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Solving Combinatorial Problems by tellingStories

We are going to dealwith some elementary combinatorial problems By telling
Stories I mean constructing a model which is easier to visualizethan
mathematical formulas or describingtheproblembysomedownto earthlanguages
Sometimessuchideascouldbeveryuseful andefficient

Note We denote E as the of waysforpicking k outof n distinct
objects and we have E Ir Mathematically K phm butyoudon't
need to usethisformula in mostpartsofthis worksheet

Let us beginwithsome examples

CD Suppose we have a set of n elements What is thetotal number
of subsetsof it Colandthesetitselfshouldbe included

Bob is going to hold a partytonight and hesends outinvitations b
n of hisfriends Foreachone in the invitation list he orshe has
exactly two options Accept or Decline Therefore the subsetof the
set ofinvited person hasexactly 2 possibilities which is exactlythe
ofsubsets of a setwith n objects

Moreover weget a formula I EEC f t T t h an



Let us consider a more challenging one

123 findthe of solutions for theequation Xi tut Xp n where

k n are positive integers andeach Xi is a non negativeinteger

Now consider Xi Xr ask boxes You have n balls andyou
need to put them in these boxes Howmany waysforyoutodothat

It ITE i dish i.IT
obsects

Add a bartoseparateballsfromdifferent boxes

We can see eachwayto assigntheseballs is uniquely determinedby a
sequenceofMkt objects whichcontains n balls k I bars Therefore

of different suchsequences of differentways to assignthese balls
of solutions ofthe aboveequation Forthe ofdifferent suchsequences

we can seethat it is justequal to ofways totake k t slotsoutfrom
the sequenceforplacingbars thusthe answer is FLEY MRn

133 Provetheformula adf.EC IT Y
123 For men Eno mmR FY slightly harder

Howmanywaysto choose n outof 2h cookies What if these 2n cookies
are madeup by n sweet cookies n salty cookies If youwant tochoose
Mtl out ofntt Labelled cookies amongeach setof my cookiesyouchoosewhat
about the one withsmallest index



It is time totake some exercises

I Preoretheformulas a K ke ne Lte ee aka n

IDE Y Fi mhm

2 Howmanyways to choose 2 subsets A B from Ll 2 nb s t
A CB What if we want AEB What if wewant At 0 Ct

3 Suppose A is a set of subsetsof L l z n and satisfies a
CD Everymemberof A has exactly K elements
127 For V I E db2 n nY I is contained in exactly r membersof A
Howmany elements i.e SubsetsofL l 2 n4 does A contain Gtx

4 How manymonotone increasing functions fromL1 2 n toitself
Monotone increasingmeans fcase f b whenever aEb Htt

5 Prove that for any non negative integers msn.fmmn3 lmhn is
always an integer C t



Hints Solutions

l LD Among n students we choose kofthemto participate in sportgames Among
these k selectedstudents l ofthemwant toplayfootballandtheremainingwantto
playbasketball Howmanypossiblesituations

2 A StudentswithgradeZA B Studentswithgrade213 What is
yourgrade Z A ZB butCA or c B

3 Suppose A has X elements Imageyou are teaching n kids mathematics
Yougivethem X problems andyou promisethemthateach oneofthemwill
receive a candyforeach correct answer hesheprovides If eachofthem
provides exactly r correct answers andforeachproblemyoureceiveexactly k
correct answers howmanycandiesyou should prepareforthem

4 There are n childrenlabelled as I n andeachofthemhas no morethandollars Moreover the itDthchildren has no lessmoneythanthe ithdoesWhat

if foreach 2 the ithchildren receives i I dollars in addition

5 I don't havesuch a story I wishyou have one and I will
be appreciated if youcantell me
If youknow sometricks in numbertheory thentryto prove it bylooking
at thepowerof P in the dividend divisor whereP is anyprimenumber


