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Special wifi network in this classroom

@ Sometimes the unosecure network gets overwhelmed
@ Folks using laptops can end up with a slow network connection
@ We have an alternative:

wireless network name: systems-lab

passphrase (includes spaces): we love UNO CSCI

@ This will not work elsewhere on campus, but you may use this
in here for the rest of the semester

Course notes



Course notes

Always monitor class schedule at: http://2467.cs.uno.edu

@ No moodle for this course! We will use AutolLab
https://autolab.cs.uno.edu

@ Everyone downloaded introlab-handout.tar from Autolab

- note difference between systems-lab and your own computer

- how to connect with ssh

- optional: set up a text editor to sync up automatically
(Notepad++, Sublime Text, etc)

See resources section of 2467 website for more info

Course notes


http://2467.cs.uno.edu
https://autolab.cs.uno.edu

@ Course notes

o A Tour of Computer Systems

@ Systems

@ Information is bits plus
context

@ Programs Are Translated by
Other Programs into Different
Forms

@ Processors Read and Interpret
Instructions Stored in Memory

@ Caches & Memory Hierarchy

@ The Operating System
manages processes, memory,
and more

@ Wrapping up the intro

Lab 0

@ Prerequisites review

@ Logging in to computer lab
terminals

@ Remote access with ssh

@ The terminal

@ Text editors

@ Part 1

@ Part 2

@ Part 3

@ Handin notes

Preview of next class

@ Reading

@ Data surprises!
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vs. Applications

Application programs

Operating system

Processor

| Main memory | 1/0 devices

Figure 1.10 from CS:APP

Applications software provides services to a user

Systems software provides a platform for
applications and services to build upon

} Software

} Hardware

Not pictured: numerous examples of libraries,

firmware (for each hardware device, network

by: Uwe Kils CC BY-SA 3.0

switches), remote services

A Tour of Computer Systems
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https://commons.wikimedia.org/w/index.php?curid=209674

Systems code is everywhere
Running networks 24 /7

Cisco Catalyst network switch

| M{‘W« -\
. (]

Linksys WRT54G switch/router

A Tour of Computer Systems
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https://en.wikipedia.org/wiki/Cisco_Catalyst
https://en.wikipedia.org/wiki/Linksys_WRT54G_series

Systems code is everywhere

Feeding us!
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Creating a programming language for systems

Originally all systems level code written as assembly

o C developed 1969-1973 by Dennis Ritchiel

e 1978: K&R book published
e 1988: 2nd edition (ANSI/ISO standard)
e (C89/C90 most common. Some updates since then: C99, C112

@ C was created for a specific purpose: to implement the UNIX
OS (kernel, libraries, tools)

Small, simple language. Easily “ported” to different hardware.

C becomes de facto choice for systems (OS, drivers, tools)

C also becomes used in applications, but with some difficulty
(pointers, fewer abstractions)

1See Aside on p.4 of CS:APP
2See Aside on p.35 of CS:APP

A Tour of Computer Systems
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C: the Systems programming language

@ No classes or objects

@ (therefore no constructors or destructors)

@ No exceptions (no try or throw or catch)

e No templates/generics

o ... C++ adds these things

o ... making it very different! Don't confuse C and C++

A Tour of Computer Systems
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1 #include <stdic.h>
2
3 int main()
a 1
5 printf ("hello, worldin") ;
6 }
Figure 1.1: The hello program.
# i n [ 1 u d e <spr < s
35 105 110 99 108 117 100 101 3z 60 115
= Wn o i n t <sp> m a i
6z 10 10 110 116 32 109 97 :

“n <sp® <sp® <spr <sp* P r i n t
10 3z iz 32 3z 11z 114 105 110 11&

<sp> W o r 1 d Y

108 111 4 32 119 111 114 108 100 92

fis

codefinrothello.c

code/intro/hello.c

11e 100 105 111 46

n l ) \n {
110 40 41 10 123

Figure 1.2: The ASCII text representation of hello.c.

