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Objectives

- To understand the typical process to analyze real world
financial datasets.

- To understand how to leverage Python to analyze
financial datasets.
- Data preprocessing: read write files, read write csv files
- Regression: estimate statistical models
- Processing many stocks: looping
- Visualize result: matplotlib
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1101/87E 1| 1/3/2005 10.4 10.8 10.4 10.65
1102|52fE 1| 1/3/2005 7.81 7.95 /.78 7.92
11035 /E 1| 1/3/2005 11.21 11.5 11.14 11.36
11043 1| 1/3/2005 6.24 6.34 6.19 6.34
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How do we Analyze Stock Return Data?

- We are going to adopt Capital Asset Pricing Model
(CAPM) to analyze stock return data.

- CAPM was invented by Jack Treynor (1961), William F.
Sharpe (1964), John Lintner (1965) and Jan Mossin
(1966) independently.

- Sharpe, Markowitz and Merton Miller jointly received the
1990 Nobel Memorial Prize in Economics for this
contribution to the field of financial economics.

- Standard textbook approach.
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CAPM In Five Minutes

- Assumptions:
- Investors are rational and risk-averse.
- Investors aim to maximize economic utilities.

- Investors broadly diversified across a range of
Investments.

- Investors are price takers.

- Investors can lend and borrow unlimited amounts under
the risk free rate of interest.

- Investors can trade without transaction or taxation costs.

- All information is available at the same time to all
Investors.

- All investors have homogeneous expectations.
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CAPM in Five Minutes (Cont'd.)

Maximize Pricing Model

Assumptions Expected for Individual
Utility Stocks

» Pricing Model: R; = Ry + Bi(Rm — Ry) + €
- R;: Return of stock i

- R.,,: Market return

* Rs: Risk free rate

- ¢;. Noise
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The Market Model

- Assume Ry IS a constant = 0.

- We have the following empirical model (Market Model):
"Ry = a; + fiRm + €

- R;: Return of stock i

- R,,,: Market return

- ¢;. Noise

- Meaning of a; and f;
- a;: Stock return when the market return is 0.

- B;: Security Beta, systematic risk; the sensitivity of a stock
to market return.
o
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Data Analysis Steps

- Running the model for every stock-year using daily
returns.

- Market return: Need to download market return first (572

A SRR TE SR M)

- Stock return: Download daily return of all stocks and
compute regression model for each stock.
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FHHEH =%

ROI MV CLOSE

MDATE

20160104
20160104
20160104
20160104
20160104
20160104
20160104
20160104
20160104
20160104
20160104
20160104
20160104
20160104
20160104
20160104
20160104

m{E (H&JT)

L2125
.1971
.2605
.77778
.9901
.4975
. 71975
.4286
.0000
.2415
.3300
.4348
.8215
.9020
.0747
.0239
. 9302

WEE(E (JT)

96550
88237
7282
13602
4047
3789
8694
8729
5496
15280
777
6190
306260
4116
4169
47718
1885

24.14
25.29

9.29
18.90

8.61

9.71
14.90
17.25
21.88
20.23
13.72
21.10
50.40

8.32
11.80
14.17

9.59
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Issues

- The data is “TAB” separated, not “Comma” separated.
- Two head lines, one Chinese, one English.

- Data order is not suitable for our analysis:
- Current order is by date, then by stock
- A better way Is to order by stock, then by date.

- Still need to have market return data.
- Need to “merge” market return with stock return by date.
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Data Processing Steps

1. Preprocess: Remove Chinese headline, convert to
standard CSV file, remove all extra spaces.

2. Sort data by stock and then by date.
Prepare market return data

4. For each stock:
1. Merge stock return with market data by date.
2. Run regression.
3. Record the result.
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Preprocessing (Step 1)

- We need to read and write file.
- We need to read and write CSV files.

- The process of opening a file involves associating a file
on disk with a variable.

