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1 Preliminaries

Thisprogrammingassignmentjk etheonesto follow, involvesaseriesof programmingasks.For thisassignment
andall future problemsets,you areaskedto turnin anelectronicversionof your proceduresBeforethe due-dateof
theproblemset,copy yourfilesinto the directory
lusr/local/courses/cse/cse233.01/drapps6/yair-group-id
whereyour - gr oup- i d isthepersonsnamein yourhomevork groupwhichyouwill usefor therestof thesemeste
Also, for someof the exercisesyou areaslkedto turnin transcriptof your SCHEME sessiorshaving theimplementa
tion of the procedureyou write. Make sureyour printedoutputhasboththe input to, andoutputfrom, the SCHEME
interpreter You will help the graders out immensely— and increaseyour chancesfor partial credit — if you
liberally commentyour code.

ReadingassignmentChapter3, Section3.5,ps7- ow . scm

2 Lab Work — Streamsand Delayed Evaluation

In contrastwith the standardoolsintroducedsofarin this course streamgrovide a differentway of reasoningabout
proceduresand processes.In particular streamsare useful for modelinginfinite mathematicabbjects,suchasa
sequencef samplesof a continuous-timesignal or the sequencef coeficientsof aninfinite power series. In this
problemset,we will concernoursehesmainly with theformer, thatis, modellingsignalsusingstreams.

Copy ps7-avl.scmto yourdirectoryto use.Youwill notneedto modify mostof thecode,althoughafew templates
for usein someof the problemsareincludedattheend.

This problemsetconcentratesn the useof higherorderproceduresuchasmap, fi | t er , andsomeothersthat
you mustwrite. You shouldbe familiar with the attachedcodebeforestartingto work in thelab. Thereareno large
programgo write, but lots of mind-stretchingdeasto understandYou will noticethattherearelots of piecesto this
problemset. Fortunately mostof theminvolve solutionswith smallamountsof work thattendto build incrementally
We thereforeencourageou to startworking onit early sothereis time to unstickyou if you getstuck.

3 The Amazing Owl

Louis Reasonehasrecentlybeenreadingabouttheneurophysiologyandpsychophysicsf theowl’ sperceptuasystem
andhasbecomeascinatedvith theowl’ s uncanty ability to locateprey.

For example,the owl actually hasfiner visual acuity than humans. Surprisingly the actualpackingof photore-
ceptorsin owl’s retinais roughly the sameasin humanretinas(which may well be the limiting case),but the owl
obtainsits betteracuity by having a biggereyeball, so thatthe centerof the visualimageis nearlytwice aslarge as
thatof a human.Moreover, sincethe owl hasto locatesmallprey (e.g.mice) atlarge distancesit needssomemeans
of capturing3D informationaboutthe world. In part, it doesthis with an amazingstereovision system(thatis, it
usesthe differencedn the appearancef the world in the two eyesto recover the distanceto pointsin the world).
Humansusetheir ability to changethe angleof gazeof their eyesto fixate on objectsat differentdistancesn front
of them. Owls, on the otherhand,have their eyesfixedin their headsandusea hardwiredretinato do stereovision.
Specifically receptorsatthetop of thetwo retinasare“wired together’to detectobjectsat roughlythedistanceof the
owls’ feetand,asyou move down the retina, the receptorsn the two eyesare “wired together’to detectobjectsat
varying distancedying on a slantedplanethat extendsto the horizon. As a consequencdf the owl wantsto figure
outhow far away somethings, it mustbring thosephotoreceptortunedto differentdistancesnto alignmentwith the
object. It doesthis by noddingits head.Hence while you maythink the owl is looking very wise by doingthis, it is
actuallyjusttrying to figure outhow far away you are.

Clearly, the owl needshis incrediblevisual systemfor detectingandcatchingsmall prey. But surprisingly it can
alsolocateprey this way at night, in part becausef the extremesensitvity of its visual system but alsobecauset



alsohasanincredibleauditorysystem.For example,the owl candetectdifferencesn time of arrival of a soundat its
two earsof lessthan10 microsecondgandtheactualsensitvity maybeevensmaller).This allows it to determinethe
orientationof the soundsourcewith respecto itself to anaccuray of lessthanonedegreeof arc. This enablest to
locatethe orientationof someprey in a planeparallelto theground.To determinehow high or low the prey is relative
to thatplane,the owl needssomeotherinformation. In fact,its earsarenot symmetricallyplacedon its head but are
cantedrelative to oneanotheysothatit canusedifferencesn the percevedsoundgo tell the elevationof the source.

