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Preface

This book documents the data analytics engineering workflow, which contains two parts namely
infrastructure and tools. It focuses on its implementation instead of its setup. macOS is left
out as Windows OS is widely used in the business setting. Pick the preferred tools after
considered your career path. For instance, data/dev ops, data/analytic/ML engineer, and
data analyst/scientist. My goal is to have a better solution to do auditing/accounting job
easily (powerful tools), accurately (reproducible process), and automatically (job scheduler).
If you don’t know what I am talking about, watch data firm, financial statement preparation,
insurance data analysis, and read the paper (Li, Fisher, and Falta 2020).

You might ask how it relates to you. Generally, CFO is charge of COA, Audit partner empha-
size accounting treatments, and staffs do their job at the transactional level. You need much
better tools to pan out at work. For instance,

1. New job requires the strong analytic mind. Excel or similar tools are not sufficient for
pattern recognition.

2. A higher staff turnover is caused by pressure and boredom. You need to be efficient by
automating repetitive work such as reconciliation.


https://www.youtube.com/watch?v=na7yqvz5-B4&list=PLGVZCDnMOq0peDguAzds7kVmBr8avp46K&index=60
https://www.youtube.com/watch?v=JsaGSrM8aZ0
https://www.youtube.com/watch?v=UzpeG20eA8o

Part |

Infrastructure



The knowledge of linux (Ubuntu LTS) terminal will be beneficial when you use remote AWS
services. For instance,

1. awscli, terraform,
2. docker, podman, k8,

ELT seems better than ETL as you normally don’t know the part of transformation upfront.



1 Local

My OS is Windows 11. Install Window manager komorebi, Windows Terminal ws12, and
Linux distribution systems. Edit terminal theme/font, dotfiles of Bash/Tmux/Vim, and env
variables. Install Git/GitBash and Docker/Podman if needed.

v @® ENG 815PM

Figure 1.1: Desktop

Install programming languages R/Python/DuckDB/Rust/Go. R is a language designed to
get shit done (@hadleywickham). Python is a glue language. Rust is a decent language for
software engineering. I often live in terminal to rofi applications, manage pass, rsync files,
quarto markdown, sftp to server, ssh into remote machines, and do a quick analysis for ad
hoc tasks.

Editors like nano (Linux) and notepad (Windows) can be used for their simplicity. However,
appropriate IDE helps you organize your project better. I choose Vim (Linux), RStudio
(Windows), and VS Code (Both) based on the active development environment. Of course,
RStudio can be launched in Linux as well.



[El  #® snipping Tool Command Prompt @ full_ada - Rstudio @ Heart FM Online | Inte... @ New Tab - Google Ctr. v @® ENG 8&13AM

a X

@ sti X B Windows PowerShell Command Prompt X+ v

Microsoft Windows [Version 16.6.19645.3448]
(c) Microsoft Corporation. ALL rights reserv

ewart Li>systeminfo

Host Name DESKTOP-HCEUO7A
05 Name Microsoft Windows 10 Hor
05 Version 045 N/A Build 19045
05 Manufacturer Microsoft Corporation

05 Configuration Standalone Workstation

05 Build Type Multiprocessor Free
Registered Own Stewart Li

Registered Organization:  Microsoft

Product I 00325-96013-32346-AA0EM

System Model
Systen Typ x64-based PC
Processor(s) 1 Processor(s) Installed.
[01]: Intel64 Family 6 Model 142 Stepping 9 GenuineIntel ~2701 Mhz
BIOS Version Dell Inc. 2.21.9, 6/2/262
windows Directory C:\WINDOWS
System Directory \WINDOWS\systen32
Boot Devic e\Harddiskvolunel
Systen L English (United Stat:
Input Locale en-us;English (United States)
Time Zone (uTC+68:600) Kuala Lumpur, Singapore
Total Physical Memory 8,077 MB
Available Physical Memory
virtual Memory: Max Siz
virtual Memory: Available: 5,154 MB
Virtual Memory: In Use: 9,579 MB
page File Location(s) C:\pagefile.sy
RKGROUP
\\DESKTOP-HCEUG7A
7 Hotfix(s) Install
[e1]: Ke: 3
[02]: KB4562¢
[03]: KB4586:
59848
KB5003791
KB5012170
[07]: KB5615!
[e8]: Ke!
[69]

Figure 1.2: CMD

[El  #® snipping Tool ~ Windows Powershell @ full_ada - Rstudio @ Heart FM Online | Inte... @ Screenshots - Dropbo.. I os ¥ Downloads v @ ENG 821AM

Q sti X B Windows PowerShell Command Prompt X + v

Windows PowerShell
Copyright (C) Microsoft Corporation. ALl rights reserved.

Try the ne

Users\Stewart Li> Get-ComputerInfo

WindowsBuildLabEx
WindowsCurrentvel
WindowsEditionId ol
windowsInstallationType lient
WindowsInstallDateFromRegistry /26021 16 M
WindowsProductId 00325-96013-32346-AA0EM
WindowsProductiame windows 10 Home
WindowsRegisteredOrganization Microsoft

art Li

re

WindowsSystemRoot C\WINDON
WindowsVersion 2009
BiosCharacteristics {7, 11, 1
BiosBIOSVersion {ELL - 1072009, 2.21.0, Anerican Megatrends - 50008}
BiosBuildNumber
2.21.0

Controllertajorversion
BiosEmbeddedCont rollerMinorversion
BiosFirmwareType
BiosIdentificationCode

BiosList0fLanguages {en]Us | isot
BiosManufacturer Dell Inc.
BiosN, 2.21.0

BiosOtherTarget0s
BiosPrinaryBI0s True
BiosReleaseDate /2022 8:00:00 AM
BiosSeralNumber
Bi0SSMBIOSBIOSVersion
Bi0SSMBIOSMajorversion
BiosSMBIOSMinorVersion

t True
Running
oK

Figure 1.3: PowerShell



@® full_ada - RStudio @ Heart FM Online [ Inte.. 1 os. W Screenshots
31 Windows PowerShell Command Prompt

y(data. table)

XX QI = Ve: 6.74% | o/4B = sons
ntcars

e available.
Distributor I0: Ubuntu
Description 20.04.6 LTS

mydf <- mean(mtcarssmpg) |> pastes
print (mydf

[ENETCK €ITTIX = MEM: 8.86% | 6/46B = 62ns
oo le

cat(*hello world from R*
16

import pandas as pd

def myfunc() [ENETRK €ITTIX = MEM: 7.7% | 0/4GB = ons
C*
unan

Linux 5.15.90.1-microsoft-standard-WSL2 x86_64

o
print(‘hello world from Python')

print(f*{pd._ L} is used now') [SUEEK CITIY = MEeM: 8.95% | 6/46B = 1ims

ey | 26 | o

@® full_ada - RStudio @ Heart FM Online | Inte.

@ testvim

R s at < €o vash€IE
w1428 & WEH 9.04% [ 048 s o3ns
C pwd

i

XX GITHX = MEM: 8.64% | 6/4GB = File

mtcars. csv
Crsmie
jt

Mazda RX4 Wag",21,6,160
[ENETCK GITTIX = MEM: 8.84% | 6/46B = 79ms

C” 14319 | @ >m > testvin

® MEM: 8.94% | 6/46B & 6lns
v 14:20 | @

> m > testvin

/home/stli/stliproj/
5L ot < € bash QU IR I QTS a.R
EL Y im b.py

14ns

3.44,18.3,1,0,4,4
16,167.6,123, 11,0,4,4

450SE",16.4,8,275

4505L",17

450SLC",15.2,8,

[ENETEK €ITTIX = MEM: 8.58% | 1/46B = 12ns

E-uzlm >m > tes

Hit enter to go up, 7 for help, or a few letters to search

Figure 1.5: Terminal tools

v W ENG 858AM
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@ full_ada - Rstudio @ Heart FM Online | Inte. v @ ENG 336PM

X 5+ | ¥ a X

[EWTRK CQITTX = He: 9.5% | /48 s ons
Lo le on > testvin S WEHT 972 | /4GS ons
Ca w1525 | o >

C%

R version “Beagle Scouts"
Copyright The R Foundation for Statistical Computing
64-pc-Tinux-gnu (64-bit) [EEETRK CITHX = MEM: 10.52% | 1/46B = 1ins
Lv1527\m R

e and comes with ABSOLUTELY NO WARRANTY.
istribute it under certain conditions.
or "licence()' for distribution details.

R is a collaborative project with many contributor
contributors()" for more information and
citation()* on how to cite R or R packages in public;
Type *demo()' for some demos, 'help()' for on-line help, or
p.start()" for an HTML browser inte to help.
*q()" to quit R.

