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CSC 8400: Computer Systems 

Week 1 – Computer Systems Tour 
Dr. Mirela Damian 

Goals 

q  Provide broad and deep understanding of 
computer systems (hardware and software) 

q  This Course is programmer-centric 
-  Purpose is to show how by knowing more about the 

underlying system, one can be more effective as a 
programmer 

q  Enable you to 
-  Write programs that are more reliable and efficient 
-  Incorporate features that require hooks into OS 

q  E.g., concurrency, signal handlers 
q  Cover material that you won’t see elsewhere 
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Programming Assignments 

q  Start early to allow time for debugging 

Computer System 
q  A computer system consists of hardware and systems 

software that cooperate to run application programs. 
q  Computer systems hardware is comprised of 5 basic 

elements, as described by the Von Neumann architecture 
model (1945): 

CPU 
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Big Idea 1: Information is Bits + Context 

q  Int’s are not integers, float’s are not real 

q  Examples: 
-  Is x2 ≥ 0? 

•  Float’s: Yes! 
•  Int’s: 

– 40000 * 40000 --> 1600000000 
– 50000 * 50000 --> ?? 

-  Is (x + y) + z = x + (y + z)? 
•  Unsigned & Signed Int’s: Yes! 
•  Float’s: 

 (1e20 + -1e20) + 3.14 --> 3.14 
 1e20 + (-1e20 + 3.14) --> ?? 

Computer Arithmetic 

q  Does not generate random values 
-  Arithmetic operations have important mathematical 

properties 
q  Cannot assume “usual” properties 

-  Due to finiteness of representations 
q  Observation 

-  Need to understand which abstractions apply in which 
contexts 

-  Important issues for compiler writers and serious 
application programmers 
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Compilation Stages 
count = 0; 
while (n > 1) { 
  count++; 
  if (n & 1) 
    n = n*3 + 1; 
  else 
    n = n/2; 
} 

 movl  %edx, %eax 
 andl  $1, %eax 
 je  else 

 jmp  endif 
else: 

endif:   

 sarl  $1, %edx 

 movl  %edx, %eax 
 addl  %eax, %edx 
 addl  %eax, %edx 
 addl  $1, %edx 

 addl  $1, %ecx 

loop: 
 cmpl  $1, %edx 
 jle  endloop 

 jmp  loop 
endloop: 

 movl  $0, %ecx 00000000000000000000000000000000 

00000000000000000000000000000000 

01100011010101110110001101010111 

00101011101011010010101110101101 

11010001110111011101000111011101 

00101110100111000010111010011100 

11010010001111001101001000111100 

11010000011111011101000001111101 

11010011101010011101001110101001 

11010000111111101101000011111110 

1101000101000010 

High level 
language Assembly language Machine language 

Big Idea 2: Understanding Compilers 

q  You’ve got to know assembly 

q  Chances are, you’ll never write in assembly 
-  Compilers are much better & more patient than we are 

q  Understanding assembly is key to machine-level 
execution model 
-  Behavior of programs in presence of bugs 

q  High-level language model breaks down 
-  Tuning program performance 

q  Understanding sources of program inefficiency 
q  Implementing system software 
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Big Idea 3: Memory is Important 

q  Memory Matters 

q  Any program executing must be in memory 

q  Memory is not unbounded 
-  It must be allocated and managed 
-  Many applications are memory dominated 

0
1
2

10100111
11010010
11000010
00101001

Memory 
Addresses 

Memory 

. . . 
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registers

on-chip L1
cache (SRAM)

main memory
(DRAM)

local secondary storage
(local disks)

Larger,  
slower, 

and 
cheaper 

(per byte)
storage
devices

remote secondary storage
(tapes, distributed file systems)

Local disks hold files 
retrieved from disks on 
remote network servers.

Main memory holds disk 
blocks retrieved from local 
disks.

off-chip L2
cache (SRAM)

L1 cache holds cache lines retrieved 
from the L2 cache memory.

CPU registers hold words retrieved 
from L1 cache.

