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Learning Objectives

 One of Python’s very attractive feature is its ability to integrate 

with other technologies

 While it certainly is not the perfect technology, the ability to 

integrate with other technologies make it an invaluable tool

 In this lecture, we illustrate Python’s integrability with Excel.

 Connecting with Excel, we may regard Excel as a user interface 

with Python as a compute-core



3

Contents

 Brief Look at Excel for Computation

 Monte Carlo Pricing of Black-Scholes Option on Excel

 Excel Connectivity with PyWin32

 Monte Carlo Pricing of Black-Scholes Option on Excel 

with Python Compute-Core

 Preparing Excel for Bloomberg Options/Futures Data



4

Brief Look at Excel 
for Computation
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Computation on Excel

 Data is entered into cells

 Computation is done in one of two ways:

– Worksheet formulas

– Control of Excel Objects using VBA
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Structure of Excel 
– Fundamental Objects

Application

Workbook Workbook Workbook

Worksheet Worksheet Worksheet Worksheet Worksheet Worksheet

Range

Cell
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Structure of Excel 
– Fundamental Objects

Excel Workbook

Excel Application 

Worksheets

Cell

A Range is an array of Cells
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Worksheet Formulas

=RAND()

Double-click on a cell and click away

Notice the numbers changing

That is an example of RECALCULATION

Excel  recalculates its sheets contingent upon

certain events to maintain an updated status
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Recalculate with VBA

1) Alt-F11 to start VBE

2) Right click the Project Explorer and select Insert Module to create new module

3) Key in the above VBA code

4) Click F5 to run the code
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Cell Data Types

 The value contained in a cell can be one of the 

following types:

 The number in the parenthesis is the value returned by 

the function Type(value)

 Notice that the empty cell and the date are considered 

numbers

Number (1)

Text (2)

Logical Value (4)

Error (16)

Array (64)
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Format

 A cell that contains a 

number that is not empty 

may have a format – it is 

the format that 

determines whether it is 

displayed as a date or 

not

Source: http://office.microsoft.com/en-us/excel/HP100623921033.aspx
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Ain’t it confusing

Each cell has many properties (attributes).

The value that A2 contains is 32877 (pasted as value into A3)

It has a formula “=A1+3”

It has a format that renders the value as a date
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Extracting the information

=CELL("contents",A2)

=TEXT(A2,"d/m/yyyy")

=formula_string(A2)
Function formula_string(celref As Range)

formula_string = celref.Formula

End Function
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VBE

Top level Excel objects that are “alive”

VBA codes
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VBA talks to Excel objects

Methods and fields/attributes

in the Excel Object Model
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Excel Object Model
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Monte Carlo Pricing of 
Black-Scholes Option 

on Excel
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Recap: Black-Scholes Theory

Assumption 1: Stock price follows the Geometric Brownian Motion
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The Risk Neutral Pricing Framework

 In this framework, which is equivalent to Black-

Scholes Theory as was stated, the stock price satisfies 

the Geometric Brownian Motion with drift equal to the 

risk-free rate:

 And the call option price is given by:
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Properties of Brownian Motion
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Monte Carlo Option Pricing

 Step 1: Discretize the GBM

where 

 Step 2: Simulate M price paths on Excel 

spreadsheet
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Monte Carlo Option Pricing

 Step 3: Estimate the (call) option price from the 

formula
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Implementation on Excel

 Let’s plan!

 1 sheet for parameters: Input Sheet

 1 sheet for price paths (numerics): Output-Paths Sheet

 1 chart for price paths (graphs): Paths Chart Sheet

 1 sheet for option price: Output-Price Sheet
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Input

L12/Monte Carlo BS.xlsm



25

Output-Paths

L12/Monte Carlo BS.xlsm
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Paths Chart

L12/Monte Carlo BS.xlsm
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Output-Price

L12/Monte Carlo BS.xlsm
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VBA code behind button

L12/Monte Carlo BS.xlsm
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Module1.GeneratePaths

Option Explicit

Sub GeneratePaths()

Dim S0, r, sigma, T, dt, s, price, K As Double

Dim n, m, i, j As Integer

Dim chrt As Chart

' Capture parameters

S0 = Sheets("Input").Cells(1, 3)

r = Sheets("Input").Cells(2, 3)

sigma = Sheets("Input").Cells(3, 3)

T = Sheets("Input").Cells(4, 3)

n = Sheets("Input").Cells(5, 3)

m = Sheets("Input").Cells(6, 3)

