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1. (a) A benchmark suite B1 consists of equal proportion of class-X and class-Y instructions. 
Machine M 1 and M2, with identical! GHz clocks, have equal performance of 500 MIPS 
on B 1 . If we replace half of class-X instructions in B1 with class-Y instructions to derive 
another benchmark suite B2, M 1 's running time becomes 70% that of M2. If we replace 
half of class-Y instructions with class-X instructions to transform B1 to B3 , M 2 becomes 
1.5 times as fast as M 1 . What can you say about the average CPis (Clock Per Instruction) 
of M1 and M2 for the two instruction classes? 

(b) Explain the steps of DMA I/0 data transfer through a flow chart. What is cycle stealing? 

10+5=15 marks 

2. Consider a 5-stage pipelined data-path (similar to the one studied in the class), with the 
following stages: 

F : Instruction Fetch 
R : Decode and Register Access 
A Execute (ALU operations) 
D : Data Memory Access 
w : Register Write Back 

All instructions pass through these 5 stages, (F, R, A, D, W). 

Consider the following MIPS program: 

addi $9,$zero,O 
addi $12,$zero,500 

1 



Memory Address Set Word 
0 

31 

Table 1: Memory Mapping for the 2-way set associative cache 

addi $11,$zero,3 
loop:addi $12,$12,4 

lw $8,40($12) 
add $9,$9,$8 
addi $11,$11,-1 
bne $11,$zero,loop 

Regarding the above program answer the following questions: 

(a) First assume that the processor does not support data forwarding and branch prediction, 
and that the instructions are executed in-order. Further assume, that in case of a branch 
instruction, it gets resolved in the Decode stage. For the above program, depict the flow 
of the instructions through the pipeline with a task-time diagram (i,e showing the states 
of the instructions wrt. the clock cycles). In case of data and control dependencies, 
resolve them by insertion of suitable bubbles (stall). 

(b) Next assume that the processor supports data forwarding. The data-forwarding is from 
the output of the AL U or the Data Cache to the input of the AL U. For the same program 
depict the flow through the pipe-line with a task-time diagram showing the bubbles, which 
cannot be avoided. 

(c) Can you suggest any reordering which reduces the number of bubbles? 

10+10+5=25 marks 

3. In context to data-dependencies in the instruction pipe-line studied in the class, we studied 
two dependencies: namely read-after-compute and read-after-load. These dependencies arise 
out of the fact that the register operand supplied to each unit holds the latest value written 
into the corresponding register. Discuss whether the same concerns arise for memory contents 
by addressing the following parts: 

(a) Explain citing examples of load-after-store and store-after-load dependencies. 

(b) II} context to your answer in part (a) state briefly, if there is a problem how the stalls can 
be avoided or if unavoidable, reduced. 

5+5=10 marks 

4. (a) Consider many 4 MB SRAM chips offering data widths of 8 bits. Show the memory 
organizations for building two 16 MB memory units, one with 8 bit word and the other 
32 bit words. 

(b) Matrix transposition is an important scientific operation. Consider transposing a 4 x 4 
matrix A, stored in row-major order starting at address 0, and placing the result in B, 
stored· in row-major order beginning at address 16. We use two nested loops (indices 
i and j), copying Ai,j into Bj,i· Assume word address cache and main memory units. 
Note that each matrix elements is accessed exactly once. Consider a 2-way set-associative 
cache of size 8 words. Answer the following questions: 

i. Draw the structure of the cache memory clearly showing the s~ts, blocks and words. 
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Memory Address Hit/Miss Set 0 Set 1 
Block 0 Block 1 Block 0 Block 1 

word 0 word 1 word 0 word 1 word 0 word 1 word 0 

Table 2: Content of the Cache during Matrix Transpose 

ii. Show the various parts of the address identifying which portion of the address is used 
to access the cache. 

iii. Depict the address mapping by populating Table 1. 

IV. Show the contents of the cache at each step of the algorithm, and the resulting 
Hit/Miss pattern by populating the Table 2. Assume that the replacement policy is 
LRU (Least Recently Used). 

5+2+3+5+10=25 marks 

5. (a) Multiply using the right shift-add algorithm the following two signed-8 bit numbers: 
A = 10101010, X = 10111101. 

i. Show each step of the algorithm. Also identify when there is an overflow, and adopt 
suitable measures to solve it. 

ii. Perform the same operation be applying Boothe's recoding to X. 
iii. Explain in one sentence the advantage of the Boothe's recoding. Is it always advan

tageous? 

(b) Consider the ANSI/IEEE single precision floating point format. Ignoring ±oo, ±0, NaN, 
and denormals how many distinct real numbers are representable? 

(c) Discuss the consequences (in terms of range and precision) of shortening the exponent 
field by 2 bits and adding 2 bits to the significant field. 

7+7+1+5+5=25 marks 

word 1 