L2 cache holds cache lines 
retrieved from main memory.

L0:

L1:

L2:

L3:

L4:

L5:

Smaller,
faster,

and 
costlier

(per byte)
storage 
devices

Memory Hierarchy 

~Kb

~Mb

~Gb

~Tb

capacity

Cache principle: the 
more frequent the 

access, the faster it 
should be 
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Review Powers of 2 

210 29 28 27 26 25 24 23 22 21 20 

1024 512 256 128 64 32 16 8 4 2 1 

280 270 260 250 240 230 220 210 

Yotta Zetta Exa Peta Tera Giga Mega Kilo 
Y Z E P T G M K 

Cache Hit and Miss 

q  Cache hit 
-  Program accesses a block 

available in the cache 
-  Satisfy directly from cache 
-  E.g., request for “10” 

q  Cache miss 
-  Program accesses a block 

not available in the cache 
-  Bring item into the cache 
-  E.g., request for “13” 

q  Where to place the item? 
q  Which item to evict? 

0 1 2 3

4 5 6 7

8 9 10 11

12 13 14 15

8 9 14 3

Level k:

Level k+1:

4

4 10

10
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Locality of Reference 

q  Two kinds of locality 
-  Temporal locality: recently-referenced items are likely to be 

referenced in near future 
-  Spatial locality: Items with nearby addresses tend to be 

referenced close together in time. 
 

q  Locality example 
-  Program data 

q  Temporal: the variable sum 
q  Spatial: variable a[i+1] accessed soon after a[i] 

-  Instructions 
q  Temporal: cycle through the for-loop repeatedly 
q  Spatial: reference instructions in sequence 

sum = 0; 
for (i = 0; i < n; i++) 

 sum += a[i]; 
return sum; 

Memory Performance Example 

q  Two ways to sum up the elements of a matrix  

q  Which one is more efficient? 

/*ij*/

sum = 0.0;
for(i = 0; i < n; i++)
  for(j = 0; j < n; j++)
    sum = sum + a[i][j];

/*ji*/

sum = 0.0;
for(j = 0; j < n; j++)
  for(i = 0; i < n; i++)
    sum = sum + a[i][j];
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Memory Referencing Errors 

q  C and C++ do not provide any memory protection 
-  Out of bounds array references 
-  Invalid pointer values 
-  Abuses of malloc/free 

q  Can lead to nasty bugs 
-  Whether or not bug has any effect depends on system 
-  Action at a distance 

q  Corrupted object logically unrelated to one being accessed 
q  Effect of bug may be first observed long after it is generated 

q  How can I deal with this? 
-  Program in Java, Lisp, or ML 
-  Understand what possible interactions may occur 
-  Use or develop tools to detect referencing errors 

Big Idea 4: System is Busy 

q  Computers do more than execute programs 

q  They need to get data in and out 
-  I/O system critical to program reliability and 

performance 

q  They communicate with each other over networks 
-   Many system-level issues arise in presence of network 

•  Concurrent operations by autonomous processes 
•  Coping with unreliable media 
•  Cross platform compatibility 
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A Typical Computer System 

•  One or more CPUs 
•  Device controllers connect 

through common bus 
•  Shared access to main 

memory 

Managing all these 
components 
requires a layer of 
software: the 
operating system 

Operating System Run Things 

Hardware CPU & Memory 
I/O Devices 

Operating System 

System Calls 

Users and User Programs 

Web 
Browser 

Music 
Player 
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Operating System 

q  Users and programs can’t directly access the 
hardware 
-  OS provides a simpler, more powerful interface 
-  OS services are higher level and can be accessed via 

system calls 
 
q  Programs view the operating system as a set of 

System Calls (APIs). 

Major System Evolution Steps 
 

Computer evolution 
  

http://www.viddler.com/v/daf007a3 
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At First … (1945 – 1955) 

q  In the beginning, there was no operating system 

-  Program binaries were  
 loaded using switches 

-  Interface included blinking  
 lights (cool !) 

