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Procedural Eecursion

Recursion

= Ome of the most imporiant *Greeat ldeas™ in S5 1088 is the
oncoet of reswrckn, which @ the prooess of solving 2
problicm by diwiding it inlo smaller subproblems of fie same
form. The Haliciosd phree s the ossential chardoristic of
recursion; saithout 5, all you ave is.a descriphion of sie prai sc
refime=ent of the sor we e in G5 1068,

Thi fact thal Fecursive docompesilion gondraies subproblems
that harer the == 1orm 2= the original problcrs means that
necursive programs will use the same function or mothod o
sabve subprobeme ol differend kevds of e solubion. Inloms
ol the sinstuee of the oode, the defining chamcioristic of

recursion is having funclions that <all themsdves, direclly o
indirecily, as ihe demomposibion prooss procoois.

A Simple llustration of Recursion

- Suppier that vou are ithe rabomal fendraising direchor Tor a
charrika ble: ongand Zation and neod b rakse 51 (.

+ One passible approach is e find & wealihy donar and 2k for
a single §1,000000 contribution. The problem with that
strabeqy i thal individuals with the neoessary combinag o of
mEiEIns and ity are difficull b0 Find. Dondes are much
e 11kl r’d-il:t-urﬁ'ihll:lu‘ﬁin1l‘l-l:-$1tlmri;:.

= Anothor sirategy would be fo x=k 100,000 friends for £90
gach. Unfortunaiely, most of us don't hawe 104,000 fricnds.

» There are, howSver, mofe promising sralopies. Yo oould,
for caamgle. find ben regiomal coondinators and charge cach
on with raising £100,000. Thiosz: regional coordinaiors could
in turn o the: fask 1o local ooondinaboes, cach with a
goal of 10,000, continsing the prooess reached 2 manageabic
oonikribution Iovel.

A Simple Hlustration of Recursion

The following diagram illsfrates the rooursive sirateqy Tor
raising &1,0040,000 described on the previcus slide:

A Pseudocode Fundraising Strategy

It you 'were bo implement the fundraising siralcgy in the form of
a C++ funciion, it would look something like this:
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will b2 implememicd using the iol o ing recursive call:
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The Towers of Hanoi Solution
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The Recursive “Leap of Faith”

= The purpast of going through the complcie decomposkon of
fhe Towors of Hanoi problom is i0 conwinoe wor thal the
process waorks and hak recursive calls ane im tacl no difderend

Trom-other mothod calls, a8 keasl inther inkemal cperation.

+ The danger with going thioegh ese delals s that i migh
encosrage you I do the same whon yon wrilc yowr own
FLOUrsive programs. A it happons, tracing through the deails
of a mecursive program almost aksays makes sUch poograms
harder 1o write. Wriling rocursive becomies nalural
only after you feave enough confidonos in Ehe prodcss that you
dion 't need o race them Tully.

= AL you ‘wrils & recursive peogram, il is important to beliowve
that amy recursive @l will relum e correcl answor a5 ong
s the argumenis define 3 Smpicr subprobiom. Balicying thal
io be inie—rowven bodorr wor hawe compleled ihe —is
callpd the resurshes lsap of faln




The Recursive Paradigm

Ml reowrsive methods you enoounker im am inlroduchory
course haree bodies that Fit the Tollosing gencral paticen:
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Finding a recursive solution is mostlhy a matter of Tiguring out

how to breglk & down 50 that il fils the mradigm. When you
oo =0, you MUES oo te things

1. ldenlilty smple aaeac Hhaf can ba solved v nesurskon.
2. Find & ramurshre decompoditon that bresks eoch instarci of

fha: problern inlo & mpder subproh s of e same Bipe, which
wirl 3 then solve by applying the method e vely

Graphical Recursion

+ Recursion comes up in ooriain graphical 2pplications, mast
miclzbly In the creation of frecdak, which arc mathematical
sbructunes that consist of simiar figuns repeaicd o various
gifteront seales. Fracials were popularized ina 1982 book by
Benoik Mandsbrot mikEled The Fracia! Secoeiry of Alabye

¢ One of the simplkest Fracial palftems Io deaw is the Haooh
frapdsl, named afer fls insenios, the Seodizsh maiemalician
Helge von Kooh (1870-14924). The Kech fracial is somotimes
calied a snovalake fracial bocause of the boautitul, six-sided
symmetries il displays as ihe figure bocomes more delailed. as
illusfrabed im the: Rol oy ing dizgram:
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Methods in the Graphics Library
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DrawPolarlLine

= The Boch snowilake Trackal is much easier b wrile i you e
ipafar coardlate, in which mch line scgment s seecified in
ferms of it lengh (r) and il angle from the origin [(6), as
illustrabed im the: Rol oy ing dizgram.
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+ Forluraicly, this maodd is casy bo implement:
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How Long is the Coast of England?

The firsl widely croelated mper F
asbout Tractals was 3 1957 arlide in = &
Sohence by Mandelbrob that asioed
the mmiru;ll.- innocuous quesiion,
"How long Is the oest of England?”

Th podnt that Mandelbrot made in
the arick i= hat the anewer

oepends o e mssuremont scalo,
& ihesc images Prom Wikipodia
shore,

This ME-maprrimenl serses B
illustraie the: fadd thal ool ines o

fraxial in that they cxhibit the same
streciure: o overy Iowel of detail.
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Exercise: Fractal Coastline

+ Ewercise 14 om page 363 asks you 1o drw 2 fractal coastline
botwoen bwo podnls, A ond @, on o graphis windoms.
— T order-0 oosesllni 15 just & strabahf line
- The order-1 coestline replaces thal ling with ore conlsining a
friangular sedgs pointing randamly up oF down.
= T order-c oneeel] i 0oes B saime 5or each Bne in e onder-1.
- Aepssating this process eveniualy wialds an onder-5 ooeslline
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