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Preprocessing, Data Wrangling,
Exploratory Data Analysis, and Reproducibility
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Computational Environments



Hardware: Local

e macOS
e Mac Pro
e IMac
* MacBook Pro
e Ubuntu
e Dell Precision T7910




Hardware: FENNEL
(ERAKZ HEEHERY PILY A LT —Y BT/ —R)

node name 0S node cores memory disk
GPU node Ubuntul6.o4

CPU node Ubuntul6.04
total 32 4TB




Setup / Software

® OS: macOS, Ubuntu

e UNIX shell: bash, zsh

e UNIX command: make, GNU parallel, (g)sed, grep, dos2unix,sftp,etc
® Apache Spark

® R, RStudio

® R Packages: tidyverse, SparkR, GGally, rgl, sn, xtable

® Reproducibility: Sweave
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Database, Preprocessing of
Osir1s2018 Data Set
(Consolidate Version)



Database
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Data Set Information: Osiris2018
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VariableName(data7) R Variable name ZHERA
year(USD) year_USD F(BEHA)
BvD ID number ID #EI—R
Address of incorp_ - Country country [ES]
US SIC, Primary code(s) (M) SIC_code Ex:mEg N
US SIC primary code(s) SIC_name wiEg

intion
Maln exchange exchange ES9E i
Consolidation code cons EiE - B
Closing date date REH
Number of months month B#
Audit Status audit L5
Accounting standard practice RETE%E
Source source T —4% DT
Statement unit units B (fiiA%)
Market price - July market_price7 mSflitg7 RS
Market price - August market_price8 TifMi&8 AR %
Market price - September market_price9 iR K7D
Market price - October market_price10 Mg 10A KD
Market price - November market_price11 i Mig11 AR D
Market price - December market_price12 TG Mig12AR D
Market Cap market_cap AT EE
Dividend dividend [




Data File Informations by Unix Commands

$ ls -1 dataC.txt
—rwxr-xr-=x 1 masa staff 1548270085 4 9 20:56 dataC.txt

$ wc -1 dataC.txt
3190424 dataC.txt




EEEEEESCOURTAULDS PLC
Consolidation code
from Local Currency
Current Assets St
Non Current Liabilities
Working Capital Net
Other Operating Items
Oth. Items
Added Value EBITDA
market capitalisation
Market price - June
December Market Cap.
1985 (th USD)
31/03/1986 12
583,281 492,083 3
591,599 n.a. 68,000
-778,006 -76,196
n.a. n.a. n.a.
1986 (th USD)
AR th
301,420 132,895 n.a.
-628,200 342,830
-94,374 -20,063
n.a. n.a.
1987 (th USD)
AR th GBP
964,340 648,533 515,443
4,551,384 4,55
-1,128,823 -128,391
n.a. n.a.

GBP

n.a.

P/L for Period Material Costs

Raw Data File

Address of incorp. - Country US SIC, Primary code(s) (M)
Closing date Number of months Audit Status Accounting standard Source
Fixed Assets Intangible Fixed Assets Tangible Fixed Assets Other Fixed Assets
ock Debtors Others Cash & Cash Equivalent Total Assets Shareholders Funds Capital Other

Provisions Current Liabilities Loans Creditors Other Total Shareh. Funds & Liab.
Current Assets Enterprise Value Number of Employees Operating Revenue / Turnover Sales Costs of Goods Sold
Operating P/L  Financial Revenue Financial P/L  Other non Oper./Financial Items P/L before Tax Taxation P/L after Tax Extraord. &
Costs of Employees Depreciation/Amortization Financial Expenses Research & Development expenses (memo) Cash Flow
Income taxes Income Tax Payable Deferred Taxes Def. Inc. Taxes & Invest. Tax Credit Date of current Market capitalisation  Current
Market price - Year Market price - January Market price - February Market price - March Market price - April Market price - May
Market price - July Market price - August Market price - September Market price - October Market price - November Market price -

Cash Dividends Paid - Total

BvD ID number US SIC, primary code(s) description Main exchange

Statement unit Currency of the statement Exchange Rate
Non Current Liabilities Long Term Debt Other

Gross Profit

GBO1605EX UNITED KINGDOM 2899 Chemicals and chemical preparations, not elsewhere specified manufacturing Unlisted C1
Qualif n.a. Acc. Std na AR th GBP 1.48531 640,317 n.a. 595,164 45,153 1,429,166
53,801 313,400 2,069,483 844,547 146,006 698,541 387,369 276,862 110,507 n.a. 837,566 90,307 508,719 238,541 2,069,483 566,646
3,227,134 3,227,134 -2,411,104 816,029 -510,353 229,480 n.a. -17,081 n.a. 212,399 -39,064 173,336 -18,715 154,621 n.a.
-17,081 @ 230,817 1,064,967 305,677 -39,064 28,369 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
n.a. n.a. n.a. n.a. n.a.
GB01605EX UNITED KINGDOM Unlisted C1 31/03/1987 12 Qualif n.a. Acc. Std na
1.60501 842,148 n.a. 795,281 46,866 1,636,947 637,188 558,864 440,896 396,918 2,479,095 1,058,663 160,982 897,681 434,315
986,117 70,620 611,508 303,988 2,479,095 584,544 650,831 n.a. 65,400 3,630,367 3,630,367 -2,564,963 1,065,404
n.a. -20,063 n.a. 322,767 -74,793 247,974 -33,224 214,750 n.a. -879,063
0 309,124 1,283,043 437,204 -74,793 59,867 n.a. n.a. n.a. n.a. n.a. n.a. n.a.
n.a. n.a. n.a. n.a. n.a. n.a. n.a.
GBO1605EX UNITED KINGDOM Unlisted C1 31/03/1988 12 Qualif n.a. Acc. Std na
1.87981 1,149,877 n.a. 1,089,723 60,154 1,897,287 790,458 713,386 393,443 347,388 3,047,164 1,154,388 190,048
133,090 33,461 1,244,243 113,540 517,510 613,192 3,047,164 986,334 653,044 n.a. n.a.
1,384 -3,211,083 1,340,301 -774,292 437,619 40,416 -22,934 n.a. 414,685 -95,682 319,003 -49,627 269,376 n.a.
-63,349 0 397,767 1,685,621 566,009 -95,682 91,171 11,091 n.a. n.a.
n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.




Problems
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Solutions
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Preprocessing

Unix Shell Scripts R firmfinC2018
datacC. dataC. rda . CSV

txt >

firmfinC2018.

frame. rds
nameC. rda




Parallelization of Preprocessing of

Osiris2018 (Consolidate Version)
Data Set



£y 77— ORIALEICE T 5 iEERAl

o 'FIALIEICIE, 21 - BT Z1T D&
T$=D='@5OO/0N9OO/0@H:{:FEI?%%i)fg_g_J

(e.g. Patil(2012))




GNU parallel
https://www.gnu.org/software/parallel/

e GNU parallel is a shell tool for executing jobs in parallel using one or
more computers. A job can be a single command or a small script that

has to be run for each of the lines in the input. The typical input is a list
of files, a list of hosts, a list of users, a list of URLs, or a list of tables. A

job can also be a command that reads from a pipe. GNU parallel can
then split the input and pipe it into commands in parallel




all:
date > start.txt

Makefi1le

Rscript datadump.R "dataC.rda" "nameC.rda" "firmfinC2018.csv" "firmfinC2018.frame.rds"
date > end.txt

all-p:
date > start-p.txt
/bin/bash ./script-p.sh
Rscript datadump.R "dataC.rda" "nameC.rda" "firmfinC2018.csv" "firmfinC2018.frame. rds"
date > end-p.txt
rda:
date > start-rda.txt
/bin/bash ./script.sh
date > end-rda.txt
rda—-p:
date > start-rda-p.txt
/bin/bash ./script-p.sh
date > end-rda-p.txt
CSV:
Rscript datadump.R "dataC.rda" "nameC.rda" "firmfinC2018.csv" "firmfinC2018.frame. rds"
clean-data:
rm x.rda *.rda—-e *.part
clean-csv:
rm firmfinC2018.csv



script.sh

$ cat script.sh

#!/bin/bash

#

#echo "Remove BOM codes™

gsed -1 -s -e '"ls/A\xef\xbb\xbf//' dataC.txt
#echo "dosZunix"

dosZ2unix dataC.txt

echo "separate data file"

grep -E "th\sUSD\)" dataC.txt > dataC.part
grep -v -E "th\sUSD\)" dataC.txt > nameC.part
echo "replacement special character”

sed -f sedscr dataC.part > dataC.rda

sed -1 -e s/A$'\t'//g dataC.rda

sed -e s/#//g nameC.part > nameC.rda



$ cat script-p.sh
#1/bin/bash

script-p.sh

#echo "Remove BOM codes"
gsed -1 -s -e 'ls/A\xef\xbb\xbf//' dataC.txt

echo "dosZunix"

parallel --pipepart
echo "separate data
echo "separate data
parallel --pipepart
parallel --pipepart

-k --block 100M -a
file"
file"
-k --block 100M -a
-k --block 100M -a

echo "replacement special character”

parallel --pipepart
parallel --pipepart
parallel --pipepart
rm tmp

-k --block 100M -a
-k --block 100M -a
-k --block 100M -a

dataC.txt "dosZunix" > tmp

tmp "grep -E "th\sUSD\)"' > dataC.part
tmp 'grep -v -E "th\sUSD\)"' > nameC.part

dataC.part "sed -f sedscr" > tmp
tmp "sed s/A$'\t'//g" > dataC.rda
nameC.part "sed s/#//g" > nameC.rda



dataC.
txt

Parallelized Preprocessing

Unix Shell Scripts R L
firmfinC2018
> dataC.rda sy
>
GNUparallel firmfinC2018.

nameC. rda

frame.rds




Apache Spark and R Packages






Apache Spark

 Apache Spark is a fast and general-purpose cluster computing system.

* It provides high-level APIs in Java, Scala, Python and R, and an
optimized engine that supports general execution graphs.

e It also supports a rich set of higher-level tools including Spark SQL for
SQL and structured data processing, MLlib for machine learning,
GraphX for graph processing, and Spark Streaming.

Quotation: http://spark.apache.org/docs/latest/index.html




SparkR (R on Spark)

SparkR is an R package that provides a light-weight frontend to use
Apache Spark from R.

In Spark 2.1.0, SparkR provides a distributed data frame
implementation that supports operations like selection, filtering,
aggregation etc. (similar to R data frames, dplyr) but on large datasets.

