ics2024 5 IPHE

BES: 377732678

Office hours and Discussion
* Chaired by 3 TAs
» Face to face help
« See web page for times
Web of course: http://acsa.ustc.edu.cn/ics/
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Questions

®How powerful are today's computers? Why are they so powerful?

What can computers do?

mIs an abacus a computer? How to understand Turing's contribution to computers?

How are they done?

B What are the serious flaws in today's computers?

What can't computers do?



Today, Computer is in Everything!
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La??ops

Pad Refrigerators

Set-top boxes

. Media
Smart
Phones Players
: i

Supercomputers
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Today, Computer is in Everything!
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Vast infrastructure behind them:
from the small to the big

ve Cluster
"""

Scalable, Reliable,
Secure Services

Databases
Information Collection
Remote Storage
Online Games
Commerce

Internet
Connectivity

ensor Nets

2024/9/6 10



“Big " vs. “Small” Computer

Personal mobile devices/smart terminal devices

Supercomputing Center (computation) / Data Center (storage)

2024/9/6

Smal |

Big

High performance calculation
High-performance
communications and I/0

Power consumption constraints
The volume constraint

Capable of high-performance
data processing

More than demand
Reliability requirement

11



“Small” Computer Inside
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“Big “ Computer Inside

m Data center: a "warehouse" supercomputer

Seismically-braced

Biometric Access Server Racks
and Exit Sensors t_
& @ e
Comtinuous Video i
Surveillance &Eﬁ Generators
o/ g;,
Electronic . -

Motion Sensors lr{'
= o

) Redundamt
o[ 9 Hvac controlted
1 Enviroment

'
Security
Breach
Alarms el
368  Server Operation:
= Monitoring

Each data center covers an average of about 45,000
square meters and cost about $600 million to build
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The data center has 10,000 square meters

W 3R 15 S5 KAVEE L
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High-speed routers and switches built into the data center
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A large air duct used to dissipate heat in a data center
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A piping system for dissipating heat in a data center

2024/9/6 20



The TOP500 List (2023, since 1963)

Top 10 supercomputers in the TOP500 List

System Cores Rmax | Rpeak Power
(PFlop/s) (PFlop/s)| (kW)

Frontier
Fugaku
LUMI
Leonardo
Summit
Sierra

Sunway
TaihuLight

Perlmutter

~N OO O A WN -

9 Selene
10 Tianhe-2A

https://www.top500.org/

US, AMD EPYC, AMD MI250X

JP, A64FX

Finland, AMD EPYC, AMD MI250X
Italy, Intel Xeon, NV A100

US, IBM Power9, NV GV100

US, IBM Power9, NV GV100

CN, SW26010

US, AMD EPYC, NV A100
US, AMD EPYC, NV A100
CN, Intel Xeon, Matrix-2000

8,699,904 1,194.00

7,630,848
2,220,288
1,824,768
2,414,592
1,572,480
10,649,600

761,856
555,520
4,981,760

442.01
309.10
238.70
148.60
94.64
93.01

70.87
63.46
61.44

1,679.82

537.21
428.70
304.47
200.79
125.71
125.44

93.75
79.22
100.68

22,703
29,899
6,016
7,404
10,096
7,438
15,371

2,589
2,646
18,482

21


https://www.top500.org/system/180047
https://www.top500.org/system/179807
https://www.top500.org/system/180048
https://www.top500.org/system/180128
https://www.top500.org/system/179397
https://www.top500.org/system/179398
https://www.top500.org/system/178764
https://www.top500.org/system/179972
https://www.top500.org/system/179842
https://www.top500.org/system/177999

The TOP500 List (2024, since 1963)
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Top 10 supercomputers in the TOP500 List

System Cores Rmax | Rpeak
(PFlop/s) |(PFlopls)

