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1 Executive Summary

In CS1321-2today Travis Pinngy queriedhow to checkthat one’s hashfunctionimplementatioris correct. While trying to
answetrhis question] discoveredthe hashingschemedid notwork asexpected.
I still recommendmplementingthe hashfunctionschemepresentedn class:

1. Write a recursie function corverting a string into a real numberin the range[0,1). This works by corverting each
characteto its ASCII representatiormultiplying by the goldenratio ¢ = (v/5 — 1)/2, droppingthe digits to the left of
thedecimalpoint, andaddingthefractionalproductof 256 andtherecursve call.

2. Multiply theresultingfractionby M, truncatingthe digits afterthe decimalpoint.

Sincea computerepresentseal numberausingonly a finite numberof digits, the answerwill differ from the mathematically
correctanswer but the schemas so similar to creatingrandomnumberswhich hasa similar propertyof adding,multiplying,
andthendroppingdigits thatl think the schemewill still work well.

2 Executive Summary on How to Check the Hash Function

As writtenin the“Suggestiongor Improvement’sectionof thehomework, firstimplementhehashTabl e classusingahash
functionalwaysyielding zero. After testingthe codefor correctnessmplementhemoresophisticatedhashfunction. To check
it, have it print the valuesit yields. If you wish to morethanvisually inspectthe results,usethe histogramprogramto group
togetherandcountthevalues.

3 Explanation

Warning: Thefollowing presentatiofis not mathematicallyigorous,but | hopeit presentshemainideasin anunderstandable
manner
Thehashfunctionpresentedn classconceptuallyconsistsof thefollowing parts:

1. Corvertingthe stringto a (backwards)base-25Gumber
2. Multiplying by theirrationalnumberg anddroppingall digits to the left of the decimalpoint.
3. Multiplying by thevectorssize M andtruncating.

Knuthwritesthatthis schemas mathematicallysoundandperformswell in practice[Knu98hb, pp.517-519].

Why doesthis schemework? Supposewe are hashingsomestring coc; cacses, Which is corvertedto a base-2number
CoC1C2C3Cy, i.e.,,Cy %29 + Cy % 21 + Cy x 22 + C5 x 22 + C4 x 2%, (We usebase2, not base-256pnly to make the
notationshorter) Considermultiplying by anirrational number0.b9b1b2b3bs4 . . ., whereb; represenbits. For the casethat
Co =...=(C4 =1, thisisthesum

*(©2000Jefrey D. Oldham(ol dham@s. tri ni ty. edu). All rightsresered. Thisdocumenimay not beredistritutedin ary form withouttheexpress
permissiorof theauthor



0.bob1b2bsby . . .
bo.b1b2b3babs . ..
bob1.b2bsbabsbs . . .
bob1b2.b3bsbsbebr . ..
bob1b2bs3.babsbsbrbs . ..

++++

Sincethedigits of theirrationalnumberhave no repeatingpattern they appearandom,andthe sumappearsandom.

If we implementthe schemegorvertinga stringto a base-25umbercanyield a numbermuchtoo largeto storeinside
ani nt eger ordoubl e. Insteadwe mergethefirst two stepsto ensurehe numbersdo not grow too large. Distributing the
multiplicationby ¢ causeso problemsij.e.,

Cop#2° +Crp#2' + Cagp % 2° + Cagp x 2° + Cugp + 2%,

but the numbersarestill too large. Insteadwe canrearrangeghe computationto useHorner’s rule [Knu98ga Section4.6.4]to
rearrangehe computatiorthat permitsusto distribute takingthe fractionalportion.

Codp+2%(C1d+2%(Codp+2x%(C30+2%(Cagp+2x(0))))).
Let frac(x) representhefractionalportionof thenumberz. Mathematicallywe canshow that
frac(a + b) = frac(frac(a) + frac(b))
thatis, computingthe fractionalportionsof the operandsioesnot changehe answer Thus,

frac(Cogp + 2% (C1¢ + 2% (Cogp + 2% (C39 + 2 % (Cap + 2% (0)))))) =
frac(frac(Co @) + frac(2 x (frac(C1 @) + frac(2 * (frac(Ca @) + frac(2 * (frac(Csz¢) + frac(2 * (frac(Cyd) + frac(2 = (0))))))))))),

i.e.,we computethefractionalportion of eachsignificantoperation.

Surprisingly whenwe programthis schemetheresultinganswerdiffersfrom the correctmathematicahnswer Why? The
problemis the numberof digits in a floating point numberthata computercanstoreis limited. In effect, our computeradds
somethindike

0.bgb1 babsby+
bo-b1babsby+
boby.b2bsbs+
bob1b2.bsbs+
bob1b2bs.by.

Eachnumbercontributesa finite numberof digits sothe answerdiffersfrom the mathematicahnswerthatinvolved summing
aninfinite numberof digits.

Despitethis precision problem, | claim the schemés still a goodschemebecausét closelymodelshow randomnumbers
aregeneratedn computersRandormumbersaregeneratedby multiplying the previousrandomnumberby a constantadding
anotherconstantandthendroppingall but thelast31 bits. Thus,! still recommendhe scheme.
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