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 Answer four only of the following problems,

 Each problem grade is 25 points,

 Maximum grade is 100 points.

Problem (1):

1.1 Obtain the list of register transfer operations that change the contents of the AR from the table of control functions of the basic computer. Show the control hardware implementation associated with the AR.

1.2 A digital computer has a memory unit with 24 bits per word. The instruction set consists of 150 different operations. There are only one type of instruction format with an operation code part and an address part. Each instruction is stored in one memory word.

(a) How many bits are needed for the operation code?
(b) How many bits are left for the address part of the instruction?

(c) How many memory-words that can be addressed?

(d) How many unused operation codes, if any, are there?  (e) What is the largest unsigned binary number, expressed in decimal format, which can be accommodated in one memory word? 

Problem (2): 

2.1 A two-word instruction is stored in memory at an address designated by the symbol (W). The address field of the instruction (stored at W + 1) is designated by the symbol (Y). The operand used during the execution of the instruction is stored at an address symbolized by (Z). An index register contains the value X. Show how Z is calculated from the other addresses if the addressing mode of the instruction is:

(a) direct
(b) indirect
(c) relative
(d) indexed.

2.2 A first-in-first-out (FIFO) memory unit that stores information in such a manner that the item first in is the item first out. Show how a FIFO memory operates with three counters:

a write counter WC that holds the address for the memory write operation, a read counter RC that holds the address for  the read operation, and the an available storage counter ASC that indicates the number of items stored. ASC is incremented for every item stored and decremented for every item that is retrieved. The memory unit communicates with the AR and the DR.

 Hint: Show the operations required to write or read a memory word

Problem (3):

3.1 The memory stack in a 16-bit computer contains 5A14 ( all numbers are in hexadecimal). The stack pointer contains 3A56. A two-word call subroutine instruction is located at memory address 013E followed by the branch address of 67AE at memory address 013F. What is the contents of PC, SP, and the memory stack:

(a) Before the call instruction is executed?
(b) After the call instruction is executed?

(c) After the return from subroutine?
(d) After a second return from subroutine following the one in part (c).

3.2 (a)What is average cost per bit and the access time of the four-level memory system specified in table below? (b) Suppose that, as a cost saving measure, the cache is eliminated from the system, determine the percentage change in system’s cost and access time.

Memory
Capacity (bits)
Cost ($/bit)
Access time (s)
Hit ratio

Cache
210
10-1
10-8
0.990000

Main
220
10-2
10-6
0.999900

Secondary
230
10-4
10-2
0.999999

Tertiary
240
10-6
10-1
1.000000

Problem (4):

4.1 Explain briefly using schematics whenever possible:

1 Virtual address extension,

2 Associative memories,

3 Relation between the Hit Ratio and the Access Efficiency for a two-level memory system,

4 Program counter,  sequence counter, match register, and key register.

4.2 Write a program to evaluate the arithmetic statement, shown below, using a stack-organized computer.



X = A*(B+C)/ (D+E)

.



Problem (5):

5.1 Draw a block diagram for a bus system connected to four registers with information transferred serially from any register to any other register. Use a decoder and a multiplexer to select the source register and a decoder to select the destination register.

5.2 Show that the statement




A ← A + A

symbolizes a shift-left micro-operation. 
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