FI nal Exam

Explanation

1. Pick 5 problems and solve them. Solving correctly 5 problems is sufficient to obtain
the grade of A.

2. If you have enough time, solve as many other problems as you want, but please
define which are your main 5 problems.

3. | give partial credits for good ideas. | give more problems so that everybody who
knows even only a part of material can be fairly evaluated.

4. | subtract only some credit for numerical errors. Ideas and deep understanding of
main principles are more important to me.

5. Verify your solutions. If you have time, verify using several methods.
6. Underline or mark otherwise your final solution to each point.

7. Try to write explanations to your solutions and procedures that will be as detailed as
possible. This will help me to grade you fairly. Drawing graphs without explanations or
formulas without their reasons is of little value for me while grading. Show always the
sequence of design steps and explain each of your design choices. For instance, what
was your motivation to select one type of a controller and not another type.

8. It is reasonable to start from easy problems and proceeds towards more time
consuming problems.




Problem 1. Fast Transforns and
Butterfli es.

(a) Draw a kernel of a Fast Reed-Miller Transform
Expl ain on which formula of Boolean Al gebra it 1 s based.

(b) I'llustrate transformation of a synbolic 3 variable
Kar naugh Map of Bool ean Function to its Positive
Polarity Reed-Miuller Formusing a butterfly based on the
RM Kernel from point (a).

(c) Repeat point (b) for function: f1 = AB + C. Show
| ogic values in all nodes of the graph. Next repeat
point (b) for function f2 = A’B'C O A where synbol A
means negation of | nput variable A

(d) Draw a purely conbinational realization of the
Butterfly diagramfrom point (b).

(e) draw a pipelined realization of the circuit from
point (d), explain in your own words how it works, draw
for this pipeline a timng diagramthat is typical to

Il lustrate operations of pipelines.



FT ODI el <. Fl pel il ne desi g,
retimng and a controller.

(a) Start fromcircuit shown here. Design a pipelined circuit
for this graph. Retine if necessary (we started this project in
the class and we spent nuch tine!).

(b) Design the controller FSMfor this pipeline. It should be
optim zed and veri fi ed.

(c)Draw the Timng table for your pipeline
(d) Use this table for verification of retimng.
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Propbl em s. Deslgn of
parallel controllers.

e (a) Draw an arbitrary parallel flowchart that
has sone realistic (not necessarily practical)
meani ng, using parallel FORK and JO N nodes.
You can use other parallel nodes if you w sh.

e (b)lIllustrate realization of control using
arbitrary nethod shown in the class.

e (¢c) Draw schematically a conpl ete system of
control unit and data path and analyze its
behavi or graphically (a timng diagramfor
data and nost i nportant controls) for one set
of I nput dat a.



Problem 4. Reachability anal ysis.

(a) Convert a non-determnistic FSMfrom Figure to an equival ent
determ nistic FSM using reachability anal ysis. Each state has its
specific output with the sane nane, for instance being in state X is
signalized by output X =1. Y is the accepting state.

(b) Draw the schematics of the non-determ nistic machine using D flip-
flops

(c ) Draw the schematics of the determnistic machine using D flip-
flops. Do not try to mnimze the nunber of flip-flops

(d) Can it be the sane schematics? Can you explain why “yes” or why
“not ”?




Probl em 5. Regul ar
expr essi ons.

(a) Wite a regul ar expressions of |anguage L for the
foll ow ng event: An even nunber of synbols c follow ng
synbol b or a divisible by three nunber of synbols c
foll owed by an odd nunber of synbols b.

(b) Draw a graph of this regular expression
(c)Convert the graph to a non-determ nistic nmachi ne

(d) Convert the non-determnistic nmachine to an
equi val ent determ ni stic machi ne.

(e) Verification: For every possible sequence of letters
a and b of length not larger than 3 analyze if it
bel ongs to | anguage L:

— in the regul ar expression,
— in the non-determ ni stic machi ne,
— and in the determ ni stic nmachi ne.

|f It does not, what does it nean?




Probl em 6. |terative circults.

(a) Define what is an iterative circuit.

(b) Wite what is a relation between one-directional, one-
dinensional iterative circuit and a Finite State Machi ne.
Expl ain the Trade-off between speed and area in digital
design and illustrate themon two versions of a circuit for
conpari son of two nunbers - one iterative conbi nati onal and
one a finite state machi ne.

(c) Design an iterative conbinational circuit with three
out puts: p= (A>B), r=(A=B), s=(A<B). Assune delay t1 for
every logic gate with 2 inputs. Conpare starting fromthe
| east significant bit. Draw the transition graph (state
machi ne) for the single conbinational block. Calculate the
total delay of the circuit. Draw the schematics. Expl ain
your design stages.

(d) Use the transition graph frompoint (c) above to draw
t he sequential FSMrealizing serial conparison for the sane
t ask.



Problem 7. Turing Machi ne.

e Design of a Turing nachine to cal cul ate nunber
2n given nunber n on a tape. Both nunbers are
represented by subsequent ones.

e Example for n=3:
. TlllOO --> 0111011111100

Initial head position Final head position

Perform the following:

(a) draw the data path from functional blocks
(b) draw the control unit and how the data path and the control unit are connected.

(c ) realize the control unit as any machine of your choice - Mealy, Moore, netlist of
flip-flops, OR and branching gates, or a microprogrammed unit.

(d) verify using your schematics and the example above (n --> 2n) that your machine
works correctly.



Problem 8. Machi nes wwth stack.

e (a)Design a machine wth a control
unit, an 1 nput shift register and a

stack that accepts | anguage UAB" =
AB [ AABB [ AAABBB ...

e (b) Show details of data path
desi gn.

e (c)Discuss the role of all signals.
e (d) Design a m croprogramed
control unit for the stack and
| nput register control.



