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}6-1. intro to fs
. Unix files

O what about now?
—- PMem introduction
-- modern(?) file mappings
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1. Intro to file systems

Q: what does a FS do?
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2. Files

Q: what is a file? . —
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Q: what does a file do° “
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- Volatile Memory
- Load/Store Instructions
- Cache Line Granularity

CPU Caches
(L1,L2,L3, L4)

DDR DRAM
- Non-Volatile Storage =~~~ - l ) ‘)/

- Load/Store Instructions Persistent Memory
- Cache Line Granularity = e -«

NAND SSD

- Non-Volatile Storage
- 1/0 Commands
- Bock Granularity

Hard Disk Drives (HDD)
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(*) See vendor specifications
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Figures borrowed from “PMDK Introduction”
https://docs.pmem.io/persistent-memory/getting-started-guide/what-1is-pmdk
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Figure 2: Best-case latency An experiment showing random
and sequential read latency, as well as write latency using
cached write with clwb and ntstore instructions. Error bars
show one standard deviation.

Above figures are borrowed from An Empirical Guide to the Behavior and Use
of Scalable Persistent Memory



FS design parameters:
- small files (most files are small)

laZZé files (much of the disk is allocated to large files)
- sequential access vs. random accesses

- prefetching

- disk utilization (metadata overhead and fragmentation)

Q: If you were to design a fs, what's your file-mapping structure?



Rethinking File Mapping for Persistent Memory

@ Per-file extent tree
S—_—~

Logical Block: 21

10: 40(11)

y binsearch 21: 60(1)
binsearch O(log,n)
O(log,n) @ Repeat until direct
(0 Perform binary node is searched
search to find node
containing logical block Indirect Node Direct Node
2. Per-file radix tree
, 0
Logical Block: 21 1 | ___——P
| Z !
0x0000001 > 70
0x00000015 =~ : g?
(@Repeat at each level 102
@Perform offset until the bottom
calculation
@Global cuckoo hash table
1
l File Number: 1 C' ! < [ 5
Logical Block: 21
AN
hash1 O(1)
hash2 O(1)
4. Global hash table (HashFS)
1, 22: 101(2)
File Number: 1 1= (@ Recover file data block
5 i : 2 same offset as hash table index
—»| 1, 21:100(3) Logical Block: 21 'UW o ( )
! 1 '
Q
- 1, 50
1, 23: 102(1) hash O(1) -52, 7 §
—»{ 2 51:201(1) @D Compute hash %ﬁse;;c: 2,51_|3 File Data Region
@Compute hash

@Search both locations



