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1 The Amazing Owl Solutions

Problem 1 (a)Thestreamsasgivenlook like:

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

==> (print-stream ones)
([STREAM] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ....

==> (print-stream integers)
([STREAM] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 ....

(b) We candefine mystery-stream asprescribedby makinga tablefor computingsuccessive elements.We
startwith 1 followedby 1. Now, to computethenext element,we addthepreviouselement(which is, by definition,
thesumof all precedingelements)to thesumof all theelementsbeforethat. But, by construction,thesumof all the
elementsbeforethatis thepreviouselement,sowe just addthepreviouselementto itself.

mystery:1 1 2 4 .... 2
�����

. . .
sumprevious:0 1 2 4 .... 2

�����
. . .

+ ——————-
next: 1 2 4 8 .... 2� 2

�����
= 2
�����	��


. . .
Similar reasoningleadsto therealizationthatthethird andfollowing elementsareall computedby justaddingthe

mystery-stream to itself startingfrom thesecondelement.In short:

(define mystery-stream
(cons-stream 1

(cons-stream 1
(add-streams (tail mystery-stream)

(tail mystery-stream)))))

==> (print-stream mystery-stream)
([STREAM] 1 1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 16384 ....

As the above tabulation suggests,the tail of mystery-stream is just the streamof successive powersof 2,
startingwith

��
����
.

If we wereallowedto useanauxilarygeneratingprocedure(which theproblemstatementforbade),thefollowing
wouldhavebeenequivalent:

(define mystery-stream (cons-stream 1 (sum-stream mystery-stream)))

(define (sum-stream st)
(define sum (cons-stream (head st) ; ‘‘previous’’ elt = sum prev

(add-streams sum (tail st)))) ; always add prev to current
sum)

or, moredirectly,

(define (mystery-maker n)
(cons-stream n (mystery-maker (+ n n)))) ; or (* 2 n) since n+n = 2n

(define mystery-stream (cons-stream 1 (mystery-maker 1)))



(c) Since random acceptsonly an upperbound,it is wastefulto do the obvioushackof generatingan integer
lessthanour givenupperboundthendiscardandtry againif this happensto be lessthanour lower bound. Instead,
we considerthe width of the interval betweenL andU andgeneraterandomnumberswithin this width. By adding
theserandomlygeneratedwidth numbersto thelower bound,we alwaysproducea randomintegerwithin thedesired
interval. Thecode:

(define (noise-stream lower-bound upper-bound)
(let ((difference (- upper-bound lower-bound)))
(cons-stream (+ lower-bound (random difference))

(noise-stream lower-bound upper-bound))))

==> (print-stream (noise-stream 3 8))
([STREAM] 3 6 3 4 4 4 7 4 3 4 7 6 4 5 6 6 4 3 7 7 3 5 4 7 5 ....

Noticethat,asdesired,our lowerboundappearsin thenoisestream,but our upperboundneverdoes.

Problem 2 Themostobvioussolutionis to defineanew procedure sub-streams to subtracttwo streams,but we
canavoid this by simply scalingthesubtractedstreamby � � thenusing add-streams. Thecodewhich subtracts
from eachelementits predecessorin thestream(with theconventional0 startingentry)is:

(define (diff st)
(add-streams (tail st)

(scale-stream -1 st)))

==> (print-stream (diff integers))
([STREAM] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ....

==> (print-stream (diff mystery-stream))
([STREAM] 0 1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 16384 ....

As expected, (diff mystery-stream) yieldsthesuccessivepowersof 2.

Problem 3 Averagingof successive valuescanbedoneby addingthesuccessive valuesthandividing by 2, that is,
scalingby

�����
.

(define (smooth stream)
(scale-stream 0.5 (add-streams stream (tail stream))))

==> (print-stream (smooth integers))
([STREAM] 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 12.5 13.5 ....

Problem 4
(a)Oneniceabstractway to achievea repeatedsmoothingis to usethedefinitionof repeated.

