ECE4703 Final Exam

Your Name: SOLUTIon Your box #:

December 13, 2012

Tips:

e Look over all of the questions before starting.

e Budget your time to allow yourself enough time to work on each question.
e Write neatly and show your work!

o This cxam is worth a total of 200 points.

o Attach your “cheat sheet” to the exam when you hand it in.

problem1  problem2 problem3  problem 4 total final exam score

50 points 50 points 50 points 50 points 200 points




1. 50 points total. Suppose you write a phase vocoder using frame-by-frame processing as shown
below. The window size is denoted as N.
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(a) 30 points. Using the profiler, you compute the following table of results for different
values of the window size parameter N. Assuming a sampling rate of f; = 44.1 kHz, a
DSP clock rate of f. = 225 MHz, and a fixed window overlap of 50%, what is the largest
value of NV that you can use and run in real-time? Show your reasoning.
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(b) 20 points. Suppose you determine the asymptotic complexity of the “phase vocoding
processing” block is O(N?2). What is the overall asymptotic complexity of the system?
Explain. T
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2. 50 points. In many applications of the FFT, the input sequence to be processed =z =
{z[0],...,z[N — 1]} is real-valued. As we saw in Lab 5, complex-valued FFT algorithms
can still be used by simply populating the imaginary elements of the input buffer with zeros.
Suppose you have two real-valued length-N input sequences z and y and form the length-N
complex-valued input sequence

z={z[0],...,2[N — 1]} = {z[0) + jy[0], ..., 2[N — 1] + jy[N - 1]} = = + jy

You then perform a length-N FFT on the complex-valued input sequence z to obtain Z =
{200}, ZIN - 1]}.

(a) 30 points. Show how you can obtain the FFTs X = {X[0},...,X[N - 1]} and Y =
{X[0},...,X[N - 1]} from the FFT Z.

Hint 1: The N-point FFT of a real valued signal satisfies the conjugate symmetry
property that X[k] = X*[N —k]fork=1,...,N-1.

Hint 2: If you are having trouble deriving this for the general case, try N = 4.
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Noke ot 2*[eV= XF[K]) - i Y [<]
wd 2PN = Y] ) XNk
= %) =Y [e] (2)
From (1) and (2) , we see haat

2k} + 2 ) =2 XL
2 0e) - 24N+ = 25 YOe

—

prcx(ﬂ . X 22 (“"‘ﬂ
Y = 3 (20 -2" )
L




(b) 20 points. Does this “trick” save any computation with respect to separately computing
the length-N FFTs of # and y, each with imaginary elements set to zero? You can
assume that we measure computation as “real-valued multiplications” and that the FFT

operation requires exactly 4N log,(4N) operations to compute, irrespective of whether
the input is real or complex-valued. Explain.

COW\P\/("\.V\S W F;T o‘F 194 G\V\A Y S'epafm(‘o
witl Na&vl\‘l‘t GXAQ‘H\a_ gNioﬁ;(HN) opecraNens,

U\S"MCJ e § ik WE- 3—&"7‘%4— FET of =
Wit exoctly HN i%z("*“) sperahens | but it
f‘cbu‘\mv a feww monre optrventony TO (€ (dver X wnd \r

fFockn XEKJ Mg uines Two pestl MWL";P“(&hm (t=o,... na)
Eucm M [€]  shso regquirestwo resd munlhplichons (ko .. ua)

;—b ey or;e,m:l‘;e\/\f P ”'/"\'CJL“ 5
r‘fh\]l()ﬁz(l’ﬂ\l)’f‘ L'LN 0(>-€ra:'h-?rm$-

‘ ¥ PRcent Than
TTwis is defdidely Mo © |
Se‘wu’udk ( Gaprteen of hre ¢FT<‘, L5pe c«wU‘w,

dor ot ved vis oF N.



3. 50 points total. Consider the system identification adaptive filtering system shown below.
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For the following questions, assume that

e The input power E {z?[n]} =1,
e the unknown system filter coefficients are h = [1, 2],
e the system g has coefficients g = [1, 1]

e the LMS adaptive filter 2 has three coefficients that are initialized to zero prior to
adaptation, and

e the LMS step-size is small enough to allow for convergence of the algorithm to the
minimum mean squared error (MMSE) solution.

(a) 20 points. Suppose the switch is in position 1. What will & be after convergence of the
LMS algorithm? What will the MSE be after convergence?
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(b) 30 points. Now suppose that the switch is moved to position 2. Before any adaptation
of your LMS adapted filter occurs, what is the MSE? What will h be after convergence
of the LMS algorithm? What will the MSE be after convergence?
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4. 50 points total. Consider the C6713 C-callable assembly function on the next page. This
function computes computes the dot product of two arrays of single-precision floats. The
function prototype is given as

float dotproduct2(float*, float*, int);

(a) 25 points. Suppose N = 10. How many total cycles does it take for this function
to execute? Include all cycles from the beginning of the function through the NOP 2
instruction at the end and explain your result.
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loop ; 10 cycles
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(b) 25 points. Suggest at least one way to improve the speed of this function. You don’t
need to write any code but you must be specific.
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; semi-parallel assembly code for N element floating point dot product
; A4 and B4 contain pointers to arrays of floats
; A6 contains an integer with N

.def _dotproduct2

_dotproduct2:
MV .81 A6, Al ; copy count to register At
] ZERQ L1 A8 ; zero accumulator
LOOP:
LDW .D1 *Ad++, A2 ; get element from first array
I LDW .D2 *B4++, B2 ; get element from second array
SUB .S1 Al, 1, Al ; decrement counter
NOP 2 ; wait for data
[a1] B .82 LOOP ; conditional branch
MPYSP Mix A2, B2, A7 ; multiply
NOP 3 ; wait for result
ADDSP L1 A7, A8, A8 ; accumulate
; conditional branch occurs here
B B3 ; branch back to calling function
NOP 2
MV .51 A8, A4 ; put result in proper register
NOP 2
.end



