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1 Preliminaries

Thisprogrammingassignment,liketheonesto follow, involvesaseriesof programmingtasks.For thisassignment
andall futureproblemsets,you areaskedto turn in anelectronicversionof your procedures.Beforethedue-dateof
theproblemset,copy yourfiles into thedirectory
/usr/local/courses/cse/cse233.01/dropbox/ps6/your-group-id
whereyour-group-id is theperson’snamein yourhomeworkgroupwhichyouwill usefor therestof thesemester.
Also, for someof theexercises,youareaskedto turn in transcriptsof your SCHEME sessionshowing theimplementa-
tion of theproceduresyou write. Make sureyour printedoutputhasboththeinput to, andoutputfrom, the SCHEME

interpreter. You will help the graders out immensely– and increaseyour chancesfor partial credit – if you
liberally commentyour code.

Readingassignment:Chapter3, Section3.5,ps7-owl.scm

2 Lab Work – Streamsand Delayed Evaluation

In contrastwith thestandardtoolsintroducedsofar in thiscourse,streamsprovidea differentwayof reasoningabout
proceduresand processes.In particular, streamsare useful for modelinginfinite mathematicalobjects,suchas a
sequenceof samplesof a continuous-timesignalor the sequenceof coefficientsof an infinite power series. In this
problemset,we will concernourselvesmainly with theformer, thatis, modellingsignalsusingstreams.

Copy ps7-owl.scmto yourdirectoryto use.Youwill notneedto modify mostof thecode,althoughafew templates
for usein someof theproblemsareincludedat theend.

This problemsetconcentrateson theuseof higherorderproceduressuchasmap, filter, andsomeothersthat
you mustwrite. You shouldbefamiliar with theattachedcodebeforestartingto work in the lab. Thereareno large
programsto write, but lots of mind-stretchingideasto understand.You will noticethattherearelots of piecesto this
problemset.Fortunately, mostof theminvolvesolutionswith smallamountsof work thattendto build incrementally.
We thereforeencourageyou to startworking on it earlysothereis time to unstickyou if you getstuck.

3 The Amazing Owl

LouisReasonerhasrecentlybeenreadingabouttheneurophysiologyandpsychophysicsof theowl’sperceptualsystem
andhasbecomefascinatedwith theowl’suncanny ability to locateprey.

For example,the owl actuallyhasfiner visual acuity thanhumans.Surprisingly, the actualpackingof photore-
ceptorsin owl’s retina is roughly the sameasin humanretinas(which may well be the limiting case),but the owl
obtainsits betteracuityby having a biggereyeball,so that thecenterof thevisual imageis nearlytwice aslargeas
thatof a human.Moreover, sincetheowl hasto locatesmallprey (e.g.mice)at largedistances,it needssomemeans
of capturing3D informationaboutthe world. In part, it doesthis with an amazingstereovision system(that is, it
usesthe differencesin the appearanceof the world in the two eyesto recover the distanceto points in the world).
Humansusetheir ability to changethe angleof gazeof their eyesto fixate on objectsat differentdistancesin front
of them. Owls, on theotherhand,have their eyesfixedin their headsandusea hardwiredretinato do stereovision.
Specifically, receptorsat thetopof thetwo retinasare“wired together”to detectobjectsat roughlythedistanceof the
owls’ feet and,asyou move down the retina,the receptorsin the two eyesare“wired together”to detectobjectsat
varyingdistanceslying on a slantedplanethatextendsto the horizon. As a consequence,if theowl wantsto figure
out how farawaysomethingis, it mustbring thosephotoreceptorstunedto differentdistancesinto alignmentwith the
object. It doesthis by noddingits head.Hence,while you maythink theowl is looking very wiseby doingthis, it is
actuallyjust trying to figureout how farawayyouare.

Clearly, theowl needsthis incrediblevisualsystemfor detectingandcatchingsmallprey. But surprisingly, it can
alsolocateprey this way at night, in part becauseof the extremesensitivity of its visual system,but alsobecauseit



alsohasanincredibleauditorysystem.For example,theowl candetectdifferencesin time of arrival of a soundat its
two earsof lessthan10microseconds(andtheactualsensitivity maybeevensmaller).Thisallows it to determinethe
orientationof thesoundsourcewith respectto itself to anaccuracy of lessthanonedegreeof arc. This enablesit to
locatetheorientationof someprey in aplaneparallelto theground.To determinehow highor low theprey is relative
to thatplane,theowl needssomeotherinformation.In fact,its earsarenot symmetricallyplacedon its head,but are
cantedrelative to oneanother, sothatit canusedifferencesin theperceivedsoundsto tell theelevationof thesource.