Louis is fascinatedy this system(asobviously is the authorof this problemset) so he decidesthis would be
aninterestingthing to simulate.Sincée alsorecentlyreadaboutstreamsn Srife and Interminability of Computer
Programming, he decidedo usethisideain building a simulator

If the prey is locatedat somedistanced from the centerof the owl’s head,at anangled from the straight-ahead
direction,if the distancefrom eachearto the centerof the owl’s headis a baselineb, andif the speedof travel of an
auditorysignalis v, thenthedifferencein distancethata soundmusttravel to reachtheleft andright earsis givenby

v(t; —t)

wheret; andt, arethe lengthsof time it takesthe soundto reachthe left andright earsrespectiely. Of course we
don't know whenthe soundleft the prey, but we canin principlemeasurehedifferencein arrival of the soundateach
eart; —t,.
Somegeometricandalgebraicmanipulationsshav thataslong asd > b, thenthe orientationof the prey, 6, is
approximatelgivenby
U(tl — tr)
VA =02t — 1,2

If we know the baselined andthe speedof propagatiorv, andwe measuré,; — t,. thenwe couldrecoverthedirection
of theprey.

To getanestimateof thedistanceo the prey, we will assumehatsounddiminishesaccordingo aninverse-square
law. Thatis, if S is thevolumeof the soundemittedby the prey, andd; andd, arethedistancego theleft andright
earsrespectiely, thenthevolumeof soundrecordedn eachearis

tan 6 ~
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Wedon't know S, but somealgebrayieldsthefollowing approximatiorfor the distanceto the soundsource

d~ vty —tr) ‘ S| — Sy
2 2./51S; — 8] — Sy

Thus,if we couldsomehav determinewhich soundsecordedn theleft earcorrespondo which soundsrecorded
in theright ear andmeasurehedifferencen timein whicheachcorrespondingoundwasrecordedwe couldestimate
the orientationanddistanceto the prey emittingthatsound.This is whatour simulatorultimatelywill do.

To help you out, Louis hasprovided a procedurefor computingd, given asinputsa differencein time between
hearingthe signalin eachear, theactualsignalrecordedn theleft andright ear, thevelocity of thesignal,andthe size
of thebaseline:

(define (conpute-distance-and-angle tinme-shift Isigrsig v b)
;; time-shift is left time - right tinme, Isig and rsig are signa
;; 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 tinme-shift))
(sqrt (- (square (* 2 b))
(square (* v time-shift))))))
(dist (* (/ (* v time-shift) 2)
(/ (- Isig rsig)
(- (* 2 (sart (* Isigrsig)))

(+1sigrsig))))))

(list dist theta)))



Louis hasalsoprovideddefaultvalues,n arbitrarybut consistentinits, to usefor the speedf soundandtheowl’s
baselinei.e.si gnal - vel oci ty andbasel i ne areglobalvariableshatyou shoulduse.

To modeltheowl’ ssystem] ouis decidego useinfinite streamdo representhesoundsecordedn eachear, where
eachelementin the streamis a volume sampletaken at regular intervals. Louis hasalso provided someprocedures
for generatingestsamples.Specifically make- t est - si gnal is a procedureof oneargument,noi se, thatwill
returna pair, thecar of whichis theleft ears streamandthecdr of whichis theright ears stream.The argument
noi se allows usto specifyhow muchauditorynoiseis presenin the signal(goodvaluesto usein your simulations
arein therangeof 1-5). Make-t est - si gnal will generate pair of streamsn which a singlesoundis emittedby
the simulatedprey. Similarly, Louis hasprovidedthe proceduremake-t est - si gnal - nul t i , againa procedure
of oneargument noi se, whichwill producea pair of streamsn which severalsoundsareemittedby the simulated

prey.

Problem 1 Before we start building our owl simulator it is probably usefulto review somebasicthings about
streams.Recallfrom the text that we could definean infinite streamof onesand integersusingthe following two
expressions:

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

(a) Typethemin andusethepr i nt - st r eamprocedureo printthemout. Usethepl ot - st r eamprocedurdo
plot themon the graphicsscreen(You neednt turnin anything for thepl ot - st r eambut show atranscriptof your
calltopri nt - st r eam) Noticethatpl ot - st r eamdoesnotfirst clearthe graphicsscreersoyou mayneedto do
thisyourselfusing cl ear - gr aphi cs. Thismakespl ot - st r eamusefulfor plotting onestreamagainst&anothey
aswe shallseelater

(b) Usingthesamddea(i.e.,without usinganauxilarygeneratingprocedure)definethestreancallednmy st er y- st r eam
thatstartswith 1 andcomputesachsuccessie elemenif the streamasthe sumof all theelementdeforeit. Do you
recognizethe resultingstream?Warning: don't take advantageof the factthat you recognizeit whenyou defineit.
Justconstructt directly asprescribecabove.