Tour of Computer Systems
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hello.c (bits)

00100011 01101001 01101110 01100011 01101100 01110101 #inclu
01100100 01100101 00100000 00111100 01110011 01110100 de <st
01100100 01101001 01101111 00101110 01101000 00111110 dio.h>
00001010 00001010 01101001 01101110 01110100 00100000 ..int
01101101 01100001 01101001 01101110 00101000 00101001 main()
00001010 01111011 00001010 00100000 00100000 00100000 .{.
00100000 01110000 01110010 01101001 01101110 01110100 print
01100110 00101000 00100010 01101000 01100101 01101100 £f("hel
01101100 01101111 00101100 00100000 01110111 01101111 1lo, wo
01110010 01101100 01100100 01011100 01101110 00100010 rld\n"
00101001 00111011 00001010 00100000 00100000 00100000 ;.
00100000 01110010 01100101 01110100 01110101 01110010 retur
01101110 00100000 00110000 00111011 00001010 01111101 =n 0;.}
00001010

A Tour of Computer Systems
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hello.c (hexadecimal)

2369 6e63 6¢75 6465 203c 7374 6469 6f2e #include <stdio.
683e 0ala 696e 7420 6d61 696e 2829 0a7b h>..int main().{

0a20 2020 2070 7269 6e74 6628 2268 656¢c . printf ("hel
6c6f 2c20 776f 726c 645c 6e22 293b 0a20 lo, world\n");.
2020 2072 6574 7572 6e20 303b 0Oa7d Oa return 0;.}.

A Tour of Computer Systems
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hello.c (hexadecimal)

] 69 6E 63 6C 75 64 65 20 3C 73 74 64 69 6F 2E [ include <stdio. 23
68 3E QA OA 69 6E 74 20 6D 61 69 6E 28 29 0A 7B h>E&int main()Z{ 68
OA 20 20 20 20 70 72 69 6E 74 66 28 22 68 65 6C § printf("hel OA
6C 6F 2C 20 77 6F 72 6C 64 5C 6E 22 29 3B 0A 20 lo, world\n");8 6C
20 20 20 72 65 74 75 72 6E 20 30 3B OA 7D 0OA return 0;8}8 20

A Tour of Computer Systems
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hello compiled (hexadecimal)
/F 45 4C 46 02 01 01 00 0O 00 0O OO 0O 0O 0O 0O .ELF............

00 00 40 00 00 0O 0O OO 0O 0O 40 0O 0O 0O ©O 00 ..@....... @..... 4C 89 EA 4C
FC 06 00 00 00 0O 00 00 FC 06 00 00 00 00 00 00 .......ovvuvnnnn 01 48 39 EB
00 00 20 00 00 0O 00 00 01 GO 00 00 06 00 00 00 .. .....cvvvunnn 41 5E 41 5F
10 OE 0O 00 00 0O 00 OO 10 OE 60 00 00 0O 00 00 |.......... ..... F3 C3 00 00
10 OE 60 00 00 0O 0O OO 28 02 0O OO 0O 0O 0O GO .. ..... (vt 01 00 02 00
30 02 00 00 00 0O OO0 00 0O OO0 20 0O 00 00 00 GO O......... ..... 00 00 00 0O
02 00 00 0O 06 0O 0D OO 28 OE 0O OO 0O 0O 0O 0O |........ (connnn. 1C FE FF FF
28 OE 60 00 00 0O 0O 0O 28 OE 60 0O 0O 00 00 00 (. ..... (... 52 FF FF FF
DO 01 00 00 00 0O 00 00 DO 01 00 00 00 00 00 00 |.....covvvuvnnn DC FF FF FF
08 00 00 00 00 0O 00 00 04 00 00 00 04 00 00 00 .....cvvvvuvnnn 01 7A 52 00
54 02 00 00 00 0O 00 00 54 02 40 00 00 00 0O GO T....... T.@..... 14 00 00 00

A Tour of Computer Systems
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e A Tour of Computer Systems

@ Programs Are Translated by
Other Programs into Different
Forms

A Tour of Computer Systems
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Steps in which hello.c gets converted to an executable

hello.c

Source
program
(text)

Pre-
processor

(cpp)

hello.i

Modified
source
program
(text)

Compiler
(ccl)

Linker
(1q)

printf.o
hello.s |Assembler| hello.o
(as)
Assembly Relocatable
program object
(text) programs
(binary)

Source: CS:APP, Bryant & O'Hallaron

hello

Executable
object
program
(binary)

A Tour of Computer Systems



Layered view of systems

Application programs } Software
Operating system
Processor Main memory I/O devices } Hardware

Source: CS:APP, Bryant & O'Hallaron

A Tour of Computer Systems
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A diagram of the computer’s hardware

CPU

Register file

: ALU
System bus Memgry bus

) 110 Main
Bus interface <::i bridge :> memory

1
{} {} /O bus {} Expansion slots for
other devices such
usB Graphics Disk as network adapters
controller adapter controller

-
Disk hello executable
1S stored on disk

<

Mouse Keyboard Display

Source: CS:APP, Bryant & O'Hallaron

A Tour of Computer Systems
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Someone types in the hello command...

