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Infroduction

» There are always some challenges in learning new programming languages, but the
all-new Al platforms simplified understanding and writing code.

> SAS and R play critical roles in the clinical industry, partficularly in the field of clinical
research. Both are widely used for statistical analysis, data management, and
reporting in clinical trials.

» R is open-source, which makes it a cost-effective alternative to SAS. R offers a vast
library of packages for advanced statistical modeling and visualization. Also Known
for creating high-quality, customizable visualizations using packages like ggplot2.

» Although not as widely accepted as SAS for regulatory submissions, its usage is
growing as agencies, including the FDA, start accepting R-based analyses.
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Ways to Integrate Al into R

Integrating artificial intelligence (Al) into R can significantly enhance data analysis,
modeling, and application development capabilities. Below are few approaches to
achieve this integration:

» Utilizing Al-Focused R Packages such as caret, RandomForest, etc.
> Leveraging APIs for Advanced Al Models.
» Enhancing RStudio with Al-Powered Tools.

> Implementing Al in Data Analysis Workflows.
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Prerequisites for Integrating Al into RStudio Using

> APl Access and Authentication
* APl Key: APl key can be generated from each individuals OpenAl account.
« Environment Setup: Store API keys securely using Sys.setenv() or .Renviron file.

> Required R Packages
 htir (for APl requests)
« chatir (if infegrating Al chat-based applications)

> Optional R packages to make the integration user friendly
o Utils
« Crayon
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Integrating Al into RStudio Using chatir package:

> Integrating "chatir’” into your RStudio workflow allows you to interact with Al using
chattr’s shiny App or by chatir prompts in R Console.

Step by step integration process:

« Install “chattr’” package and call the library.

> install.packages('"chattr")
> Tibrary(chattr)

« Authentication: To use the chattr package, you must authenticate with OpenAl by
providing your APl key. That can be stored under the OPENAI_API_KEY environment
variable using Sys.setenv().

8 | Renviron*

1
2
3
4

Sys.setenv("OPENAI_API_KEY" = "sk-proj-yea3_xxxxxx|") %/ Vita Global Sciences
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Integrating Al into RStudio Using chatir package:

» When ran chatir_app() for the first time, you'll be prompted to select your preferred

model. This model will be used by default in subsequent sessions unless you change
it manually.

= Cchattr_app {D

— chattr - Awvailable models
select the number of the model wou would Tlike to use:

1: openal — Chat Completions — gpt—-3.5—Tturbo C(gpt35D)
2: Openal - Chat Compiletions — gpt—-4 {(gpt4d)
3: OoOpenAaAl — Chat Completions — agpt—4o (gptdol
Sselection: 2

chattr
« Prowvider: OpenAaAl — Chat Completions
- Path/ /URL : https ::/ / api.openai.convwl chat/completions
« Model: gpt—4
o« Label: GPT 4 (OpenAad)

» Manually assigning preferred model.
> chattr_use('"gpt4")

— chattr

e Provider: OpenAI - Chat Completions

e Path/URL: https://api.openai.com/vl/chat/completions
» Model: gpt-4

« Label: GPT 4 (OpenAI)
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Ways to Interact with Al after Integration

> Interacting with Al using chattr’s shiny app

Files Plots Packages Help Viewer Presentation o (=1

0| & ° Press Escape to

| | g— close
Enter prompt here and click “Submit” to get response below E=I0)

GPT 4{0penAl)  -= === -= === =-m-memmmmooeoooooooo oo

| - e | . Copy to new script |
Sure, here is how you can a CSV file in R using the readr package from tidyverse . / TR e T Ry R !

O oy icacive st

library(readr)

__________________________________________

______________________________________

# Assuming the path is stored in a variable named path

path <- "your_file_path_here" ; (::C)F)X/ TC) (:|iF)t)C)C]r(j i

______________________________________

sample_csv <- read_csv(path)

Please replaceyour_file_path_here" with actual file path.

call in dataframe named sample_csv with path assigned to a macro
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Ways to Interact with Al after Integration

> Interacting with Al using chattr prompts within RStudios console window.

