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Software Layers

Week 1

Software Generation

· Software follows a software life cycle: 
(A SPICE)
· Problem Analysis
· Solution Design
· Algorithm
· Implementation
· Compilation ( source code translated to machine code

· Execution ( executable binary loaded into main memory and then run. Hardware follows the fetch decode execute cycle to run a program.
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Software Layers

Hardware is not enough for a CS ( software is needed. 

The software is split into layers (highest to lowest):

· High level applications ( Where normal user interaction occurs. Most have GUI or cmd-line interfaces ( user requests are performed by routines at next layer down.

· Tools & libraries ( high level apps use common activities (eg: printing) ( this layer exists as a collection of routines & common tools, hiding the app from details of the OS.
· Operating System ( a program contolling all other programs & routines accessing computer resources (ie: handles I/O requests) ( protects upper levels from conflicts (eg: OS waits for another program to stop using a file before it is overwitten). When the OS determines it’s safe to proceed, direct calls to device drivers are performed.
· Microcode & device drivers ( microcode directly controls CPU (note: 1 machine code instruction = many microcode instructions). Device drivers are very low level instruction to a device & have a nearly 1-to-1 relationships with device hardware. note: Mainframes use programmable microcode, PC typically has fixed microcode
· Hardware ( Consists of digital logic components (gates, ICs, etc) and the physical devices.

Introduction to UNIX
Week 1

Brief History:

· 1959: McCarthy proposed general-purpose timesharing
· 1961: CTSS (Compatible TimeSharing System) ( one of the first machines (30 users with remote access via modem)

· Research projects were competing ( Multics (Multiplexed Information and Computing Service) was one, but it ran into problems (was eventually completed, but it faced much opposition) 

· 1969: Ken Thompson wrote UNICS (Uniplexed Operating and Computing System) ( name then changed to UNIX 

· 1973: Ken Thompson & Dennis Ritchie rewrote UNIX using C

· Present day: many version of UNIX exist ( Minix, Xenix, Linux etc. 

 

File Systems:

· UNIX is designed for: group-oriented research & general purpose programming

· Users have: a user name, user groups & a password 

1. The UNIX file system consists of: ASCII files (eg: source code), binary files (eg: executables) & dirs (containing files & subdirs)

· Two ways of interacting with UNIX: 

· Through a text window, using a shell ( whereby commands are typed at a prompt
· Or using a point-and-click windows environment

· To get a text window on marlin: open a telnet window, log on & go to option 13 (if applicable)

After logging into the marlin command shell:

	Blah.. blah

                USER DISK QUOTA ON CENTRAL JCU UNIX SYSTEMS

Blocks in use: 1055  Quota: 2500

Default User Quotas are :       2500 blocks

Blah.. blah -  Extra disk quota for may be requested (See web page at,

   http://www.jcu.edu.au/gen/Computer_Centre/eforms/form2.html

           note that students require the approval of their lecturer )

Tue Jun 30 1:19:14 EST 1998


· Special dir ( starts out as your main (default) account dir, but can be changed to another dir.

· Actions over files & dirs: creation, viewing, changing, controlled access

· Valid names for files/dirs ( any combinations of: letters, digits & other symbols ( _ . + etc)

· note: no two files/dirs in same dir can have same name

· note: names starting with a dot are usually hidden (& are usually configuration files/dirs)

 

Basic Commands:

· cd <dir-path> ( change dir (eg: cd /animations/flash
 cd ..
cd ~temp)

· Two kinds of pathnames: absolute (start with /) & relative (doesn’t start with /)

· cd ~<dir> ( accout dir, cd <blank> ( main account dir
· cd . ( current dir, cd .. ( parent dir
(note: every dir contains . and ..)

· Special chars (wildcards): * (match all pathnames in current dir) & ? (match a single char in pathname)

· pwd ( display current dir

· ls ( List all files & dirs under the current

· ls -a ( shows hidden, ls -F ( dirs show with /, ls -l ( view details & access privileges

· passwd ( sets your password 

File Manipulation:

· cat <filename> ( Displays small files in text window

· less <filename> ( for larger files (allows page-wise display)

· f ( forwards, b ( back, q ( quit

· more <filename> ( similar to less

· mv <oldname> <newname/path> ( move file (eg:
mv foo backup/foobck)

· cp <oldname> <newname/path> ( copy file

· cp -r <dirname> <newdirname/path> ( copy entire dir (using recursive call) 

· (eg: cp -r backups /temp/backups)
· rm <filename> ( delete file

· mkdir <dirname> ( create dir

· rmdir <dirname> ( remove empty dir

	% ls –l

total 195

drwx------   2 sci-jjh  14118        8192 Mar 11 11:56 Mail

-rw-------   1 sci-jjh  system     152355 Sep 15  1998 cp1300.tar.gz

drwxr-xr-x   2 sci-jjh  system       8192 Dec  8  1998 public_html

%


· Reading a permissions string (10 chars):

· char1… 
d ( a dir, OR - ( indicates file

· chars2-4…
rwx ( read, write, execute permission for user 

· chars5-7…
rwx ( " " " " " " " " " " " " " " " " " " "  for group (g)

· chars8-10… 
rwx ( " " " " " " " " " " " " " " " " " " "  for other

· chmod <who> <operation> <permissions> pathname ( to change/set access permission

· who… 
u ( this user only , g ( users in group, o ( all other users,

a ( all users (ugo) 

· operation…
+ ( set permission , - ( reset permission

· permissions…
(which type/s to change)

note: A user can only change the access permissions on their own files & dirs or those files/dirs they have been granted access to by someone else.

eg: 

	% pwd

/postgrad/postgrad/59502/sci-jjh/cp1300/test

% ls -la

total 17

drwx------   2 sci-jjh  system       8192 Jul 30 15:40 .

drwx------  14 sci-jjh  system       8192 Jul 30 15:40 ..

-rw-------   1 sci-jjh  system         73 Jul 30 15:40 hello.cc

% chmod o+r hello.cc 

% ls -la

total 17

drwx------   2 sci-jjh  system       8192 Jul 30 15:40 .

drwx------  14 sci-jjh  system       8192 Jul 30 15:40 ..

-rw----r--   1 sci-jjh  system         73 Jul 30 15:40 hello.cc

% chmod a+w hello.cc 

% ls -la

total 17

drwx------   2 sci-jjh  system       8192 Jul 30 15:40 .

drwx------  14 sci-jjh  system       8192 Jul 30 15:40 ..

-rw--w-rw-   1 sci-jjh  system         73 Jul 30 15:40 hello.cc

% chmod go-rw hello.cc 

% ls -la

total 17

drwx------   2 sci-jjh  system       8192 Jul 30 15:40 .

drwx------  14 sci-jjh  system       8192 Jul 30 15:40 ..

-rw-------   1 sci-jjh  system         73 Jul 30 15:40 hello.cc

% mkdir backup
	% ls -la

total 25

drwx------   3 sci-jjh  system       8192 Jul 30 16:16 .

drwx------  14 sci-jjh  system       8192 Jul 30 15:40 ..

drwx------   2 sci-jjh  system       8192 Jul 30 16:16 backup

-rw-------   1 sci-jjh  system         73 Jul 30 15:40 hello.cc

% cp hello.cc backup/hello.cc.backup

% cd backup

% ls -la

total 17

drwx------   2 sci-jjh  system       8192 Jul 30 16:16 .

drwx------   3 sci-jjh  system       8192 Jul 30 16:16 ..

-rw-------   1 sci-jjh  system         73 Jul 30 16:16 hello.cc.backup

% cd ..

% rmdir backup

rmdir: backup: File exists

% cd backup

% rm hello.cc.backup 

% cd ..

% rmdir backup

% ls -la

total 17

drwx------   2 sci-jjh  system       8192 Jul 30 16:17 .

drwx------  14 sci-jjh  system       8192 Jul 30 15:40 ..

-rw-------   1 sci-jjh  system         73 Jul 30 15:40 hello.cc


· chmod -R ( apply chmod recursively to a given dir & its subdirs

Compiling C++ programs on UNIX

· pico <filename> OR vim <filename> ( create/edit file with text editor

· g++ Source.cc -o Program ( compile source code

	% ls

hello.cc

% g++ hello.cc -o hello

% ls -l

total 537

-rwx------   1 sci-jjh  system     483328 Jul 30 16:57 hello

-rw-------   1 sci-jjh  system         73 Jul 30 15:40 hello.cc

% hello

Hello World!

% 


 

Operation Systems
Week 2

note: The OS must monitor programs & system resources in order for effective interaction ( this is mostly done in software, but hardware may also be involved (eg. the MMU, the CPU).

The tasks of a typical OS:

· control when programs may run, or must wait

· memory allocation for programs

· control what hardware resources a program can use (ie. CPU, Disk Drive, Printer, etc)

· look after files & dirs

· move info between computer components

· (eg. program requests data (on disk) to be printed (on printer))

· provide a high level interface to the computer


Brief History

· Early Systems (no OS yet....) 

· large, console run computers ( programmer/operator would write a program (using machine code or punch card) & load it manually.

· Batch Systems (development of simple OS) 

· programming languages like Fortran & Cobol appeared ( easier programming

· programmers became separate from system operators (the operator setup the system for the needs of each program to be executed)

· common programs were batched  (ie. all programs collected together in a common language ( no switching between compilers)

· As time pasted ( more operator tasks were made automatic: 

· special "resident monitor" programs would perform automatic job sequencing (the first rudimentary OS...)

· tape drives (sequential access) enabled overlapping CPU & IO operations 

· then disk drives (random access) used to spool (or buffer) program data for later processing by the computer (for both input & output) 

· multiprogramming became important (to keep the system busy & not idle while a program is running ( switch to another task when the current one has to wait)

· Time-sharing (or multi-tasking) is a logic extension of multiprogramming 

· continuous switching between programs to keep the system busy 


How the OS allows simultaneously running of programs

Computers usually have only one CPU (note: more CPUs ( more problems...) 

note: for programs to run simultaneously ( must use CPU at the same time.

· the OS schedules small amounts of time (milliseconds) for programs to use the CPU 

· the Fetch-Decode-Execute Cycle may proceed during these small amounts of time on a given program ( constant switching of programs gives the impression of all programs running together

eg: 3 programs are running: pine, pico, tcsh ( the OS may schedule these programs like this: 

	Time (ms)
	Running Program
	Waiting Program(s)

	0.000
	tcsh
	pine, pico

	0.001
	pine
	pico, tcsh

	0.002
	pico
	tcsh, pine


Round-Robin Scheduling ( This kind of scheduling continuously cycles over the waiting programs

Some different way of scheduling programs: first-come first-served, shortest job first, priority scheduling, round-robin, etc.




How the OS controls main memory

· programs execute in a block of main memory 
(the blocks are separate from each other) 

· one program for one block of main memory

· when a program ends, the OS reclaims the memory block

· note: If there is not enough memory ( programs wait until the OS can provide memory and the OS re-organises the blocks so that waiting is reduced

The OS uses the MMU (memory management unit) of a CPU: 

· the MMU allows communication between CPU & memory

· it makes sure memory requests are valid

· typically, programs have "logical" memory addresses from which "physical" memory addresses are computed by the MMU (& vice versa) 

· this allows the OS to relocate programs in memory if necessary!

eg: Two programs need to be allocated memory: xgdb needs 3MB
pine needs 0.5MB
	Memory currently contains: 

Address (MB)
Contents
0 to 1
OS
1 to 2
Graphics Buffer
2 to 4
Device Drivers
4 to 8
*free*
The OS allocates xgdb & then pine

(biggest program first):

Address (MB)
Contents
0 to 1
OS
1 to 2
Graphics Buffer
2 to 4
Device Drivers
4 to 7
xgdb
7 to 7.5
pine
7.5 to 8
*free*

	Then xgdb finishes, & the OS reclaims the 3MB:

Address (MB)
Contents
0 to 1
OS
1 to 2
Graphics Buffer
2 to 4
Device Drivers
4 to 7
*free*
7 to 7.5
pine
7.5 to 8
*free*
note: If a new program requests 2.5MB

· pine moved to 4-4.5
· new program occupies 4.5-7 
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How does the OS handle file requests? 

Files are stored in secondary storage (eg: disk drives) 

Files change over time and occupy various parts of a disk: 

A file look-up table records where the file is stored.

Potential problems arise when:

· 2 programs try to change the same file at the same time 

· a program does not have correct access privileges


How does the OS control system resources? 

Programs needs to use system resources (ie. I/O devices).

Many resources can only be used one at a time (eg: printer). 

The OS must schedule system resource usage. How? (system resource scheduling, similar idea to process scheduling) 

· allow high priority programs first access to resources 

· allocate resources in the order they are requested 

· allocate only the fastest/smallest requests first 


How do system resources interact with the OS? 

Interrupts and special OS routines called interrupt handlers are involved. 

eg: a program makes a system call to read data from a file: 

· current execution is suspended

· the interrupt handler executes and makes the disk drive start reading the file data

· execution restarts where it had been suspended
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Interrupts ( part of computer hardware that allows the OS & system resources to be active at the same time. ( the OS doesn’t always have to wait for a system resource to compete a task.


What about any security issues? 

The OS must ensure that:

· programs don't damage or control system resources (eg: memory)

· programs don’t have direct access to system resources (eg: direct control over the printer)

· any damaging actions are detected ( display error messages/warning.

The OS uses various hardware protection features:

· Dual-mode operation:

· When the OS is performing a task, the computer is placed into system mode, otherwise it is in user mode ( user mode allows only a restricted set of CPU instructions (that can’t harm the system) to be executed. note: Hardware support is provided.

· I/O protection:

· Similar to CPU instructions, I/O instructions can only be performed in system mode

· Memory protection:

· A user program is only able to access memory inside the memory range for that program (not into OS memory or another program's memory range)

· CPU protection:

· This feature stops user program getting stuck in (say) an infinite loop and not returning control to the OS ( this is achieved by timing & interrupting program execution so that control can return to the OS (part of the main strategy of a time-sharing system).

Abstract Data Types
Week 2

· note: Programs often use library functions specifically to access/modify a particular data type (eg: strings) ( we have a very close link between data & functions.
· Data abstraction = When we associate a set of functions with a particular kind of data type

· Abstract data type (ADT) = A data type we associate with a set of functions
· An ADT consists of a set of values (eg: sequence of characters), a defined set of properties of these values (eg: are comparable in lexicographic order, have certain length, etc), & a set of operations for processing the values (eg: input, output, concatenation etc).
· Formal specifications: a convenient way to express the tasks of ADT operations, in terms of pre-conditions & post-conditions for each operation

· eg: For string ADT, let the name of the value for each string be rawString: 

StringGreater Operation

Precond: the parameter is a string 

Postcond: the Boolean value true is returned if rawString is alphanumerically greater than the parameter string otherwise the Boolean value false is returned

note: consult website for examples 
Classes
Week 3

· Structs group together related data of various types into a single user type  (eg: employee struct may include: name, age etc.)

· We can construct an ADT by associating various functions with the data to perform different tasks such as manipulation, initialisation, retrieval. However the major disadvantage of this is a lack of security & control:

· ie: it is easy to write code to manipulate the employee ADT data without using the associated functions (eg: employee.age = age - 100)

· The notion of encapsulating operations & data is embodied in C++ as classes, which group together data & code into a single user type.