Frontier

Aurora

Eagle

Fugaku
LUMI

Alps
Leonardo

MareNostrum 5
ACC

Summit
Eos NVIDIA

DGX SuperPOD

US, AMD EPYC, AMD MI250X
US, Intel Xeon, Intel GPU

US, Intel Xeon, NV H100

JP, AG4FX

Finland, AMD EPYC, AMD MI250X
Switzerland, Cray, NV GH200

ltaly, Intel Xeon, NV A100

Spain, Intel Xeon, NV H100

US, IBM Power9, NV GV100
US, Intel Xeon, NV DGX H100

8,699,904
9,264,128
2,073,600
7,630,848
2,752,704
1,305,600
1,824,768

663,040

2,414,592
485,888

1,206.00
1,012.00
561.20
442.01
379.70
270.00
241.20
175.30

148.60
121.40

1,714.81 22,786
1,980.01 38,698
846.84

537.21 29,899
531.51 7,107
353.75 5,194
306.31 7,494
249.44 4159

200.79 10,096
188.65
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https://top500.org/system/180047
https://top500.org/system/180183
https://top500.org/system/180236
https://www.top500.org/system/179807
https://www.top500.org/system/180048
https://top500.org/system/180259
https://www.top500.org/system/180128
https://top500.org/system/180238
https://www.top500.org/system/179397
https://top500.org/system/180239

Sunway TaihulLight
- June 2016, National Supercomputing Wuxi Center
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Sunway TaihulLight
- June 2016, National Supercomputing Wuxi Center

Table 1: Sunway TaihulLight System Summary

cPU Shenwei-64

Developer NRCPC

Chip Fab CPU vendor is the Shanghai High Performance IC
Design Center

Instruction set Shenwei-64 Instruction Set (this is NOT related to the
DEC Alpha instruction set)

Node Processor cores 256 CPEs (computing processing elements) plus 4

MPEs (management processing elements)

Node Peak 3.06 TElop/s

Performance

Clock Frequency 1.45 GHz

Process Technology N/A

Power 15.371 MW (average for the HPL run)
Peak Performance of

system 125.4 Pflop/s system in Wuxi
Targeted application HPC

Nodes 40,960

Total memory 1.31 PB

Cabinets 40

Nodes per cabinet 1024 Nodes

Cores per node 260 cores

Total system core

10,649,600
count

2024/9/6 24



How are "very large"” computer systems built?
-Sunway TaihulLight

mEE P AR
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064 ZEFEMHNR, 256CPU, BH EAMXHAEREGHNUETE

=8l € ( Cabinet )
OAEHMY K, 2562 K FH MR, 10242& % & (cpUu )

RE RS

@40 E M. £, 1608T K, 40960F &, 10649, 600itEA, 1.31PB

RIS
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Today’ s Dominant Target Systems

® Mobile (smartphone/tablet)
®>1 billion sold/year

® Market dominated by ARM-ISA-compatible general-purpose processor
in system-on-a-chip (SoC)
® Plus sea of custom accelerators (radio, image, video, graphics,
audio, motion, location, security, etc.)
B Warehouse-Scale Computers (WSCs)
®10,000,000’'s cores per warehouse
® Market dominated by x86-compatible server chips
® Dedicated apps, plus cloud hosting of virtual machines
® Now seeing increasing use of GPUs, FPGAs, custom hardware to
accelerate workloads
B Embedded Computing
®Wired/wireless network infrastructure, printers
® Consumer TV/Music/Games/Automotive/Camera/MP3
® Internet of Things!
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Why Take This Course?

B Foundational Goal
Deeply understand Intersects all aspects of computing

system

B Preparatory/Complementary
® Algorithm and data structures
® Programming Language
® Compilers and Interpreters
® Operating Systems
®Digital Systems Organization and Design
® Mathematical Foundations of CS

H Fun!!!
® Who wouldn’t want to understand the magic?

