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Pleasetry to solve asmary of the following problemsasyou canwith your group. At the end, handin one setof
answerdor everyonein the group. Make surethateveryonein your group putstheir nameon the answerpages.The
problemswill be marked,andeveryonein thegroupwill getthe samegrade.You problablywon’t havetime dodoall
theproblems soselecttheonesyou cando best.Sare thegeometryproblemsfor last; they arequite hard.

1. Socks.
(a) My sockdrawer contains3 differentkindsof socks.How mary socksdo | have to take from thedrawerto

ensurethat! have two socksof the samekind?

(b) My othersockdrawer contains? differentkinds of socks. How mary socksdo | have to take from the
drawerto ensurethat! have two socksof the samekind?

(c) My alien cousinhasthreefeet. He hasa sockdrawver containing5 differentkinds of socks. How mary
socksmusthe pick from his drawerto be sureof having threesocksof the samekind?
2. Birthdays.
(a) How mary peopledo | needto have in aroomto ensurethattwo of themwerebornon the sameday of
theweek?

(b) How mary peopledo | needto have in aroomto ensurethattwo of themwereborn on the sameday of
the month. (A personbornon February6 anda personbornon August6 were“born on the sameday of
themonth”.)

(c) How mary peopledo | needto have in aroomto ensurethattwo of themcelebrateheir birthdayon the
sameday?

(d) Shaw that(underreasonablessumptions)heremustbe five peoplein Reginawho areexactly the same
age(i.e., they wereall bornonthesameday).

3. Placing dominos on a chess board. Supposave have a supplyof dominosof size2 x 1 thatwill exactly cover
2 square®f our chessboard.
(a) Show thatwe cant arrangedominoson a3 x 3 chesshoartb coverevery square.
(b) Shaw thatwe canarrangedominoson a4 x 4 chessboartb cover every square.
(c) Show thatif we removetwo adjacentornersfrom a4 x 4 chessboarae canstill coverit with dominos.
(d) Shaw thatit we removetwo oppositecornersfrom a4 x 4 chessboarg@e cannotcoverit with dominos.

4. Supposéd select55 numbersrom theset{1,2,3,---,100}.

(a) Shaw thatl musthave two numberswhich differ by 9.

(b) Shaw thatl musthave two numberswvhich differ by 10.
(c) Shaw thatl musthave two numberswhich differ by 12.
(d) Shaw thatl musthave two numberswvhich differ by 13.



(e) Show thatl donotnecessariljhave to have two numberswhich differ by 11.

5. Lossless compression. Supposéahatwe purportto have afile compressioschemehatis “lossless”.We model
thecompressiorschemen thefollowing way: afunctionC from thesetof computeffiles to the setof computer
fileswhichis aninjection (losslessandfor which afile of sizemis alwaysmappedo afile of sizem or smaller
For usto call this acompressiorschemeat leastonefile mustbe mappedo asmallerfile.

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

(b) Shaw thateveryfile of lengthN keepsts sizeaftercompression.

(c) Show thatthereare2 files of lengthN.

(d) Show thatthereare2\ + 1 files which mapinto files of lengthN.

(e) Show thatC cannotbeaninjection.

() Whatcanwe sayaboutfile compressioschemesn generabasedntheabose?

6. Geometry. (hard ones)

(a) Prove thatamongary five pointsselectednside an equilateraltriangle of side 1 unit, at leasttwo of the
pointsmusthave distanceno greaterthan0.5 unitsfrom oneanother

(b) Givenary six pointsinsideacircle of radiusl, shov thatsomepair of pointsmusthave distanceno greater
thanl unit from oneanother

(c) Supposghatevery pointin theplaneis colouredredor blue. Show thattheremustbe somerectanglewith
all four cornerghe samecolour.

(d) Supposehatevery pointon (the circumferenceof) a circle is colouredred or blue. Shav thattheremust
exist threeequallyspacedointsof the samecolour.



