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Al-04536 R Programming and Docker

What is R? Explain and deep dive. Can R digest or ingest a pdf book?

What is R?

R is a open-source programming language and software environment specifically designed for statistical computing,

data analysis, and data visualization.

Created in 1993 by Ross Ihaka and Robert Gentleman at the University of Auckland, R was built as an open-source
implementation of the S programming language. Today, it is maintained by the R Core Team and supported by the
Comprehensive R Archive Network (CRAN).

In the context of the programming language, “R" gets its name from two places:

1. Its Creators' Names

R was created in 1993 by Ross lhaka and Robert Gentleman at the University of Auckland, New Zealand. The letter R is a
play on their shared first initial.

2. An Homage to the "S" Language

R was developed as an open-source, modernized implementation of S—an influential statistical programming language
developed by John Chambers and others at Bell Labs in the 1970s.

Following the naming tradition of C-family languages (and keeping with Bell Labs' style), the creators chose R as both a

successor to S and a nod to their own names.

Non-Programming Meanings of "R"
Depending on the context, R can also represent:
» Mathematics & Statistics:

o $\mathbb{R}$ — The set of all real numbers.
o $r$ or $R"2$ — Correlation coefficient ($r$) or Coefficient of Determination ($R*2$, "R-squared").

» Physics & Engineering:

o $R$ — Electrical Resistance (measured in Ohms, $\Omega$).
o $R$ — Universal Gas Constant ($8.314 \text{ J/(mol}\cdot\text{K)}$).

» Film Rating: Restricted (Motion Picture Association rating for content under 17 requiring parent/guardian).
» Chess Notation: Rook.

Deep Dive: Architecture & Capabilities

1. The Core Philosophy: Vectorized & Functional

Unlike general-purpose languages (like Python or C++), R was built from the ground up for data analysis:

» Vectorized Operations: You rarely need explicit for loops. Operations natively apply across entire arrays/vectors.

» First-Class Functions: Functions can be passed as arguments, returned, or modified dynamically.
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» Data Frames: R introduced the concept of the "Data Frame" (a tabular, SQL-like, in-memory structure), which was later
adopted by Python's pandas .

2. The Ecosystem & Package System

R’s true power lies in its ecosystem of over 20,000+ packages available on CRAN, GitHub, and Bioconductor.

» The Tidyverse: A collection of packages (like dplyr, ggplot2, tidyr, readr ) designed around a unified "tidy
data" philosophy.

» Data Visualization: ggplot2 offers unmatched declarative grammar for generating publication-quality figures.

» Bioinformatics: Bioconductor makes R the dominant language for genomics, transcriptomics, and DNA sequencing
data analysis.

» Interactive Dashboards: shiny allows you to turn R analytical code into interactive web applications without
needing HTML/CSS/JavaScript.

3. Key Strengths vs. Weaknesses

» Strengths: Unrivaled statistical rigor, beautiful visualization, rapid interactive exploration, huge academic/research
adoption.

» Weaknesses: Memory-heavy (data lives in RAM by default), slower execution speed for raw iterative loops compared

to C++/Rust, and steep learning curve for non-data tasks (e.g., web backends or game dev).

Can R Digest / Ingest a PDF Book?

Yes, absolutely. R has rich text-mining and natural language processing (NLP) libraries that allow it to read, extract, clean,
and analyze PDF documents of any size—including entire books.

How R Ingests PDFs

Instead of basic file reading, R breaks down the PDF pipeline using specific packages:

Step Popular R Package What It Does

Extraction pdftools, pdfsearch Converts binary PDF pages into plain

text vectors in memory.

OCR (Scanned PDFs) tesseract Optical Character Recognition for

scanned pages/images.

Text Wrangling stringr, tidytext Cleans headers, footers, page
numbers, and splits text into

chapters/words.

Analysis / NLP tm, topicmodels, quanteda Performs sentiment analysis, TF-IDF,

topic modeling (LDA), and word clouds.