2024/9/6 29
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Artificial intelligence is everywhere

Supercomputers Embedded
Devices

Data Centers Smartphones

A _ ' o0
1 Baich5E
==
Business bhaG
analytics  *@+APNAGO ) 4 e diction

Audio recognition

Image

Automatic analysis

Drug design translation Consumer
electronics

2024/9/6 35



New applications demand new structures all the time

<L A
lnierne\: Of Th ngs
= s

friendsterc / | \L’a """
Application-Driven Innovations

Technology-Driven Innovations Emerging Technology

Heterogeneous Computing

3D Stxeking

STT-RAM/ReRAM
PCM/Memristor

D'

W\u

Logic Die 4 DRAMs
——

HP las,
2012
36
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Great Ideas in Computing Systems in This Courses

B Great Idea #0: Great Idea from Ancient Chinese Philosophy(Bits and Bytes)
B Great Idea #1: Computer is an Universal Computing Device(Turing Machine Model)
B Great Idea #2: Stored program computer(Von Neumann Model)

B Great Idea #3: Abstraction Helps Us Manage Complexity(Layers of
Representation/Interpretation)

B Great Idea #4: Software and Hardware Co-design

2024/9/6 41



Great Idea from Ancient Chinese Philosophy

All things come into being, all things come into nothing
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Great Idea from Ancient Chinese Philosophy

e . e T T T T
' A = S8 £8 =8 4 A- R 2o 8- B Bae 8 | 4 i

Computer
Organization and
Design: The
Hardware/Software
Interface,

David A Patterson,
John L. Hennessy,
5th edition. Morgan
Kaufmann
Publishers, Inc. ,
2017

43
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A computing tool that does not use electricity

m Abacus (27cBiI500£ , H[E)

Table abacus
(reproduction) and

Abacus jetons

China e Germany

c. 1970 {8258 17th century

Loan of Gwen and Gordon Loan of Michael R.
Bell, B1643.01 Williams, L2003.3.2
Soroban Counting Frame
Japan rT T 777 . Early 20th century

c. 1960 Gift of Gwen and
Loan of Gw Gordon Bell, B141.80

Bell, B165S.. .

Schoty

Russia

Early 20th century

Gift of Warren Yogi, 102

2024/9/6
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Great Idea from Ancient Chinese Philosophy

e . e T T T T
' A = S8 £8 =8 4 A- R 2o 8- B Bae 8 | 4 i

Computer
Organization and
Design: The
Hardware/Software
Interface,

David A Patterson,
> 1onn ki lennessy:
edition. organ
Is an abacus a computer?~ Sl iy g
Publishers, Inc. ,
2017

45
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Automatic computing equipment: from mechanical computer to electronic >

computer

% ,
& |
vl

Charles Babbage, in
Turing(24)

1791 - 1871,England

M
1
\ ) '.:‘N:'\f/"w r \
’ in '.

1832,2002,2008
The Babbage Difference 1936
Engine, 17 years, 25,000
parts, 5ton, cost: £17,470

2024/9/6
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Charles Babbage (1791-1871) : A Fallen Hero!

® Lucasian Professor of Mathematics, Cambridge
University, 1828-1839

BA true “polymath” with interests in many areas

B Frustrated by errors in printed tables, wanted to
build machines to evaluate and print accurate
tables

mInspired by earlier work organizing human
“computers” to methodically calculate tables

by hand
F(z) =102* 4+ 2z + 4,z € N
X 0 1 2 3 B 5 6
F(x) 4 16 43 100 172 264 376
AF' (x) 12 32 52 72 92 112 =3
[Copyright expired and in public domain. 203 I
Image obtained from Wikimedia Commons.] AF (= 20 20 20 20 20

2024/9/6 47



Babbage difference engine: the first mechanical computer ( 1832)

®2002,2008

® The Babbage
®Difference Engine
@17 years,

®25,000 parts, 5ton
®cost: £17,470

2024/9/6 48



Turing Machine

B Mathematical model of a device that can perform any computation — Alan Turing
(1937)

® ability to read/write symbols on an infinite “tape”
® state transitions, based on current state and symbol

mEvery computation can be performed by some Turing machine. (Turing’ s thesis)

ab — Tadd — atb

Turing machine that adds

7 B

’

mUI ';i',;; V
P - MR
(1912, 6. 23-1954.6. 7)

Turing machine that multiplies
2024/9/6
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Universal Turing Machine

B Turing described a Turing machine that could implement all other Turing machines.
® inputs: data, plus a description of computation (Turing machine)

Tadda Tmul —>

U

abc ,  c(a+hb)

Universal Turing Machine

B U is programmable - so is a computer!
® instructions are part of the input data
® a computer can emulate a Universal Turing Machine, and vice versa

W Therefore, a computer is a universal computing device!