- We can manipulate the file by manipulating this variable.
- Read from the file
- Write to the file &
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File Processing

- When done with the file, it needs to be closed. Closing the
file causes any outstanding operations and other
bookkeeping for the file to be completed.

- In some cases, not properly closing a file could result in
data loss.

- Typical file manipulation routine:
- File opened

- Read or write contents from/to the file
- Close the file $&



File Processing

- Working with files in Python

- Associate a file with a variable using the open function
<filevar> = open(<name>, <mode>, encoding = <encoding>)

- Name is a string with the actual file name on the disk.
- <filevar> is often called “file handler”

- For text file, the mode is either ‘r’ or ‘w’ depending on whether we
are reading or writing the file.

- For non-text files, the mode is “rb” or “wb” for reading or wrting the
file

- <encoding> is the encoding to be used,
default to system setting.

- Example: infile = open("numbers.dat”, "r")

194



https://goo.gl/xVwppL

11/14/2017 Programming for Business Computing 20

File Processing

- Let’s try this out.
stockfn = "raw _yr2016.txt"

fhl = open(stockfn, 'r')
Traceback (most recent call last):
File "<input>", line 1, in <module>

FileNotFoundError: [Errno 2] No such file or
directory: 'raw_yr2016.txt’

- Failed! Why?
- Python cannot find the file?
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File Name and Path

- You need to specify the full path (absolute path; #8 % 1K)
so that Python can always access the file correctly.

- Absolute path can be found by opening the folder
containing the file, and clicking the folder name.

- In this example, the absolute path is:

- Ki\pbc_2017\ptt module 2 2017\module 2
application\data\raw yr2016.txt

data
Share Wiew
KA\pbc_2017\ptt module 2 2017\module 2 application\data o | Q) Search data
~ MName Date modified Type
H EG| TdW_YI£U 1D_UTIp 1OV AU -UES-£4% 144D .. VIILTOUSOIL EXCET WO,
E;,.' raw_yr2016.txt 2017-08-23 345 PM  TXT File
ds B:| raw_yr2016_sorted.csv 2017-08-23 10:53 .. Microsoft Excel Co..
E:| raw_yr2016_tmp1.csv 2017-08-23 10:53 .. Microsoft Excel Co..
" DS
W -] yr2016.csv 2017-08-23 440 PM  Microsoft Excel Co... @
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File Name and Path (Cont'd.)

- For Windows Users: Because of historical reason, Windows
System use backslash (\) in file path. Other operating systems
use slack (/).

- Backslash has a special meaning in string representation.
- Backslash is “escape character.”

- The character following escape character are interpreted
differently.

- For example, if you are using double quote, and you need to
define a string with double quote, then you can use backslash
to achieve this.

>>> strl = "A \"test\" string”
>>> print(strl)
A "test" string
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Escaping Escape Character

- In Python, you cannot use Windows absolute path directly. Instead, you need to
change backslash to double backslash.

- E.g. K!\pbc_2017\ptt module 2 2017\module 2 application\data\raw_yr2016.txt
- = K:\\pbc_2017\\ptt module 2 2017\\module 2 application\\data\\raw_yr2016.txt

>>> fne@ = "K:\pbc 2017\ptt module 2 2017\module 2
application\data\raw_yr2016.txt"

>>> print(fno)
K:\pbc_2017\ptt module 2 2017\module 2 application\data
aw_yr2016.txt

>>> fnl = "K:\\pbc _2017\\ptt module 2 2017\\module 2
application\\data\\raw_yr2016.txt"

>>> print(fnl)

K:\pbc 2017\ptt module 2 2017\module 2
application\data\raw_yr2016.txt

Incorrect

File Name
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Opening and Reading Files

- Now we can read the file!

- cp950 is big5!

