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Coordinator-Active Garbage Collection

» A CVT runs out of space — GC required
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Header
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V3

V5
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@ Read full value and required attributes
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Cl

C2

Header

V1

V3

V5

V7

@ Read full value and required attributes

(may read a corrupted value)

7

lue(V7)

Attribute Bar

CVT

[ Root cause: version and value are not “atomically” read ]
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Anchor-Assisted Read

€D Read CVT
Oo /\He;der

V1

V3

V5

V7

Cl

@ Read full value and required attributes
(may read a corrupted value)

C2

] lue(V7)

Attribute Bar

CVT

[ Root cause: version and value are not “atomically” read ]

Start Anchor (1B) End Anchor (1B)
t t

VeellSA <& Version [+ VcellEA (Veell)

VpkgSA% Value I%VpkgEA Vpkg
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Anchor-Assisted Read

€D Read CVT
Oo /\He;der V1 V3 V5 V7 | CVT

Cl

@ Read full value and required attributes
(may read a corrupted value)

C2 ] lue(V7)

® GC (v9) Attribute Bar

[ Root cause: version and value are not “atomically” read ]

Start Anchor (1B) End Anchor (1B)
VcellSA </ Version [+~ VcellEA CcheII * Writer: Vpkg — attributes = Vcell

VpkgSA% Value I%VpkgEA Vpkg
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Anchor-Assisted Read

€D Read CVT

Cl

C2

Start Anchor (1B)
t

V1

V3

V5

V7

@ Read full value and required attributes

] lue(V7)

(may read a corrupted value)

Attribute Bar

CVT

[ Root cause: version and value are not “atomically” read ]

End Anchor (1B)

VcellSA <—<~

Version

VpkgSA % |

Value

% VeellEA Cchel * Writer: Vpkg = attributes = Vcell
* Reader: check “all anchors are equa

%VpkgEA VPKE|  vcellSA = VcellEA = VpkgSA = VpkgEA (V)

I”
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One-Sided RDMA-Based MVCC

____________________________________________________________________________________________________________________________

Coordinator

A’s primary . : : , . |Txn begin
A’s backups i E Read A,B,C
B’s primary Write A=A+C
B’s backups | Write B=B-C
C’s primary - |Txn end

C’s backups




One-Sided RDMA-Based MVCC

____________________________________________________________________________________________________________________________

Get Tstart

Coordinator I

A’s primary , , , . |Txn begin
A’s backups Read A,B,C
B’s primary Write A=A+C
B’s backups | Write B=B-C
C’s primary - |Txn end

C’s backups

* Tstart/Tcommit stands for start/commit timestamp
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* Tstart/Tcommit stands for start/commit timestamp
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____________________________________________________________________________________________________________________________
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— Execution —
Read CVT Read Value
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LEVENEERVENE

. . .| Txn begin
A’s backups , E } | Read A,B,C
B’s primary & \\ // \/ \\ // Write A=A+C
B’s backups | Write B=B-C
C’s primary \/ ' \/ Txn end

C’s backups |

* Tstart/Tcommit stands for start/commit timestamp
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— Execution —

Coordinator I Read CVT | Read Value |
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B’s backups \/ | Nologs | \/ | Write B=B-C
C’s primary ' : ' . |Txn end

C’s backups |

* Tstart/Tcommit stands for start/commit timestamp
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_________________________
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— Execution —
Read CVT Read Value
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_________________________

Get Tstart

Get Tcommit (Serialization point)

— Execution — ' _
Read CVT Read Value I Validation

Coordinator I
A’s p(rjimary EY @ \ \ @ i \@ \ \ ir \ © I : o beain
A’s backups - / \ / \ / \ / \ / <

i | | \ / . . Read A,B,C
B’s primary | & i i f .| Write A=A+C
C’s primary ' ' Txn end
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* Tstart/Tcommit stands for start/commit timestamp



One-Sided RDMA-Based MVCC

___________________________________________________________________________________________

Get Tstart — Execution — Get Tcommit (S.erla.llzatlon point)
Coordinator I Read CVT | Read Value I Validation
A’s primary L@ \\ \\ gfb \ﬁl \\ \\ \ g/é Txn begin
A’s backups M ’ ’ \ Read A,B,C
B’s primary . 7o \/ i \/ i \/ \ Write A=A+C
B’s backups ' Nol | i ( li Write B=B-C
C’s primary I \/ LE — \/ \/l - o - Txn end