K = Sheets("Input").Cells(7, 3)

' Compute convenience parameters

dt = T / n

' Clear Output sheets

Sheets("Output-Paths").Cells.Clear

Sheets("Output-Price").Cells.Clear

' Fill Output sheets

price = 0

For i = 1 To m

s = S0

For j = 1 To n

Sheets("Output-Paths").Cells(j, i) = s

s = s * (1 + r * dt + sigma * Sqr(dt) * WorksheetFunction.NormSInv(Rnd))

Next j

Sheets("Output-Paths").Cells(n + 1, i) = s

price = price + WorksheetFunction.Max(s - K, 0)

Next i

price = price / m * Exp(-r * T)

Sheets("Output-Price").Cells(1, 1) = price

' Create chart

If Charts.Count = 0 Then

' Supposed to be created after Output sheet...apparently doesn't work

Set chrt = Charts.Add(, Sheets("Output-Paths"))

chrt.Name = "Paths Chart"

Else

Set chrt = Charts(1)

End If

chrt.ChartType = xlLine

chrt.HasLegend = False

chrt.SetSourceData Source:=Sheets("Output-Paths").Range("A1").CurrentRegion

End Sub

L12/Monte Carlo BS.xlsm
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Excel Connectivity with PyWin32
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The case for extending Excel

 Excel – basically a glorified two-dimensional array

– But financial information resides in high dimensional spaces!

 VBA is a clumsy language

– OOP features weak to non-existent

– Few freely available supporting libraries (particularly for 

numerical/statistical computations) except for a few add-ins

– Validity of in-built mathematical functions is questionable

 However: Excel is perhaps the most widely used piece 

of software in the (finance) industry

– Forsaking it is turning our backs against lots of folks
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Strategy

Excel
Used as GUI

Python
Used as compute-core

pywin32

Caveat: Resize method of Range object does not work from pywin32

This is what happens: 

Python <-> PyWin32 <-> MSFT COM Technology <-> Excel Object Model
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A brief introduction to PyWin32

 The win32com package is Python’s interface with the 

Windows operating system

Source: http://timgolden.me.uk/pywin32-docs/html/com/win32com/HTML/package.html



34

What is COM?

 COM is a Microsoft technology aimed at component-based 

programming for the purpose of code reusability

 It’s been superseded by .NET technology; but it will be there to 

stay for awhile because lots of existing technology are COM 

object: e.g. Word, Excel

 The bare minimum about COM

– Comprises objects and interfaces

– Special interface - IDispatch – an interface that connects COM objects to 

high-level programming languages such as C++

– Usage of Idispatch can be by early-binding or late-binding

 Type information is available for early-binding

 Binding at last possible moment upon calling is late-binding

Source: http://oreilly.com/catalog/pythonwin32/chapter/ch12.html
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COM and Python

Source: http://oreilly.com/catalog/pythonwin32/chapter/ch12.html

The interface between Python and COM consists of two discrete parts: 

the pythoncom Python extension module and the win32com Python package. 

Collectively, they are known as PythonCOM.

The pythoncom module is primarily responsible for exposing raw 

COM interfaces to Python. For many of the standard COM interfaces, 

such as IStream or IDispatch, there is an equivalent Python object that 

exposes the interface, in this example, a PyIStream and PyIDispatch object. 

These objects expose the same methods as the native COM interfaces 

they represent, and like COM interfaces, do not support properties. 

The pythoncom module also exposes a number of 

COM-related functions and constants.

The win32com package is a set of Python source files that use the 

pythoncom module to provide additional services to the Python programmer. 

As in most Python packages, win32com has a number of subpackages; 

win32com.client is concerned with supporting client-side COM 

(i.e., helping to call COM interfaces), and win32com.server is concerned with 

helping Python programs use server-side COM (i.e., implement COM interfaces). 

