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Existing Far-Memory Data Paths

OS-Paging Data Path

P _________ APP__ _ '_7_3_099;33_ _______________
ros: |virtual memory |
| 00 i 000 @ 0000
» page-granularity 'L————————————————J———;————' ———————— BREEEESEE |
» transparent -3, serve
|physical memory .-~ ]
Cons : local memory - RNIC RNIC remote memory :
. RN |
o [ @ Teee Y % 000 (0000 90 |
» |/O amplification === S v ssbuini~ e
CPU Server '\ —= Memory Server

&) YarerRXxy .

University of Chinese Academy of Sciences




Existing Far-Memory Data Paths

Runtime-Object Data Path

APP 1
Pros: Virfual meniony | ————————====== S
| o0 0o e 0000
> object-granularity - —————— ————— |
> no l/O amplification /,/’/é.serve
:_p71}737c_al_lﬁe_m_o?y_________________________________________—I
Cons . : local memory gl RNIC RNIC remote memory :
' | @ . > V] 000 0000 OO0 |
» not transparent L""Eﬁﬁé““ﬁ““‘%‘;‘@u‘%““““M““g ___________ |
> high CPU consumption N T - smory erver

2. user-level runtime moves the accessed object
. from remote into local
Q object

@ YaN7RRT 19

-4 University of Chinese Academy of Sciences




Hybrid Data Plane

Motivation: Existing data paths have their own Pros and Cons,
suitable for different access patterns
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Hybrid Data Plane

Insight: Hybrid data plane that simultaneously enables
accesses via these two data paths to provide high
efficiency for real-world applications
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Hybrid Data Plane

I
I
remote memory |
I
I
I

OQOO OO

_________ AF PE__________'_1_a_cc_e§§_______________

, \virtual memory

|

|

re- e e |

: physical memory P ’

| local memory -7 RNIC RNIC

I .

| @ ieeep <V ) 990

| S N———————77777.J RDMA kZZad . e
CPU Server '\ - MemoryServer
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Hybrid Data Plane

____________________________________ | 7_ 4access_
|virtual memory |
; ® 0000
r—— - _ _ e —_———t— p——— |
-
/,,——""/ 3. serve
:physical memory e |
| local memory --~"" RNIC RNIC remote memory :
| : '/ 7 ; : |
| @ | @ <>l OO0 i0000; 00 |
CPUServer >~ =" ‘Memory Server
2. user-level runtime moves the accessed object from remote into local
Q object page % page w/ good locality page w/o good locality
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Hybrid Data Plane

(a) Memcached-CL (b) Memcached-U (c) GraphOne PR (d) Aspen TC
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n Introduction

Example: Deploying an application on the current serverless system

s \
i i

i Application = Functions + DAG | - Third-party Forwarding:
' . —» Control flow —->Dataflow !
1 * optional :
g 1 Put | Notify |
I Fn - : !
N \ /“\ | ! a Key Ideas & Challenges
I \ | ;
1 St 1 | !
| —
! O\ o \
! m : - \ ! Key Ideas: Decouple control flow from data flow|
- (Lconoter ] B u e
| | Trigger | \ X
1 Fn i : 4 A .
: - ' 3.3~53ms | *Get : Direct Transfer  _ _ ________

-
: — Control flow ——> Data flow
1
1 - Handshake Transfer
: \onlyonce /‘ A 7

/

1

a Motivation QEEE \ / \ j
1
1
1
1
1
1
1
1

@ Function
—> invoke “Couples control flow and data flow”

v ,
—
6~9 ms ~0.07 ms

Controller
Problems caused by Third-party Forwarding:

However, it's hard to do this, due to:

