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The memory layout of R’s vector

A vector =
Header: Payload:

1. The header and payload are not separable

2. The payload must be the entire data of the vector

Memory

• Type
• Length
• Attributes

All values of the vector



The memory layout of R’s vector

An ALTREP vector =

1. Header and payload can be linked and unlinked

2. The payload can be anything

...

Memory

Header: Payload:

Any data structure• Type
• Length
• Attributes



ALTREP is designed with the hope that it does 
not break the existing user’s code



Program diagram

REPL

R’s C interface

memory

R codeC/C++ code
Accessors for the numeric vector

 REAL_ELT

 REAL_GET_REGION

 DATAPTR or REAL

Users

ALTREP



Low-hanging fruit

1. Attributes wrapper

2. Compact sequence

• seq(1, 10)

3. Sharing data across multiple R processes

• SharedObject

4. On-disk data representation

• vroom



Challenges with the ALTREP

With great flexibility comes great complexity
 Some R’s C code is compatible with ALTREP, some are 

not (Even for the base R)
 Compatibility does not grant efficiency



Example

REAL_ELT() REAL_GET_REGION() DATAPTR()
REAL()

Performance:
Conciseness:
Readability:

Performance:
Conciseness:
Readability:

Performance:
Conciseness:
Readability:
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Performance

REAL_ELT() REAL_GET_REGION() DATAPTR()
REAL()

 Some R’s C code is compatible with ALTREP, some are not 
 Compatibility does not mean efficiency



Function frequency

REAL_ELT()

REAL_GET_REGION()

DATAPTR()
REAL()



Travel Package
A package for creating a virtual pointer that the ALTREP object needs.



Program diagram

All problems in computer science can be 
solved by another level of indirection

-David Wheeler
REPL

R’s C interface

memory

R codeC/C++ code

Users

ALTREP



Program diagram

memory

User-defined function

REPL

R’s C interface

Operating 
system

R codeC/C++ code

Users

ALTREP

Travel

R program



Travel Programming model

Data structure:

API:



Travel example



Performance

Candidate 1

Candidate 2



Performance
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Application: HighFive package
Read the HDF5 file object to R

Data file

Read the vector

Available 
out-of-box



Data file

Read the compound data

Application: HighFive package
Read the HDF5 file object to R
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