> write.csv(mtcars, 'mtcars.cs)

CEXX T S eAEEY 15 e 1.
1529 g om et e
C pythons C ouckan
thon 3.8.10 (default, May 14:65:08)
[GcC 9.4.6] on linux
Type "help", "copyright", "credits" or "license" fo information. .help" for usage
> import pandas as pd Connected to a transient in-memory datab:
> df = pd.read_csv("mtcars.csv") Use ".open FILENAME" to reopen on a per
>> df.describe() » ECT * FROM read_csv_auto('st
npg disp [ an carb
count 32.660600 32.666060 32.600000 666060 32.000000 32.6000 column® s v gear
6.187560 2360.721875 0 6.4662560 2.8125 varchar o e int64 | int64 | int64
26948 k T o.sed01s  0.499991 L6152
10.460000 0 . 0.000000 ©.600000 0 0 1.60000 Mazda RX4
06.000000 ©.600000 2.6000 Mazda RX4
0.000000 0000000 o 20000 batsun 710
1000000 1000000 4.0000
8.600000 472.0600000 .060060 1.680000 1.660000 5.600060 8.6606

11 columns]

Figure 1.6: R, Python, DuckDB

@ full_ada - Rstudio @ Heart FM Online | Inte. v @ ENG 139PM

a X

R version 4.3.1 (2023-86-16) — "Beagle Scouts”
Copyright (C) 2023 The R Foundation for Statistical Computing
Platform: x86_64-pc-linux-gnu (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions
Type 'license()' or 'licence()' for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
mydf <- mean(mtcarssmpg) |> pastes *citation()' on how to cite R or R packages in publications.
print (mydf
Type 'demo()* for some demos, 'help()’ for on-line help, or
*hello world from R' *help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

> head(ntcars)

mpg cyl disp hp drat  wt gsec vs am gea
Mazda RX4 21.6 6 160 110 3.90 2.620 16.46 0 1
Mazda RX4 Wag 21.6 160 110 3.96 2.875 17.62 6
Datsun 718 22.8 168 93 3.85 2.320 18.61 1

Hornet Sportabout 18.7
Valiant 18.1

360 175 3.15 3.440 17.02 @
225 105 2.76 3.460 20.22 1

6
4
Hornet 4 Drive  21.4 6
8
6

vertical resize -2

Figure 1.7: Vim - R



@® full_ada - RStudio

15

@ Heart FM Online | Inte.. I pic
@ testvim

Vv i@ ENG 147PM
inport pandas

hello world from Python
2 2.8.2 is used now
def myfunc()
ntC'h ne’)

me')
print(*hello from me')
print(*hello from me')
nt(*hello from me*)

print(*hello world from Python')
int(f'{pd.

sion__}

is used

T 7 WA o0 "b.py” [finished]
vertical resize +2

Figure 1.8: Vim - Python

@ st dotfile - main - Rt.. (@ Heart FM Online | Inte.

v @ ENG 736PM
a X

2 cpy
import os

trus
9.1.0"

"1.0.75"

[ ¥ naster
. 2:b:

Figure 1.9: Tmux - Nvim 1
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@ st dotfile - main - Rt.. (@ Heart FM Online | Inte. v W ENG 7:40PM
a X
= c.py

import os

ello {}",

ry(data. table
ibrary(fs
data. table::f

world"

L b naster 2

d(mtcars)

Hit Right to open the file, alt-Enter to open and quit, esc to clear the filter, or a

@ st dotfile - main - Rt.. (@ Heart FM Online | Inte. v @ ENG 743PM
a X

2
import os

.gitignore
& Cargo. lock
tonl

[ESI ¥ nester BEERR ©19:43 || INSERT JAEHEN
2 2:b:

Figure 1.11: Tmux - Nvim 3
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@® st_dotfile - main - RSt.

@ Heart FM Online | Inte.

A sti

Neo-tree 2
»

import os

[OEES ¥ naster
. 2:b:

File

°

o

Figure 1.12: Tmux -Nvim 4

full_ada - RStudio Heart FM Online | Inte.

full_ada - RStudio

-l

Untit

CmNeaEwN -

10
1

1

Code View Plots Session Build Debug Profile Tools Help

- agdins -

sz

Source on Save
Ubrary (reticulate

Source + Rengeronsae | O

¢f_rl < mtcars Library(reticulate

4£_12 ¢ mtcars

pd = import('pandas’

df_pyl = r_to_py(df_rl

4f_py1sdtypes *** {python}

G5 pyasdeserive inport pandas as pd

4f_py2 = r.df_r2

12

13 df_py2.dtypes

14 df_py2 .describe

15.

16

17

18

19

20

Environment  History  Comnectons  Buid Gt Tatoril =
- # import Dataset = | ) 79MB + | o st~
R+ 1 Goosl Envronment -
oata

df_pyl DataFrame: [32 rows x 11 columns]

df_rl 32 obs. of 11 variables
Values

pd <module 'pandas' from 'C:\\Users\\Stewart Li\\AppDa.

Figure 1.13: RStudio - R

12

v @ ENG 744PM

a X

Console  Terminal - Background Jobs =0

R403

> library(reticulate)
> Gfr1 & ntcars

> pd = inport('pandas')
> df_pyl = r_to_py(df_r1)
> dF_pylsdtypes
mpg  floateu
ol floates
disp  floateu
hp. Floatey
drat  floateu
wt Floated
gsec  floateu
vs Floated
an Floateu
gear  floated
carb  floatey
dtype
> df_pylsdescribe()

pg eyl disp an gear  carb
count 32.000000 32.000980  32.900000 32.000000 32.000000 32.0000
mean  20.090625 6.187500 230.721875 ©0.406250  3.687500 2.8125
std  6.026948 1.785922 123.938694 ©0.498991  0.737804  1.6152
min  10.400000  14.000060  71.100000 ©.000000  3.000000  1.0000
25%  15.425000 4.000009 120.825000 ©.000000  3.000000  2.0000
56%  19.200000 6.000990 196.300000 ©.000000  4.060000  2.0000
75%  22.800000 8.000099 326.900000 1.000000 4.000000  4.0000
max  33.000000 8.000990 472.800000 1.000000 5.000008  8.0006
[8 rows x 11 coluans]
Files Plots Packages Help Viewer Presentation 50



full_ada - RStudio art FM Online | Inte.

full_ada - RStudio

- X
File Code View Plots Session Build Debug Profile Tools Help
o .ol Goto or - 9+ agdins - B fulsca -
@) untitied2* =0 =0 Console  Terminal Background Jobs =
souceonsave | Q /- SR 0% B source - v Q - @ Awn - | % finon 3114 Jox.rautolutionp/faudtorsup/stoook/ur_ach
1 library(reticulate = se > library(reticulate)
2 e >
3 ¢fr1 & mtcars S - > 6f_r2 & ntears
4 2 U > reticulate::repl_python()
s T p— Python 3.11.4 (C:/Users/Stewart Li/AppData/Local/Prograns/Python/Python311/pytho
6 pd = import('pandas’ ol 4F n.exe)
7 S Reticulate 1.20 REPL — A Python interpreter in R
8 df_pyl = r_topy(df.rl H >»> inport pandas as pd
5 .
10 df_py1sdtypes S pvLhon " Y e dfpy2 = r.dfr2
11 df_pylsdescribe 12 import pandas as p 5>
bty N > df_py2.dtypes
13 o G eRaes mpg  floateu
& ol feme
:;A d¢_py2.describe e Hoates
o drat  floatsu
17 wt Floated
H qsec  floated
19 vs Floated
1 an floated
gear  floatsd
carb Floatey
dtype: object
>>> df_py2.describe()
npg eyl disp an gear carb
count 32.000000 32.000000 32.000000 32.000000 32.000000 32.0000
mean  20.690625  6.187500 230.721875 ©0.406250  3.687500  2.8125
std 6.026948  1.785922 123.938694 ©.498991  ©.737804  1.6152
win  10.4800G0  4.000000  71.100000 ©.000000  3.000000  1.0000
« Tpiee 25%  15.425000 4. 600GG0 120.825000 ©.000000  3.000000  2.0000
N 56% 19.200000  6.000000 196.300000 ©6.000000  4.000000  2.0000
Envitonment  History  Comnections  Build | Gt Tutorial [ 755  22.800000 8.600000 326.000000 1.000000  4.000000  4.0000
nax 331900000  8.000000 472.000000 1.000000 5.000000 8.0000
2 () | 2 import Dataset + | & 479 W - |@-
Simno || O e e o [8 rows x 11 columns]
Data
df_py DataFrame: [32 rows x 11 columns]
df_py2 DataFrame: [32 rous x 11 columns]
r [R interface object]
Values
pd <module 'pandas’ from 'C:\\Users\\Stewart Li\\AppDa.
sys <module 'sys' (built-in)>

Flles Plots Padages Help Viewer Presentation &0

Figure 1.14: RStudio - Python

E € 5 stipyenv @ full_ada - Rstudio @ Working with Jupyter ipynb - stlipyen [W.
File Edit Selection o Run Terminal Help & stlipyenv [WSL: Ubuntu-20.04]

aipynb X
v OPEN EDITORS

X = > K € - -
aipynb + Code + Markdown | [> RunAll D Restart lear All Outputs | & - _Lat b J ;v:fl]ti;:“:n 2746818 914ns
 STUIPYENY [WSL: UBUNTU-20.04) e

import
print( -listdir
00s

os [*fauditor.session.sql’, ‘stcli.py’, 'b.py’, ‘a.ipynb’, ‘myvenv’, °.luarc.json’, '.ipynb_checkpoin

oUTLINE

TIMELINE
X WSL: Ubuntu-2004

Figure 1.15: VS Code in Linux - Jupyter
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= > @® full_ada - RStudio @ Heart FM Online | Inte. ) Interactive - b.py - sti v/ W ENG 239PM

File Run Terminal Help <« stlipyenv [WSL: Ubuntu-20.04]
Interactive - bpy X
" OPEN EDITORS ar All O Restart [ Variabl : = jenv (Pyth
GroUP 1
by -
B Connected to myvenv (Python 3.8.10)

Group 2

Interactive - b.py
V STUIPYENY [WSL: UBUNTU-20.04)

oUTLINE
TIMELINE
¢ WSL: Ubuntu-2004 = ® 0 A 0

B e @® full_ada - RStudio @ Heart FM Online | Inte. ) b.py - testvim - Visual ... v @ ENG 204PM

File o Run Terminal Help

e
> oPEN EDITORS
v TEsTVIM
$ python b
aR os ['a.R",

by das 2.0.3

/Desktop]/te:

oUTLINE
TIMELINE

)o Ao R: (not attached) Ln4,Col 1S, e 311464bit @ Golive

Figure 1.17: VS Code in Windows - Script
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@ full_ada - RStudio @ Heart FM Online | Inte. ) b.py - testvim - Visual v o ENG  212PM

> OPEN EDITORS

pandas 2.0.3 is used now

print(

oUTLINE
TIMELINE

0Ao Wo R: (not attached) _ Lr U i 3,114 64-bit

@® full_ada - RStudio Heart FM Online | Inte. ) aR - testvim - Visual S.. & R Graphics: Device 2 (. v @ ENG 1:59PM

is) g . ; S - TERMINAL

> OPEN EDITORS

v TESTVIM
aR
by
Hornet 4 Drive
Hornet Sportabout
Valiant
> plot(m )

R R Graphics: Device 2 (ACTIVE

File History Resize

oUTLINE

TIMELINE

Go Live Q) Prettier

Figure 1.19: VS Code in Windows - R
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It is vital to create a proper folder structure along with config file as you are able to move

quickly and organize your scripts better. I run a command line tool (written in R) from
GitBash and PowerShell to do it.

