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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
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Course notes

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

No moodle for this course! We will use AutoLab

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
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Overview

Course notes
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Other Programs into Different
Forms
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Instructions Stored in Memory
Caches & Memory Hierarchy
The Operating System
manages processes, memory,
and more

Wrapping up the intro
2 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

3 Preview of next class
Reading
Data surprises!
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Systems vs. Applications

by: Uwe Kils CC BY-SA 3.0

Applications software provides services to a user

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

Application programs

Processor Main memory I/O devices

Operating system
Software

Hardware

Figure 1.10 from CS:APP

Not pictured: numerous examples of libraries,

firmware (for each hardware device, network

switches), remote services
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Systems code is everywhere
Running networks 24/7

Cisco Catalyst network switch

Linksys WRT54G switch/router
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Systems code is everywhere
Feeding us!
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Creating a programming language for systems

Originally all systems level code written as assembly

C developed 1969-1973 by Dennis Ritchie1

1978: K&R book published
1988: 2nd edition (ANSI/ISO standard)
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
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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)

No templates/generics

... C++ adds these things

...... making it very different! Don’t confuse C and C++
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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 lo, 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 .
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hello.c (hexadecimal)

2369 6e63 6c75 6465 203c 7374 6469 6f2e #include <stdio.

683e 0a0a 696e 7420 6d61 696e 2829 0a7b h>..int main().{

0a20 2020 2070 7269 6e74 6628 2268 656c . printf("hel

6c6f 2c20 776f 726c 645c 6e22 293b 0a20 lo, world\n");.

2020 2072 6574 7572 6e20 303b 0a7d 0a return 0;.}.
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hello.c (hexadecimal)
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hello compiled (hexadecimal)
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Steps in which hello.c gets converted to an executable

Pre-
processor

(cpp)
hello.i  Compiler

(cc1)
hello.s Assembler

(as)
hello.o Linker

(ld)
hello hello.c 

Source
program
(text)

source
program
(text)

Assembly
program
(text)

Relocatable
object

programs
(binary)

Executable
object
program
(binary)

printf.o 

Source: CS:APP, Bryant & O’Hallaron
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Layered view of systems

Application programs

Processor Main memory I/O devices

Operating system
Software

Hardware

Source: CS:APP, Bryant & O’Hallaron
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A diagram of the computer’s hardware

Main
memory

I/O 
bridgeBus interface

ALU

CPU

System bus Memory bus

Disk Graphics
adapter

USB

Mouse Keyboard
Disk

I/O bus
other devices such
as network adapters

hello executable 
stored on disk

PC

Source: CS:APP, Bryant & O’Hallaron
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Someone types in the hello command...

Main
memory

I/O 
bridgeBus interface

ALU

CPU

System bus Memory bus

Disk 
controller

Graphics
adapter

USB

Mouse Keyboard Display
Disk

I/O bus Expansion slots for
other devices such
as network adapters

PC

"hello"

User
types
"hello"

Source: CS:APP, Bryant & O’Hallaron
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OS loads hello from the disk into memory

Main
memory

I/O 
bridgeBus interface

ALU

CPU

System bus Memory bus

Disk 
controller

Graphics
adapter

USB

Mouse Keyboard
Disk

I/O bus
other devices such
as network adapters

hello executable 
stored on disk

PC

hello code

"hello,world\n"

Source: CS:APP, Bryant & O’Hallaron
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How hello output reaches the display

Main
memory

I/O 
bridgeBus interface

ALU

CPU

System bus Memory bus

Disk Graphics
adapter

USB

Mouse Keyboard
Disk

I/O bus
other devices such
as network adapters

hello executable 
stored on disk

PC

hello code

"hello,world\n"

"hello,world\n"

Source: CS:APP, Bryant & O’Hallaron
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Caches on the Intel Core i7 CPU

Regs

L1 
d-cache

L1 
i-cache

Core 0

Regs

L1 
d-cache

L1 
i-cache

Core 3

…

(shared by all cores)

Main memory

Processor package
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Memory Hierarchy: many layers, from fast down to slow

Regs

L1 cache 
(SRAM)

Main memory
(DRAM)

Local secondary storage
(local disks)

Larger,  
slower, 

and 
cheaper 

(per byte)
storage
devices

Remote secondary storage

retrieved from disks on 
remote network servers.

Main memory holds disk 
blocks retrieved from local 
disks.

L2 cache 
(SRAM)

L1 cache holds cache lines retrieved 
from the L2 cache.

CPU registers hold words retrieved from 
cache memory.

L2 cache holds cache lines
 retrieved from L3 cache

L0:

L1:

L2:

L3:

L4:

L5:

Smaller,
faster,

and 
costlier

(per byte)
storage 
devices

L3 cache 
(SRAM)

L3 cache holds cache lines
 retrieved from memory.