Console  Terminal Background Johs —

R - R44.2 - C/Rand Alf Usel’ Prompt

> chattr("code to convert non missing RFSTDTC wvariable from dm dataframe which is in character 1is8601da.
fomrat to date9. fomat, also add date9. format to the new wvaribale and keep only selected wvariables")
sure, here's how you can do 1t using the dplyr and lubridate packages:

# I_{:r;ad the necessary Tlibraries Response generated by AI
TibraryCdplyr)
Tibrary(lubridate)

# Convert non-missing dates and wvariables

dm <- dm %=%
mutate(new_variable = ifelse(lis.naFsTDTC), as.Date(ymd(RFSTDTC)), NADD) %=%
select(USUBIID, RFSTD, new_wvariable)

This code will convert the non-missing dates from IS0 8601 format (vYYyYY-MM-DD) to Date format and save it
in new_wvariable . The "ymd() function from the " lridate package is used to convert the character strin
g to a Date object. The "select() function is then used to keep only the "USUBJIID , "RFSTDTC , and new_
variable ' columns in _the dataframe.

> # Load the necessary libraries

> library(dplyr) . .

> 1ibrary(lubridate) Using Al generated code with necessary changes

=

> # Convert non-missing dates and wvariables

= dml =- dm %=%

+ mutate (TRTSDT = ifelse(lis.na(RFSTDTC), as.Date(ymd(RFSTDTC)), NA)) %=%

+ select(USUBJID, RFSTDTC, TRTSDTD
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Accelerated Learning Basic Examples:

© RStudio - o X
File Eda Code View Pists Seision Budd Debug Profile Tools Help
o . i - A Go to flestunctio = Agdirs - ’
Console Terminal Background Jobs = Environment History  Comnections Tutorial P |
R + R442 . CHUsers/hen/Donwnioads/SOTM-MSG_v2.0_Semple_Submission_Package/mn5/daasets/cdiscpiotdl Nabaitions/som - gl v | ™ irport Datazet = @) 1968 - s List =
R is a collaborative project with many contributors. * R~ ik Gloow Environment
Type ‘contriburors()’ for more informarion and Data
"citation() " on how to cite R or R packages in publications. O response List of 10
Type ‘demo()’' for some demos, “help()" for on-line help, or values i - . = - -
‘help.start()’ for an HTML browser interface to help. my.api_key sk-proj-yea3_sqOErAOECewHKFQOYO7 SANKLG65vQ-viwv3i61vNQI7GpzF
Type ‘q()" to quit R. OPENAI_API_KEY "sk-proj-yea3_sqOErAQECewHKFQOYO7 SANKLESVQ-vinv3161vNQI7Gp2F
. Functions
{r‘\sta‘\::;?gipacr}:a?f _?tc:‘ )C:.‘l:ser's chunc/Aapppata/Local/R/win-1ibrary/4.4 connect_to_openAl function O
(as s unspecified
--- Please select a CRAN mirror for use in this session --- disconnect_to_openar  function ()
trying URL “htt ‘cloud. r-project.org/bin/windows/contrib/4.4/crayon_1.5.3. zip" my_function function
content type ‘application/zip’' length 166861 bytes {162 KB)
downloaded 162 k8
package ‘crayon’ successfully unpacked and MDS sums checked
The downloaded binary packages are in
c:\users\chunc\Aappoata\rocal\Temp\RtmpahDaem\downloaded_packages
DO _you want to connect 1o OpenAl?
1: NO
2: ves Files Plots Packages Help Viewer Presentation =)
O wnstal Upcate
[workspace loaded from ~/.RData] : ®
Name verson
> 2 User Library
Connected to OpenaAl successfully!
L K0A% Paspwor ary Uthe for Gir ( 2
> chattr(“assign work folder™) d3kpass assword Entry Utilities for R Git and SSH 120
assertthat Easy Pre and Post Assertions 021
— chattr - available models backports Reimplementations of Functions Introduced Since R-2.0.0 150
B £ . : :
Select the number of the model you would 1ike to use: Bosebhenc Yook for basebd encoding 01-3
1: OpenAl - Chat Completions - gpt-3.5-turbo (gpt35) bench High Precision Timing of R Expressions 114
& b Classes and Methods for Fast Memorny-Efficent Ecolean Selections 405
2: Openal - Chat Completions - gpt-4 (gptd) bit64 A 53 Class for Vectors of 64bit Integers 405
3: Openal - chat Completions - gpt-4o (gptéo) block A Simple S3 Class for Representing Vectors of Binary Data ('8LOBS) 124
brew Templating Framework for Report Generation 1.0-10
bro Basc R it Output 115
selection: 2 ; sl vk i
broom Corvert Statistical Objects into Tidy Tibbles 107
- chattr bsicons Easily Work with ‘Bootstrap’ kons 012
* Provider: Ope 0 bslib Custom ‘Bootstrap’ ‘Sass’ Themes for "shiny” and ‘rmarkdown 080
« Path/uURL: https: chat /completions =
« vodel: gpr-4 cachem Cache R Cbjects with Automatic Pruneng 110

