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Introduction

K A statistical programmer:

K uses a database - create computer programs that performs tasks like statistical
modelling, summary tables and data visualizations.

K A polyglot programmer:

K perform said tasks using multiple programming languages and at the same time,
benefit from such efficiencies.




Introduction

K Program validation is an important quality control (QC) process.

K One person is the ‘'main’ programmer, while a second programmer will
perform the QC.

K Same set of specifications = independent programs development - outputs
match > validated ¢/

K We will discuss some benefits of creating a Python program, that can validate

statistical output, utilising multiple programming languages like SAS, R and
Python.
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Installation and configuring SASPy

On Windows, start cmd.exe

Navigate to where Anaconda is installed
Find pip.exe

Key in command: pip install saspy

Configure your sascfg.py (found in: Anaconda3/Lib/site-packages/saspy)

@ sascfg.py SAS_config_names= [ nlocal']
winlocal = { va :




Initial Steps

K Configure sascfg.py: may also need to update path of jar files

lepW = "C:\\Program Files\\SAS94\\SASDeploymentManager\\9.4\\products\\deploywiz__9436@_ prt_ xx_ sp@__ 1\\deploywiz\\sas.svc.connection.jar"
cpW += ";C:\\Program Files\\SAS94\\SASDeploymentManager\\9.4\\products\\deploywiz__94360_ prt_ xx_ sp@__ 1\\deploywiz\\log4j.jar"

cpW += ";C:\\Program Files\\SAS94\\SASDeploymentManager\\9.4\\products\\deploywiz_ 94360_ prt_ xx_ sp@_ 1\\deploywiz\\sas.security.sspi.jar"
cpW += ";C:\\Program Files\\SAS94\\SASDeploymentManager\\9.4\\products\\deploywiz__9436@8_ prt_ xx__ sp@_ 1\\deploywiz\\sas.core.jar"

ccpW += ";C:\\Users\\aikh\\AppData\\Local\\Continuum\\Anaconda3\\Lib\\site-packages\\saspy\\java\\saspyiom.jar"

K Testing out SASpy —— -

File Edit Search Source Run Debug Consoles Projects Tools View Help
M, = b= = il
DSR2 E0 POBGCENCEEHE BX Fe €3 5 A
. Editor 8 X File explorer & X
In [1]: import saspy
03| teepy B | masterpy ) | mastertpy [ | %t © © 0 -3
23 from math import ceil v Name ’ Size Type Date Modified -
. = s f 1 : 1 1 ' 24
In [2]: sas = saspy.SASsession(cfgname='winlocal') 25 import numpy as np a0 & s FileFolder  8/9/2017348 PM
. . . . 26 from scipy.sparse import issparse | v & idl File Fold 11/9/2017 1:43 PM
SAS Connection established. Subprocess id is 1944 2 L e . e Fouder o =
55 from ..base import BaseEstimator b B .ipynb_checkpoints File Folder 5/3/2018 5:03 PM
29 from ..base import ClassifierMixin B2 .!python F!Ie Folder 11/9/2017 10:20 AM
3@ from ..base import RegressorMixin > B jupyter File Folder 11/9/201711:13 AM
31 from ..externals import six > B .matplotlib File Folder 10/4/201812:15 PM
32 from ..feature_selection.from_model import _LearntSelectorMixin > B plotly File Folder 26/9/2017 9:44 AM
33 from ..utils import check array > B spyder-py3 File Folder 10/4/201812:15 PM
34 from ..utils import check_random_state B . y
35 from ..utils import compute_sample_weight g Contacts F!Ie Folder 26/2/2018 9:46 AM
36 from ..utils.multiclass import check_classification_targets > & Downloads File Folder 9/4/2018 5:24 PM
37 from ..exceptions import NotFittedError > B Music File Folder 26/2/2018 9:46 AM A%
38 Variable explorer | File explorer | Help
39 from ._criterion import Criterion
40 from ._splitter import Splitter IPython console & X
41 from ._tree import DepthFirstTreeBuilder
42 from ._tree import BestFirstTreeBuilder & consoe 12 B L
43 from ._tree import Tree Python 3.6.1 |Anaconda 4.4.8 (64-bit)| (default, May 11 2017, 13:25:24) [MSC v.1968  *
44 from . import _tree, _splitter, _criterion 64 bit (AMDE4)]
45 Type “"copyright”, "credits” or "license” for more information.
46 _all__ = ["DecisionTreeClassifier”,
47 "DecisionTreeRegressor”, IPython 5.3.@ -- An enhanced Interactive Python.
438 "ExtraTreeClassifier”, ? -> Introduction and overview of IPython's features.
49 "ExtraTreeRegressor”] %quickref -> Quick reference.
58 help -> Python's own help system.
51 object?  -> Details about 'object', use 'object??’' for extra details.
52
53 In [1]: |