(c) Definea procedurevhich takestwo integersasargumentsalower boundL andanupperboundU, andreturns
a streamof randomintegerssuchthateachnumberis greaterthanor equalto L but strictly lessthanU.

Handin a listing of your definitionsanda transcriptof whatthe streamdook like whenyou print themout using
print-stream

NOTE: For mostof the remainingproblems,you should considersolutionsthat take advantageof the provided
higherorderprocedureslike map, filter, add- streans, andscal e- st ream Also, your solutionsshould
work oninfinite streamsDo they alsowork on finite streams?

Problem 2 We're readyto starthelping Louis with his owl simulator As we suggestedbove, if we could find
matchingeventsin the streamdor the left andright ear we could useLouis’ procedureto computethe rangeand
orientationof the prey. But how do we find matchingevents?

Louis, asusual,is stumped,but fortunately Alyssa obsenes (as have others)that usually the onsetand offset
of a signalis quite noticeablecomparedo the backgroundhoise,andthat one could simply look in the signalfor
a suddenchangein volume. This, in fact, is simply the processof differentiation,which can be implementedby
takingin a streamandproducinga new streamin which eachelements the differencebetweernhe successoof the
correspondinglemenbf the original streamandthe correspondinglemenbf the original stream.Thus,for example,
if thefirst elementis 5 andthesecondumpsto 42, thenthefirst elementof the diff streamshouldbe 37.

Write a procedurecalleddi f f thatimplementsthis differentiationidea. What streamresultswhenyou apply
di ff toi ntegers? tonmystery-strean?. As with every problemin this problemset, handin a SCHEME
transcriptof your testcases.

Problem 3 Alyssaobsenesthatthe differentiationideawill accentuatesuddenchangesn volume. For example,
differentiatingthe stream
1111121212 ...



will leadto
0001100 ...

andin principle one could simply look for large valuesof the differentiatedstream,suchasthe 11 above. In the
presencef noise,however, almostevery elementn the differentiatedsignalwill indicatesomeamountof change.
Thetrick is to separateéhe changesorrespondingo the soundof the prey from the noise. To do this, Alyssa
suggestsisingtwo ideas. First, shenotesthat one canoftenreducethe effectsof noisein a signalby smoothingthe
signal. A simpleway to do thisis to averagesuccessie valuesin the streamproducinga new, smootherstream.
Write a proceduresmoot h thatdoesthis, andtry applyingit to your samplesignals(namely i nt eger s and
nyst ery- st r eam). Try todefinethisusingthehigherorderproceduretike scal e- st r eamandadd- st r eans.
Testit. Youmayfind it usefulto usepl ot - st r eamto plot boththe original streamandthe smoothedstream.

Problem4 While averagingsuccessie valuesdoesreducethenoiseabit, it maynotbesufficient, soAlyssasuggests
having the ability to smootha signalrepeatedly

(a) Using snoot h, write a proceduresnoot h- n of two agumentsa st r eamandaninteger n, which recur
sively appliessnoot h ntimes.Testit on i nt egers.

(b) Createa samplepair of signalsusing make-t est - si gnal with somenon-zeroamountof noiseandtry
first smoothingthendifferentiatingoneof the signals thentry differentiatingthensmoothinghe samesignal. Are the
resultsthesame

Problem5 Usingthesetwo ideaswe could smootheachof the two signals,thendifferentiatethemto geta stream
of changesn the auditorychannels.Now, we needto find placeswherethereis a suddensharpchangein volume,
which correspondo large positive or negative valuesin the differentiatedstream.

Thetrick is to separatehe real changedrom the noisein the signal. Typically, we canconsiderthe noisein the
signalto be “white” noise(like the soundof anindoorwater@ll). If we know the meananddeviation of thatnoise,
thanatraditionalway of finding “significant” changesg, is to find thosechangesvhoseabsolutedifferencefrom the
mean,m, is greatetthansomemultiple of the deviation o of the signal(typically |z — m| > 30).