Minimal Example: Ingesting a PDF in R
Here is how simple it is to extract and analyze text from a PDF book using pdftools and tidytext:

R
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# 1. Install and load libraries
install.packages(c("pdftools", "tidyverse", "tidytext"))
library(pdftools)

library(tidyverse)

library(tidytext)

# 2. Extract text page-by-page from the PDF
pdf_text_data <- pdf_text("path/to/your_book.pdf")

# 3. Convert to a Tidy Data Frame (Page by Page)
book_df <- tibble(

page = 1l:length(pdf_text_data),

text = pdf_text_data

# 4. Tokenize: Break the book into individual words for text mining
words_df <- book_df %>%
unnest_tokens(word, text) %>%

anti_join(stop_words) # Removes common filler words ("the", "is", "and")

# 5. Find the top 10 most common words in the book
words_df %>%

count(word, sort = TRUE) %>%

head(10)

Advanced PDF Ingestion Capabilities in R

Beyond basic word counts, you can use R to:

1. Search for Specific Terms Across Pages: pdf_search("quantum", file = "book.pdf") returns every page and
context line where the term appears.

2. Extract Tables: Using the tabulizer or extracttables packages, R can extract tabular data embedded inside
PDFs directly into structured data frames.

3. LLM Integration (RAG): Using packages like ellmer or chattr, R can feed extracted PDF text into Al models (like

Gemini or OpenAl) to summarize, question-answer, or build a retrieval-augmented generation (RAG) pipeline over the
book.

R open source?

Yes, 100%. R is fully free and open-source software (FOSS).

The Licensing Breakdown
» GNU General Public License (GPL): R is part of the GNU Project and is distributed under GPL-2 / GPL-3. This

guarantees you the right to inspect, modify, run, and distribute the underlying source code freely for any purpose
(commercial, academic, or personal).

» No Software Fees: You never pay a licensing fee to use, host, scale, or deploy base R—whether on a personal

workstation or a cloud server cluster.

https://docmost.gravelcloud.com/s/general/p/ai-04536-r-programming-and-docker-0jgqUIgKD4 3/10



8/2/26, 12:08 PM Al-04536 R Programming and Docker
» Open Source Ecosystem: CRAN (the central repository for R packages) enforces open-source distribution for
submitted packages, meaning virtually the entire library ecosystem ( ggplot2, dplyr, pdftools, etc.) is also free

and open source.

Core Source Code

The core interpreter is written primarily in C, Fortran, and R itself. If you want to view, compile, or audit the core code, it is

publicly hosted and mirrored directly via the R Project SVN repository and GitHub mirrors.
Can R summarize a pdf book

Yes, absolutely. How you summarize a PDF book in R depends on whether you want a purely statistical/algorithmic

summary or an Al-driven narrative summary.

Method 1: Algorithmic Summarization (TF-IDF & Text Mining)

If you don't want to use external Al models, R can extract structural insights, key topics, and chapter-by-chapter word

counts natively using packages like pdftools, tidytext, and topicmodels .
This approach yields:

» Top keywords/themes per chapter (using TF-IDF).
» Topic modeling (LDA) to discover underlying themes.

» Sentiment progression across the book.

R

library(pdftools)
library(tidyverse)
library(tidytext)

# 1. Read PDF text
raw_text <- pdf_text("path/to/your_book.pdf")

# 2. Structure into chapters/pages
book <- tibble(page = 1:length(raw_text), text = raw_text) %>%
unnest_tokens(word, text) %>%

anti_join(stop_words) # Remove common stop words (the, and, is)

# 3. Extract the top 5 most important terms per page/section via TF-IDF
book_summary <- book %>%

count(page, word) %>%

bind tf idf(word, page, n) %>%

group_by(page) %>%

slice_max(tf_idf, n = 5)

head(book_summary)

Method 2: Al-Driven Narrative Summarization (LLM Integration)

https://docmost.gravelcloud.com/s/general/p/ai-04536-r-programming-and-docker-0jgqUIgKkD4 4/10


https://github.com/r-devel/r-svn

8/2/26, 12:08 PM Al-04536 R Programming and Docker

To get actual written chapter summaries, bullet points, and high-level takeaways, R can interface directly with Large
Language Models using packages like ellmer (developed by Posit) or httr2 to hit APIs directly.