e Label: GPT 4 (OpenAal) calir CalRérom R 376

Sure, here is how you can set your working directory in R: caret Classification and Regression Training 7.0-1
EERP cellranger Transiate Spreadsheet Cell Ranges 10 Rows and Columns 1.1.0
# working directory <  chattr nteract with Large Language Models in ‘RStudio’ 021
setwd (" /path/ro/yourirecrory”) checkmate Fast and Versatile Argument Checks 232

Helpers § velopi C i Line Interfaces 6.3
> # working directory ¢ Helpers for Developing Command Line Interface: 363
> setwd("C: /users/chunc/Downloads/SDTM-MSG_v2. 0_Sample_submission_package/mS/datasets/cdiscpilotOl/tabulations/sdtm™) chipe Read and Write from the System Clipboard 080
> - clisymbols Unicode Symbois at the R Prompt 120



Accelerated Learning for
Data Visualization
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Building SPC Chart in R:

User Prompt

> chattr('I have dataset with individual Mean values and dates, what is the best suggested SPC chart for

this data')

For individual Mean values and dates, the best SPC chart would be the Individual () and Moving Range (MR)
chart. This chart is suitable for tracking changes over time when wvour sample size 1is one. It's also usef
ul when you can't rationally subgroup your data.

Here 1s how you can create an I-MR chart using the qgicharts2 package in R:

R Response generated by Al

:1n5ta11.packages(”qichartsz”)ﬁ
LTibrary[qichartsE) ]

i gic(mean_values, dates, data = df, chart = 'i', title = '"I-MR chart')

| EPEEEY

This will create an I-MR chart, which i1s a type of SPC chart suitable for tracking changes to the mean of

a process over time. The gic function from the qicharts? package makes easy to create this and other
types of SPC charts.
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Building SPC Chart in R:

> 1nstall.packages ("gicharts2") : :
] . Using Al generated code with necessary changes
> library(qgicharts?z)

> chattr("how to check if the variable is in date format or not") User Prompt

In R, you can use the class() tunction to check the data type ot a variable. Here 15 an example:

R

i Response generated by Al
| class(dfidates) |

[

This will return the class of the variable. If the variable is in date format, it will return "Date".

> class (df$Month)

[1] "POSIXct" "POSIXt" Using Al generated code with necessary changes

> df$Month <- as.Date(dfiMonth)
> class (df$Month)
[1] "Date"
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Building SPC Chart in R:

> gic(df$Coverage_bDays, df$Month, data = df, chart '1', title = 'I
-MR chart')
Error in Summary.Date(19631, na.rm = FALSE)

sum not defined for "Date" objects
> chattr('Getting error: sum not defined for "Date" objects')  UserPrompt
It seems like you're trying to perform a sum operation on a Date obj
ect, which is not allowed in R. If you want to calculate the mean of
a Date object, you can convert it to a numeric value first. Here's h
ow you can do it:

Using Al generated code with necessary changes

Response generated by Al

> chattr("how to add x axis variable in qic') User Prompt
# Load the necessary packages
lTibrary(gicharts2)

# Assuming your data 1s in a data frame called df, with 'dates' and 'mean_values' columns
df$dates <- as.Date(df$dates)
Response generated by Al
# Create the SPC chart
gic(mean_values, data = df, x = dates, chart = "1", title = 'SPC chart’)
> qic(df$Coverage_Days, data = df, x = dffMonth, chart = "7", title = "I-MR chart')

Using Al generated code with necessary changes Vit Glishal Stibncas
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Individual Moving Range Chart:

Files Plots Packages Help Viewer Presentation
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Adding Axis Labels to Chart

User Prompt

> chattr('how to add axis labels to the plot in gic')
# Load the necessary packages
1ibrary(qicharts2)

