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The Computing Machine

• The computer is made up of a processor and a memory.

• The memory can be thought of as a series of locations to
store information.
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The Computing Machine

• A program is a sequence of instructions assembled for some
given task.

• Most instructions operate on data.

• Some instructions control the flow of the operations.



The Computing Machine : von Neuman Architecture



How does the computer represent data?

• To store : Numbers, text, graphics and images, video, audio,
program instructions.

• In some way, all information is digitized - broken down into
pieces and represented as numbers.

• Example : Representing Text Digitally.

• Every character is stored as a number, including spaces, digits,
and punctuation.

• Corresponding upper and lower case letters are separate
characters.
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The ASCII table

American Standard Code for Information Interchange (ASCII).



But, how does number get stored?

Number Systems.

• Decimal (base 10 - uses 10 symbols {0 . . . 9}. Eg : 0, 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 13 . . ..

• Unary (base 1 - uses 1 symbol)
Eg : 1, 11, 111, 1111, . . ..

• Binary (base 2) uses 2 symbols {0,1})
Eg : 0, 1, 10, 11, 100, 101, 110, 111, 1000, 1001, 1010 . . .

• Octal (base 8 uses 8 symbols {0 . . . 7})
Eg : 0, 1, 2, 3, 4, 5, 6, 7, 10, 11, 12, 13 . . .

• Hexadecimal(base 16 uses A-F for 10-15)
Eg : 0, 1, ..., 9, A, B, C, D, E, F, 10, 11, ... 19, 1A, 1B, ...
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Quick Primer on Number System : Base n

Take every ”digit” and multiply by increasing powers of n and add.
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Converting from Decimal to Binary

Convert the decimal number 39 to binary (base 2).



Which Number System? Binary !

• Devices that store and process information are cheaper and
more reliable if they have to represent only two states.

• A single bit can represent two possible states, like a light bulb
that is either on (1) or off (0). Hence representable by even
voltage levels in wires.

• The other number systems can be ”encoded in” binary
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Representing values in Binary

If we have m bits, we can represent 2m unique different values.

A useful circle :
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Representing negative numbers

Sign Magnitude notation

• Use one bit for sign, others for magnitude of the number.

Sign Magn.

0 0 0 0

0 0 1 +1

0 1 0 +2

0 1 1 +3

1 0 0 0

1 0 1 -1

1 1 0 -2

1 1 1 -3

• using n bits: −(2n−1 − 1) . . . (2n−1 − 1).

• zero has two representations.



Representing negative numbers

Sign Magnitude notation

• Use one bit for sign, others for magnitude of the number.

Sign Magn.

0 0 0 0

0 0 1 +1

0 1 0 +2

0 1 1 +3

1 0 0 0

1 0 1 -1

1 1 0 -2

1 1 1 -3

• using n bits: −(2n−1 − 1) . . . (2n−1 − 1).

• zero has two representations.



Representing negative numbers

Sign Magnitude notation

• Use one bit for sign, others for magnitude of the number.

Sign Magn.

0 0 0 0

0 0 1 +1

0 1 0 +2

0 1 1 +3

1 0 0 0

1 0 1 -1

1 1 0 -2

1 1 1 -3

• using n bits: −(2n−1 − 1) . . . (2n−1 − 1).

• zero has two representations.



Representing negative numbers

Ones complement notation
• for a negative number n, represent the number by the bit

complement of its binary rep. using k bits.
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