FM Online | Inte.

File Edit Code View Plots Session Build Debug Profile Tools Help

Li/Dropbox/ s ada - s} X

Sourceonsare | Q /'~ +Run
usr/bin/env C:/Program Files/R/R-4.0.3/bin/Rscript.exe e
lution1p/fauditorsup/s

in
110~ scaffold ¢ function(f = "stliproj”, seedir

TRUE, dev = "uat”, tproj
ile_levell, file_level2) %% folders

111 cldesk, folder_levell, folder_level2, f

112~ if(dir.exists(paste(desk, f, sep = '/'

13 create_job(desk, , dev, rproj

114~ Jelse

115 create_folder(desk, £, folder_levell, folder_level2, file_levell, file_level2, seedir
116 urite_config(paste(desk, £, "stbox", sep = '/'), paste(desk, f, file_level2, sep = '/'

Files Plots Packages Help Viewer Presentation —
Qi NewFoicer | © NewsiarkFie - @ Deiete =|Rename | & More ~

c Ui Desitop %

] desktopini 78e Mar8, 2021, 6:49 PM
y | default = ‘uat e ' g
. help = "create a Rproj", type = "charact QDirere 6505KB  Mar18 2016, 1217 PM

thd

128 argv ¢ parse_args(p
129 scaffold(f = argusfolder, argvédir, ar

Senv, argusrproj

Environment  History Connections  Build  Git Tutorial a0

Figure 1.20: CLI R - GitBash 1

16



Windows PowerShell full_ada - RStudio c/Users/St.. (@ Heart FM Online | Inte.

File Edit Code View Plots Session Build Debug Profile Tools Help
© .lopla- Goto o [ aagins - B tuags +
O setup.sema
y Li/Dropbox/ s |ada - o X
Source onSave »Rin
- Dropbox/_ 1 11p/fauditol
S ./supp/ ctup_rern. k -h
usage: setup_t ] [--help] [--dir] [--opts OPT: env ENV]
- rplo] ;mu] folder
yl Scaffold the folder structure in a new laptop
e conflict is handled
positional arguments:
ol provide a folder
flags:
- show this help m and
S e e S
S file containing argument values
110+ scaéfold « function(F = "stliproj, seediz = TRU “uat, rproj Chooze ey environment [default: uat]
111 cldesk, folder levell, folder_level2, file levell, me level2) 5¢-% folders create a Rproj
112 1f(dir.exists(paste(desk, f, sep = '/'
13 create_job(desk, £, dev, rproj
114~ lelse
15 create_folder(desk, £, folder_levell, folder_level2, file_levell, file_level2, seedir
116 urite_config(paste(desk, £, "stbox", sep , paste(desk, f, file_level2, sep = '/'
Fr Fies Plots Packages Help Viewer Presentation i
119 QlNewrocer | O NewsarkFie v | © Deete =iRename | & Nore +
120 c vart Li > Deskiop ®
121- # Parser
122 p ¢ arg_parser("scaffold the folder structure in a new laptop”
123 p < add_argunent(p, "provide a folder name”, type = "character t
124 p & add_argunent(p, "show the folder structure”, flag = TRUE ] desitopini 788 Mar8, 2021, 649 PM
125 p < add_argunent(p, "choose dev environment”, type = "character*, default = 'uat
QDirexe 6505KB  Mar 18,2016, 1217 PM

"character

126 p < add_argument(p, "create a Rproj", type

128 argv ¢ parse_args
120 Seatfold s = argusfolder, arguidir, argvsenv, arguérproj

Environment  History Connections  Build  Git Tutorial

Windows PowerShell full_ada - RStudio 4 MINGW64:/c/Users/St.. (@ Heart FM O

Code View Plots Session Build Debug Profile Tools Help

> Goto . 1 - acding -

A 3 Li/Dropbox/.r lLada - [u] X

SR | 2

Sourceonsave | Q /-

on11p/Faudito

./supp/setup_term.R newco
c: /Users/Stewart Li/Desktop/ne
L+ prod
config.yml
- data

110+ scatfold « function(f - “stliproj”, seedir - TU "uat”, rproj
111 cldesk, folder levell, folder_level2 file tevell, “Htetevern) T fotsers

112~ if(dir.exists(paste(desk, f,

13 create_job(desk, , dev, rproj

114~ Jelse

115 create_folder(desk, £, folder_levell, folder_level2, file_levell, file_level2, seedir
116 urite_config(paste(desk, £, "stbox", sep desk, £, file_level2, sep = '/'
s Files  Plots  Packages

Help Viewer Presentation —

NewFoder | © NewSankfie ~ © Deete = Rename | G More -

121~ # Parse

122 p < arg_parser("Scaffold the folder structure in a new laptop"

123 p < add_argunent(p, "folder”, help = "provide a folder vvauve“, type

124 p < add_argunent(p, "--dir", help = "show the folder structure, flag = TR

125 p < add_argunent(p, "--env", help = “choose dev environment”, type = "character", default = 'uat
e'= "character

Oct 12,2023, 1037 AM

@ configyml

data

128 argv ¢ parse_args .
120 Seatfold s - argusfolder, arguidir, argvsenv, arguérproj e

Environment  History Connections  Build  Git Tutorial

Figure 1.22: CLI R - GitBash 3
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Windows PowerShell full_ada - RStudio c/Users/St.. (@ Heart FM Online | Inte.

File View Plots Session Build Debug Profile Tools Help
© .lople- Goto o <l [~ Addins + ¥ fulscs -
©] setup_temm : Li/Dropbox/.r Lada - o X
souce onsave R | 0
o C Dropb: A
$ ./supp/setup_term.R newco -e prod -r testmel
jobs before:
s after
. ict is handled

109+ # Main

110+ scaffold « function(f = "stliproj", seedir = TRUE, dev = "uat", rproj

111 c(desk, folder_levell, folder_level2, file_ levell, file_level2) %% folders

112-  if(dir.exists(paste(desk, f, sep = /'

13 create_job(desk, £, dev, rproj

114~ else

115 create_folder(desk, f, folder_levell, folder_level2, file_levell, file_level2, seedir

116 write_config(paste(desk, £, "stbox", sep , paste(desk, f, file_level2, sep = '/

n Fles Plots Packages Help Viewer Presentation =0
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121+ # Parser =

122 p ¢ arg_parser("Scaffold the folder structure in a new laptop"

123 p < add_argument(p, "folder", help = "provide a folder name", type = "character t

124 p ¢ add_argunent(p, " .'help = "show the folder structure”, flag = TRUE IS 128 Oct 12,2023, 1041 AM

125 p < add_argument(p, * help = "choose dev environment®, type = "character", default = ‘uat

126 p < add_argument(p, help = "create a Rproj”, type = "character

128 argv < parse_args(p
129 scaffold(f = argusfolder, argvidir, argusenv, argusrproj
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109+ # Main
110+ scaffold « function(f = "stliproj", seedir = TRUE, dev = "uat", rproj
111 cldesk, folder_levell, folder_level2, file_levell, file_level2) 5¢- folders
112 if(dir.exists(paste(desk, f, sel '
13 create_job(desk, £, dev, rproj
104 Jelse
15 create_folder(desk, £, folder_levell, folder_level2, file_levell, file_level2, seedir
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121+ # Parser R
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128 argv < parse_args(p
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Environment  History Connections  Build  Git Tutorial

Figure 1.24: CLI R - GitBash 5
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Figure 1.25: CLI R - PowerShell 1
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129 scaffold(f = argvsfolder, arguidir, argvsenv, argvérproj

Environment  History Connections  Build  Git Tutorial

Figure 1.26: CLI R - PowerShell 2
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2 ELT

Consider the following examples to establish a data pipeline.

1. A zip file lands in data lake (s3/minio) daily.

2. Execute scripts in the server (ec2) to download/unzip/select/upload files based on mtime.
It produces a file (csv) to track work done at the agreed cut-off time (cron). AWS lambda is
another option.

3. snowflake external stage (s3) is triggered by a file (txt) to kicks off snowpipe and ingest
data to DB as variant. Similar storage are databrick, dremio, clickhouse. The preferred
formats are parquet, iceberg, ADBC.