SparkR also supports distributed machine learning using MLIib.
Quotation: http://spark.apache.org/docs/latest/sparkr.html#overview




Connect to Spark from R by SparkR on RStudio

. SparkR X ﬁACQHE",(\Z

> Sys.setenv(SPARK_HOME = "/usr/local/Cellar/apache-spark/2.4.1/libexec")

> library(SparkR, 1lib.loc = c(file.path(Sys.getenv("SPARK_HOME"), "R", "1ib")))

> sparkR.session(master = "locall[x]", sparkConfig = list(spark.driver.memory =
II2gII) )




Data Wrangling and
Transformation



Comparison of Data
Manipulations by SparkR, dplyr, R

Manipulations Spark Style dplyr Style R Style

Selection of Columns select select df[,"colName"]

Filtering of Rows filter filter df [condition, ]
Addition of Columns \WaRa (& RNy mutate df$colName<-col
TRITNEO RO o rde rBy arrange X

Grouping groupBy group_by X

Aggregation agg, summarize summarize X

join join merge



Data Wrangling of Financial Data by
Spark Environments



Data Set:
firmtinC2018.csv



Data File Information

$ head -n 2 firmfinC2018.csv

firm,year_USD, ID, country,SIC_code,SIC_name,exchange,cons,date,month,audit,practice,
source,units,currncy,exchange_rate,assets_fix,assets_int,assets_tang,assets_other_f
ix,assets_cur,stock,debtors,assets_other_cur,cash,assets_total,shareholders,capital
,Shareholders_other, liabilities_non_cur,debt_long, liabilities_other_non_cur,provisi
ons, liabilities_cur, loans,creditors, liabilities_other_cur,total_s_1,capital_working
,assets_net_cur,enterprise_value,employees,operating_revenue,sales,costs_goods,prof
it_gross,expenses_other,EBIT, revenue_fin,PL_fin,PL_other,PL_before_tax, tax,PL_after
_tax,PL_extr,net_income, costs_material,costs_employees,depr_amor, interest_paid,R_D,
cash_flow,add_value,EBITDA, tax_income, tax_pay_income,tax_deferred, tax_credit,date_c
ur_market_cap,market_cap_cur,year_mp,market_pricel,market_price2,market_price3,mark
et_priced4,market_price5,market_price6,market_price7,market_price8,market_price9,mar
ket_pricel@,market_pricell,market_pricel2,market_cap,dividend, firmID,year
COURTAULDS PLC,1985 (th USD),GB01605EX,UNITED KINGDOM,2899,Chemicals and chemical
preparations not elsewhere specified manufacturing,Unlisted,C1,1986-03-31,12,Qualif
NA,Acc. Std

na, AR, th,GBP,1.48531,640317,NA,595164,45153,1429166,583281,492083,353801,313400, 206
9483,844547,146006,698541,387369,276862,110507,NA,837566,90307,508719,238541,206948
3,566646,591599,NA, 68000,3227134,3227134,2411104,816029,510353,229480,NA,-17081,NA,
212399, 39064,173336,-18715,154621,NA,778006,76196,17081,-0,230817,1064967,305677,39
064,28369,NA,NA,NA,NA,NA,NA,NA,NA,NA,NA,NA,NA,NA,NA,NA,NA,NA,NA,NA, COURTAULDS PLC
GB0O1605EX, 1985




SparkR on RStudio



Data Wrangling as SparkDataFrame and
Transform SparkDataFrame to R data.frame:
SparkR on R and RStudio

SparkDataF rame R data.frame
SparkR Spark
read.df filter,select,
firmfinC2018 firmfin. sdf collect , |firmfin2015
.CSV > )

ssad R

™



Preprocessing and Data Wrangling

dataC.
txt

Unix Shell Scripts

>

dataC.

firmfinC
2018.csv

rda

nameC.
rda

SparkR
read.df

SparkDataFrame

firmfinC
2018.fra
me. rds

Spark’

P .sdf

Spark

filter,select,
collect

APACHE

R data.frame

firmfin
2015




Parallelized Preprocessing and Data Wrangling

SparkDataFrame R data.frame

Spark

filter,select, [firmfin
collect 2015
>

Unix Shell Scri R SparkR
nix Shell Scripts firmfinC
b dataC.rda 2018.csv read.df

>

.sdf

dataC. txt

firmfinC
APACHE

nameC. rda 2018.fra S
me. rds pQr




Statistical Modeling with Osiris2018
Data: Verification of Reproducibility



Modeling of Distribution of
log(sales)



Skew-Normal Distribution and Related Families

® Azzalini (1985) generalized the normal distribution to have non-zero
skewness.

e |t is called the skew-normal distribution.

e |t has been used for modeling and analyzing skewed data.

e Additionally, some related families of distributions included the skew-t
distribution are also studied in Azzalini and Capitanio (2014).



Skew-Normal Distribution

Notation of Distribution: If the distribution of the random variable (r.v.) X is the
skew-normal, then we write as follows:

X ~ SN(&,w?, @)

where (£,w?, a) are called direct parameters (DP).

Probability Density Function:

2 xr — T —
fonlx | Eyw,a) = 26 ( g) 3 (a g) (4.1)
w w w
where 7 € R := (—00,00), £ € R, w € RT := (0,00), a € R, and
() = — (ﬁ) d.f. of Standard Normal Distributi
) .= exX _—— ; Ad.T. O andaar orma IStripution,
Vo P 2 P

O (x) ::/ ®(z)dz; c.d.f. of Standard Normal Distribution.



Fitting Skew-Normal Distribution to log(sales)

» Maximum Likelihood Estimates:
(£,3,d) = (13.01,3.29, —1.15)
» Statistical Model:

fonllog(sates) | £5.8) i= 2 (log(salfs) - §> . <a10g<saaes> = )

w w W

» Histogram with Statistical Model and Q-Q Plot:

Empirical values and fitted distribution
Q-Q plot of (scaled DP residuals)*2

0.15
20

0.10
10 15

probability density

0.05
Empirical values

0.00

0 5 10 15 20

observed variable

Figure: Histogram of log(sales) with

Statistical Model fsy (log(sales) | €, &, @) Figure: Q-Q Plot of log(sales)



Skew-t Distribution

Notation of Distribution: If the distribution of X is the skew-t, then we write as

follows:
X ~ ST(f,wQ,a, V)

where (£, w?, o, v) are called the direct parameters.

Probability Density Function:

: — 1
V) Fi ozx § v +2 v+1
(4.2)

where £ € R := (—00,0), £ € R, w € RT := (0,00), a € R, v € RT, and

v+1

22\ T2
(1 + —) : p.d.f. of t distribution,
v




Fitting Skew-t Distribution to Log(sales)

» Maximum Likelihood Estimates:
(£,3,d,0) = (12.57,2.9, —0.83, 22.42)
» Statistical Model:

R 2 1 les) — € 1 les) — € D+1
foT (log(sales) | &, @, &, 7) = —4 <°g()£ | D) Py | qroBtemies) 7 € Pt
@ @ w (log(saies)—ﬁ) + D
w

» Histogram with Statistical Model and Q-Q Plot:

Empirical values and fitted distribution

0 Q-Q plot of (scaled DP residuals)*2
° =] @IO00000 O O204AGEIHO
QT
> v b
5 3
5 g E_
s f ' f ! T o
0 5 10 15 20 T T T - T .
observed variable 0 5 10 15 20 25
Theoretical values
Figure: Histogram of log(sales) with
Statistical Model R Figure: Q-Q Plot of log(sales)

fst(log(sales) | &, @, @, V) N /77



sales2015

Box-Cox Transformation of log(sales)and
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Web Application for Box-Cox Transformation

° [om] 127.0.0.1 ¢

Interactive Box-Cox Visualization
Histogram and Q-Q plot by Box-Cox Trasformed Sales Data

Number of bins: year: lambda:
01 01

20 A 2015
—

Name Value
Skewness  0.00445969698825906
Kurtosis 0.265821819079647

012-

density

bePower(sales, lambda = as.numeric(inputSiambda))

sample

theoretical




Double-log Modeling for
log(sales)



Double-log Model

e Cobb-Daglas Type Model:

sales; = v X employees?1 X assets.total;? x¢e;, 1=1,...,n

® [og-linear Model:

log(sales;) = ao + a1 log(employees,) 4+ a2 log(assets.total;) + log(e;)

e Assumptions of Error Distributions:

Normal Case: log(g;) "< N(0, o)
Skew-normal Case: log(e;) Rt SN(0, w?, @)

Skew-t Case: log(e;) Rt ST(0,w?, o, V)

ol

where ¢ = 1,...,n, and the notation K denotes independent and identically dis-

tributed.



Results of Fitting: Normal Case
» t-Values Table:

Table: t-Values Table: Log-normal Linear Model

Estimate Std. Error t value Pr(>[t|)

(Intercept) 0.6004 0.0284 21.18  0.0000
log(employees) 0.4660 0.0042 109.87 0.0000
log(assets.total) 0.6552 0.0037 176.30  0.0000

» Estimate of Variance of Errors: 62 = (0.9742
» Coefficient of Determination: R? = 0.863

» Adjusted Coefficient of Determination: R = 0.863



Results of Fitting: Normal Case

» Sample Regression Plane:

MLNL = Qo + a1 log(employees) + @ log(assets.total)
= 0.6 + 0.466 log(employees) + 0.655 log(assets.total)

» Residuals:
eLnL; := log(sales;) — TLnL
» Plots of Regression Diagnostics:

Residuals vs Fitted Normal Q-Q

Residuals

Fitted values Theoretical Quantiles
Im(log(sales) ~ log(employees) + log(assets.total)) Im(log(sales) ~ log(employees) + log(assets.total))

Figure: Plots of Regression Diagnostics: Log-normal Linear Model



Results of Fitting: Skew-normal Case

» t-Values Table:

Table: z-Ratio Table: Log-skew-normal Linear Model

estimate std.err z-ratio Pr{>|z|}

(Intercept.DP) 1.62 0.03 59.75 0.00
log(employees) 0.36 0.00 80.89 0.00
log(assets.total) 0.71 0.00 193.20 0.00
omega 1.39 0.01 172.67 0.00

alpha -2.31 0.04 -63.89 0.00




Results of Fitting: Skew-normal Case

» Adjusted Sample Regression Plane:

TLSNL = TLsNL + Obd = (ao + Zu\bg) + & log(employees) + a2 log(assets.total)
= 0.6 + 0.358 log(employees) + 0.709 log(assets.total)

» Centered Parameter (CP) Residuals:

eLsnL.cpi = log(sales;) — Musnu: = log(sales;) — fisnLs — Wb

» Plots of Regression Diagnostics: CP Case

Residuals vs Fitted Values Residual values and fitted error distribution

0.4

0.3

probability density
0.2
L

CP residuals

A

Fitted values CP residuals

Figure: Plots of Regression Diagnostics: Log-skew-normal Linear Model, CP Case



Results of Fitting: Skew-normal Case

» Scaled DP Residuals:

log(sales;) — MLsnL
ZLSNLi — 5

> Note that 22\.; ~ X3. (See Azzalini and Capitnio (2014), p. 61.)
» Q-Q, P-P Plots of Scaled DP Reisuals:

Theoretical values Theoretical values

Figure: Q-Q, P-P Plots: Log-skew-normal Linear Model



Results of Fitting: Skew-t Case

» t-Values Table:

Table: z-Ratio Table: Log-skew-t Linear Model

estimate std.err z-ratio Pr{>|z|}

(Intercept.DP) 1.25 0.03 49.30 0.00

log(employees) 0.35 0.00 86.36 0.00

log(assets.total) 0.71 0.00 213.09 0.00
omega 0.73 0.01 77.67 0.00

alpha -0.93 0.04 -25.60 0.00

nu 3.40 0.07 47.04 0.00




Results of Fitting: Skew-t Case

» Adjusted Sample Regression Plane:

MLsTL = MusTL + ab,’)_l’_]_g = (ao + @bl/)—l—lg) + @1 log(employees) + @ log(assets.total)
= 0.721 + 0.351 log(employees) + 0.706 log(assets.total)

» Pseudo-Centered Parameter (CP) Residuals:

eLstL.pcp; = log(sales;) — nistLi = log(sales;) — MisTLi — Wbpt10

» Plots of Regression Diagnostics: Pseudo-CP Case

Residuals vs Fitted Values Residual values and fitted error distribution

0.5

probability density
0.2 0.3 0.4

PSEUDO-CP residuals

0.1

0.0
1

1un e
T T T T T T T T
5 10 15 20 -10 -5 0 5

Fitted values PSEUDO-CP residuals

Figure: Plots of Regression Diagnostics: Log-skew-t Linear Model, Pseudo-CP Case



Results of Fitting: Skew-t Case

» Scaled DP Residuals:

log(sales;) — NLsTL:
ZLSTLi = 5

> Note that 2%, ~ FL (:F distribution with degree of freedom (1,7)). (See
Azzalini and Capitnio (2014), p. 102.)
> Q-Q, P-P Plots of Sc Reisuals:

Q plot of (scaled DP residuals)*2 P-P plot of (scaled DP residuals)*2

0.6 0.8 1.0

0.4

Empirical values
Empirical values

0.2

0
|
0.0

Theoretical values Theoretical values

Figure: Q-Q, P-P Plots: Log-skew-t Linear Model



Adjusted Sample Regression Plane: Double-log Model with Skew-t Error

20

sales 2(
15
10

asseis i
O —

employees
MLSTL = MLsTL + 53b,7+125\ = (apo + (/U\b,/)_|_18\) + @ log(employees) + a2 log(assets.total)
= (1.247 + 0.732 X 0.976 x (—0.683)) 4+ 0.351 log(employees) + 0.706 log(assets.total)
= 0.759 4+ 0.351 log(employees) + 0.706 log(assets.total)



Model Selection



Akaike Information Criterion

» Log-likelihood:
((6) := ) log f(x; | 6)
i=1

where f is a probability density function and @ is a parameter vector.
» Maximum Likelihood Estimate (MLE):

6 := arg max 0(0)
0co

where © is a parameter space.
» Definition of Akaike Information Criterion (AIC):

AN

AIC := —20(0) + 2dim(0)
(:= —2 x (Maximum Log-likelihood)

+ 2 x (Dimension of Parameter Vector))

See Akaike(1973), Konishi and Kitagawa(2008).



Model Selection: Distribution of Log(sales)
» AIC Table:

Table: AIC Table: Models for Log of Sales

df AlC
Im.log.sales2015 2.00 146767.84
selm.log.sales2015 3.00 146532.92

[ selm.ST.log.sales2015 4.00 146461.11 |

» The best distribution for log(sales) in the above them is the skew-t one
(selm.ST.log.sales2015).



Model Selection: Log-linear Models for
log(sales)

» AIC Table:

Table: AIC Table: Log-linear Models for Sales

df AlC
Im.log.firmfin2015 4.00 85692.05
selm.log.firmfin2015 5.00 82161.55

([ selm.ST.log.firmfin2015 6.00 77304.87 |

» The best model for log(sales) in the above them is the log-skew-t linear one
(selm.ST.log.firmfin2015) .



Model Evaluation



K-fold Cross-Validation: MSEP

Training Set

D(Ik) > ?//\i(Ik)

K Times Cross-Validation

Test Set

Dy

Figure: Diagram of K-fold CV

> Yis Zelk

k




Procedure of K-fold Cross-Validation: MSEP

(CV1) Randomly divide the data set D := {(z",y:); i=1,...,n} into K sets of
approximately the same size,

= { "yi); i € Ik} (: Training Set)

where I, k = 1,..., K, are set of indices of the data set Dy, and ny = §lx.
Note that [ :={1,...,n} =L U --- U, U---Ulk.

(CV2) Obtain the linear predictor 7;(r,) and its adjusted form 7;(;,) from the data
set by

D¢,y :=D\ Dy, = { ‘yi); i€ I\Ik) (: Test Set)
where the notation “\” denotes the set difference.

(CV3) Calculate the following criterion (MSEP):
1o 1
2
Z =D DlnBian) = 7 25 2 Wi—Taw)” (A7)
ket K= =
where the discrepancy function is given by
D(Yi, icryy) = (yi — @\i(fk))Q (: Squared Error of Prediction) (18)

and
Yi(1,) = (1) OF Ti(1y)



K-fold Cross-Validation: AIC

Training Set

D(Ik) ’9(1k)

K Times Cross-Validation

Test Set

ka > Yi, NS Ik

Figure: Diagram of K-fold CV: AIC




Procedure of K-tfold Cross-Validation: AIC

(CV-AIC1) Randomly divide the data set D into K sets of approximately same-size
Dr, .

(CV-AIC2) Estimate the MLE E(Ik) from the data set Dy, ).
(CV-AIC3) Calculate the following criterion:

K
1 1
CVaic(K) : Z— g Daic(yi, 0(1,))

n
k ZEIk

=

2 1 —~
= =5 =S log f(yi | 8

k=1 iely,

n 2dim(0)
n

where the discrepancy function

0 = 2dim(60
DAIC(?Jiae(Ik)) = _261(0(110 | yz) + #

2dim(0)

— —2log f(y: | 8(1,)) + (19)

See Efron and Hastie (2016), p. 226.



Results of Cross-Validation

) ——
L] i
] T
EPJog.SN  MSEP.log.SN.adj AIC.log.ST

variable variable

Figure: K-fold CV: MSEP, K = 10 Figure: K-fold CV: AIC, K = 10



Dynamic Documents and
Reproducible Research



Peng’s Reproducibility Spectrum
Peng, R. D. (2011) Reproducible research in computational science,
Science, Vol. 334, pp. 1226-1227.

Reproducibility Spectrum
Publication +

Publication . Full
Linked and .
only Code replication
Code executable
and data
code and data

Not reproducible Gold standard

Fig. 1. The spectrum of reproducibility.



Standard Data Analysis and Documentation
with R and TeX

Data Analysis Flow Documentation Flow

rda .
Including
rds Data > Documents tex
Manual Procedure —
.CSV

R ~Including
Data Analysis Manual

ocedure

LaTeX & dvipdfmx | Formatting
pdfLaTeX v

txt

Results:
pdf Values, Tables, Output pdf
.eps Graphics P



Current Dynamic Documents Tools

e Sweave (Friedrich Leisch and R-core) and Rnw (R Noweb (Sweave)) file
based on noweb (Norman Ramsey)

https://www.statistik. lmu.de/~1leisch/Sweave/

e knitr (Yihui Xie) and Rmd (R Markdown) file based on Markdown (John
Gruber)

http://yihui.name/knitr/



Dynamic Documents with R and TeX

Dynamic Documentation Flow

.rda , :
Automatically Including Documents Rnw
.CSV

Automatically Generating 1xt

R, Swe?‘ve’ Data Analysis > Results: of
LaTeX, dvipdfmx and < Values, Tables,|| P

pdeaTeX Formatting Automatically Including Graphics -©PS

Output pdf



Automation for All Process by
make Command



all:

all-p:

Csv:

csv-p:

Cv:

paper:

Makefile

date > start-all.txt
/bin/bash ./script.sh

Rscript datadump.R 'dataC.rda" 'nameC.

Rscript CV.R

~/Library/TeXShop/Engines/Sweave-utf8.

date > end-all.txt

date > start-all-p.txt
/bin/bash ./script-p.sh

Rscript datadump.R "dataC.rda" "nameC.

Rscript CV.R

~/Library/TeXShop/Engines/Sweave-utf8.

date > end-all-p.txt

date > start-csv.txt
/bin/bash ./script.sh

Rscript datadump.R "dataC.rda" "nameC.

date > end-csv.txt

date > start-csv-p.txt
/bin/bash ./script-p.sh

Rscript datadump.R "dataC.rda" "nameC.

date > end-csv-p.txt

date > start-CV.txt
Rscript CV.R
date > end-CV.txt

~/Library/TeXShop/Engines/Sweave-utf8.

paper-without-CV:

/bin/bash ./script.sh

Rscript datadump.R '"dataC.rda" 'nameC.
~/Library/TeXShop/Engines/Sweave-utf8.

rda" "firmfinC2018.csv"

engine paper.Rnw

rda" "firmfinC2018.csv"

engine paper.Rnw

rda" "firmfinC2018.csv"

rda" "firmfinC2018.csv"

engine paper.Rnw

"firmfinC2018. frame.

"firmfinC2018. frame.

"firmfinC2018. frame.

"firmfinC2018. frame.

rds"

rds"

rds"

rds"

rda" "firmfinC2018.csv" "firmfinC2018. frame.rds"

engine paper.Rnw




Target: a L l

Unix She o
. dataC firmfin
) R | SparkR
dataC > > csv > paper-
- txt Automatically Including Rnw
nameC
- rda CV.RData
firmfinC ‘
( A ically Includi
zgés;ﬂg;a - | CV.R|=—> [ B§ Hromaticaly Tncluding Automatically Generating
' Results:
R, Sweave, >
. Values,
LaTeX, dvipdfmx | Tables
Pdﬂ—aTeX Automatically Including Graphics
v
paper.
pdf
all:

/bin/bash ./script.sh

Rscript datadump.R '"dataC.rda" "nameC.rda" "firmfinC2018.csv" "firmfinC2018. frame. rds"
Rscript CV.R

~/Library/TeXShop/Engines/Sweave—-utf8.engine paper.Rnw




Time: make all (with CV Simulation)

(University of Tokyo, FENNEL)
$ cat start-all.txt
2019 9H 16H HEEH 13:01:10 JST

$ cat end-all. txt
2019%F O9H 16H HmEEH 13:16:47 JIST

LIBRFE 159037




Target: a L L—p

Unlx.SheII datac firmfin
Scripts .rda C2018. SparkR
dataC) TR p| csv » |paper.
gk : y Automatically Including Rnw
: ! nameC
GNUparallel - rda CV.RData
firmfinC b
> > A ically Includi
zgés}g;a CV.R \(; wromaticaly Inclucing Automatically Generating
' Results:
R, Sweave, >
LaTeX, dvipdf Values,
aleA, dvipdimx | « Tables,
Pdﬂ—aTeX Automatically Including Graphics
\ 4
paper.
pdf
all-p:

/bin/bash ./script—p.sh

Rscript datadump.R '"dataC.rda" "nameC.rda" "firmfinC2018.csv" "firmfinC2018. frame. rds"
Rscript CV.R

~/Library/TeXShop/Engines/Sweave—-utf8.engine paper.Rnw




Time: make all-p (with CV Simulation)

(University of Tokyo, FENNEL)
$ cat start-all-p.txt
2019 9H 16H HEEH 15:48:06 JIST

$ cat end-all-p.txt
$ 2019 9H 16H HWEEH 16:01:23 JST

WIBEFE 13717%
GEFAIE%E LA WES (155375) A 5 243207 04TiE )




Peng’s Reproducibility Spectrum
Peng, R. D. (2011) Reproducible research in computational science,
Science, Vol. 334, pp. 1226-1227.