>>> stockfn = "K:\\pbc 2017\\ptt module 2 2017\\module 2
application\\data\\raw_yr2016.txt"

>>> fhl = open(stockfn, 'r', encoding = 'cp950")
>>> aline=fhl.readline()
>>> print(aline)

raor(CHE fEfE FHH  #WHR% wE(EET) BEEEOD)

>>> aline=fhl.readline()
>>> print(aline)
COIDName MDATE ROI MV  CLOSE

>>> fhl.close()
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Reading CSV Files

- We want to interpret the file as a CSV file.

- But there are a few differences:

- 1. We want to use the second line as the heading.

- 2. We need to interpret TAB as the delimitate character
(77 F"=71).

- Python has built-in CSV processing library (import csv).

- Create a csv reader object by passing file handler to
csv.reader.

- E.g.: reader2 = csv.reader(fhl, delimiter="\t")
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- >>> import csv

« >>> stockfn = "K:\\pbc 2017\\ptt module 2 2017\\module 2
application\\data\\raw_yr2016.txt"

« >>> #set newline="" for csv processing
- >>> fhl = open(stockfn, 'r', encoding = 'cp950",
newline="")

- >>> cheader=fhl.readline()

- >>> reader2 = csv.reader(fhl, delimiter="\t")

- >>> print(next(reader))

. ['COID', 'Name', 'MDATE', 'ROI', 'MV', 'CLOSE']
- >>> print(next(reader))

- ['1101 ', '&E ', '20160104', ' -4.2125',
96550', ' 24.14']

- >>> print(next(reader))

- ["1102 ', 'molE ', '20160104', ' -4.1971', '
88237', '  25.29']

- >>> fhl.close()
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Removing Extra Space, and Save

- Recall that next (reader2) returns a list of strings.

- We want to strip all extra white spaces, and save the
result to a different file.

- To do so, we need to first create a output file:
- fh3 = open(stockfn tmpl, 'w', encoding =
'utf-8', newline="'")

writer3 = csv.writer (fh3)

- For each row read from the original file, remove extra
space for each element in the list:

arow = map (lambda x: x.strip (), arow)
writer3.writerow (arow)
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* import csv
stockfn = "K:\\pbc 2017\\ptt module 2 2017\\module
2 application\\data\\raw yr2016.txt"

« #set newline='"'"' for csv processing
fhl = open(stockfn, 'r', encoding = 'cp950"',
newline="")

« cheader=fhl.readline ()

- readerl = csv.reader (fhl, delimiter='"\t")

« #create output file

- stockfn tmpl = "K:\\pbc 2017\\ptt module 2
2017\\module 2 application\\data\\
raw _yr2016 tmpl.csv"

- fh3 = open(stockfn tmpl, 'w', encoding = 'utf-8',
newline="")
* writer3 = csv.writer (fh3)

for arow in readerl:
arow = map (lambda x: x.strip(), arow)
writer3.writerow (arow)

« fth3.close ()
« fhl.close ()
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Output File

- First step completed.

COID, Name, MDATE, ROT, MV, CLOSE

1101, &8, 20160104, -4.2125, 96550, 24 .14
1102, 2538, 20160104, -4.1971,88237,25.29
1103, =38, 20160104, -1.2605,7282,9.29
1104, F3J8,20160104,-3.7778,13602,18.90
1108, S=%E, 20160104, -0.9901, 4047, 8.61
1109, {=-A,20160104,-0.4975,3789,9.71
1110, 558, 20160104, -3.7975,8694,14.90
1201, k4, 20160104, -1.4286,8729,17.25
1203, 07, 20160104,0.0000,5496,21.88

1910 —F—c=tF 201 £cn1n A M 2A17TL TE20MN 20N 77

©O80)

= O W oo do0 Ul wkh e
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Sorting CSV Flle

- We are going to use an external library (csvsorter) to do
the job.

- Run: pip3 install csvsorter

- We will be able to import csvsorter and use its functions in
our program.

