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out a recudve call. This return to each of thc pte"io;;tt'"'t.i

dingnostic nressag" rather than alriving at strlement 170.

Writing recursive subroutines
lf vou have found that your compuler's BASIC doe3 allow
iecunive subroutines, you are now faced wilh the p.oblcm
of writing them. Then follow lhis genefal outline of recun

sive subroutine in BASIC:

l. Ifthe first call, inilializc the stack point€r.
2. If termination condition, compute rcsult, decremrnt

stack Poi er, relurn. .
3. Do comPutation.
4. Save n€cessary values in stack
5, IncremenL slack Pointet-
5. Recursively clll lhis subroutine.
?, Reslorc saved vaiues from the stack
8, Do aoy remailing computatlon.
9. Decrement stack Poinler'

10. Relurn.

WlLen vou reeursivelv clll I subroulifle flom itself; the
varirbles in rfie criled eteculion deslloy the varirbles of lhe

same nu'l]e in lhc crlling executior' To pr€rerve the oriSinil
ulues of these variables, srve in a dimensioned variable
(cal:ed a stnck) those variables you need to reoall later. Sup_
oosc voru subr'ortirre has three varjables - X, Y and Z -

itrat ii wisbes to ssve for recall, vhen it tetulns from a re'
cursive call. The tornrat of th€ stacks for these variables,
wtrich are inlroduced by tlrree subscripted vadables of the

same nanles, uses the tollowing representation:

X(l) X front execution
Y(l)  Y from cxec t io.r
Z(l) Z fron execulioil
X(2) X ionr execution l
Y(2) Y from execution 2
Z(2) z from execution:

Recursive
Progromming

in BASIC
Hlrb.n L. D.rshom

t\ ecursion can be a valuable tool on microcomputers

K using BASIC. For lhis reason. il should be in every PIo'

Brammer's repertoire.

lvhat is recutsion?
Anvlhinr is recursive if it is defined in terfte of irself ln
rrocranminr. a recursive subroutine calls on ilself_' 

bon\ coifrrse recursion with iteration' sjnce both often
can solve the same ploblem. The distinction is clear: aproce'

dura is iterative if the same process is performed, begun and

compleled repealedtyia PloceJute h lecursive if. in the mid_

dle of its execution, it calh upon itself. Therefore a l€cur'

sive procedure begnt another execu(ion ofitselfbefore lhe
orisinal execution is finished. Such r Procedure has more
tha-n one execution in progres! at a Siven time, whercas an
Iterativ€ proccdu!€ never has more than ons in Progre$'

Testing for tecuNion

Nor every languaie implemenlalion Permiis .ecu6ion. In

BASIC. ricursion is onty possible if it is Permissible to cill a
subrouiine from itself and still retxin the ability of the oti'

cinal execution to returd to the p.oPel ioint. To test your-8ASIC 
for recursion capability us! th€ following progmm:

tO REM TEST FOR THE ABILIry OF THE BASIC TO
PERFOR]!' RECURSION

20 N-l
30 t=0
40 GosuB 100
50 IF I<> 2*N-I THEN I7O
60 PRINT 'RECURSIVE"; N-l;  "TIMES'"
70 N=Nrl
80 GOTO 30
100 I=l+l
I10 IF I<N THEN I3O
I:O RETURN
130 cosuB 100
140 lF l>2rN-l THEN 170
150  I  =  I+ l
I60 RETURIi
l70 PRINT 'NOT RECURSIVE"; N-l ;"TINIES "
I80 END

everv call of sub.ouline l0O incre'nenls I bv one nre
Nrh crll re:ults io tle setling of I lo N and a relurn with-

20 Dioitrlo.qld. Itl Y lS30

levels incrcments t by one. On the finai retum' I lhould i,
equal 21N-l , if rhe process was carieJ out corEcdv .ThB: -.-.{ei!
if this proqlam runs lor a 8i!en value ol N tnrs v€ ron oI ==:
BAslc'all;ws N.l recursive callt. Msny wrsions of EASIC -T,.
virtually set no tinril on th€ nun)be' ol such calls pGsible. .'j-

l f lheBAslcisno!recursivelo|heaPpropriat . l .vr I for
some value ol N, it usually rerponds wirh tomc tyPc-of *:

I
I
i
I

i.L.