· eg:

	// employeeclass.h
(class header file)

#ifndef EMPLOYEE_H

#define EMPLOYEE_H

#include "apstring.h"
class employeeClass {

    public:
        void initEmployee();
// default value initialisations

        void readEmployee();
// user input initialisations

        void printEmployee();
// display data

    private:

        apstring name, e-mail;

        int age;

        double salary;

};

#endif

	// employeeclass.cpp
(class implementation file)
#include "employee.h"

void employeeClass::initEmployee() {

    name = "John Doe";

    e-mail = "joh_doe@doe.com";

    age = 21;

    salary = 10000.00;

}

void employeeClass::readEmpoyee() {

    cout << "Enter Name: ";    cin.getline(name);

    cout << "Enter E-mail: ";    cin.getline(e-mail);

    cout << "Enter Age: ";    cin >> age;

    cout << "Enter Salary: $";    cin >> salary;

}

void employeeClass::printEmployee() {

    cout << "Name:    " << name << endl;

    cout << "E-mail: " << e-mail << endl;

    cout << "Age: " << age << endl;

    cout << "Salary: $" << salary << endl;

}


· note: cin.getline(stringVariable); ( is a special function for reading a line of text from the user.

· The effect being that only the operations/functions of the employee ADT have access to the employee data!
ie: 
employeeClass myEmployee;
// okay.


myEmployee.initEmployee();
// okay


myEmployee.age = 42;        
// causes a compiler error
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Class Declaration and Implementation

	· general template for class declaration in the class header file: 

<preprocessor directives>

<constant and type definitions>

class <class name> {

   public:

       <public member data declarations>

       <public member function declarations>

   private:

       <hidden member data declarations>

       <hidden member function declarations>

};
	· general template for method implementation in the class source code file:

<return type> <class name>::<method name>(<parameter list>) {

<implementation code>

}




· note: the use of the scope operator (::) in the class implementation

· Types of members functions (also called methods):

· initial value/default constructors ( the basic class setup "functions"

· copy constructors ( called when a an object is passed by value as a function parameter 

· "accessors" ( get the state of the data in a class (eg: getValue) 

· "modifiers" ( allow the modification of the data in a class (eg: ReadString)

note: special ("friend") operators are used for assignment & I/O (worth noting, but are tricky...)

note: const parameters ( declare that that method/function will never change the value of the parameter.

· eg:

	// sqare.h
(class header file)
class square {

    public:
        square();
//  default method
        square(int v);
// default method
        double getSquare();
// accessor
        double getValue();
// accessor
        void setValue(double newValue);
// modifier

    private:

        double hiddenValue;

};


	// squareDr.cpp
(program driver file)

#include "square.h"

int main() {
        square A,  B(42), C(43);

        A.setValue (42);

        cout << “B is” << B.getValue() <<endl;

        cout << “square of C is” << C.getSquare() <<endl;

        double tmp = B.getSquare();

}




Object Oriented Programming - OOP (Section 8.3)
· The problem of Software Maintenance:

· Hard to maintain large software over many years ( there is commercial pressure to fix bugs & add/change features, but changes must not effect the rest of the software! (potentially difficult under modular design)

· Reuse of Software

· Software maintenance costs money ( reuse code when adding new software feature (potentially difficult under modular design)

· Basic Ideas & Terminology of OOP:

· Objects, attributes, & behaviours:

· object = collection of attributes & behaviours

· attributes = data values

· behaviours = defined by the set of messages it responses to

· Messages:

· a message is a request to access info about an object or to make an object perform some task on its attributes 

· Servers & Clients:

· server = a particular object (there might be many objects of the same type or various types) 

· clients = the "user" code that makes requests to server(s)

· Senders & Receivers:

· sender = an object that passed a message to another object

· receiver = the object that receives messages

· Inheritance:

· an object can be defined as a specialisation of a more "general" object 

· the new object derives the attributes & behaviours of the more general object 

· this is ideal for software reuse!

· Polymorphism:

· it is possible to overload behaviour of a function/method to act on various input types (eg. addition works on ints & floats & doubles, etc)

· OOP in C++:

· objects = servers = instances variables of classes

· attributes = values stored in the data members

· behaviours = activities of methods

· clients = user code that includes the class header file(s)

· messages = calls to member functions

· senders = user code & methods

· receivers = methods

· inheritance = inheritance

· polymorphism = C++ function overloading, templates (we cover this next year)

· ADTs via OOP:

note: OOP can be used for more than implementation of ADTs. 

note: An Abstract Data Type (ADT) consists of a set of values, a defined set of properties of these values, and a set of operations for processing the values.
· set of values = attributes = values stored in the data members 

· properties = as defined by the attributes 

· operations = behaviours = activities of functions

note: consult website for more examples 
Unix Processes and Resources
Week 4

Unix has cmds that allow the user to interact with system resources:

process monitoring, process control, disk utilisation, user monitoring & environment checking

· Every program running on a system is called a process. 

· Many processes can be active at any given time (the goal of a timesharing) ( must share system resources (the CPU, memory, & so on).



Process Monitoring: ps, time, which
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ps ( views current processes 

· ps -f ( views full details of current processes 

eg: 

	% ps

  PID TTY      S           TIME CMD

 1001 ttyx6    S        0:00.37 -sh (tcsh)

15411 ttyx6    I        0:00.01 sh -c /bin/sh -c /local/user/.menu

18870 ttyx6    I        0:00.01 /bin/sh -c /local/user/.menu

23641 ttyx6    I        0:00.30 /local/bin/menuaccess

% ps -f

UID      PID    PPID    C   STIME    TTY   TIME    CMD

sci-jjh   101    23515  0.0 09:56:53  ttyx6    0:00.38 -sh (tcsh)

sci-jjh   1541  23641  0.0 09:56:50  ttyx6    0:00.01 sh -c /bin/sh -c/local

sci-jjh   1880  15411  0.0 09:56:51  ttyx6    0:00.01 /bin/sh -c/local/user/

sci-jjh   2361  22646  0.0 09:56:33  ttyx6    0:00.30

/local/bin/menuaccess

%


note: PID & PPID are unique ( (system can identify & control all processes

note: CPU usages are mostly 0, because when the ps process is running, most other processes stopped

· time ( determines the time a cmd takes to execute. 

There are two forms:

· time ( a built-in cmd

· /usr/bin/time ( separate executable program 

eg: 
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>  time ps -f

UID        PID  PPID    C STIME    TTY             TIME CMD

sci-jjh   6502 20278  0.0 15:38:55 ttyt5        0:00.04 /local/bin/menu

access.

sci-jjh  14495  6502  0.0 15:38:57 ttyt5        0:00.37 -sh (tcsh)

sci-jjh  19498 23668  0.0 15:38:55 ttyt5        0:00.01 sh -c /bin/sh -c

/local

sci-jjh  20278 19498  0.0 15:38:55 ttyt5        0:00.01 /bin/sh -c

>  /usr/bin/time ps -f

UID        PID  PPID    C STIME    TTY             TIME CMD

sci-jjh   4116 14495  0.0 16:30:17 ttyt5        0:00.01 /usr/bin/time ps -f

sci-jjh   6502 20278  0.0 15:38:55 ttyt5        0:00.04 /local/bin/menu

access.

sci-jjh  14495  6502  0.0 15:38:57 ttyt5        0:00.38 -sh (tcsh)

sci-jjh  19498 23668  0.0 15:38:55 ttyt5        0:00.01 sh -c /bin/sh -c

/local

real   0.2

user   0.0

sys    0.1


· which ( displays the absolute pathname of a program. (useful if several versions exist) 

eg: on barra ps has two versions: 
/sbin/ps & /usr/bin/ps 

	% whereis ps

ps: /sbin/ps /usr/bin/ps

% which ps

/usr/bin/ps

%


So in this case, /usr/bin/ps is used.



Process Control Commands: kill, fg, bg, nice 

For a currently active process:

· ^C ( (control-c) terminates the process 

· ^Z ( suspends the process

· kill <PID> ( terminates process corresponding to PID 

eg: Lets say we are looking at a file called summary using the cmd less: 

	% less summary

if test $# != 1

        then echo 'wrong number of arguments'

        else cd $1

                set - *

……………


We type ^Z to suspend less summary ( then use ps to see PID’s ( & then we can kill that process

	Suspended

% ps

  PID TTY      S           TIME CMD

 1001 ttyx6    S        0:00.42 -sh (tcsh)

15411 ttyx6    I        0:00.01 sh -c /bin/sh -c /local/user/.menu

24864 ttyx6    T        0:00.02 less summary

% kill 24864

[1]    Terminated             less summary

%




· bg ( places most recently suspended process into background (still running, but without control of text window) note: To start a process in background, add & to the end of cmd 

· fg ( restores most recent background process to foreground (has control of text window)

· nice <cmd> ( runs a cmd slowly (useful if cmd requires lots of CPU time)

note: Using nice will allow other processes more CPU time ( this is a CPU-intensive cmd

eg. 
nice ps aux ( makes ps aux run slowly


Disk utilisation Commands: du, df, quota 

· quota ( states how much space your account has

· du ( lists the size (KB) of files under the current dir including subdir contents.

eg: 

	% du

17      ./.elm

47      ./public_html

8       ./Mail

12      ./prolog/cp3210

1118    .


· df ( lists info about the system's hard disk drives:

	% df

Filesystem            1024-blocks   Used    Available Capacity  Mounted on

root_domain#root  131072     101378     21464      83%      /

usr_domain#usr     1558432   1326237   232195    85%      /usr

nsr#nsr                   2722976   1723544   992056    63%     /nsr




User Monitoring Commands: who, w, whoami, users, finger 

· whoami ( displays your user id (useful if you have several accounts) 

· users ( lists user id's of people logged in

· who ( displays a more complete list containing: userid, TTY, date and time user logged on

eg: 

	% who

jc113998    ttye0      Aug  6 15:24

coe-clr        ttye1      Aug  6 14:58

jc112607    ttycd      Aug  6 14:13




· finger <user id> ( displays info about a particular user

· w ( lists info about user's and processes they are running 

note: 1st line of output is the result of running uptime ( remaining lines displayed: userid, TTY, log on time, idle time, current process usage (PCPU)

eg:

	% w

15:43  up 2 days, 22:29,  234 users,  load average: 4.17, 4.15, 3.97

User         tty      from                  login@     idle       JCPU   PCPU what

sci-wam   p2      shiraz:0.0           06:43       24:53   1:57     -tcsh

jc112595  p9     137.219.10.133   13:32      10                     pine




Environment Checking Commands: env, hostname, uptime 

· env ( displays the values of the environment variables 

eg: 

	% env

GWSOURCE=telnet

……………

USER=sci-jjh

ZDATE=06/08/98

%


· hostname ( displays the name of the host computer 

· uptime ( displays info about the host: 
current time, time system has been active (since the last restart), no. users & the load average (big figure means system is slow) 
eg: 

	% hostname

barra.jcu.edu.au

% uptime

16:42  up 2 days, 23:28,  173 users,  load average: 1.29, 1.98, 2.08

%




UNIX commands in C++ 

note: In C++, UNIX cmds may be activated by using the library function: system (defined in the header file stdlib.h).

eg: 

#include <iostream.h>

#include <stdlib.h>

int main() {


char Command[101];


system("ls");


// activate the unix command: ls 


cout<< “Enter any unix command: ”


cin.getline >> Command;


system(Command); 

// activate the unix command specified by the user

}

Unix Tools
Week 4

Programming Tools:

· Unix is written in C ( written by programmers, for programmers 

· Goal: small, simple OS ( not a super fast, sophisticated system 

· For complex tasks, a large collection of utility programs & library routines are provided 

· The cmd shell interprets user cmds and runs processes, such as programming tools 

The list of programming tools:

· compilers (cxx, g++)

· makefiles (make , gmake)

· debuggers (gdb)

· program profilers (gprof)

· assembly language



Makefiles:

· useful for automating repetitive tasks

· capable of some rule-based decision-making

A typical makefile: 

	all: inputs.o calcs.o outputs.o


g++ inputs.o calcs.o outputs.o -o program.out

inputs.o: inputs.cpp inputs.h


g++ -c inputs.cpp

outputs.o: outputs.cpp outputs.h


g++ -c outputs.cpp

calcs.o: calcs.cpp calcs.h


g++ -c calcs.cpp

clean:


rm -f *.out *.o


To use this makefile: 

· make all ( to compile the output program

· make ( defaults to the first option (all)

· make clean ( clean up the dir

note: 

· general form:

rulename: dependences-list 

command

· dependences can be other rulenames, or filenames 

· a rule activates its cmd: if file/s have changed & after the rule it depends on is performed 



Debuggers:

· g++ -g -o <myCode> <myCode.cpp> ( compile program ready for debugging.
· note: Without the -g option debugging will not work.

· gdb < myCode> ( debug the program myCode.cpp.