2024/9/6 50



ENIAC - The first electronic computer ,1946

s ENIAC(Electrical Numerical Integrator And
Calculator)
® 17,468 vacuum tubes
® Power 150kW
® Weighed 30 tons
® Occupied 1800 sq ft
— 8o feet long
— 8.5 feet high
® Clock: 100kHz, About 5000 additions per
second
® RAM: ~230bytes, Could store 20 numbers
Could store 20 numbers in main memory
® I0: punched card
® Cost about $500,000

1904, The world's first
electron tube was born at
the hands of the British
physicist Fleming

2024/9/6 51



ENIAC (1946)

m First electronic general-purpose computer
® Construction started in secret at UPenn Moore School of Electrical
Engineering during WWII to calculate firing tables for US Army, designed
by Eckert and Mauchly
® Twelve 10-decimal-digit accumulators
® Had a conditional branch!
B Programmed by plugboard and switches, time consuming!

m Purely electronic instruction fetch and execution, so fast
®10-digit x 10-digit multiply in 2.8ms (2000x faster than Mark-1)

B As a result of speed, it was almost entirely I/O bound
B As a result of large number of tubes, it was often broken (5 days was longest time
between failures)

2024/9/6 52



Great Idea #1:
Computer is an Universal Computing Device

m All computers, given enough time and memory,
are capable of computing exactly the same things.

i

Labtops

[0 L L OGRS < L)

. —)

Supercomputers
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From Theory to Practice

mIn theory, computer can compute anything

mthat’ s possible to compute
® given enough memory and time

mIn practice, solving problems involves computing under constraints.
® time
— weather forecast, next frame of animation, ...
® cost
— cell phone, automotive engine controller, ...
® power
— cell phone, handheld video game, ...

2024/9/6 54



ENIAC

o : . . it ; 5ok o » -5

B

Chngigthe program could take days!
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Great Idea #2
Von Neumann Model({Z(&12FiTE#)

MEMORY
; . ;
INPUT | , OUTPUT
Keyboard Monitor
Mouse PROCESSING UNIT Printer
Scanner E LED

Disk Disk

CONTROL UNIT

®> | [E]

EDSAC, University of
Cambridge, UK, 1949

Irr

LI

LTI ‘
LETTT
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EERaaitE : 1071510

B SiER e EEI5HE

mhES—aBERiITaERBFEN

N ;R EFE—aBERiTHS -G kEEIEITE
® EDVAC, #[F, 1945-1952

® EDSAC, ¥ [F, 1945-1949
®107#l, ¥ E, 1953-1959

m1960FERER KRN ER (& HKD-1)
m1970FER KA TEZESIE
u 197 4£FigiRE
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2006/10/25
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The USTCers’ outstanding contributions to the Chinese computer

m 19594 , 107itE# m 2002%F , BB1S
m hES—&aB8E&itanERITEN m RESE—WMBEgiTaEARL
m Eigitd - EIER S A

B FiZitli : EBEE(867)
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The invention of the transistor

Bell Labs lays the groundwork:

m1945: Bell sets up lab in the hopes of developing
"solid state” components to replace existing
electromechanical systems. William Schockley,
John Bardeen, Walter Brattain: all solid-state
physicists. Focus on Si and Ge.

