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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-streans ones integers)))

==> (print-stream ones)
([SSREAM 1111211111211 11211111111111....

==> (print-streamintegers)
([STREAM 1 2 3456 7 89 10 11 12 13 14 15 16 17 18 19 20 ....

(b) We candefine mnyst er y- st r eamasprescribecy makinga tablefor computingsuccessie elementsWe
startwith 1 followedby 1. Now, to computethe next elementwe addthe previous element(which s, by definition,
thesumof all precedingelements}o the sumof all the elementseforethat. But, by constructionthe sumof all the
elementdeforethatis the previouselementsowe justaddthe previouselemento itself.

mystery:1124....20-2 .

sumprevious:0124....2°-2 ...

+ —
next: 1248....2. 2072 =2i=2+1 |

Similarreasonindeadsto therealizationthatthe third andfollowing elementsareall computedby justaddingthe
nmyst er y- st r eamto itself startingfrom the secondelement.n short:

(define nystery-stream
(cons-stream 1
(cons-stream 1
(add-streans (tail nystery-stream

(tail nystery-stream))))

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

As the above takulation suggeststhe tail of myst er y- st r eamis just the streamof successie powversof 2,
startingwith 20 = 1.

If we wereallowedto useanauxilary generatingprocedurgwhich the problemstatemenforbade) the following
would have beenequialent:

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

(define (sumstream st)
(define sum (cons-stream (head st) ; “‘previous’’ elt = sum prev
(add-streans sum (tail st)))) ; always add prev to current

sum
or, moredirectly,

(define (mystery-nmaker n)
(cons-streamn (nystery-maker (+ n n)))) ; or (* 2 n) since ntn = 2n

(define nystery-stream (cons-stream 1 (nystery-nmaker 1)))



(c) Since r andomacceptnly an upperbound,it is wastefulto do the obvious hackof generatinganinteger
lessthanour givenupperboundthendiscardandtry againif this happengo be lessthanour lower bound. Instead,
we considerthe width of the interval betweenL andU andgenerateandomnumberswithin this width. By adding
theserandomlygenerateavidth numbergo thelower bound,we alwaysproducea randomintegerwithin the desired
interval. Thecode:

(define (noise-stream | ower-bound upper-bound)
(let ((difference (- upper-bound | ower-bound)))
(cons-stream (+ | ower-bound (random di fference))
(noi se-stream | ower - bound upper-bound))))

==> (print-stream (noise-stream 3 8))
([STREAM 36 34447434764566437735475....

Noticethat,asdesired purlower boundappearsn the noisestream put our upperboundnever does.

Problem2 Themostobvioussolutionis to defineanew procedure sub- st r eans to subtractwo streamsbut we
canavoid this by simply scalingthe subtractedgtreamby —1 thenusing add- st r eans. Thecodewhich subtracts
from eachelementits predecessan the stream(with the corventionalO startingentry)is:

(define (diff st)
(add-streans (tail st)
(scal e-stream -1 st)))

==> (print-stream (dif n

i ff integers))
([STREAM 1 1111111 1

t
11111111111111111111....
==> (print-stream (di ff nystery-strean))

([STREAM 0 1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 16384 ....

As expected, (di ff mystery-strean) yieldsthesuccessie powersof 2.

Problem 3 Averagingof successie valuescanbe doneby addingthe successie valuesthandividing by 2, thatis,
scalingby 1/2.

(define (snooth stream
(scal e-stream 0.5 (add-streans stream (tail stream)))

==> (print-stream (snmooth integers))
([STREAM 1.5 2.5 3.5 4.55.56.57.58.59.510.5 11.5 12.5 13.5 ....

Problem 4
(a) Oneniceabstracivay to achiese arepeatedmoothings to usethe definitionof repeat ed.

(define (repeated f n)
(if (=no0
(lanbda (z) z)
(conpose f (repeated f (- n 1)))))

(define (conpose f Q)
(lanbda (x) (f (g x))))

(define (snooth-n streamn)
((repeated snmooth n) stream)



==> (print-stream (
([STREAM 1 2 3 45
==> (print-stream (

([STREAM 1.5 2.5 3.

==> (print-stream (

snooth-n integers 0))

6 789 10 11 12 13 14 15 16 17 18 19 20 ....

snooth-n integers 1))
545556.57.5859.510.511.5 12.5 13.5 ...
snoot h-n integers 2))

([STREAM 2 3456 7 8 9 10 11 12 13 14 15 16 17 18 19 20 ....