# Assuming your data is in a data frame called df, with 'dates' and 'mean_values' columns

df$dates <- as.Date(dfS%dates)
Response generated by Al

# Create the SPC chart

> qic(df$Coverage_Days, data = df, x = dfiMonth, chart = "1", title = "I-MR chart for Closed Coverage Gap
s', ylab = "Closed_Coverage_Gaps", xlabh = "Month")

Using Al generated code with necessary changes
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Chart with New Axis Labels

Files Plots Packages Help Viewer Presentation |
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Moving Title to Center of the Chart

> chattr('how to move the title to center of the plot in qic') User Prompt

# Load the necessary packages
Tibrary(gicharts2)

# Assuming your data 1is in a data frame called df, with 'dates' and 'mean_values' columns
dffdates <- as.Date(dffdates)
Response generated by Al

# Create the SPC chart

plot <- gic(mean_values, data = df, x = dates, chart = '"1', title = "SPC chart’',

vlab = "Your Y-Axis Label", xlab = "Your X-Axis Label")

i# Move the title to the center
' + theme(plot.title = element_text(hjust =0.5))

> plot <- qic(df$Coverage_Days, data = df, x = dffMonth, chart = "1', title = "I-MR chart for Closed Cove

rage Gaps', ylab = "Closed_Coverage_Gaps'", xlab = "Month") + theme(plot.title = element_textChjust =0.5))

Error in theme(plot.title = element_text(hjust = 0.5))
could not find function "theme"

= chattr("Error: could not find function "theme"') User Prompt

I apologize for confusion. The theme 1s part of the ggplot? package, which is not when using qichart

s2 . Unfortunately, qgicharts2 does not provide a built-in way to center title.

Using Al generated code with necessary changes
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Moving Title to Center of the Chart

> chattr("how to use ggplot? along with gicharts2 to move title to the center of the plot') User Prompt
F LOdU Lne necessdry pdackdges

Tibrary(qgicharts2)

library(ggplot2) Response generated by Al

# Assuming your data is in a data frame called df, with 'dates' and "mean_values' columns
dffdates «- as.Date(dff%dates)

# Create the SPC chart using gic and convert it to a ggplot object

spc_plot <- g(mean_values, data = df, x = dates, chart = "i')%plot
e e
I # Add title and center it
ispc_p?ct + ggtitle("sPC Chart") + theme(plot.title = element_text(hjust = 0.5))

> install.packages('ggplot2"')
> library(ggplot2)

= plot <- gic(df$Coverage_Days, data = df, x = dffMonth, chart = "1', title = "I-MR chart for Closed Cove

1

rage Gaps', ylab = "Closed_Coverage_Gaps", xlab = "Month") + theme(plot.title = element_text(hjust =0.5))
-2

=2
-2
> print(plot)

Using Al generated code with necessary changes
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Moving Title to Center of the Chart:

Files Plots Packages Help Viewer Presentation
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Adding Data Labels to the Chart:

User Prompt

> chattr('how to add data labels to the plot in gic')
# Load the necessary packages

Tibrary(qgicharts2)

Tibrary(ggplot2)

# Assuming your data is in a data frame called df, with 'dates' and 'mean_values' columns
df§dates <- as.Date(df%dates)

. . . . R ted by Al
# Create the sPC chart using gic and convert it to a ggplot object esponse generated by
spc_plot <- g(mean_values, data = df, x = dates, chart = "i')%plot
'# Add data labels T i
ispc_u?ot + geom_textes(label = mean_values), vijust = -1) i

]

> plot + geom_textes ((Tabel df$Coverage_Days), vjust = -1)
Error in geom_textes((label = df%Coverage_Days), vjust = -1)
could not find function "geom_textes”

Using Al generated code with necessary changes
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Adding Data Labels to the Chart:

> chattr("error with the code: geom_textes(label = dffSCoverage_Days), vjust = -1)") User Prompt

I apologize for confusion. It seems like there's a typo in the function name. It should be “geom_text , n

ot “geom_textes . Here's the corrected code:
R

# Load the necessary packages

Cggplot2)

# Assuming wour data is in a data frame called df, with 'dates' and "'mean_values' columns
dffdates <- as.Date(dffdates)

# Create the plot

gg(df, aes(x = dates, yv = mean_values)) + Response generated by Al
geomM_TiNe () 4 jmmmm e e e -
geom_point() igeom_text(aes(WabeW = mean_values), vjust = -1) H
LT H
e e e e e e e e e e e e e o e e e o e ]
This will create a line plot with points for each data peoint and labels for each point. The " vijust = -1°

argument in ~geom_text adjusts the wvertical position of the labels to awvoid overlapping with the points.

