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Pleasetry to solve asmany of the following problemsasyou canwith your group. At the end,handin onesetof
answersfor everyonein thegroup.Make surethateveryonein your groupputstheir nameon theanswerpages.The
problemswill bemarked,andeveryonein thegroupwill getthesamegrade.Youproblablywon’t havetimedo doall
theproblems,soselecttheonesyou cando best.Save thegeometryproblemsfor last;they arequitehard.

1. Socks.

(a) My sockdrawercontains3 differentkindsof socks.How many socksdo I haveto takefrom thedrawer to
ensurethatI have two socksof thesamekind?

(b) My othersockdrawer contains7 differentkinds of socks. How many socksdo I have to take from the
drawer to ensurethatI havetwo socksof thesamekind?

(c) My alien cousinhasthreefeet. He hasa sockdrawer containing5 differentkinds of socks. How many
socksmusthepick from hisdrawer to besureof having threesocksof thesamekind?

2. Birthdays.

(a) How many peopledo I needto have in a roomto ensurethat two of themwerebornon thesamedayof
theweek?

(b) How many peopledo I needto have in a roomto ensurethat two of themwerebornon thesamedayof
themonth. (A personbornon February6 anda personbornon August6 were“born on thesamedayof
themonth”.)

(c) How many peopledo I needto have in a roomto ensurethat two of themcelebratetheir birthdayon the
sameday?

(d) Show that (underreasonableassumptions)theremustbefive peoplein Reginawho areexactly thesame
age(i.e., they wereall bornon thesameday).

3. Placing dominos on a chess board. Supposewehaveasupplyof dominosof size2 � 1 thatwill exactlycover
2 squaresof our chessboard.

(a) Show thatwe can’t arrangedominoson a 3 � 3 chessboardto covereverysquare.

(b) Show thatwe canarrangedominoson a 4 � 4 chessboardto covereverysquare.

(c) Show thatif we removetwo adjacentcornersfrom a4 � 4 chessboardwe canstill cover it with dominos.

(d) Show thatit we removetwo oppositecornersfrom a4 � 4 chessboardwe cannotcover it with dominos.

4. SupposeI select55 numbersfrom theset
�
1� 2� 3��������� 100� .

(a) Show thatI musthave two numberswhichdiffer by 9.

(b) Show thatI musthave two numberswhichdiffer by 10.

(c) Show thatI musthave two numberswhichdiffer by 12.

(d) Show thatI musthave two numberswhichdiffer by 13.



(e) Show thatI donot necessarilyhave to havetwo numberswhichdiffer by 11.

5. Lossless compression. Supposethatwepurportto haveafile compressionschemethatis “lossless”.Wemodel
thecompressionschemein thefollowing way: a functionC from thesetof computerfiles to thesetof computer
fileswhich is aninjection(lossless)andfor whichafile of sizem is alwaysmappedto afile of sizem or smaller.
For usto call this acompressionscheme,at leastonefile mustbemappedto asmallerfile.

(a) Let M betheleastnumbersuchthatthereis a file F of lengthM thatcompressinginto somethingshorter;
sayC � F 	�
 G wherethelengthof G is N, whereN is lessthanM. Why doesM have to exist?

(b) Show thateveryfile of lengthN keepsits sizeaftercompression.

(c) Show thatthereare2N filesof lengthN.

(d) Show thatthereare2N � 1 fileswhich mapinto filesof lengthN.

(e) Show thatC cannotbeaninjection.

(f) Whatcanwesayaboutfile compressionschemesin generalbasedon theabove?

6. Geometry. (hard ones)

(a) Prove thatamongany five pointsselectedinsideanequilateraltriangleof side1 unit, at leasttwo of the
pointsmusthavedistancenogreaterthan0.5unitsfrom oneanother.

(b) Givenany six pointsinsideacircleof radius1, show thatsomepairof pointsmusthavedistancenogreater
than1 unit from oneanother.

(c) Supposethateverypoint in theplaneis colouredredor blue.Show thattheremustbesomerectanglewith
all four cornersthesamecolour.

(d) Supposethatevery point on (thecircumferenceof) a circle is colouredredor blue. Show that theremust
exist threeequallyspacedpointsof thesamecolour.
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