100 = O . .
? 340 Expected 9 = OpenFaas * Highly Dynamic
by S —=— Measured o 600 T : 5 i ivi
2 o 3 @QQ : S [ Nightcore 4 Location-oblivious
€ s £ N 2
® E= Communication = / > # Establishi head
o O bottleneck ) 4 stablishing overhea
) 1 Computation 5P A & 200
o 0 = e? o
1 10 50 100 200 2 8 16 24 3236 10 50 100 200 500
Queries Per Second #Instances of each Fn Queries Per Second
@ High Comm. Overhead @ Auto-scaling Failures @ High Control Overhead
+  Comm. Ratio >70% + Controller becomes a bottleneck « Total CPU core usage > 7.5
* Increased Overall Latency » Throughput not increase with « Control overhead accounts for 80%

function instance numbers



n Design Overview

The Architecture overview of FUYAO Intra-node direct transfer design:
f T T T TS TS TS T T TS T T T T T T T T T T T T T T T T T T T T T T T TS T T T T T TS T T T T T T T T T T T T T TS 1
- ! Sidecar State Machine. -~ Egtablish: Fn AG> —  B@—> > A®- = BO-~ I
" | —— — — > AT o B - {Reuse: _ FnA@-»—>-»BO-~ Reclaim: —> i}
I FAR prc ((FAB) prc [((FACT) £ | wenotecnane [ e R
code Lib | > | al 2] —=2—1 [0}
1 : orkerover IPG | \Worker | [5VerTFabriol Worker| | T ; |, — |
I Sidecar @ A J @ @ % & Request E ) \__..—-—“Jispatohing queue
I — (0] : Message ~ , Forward via Fabric N
I @ |Pc : @I@ Dispatch request @/@I® Handshake @ Direct transfer N--
I 1
| [ B o
; |Engife Dispatcher DTC Manager I Efg. o Inter-node direct transfer design:
—-—— e e e e e e e e e e e e — e el T e - e = T m S e T T T
®  Inter-node S i Pointer !
n = S T = SRS -Tai ® H
Host Shared Memory 20K #{ # S i : Head [LFne | J=>{[Fnc]]
1 1 1
3 | e ; A AT
(ppiteiiaieiate S Gttt .3 i : Processed Y S 1 {Intra Engi}we] [ ] |
® DPU : Inter-node| ! ! e ! A0 T 4 Head's copy !
. e A S~ L | 2 ! Free Will Be i !
Client ~ ! g Processed LM ] '
~ i = | IR !
- v ' Newly p '
! . E : 2 Added ) O block-1 blocks2 :
i » Provides four data transfer method: IPC\... ; ! message ‘[ Tail's copy @ ®
i . . I ! | s |
{ » Suitable for functions within or across nodes | Rawdata L ... “ﬁe, B B !
L J | Fsize 'Foffset | |
[ OpenFaaS I Nightcore [—IPheromone EEFUYAO I FUYAO w/o DPU —
g - - N 102 4 ﬁ-]o_ e e e e s T e e X e DA |
! R S 0 R OO A I 555
§ olm .[I_ oL 0 [h]_l:i]_[']- L101_‘££‘*ﬂ—v’/ 2o 4 A 4 T A A g 0 4 ——— |
= RF 5O 20 & M 2 = 2 50 E] 08508 28305 SadcB 38508 88803 8ERoB RoBc8 2%¢mod > 1.0k ~--- .
%50 —|| &l © 200 afl-ofl i@ 102 4 /,,’ pars _2-10 Coo-C OO0O-C OO0-O0 OOO~-O OO0+~0 OO0r-0 O00~-OC Oo0~O E 7
e 2 ralya =4 1 O 0.5k /
w et P N L L e ] ] '
< olay oles 0 o33 eeerdle | 2 lag N PO S S B SV & PSS N I ] /
2 Ijeigthagf chg‘i‘n = 2 L1e6ngth3§f cha?n 2 10 %%n-ot(t) degr%e 80 10 é?,%,ieio,?er's%%gnd 1600 M c2 C16 C32 cea G128 F10 F20 0 200 400 UQuerzigg per4 sogcond 0 200 400
(a) C,512B (b) C,512KB (c) F,512B (d) M, 512B (i) The Maximum Throughput of the Applications, 512B (j) The CPU utilization of the Control Plane