B 1951: Shockley develops junction transistor which
can be manufactured in quantity.

first silicon transistor (price $2.50)

m1956: Bardeen, Shockley, Brattain receive Nobel
Prize.
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Two major inventions of the microprocessor chip

Stored program + Transistor technology

Change the program so The device is

that you can do all smaller and faster
kinds of tasks on the than a vacuum
same hardware tube
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First computer vs. First microprocessor chip

1946 , ENIAC(Electrical Numerical 1971, Intel 4004

Integrator And Calculator)
® 18000 vacuum tubes
® 1500 relays

= 10 micron process,
NMOS-Only Logic

® 174 KW - 2,250 transistors

® 30 tons After 25 years _ 3.vacm die

® 1800 sqg. ft. footprint - 2

® Clock: 100kHz ‘ 4-bit bus

® RAM: ~230bytes = Performance < 0.1 MIPS

® I0: punched card - 640 bytes of addressable
Memory

= 740 KHz

Replacing a bad tube meant checking among ENTAC's 19,000 possibilities.

2024/9/6
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Thirty years after the first microprocessor chip was born

1971, Intel 4004 2000, Intel Pentium IV

® 10 micron process

® 2,300 transistors ° SS d SSE2
: MMX, E, an

® 3x4 mm die After 30 years

® 4-bit bus

® Issues up to 5 uOPs per cycle

® 0.18 micron process

® 640 bytes of addressable ® 42 million transistors
Memory ® 217 mm die
W0 K= ® 64-bit bus
® 8KB D-cache, 12KB op trace cache

(I-cache), 256KB L2 cache
® 1.4 GHz

Performance improved 5000x:
smaller, faster, cheaper
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Thirty years after the first microprocessor chip was born

[ 4004 ][ 8008 ][ 8086 ][ 80286 ][ 386 ][ 486 ][ Pentium ][ Pentium Il ]

AMD:'[ 286 ][ 386 ][ 486 ][ K5 ][ K6 ] [ K7 ][ ...... ][ Zen3 ]
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Thirty years after the first microprocessor chip was born

BEX

A% iy
PC & IRS528 CPU+GPU+FPGA
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Great Idea #3: Abstraction helps us Manage Complexity

USTC Courses

Application

Algorithm and Data Structure

Programming Language/Compiler

Operating System/Virtual Machines
Instruction Set Architecture (ISA)

Microarchitecture
Gates/Register-Transfer Level (RTL)

Analog/Digital Circuits

Electronic Devices

Physics
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Abstraction to Simplify Hardware Design

Single die

——Wafer

897 AMDZ
proomm  Going up to 127 (30cm)

SYSTEM

SHARSZL (CPUL S, SOCER, o« o o )

ThReRis (ALU, FPU, &FFSR®E. . . )

B GEMTSETTERIET. - - )

CMOSH. %

,,,,,,, - s (MOSFET: PMOS/NMOS)

How do we put the devices into system?
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Abstraction to Simplify System Design

System

Agent

display,

memory,
&1/0

ontrollers

Register Transfer Level (RTL) De5|gn

Integrated Circuit Design
1K~10K Cells/Module

100 Modules/ IC

(100K Devices)

0.25M~20G Devices

Gate _°| # :
Gete Level Design I

‘ Transistor Physical Layout ’
AB
= v

L=

©c 0129 0O 01
Scheme for

‘ (Transistor Level Design)

’ Circuit Level Design
(2~8 Devices/Gate)

Representing Information
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Register Transfer Level (RTL) Design
2~16 Gates/Cell

(16~64 Devices)
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Abstraction to Simplify System Design

Personal Computer: Motherboard Circuit Design Integrated Circuit Design

Hardware & Software Design 10 ICs/ PCB 100 Modules/ IC
1~10PCBs/System 1~50G Devices 0.25M~20G Devices

s usBPots

/ PS72 Connectors

System
Agent
wi
display,
memory,
&l/o
controllers

m— ; MEMORY
‘ INPUT I l OUTPUT
EE;;W :MEE{{ ’r" PROCESSING UNIT E‘.Et':'

Disk Disk

] ) i 2 = o Level 6 E : :
@" - CONTROL UNIT
— = Hit hy
&

Electronic System Level (ESL)Design I
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How do we get the electrons to do the work?

