














[b] Write the relation between root-loci and transient response. Also,
discuss what is an asymptote in reference to root-loci of a closed loop
control system. 7

3[a] State and explain the situations under which Routh-Hurwitz criterion
cannot be used to determine the stability of even linear control systems.
Point out the differences between absolute stability and relative
stability. Is it a time response method or frequency response method to
determine the stability? Point out the advantage of this method. 7

[b] The open loop transfer function of a closed-loop system is given as

G(s)H(s)= s(;+ i30XS(::;los-+- 10')
Determine the restriction on the values of gain K and compensation
coefficient 'a' for the system to remain stable. Use Routh-Hurw itz
criterion. 7

6[a] State the Mason 's gain formula for obtaining the transfer function of a
control system. Using the formula, determine the two transfer function
for the following signal flow graph, Fig.3: 7
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5[a] Compare the effect of a disturbance on the output of a system in case
of (i) open loop control system, and (ii) negative feedback control
system. 6

4[a]

[b]

State with reasons, what values of damping ratio, would you like to
choose under the following circumstance?
(i) Control system for robotic applications.
(ii) If minimum normalized settling time is the only objec tive of the
control system.
(iii) If obtaining minimum peak time and minimum peak overshoot
are the objectives of the control system.
(iv) Navigation control system. 8
Derive mathematically and display graphically the time-response of a
unity-feedback second-order system to a unit step input for various
values of the damping ratio. 6

[b] Determine the overall transfer function of the system shown in FigA
7
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[b] What do you understand by regenerative feedback in reference to the
control system engineering? Where does it find an application? 4

[c] Discuss the effect of feedback on gain,
dynamics and steady state error.

parameter variation, system
4 7[a] What are the various standard signals used for studying the response of

the practical control systems? Which one is most widely used and
why? 7
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For each of the given cases; calculate the branch penalty for a a-stage (IF, io. EX, \VB) 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
(ii) A staticprediction is taken assumlng ' Branch Taken'

(b) Write explanatory noteson ONE of the following:
-Release consistency versus sequential consistency memory models
-Loopunrolling versusSoftware Pipelining
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MAX.MARKS: 70TIME: 3 HOURS

NOTE: Attempt total FIVE questions. Allquestion carry equal marks.
Assume suitable missing data, if any, and spec ify it clearly• .

Q I)
Consider the following reservation table for a four-stage pipeline witha clock cycle of 20 ns.

51~1 234 5 ~ .

52 X X ·
53 X
54 X X

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

t) What could be the purpose of above modification'?
2) Showthe modified reservationtable.
3) Draw the block diagram showing interconnection of pipeline stages.
4) Drawthe state transition diagramfor modified table.
5) Is the 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
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[7+7]

MOVER! , #10
MOVER2, #l0

LI: SUB R2, #1
ADD RI, R2
BEZ TAR H BRANCHIF ZERO
lMP LI

- x·-

Q8) .' • '. ,' ,4 ..
(a) Consider the following ~itructioo s~~·

.o :
Q2) [8+6J
(a) Use the following notation: .
F(fclCh), 0 (Decode), C (calculate operand address), M/A j (ilh stage of execution for multiply I add),

. W(single'write backstage).
Consider the following instruction sequence:

II : ADDF RI2, RI3, RI4
12: ADD RI, R8, R9
13: MULR4, R2, R3
14: MULR5, R6, R7
15: ADDRIO, R5, R7
16: SUBRl l, R2, R3

Consider a two-issue superscalar architecture with a look-ahead window. Its processing unit has one
floating point unit and two integer units. The floating pointunit is itself as stage.pipeline 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:
(i) In-Order Issue with In-Order Completion
(ii) Out-of-Order Issue and Out-of-orderCompletion.