Problem 9. Controller Design.

(a) Design a sequential circuit with arbitrary
bl ocks that executes operations of addition,
mul tiplication, division and subtraction on
conpl ex nunbers.

(b) Assune that you have avail able bl ocks that
real i ze conbinationally operations of addition,
subtraction, multiplication and division of 8-
bit registers.

(c) Realize and draw the state graph of the
controlling state machine and realize i1t using
arbitrary net hod.

(d) Draw the data path circuit. Show details of
controlling registers. |If necessary, optimze
the controlling signals.

(e) Verify your sol ution.




Probl em 10. Mnimzation of
| nconpl etely Specified Finite State

>SQOQ = DD O O T Q2

Machine M

Machi nes.

G ven 1s Machi ne M

(a) Find the mnimal machine (in the
nunber of states) that is equivalent to
machi ne M

(b) Draw the triangul ar table of machine
M

(c) Solve the triangular table

(d) Find the nmaxi mal conpati bl e groups
of states

(e) Solve graphically the

covering/cl osure problem

(f) Formul ate al gebraically the binate
covering problem

(g) Realize the machine using JK flip-
fl ops and conbi nati onal gates.




Problem 11. Realization of
Synchronous Finite State Machi nes.

>DQ —=h DD O O T SO

(a) Gven is machine fromthe left. Realize this
machi ne using D flip-flops and the excitation
and output functions that woul d depend on the

m ni mum t ot al nunber of vari abl es.

(b) If you cannot mnimze all these functions,
try to mnimze at |east sone and prove that you
m nimze them by sone systenatic nethod.

— You do not have to prove that your solution is

optinmum but you nust proceed rationally using the
met hods shown in cl ass.

— While solving this problemthink about all FSM

optim zing nmethods di scussed in our class.
(c)Using the final schematics denonstrate that
you i ndeed m nim zed the nunber of argunents of
sone functions. Wite specifically which ones.
Prove with your comments that you understand the
principles of state assignnent and not only the
procedure.




Problem 12. State Assi gnnent of
Synchronous Finite State Machi nes.

ab ab

00 01 11 10 00 01 11 10
AlA[A|B]|C Alorl11] 12] 12
BIB|A| C|c B | 01]gq | 2- |01
C|l|l C|C|B Clorl11] -1{01
DI A|-[B]B D [01] —| 1|

Transition table Output table

Given is machine M2 described with the following transition and output tables



(a) Find Partitions determned by inputs, states and
out puts. How they i nfluence the final encoding. Check on
the final circuit.

(b) Find a Rul e-based state assi gnnent.

(c)Find a Hypercube-based state assignnent. You can use
any way of creating the graph for enbeddi ng i n hypercube.

(d) Use the Multi-line nmethod. Can you apply the basic
t heor enf?

(e) Draw the partition pairs and partition lattices and
how t hey are useful In state assignnent.

(f) Can you conbi ne and conpare various nethods for this
exanpl e?

Find a reasonabl e (not necessarily the best one) state
assignnment for JK flip-flops. Explain why this
assignnment is good for JK flip-flops. Illustrate wth
Kmaps of J and K excitation functions.



Problem 13. Scheduling and Register Allocation.

How many reeisters to store the six variables
(@) (ul to ug) 3°

Inputs: v1,v2, v3, vd
Outputs: uj, ud

opl: ul <-- vl + 2
opl: u? <-- 3 -v2
op3: u3 =--v3 +vd
opd: ud <--ul -u
op3:uld <--ul +uj
opH: ub <-- ud -u3

(b). Perform ASAP scheduling

(c). Perform ALAP scheduling

(d). Do life-time analysis of variables

(e). Assume that you have one adder and one subtracter, what is the minimum number of registers?

(f) Analyze three various variants of scheduling and allocation, not necessarily minimizing the
number of registers or functional blocks, and compare their timings and costs.

(g). Select one variant and design both control unit and data path for it.

(h). Draw all necessary graphs. Are they compatibility or incompatibility graphs? Are they
comparability graphs, chordal graphs or other graphs with some special properties? Explain the
role of these graphs.



Problem 14

Schedule and allocate resources for

each ' 3| Function
operation, minimizing area and MLllllp{ltr 8
latency as much as possible. ALU 4

C omparator

-2 | b2

Adder

Subtractor

(a) Find the solution with the
smallest area

_ ] ] vV PR ;'; LY Fx )
* (b) Find the solution with the VNG VL NC VL V&
smallest latency. A BV W A
— In points (a) and (b) you are not \ 4, .H N Mo N/
required to give an optimal solution, =) [ B e ()
since that may prove to be more \ " 1SN S
difficult than can be done in a OO L
reasonable amount of time. = T,
e —F 14
— But you have to demonstrate that “;*
your reasoning is correct, you L
understand the problem and know at Int]
least some scheduling and allocation "
methods. | .
' | Area: | Latencv:




Problem 15.
From Verilog to sequential logic circuit

module DIFFEQ (X, y, u, dx, a, clock, start);
input [7:0] a, dx;

inout [7:0] X, Y, u;

input clock, start;

(a) Design the complete
Data Path and Controller

reg [7:0] xI, ul, yl: for this example. Any
always method from the class is
begin applicable for any part of
wait ( start); the complete design
while (x<a) procedure.
begin
Xl = X + dx; (b) Explain your
ul=u-@*x*u*dx)-(3*y*dx); selections of methods
yl=y+ (u>dx); and design decisions.
@(posedge clock); (c)Verify your solution.
x=xl;u=ul;y=yl,
end

endmodule