L6:
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OS Kernel handles switching between two processes

Process A Process B

User code

Kernel code

User code

Kernel code

User code

Time
Context 
switch

Context 
switch

read

Disk  interrupt
Return 

from read

Source:

CS:APP, Bryant & O’Hallaron
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OS Kernel also manages Virtual Memory addressing

Kernel virtual memory

Memory mapped region for
shared libraries

Run-time heap
(created by malloc)

User stack
(created at runtime)

0 

Memory
invisible to
user code

Read/write data 

Read-only code and data

Loaded from the 
hello

printf function 

Program
start

Source: CS:APP, Bryant &

O’Hallaron
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Chapter 1: to sum up

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

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 I will not ask you to solve those
math problems
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2 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
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Your first lab assignment

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 Unix Programming Tools).
Please keep both the textbook and these two supplements handy as we work through this lab. The
two introductions we will accomplish are:

1.1 Introducing you to the lab tools

This lab will introduce you to the tools and processes we will use for all labs this semester. This
includes how to access the initial files to work on and how to turn in your work using our AutoLab
system.
It is very important that you become comfortable with the process of starting, working on, and
turning in a lab using the instructions given here. The labs after this one will be much more
challenging, so you cannot afford to get held up on logistical details with those labs. Use this
opportunity to learn the system with this lab, which mainly requires you to follow directions.

1.2 Introducing us to the students

Your instructor and course staff want to know a little bit about each of the students in the course.
Rather than pass out a survey or ask you to introduce yourselves in class, instead you are given the
opportunity to introduce yourself while completing this simple lab assignment.

1
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Prerequisites

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.
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Using class server: systems-lab

Log in using UNO username, password.

All labs are done using systems-lab (linux) ...

BUT

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

OR

remotely (on or off-campus) using ssh
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Remote Desktop login on HP thin client
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Alternative on your own computer:
systems-lab-web.cs.uno.edu
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Using git-bash and ssh
Pay attention to which prompt is which

(Note: replace matoups2 with your UNO username)
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Using ssh from macOS
Optional: adding RSA key for login
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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
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Directories and permissions

Source:

Open Source GIS: A GRASS GIS Approach, First Edition, 2002
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Directory hierarchy
... and files within that directory

/ (root of file system)

bin

etc

home

lib

opt

sbin

tmp

usr

var

/ (root of file system)

bin

bash

home

usr

bin

...

firefox

vim

lib

share

...

/ (root of file system)

...

home

....

cboyce

matoups2

....

usr

...

/ (root of file system)

...

home

....

cboyce

matoups2

2467

Downloads

....

....

usr

/ (root of file system)

home

matoups2

2467

introlab-handout.tar

part1

part1.c

student.c

student.h

part2

part3
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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 ~/*.txt .

Example: objdump -d *

Example: rm *.c (be very very very careful!!)

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

Source: xkcd.com
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nano

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.

Note command-key functions described at bottom
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vi / vim

see vimtutor command

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

Course notes A Tour of Computer Systems Lab 0 Preview of next class



emacs

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

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)
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Sublime Text
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Notepad++
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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-lab server.
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Atom
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VS Code
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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-lab 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.
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Overview

2 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
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Part 1: Who are you?
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Part 1: Who are you?
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Part 1: Who are you?
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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
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Part 2: lifecycle of a C program
A slightly modified hello.c
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Part 2: lifecycle of a C program

Pre-
processor

(cpp)
hello.i  Compiler

(cc1)
hello.s Assembler

(as)
hello.o Linker

(ld)
hello hello.c 

Source
program
(text)

source
program
(text)

Assembly
program
(text)

Relocatable
object

programs
(binary)

Executable
object
program
(binary)

printf.o 

Source:

Bryant & O’Hallaron (2003)
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Part 3: How long does it take to copy an array?

Source:

Bryant & O’Hallaron (2003)
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Part 3: How long does it take to copy an array?

Source:

Bryant & O’Hallaron (2003)
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Part 3: “Memory mountain”

Source:

Bryant & O’Hallaron (2003)
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Part 3: Memory hierarchy from Chapter 1

Regs

L1 cache 
(SRAM)

Main memory
(DRAM)

Local secondary storage
(local disks)

Larger,  
slower, 

and 
cheaper 

(per byte)
storage
devices

Remote secondary storage

retrieved from disks on 
remote network servers.

Main memory holds disk 
blocks retrieved from local 
disks.

L2 cache 
(SRAM)

L1 cache holds cache lines retrieved 
from the L2 cache.

CPU registers hold words retrieved from 
cache memory.

L2 cache holds cache lines
 retrieved from L3 cache

L0:

L1:

L2:

L3:

L4:

L5:

Smaller,
faster,

and 
costlier

(per byte)
storage 
devices

L3 cache 
(SRAM)

L3 cache holds cache lines
 retrieved from memory.

L6:

Source: Bryant &

O’Hallaron (2003)
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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
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4 Preview of next class
Reading
Data surprises!
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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
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ints are not Integers

Source: xkcd.com

Z is infinitely large, computer memory is not.
This is the fundamental challenge!

Course notes A Tour of Computer Systems Lab 0 Preview of next class

https://xkcd.com/571/

	Course notes
	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!