Some commands: 

· help OR help show ( info about program 

· break <line no.> ( sets a breakpoint

· step OR s ( executes the program one instruction at a time 

· c ( resumes normal execution (runs til end or next breakpoint) 

· print <myvar> ( prints out current value of myvar 

· run ( run,

quit ( quit debugger 

· set args arg1 arg2 ... ( set the cmd-line arguments 

note: consult website to see how gdb works 


Profiling:

· gprof -b <filename> ( Provides info about particular program executions ( how long routines take to execute & how many times routines are called etc.

note: useful for determining which routines get used the most & ( should be most efficient

note: consult website to see examples 


Assembly Language:

· g++ -S <myCode.cpp> THEN cat <myCode.S> ( It is possible to compile source into assembly code & can even be manipulated (if you dare)



General Purpose Tools:

Unix has a large collection of general purpose tools: 

· grep (opts) <pattern> <filename> ( searching files for keywords

· –i ( case insensitive,

–n ( include line numbers,
· –F ( pattern as string,
–c ( counts occurences
· note: * as <file> searches all files in current dir

· find <dir> (opts) "<pattern>" ( recursively search dir for files 

· –name ( case insensitive,
-type d ( find dirs,
· –size <size>k ( pattern as string,
· eg: find . –name "*.cpp*"
( find all files ending with .cpp
· diff (opt) <file1> <file2> ( find differences between to files

· -1 ( long output format
· sort (opts) <file> ( sort file contents alphabetically

· -r ( reverse order,
+<X> ( sort on (X+1)th column
· history ( easy repetition of cmds

· !X ( repeat cmd X from history list,

!! ( repeat previous cmd,

· set savehist = X ( set buffer of X cmds
· system ( running cmds from inside a C++ program 

· gzip <file> / gunzip <file> ( zip/unzip large file (using .gz extension)
· gzip –r <dir> ( reduces files in dir
· compress <file> / uncompress <file> ( (uses .Z extension)
note: gzip is better than compress

· tar (opt) <file.tar> <dir> ( storage of dirs

· tar cf <file.tar> <dir> ( takes entire contents of dir & stores in file.tar
· tar xf <file.tar> ( display contents of file.tar
note: it is possible to do gzip file.tar to produce file.tar.gz


Command-line Interpreters

· When you login to barra, you are using C-Shell (csh or tcsh) 
· Important files: 

· .cshrc and .login ( collection of configuration cmds to be executed when logging on 

· .logout - collection of cmds to execute just before logging out 

· These are just text files contains shell cmds

· It is possible to construct your own files of shell cmds (called shell scripts)

Activating shell scripts:

· sh scriptfile ( execute the cmds in scriptfile 

· chmod u+x scriptfile ( makes scriptfile executable, so ./scriptfile executes the cmds 

Control Structures: if, for, case (just like the C++ control structures)

· note: have to take care formatting them!!

eg: 

	if condition


then statements1


else statements2

fi


	case variable in


pattern1 )
statements1 ;;


...


patternN )
statementsN ;;

esac
	for variable


do statements

done


cmd line arguments: $1 $2 ... and $*, $# 

$N ( the Nth argument to the shell script 

$* ( all of the arguments 

note: the above for loop assigns variable the values of $* 

also: $variable is the value of variable 

$# ( the number of arguments

Other shell variables: 

$$ ( the PID for the shell script 

$HOME ( the absolute path to your account dir 

$PATH ( the collection of dirs to search for unix cmds

Other useful features: test, sleep, set - * 

test s ( true if s is not the null string 

test -f file ( true if file exists and is not a dir 

test -r file ( true if file can be read from 

test -w file ( true if file can be written to 

test -d file ( true if file is a dir 

test str1 = str2 ( true if str1 & str2 are the same string 

sleep 30 ( forces the shell to pause for 30 seconds 

set - * ( if current dir contains files, $* = filenames, otherwise $* = "*" 

eg: Scripts:
	% cat info 

echo "starting files are: "

ls -a

echo "taking up disk space: "

du -s .

rm -f *.o *.bak

echo " "

echo "and afterwards: "

ls -a

du -s .
% 

% info

starting files are: 

.            info         subdir2      summary.bak

..           subdir1      summary      whoisin

taking up disk space: 

28      .

and afterwards: 

.        ..       info     subdir1  subdir2  summary  whoisin

27      .
%

% cat whoisin 

for i

        do who | grep $i

done

% whoisin sci-jjh cc

sci-jjh     ttyu7       Aug 26 16:15          

x-ccatw     ttyr9       Aug 26 14:44          

…

cckcdw      ttyw8       Aug 26 14:55          

ccgtd       ttyxc       Aug 26 15:26          
	% cat summary 

if test $# != 1 

        then echo 'wrong number of arguments'

        else cd $1

                set - *

                echo "directory contains: $*"

                if test "$*" != "*"

                  then for naming 

                         do if test -d $naming

                              then summary $naming

                              else echo "applying wc to $naming"

                                   wc $naming >> lst.sum

                            fi

                       done

                fi

fi

% 

% summary

wrong number of arguments

% summary .

directory contains: info subdir1 subdir2 summary whoisin

applying wc to info

directory contains: file1 file2

applying wc to file1

applying wc to file2

directory contains: file3 file4

applying wc to file3

applying wc to file4

applying wc to summary

applying wc to whoisin
% ls -F

info*     lst.sum   subdir1/  subdir2/  summary*  whoisin*

% cat lst.sum 

         9        32      135 info

        13       42      399 summary

         3        8        29 whoisin

%


system

calling unix cmds from inside a C++ program 

require the header file stdlib.h 

eg: 

	% cat comm.cc

#include <stdlib.h>

#include <iostream.h>

void main() {


char command[80]; 
// stores a unix command


cout << "Enter a unix command: ";


cin >> command;


cout << "Executing the command: " << command << endl;


system(command);


cout << "Command done." << endl;

}

%

% cxx comm.cc -o com

%

% com

Enter a unix command: ls

Executing the command: ls

assign3.cpp   com.cc        filetest.cc   foo2.cxx      w4

b2d           data.txt      filetest2.cc  foonew.cc

b2d.tar.gz    dave.cc       foo.cxx       t.cxx

com           f.cc          foo.txt       targ.cc

Command done.

% 




Program Input/Output

Week 5

4 kinds of Program I/O: 

· standard I/O: cin (keyboard), cout (monitor) 

· I/O redirection: unix operators <, >>, | (files) 

· command-line: using arguments in your C++ programs 

· file I/O: using files in your C++ programs 



IO redirection:

You can redirect standard I/O from the unix prompt

· cmd > filename ( sends all output from the cmd to specified file (file is overwritten)

eg: myProgram > results.txt 

· cmd >> filename ( results of the cmd are appended to file's current contents (file isn't overwritten)

eg: myProgram >> all_results.txt 

· cmd < filename ( the cmd uses the data in the file instead of standard input 

eg: myProgram < data.txt 
· cmd1 | cmd2 ( the results of cmd1 are used as the input to cmd2 

eg: cat results.txt | wc 
eg: 

	% cat data.txt

The answer to life, the universe, everything is 42.

QED.

% wc data.txt

         4        10        59 data.txt

% cat data.txt | wc

         4        10        59

%




C++ Command line Parameters:

The main function can contain two special formal parameters: 

int argc ( the number of cmd line arguments (including the program name, so argc >= 1) 

char** argv ( an array of strings for each argument 

eg: 

	#include <iostream.h>

int main(int argc, char** argv) {

   cout << "argc is " << argc << endl;

   for (int index=0; index < argc; index++) {

      cout << "argv[" << index << "] is "

           << argv[index] << endl;

   }

   return 0;

}


note: because argv contains strings, you may need to do string conversions (using the routines like atof and atoi from stdlib.h)

C++ Files

Week 5

Introduction

· Why have files ( long term storage & retrieval of information 

· I/O streams:

· stream = a communication mechanism for data transfer between a device and a program

· input stream = data from a sender device (keyboard)

· output stream = a way to send data to a receiver device (monitor)

· streams can also be bi-directional, and random-access (however, we only consider either input or output streams, and not random-access)

· Devices:

· streams must be associated with a physical device (such as a text file on a floppy disk)

· Stream ADT operations:

· Open

· Get data from an input stream 

· Detect end of input stream 

· Put data on an output stream 

· Stream ADT is implemented by various C++ classes

· Streams

· Standard I/O streams are defined in iostream.h 

· File streams are defined in fstream.h ( this contains the classes: ofstream & ifstream. 

Code:

· Instance.open(FileName) ( opens/renews file if possible.

· Instance.close() ( closes file (good programming)

· Instance.fail() ( determines if the operation has failed.

· Instance.eof() ( detects end of file (useful when looping through input) 

· Instance.get(VarChar) ( reads next char into VarChar
· Instance.getline(VarString,MaxLength) ( reads next whole line (up to MaxLength) into VarString
· OutputStreamInstance.put(VarChar) ( writes single char to file

· Instance << VarSting << endl; ( this code writes VarString into file

eg:
	int main(void) {

    ifstream InputFile;

    ofstream OutputFile;
    if (OpenInputFile(InputFile) && OpenOutputFile(OutputFile)) {

        CopyIntegers(InputFile, OutputFile);
        InputFile.close();

        OutputFile.close();
    }

    else

        cout << "Error opening file" << endl;

    return(0);

}

//----------------------------------------

CopyIntegers(ifstream &InputFile, ofstream &OutputFile) {

    int Data;

    InputFile >> Data;

    while (!InputFile.eof())

    {

        OutputFile << Data << " ";

        InputFile >> Data;

    }

}
	//----------------------------------------

boolean OpenInputFile(ifstream &InputFile) {

    string InputFileName;

    cout << "Enter the input file name: "; 

    cin >> InputFileName;

    InputFile.open(InputFileName);

    return(!InputFile.fail());

}

//----------------------------------------
boolean OpenOutputFile(ofstream &OutputFile) {

    string OutputFileName;

    cout << "Enter the output file name: ";

    cin >> OutputFileName;

    OutputFile.open(OutputFileName);

    return(!OutputFile.fail());

}




C++ Pointers

Week 5

Pointers = special variables similar to reference parameters/variables, except that: 

· they can "refer" to different variables at runtime. (a reference parameter/variable only refers to a single other variable & this relationship is unchangeable)

· the value stored by the pointer variable is the address of the variable it is referring to (or rather, pointing at)
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· to change that value requires a new form of syntax, there are three basic elements: 

1. declaring a pointer variable:

int myInteger;

// normal variable
int * myIntPtr;

// a pointer variable to variables of integer type

int * anotherPtr;

// another pointer...
2. setting the pointer variable to "point" to something:

myIntPtr = &myInteger;
// myIntPtr stores the memory address of myInteger



// & is a special "get address of" operator

3. accessing and changing the contents pointed to: 

*myIntPtr = 42;

// we "dereference" the pointer and get to the data!

· pointers of the same type can be assigned to each other 

anotherPtr = myIntPtr;

*anotherPtr = 0;           

 // this will reset the value of myInteger to zero...

cout << myIntPtr << endl;   
// outputs 0

Code:

	#include <iostream.h>

int main(void) {

    int *pointAtAnInt;

    pointAtAnInt = new int;

    *pointAtAnInt = 27;

    cout << "The integer is " << *pointAtAnInt << endl;

    delete pointAtAnInt;

    return(0);

}


Simple Variables
	int myInteger;

int * myIntPtr;

// a pointer variable to variables of integer type

int * anotherPtr;

// another pointer
myIntPtr = &myInteger;
// myIntPtr stores the memory address of myInteger




// & is a special "get address of" operator

*myIntPtr = 42;

// we "dereference" the pointer and get to the data!

anotherPtr = myIntPtr;         
// we can assign one pointer to another
*anotherPtr = 0; 

// this will reset the value of myInteger to zero...

cout << myIntPtr << endl;
// outputs 0


· int *myIntPtr; ( declares a pointer variable to integers

· myIntPtr = &myInteger; ( sets the pointer variable (myIntPtr) to point to variable (myInteger)

· *myIntPtr = 42; ( dereferences pointer (myIntPtr) and assigns 42 to variable (myInteger)

· myIntPtr = &myInteger; ( sets the pointer variable (myIntPtr) to point to variable (myInteger)

· delete myIntPtr; ( deletes pointer variable (good programming)

Basic Concepts
· &myInteger ( address of variable

· myIntPtr ( address pointer references

· *myIntPtr ( value of variable pointer refers to

Pointers and Structs

	#include <iostream.h>

typedef struct {

    int anInt;

    float aFloat;

} IntAndFloat;

//-----------------------------------------------------------------------------

int main(void) {

    IntAndFloat aNicePair;

    IntAndFloat *pointAtAPair;

    aNicePair.anInt = 27;

    aNicePair.aFloat = -1.5;

    cout << "1. int is " << aNicePair.anInt << ", float is " << aNicePair.aFloat << endl;

    pointAtAPair = &aNicePair;

    cout << "2. int is " << (*pointAtAPair).anInt << ", float is " << (*pointAtAPair).aFloat << endl;

    cout << "3. int is " << pointAtAPair->anInt << ", float is " << pointAtAPair->aFloat << endl;

    pointAtAPair->anInt = 16;

    cout << "4. int is " << pointAtAPair->anInt << ", float is " << pointAtAPair->aFloat << endl;

    return(0);

}


· ptr->member ( accesses member of a struct referred to by the pointer

· (*ptr).member ( as above

Pointers and Arrays

	int myArr[10];

int* ptr;

ptr = myArr;
// the array name is a special kind of pointer it points to the start of the array

ptr[0] = 42;
// any pointer set appropriately can be used to access/change elements in an array...


· ptr[0].member = 5; ( change elements in array

· delete ptr[]; ( deletes pointer to array

	· Pass by value (like arrays, we can change the "contents" of the pointer)

eg:
	· Pass by reference (the value – that is, the memory address – of the pointer can be changed as well as the contents)

eg:

	#include <iostream.h>

void readIntByReference(int &readThisInt);

void readIntByPointer(int *intPointer);

//----------------------------------------------------------------------

int main(void) {

    int anInt;

    int *pointAtInt;

    anInt = 27;

    cout << "anInt = " << anInt <<endl;

    readIntByReference(anInt);

    cout << "anInt = " << anInt <<endl;

    pointAtInt = &anInt;

    readIntByPointer(pointAtInt);

    cout << "anInt = " << anInt <<endl;

    readIntByPointer(&anInt);

    cout << "anInt = " << anInt <<endl;

    return(0);

}

//----------------------------------------------------------------------

void readIntByReference(int &readThisInt) {

    cout << "Enter integer to assign by reference : ";

    cin >> readThisInt;

}

//----------------------------------------------------------------------

void readIntByPointer(int *intPointer) {

    int localInt;

    cout << "Enter integer to assign by pointer   : ";

    cin >> localInt;

    *intPointer = localInt;

}
	#include <iostream.h>

typedef int *intPointer;

void makeANewInt(intPointer &pointsAtAnInt,int newValue);

void deleteAnInt(intPointer &pointsAtAnInt);
//----------------------------------------------------------------------

int main(void) {

    int anInt;

    intPointer pointAtInt;

    anInt = 27;

    pointAtInt = &anInt;

    cout << "anInt = " << anInt << " & *pointAtInt = " << *pointAtInt <<endl;

    makeANewInt(pointAtInt,28);

    cout << "anInt = " << anInt << " & *pointAtInt = " << *pointAtInt <<endl;

    deleteAnInt(pointAtInt);

    return(0);

}

//----------------------------------------------------------------------

void makeANewInt(intPointer &pointsAtAnInt,int newValue) {

    pointsAtAnInt = new int;

    *pointsAtAnInt = newValue;
}

//----------------------------------------------------------------------

void deleteAnInt(intPointer &pointsAtAnInt) {

    delete pointsAtAnInt;

    pointsAtAnInt = NULL;
}


· Advanced concepts: 

· several "levels or redirection" can be declared:

int** ptr;

ptr = new (int *);

*ptr = new int;

**ptr = 42;

· this is useful for multidimensional dynamic arrays (just like argv...), and ragged arrays (like in java...)

· you will typically see certain initial value declarations involving pointers: 

const char *myStr = "hello world!";   // the compiler can figure out what to do here...

· pointers are a vital concept for designing complex data structures 

· various dynamic data structures use pointers (linked lists, trees, graphs) 

· files are stored on disks and pointers are used to connect the file data blocks

· note: Dynamic allocation requires careful programming

· If you don't correctly delete memory, you will most likely exhaust it ( program crash

· If your pointers don’t to refer to something real (a place in memory with valid data) ( program crash.

Data Representation
Week 6

Storage and Representation

Characters (digits, letters, other symbols) & numbers (signed integers, reals) require coding. Data is stored using organized collections (codes) of bits (0 or 1).

KB = 210 bytes
MB = 220 bytes
GB = 230 bytes 

· note:
· 8 bits = 1 byte

· 2 bytes = 1 word
· 2 words = 1 longword (double-word)
· The way integers are coded effects arithmetic:

· signed magnitude numbers
· biased representation
· two's complement numbers
· hexadecimal numbers
· It is also possible to code real numbers

· normalized binary floating point numbers

· eg: IEEE 754 formats:

· 32 bits ( 1 sign bit, 8 bit exponent, 23 bit significand (st. size for C++ float)

· 64 bits ( 1 sign bit, 11 bit exponent, 52 bit significand (st. size for C++ double)

· note: certain extreme numbers are used to indicate NaN (not a number), & infinity.