4. Move data between platforms via airbyte.

5. Validate and transform DB raw to DB mart through dbt.

6. Automatize the process by a task scheduler prefect, airflow, dagster.

7. Create a dashboard for DB mart via metabase, superset.

@ fullada - main - RStu.. (@ MotherDuck - Google:  ENG 505PM
v © Heart FM Online | Internetr- € X | @ Data Analytics Engineering -2~ X MotherDuck X  + - a X
<« G = appmotherduckcom * 20 9 =060
OtHeat Ome Or Opy DOijs Ol [3teol BB Credit Risk Modelin, JA Whale charts - Visu.. ) databases-w-r/austi. R Server Log Parsing R cliapp @ METACRAN (R Optionstrat  GR Introduction to the. »
MotherDuck  5eta Q Hep e stewartisg ~
+ ADDFILES
My Notebook
v O My databases
P Rin = mydb v =
v = mydb
SELECT text, by, id, COUNT(*) AS n
@ mair FROM sample_data.hn.hacker_news GROUP BY ALL
_ ‘ ORDER BY n DESC
= . LIMIT 6;
v @h
- B Query executed in 1 s. Row count: 6
v fii hacker_new
text by id n
e title i7 ) I iaras
In addition to being quite possibly the best free introduc... sn9 31,213,459 1
mee url &gt;Especially seems unnecessary<p>An option that sh...  forgotpwd16 31,038,085 1
nec text What you&#x27;ve mentioned is objectively wrong and fzeroracer 31,650,610 1
@ dead On ove tailscale, it is so performant and just works (m...  wikohnen 1
18427l be watching some YouTube with kids, or some .. Borganichits 1
‘ 1 have the same issue(s) on my third set of earpods and.. arthurmorgan 32,765,097 1
# score
# tir
@ timest:
ety
ant:

Figure 2.1: DuckDB cloud
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@ full ada - main - RStu.. (@ MotherDuck - Google.

Loading resourc

v0.9.2 3c695d7bag

Enter ".help" for usage hints
» show databases;

tabase_na
varchar

ELECT text, by, id, COUNT(*)
ROM sample_data.hn.ha

ORDER BY n DESC

LIMIT 6;

up.
his to get vimiun-FF on
Theys#x27;re going for the

nec. Ite#)
nd it&#x27;s very n

wx27;s a little fiddly to setup bu.
cellphone model

to tell who lost
ou can theoretically send

int64 int64

rednerrus
donio

of ownership. Pay large for t

& p>Also it

t

&#x2F;s0ld my email
T have a learning disability related to some incredibly common cognitive issue:

mail to an IP address directly,

Figure 2.2: DuckDB terminal
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3 HTTP

It is very useful to create a micro service API internally.

) lib.rs - strs3 [WSL: Ubu... @ Heart FM Online | Inte. Vv ENG  412PM

) File Edit View Go Run Terminal Help <« Ubuntu-22.04] DO D0 E & a
L P
/ oPEN EDITORS
GRoup 1
x brs ‘target/debug,
Group2

{ addr: 0.0, 00, fd

 STRS3 [WSL: UBUNTU-22.04]

::main]
main() {
n().await;

> OUTLINE
TIMELINE
RUST DEPENDENCIES
X WSL: Ubuntu-22.04

1n14,Col 1

Figure 3.1: Web server

httr2::request('localhost:3000/share') %>%
httr2::req_perform() %>%
httr2::resp_body_string()

22



= = @® sit - Rstudio ) localhost:3000/mid - .. @ localhost:3000/share - v ENG 351PM

) File Edit o Run Terminal Help <« O strs3 WSl DB monee &
!

D £ - localhost:3000/mid X
opEN EDITORS
X 16 localhost:3000/mid

 STRS3 [WSL: UBUNTU-22.04]

Status:

Response

T hello from statd

> ouTLINE
> TIMELINE
> RUST DEPENDENCIES

X WSLE Ubuntu-2204' 3° master @ nalyzer - NORMAL

Figure 3.2: Get

B e @ sit - Rstudio ) localhost:3000/job - s.. @ localhost:3000 - Goog.

) File Edit Go Run Terminal Help strs3 [WSL: Ubuntu-2: DB Do
i

; . - localhost:3000/job X
opeN EDITO
X 16 localhost:3000/job

 STRS3 [WSL: UBUNTU-22.04]

Status:

Response

r/mod/path”,
> £ro

r/mod/path”

html

> ouTLINE

> TIMELINE

> RUST DEPENDENCIES

X WSLE Ubuntu-2204 32 master A rust-analyzer - NO!

Figure 3.3: Post
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OPEN EDITORS
X 1€ localhost:3000/mid

 STRS3 [WSL: UBUNTU-22.04]

OUTLINE
IMELINE
> RUST DEPENDENCIES

X WSL: Ubuntu-2204

File Edit
a0 e-
B i zwmama
A m mRee

Source | Visual

httr2:: request(*Localho:
httr2:: req_perf
httr2:: resp_body_string()

m20

MPo11E:

master

ode View Plots
B8 & A cotofiesunction

J Iocalhost:3000/mid - s.

@® sit - Rstudio

- NORMAL

@ Heart FM Online | Inte.

v ENG 409PM

oogle Chro.

O strs3 1 a

Status:

Response

1 hello from middleware

@ HTMX x  + = o X

s @0

3 too

<« C @ localhost3000/templ & ¢

OHeat DOme O Dpy Os Ol 88 Credit Risk Modelin »

| am controller

Simple Request Example

hello from middleware

Figure 3.4: Template

@ full_ada - main - RStu.. @ sit - RStudio

Session Build Debug Profile Tools Help

:3000,

Ze[om <[32

ome(TepListener {

@ localhost:3000/share

3 c 0o

© Heart

hello from state

0 me

localhost:3000/share

O DOw s [j [Jtool 88 Credit Risk Modelin

@ Heart FM Online | Inte.

@ localhost:3000/share -.. [ C:\Users\Stewart Li\Dr.

O fuilada -
Console T 3 X
~ @ R403 - CYUsers/Stewart Li/Dropboy
[ r 3080/ share
tr::r ody_stri
[1] "hello from state"

rauditsolutonii/fauditorsup/stbook/ful ada/ A

cting «[3mlistenerc[Ome[2m=c]

7 00

Vhale charts - Visu.

Quarto

Figure 3.5: R client
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@ strs - Rstudio ) mains - fmp [WSL:U... (@ Heart FM Online | Inte. v ENG 354PM

View Go Run Terminal Help & fmp [WSL: Ubuntu:

DQmone S

@ rgo run —
mpilin

. P v0.1.0 (/home/stli/stproj/tryrs/fup)
. — o, T, inished dev [unoptimized + debuginfol target(s) in 6.495
h ’ o rget/debug/fup MSFT’

senv: targs().skip(1) . collect:
manifest_from_server(stock).await. unwrap(

tringTreeliode

unwrap() . first() .unrap

-to_string(),

tree.push|
datas.as_array() .unwrap() . First() .unwrap
.as_str() Option
~unwrap() &st
~to_string(),

;_array() unwrap() First() .unurap
.as_str() Option:

~unwrap

~to_string(),

~unwrap() . First() . unwrap!
~as_164() Option<i

~unrap!
~to_string(),

printin

tree.to_string with_format(&TreeFormatting: :dir_tree(FormatCharacters: :box_chars())

-unwrap

manifest_from server(ticker: String

url: String

) fmp [WSL: Ubuntu-22. @ Heart FM O Vv ENG 431PM

v Al financiaimodelingprep.com/ap X +

< c

financialmodelingprep.com/api/v3/financial-statement-full-as-reported/AMZN?period=annug
OHeet Ome DOr Opy Ojs DOj [3tool 88 CreditRisk Modelin Whale charts - Visu.

ocalphonenumber

"266-1000",
"securityl2btitle": "Common Stock, par value $.01 per share",
"tradingsymbol": "AMZN",

"securityexchangename": "NASDAQ",

"entitywellknownseasonedissuer”: "Yes",

“entityvoluntaryfilers": "No",

“entitycurrentreportingstatu es”, coM, INC.
"entityinteractivedatacurrent Yes", Youl
“entityfilercategory": "Large Accelerated Filer",

"entitysmallbusiness": "false",

"entityemerginggrowthcompany”: "false",

"icfrauditorattestationflag": "true",

“entityshellcompany": "false",
“amendmentflag”: "false”,
"documentfiscalyearfocus": 2022,
"documentfiscalperiodfocus
“entitycentralindexkey”: 1018724,
uditorname”: "Ernst & Young LLP",
“auditorfirmid": 42,

“auditorlocation”: ”Seatthg ashington”,

tedcashequivalents
"netincomeloss”: -2722000000,
"depreciationdepletionandamortization”: 41921000000,
"sharebasedcompensation”: 19621000000,

“othernoncashincomeexpense”: -16966000000,

"deferredincometaxexpensebenefit”: -8148000000,

ininventories”: 5
"increasedecreaseinaccountsreceivableandotheroperatingassets”: 21897000000,
"increasedecreaseinaccountspayable”: 2945000000,

E i lisbiliti operatingliabilities": -1558000000,

"increasedecreaseincontractwithcustomerliability’

2216000000,
etcashprovidedbyusedinoperatingactivities”: 46752000000,
"paymentstoacquireproductiveassets”: 63645000000,
"proceedsfrompropertyplantandequipmentsalesandincentives”: 5324600000,
irebusi hacqui ": 8316000000,
"proceedsfromsaleandmaturityofmarketablesecurities”: 31601000000,
“paymentstoacquiremarketablesecurities”: 2565000000,
"netcashprovidedbyusedininvestingactivities": -37601000000,
"paymentsforrepurchaseofcommonstock”: 6000000000,
“proceedsfromshorttermdebtandotherfinancingactivities”:
" shortten i tivities"
"proceedsfromissuanceoflongtermdebt™: 21166000000,
“repaymentsoflongtermdebt”: 1258000000,
"financeleaseprincipalpayments”: 7941000000,
“repaymentsoflongtermfinancingobligations”: 248000000,
"netcashprovidedbyusedinfinancingactivities”: 9718000000,
"effectof i i

41553000000,
3

o ictedcasheauivalentsincludined 1 isconti

Figure 3.7: Request CLI 2
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4 FAudit

Create a command line tool to organize the workflow including folder structure and relevant
config files.

