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Attempt Question 1 and any four from the rest 

Answer in Brief 

1. Consider a variant of instruction pipeline for a RISC processor, that we discussed in the class. 
The pipeline does not have hardware for data-forwarding, consists of six-stages, and have the 
following stages: 

(a) Fetch (F) 

(b) Register Access and Decode (R) 

(c) Execute (E1) 

(d) Execute (E2) 

(e) Data Memory Access (D) 

(f) Write Back (W) 

The following MIPS code fragment is to be executed on the above pipeline. 

~ Y4 $sO, A #Load constant A into general register $sO 
~ 1J $s1, B #load constant B into general register $s1 

add $s2,$s0,$s1 #Add ($sO) and ($s1), and put ·sum into $s2 
sw O($s3),$s2 #Store ($s2) in the memory locat~on addressed by $s3 
lui $s4, C #Load constant C into general register $s4 
add $s5,$s1,$s4 #Add ($s1) and ($s4), and put the sum in $s5 
sw O($s6),$s5 #Store ($s5) in the memory location addressed by $s6 

Answer the following questions: 

(a) Construct a task-time diagram (progress of instructions wrt. the clock cycles), as dis
cussed in class, designating the states of an instruction as F, R, E 1 , E2, D, W through 
the instruction pipeline. How many clock cycles are required to completely execute the 
program? 

(b) Determine a valid reordering of the program that will reduce the execution time. Con
struct the task-time diagram for the reordered program. 

5+5=10 marks 
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2. The objective of designing an instruction pipeline is to improve the performance of a processor. 
In regard to this answer the following questions: 

(a) State two most important benefits achieved owing to instruction pipelining. 

(b) Consider a 10-stage instruction pipeline running at a clock rate of 1 GHz. The data 
forwarding scheme and the instruction mix are such that for 15% of the instructions one 
bubble, for 10% two bubbles, and for 5% four bubbles must be inserted in the pipeline. 
The equivalent single-cycle implementation would lead to a clock rate of 150 MHz. 

i. What is the ideal CPI of the pipelined processor (ie. without the effect of the bub
bles)? What is the CPI accounting the bubbles? 

ii. What is the throughput in MIPS of the pipelined processor with and witt10ut the 
bubbles? 

4+6=10 marks 

3. Cache memories refer to a faster intermediate form of memory within a larger memory hier
archy. Answer the following questions, wrt. cache memories: 

(a) Suppose a 2KB cache has set-associative address mapping. There are 16 sets, each con
taining four cache blocks or lines. The memory address size is 32 bits, and the smallest 
addressable unit is the byte. Label the components of the 32-bit address for accessing 
the cache memory. 

(b) The following sequence of numbers represent memory addresses in a 64-word main mem
ory: 0, 1, 2, 3, 4, 15, 14, 13, 12, 11, 10, 9, 0, 1, 2, 3, 4, 56, 28, 32, 15, 14, 13, 12, 0, 1, 2, 
3. Classify each of the accesses as a cache hit, compulsory miss, capacity miss, or conflict. 
miss, given the following cache parameters: 

1. Direct mapped, 4-word lines, 4-line capacity. 

ii. Two-way set associative, 4-word lines, 2-set capacity, LRU replacement. 

5+5=10 marks 

4. (a) Explain very briefly the basic concept of the ultimate RISC processor. Also provide an 
example of such an instruction. 

(b) Assuming 2's complement operands, perform the binary multiplication 1010 x 1011, show
ing all the algorithmic steps and intermediate cumulative partial products. 

4+6=10 marks 

5. (a) In case of a Direct Memory Access, state the interactions between the CPU, the DMA 
controller, and the IO device with the help of a neat diagram. 

(b) Draw a simple interrupt logic circuit for a single cycle MIPS architecture with appropriate 
labels. 

5+5=10 marks 

6. (a) In context to instruction pipelining, explain briefly the difference between da.ta hazards 
and control hazards. State one technique of reducing the penalty due to control hazards. 

(b) Enlist the four changes in the architecture of the pipelined datapath from the non
pipelined counterparts. Note that even the multi-cycle datapath had intermediate register 
changes, so this feature should not be mentioned. You can either briefly enlist the changes, 
or label the changes with a neat diagram. 

4+6=10 marks 