(define (repeated f n)
(if (= n 0)

(lambda (z) z)
(compose f (repeated f (- n 1)))))

(define (compose f g)
(lambda (x) (f (g x))))

(define (smooth-n stream n)
((repeated smooth n) stream))
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==> (print-stream (smooth-n integers 0))
([STREAM] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 ....
==> (print-stream (smooth-n integers 1))
([STREAM] 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 12.5 13.5 ....
==> (print-stream (smooth-n integers 2))
([STREAM] 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 ....
==> (print-stream (smooth-n integers 3))
([STREAM] 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 12.5 13.5 ....

Amusinghypothesis:(1) for evennumbersof smoothing,say
���

we gettheintegersstartingat
�����

. (2) for odd
numbersof smoothing,say

�������
, we getthesumof thestreamof 0.5andtheintegersstartingat

�����

==> (print-stream (smooth-n integers 42)) ; 2*21
([STREAM] 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 ....
==> (print-stream (smooth-n integers 37)) ; 2*18 + 1
([STREAM] 19.5 20.5 21.5 22.5 23.5 24.5 25.5 26.5 27.5 28.5 29.5 30.5 ....

(b) We choseto generateasignalwith justa bit of noise.

(define 4b-sig (car (make-test-signal 3)))
(define smooth-4b-sig (smooth-n 4b-sig 4))
(define diff-4b-sig (diff 4b-sig))

==> (print-stream 4b-sig)
([STREAM] 0 2 0 1 2 0 1 0 1 2 1 0 2 2 2 2 2 0 1 1 1 0 2 2 0 2 0 2 0 0 2 0 1 2 2

1 0 2 2 1 2 2 2 0 1 1 1 1 1 0 2 2 0 0 2 1 1 0 1 2 0 2 1 0 2 1 1 2 0 1
0 0 0 1 2 1 2 0 0 1 2 1 4987.4673 4987.4673 4988.4673 4987.4673 ....

==> (print-stream smooth-4b-sig)
([STREAM] 0.875 1.0 1.0625 0.8125 0.5625 0.625 1.0 1.25 1.0625 1.0

1.4375 1.875 2.0 1.875 1.4375 0.9375 0.8125 0.875 0.8125 0.9375
1.3125 1.375 1.125 1.0 1.0 0.875 0.625 0.625 0.8125 0.875
1.125 1.5625 1.5625 1.125 1.0 1.375 1.625 1.625 1.75 1.8125
1.4375 0.9375 0.8125 0.9375 1.0 0.9375 0.8125 0.9375 1.3125 1.25
0.75 0.6875 1.0625 1.125 0.8125 0.6875 0.9375 1.125 1.125 1.125
1.0 0.9375 1.125 1.25 1.25 1.125 0.8125 0.5 0.25 0.125
0.375 0.9375 1.375 1.4375 1.125 0.625 0.5 0.9375 312.9667
1559.521 3429.3213 4676.0635 4987.8423 4987.78 4987.905 ....

==> (print-stream diff-4b-sig)
([STREAM] 2 -2 1 1 -2 1 -1 1 1 -1 -1 2 0 0 0 0 -2 1 0 0 -1 2 0

-2 2 -2 2 -2 0 2 -2 1 1 0 -1 -1 2 0 -1 1 0 0 -2 1 0 0
0 0 -1 2 0 -2 0 2 -1 0 -1 1 1 -2 2 -1 -1 2 -1 0 1 -2 1

-1 0 0 1 1 -1 1 -2 0 1 1 -1 4986.4673 0 1 -1 ....