High Level Language
Program (e.g., C)

Compiler

Assembly Language
Program (e.g., MIPS)

Assembler

Machine Language
Program (RISC-V)

Machine
Interpretation

Hardware Architecture Description
(e.g., block diagrams)

Architecture
Implementation

Logic Circuit Description
(Circuit Schematic Diagrams)

2024/9/6

temp = v[k];
v[k] = v[k+1];
v[k+1] = temp;

lw t0, 0(%$2
lw tl, 4(%$2
SW tl, 0(%$2
sw $t0, 4(%$2)

0000 1001 1100 0110 1010 1111 0101 1000
1010 1111 0101 1000 0000 1001 1100 O110
1100 0110 1010 1111 0101 1000 0000 1001
0101 1000 0000 1001 1100 0110 1010 1111

Register File Anything can be represented
| | as a number,
i.e., data or instructions
ALU
| N
[@—
@ —
B
@
D
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Great Idea #4: Software and Hardware Co-design

I~

L
= \ Application

/
[
\ Algorithm & Data Structure

\. .
Language
Software

Hardware H Machine Architecture, ISA

Microarchitecture

Logic and IC

Device

Computer System: Layers of Abstraction

2024/9/6
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Old Machine Structures

Application (ex: browser)

2024/9/6

Circuit Design

transistors
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Old Machine Structures

B Mainframe: IBM System/360

Computer Architecture: the structure of a computer that a machine language
programmer must understand to write a correct (timing independent) program for

that machine.
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New Machine Structures

mIBM Blue Gene

2024/9/6

64 cabinets

Cabinet 65 536 nodes
1024 nodes (3I2x32x64)
16 compute cards (2,048 CPUs) 180/360 TF/s
O-2 /O cards (8x8x16) 32 TiB
32 nodes 2.9/5.7 TF/s 1.2 MW
FRU (field (64 CPUSs) 512 GiB* DDR 2.500 sq.ft.
= S replaceable unit) (Axa%2) 15-20 KW MTEF 6.16 Days
2.8/56 SPis 2Smmx32mm 20/180 GF/s
S RS SEMNTANS 2 nodes (4 CPUs) 16 GiB~ DDR
{compare this wath a 1988 (2x1x1)
Cray YMP /S8 at 2.7 GF/s) 2x(2.8/5.6) GF/s
 2x512 MiB* DDR * Mlp Sphtyysics nist govicuwUnitssbinary hitml
15 W
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New Machine Structures: From the Gate to the Cloud

Software Hardware

HParallel Requests

Assigned to computer Warehouse
e.g., Search “Katz” Scale Computer #&

HParallel Threads
Assigned to core Leverage Parallelism &

e_g_, LOO]IH Ade Anlf\;nlln Li: ﬂlﬂ Dnr'F nnnnnnn

SRERRRNAY l}.‘{.‘\

mParall All computers are paraII el!

>1 instru
e.g., 5 pipe

mParalle All computer engineers and scientists

>1 data itel

0. nas require the knowledge of parallel computation
mHardware Descriptions ~~ Tunclional 7

;Mﬁ[iuction Unit(s) // Unit(s)
All gates functioning in parallel at same tiihe

BProgramming Language

belelalct /A/0+B /1+B}K2+B}K3+B3/
Mob bt

e Cache Memory

'Logic Gates
=D

e}
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Course Objectives

HExposure to. ..
®Machine organization

®Assembly language programming
®C programming
B Understand how to build entire (slow) computing system
® Hardware and software
®You’ 11 get a chance in complementary courses
m Be distinguished from mere programmers
O®E.g. Matrix Multiply

HHILAZ (RESRTt. BF2E. ARFE. SRESHRIESILE.
ESRIES WEGSKIN. BERS) UMM EBEBNs/E
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Course Objectives

“Any sufficiently advanced technology is

indistinguishable from magic.”
Arthur C. Clarke, "Profiles of The Future” (Clarke's 3rd law)
B No magic: Computers should not be magic to computer scientists!
®m Bottom UP: Start with what they “know”

® Computing systems from transistors on up
® The transistor as light switch
® Not quantum mechanics
B Choose a computer model that is simple
® Not about “design”, but about “insight” into all computers
® As the genius said: simple, but still rich
® Continually build on what you know
® Continually raising the level of abstraction
® Memorizing as little as absolutely necessary
® Trying very hard to not introduce magic

You take, You enjoy!!!