> plot + geom_text(aes(label = df$Coverage_Days), vjust = -1)

Using Al generated code with necessary changes
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Adding Data Labels to the Chart:

I-MR chart for Closed Coverage Gaps
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Reducing Data Labels Size:

= chattr("how to reduce the size ot data labels with gic’) User Prompt
# Load the necessary packages

Tibrary(qicharts2)

Tibrary(ggplot2)

# Assuming your data is in a data frame called df, with 'dates' and 'mean_values' columns
dffdates <- as.Date(dffdates)

# Create the SPC chart using gic and convert it to a ggplot object Response generated by Al
spc_plot <- q(mean_values, data = df, x = dates, chart = "i'")%plot

# Add data Tabels with reduced size

spc_plot + geom_text(aes(label = mean_values), vjust = -1 size = 3)

> plot + geom_text(aes(label = df%Coverage_Days), vjust -1 size = 3)

Error: unexpected symbol in "plot + geom_text(aes (label df $Coverage_Days), vjust = -1 size"

Using Al generated code with necessary changes
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Reducing Data Labels Size:

User Prompt

> chattr('error 1n code: geom_text(aes(lahel = dfSCoverage_Days), vjust = -1 size = 3) ")

I apologize for confusion. It seems like there's a missing comma in the function arguments. Here's the co
rrected code:

R
# Load the necessary packages
Tibrary(ggplot2)

# Assuming wour data is in a data frame called df, with 'dates' and "mean_values' columns

df fdates <- as.Date(dffdates)

# Create plot Response generated by Al

ggplot(df, aes(x = dates, v = mean_wvalues)) +
geom_line() +

--deom _point +

| geom_text (aes (label = mean_values), vjust = -1, size = 3) |

This will create a Tine plot with points for each data point and Tabels for each point. The "wvjust = -1~
argument in “geom_text adjusts the wvertical position of the labels to avoid overlapping with the points.
The "=ize = 37 argument reduces the size of the Tabels.

> plot + geom_text(aes(label = dfiCoverage_Days), vjust = -1, size = 2)

Using Al generated code with necessary changes
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Reducing Data Labels Size

I-MR chart for Closed Coverage Gaps

5000 4537
4575
4831 4852 ‘E’/
— ABET B
4508 ¥
" 4500 4405 4410
O
]
U] 42
ml
o
E 4018
S 4000 .
E’l 3901.4
'UI
@
I
o 3569
U T
3500 14 3445
1384 .
- ¥ 3115.2
3000
2023-01 202307 2024-01 2024-07 2022501

Month Vita Global Sciences

FROM RESEARCH TO REALITY



Advantages of Al Integration:

» Accelerated Learning
» Code Generation and Completion
» Error Detection and Debugging

» Exposure to Best Practices

V Vita Global Sciences
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Disadvantages of Al Integration

» Overdependency on Al might result in skill degradation.

» Sharing of proprietary code with external servers

» Al generated inefficient code will lead to security vulnerabillities.
» There are costs associated with Al Integration.

> Utilizing Al extensions and models need high computing power.

» Copyright and plagiarism issues.

V Vita Global Sciences
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Secvurity Concerns

» Overreliance on Al can lead to security and data sharing issues.

> Al extensions itself are vulnerable to security risks. Using high reputed Ai extensions
are recommended.

» Prompts used while interacting with Al might be used for Re-engineering of Al
models.

» Refrain to use sensitive or Personal Identifiable information in the prompts and
code while interacting with Al.

» Make sure to keep your communication with Al platforms hidden when you
create your API's.
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Cost associated with Al Integration

>

Some of Al platforms like Google cloud Al, Hugging face, IBM Watson provide free
usage with limited number of API calls.

Extensive use of Al extensions has its associated costs.
Most of the Al platforms with focus on language models charge based on Token:s.

Example: Open Ai's Chat GPT-4 charges 3 cents for Input 1000 tokens and é cents for
1000 output tokens.

We used Chat GPT-4 for our paper and it costed us around $15.
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Questions ?
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THANK YOU
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