==> (print-stream (diff smooth-4b-sig))
([STREAM] 0.125 0.0625 -0.25 -0.25 0.0625 0.375 0.25 -0.1875 -0.0625

0.4375 0.4375 0.125 -0.125 -0.4375 -0.5 -0.125 0.0625 -0.0625
0.125 0.375 0.0625 -0.25 -0.125 0.0 -0.125 -0.25 0.0
0.1875 0.0625 0.25 0.4375 0.0 -0.4375 -0.125 0.375 0.25
0.0 0.125 0.0625 -0.375 -0.5 -0.125 0.125 0.0625 -0.0625

-0.125 0.125 0.375 -0.0625 -0.5 -0.0625 0.375 0.0625 -0.3125
-0.125 0.25 0.1875 0.0 0.0 -0.125 -0.0625 0.1875 0.125
0.0 -0.125 -0.3125 -0.3125 -0.25 -0.125 0.25 0.5625 0.4375
0.0625 -0.3125 -0.5 -0.125 0.4375 312.0292 1246.5543 1869.8003
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1246.7422 311.7788 -0.0625 0.125 0.4375 0.25 0.0 ....

==> (print-stream (smooth-n diff-4b-sig 4))
([STREAM] 0.125 0.0625 -0.25 -0.25 0.0625 0.375 0.25 -0.1875 -0.0625

0.4375 0.4375 0.125 -0.125 -0.4375 -0.5 -0.125 0.0625 -0.0625
0.125 0.375 0.0625 -0.25 -0.125 0.0 -0.125 -0.25 0.0
0.1875 0.0625 0.25 0.4375 0.0 -0.4375 -0.125 0.375 0.25
0.0 0.125 0.0625 -0.375 -0.5 -0.125 0.125 0.0625 -0.0625

-0.125 0.125 0.375 -0.0625 -0.5 -0.0625 0.375 0.0625 -0.3125
-0.125 0.25 0.1875 0.0 0.0 -0.125 -0.0625 0.1875 0.125
0.0 -0.125 -0.3125 -0.3125 -0.25 -0.125 0.25 0.5625 0.4375
0.0625 -0.3125 -0.5 -0.125 0.4375 312.0292 1246.5543 1869.8003
1246.7422 311.7788 -0.0625 0.125 0.4375 0.25 0.0 ....

Theorderof applicationof smooth and diff apparentlydoesn’t matter.

Problem 5 A straigthforwarduseof map will do thetrick....

(define (mark smooth-diff-stream mean dev)
(map (lambda (elt) (if (> (abs (- elt mean)) (* 3 dev))

1
0))

smooth-diff-stream))

(define smooth-diff (smooth-n diff-4b-sig 4))

==> (print-stream (mark smooth-diff mean dev))
([STREAM] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ....

The1’sare75 elementsinto thestreamandthereare5 of them.

Problem 6 We can exploit our definition of smooth by just multiplying the smoothed smooth-st by the
marked-st, sincemultiplying by 0 will yield the desired0 while multiplying the smoothed smooth-st by 1
yieldsthedesiredaveragedelt andsuccessor.

(define (combine-streams proc s1 s2)
(cond ((empty-stream? s1) s2)

((empty-stream? s2) s1)
(else
(cons-stream (proc (head s1) (head s2))

(combine-streams proc (tail s1) (tail s2))))))

(define (mult-streams st1 st2)
(combine-streams * st1 st2))

(define (get-signal-strength marked-st smooth-st)
(mult-streams marked-st (smooth smooth-st)))

==> (print-stream (mult-streams integers integers)) ; perfect squares
([STREAM] 1 4 9 16 25 36 49 64 81 100 121 144 169 196 225 ....

==> (define punt6 (get-signal-strength (mark integers 0 2) ; punt first 6
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(smooth-n integers 3))) ; 2.5...
==> (print-stream punt6)
([STREAM] 0 0 0 0 0 0 9 10 11 12 13 14 15 ....
==> (define punt9 (get-signal-strength (mark integers 0 3) ; punt first 9

(smooth-n integers 3))) ; 2.5...
==> (print-stream punt9)
([STREAM] 0 0 0 0 0 0 0 0 0 12 13 14 15 16 ....