Co\Usershheinminlu=pip? install csvsorter
Collecting cevsorter
DH”HIUjdlﬂf cevzorter-1.4 . tar.gz

: Il_t_—]_l 1 111g |_|_|1 1!:|_T|:'|]_ I__I_—J_I__.L_—J_'TI" cevsorier
Running setup.py install for ceveorter ...
successfully installed cav _ulTrI—l 4

©06)
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More About CSVSORTER

- CSVSORTER partitions a large CSV file, sort them by
pieces, and combine.

- It will write temporary files at your working directory.
- To see your working directory,

>>> import 0s

>>> 0s.getcwd()

'C:\\Program Files (x86)\\Notepad++°

- If running from Notepad++, then the working directory is
where you installed Notepad++.

- You will not have write permission in this folder.
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Working Directory

- We need to set the working directory to somewhere else.
- For example, the directory of your project.

>>> wd="K:\\pbc 2017\\ptt module 2 2017\\module
2 application”

>>> o0s.chdir(wd)
>>> cwd = os.getcwd()

>>> print("Current working directory:", cwd)

Current working directory: K:\pbc 2017\ptt
module 2 2017\module 2 application
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1 ‘COID Name, MDATE , ROI, MV, CLOSE
CSVSORTER 2 1101,:[,)3,20160104 ~4.2125,96550,24.14
3 1102, E5)J8,20160104,-4.1971,88237,25.29
4

1103, ;?-,JE,ZOlGOlOﬂ —1 2605,7282,9.29

- Specify which columns are used to sort GIOES,
- >>> import csvsorter
- >>> stockfn_tmpl = "K:\\pbc_2017\\ptt module 2

2017\\module 2 application\\data\\raw yr2016 tmpl.csv"

- >>> stockfn_sorted = "K:\\pbc 2017\\ptt module 2
2017\\module 2 application\\data\\raw yr2016 sorted.csv"

- >>> csvsorter.csvsort(stockfn tmpl, [0,2],
output_filename=stockfn_sorted, has_header=True)

« Merging 1 splits
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Sorted CSV Flle

- Step 2 completed.

34

O 1 B Wk

()

10

11
19

COID, Name, MDATE, ROI, MV, CLOSE
1101, &3J8,20160104,-4.2125, 96550,24.14
1101, £3J8,20160105,0.9560,97473,24.37
1101, &3J8, 20160106, -1.3258,96181,24.05
1101, &3J8,20160107,4.9904,100980,25.25
1101, &8, 20160108, -1.2797, 99688, 24.92
1101, &3J8,20160111,-3.7037, 95996, 24.00
1101, &3J8,20160112,0.3846,96365,24.09
1101, &3J8,20160113,2.4904,98765,24.69
1101, &3J8,20160114,0.0000,98765,24.69

1101, &J8,20160115,0.5607,99319,24.83
11N1 Z=~F 2n1&en119Q —1 1152 QaQ211 2A &KL

[@osle]
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Prepare Market Data

- Download market return data, convert to CSV by Excel.
- Keep MDATE (date) and MKT (daily market return).

- How are we going to use MKT?

- We need to “merge” with stock return im}iﬁ i

by d a.te Y9000 20160531  -0.0033
] _ o JYO000 20160601  0.7213
- How can we do this efficiently? Y9999 20160602 -04785

Y9990 20160603  0.3663

- We can use the dictionary structure. 3y 20160604 0049
HY9999 20160606  0.0645

- = Use MDATE as key and Y9999 20160607 0963

MKT as value Y9999 20160608 0.4099
' Y9999 20160613 -2.0568

. = Easily find MKT of matching date. {1® e oss:
1 Y0000 20160615 03527
1 Y9900 20160616 -1.304

()OOG) [yoo 20160617  0.8705

WMWY A ST nSTO
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Market Return to Dictionary

- csv.DictReader(): allow access columns by its names.

import csv
mktfn = "K:\\pbc 2017\\ptt module 2 2017\\module 2
application\\data\\mkt1996 2016.csv"

fhl = open(mktfn, 'r', newline='")
readerl = csv.DictReader (fhl)
mktret = dict ()
for arow in readerl:
mktret[arow [ '"MDATE']] = float (arow[ 'MKT'])
fhl.close ()
print ("Read %d market return data" % len (mktret))

- Output: Read 5345 market return data
- Get market return by:

- >>> mktret['20160105']

- -0.4825
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Running Regression

- We are going to read in stock return data line-by-line.