Representing characters (digits, letters, other symbols)

· Most common code is ASCII (American Standard Code for Info Interchange) ( developed by ANSI

· 7-bit code (fits inside a byte)

· Older code is EBCDIC (Extended Binary-Coded Decimal Interchange Code) ( developed by IBM

· 8-bit code (fits inside a byte) 



Number Systems

· Computers use the binary number system (base 2)

· note: 
246810 = 2x103 + 4x102 + 6x101 + 8x100
11012 = 1x23 + 1x22 + 0x21 + 1x20 = 13

· 2n numbers can be stored in n bits

· note: rightmost bit indicates the parity in binary. 

· Octal (base 8) digits are: 0 to 7.

· Hexadecimal (base 16) digits are: 0 to 9, A(10), B(11), C(12), D(13), E(14), F(15)



Converting between Number Systems

· Converting from decimal to base b ( repeatedly divide by b & write down remainders in reverse order.

	eg: Convert 7510 to binary:

Base

Num

Rem

2

75 

37

1

18

1

9

0

4

1

2

0

1

0

0

1

( 7510 = 10010112.


	eg: Convert 117910 to hexidecimal:

B

Num

Rem

16

1179

73

B

4

9

0

4

( 117910 = 49B16. 




· Converting from base b to decimal ( set total to 0, for each digit (left to right) multiply total by b & add value of the digit.
	eg: Convert 10010112 to decimal:

B

Tot

Digit

2

0 

1

1

0

2 

0

4

1

9 

0

18 

1

37 

1

75 

(10010112 = 7510.
	eg: Convert 49B16 to decimal:

B

Tot

Digit

16

0 

4

4

9

73 

B

1179

( 49B16 = 117910. 


· Converting binary to octal & hexidecimal
· Octal ( group the bits into 3’s

· Hex ( group the bits into 4’s

· eg: 7510 = 10010112
· Grouping into 3's (octal) 001 001 011 = 1138
· Grouping into 4's (hex) 0100 1011 = 4B16


Integer Representation

· Unsigned Integers
· Can represent 0 to 2n-1 using n bits

· Addition

· Adding bits:

· 0 + 0 = 0

· 0 + 1 = 1

· 1 + 0 = 1

· 1 + 1 = 0 carry 1

· eg: 01101 (13) + 00001 (1): 

[image: image4.png]01101

00001 +

01110




· Subtraction 

· Don't bother ( better representations coming that can cope with negative numbers 

· Multiplication

· Shift-add multiplication:

Set the Result to 0

For each bit of the Multiplier, from right to left, do

    If the bit is 1 then 

        Add Mulitplicand to Result

    Shift the Multiplicand left one bit

· eg: 00001011 (11) * 00000101 (5)

	Bit
	Multiplicand
	Result

	
	
	00000000

	1
	00000101
	00000101

	1
	00001010
	00001111

	0
	00010100
	00001111

	1
	00101000
	00110111

	0
	01010000
	00110111

	0
	10100000
	00110111

	0
	01000000
	00110111

	0
	10000000
	00110111


Thus 11 * 5 = 55 

· Shifting left multiplies by 2 

· Shifting is typically a hardware operation 

· Division 

· Based on shifting right (dividing by 2) 

· this is in the "too hard basket".... but here is an example of long unsigned long division
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· The idea: 

· the bits of the dividend are examined (left to right), until the subset of bits ("partial dividend") represents a bigger number than the divisor ( places 0's until this event occurs ( when it occurs, places a 1 in the quotient & subtract the divisor from the partial dividend ( then bring down the next available bit from the dividend, and repeat the process for each partial dividend

· Signed-magnitude Integers 
· The top bit specifies the sign: 0 = positive, 1 = negative. 

· n-1 bits are available for the magnitude of the integer 

· The range of values is: -(2n-1-1) to 2n-1-1 
· This is only 2n - 1 different numbers. 

· note: There are two representations for 0

· Biased (or excess) Integers 
· Add 2n-1 to the number and convert to binary. 

· The range of values is: -2n-1 to 2n-1-1 

· The top bit gives the sign: 1 = positive, 0 = negative 

· This is 2n different numbers. 

· Ones Complement Integers 
· Store the magnitude of the number unsigned 

· If number is negative ( invert all bits 

· The top bit gives the sign: 0 = positive, 1 = negative. 

· The range of values is: -(2n-1-1) to 2n-1-1. 

· This is only 2n - 1 different numbers. 

· note: There are two representations for 0

· Twos Complement Integers 
· Store the magnitude of the number unsigned 

· If number is negative ( invert all bits & add 1
· The top bit gives the sign: 0 = positive, 1 = negative. 

· To convert to decimal from 2's complement:

· Check the sign bit

· If 0 then convert as usual

· If 1 apply 2's complement and convert, then negate

· The range of values is: -2n-1 to 2n-1-1. 

· This is 2n different numbers.

· Addition 

· Addition is as for unsigned integers 

· eg: 15 + 9

	  0 0 0 0 1 1 1 1

	+ 0 0 0 0 1 0 0 1

	= 0 0 0 1 1 0 0 0

	C  0 0 0 0 1 1 1 1


(15 + 9 = 24 

· Subtraction 

· Subtraction is addition with negation 

· ie: A - B is equivalent to A + (-B)

· eg: 5 - 5 = 5 + -5 = 0
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· eg: 15 - 9 

	  0 0 0 0 1 1 1 1

	+ 1 1 1 1 0 1 1 1

	= 0 0 0 0 0 1 1 0

	C 1 1 1 1 1 1 1 1


( 15 - 9 = 6 

· Multiplication – Booth's Algorithm

· Algorithm for N bits takes requires a special 2N bit register, and an extra bit 

· "too hard basket" but here is the algorithm:

Algorithm (Inputs = M the multiplicand, Q the multiplier, N the number of bits)

   1.  A = 0, Q-1 = 0, Count = N

   2.  switch over the bits Q0Q-1
   2.1   case 10: A = A - M

   2.2   case 01: A = A + M

   3.  Arithmetic Shift bits right in "AQQ-1"

   4.  Count = Count - 1

   5.  if Count != 0

   5.1   then goto step 2.

   5.2   else stop algorithm, the Product is in "AQ"

note: an arithmetic shift maintains the sign bit (the left-most bit)

eg: Let M = 0111 (7), Q = 0011 (3), N = 4, we are computing 7 * 3

	Count
	A
	Q
	Q-1
	Action

	4
	0000
	0011
	0
	Initial values

	4
	1001
	0011
	0
	A = A - M

	4
	1100
	1001
	1
	shift right "AQQ-1"

	3
	1110
	0100
	1
	shift right "AQQ-1"

	2
	0101
	0100
	1
	A = A + M

	2
	0010
	1010
	0
	shift right "AQQ-1"

	1
	0001
	0101
	0
	shift right "AQQ-1"


· Division 

· Algorithm for N bits takes requires a special 2N bit register (consisting of the remainder and the quotient) 

· "too hard basket" but here is the algorithm for positives only:

Simple Algorithm (Inputs = D the divisor, Q the dividend, N the number of bits)

   1.  R = 0, Count = N

   2.  Shift one bit left in the 2N bit number "RQ"

   3.  R = R - D

   4.  if R < 0

   4.1   then R = R + D

   4.2   else Q = Q + 1

   5.  Count = Count - 1

   6.  if Count != 0

   6.1   then goto step 2.

   6.2   else stop algorithm, the Quotient is in Q, the Remainder is in R

eg. let D = 0011 (3), Q = 0111 (7), N = 4, we are computing 7 / 3

	Count
	R
	Q
	Action

	4
	0000
	0111
	initial values

	4
	0000
	1110
	shift left RQ

	4
	1101
	 
	subtract D from R

	4
	0000
	1110
	restore R

	3
	0001
	1100
	shift left RQ

	3
	1110
	 
	subtract D from R

	3
	0001
	1100
	restore R

	2
	0011
	1000
	shift left RQ

	2
	0000
	 
	subtract D from R

	2
	0000
	1001
	increment Q

	1
	0001
	0010
	shift left RQ

	1
	1110
	 
	subtract D from R

	1
	0001
	0010
	restore R


· The algorithm for negatives (-7 / 3) is harder... but possible.



note: A shorthand code for big binary numbers is hexadecimal: 

· given a binary number (111011011001011) 

· split it into groups of 4 bits (0111 0110 1100 1011) (note: 4 bits = 1 nibble) 

· represent each group with a hexadecimal symbol:

0111 = 7, 0110 = 6, 1100 = 12 = C, 1011 = 11 = B

111011011001011 = 76CB


Real Number Representation

· Fixed point notation 
· Top bit specifies the sign (as in signed magnitude): 0 = positive, 1 = negative. 

· Some bits = integer part (normal format), some bits = fractional part 

· The fractional columns are 2-1, 2-2, ... 

· To convert the fractional part:

Repeat

    Multiply the number by 2

    Write down & discard the integer part 

    Until the number reaches 0

· eg: -37.90625

· Sign bit is: 1

· Integer part:

	Base
	Num
	Rem

	2
	37
	

	
	18
	1

	
	9
	0

	
	4
	1

	
	2
	0

	
	1
	0

	
	0
	1


( the integer part is: 100101 

· Fractional part :

	Base
	Num
	Int

	2
	0.90625 
	

	
	1.8125
	1

	
	1.625
	1

	
	1.25
	1

	
	0.5
	0

	
	1.0
	1

	
	0 
	


( the fractional part is: 11101 

· ( -37.9062510 = 1100101.111012 

· Problem is how many bits to assign to integer & fractional parts

· More bits in integer part allows larger magnitude numbers

· More bits in fractional part is more accurate

· note: Some decimal fractions have infinite binary representations

· eg: 0.4 

	Base
	Num
	Int

	2
	0.4
	

	
	0.8
	0

	
	1.6
	1

	
	1.2
	1

	
	0.4
	0

	
	0.8
	0

	etc………


 

· Scientific Notation 
· eg: -37.9062510 = -0.3790625E+210 

· The format is Sign Significand E Exponent 

· The signed significand is multiplied by BaseExponent 

· Any number can be normalized so it starts 0. 

· This can be done base 2 

· eg: 37.9062510 = 100101.111012 = 0.10010111101 * 26 

 

· Floating Point Representation 
· The top bit specifies the sign: 0 = positive, 1 = negative. 

· Some bits = exponent (in biased notation), some bits = significand
· note: Every normalized significand starts 0.1

· The 0.1 is not stored, ie. one free bit

· eg: -37.90625, 7 bit exponent, 8 bit significand

· Sign bit is 1

· Exponent is 1000110

· Significand is 00101111

· More bits in the exponent part allows larger and smaller magnitude numbers 

· Very large numbers cannot be represented ( overflow 

· Numbers close to 0 cannot be represented ( underflow 

· 0 cannot be stored, due to the implicit 0.1. How is this handled? 

· More bits in the significand is more accurate 

· Typically: 8 bits exponent, 23 bits significand (plus 1 bit for the sign) ( gives you a 32 bit floating point number.

· An Example: 

One way is an 8 bit floating point representation: 

· 1 bit sign, 3 bits exponent, 4 bits significand 

(note: the exponent is in biased-4 representation) 

eg: the number 3.5 can be stored: [image: image7.jpg]0 1 1 0 1 1 0
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+3.5 in binary is +11.1 

+11.1 is normalized to become ( 0.111*210
(normalized numbers always start with 0.1, so the first bit can be assumed) 

The sign is +, represented by 0 

The exponent is 2 (10), and in biased-4 that is 6 (110) 

The significand bits are 111 from 0.111
(which can be stored as 1100 since the first bit is assumed) 

Boolean Algebra

Week 6

· Boolean Algebra = formal system of describing Boolean logical statements (functions) ( invented by Geoge Boole (1800’s)

· Algebra = a set of elements (the carrier of the algebra), and operators defined on the carrier 

· Calculus = a method of reasoning by calculation with symbols...

The 7 Boolean Operators:

· NOT: 
NOT X 
= 0 if X is 1, = 1 otherwise (X') 

· AND: 
X AND Y = 1 if X and Y are 1, = 0 otherwise (X*Y or X.Y) 

· NAND: 
X NAND Y = 0 if X & Y are 1, = 1 otherwise 

· OR: 
X OR Y = 0 if X & Y are 0, = 1 otherwise (X+Y) 

· NOR: 
X NOR Y = 1 if X & Y are 0, = 0 otherwise 

· XOR: 
X XOR Y = 0 if X & Y are the same, = 1 otherwise 

· XNOR: 
X XNOR Y = 1 if X & Y are the same, = 0 otherwise

	INPUTS
	BASIC OPERATORS

	X
	Y
	X AND Y
	X NAND Y
	X OR Y
	X NOR Y
	X XOR Y
	X XNOR Y

	0
	0
	0
	1
	0
	1
	0
	1

	0
	1
	0
	1
	1
	0
	1
	0

	1
	0
	0
	1
	1
	0
	1
	0

	1
	1
	1
	0
	1
	0
	0
	1




Analysing Boolean functions:

Method 1: Truth Tables 

Given a function: F = (X OR (X AND Y)) OR (Y AND (Y OR (NOT Z))) 

note: operator precedence is: NOT > AND > OR

	Inputs
	Intermediate computations...
	Output

	X
	Y
	Z
	X AND Y
	X OR (X AND Y)
	NOT Z
	Y OR (NOT Z)
	Y AND (Y OR (NOT Z))
	F

	0
	0
	0
	0
	0
	1
	1
	0
	0

	0
	0
	1
	0
	0
	0
	0
	0
	0

	0
	1
	0
	0
	0
	1
	1
	1
	1

	0
	1
	1
	0
	0
	0
	1
	1
	1

	1
	0
	0
	0
	1
	1
	1
	0
	1

	1
	0
	1
	0
	1
	0
	0
	0
	1

	1
	1
	0
	1
	1
	1
	1
	1
	1

	1
	1
	1
	1
	1
	0
	1
	1
	1


note:
we can deduce that F = X OR Y

Method 2: Boolean algebra 

Typical shorthand:
 
* ( AND
+ ( OR

' ( NOT

F = (X OR (X AND Y)) OR (Y AND (Y OR (NOT Z)))

   = (X + (X * Y)) + (Y * (Y + Z'))

F is a combination of: the logic operators (+, *, ') & operands (X, Y, Z) 

Many operators (and functions) can be constructed from these basic ones:

· X NAND Y = (X * Y)' 

· X NOR Y = (X + Y)' 

· X XOR Y = (X' * Y) + (X * Y') 

eg: Evaluate:
F = (X + (X * Y)) + (Y * (Y + Z'))

when X = 1, Y = 0, Z = 1 

= (1 + (1 * 0)) + (0 * (0 + 1'))

= (1 + 0) + (0 * (0 + 0))

= 1 + (0 * 0)

= 1 + 0

= 1

To simplify F we can use some laws:

· Law 1: P * P = P

· Law 2: P * (Q + R) = (P * Q) + (P * R)

