























‘Q8) ; o [7+7]
() Consider the following mst!uﬁmn sw o :

MOVE R1, #10 '
MOVE R2, #10 :
Ll: SUB R2,#l1
ADD RIi,R2
BEZ TAR K BRANCH IF ZERO
IMP LI
V20— ' :
For each of the given cases, calculate the branch penalty for a 4-stage (IF, ID EX, WB) instruction
pipeline if the branch condition is detected at the third stage and flushing (does not include filling) the
pipeline takes one clock cycle.
(i) Delayed branching technique used by compiler
(i) A static prediction is taken assumirig ‘Branch Taken’

(b) Write éxplanatory notes on ONE of the following:
-Release consistency versus sequential consistency memory models
-Loop unrolling versus Software Pipelining

o, .
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: COE-315 ADVANCED COMPUTER ARCHITECTURE

TIME: 3 HOURS - MAX. MARKS: 70
NOTE: Attempt total FIVE questions. All question carry equal marks,
Assume suitable missing data, if any, and specify it clearly.

Qn [14]
Consider the followmg reservation table for a four-stage pipeline with a clock cyclc of 20 ns.
1 2 3 45 6

S1[X [X
e X[ X

$3 X

s4 XX

Insert one non-compute delay stage into the pipeline to make a latency of 1 permissible in the shortest
greedy cycle.

1) What could be the purpose of above modification?

2) Show the modified reservation table.

3) Draw the block diagram showing interconnection of pipeline stages.

4) Draw the state transition diagram for modified table.

5) lsthe new MAL equal to the lower bound? Justify.

6} What is the optimal throughput of this pipeline?

7) Derive an expression for the speedup of a non-linear pipeline

Q2) A Y
(a) Use the following notation:
F (fetch), D (Decode), C (calculate operand address), My/A; (i stage of execution for multiply / add),

. W(single write back stage).

Consider the following instruction sequence:

11: ADDF R12,RI3,R14

I2: ADD RI, R8, R9

13: MUL R4, R2, R3

4: MUL RS, RG, R7

I5: ADD R1G, R5, R7

I6: SUB R11,R2, R3 :
Consuder a two-issue superscalaf architecture with a look-ahead wmdow Its proccssmg unit has one
floating point unit and two integer units. The floating point unit is itself a 5 stage pipcline and the integer
unit is a 3 stage pipeline. Calculate the total number of cycles required to execute the above instructions

" for the following cases:

@) In-Order Issue with In-Order Completion
(ii)  Out-of-Order Issue and Qut-of-order Completion.

(b) Discuss the different ways in which inconsistencies can occur in a cache-based SMP system.
Q3) [7+7]
(a) Given the series of loops below, analyze the leop dcpcndencles for each loop statement and between

statements within a loop. Use distance/direction vectors and the applicable dependency tests. Vectorize
the loops where possible.
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Dox=1,10 :
A[x] = PI*A[x+20]
Afx+10] = A[20-x]
Enddo
Do y=I,N .
B[y.N]=B[1,N] + B[N/2.N] + B[N,N].
Enddo :

Do z= 1,20
Afz] =Bfz] + C[z] .
Clz] = Alz+1]+ 10
Dox=1,10
D[zx] = D{z,x-1] - D[z,x+1]
Enddo
Enddo
OR

Use Software pipelining to improve the ILP for the following loop and show the restructured loop along
with prologue and epilogue: (Don't convert the statements into assembly language instructions)
for(k=0;k<100:k=k+1)
{
X[k} = X[k} +1;
Y{k] = Y[k] + X[k];
Zk}=Y[k} +2;

{b) A program runs in 17 seconds on some machine. By making some enhancement in multiplication unit,
multiplication operations takes only 0.86 seconds in this program and whole program runs 3.5 times
faster. Compute the time take by multiplication operations before enhancement. How much improvement
in multiplication operation has been achieved? Compute using Amdah!’s law only.

Q4) ' [7+7]
(a) Draw an 8 x 8 Re-arrangeable network using 2 x 2 switches. Source and destination nodes index
ranges from 1 to §. Show the switch settings for making connection between source node 2 to destination
node 1, source node 1 to destination node 5 and source node 3 to destination node 3. Now a request comes
for connecting source node 4 to destination node 2. Show that this request may get blocked because of
already existing connections. Also, show that switch settings can be modified to find alternate paths for
already existing connection so as to serve the new request.

b) The time taken by a computing system to execute Ny instructions is equal to :
Ty=N; * (no. of memory access cycles per instruction + no. of execute cycles per instr) * Clk-freq.
Discuss one technique to reduce each term in this equation.

- Q3) [7+7]
(2) There is multiprocessor system comprising 10 processors Py to Pjg each with a different MIPS rating.
MIPS(P)=1, MIPS(P;}=2*MIPS(P;;). What is the overall MIPS of the multiprocessor system?

Evaluate the speedup of this multiprocessor system vis-a-vis a uniprocessor system whose MIPS is the
average of the MIPS of the ten processors in the multiprocessor system if the following sequential code
fragment is to be executed. Ignore communication delays.
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Do y= 1,955 .
Aly]=Bly] + Cly]
Enddo
Doz=2,10
Alz]=Alz+1] + Alz-1]
Enddo
Do x=1,680
SUM =SUM + Afz]
Enddo ]

(by Compare an N nodes hypercube with an N nodes CCC in terms of various network parameters and
comment upon their scalability.

Qs) : [747]
(a) Given: A sequence of references to a smgle memory blocks by th:ee processors. A read/write from a
processor n is written as rp /Wy .

Stream : [PWiD Wiy Walzg WaTs Wi W

Use either MESI protocol or the Write Once protocol for this problem,

Problem specification for MESI:
Calculate the cost of executing the above reference sircam on bus-based SMP that supperts MESI
protocol without cache-to-cache sharing. Assume that all caches are empty to start with arid cache hil take
a single cycle, misses requiring upgrade or update take 60 cycles and misses requiring whole block
transfer take 90 cycles. Assume all cach.. are writeback. Illustrate the working of the protocol for the
above stream.

OR
Problem specification for WRITE-ONCE:
Calculate the cost of executing the above reference stream on a bus-based SMP that supports WRITE
ONCE protocol. Assume that all caches are empty to start with. A cache hit takes a single cycle, a bus
read operation takes 90 cycles, a write-invalidate operation takes 50 cycles and a read invalidate operation
takes 60 cycles. Ilustrate the working of the protocol for the above stream.

(b) Compare a dynamic instruction scheduling approach that is based on register tagging with compiler-
driven instruction scheduling. Give the advantages and disadvantages of each approach. Which approach
is used in a modern processor?

Q7 [7+7)
(a) Explain the concepts of sorting network and the 0-1 principle. Based on this explain the bitonic sorting
algorithm, iilustrating for the following given sequence and derive its complexity. Write the algorithm for
a Mimcnsioml hypercube. 21,9,.19, 13, 1,4, 2, 12,38, 11, 14, 5, 16, 10,7, 6.

(b) Wnte an algorithm for implementing the matrix multiplication algorithm on a CWCR PRAM model

using n*/log n processors. Derive its complexity. [lustrate how the matrix multiplication algorithm would
work on a hypercube and compare its complexity with that achieved by the CRCW algorithm.
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