Reproducibility Spectrum
Publication +

Publication . Full
Linked and .
only Code replication
Code executable
and data
code and data

Not reproducible Gold s ard

-— V|

Fig. 1. The spectrum of reproducibility.



Automation for Making Documents
for One Decade(2007-2016) by make
Command



3-d Scatter Plot Animation:
Log-Linear Model with Skew-t, Adjusted Version

SN-adj:200
0 LISSN adj 2107 15

20

sales 2
15
10

assgts.t
0

employees

animation:
convert -layers optimize -loop @ —-delay 40 LoglLinearModelingDecade-scatter3dlstlm-adj*.png animationscatterplot-LLMST-adj.gif




Preprocessing, Data Wrangling,
Exploratory Data Analysis, and Reproducibility

~

~

Raw Data

Set
File

Repro

Preprocessing
by UNIX
Commands,

>

Preprocessing

Interpreters(sed),
GNU parallel,
R

~

Importable
Data Set
File

\— _J

Data
Wrangling

s

~

Analyzable

Object

Data Wrangling by

SparkR and

Transformation

by dplyr

Exploratory Data
Analysis
J. W. Tukey
(1977)

Visualization by ggp lot2
GGally, and rgtl

Statistical Modeling
by sn

ducibility by make

Documents

Y

Statistical
Inference
and
Decision

—

Dynamic Documents
by Sweave and

make




Osiris Database and Its Data Set

2017 or 2018

All Listed
Firms

dataC. txt

| —

Preprocessing
by UNIX

Commands,
Interpreters
(sed), R

Reproducibility by mgs

&.Preprocessing [

firmfinC2
018.csv

4 Wrangling

firmfin2015
Data

Data
Wrangling by
SparkR and

Transformation

by dplyr

Exploratory Data

Analysis

J. W. Tukey
(1977)

Dynamic
Documents

Visualization by

ggplot2 GGally, Dynamic
Documents

by Sweave

and rgl
Statistical Modeling
by sn

87




Next Challenges



Orbis Database and Its Data Sets

Orbis
2018

All Firms

(Listed and
Unlisted)

01 orbis

02 _orbis

25 _orbis
_2018.as
C

 2018.as| | 2018.as| ---
C C
01- 02-
orbis 2| | orbis_2
018_LU.a| |018_LU.a| - - -
sC sC

25-
_orbis_2
018 _LU.a

sC




Database, Data Sets
and Preprocessing



Database and Data Information

e Bureau van Dijk (Ea2—RA— - J 7> - 17)%t (BUF BvD &)
HHRO2EE (5 - LB OT—FX—X Orbis (A —EX)

- HREDEEN2 AFBHEULEDBERZ EFRILE TR —D 7 4 — L TYNE
"EREF (Consolidate) & "IEEREEMRL (Un-consolidate) D ZFE3E T

- HROEDE EFEFTARHENR 24,014,3524, IEEFE FEHME TR

24,012,8074#t) DEEMFHIEIR GeLE, EXEHL, MEERY) 2&RI10FE 0
i

= \XILT =5 (REEENT—7)
"TER(T7«—JILK, AT LOREIEFY T\XYID THE (TSV 7 7))




Data File Information by Unix Commands:
Consolidate Data Sets

$ du -hc *.asc $ wc -1 *.asc

5.7G @1 _orbis_2018.asc 11000000 01_orbis_2018.asc
5.5G 02_orbis_2018.asc 11000000 02_orbis_2018.asc
5.4G 03 _orbis_2018.asc 11000000 03_orbis_2018.asc
5.4G 04 _orbis_2018.asc 11000000 04_orbis_2018.asc
5.3G 05_orbis_2018.asc 11000000 05_orbis_2018.asc
5.3G 06_orbis_2018.asc 11000000 06_orbis_2018.asc
5.3G  07_orbis_2018.asc 11000000 07_orbis_2018.asc
5.3G 08 orbis_2018.asc 11000000 08_orbis_2018.asc
5.3G  @9_orbis_2018.asc 11000000 09_orbis_2018.asc
5.26 10_orbis_2018.asc 11000000 10_orbis_2018.asc
5.2G 11_orbis_2018.asc - T '
5.2G6 12 orbis 2018.asc 11000000 11_orb}s_2®18.asc
5-2G 13_0 rbis_2018.asc 1100000@ 12_or‘b}s_2®18.asc
5.3G 14 _orbis_2018.asc 11000000 13_orb}s_2®18.asc
5.3G 15 _orbis_2018.asc 11000000 14_orbis_2018.asc
5.2G 16_orbis_2018.asc 11000000 15_orbis_2018.asc
5.3G 17_orbis_2018.asc 11000000 16_orbis_2018.asc
5.4G 18 _orbis_2018.asc 11000000 17_orbis_2018.asc
5.3G 19 _orbis_2018.asc 11000000 18_orbis_2018.asc
5.2G  20_orbis_2018.asc 11000000 19_orbis_2018.asc
5.26 21 _orbis_2018.asc 11000000 20_orbis_2018.asc
5.36  22_orbis_2018.asc 11000000 21_orbis_2018.asc
5.36 23 _orbis_2018.asc 11000000 22_orbis_2018.asc
35362523;82213553?2;?5C 11000000 23_orbis_2018.asc
127G %§§+ - 11000000 24_orbis_2018.asc

157872 25_orbis_2018.asc
264157872 total




du
.6G
4G
. 3G
. 3G
. 2G
.2G
. 2G
. 2G
. 2G
. 2G
.2G
. 2G
.2G
. 2G
.2G
.1G
.2G
.4G
.3G
. 2G
.1G
. 2G
.2G
. 3G

(OO, O, 0, O, 6, O, NE, RO, O, O, RO, NE, RO C, O NE, O, N, O, RE, O, RO, 0,

Data File Information by Unix Commands:

—-hc *.asc

01_orbis_2018_LU.
02_orbis_2018 LU.
03_orbis_2018_LU.
04 _orbis_2018 LU.
05_orbis_2018_LU.
06_orbis_2018 LU.
07_orbis_2018_LU.
08 _orbis_2018_LU.
@9_orbis_2018_LU.
10_orbis_2018 LU.
11_orbis_2018_LU.
12_orbis_2018 LU.
13_orbis_2018_LU.
14_orbis_2018_LU.
15_orbis_2018_LU.
16_orbis_2018_LU.
17_orbis_2018_LU.
18_orbis_2018_LU.
19 _orbis_2018_LU.
20_orbis_2018_LU.
21 _orbis_2018_LU.
22_orbis_2018_LU.
23 orbis_2018 LU.
24 _orbis_2018_LU.

asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc

69M 25 orbis 2018 LU.asc

125G

=

Un-consolidate Data Sets

$ wc -1 x.asc

11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000
11000000

140888

@1_orbis_2018_LU.
02_orbis_2018_LU.
@3_orbis_2018_LU.
@4_orbis_2018_LU.
@5_orbis_2018_LU.
06_orbis_2018_LU.
@7_orbis_2018_LU.
@8_orbis_2018_LU.
@9_orbis_2018_LU.
10_orbis_2018_LU.
11_orbis_2018_LU.
12_orbis_2018_LU.
13_orbis_2018_LU.
14_orbis_2018_LU.
15_orbis_2018_LU.
16_orbis_2018_LU.
17_orbis_2018_LU.
18_orbis_2018_LU.
19_orbis_2018_LU.
20_orbis_2018_LU.
21_orbis_2018_LU.
22_orbis_2018_LU.
23_orbis_2018_LU.
24_orbis_2018_LU.
25_orbis_2018_LU.

264140888 &Et

asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc
asc



Copy (Renumbering)
(Consolidate and Un-consolidate)

Unix Shell

Scripts
01_orbis_ 92 orbis 25_orbis_2
2018.asc 2018.asc XX} 018.asc T > data0l.txt] |data02.txt XX} data25.txt
renumbering.sh
#!/bin/bash
for i in $(seq -w 25); do
cp "./rawdata/"$i"_orbis_2018.asc" "./data"$i".txt";
done
Unix Shell
N n s Scripts
To Luase| |18 Luase| *** |8 tusaec. T P [deto01. txt] [data02. txt]  wer datazs. xe

renumbering.sh
#!/bin/bash

for i in $(seq -w 25); do
cp "./rawdata/"$i"_orbis_2018_LU.asc" "./data"$i".txt";
done




Raw Data File: Consolidate Version

RUERHSARASWALMART INC. Country City Postcode Telephone number BvD ID number  National ID number National ID label National ID type
IP identification number IP identification label ISIN number Ticker symbol Main exchange Listed/Delisted/Unlisted Consolidation code Closing date
Number of months Audit status Accounting practice Source (for publicly quoted companies) Original units Original currency Exchange rate from original
currency Fixed assets Intangible fixed assets Tangible fixed assets Other fixed assets Current assets Stock Debtors Other current assets Cash & cash
equivalent Total assets Shareholders funds Capital Other shareholders funds Non-current liabilities Long term debt Other non-current liabilities
Provisions Current liabilities Loans  Creditors Other current liabilities Total shareh. funds & liab. Working capital Net current assets
Enterprise value Number of employees Operating revenue (Turnover) Sales  Costs of goods sold Gross profit Other operating expenses Operating P/L
[=EBIT] Financial revenue Financial expenses Financial P/L  P/L before tax Taxation P/L after tax Extr. and other revenue Extr. and other expenses
Extr. and other P/L P/L for period [=Net income] Export revenue Material costs
Costs of employees Depreciation & Amortization Other operating items Interest paid Research & Development expenses Cash flow Added value EBITDA US
SIC, Primary code(s) Ibid, text description US SIC, Secondary code(s) Ibid, text description BvD major sector Information provider
2008 (th USD) United States of America BENTONVILLE 72716 +1 479 273 4000 US710415188 71-0415188 EIN

VAT/Tax number 9556N  Reuters number US9311421039 WMT New York Stock Exchange (NYSE) Listed (1 31/01/2009 12 Unqualified Local GAAP
10-K thousands usb 1 114,480,000 15,260,000 95,653,000 3,567,000 48,949,000 34,511,000 3,905,000 10,533,000
7,275,000 163,429,000 65,285,000 393,000 64,892,000 42,754,000 34,549,000 8,205,000 n.a. 55,390,000 6,163,000 28,849,000
20,378,000

163,429,000 9,567,000 -6,441,000 219,773,662 2,100,000 404,254,000 404,254,000 297,202,000

107,052,000 84,285,000 22,767,000 284,000 2,184,000 -1,900,000 20,867,000 7,133,000 13,734,000 n.a. n.a. -353,000
13,381,000 n.a. n.a. n.a. 6,739,000 77,546,000 2,184,000 n.a.