CPU

Register file

:ALU
j ~ g System bus Memory bus

v
Bus Int Lt To—0< > Main |"hello”
S ~N 7] Dbrifige memory

< HHE>
4 {} 110 bus {} Expansion slots for
other devices such

US| Graphics Disk as network adapters
controlr adapter controller

Mouse Keyboard Display

S—
e

types
"hello"

Source: CS:APP, Bryant & O'Hallaron

A Tour of Computer Systems
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OS loads hello from the disk into memory

CPU

Register file

J
System bus Memory bus

s ’(’
. T /Q
Bus interface <::i bri Ige

L
T

Main "hello,world\n"
memory

|

hello code

<

Expansion slots for
other devices such

usB Graphics Digk as network adapters
controller adapter contipller
Mouse Keyboard Display
Dikk hello executable
L stored on disk

Source: CS:APP, Bryant & O'Hallaron

A Tour of Computer Systems
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How hello output reaches the display

v
PN Main |"hello,world\n"

ﬁ/ memory

hello code

Expansion slots for
other devices such

as network adapters

CPU
Register file
= ALU
e
T System bus Memory bus
i i i N e
intekaca
Bus in N 77| Drifige
{} 4 } 1/0 bus {}
UsB Graghics Disk
controller adapter controller

Mouse Keyboard Display
"hello,world\n"

Source: CS:APP, Bryant & O'Hallaron

—

hello executable
stored on disk

A Tour of Computer Systems
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Caches on the Intel Core i7 CPU

Processor package

L3 unified cache
(shared by all cores)

’ Main memory ‘

Tour of Computer Systems



Memory Hierarchy: many layers, from fast down to slow

LO:

Smaller, Regs CPU registers hold words retrieved from
Taster, cache memory.

and L1:/ L1cache

°°5t""e") (SRAM) L1 cache holds cache lines retrieved

(‘;fgra‘é: from the L2 cache.
devices L2: L2 cache

(SRAM)
L2 cache holds cache lines
retrieved from L3 cache
L3: L3 cache
(SRAM)
L3 cache holds cache lines
Larger, retrieved from memory.
slower, . )
and L4: Main memory

cheaper (DRAM)

(per byte) Main memory holds disk
storage blocks retrieved from local
devices disks.

L5: Local secondary storage
(local disks)
Local disks hold files
retrieved from disks on
remote network servers.
L6: Remote secondary storage

(distributed file systems, Web servers)

Tour of Computer Systems
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OS Kernel handles switching between two processes

Time

read ~°7*

Disk interrupt ---»

Return ___,
from read

CS:APP, Bryant & O’Hallaron

Process A

Process B

}

User code

Context
Kernel code } switch

!

User code

—

} Context
Kernel code switch

|

User code

Source:

A Tour of Computer Systems
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OS Kernel also manages Virtual Memory addressing

Program

start —>

O'Hallaron

0

Kernel virtual memory

User stack
(created at runtime)

v
?

Memory mapped region for
shared libraries

T

Run-time heap
(created by malloc)

Read/write data

Read-only code and data

T

Memory
invisible to
user code

printf function

Loaded from the
hello executable file

Source: CS:APP, Bryant &

A Tour of Computer Systems



Chapter 1: to sum up

@ Systems skills give you a broad and deep insight into what
happens when you write and/or run programs

o Potentially big impacts on speed, reliability, security

@ This is a brief preview of what is to come! You aren't
expected to know all of this ... yet

@ Chapter 1 should be a quick read.

@ Don't worry about memorizing Amdahl’s law, it is a useful
principle to keep in mind but | will not ask you to solve those
math problems

A Tour of Computer Systems
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O Labo

@ Prerequisites review

@ Logging in to computer lab terminals
@ Remote access with ssh

@ The terminal

@ Text editors

Part 1

Part 2

Part 3

°
°
°
@ Handin notes



Your first lab assignment

THE UNIVERSITY of
NEW ORLEANS

DEPARTMENT OF
COMPUTER SCIENCE

CSCI 2467, Spring 2020
¢ Lab 0: Introductions to C and Unix
Due: Wednesday, January 22, 11:59PM

2467 Instructors: M. Toups & C. Boyce
Assistants: D. McDonald & S. Duwal
staff@2467.cs.uno.edu

1 Introductions

The purpose of this assignment is to perform two introductions while getting you started in your
exploration of Computers from a Systems perspective. Chapter 1 of Bryant & O’Hallaron’s CS:APP
textbook will accompany this lab conceptually, and the tools we use will be explained further in the
two PDF documents from Stanford’s CS Library (Essential C and Uniz Programming Tools).