Q Low latency Q High throughput Q Low control overhead



& ACM ChinaSys

Rethinking an #espr-based lightweight
& unified solution for Edge networking

Feng Li (Z=#X)
Jun 16, 2024

An indie developer from China:

4 The main translator of the book «Gray Hat

Hacking The Ethical Hacker's Handbook,
Fourth Edition» (ISBN: 9787302428671)
& «Linux Hardening in Hostile Networks,
First Edition» (ISBN: 9787115544384)

Pure software development for ~15 years
(~11 years on Mobile dev)

Actively participating Open Source
Communities:

https://github.com/XianBeiTuoBaFeng2015/MySlides/Conf
https://github.com/XianBeiTuoBaFeng2015/MySlides/LTS

Recently, focus on infrastructure of
Programming Languages & Iiahtimes,

Network, Virtualization, RISC-V, EDA,
ERier

%

SERIRRE L

hkli2013@126.com



USE CASES USER SPACE KERNEL

Kernel Runtime

Tools Trace-cmd | Perf tools i SystemTap LTTng a Networking X Dev Tools
O Verifier & JIT Helper APl
Interface e
. * .
Tracers Function Event Syscall Security 0 Runtime Maps
callgraph Trace trace J tracer | traoers rui‘ﬁ:e n';‘;;:i
Trace events :
9 P a Observability Oeerveneest ﬁ Application Tracing  Profiling  Monitoring  eeeeeeesst a Kernel Stack

Source: https://ebpf.io/

instrumenta- | kprobes W uprobes QTra ”
tions
Source: “Dynamic Probes tor Linux™, IVlasami Hiramatsu, Iracing Summit ZU15.

@)

Source: https://cilium.io/

Systems BPF
\‘ rmmmu

Performance Tools

oReLLY omenss
Linux Learning eBPF
Observability

with BPF

sctive segment

Next instruction

KERNEL

DRIVER

»ﬁs E=

Source: http://www.segment-routing.net/images/
20190130-bcn-cl-BRKRST-3122-rev7f-km2.pdf

Source: https://www.datadoghq.com/blog/xdp-intro/

Performance

eBPF drastically improves
processing by being JIT
compiled and running directly
in the kernel.

Security

eBPF programs are verified to
not crash the kernel and can
only be modified by privileged
users.

Source: https://ebpf.io/

C Code I

Flexibility

Modify or add functionality
and use cases to the kernel
without having to restart or
patch it.

| P4 Code I

LLVM Compiler

eBPF
Byte Code

User Space
Kernel Tracing =——
Sockets e eBPF VM
) XDP
e NFP JIT Compiler
Kernel
Agilio SmartNIC NFP eBPF Datapath

Traditional NIC TX/RX
and Stateless Offloads

I Load | !
ml Baiancing | e

Load Balancer Filtering

— cgroups
= Firewall
— TC

Dellver to Host

Update Statistics

Source: https://www.netronome.com/m/documents/PB_Agilio-eBPF.pdf



Applications

R R ) System architecture for the second stage of our approach:

pen-k8s| | pen-iptables

'
i

cu 1
pelycubectl | “TTTTTTTToTTIo Py :)iy_cl_jl;e_‘

Router Load Balancer | NAT | Cubes

Firewall | Bridge DDoS Mitigator

polycubed

BPF Linux XDP
Source: https://polycube-network.readthedocs.iof

en/latest/intro.html >

T
L eBPF -

ILA for Container and PoC implementation:  eBPE in hardware:
SIR prefix l Identifier 3

- s O
o o oo
“SRVG~ | seoumy

Wirtual destination

IPvis arddress |Trar|sla1ion £g 4 4
_____________ |ma:)Ln‘|\ngs"""""""""""" CTTTTTTTT |
l [ Data 1 [ Control J [WishbunECSR]

u;c:{.].;ilfo':'fﬁ;a [ Locator l Identifier ‘ :

address H
container {7“”7} A customized SmartNIC for Edge Computing in our approach:

cPU “

user space 4 I . :
kernel space Prog. Memory [#----- :