How Spyder IDE looks like Lwdwj




Installation and configuring Rpy2

K In cmd.exe, key in command: pip install rpy2
X No additional configuration needed
K Testing out rpy2

In [3]: import rpy2

In [4]: print(rpy2._ version_ )
2.8.6




Running Your Analysis

X Reading in a dataset » Fix any encoding issues

In [7]: advs_sas['STUDYID'] = advs_sas['STUDYID'].str.decode( 'utf-8")
...: advs_sas['USUBJID'] = advs_sas['USUBJIID'].str.decode('utf-8")
..: advs_sas['BASETYPE'] = advs_sas[ 'BASETYPE'].str.decode('utf-8")
.: advs_sas[ 'PARAMCD'] = advs_sas[ 'PARAMCD'].str.decode('utf-38")
: advs_sas['APHASE'] = advs_sas[ 'APHASE'].str.decode('utf-8")

In [5]: import pandas as pd
: advs_sas = pd.read_sas("C:/testl.sas7bdat")

In [6]: advs_sas.head()

OUt[6;+UDYID USUBIID BASETYPE APHASE NOMDAY NOMWEEK \ : advs_sas['AVISIT'] = advs_sas['AVISIT'].str.decode('utf-8")
@ b'12345A' b'12345A-AB10@1-51102' b'PHASE A' b'PHASE A’ 0.0 0.0
1 b'12345A' b'12345A-AB1001-51102° b'PHASE A" b'PHASE B’ 28.0 4.0 In [8]: advs_sas.head()
2 b'12345A' b'12345A-AB1@@1-51182' b'PHASE B' b'PHASE B’ 0.0 0.0 Out[8]:
3 b'12345A' b'12345A-AB1001-S1102' b'PHASE A’ b'PHASE B'  84.0 2.0 STUDYID USUBJID BASETYPE = APHASE NOMDAY NOMWEEK — NOMWEEKC
4 b'12345A' b'12345A-AB1881-5S1102' b'PHASE B' b'PHASE B' 56.0 3.0 @ 12345A 12345A-AB1001-51182 PHASE A PHASE A 8.0 0.0 b'Week '
1 12345A 12345A-AB1001-51102 PHASE A PHASE B 28.0 4.0 b'Week 4'
SVDT  ADY AWTARGET AVISIT AVISITN FUFL VSSEQ 2 12345A 12345A-AB1001-51102 PHASE B PHASE B 0.0 2.2 b'Week @'
@ 26986.0 0.0 NaN b'BASE1’ 2.8 NaN 15.0 3 12345A 12345A-AB10@1-51102 PHASE A PHASE B 84.0 12.0 b'Week 12'
1 27e13.e @.0 NaN b'BASE2’ 6.8 NaN  42.0 4 12345A 12345A-AB1001-51102 PHASE B PHASE B 56.0 8.0 b'Week 8'
2 27013.0 0.0 NaN b'BASE2’ 6.0 NaN 42.0
4 27069.8 56.0 NaN b'COMP/WITH 12.@ NaN 84.0 o 0.0 NaN BASE1 2.0 NaN 15.0
[5 rows x 38 columns] 1 0.0 NaN BASE2 6.2 NaN 42.0
2 0.0 NaN BASE2 6.0 NaN 42.0
3 56.0 NaN COMP/WITH 12.0 NaN 84.0
4 56.0 NaN COMP/WITH 12.0 NaN 84.0

[5 rows x 38 columns]

» Drop NaN columns, convert df to SAS dataset

In [9]: advs_sas2a
.: advs_sas2b

advs_sas.drop([ 'CRIT1', 'CRIT1FL', 'FUFL'], axis=1)
sas.df2sd(advs_sas2a, 'advs', 'WORK')

|
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Creating Summary Tables

X SAS code wrapped in Python » Remove trailing spaces in strings

In [8]: advs_sas2out['PARAMCD'] = advs_sas2out[ 'PARAMCD'].str.strip()
.+ advs_sas2out['AVISIT'] = advs_sas2out[ 'AVISIT'].str.strip()

In [6]: cl = sas.submit("""
o : advs_sas2out

: proc sort data=advs;
by paramcd avisitn avisit;

: run; Out[8]: .