To l:eep track ofthe Position in the stack where the cur'
' rent exicution saves its values, use a pointer. Every recur'

sive call incr€ment3 this pointer by one. Uke'l/ise, each re'
turn decremeots the pointer by one.

The general recursive plocedurejust ourlined shows only
one recursive call in the subroutine. ln general, stePs 3 to 8
mry be rep€ated several times before rcturning to steps 9
and 10.

An example: calculating N!

Let's take a recursiv€ subroutbe and follow th€se steps.

Let's use the classic examPle of factorial tecursion Un_
fortunaaely, itt also a problem because recursion is not fte
best wav io obtain a solution; however, lt b the most famil'
iar cnd;imptest ofal examPles. so why bleak trcdidon?

Tlre conrmon delinition of N factorial (N:) is itcrative
and giver by: N' = N{N-I)*(N.2)' . .. +2+t for N = I'
2, . . . (where 0! = l). But there is also this rccursive
detinilion of N factori.l: N! = N*(Nt)! for N = 1,2' . . .
(wh€re 0! = l). Notice that th€ factoriel is defined in
terms bf itself, but with one €scape claus€ which occurs at
O!. The recunive form of a subroutine to compute N! is
cxemplified by this sample calling Proglarn:
960 REM THIS SUBROUTINE COMPUTES N FAC.

TORIAL RECURSIVELY AND
g7O REM STORES THE RESULT IN F. THE FIRST

CALL lS TO 990.
980 REM.SUBSEQUENT CALTS ARE TO IOOO.
990 S= I
to00 IF N<>0 THEN 1040
l 0 l 0  F :  I
1020 S = S.1
IO3O RETURN
l0a0 N(s) = N
1050 S = S+l
1060 N = Nl
1070 00suB 1000
1080 N = N(S)
1090 F = N*F
l l 0 0  S = S - l
I I IO RETURN

IO REM SAMPLE CALLTNG PROGRAM FOR RE-
CURSIVE FACTORIALS

20 DrM N (l0o)
30 INPUT N
40 GOSUF 990
50 PRINT F
60 GOTO 30

In lhis prognm, shlement 990 conesPond! to step I in
thc general dgorith given earlier. Sutenents 1000'1030
correspond to step 2, in which the termination condition is
N - 0. No computalions in this program correspond to step
3 of the general algorithn. The remaioing steps colrespond
to statements as follows:

Slep..  t t  .

i  : ,

Of course, the iterative ve.sion of the fa€to.id subrou-
tine is much sinpler and exe€utes much faster. Thjs is aJr il_
erative version ofa sample ccllingprogram:

910

980
1000
l0l0
1020
1030
lM0
1050

l0

20
30
40
50

REM ITERATIVE SUBROUTINE TO COM.
PUTE N FACTORIAL
REM AND STORE IT IN F.
F =  I
IF N<= I THEN 1050
F O R I = 2 T O N

F = F j l
NEXT I
RETURN

REM CALLING PROCRAM
10 COMPUTE FACTORIALS
ITERATIVELY
INPUT N
GOSUB 1000
PRINT F
coro 20

6,|

8
9

l0

Computing Fibonacci Series
Another €xample of recursio is calculating the Fibonacci
sequenc€ of nunbers. The Nth number in the Fibonacci se-
quence, F(N), is defined in ierms ofits two Predecessors.

F(0) = 0
F(l)  = I
F(N) = F(N-l)  + F(N-2) ro. N + 2, 3 ' . . .

The BASIC version ofthis alSorithm nnd its calling program

91O REM SUDROUTINE 990 CALCULATES THE
NTH FIBONACCI NUMBER

980 . REM RICURSIVELY
AND RETURNS IT IN F.