R

HW

) P— j
Linux network J -
- network device
stack

AT Network
i ] m PHY/MAC  [*77
S Gostnanon \ % hBPF
interface |
Source: https://github.com/rprinz08/hBPF/
Source: https://www.delaat.net/sc/sc17/posters/ila-poster-SC17.pdf blob/main/doc/images/hbpf-overview.png

ILA address
| translation




WPB+-tree: A Write-Optimized PM-oriented B+-
tree with Aligned Flush and Selective Migration
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Design Overview

The structure of WPB+-tree

0 3 8
1' bitmap | area |

I hcad
sibling pir

16 bils

delete

| 2B |num(2B)|verison lock(4B)

writc bulfer
enfrics(8B key 8B val)

0 ] 16 64 10248
The structure of a leaf node

Internal Node Layer

. O

Leaf Node Laver

A leaf node 1s composed of a metadata field, a FWB, and a slot
array that stores key-value entries.

Designl: Flush-aligned Write Buffer

Initial State: Initial State: _FWBwith 3 slots
Lisfsofeo] [ [ T [ 1 | is[sofleo] [ [ [ [ |
@ Shift 60; Insert 55 1

[sTsofssfE@ T T T T 1

@ Shifr 60. 55. and 50; Insert 30
EEEL) 500 1551 160 [ T 1 1

© Shift 60. 55. and 50; Insert 34

50 55 o0 N
O Shift 60. 55. 50, 34, and 30; Insert 16

(a) The normal case.

(4] ift 3 30; -

(b) The optimized case.

By using FWB, we issue fewer flush instructions.

Design2: Selective Migration of Node Entries

Initial State:

13|25| 30| 40] 60| 70| 8%| 90|100|110|120|130|

Initial State:

[13125]30f40]60f70]80f90]100]110f120f130]

. . . . i !li?
[13 i 25 i 30 | 40i 60i 70i 80i 90 [1oo[110[120[130[135[150[160]
Il O

The node split and migrate half (New node)
9o J1ooltrofizof3oli3siisolieol 1 1T 1T 1T 1 1 1

1 jerate M/2 keys (New node)
80185190 f1ool11of120f130l135[ 15001600 | |

(b) The optimized migrate M/2 case.

(a) The normal migrate half case.

Initial State:
FWB with 3 slots

13I25|30|40|60| 70I

801 90]100f110] 120f 130|

9 Example: After inserting 150, 135, and 160
ISIRERPEY 13125130040 60] 70] 80 90]100f110{120f130)

Initial State:
F with 3 slots An array égtlz M(=12) slots (0--11)
13 25| 30| 40] 601 70] 80| 90 100] L10]120] L30]
. A p y o .ia
901100l 1101 120] 130}

g ) (130):
601701 801 9011001101120 130

o 13125 30 40 60 70 80 90]100]

WlOOillOi l20i 130i 135i ISOi 160[180] |

(d) The optimized migrate one cacheline case.

W 1 lOi 120i125i l30i 135i 150i 1655

(c) The optimized migrate M/4 case.

To decline entry migrations during node splits, we propose the Selective Migration of Node
Entries (SMNE) mechanism to determine the number of migrated entries according to the key
distribution.



Result

Performance of single-threaded

Throughout (Mops/sec)

1.2
B \WPB+-tree BN SSB-Tree XX Fast&Fair
0.9
&
. <
‘0
X
0.6 @,

0.3

0.0 -

DELETE

SCAN

Write performance. Compared with SSB-Tree and FAST&FAIR,
WPB+-tree delivers 13% and 31% higher throughput.

Read Performance. WPB+-tree is very approximate with
FAST&FAIR, while achieving 20% higher than SSB-Tree.
Delete Performance. WPB+-tree is similar to SSB-Tree, and
31% higher than FAST&FAIR.

Scan Performance. WPB+-tree 1s very approximate with

FAST&FAIR, while achieving 14% higher than SSB-Tree.

Performance comparison of multi-threaded.