E ® sTsui @® strs - Rstudio ) strs6 [WSL: Ubuntu-22.. (@ Heart FM Online | Inte. Vv ENG 310PM

strs6 [WSL: Ubuntu- DQmoeoe & X

) File Edit lection View Go Run Terminal Help = f

DO ipd 3
OPEN EDITORS . /Strs6 ¥ er > ./target/debug/faudit -V

STRS6 [WSL: UBUNTU-22.04] audi
‘ ' 3 ./strs6 ¥ master > ./target/debug/faudit -h
rkflow tool

Tnitialize the faproj root
Create the faproj client job
View the fa ture

Render a cli ort
Print this message help of the give

print help
ersion Print version

4 Raudit Solution LLP
./strs6 ¥ . /target/debug/faudit new -h
aproj client job

faudit new [OPTIONS] ——client <CLIENT> —year <YEAR> —activity <ACTIVITY:

lent <CLIENT>  Provide a client name
—year <YEAR> Provide the job year
ctivity <ACTIVITY> Provide the current activity
Open RStudio TDE
Print help
Print version
er > [|

oUTLINE
> TIMEUINE
> RUST DEPENDENCIES

X WSL: Ubuntu-22.04 2 A nalyzer

Figure 4.1: faudit help
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@ strs - Rstudio ) boxR - strs6 [WSL: Ub... (@ Heart FM Online | Inte.

OPEN ED
GROUP 1

v STRSG [WSL: UBUNTU-22.04]
- eck_r_pkg <

needed <- setdiff(deps, rownames(installed:packages()
£ (length(needed) == 0

kYesNo
lis.na(answer) & answer

install.packages(needed)

> ouTLINE
> TIMELINE
> RUST DEPENDENCIES

X WSL: Ubuntu-22.04

— NORMAL -

-

@® sts - Rstudio ) report.qmd - strs6 [W... @ Heart FM Online | Inte.
File Run Terminal Help S O

GROUP2

GROUP 3

\ STRSG [WL: UBUNTU-22.04]

hanghai > 2023 > aw D config
get(file = file_path(Sy
Btions(box.path - configsrbox)
getOption(

onfig <-_config
ath")
use(stbox / box)
hello()
eck_r_pkg()

ate_rsproj()
how_activity()

x

Ctri+Shift+K
R data c

backtick confict in vscode. vim vs quarto
Library(dplyr)

> ourune

> TMELINE

> RUST DEPENDENCIES

X WSL: Ubuntu-22.04

Figure 4.3: faudit new 1

27

/Ra

stli@true ~/..m
7 USER FADIR is

< your
x

t
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[ = @® sts - Rstudio ) cleanR - strs6 [WSL: U.. (@ Heart FM Online | Inte. v ENG 415PM
File Run Terminal Help <« O strs6 [WSL: Ubuntu-: DO D0 &
TERMINAL

# bash
IR interacti

config <- config: :get(file

> options(box. path = config$rbox)

> getoption("box. path

1] */hone/Sti/stproj/tryrs/strsb/faproj/bo
/ box

GROUP 2 nl
x
GROUP3

> box: -u
> boxshello()

> box$show_activity()
strss wst: usunT... (3. B O & T07:33:4¢
filepath job
tproj/tryrs/strs6/faproj/job/shanghai/2623 shanghai, 2623

faproj > job > shanghai
1ibrary (magrittr)
nfig <- config::get(file - file.path(Sy
options (box.path - configir
getOption("bo; )
box: :use(stbox / box)
boxshello()
boxcheck_r_pkg()
create_rsproj()
show_activity()

backtick confict in vscode. vim vs quarto?

Library(dplyr)

> ouTLINE
> TIMELINE
> RUST DEPENDENCIES

¢ WSL: Ubuntu-22.04 | }° master+ A Ln 11, Col 1

Figure 4.4: faudit new 2

@® sts - Rstudio ) report.qmd - strs6 [W... (@ Heart FM Online | Inte...  d R data cleaning — M.

/. /St
USER FA DIR is set
/ done quarto render /home/St1i/stproj/tryrs/strs
true /strs6 b m
GrOUP 2
x

STRS6 [WSL: UBUNTU-22.04]

i [¢] O D 127.0.0.1 BN

B | Rdata cleaning

R data cleaning

backtick confict in vscode. vim vs quarto?

Library(dplyr)

Attaching package: 'dplyr’

The following objects are masked from 'package:stats’:
x 5 . filter, lag

b 2 shanghai The following objects are masked from 'package:base’:
intersect, setdiff, setequal, union

head(mtcars)

backtick confict in vscode. vim vs quarto
mpg cyl disp hp drat  wt gsec vs am gear carb

Mazda RX4 21.6 6 160 110 3.90 2.620 16.46 0 1 4 4

e Mazda RX4 Wag 21.0 6 160 110 3.90 2.875 17.02 @ 1 4 4
;i:::“)ti::h)” Datsun 710 22.8 4 108 933.852.32018.61 1 1 4 1
e Hornet 4 Drive  21.4 6 258 110 3.08 3.21519.44 1 © 3 1
N Hornet Sportabout 18.7 8 360 175 3.15 3.440 17.62 © 0 3 2
valiant 18.1 6 2251052.76 3.460 20.22 1 © 3 1

cat("hello from report/report.qmd\n

> ouTuNE hello from report/report.qmd
> TIMELINE

> RUST DEPENDENCIES

X WSLE Ubuntu-2204 3° master+ & ®0 /0 Quarto: 1345 s LF Quarto

Q port: 5500

Figure 4.5: faudit report
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B e

) File Edit

OPEN ED
X {1
 STRSG [WSL: UBUNTU-22.04]

g
£ Cargolock

Cargo.toml

> ouTLINE
> TIMELINE

> RUST DEPENDENCIES
X WSL: Ubuntu-22.04

Go

@® strs - Rstudio @® strs - Rstudio ) config,son - strs6 [WS... (@ Heart FM Online | Inte.

Run Terminal Help

e /..M. /S|
7 USER FADIR is set
x e tproj/tryrs,
e/stli,

wo

Figure 4.6: faudit new 3

ity: start,
2024-03-04T07-45-32.344679832,

ath: /home/st1i/stproj/myaudit/faproj/job/shanghai,
shanghai_20:

ity: start,
date: 2024-03-04T07:49:11.983293903,
Filepath: /home/stli/stproj/myaudit/faproj/job/
beijing 2023

Library (magrittr
config::e
X.path
box. path"

“USER FA DIR"

e(stbox / box

ie/st11/stproj/s
e(st

1

Figure 4.7: faudit new 4
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B e @® sts - Rstudio ) strs6 [WSL: Ubuntu-22.

) File Edit Selection View Go Run Terminal Help < 6 [WSL: Ubuntu-22.04]

o 3 _ )

" OPEN EDITORS t -/target/debug/faudit show tree
STRSG [WSL: UBUNTU-22.04]

./target/debug/faudit show list

/strs6 ¥ master

> OUTLINE
TIMELINE
> RUST DEPENDENCIES

X WSL: Ubuntu-2204 & W0 rust-analyzer Quarto: 13450 -~ NORMAL -~ (notattached) @ Port:5500 Q)

Figure 4.8: faudit show
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Data tools
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SQL, R, Python, Julia, Rust, and JavaScript can be used interchangeably to perform data
work at most of the time. Choose programming languages and relevant packages based on
your needs and personal preference.

Assess your 10 scenario after considered the followings.
How big is data?

1. Memory:

- datatable, collapse, duckdb, polars,

- ibis, DataFusion, deltalake,

2. Hard disk:

- arrow,

3. Cluster:

- spark, dask,

Where data lives?

1. DB:

- DBI, odbc, SQLAlchemy, connectorx, sqlx,
2. SFTP:

- RCurl, paramiko,

3. Blob:

- pins, aws.s3, s3fs, boto3,

In what form? The preferred file types are txt, csv, parquet, feather.
1. Excel:

- tidyx1, unpivotr, openxlsx, openpyxl,
2. Word:

- officer, docx,

3. PPT:

- officer, python-pptx,

4. PDF:

- pdftools, PDFminer, PyPDF2, pdfplumber,
5. SAS:

- haven,

6. Image:

- magick, tesseract, pillow, cv2,

7. Geo:

- sf, countrycode,

8. APIL:

- httr2, request, reqwest,

- jsonlite, yaml, toml,

9. Website:

- html, xml, rvest, bs4,

- v8, chromote, selenium, playwright,
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In what data structure and type?

1. Data type:

- numeric, string, bool, factor, date,

2. Data collection:

- list, vector, data.frame (cell/0 row/1 column),

3. Verb:

- count/sort /select /filter/mutate /summarize/pivot /join,

Analysis work is to produce meaningful insight via slice dice. Classify a set of tools based on
the following analytics steps. To reduce repetitive work, you can create functions, OOP, box,
package, and cli.

1. Interact with DB:

- dbplyr, dbplot, dbcooper,

2. Data cleaning:

- base, tidyverse, pandas,

- janitor, glue, tidylog,

- waldo, diffobj, compareDF,

3. Data validation:

- pointblank, validate, pandera, greate expectation, pydantic,
4. Data visualization':

- grid, patchwork, ggfx, ggtext, showtext,

- ragg, scales, formattable, sparkline,

- gghighlight, ggforce,

- imager, imagerExtra, ggimage, ggpubr,

- igraph, ggraph, tidygraph, networkD3, visNetwork,
- DiagrammeR, UpSetR, tmap,

5. Table:

- gt, gtExtras, gtsummary, modelsummary,

- flextable, kableExtra,

6. EDA:

- skimr, naniar, visdat, inspectdf,

7. Stats:

- corrplot, tidylo, widyr, broom,

8. Report:

- quarto, whisker, target, jinja2,

9. API deploy:

- vetiver, plumber, fastapi,

10. Dashboard:

- shiny, htmltools, htmlwidgets, crosstalk, leaflet,
- bslib, thematic, sass,

- DT, reactable, reactablefmtr,

- plotly, echartsé4r, bokeh,

lggplot2 (Wickham 2016)
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- dash, streamlit,

11. WASM:

- webr, pyodide, wasm_bindgen,
12. GUL

- PyAutoGUI,

- Tkinter, PyQt5,

Consider other utility tools when necessary.