(b) Discuss the different ways in which inconsistenciescan occur in a cache-basedSMP system. :
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Q3) [7+7J
(a) Given the series of loops below. analyze the loop dependencies for each loop statement and between
statements within a loop. Use distance/direction vectors and the applicable dependency tests. Veetorize
the loops where possible. .
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Do x = 1,10
A[x] ~ PI*A [x+20J
A[x +lO] ~ A[ZO-x]

Enddo
Do ys l.N

B[y,N] = B[1 ,N] + B[NI2,NJ + B[N,NJ
Enddo
Do z= 1,20

A[z] ~ B[z) + Cjz]
c[zl ~A[z+I ] + 10
Do x= 1 ~1O

D[z,x] ~ D[z,x -I ] - D[z,x+I]
Enddo

Enddo

Use Software pipclining to improve the tLP for the following loop and sho w the restructured loop along
w ith pro logue and epilogue"; (Don't convert the statements into assemb ly langu age instru ctions)

for(k=O;k< 100;lr-k+ I)
{

X[k] = X[k] +1 ;
Y[k] ~ Y[k] + X[k] ;
Z[k] - Y[k] + 2 ;

.. '
(b) ~ p~r:am runs i~ 17 secon ds on some machine . By.making some enhancement in mu ltiplication unit ,
multipl ication operatio ns takes only 0.86 seconds in this program and whole program runs 3.5 times
faster. Compute the time take by mult iplication operations before enhancement. How much improvement
in multiplication operation has been achieved? Computeusing Amdahl' s law only.

~ . ~

(a) Draw an 8 x 8 Re-arrangeeble network using 2 x 2 switches. Source and dest ination nodes index
ranges from I to 8. Show the switch settings for making connection between source node 2 to destination
node I, source node 1 to destinationnode 5 and source node 3to destination node 3. Now a requestcomes
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 alternatepaths for
already existingconnection so as to serve the new request.

b) The time taken by a computing system to execute N1 instructions is equal to :
T, =: N1 • (no. of memory access cycles per instruction + no. of execute cycles per instr) • Clk-freq.

Discu ss one technique to reduce each term in this equation.

.~ . . ~

(a) There IS multiprocessor system comprising 10 processors PI to PIOeach with a different MIPS rating .
MIPS(PI)=I, MIPS(Pi)=2*MIPS(Pj.I). What is the overall MIPS of the mult iprocessor system?
Evaluate the speedup of this mul tiprocessor 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 followi ng sequential code
fragment is to be executed. Ignore co mmunication delays .
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Do y« 1,955
A[Yl = B[YI + Cjy]

Enddo
Do~2,10

A[z]= A[z+ I] + A[z- I]
Endd o
Do x=I,680

SUM= SUM+ A[z]
Enddo •

(b) Compare an N nodes hypercube with an N nodes CCC in terms of various ~etwork parameters and
comment upontheir scalability. . -

~ . . ~71
(a) Given: A sequence of references to a single memory blocksby three processors. A read/write from a
processor n is writtenas r, IWn.

Use either MESIprotocol or the Write Onceprotocolfor this problem.

Problem specification for MESI:
Calculate the cost of executing the above reference stream on bus-based SMP that supports MESI
protocol without cache-to-cache sharing.Assumethat all caches are empty to start with arid cache hit take
a single cycle, misses requiring upgrade or update take 60 cycles and misses requiring whole block
transfer take 90 cycles. Assume all cache 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 cache s are empty to start with. A cache hit takes a single cycle, a bus
read opera tion takes 90 cycles, a wr lte-invalidete opera tion takes 50 cycles and a read invalidate operation
lakes 60 cycles. Illustratethe working of the protocol for the abovestream.

(b) Compa re a dynamic instruction scheduling approach that is based on register tagging with compiler­
drive n instruction scheduling. Give the advantages and disadvantages of each approach. Which approach
is used in a modem processor?

Q7) [7+7J
(a) Explain theconceptsofsorting networ k and the 0-1principle. Basedon this explain the bitonicsorting
algorithm, illustra ting for the following givensequence and derive its complexity, Write the algorithm for
a 4.-dimensional hypercube. 21. 9, 19, 13, 1.4.2, 12.38, I I, 14, 5._16. 10.7, 6.

(b) Write an algorithm for implementing the matrix multiplication algorithm on a CWCR PRAM model
using n3nog n processors. Derive its complexity. Illustrate how the matrix multiplication algorithm would
work on a hypercube and compare its complexity with that achieved by the CReW algorithm.
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