
MEMORANDUM
To: Students in Big Data Analytics
Subject: How to handle BIG data sets  version 0.2
From:  Prof. Roger Bohn
Date: May 21, 2016

Most of you will never run into genuine size limits on R’s data handling 
during this course. But you may run into problems that appear to reflect size 
limits, and a few of you may run into genuine size limits. In the long run, it’s 
important to have some sense of what makes some data mining problems “big,” 
and therefore require extra effort. 

There are two places where limits are most likely to appear: 1) reading data in 
from an external data set into a dataframe in R and getting an “out of memory” 
error message, and 2) functions that seem to take a long time to run (lots of CPU 
time). The first problem is quite straightforward in most cases; the second one 
can get tricky.

TL:DNR  for incremental development: you should be starting with a fraction 
of your full dataset, while you test your code and generally figure out what is 
going on. As a rule of thumb, start with between 10,000 and 100,000 observations. 
But be sure they are selected from throughout the original dataset, preferably by 
randomized selection. Use some combination of R subset and sample functions to 
get a random draw from the full data.

If you get an error message saying “out of memory”
This is a common problem, and there are many possible solutions. Your 

personal computer probably has about 8 GB (8,000,000,000 bytes) of random 
access memory, called RAM. R by default, tries to do all its work within RAM. 
The basic strategy to solve it is to  keep the amount of work being done in R at 
one time to a moderate size. 

You may run into this size limit if you are working with a large data set and you 
try to read it all into R at once. For example,  a database of customer 
recommendations on Amazon has about 60 million observations. (6E7) Each one 
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has about 30 bytes of overhead (such as user name, date, etc.) plus the review 
text, which can be another 100 bytes. 6E7 x 130 = 8E9 (8 gigabytes) so you would 
never be able to read in this whole data set at one time. Fortunately, you don’t 
have to.

Quick solutions
First thing to do is ensure that the problem is real. Choose a small sample of the 
full data set (say 50K or 100K rows) and make sure everything works properly.

Second, “clean up” your computer and your R workspace. Shut down most other 
programs on your computer. Then restart R. Make sure you start with an empty 
workspace. (In Rstudio: Session/Clear Workspace) Read in only what you need 
for the immediate activity. Note that if your computer only has 2 GB of RAM, 
this probably won’t help much. 

Third, you can use  one of the Lab computers for the most memory-intensive 
stages of your project.  

More fundamental solutions
The solution if you genuinely run out of RAM  is to realize that you don’t need 
actually all the data at the same time. In fact you probably only care about a 
fraction of it. (Fraction of the observations and some of the variables.) Therefore, 
do not import the whole thing at once. Instead, select what you want  either 
before or while importing the data into R.  The basic strategy is: 
◆ Read in a chunk of the raw data from the file (say 100,000 rows)
◆ Process it, for example convert text into a matrix of numbers, create some 

new variables and throw away some old one, and convert from micro 
transactions to a higher level of aggregation. Do all this just as you would 
with a small data set. 

◆ Store the processed results, either in a special R frame or in a file. Append 
the newest results at the bottom of the previous results.

◆ Delete any large intermediate variables you created. (This step is often not 
needed.)

◆ Read in the next chunk of raw data and repeat the process.
◆ This is one situation  where using loops in R is acceptable and even 

necessary. A very simple function can go through this procedure as many 
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times as necessary.
◆ At the end, check that everything has been done correctly. For example, 

check that there are the correct number of rows and that each row is 
unique.

See the bibliography for more details about how to do this.  Specific  solutions are 
on stack overflow such as http://stackoverflow.com/questions/22261082/load-
a-small-random-sample-from-a-large-csv-file-into-r-data-frame . Please see the 
attached bibliography for more suggestions.

There are many variations on this strategy. For example, you may only need 
certain variables (columns). In that case, you may be able to find another tool 
(not necessarily in R) to throw away the columns you don’t need before reading 
them into your R data frame. 

How to estimate if you will run out of RAM
▪ Most numbers in R are  4 bytes. Characters are 1 byte each, and so forth.
▪ If you are working with fewer than  1 million numbers in your dataset, you 

should never run into memory limits. 
▪ If you are working with 1 billion (1E9) numbers at a time, you will 

probably run into trouble. 
▪ Number of numbers is approximately (number of observations=rows) x 

(number of variables=columns). So 10,000 observations and 30 variables 
should be fine.

▪ Intermediate situations can require a minute to determine whether they 
are a problem or not.

It’s possible to run into this size limit if you are working with someone’s large 
data set and you try to read it all into R at once. For example a commonly used 
database of customer recommendations on Amazon has about 60 million 
observations. (6E7) Each one has about 30 bytes of overhead (such as user name, 
date, etc.) plus the review text, which can be another 100 bytes. 6E7 x 130 = 8E9 (8 
gigabytes), so you would never be able to read in this whole data set at the same 
time.