Louis is fascinatedby this system(asobviously is the authorof this problemset)so he decidesthis would be
an interestingthing to simulate.Sincehe alsorecentlyreadaboutstreamsin Strife and Interminability of Computer
Programming, hedecidesto usethis ideain building a simulator.

If the prey is locatedat somedistance
�

from thecenterof theowl’s head,at anangle � from thestraight-ahead
direction,if thedistancefrom eachearto thecenterof theowl’s headis a baseline� , andif thespeedof travel of an
auditorysignalis � , thenthedifferencein distancethata soundmusttravel to reachtheleft andright earsis givenby
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 arethe lengthsof time it takesthesoundto reachthe left andright earsrespectively. Of course,we
don’t know whenthesoundleft theprey, but wecanin principlemeasurethedifferencein arrival of thesoundateach
ear, � � 
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Somegeometricandalgebraicmanipulationsshow that aslong as
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If weknow thebaseline� andthespeedof propagation� , andwe measure�	��
$�	
 thenwe couldrecover thedirection
of theprey.

To getanestimateof thedistanceto theprey, wewill assumethatsounddiminishesaccordingto aninverse-square
law. That is, if % is thevolumeof thesoundemittedby theprey, and
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ears,respectively, thenthevolumeof soundrecordedin eachearis
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We don’t know % , but somealgebrayieldsthefollowing approximationfor thedistanceto thesoundsource
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Thus,if we couldsomehow determinewhichsoundsrecordedin theleft earcorrespondto whichsoundsrecorded

in theright ear, andmeasurethedifferencein timein whicheachcorrespondingsoundwasrecorded,wecouldestimate
theorientationanddistanceto theprey emittingthatsound.This is whatoursimulatorultimatelywill do.

To help you out, Louis hasprovideda procedurefor computing
�
, given asinputsa differencein time between

hearingthesignalin eachear, theactualsignalrecordedin theleft andright ear, thevelocityof thesignal,andthesize
of thebaseline:

(define (compute-distance-and-angle time-shift lsig rsig v b)
;; time-shift is left time - right time, lsig and rsig are signal
;; strengths in two ears, v is signal velocity, b is baseline
;; procedure returns a list of distance and orientation of signal source
(let ((theta (atan (- (* v time-shift))

(sqrt (- (square (* 2 b))
(square (* v time-shift))))))

(dist (* (/ (* v time-shift) 2)
(/ (- lsig rsig)

(- (* 2 (sqrt (* lsig rsig)))
(+ lsig rsig))))))

(list dist theta)))
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Louishasalsoprovideddefaultvalues,in arbitrarybut consistentunits,to usefor thespeedof soundandtheowl’s
baseline:i.e.signal-velocity andbaseline areglobalvariablesthatyoushoulduse.

To modeltheowl’ssystem,Louisdecidesto useinfinite streamsto representthesoundsrecordedin eachear, where
eachelementin the streamis a volumesampletaken at regular intervals. Louis hasalsoprovidedsomeprocedures
for generatingtestsamples.Specifically, make-test-signal is a procedureof oneargument,noise, thatwill
returna pair, thecar of which is the left ear’s streamandthecdr of which is theright ear’s stream.Theargument
noise allows usto specifyhow muchauditorynoiseis presentin thesignal(goodvaluesto usein your simulations
arein therangeof 1–5).Make-test-signal will generateapair of streamsin which a singlesoundis emittedby
thesimulatedprey. Similarly, Louis hasprovidedtheproceduremake-test-signal-multi, againa procedure
of oneargument noise, which will producea pair of streamsin which severalsoundsareemittedby thesimulated
prey.

Problem 1 Before we start building our owl simulator, it is probablyuseful to review somebasicthings about
streams.Recall from the text that we could definean infinite streamof onesandintegersusingthe following two
expressions:

(define ones (cons-stream 1 ones))
(define integers (cons-stream 1 (add-streams ones integers)))

(a)Typethemin andusetheprint-stream procedureto print themout. Usetheplot-stream procedureto
plot themon thegraphicsscreen.(You needn’t turn in anything for theplot-stream but show a transcriptof your
call to print-stream.) Noticethatplot-stream doesnot first clearthegraphicsscreensoyoumayneedto do
thisyourselfusing clear-graphics. Thismakesplot-stream usefulfor plottingonestreamagainstanother,
asweshallseelater.