990  s=  |
1000 IFN=0THEN 1020
IOIb IF N <> l THEN IO5O
1020  F=N
1030 S = S-1
IO4O RETURN
1050 N(s) = N
1060 S = S+1
1070 N = N.l
1080 cosuB 1000
1090 N = N(S)
I100 F(S) =F
l l l 0  S = S + l
l l 20  N-N-2
I130 cosuB 1000
l l ao  N=N(s )

5 0  F = F ( S ) + F
1160  S=  S- l
I I7O RI]TURN

IO REM CALLiNG PROGRAM
TO COMPUTE FIBONACCI NOS.
RECURSIVELY

20 DrM N(50), F(50)
30 INPUT N
40 GOSUB 990
50 PRINT F
60 GOTO 30

Again,just asjn the case ofthe facto rial, i telation Sives a
more effici€nt solution lo this problem.

,ULY l9t8o OigiLllrc.ign 2l



970

980
1000
l 0 l 0
t0l0
1030
I O.tO
t050
1060
1070

I O

REM SUBROUTINE IOOO CALCULATES THE

NTH FIBONACCI NUII,IBER
RENI ITLRA IIVFLY AND RETURNS IT IN F' '

F = 1

T{FtS)) = T(F(S)) + |
PRrNi'MOVE-: E(S); "TO'i F(S)
coTo 1190
G=6- (E(S)+F(s) )
s = s + l
D(s) = D(s'l) - I
F(s) = c
E(S) = E(s-r )
GOSUB 1OOO
r(E(s) - r(E(s))- I
T(FrS)) = T(F(S)) + I
PRINT'MOVE-l E(S);  "TO": F(9
s = s l I
D (S)=D(91 ) "1
E(s)= 6.(E(s-l)+ F(S-l))
F(s) = F(s'l)

1020
1030
1040
1050
1060
1070
1080
1090
1 1 0 0
l l l 0
I l ] 0
I I30
I  I 40
|  150
I 160
I 1 7 0
I 180
I r90
t 200
l0

20

F O R I = I T O N ' l
Q = F

P = Q
NEXT I
RETURn*

REM CALLING PROGR'JI
COMPUTE FIBONACCI NOS.
INPUTN
GOSUB 1000
PRINT F
GOTO 20

TO ITERATIVELY

:o
30
40
50

GOSUB 1000

Akhoush iteration gjves bener ansvers in both of the first

i"o 
"*-".pf.: 

ot ricu^'on. reculsion is rhe derired tech'

;i;i't i;; ;""y problem' because it sreallv simplrfies the

toi'ution ntgotlit. and its impleftentation in a BASIC

proSnm.

To\f,er of Hanoi

Leas consider two such problems.lhe nrst is rhe Towel of

ll3 oi. 3 well.known problem nicely treated in a r€cLrrsrve

mann;r. Thls problem conshis of three pegs called pegs l '

I 
""a 

i. *A b disks. all ot different radius and lle to bc

strckea on ttre pegs. tnitirlly tbe ditks are slicked on peg I

in ora", ot a".reiting sre. with rhe lalgest disk on the bor

iom. tn ttris proUtem. you must move the disks fro'n peg I

io oee 2 under the restrictton tho! you can only move then

one ai r time from one peg to anothel. snd that you mly

neve r strck a lfl lger disk on top of a smalJe r orte The recut_

sive sohrrion, wliich genetrtizes the Ploblem of moving D

Jis* lrom a peg catled e to peg F, moves the top D-l dhks

on oer E to i third peg, then moves the one rem'ining ditk

on p.!  e ,o p"g F. Jnd then moves al l  of . the disks on the

,fr i ra 
'o.n 

,o p"c f .  In lhis wov. the problem ot movinS D

aisks is reducid to making two moves of Dl disks There'

fore. the recursive algoriGm for moving the toP D disks

from peg E to Peg F is:

l .  I ID =1. move top disk from E to F and leturn'
2. trt C be the oumber ofthe peg which is not E ot F'

3. R€cursively call this procedrrc to move the top Dl

disk from E lo G-
4. Move lhe disk on E to F.
5. Recursively call this procedure !o move the top D-l

disk frorn C to F.
6. Return.