System Evolution: Step 1 
q  Very simple operating system (1955 – 1965) 

-  Library of common subroutines (read, write, etc.) 
-  Single programming (one application at a time) 

 

q  Problem - system expensive, inefficient  
-  Q: What to do while we wait for the I/O device ?  
-  A: Run more processes; when one blocks, switch to another 

Program P        .        . 
  read        .        . 

User Program  

Operating system 

Free memory!!! system call read 
begin 
  Start I/O 
  Wait for I/O to complete 
  End I/O 
end      
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System Evolution: Step 2 

q  Multiprogramming (1965 – 1980) 
-  Multiple running processes 
-  When one process (job) blocks, switch to another 

Multiprogramming Issues 

q  Processes (jobs) share the memory 
-  What if a process starts scribbling in memory?  

q  Processes share the CPU 
-  What if a program has infinite loops? 
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Multiprogramming Issue 1 

q  Processes (jobs) share the memory 
-  What if a process starts scribbling in memory? 

q  Solution: Protection 
-  A program cannot access memory outside its own space 
-  But what about the operating system? 

q  Solution: Two execution modes  
-  user mode and system (supervisor, monitor) mode 
-  OS executes in system mode, user programs in user mode. 
-  Attempts to execute privileged instructions while in user mode 

results in a trap (to be discussed later). 

Multiprogramming Issue 2 

q  Processes (jobs) share the CPU 
-  What if a program has infinite loops? 

q  Solution: Timer Interrupts 
-  The OS sets the internal clock to generate 

 an interrupt at some specified future time. 
-  This interrupt time is the process quantum. 
-  When the timer interrupt occurs, the CPU switches to 

another process. This prevents the system being held 
up by processes in infinite loops. 

 



14 

Timer Interrupts Example 
q  Suppose P1, P2 and P3 are ready to run (in this order). P1 

executes for 3 time units, P2 executes for 4 times units, and P2 
executes for 2 time units. Neither process invokes I/O. Assuming 
that a timer interrupt occurs every time unit, fill in the table below: 

Time (in units) Running Ready to Run 
1
2
3
4
5
6
7

8

9

System Evolution: Step 3 
q  Over time: 

-  Hardware became cheap, humans expensive.  
-  How to maximize hardware use? 

q  Solution: Interactive time sharing  
-  Use cheap terminals to allow multiple users use the system  
-  Does machine now run N times slower?  Usually not!   
-  Key idea: take stuff from an idle guy and give it to a busy guy 

q  OS gives users the illusion of having their own computers 
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Timesharing Idea 
q  OS gives users the illusion of having their own computers 

q  What to do when illusion breaks ?   
-  What if users are gluttons? evil? 
-  Or just too numerous? 

q  Solution: OS adds more protection 

q  Notice: as we try to utilize resources, complexity grows 

System Evolution: Step 4 

q  Personal computers 
-  Computers are cheap, so give everyone a computer 
 

q  Computer systems now include 
-  Multiprogramming 
-  Memory protection 

q  When humans are expensive, do not waste their 
time by letting programs crash each other 

-  Other features we’ll introduce later 
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Computer Systems Today 
q  Computers soo cheap - give people a bunch of them 

-  I have three laptops at home, one in my office, and share some 
machines in the lab  

q  How do I coordinate a bunch of machines ? 
-  Use fast, cheap network 
-  Security becomes more important 

q  What does all this mean to OS ? 
-  Operating systems become more sophisticated 

32 

Our Programming Environment

•  Linux machines felix.csc.villanova.edu, helix.csc.villanova.edu
•  Unix machines degas, tanner

tanner csgate 

degas rodin felix 

NFS 

Any lab, or your own 
PC/Mac/Linux Computer

SSH

SSH 

SSH 
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Ge#ng	  Started	  

q  Check	  out	  course	  web	  site	  now	  
	   	  h6p://www.csc.villanova.edu/~mdamian/csc8400/	  

	  

q  First	  assignment	  posted	  online	  