(b)Usingthesameidea(i.e.,without usinganauxilarygeneratingprocedure),definethestreamcalledmystery-stream
thatstartswith 1 andcomputeseachsuccessiveelementof thestreamasthesumof all theelementsbeforeit. Do you
recognizethe resultingstream?Warning: don’t take advantageof the fact that you recognizeit whenyou defineit.
Justconstructit directlyasprescribedabove.

(c) Defineaprocedurewhich takestwo integersasarguments,a lowerboundL andanupperboundU, andreturns
a streamof randomintegerssuchthateachnumberis greaterthanor equalto L but strictly lessthanU.

Handin a listing of your definitionsanda transcriptof whatthestreamslook like whenyou print themout using
print-stream.

NOTE: For most of the remainingproblems,you shouldconsidersolutionsthat take advantageof the provided
higherorderprocedures,like map, filter, add-streams, andscale-stream. Also, your solutionsshould
work on infinite streams.Do they alsowork on finite streams?

Problem 2 We’re readyto starthelpingLouis with his owl simulator. As we suggestedabove, if we could find
matchingeventsin the streamsfor the left andright ear, we could useLouis’ procedureto computethe rangeand
orientationof theprey. But how do we find matchingevents?

Louis, as usual, is stumped,but fortunatelyAlyssa observes(as have others)that usually the onsetand offset
of a signal is quite noticeablecomparedto the backgroundnoise,andthat onecould simply look in the signal for
a suddenchangein volume. This, in fact, is simply the processof differentiation,which can be implementedby
taking in a streamandproducinga new streamin which eachelementis thedifferencebetweenthesuccessorof the
correspondingelementof theoriginalstreamandthecorrespondingelementof theoriginalstream.Thus,for example,
if thefirst elementis 5 andthesecondjumpsto 42, thenthefirst elementof thediff streamshouldbe37.

Write a procedurecalleddiff that implementsthis differentiationidea. What streamresultswhenyou apply
diff to integers? to mystery-stream?. As with every problemin this problemset, handin a SCHEME

transcriptof your testcases.

Problem 3 Alyssaobservesthat the differentiationideawill accentuatesuddenchangesin volume. For example,
differentiatingthestream -.-.-/-.- ( - ( - (

"0"1"
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will leadto 2.2/2 -�- 2/2
"1"1"

and in principle onecould simply look for large valuesof the differentiatedstream,suchas the
-�-

above. In the
presenceof noise,however, almosteveryelementin thedifferentiatedsignalwill indicatesomeamountof change.

The trick is to separatethe changescorrespondingto the soundof the prey from the noise. To do this, Alyssa
suggestsusingtwo ideas.First, shenotesthatonecanoftenreducetheeffectsof noisein a signalby smoothingthe
signal.A simpleway to do this is to averagesuccessivevaluesin thestream,producinganew, smootherstream.

Write a proceduresmooth that doesthis, andtry applyingit to your samplesignals(namely, integers and
mystery-stream). Try todefinethisusingthehigherorderprocedureslike scale-stream andadd-streams.
Testit. Youmayfind it usefulto useplot-stream to plot boththeoriginal streamandthesmoothedstream.

Problem4 While averagingsuccessivevaluesdoesreducethenoiseabit, it maynotbesufficient,soAlyssasuggests
having theability to smoothasignalrepeatedly.

(a) Usingsmooth, write a proceduresmooth-n of two arguments,a stream andan integern, which recur-
sively appliessmooth n times.Testit on integers.

(b) Createa samplepair of signalsusing make-test-signal with somenon-zeroamountof noiseandtry
first smoothingthendifferentiatingoneof thesignals,thentry differentiatingthensmoothingthesamesignal.Are the
resultsthesame

Problem 5 Usingthesetwo ideas,we couldsmootheachof thetwo signals,thendifferentiatethemto geta stream
of changesin the auditorychannels.Now, we needto find placeswherethereis a suddensharpchangein volume,
which correspondto largepositiveor negativevaluesin thedifferentiatedstream.

Thetrick is to separatethe realchangesfrom thenoisein thesignal. Typically, we canconsiderthenoisein the
signalto be“white” noise(like the soundof an indoorwaterfall). If we know themeananddeviation of thatnoise,
thana traditionalway of finding “significant” changes,3 , is to find thosechangeswhoseabsolutedifferencefrom the
mean,4 , is greaterthansomemultipleof thedeviation 5 of thesignal(typically 6 37
�486:9<;=5 ).