1. Environment:

- rvenv, venv,

2. Helper:

- cli, crayon,

- clipr, withr, callr, pingr, curl,

3. Email:

- blastula, emayili, smtplib, pywin32,
4. Unzip:

- archive, zipfile,

5. FFIL

- rlang, vctrs, lobstr, S7,

- cppll, Rcpp, extendr, pyo3, bindgen,
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5 Polars

Command line tools allow you to do those repetitive data work easily. The following three
examples are.

1. argparse and duckdb.

2. click and polars.

3. clap and polars.

E ® s @® full_ada - RStudio ) stcli.py - stlipyenv [W... @ Heart FM Online | Inte. V@ ENG 845AM

File Edit Selection View Go Run Terminal Help <« £ stlipyenv [WSL: Ubuntu: 0D & D0

stelipy AL porTs (@

BMEM: 25.77% | 1/4GB B 1m 225 746ms

~v08:43 | o

C b fin uckdb
from /home/st1i/.duckdbrc

B MEM: 26.64% | 1/4GB B  1m 15s 919ms
v 08:45 | @

parser.add_argunent(

parser. add_argunent(

n42,Col 1 Spaces:4 UTF8 LF {3 Python

X WSL Ubuntu-2004 ®0A0 %4 Quarto

Figure 5.1: CLI - argparse 1
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E = @® full_ada - RStudio ) steli.py - stlipyenv [W.. (@ Heart FM Online | Inte.

) File Edit o Run Terminal Help <« stlipyenv [WSL: Ubuntu-20.04]

stalipy

(db, tb1, ex
onnect (db)
conn.execute("s . tb1}").df()
df _r juckdb. Filter(df,
conn.close()
print(df_res)

(db, tb1):
onnect (db)

elect

conn.close()
print(df_res)

parser = e.ArgunentParser()
parser.add_argument("db", type=str, narg

parser.add_argu

Running in Ubuntu-20.04 (WSL2)

SOVSEUBRE00M @0 A0 W4 Quar

B e @® full_ada - RStudio ) stclipy - stiipyenv [W... (@ Heart FM Online | Inte.

) File Edit o Run Terminal Help S stlipyenv [WS

stelipy

4f = conn.execute(
df_res = duckdb. Filter(df,
conn.close()
print(df_res)

conn.close()
print(df_res)

parser = argparse.ArgumentPar

parser.add_argument("db", type=str, narg

st_filter,

t_summar:
-parse_args()

args.do(*args.db)

¢ WSL: Ubuntu-20.04 0A0 W4 Quark

v W ENG 852AM

segment country | product profit
varchar varchar | varchar
nada | Carretera 2014-01-01 00:

Germany | Carreter: 13210.0 | 2014-01-01 00

Fra a 780.0 | 10899.0 | 2014-06-01 00:

@ MEM: 26.64% | 1/4GB B 1m 15s 919ms
~v08:45 | o
L cd st1iproj/stiipyenv/

WSL at B B MEM: 26.64% | 1/4GB B
v08:48 | @ BB B stlipyenv
L python3 stcli.py ~/finsample.duckdb fi

segment country
varchar

Canada
Germany

rket Mexico
Channel Partners | Canada
Channel Partners | Germany

Enterprise
Small Busis
Channel Partners | Mexico

25 rous (20 columns

WSL at @ B MEM: 26.58% | 1/4GB B  1s 558ms
~Vve8:48 | @ B8 B stlipyenv
=

Col 1 Spacesid L LF {3 Python

v W ENG 854AM

@ MEM: 26.58% | 1/4GB B 1s 558ms
Y0848 | @ BB B stlipyenv
U python3 stcli.py ~/finsample.duckdb finsample --filter

grent untry profit a
varchar double timestamp
136170.0 | 2014-12-01 00

2014-07-01

14-08-01

2014-06-01

Small Business

Small Business
Enterprise
Enterprise Germany
2014-05-01 00

United States 2013-11-01
Mexi 2013-11-01
2013-11-01 00

Mexico

United State:

Enterprise United State:
pri Canada
Small Business | France

202 rows (20 shown) 13 columns (4 shown)

WSL at B B MEM: 26.58% | 1/4GB B
~9¥08:5 | @ B8 B stlipyenv
0

Figure 5.3: CLI - argparse 3
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= @® full_ada - RStudio ) stelickpy - stlipyenv[.. (@ Heart FM Online | Inte.

) File Ed o Run Terminal Help stlipyenv [WSL: Ubuntu-20.04]

@click.arguent("r o e 27,60 | 27468
@ HE BEI B s

)-limit(n) mz .r, cli

data validation

@main. group() Options
calc() ~-version Show the version and exit
Y P w this message and exit.

Commands

(i) about tool introduction

@click.pass_c calc  conditional calculation
Lick.argument( ck. , default="-", requir stat data stats

Betick opuient TR €T @ Me: 27.73% | 2745 8
Y1825 @88 B8 B steli
- python3 ./stclick/stclick.py --version

type:
help="highight data base

» highlight) ] nen z7 94: | 2/468 B
@ Be

L]

conditional calculation

) Filter(pl.col("h u Options: )
-otherwise(pl.col(“mpg").Filter(pl.col ~-help Show this messag:

-round(2. os

Commands:
cor se your data

[SWTIER ETHX © MEM: 28.39% | 2/4GB B

if highlight red": ~ ¥ 18:26 \ © m_[ B8 _m stcli
res = res.with_columns(pl.col 3 i o

~with_columns(p1.col
choose your data

click. secho(res) Options:
—-highlight [red|green] highight data
help

v @ ENG 626PM

DQmaoe

p y hel
Usage: stclick.py [wmun:] ThpuT comeno [ARGS]

247ms

219ms

196ms

condc --help

ow this message and exit.

main()

—_name__ E WSL at B B MEM: 27.7% | 2/4GB B
i v18:26 | @ BB BB O stcli
1

X WSL: Ubuntu-2004

Figure 5.4: CLI - click 1

= @® full_ada - RStudio ) stclickpy - stlipyenv[.. (@ Heart FM Online | Inte.

) File Ed o Run Terminal Help stlipyenv [WS

NI @I © Me: 27.56% | 27458
18

6| B8 BB O stcli

196ms

(3 Python

168ms

p hon3 eyl T e 3R

A.g..mpm\ col”, type=str)
argument("n”, type=int)
topn(ctx, col, n)
ctx.obj.sort(pl.col(£*{col}"), descendin )-1imit(n)

@nain. group()
> def calc():

@calc. command() WL at @ B MEM: 27.31% | 1/468 B
e s ~918:41 [ @ B6 BE B stcli
P

, default="-", requir

tr
Cadillac Fleetwood
Lincoln Continental
Chrysler Imperial

WSL at B B MEM: 27.58% | 2/4GB B

vis:dl | @ BB BB B stcli

163ms

stat topn disp 3

168ms

C python3 ./stclick/stclick.py "/home/stli/stliproj/
home /s stvim/mtcars.

)- f)ltm‘(pj col
-otheruise(pl.col("mpg"). filter(pl.col
-round(2 null_count 0.0
mean 20
d

~vi8:41 [ @ B8

Tmain()
108
SOV Ubunta2004] © 0 40

Figure 5.5: CLI - click 2
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B « @® full_ada - RStudio ) stclickpy - stiipyenv[.. (@ Heart FM Online | Inte.
File Run Terminal Help S

topn(ctx, col, n)

ctx.obj. sort(pl.col )-1imit(n)

res col}"), descendin

@main. group()
calc()

alc. conmand()

p—
angunent ("o , default="—", requir
“option(

)-filter(pl.col
)-filter(pl.col

pl.whe
~then(p
-otherwise(pl.col("mpg

-round(2.
.cast,

if highlight

main()
108

¢ WL Ubuntu-2004 = ®0 A0

B e @® full_ada - RStudio ) stclickpy - stlipyenv[.. (@ Heart FM Online | Inte.
) File Edit Run Terminal Help stlipyenv [WS

stelickpy

) type=str)

argunent("n", type=int)

topn(ctx, col, n)
ctx.objsort(pl.col

argument(“co

co1}"), descendin )-Limit(n)

@nain. group()
calc():

@calc. command()

, default="-", requir

).filter(pl.col

-otheruise(pl.col("mpg"). filter(pl.col

-round(2.