—8— \WPB+-tree —— SSB-Tree —#— Fast&Fair

f,//_"?:ggﬁ_é

g
I

—
[a]

=
o

Throughout{Mops/sec)
p%]

1 2 4 g 16 32 64 128
Number of threads

<
o

(a) INSERT
52 —8— \WPB+-tree —%— SSB-Tree —#— Fast&Fair
A
_&,./
3.9 —
S

Throughout{Mops/sec)
[\%]
o

o —_
= L

1 2 4 8 16 32 64 128
Number of threads

(¢) DELETE

Throughout{Mops/sec)

Throughout{Mops/sec)

"
e

—_
=2}

—
%]

[=2]

=]

oo
=

o
w

A
(N}

M
—

e
o

—8— WPB+-tree —4— SSB-Tree —— Fast&Fair

LN

1 2 4 & 16 32 64 128
Number of threads

(b) READ
—8— WPB+-tree —— S5B-Tree —#— Fast&Fair

1 2 4 8 16 32 64 128
Number of threads

(d) SCAN

® Compared with state-of-the-art solutions (i.e., FAST\&FAIR and SSB-Tree), WPB+-

tree achieves up to 17%, 40%, and 20% higher throughput in the insert, search, and

scan operations, respectively.

® SSB-Tree shows a better throughput than WPB+tree after 8 threads. The throughput of
WPB+-tree is higher than FAST&FAIR and can gradually approach SSB-Tree.
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Boosting File Systems Elegantly:
a case for a Transparent File Systems NVPC
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Ext-4 XFS | |_gata data sync
age ac e riw 15 Page Cache Sync Absorb

F2FS (non-persistent) (persistent)
Authors: EEI&, EE /4, ZRAEEA, FRAL, EIEERK, BAR X

/ Tpromote &?
\demots/

( async
write back

BIO — Disk
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@ Copy
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qWrite RandRe:
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4 Ext-4.55D.H
Ext-4.55D.5

’)‘69

i\

g
g

e

<

|Data Page
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Sync Absorb
SuperLog0 @ Page 0

inode X Log
inode Y Log

Next SuperLog

[ Entry 3 (IP)
/ | e

inode X Log 0

data="ef",.5"

LEntry 0 (u{(  data="abcdét™] J
¢ Entry 1(OOP) | Entry 2 (0OP) ©

Trans: write(
off=4090,

buf="abcdef...abcdef",

len=8200
)

0_SYNC

Email: wgy21l@mails.jlu.edu.cn

Shortages for traditional FS:
Col‘iy ops &|Sync writes!

sprs<
P2CACHE

Slow &

Tiered memory ¥ N
nstable

Principles:

1. Full transparency: to user & to FS

2. No consistency change: protect the sync
3. No perf downgrade: only SPEED UP!

4. Lightweight: like a WAL of the FS

Design:

1. On demand sync absorb

2. Optimized for both large and small writes

3. Active sync prediction for more performance
4. Consistency problems solved

WeChat & Tel: 13274475156



0 4096 8192 12288
Trans: write( abcdef of
off=4090,
buf="abcdef...abcdef", 4090 12290
p————Ilen= —
1en=8200 len=8200
) O_SYNC | | |P"abcdef"| |OQOP 'OOP | IP"ef"
4096 8192 12288
Trans: =
write(off=10, len=100)--
sync()
Normal
t0 t1 t2 13 t4 t5 6 t7 t8 19 t10 t11
01 wrfte(o abc sync) 02 write(1, 317) 03 write(3, xyz syng:)
: : : : Crash!
Page | v} V* V} :
Cache : :
Vi1 : VA *writé back
------ write-back abc--- a317-- write-back |a31xyz ;
Disk 1 } I { i
sync VA1 sync V3 sync Va4
- i a317-- w a3ixyz
4 ¥ - v :
NVM L I I _
______ last_write |write(0, "abc") last_write write(3, "xyz") :

rebuild::abc---

Email: wgy21@mails.jlu.edu.cn

rebuild: abcxyz

Desugn

/ 2
3.
4.