In the implem€nlalion. store the number ofdisks on peg

I  n r  T ( l t .  f o ; I  =  l , : . i . $ l r r n J t e . u r s i v e ( 1 l l  i \ m z d e  t h e

lJlues thr l  need sr l ing -re L. F and D Then the BASIC

version of this rlgorithm i

960 REM TOWER OF HArr'OI SUBROUTI'\"E TO

MOVE TIIE TOP D(S) DISKS
g,7O REM FRO]U PEC E(S) TO PEG F(S)- T(I) CON-

TAINS THtl r't-IUBER
gIiO REiI I  OF IJISKS OT- PEC I.  INITIAL CALL IS '

TO 990.
9 9 0  S =  I
ro00 IF D(s)<> I THEti l0s0
1010 T(tds)) = T(E(sD - I

u(rDun IUuv , t*  - ; -
S = S - l
RETURN 

, ' i

REM CALLING PROGRAM TO SOLVE TOWER Oi 1

TIANOI PUZZLE.
REM T(I) CONTAINS THh NUMBER OF DIS(S
ON TOWER I.
REM D(I ) IS THE TOTAL NTMBER OF DISKS.
REM EiII  ̂ ND F(I) ARE THESOURCEAND DES- -..
TINATION TOVERS,
DrM E(20), F(20), T(3)
INPUT T(l)
r(2) = 0
r(3) = 0
E(1 )  =  I
F(1) = 2
D(l) = 111;
GOSUB 990
GOTO 60

30
40

50
60
70
80
90
t00

0
120
130

Quicksort algorillrm
[rt's now consider a tinal useful applicalion of rccursion,
the quicksort rlgorilh'n. You crn e3sily pro8lam these effi'
c|enl and wiJelv_used sortinS fllSorilhms Ieculsively'  

supoo"e t t ' " i  vou tru"e sLred valuesin A(L)." 'AGr)

"na 
wiin to otaci them ir) rrcending order in lhe sarne sloft

ace locations. The brsic quicksort alSorithm chooc€s some

aibitrrrv value fiom ihis Lsl. say X = A(K)' and lhen re-

arranae; lhc values so thrl rll vahres smcller lhtn X are lo-

cateibefore it in the list and all valu€s largcr than X are lo'

cated rfter it. Then X will be locrted rt its correct so(€d

oosilror) irr the li5l of, sav, A(l) Tlre srme alSorithrn is then
;cdriivelv aDDIied wilh L .nd I-l in place of L and H. and
tt 'en 

"e" in "ppt iea. 
* i r t r  t+l  anJ l l  $hen cal l ing the ' lgo-

r i lhm wi lh L = l l ,  i t  s inrply relurrrs.
The only parL of lhe slgodlhnr thJt needs sotne addi

r i ,nal  artcnrn'n is Ihe process of terrrunging the l is l  so thr l

X L in i l \  pr. ' rcr Iosi l iun xr)J . t l l  o l l rc '  vr lues l ic nn r \c

oroL cr s ide of X. I lv kccprnJ two polr) lers.  l  and J. tou re'

aqanqe rrre l isr .  I  s l l r t \  bv point ing r t  the f i rst  Pul i l ion 'n

ihe ' i i r .  |  .  J po;rrs to l t .  Tl t rn rs poinlet I  nroves down lhe

l isr.  i r  elco'r i r ter '  a vr lue no srnr l ler thrn X. This value of
Al l I  \ Io ld- drerelore. l ie below X rtr  Ihe l ist .  Ne\1, pointe'
J Drcves uD the tist unlil it enco$nteB 3 number no hrger
thdn X. Tl i r t  nuNber is e\chrnged wirh A(l) :bor l t  a( '  rhen

in thc Droocr oJr l  of  the t ; l  rel l l ive to lhe eventusl  Posr '
r io l l  o lrX. Re;c,t  the procers unl i l  I  str t l  I  ctoss. At l \ i t l
poinl, the rer;angement is conlpl.le, lrs the following ex'

anrple of the process shows:



l> t2 .
, , ,  ? t .

60,
l 3

&-lt'
Sraremenr l0OO in this prosmm is the ten f"r t .-i""1 . 

