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Terminology, Assumptions, and
Background

* For this talk: NVM (PMem, NVRAM, SCM, NVMM)

* NVM assumptions:
* NVM is byte addressible
* NVM has a higher access latency than DRAM
* NVM has lower cost/GB than DRAM
* NVM has higher capacity than DRAM

e Sources:

* Paper: https://db.in.tum.de/~leis/papers/nvm.pdf
e Video: https://yvoutu.be/6RRe cmDIOU



https://db.in.tum.de/~leis/papers/nvm.pdf
https://youtu.be/6RRe_cmDl0U

Database Architectures

Disk-based DBs Main Memory DBs
* Primary data location on disk * Primary data location in DRAM
* Loaded to DRAM for processing * Snapshots written to SSD
* Logging to SSD * Logging to SSD
DRAM
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Database Architectures

Disk-based DBs

* Primary data location on disk
* Loaded to DRAM for processing

* Logging to SSD
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Main Memory DBs

* Primary data location in DRAM
* Snapshots written to SSD
* Logging to SSD

DRAM
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How do we change dbs architecture for the NVM ? |
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NVM-direct Approach

Root pointer

DRAM

In-place updates

* Requires failure atomicity
* High NVM latency

* No DRAM

* No SSD

CDDS-Tree [VLDB 2015], NV-Tree [FAST
2015], wB-Tree [VLDB 2015], FP-Tree
[SIGMOD 2016], WO[A]RT/ART+CoW [FAST
2017], HiKV [USENIX ATC 2017], Bz-Tree
[VLDB 2018], BDCC+NVM [ICDE 2018], SAP
Hana for NVM [VLDB 2017]



NVM-direct Data Structures

|| Failure Atomicity

| Concurrency

| NVM Utilization

| Placement

CDDS- - versioning + atomics - only multiple-reader, |- re-using dead versions NVM-only
Tree [61] - shadowing (split,merge) single-writer model
NV-Tree [68] - append-only + atomics - latches on modification - unsorted leafs NVM-only
- reconstruction - less locks due to append- |- cache-optimized format
only character - selective consistency
wB-Tree [20] - indirection + invalida- | N/A - unsorted nodes NVM-only
tion - binary search by sorted
- redo-only logging slot array
(split,merge)
FP-Tree [52] - indirection + invalida- |- hardware-based + fine- |- reduced footprint NVM + DRAM

tion

grained locks

- unsorted leafs

- lightweight logging - hashing
- group allocation
WO[A]RT/ - indirection + atomics N/A - avoid key comparisons | NVM-only
ART+CoW [39]| - shadowing + atomics and tree rebalancing
HiKV [66] - shadowing + atomics - hardware-based for tree - avoids costly structure | NVM + DRAM
- locking within hash par- operations
titions
Bz-Tree [16] - persistent multi-word |- PMwCAS + spinning - near-instantaneous NVM-only
CaS operation (PMw- |- optimistic protocol (in- recovery
CAS) sert)
BDCC+ -undo logging through | N/A - clustering instead of ad- | NVM + SSD
NVM [25] PMDK ditional indexes

- unsorted blocks
- instant recovery

[Data Management on Non-Volatile Memory: A Perspective @Datenbank-Spektrum 18]




NVM-direct Approach

Root pointer

DRAM

In-place updates

* Requires failure atomicity
* High NVM latency

* No DRAM

* No SSD

CDDS-Tree [VLDB 2015], NV-Tree [FAST
2015], wB-Tree [VLDB 2015], FP-Tree
[SIGMOD 2016], WO[A]RT/ART+CoW [FAST
2017], HiKV [USENIX ATC 2017], Bz-Tree
[VLDB 2018], BDCC+NVM [ICDE 2018], SAP
Hana for NVM [VLDB 2017]



Buffered Approach

Out-of-place updates

= 1 * No byte-addressability

e / * No SSD
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4 NVM

FOEDUS [SIGMOD 2015], SAP Hana for
NVM [VLDB 2017]



State of the Art

Main Memory DBMS
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The Ideal System: “Dream Chart”

Estimated Throughput

Main Memory DBMS

Our System

NVM Direct

Basic NVM BM :

I
DRAM NVM
Data size
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1. Cache-Line-Grained Loading

DRAM
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We transfer individual cache lines (64Byte) instead of
entire pages (16KB) between DRAM and NVM.




1. Cache-Line-Grained Loading
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We transfer individual cache lines (64Byte) instead of
entire pages (16KB) between DRAM and NVM.



1. Cache-Line-Grained Loading
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1. Cache-Line-Grained Loading
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We transfer individual cache lines (64Byte) instead of
entire pages (16KB) between DRAM and NVM.



1. Cache-Line-Grained Loading
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1. Cache-Line-Grained Loading
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2. Mini Pages

DRAM
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/\ full page mini page
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We implement mini pages which store only 16 cache
lines (~“1KB instead of 16KB).



2. Mini Pages
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ﬂ nvm ®© | slots: [0, 2, 255] | pId: 3
=" || count: 3] dirty: 0100.0, | full O |
Tokyo Tokyo
San Jose San Diego
Redwood City San Francisco

Mountain View

$ 251 more cache lines
/ San Francisco

We implement mini pages which store only 16 cache
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2. Mini Pages

DRAM
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lines (~“1KB instead of 16KB).



3. Pointer Swizzling

<root>
par O off: 0
pld: 6 cnt: 1
ptro |pld:5]... |pld: 8

<«swizzled leaf> <normal leaf>
X

- —> | par & | off: 12 par O |off: 0
Id: 7 | cnt: 0 Id: 5| cnt: 0
p p
DRAM
NVM < swapped out leaf>>
pld: 5 pld: 6 pld: 7 pld: 8

We use pointer swizzling and low-overhead replacement
strategies to reduce the buffer manager cost.



Performance Impact of Technigues

YCSB-RO Throughput
relative to traditional BM

Buffer management needs to be tuned for NVM.
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The Ideal System: “Dream Chart”

Estimated Throughput

Main Memory DBMS

Our System

NVM Direct

Basic NVM BM :

I
DRAM NVM
Data size
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4. Utilize SSDs

DRAM
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By using fixed-size pages, we can extend the maximum
possible workload size with SSDs.



Conclusion

DRAM NVM
capacity capacity
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