On demand sync absorb

Optimized for both large and small writes
Active sync prediction for more performance
Consistency problems solved

Performance:
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CCL-BTree: A Crash-Consistent Locality-Aware B+-Tree for
Reducing XPBuffer-Induced Write Amplification in
Persistent Memory

Zhenxin Li, Shuibing He, Zheng Dang, Peiyi Hong,
Xuechen Zhang*, Rui Wang, Fei Wu

HIT VL K57 * WASHINGTON STATE
Zhejiang University @ [UNIVERSITY

EuroSys 2024
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Detecting Metadata-Related Logic Bugs in Database Systems via
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[1] TiDB#41734. https://github.com/pingcap/tidb/issues/41734
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Differential Optimization Testing of
Gremlin-Based Graph Database Systems

Yingying Zheng, Wensheng Dou, Lei Tang, Ziyu Cui, Jiansen Song,
Ziyue Cheng, Wei Wang, Jun Wei, Hua Zhong, Tao Huang
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Optimization Bugs in Graph Database Systems (GDBs)

0 GDBs support efficient storage and queries for graph data and support
various optimization strategies to accelerate graph queries

:,,qeoqj Or|e nT\ NebulaGraph

O Incorrect optimizations in GDBs can introduce optimization bugs, which
cause GDBs to return incorrect query results

g.withoutStrategies(LazyBarrierStrategy) g.withStrategies(LazyBarrierStrategy)
.withoutStrategies(HugeVertexStepStrategy) .withStrategies(HugeVertexStepStrategy)
E().bothV().not(__.in(‘acting')) .E().bothV().not(__.in(‘acting'))
- vi{1,2,3,4} ¥ - vi{1,3,4} v

(a) (b)
An optimization bug detected by our approach in HugeGraph



Differential Optimization Testing (DOT)

OO0 DOT executes a query Q with two different optimization configurations that
should retrieve the same query result

> 28 optimization bugs in six popular GDBs are detected
> 19 out of 28 bugs cannot be detected by the existing approaches

» (2 Generate a Gremlin query Q RS
A —— 2
g.E().bothV().not(__.in("acting')) -| vi{l,3,4;

optConf |1 311 4

D .6 «— 3 Explore new optimization @ Compare results
~{1 Yes ﬁ&
E gdb j
= v (® Locate faulty
Generate a cs imizati
araph database adteq:lg:ltfly X Il () Generate candidate optConfs : - _Ri’ 0 SPAIMIZGI 0T
estea. | ontConf v {19 339
P U :‘ C— —
Explore new graph database I I =
I optConf viil,3,
| optCont, 4 — V:{13.4}




ChunkGraph: Large Graph Processing wit

Chunk-Based Graph Representation Model
USENIX ATC’24

Rui Wangl?2 Weixu Zong! Shuibing Hel Xinyu Chenl
Zhenxin Li! Zheng Dang?

1Zhejiang University

2Hangzhou High-Tech Zone (Binjiang) Institute of Blockchain and Data
Security




Problems of SOTA Large Graph Processing Systems

Real-world graph datasets are continuously growing

In-memory system

Our concerns Ligra, Galois
e o o | GraphOne

Overlook graph characteristic

Scal abllity A ol . High communication overhead
: : Distributed system
: Out-of-Core system : PowerGraph, G-Miner,

: X-Stream, FlashGraph, : :

LiveGraph

: Graphene, Blaze |

! Low I/0 efficiency Memory-storage :

I Extra computation overhead cache subsystems !

: High development costs mmap-based graph :

: system, TriCache | Limited capacity
| |

| I

| |

| |

>
Price

ChunkGraph: Better scalability, Better 1/0O efficiency, Lower development costs

2024-6-13 2



ChunkGraph Design ) S F

ZHEJIANG UNIVERSITY

Vertex metadata L0 chunk buffer Classified and hierarchical
d cid | co e
Vo [ 9€8 2 co | 3 vertex storage

\'4 deg nbo nb]
v deg cid COff ......

vi| deg | sv_foff Co & .-+ | L4 Chunk buffer
vive | deg | cid | coff by ] Super vertex buffelr) .
—rmmemm Chunk-based graph representation model  -------------.-----
ed ||| cd| - | LO chunk file SSD
Chunk layout ... Differentiated chunk access
optimization cg ¢ c5 +++ | L4 chunk file
by’ I by’ J Super vertex file

ChunkGraph outperforms SOTA external systems and general cache systems

2024-6-13 More details are in the paper
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Exploit both SMART Attributes and NAND Flash

Wear Charateristics to Effectively Forecast
SSD-based Storage Failures in Clusters

Yunfei Gu'2, Chentao Wu'Z", Xubin He?