20,120,000 n.a. 29,506,000 5331 Variety stores 5411 Grocery stores Wholesale & retail trade Reuters




Raw Data File: Un-consolidate Version

RUERHSARASWALMART INC. Country City Postcode Telephone number BvD ID number  National ID number National ID label National ID type
IP identification number IP identification label ISIN number Ticker symbol Main exchange Listed/Delisted/Unlisted Consolidation code Closing date
Number of months Audit status Accounting practice Source (for publicly quoted companies) Original units Original currency Exchange rate from original
currency Fixed assets Intangible fixed assets Tangible fixed assets Other fixed assets Current assets Stock Debtors Other current assets Cash & cash
equivalent Total assets Shareholders funds Capital Other shareholders funds Non-current liabilities Long term debt Other non-current liabilities
Provisions Current liabilities Loans  Creditors Other current liabilities Total shareh. funds & liab. Working capital Net current assets
Enterprise value Number of employees

Operating revenue (Turnover) Sales  Costs of goods sold Gross profit Other operating expenses Operating P/L [=EBIT] Financial revenue
Financial expenses Financial P/L  P/L before tax Taxation P/L after tax Extr. and other revenue Extr. and other expenses Extr. and other P/L P/L
for period [=Net income] Export revenue Material costs Costs of employees Depreciation & Amortization Other operating items

Interest paid Research & Development expenses Cash flow Added value EBITDA US SIC, Primary code(s) Ibid, text description US SIC, Secondary code(s)
Ibid, text description BvD major sector Information provider
2008 (th USD) United States of America BENTONVILLE 72716 +1 479 273 4000 US710415188 71-0415188 EIN VAT/Tax number 9556N  Reuters

number US9311421039 WMT New York Stock Exchange (NYSE) Listed (1 31/01/2009 12 Unqualified Local GAAP 10-K thousands usb 1
114,480,000

15,260,000 95,653,000 3,567,000 48,949,000 34,511,000 3,905,000 10,533,000 7,275,000 163,429,000 65,285,000 393,000
64,892,000 42,754,000 34,549,000 8,205,000 n.a. 55,390,000 6,163,000 28,849,000 20,378,000 163,429,000 9,567,000
-6,441,000 219,773,662 2,100,000 404,254,000 404,254,000 297,202,000 107,052,000 84,285,000 22,767,000 284,000 2,184,000
-1,900,000 20,867,000 7,133,000 13,734,000 n.a. n.a. -353,000 13,381,000 n.a. n.a. n.a. 6,739,000 77,546,000
2,184,000 n.a. 20,120,000

n.a. 29,506,000 5331 Variety stores 5411 Grocery stores Wholesale & retail trade Reuters




Standard and Parallel
Preprocessing



Standard Preprocessing
(Common Format between Consolidate and Un-consolidate)

UnNix e
SCl‘iptS data@l.rda| |data®@2.rda ves data25.rda
data@l.txt| |data®2.txt coe data25.txt >
S eq S C r ipt . S h name@l.rda| [name@2.rda| ., name25. rda
#!/bin/bash
for i in $(seq -w 25); do

echo $i
/bin/bash ./script.sh "data"$i".txt";

done

script.sh
#!/bin/bash

#echo "Remove BOM codes"

gsed -i -s -e 'ls/™\xef\xbb\xbf//"' $1

#

#echo "dos2unix"

dos2unix $1

df=${1%.%*}

num="echo $df | cut -c 5-°

nf=name$num

echo "separate data file"

grep —-E "th\sUSD\)" $df".txt" > $df".part"

grep —-v -E "th\sUSD\)" $df".txt" > $nf".part"
echo "replacement special character"

sed —f sedscr $df".part" > $df".rda"

sed -1 —-e s/"$'\t'//g $df".rda"

sed —e s/#//g $nf".part" > $nf".rda"




Parallel Preprocessing

(Common Format between Consolidate and Un-consolidate)
Unix Shell

data@l.rda| |data@2.rda data25.rda

Scripts

data@l. txt| |data@2.txt oo data25. txt >

T

name@1l.rda] |[name@2.rda name25. rda

seqscript-p.sh
#!/bin/bash
for i in $(seq -w 25); do
echo $i
/bin/bash ./script-p.sh "data"$i".txt";
done

script-p.sh
#!/bin/bash
echo "Remove BOM codes"
sed -i -s -e '"ls/A\xef\xbb\xbf//' $1
#
echo "dos2unix"
parallel --pipepart -k --block 100M -a $1 "dos2unix -f" > tmp
mv tmp $1
df=${1%.*}
num="echo $df | cut -c 5-°
nf=name$num
echo "separate data file"
parallel --pipepart -k --block 100M -a $df".txt" 'grep -E "th\sUSD\)"' > $df".part"
parallel --pipepart -k --block 100M -a $df".txt" 'grep -v -E "th\sUSD\)"' > $nf".part"
echo "replacement special character”
parallel --pipepart -k --block 100M -a $df".part" "sed -f sedscr" > tmp
parallel --pipepart -k --block 100M -a tmp "sed s/A$'\t'//g" > $df".rda"
parallel --pipepart -k --block 100M -a $nf".part" "sed -e s/#//9" > $nf".rda"
rm tmp




Preprocessing by R and Merge
by Unix Shell Scripts



Consolidate Version



Sequential Dump to CSV Files:
Consolidate Version

data@l.rda

data02.rda XX}

name@l. rda

name@2.rda cee

#'!/bin/sh

for i in {1..25} ; do

echo $1

data25.rda

name25. rda

|

seqgdatadump.sh

firmfinBCO1l.csv

firmfinBC02.csv

Rscript datadump.R "data$i.rda" '"name$i.rda" "firmfinBC$i.csv"

done

‘

Datadump.R

firmfinBC25.csv




Parallelized Sequential Dump to CSV Files:
Consolidate Version

data@l.rda] |data@2.rda XX} data25.rda R

> firmfinBCO1l.csv firmfinBC02.csv XX firmfinBC25.csv

name@l.rda] |name@2.rda cee name25. rda

segdatadump—p.sh
#!/bin/bash
echo "Start datadump parallel”
seq -w 10 | parallel --jobs 100% Rscript datadump.R "data"{}".rda" "name"{}".rda" "firmfinBC"{}".csv"
seq -w 11 20 | parallel --jobs 100% Rscript datadump.R "data"{}".rda" "name"{}".rda" "firmfinBC"{}".csv"

seq -w 21 25 | parallel --jobs 100% Rscript datadump.R "data"{}".rda" "name"{}".rda" "firmfinBC"{}".csv"
echo "End datadump parallel™

datadump.R




Merge CSV Files:
Consolidate Version

Unix She
Scripts

firmfinBCO1l.csv firmfinBC@2.csv LX X} firmfinBC25.csv >

|

firmfinBC.csv

mergedata.sh

#!/bin/bash
ofn=firmfinBC
cat ${ofn}@1l.csv > $ofn.csv
for i in $(seq -w 02 25) ; do
echo $i
tail -n +2 $ofn%$i.csv >> $ofn.csv
done




Un-consolidate Version



Sequential Dump to CSV Files:
Un-consolidate Version

data@l.rda

data@2.rda vee data25.rda R

name@1l. rda

name@2.rda vee name25. rda I

> firmfinBUO1l.csv firmfinBU02.csv

firmfinBU25.csv

seqgdatadump.sh
#!/bin/sh
for i in {1..25} ; do
echo $1

Rscript datadump.R "data$i.rda" '"name$i.rda" "firmfinBU$i.csv"
done

‘

datadump.R




Parallelized Sequential Dump to CSV Files:
Un-consolidate Version

data@l.rda] |data@2.rda XX} data25.rda R

> firmfinBUO1l.csv firmfinBU@2.csv XX firmfinBU25.csv

name@l.rda] |name@2.rda cee name25. rda

segdatadump—p.sh
#!/bin/bash
echo "Start datadump parallel”
seq -w 10 | parallel --jobs 100% Rscript datadump.R "data"{}".rda" "name"{}".rda" "firmfinBU"{}".csv"
seq -w 11 20 | parallel --jobs 100% Rscript datadump.R "data"{}".rda" "name"{}".rda" "firmfinBU"{}".csv"

seq -w 21 25 | parallel --jobs 100% Rscript datadump.R "data"{}".rda" "name"{}".rda" "firmfinBU"{}".csv"
echo "End datadump parallel™

datadump.R




firmfinBUl.csv

firmfinBU2.csv

Merge CSV Files:
Un-consolidate Version

firmfinBU25.csv

mergedata.sh
#!/bin/bash
ofn=firmfinBU
cat ${ofn}@1l.csv > $ofn.csv
for i in $(seq -w 02 25) ; do
echo $i

tail -n 42 $ofn$i.csv >> $ofn.csv
done

firmfinBU.csv




Automation for All Process of Making
CSV Files by make Command



Consolidate Version



Preprocessing (All Process for Making CSV File):
Consolidate Version (f1rmf1nBCx.csv, firmfinBC. csv)

data
' N . - data0 .
Unix Shell Scripts — Unix Shell Scripts 1 rdaless ZZér R Unix Shell Scripts firmf
... [25-t firmfing firmfing i .
> 1.txt xt A > > CQl.csv eoe C25.csv ﬁ lnBC
name@ name2 CSv
l.rdapee |5.rd

all:
/bin/bash renumbering.sh

Qbin/bash seqscript.sh<)

/bin/bash segdatadump.sh,
V4

Qbin/bash mergedata.sh:)




Preprocessing Time on iMac Pro and Dell Precision T7910:
Consolidate Version

# iMac Pro # Dell

$ time make $ cat starttime.txt

real 806m2 . 943s 2019 2R 228H €£BEH 12:30:22 IST
user 768m6.310s $ cat endtime.txt

SYS 31m43.936s 2019 2H 22H £MEH 18:48:13 IST

ALIBRFE . 13KFfE206% MIBREERS . GRS 1845)



Double Parallelized Preprocessing (All Process for Making CSV File):
Consolidate Version (firmfinBCx.csv, firmfinBC.csv)

data

o . A A datao
— — Unix Shell Scripts | o Unix Shell Scripts [l iut
rbis rbis data0

201 201 25.t
Gras | eee  |5es P [1.oxtfeee [:

= Unix Shell Scripts | gL
firmfinB firmfinB
>

inBC.
COl.csv| eee C25.csv —
CcsSv

name@ name2 |

1l.rdapee |5.rda :
I

GNUparallel

all-p2
/bin/bash renumbering.sh

(/bin/bash seqscript—p.s@

/bin/bash seqdatadump—pvgﬁ
7

(/bin/bash mergedata.sh )




Comparison of Double Parallelized Preprocessing Times
on iMac Pro, Dell Precision T7910
Consolidate Version

# iMac Pro
aule$ cat starttime-p2.txt

aule$ cat endtime-p2.txt

AVIBRERE s 3F[EIS 70

(WEX: 13K5fE267-9K 300 E DEHE)

# Dell 4
dori$ cat starttimg
2019F 3AH 21H Ay

dori$ cat endtiméip.
2019 3R 21H A

WIERSE: 18579208 N

(/€K : 6IFEI187 -5k R DEE)



