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1. (12 points - 2 pointseach) Softw are
a. Ganssle says “The seduction of the keyboard is the downfall of all too m any em bedded projects” T one ortwo
short sentences, explain w hatw asm eantby that satem ent:

b. Fora reasonable program m er creating reasonable com m ercial softw are, having say 12 defects per 1000 lines of
code, approxin ately how m any lnes of code can w e expect the program m er to produce perm onth? (circle one)
1 20 300 5,000 10,000 50,000 100,000 10,000,000 1,000,000

c. The space shuttle softw are has about 400,000 w oxds, but is perhaps som e of the m osthigh quality, bug fiee code
T the world. A bouthow much does that softw are cost to m aintain peryear? (cicle one)
$100 $10,000 $10,000,000 $100,000,000,000 $100,000,000,000,000,000,000

d. The Software Engheering hstitute’'s CMM (Capability M aturity M odel) defines five levels of software
maturity . CM M evaluates the m aturity of (circle one):

. A company’s sofiw are developm entprocesses

Ihdividual program m ers

Program m Ing language

. Debuggers

. M icroprocessors

o W N

e. W hich of the follow Ing is true, according to Gansske’s sammary of DeM aro and Lister's 1987 Peoplkw are
r=port? (circle one)

C reating a quietw ork environm ent.can m ore than double designerproductivity

Productivity is greatestw hen there are frequent nternuptions of w ork (oreaks up the m onotony)

Productivity is independentof w ork environm ent

Bad program m ers are m ore productive than good progem m ers

. Designerproductivity isnot in porantand w e should stop payng attention to it.

U W

f. As the size of a softw are project Increases, w hat happens to productivity (Iines of code produced perm onth)?
(circle one)

Productivity creases, due to the econom y of scale

Productivity does not change significanthy

Productivity decreases, due to increasing softw are com plexity

Productivity spirals, as opposad t© falling like a w aterfall

Productivity becom es defined asa PID controller

Ul W N
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2. (18 points) Realtdm e and ntenupts

a.

b.

6 polnts) A particular system ‘s main finction must r=peat a particular task once every 100 ms. The task’s
execution it=elf takes 10 m s. The system m ustalso service three peripherals. Peripheral 1 w ill intermuptevery 100
m s, and its ISR r=equires 20 m s. Peripheral 2 w ill internmiptevery 50 m s, and its ISR requires 10 m s. Peripheral 3
w 1l nteruptevery 20 m s.W hatisthem axinum tim e thatperipheral 3’s ISR m ay @ke? Show yourw ork!

12 polnts) A system w ith an Interupt should do the follow ing. Upon being internupted, the system reads two
values x and y using a fast function called RAPkt(& x,& v), which takes 1 m s. Those values x and y should then
be usad as mputs t© som e com plex fimction of x and y using a slow finction call z = Com pute &,y), w hich takes
100 m 8. The result z should be stored In a queue Q using a fast function call Push Q , z), which tekes1 ms.0On

average, Intenupts arrive every 500 m s. But, those Interupts could arrive in bursts. The m ininum tin e betw een
ntermipts is50m s.

1. Canweachieve the goalofnotm issing any nterupts? Explain w hy orw hy not.

2. W rte C-lke code for the system , belng sure t© m Inin ize or elim nate the possibility of m issed
nterupts. Show clearly whatgoes n the m ain finction and w hatgoes 1n the ISR . For full credit, your
system should ensure that item s are pushed onto the queue 1n the proper order. H int: you m ay w ant to
define yourow n queues (@ssum e a queue cbject is available to you w ith Push and Pop fimctions; don’t
w rite yourow 1 queue routines) .
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3. (10 points - 2 pontseach) Sin ulation
a. Descrbe a key advantage of simulation g., applets, System C, or VHD L) over actual physical execution E€g.,
on a physical chip embedded 1n a real environm ent) 1 the follow Ing contexts.
1. Before thephysicalsystem isbuilt

2. W hen the real environm ent is safety critical

3. W hen debugging

b. Describe a key advantage of physical execution over sin ulation in the follow ing contexts:

1. W hen the am ountoftestvectorswe w antto test ishuge

2. W hen the environm ent is com plex and thus hard to m odel
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4. (10pomts- SysEmC)
a. @ pomts) Explann the mtionale behind the developm entof System C , comparedw th VHD L.