'Department of Computer Science and Engineering,
Shanghai Jiao Tong University
2Shanghai Key Laboratory of Trusted Data Circulation andGovernance in Web3,
Shanghai Jiao Tong University
3Department of Computer & Information Sciences,
Temple University
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Fast and Scalable In-network Lock Management

Usmg LOCk FiSSion Presenter: Hanze Zhang (IPADS, S|TU)
*Published at OSDI'24

Faster task execution

Applications (e.g, Transaction, File System)

Lock Client (LC)

Acauire B Grant | Release Read/Write

Network -

Fast lock granting
Scalable on #locks IEESALERXSACLD) App Data

— Larger data scale




Existing LMs fail to achieve both goals!

pornnnaes I R — . Limited CPU processing speed
i | - Slow!
§ APP L APP M — Queueing delay ' Supported #locks
LC i LC . SrvLock  Upto 100us | >Million-scale
[ [ [ NetlLock <|us | Thousand-scale
Programmable Switch LM -'/

Unscalable!
Limited switch memory capacity

What FissLock (our work) wants to achieve: ~ <Ius ' Million-scale




FissLock achieves both goals with lock fission

Decouple lock acquisition into grant decision and metadata maintenance!

On-switch LM On-server LM
App and LC ,
> walt queue
— RN+ mode
m ! > |ock holders
Fast grant; Off critical-path
Evaluation results: Memory efficient

90% tall latency cut, 2x transaction throughput boost compared to SOTA
Scales to millions of locks when maintaining peak performance



HADB: Hotness-Aware Key-Value Store with

Persistent Memory

Yunlin Tan, Chaoshu Yang, Runyu Zhang, Mingjie Li,
Pengpeng Tian , and Xianyu He




Design Overview

The structure of HADB

Immutable

MemTable MemTable
DRAM
o

SSTables

Based on LevelDB, HADB use PM as a middle layer for

directly storing the hot data.
Designl: Adaptive Cold Data Migration

Inner nodes / R
(DRAM) e

Lea(llﬁnMO)deS I [ - |_, o [T 1~]
[ header | 100__|_ -] 168__|_ 187 | - [ 234245 - [ 266 [278] --- [301] 35 [ - |
com{t;;};;"y']s|éi£[§[§|i]z|6|7|6|3|s|8|7|z|9|7|6|6|s|s|s|z|9|7|6|s|7|
f:ifgzg copledbltmap|0|0|0|0|0|0|0|0|0|0|1|0|0|0|0|0|0|0|0|0|0|0|l|0|0|0|0|0|

updated_bitmap |o|o|o|o|o|o|o|o|o|o|0|0|0|o|1|0|0|o|o|0|0|0|1|0|0|0|o|o|

*4 SSTable e

Design2: Time-Aware Recognition of Hot Data

HashMap

f;, I’Eey (;,ounter

——{ 6] 1 [next ——{7]2]null]

e T

——{ 9] 1 [next |——{10[ 1] null |

__________________________________

Bucket 0

Bucket 1

Bucket 3

l
l
|
I
|
|
| Bucket 2
|
|
|
l
l

e oy

(a) HashMap Access Frequency Statistics

Algorithm 1: Identify hot data

-

Input : index (the BT -tree index); iter (the iterator
of Immutable Memtable); m_map (an
unordered_map to record the number of
read/write in the cycle from Memtable to
immutable Memtable).