==> (print-stream (snmooth-n integers 3))

([STREAM 2.5 3.5 4.5 5.5 6.5 7.58.59.510.511.5 12.5 13.5 ...

Amusinghypothesis(1) for evennumbersof smoothingsay2k we gettheintegersstartingat & + 1. (2) for odd
numbersof smoothingsay2k + 1, we getthe sumof the streamof 0.5 andtheintegersstartingat & + 1

==> (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 (snmooth-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 generate signalwith justa bit of noise.

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

==> (print-stream 4b-sig)

([STREAM 02 012010121022222011102202020
10221222011111022002110120210
000121200121 4987.4673 4987.4673 4988. 4673 498

==> (print-stream snoot h-4b-si Q)

([STREAM 0.875 1.0 1.0625 0.8125 0.5625 0.625 1.0 1.25 1.
1.4375 1.875 2.0 1.875 1.4375 0.9375 0.8125 0.875 O.
1.3125 1.375 1.125 1.0 1.0 0.875 0.625 0.625 0.
1.125 1.5625 1.5625 1.125 1.0 1.375 1.625 1.625 1
1.4375 0.9375 0.8125 0.9375 1.0 0.9375 0.8125 0.9375 1
0.75 0.6875 1.0625 1.125 0.8125 0.6875 0.9375 1.125 1
1.0 0.9375 1.125 1.25 1.25 1.125 0.8125 0.5 0.
0.375 0.9375 1.375 1.4375 1.125 0.625 0.5 0.9375 3
1559. 521 3429. 3213 4676. 0635 4987. 8423 4987.78 4987.905 . ...

=> (print-streamdiff-4b-sig)

([STREAI\/] 2-2 1 1-21-11 1-12-1 2 0 0 0 O0-21 0
-2 2-2 2-2 0 2-21 1 0-2-12 2 0-12 1 0 O

o 0-12 2 0-2 0 2-2 0-1 1 1-2 2-1-1 2-1
-1 0 01 1-12 1-2 0 1 1-14986.4673 0 1 -1

==> (print-stream (di ff smooth-4b-sig))

([STREAM 0.125 0.0625 -0.25 -0.25 0.0625 0.375 0.25 -0
0.4375 0.4375 0.125 -0.125 -0.4375 -0.5 -0.125 O
0.125 0.375 0.0625 -0.25 -0.125 0.0 -0.125 -0.
0.1875 0.0625 0.25 0.4375 0.0 -0.4375 -0.125 O
0.0 0.125 0.0625 -0.375 -0.5 -0.125 0.125 O

-0.125 0.125 0.375 -0.0625 -0.5 -0.0625 0.375 O.
-0.125 0.25 0.1875 0.0 0.0 -0.125 -0.0625 O.
0.0 -0.125 -0.3125 -0.3125 -0.25 -0.125 0.25 0.
0.0625 -0.3125 -0.5 -0.125 0.4375 312.0292 1246. 5543
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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 smoot h and di f f apparentlydoesnt matter

Problem 5 A straigthforvarduseof nap will dothetrick....

(define (mark snooth-diff-stream nean dev)

(map (lanbda (elt) (if (> (abs (- elt mean)) (* 3 dev))
1
0))
snoot h-di ff-stream)

(define snooth-diff (snpboth-n diff-4b-sig 4))

==> (print-stream (mark snooth-diff mean dev))

([STREAM 000 0O0000000000O00O0O0O0O0O0OO0OOO0OOOODOOOOOOOOOO
0O0000O0O0O00O0O0OO0OO0D0OD0ODODOODOODODOOODODOOODOOOOOOOO
0000000011111 0000000000000000OO0OO0O00O
0O0000O0O0OO0O0O0O0OO0OOOOOOOOOOOOOOOOOOOOOODO

Thel'sare75 elementsnto the streamandthereare5 of them.

Problem 6 We canexploit our definition of snpot h by just multiplying the smoothed snoot h- st by the
mar ked- st , sincemultiplying by 0 will yield the desired0 while multiplying the smoothed snoot h- st by 1

yieldsthedesiredaveragecelt andsuccessor

(define (conbine-streans proc sl s2)
(cond ((enpty-strean? sl1) s2)
((enpty-strean? s2) sl)
(el se
(cons-stream (proc (head s1) (head s2))
(combi ne-streans proc (tail s1) (tail s2))))))

(define (nmult-streans stl st2)
(conbi ne-streans * stl st2))

(define (get-signal-strength marked-st snooth-st)
(rmul t-streans marked-st (snmooth snpoth-st)))

==> (print-stream (nmult-streans 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



(snooth-n integers 3))) ; 2.5...