Option A: Direct PDF Ingestion with ellmer
ellmer allows R to attach local PDF files directly and prompt models like Gemini or OpenAl to summarize them.

R

# Install ellmer from CRAN
install.packages("ellmer")

library(ellmer)

# Initialize chat model (e.g., using Gemini or OpenAI)
chat <- chat_google gemini(

system_prompt = "You are an expert research assistant and literary analyst."

# Load the PDF file as context and send the prompt
summary_response <- chat$chat(
content_pdf_file("path/to/your_book.pdf"),
"Provide a structured summary of this PDF. Include: 1) Executive Summary, 2) Key Concepts, and 3)
Chapter-by-Chapter highlights."
)

cat(summary_response)

Option B: Local / Offline Processing (Ollama)
If the book contains confidential or private data and you cannot send it to a cloud API, R can drive local models via Ollama:

R

library(ellmer)

# Connect to a locally hosted model running on your machine

chat_local <- chat_ollama(model = "llama3")

# Extract raw text first with pdftools, then feed to the local model
book_text <- paste(pdftools::pdf_text("path/to/your_book.pdf"), collapse = "\n")

chat_local$chat(paste("Summarize the following document text in 5 bullet points:\n\n", book_text))

Dealing with Token Limits for Very Large Books
If a book exceeds the context window of a single model call, standard workflows in R follow two options:

1. Map-Reduce Summarization:
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o Split the PDF by chapter/section in R ( pdftools ).
o Summarize each chapter individually in a loop.
o Pass all individual chapter summaries back to the model for a final consolidated summary.
2. RAG (Retrieval-Augmented Generation):
o Use R packages like ragnar to chunk the book into text vectors, store them in a local vector database, and

perform semantic queries (e.g., "Summarize what the book says about topic X").
Can R be deployed in Docker?

Yes, absolutely. Running R inside Docker is one of the standard best practices for data science, machine learning
pipelines, and interactive web apps (like Shiny dashboards).

Because R dependencies and package versions can change over time, containerizing R ensures that your analysis or app
runs identically on any environment—whether it's your local computer, a cloud virtual machine, or an automated CI/CD
pipeline.

1. The Standard Foundation: The Rocker Project

You rarely need to build an R Docker image from scratch. The R community maintains Rocker (rocker-project.org), an

official set of pre-built Docker images hosted on Docker Hub.

Base Image What It Includes Typical Use Case

rocker/r-ver Minimal base Linux OS with a specific  Batch scripts, CLI applications,
version of R installed microservices

rocker/r-ubuntu R built on top of LTS Ubuntu with Production data pipelines requiring
common system libraries Linux dependencies

rocker/rstudio Base R + a fully web-accessible Remote development environments

RStudio Server IDE

rocker/shiny Base R + Shiny Server Hosting interactive Web Applications
rocker/verse RStudio + Tidyverse + LaTeX (for PDF  Full-stack reproducible research &
reports) publishing

2. Practical Examples

Example A: Running an R Script via Dockerfile

Here is a minimal Dockerfile to package and execute an R script that processes a PDF or runs a data pipeline:

Dockerfile

# 1. Use a specific version of R for exact reproducibility
FROM rocker/r-ver:4.3.2

# 2. Install Linux system libraries required by common R packages (e.g., libcurl, libssl, poppler for PDFs)
RUN apt-get update && apt-get install -y \

libcurl4-openssl-dev \

libssl-dev \
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libxml2-dev \
libpoppler-cpp-dev \
&& rm -rf /var/lib/apt/lists/*

# 3. Install required R packages
RUN R -e "install.packages(c('tidyverse', 'pdftools', 'tidytext'))"

# 4. Copy your application code into the container
WORKDIR /app
COPY script.R /app/script.R

# 5. Execute the script on container start
CMD ["Rscript", "script.R"]

Example B: Self-Hosting RStudio Server with docker-compose

If you want an isolated, web-based RStudio environment running on a server or cloud VM, you can spin it up instantly

using docker-compose :

YAML

version: '3.8'

services:
rstudio:
image: rocker/rstudio:latest
container_name: rstudio_server
ports:
- "8787:8787"
environment:
- PASSWORD=YourSecurePasswordl123
- USER=rstudio
volumes:
- ./r_projects:/home/rstudio/projects

restart: unless-stopped

Once running, accessing http://localhost:8787 (or your server IP) in a browser opens a full RStudio IDE interface.