2024/9/6
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Outline

Course Crew

What' s the difference between “Big” and
“Small” ?

Why Take This Course?

Great Ideas in Computing Systems

Course Implementation




Text Book

EmIntroduction to computer
architecture(ISA)
®How is data represented?
®What are the pieces of a
computer?
® How do computers work?
B Programming
®How do I "talk" directly to
the machine?-Assembly
language
®How do I program in “C”?-
high level language (HLL)
B Computer systems and computation
®How do simple HW/SW elements
come together to realize
complex computations?

introduction _ i
fo compufing introductionfo
@ sustems compufing

from bits & gates ko C & beyond

Introduction to Computing Systems: from bits and
gates to C/C++and beyond(3nd edition),

Yale N. Patt and Sanjay J. Patel , September 2019,
' McGraw-Hill Higher Education



Text Book Components

mPart 1: Hardware(Chapter 1-4)
® Representing data, transistors, gates, digital logic structures
® von Neumann machine model
mPart 2: Software: Assembly language(Chapter 5-10)
® Instructions, (structured) programming, input/output, relationship
to hardware
m Part 3: Software: C/C++ programming(Chapterl1-20), selected
® Syntax, operators, control structures, functions, pointers,
recursion, data structures, relationship to assembly language
®Assume already familiar with programming (C)



This Course Focus on

m Chapt 2 Bits, Data Types, and Operations

®How do we represent information using electrical signals?
B Chapt 3 Digital Logic Structures
®How do we build circuits to process information?
H Chapt 4, 5 Computer Machine Model, Processor and Instruction Set
®How do we build a processor out of logic elements?
®What operations (instructions) will we implement?
B Chapt 6,7 Assembly Language Programming
®How do we use processor instructions to implement algorithms?
®How do we write modular, reusable code? (subroutines)
m Chapt 8 Data Structures
m Chapt 9 I/0, Traps, and Interrupts
® How does processor communicate with outside world-?
mChapt 10 Put It All Together: A Calculator
B Chapt 11, C Implemention Related to Hardware



Other Reference Text Books

2024/9/6

Introduction to
Computing Systems:

from bits and gates to

C/C++ and
beyond(3nd edition),

Yale N. Patt and Sanjay

J. Patel , June 2019,
McGraw-Hill Higher
Education

THE ONCE AND FUTURE

TURING

COMPUTING THE WORLD

EDITED BY

The Once and Future
Turing: Computing
the World ( 1st
Edition) ,

S. Barry

Cooper, Andrew
Hodges, Cambridge
University Press, 2016

Computer Science
[lluminated

ONLINE
E

Computer Science
Hluminated(5th
Edition),

D. M. Harris, S. L. Harris,
Morgan Kaufmann, San
Francisco, 2007

THIRD EDITION

COMPUTER SYSTEMS

A PROGRAMMER'S PERSPECTIVE

Computer Systems: A
Programmer_s
Perspective (3rd
Edition) ,

Randal E. Bryant, David
R.O' Hallaron , Pearson
Education Inc. , 2016
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https://www.amazon.com/Randal-E.-Bryant/e/B0050BO0LY/ref=dp_byline_cont_book_1

Other Reference Text Books

2024/9/6

Digital Design and
Computer Architecture

SECOND EDITION

s 5 \erzz

Digital Design and
Computer
Architecture ( 2nd
Edition) ,

David Harris Sarah
Harris , p712,
Morgan Kaufmann ,
24th July 2012

DIGITAL
INTEGRATED CIRCUITS

A DESIGN PERSPECTIVE
SECOND EDITION

Digital Integrated
Circuits: A Design
Perspective (2nd
Edition),

Jan M. Rabaey,
Anantha
Chandrakasan, Borivoj

e, Prentice-Hall, Inc,
Nikolic,Jan 3, 2003

Computer
Organization and
Design: The
Hardware/Software
Interface,

David A Patterson,
John L. Hennessy,
5th edition. Morgan
Kaufmann
Publishers, Inc. ,
2017

COMPUTER
ARCHITECTURE |

A Quantitative Approach

Computer
Architecture: A
Quantitative
Approach,

John L. Hennessy
and David A.

