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University of Toronto
Faculty of Applied Science and Engineering

Test I — February 23, 2009
BA 2165

ECES32S — Digital Systems Design

Examiner — Paul Chow

1. There are 4 questions and 10 pages. Do all questions. The total number of marks is 50. The duration
of the test is 50 minutes.

2. ALL WORKIS TO BE DONE ON THESE SHEETS! Use the back of the pages if you need more
space. Be sure to indicate clearly if your work continues elsewhere.

3. Faculty approved calculators are permitted.

4. Closed book. No aids permitted.
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1. Starting with some short answer questions:

[2 marks] (a) Give three features that EDK provides above a basic synthesis, place and route tool like /SE.
—  System ~ Jevel alaszju — HW+sw 1P
- Micro B/@je , rPC
- SetHware 74"{'@\7/'4‘}‘7’0/‘
- Variods -l—ools <+ pemlui’es Can be {mied
[2 marks] (b) A common error message when a C program crashes is something like, “segmentation fault, core
dumped”. Tt is typically caused by an uninitialized pointer. What address is that uninitialized
pointer accessing and how did the pointer get that value?
Address O
Un in?‘HoJi&,ec{ uaria,L/eg are, SQ,‘\L '(ﬂ O in ‘HJ,
C rodime  wolich s execoted bebre e mam( )
iS¢ %&r‘?lac{ .
[2 marks] (¢) What is a pcore in the EDK environment?
fin TP blodk Hhet can be iategrated inte an EDK
P rajec‘f.
. direclory with bevlar ot
Cordacned m a direet ry Witk L pantic
of pi [es ciescrz E:‘Aj variods aslwmls gﬁ % core
[2 marks] (d) What is the difference between an mhs file and an mss file?
mhs - descri bes Ha hardware i~ 4o Ebr i)mje ot
mss - deseribes Ha sofuware ‘W
[2 marks]

(e) What does the vsim command do?

lqvokes e Moi@l&?m simu/aﬁ!-ar

Page 2 of 10



[20 marks]

2. You are asked to prototype a simple video player. The videos are to be stored in MPEG format files on

a flash device. The flash device should have a standard file format so that the device can be plugged
into any computer for updating the video files. You are given an MPEG decoder chip that can take a
stream of compressed MPEG as an input and outputs a digital video stream. The output video stream
is in RGB mode with 8 bits per colour, meaning you will get 3 values of § bits each for each output
pixel. Recall that video is output in scan lines (rows of pixels) with a certain number of rows making
up a frame of the video. The video from the decoder chip comes out in interlaced mode, which means
that it alternates between outputting a frame of the odd scan lines and a frame of the even scan lines.
Your monitor is non-interlaced, so it requires both the even and odd scan lines in one frame. You also
see that the MPEG decoder chip has a manual of over 100 pages and over 50 registers that could be
configured or monitored. There is a simple address/data port to access the 16-bit registers.

Design an FPGA-based prototype of the simple video player. As with all initial design specifications,
there is probably not enough information. Under normal cases, you should be asking more questions.
In this case, you cannot do this so clearly state any assumptions you need to make.

You will develop your system with the XUP board connected to a host PC that runs all of the tools
you need. A daughter card containing the MPEG chip and flash device can be part of the design. The
daughter card will be designed to plug into the connectors on the XUP board. Assume that you have
enough pins on the board and the FPGA to do what you need to do.

Draw a block diagram of your proposed system with enough detail so that it could be presented at a
design review of your peers where they can provide comments.

Your diagram must show all of the necessary components, including the external chips, how the
components are connected and how they are implemented (indicate clearly whether a component is in
FPGA logic, an external chip, etc.). Do not forget to sketch out how the daughter card should work.
To help the reviewers understand the design environment, you should include how the prototype is
connected to the PC and how it interacts with the tools.

For each block in your diagram, briefly explain the function of the block and whether it is custom-
designed logic or a block that you know is available from the EDK library of IP. If the block is custom,
indicate whether you have to write it from scratch or whether there is a tool that can help you.

The evaluation of your solution will also be based on how easy it is to understand! Clarity of presen-
tation is very important.

There is more space on the next two pages to answer this question.
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Question 2 continued. ..
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Question 2 continued. ..

For &”ﬁ /’é&&oﬂa{o/@ resa/urézmw ) you czzmw# Jse Me, PLB -
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[4 marks] 3. (a) The advent of FPGAs means that it is no longer necessary to do simulation of hardware designs.
We can save on the cost of buying Modelsim licenses. Comment and justify any statements you
make.