Write a procedurecalled mar k, which takes as argumentsa stream(expectedto be a smoothed differentiated
signal),a meananda deviation, andwhich returnsa new streamwith a 1 in eachplacewherethereis a “significant”
changeandwith a0 everywhereelse.Applying mar k to oneof your smootheddifferentiatedsignalsshouldresultin
a streamwith a few places'marked”. (You canuselLouis’ globalvariablesrean anddev to try this.) Testthisona
smoothedanddifferentiatedstream.You mayagainfind pl ot - st r eamuseful.

Problem 6 Giventhatwe canmarkinterestingpointsin the smootheddifferentiatedsignals,we now needto go
backto the original smoothedsignalandfind the valueof the signalat thosepoints.

We wantto createa procedurecalledget - si gnhal - st r engt h which takestwo arguments:a marked stream
andthe smoothedbut undifferentiated)stream,with the following behaior. If the marked streamhasa 1 at some
point, the outputstreamshouldhave the averageof the value of the smoothstreamat that point andthe value of its
successolilf the markedstreamhasa 0 at somepoint, the outputstreamshouldhave a 0 atthe correspondingpoint.

To do this, we aregoingto generalizehe ideabehind add- st reans. In particular write a procedurecalled
conbi ne- st r eans, whichtakesasamgumentsanoperatorandtwo streamsandreturnsanew streamgeachelement
of which is obtainedby applying the operatorto the correspondingelementsof the two input streams. Use this
procedureto write get - si gnal - st rengt h. As always, shov a coupleof interestingtestcases.(For example,
smoothintegers(n times),thengetthe signalstrengthwhenmarkingwith adeviation of 2. ...of 3. Whatdo you expect
theresultingstreamto look like? Doesit?)

Problem7 Giventheoutputof get - si gnal - st r engt h, we needto recordthesignificantevents.We candothis
by generatinganew streamwhoseelementsareacombinatiorof theelement®f theoutputof get - si gnal - strengt h
andalabelindicatingtheactualtime samplen thestream(i.e. thefirst elemenis attime 1, thesecondattime 2, etc.),
thengeneratinga new streamin which we remove from this labeledstreamall elementsvhosesignalvalueis 0. The
resultis a streamof only the significantevents,the entriesof which area combinationof the point in the streamat
whichit occurred(i.e. thetime) andthe valueof the signalat thatpoint.



Usingcomnbi ne- st r eans, write aprocedurecalleddev- posns which performsthedescribedperation.(To
get a streamof labels,we canusei nt eger s.) Testit. Notice thatwe cannotuse pl ot - st reamto plot the
resultingstreamssinceadev- posns streamwill notbea streamof integers.

Problem8 Finally, we corverteachelementin this new streamto gettheinformationneededo computerangeand

orientation.In particular write aprocedurareasur e- t i me- spr ead- and- si gnal s whichtakesasargumentsa

left andright processedtream(asin the previousparts)andproducessoutputa new stream gachof whoseelements
is a combinationof threethings: (1) the differencein time betweerthe correspondinglementof the left andright

streams(2) theleft signalvalue,and(3) theright signalvalue. Testthis on the examplesfrom problemss and?7.

Problem 9 We canput all of this togetherto build our first passat an owl simulator Write a procedurecalled
si mul at e which takes asargumentsa left and right stream,a smoothingfactor (how mary timesto recursvely
smootheachsignal— goodvaluesare2-5),the signalvelocity, andthe baselinelt shoulddo thefollowing:

e smooththetwo signals

¢ differentiatetheresults

e markthesignificanteventsin thoseresults

e getthesignalstrengthin eachsmoothedstreamassociatedavith a significantevent

e determinehe positionsof the significantdeviationsin theresult

e combinethetwo resultsinto asinglestreamusing nmeasur e-ti ne- spread- and- si gnal s

e generatea streamof range-orientationaluesby applyingLouis’ conput e- di st ance- and- angl e proce-
dureto theresult.

Try makingatestsignalusingnake- t est - si gnal with moderateamountsof noise(e.g. 2 or 3) andthenap-
plying your procedurdo thetwo resultingstreamsusingtheglobalvariables si gnal - vel oci t y andbasel i ne
asarguments At whatorientationdoesthe prey lie? Roughly how faraway is it?

Extra Experimentation/Credit For fun, you might try varying the free parametersn the simulator namelythe
amountof noiseyou addto asignal,theamountof smoothingyou applyto theresult,andthesizeof theneighborhood
you usefor estimatingthe meanandvarianceof the signal. If you like, commenton any obsenationsyou canmake
aboutthe effectsof changesn theseparametersn the performancef the system.