· Law 3: P + (P * Q) = P

F = (X + (X * Y)) + (Y * (Y + Z'))

   = X + (Y * (Y + Z')) 

{using Law 3}

   = X + ((Y * Y) + (Y * Z'))
 
{using Law 2}

   = X + (Y + (Y * Z')) 

{using Law 1}

   = X + (Y) 


{using Law 2}

   = X + Y



The Basic Laws of Boolean Algebra:

Here A and B are any valid Boolean functions: 

Commutative laws (simple)
A * B = B * A


A + B = B + A

Identity elements (simple)
1 * A = A
0 + A = A

0 * A = 0
1 + A = 1

A * A = A
A + A = A

Inverse elements (simple)
A * A' = 0
A + A' = 1
A'' = A

Distributive laws 

A * (B + C) = (A * B) + (A * C)
A + (B * C) = (A + B) * (A + C)

Associative laws 

A * (B * C) = (A * B) * C

A + (B + C) = (A + B) + C

DeMorgan's Theorem 

(A * B)' = A' + B'

(A + B)' = A' * B'

Absorption laws 

A * (A + B) = A

A + (A * B) = A 

 

eg:

F = X + (Y * (Y' * (X' + Z))) + Z'

  = X + Z' + (Y * (Y' * (X' + Z))) 
{associative}

  = X + Z' + (Y * ((Y' * X') + (Y' * Z))) 
{distributive}

  = X + Z' + ((Y * (Y' * X')) + (Y * (Y' * Z))) 
{distributive}

  = X + Z' + (((Y * Y') * X') + ((Y * Y') * Z)) 
{associative}

  = X + Z' + ((Y * Y') * (X' + Z)) 
{reverse distributive}

  = X + Z' + (0 * (X' + Z)) 
{inverse}

  = X + Z' + 0 
{identity}

  = X + Z'
{identity}

Digital Logic

Week 7

Logic Gates and Small Components

In a computer: 

· Different voltages ( represent 0's and 1's ( transistors create these differences

· Gates = collections of transistors

· Small Components = collections of gates

· Integrated Circuits (ICs or chips) = collections of gates and small components

Motherboard ( has a collection of (IC) connected by trails of metal along the board (the bus). 0's & 1's are transmitted along the metal trails ( one voltage represents 0 & another to represents 1. Inside ICs are tiny (micro-sized) logic gates (structures which manipulate 0's & 1's). 0's & 1's can be transmitted at the speed of electrons flowing through the chip ( complex calculations are done quickly by using a whole sequence of these tiny gates. 



Basic logic gates

Basic logic gates take one or more bits as input & produce another bit as output. There are a variety of ways to create a logic gate – the key element for almost all of is the transistor.
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A transistor consists of semi-conductors (conduct only under certain conditions) ( n-type & p-type.

· When a voltage applied to the Base, the n-type & p-type semi-conductors allow current to flow from Collector to Emitter. Certain arrangements of transistors allow you to construct the basic logic gates.

· The three basic gates (simplified version):
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The other basic gates (XOR, NAND, NOR, XNOR) can be constructed in similar ways or using the three basic gates (NOT, AND, OR). By linking the output of one gate to the inputs of other gates, we can carry out more powerful calculations.



Combinations of gates

In a circuit, one gate connects to the next in series. To see what an input combination does ( put appropriate values on inputs & propagate them one gate at a time through the circuit. We can describe what a circuit does with a truth table (showing all possible I/O combinations). 

· eg: XNOR for two inputs (X,Y) can be constructed using XY + X'Y': 
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Small logic components

Small logic components can also perform more complex computation. eg:

· add three bits together (have a sum and carry output) 

· count (in binary), adding one to the count in time with a clock 

· store an input value until a change signal comes along

Larger components still, are made by combining smaller components. eg: 

· Half Adder ( adds 2 bits (X, Y) and produces result (SUM). If the addition overflows then the CARRY bit is set 1 (since 1 + 1 is 10 in binary).

· Full Adder ( adds 3 bits (X, Y, C) where C is a CARRY bit from some other operation. (note: made from 2 half adders)

· Parallel Adder ( is a larger circuit that adds two numbers (64 bits each). It is composed of 64 full adders. note: the CARRY bit from one full adder is used as the C bit at the next full adder. [image: image13.png]HALF ADDER - Adds two bits (X, Y) | [FULL ADDER - Adds three bits
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Designing Circuits (Expanded)

The biggest problems in circuit design:

1. Figure out efficient Boolean function (i.e. fewest no. of gates, preferably inexpensive) 

2. Laying gates out on the chip ( minimise surface area & power requirements (note: this concerns computer engineers/circuit designers & not us)

Three basic approaches to coming up with the “best” function:

· Derivations based on laws of Boolean algebra 

· Top-down design based on standardized modules 

· Design techniques for function to digital translation

note: most designs are carried out using CAD tools which incorporate elements from all three approaches.

· Derivations based on laws of Boolean algebra 

· Come up with any correct expression of the function, then simplify using Boolean algebra rules. (note: tends to be computationally & financially expensive; it’s difficult to combine the simplification rules with design & this raises design cost issues)
· Top-down design based on standardized modules 

· Develop standard modules to solve common problems (adders etc.) & interface rules for the modules. (note: easier for the designer, design errors are less likely, but optimal efficiency is unlikely)
· Design techniques for function to digital translation 

· There are some specialised techniques, geared specifically for digital logic (these are really the Boolean algebra laws but in a more convenient format for design)

· One very simple technique we'll consider is the use of Karnaugh maps.



Minterms and Karnaugh maps

· Karnaugh map = a re-arranged truth table for a function.

· It shows the relationships between variables & the function. A simplified version of the function is obtained by finding the minterms. 

· Minterms = adjacent (side-by-side) places in the map where the function evaluates to 1.

· They are collections of 1, 2, 4, 8, etc. adjacent cells. They are allowed to overlap & may be constructed by wrapping them around the edges of the map (as if the map forms a cycle).

note: To get the simplified function the minterms are ORed together.

· eg: Draw the Karnaugh maps for these 3 functions (note: the simplified function shown below)

· F = W + X(W + X) 

{2-variables} 

· F = WX' + YX' + X' 

{3-variables} 

· F = XY' + Z'(XY' + W'Y) 
{4-variables} 
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note: The ordering of pairs of variables in a map is important ( when there are 3 or more variables, you are forced to group them into pairs. (eg: For our 3-variable function (W,X,Y) the grouping is (WX) and Y). You must also list the values of variables in such pairs in a special way.

· Rule: there must only be a single bit differing between the elements of the list – including adjacent elements and he first and last in the list (as if a cycle). ie:

	
W
X

1
0
0

2
0
1

3
1
0

4
1
1
note: Incorrect ( difference between element 1&4 and 2&3 are both bits
	
W
X

1
0
0

2
0
1

3
1
1

4
1
0
note: Correct


In this 2-variable function the minterms are W & X. The method of discovering minterms is: 

· If a variable’s value changes then ignore it, otherwise take note of the value of the variable (1 or 0) ( it will become part of the simplified function.



VLSI components

· Very Large Scale Integration (VLSI): refers to circuits which have anywhere from ten thousand to one million logic gates on a single chip

· note:(most modern processors easily fall into this range) 

· As with software problems, the design of a large complex chip is carried out by:

· dividing the problem into smaller sub-problems, 

· solving those independently, 

· then putting the pieces together 

· Large designs can involve hundreds of designers over a period of 6 to18 months 

· A wide range of powerful CAD (computer aided design) tools are available to help solve problems of synchronisation, heat dissipation, power fluctuations, and interference 



Manufacturing

Computer manufacturing is basically a four-step process, from wafers to chips to circuit boards to complete systems: 

· Wafers: at the first stage with tens or hundreds of chips stuck together on a wafer 

· Chips: at the next stage we create individual chips: 

· the wafer is examined to determine which parts are defective, 

· the chips on the good bits are cut off the wafer, 

· and pins (metal connections) and packaging are added 

· further testing results in more defective chips being discarded (only a small percentage of the chips actually get this far) 

· Boards: the circuit boards must also be chemically manufactured and tested, then the chips are inserted into the boards 

· Systems: finally all the assorted components are brought together in the complete system (disk drives, fans, cables, etc) 

Types of Computers

Week 8

Micros to Mainframes
Different kinds of computer systems (smallest to biggest): 

· micro-controlled, specialised equipment 

· personal computers 

· small multi-user systems 

· mainframes 

· supercomputers 

· parallel and distributed systems



Specialised Equipment

· eg. microwaves, clocks, radios... ( all handled by micro-controllers 

· operate like simplified computer systems: 

· a CPU connected to a single device 

· dedicated to the device 

· no need to share/coordinate many components 

· have to operate under different conditions (heat, radiation, pressure... depending on  device) 

· can be mass-produced; made inexpensively 
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Personal Computers

· constitute the biggest portion of computing power worldwide 

· Apples/MacIntosh, IBM, IBM-compatibles... 

· are very flexible, can be configured with a large variety of devices (scanners, CDROMs, DVDs, Printers, etc.) 

· are relatively inexpensive 



Small Multi-user Systems

· advanced PCs (fast, connected to lots of devices) 

· requires a powerful OS (NT, Unix...) 

· allow small number of people (LAN, in an office) to share data and resources 

· added complexity of: 

· coordinating system requests 

· protecting resources 

· are somewhat more expensive than simple PCs



Mainframes

· large multi-user systems (support 100s of users at a time) ( $ to setup and maintain

· commonly used by large organisations (universities, corporations, governments...) 

· typically consist of hardware with many CPUs (perhaps 8) 

· are designed to transfer large amounts of data between many different devices 

· mainframes are produced by companies like IBM 
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Supercomputers

· the most powerful computers ( designed to be extremely fast ( very $$$.

· contain thousands of CPUs for parallel computations 

· can handle very large amounts of data 

· applications: 

· weather forecasting and analysis 

· complex graphics and animations (like those for special effects in movies)
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Parallel and Distributed Systems

· many different computers, connected via a network 

· to solve problems the computers can: 

· work in close association, dedicated to the task (a parallel system), or 

· work independently, act upon request when they can (a distributed system)
(eg. our collection of Unix machines - suraji, atoll, reef, coral... is a distributed system) 

Computer Architecture

Week 8

Typical Computer Architecture
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The basic elements in typical computers are: 

1. shared memory 

2. CPU 

3. IO devices 

· Central Processing Unit (CPU) 

· Arithmetic and Logic Unit (ALU) for arithmetic & logic operations 

· Registers = very fast pieces of memory used to store the data the ALU is using right now

· Program Counter (PC) ( address in memory of current instruction 

· Memory Address Register (MAR) ( address in memory to read from or write to 

· Memory Buffer Register (MBR) ( data read from or written to memory 

· Instruction Register (IR) ( the instruction currently being executed 

· general purpose registers (R0, R1...) ( used to temporary store data 

· Micro-memory ( (sometimes called firmware) contains microcode for running CPU 

· CPU is usually contained entirely on one chip

· Storage

· RAM ( (read & write, volatile) - stores programs & variables

· ROM ( (read, non-volatile) - holds start-up instructions

· Cache Memory
· Stores frequently & recently used data that is too large to leave in registers 

· Faster than regular memory but slower than registers 

· Secondary Storage ( (non-volatile)
· For storing large quantities of data 

· eg: Disk drives (both hard drives & floppies), CDROM, Tape drives 

· Slower but cheaper than RAM 

· The data speed/size/cost pyramid: 
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· I/O Devices 

· Hardware for interfacing between the computer and the "real world" 

· eg: disk, keyboard, screen, mouse, printer, speakers, sensors of various types 

· I/O devices are very slow compared to the CPU

· Control chip interfaces with the CPU

· CPU sends requests to the control chip

· Control interrupts CPU when task is completed

· Communications Bus 

· Communication link between different components of the computer 

· Get an instruction from the keyboard and send it to the CPU 

· Transfer data from disk to memory 

· Transfer data from memory to the CPU 

· Transfer some data from memory to the monitor 

· A central bus connects the CPU to all other components 

· Other buses connect specific pairs of components together, e.g., a bus may connect main memory & disk drives so files can be quickly transferred 

· Usually the bus is duplex but atomic 

· Transferring data between memory & the CPU

· Reading data from memory 

· The memory address is placed in the MAR 

· A read signal is sent to memory 

· The data is transferred from memory to the MBR 

· The data is retrieved from the MBR 

· Writing data to memory 

· The memory address is placed in the MAR 

· The data is placed in the MBR 

· A write signal is sent to memory 

· The data is transferred from the MBR to memory 

Fetch Decode Execute Cycle

Week 9

· basic function of computer ( program execution

· when a program is run ( executable binary file is copied from the disk drive into memory

· the process of program execution is the retrieval of data & instructions from memory, and the execution of various operations

· program execution stops only when the computer is switched off ( while machine is on, the cycle is continuous! (an infinite loop)

· program execution is performed by Control Unit (CU) of the CPU ( the task of the CU is the instruction cycle (sometimes called the fetch-decode-execute cycle) 

· the instruction cycle consists of the tasks: the fetch cycle, the indirect cycle, the execute cycle, and the interrupt cycle
· the sequence of actions of the instruction cycle: 
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· the list of things needed to specify the function of a CPU are: 

· Operations (op codes) 

· Registers (general purpose: R0, R1, .... and special registers: PC, MAR, MBR, ...) 

· IO Interfacing (how to "talk" to other devices) 

· Memory Interfacing (how to send/receive information from memory) 

· Interrupt Processing (what to do during an interrupt request) 



Instruction Format

· there are several ways to represent an instruction & its operand(s) (inputs the the operation, and sometimes outputs where to store the results) 

· immediate: an op code & the actual literal value (very limited) 

· direct: an op code & the address in memory (or a register) where the actual data is located (limited, can't address all of memory) 

· indirect and other variants: an op code & an address in memory where (how) to get the address of the actual data (can access all memory) 

· eg: in a 16bit memory (each cell is a two bytes - a word) the instruction format may be: 

· bit 0 - bit 3: the op code number, there are 16 possible op codes 

· bit 4 - bit 15: the address for the op code - there are 4096 memory cells can be addressed (indirect addressing is used to get to the rest of memory...) 



Micro-Operations

· micro operations ( the lowest level atomic operations that a computer performs

· at each stage during the instruction cycle, a series of micro operations are performed 

· eg: the execution cycle has many sets of micro operations to perform the various arithmetic & logic operations 

The Fetch Cycle

· the first phase of the instruction cycle

· special purpose CPU registers are involved:

· Memory Address Register (MAR): specifies the address in memory for a read or write operation

· Memory Buffer Register (MBR): contains the value to be stored in memory or the last value read from memory 

· Program Counter (PC): holds the address of the next instruction to be fetched 

· Instruction Register (IR): used to contain the the op code of the last instruction 

· the sequence of micro code actions of the Fetch cycle are: 

	0. move the contents of PC into MAR

1. move the contents of the memory address given by the value of MAR, and store the data in MBR 

2. increment the value of PC 

3. move the contents of MBR into IR 


1. note: it is possible that some op code may be store in more than a single memory address (thus requiring several fetches...)