' 
I

t ion- SraremenIs l0l0- l  I70 pe.form the pdt i !oning of the
list into those value! smaller than X and those larger thtn X. -- , :*:.:
Two recursive calls follow lhe p.rrtitioning- Only th.ee vBl- .: :: i
u€s,1, L and H,are saved during the recursive call- : '

Quicksort example t 
.. I

1 3
x->46 JX->46 . J&>45
. L > : t 4  6 0  - . . 6 0

94 94 94
4t 49 49
95 95 95

. r. E , l7i_-,;..;r ?5

The folowing program implements this proccss:

950 REM QUICKSORT-SUBROT]TINE TO REAR.
RANCE A(L(s) rHRU A(H(S))

960 REM SO TITAT Al-L VALUES <= X LIE BE.
FORE X AND ALL VALUES

9'lO REM >= X LIE AFTER X IVHERE X = A (lNT

" -  -E :

.,, ':d

.r->rt l
x->46 .
l->60 . i

94
49 1
95

44

An illuslration of an execution of the quicksort algorithm
appears as follows. The far left column conlains the original I
list often numbers. The circled numbers are lha values used ,. i
for X, and the number-pairs in rectangles are the values ofL
and H used to prrrition the lisr. Note that the procedur€ bc- 

'_''

gins with L= l, H - 10, X =46. Partitioningin thc fifth po-. I.l
sitioo then places X- Next the proc€ss is called for X = 3, I
L = l, H = 4, and X = 49, L= 6,H - 10. The process con. 

'::.1

980
(L(s) + H(s)/z)).
REM INITIAL CALL TO 99O SORTS A(I)
THRU A(N).
S =  I
L(l)= I
H(l) = N
IF L(S) >= H(S) THEN 1270
M=rNr(L(s)+H(s))/2)
x = A(M)
t = l.(s)
J - ll(s)
IFA( l )> -XTHEN 1080
l = l + l
coTo 1050
tF A(J) <= X THEN I I l0
J = J - l
GOTO 1080
IF  I  >JTHEN I  I70
r = A(t)
A(l) = A(J)
r(l)= r
l = l + l
J = J - l
IF I <= J THEN 1050
I(s) - I
S = S + l
L(s) = L(91)
H(s) - J
cosuB t 000
S = S + l
L(s) = (s-r)
H(s)= H(S'l  )
cosuB 1000
S - S . l
RETURN

RE]\4 CALLING PROCRAM FOR QUICKSORT.
REM A(1) THROUGTI A(N) CONTAIN NU}IBERS
TO BE SORTED.
DrM A(100), L{20), H(20), (20)
INPUT N
F O R I = I T O N
A(l) = RND(o)
NEXT I
GOSUB 990
F O R I = I T O N
PRINT A(I) I
NEXT I
coTo 40

tinues in this way until all values rre correcdy sorted.

Tree searching
Th€se few examples indicate lhe ease and convcnience ofTh€se few examples indicate lhe ease and convcnience of ,
doing r€cursion in BASIC. Another larger area of applica- '.;

' tion for recursion involves tr€e searchin8. This aPPlication . lii' l
is especially useful for searching game trees or for olher rp-
plicrtions rhal need a strategy to be dctermined lhrough a
choice between altematives.

Herbe Dershem is Chahman of the DePartmcnt of Com-
puter Science at Hope ColleSe, Ilolland, Michigan.lle has a
Ph.D. ni Computer Science from Purdue Univenity.

Rale thisarticle: circle 6L,6M or 6H
on Reador lnquiry Card.

lf your address label is print€d in red,
peeloff label, aftixtolorm on pag€ t 1'

fill out totm and return to usto
continue your tlee subsctiplion. '

990
994
991
1000
t  0 l 0
1020
t030
1040
I050
r060
1070
1080
1090
| 100
l l  t 0
120
t30
140
150
160
t10
180
190

1200
r  2 l 0
1220
1230
1240
r250
t260
1210
1280
I O
20

30
40
50
60
7D
80
90
t00
I  l o
r20
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