Tmain()
108
SOV Ubunta2004] © 0 40

stlipyenv [WSL: Ubuntu-20.04]

Ny =R}

NI QT © Me: 27.39% | 27458
L'lﬁ 1| @ B8 B8 B stcli
python3 ./stclick/stclick.py "/home/stli/:

Mazda RX4
Mazda RX4 Wag
Datsun 710

Hornet 4 Drive

Ford Pantera L
Ferrari Dino

Volvo 142E

WSL at B [:]
~viga | @ 86 8
stclick/stcl

183ms

 python:
1vo
14 2 549.0

1428 21.4

O MEM: 27.63% | 2/468 B
¥18:45 | @ BB B8 B stcli
0

174ms

LF

B MEM: 33.71% | 2/4GB B 20lms
v 19:06 | ©
e/5t1i/stliproj/testvin/m

stlip

stpolars about

214ms

mpg cyl disp new

tr 64 64
Mazda RX4 21.0 0

da RXA Wag
Datsun 710
Hornet 4 Drive
Ford Pantera L
Ferrari Dino 5
Maserati Bora 4
Volvo 142E a

0w 32.52% | 2468 8
~ ¥19:06 | @
i

214ms

Figure 5.7: CLI - click 4
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@ full_ada - Rstudio ) rootproj.toml - testto.. @ Heart FM Online | Inte. v @® ENG 451PM

t;
name | y joblist | auditor
v TESTTOML [Wst: (8 row

fauditol elect * from client;
name | year joblist auditor | status

[Joblist]
joblist = ["c

x v0.7.2
testtonl .1.0 (/hone/stl4/stliprof/tryrust testtosl)
dev [unoptimized + debuginfo] target(s) in im 27
Running - tanget/debug/cestton] n ciienth oy 2023 -a stewartli init
#Initializing in
> ourune
‘SL at : B MEM: 55.52% | 3/4GB B  1m 27s 630ms & master =/2 24

TIMELINE

o 88 BB B testtonl
RUST DEPENDEN D

X WSL: Ubuntu-2004

Figure 5.8: CLI - clap 1

El € 5 stipyenv @® full_ada - RStudio ) awpRR - testtom! [WSL.. @ Heart FM Online | Inte. v i@ ENG 521PM
File Edit Selection View Go Run Terminal Help = testtoml [WSL: Ubuntu-20.04]

awpR U X W o

clientA_2(

1 nmmum v
head(ntcars)

B MEM: 55.52% | 3/4GB B 1m 275 630ms B master =/3 2
28 B

ste, init
] target(s) in 0.95:
Running "target/debug/testt tA -y 2023 -a stewartli init’
Slnitialized in

THG: S2.00% [ 3/4GB B 15 2%8ms 2 master =/ 24
vi17:03 | BB B8 Etasr
rtli new -p /mnt/c/Users/Stewart\ Li/Desktop/

target/debug/testtoml -n clientA -y 2023 -a stewartli new -p '/mnt/c/Users
Desktop/mypbc/

1
This job exists, cd to that folder

T S236% | BB i 5 master =/B 25
C © BB BE B testtom
ource »r~r11pm],/,(1 pyenv/myvenv/bin/activate

V‘SLat] ‘@XXIX © MEM: 57% | 3/4GB B 16ms

7|g. B8 B8 B testtoml
+ debuginfo] target(s) in 0.1
unning " target/debug/testtonl --help
FAuditor - Audit Data Anal
Usage: testtoml [OPTIONS] --name <NAME> --year <YEAR> --auditor <AUDITOR> [COMMAND]

Command:
init Initialize project root

plan Perform analysis action
help Print this message or the help of the given subcommand(s)

--year <VE
, --auditor <AUDITOR> Provi

3
Print help
-V, --version Print version

Please donate
BN ST | 34688 377ms
B testtom
> ourune
TIMELINE
RUST DEPENDENCIES

3 WSL: Ubuntu-2004  §° master

Figure 5.9: CLI - clap 2

39



6 Analysis

Factored Accounts Receivable - The biggest challenge of Factoring is to predict if and when
invoices will be paid. The factor provides funds against this future payment to the business
by buying their invoice. The factor then collects the payment and charges their interest rate.
If the invoice isn’t paid, the factor loses their advanced funds. Try using this data set for
predicting when payments will be made. Get the data here.

6.1 10

df _raw <- read_csv(here: :here('data/factor_ar.csv')) %>%
janitor::clean_names()

glimpse(df_raw)

data.table is the fastest 10 tool if your data can fit in the memory.
library(data.table)

# read in
data.table::fread("grep -v '770' ./data/factor_ar.csv")[, .N, by = countryCodel

# write out
df _dt <- as.data.table(df_raw)

df _dtl[,
fwrite(data.table(.SD),
paste0("C:/Users/Stewart Li/Desktop/res/",
pasteO(country_code, ".csv"))), by = country_code]

# read in
data.table(

country_code.csv = Sys.glob("C:/Users/Stewart Li/Desktop/res/*.csv")
)[, fread(country_code.csv), by = country_code.csv]
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Get to know your data. For instance, any missing value, counting variables, and others.

# no NA

sapply(df_raw, function(x) {sum(is.na(x)) / nrow(df_raw)l}) %>%
enframe () %>%
mutate(value = formattable::percent(value))

naniar::gg miss_var(df_raw)
naniar::vis_miss(df_raw)

# no duplicate
df _raw %>% count(invoice_number, sort = TRUE)

# overview of data
skimr: :skim(df_raw)

6.2 Cleaning

After having a basic understanding about data, do the followings to clean it up.
1. cast data types.

2. 30 days credit term is allowed. drop it subsequently (constant).

3. drop column (paperless_ date).

4. rename and rearrange columns.

df _clean <- df_raw %>%
mutate (across(contains("date"), lubridate::mdy),
across(c(country_code, invoice_number), as.character)) 7>%
mutate(credit = as.numeric(due_date - invoice_date)) %>%
select(c(country_code, customer_id, paperless_bill, disputed,
invoice_number, invoice_amount, invoice_date, due_date, settled_date,
settle = days_to_settle, late = days_late))

setdiff (colnames(df_raw), colnames(df_clean))

6.3 Validate

Validate data if it is received from other team members.
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# data type

df_clean %>%
select(contains("date")) %>%
pointblank::col_is_date(columns = everything())

# cross checking
df _clean %>%
mutate(settlel = as.numeric(settled_date - invoice_date),
latel = as.numeric(settled _date - due_date),
latel = if else(latel < 0, 0, latel)) %>%
summarise(late _sum = sum(latel) - sum(late),
settle_sum = sum(settlel) - sum(settle))

6.4 Munging

Ask reasonable questions via slice dice.

# window operation: lag, first, nth,
df_clean %>%
arrange (invoice_date) %>%
group_by (country_code) %>%
mutate(increase = invoice_amount - dplyr::lag(invoice_amount, default = 0),
indcator = ifelse(increase > 0, 1, 0)) %>
ungroup() %>%
mutate (settle_grp = (settle %/% 10) * 10)

df _clean %>%

group_by(country_code) %>%

arrange (invoice_date) %>%

summarise(n = n(),
sales = sum(invoice_amount),
first_disputed_late = first(late[disputed == 'Yes']),
first_disputed_inv_date = first(invoice_date[disputed == 'Yes']),
largest_late = max(latel[disputed == 'Yes']),
largest_inv_amt = invoice_amount[late == max(late)],
.groups = 'drop')

Cut late into four categories based on the firm’s credit policy.
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sort (unique (df _clean$late))

df_late <- df_clean %>%
dplyr::filter(late != 0) %>%

mutate(reminder = case when(late > 0 & late <= 10 ~ "1st email",
late > 10 & late <= 20 ~ "2nd email",
late > 20 & late <= 30 ~ "legal case",
TRUE ~ "bad debt"))

# anomaly by country

df_late %>%
ggplot(aes(late, disputed, color
geom_boxplot() +
theme_light ()

country_code)) +

# summary table
df _late %>%
group_by(reminder, disputed) %>%
summarise (across(late, tibble::1lst(sum, min, max, sd)),
.groups = 'drop') %>%
gt::gtO

# clients without dispute do not pay.

df_late %>%
dplyr::filter(disputed == 'No', reminder 7%in)% c('legal case', 'bad debt'))

6.5 EDA

Focus on a handful of variables after dropped others.

df <- df_clean %>%
select(-c(contains('date'), invoice_number))

# freq table
with(df, table(disputed, country_code) %>}, addmargins())
tapply(df$invoice_amount, list(df$disputed, df$country_code), median)

# descriptive stats
daf %>%

43



@ full_ada - RStudio @ Heart FM Online | Inte. v M ENG 9:56 AM

@ ful o - al X

File Edit Code View Plo sion Build Debug Profile Tools Help

a-lole- B (& | A Gotofieunction - s - O fusda -
A ctool datatavieamd Console

8 Render on Save - #- - @ R403. ¢

df_clean

group_by(country_code:

arrange (invoice_date)
sales = sum(invoice_amount),
first_disputed_late - first(late(disputed = 'Yes']),
First_disputed_inv_date - first(invoice_date(disputed = 'Ves']),
largest_late - max(late|disputed = * :
largest_inv_ant = invoice_amount(late == max(late)], .groups = 'drop’

country_code  n sales first_disputed_late

616 ugeus
561 39423

Cut late into four categories based on the firm's credit policy

sort(unique(df_cleanslate))

df_late < df_clean
dplyr:: Filter(late
mutate(reminder = case_when(late

late

df_late
ggplot(aes(late, disputed, color = country_code))
geon_boxplot()
‘theme_Light(

df_late
group_by(reminder, disputed
susmarise(across( late, tibble::lst(sun, min, max, sd)), .groups = 'dro 1897 1408-0QZUE Paper 285516254
gt::gt0) 97 8683-XNJRO Paper
7228-LEPPH  Paper
8688-XNJRO Electronic
df_late 688-XNJRO Electronic 5633925313
dplyr:: Filter(disputed = 'No', reminder c 2621-XCLEH Paper 5722625264
H  Paper 583u509499
Paper 5928070131
0 Paper 6219456346
Electronic 625565489
Paper 8u931828u9
. Paper 9385395392
Focus on a handful of variables after dropped others ; 9 Paper 96u7514843

country_code customer_id paperless_bill disputed invoice_number invoice amount invoice_date

® Munging

Figure 6.1: Data munging

select (where(is.numeric)) %>Y%
summary ()

# normal distribution
at 7%>7%
ggplot(aes(invoice_amount, fill = disputed)) +
geom_histogram(bins = 10, position = 'dodge') +
geom_vline(xintercept = median(df$invoice_amount), color = 'red',
size = 3, linetype = "dashed") +
theme_light ()

# correlation
at 7%>7%
select (where(is.numeric)) %>%
cor() %>
corrplot::corrplot(method = 'color', order = 'FPC', type = 'lower', diag = FALSE)

at %>Y%
select (where(is.numeric)) %>%
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corrr::correlate() %>%
corrr::rearrange() %>%
corrr::shave() %>Y%
corrr: :fashion()

6.6 Model

Read more about logistic regression here, here, and here.