b. (7ponnts)W rite a System C m odelofa fillladder whose ntemals are described behaviomally, notas a connection
ofgates).
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5. Optm ization (15 points)

a. ( ponnts) Consider three in plem entations of 32-bit adders: a 32-bit ripple-carry adder, a 32-bit carry lookahead
adder, and a 32-bit carry lookahead adderbuiltby rippling eight 4 bit carry-lookahead adders. C reate a plot, w ith
size on the x axis, and delay on the y axis, w ith a point plotted foreach of the three adder types. Then, describe
the design of a fourth adder, and plot its point, such that the fourth adder’s point isnota Pareto point.

b. (@ ponts)G ive an inform aldefinition Am dahl’sLaw :

c. @ pomnt A program aoutw hen executed calls imction f1 100 timesand £ 10 times. fl In tum calls fimction gl
10 times.Assume gl takes 10 mspercall, 2 @kes 10 m spercall, and fl takes 500 m s percall which includes
gl’stim e) . Suppose a gprof-like profiling toolw ere usad on this program .

1. W hatwould the ordered listof fimctions look like?

2. W hatwould the call-graph digplay look like?

d. (@ pomts)You analyze aprogram and find that50% of the program ‘s tim e is spent in a sm all loop A , and another
40% maganallloopB.
1. Whatisthemaximum (deal) speedup of the program you could obtain by partitionng A to an on-chip
FPGA?

2. Assume thatpartitioning A to an FPGA results n A executing only 2 times faster than in softw are.
W hat is the speedup of the program ?

3. W ith a 2x speedup forA , what is the ideal program gpeedup you could obtain by then partitioning B t©
an on-chip FPGA ?
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6. Low pow er (10 poits)
a. (@ pomnts) Pow erconsum ption .1 CM O S can be divided nto dynam ic and static pow er.

1.

D efine in a shortgentence fotan equation) w hat ism eantby dynam ic pow er:

D efine w hat ism eantby s@atic pow er:

D ynam ic powerof a CM O S net is proportional to C *f£* (11 n the blank), where C conepsonds
to the capacitance, and £ is the sw irthing fiequency of the net. The iem you filled In the blank
corresponds to

b. @ points) Starting from the fact thatelectricity costs about $0 20 perkilow atthour, estim ate the costof leaving a
personal com puteron fora filllm onth, assum Ing the PC consum es 120 W atts. Show yourw ork.

c. (@ points) Say a particular battery can store 50,000 Joules. Y ou want t mn a m icroprocessor from  this battery
for one year. The m icroprocessor nins a periodic task that requires the processor to be active only 10 m s for
every 1 second. W hen idle, the m icroprocessorconsum esonly 0. 01 mW .

1.

2.

W hat must the pow er consum ption of the m icroprocessor be less than when the m icroprocessor is
active, to achieve one yearof operation?

Is this pow er consum ption a reasonable value for an 8-bitm icrocontroller (ie., could you expect to
find an offthe-chelf m icroprocessorw ith such pow er consum ption?) . Explain.
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7. Contol (15 ponts)
a. @ pomnts)Define a contiol system , and give tw 0 exam ples of control system s, and tw o of em bedded system s that
are not control system s.

b. @ ponts)Dmw the diagram ofa closed-loop control system , w ith disturbance.

c. (@ ponts) W rte the equation fora PID contmwller, and describe the intuition purpose of each of the P, Tand D
tem s.

d. @ ponts)W riteC code fora PD controller fiote:no I).

e. ponts)W ediscussed P,PD , PT, and PID controllers. Explain w hethera D Toontrollerm akes sense.
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8. Testng and safety (10 points)
a. W hatisthe difference betw een blackbox and w hite-box testing?

b. W hatisa regression testsuite?

c. W hatis statem ent coverage?

d. W hatstatem entcoverage fpercentage) should w e reasonably expect to achieve during testing?

e. W hatisthe relative percentage of tim e one should expectto spend on design versus testing.

f. Explain the difference betw een forw ard and backw ard safety analysis.

g. (3 pomts) W e discussed Leveson’s view that m ost inprovem ent to safety could be made by inproving the
safety cultire am ong designers. Explain in paragraph w hat thism eans. lhclude an exam ple.
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