==> (print-stream punt 6)

([STREAM 0 00 00O 9 10 11 12 13 14 15 ....

==> (define punt9 (get-signal-strength (mark integers 0 3) ; punt first 9
(snooth-n integers 3))) ; 2.5...

==> (print-stream punt9)

([STREAM 000 0OO0OO0O0O0O 12 13 14 15 16 ....

Good. We expectedto puntthefirst 6 eltsof punt 6 sinceour meanwas0 anddeviation was 2 (so we look
for 20 = 6) thenreturnedthe once-moresmoothedi.e., averagedsmoothedralueandits successorhrice-smoothed
integers,whichwe know will betheintegersstartingat3 (i.e.,4 = 2 x 2 sostartat2 + 1). Thus,we punt3-8(first 6)
andresumadntegersat9. Similary, punt 9 will puntthefirst 9 of the samestream.

Problem7 Weuse filter topassonlythoseentrieswhicharenotO (noticethatnegative valuescan occurif our
smoothedstreamis decreasingn values.Neither i nt eger s not nmyst ery- streamdo,butin generalastream
might. We choseto grouptimesandvaluesby makinga cons pair.

(define (dev-posns str)
(filter (lanbda (x) (not (= (car x) 0)))
(conbi ne-streans cons str integers)))

Sincethe streamproducedby dev- posns is a streamof compounddata—specifically onein which each
elements a pair— it would alsobe niceto defineselectorgo go alongwith the constructor

(define (posn-val ue devposnstr) (car devposnstr))
(define (posn-tine devposnstr) (cdr devposnstr))

==> (print-stream (dev-posns punt6))
([STREAM (9 . 7) (10 . 8) (11 . 9) (12 . 10) (213 . 11) (14 . 12

As expected.

Problem 8 Asyoucansee,ourabove abstractionpaid off....

(define (nmeasure-tine-spread-and-signals |-str r-str)
(conbi ne-streans (lanbda (eventl event2)
(list (- (posn-time eventl)
(posn-tine event?2))
(posn-val ue event1)
(posn-val ue event2)))
[ -str
r-str))

Sincethestreanproducedy this procedures alsoa streannf compounddata—spec. pnein which eachelement
is atriple— it would alsobe niceto defineselectorgo go alongwith this constructotoo.

(define tine-shift car)
(define left-value cadr)
(define right-val ue caddr)

We cantestthis by checkingthetime spreadof the deviation positionsof punt 6 and punt 9. We shouldsee
time deviationsof -3 since punt 6 anticipates punt 9 by threetime stampsAlso, thecorrespondingaluesshould
alwaysbe 3 higherfor punt 9 sinceit is essentiallya threeunit delayedversionof punt 6. Let'ssee....

==> (print-stream (neasure-tine-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



Problem 9 First, we defineour meananddeviation to be the sameaswasprovidedin the problemsetcodelisting,
justto beonthesafeside.

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

Next, let's definesomethingto procesgshe signalsby smoothingthem, markingthe differentiations andfinally
hackingoutthe signalstrengthandtime-stampinghe deviation positions.

(define (process-signal str snooth-factor)
(let ((snoothed-str (snpboth-n str snmooth-factor)))
(dev-posns (get-signal-strength (nmark (diff snoothed-str) nean dev)
snoot hed-str))))

Now we cando the simulationby applying conput e- di st ance- and- angl e to eachelement(whichis a
triple!) of thestreamproducedby neasure-ti me- spread- and-signal s.

(define (sinmulate |I-str r-str smooth-factor v b)
(map (I anbda (spread-n-sigs) (conpute-distance-and-angle ( tine-shift spread-n-sigs)
( left-value spread-n-sigs)
(right-value spread-n-sigs)
v b))
(measure-tinme-spread-and-signals (process-signal |-str smooth-factor)
(process-signal r-str snooth-factor))))

Now letstry it outon (make-test-signaP)

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

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

Lookslike mickey hasa distanceof about70 (in unknown units). He is orientedat an angleof 0.775radiansor
about44.4dgyrees.



