Section 75
Repetitions



REPETITIONS

Question: How man woss are there fo put r 1dlentical marbles
into N boxes, if you ave allowed fo put more
than One marble per box?

First try 3 mavbles into 10 boves.
Ca.Se f : Al[ n Same LO\( (i:))
CaSe L: —ﬁ/o In Ohe box, one n anoJclno/ l0-9
(ase Al different boxes ( 5 )=120
Addition rule ~ 120+90+10 = 220.

What about 10 marbles in 3 bores ?
[__o‘tS o{'\ Co.SeS(
Whot 4o oo™



STARS AND PARS
Can onswer’ the last Ctuesh'on 1"1 (ookl'/\g o tthe t’igH WRY:

The number of WOYS of pu‘HEinq 10 marbles irto D boyes 15 the

Same aS -

the number oF Im'narg s—Erincas with 10 Zeros, 7 ones

Lo, o, S —> o O MO
AN < | %3 OO | W

How many such Stnngs are there
(1)=66



REPETITIONS

Question: How man woss are there fo put r 1dlentical marbles
into N boxes, if you ave allowed fo put more
than One marble per box?

ANSWERZ This is the same as ‘th.z numbey~ of s{rinrjs wi‘Hﬂ v stars

and n-| bars:
(n+r—1) ,(VH"")
r “\n-1



Rereriion S, Permurar IONS, AND COMBwKT IONS

/‘(ow many wags-fo purf V Ma/é[es In n boXes }[ ..

the marbles are  the marblesare
indistinguishable  dlistinguishable

ot WllOS‘f ohne p

marble s ny

(t}lowmlw ((’) ’P( / )
oX

any numbuf

oF marbles ntr-| r
if\ o box




REPETITIONS

ExAMPLE: How pany ways are there 1o choose 15 cans of
sodlo. Jrom & cooler with (lots of ) Coke, De fopeer:
Min Dew, KC cola, andd M Pibb?

loka: Fut |5 marbles 1 D boxes
~ (12)-(§) - 3876
FugTyeR: \/\ﬂmt i)(‘ ‘ fns.lS{Z on at (eoch 3 (okes and @L&Cﬁ\j
one Mr-Pbb”?

4 “marbles’ alreao(\{ “useol! Ohe "box"
alveady “Full’ —~ (%)= 141312 [6 = 364



REPETITIONS

EXAM?LE. ln how many woys con we Choose 4’ nonnega’b\/e,
I'n‘fe%els a, b, c, andl 0( So ‘d’la‘f: a+b+c+dl=1007

100 marbles in 4 boxes : (1033) = 176,851

What ’17(1 a,b,c, and ol are m:bl\ral ru,tmbe,rs?
4' marbles used ""’(939) 156,849



RePeTiTiONS
&AM?LE HOV\/ Manj oy O-Q-_H\Uﬂ’(:o CJ'IOOSQ 4— ]rd?_%&fs
O«,b, C, and 0 ‘H’\o[t'-
a+bicsgl=15 ’
oz-5, b7/o, C>» -, d7z-1"
Set a'=a+d, ' =c+l, d = d+1

> atbecd4d =21 vhee o'bcdZz0

~— 71 m&rblﬁs, 4- boves : (%54) = 2024



GeNERALZED PermuctATIONS

5(,4M7’L£. Howman wolS are ‘H’l@& to arran ‘6‘!& (éﬂffs o?
St i

Method 1 Choose 5 spsts Jor \ (é’)
Then ordor the, ther letters : 3!
/20
Methed 2+ Arange S,2Y.6¥s i (! ways
"Divide [3\1 7
[20.

Eawrie. What obsat MISSISSIPPI
34, 650



GeNERALZED PermuctATIONS

In gereral, Say we have N obects that fall into k ooups,
with 1; dbjects 1 the it group- “Two obedts in the same
group ar inol{s)dnguishalale, but objechs in oliFevert qro

are, ob's'b‘ngufs able. Ifl hov\/ many watjs can we Om[af €
Olojects?

l
?(ﬂ,’ n’r"/ﬂk) - ﬂ-/(]'!nz! "'ﬂk.l



GeNERALZED PermuctATIONS

EXAMPLE. SuppoSe there ave 100 Spo‘ts in the, Showreom. o &
cor deolership. “There are |5 (denical) sports cors,
15 compock aars, 30 station wagons, and 70 vans.
ln how mony ways can the cars be parked?

\
P(t00;15,25,20,20,10) = 190 51251301 20! 10!