Ple: both the textbook and t} 1pple s handy is lab. The




A few notes on this process: bash shell, text editors, permissions
Also: remote access via ssh

Be careful about usernames, and be aware there is a temporary
block after a certain number of failed login attempts.

Lab 0
°



Using class server: systems-lab

Log in using UNO username, password.

All labs are done using systems-1ab (linux) ...
BUT

you can access systems-1lab on the HP terminals in 209/212
OR

remotely (on or off-campus) using ssh

Lab 0
[ Yole)



Remote Desktop login on HP thin client

Remote Desktor

Using Domain:

Smart card login




Alternative on your own computer:

systems-lab-web.cs.uno.edu

= Apache Guacamole x [igg

<« ¢ o uno.edu

S

APACHE GUACAMOLE

matoups1 (UNO username))

Password




Using git-bash and ssh

Pay attention to which prompt is which

(Note: replace matoups2 with your UNO username)

MINGWB4:/i - o

£

§ ssh matoups2@systems-1ab.cs.uno. edy|

Lab 0
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Using ssh from macOS
Optional: adding RSA key for login

000 ssh

davidmcdonald@avids-MacBook-Pro ~ % ssh dgmcdona@systems-lab.cs.uno.edu
dgmcdona@systems-Llab.cs.uno.edu's password:
Welcome to Ubuntu 18.04.3 LTS (GNU/Linux 4.15.0-74-generic x86_64)

(<N N J ssh

davidmcdonald@lavids-MacBook-Pro ~ % ssh dgmcdona@systems—Llab.cs.uno.edu
dgmcdona@systems—1ab.cs.uno.edu's password:
Welcome to Ubuntu 18.04.3 LTS (GNU/Linux 4.15.0-74-generic x86_64)

System information as of Thu Jan 16 21:14:51 CST 2020

System load: 0.27 Users logged in: 2

Usage of /: 76.8% of 31.37GB  IP address for eth@: 172.16.20.2
Memory usage: 18% IP address for ethl: 192.168.1.31
Swap usage: 0% IP address for eth2: 137.30.120.31
Processes: 3168

Last login: Thu Jan 16 21:13:04 2020 from 196.247.50.124
dgmcdona@systems—1lab:~$ mkdir .ssh

dgmcdona@systems—lab:~$ touch .ssh/authorized_keys
dgmcdona@systems—lab:~$ cat id_rsa.pub >> ~/.ssh/authorized_keys
dgmcdona@systems—lab:~$ rm id_rsa.pub

dgmcdona@systems—lab:~$ exit

logout

Connection to svstems-lah.cs.uno.edu closed.

Lab 0
oe




Directories and permissions

@ created a directory with mkdir command
@ moved a file with the mv command
@ changed directory with cd command
@ changed permissions with chmod command
Read oite Execute
od WX | P W X F W X
File Type ke Y i Y b 24 g
Owner Group Other Users

Lab 0
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Directories and permission

permissions user group  size  date file/directory

| — 1
ArwXIr-Xr-x 2 paul users 1024 Jan 2 23:50

Arwxr-xr-x 6 root root 1024 Jan 2 22:51

ArwXIr-xXr-x 3 paul users 1024 Jan 8 11:42 grassdata
lrWHIWHI W 1 paul users 13 May €& 18998 latex -> /d2/1t
drwx———---= 2 paul users 1024 Mar 8 17:30 mail
drwx=-=---= 2 paul users 1024 Feb 4 01:09% projects
—Irw=r=-r=--— 1 paul users 844344 Dec 9 1998 nations.ps
—IW=IrW=r== 1 paul users 21438 Mar 2 21:47 psdmf.txt

[y W—

*— other (world) permissions r : read permission
group permissions w : write permission
X

user permissions : execute permission (programm)
- : permission not set

d :directory

- file

1 : link (to other file/directory)

Source:

Open Source GIS: A GRASS GIS Approach, First Edition, 2002




Directory hierarchy

.. and files within that directory

/ (root of file system)

bi
/ (root of file system) ML1E;n
bash
H bin
H home
i etc
Ho ust
H1 home
Hi bin
H 1ib
i opt firefox
{1 sbin vim
Hil tmp i 1ib
H usr L[] share
L var g - -

Lab 0
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Terminal Shortcuts (bash shell)

@ " is an alias to your home directory:
cp foo.txt ~

equivalant to: cp foo.txt /home/matoups2/

@ . is an alias to your present directory:
cp “/foo.txt

@ .. is an alias to the parent directory:
cp “/foo.txt

@ * will match as many characters as it can.
cp T/*.txt

@ Example: objdump -d *
e Example: rm *.c (be very very very carefulll)

@ There is no “trash” with rm. Your file will be gone.

Lab 0
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More bash tricks

Pressing tab will autocomplete filenames.

Use the up & down arrow keys to scroll through your previous
commands.

Control+R lets you search your command history.

Control+C terminates your current program.

Control+D (on a blank line) exits the terminal.

Lab 0
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Text editors

Source: xkcd.com

nono? REAL HEY. REAL WELL, REAL NO, REAL | |REAL PROGRAMMERS EXCUSE ME, BUT
PROGRAMMERS | | PROGRAMMERS | |PROGRAMFERS| | PROGRANIMERS | | USE A MPGNETIZED | | REAL PROGRAMMERS
USE emocs USE vim. | | USE ed: USE cot. | | NEEDLE AND A USE BUTTERFLIES.
\ / \ ] STEADY HAND,
/ /
THE DISTURBANCE RIFFLES  WHICH ACT A5 LENSES THAT  [yice
THEYOPEN THER OUTWARD, CHANGING THE FLOW  DEFLECT INCOMING COSMIC COURSE, THERES AN EMACS
HANDS ANDLETTHE | OF THE EDDY (URRENTS  RAYS, FOCUSING THEM TO COMMAND TO D0 THAT
DELICATE WINGS FWPCNCE. | |N THE UPPER ATMOSPHERE.  STRIKE THE DRIVE PLATIER ‘ ‘
w1 AND FLIP THE DESIRED BIT: OH YEAH GOOD Qv
- Cx Tt c Hrbetterfly
% % ff il
THESE CAUSE MOENTARY FOCKETS
OF HIGHER-PRESSURE AIRTO FORN, DATAT, EMACS

00000000000




If you aren’t sure where to start, use nano first. You can easily
finish introlab with nano even if you have not used it before.

GNU nano 2.2.6 File: hello.c

Jshinclude <stdio.hs
#define 67

main()
retval =
printf("Hello world.\n");

retval;

To Spell

Get Help Wri.tel)ut rRead FLURY Prev Pag cut Text Cur Pos

W Exit e Justify @i Where Isgl Next Paggll UnCut Tejgl

Note command-key functions described at bottom

Lab 0
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rasputin@Burgund,
File Edit View Terminal Tabs Help

VIM - Vi IMproved

version 6.3.46
by Bram Moolenaar et al.
Vim is open source and freely distributable

Sponsor Vim development!
type :help sponsor<Enter>  for information

type :qeEnters to exit
type :help<Enter> or <Fl= for on-line help
type :help versionb<Enter> for version info

TT T Tt Tttt

0,0-1 ALL

gl

see vimtutor command

“stateful” or “modal” editor: can be in command, insert or visual
mode.




Described in Section 4 of Unix programming tools (optional
reading)

0000000



GG e 4ol Nice GUI you can use in the lab

Disadvantage: doesn’'t work
(easily) via ssh

Previous examples were all
text-mode (terminal-based, work
the same over ssh)

Automatic Indentation ()

Ln 20, Col 38 INS

Lab 0
00008000000



[£1 Sublime Text

Lab 0
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Notepad++

i new 1 - Notepad++ - 8 x
File Edit Search View Encoding Language Settings Tools Maco Run Plugins Window ? X
o 2l ® © LR IR | Converter > | @ [ZR=1EC
Hrew1 & Gonpp > |

MIME Tools >

Npplsport >

NppFTP > Show NppFTP Window

Plugin Manager > Focus NppFTP Window

About NppFTP

Normal tet fle ength:0_lnes: 1 i1 Col:1 5812010 Windows (R L) UTF-8 s

ools Macro Run Plugins Wind X
% | B 51 E BEEEE
E H

Profile settings

Profles: Connection Authenfiation Transfers FTP Msc. Cache

e Hostname: Connection type:
sTe

00000080000



How to use Notepad++ or Sublime Text for our labs

To use these editors on your own computer: see resources section
of class website for info.
http://2467.cs.uno.edu/resources.html

Notepad++, Sublime, and Atom have ways to use SFTP to

synchronize the edits you make with your files on the
systems-1lab server.