The Indirect (Decode) Cycle

· next, the operands of the instruction must be fetched from memory 

· note: it is possible that several memory cells are needs to contain operand data 

· the indirect cycle can be ignored for direct instructions 

· the process is quiet involved, as an instruction may have several operands spanning several memory cells! 

· in short, the actions of the Indirect cycle are: 

	for each of the operands with indirect address: 

perform a series of memory reads (in the style of the fetch cycle) 

replace the indirect addresses with direct addresses as discovered by this process 




The Execute Cycle

· for each op code, a particular sequence of micro operations are performed (the sequence will be different for each op code) 

· eg: there may be an op code for the assembly instruction: ADD R0, X 

· the fetch cycle & the indirect cycle would have already loaded the instruction and converted the address of X to a direct address (if necessary) 

· next, the micro code for the add instruction would be performed: 

· move the address of X into MAR 

· read the value at MAR from memory and store in MBR 

· compute R0 + the contents of MBR and store the result in R0 

· the micro code for a particular instruction could be rather complex (eg. micro code to compute two-comp binary division!!) 



The Interrupt Cycle

· after the execute cycle is completed, a test is made to determine if an interrupt was enabled 

· if not, instruction cycle returns to the fetch cycle 

· if so, the interrupt cycle might performs the following tasks: (simplified...) 

· move the current value of PC into MBR 

· move the PC-save-address into MAR 

· move the interrupt-routine-address into PC 

· move the contents of the address in MBR into indicated memory cell 

· continue the instruction cycle within the interrupt routine 

· after the interrupt routine finishes, the PC-save-address is used to reset the value of PC and program execution can continue 



Example Assembly code

· these are a simplified set of actual assembly language instructions 

· a particular computer might have a set of op codes representing each of the assembly instructions.

· LOAD register address ( Loads the value from memory at address into register
· STORE register address ( Stores to memory at address the value from register
· SET register value ( Sets register to value
· ADD0 register ( Adds the contents of the register to the register R0, the result is stored in R0
· SUBTRACT0 register ( Subtracts the contents of register from register R0 ( result is stored in R0.
· JUMP address ( Sets the PC to the address 
· JUMP0ZERO address ( Sets the PC to the address if the value of register R0 is 0 
· END ( Returns control to OS

Example C++ code fragment: 

	int Foo, Blah;

Foo = 27;

Blah = Blah - Foo;

if (Blah == 0)

    Foo++

The assembly code version: 

%---- Foo = 27;

 0 SET       R0 27

 1 STORE     R0 14

%---- Blah = Blah - Foo;

 2 LOAD      R1 14

 3 LOAD      R0 15

 4 SUBTRACT0 R1

 5 STORE     R0 15

%---- if (Blah == 0)

 6 LOAD      R0 15

 7 JUMP0ZERO     9

 8 JUMP         13

%---- Foo++

 9 SET       R1  1

10 LOAD      R0 14

11 ADD0      R1

12 STORE     R0 14

13 END

%---- int Foo, Blah; debug information

14 "Foo"

17 "Blah"


note: compiler optimisation would remove line 6!
Inheritance and Overloading

Week 9

· inheritance ( a new class inherits data & methods of an existing class ( moreover, the new versions of the class can be extended with new features (new data, new methods & overloaded methods!)

· in C++ this is implemented as: 

· base class = the existing class to be reused 

· derived class = the new class that inherits data & code from the base class

· the key advantage of class inheritance in a program is reuse of existing data and code, either to: 

· modified the behaviour of a class 

· to leave the base class unchanged but to create a new variant of it ( thus preserving the behaviour of the base class, and not effecting other parts of the code that use the base class 

· construct an object-oriented hierarchy 

· many problems are suits to object-oriented solution involving hierarchies of classes (eg. graphical user interfaces, databases) 

note: see book for basic account examples 
Declaration

· general form:

class <derived class name> : <access specifier> <base class name> {

   public:

      <public data and methods>

   protected:

      <protected data and methods>

   private:

      <private data and methods>

};

· protected members of a class are specified if a class may become a base class and you want to give the derived class access to these members 

· the full mechanism is as follows: 

· when the access specifier is private: 

· the protected & public members of the base class become private members in the derived class 

· when the access specifier is public: 

· the protected members of the base class become protected in the derived class, and public members in the base class are public members in the derived class 
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Implementation - Constructors in the base and derived classes

· implementation of a derived class is as for any class 

· however, declaring an instance of a derived class: 

· calls a constructor for the base class 

· then calls the appropriate constructor for the derived class 

· to control how the instances are constructed, you may specify which base class constructor to call using the following format when implementing the derived class: 

<derived class constructor>(<parameter list>) : <base class constructor>(<parameter list>) { ... }

Time Example:
	the base class:
	the derived class (using public inheritance):

	//##################### timeday.h

#ifndef TIMEDAY_H

#define TIMEDAY_H

#include <iostream.h>

class Time    {

private:

    int hours, minutes, seconds;

public:

    Time(int hr, int min, int sec);

    void display();

};

#endif

 

//#####################  timeday.cpp

#include "timeday.h"

Time::Time(int hr, int min, int sec) {

    hours = hr;

    minutes = min;

    seconds = sec;

}

void Time::display() {

    cout << hours << ':' << minutes << ':' << seconds;

}


	//##################### timezone.h

#ifndef TIMEZONE_H

#define TIMEZONE_H

#include "timeday.h"

enum timezone { gmt, est, cst, mst, pst };

class TimeZone : public Time {

private:

    timezone zone;

protected:

    const char *Zone();

public:

    TimeZone(int hr, int min, int sec, timezone zn);

    void display();

};
#endif

 

//##################### timezone.cpp

#include "timezone.h"

const char *TZ[] = { "GMT","EST","CST","MST","PST" };

TimeZone::TimeZone(int hr, int min, int sec, timezone zn) : Time(hr, min, sec) {

    // equivalent to a direct call to the base constructor: Time(hr,min,sec);

    zone = zn;

}

void TimeZone::display() {

    Time::display();

    cout << ' ' << Zone();

}

const char *TimeZone::Zone() {

    return TZ[zone];

}


Overriding base class methods in the derived class

· when a base class & a derived class have public methods of the same name & parameter lists, the method in the derived class overrides the base class method with the method is called 

· this is a special form of overloading but the parameters list don't have to differ! 

· eg:

	Time tm(23,15,45);

tm.display();      // calls the Time class's display method

TimeZone tz(10,26,0,est);

tz.display();      // calls the TimeZone class's version of the display method!


 

Pointers & Inheritance

· the overriding methods of a derived class are ignored when a pointer to the base class is assigned to point to a derived class object 

· eg:

	TimeZone tz(10,26,0,est);

Time* tp = &tz;

// point to the derived object with a base class pointer

tz.display();

// uses the derived class's version of the method

tp->display();

// uses the base class's version of the method!

the scope operator can be used to bypass the overridden methods: 

TimeZone tz(10,26,0,est);

TimeZone* tzp = &tz;

tzp->Time::display();

tz.Time::display();


Virtual Member Functions - the cool way to write methods...

· if you expect to override a base class method in a derived class with the same name & parameter list, you can declare it virtual
· the special feature of virtual functions is that: 

· pointers of base class type that point to derived classes use the overridden methods! 

· the C++ compiler uses a technique called "late binding" to resolve the correct method to use 

· again, the scope operator can be used to override this... 

	// the new version of timeday.h

#ifndef TIMEDAY_H

#define TIMEDAY_H

#include <iostream.h>

class Time    {

private:

    int hours, minutes, seconds;

public:

    Time(int hr, int min, int sec);

    virtual void display();

};

#endif

// then, it is possible to do:

TimeZone tz(21,42,12,pst);

Time* tp;

tp = &tz;

tp->display();              // now, this uses the derived version of the method!!!!


General Function Overloading

Motivation

· the task of a group of functions might be related by require slightly different parameters: 

void displayResult1(int result);

void displayResult2(apstring result);

· C++ offers function overloading - using a single function name for several version of the function 

· C++ can distinguish between the version by the parameter list (hence! the parameter list must differ somehow!, however, the return type does not influence overloading...) 

· eg:

	void displayResult(int result);

void displayResult(apstring result);

...

displayResult(42);   // uses the first version

displayResult("42"); // uses the second version!


Stacks and Queues

Week 10

· Stacks & queues = ADT ( a collection of elements (usually the same type) – similar to array.

· note: While arrays are random access, stacks & queues have a strict ordering of data access ( useful for many problems (eg. graph traversal, function call stack in C++, expression syntax, evaluation of expressions, backtracking in prolog, OS scheduling algorithms, simulations) 

· As with all ADTs, the underlying implementation of stacks & queues is ignored when using them in a client program

· (note: many different version of stacks & queues have been implement in different libraries, eg. STL, LEDA) 



Stack ADT

· Values: Ordered list of items 

· Properties:

· Zero or more items. Items are added and removed from the top only.

· Underflow ( Trying to Pop an element off an empty stack.

· Overflow ( Too many successive Pushs (without matching Pops) ( whilst conceptually unbounded, max number of elements on a stack may be fixed.

· Operations:

· Initialise ( Sets the stack to empty.

· Push ( Adds an item onto stack.

· Pop ( Removes top item and returns it.

· Empty ( Determines if there are any items on the stack.

· Top of stack ( Returns the top item on stack, but does not remove it.
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Code:

A simple implementation of stack ADT using arrays: (typically a linked list implementation is used... but array implementations are run-time efficient!):

	// a small program to test the operations of the stack ADT...

#include <iostream.h>

#include "stackclass.h"

int main(void) {

    stack myStack;

    bool running = true;

    char elem, task;

    do

    {

        cout << "Enter the task: ('+' push, '-' pop, '0' empty?, '.' stop:";        cin >> task;

        switch (task) {

            case '+':

                cout << "Enter char to push: ";                cin >> elem;

                if (!myStack.Push(elem)) {

                    cout << "overflow!!!" << endl;

                    return 0;

                }

                break;

            case '-':

                if (!myStack.Pop(elem)) {

                    cout << "underflow!!!" << endl;

                    return 0;

                }

                else cout << "popped: " << elem << endl;

                break;

            case '0':

                if (myStack.Empty()) cout << "empty stack!" << endl;

                else cout << "Non empty stack." << endl;

                break;

            case '.':

                running = false;

                break;

            default:

                cout << "error! please enter a valid task char..." << endl;

        }

    }

    while (running);

    return 0;

}


note: consult website to see more


Application of stacks –  evaluation of arithmetic expressions

· Stacks are useful for backtracking problems (eg: navigating a maze) ( previous states are recorded so that algorithmic progress may occur from them at a later time 

· Stacks are the implementation technique used for embodying backtracking

· some compilers convert the infix expressions used in programming to postfix expressions, and generate machine code to evaluate them.

· In infix the operator is written between the operands:
A * B + (C - D / E) 

· In postfix the operator is written after the operands:
A B * C D E / - + 

· In postfix notation, ()s are needed. ie. the evaluation is unambiguous and does not rely on operator precedence.

· Converting infix to postfix: 

· By hand, add ()s to all subexpressions, then move the operators to the position of the corresponding ), and delete (s. eg.

  A * B  + (C -  D / E)

((A * B) + (C - (D / E)))

((A   B*   (C   (D   E/-+

  A   B*    C    D   E/-+

· Here is an algorithm that uses backtracking via a stack for converting infix to postfix: 

· the stack contains the elements: + - * / ( 

· this algorithm can be augmented to detect incorrect syntax

	Initialise stack

Read symbol ch

While not end of expression

    If ch is an operand

        Append it to the postfix

    If ch is (

        Push ch

    If ch is )

        Pop stack

        While popped value is not (

            Append popped value to postfix

            Pop stack

    If ch is an operator

        While stack not empty, and

              top of stack != (, and

              priority of top of stack >= priority of ch

            Pop stack

            Append popped value to postfix

        Push ch

    Read symbol ch

While stack not empty

     Pop stack

     Append popped value to postfix


· eg run: (top of the stack is the leftmost element)

	Infix 
	Stack 
	Postfix 

	A * B + (C - D / E) 
	Empty 
	

	* B + (C - D / E) 
	Empty 
	A 

	B + (C - D / E) 
	* 
	A 

	+ (C - D / E) 
	* 
	AB 

	(C - D / E) 
	+ 
	AB* 

	C - D / E) 
	(+ 
	AB* 

	- D / E) 
	(+ 
	AB*C 

	D / E) 
	-(+ 
	AB*C 

	/ E) 
	-(+ 
	AB*CD 

	E) 
	/-(+ 
	AB*CD 

	) 
	/-(+ 
	AB*CDE 

	Empty 
	+ 
	AB*CDE/- 

	Empty 
	Empty 
	AB*CDE/-+ 


  

· Evaluating postfix: 

· once an expressions has been parsed from infix to postfix, another backtracking algorithm is used to evaluate the expression

· the contents of the stack here are: variable names & values

	Read symbol ch

While not end of expression

    If ch is an operand

        Push ch

    Else Pop RHS

         Pop LHS

         Compute LHS ch RHS

         Push result

    Read symbol ch

Pop stack and print result


· eg: A = 5, B = 3, C = 6, D = 8, E = 2

	Postfix 
	Stack 

	AB*CDE/-+ 
	Empty 

	B*CDE/-+ 
	A 

	*CDE/-+ 
	BA 

	CDE/-+ 
	15 

	DE/-+ 
	C 15 

	E/-+ 
	DC 15 

	/-+ 
	EDC 15 

	-+ 
	4 C 15 

	+ 
	2 15 

	Empty 
	17 


· And the answer is 17. 



Queue ADT

· Values: Ordered list of items 

· Properties: 

· Zero or more items. Items are added to one end ( the rear (or tail) & removed from the other end ( the front (or head). 

· Underflow(  Trying to Dequeue an item off an empty queue is called. 

· Overflow ( Too many successive Enqueues (without matching Dequeues) ( whilst conceptually unbounded, max number of elements on a queue may be fixed.

· Operations: 

· Initialise - Sets the queue to empty. 

· Enqueue - Adds an item onto the rear. 

· Dequeue - Removes an item from the front, and returns it. 

· Empty - Determines whether or not there are any items in the queue. 

