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Department of Electronics and Electrical Engineering
Indian Institute of Technology Guwahati

End Semester Examination, Winter 2019

EE 360: Embedded Systems Thursday, 9th May 2019
Time Allowed:180 Minutes Maximum Marks: 150

• The Question paper consists of five (5) printed pages, containing eight (8) questions, and some
relevant information.

• Any evidence of cheating detected while checking will lead to the award of suitable negative credit
to all involved.

• Make suitable and justifiable assumptions wherever necessary, and state those assumptions clearly.

1) “A larger block size results in an increased locality, and is therefore desirable in caches.” Comment
on the validity of this statement in not more than 150 words. {7 Marks}

2) For an ARM processor, consider the datapath shown in Fig. 1, and the following latencies for
different components

Fig. 1: Figure for Question 1.

Mem Reg. File Mux ALU Adder Gate Reg Read Reg Setup Sign Extend Control
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where Reg. Read is the time needed to read a register, and Reg. Setup is the time for which a
registers data input must be stable for before it can be read. Please note that the program counter is
also a register. Assume that the Reg2Loc control signal can be accessed directly from the instruction
opcode. Also assume that the following mix of instructions is used by the processor.

R-Type LDUR STUR CBZ B
52% 25% 10% 11% 2%

Based on this information, answer the following questions. {30 Marks}
a) Calculate the latencies of all the instruction types, and use those to determine an appropriate

clock period for the CPU. [12]
b) What is the percentage improvement in the processor performance if variable length clocking,

with each instruction getting its own clock cycle length is allowed. [8]
c) What happens to the clock period when we add a multiplier to the ALU, that increases the

latency of the ALU by 300ps? Also calculate the effect on the performance if this results in
the overall number of instructions being reduced by 5%. [10]

3) What is the total number of bits required to implement a 32KiB fully associative cache with a block
size of 2 words. All the words and addresses are 64 bits, with a byte addressed memory.{8 Marks}

4) Consider two processors P1 and P2 with the following cache configurations

Size Miss Rate Hit Time
P1 2K 8% 660 ps
P2 4K 6% 900 ps

Use this information to answer the following questions. {20 Marks}
a) Assuming that the cache hit time determines the clock rate of the processor and that main

memory access time is 70ms, find the average CPI for the processor, when 36% of the
instructions require memory access. [10]

b) Assume that an L2 cache of 1 MiB with an access time of 5.7ns is added to both the processors,
such that the overall miss rate is reduced to 2%. Find the CPI for both the processors. [10]

5) Translate the following C program into ARMv8 assembly code and optimize it to avoid pipelining
hazards, assuming that the processor does not support data forwarding. Assume that the addresses
of A, B and C are stored in X0, X1 and X2 respectively, and N is stored in X4, and the returned
value in X5. {30 Marks}
long long int func1(double float &A, double float &B, double float &C, long long int N)
{
C[(N-1)*i+j]=0;
for (long long int i=1;i¡=N;i++)
for (long long int j=1;j¡=N;i++)
C[(N-1)*i+j]=C[(N-1)*i+j]+func2(A[i],B[j]);
return 0;
}
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6) Wights arrive at Winterfell at a rate of λ per minute, and an automatic crossbow invented by Samwell
Tarly(Note: The only one, who I believe can invent anything) can fire dragon-glass arrows at a rate
of µ per minute. Assume that each fired arrow hits a wight, that immediately disintegrates. The cost
of having a wight at the castle walls is C resources per minute. Assuming that each arrow costs R
resources, and the crossbow continues firing even when no wights are present. Find the rate µ that
minimizes Winterfell’s debt to the Iron Bank of Braavos. {20 Marks}

OR
Customers arrive at a facility at a rate of λ per minute, and are serviced at a rate µ per minute. The
cost of at the facility is C resources per minute. Assuming that maintaining a service rate µ costs
Rµ resources per minute. Find the rate µ that minimizes the cost of operations. {20 Marks}

7) Consider an M/M/1 system with customers arriving at the server at a rate λ and being served
at a rate µ. The server can fail with a rate α when busy, and has to be cleared of all the present
customers. The server recovers from this failure at a rate β. Use this information to answer the
following questions {25 marks}

a) Identify the possible states, and write down the corresponding balance equations. [7]
b) Solve the balance equations to obtain the long term probabilities for the system. [5]
c) What proportion of the entering customers complete their service. [8]
d) What proportion of customers arrive during a breakdown. [5]

8) Consider a system where customers arrive from outside according to a Poisson process with a rate
ρ, and are served at a rate µ. A customer, after being served joins the queue again with a probability
α. Argue that the system does not see Poisson arrivals, draw the state diagram and write down the
balance equations. {10 Marks}

Some useful identities
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