CSV File Informations by Unix Commands:
Consolidate Data Sets

$ 1s -la *.csv $wc -1 *x.csv

—-rw—-rw-r—— 1 masa masa 124553951464 3H 21 14:26 firmfinBC.csv 240143521 firmfinBC.csv
-rw-rw-r—— 1 masa masa 5852932119 3H 21 14:03 firmfinBCOl.csv 10000001 firmfinBCO1l.csv
-rw—rw-r—— 1 masa masa 5588445830 3H 21 14:03 firmfinBC@2.csv 10000001 firmfinBCO2.csv
-rw-rw-r—— 1 masa masa 5454191450 38 21 14:02 firmfinBC0@3.csv 10000001 firmfinBCO3.csv
-rw—-rw-r—— 1 masa masa 5357048340 38 21 14:03 firmfinBC04.csv 10000001 firmfinBC@4.csv
—-rw-rw-r-— 1 masa masa 5275804443 38 21 14:03 firmfinBC05.csv 10000001 firmfinBC@5.csv
—-rw-rw-r-— 1 masa masa 5216140330 3H 21 14:03 firmfinBC06.csv 10000001 firmfinBC@6.csv
—rw-rw-r—— 1 masa masa 5173893813 3H 21 14:03 firmfinBCO@7.csv 10000001 firmfinBCO7.csv
-rw-rw-r-- 1 masa masa 5140801824 33 21 14:03 firmfinBC08.csv 10000001 firmfinBC@8.csv
—rw-rw-r—— 1 masa masa 5122375105 38 21 14:02 firmfinBC09.csv 10000001 firmfinBC@9.csv
—rw-rw-r—- 1 masa masa 5119743638 38 21 14:03 firmfinBC10.csv 10000001 firmfinBC10.csv
-rw—-rw-r—— 1 masa masa 5130426953 38 21 14:11 firmfinBC11.csv 10000001 firmfinBCll.csv
-rw-rw-r—— 1 masa masa 5127787733 3R 21 14:11 firmfinBC12.csv 10000001 firmfinBC12.csv
-rw-rw-r—— 1 masa masa 5117004646 38 21 14:11 firmfinBC13.csv 10000001 ﬁrmﬁnBC]}"csv
—rw-rw-r—— 1 masa masa 5111994733 3A 21 14:11 firmfinBC14.csv 10000001 firmfinBC1l4.csv
—rw-rw-r—- 1 masa masa 5151261919 38 21 14:11 firmfinBC15.csv 10000001 firmfinBC15.csv
-rw-rw-r—— 1 masa masa 5041672611 3R 21 14:11 firmfinBC16.csv 10000001 ﬁr‘mﬁnBC16.csv
N 10000001 firmfinBCl7.csv
-rw-rw-r—— 1 masa masa 5082681293 38 21 14:11 firmfinBC17.csv 10000001 firmfinBC18.csy
-rw-rw-r—— 1 masa masa 5005063589 3H 21 14:10 firmfinBC18.csv . .
-rw-rw-r—— 1 masa masa 5552883760 3H 21 14:11 firmfinBC19.csv 10000001 ﬁr‘mﬁnBC19.csv
o 10000001 firmfinB(C20.csv
-rw-rw-r—— 1 masa masa 5117784891 3H 21 14:11 f}rmf}nBCZ@.csv 10000001 firmfinBC21.csv
-rw-rw-r—— 1 masa masa 4915310319 3R 21 14:19 firmfinBC21.csv 10000001 firmfinBC22.csv
-rw-rw-r—— 1 masa masa 4754012008 3K 21 14:18 firmfinBC22.csv 10000001 firmfinBC23.csv
-rw-rw-r—— 1 masa masa 5041641202 3H 21 14:19 firmfinBC23.csv 10000001 firmfinBC24.csv
-rw-rw-r—— 1 masa masa 5036169356 38 21 14:19 firmfinBC24.csv 143521 firmfinBC25.csv
-rw-rw-r—— 1 masa masa 66900703 3A 21 14:12 firmfinBC25.csv

480287066 total



Un-consolidate Version



Double Parallelized Preprocessing (All Process for Making CSV File):
Un-consolidate Version (firmfinBUx.csv, firmfinBU. csv)

Unix Shell Scripts Unix Shell Scripts [l g
01_0 .0 data data )

rbis
| 201 201 01.t 25.t
BLU| eee 8_LU > xt |°°° | xt
«.asc «.asc

firmfinB firmfinB

UOL.csv | eee  |U2S.csv| —oe————

Csv

name@ name2

data2 .
eee |5.1da R R Unix Shell Scripts | UL
inBU.

¢ T 1.rdapee |5.rda x

T
1 I | 1

[GNUpa rallei

all-p:
/bin/bgdsh renumbering.sh

(bin/bash seqscript—p.s@

/bin/bash seqdatadump—pvgﬁ
7

(/bin/bash mergedata.sh )




Comparison of Double Parallelized Preprocessing Times
on iMac Pro, Dell Precision T7910
Un-consolidate Version

# iMac Pro # Dell

aule$ cat starttime-p2.txt dori$ cat starttime- p2 txt

aule$ cat endtime-p2.txt 2019F 3H 21H 7|<H'3E B3G5 :'\‘JST
WERR: 4KESD dori$ cat endtime-pgZ.

20194 37 21H




$ 1s -1 *.csv

—rw-rw-r—— 1
-rw-rw-r—— 1
—rw—rw—r——
—rw—rw—r——
—rw—rw—r——
—rw—rw-r——
—rw—rw—r——
—rw—rw—r——
—rw—rw-r——
—rw—rw—r——
—rw—rw—r—-—
—rw—rw—r——
—rw—rw—r——

1
1
1
1
1
1
1
1
1
1
1
-rw-rw-r—— 1
—rw—rw-r—— 1
—-rw—rw-r—— 1
-rw-rw-r—— 1
-rw-rw-r—— 1
—rw—rw-r—— 1
—rw—rw-r—— 1
—-rw-rw-r—— 1
-rw-rw-r—— 1
—-rw-rw-r—— 1
—rw—rw-r—— 1
—-rw—rw-r—— 1
1

—rw—rw-r——

masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa
masa

CSV File Informations by Unix Commands:
Un-consolidate Data Sets

masa 124803858467
masa 5847448950
masa 5587303337
masa 5459850808
masa 5365275527
masa 5285725615
masa 5227485687
masa 5186860391
masa 5155128183
masa 5137839899
masa 5136451434
masa 5148892364
masa 5144579167
masa 5133760550
masa 5128683345
masa 5155868613
masa 5077238035
masa 5141892758
masa 5012961567
masa 5560456100
masa 5108010761
masa 4913515208
masa 4753376288
masa 5040806936
masa 5034119546
masa 60348542

3R
3R
3R
3R
3R
3R
3R
3R
38
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R

21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21

22:
21:
21:
21:
21:
21:
21:
21:
21:
21:
21:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:

16
51
52
52
51
51
51
51
51
51
51
00
00
00
00
00
00
00
00
00
00
07
07
07
07
00

firmfinBU.csv

firmfinBUO1.
firmfinBUO2.
firmfinBUO3.
firmfinBU@4.
firmfinBU@S5.
firmfinBUOG.
firmfinBUO7.
firmfinBUOS.
firmfinBU@9.
firmfinBU10.
firmfinBU11.
firmfinBU12.
firmfinBU13.
firmfinBU14.
firmfinBU15.
firmfinBU16.
firmfinBU17.
firmfinBU18.
firmfinBU19.
firmfinBU20.
firmfinBU21.
firmfinBU22.
firmfinBU23.
firmfinBU24.
firmfinBU25.

Ccsv
Ccsv
csv
Ccsv
Ccsv
Ccsv
Csv
Ccsv
Csv
Ccsv
Ccsv
csv
Ccsv
Ccsv
Ccsv
Csv
Ccsv
Ccsv
Ccsv
Ccsv
csv
Ccsv
Ccsv
Ccsv
csv

$ wec -1 *.csv

240128071 firmfinBU.csv

10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
10000001
128071
480256166

firmfinBU@1l.csv
firmfinBUG2.csv
firmfinBU@3.csv
firmfinBU@4.csv
firmfinBUG5.csv
firmfinBU06.csv
firmfinBUO7.csv
firmfinBU@8.csv
firmfinBU®@9.csv
firmfinBU1@.csv
firmfinBU11l.csv
firmfinBU12.csv
firmfinBU13.csv
firmfinBU14.csv
firmfinBU15.csv
firmfinBU16.csv
firmfinBU17.csv
firmfinBU18.csv
firmfinBU19.csv
firmfinBU20.csv
firmfinBU21.csv
firmfinBU22.csv
firmfinBU23.csv
firmfinBU24.csv
firmfinBU25.csv
At



Rename Data Set Files

$mv firmfinBC.csv firmfinBC2018.csv
$mv firmfinBC.csv firmfinBU2018.csv



Transfer CSV File from Local to FENNEL

firmfinBC2018.csv firmfinBC2018.csv
firmfinBU2018.csv

CSV. —> P, 1 |
g CSV.

FENNEL
o

THE UNIVERSITY OF TOKYO




Spark

SparkR on FENNEL



Connect to Spark from R by SparkR on FENNEL

. SparkR X ﬁACQHE‘IQZ

Sys.setenv(SPARK_HOME = "/home/masa/spark/spark-2.2.0-bin-hadoop2.7")

™

Sys.setenv(JAVA_HOME = "/usr/lib/jvm/java-8-oracle")
library(SparkR, lib.loc = c(file.path(Sys.getenv("SPARK_HOME"), "R", "1lib","")))

sparkR.session(master = "local[*]", sparkConfig = list(spark.driver.memory = "12g"),
spark.debug.maxToStringFields = "200")




Data Wrangling with SparkR (read.df)

> firmfinBC.sdf <- read.df("../CSV/firmfinBC2018.csv",sourc="csv", header=TRUE,
inferSchema = "true", na.strings = "NA")

> library(magrittr)

> firmfinBC2015 <- firmfinBC.sdf %>%
select(firmfinBC.sdf$firmID, firmfinBC.sdf$country,
firmfinBC.sdf$cons, firmfinBC.sdf$listed,
firmfinBC.sdf$exchange, firmfinBC.sdf$InfoProv,
firmfinBC.sdf$sales, firmfinBC.sdf$employees, firmfinBC.sdf$assets_total) %>%
filter(firmfinBC.sdf$year == "2015" &
firmfinBC.sdf$sales > 0 &
firmfinBC.sdf$employees > 0 &
firmfinBC.sdf$assets_total > 0 &
firmfinBC.sdf$month == 12) %>% collect()
> colnames(firmfinBC2015)<-
c(“firmID","country","cons","listed","exchange","infoprov","sales","employees",6 "assets.
total")




Time for Data Wrangling with SparkR

> library(tictoc)

> tic()

> firmfinBC.sdf <- read.df("../CSV/firmfinBC2018.csv",sourc="csv", header=TRUE, inferSchema = "true", na.strings = "NA")
> library(magrittr)

