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Computer Architecture Question Bank

1)
Convert the following notations from infix to reverse-polish notation


a)
a * b + c * d + e * f


b)
a * b + a * (b * d + c * e)


c)
a + b * [c * d + e * (f + g)]


d)
[a * {b + c * (d + e)}]/f * (g + h)

a) a b * c d * e f *++

b) a b * a b d * c e *+*+

c) a b c d * e f g +*+*+

d) a b c d e +*+* f g h +*/

2)
Convert the numerical arithmetic expression to reverse-polish notation and show stack operations for evaluating the numerical result.


(6 + 9)[20 * (5 + 7)+ 6]
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3)
The content of the top of a memory stack is 5320. The content of the stack pointer is 3560. A two-word call sub routine instruction is located in memory at address 1120 followed by the address field of 6720 at location 1121. 

What are the content of the program counter, stack pointer, and the top of the stack 

a)
Before the call instruction is fetched from memory?

b)
After the call instruction is executed

c) After the return from subroutine

a) Program Counter – 1120, Stack Pointer – 3560, Top of Stack – 5320

b) Program Counter – 6720, Stack Pointer – 3561, Top of Stack – 1122

c) Program Counter – 1122, Stack Pointer – 3560, Top of Stack – 5320

4)
Draw a space-time diagram for a 6-segment pipeline for 8 tasks.
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5)
Determine the number of clock cycles to process 200 tasks in a 6-segment pipeline.


Number of clock cycles = number of segments (k) + (number of tasks (n) – 1)


= k + (n-1)


= 6 + (200 – 1)


= 6 + 199


= 205 cycles
6)
Differentiate between Isolated I/O and memory mapped I/O and give advantages and disadvantages of each. (388)

Memory Mapped I/O 

· Device is mapped to certain memory addresses.

· Reading/writing data from the processor's point of view is just reading/writing memory.
· Ports are organized to appear as part of the system memory space, and are hence accessible via any memory reference instruction supported by the CPU.

Advantages

· The CPU may support many powerful memory reference instructions, with support for various addressing modes that facilitate programming of generic I/O routines.

Disadvantages

· Slow execution times of generic memory reference instructions.

Isolated I/O

· Processor issues special instructions to read/write I/O data.
· Ports are organized to appear as an isolated collection of registers accessible via special I/O instructions.

Advantages
· When supported by the CPU, special I/O instructions typically execute faster than generic memory reference instructions, often because the address range that can be specified is limited.

Disadvantages
· CPU must support special I/O instructions and this may not always be the case.

7)
How many characters per second can be transmitted over 1200 baud line in the following modes:


a)
Synchronous serial transmission


b)
Asynchronous serial transmission with two stop bits


c)
Asynchronous serial transmission with one stop bit.


a)
8 bits – 1 character. Since one bit is transmitted in one baud, then # of characters per second = 1200 / 8 = 150
b) 8 bits + start and stop bits = 11 bits.

Chars per second = 1200 / 11 = 109

c) 8 bits + one stop bit (should include start bit) = 10 bits.

Chars per second = 1200 / 10 = 120
8)
Why are the read and write control lines in a DMA controller bi-directional? When are they used as inputs? Under what conditions are they used as outputs? (p415 - 417)


The read and write control lines in a DMA controller are bi-directional because they are both used as inputs and outputs in conjunction.


A bus request (BR) input is used by the DMA controller to request the CPU to gain control of the buses. When this input is active, the CPU terminates the execution of the current instruction and places the address bus, the data bus, and the read and write lines into a high impedance state.


The CPU activates a bus grant (BG) output to inform the external DMA that the buses are in the high–impedance state.


The direction of transfer of the read and write lines depends on the status of the BG line. When BG=0, the read and write are input lines allowing the CPU to communicate with the internal DMA registers. When BG=1, the read and write are output lines from the DMA controller to the RAM to specify the read or write operation of the data.

9)
What is the minimum number of bits that a frame must have in the bit-oriented protocol? 


Address – 8 Bits


Control – 8 Bits


Frame Check – 16 Bits


Minimum # of bits: 32

	Flag

01111110
	Address

8 bits
	Control

8 bits
	Information

Any number of bits
	Frame check

16 bits
	Flag

01111110


Frame Format for a bit-oriented protocol

10)
The access time of cache memory is 100ns and main memory is 1000ns. The hit ratio is 0.9. What is the average access time of the system?


If 80% of memory request are for read, 20% for write, a write-through procedure is used. What is the average access time of the system for both read and write requests?


Cache
(C) = 100ns


Hit Ratio (H) = 0.9


Memory Access (M) = 1000


Average access time = C + (1-H) M





= 100 + (1-0.9) 1000





= 100 + 100





= 200ns

11)
The logical address space in a computer system consists of 128 segments. Each segment can have up to 32 pages of 4K words in each. Physical memory consists of 4K blocks of 4K words in each. Formulate the logical and physical address formats.

	Blocks

12 bits (24)
	Word

12 bits (24)
	   
	Segment

7 bits
	Page

5 bits
	Word

12 bits




Physical Address





Logical Address


Let’s say we have the following values in the logical address for example:


Segment: 0000001


Page: 00111


Word: 000000000111


The combination of these values in the logical address is mapped to the physical address, and the actual word is retrieved.


Six hexadecimal characters can be stored in the word field of the logical address.



Logical Address

	Segment
	Page
	Word






      Segment Table
Page Table






	Block
	Word







(Physical Address)

x 12)
Discuss the difference between tightly coupled and loosely coupled multiprocessors from the viewpoint of hardware organization and programming techniques.


A tightly coupled multiprocessor is a multiprocessor computer in which the Central Processing Units share memory and one system bus whereas a loosely coupled multi processor is a multiprocessor computer in which the CPU's (Central Processing Units) have separate memory & system buses.

In a tightly coupled multiprocessor, the relationship between two computing processes whose successful completion and individual performance rates are highly inter-dependent.
13)
Discuss the following terminologies:


Mutual exclusion, critical section, hardware lock, semaphore


Mutual Exclusion


Mutual exclusion is a mechanism that a properly functioning multiprocessor system provides which will guarantee orderly access to shared memory and other shared resources. This is necessary to protect data from being changed simultaneously by two or more processors.


Critical Section


A critical section is a program sequence that, once begun, must complete execution before another processor accesses the same shared resource.


Hardware Lock


A hardware lock is a processor-generated signal that serves to prevent other processors from using the system bus as long as the signal is active.

Semaphore


A semaphore is a binary variable that is often used to indicate whether or not a processor is executing a critical section.

14)
What is cache coherence? Why is it important in shared memory multiprocessor systems?


Cache coherence is the problem that arises when copies of the same memory block are present in the caches of one or more processors; if a processor writes to and hence modifies that memory block, then other processors will continue to access the old copy of the block that is in their caches.


In a shared memory multiprocessor system, all the processors share a common memory. In addition, each processor may have a local memory, part or all of which may be a cache. The main reason for having separate caches for each processor is to reduce the average access time in each processor.
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