# easy stats plot
df %>%
mutate(prob = ifelse(disputed == "Yes", 1, 0)) %>%
ggplot (aes(late, prob)) +
geom_point(alpha = .2) +
geom_smooth(method = "glm", method.args = list(family = "binomial")) +
theme_light ()

# model comparison
df mod <- df %>%
mutate(disputed = as.factor(disputed))

modl <- glm(disputed ~ late, family = "binomial", data = df_mod)
mod2 <- glm(disputed ~ late + settle + invoice_amount,
family = "binomial", data = df_mod)

summary (mod1)
anova(modl, mod2, test = "Chisq")

# model diagnostic
df _mod_res <- broom::augment (modl, df_mod) %>%
mutate(pred = ifelse(.fitted > .5, "Yes", "No") %> as.factor())

# confusion matrix

df mod_res %>
yardstick: :conf_mat(disputed, pred) %>’
autoplot ()

# plot pred
df mod_res %>
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mutate(res = disputed == pred) %>’
ggplot (aes(invoice_amount, settle, color
geom_point() +

theme_light ()

res)) +

df _mod_res %>
ggplot (aes(invoice_amount, settle, color = disputed)) +
geom_point() +
facet_wrap(~pred) +
theme_light ()

6.7 Report

library(patchwork)
library(ggtext)
library (showtext)

pl <- df %>%
ggplot (aes(invoice_amount, settle, color = disputed)) +
geom_point() +
scale_color_manual(labels = c("Agreed", 'Disputed'),

values = c("#9AC2BB", '#E99184')) +
guides(color = guide_legend(title.position = "top", title = "")) +
labs(x = "", y = "Settlement days") +
theme_light() +
theme (
legend.position = c(.95, .98),
legend.background = element_rect(color = "transparent", fill = 'transparent'),
legend.box.background = element_rect(color = "transparent", fill = "transparent"),
legend.key = element_rect(colour = "transparent", fill = "transparent")
)

p2 <- df %>Y%
group_by(if_late = late == 0) %>%
ggplot(aes(invoice_amount, settle, color = disputed)) +
geom_point(show.legend = FALSE) +
scale_color_manual (labels = c("Agreed", 'Disputed'),
values c("#9AC2BB", '#E99184')) +
facet_wrap(~if_late) +
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labs(caption = "eRAudit Solution | **Stewart Lix*<br>(Data source: Kaggle)",
x = "Invoice amount",
y = "Settlement days") +
theme_light() +
theme (
axis.title.y = element_text(margin = margin(b = 1, unit = "in")),
strip.text = element_text(color = '#2D4248'),
strip.background = element_blank(),
plot.caption = element_markdown(lineheight = 1.2)

pl / p2 +

plot_annotation(
title = "The <span style = 'color:#E99184;'>Analysis</span> of cash collection",
subtitle = 'Focus on those slow settlement without dispute',
tag_levels = 'A'

) &

theme(plot.tag = element_text(size = 8),

plot.title = element_markdown())

@ Heart FM Online | Inte. v/ W ENG 1021AM
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7 Audit

[To my understanding] Audit includes tools and work stipulated by Standards. Audit Data
Analytics (ADA) replaces excel-related tools with R /Python to improve efficiency /effectiveness.
It does not necessarily reduce audit work required by ISCA. The following example is to audit
expense claim based on data from payroll, hr, and finance departments, which demonstrates
ADA is a vital move for auditors from all possible perspectives.

Compared to excel-related tools, it could be easily used to test audit assertions (e.g., occurrence,
existence, completeness, cut-off, valuation, classification) after reconciled in terms of P2P, O2C,
Payroll, R2R, GL.

1. benefit: version control diff, lightweight size, powerful 1m rows, automation script.

2. pattern recognition: spot deviation and inconsistency.

It also addresses common mistakes throughout the audit process. For instance,
version control: which version of PBC data is the latest?

. reproducible: my result is different from yours after rerun.

. report: check if number in working papers tally to those in financial statement.
. automation: roll out audit work next year by copy+paste.

N N

7.1 Cleaning

exp_claim_raw <- readxl::read_excel("isca_cpe_2023/1. Anomalies in Payroll data.xlsx",
1,
"A1:G33") %>%

sheet

range
janitor::clean_names ()

hr_data_raw <- readxl::read_excel("isca_cpe_2023/1. Anomalies in Payroll data.xlsx",
sheet = 2) %»>%
janitor::clean_names()

pay_data_raw <- readxl::read_excel("isca_cpe_2023/1. Anomalies in Payroll data.xlsx",
sheet = 3,
skip = 2, range = "A3:D25") %>%
janitor::clean_names()
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df _comb <- exp_claim_raw %>
full_join(hr_data_raw, by = c('staff_id' = 'staff_id')) %>%
left_join(pay_data_raw, by = c('staff_id' = 'staff_id'))

df _clean <- df_comb %>%
mutate(across(contains("date"), lubridate::dmy)) %>%
mutate(on_leave = lubridate::dmy(on_leave)) %>7
mutate(staff_name = coalesce(staff_name, name.x))

# check if amount is correct
sum(df_clean$amount_s.x, na.rm = TRUE)

df _clean %>%
distinct(staff_id, amount_s.y) %>%
summarise(app_c = sum(amount_s.y, na.rm = TRUE))

sheets <- list("comb" = df comb, "clean" = df_clean)
writexl::write_xlsx(sheets, here::here(paste0('audit_sit/audit_payroll', Sys.Date(), '.xls
openxlsx: :openXL(here: :here("audit_sit/audit_payroll2023-12-22.x1sx"))

df_clean <- readxl::read_excel(here::here("audit_sit/audit_payroll2023-12-22.x1sx")) %>%
mutate (across(c(contains("date"), on_leave), lubridate: :dmy))

7.2 Procedure

# cross check payroll amount against finance amount
df _clean %>%
group_by(staff_id, staff_name) >%
summarise(amt_exp = sum(amount_s.x),
amt_paid = sum(amount_s.y) / n(),
amt_diff = amt_exp - amt_paid,
.groups = 'drop')

# compare date to ensure no claim happens before incurred or after resigned
df _clean %>%
dplyr::filter(claim_date > expense_date)
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df _clean %>%
dplyr::filter(claim_date > last_date | claim_date == on_leave)

# identify multiple claims for the same expense

df_clean %>%
group_by(staff_id, staff_name, purpose, amount_s.x) %>%
dplyr::filter(n() > 1)

# ensure staff name and their bank account number updated timely
df_clean %>%
dplyr::filter('is.na(edits_to_hr_data),
bank_account_no.x == bank_account_no.y)

df _clean %>%
dplyr::filter(name.x !'= name.y)

# produces audit working paper
library(pointblank)

ag <- df_clean %>’
create_agent(label = "A very *simple* example.", tbl_name = "payroll") %>’
col_vals_between(columns = claim_date, left = vars(expense_date), right = vars(last_date
interrogate()

ag

7.3 Enhanced

df _clean %>%
count (staff_name, sort = TRUE)

df_clean %>
dplyr::filter(grepl("\\d+?", purpose)) %>%
mutate (purpose = gsub("\\d+?", "", purpose)) %>’
mutate (across(where(is.character), ~na_if(., "AB99"))) %>’
mutate(staff_id = replace_na(staff_id, 0))
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Figure 7.4: Audit Procedure 2
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df_clean %>%
select(contains("date"), purpose) %>%
mutate(if_taxi = case_when(str_detect(purpose, "Taxi") ~ "taxi",
TRUE ~ "other"),
total date = lubridate::floor date(claim_date, "week"),
first_date = first(total_date)) %>%
slice_max(order_by = claim_date, n = 3)

df_clean %>%
dplyr::filter(!is.na(amount_s.x)) %>%
mutate(new = (amount_s.x %/% 100) * 100) %>Y%
group_by(new, amount_s.x > 300) %>%
summarise(newl = mean(amount_s.x), .groups = 'drop')

df_clean %>%
dplyr::filter(!is.na(staff_name)) 7>%
group_nest(staff_id, staff_name) 7>%
mutate (new = map(data, ~pluck(.x, 4))) %>%

mutate(newl = map(new, ~paste(.x, collapse = '|'))) %>%
select(-data, -new) %>%
unnest (newl)
df_clean %>%
dplyr::filter(!is.na(staff_name)) %>%
select(staff_id, staff_name, purpose) %>’
summarise(newl = paste(purpose, collapse = '|'), .by = c(staff_id, staff_name))

df _clean %>%

select(staff_id, staff_name, division, purpose, amount_s.x) %>%
dplyr::filter(!is.na(purpose)) %>%
separate(purpose, into = c("type", "info"),

extra = 'merge', remove = FALSE, fill = 'right') %>%
group_by(division, type) %>%
summarise(n = n(Q),

amt_type = sum(amount_s.x), .groups = 'drop') %>%
arrange (-amt_type)

library(lubridate)

df_clean %>%
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pivot_longer(cols = where(is.Date),

names_to = 'activity_date',
values_to = 'detail_date',
names_pattern = "(.x)_.*",

names_transform = list(activity_date = toupper))
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