Patterson , The
Morgan Kaufmann
, Dec 7, 2017
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Game

eee M- < @ nandgame.com ™ M +

> NandGame - Buid a computer from scratch.

Nandgame

Solve Level | Levels English

Level Help Check solution || Clearcanvas ~ Clear all levels

Nand

Your taskis to connect inputs to
output through wires and relays such
that when both a and b inputs are 1,
the outputis 0. relay (Gefeulton) Q Stept:Dreg X

components from the
toolbox o the blus
area.

1 represents electrical current, 0
represents no current.

The V input carries constant current,
ie.always 1. retay (default o)

The exact specification:

— TURING

N COMPLETE

NandGame
https://www.nandgame.com
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Class Organization

B Lectures
O®Will not simply “cover” the material
O®Will focus on the “hard stuff”
O®Will not stand alone, instead build on reading
B Discussion sessions
®FEncouraged!
®Okay: discuss meaning of problem, discuss approaches
®Not okay: comparing answers, solving questions together



Homework Assignments

HProblem Sets : 6 sets
® Problem solving
® Complete before each due date
® Can work ahead
® Great exam preparation!
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Labs Assignments

mSimple Programming Assignments
® Programming LC3 Assignmentsl:
— Programming In machine language
® Programming Assignments2~5:
— Programming In LC3 assembly language
® Programming Assignmentsé6:
— Assignments2~5 Programming In C

m Challenging Course Projects
® 1L.C3 Simulator/Assembler Design (Encouraged! Extra 5 points )

H See schedule for each lab due dates
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Exams & Grades

H Middle Exam: 20%
H Final Exam: 30%

B Assighments : 50%
® Problem Sets for every chapter
® 6 Programming Assignments
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Policy on Assignments and Independent Work

mALL PROJECTS WILL BE DONE AND SUBMITTED INDIVIDUALLY.
®With the exception of laboratories and assignments that explicitly
permit you to work in groups, all homework and projects are to be YOUR
work and your work ALONE.

B You are encouraged to discuss your assignments with other students, and extra
credit will be assigned to students who help others, particularly by answering
questions on Piazza, but we expect that what you hand in is yours.

m It is NOT acceptable to copy (or even "start with") solutions from other students or
the Web

2024/9/6 98



Tips on How to Get a Good Grade

B The lecture material is not the most challenging part of the course. You should be
able to understand everything as we go along.

m DO NOT fall behind in lecture and tell yourself you “will figure it out later from the
notes or books” .

B Notes will be online after the lecture (usually the night). Do assigned reading before
the lecture.

B Ask questions in class and stay involved in the class - that will help you understand.
®m Come to office hours to check your understanding or to ask questions.

m Complete all the homework problems - even the difficult ones. The exams will test
your depth of knowledge.
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Tips on How to Get a Good Grade

B You need to understand the material well enough to apply it in new situations. You
need to enroll in both the lab and the course.
® Take the labs very seriously. They are an integral part of the course.
® Choose your partner carefully. Your best friend may not be the best

choice!
®Most important : Be well organized and neat with homework, labs,
project. In lab, add complexity a little bit at a time - always have a

working design.
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Academic Integrity (FARiEE)

Do not post your work on public repositories like github (private
o.k.) --negative points

BThe rule is simple

®Claiming another’s work as your own will ruin your life
® See syllabus for details and examples

mEWho will know?

O®We will (inspection, similarity detectors, exams)
® Your friends will.. your parents will..
®You will

BERemember

®If you need to cheat now, you’ve got much bigger problems
® Cheating is like going 150 MPH over speed limit while drunk!
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