Each subpackage contains a set of Python modules that perform various tasks.
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Talking to COM objects

import win32com.client

o = win32com.client.Dispatch("Outlook.Application")

mapi = o.GetNamespace("MAPI")

# Say mapi.Folders[3].Name reads "Mailbox - TAN Chong Hui"

for x in mapi.Folders:

print x.Name

mapi = None

o = None

from win32com.client import Dispatch

R = Dispatch('StatConnectorSrv.StatConnector')

R.Init('R')

R = None

import win32com.client

xlapp = win32com.client.Dispatch('Excel.Application')

xlwb = xlapp.Workbooks('Monte Carlo Simulation')

xlapp = None

Connecting to Outlook

Connecting to R

Connecting to Excel
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Monte Carlo Pricing of 
Black-Scholes Option 

on Excel
with Python Compute-Core
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About try_excel.py

 The code on the following slides replaces the VBA 

code in Monte Carlo BS.xlsm

 It may look longer – however, the lengthiness is for 

connectivity with Excel and recreation of some Excel 

convenience methods which are one-off

 The compute-core is the part that essentially changes 

with applications

 To use, start Monte Carlo BS.xlsm, then invoke 

“python try_excel.py” in the same folder
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The Pythonic replacement for VBA

import math

import numpy as np

import win32com.client

# The 3 functions below are helper methods

# for addressing ranges in Excel

def cellstr_to_coord(cellstr):

"""

Input: $B$1

Output: 1, 2 (row, col)

"""

tmparr = cellstr.strip().split('$')

x = int(tmparr[2])

y = 0

for ch in tmparr[1]:

y = 26 * y + ord(ch) - 64

return x, y    

def coord_to_cellstr(x,y):

"""

Input: 1, 2

Output: $B$1

"""

digit = []

while y > 0:

digit.append(y % 26)

y = y / 26

tmp = ''.join([chr(64 + z) for z in digit[::-1]])

return '$' + tmp + '$' + str(x)

def range_string(cellstr,rowsize,columnsize,rowoffset,columnoffset):

"""

cellstr is of the form $A$1

"""

r, c = cellstr_to_coord(cellstr.strip())

r1 = r + rowoffset

c1 = c + columnoffset

r2 = r1 + rowsize - 1

c2 = c1 + columnsize - 1

return coord_to_cellstr(r1,c1) + ':' + coord_to_cellstr(r2,c2)

L12/try_excel.py
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The Pythonic replacement for VBA

# The following code mimics what VBA does 

# on Monte Carlo Simulation.xlsm

if __name__ == '__main__':

# Initialization

xlapp = win32com.client.Dispatch('Excel.Application')

xlwb = xlapp.Workbooks('Monte Carlo BS')

xlws_in = xlwb.Sheets("Input")

xlws_out = xlwb.Sheets("Output-Paths")

xlws_outprice = xlwb.Sheets("Output-Price")

# Extract parameters

s0 = xlws_in.Range("C1").Value

r = xlws_in.Range("C2").Value

sigma = xlws_in.Range("C3").Value

t = xlws_in.Range("C4").Value

n = int(xlws_in.Range("C5").Value)

m = int(xlws_in.Range("C6").Value) # Number of paths

k = float(xlws_in.Range("C7").Value)

# Clear sheets

xlws_out.Cells.Clear()

xlws_outprice.Cells.Clear()

# Compute-Core using numpy

dt = float(t) / n

price = 0

mat = np.zeros((n+1,m))

mat[0,] = np.ones((1,m)) * s0

for i in range(1,n+1):

mat[i,] = mat[i-1,] * ( 1 + r * dt + sigma * math.sqrt(dt) * \

np.random.standard_normal((1,m)) )

price = np.sum(np.maximum(mat[n,]-k,0)) / m * math.exp(- r * t)

# Put matrix to Output sheet

rngstr = range_string('$A$1',n+1,m,0,0)

xlws_out.Range(rngstr).Value = mat

xlws_outprice.Range("A1").Value = price

# Crate chart

if xlwb.Charts.Count == 0:

xlchrt = xlwb.Charts.Add(xlws_in)

xlchrt.Name = "Paths Chart"

else:

xlchrt = xlwb.Charts[0]

xlchrt.ChartType = 4 # Check help in VBE for the value of xlline

xlchrt.HasLegend = False

xlchrt.SetSourceData(Source=xlws_out.Range("A1").CurrentRegion)

# Clean up

xlapp = None

del xlapp

L12/try_excel.py
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Preparing Excel for 
Bloomberg Options/Futures Data
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Bloomberg Data

 Bloomberg’s servers are polled for data

 Bloomberg supports an Excel add-in for this purpose

 User proceeds by filling in a Data Wizard:
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Bloomberg Data Wizard – what it does

 Securities tickers (e.g. SPX Index), along with data 

fields (e.g. LAST_PRICE), frequency of data-points 

(e.g. daily, minute-bins, tick-level), period (start 

datetime – end datetime) are specified

 These are laid out on the Excel spreadsheet in a form 

similar to this:

 The sheet is automatically refreshed (re-calculated) 

and the formula invokes the functionality of an add-in 

to poll data from Bloomberg data servers
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Problem

 Getting data manually for one or two securities is fine, 

but not feasible for many securities

 An example where many securities are needed is 

when one is analyzing a volatility surface – this 

requires the prices of all options in an option class



45

An opportunity for automation

 What one basically needs to do is to create this layout

in a non-overlapping fashion horizontally across the 

worksheet, modifying the content of A1 (ticker of the 

option), and the formula of A4 so that it refers to the 

appropriate cells
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Polling for tickers of an option class

 All the tickers belong to a class may be obtained as 

follows:

The last 2 fields, cols and rows, 

are not necessary to be included

when specifying the formula.
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The code

import datetime

import win32com.client

import pysg.lib.xllib as xlb

def intraday_lay0(path, wbname, wsname, symbollist, 

fieldlist=['Date','OPEN','HIGH','LOW','LAST_PRICE','NUMBER_TICKS','VOLUME'],quote_type='T'):

"""

Choice can be made between quote_type = T, B or A

Start date is assumed to be 1/1/1980

"""

s0 = '=BDH('

s1 = ',"1/1/1980 9:00:00 AM","",'

s3 = ',"BarSz=1","Dir=V","Dts=S","Sort=A","Quote=C","UseDPDF=Y",\

"CshAdjNormal=N","CshAdjAbnormal=N","CapChg=N")'

xlwb = win32com.client.GetObject(path + "\\" + wbname)

xlws = xlwb.Sheets(wsname)        

for i, sym in enumerate(symbollist):

ln = len(fieldlist)

list0 = [None] * (ln+1)

list0[0] = sym

list1 = [None] * (ln+1)

list1[0] = 'BarTp=' + quote_type

list3 = [None] * (ln+1)
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The code

str0 = xlb.range_string('$A$1',1,1,0,i*(ln+1)).split(':')[0]

str1 = xlb.range_string('$A$1',1,ln-1,2,1+i*(ln+1))

str2 = xlb.range_string('$A$1',1,1,1,i*(ln+1)).split(':')[0]

list3[0] = s0 + str0 + ',' + str1 + s1 + str2 + s3

rangelist = [list0, list1, fieldlist + [None], list3]

while 1:

try:

xlws.Range(xlb.range_string('$A$1',4,ln+1,0,i*(ln+1))).Value = rangelist

break

except:

pass

xlws = None

xlwb = None

del xlws

del xlwb

def getlist_abtcell(path, wbname, wsname, cellstr):

"""

Returns a list of values around a cell   

E.g.

x = getlist_abtcell("c:\\users\\tanchonghui","Apr13A.xlsx","Sheet1","A2")

"""

xlwb = win32com.client.GetObject(path + "\\" + wbname)

xlws = xlwb.Sheets(wsname)
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The code

tmp = xlws.Range(cellstr).CurrentRegion.Value

xlws = None

xlwb = None

del xlws

del xlwb

return [x[0] for x in tmp]

if __name__ == '__main__':

# Get the data around the cell (assumed a row or a column) into a list

x = getlist_abtcell('c:\\documents and settings\\chonghuitan\\my documents','Book1.xlsx','Sheet1','A1')

# Use the list of ticker symbols found - typically with a command like =bds("SPX Index","OPT_CHAIN")

# and populate the worksheet with the necessary strings to poll BB data

# Click Refresh Worksheet on BB add-in to populate with data

intraday_lay0('c:\\documents and settings\\chonghuitan\\my documents','Book1.xlsx','Sheet2',x)
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Exercises
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Exercises

 1) Modify the Python Compute-Core example so that 

the prices of vanilla put options are computed. (Recall 

that the payoff of a put option is Max(K – S(T), 0).)

 2) Generate a pair a correlated Brownian Motions by 

following the prescription below. (Display the numerics

and price paths on Excel a la the example here.)

Theoretical Background

A pair of correlated Brownian Motions may be defined 

as follows:
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Exercises

where W^1 and W^2 are independent Brownian 

Motions and \rho is a number between -1 and 1.

The resulting Brownian Motions Z^1 and Z^2 are 

correlated with correlation coefficient \rho.

Implementation

Discretize the equations above as follows:
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