Write a procedurecalledmark, which takesasargumentsa stream(expectedto be a smoothed,differentiated
signal),a meananda deviation, andwhich returnsa new streamwith a 1 in eachplacewherethereis a “significant”
change,andwith a0 everywhereelse.Applyingmark to oneof yoursmoothed,differentiatedsignalsshouldresultin
a streamwith a few places“marked”. (You canuseLouis’ globalvariablesmean anddev to try this.) Testthis on a
smoothedanddifferentiatedstream.You mayagainfind plot-stream useful.

Problem 6 Given that we canmark interestingpoints in the smoothed,differentiatedsignals,we now needto go
backto theoriginal smoothedsignalandfind thevalueof thesignalat thosepoints.

We want to createa procedurecalledget-signal-strength which takestwo arguments:a markedstream
andthe smoothed(but undifferentiated)stream,with the following behavior. If the marked streamhasa 1 at some
point, theoutputstreamshouldhave theaverageof the valueof the smoothstreamat thatpoint andthevalueof its
successor. If themarkedstreamhasa0 atsomepoint, theoutputstreamshouldhavea0 at thecorrespondingpoint.

To do this, we aregoing to generalizethe ideabehind add-streams. In particular, write a procedurecalled
combine-streams, whichtakesasargumentsanoperatorandtwo streams,andreturnsanew stream,eachelement
of which is obtainedby applying the operatorto the correspondingelementsof the two input streams. Use this
procedureto write get-signal-strength. As always,show a coupleof interestingtestcases.(For example,
smoothintegers(n times),thengetthesignalstrengthwhenmarkingwith adeviationof 2. ...of 3. Whatdoyouexpect
theresultingstreamto look like?Doesit?)

Problem7 Giventheoutputof get-signal-strength, weneedto recordthesignificantevents.Wecandothis
bygeneratinganew streamwhoseelementsareacombinationof theelementsof theoutputof get-signal-strength
anda labelindicatingtheactualtimesamplein thestream(i.e. thefirst elementis at time1, thesecondat time2, etc.),
thengeneratinga new streamin which we removefrom this labeledstreamall elementswhosesignalvalueis 0. The
result is a streamof only the significantevents,the entriesof which area combinationof the point in the streamat
which it occurred(i.e. thetime)andthevalueof thesignalat thatpoint.
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Usingcombine-streams, write aprocedurecalleddev-posns whichperformsthedescribedoperation.(To
get a streamof labels,we canuseintegers.) Test it. Notice that we cannotuse plot-stream to plot the
resultingstreamssinceadev-posns streamwill not beastreamof integers.

Problem8 Finally, weconverteachelementin this new streamto gettheinformationneededto computerangeand
orientation.In particular, write aproceduremeasure-time-spread-and-signals whichtakesasargumentsa
left andright processedstream(asin thepreviousparts)andproducesasoutputanew stream,eachof whoseelements
is a combinationof threethings: (1) the differencein time betweenthe correspondingelementof the left andright
streams,(2) theleft signalvalue,and(3) theright signalvalue.Testthis on theexamplesfrom problems6 and7.

Problem 9 We can put all of this togetherto build our first passat an owl simulator. Write a procedurecalled
simulate which takesasargumentsa left and right stream,a smoothingfactor (how many times to recursively
smootheachsignal– goodvaluesare2–5),thesignalvelocity, andthebaseline.It shoulddo thefollowing:

> smooththetwo signals

> differentiatetheresults

> markthesignificanteventsin thoseresults

> getthesignalstrengthin eachsmoothedstreamassociatedwith asignificantevent

> determinethepositionsof thesignificantdeviationsin theresult

> combinethetwo resultsinto a singlestream,using measure-time-spread-and-signals

> generatea streamof range-orientationvaluesby applyingLouis’ compute-distance-and-angle proce-
dureto theresult.

Try makinga testsignalusingmake-test-signal with moderateamountsof noise(e.g.2 or 3) andthenap-
plying yourprocedureto thetwo resultingstreams,usingtheglobalvariables signal-velocity andbaseline
asarguments.At whatorientationdoestheprey lie? Roughly, how faraway is it?

Extra Experimentation/Credit For fun, you might try varying the free parametersin the simulator, namelythe
amountof noiseyouaddto asignal,theamountof smoothingyouapplyto theresult,andthesizeof theneighborhood
you usefor estimatingthemeanandvarianceof thesignal. If you like, commenton any observationsyou canmake
abouttheeffectsof changesin theseparameterson theperformanceof thesystem.
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