Lab 0
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http://2467.cs.uno.edu/resources.html

Atom

File Edit View Selection Find Packages Help

wecome sudentc
ent (void)
r

& ATOM

A hackable text editor for the 21° Century

For help, please visit

« The Atom docs for Guides and the API reference.
« The Atom forum at ¢ t
« The Atom org. This is where all GitHub-created Atom packages can be

found.

Show Welcome Guide when opening Atom

t (=)

Lab 0
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VS Code

student.c

home > matoups1 introlab » part1 student.c
1 #include <string
nclude "student

t student_info make student(void){
t student_info me;

me.id = 2234;
strepy(me.name, "My N is not My Nam

me.csci_classes[0]=2120;
me.csci_classes[1]=2451;

strepy(me. reason, t 1 doing it.");

return me;

@ The 'C/C++ extension is recommended For this file type [

Install  Show Recommendations

Ln1,Col1 Spacess3 UTF8 LF C @ A1

Lab 0
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Bottom line on editors

@ You will be using a text editor often in this course, for both
programming and many other tasks.

@ You should have a least some familiarity with a text-based
editor such as nano or vim

- nano is better to start with, vim will take much more time to learn.

@ You may also benefit from learning a graphical editor such as
the others we mentioned. (Optional)

- One benefit: less latency due to network connection to
systems-1lab when working from elsewhere.

@ This skill will be important for you beyond this course.

- This is a good opportunity to build your skills, but this course
is not about Text Editors. After this week we will not discuss
this further during class, and we will expect you to be able to
edit files on your own.

@ Ask questions now! Your course staff and your fellow students
are all good sources for tips and tricks on editors.

Lab 0
00000000000



O Lab o

@ Prerequisites review

@ Logging in to computer lab terminals
@ Remote access with ssh

@ The terminal

Text editors

Part 1

Part 2

Part 3

Handin notes

Lab 0
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Part 1. Who are you?

GNU nano 2.3.1 File: student.h

student.h */
fin struct for storing student information

student_info {
ilidy
name[860]; aracte should be more than enough to store a na

need more stuff here
csci_classes[20 as ne taken more than 20 CS cla

reason[400];

}:

/* this is a function prototype, the function itself is in student.c
student_info make_student( A

Bd Get Help [ wWriteout @il Read File @ Prev Page QPN Cut Text Q8 Cur Pos
@4 Exit o8| Justify @f] Wwhere Is @Y Next Page UnCut Textgll To Spell

Lab 0
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Part 1. Who are you?

GNU nano 2.3.1 File: student.c

jefinclude <string.h>
#include "student.h"

student_info make_student(
student_info me

me.id = 2222222;
strcpy(me.name, "My Name"); /

me.csci_classes F s alw being with @ */
me.csci_classes

strcpy(me.reason, "I meant to major in Counselor Education, but I clicked on$

me;

Read 16 lines
ad File

gd Cet Help @ Writeout @i Re. # Prev Page @8 Cut Text g€ Cur Pos
@4 Exit o8| Justify @f] Wwhere Is @Y Next Page UnCut Textgll To Spell




Part 1. Who are you?

GNU nano 2.5.3 Fil rti.c
fi* parti.c -- This is part 1 of lab ©, CSCI2467, Fall 2016 */
#include <stdio.h>
#include "student.h"

main () /* in this case we don't care about command line arguments *
/* create a struct of type student_info called student */
/% then call the nake_student() fuiction fron student
* to fill it vlth informati
student_info student = make student O3

/* Now start printing out what's stored in student
* \n represents the newline character

* %d is for substituting integer values */

printf ("ID number: %d\n\n", student.id)

/* %s is for substituting a character array

-
printf ("Name: %s\n\n", student.name);

/* we reference individual array elements wit
printf ("cs Courses taken: CSCI%d, CSCI%d\n\n"

student.csci_classes[0], student.csci_classes[1]);