3. Best Practices for R in Docker

1. Pin R Versions: Use specific tags like rocker/r-ver:4.3.2 rather than :latest to ensure your code doesn't
break when base R updates.

2. Handle System Dependencies First: Many powerful R packages ( pdftools, sf, xml2, curl) depend on
underlying C/C++ Linux libraries. Install those via apt-get before running install.packages() .

3. Use renv for Package Locking: Combine Docker with renv (R’'s dependency manager). You can restore exact
package versions inside the container using renv::restore() .
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4. Leverage Docker Layer Caching: Place your RUN R -e "install.packages(...)" directives before copying
your script files ( COPY . /app ). That way, Docker won't re-download and re-compile R packages every time you

tweak your code.
What is the meaning of R?
Create a compose file for R, use dockerlab-network and path /home/rarcayan/dockerlab/apps/R
Here is a production-ready docker-compose.yml tailored for your application path and network structure.

It uses the official Rocker image ( rocker/rstudio ), mounts your app directory for persistent code and data storage, and
connects to your external dockerlab-network .

docker-compose.yml

YAML

version: '3.8'

services:
rstudio:

image: rocker/rstudio:4.3.2

container_name: rstudio

restart: unless-stopped

ports:
- "8787:8787"

environment:
- DISABLE_AUTH=false
- USER=rarcayan
- PASSWORD=ChangeMeSecurePasswordl123! # Change this to your preferred password
- TZ=America/New_York # Adjust to your local timezone if needed

volumes:

# Mount your host directory into the container's user home workspace

/home/rarcayan/dockerlab/apps/R:/home/rarcayan/workspace

# Optional: Preserve installed R packages across container rebuilds

rstudio_packages:/usr/local/lib/R/site-1library
networks:

- dockerlab-network
volumes:
rstudio_packages:
name: rstudio_packages
networks:

dockerlab-network:

external: true

Deployment & Configuration Steps
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1.Create the App Directory:Ensures host path exists before volume mounting.
Run this on your host to ensure the workspace directory exists with proper permissions:

Bash

mkdir -p /home/rarcayan/dockerlab/apps/R

2.Deploy the Stack:Launch via Docker Compose.
Save the YAML file as /home/rarcayan/dockerlab/apps/R/docker-compose.yml and bring up the container:

Bash

cd /home/rarcayan/dockerlab/apps/R

docker compose up -d

3.Verify Container Network & Status:Check dockerlab-network connection.
Verify that the container is up and running on the dockerlab-network :

Bash

docker ps | grep rstudio

docker network inspect dockerlab-network | grep rstudio

4.Access RStudio Web IDE:Login via browser or reverse proxy.

Open your browser and navigate to http://<your-server-ip>:8787 (or route it through Nginx Proxy Manager using

container hostname rstudio on port 8787 ).

» Username: ra rcayan

» Password: The string set in your environment variables ( ChangeMeSecurePassword123! ).

Key Details of This Setup

» Persistent Workspace: Files created inside /home/rarcayan/workspace in RStudio map directly to
/home/rarcayan/dockerlab/apps/R on your host filesystem.

» Preserved R Packages: The dedicated volume rstudio_packages prevents you from having to re-install CRAN
packages ( tidyverse, pdftools, etc.) every time the container recreates.

» Network Isolation: Attaching dockerlab-network as external: true allows RStudio to easily communicate

with shared local services (e.g., PostgreSQL/pgAdmin, APl proxies, or other internal containers).
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