C’s backups |

* Tstart/Tcommit stands for start/commit timestamp



One-Sided RDMA-Based MVCC

_________________________

Get Tstart

Get Tcommit (Serialization point)  Report “committed”

— Execution — '
Read CVT Read Value I Validation Commit

Coordi torI T
weoimary B O O @ Bl @ o aeefef
T WYY RN RN

/ \/ Txn begin
l

: a e TR
\ o rite A=A+C
\\// [mﬁ \\// g \\/[ TurnoffforSI]—\Li Write B=B-C

A’s backups

B

B’s primary

B’s backups

Txn end

C’s primary

C’s backups |

* Tstart/Tcommit stands for start/commit timestamp



One-Sided RDMA-Based MVCC

___________________________________________________________________________________________

Get Tstart — Execution — Get Tcommit (Serialization point)  Report “committed”

Coordinator I Read CVT : Read Value I Validation | Commit I
iy G $ OB BB 1S Flefe] oo
A’s backups | i E } | Read A,B,C
B’s primary & \ /\ t% \/ Write A=A+C
B's backups (_Nologs | 1(_7urn off for st firite B5-C
oo

DrTM+H@OSDI’18 4 Single Version

FORD@FAST’22 3 Single Version

FaRMv2@SIGMOD’19 5 Multiple Version Deliver MV benefits
i ) without long RTTs
Motor <4 Multiple Version

* Tstart/Tcommit stands for start/commit timestamp




Evaluation

Compute Pool

» Workloads

* KV store
* 8B key + 40B value
» Skewed (skewness tunable)

CX-5 RNIC

100 Gbps

. TATP | InfiniBand switch
e RO/RW: 80%/20%, max 48B

* SmallBank s o E A R OG5 RNIC:
e RO/RW: 15%/85%, 16B :

e TPCC !

-

* RO/RW: 8%/92%, max 672B

Memory Pool

» Comparisons
* FaRMv2@SIGMOD’19 (referred as FaRMv2-DM)
* FORD@FAST’22
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Performance of Version Structures

Throughput (K txn/s)

> KV store
8000 - 8000 -
1 m  OO2N [@N20 1 002N @N20
6000 § _ | 6000 I B
4000 1 m 0 - 4000 1 _ I L
<o 0 T ol TR =300 el ol
0 : 0 - H
20% 40% 60% 80% AVG 20% 40% 60% 80% AVG
Ratio of read-write transactions Ratio of read-write transactions
Version number = 3, skewness = 0.7 Version number = 4, skewness = 0.99

1.7-2.4x over O2N

CVT improves throughput by < 1.3—1.6x over N20



End-to-End Performance

[ TATP (read-intensive) ] [ TPCC (write-intensive) ]
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End-to-End Performance

P50 latency (us)

P50 latency (us)
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0 E E——x 5= 1 read-ohly data 0 :
0 1000 2000 3000 4000 5000 0 20 40
Transaction throughput (K txn/s)
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Fallure Recovery

»TPCC

140
120
100
80
60
40
20
0

Throughput (K txn/s)

140
120
100
80
60
40
20
0

Throughput (K txn/s)

» recovery finishes
failure occurs
% M"{l
generating (M | new coordinators
new coordinators take over tasks
-200 -150 -100 -50 O 50 100 150 200 250 300 350
Time (ms)
—Primary failure ——Backup failure
‘ ‘ l | ‘ backup recovery § | ‘ |
{0l AR ‘ ini i ’
it P finishes *—QOh 7| A bR
failure occurs
; ‘ primary
recovery starts ‘N’ | Jh:t‘u“w Wil i il | recovery
" finishes
-200 -150 -100 -50 O 50 100 150 200 250 300 350

Time (ms)

Tolerating coordinator failures
using local operation logs

Tolerating replica failures
using data migration
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Conclusion

» Existing multi-versioning distributed transactions do not fit DM
* Inefficient linked version chain
* Incompatible transaction protocol

» Motor: a holistic multi-versioning design for DM

* Consecutive version tuple structure (memory pool)
* One-sided RDMA MVCC based on CVT (compute pool)

> Benefits

High Throughput Low Memory Overhead

O https://github.com/minghust/motor

19



Thank you! Q&A