> firmfinBC2015 <- firmfinBC.sdf %>%
filter(firmfinBC.sdf$year == "2015" &
firmfinBC.sdf$sales > 0 &
firmfinBC.sdf$employees > 0 &
firmfinBC.sdf$assets _total > 0 &
firmfinBC.sdf$month == 12) %>%
select(firmfinBC.sdf$firmID, firmfinBC.sdf$country,
firmfinBC.sdf$cons, firmfinBC.sdf$listed,
firmfinBC.sdf$exchange, firmfinBC.sdf$InfoProv,
firmfinBC.sdf$sales, firmfinBC.sdf$employees, firmfinBC.sdf$assets_total) %>% collect()

> colnames(firmfinBC2015) <- c("firmID","country",'"cons","listed","exchange","infoprov","sales","employees","assets.total")

> toc()

1765.32 sec elapsed (about 30 minutes)




Data Wrangling:
All Process for Loading CSV File to Spark and
Transforming to R data frame on FENNEL

firmfinBC2018.csv Spark DataFrame R data.frame

SparkR SparkR
read.df filter, select,

» | firmfinBC cotlect o |firmfinBC
.sdf 2015
S APACHE ‘%

oark
FENNEL




Next Stage



+o Setup (FERIAREFRFBIAHIRIT) / Hardware / Software

e Hardware: Dell PowerEdge R740

e CPU: Intel® Xeon® Bronze 3104

® Main Memory: 128 GB RDIMM

e Storage: HDD 600GB

e Network Card: QLogic FastLinQ 41164

e GPU: NVIDIA Tesla V100 32G Passive GPU
e Software:

® OS: CentOS Linux release 7.7.1908 (Core)

e RDBMS: psql (PostgreSQL) 10.10 + PG-Strom

® R Package: RPostgreSQL



PG-Strom

https://heterodb.github.io/pg-strom/ja/
e PostgreSQL (RDBMS) DHRRES 2 —JU

e GPL(GNU Public License) V2 ICEDWTAH  BEEfachhTWBA =TV Y
—AY7bh0x7

o T—HIR—RAZRET ZEEMT "SQL" DinHHS, GPUZOT T LhZ4E
B U. GPULTIEREANDAUFICEITIT S

ID  |NAME _ |POINT |
1 ;A 90
@ z M i BE (3CPU TALIE

3 ihj=: 50

SELECT NAME FROM DB WHERE POINT > 60

=AY Y-
GPUTERL



PG-Strom

PostgreSQL




Create DB jhpcn and Tables orbi1s2018c, orbis2018u

jhpcn >
/

A

firmfinBC2018.csv tmpc.csv
Perl
@ ﬁ‘ @ L Or‘bisZ@lBC
% = =
GNUparallel
firmfinBU2018.csv tmpu.csv

Perl COPY

“GNUparallte \ @

Dell PowerEdge R740




Connect to PostgreSQL Server from R
by RPostgreSQL Package

RPostgreSQL

N—_
Dell PowerEdge R740 FENNEL

#install.packages('RPostgreSQL"')

library(RPostgreSQL)

drv <— dbDriver("PostgreSQL")

con <— dbConnect(drv, host="133.11.235.6", port=5432, user= "masa'", password="sxkxkxxxkxx", dbname="jhpcn")

dbListTables(con) # 7—7I)L—EBEUS




Data Wrangling with PostgreSQL + R + RPostgreSQL

\jhpcn/ R data.frame

RPostgreSQL

dbSendQuery, fetch
orbis2018c » [firmfinBC2015

Dell PowerEdge R740 FENNEL

> sql <- "select firmID, country, cons, listed, exchange, InfoProv, sales, employees, assets_total
from orbis2018c
where year = 2015 and sales > @ and employees > @ and assets_total > @ and month = 12"

> rs <- dbSendQuery(con, sql)

> firmfinBC2015 <- fetch(rs, n=-1)




578 M&IC...

e FA—Y Y TGPGPUZEFIAURWCPUDHFF)DEERIZ...

> library(tictoc)

> tic()

> sql <- "select firmID, country, cons, listed, exchange, InfoProv,
sales, employees, assets_total from orbis2018c where year = 2015 and
sales > 0 and employees > 0 and assets_total > @ and month = 12"

> rs <— dbSendQuery(con, sql)

> firmfinBC2015 <- fetch(rs, n=-1)

> toc()

640.057 sec elapsed # (107740%)



nvtop Command: Calm!

. "

Device 0 [Tesla V100-PCIE-32GB] PCIe 3016x 0.000 kB/s 0.000 kB/s
GPU 123@0MHz MEM 877MHz TEMP °C FAN N/A% POW 36 / 250 W

GPUL 0%] MEM[ 0.4G/34.1G]

100




Data Wrangling with PostgreSQL + PG-Strom +
R + RPostgreSQL

R data.frame

RPostgreSQL
dbSendQuery, fetch firmfinBC2015

orbis2018c >

Dell PowerEdge R740 FENNEL

> sql <- "select
firmID, country, cons, listed, exchange, InfoProv, sales, employees, assets_total
from orbis2018c where year = 2015 and sales > @ and employees > @ and
assets_total > @ and month 12"

> rs <— dbSendQuery(con, sql)

> firmfinBC2015 <- fetch(rs, n=-1)




nvtop Command: GPU works!!

o¢ )

Device © [Tesla V100-PCIE-32GB] PCIe GEN 3@16x RX: ©.000 kB/s TX: 153.0 MB/s
GPU 1230MHz MEM 877MHz TEMP 30°C FAN N/A% POW 36 / 250 W

GPUL | \ | | 36%] MEML[ | | 2.6G/34.1G]

639MB 2% 256MB postgres: bgworker: parallel worker for PID 167727
639MB 2% 277MB postgres: bgworker: parallel worker for PID 167727
305MB 1% 129MB postgres: bgworker: PG-Strom GPU memory keeper




Time of Data Wrangling with PostgreSQL + PG-Strom +
R + RPostgreSQL

> library(tictoc)

> tic()

> sgl <- "select firmID, country, cons, listed, exchange, InfoProv,
sales, employees, assets_total from orbis2018c
where year = 2015 and sales > 0 and employees > 0 and assets_total >
® and month = 12"

> rs <— dbSendQuery(con, sql)

> firmfinBC2015 <- fetch(rs, n=-1)

> toc()

86.098 sec elapsed (fI19f!)




Object T1rmf1nBC2015 by PG-Strom

> head(firmfinBC2015)
firmid country cons

1 FIVE ELEMENTS FILMS MEDIA PRODUCTIONS GMBH AT9090196104 Austria Ul

2 ING. SIEGFRIED STICHAUNER KUNSTSTOFFTECHNIK GMBH AT9090196698 Austria Ul

3 MS HOTELBETRIEBS GMBH AT9090183182 Austria U1l

4 ERJ ELEKTROMECHANIK & TRAFOBAU GMBH AT9090183295 Austria Ul

5 GATOM HANDELS GMBH AT9090183614 Austria Ul

6 SANCRET GMBH AT9090194586 Austria Ul
listed exchange infoprov sales employees assets_total

1 Unlisted Unlisted Creditreform Austria 305 2 190

2 Unlisted Unlisted Creditreform Austria 1524 4 599

3 Unlisted Unlisted Creditreform Austria 2286 45 4447

4 Unlisted Unlisted Creditreform Austria 2177 18 630

5 Unlisted Unlisted Creditreform Austria 109 3 64

6 Unlisted Unlisted Creditreform Austria 218 5 24




Benchmark Function

> bm <- function(){
require(RPostgreSQL)

con <— dbConnect(PostgreSQL(), host="133.11.235.6", port=5432, user=
""masa'", password="sxkxkxxkxxx'", dbname="jhpcn'")

sgl <- "select firmID, country, sales, employees, assets_total from
orbis2019 where year = 2015 and sales > 0 and employees > 0 and
assets _total > @0 and month = 12"

rs <— dbSendQuery(con, sql)

firmfinBC2015 <- fetch(rs, n=-1)

dbDisconnect(con)

}




Execute 100 Times Benchmarks!

jhpCﬂ/ R data.frame

RPostgreSQL 100 Times
dbSendQuery, fetch =

orbis2018c

firmfinBC2015

Dell PowerEdge R740

> queue <— matrix(nrow=100, ncol=3)

> for (i in 1:100){t1l <- proc.time(); bm(); t2 <- proc.time()-t1
queueli,1]<-t2[1]; queueli,2]<-t2[2]; queueli,3]1<-t2[3]

}




nvtop Command

Device O [Tesla V100-PCIE-32GB] PCIe 3016x RX: 46.00 MB/s
GPU 1297MHz MEM 877MHz TEMP 31°C FAN N/A% POW 39 / 250 W

27%] MEMI | 2.7G/34.1G]

4.554 GB/s
GPUL

|
639MB 2% 86% 288MB postgres:

: bgworker: parallel worker for PID 167892
639MB 2% 92% 278MB postgres: bgworker: parallel worker for PID 167892
305MB 1% 0% 129MB postgres: bgworker: PG-Strom GPU memory keeper




Output Result of Benchmarks

> write.csv(queue, "benchmark-gpu2-100.csv")




Execute benchmark by make

benchmark—-gpu2-100.csv

write.csv
g CSV

R data.fra

RPostgreSQL

100 Times

dBSendQuery, fet hl

firmfinBC2015

bm:
date > start-bm.txt
Rscript bm.R

date > end-bm. txt




bm <— function(){

bm.R
require(RPostgreSQL)

con <— dbConnect(PostgreSQL(), host="133.11.235.6", port=5432, user=
"masa'", password="xxx", dbname="jhpcn")

sgl <- "select firmID, country, cons, listed, exchange, InfoProv, sales,
employees, assets_total from orbis2018c

where year = 2015 and sales > @ and employees > @ and assets_total > 0 and
month = 12"

rs <— dbSendQuery(con, sql)

firmfinBC2015 <- fetch(rs, n=-1)

dbDisconnect(con)

}

queue <—- matrix(nrow=100, ncol=3);

for (i in 1:100){
tl <- proc.time();bm();t2 <- proc.time()-t1
queue[i,1]<-t2[1];queueli,2]<-t2[2];queueli,3]<-t2[3]
Cat(llj_:"’ i’ll’ll)

¥

# FEROES

write.csv(queue, "benchmark—-gpu2-100.csv")




Transfer CSV File from FENNEL to Local

benchmark-gpu2-100.csv benchmark—-gpu2-100.csv

&

FENNEL
o

THE UNIVERSITY OF TOKYO




Summary and Visualize T1rmf1nBU2015U

benchmark-gpu2-100.csv

: j read.csv boxplot
@ > R >

| ocal



Box Plot

> boxplot(bm100$V3)




Benchmark and Its Visualization

benchmark-gpu2-100.csv benchmark—-gpu2-100.csv

write.csv sttp @ read.csv boxplot :

FENNEL Local



PG-Storm Data Wrangling from
orb1s2018u and Data Visualization



Data Wrangling 2015

> tic()

> sql2 <- "select firmID, year, country, month, cons,
listed, exchange, InfoProv, interest_paid, costs_employees,
tax, PL_after_tax, PL_before_tax, assets_total from
orbis2018u where year = 2015 and month = 12 and (cons =
'Ul' or cons = 'U2')"