· Front of queue - Returns the item at the front of the queue, but does not remove it. 
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Code:

Shows class implementation of (queueclass.cpp):
	//-----------------------------------------------------------------------------

#include <iostream.h>

#include <iomanip.h>

#include "queueclass.h"

//-----------------------------------------------------------------------------

queue::queue(void) {

    Initialize();

}

//-----------------------------------------------------------------------------

void queue::Initialize(void) {    //----Set the front and rear pointers

    Front = 0;

    Rear = -1;

}

//-----------------------------------------------------------------------------

bool queue::Enqueue(element Item) {    //----If there is space then store the item

    if (Front == (Rear + 2) % QUEUE_SIZE)

        return(false);

    else

    {

        Rear = (Rear + 1) % QUEUE_SIZE;

        TheItems[Rear] = Item;

        //----Return true

        return(true);

    }

}

//-----------------------------------------------------------------------------

bool queue::Dequeue(element &Item) {

    if (!Empty())

    {

        //----Take of the item

        Item = TheItems[Front];

        Front = (Front + 1) % QUEUE_SIZE;

        //----Return true

        return(true);

    }

    else return(false);

}

//-----------------------------------------------------------------------------

bool queue::Empty(void) {

    //----Check if the pointers are two apart, modulo queue size

    return((Rear + 1) % QUEUE_SIZE == Front);

}

//-----------------------------------------------------------------------------

bool queue::FrontOfQueue(element &Item) {

    if (!Empty())

    {

        //----Copy the item

        Item = TheItems[Front];

        //----Return true

        return(true);

    }

    //----If no items return false

    else return(false);

}

//-----------------------------------------------------------------------------

void queue::Print(void) {

    int Index;

    if (Empty())

        cout << "Empty" << endl;

    else

    {
        Index = Front;

        while ((Rear + 1) % QUEUE_SIZE != Index)

        {

            cout << TheItems[Index] << " ";

            Index = (Index + 1) % QUEUE_SIZE;

        }        //----Print from front to rear of queue until index is passes
        cout << endl;

    }

}


A Touch of Graph Theory

Week 10

· Graphs = abstract models of related entities 

· Graphs are used in many disciplines and many ways: structure charts, computer network structures, maps, integrated circuits, databases, chemical structure of molecules, etc.

· Algorithms are used to: travel from one point to another in a graph, distribute or compute info over a graph

Basic Definitions:

· Graph = A collection of nodes (vertices) and edges (arcs, links) between nodes

· The recursive definition for a graph is: 

· a graph is either empty or a node with edges to another graph

· In a diagram of a graph, nodes are typically circles and edges are lines (sometimes with arrows) between particular nodes

· eg, this is a graph with five nodes and seven directed edges (arcs):
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Ways of represent graph info:

· Represent basic structure using a collection of node names & pairs of node names for the edges:

V = {A, B, C, D, E}

E = {(A,B), (A,C), (B,C), (B,D), (B,E), (C,E), (D,E)}

· Alternative ( use a two-dimensional node matrix where numbers represent edges (note: easy to implement in C++ but quite inefficient)

	 
	A
	B
	C
	D
	E

	A
	 
	1
	3
	 
	 

	B
	 
	 
	1
	2
	3

	C
	 
	 
	 
	 
	2

	D
	 
	 
	 
	 
	1

	E
	 
	 
	 
	 
	 


 

· Alternative ( use an array of lists of nodes

· every node has a list of adjoining (or adjacent) edges 

· this list is called an adjacency list: 

adj[A] = {B,C}
adj[B] = {C,D,E}
adj[C] = {E}
adj[D] = {E}
adj[E] = {}

· undirected edges are typically represented by a pair of directed edges: 
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· A graph is connected if every node is reachable (along a sequence of edges) from every other node

· A sequence of edges in which no node repeats is called a path 

· eg: Here is a graph modeling the structure of the arithmetic expression: (A - B) + C * E / F 

· Here, the nodes have names and data values (the operators and operands) 
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	· adjacency list: 

adj[a] = {b,c}

adj[b] = {d,e}

adj[c] = {f,g}

adj[d] = {}

adj[e] = {}

adj[f] = {h,i}

adj[g] = {}

adj[h] = {}

adj[i] = {}



· This graph is called a tree
· Leaf nodes ( the lowest level nodes with no child nodes below them 

· Root node ( the first node in the tree (the source of the tree), having no parent nodes above them 

· This tree is a binary tree as each node has at most two child nodes 

· each node in a binary tree can have a left and/or right child node.

· the recursive definition for a tree:

· a tree is either empty or a node with edges to other trees 

Graph Traversal

· traversal = progressing from one point to another via edges in a graph 

· There are many different types of graph traversal algorithms that compute info over graphs

· eg: The above tree can be traversed in various ways to get infix, postfix and prefix expressions:

	PreFix(node)

   if (node != empty) then

      output name(node)

      PreFix(left(node))

      PreFix(right(node))
	PostFix(node)

   if (node != empty) then

      PostFix(left(node))

      PostFix(right(node))

      output name(node)
	InFix(node)

   if (node != empty) then

      InFix(left(node))

      output name(node)

      InFix(right(node))


· note: all these functions are recursive (the call stack is used to "remember" the previous state of the functions) ( this is another form of backtracking
· A more general form of graph traversal utilizing backtracking is constructed using a stack based algorithm:

· the visited Boolean array is used to determine if the traversal has already reached a particular node 

· This particular graph algorithm is called: Depth-First Search (DFS) ( it explores as deep as possible into a graph first, then backtracks to all the possible alternatives at each node

· DFS is used in more complex algorithms to apply orderings to nodes (called a topological sort), or to find out how strongly connected a graph is

· variants of DFS are also used in artificial intelligence (AI) for computing over search spaces, (eg. using a DFS-based algorithm, program can compute next chess move)

	Initialise Stack

for every node v in the graph do

   visited[v] = FALSE

Push the starting node onto the Stack

while Stack not Empty do {

   let u = pop node from the Stack

   visited[u] = TRUE

   for each v in adj[u] do {

      if visited[v] == FALSE then {

         push v onto the Stack

      }

   } 

}


· in the binary tree above, with the root node as the start node, the following order of traversal is achieved by DFS: 

Traversal Order of DFS(a) = {a, b, d, e, c, f, h, i, g}

· in the 5-node 7-edge graph above, the following order of traversal is achieved by DFS:

DFS(A) = {A, B, C, E, D}

· If we substitute a queue for the stack in the above algorithm, all adjacent nodes are explored first ( this variant explores a level at a time with no backtracking! 

· the algorithm is called: Breadth-first Search (BFS) 

· BFS is used in more complex graph algorithms for finding the shortest paths in a graph with edge values ("weights") – this is a critical algorithm for the internet (to find the fastest way to connect your computer to a remote computer...) 

· variants of BFS is also used for search space algorithms in AI 

· here is the algorithm:
	Initialise Queue

for every node v in the graph do

   visited[v] = FALSE

Enqueue the starting node onto the Queue

while Queue not Empty do {

   let u = dequeue node from the Queue

   visited[u] = TRUE

   for each v in adj[u] do {

      if visited[v] == FALSE then {

         enqueue v onto the Queue

      }

   } 

}


· here are the traversal orders under BFS for the binary tree and the 5-node 7-edge graph above:

BFS(a) = {a, b, c, d, e, f, g, h, i}

BFS(A) = {A, B, C, D, E}

 

· note: BFS is finding the shortest paths from the starting node to each of the remaining nodes in a graph! (where the edge weights are assumed to be 1)

· (very advanced stuff!!!): here is the more general algorithm for finding shortest distances along paths in weights graphs: 

· here we need to record summations of edge weights ("distances") in every node 

· note that the queue is a priority queue (the ordering of the nodes is by minimal distances, rather than the order of enqueues) 

· priority queues are themselves an ADT and are typically implemented using trees (called heaps)

	Initialise the PQueue

for every node v in the graph do

   visited[v] = FALSE

   distance[v] = infinity

   enqueue v to PQueue

distance[starting node] = 0       // this makes the starting node first in the order of PQueue!

while PQueue is not empty do {

   let u = dequeue node from the PQueue // having the minimal distance

   visited[u] = TRUE

   for each v in adj[u] do {

      if distance[v] > (distance[u] + edge-weight-of(u,v)) then {

         enqueue v onto the PQueue

      }

   }

}


· here is the resulting graph after applying the algorithm (the dark lines indicate the shortest paths from which the distance values where computed): 
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Networks and Communications

Week 11

General Aspects of Communications: 

· Transmitting info

· typical situations:

· phone/conference calls

· transmitting info between computers (eg. send faxes, data, etc.)

· sending signals (eg. TV, radio) from a central site to many sites

· methods of transmission:

· wire-based ( (phone lines, twisted-pair cables, coaxial cables, fibre-optic cables)
· wireless broadcast ( (microwave, satellite)
· Problem: most existing methods are analog (continuously variable signal)

· Using Digital & Analog

· Computers are digital

· A  digital signal is stored as a sequence of binary numbers inside computer 

· The sequence is composed of binary values of the signal at regular intervals

· Digital to Analog Converter (DAC) ( hardware used to send digital info via phone line 

· converts digital info (signal) into analog signal (eg. sound waves) 

· filtering often necessary (to remove unwanted data and clean the signal) 

· Analog to Digital Converter (ADC) ( hardware which receives analogue signal & converts to digital

· note: A modem consists of ADC & DAC components.

· The relative capacity of existing methods: 

· analog phone line ( 56KB/sec, long distance connections

· twisted-pair ( 1MB/sec, close range connections

· coaxial ( 20MB/sec, connections within 1Km

· optical ( many GB/sec!, long distance connections, but $$$

note: A network is only as fast as its weakest link



What is Analog Information?

· An analog system uses controllable properties of electricity (current and/or voltage) as an "analog signal" to represent info ( electricity models info.

· eg: Car electronic fuel gauge:

· fuel level is measured by a float ( float varies current through an analog electronic circuit ( fuel meter measures this current & indicates fuel level.

· (the current change closely matches the actual fuel level (almost linear)
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· When making a telephone call: 

· sound waves received by mouth piece ( waves converted into a varying signal of electric current ( signal sent along telephone wire ( at the other end, the electric current is converted back to sound in the ear piece.

Example of converting an analog signal to a digital signal:

· The analog signal might be the continuous fluctuations in the frequency of a sound wave. 

· the ADC samples the analog signal at regular intervals and records a sequence of numbers

· The numeric digital signal might be the sequence: 1, 4,3,3,-3,-4,-3,-2,-1,0
(So that's: 0001 0100 0011 0011 1011 1100 1011 1010 1001 0000  in signed binary...) 

· note of interest: digital signals can be hidden (encoded) into an analog signal
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Types of Networks:

· LANs ( small range networks, 10s or 100s of machines ( can span nearby buildings

· WANs ( distributed networks, >1000s machines ( not restricted to one location

· typical requirements:

· network cards

· connections (cables)

· coaxial cables (midrange speed & $)

· twisted-pair (slow, cheap)

· fibre optic (extremely fast, extremely $)

· how to connect LANs together?

· Bridges (similar type of LANs) 

· Gateways (different type of LANs)



What network models do LAN and WAN use? 

· LAN: Client-Server & Peer-to-Peer

· Client-Server:

· a small number of servers ( provide shared access for many client computers 

· servers are specialized, high performance machines ( servers store shared applications, data & system files.

· clients are usually far less powerful ( clients make requests to the servers to access resources (eg. printers)

· Peer-to-Peer:

· all computers are equal in power

· running the network is shared by all computers

· resources are spread through all computers

· WAN: packets 

· typical long distance connections are dedicated lines (phone, fibre optic) & satellite links

· the data is transmitted in packets 

· a packet = data + destination info (eg. IP address) 

· the packet is sent from one machine to the next until the destination machine is reached

· routers coordinate the network load and transmissions of packets 



How do IP addresses work?

· every machine on the internet has a unique IP address (eg: 137.219.117.1) 

· each of the 4 numbers are called octets (eight bits for each of the four numbers) ( ( each octet can represent 256 values (0 - 255)

· all the 4 octets are added together to produce a single 32-bit number

· some IPs are special/reserved: 0.0.0.0 (for a default network), 255.255.255.255 (network broadcast to machine on the network), 127.0.0.0 (loopback network testing) 

· the octets are also used to define difference classes of networks

· the octets are used in various ways to define the Net & Host components

· Net component - the network that the machine belong to 

· Host component - the actual machine 

· there are five classes of network: 

· class A 

· very large networks (16 million hosts) 

· 1st octet is the Net component, a number from 1 - 126 

· class B 

· medium size networks (65 thousand hosts) 

· 1st octet is a number from 128 - 191 

· 1st & 2nd octets form the Net component 

· class C 

· small sized networks (254 hosts) 

· 1st octet is a number from 192 - 223 

· 1st, 2nd, & 3rd octets form the Net component 

· class D 

· used for multicasts (when a node sends a packet addressed to a special group address) 

· can access 268 million IP address 

· the 32-bits of the IP number always start with 1110 

· class E 

· the experimental class 

· can access 268 million IP address 

· the 32-bits of the IP number always start with 1111 

What are Routers?

· routers = special purpose hardware and/or software that let packets flow between networks, rather than around inside a single network ( they form a part (or are) the gateway devices between networks

· a router connects to the Internet & the machines in the network ( they use powerful algorithms to communicate with other routers to decide the best possible connections between machines (the shortest path graph traversal algorithm is very useful for this)

· kinds of routers: 

· a program running on a computer so that a few machines can share an internet connection 

· a standalone machine (a server...) used to connect a small office network (LAN) to the internet (typically enforce data security via firewall) 

· huge standalone machines (very much like supercomputers!) that handle millions of data packets every second, typically sending them to other huge routers around the world... 

The Internet?

· Internet = a network of networks

· originated in 1973 ( research project by the Defense Advanced Research Projects Agency (DARPA)

· the goal: develop the ability to reliably connect a variety of computer networks so they are effectively a single big network

· if a machine goes down, then the next best way(s) to connect machines are automatically found

· each network in the Internet has a particular domain (eg. jcu.edu.au), & each machine has a name (marlin.jcu.edu.au) 

· these names & domains are resolved into IP address 

· there are sets of rules used to control how communication between different machine occurs - called network protocols 

· some of the various network protocols are: 

· IP (Internet Protocol) ( basic rules for enabling packets to be routed 

· ARP (Address Resolution Protocol) ( rules for the dynamic discovery of IP address from machine names/domains 

· RIP (Routing Information Protocol) ( the rules for how routers may communicate between each other 

· TCP (Transmission Control Protocol) ( based on IP and provides reliable, and efficient  transmission of data, a complex protocol 

· UDP (User Datagram Protocol) ( an alternative to TCP, but not as reliable or efficient, but is a simpler protocol 



Some Remote Access Unix Commands: 

· ftp machine  ( connects you to the machine and allows files to be sent & received (ASCII and binary files) 

· rcp userid1@host1:file1 userid2@host2:file2 ( remote copy; sends files from one account to another. note: requires special permissions (.rhosts set correctly...) 

· rsh machine  ( remote login to the machine 

· rsh machine -l userid command  ( executes the cmd on the machine, under the user's account 

· telnet machine  ( opens a telnet session to the machine

· rlogin -l userid machine  ( similar to rsh, but only lets you login 

· ssh -l userid machine command  ( same functionality as rsh & rlogin, but provides an encrypted connection

The file .rhosts stores a list of machines & userid's for accounts that you might have on various machines.

The list has to be correctly configured from both sides of the connection - local & remote versions of ".rhosts".
It also depends on the configuration of the OS.