1 [1] etc *

printf ("Reason for studying Computer Science:\n%s\n\n", student.reason);
©; /* © is typically returned when no errors h
i

ave occurred */

Replace & Uncut Text

8 Get Help o Write out Q¥ where Is & cut Text B us
B Exit Read File @ 1l

t\Fy K cur Pos
To Spel &l Go To Line

Lab 0
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Part 1: Compiling and running

Save (in text editor)

Compile with gcc as given in lab manual

Did compilation succeed? (No errors means yes)
Run with ./part1

Lab 0
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Part 2: lifecycle of a C program
A slightly modified hello.c

GNU nano 2.2.6 File: hello.c

ﬂ‘nclude «stdio.h>
#define 67

main()
retval = H
printf("Hello world.\n");

retval;

W8 Get Helpglw WriteOutgd Read Filgl Prev Pag@ld Cut Text{dd Cur Pos
bl Exit a® Justify @i Where IsgQl Next Pag@gll UnCut Tel@l To Spell
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Part 2: lifecycle of a C program

hello.c

Source
program
(text)

Pre-
processor
(cpp)

Linker
(1a)

printf.o
hello.i Compiler | hello.s [Assembler| hello.o
(ccl) (as)
Modified Assembly Relocatable:
source program object
program (text) programs
(text) (binary)

Bryant & O'Hallaron (2003)

hello

Executable
object
program

(binary)
Source:



Part 3: How long does it take to copy an array?

void copyij (int src[2048] [2048], void copyji(int src[2048][2048],

int dst[2048][2048]) int dst[2048][2048])
{ {
int i,3; int i,3;
for (i = 0; i < 2048; i++) for (3 = 0; j < 2048; j++)
for (§ = 0; j < 2048; j++) DL for (i = 0; i < 2048; i++)
dstli][3] = srclil[3]; dst[i][j] = srclillil;
} }

Source:
Bryant & O'Hallaron (2003)

Lab 0
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Part 3: How long does it take to copy an array?

void copyij(int src[2048][2048], void copyji(int src[2048][2048],

int dst[2048][2048]) int dst[2048][2048])
{ {
int i,3j; int i,3;
for (i = 0; i < 2048; i++) for (j = 0; j < 2048; j++)
for (j = 0; j < 2048; j++)>4-..., for (i = 0; i < 2048; i++)
dst[i][j] = srec[i][j]: dst[i][j] = src[il[]j];
} }
4.3ms 81.8ms

2.0 GHz Intel Core i7 Haswell

Source:

Bryant & O'Hallaron (2003)

Lab 0
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Part 3: Memory hierarchy from Chapter 1

Smaller, Regs CPU registers hold words retrieved from
faster, cache memory.
and L1:/ L1cache

( C"St')"et’) (SRAM) L1 cache holds cache lines retrieved
":gra‘é: from the L2 cache.
devices L2: L2 cache

(SRAM)
L2 cache holds cache lines
retrieved from L3 cache
L3: L3 cache
(SRAM)
L3 cache holds cache lines
Larger, retrieved from memory.
slower, L4: )
and . Main memory

cheaper (DRAM)

(per byte) Main memory holds disk
storage blocks retrieved from local
devices disks.

L5: Local secondary storage
(local disks)
Local disks hold files
retrieved from disks on
remote network servers.
L6: Remote secondary storage

(distributed file systems, Web servers)

Source: Bryant &

O’Hallaron (2003)




Wrapping up: Handing in your work

@ We will use Autolab for handin

- use a .tar file, not .zip

- specific details given in introlab writeup
@ Instant feedback from Autolab

- you'll know right away if there is something obviously missing
from your submission

- course staff still reads and grades your assignment, so Autolab
is not the final word on your score

- don’t try to game the system by putting in fake answers or
comments, we will notice

Lab 0
.



@ Preview of next class
@ Reading
@ Data surprises!

Preview of next class
°



Chapter 2 is long, start today!

Get started on readings for next classes:
@ Read section 2.1 for Wednesday Jan 22
@ Section 2.2 for Friday Jan 24

Preview of next class
°



ints are not Integers

| PP I
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-

.- 1,306... 1,307...

BanA

/Fw

IAA A A

=

L 32767...-32,768...

275

.. =32,767... 32,76 ...

Z L

=

Source: xkcd.com

Z is infinitely large, computer memory is not.

This is the fundamental challenge!

Preview of next class



https://xkcd.com/571/
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