Arranging Diginct Objects

P Question:
<How many way sarethereto stack the blocks
showntotheright?
P Answer:
<There are 54§3i2(1 = 120 waysto build such a
gack
PIn General:

< Thenumber of waysto arrange ndigind objeds
is n! = 112i3ipin
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Arranging Objectswit h Repeats

P How manyways ar e there to arrange the
objectson theright?

PThe answer is not 4!, because the objects are
not all distinct

PWe need away to deal with repeats

POQur trick isto:

<tenporarily make them all distina
<then corred for overcourting
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PWithdistinct colors, as shown hereg, there
will be 4! = 24 ways to arrange the objects

ArrangingObjects with Repeats

P Hereaethe
24w ays
withdistinct
colors
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PThey arenot
all distinct
withthe
aiginal
colors

Predictingthe Number ineach Group
How could we have predicted that each group would have
4 arrangements in it ?

Wewouldthen know that 24/4 = 6 was the answer without
havingto draw dl thepictures!




I nsidethe Pur ple Group

P Hereisaredrawing of the purple group

P How couldw e have predicted that there would be 4
arrangements inside this group?

PTheearetwo “blue’ blocks.
<They can be arranged in 2! ways.

PTheearetwo “red” blocks.
<They can be arranged in 2! ways.

PSothisgroupwill contain 2! x2! = 4 arrangements
(by the product rule)

PSimilarly, every groupwill contain 4 arangements

How Many ineach Group?

P Hereis another tower of colored blocks

PSupposew e assign different colorsto each
block. How many arrangements?

PIf weregroup those that are really the same,
how many arrangementswill be in each group*

PTherewill be 2! ineach
group, becausethe e are
2greens, which are
really thesame

How Many in each Group?

P Same question for the tower of blocks to
theright:
<Whenwe assign distinct colors and then
regroup, how mary will bein each group?
<Didyou say 3!x2! ?

YourTurn

P How many “anagrams” ar e there of each of the
followingw ords?

<READ
—4=24
< REED
— 42 =12
<DEED
—4/@x2A)=6
< EPEE
—4/3 =4
<ANA GRAM
- 71/ 3 =840
<ORTING

— 7''=5040




Applicationsof the Anagram Met hod

P Computing the “choose numbers”

P Given ndistinct objects, the number of ways to
select k of them iscalled “ nchoose k”

PFar example 6 choose 2 = 15, becausethereare
15ways to select 2 objects from among 6 distinct
objects
<|fwewishtosdecttwo latersfrom“ABCDEF”, we

couldsdect AB, AC, AD, AE, AF, BC, BD, BE, BF,
CD, CE, CF, DE, DF, or EF. That's 15ways.

PWewill now derive abetter way to do it.

Slecting 2 out of 6

PLet'slineup the six letters“ ABCDEF” and
consider somew ays to select tw o of them

ABCDEFE Selection
YYNNNN AB
YNNNYN AE
NNYYNN CD

PPlacea“Y” unde each letter that is chosen, and an
“N” under each that is not chosen

P Eachway of selecting two letters corresponds to an
anagram of theword “ Y YNNNN”"

P Thus, the number of waysto select two letters is
6l/(2! x4!) = 15

Slecting4 sudentsout of 10

P A teacher wishesto select 4 students from a class of
10. I'n how many w ays can this be done?

PLineupthestudentss AB_.C D E F GHI_J
YYYYNNNNNN

P Consider away to
select 4:

P Again, we seethat every way to select 4 students
correspondsto an anagram of “YYY YNNNNNN”

PSothereare 10!/(4!x6!) = 210 ways to do this

PIn general, the number of ways to select k objects
from ndistinct objects is nl/(k! x (n—k)!)

WalkingonaGrid

P Another application of anagrams:

P How manyways aretheretowalk from A to B on
thegrid below, walking only north and east?

POneway to walk: NNNNNN EEEE

P Another way : EEEENNNNNN

P Another way: NN EENN EENN

P Allwaysto walk have4 “E” and 6 “N”

< And arethus anagrams of “NNNNNNEEEE”

PThe number of ways to walk is thus: A
< 10!/(4!x6!) = 210