MUS“L &}Wﬁﬁﬁﬁ OZO Simy/ /x 1ONS . Fma//‘/y orrors Ej r(/yz/;ﬁy
‘Hue cééz E’?ix on 74«2 Fﬁ‘”ﬂ (5 G /amj a/wf y—ew\{ ;"au; /@mcg <f
bocause of Ha dnme it fakes fo Ao s Hhesrs,

A lace and route

57/7‘1(/‘/&#0/1 prwfcj% mud« ﬁremler cz)mlra/ cmoz
055@1*?/&,20:“//“%.

S/WV/&#“WZ a//ou)? %587[/‘/;/&? 57[ cornér Cusés *IZAZC% mgj /;JL
ba @WC’WWL@”@@/ ﬁﬁ/“ e/ uem‘/ f iz /‘éﬁ‘&/ yse
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[4 marks]

(b) A very difficult problem is managing the partitioning of a design so that it can be implemented
by several designers at the same time. What are the potential problems and how would you
minimize the time it takes to integrate all of the pieces?

PO%’QVZ#OL( PF%/@Mﬁ WML}/‘I)\V OCC P a:‘%
i (n*PQﬁp&CGS - W;UML aﬁfeé ol §7j/m/5 o 717}7/}/’/1;

Ccuft OLO M ?)(éé{/ - moﬁ/e Sﬁ%d/&%vyli
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Jfﬁe Ola/epz, ;/7108/@/ [) ﬁe)o/ﬁcz“%i %/ue;r )m/L 7 |
4{@3/%040,/ M)w/’z. 7%2?/‘ /'*H)Z/ 5/‘%71()/&3% IA- %AF;}
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4. Almost every modern chip design must handle multiple clocks. Many of the clocks arise from the
different requirements of the I/Os connected to the chip. Therefore, it is important to recognize
different clocking scenarios so that you know how they must be handled. When analysing clocking,
there will always be the transmitting clock and the receiving clock. The clocks may or may not be in
the same domain.

[8 marks] (a) For each of the clocking scenarios shown below, comment on the arrival rates of the clock edges
and the relative phases of the two clocks at the points marked A and B. Assume A is in the
transmit domain and B is in the receive domain. If you happen to remember the name (I don’t
always...) for the clocking scenario, give it for possible extra consideration, but only if you get
the important part correct!

i.
Pulses from a

sensor on a oA
car driveshaft

Clock

Crystal [> B
Clock
Driver

AS&ACAFO/?OUS
~ /Dr Sl‘fm&,/é’ aArride mL Qrbhlmr\cj %‘ﬂwg
- No FMS@ F@[&#&ASLEP
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il.

Clock D oA

Crystal
133.33 MHz
Clock
Driver
Clock
Crystal [> o B
133.33 MHz
Clock
Driver

Plesiochron 00s

~ no fixed phase relodionshi ip
- Ph&;@ L{L%@M@ S[Oc()[ mﬂm

= arcival rofes ﬁmwmk samg Lyt re&,/(j
*H\‘QS@ QI“QO{ ereat elo |
j P
\_CFjSﬁJQ Qb #1¢ JET z;y{g %Md f}szﬂl_ﬁﬁl\

iii. The boxes labeled D1, D2, etc. represent known fixed delays.

A
Clock o ——
Crystal D D3 |
| D4 | B
Clock
Driver
Me sochronoos

- @dﬁ% arrige at swme auewie mate

- pE/\qS"e r“e &;i’(afkfix PS qre ‘LIXQO(
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iv. All outputs are matched.

oA
Clock
Crystal [>
B
Clock
Driver
Sﬂ nchronods

— de@s arride &‘{‘ Same, fmla
— edjeg A PAC(,SQ

{4 marks] (b) The most common problems in a multi-domain clocking system occur when transferring data
between clock domains. The following circuit is an attempt to transmit data from Flip Flop A to
Flip Flop B. What can go wrong? Explain you answer.

Q o
S S
D Q D Q
A B
> = > =
R Q R Q
[e] [
266.67 MHz
350 MHz

Flip Flep 15 Can go pelecsteble because Hore
(S no ﬁ()&f&,i‘il@é chﬂr o(mtcu W,Ajﬁs ﬁrom /3( w}( 1
obej SKMLUP aned Ao Zd/ %"m@fs \{—or‘ (3.
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