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Memory Mapping (MMAP)

Overview



¢ƘŜ άтлǎ ǎǘȅƭŜέ ƻŦ ŦƛƭŜ ǊŜŀŘǎ

Read count bytes from position offset of a 
file descriptor fd :

#include <unistd.h>

off_t lseek(int fd , off_t offset , int whence );

ssize_t read(int fd , void * buf , size_t count );



Problems

ÅAllocate local buffer in program

Å2 syscalls: seek to file position, read from file 

and copy data to local buffer

ÅWorkflow behind scenes:

ïKernel reads from disk into FS cache (optional)

ïCopy data across kernel/userspace border

Image: Julia Evans, Juliaôs drawings, the filesystem cache, https://drawings.jvns.ca/filesystem-cache/
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With Java it gets worse!!!

ÅAllocate local buffer in JVM space (direct 

buffer)

ÅApplication uses heap byte[]

ÅCopy: kernel -> direct buffer -> byte[]

ÅApache Lucene: SimpleFSDirectory



ΦΦΦŀƴŘ ǿƘȅ ƛǘΩǎ ōŀŘ ŦƻǊ [ǳŎŜƴŜΥ

Multithreading

ÅOne file descriptor per index file in Lucene

ÅSeek / read must be synchronized!



¢ƘŜ άфлǎ ǎǘȅƭŜέ ƻŦ ŦƛƭŜ ǊŜŀŘǎ

Read count bytes from position offset of a 
file descriptor fd :

#include <unistd.h>

ssize_t pread(int fd , void * buf , size_t count ,

off_t offset );

Foto: Getty Images, actionpress



ấ Pros / Cons Ṙ

ÅLucene implementation: NIOFSDirectory

ÅPrevents duplicate copy in most cases (native 
ŀŎŎŜǎǎ ǘƻ άŘƛǊŜŎǘέ ōǳŦŦŜǊ ƻǳǘǎƛŘŜ ƘŜŀǇύ

ÅReads in chunks; bad for random access (doc 
values)

ÅWorks well on Linux, Java implementation on 
Windows is broken



Questions

ÅWhy do we copy data at all?
ÅIf we know a page is in file system cache: 

Why not access it directly?
ÅWhy do we need to ask kernel to load 

something from disk because we need it?



Memory Mapping:
¢ƘŜ άƳƛƭƭŜƴƛǳƳ ǎǘȅƭŜέ ƻŦ ŦƛƭŜ ǊŜŀŘǎ

ÅPrevents copy of data between buffers (OS 
kernel, userspace, java heap)

ÅNo syscalls
ÅIdeal use of FS cache
ÅSimple code (at least theoretically)

Foto: Supermicro X11DPi NT Memory Slots
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Address 
Space

Image: Wikimedia Commons, https://en.wikipedia.org/wiki/File:Virtual_memory.svg (CC-BY 3.0)
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Virtual 
Address 
Space

Image: Gabriele Tolomei, Virtual Memory, Paging, and Swapping, 

https://gabrieletolomei.wordpress.com/miscellanea/operating-systems/virtual-memory-paging-and-swapping/
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Advantages

Supermicro X11DPi NT Memory Slots

ÅKernel manages 
free space, no 
program logic 
needed!

ÅJust add more 
άw¦aέ*) to speed 
up your index!
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*) Simon Willnauer