- Since the data is sorted by stock ID, and then by date,
we know that when the stock ID is different from the
previous line, then we encountered a new stock.

- How do we know that current stock has finished?

- Need to remember the stock ID of the previous line!

S 1416, EFEE,20161227,1.0000,5199,22.50
I 1416, EFEE,20161228,-0.1980,5189,22.45
3 1416, EFEE,20161229,0.1984,5199,22.50
) 1416, EE,20161230,0.7921,5241,22.67
1417, EZ%5,20160104,-2.5000,1926,5.07
V1417,FE%5,20160105,0.3945,1933,5.09
> 1417,F%#8,20160106,-1.5717,1903,5.01
3 1417, FE#8,20160107,-2.9940,1846,4.86
1 1417,FE%5,20160108,1.0288,1865,4.91

) 1417, F2#4,20160111,-1.4257,1838,4.84  [OSO

{} S1A17 EER O2NTANT112 =N A122 12821 4 Q2
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Loop Through the Sorted CSV File

- Again, create a CSV reader.

- This time, use csv.DictReader()

- Allow access elements by column name.
- fh4 = open(stockfn sorted, 'r', encoding =
'utf-8', newline="'")

reader?2 = csv.DictReader (fh4)

# loop through files..

for arow 1n reader?2:

# process return
fhd.close ()
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Prepare Variables to Store Stock Returns
and Dates

- We are going to use lists to store stock returns (sret) and dates (sdate) for each
stock.

- Simply append to the end of the list.
- Need to detect the end of one stock data (using last_coid).

e #to store stock returns and dates
sret=1[]
sdate=[]
last coid = ""
for arow in reader?:
this coid = arow["COID"].strip ()
this name = arow['Name'].strip ()
if (this coid) != last coid:
if (Ien(sret) > minlen):
#run regression here
#reset sret and sdate
sret = [float (arow['ROI'].strip()) ]
sdate = [arow[ 'MDATE'] .strip() ]
else:
sret.append(float (arow['ROI'] .strip()))
sdate.append (arow|[ '"MDATE'] .strip())
last coid this coid
last name this name
fhd.close ()




11/14/2017 Programming for Business Computing 40

Prepare to Run Regression

- If we encountered a different stock ID, then its time to run
regression for the previous stock ID.

- Pass sret, sdate, and mktret to compute_model().
- Need to reset sret and sdate so that the next stock has a new

start!
«1f(this coid) != last coid:
if (len(sret) > minlen) :
print ("Run regression for COID:", last coid)
outl = compute model (sret, sdate, mktret)
#record outl here
#reset sret and sdate
sret = [float(arow['ROI'].strip()) ]
sdate = [arow['MDATE'].strip () ]
else:

sret.append(float (arow['ROI'] .strip()))
sdate.append (arow[ 'MDATE'] .strip())
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Creating the market return list

- Using date to extract market return

>>> sdate = ['20160118', '20160119', '20160120',
'20160121', '20160122']

. Xlist = []
. for 1 in range(9, len(sdate)):
xlist.append(mktret[sdate[i]])

>>> xlist

[0.6335, ©.5595, -1.983, -0.456, 1.2026]
>>> mktret[ '20160119" ]

©.5595
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compute model ()

- We need to construct the market return list first before
running regression.

