
Short  Note

A Frst ltcrrtivc Altorithm for Gcmnting Sct
Praitiors

An itcrrtive rlgorithm for gcncnting rll per-
titions of thc sct {1,...,r} b prcsenled. An
cnrpirical tcst slmws thrt thc rrw rlgorithm b
fester thrn thc prcviously frstcst rlgorithrn
rcccntly proposed by Er on somc comp.rlcrs,
thorgh thc formcr b slower thrn thc leilcr on r
comFrter rhcre fist rrcurdve crll b providcd
brscd on rn RISC rrshitecturc.

Receiu.ed Octoher l9E6

l. lntrodwtioo

L*t Z:= {1,.. . ,a}. A part i t ion of t ie sct Z
consists of & classcs rr, .... nr such tha! n, 0 n,
= I i t  i  + j , t tr  U...  U ft t  = Z, and r, f  )  for i
< i < k. In this paper we considcr thc problem
of gencrating alt iartitions of thc sct Z.

Scquential algorithms for rr partitioning
are studicd in the literature.2'r'r. '. t Thc fastest
among thcm (as shown by Er)r is thc rccursive
algorithm givcn by Er,r while thc fastest
previously known itcrative algorithm is onc
given by Scmba.'

Thc purposc of the paper is to derive an
efficient algorithm for gencrating all partitions
of thc sct Z. which is fastcr than both rhc Ert
and Scmba'algorithms, as shown by empirical
results.

2. Algorithrns

A codcword crcr...cr rrprescnG a partition
of thc sct Z if and only if c, - I and I ( c, {
max(cr.. . . .c,-r)* I  for 2 ( r (  z, whcic c, i
7 if r' is in zr. A lisr of codcwords and
corresponding partitions for a = 4 is as
f o l l o w s :  l l l l  : ( 1 2 3 4 ) ,  l l 1 2 = ( 1 2 3 X 4 ) ,
I f  2t = (124X3). i l22: (12X34), I  l2l  :
(r2x3x4). r2r r : (t34)(2). t2t2= (t3x24).
l2l3 = (13X2)(4), l22l = (14X23), t222 =
(rx234), r223 - (lX23X4), l23l - (l4X2X3),
1232 -- (rX24X3), r233 - (tX2X34), t234 -
(lx2x3x4).

We prescnt an algorithm which is naturally
dcrived from thc abovc considcration of thc
codewords. ln thc program wc urc an array to
storc g'.: = max (cr, ..., c,),

Pfrrgrrm rtpartl(n);
bcgin

r :  : 0 ,  c c :  -  0 ;  z _ l  :  -  a - l i f , q :  * 0 ;
rcPCri

rhi lc r < zl do bcgin r:  = r* l ;  c,:  =
l ;  g , :  =  g , - t  cod :
for j'. = I to 9., + I do bcgin 'c,t 

= i:-  prini out ct. . .c.;  cnd;
rh i le  c ,  >  g r - l  do  r : -  r - la
c r : - c r + l ;
iI c, > t, t||Cn g,: = c;

until r - I
crd:
In thc sccond WHILE a backtrack ir madc

to find thc largcst r having an 'increasablc' c,.
i .c. c, { t ,-r*1. Although thc improverncnt
in thc crecution timcs is significant compared
with thc program in Scmba.'thir improvement
ir mainly'duc to avoiding toto ttatcments. We
wrnt to improve thc abovc algorithm furthcr.
The ncw rlgorithm for gcneraring t t
partitionr gocs ar follows:

r h i l c  r < � n l  d o  b c g i n  r : = r * l i
c . :  =  l ;  j :  = .1+  l :  b , . .  -  r  and;

Iotf t= |  to n-j  do. btgin c,: f ;
pnnt out cl. . . ci : cod :

r :  =  b t ;
c , :  =  c , +  l ;
i( c, > {-i thcn j: - l- I

m t i l r - l
eld:
In thc prcscntcd itcrative algorithm 6, is the

position whcrc currcnt position r ihould
backtrack after generating all codcwords
bcginning with c,...c._r. An elcment of 6 is
dcfincd whcncvcr g', = g,_,, which is recog-
nizcd by eithcr c, = I or c, > z-j in the
altorithm. It is easy to sce that the rclation
| - t,_t*j holds whencver 7 is defincd'(cf.
Fig. I). Tbus thc numbcr of backtrack calls is
cqual to I _r, whcre 8, is the well-kno.wn
Bcll numbcr giving the numbcr of partirions of
thc sct {1,...,s}. Each backtrack is donc in
constant timc. Thir is the main improvement
over Sctpartl, thOugh wc havc to consume two
sletemcnts: j :- j+l and 6r:-r iB many
tim6 a3 thc backtrack is done (this is thc

rcason that both programs run in a com-
perablc timc). Thc backtrack by thc array g, is
non-constant and, furthermore, the array b
which wc usc always has lcss clenrcnts then thc
arr�ay g. In fact, at the printlng step in our
algorithm D has n -g" elements, while g has n
clcmenls.