: proc means data=advs n mean min max; PARAMCD AVISITN AVISIT CHG_N CHG_Mean CHG_Min CHG_Max
where basetype="PHASE A" and avisit not in ("EARLY1", "EARLY2"); e OPR 1 SCREEN 39 ©.205128 -15 14
by paramcd avisitn avisit; 1 OPR 2 BASEL 40 ©.000000 ) )
var chg; 2 OPR 3 VISes 40 1.150000 -16 10
OdS output 5ummary=5um1; 3 OPR 4 Vise4 40 -0.225000 -21 11

: run; 4  OPR 5 VISes 35 2.500000 -8 32

w

In [7]: advs_sas2out = sas.sd2df('suml’, ‘work')
: advs_sas2out

Out[7]:

PARAMCD AVISITN  AVISIT CHG_N CHG_Mean CHG_Min CHG_Max
e OPR 1 SCREEN 39 ©.205128 -15 14
1 OPR 2 BASE1 40 ©.000000 e e
2 OPR 3 VIses 40 1.150000 -16 1e
3 OPR 4 VISe4 40 -0.225000 -21 11
4 OPR 5 VISes 35 2.3800000 -8 32




Creating Summary Tables

K R code wrapped in Python

In [17]: import rpy2.rinterface as rinterface
.: import rpy2.robjects as robjects
: from rpy2.robjects.packages import importr
: rinterface.initr()

.: base = importr('base’)
.: sas7bdat = importr('sas7bdat’)
: robjects.r('advs_r <- read.sas7bdat("C:/testl.sas7bdat")")

: plyr = importr('plyr’)

In [21]: robjects.r('advs_rl <- select(filter(advs_r, (advs_r3$BASETYPE == "PHASE A") & !(advs_r$AVISIT == "EARLY1" | advs_r3AVISIT ==
"EARLY2")), c(1:38))")

: robjects.r('advs_r2 <- ddply(advs_rl, c("advs_r1$PARAMCD", "advs_rl$AVISITN", "advs_rl$AVISIT"), summarise, N = sum(!
is.na(CHG)), mean = mean(CHG, na.rm=TRUE), min = min(CHG, na.rm=TRUE), max = max(CHG, na.rm=TRUE))")
: print(robjects.r('advs_r2"))

advs_rl$PARAMCD advs_rl$AVISITN advs_rl1$AVISIT N mean min  max
1 OPR 1.0 SCREEN 39 ©.205128 -15.¢ 14.@
2 OPR 2.0 BASE1 4@ 0.oeeece 0.0 0.0
3 OPR 3.0 VISes 40 1.15eeee -16.0 10.0
4 OPR 4.0 VIise4 40 -0.225eee -21.0 11.0
5 OPR 5.0 VISes 35 2.800eee -3.e 32.@
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Creating Summary Tables

K Converting the R dataframe back to a Python dataframe
K Reset index: R (starts from 1) to Python (starts from 0)

In [22]:

: r.data('advs_r2")

..: r['advs_r2'].head()

: advs_rout = r['advs_r2']

.t advs_routl = advs_rout
: advs_routl.columns = ['PARAMCD', '"AVISITN', 'AVISIT', 'CHG_N', 'CHG_Mean', 'CHG_Min', 'CHG_Max']
: advs_routl = advs_rout.reset_index()
: advs_rout2 = advs_routl.drop([ ' 'index'], axis=1)

: advs_rout2

out[22]:

from rpy2.robjects import r, pandas2ri
: pandas2ri.activate()

PARAMCD AVISITN AVISIT CHG_N CHG_Mean CHG_Min CHG_Max

OPR
OPR
OPR
OPR
OPR

W

1.8 SCREEN
2.8 BASEL
3.6 VISes
4.6 VIse4
5.6 VISes

39
40
40
40
35

©.285128
©.000000
1.1560ee0
-9.225000
2.3800000

-15.@
e.e
-16.0
-21.e
-8.0

14.0

8.0
1.0
11.0
32.0

Ldbee
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Creating Summary Tables

Summary tables via using Python Pandas

In [24]: advs_py = advs_sas
...t advs_py.head()

.t advs_pyl = advs_py[advs_py[ 'BASETYPE'] =="PHASE A"]
.t advs_py2 = advs_pyl[advs_pyl[ "AVISIT'] !="EARLY1"]
: advs_py3 = advs_py2[advs_py2[ "AVISIT'] !="EARLY2"]

..: advs_py4 = advs_py3.groupby(["PARAMCD", "AVISITN", "AVISIT"]).agg({"CHG": ['count', 'mean', 'min’', 'max']})
.: advs_pyS5S = advs_py4

: advs_pyS.columns = ['CHG_N', 'CHG Mean', 'CHG Min', 'CHG Max']

: advs_py6 = advs_pyS.reset_index()

[}

...: advs_py6

Out[24]:

PARAMCD AVISITN AVISIT CHG_N CHG_Mean CHG_Min CHG_Max
e OPR 1.6 SCREEN 39 ©.205128 -15.0 14.0
1 OPR 2.6  BASEl 40 0.ooooee 0.0 0.0
2 OPR 3.6 vIses 49 1.150000 -16.0 10.0
3 OPR 4.0 VIse4 40 -0.225000 -21.0 11.0
4 OPR 5.6 VISes 35 2.800000 -3.0 32.0
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Comparing Table Output Results

In [25]: (advs_py6 != advs_rout2).any(1)
Out[25]:

Python vs R - no differences
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(advs_py6 != advs_sas3out).any(1)

rt

Python vs SAS - some differences

n [27]: (advs_rout2 != advs_sas3out).any(1)
[

R vs SAS - some differences

rt




Comparing Table Output Results

K Further investigation of the differences between the 2 dataframes was not
helpful. Visually, the 2 dataframes looked like they matched exactly.

In [28]: import numpy
.: ne_stacked = (advs_py6 != advs_sas3out).stack()
.: changed = ne_stacked[ne_stacked]
.: changed.index.names = ['id', 'col']
.: difference_locations = np.where(advs_py6 != advs_sas3out)
.+ changed_from = advs_py6.values[difference_locations]
...: changed_to = advs_sas3out.values[difference_locations]
..: diffe2 = pd.DataFrame({ from': changed_from, 'to': changed_to}, index=changed.index)
...: diffe2
Out[28]:
to

f
1d col
@ C(HG_Mean ©.205128 @.205128

16




Comparing Table Output Results

K Define dataframe comparison as a function

In [29]: def compareDF(dfl, df2, y):
ant ne_stk = (dfl.round(y) != df2.round(y)).stack()
changed = ne_stk[ne_stk]
if changed.shape==(2,):
print ("no differences found")
else:
changed.index.names = ['variable', 'value']
diff_locate = np.where(dfl.round(y) != df2.round(y))
changed_from = dfl.values[diff_locate]
changed_to = df2.values[diff_locate]
diff = pd.DataFrame({ from': changed_from, 'to': changed_to}, index=changed.index)
return diff

In [3@]: compareDF(advs_py6, advs_sas3out, 12)
no differences found

In [31]: compareDF(advs_py6, advs_sas3out, 13)
no differences found

In [32]: compareDF(advs_py6, advs_sas3out, 14)
Out[32]:

from to
variable value
< CHG_Mean ©.205128 ©.205128

]7 Ludech ﬂ



Comparing Graphical Plot Results

SASPy

In [S5]:

c = sas.submit ("""
proc sgplot data=work.advs;
where avisitn not in (4.1, 5.1);
scatter x=avisitn y=chg;
run;

nn ")

HTML (c["LST"']

Python (Seaborn)

In [6]: import seaborn as sns
sns.regplot (x=advs_py2 ["AVISITN"], y=advs py2["CEG"])
sns.plt.show()
18

Rpy2

In [12]:

In [13]:

In [15]:

In [l6]:

import rpy2

import rpy2.rinterface as rinterface

import rpy2.robjects as robjects

from rpy2.robjects.packages import importr

from rpyZ2.robjects import Formula

from rpy2.robjects.vectors import IntVector, FloatVector
from rpy2.robjects.lib import grid

rinterface.initr()

base = importr('base')

sas7bdat = importr('sas7bdat')

rprint = robjects.globalenv.get ("print")
stats = importr('stats')

grdevices = importr('grDevices')

lattice = importr('lattice'

robjects.r('advs_r <- read.sas7bdat("C:/test.sas7bdat")"')
robjects.r('advs_r2 <- advs_r[advs r$BASETYPE == "PHASE A",]'")
robjects.r('advs_r3 <- advs_r2[advs r2S$AVISIT != "EARLY1",]1")

r4 = robjects.r('advs_ré4 <- advs_r3[advs_r3S$AVISIT != "EARLY2",]")

xyplot = lattice.xyplot

formula = Formula ('CHG ~ AVISITN')
formula.getenvironment () ['AVISITN'] = r4.rx2 ('AVISITN')

formula.getenvironment () ['CHG'] = r4.rx2('CEG")

p = lattice.xyplot (formula)
rprint (p ﬁ




Comparing Graphical Plot Results
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X Plot using Proc » Plot using Seaborn » Plot using lattice
SGplot (SASPy) (Python) (Rpy2)

19 L dbeck x



Conclusion

Suggested a method for validating statistical outputs utilising the 3
programming languages SAS, R and Python within a single Python program.

By converting outputs to dataframes, the function introduced in this paper
allows users to perform comparisons at decimal places of their own choice

Validation continues to be an important aspect of statistical programming

20
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