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1 2 General CashFlows

n of years r annualinterestrate

Supposeatendofyear j there is a cash flow aj
Cnc1leftc1right c2

1jnldots

j0 j1 j2

sometimes we write P price for thepresentvalue PV

PVfracc11rfracc2left1vright2ldotsfraccnleft1rrightnsum_j1nfraccjleft1vrightj
presentvalueofcash flow or prie of this financial

instrument

How do we implement such a fat in python inthemostaffilientway
Gt'sdefine Xfrac11nu Need toevaluate a polynomial PleftXrightsum_j1nCjXj

explicit for loop Discouraged sincevery slow inefficient

instead usevectorized operations

vectorinpython is a humpyarray
vectorof cjsleftc1ldotscnright
definevector left1ldotsnright j arrange left1n1right



now can define xj vectorwith xk as k th component

leftx1x2ldotsxnright
now we canuse dotscalar product PdotleftStimesjright

Horner's scheme

leftleftleftcnXcn1rightXcn2rightXldotsc1rightXP
requires thefewest operations whenevaluating a generalpolynomial

E
g leftleftleftc3xc2rightrightxc1rightx
built in python fit polyval usesoptimized Horner's scheme

Next specialcasewhere cjc allCj'sequal is called annuity

Ordinary annuity paysatendofyear
Annuity due paysatbeginningofyear

Consider ordinaryannuity Catendofperiodwith in paymentperiodsperyear

PVsum_j1nmfracaleft1fracvmrightjCsum_j1nmfrac1left1fracvmrightjCsum_j1nmxj with Xfrac11fracrm
GammaXsum_j0n1Xj reial this is ageometri sun

sum_j0NxjfracxN11x1
left1xrightsum_j0Nxjsum_j0Nxjsum_j1N1xj1xN1ctimesfracxnm1x1langlefrac11fracrmleftfracleft1fracrmrightum1frac11fracrm1right



fracleft1fracvmrightun11left1fracvmright
PVCfracmrleft1left1fracrmrightnmright

Note FVCsum_i0nm1left1fracrmrightiCfracmrleftleft1fracrmrightnm1right
attheend
ofyearn

perpetalaunity nrightarrowinfty

leftr0rightPVinftylim_nrightarrowinftyfracmrleft1left1fracrmrightnmright
cfracmr

Amortization repay a loan P with regularpayments egmortgage

Computeregularpayments cby cPfracrmleft1left1fracrmrightmmright1

Now simplify to m1

fracCrleft1left1rrightnrightPleftrright canbeseen as fat of r

Sometimes theprice of an instrument is fixed as P

For which r is PleftrrightP2 The solution rretm is called IRR
internalrateofreturn

Sometimes onealsodefinesnet presentvalue NPVleftrrightPPleftrright



AgainPgiven Pleftrright as abovewanttofindrs.tn PleftrrightP

PleftrrightLambda

PlefttrightPx

V
gammaIRM

Pir P
a Numerical task find zeroesof fats

morespecificallyhere rootsofpolynomials

SV

What numerical algorithms are there tofindzeroesoffat s
Newton'smethod

fleftxright
wedge

potentialproblems

doesnotalways
converge

x0

wedge

x11X2
X

X0x1

Bisectionmethod
fin so

x0

x1

fled 0



Secantmethod


