Assignment 1

Computer Organization and Software

COEN 311

Solve all the questions, and do not return the solutions. The quiz, with atleast one randomly selected question from Assignment 1, will take place in class during lecture.
Question 1 (Binary Numbers)

(a) Convert the following pairs of decimal numbers to 5-bit, signed, 2’s complement numbers and add them. State, whether or not overflow occurs in each case.

1) 5 and 10

2) 7 and 13

   1 1 1 0    
   00111  (7)

+ 01010 (10)

----------------

0 10001 (-15) in 2’s complement form


There is an overflow since carry in = 1, and carry out = 0.

3) -14 and 11

4) -5 and 7

5) -3 and -8

6) -10 and -13

   0 1 1 0    
   10110  (-10)

+ 10011 (-13)

----------------

1 01001 (+9) in 2’s complement form


There is an overflow since carry in = 0, and carry out = 1.

b) Repeat Part (a) for the subtract operation, where the second number of each pair is to be subtracted from the first number. State whether or not overflow occurs in each case. 

Question 2 (Memory)

(a) What is the smallest addressable unit in main memory? What are the other addressable units in memory? Define them.

Byte is the smallest addressable unit in main memory.

Word and long word are the other addressable units in memory

(b) Can the word $ABC1 be stored at location $01EB? Can the preceding word be stored at location $01EF? Is there any location between the preceding addresses, that a word can be stored?

The word $ABC1 cannot be stored at location $01EB, since $01EB is not an even address.
It can also not be stored at location $01EF, since $01EF is also not an even address.

The word can be stored between these two addresses at locations $01EC and at $01EE.

Question 3 (Memory)

If a byte is stored at address $1000, can a word be stored adjacent to it? If the byte is stored at address $1001, does it change your answer? If so, for what reason?

If a byte is stored at address $1000, a word cannot be stored adjacent to it, since it will be an odd address $1001.

If the byte is stored at address $1001, then a word can be stored at $1002 since it is now an even address.

Question 4 (Memory)

A byte organized memory chip with 11 bit address bus is used as a building block in a

larger memory organization.

a) Calculate the capacity of the above chip.

C = 211 bytes = 2Kbytes

b)  If the above chip is used to build a 64 KB long word organized (32 bit) memory,

calculate the number of chips needed. 

For 64Kbytes memory, we would need 64/2 = 32 memory chips,

which are aligned as 8 rows and 4 columns.

4 columns because the memory is long word organized.
      c) 
Specify the new Memory Address map, and the Memory Connections to the CPU for this new 32-bit word-organized memory with 11-bit address bus.
Each row would need 11 address lines from the CPU and 32 data bus lines.

3 address lines from CPU are required to decode which one of the 8 rows of memory will be chosen.

Therefore, a total of 14 address lines are required from CPU.

Question 5 (CPU)

(a) Explain the purpose of the Program Counter (PC) and how it operates. 

(b) What are the different types of registers in CPU? Explain the purpose of each.

See class notes.

Question 6 (CPU)

Explain how an instruction is fetched, interpreted and executed in a computer. 

See class notes.