> rs2 <— dbSendQuery(con, sql2)
> firmfinBU2015U <- fetch(rs2, n=-1)

> toc()
176.755 sec elapsed (#9343)




Save Workspace

RPostgreSQL

R data.frame

Orbis2018u

dbSendQuery, fetch >

Dell PowerEdge R740

firmfinBU2015U

PG-Strom.RData

save.image

» S

FENNEL

> save.image("PG-Storm.RData")




Transfer RData File from FENNEL to Local

PG-Strom.RData PG-Strom.RData

- sttp
R »

FENNEL Local




Summary and Visualize T1rmf1nBU2015U

PG-Strom.RData

load . summary .
R

| ocal

ggplot

ROA

firmid
Length:13687832
Class :character
Mode :character

cons
Length:13687832

Class :character
Mode :character

interest_paid

Min. : —45594
1st Qu.: 1
Median : 4
Mean 239
3rd Qu. 18
Max. 4593225

pl_before_tax

Min. 1-7.614e+10
1st Qu.: 0.000e+00
Median : 3.000e+00

Mean 1-7.762e+03
3rd Qu.: 2.900e+01
Max. i 3.316e+07

NA's  :4321555

country me
Length:13687832 Min.
Class :character 1st
Mode :character Medi
Mean
3rd
Max.

listed exchange
Length:13687832 Length:13687832
Class :character Class :character
Mode :character Mode :character

costs_employees tax
Min. -1414656  Min. 1-2288447
0

1st Qu 1st Qu.:
Median Median : 0
Mean Mean  : 81
3rd Qu 3rd Qu.: 5
Max. Max. : 5217707
NA's NA's 15428452
assets_total

Min. : -10628929

1st Qu.: 16

Median : 122

Mean 8040

3rd Qu.: 680

Max. 11468925328

NA's  :405095

onth

Qu.:12
an :12

Qu.:12

infoprov
Length:13687832
Class :character
Mode :character

pl_after_tax
Min. :=7.614e+10
1st Qu.: 0.000e+00
Median : 2.000e+00
Mean :-7.918e+03
3rd Qu.: 2.300e+01
Max. : 3.316e+07
NA's 14418266

2015

00-




firmf1nBU2015U

> summary(firmfinBU2015U)

firmid year country month

Length:13687832 Min. 12015 Length:13687832 Min. 112
Class :character 1st Qu.:2015 Class :character 1st Qu.:12
Mode :character Median :2015 Mode :character Median :12

Mean 12015 Mean 112

3rd Qu.:2015 3rd Qu.:12

Max. 12015 Max. 112

cons listed exchange infoprov

Length:13687832 Length:13687832 Length:13687832 Length:13687832
Class :character Class :character Class :character Class :character
Mode :character Mode :character Mode :character Mode :character
interest_paid costs_employees tax pl_after_tax
Min. : —-45594 Min. : -1414656 Min. 1—-2288447 Min. 1—7.614e+10
1st Qu.: 1 1st Qu.: 13 1st Qu.: 0 1st Qu.: 0.000e+00
Median : 4 Median : 59 Median : 0 Median : 2.000e+00
Mean : 239 Mean : 975 Mean : 81 Mean 1=7.918e+03
3rd Qu.: 18 3rd Qu.: 233 3rd Qu.: 5 3rd Qu.: 2.300e+01
Max. 14593225 Max. 1207705875 Max. : 5217707 Max. : 3.316e+07
NA's 110306934 NA's 19097122 NA's 15428452 NA's 14418266
pl_before_tax assets_total
Min. 1-7.614e+10 Min. : -10628929
1st Qu.: 0.000e+00 1st Qu.: 16
Median : 3.000e+00 Median : 122
Mean 1—7.762e+03 Mean : 8040
3rd Qu.: 2.900e+01 3rd Qu.: 680
Max. : 3.316e+07 Max. 11468925328
NA's 14321555 NA's 1405095



Make Obijects for Scatter Plot of ROA-ETR

> firmfin.ROA.ETR.2015.firm.summary

<— firmfinBU2015U %>%
filter('is.na(tax)) %>%
filter(!is.na(pl_before_tax)) %
filter(!is.na(assets_total))%>%
filter(pl _before_tax > 0) %>%
group_by(firmid) %>%
summarize(ROA = pl_before_tax/assets_total,

ETR = tax/pl_before_tax)

%>%

F) FMRBEEEMN]ZE3R (Return On Asset: ROA), ZERNIFiER (Effective Tax Rate: ETR)



Scatter Plot of ROA-ETR

p <— Tirmfin.ROA.ETR.2015.firm.summary %>%
ggplot(aes(ETR, ROA)) +

geom_point(size = 0.01, alpha = 0.01) +
xlim(-1, 1) + ylim(@, 1) + labs(title = 2015)
png ("ROA-ETR-2016.png")

print(p)

dev.off()




Scatter Plot of ROA-ETR 2015 [-1,1]x]0,1]

2015

ROA

- |I|_: '}.:_\ 0.5 1."
ETR

Saka, C., T. Oshika, and M. Jimichi (2019) Visualization of tax avoidance and tax rate convergence: Exploratory analysis of world-scale accounting data,
Meditari Accountancy Research, Vol. 27 No. 5, pp. 695-724, Emerald Publishing Limited.



R data.frame
RPOStgreSQL PG-Strom.RData PG-Strom.RData

dbSendQuery, fetch save.image sftp load summary

firmfinBU2015U P R — MR —— R

Orbis2018u

(
(

ggplot

DW-2015-u:
date > start-DW-2015-u.txt
Rscript DataWranglingOrbis2015u.R
date > end-DW-2015-u.txt

FENNEL

o 4

THE UNIVERSITY OF TOKYO




Data Wrangling 2008-2017 from
orbi1s2018u by make



Data Wrangling for 10 Years with PG-Strom by make
\/ R data.frame 10 years DataWranglingOrbis2018u.RData

RPostgreSQL
dBSendQuery, fetch > save. image

Orbis2018u
firmfinBU2017U

N—

W

DW-u:
date > start-DW-u.txt
Rscript DataWranglingOrbis2018u.R
date > end-DW-u.txt



DataWranglingOrbi1s2018u.R

library(RPostgreSQL)
drv <— dbDriver("PostgreSQL")
con <— dbConnect(drv, host = "133.11.235.6", port = 5432, user= "masa", password =

"ekkkkkkx!, dbname = "jhpen')
# Data Wrangling from orbis2018u
# 2008

sql2008 <- "select firmID, year, country, month, cons, listed, exchange, InfoProv,
interest_paid, costs_employees, tax, PL_after_tax, PL_before_tax, assets_total from
orbis2018u where year = 2008 and month = 12 and (cons = 'Ul' or cons = 'U2')"
rs2008 <- dbSendQuery(con, sql2008)

firmfinBU2008U <- fetch(rs2008, n = -1)

# 2017

sql2017 <- "select firmID, year, country, month, cons, listed, exchange, InfoProv,
interest_paid, costs_employees, tax, PL_after_tax, PL_before_tax, assets_total from
orbis2018u where year = 2017 and month = 12 and (cons = 'U1' or cons = 'U2')"
rs2017 <- dbSendQuery(con, sql2017)

firmfinBU2017U <- fetch(rs2017, n = -1)

# dump

save.image(file = "DataWranglingOrbis2018u.RData")




Scatter Plots of ROA-ETR
2008-2017



Transfer RData File from FENNEL to Local

DataWranglingOrbis2@018u.RData DataWranglingOrbis2@018u.RData

FENNEL Local



Plot Function

> plot.ROA.ETR <- function(df)
{
require(ggplot2)
require(dplyr)
p <— df %>%
filter(!'is.na(tax)) %>%
filter(!is.na(pl_before_tax)) %>%
filter(!is.na(assets_total))
filter(pl_before_tax > 0) %>%
group_by(firmid) %>%
summarize( ROA = pl_before_tax/assets_total,
ETR = tax/pl_before_tax) %>%
ggplot(aes(ETR, ROA)) +
geom_point(size = 0.01, alpha = 0.01)
xlim(-1, 1) + ylim(Q, 1) + labs(title
print(p)
¥

[¢) o)
%>%

I +

year)



Scatter Plot of ROA-ETR 2015 [-1,1]x[0,1]

2015

ROA

kb e

ETR

> plot.ROA.ETR(firmfinBU2015U)




Sequentially Make PNG Files

DataWranglingOrbis2018u.RData




Baa
ROA

| i

e

Animate!

convert

| ocal

ROA

2008

ETR



Animation GIF File

2008

7

ROA

Jl
)0 - ' !

ETR

$ convert —-layers optimize —-loop @ —delay 40 ROA-ETR-????.png animation.gif



Automation of
Sequentially Make PNG Files and Ammate by make

DataWranglingOrbis2018u.RData

convert

- png:
date > start-png.txt
Rscript makepng.R
date > end—png.txt
ANIMATION T o —
date > start- animation txt

date > end-animation.txt




makepng.R

load("./DataWranglingOrbis2@018u.RData")
mkpng <- function(df, year)
{

require(ggplot2)

require(dplyr)

p <— df %>%
filter(!is.na(tax)) %%
filter(!is.na(pl_before_tax)) %%
filter(!is.na(assets_total)) %>%
filter(pl_before_tax > 0) %>
group_by(firmid) %>%
summarize(ROA = pl_before_tax/assets_total,

ETR = tax/pl_before_tax) %>%

ggplot(aes(ETR,ROA)) +
geom_point(size = 0.01, alpha = 0.01)
xlim(-1, 1) + ylim(@, 1) + labs(title

png(paste("ROA-ETR-", year, ".png", sep

o
-0

year)

IIII))

mnn +

print(p)

dev.off()
b
mkpng (firmfinBU2008U, year = 2008)
mkpng(firmfinBU20@9U, year = 2009)
mkpng(firmfinBU2010U, year = 2010)
mkpng (firmfinBU2011U, year = 2011)
mkpng(firmfinBU2012U, year = 2012)
mkpng (firmfinBU2013U, year = 2013)
mkpng(firmfinBU2014U, year = 2014)
mkpng(firmfinBU2015U, year = 2015)
mkpng(firmfinBU2016U, year = 2016)
mkpng (firmfinBU2017U, year = 2017)




Total Process

R data.f
@ RPostgreSQL = I DataWranglingOrbis2@18u.RData |
dBSendQuery, fetch 1 . | mkpng | S —
’ save.image @ sftp load < convert
0rbis2018 fa;gI;BB — %’-_‘ — > R_> : | —
rnis u
N/ — |
s ) V\’ V\/ . it

png:
date > start-png.txt

DW—u: Rscript makepng.R
date > start-DW-u.txt
Rscript DataWranglingOrbis2018u.R

date > end-DW-u. txt

date > end-png.txt
animation:

date > start-animation.txt

convert —-layers optimize -loop @ —-delay 40
ROA-ETR-??7??.png animation.gif

date > end-animation.txt

‘g FENNEL

THE UNIVERSITY OF TOKYO
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