A thorough discussion of variable size and how to measure it in R is at http://

http://stackoverflow.com/questions/22261082/load-a-small-random-sample-from-a-large-csv-file-into-r-data-frame
http://stackoverflow.com/questions/22261082/load-a-small-random-sample-from-a-large-csv-file-into-r-data-frame
http://adv-r.had.co.nz/memory.html
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adv-r.had.co.nz/memory.html 

My program runs too slowly:
Regarding the CPU time issue, some mining algorithms are genuinely slow on 

large data sets. For example, the simplest versions of  k-Nearest-Neighbors 
algorithms look at all the points in the data set each time you try to predict a new 
point. With 10 million observations, that can bog down. And as you know from 
QM3, doing classic least squares regression (curve fitting) requires inverting a 
large matrix. The size of the matrix is proportional to the square of the number of 
variables; so a 1000 variable problem could require inverting a very large matrix. 

Special methods exist for all these situations. But it’s usually fine to just  avoid 
them until you are fairly far into your analysis. Pick a randomized subset of your 
data to work with, if the number of observations is a problem. If you have 
1,000,000 observations, start with 50,000 or even fewer at first. Just be sure to 
select them randomly. Or if you have a very large number of variables, use a fast 
but crude algorithm to make a preliminary selection of which variables to  
include. For example, random forests can quickly screen a large collection of 
variables to find out which ones are probably unimportant. Or you can use 
LASSO methods  to further reduce the number of variables.

Do not use loops in R unless you have no choice. For R novices the most likely 
cause of slow run times is that you set up your analysis “inefficiently.” A 
common problem is that people who learned a conventional programming 
language before they learned R sometimes try to use loops to do operations on 
multiple variables or operations. R is designed to be fast on vectorized 
calculations (including matrices). Since it is not a compiled language, it is slow 
with loops. [If the last 2 sentences are incomprehensible, you can probably ignore 
them. Or, ask someone to explain.] dplyr and related libraries were written 
specifically to avoid needing loops. 

Bibliography on working with large data sets in R.
Roger Bohn May 21, 2016

http://adv-r.had.co.nz/memory.html
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Google search: "Working with large datasets" r (use quotes)

Big data in R, by EPIC 2015 (Real author = unknown) 
http://www.columbia.edu/~sjm2186/EPIC_R/EPIC_R_BigData.pdf
Viewgraphs that discuss many of the same issues as this note. 

Working with “large” datasets, with dplyr and data.table 
by arthur charpentier    May 4, 2015
 http://www.r-bloggers.com/working-with-large-datasets-with-dplyr-and-data-

table/  
Works through a simple example with 160 million simulated observations. 

Reading random rows from a file, without loading the entire file. http://
stackoverflow.com/questions/22261082/load-a-small-random-sample-from-a-large-
csv-file-into-r-data-frame?lq=1 

One of the packages it suggests is read.csv.sql, as documented here:  http://
www.inside-r.org/packages/cran/sqldf/docs/read.csv.sql 

“appendix F: Working with large datasets,” in R in Action: Data analysis and graphics 
with R, Second edition, by ROBERT I. KABACOFF.   I have not located an on-line 
version of this appendix, although the first edition is online. 

The R Inferno by Patrick Burns,  30th April 2011 http://www.burns-stat.com
This document covers many traps that new users of R can encounter, including a 

variety of issues related to size.  It is written at a higher level of sophistication than the 
other references. 

Taking R to the Limit, Part II: Working with Large Datasets
by Ryan R. Rosario,   August 17, 2010
http://www.bytemining.com/wp-content/uploads/2010/08/r_hpc_II.pdf 
A  presentation on special functions in R that are designed explicitly for data that 

will not fit in RAM. bigmemory and biganalytics are two libraries he uses.  

http://www.columbia.edu/~sjm2186/EPIC_R/EPIC_R_BigData.pdf
http://www.r-bloggers.com/working-with-large-datasets-with-dplyr-and-data-table/
http://www.r-bloggers.com/working-with-large-datasets-with-dplyr-and-data-table/
http://stackoverflow.com/questions/22261082/load-a-small-random-sample-from-a-large-csv-file-into-r-data-frame?lq=1
http://stackoverflow.com/questions/22261082/load-a-small-random-sample-from-a-large-csv-file-into-r-data-frame?lq=1
http://stackoverflow.com/questions/22261082/load-a-small-random-sample-from-a-large-csv-file-into-r-data-frame?lq=1
http://www.inside-r.org/packages/cran/sqldf/docs/read.csv.sql
http://www.inside-r.org/packages/cran/sqldf/docs/read.csv.sql
http://www.burns-stat.com
http://www.bytemining.com/wp-content/uploads/2010/08/r_hpc_II.pdf