Compared to Er's algorithm,r oun treats
the backtra-cking more cfficicntly in the scnsc
that in the recursive algorithm,2 backtrack
again requires non-constant time (since it
corresponds to thc returning of thc recursive
calls). '

It is of intcrcst to notc that thc codewords
gcncrated by the algorithms of Er,t Scmbal

- and thc one dcscribcd in this papcr arr always
in lcxicographic ordcr.

3. Pcrformencc cveluetion

In ordcr to evaluatc the pcrformancc of our
ncwly proposcd algorithms.and to compare
thcm with thosc of Ert and Scmba,' all the
algorithms havc bcen implcmcnted in Sun and
VAX Pascals and compiled undcr the Umx
opcrating systcm on thc Sun-4/280 and VAX
t800 computcrs (thc optimising option is
uscd). Thc actual CPU running timcs of the
algorithms arc summariscd in Tablcs I and 2
(algorithms are run once wilhout printing out

Fotr.|r| sctpart2(r):
bcCin

r : -  l ;  c r : -  l ;
a l : - a - l :
rcFrl

j : - 0 ;  D o : =  l ;

,

. t

Ffurc l. c, - l l l2l l32l.

Trble l. A comperison of the rcturl ntnning times (mersured in scconds of CPU timc)
of Er's, Sembe'r .nd oor Sctprrt elgorithms for gencrrting dl ptrtiiions of { | , ..., a}
on r VAX tt(Xl computcr

r Er's % Scmba's % Sctpartl ' Sctpart2 %

t2  i l . I
13 73.4
t4 494.3
l5 34E9.9
15 25820.2

r00 23.0
100 t47.4
t00 99E.9
t00 7 134.7
r00 529ffi.2

r0.5
58.6

&.2
327 t .7

23839.7

94.5 E.E
93.5 57.2
93.9 392.5
93.7 2774.9
92.3 2049.2

207
201
202
2M
2M

79.3
77.9
79.4
79.5
79.2

t : i
l = t ,

l = C .
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Teble 2. A comperivrn of the rcturl running times (measured in seconds of CPU time)

on r Sun{/280 comPuter

a Er 's o,/o Semba's % Setpart I o/o Setpart2 %
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partitions). The rcsults show clcarly tlat both
sctpart I and sctpart2 are faster than Er's on
the VAX compui.t  (94 and 80 %. rcst 'rct ivcly;
a simiiur result is obtained on a Sun'3,/180
computcr). But they are much slowcr (more
rhan twicc) than Er's rccursivc onc on thc
Sun-4 computer. Thc rcason is that thc
rccursivc call and return consumc more time
than arithmctic opcration on the VAX com'
putcr whilc on the Sun-4 iomputcr, whcre
an RISC (rcduced instruction sct-computer)
architccture is adopted, vcry fast call/return
opcrations (comparable to register arithmctic
opcration) arc providcd for a small program
likc sctpart by thc aid of a good optimising
compiler and fast rcgistcrs (cf. Ref. 5). Act-
irally, thc recursive program compiled.undcr
the optimiscr option is about four timcs fastcr
than onc underz no-optimizer oPtion, while
itcrative programs are run twic€ as tast
through compilation undcr the - oPtimiscr
oprio; (thus both programs run in a com-
parablc time in a no-optimiscr option). We

notc that this outstanding pcrformancc of
Sun-4 could bc rapidly rcduced whcn .thc
nesting of rccursive calls gocs dcepcr than a
cerlain criticai dcPth.s

7.0 2t9
4.5 205

297.0 203
2I  t3 .8  205

15627.6 206

4. -€oncluding rcmrrks

Wc have succcedcd in deriving an cfficient
algorithm for generating sct partilions. The
algorithm is signi6cantly faster than the
previous fastest itcrativc allorithm; it is also
faster than the prcviously rcportcd fastcst
program, that of Er, on somc computeF. It is
as simple as the programs givcn by Ert and
Scmba.r Though it runs much more slowly
than Er's one on somc computers (wherc
recursivc calls are optimiscd undcr an RISC
architecture). the prescnt algorithm has one
morc advantage ovcr the recursivc algorithm:t
it cnablcs 

'an 
efficicnt adaptive and cost-

optimal parallel algorithm to bc dcviscd, as
dcscribed in another papcr by thc same
authors.r
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t2 3.4 I 00 19 .4 606 7 .6 238
I 3 2t.7 100 l?4.9 576 48.4 223
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