- def compute model (ylist, sdate, mktret):
"""ylist: 1ist of stock return
sdate: 1list of return dates
mktret: market return dictonary'"""
xlist = []
for 1 in range (0, len(sdate)):
x1list.append (mktret[sdate[1]])
if len(xlist) !'= len(ylist):
raise Exception ("Data lenght Error!")
return simple reg(xlist, ylist)

- raise Exception () cause Python to report Error!
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simple reg/()

- New we are ready to run regression.
- Model: y; = a + fx; + €

f = it Vi=F) (xi=%)
z{V (=)
@ =9y —fBx
=y — &~ Px
. g = Tiiqef
N—2
. RZ =1 — z:{V=1 elz

Zliil(yi_y)z
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simple reg/()

- Parameters: xlist and ylist

-def simple reg(xlist, ylist):
#function def here..

. return [alpha, beta, s, r2]
- Return a list of a, B, s, R?

>>> xlist = [-0.4825, -1.0491, -1.7312, ©.5337, -
1.3371, -0.2564, ©.7229, -1.0445,0.2471]

>>> ylist = [0.9560, -1.3258, 4.9904, -1.2797, -
3.7037, 0.3846, 2.4904, ©0.0000, 0.5607 ]

>>> simple reg(xlist, ylist)

[0.33336979748359297, -0.016504474005063087,
2.6334217234108612, 3.363998221928011e-05]
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Record Result For Each Stock

- Before entering the for loop
c coldlist = []
namelist = []
alphalist = []
betalist = []
slist = []
r2list = []

- After running regression for each stock:

coutl = compute model (sret, sdate, mktret)
coldlist.append(last coid)
namelist.append(last name)
alphalist.append(outl[0])
betalist.append(outl[1])
slist.append(outl[2])
r2list.append(outl[3])
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Remember to Process the Last Stock

- Still need to run regression for the last stock after finish
looping.

- Outside of the for loop:

- #the last stock
if(len(sret) > minlen):

print ("Run regression for COID:", last coid)
outl=compute model (sret, sdate, mktret)
coidlist.append(last coid)
namelist.append(last name)
alphalist.append (outl[0])
betalist.append(outl[1])
slist.append(outl[2])
r2list.append(outl[3])
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Putting Everything Together

- Running the program:

- Read 5345 market return data
- Merging 1 splits

- Run regression for COID: 1101
- Run regression for COID: 1102
- Run regression for COID: 1103

- Run regression for COID: 9958
- Run regression for COID: 9958
- Average R2=0.132214; nstock=906
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Plotting Result

- Using matplotlib
- import matplotlib.pyplot as plt
from matplotlib.font manager import FontProperties

ChineseFont2 = FontProperties (fname =
'C:\\Windows\\Fonts\\mingliu.ttc')
fig, ax = plt.subplots/()

ax.scatter (betalist, alphalist)

for 1, txt in enumerate (namelist):

ax.annotate (txt, (betalist[i],alphalist[i]),
fontproperties = ChineseFont2)
plt.show ()
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Plotting the Result (x: beta; y: alpha)
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Plotting the Result (x: beta; y: alpha)
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Plotting the Result (x: beta; y: alpha)
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Variance Decomposition

- Based on the market model: R; = a; + B;R,,, + €;

- We know that Var(R;) = Va'r(ﬁi) + Var(e;)

- In words: Stock variance can be decomposed into two parts:
systematic risk Var(R;) and idiosyncratic risk Var(e;).

- Systematic risk is the variation that is linked to the market.

- ldiosyncratic risk is the variation that is not related to the
market.

2 _ Var(Ry)
~ Var(Ry)
- Averaged R?: Whether stocks move together (driven by market
return)

- Higher averaged R?: stocks are driven by market
- Lower average R?: stocks are not driven by market
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Run the Same Model For Different Years

- Year 2000 to 2016.
- Collect averaged RZ.

Averaged R2
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Market Index Level vs. Averaged R2

A clear negative relationship
- Stocks move together when market index is low.

Market Index Level vs. Averaged R2
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Final Words

- We have demonstrate how to process real world datasets
with simple python scripts.

- Because of the pedagogical nature of this course, we
have avoid “advanced” libraries and tools that may be
more attractive in some situations.

- You will need to explore the landscape before jumping
into coding. £
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THANK YOU!

Questions?
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