Good. We expectedto punt the first 6 elts of punt6 sinceour meanwas0 anddeviation was2 (so we look
for
����� �

) thenreturnedtheonce-moresmoothed(i.e.,averagedsmoothedvalueandits successor)thrice-smoothed
integers,whichweknow will betheintegersstartingat3 (i.e., ! �"�$#%� sostartat

�&�'�
). Thus,wepunt3–8(first 6)

andresumeintegersat9. Similary, punt9 will puntthefirst 9 of thesamestream.

Problem 7 Weuse filter to passonly thoseentrieswhicharenot0 (noticethatnegativevaluescan occurif our
smoothedstreamis decreasingin values.Neither integers not mystery-stream do,but in generala stream
might. We choseto grouptimesandvaluesby makinga cons pair.

(define (dev-posns str)
(filter (lambda (x) (not (= (car x) 0)))

(combine-streams cons str integers)))

Sincethe streamproducedby dev-posns is a streamof compounddata—specifically, one in which each
elementis apair— it would alsobeniceto defineselectorsto go alongwith theconstructor.

(define (posn-value devposnstr) (car devposnstr))
(define (posn-time devposnstr) (cdr devposnstr))

==> (print-stream (dev-posns punt6))
([STREAM] (9 . 7) (10 . 8) (11 . 9) (12 . 10) (13 . 11) (14 . 12) ....

As expected.

Problem 8 As youcansee,ouraboveabstractionspaidoff....

(define (measure-time-spread-and-signals l-str r-str)
(combine-streams (lambda (event1 event2)

(list (- (posn-time event1)
(posn-time event2))

(posn-value event1)
(posn-value event2)))

l-str
r-str))

Sincethestreamproducedby thisprocedureis alsoastreamof compounddata—spec.,onein whicheachelement
is a triple— it wouldalsobeniceto defineselectorsto go alongwith this constructortoo.

(define time-shift car)
(define left-value cadr)
(define right-value caddr)

We cantestthis by checkingthetime spreadof thedeviation positionsof punt6 and punt9. We shouldsee
timedeviationsof -3 since punt6 anticipates punt9 by threetimestamps.Also, thecorrespondingvaluesshould
alwaysbe3 higherfor punt9 sinceit is essentiallya threeunit delayedversionof punt6. Let’s see....

==> (print-stream (measure-time-spread-and-signals (dev-posns punt6) (dev-posns punt9)))
([STREAM] (-3 9 12) (-3 10 13) (-3 11 14) (-3 12 15) (-3 13 16) ....

Rogerdodger.

5



Problem 9 First, we defineour meananddeviation to bethesameaswasprovidedin theproblemsetcodelisting,
just to beon thesafeside.

(define mean 0) ;the derivative of a bounded signal has zero average value
(define dev 20) ;who knows what evil lurks....

Next, let’s definesomethingto processthe signalsby smoothingthem,markingthe differentiations,andfinally
hackingout thesignalstrengthandtime-stampingthedeviationpositions.

(define (process-signal str smooth-factor)
(let ((smoothed-str (smooth-n str smooth-factor)))
(dev-posns (get-signal-strength (mark (diff smoothed-str) mean dev)

smoothed-str))))

Now we cando the simulationby applying compute-distance-and-angle to eachelement(which is a
triple!) of thestreamproducedby measure-time-spread-and-signals.

(define (simulate l-str r-str smooth-factor v b)
(map (lambda (spread-n-sigs) (compute-distance-and-angle ( time-shift spread-n-sigs)

( left-value spread-n-sigs)
(right-value spread-n-sigs)
v b))

(measure-time-spread-and-signals (process-signal l-str smooth-factor)
(process-signal r-str smooth-factor))))

Now letstry it outon (make-test-signal2)

(define signals (make-test-signal 2))
(define left-signal (car signals))
(define right-signal (cdr signals))

==> (head (simulate left-signal right-signal 2 signal-velocity baseline))
(70.13121 0.77539754)

Looks like mickey hasa distanceof about70 (in unknown units). He is orientedat anangleof 0.775radiansor
about44.4degrees.
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