This saves you from typing in passwords. 

eg:

	% hostname

barra.jcu.edu.au

% traceroute coral.cs.jcu.edu.au

traceroute to coral.cs.jcu.edu.au (137.219.47.16), 30 hops max, 40 byte

packets

 1  cat5k-tvl-rsm (137.219.16.2)  2 ms  3 ms  2 ms

 2  137.219.103.1 (137.219.103.1)  6 ms  6 ms  8 ms

 3  137.219.7.1 (137.219.7.1)  4 ms  3 ms  3 ms

 4  nbiilibrary (137.219.3.2)  4 ms  7 ms  5 ms

 5  coral.cs.jcu.edu.au (137.219.47.16)  4 ms  8 ms  3 ms

%

% cat .rhosts

atoll.cs.jcu.edu.au             jason

reef.cs.jcu.edu.au              jason

coral.cs.jcu.edu.au             jason

barra.jcu.edu.au                cpjjh

barra.jcu.edu.au                sci-jjh

%

% rsh coral -l jason ls -lFg

total 1803

-rw-------  1 jason     students    2998 Feb  6  1997 Canceled.mail

-rw-------  1 jason     students    4356 Apr 12  1997 Report.Apr97-1

drwx------  2 jason   students  1024 Mar  9 11:45 cp1200/

-rw-------  1 jason    students   0 Aug 27 16:39 foo

drwx------  2 jason   students   512 Feb  3  1998 gp/

...


	% ftp coral.cs.jcu.edu.au

Connected to coral.cs.jcu.edu.au.

220 coral.cs.jcu.edu.au FTP server (Version wu-2.4(5) Thu Nov 10 13:16:24

+1000

1994) ready.

Name (coral.cs.jcu.edu.au:sci-jjh): jason

331 Password required for jason.

Password:

230 User jason logged in.

Remote system type is UNIX.

Using binary mode to transfer files.

ftp> ascii

200 Type set to A.

ftp> bin

200 Type set to I.

ftp>

ftp> get q.gs

200 PORT command successful.

150 Opening BINARY mode data connection for q.gs (238 bytes).

226 Transfer complete.

238 bytes received in 0.028 seconds (8.4 Kbytes/s)

ftp> quit

221 Goodbye.

% ls

Mail             one              q.gs

News             prolog           sbin

cp1300           public_html      sem2sci-jjh.tar

% cat q.gs

quicksort :: Ord a => [a] -> [a]

quicksort [] = []

quicksort (head:tail) = (pre head tail) ++ [head] ++ (post head tail)

        where

                pre head tail = quicksort [x | x <- tail, x <= head]

                post head tail = quicksort [x | x <- tail, x > head]

%


Theory of Computer Science

Week 12

Computability

· Problems range from simple (and computable) to noncomputable (no solutions...) 

The Halting Problem

· A program (or function), called H, that solves the Halting Problem takes as input any program P and any input X for P. 

· H outputs TRUE if P would halt when given input X, and outputs FALSE otherwise (eg.  if P would go into an infinite loop). 
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eg: Loop.cpp:

	          #include <iostream.h>

          #include <stdlib.h>

          int main(int argc, char *argv[]) {

             int Index;

             Index = atoi(argv[1]);

             while (Index != 0)

                 Index--;

             return(0);

          }


· does not halt for input X = -1, but does halt for input X = 5. 

· (H("Loop.cpp",-1) should output FALSE

· (H("Loop.cpp",5) should output TRUE. 

  

· A solution for the halting problem must work for all programs and all inputs. For some programs the analysis is easy, eg:
	#include <iostream.h>

int main(int argc, char *argv[]) {

     while (TRUE) ;

return(0);

}


· Will obvious never halt for any input. Similarly:

	#include <iostream.h>

int main(int argc, char *argv[]) {

     return(0);

}


· Will always halt for any input.

· note: most programs are a far more complicated ( solving the halting problem much harder!

The Halting Problem is Noncomputable

· We can prove that (no matter how hard we try) we will never find a program that solves the halting problem (ie: the halting problem is noncomputable)

· Assume that we actually have a program H that solves the halting problem. 

H(P,X) = True        if P halts when given input X

            = False       if P does not halt when given input X

· THE PROOF, by contradiction:

· Show that if H exists then contradictions are provable. Hence H does not exist.

· Construct a new program called I that takes as input a program P:

	I(P) {

if (H(P,P))

    while (TRUE) ;

else return(TRUE);

}


· I determines whether P does not halt when given itself as input. 

· I will go into an infinite loop if P does halt when given itself as input. 

I(P) = True     if P does not halt when given input P

           Loops    if P halts when given input P

· Now try to determine the value of I(I) : will I halt when given I as input. There are two cases to consider: 

· I(I) returns TRUE and halts 

· This means that H says that I does not halt when given I as input ( contradiction 

· I(I) goes into an infinite loop. 

· This means that H says that I halts when given I as input ( contradiction 

· Conclude that program I cannot exist. 

· I is constructed from H, so H cannot exist 

· The halting problem is noncomputable!

Other Noncomptable Problems

· The Totality Problem:

A program, called T, that solves the Totality Problem takes as input a program P. T outputs TRUE if P would halt when given any possible input, and outputs FALSE otherwise.

If the Totality Problem could be solved, then so could the Halting Problem. (the Totality Problem is noncomputable.

· The Equivalence Problem:

A program, called E, that solves the Equivalence Problem takes as input two programs P and Q. E outputs TRUE if, given any input, P & Q produce the same output, and E outputs FALSE otherwise. 

If the Equivalence Problem could be solved, then so could the Totality Problem. (the Equivalence Problem is noncomputable.

· others: 

· diophantine equations (impossible to write a program to find the solution for certain polynomial equations over integers) 

· basically, any nontrivial property of a program is noncomputable (eg. user input, the order of system calls in an OS, etc...) 



Time Complexity and Big-O Notation

· Consider this code for adding 7 to each element of an array: 

	for (Index = 0; Index < N; Index++)

     TheArray[Index] = TheArray[Index] + 7;


How long will it take on a computer? 

· The operations performed are: 

· Index = 0 ( once 

· Index < N, TheArray[Index] =, + 7, Index++ ( N times 

· Time taken is dominated by operations done N times. (ie: is proportional to N ( linear)

· The proportion depends on the computer time to do <, +, ++ 

· Consider this code for multiplying each element by 2 and adding 7: 

	for (Index = 0; Index < N; Index++)

     TheArray[Index] = TheArray[Index] * 2 + 7;


How long will it take on a computer? 

· The only change is * 2 - N times. The time is taken is still proportional to N. 

· The Big-O notation says this code is O(N). 

· This is short hand for saying "proportional to N", and indicates linear complexity. 

· This is commonly said as "order N". 



A bit formal, Big - O

· let there exist a function f(n) on integers 0, 1, .... 

· let there be an algorithm A, let the number of operations (or memory cells) required by A to run be |A| 

· if |A| <= C * f(n) where C is a constant, then |A| is at worst proportional to f(n) 

· O(f(n)) follows this rule, and we say that algorithm A takes O(f(n)) time (or space) 

· eg: 

· let algorithm A be a summation of the data in an array of n elements 

	sum = 0;

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

   sum += Arr[i];


· assume that (it turns out that) the number of operations is: |A| = 4n + 1 

· if we let f(n) = n, and C = 5 then the following sequences occur:

	n
	4n + 1
	5n

	0
	1
	0

	1
	5
	5

	2
	9
	10

	3
	13
	15

	4
	17
	20

	...
	...
	...


· as you can see, 5n over takes 4n + 1 eventually at n = 2 

· and after that point, 5n >= 4n + 1 

· thus, O(n) = 4n + 1, the number of operations of the algorithm A is at worst, proportional to n! 

· note: the space complexity is clearly also O(n), or is it?!
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Orders of magnitude

· Given an array of N integers, how complex is:

· Add 1 to the first element. Write down the result.

· Look at the middle element; if it is odd then repeat this operation on the top half of the array, otherwise repeat it on the bottom half of the array, until the portion of the array being used has only one element. Write down that last element. 

· Add 7 to each element. Write down each result. 

· For each element do the operation of recursively looking at the middle element, described above, but making the decision based on the polarity of the difference between the middle element and the element under consideration. 

· For each element, multiply it by each other element. Write down each result. 

· Write down 0. For each element of the array, write down the sum and difference between the element and each value written down when using the previous element (starting with 0 the first time round).

· The major groups of time complexity are: 

· Constant ( O(1) 

· Logarithmic ( O(logb(N)) 

· Linear ( O(N) 

· Log-Linear ( O(N * logb(N)) 

· Polynomial ( O(Nm) 

· Exponential ( O(kN) 

· The differences due to the factors of proportion are insignificant compared to the differences caused by higher complexity. 

	1
	1
	1
	1
	1
	1
	Constant 

	log10N 
	0 
	1 
	2 
	3 
	4 
	Logarithmic

(Base 10)

	log2N 
	0 
	3.32 
	6.64 
	9.96 
	13.29 
	Logarithmic

(Base 2)

	N 
	1 
	10 
	100 
	1000 
	10000 
	Linear 

	N * log10N 
	0 
	10 
	200 
	3000 
	40000 
	Log-Linear 

	N2 
	1 
	100 
	10000 
	1000000 
	100000000 
	Polynomial

(Order 2)

	N5 
	1 
	100000 
	10000000000 
	1015 
	1020 
	Polynomial

(Order 5)

	2N 
	2 
	1024 
	1.26765 * 1030 
	eeek 
	mega eeek 
	Exponential 


· The factors of proportion can be omitted for large enough data ( this is always assumed in Big-O analysis.

· ie: O(100N) = O(N)

· The smaller order complexities in a sum can be omitted for large enough data ( this is always assumed in Big-O analysis. 

· ie: O(100 * N2 + 4N) = O(N2) 

· eg: what are the Big-O's for the following??! assume that "Do Something" takes constant time... 

	for (k=1; k <= n/2; k++) {

    for (j=1; j <=n*n; j++) {

        Do Something

    }

}


O(n/2 * n2) = O(n2)

	for (k=1; k <= n/2; k++) {

    Do Something

}

for (j=1; j <=n*n; j++) {

    Do Something

}


O(n/2 + n2) = O(n2)

	k = n;

while (k > 1) {

    Do Something

    k = k/2;

}


O(log2n)

· Space Complexity

· The complexity of a program can also be measured by how much memory it needs.

· There are known relationships between time and space complexity, and often one can be traded for the other. 

· more space ( less time 

· more time ( less space 



Turing Machines

· When we discuss an algorithm we have to write it down. 

· The notation plays a big part in how understandable the algorithm is etc. 

· We have written algorithms down as numbered English steps while we design them. This is one notation for an algorithm.

· Once we have refined our design enough we translate our algorithm into C++. 

· Thus C++ is another (more formal) notation for algorithms.

· Computer scientists & mathematicians have defined lots of different ways of writing algorithms. 

· There are many different programming languages. 

· More theoretically, there are mathematical notations that also serve to describe algorithms. 

· Even though there are many different ways to write algorithms it seems likely that they are equivalent. 

· This notion is called the Church-Turing thesis and is named after the two people who pioneered a lot of this theoretical work.

· Informally, the Church-Turing thesis can be stated as the following two statements: 

· All reasonable definitions of "algorithm" which are known so far are equivalent. 

· Any reasonable definition of "algorithm" which anyone will ever make will turn out to be equivalent to the definitions we know.

· No-one has proven the Church-Turing thesis, but no-one has disproved it either & it is widely accepted to be true. 

· If we believe the Church-Turing thesis we can talk of "algorithms" in a general way without having to worry too much about precisely what they are.

· Alan Turing was a pioneer of Computer Science and one of his main contributions is the Turing Machine. 

· This isn't a real machine like a PC ( it is a hypothetical machine. 

· It is interesting because it is a very simple machine but it turns out to be powerful enough to compute anything that much more complex computers can compute. 

· Much of the theory of computer science is concerned with studying the properties of Turing Machines. 

· A Turing Machine consists of: a tape and a control unit. The tape is used to store info stored in tape squares ( can be thought of as similar to the main memory or secondary storage in our computers.

· Tape squares are similar to the memory locations in a real computer. 

· The control unit is similar to a CPU. 

· To connect the control unit & tape there is a read/write head by which the control unit can read what is on the tape or write new info on the tape. 

· The tape can be moved to the left or the right so the head can access all parts of the tape. 

· The control unit uses a state table. 

· The state table is an array indexed by the current state and the symbol that is in the tape square underneath the read/write head.

· The entry in the table is a state and an action to perform.

· To begin a computation using a Turing machine we:

· Put a string of symbols onto the tape ( these symbols are the input to the computation. 

· Put blanks in all unused tape squares.

· Make the read/write head point to the leftmost input symbol.

· The control unit starts in: state S.

· At each step of the computation the control unit performs the following: 

· Put the control unit into a new state determined by the machine's state table. 

· Performs the action specified by the state table. That is one of: 

· Writes a symbol in the tape square underneath the read/write head, replacing the one already there. 

· Moves the tape head to the left or the right. 

· There is a special halt state H; when the machine reaches state H computation stops. 

· The output of the computation is on the tape. 

· It may seem that a Turing machine can't do much ( however it is actually more powerful than much more complicated computers.

· A Turing Machine Program:

· Assume that we have a string consisting of A's and B's and we want to convert all of the B's into A's. 

· To solve this problem with a Turing machine we need a state table. 

· What we need to do is examine the symbol under the read/write head. 

· If it's an A ( move to the next symbol

· If it's a B ( change it to an A & move to the next symbol. 

· Because we cannot write a symbol and move in one step we need another state to encode this info.

· Here is a state table for our machine:

	
	Data 

	State 
	A 
	B 
	' ' 

	S 
	S
Move right 
	S1
Write A 
	H

	S1 
	S
Move right 
	  
	  


· Let's assume that the input is ABBA and see what the Turing machine does. 

	State:
	#
	
	
	
	

	S 
	A
	B
	B
	A
	

	State:
	
	#
	
	
	

	S 
	A
	B
	B
	A
	

	State:
	
	#
	
	
	

	S1 
	A
	A
	B
	A
	

	State:
	
	
	#
	
	

	S 
	A
	A
	B
	A
	

	State:
	
	
	#
	
	

	S1 
	A
	A
	A
	A
	

	State:
	
	
	
	#
	

	S 
	A
	A
	A
	A
	

	State:
	
	
	
	
	#

	S 
	A
	A
	A
	A
	

	State:
	
	
	
	
	#

	H 
	A
	A
	A
	A
	


· Programming computers is a complex activity.

· Usually there is a relatively complex programming language involved

· Programs are executed on a complex piece of hardware.

· Different people like different programming languages and buy different machines.

· It can be hard for theoreticians to talk about computation in abstract terms unless they can agree on the programming language to use and the machine on which to run programs. 

· Turing machines are useful because they are an abstract model of computation that can be used as a common base by theoreticians.
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The output format for time is: U S E P X+D I+O F+W 


For our purposes, the main ones are: 


U ( user time (CPU seconds not including system calls) 


S ( system time (CPU seconds for system calls only) 


E ( elapse time (overall time to run the process) 


P ( user and system time as a percentage of elapse time 


For /usr/bin/time the outputs are: 


real ( the overall time in seconds 


user ( the user time (U) 


sys ( the system time (S) 





The outputs are: 


PID: Process Id (a unique number) 


TTY: the text window 


S: the state of the process 


R - running 


S, I - sleeping or idle process 


T - stopped process 


TIME: process runtime 


CMD: the text cmd that started the process


The other outputs (for the -f option) are: 


UID: User Id (account name) 


PPID: Parent Process Id (also unique) 


C: the process CPU usage (%)


STIME: the process start time 
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