Qutput: hot data are inserted into BT -tree.

builder = new TableBuilder;

while iter— Valid() do

key = iter—key();

if index— Geit(key) or m_map(key) >= n then
| index— Insert(key,value);

else

| builder— Add(key,value);

end

end

o m_map.clear();

1 builder—Finish();

- T T O I

(b) Algorithm for Identifying Hot Data

Design3: Fine-grained Data Migration

for

s|s|3|t|7]1]3]e|5]4]4]-|3[9]5]6]2]7]3]8

le——K=5——

ﬂ make heap

(c) Constructing a Min-Heap Demonstration Diagram

adjust heap adjust heap

Inner nodes / | - | \
(DRAM) ) | |

Leaf nodes
(PM) | Leaf node 1 |—)| Leaf node 2 |—> —)| Leaf node n-1 H Leaf node n |

36B JuHldi 16B FAE %} %28

[ 1 Al
| header |<key,value>| |<key,value>| next ptr |

| copied bitmap | updated bitmap I counterl | counterl
C ~ X X J

32bit ZArE 32bit EHAE 1B Ui H g <28
(d) Structure of B+ Tree Leaf Node




Evaluation

Performance of db_bench Benchmark
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Random write performance. The throughput of HADB is 1.36 to 1.91
times better than LevelDB and 1.39 to 1.98 times better than RocksDB.

Random read performance. In terms of random read performance,
HADB improves by an average of 15.68% to 49.32% compared to

LevelDB, and by an average of 9.26% to 38.95% compared to RocksDB.

Performance of Mixed Workload
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ScalaAFA: Constructing
User-Space All-Flash Array Engine
with Holistic Designs

Shushu Yi, Xiurui Pan, Qiao Li, Qiang Li,
Chenxi Wang, Bo Mao, Myoungsoo Jung, Jie Zhang
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ScalaAFA: Constructing User-Space All-Flash Array Engine with Holistic Designs
https://github.com/Chaselab-PKU/ScalaAFA
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Heet: Accelerating Elastic Training in Heterogeneous
Deep Learning Clusters




Heterogeneity in DL clusters

* Two critical types of heterogeneity found in today’s production clusters:
computation and communication heterogeneity.
 Two GPU heterogeneities diversely accelerate DL training jobs.

§3_ EZE T4 241 mm pPcle
o ] AlO o 1 NVLink
3 33
52-17 E}
- : 113 . 1.35
£ €11
E E A
J1 J1 J2 13 J4
Jobs Jobs
* Diverse acceleration under * Diverse acceleration under
computation heterogeneity. communication heterogeneity.

* Heterogeneities results in diverse scaling efficiency on different GPUs.
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# of workers # of workers
* Resnet prefers T4 (low-end). * Resnet prefers T4 (low-end).

* DenseNet prefers T4 (low-end). * VGG prefers V100 (high-end).



Our solution: Heet

e Fast and accurate profiling.
* Require information from GPU types, job types, and # of workers
* Adopt collarborative filtering-based techniques

o 2of workers
-
Sample Data of Ji s F_"opulate_throughput
information from Jk
_ Y/ &
High N
History Data similarity? [, @ EoLworkers
K " Predict throughput by
= PQ-decomposition
2
o

* Co-optimize scaling and scheduling efficiency (i.e., short-job-first).
* Delicate allocation price design
e Restrict cross-network placement and straggler effect
* Bipartite matching-based optimization

Scaling  Scheduling Job1 Job 2 Job 3 Job4 Job 5
Efficiency = 11CIENCY
Fewer workers More workers Group 1: A10%0, A10#1 J
per job ® per job ’

High Scaling Early job J G 2- A1042. A10%3
J efficiency A completion roup £ ’ J

Job length Few jobs
X unawareness scheduled x Group 3: T4#0, T4#1 J




Improving Graph Compression for Efficient

Resource-Constrained Graph Analytics

VLDB 2024
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Peak Memory Reduction
(vs. CompressGraph)
o = b L s Ln

ARABIC INDOCHINA UK @ 1000000 EU@?2005 IN

Figure 7: Peak memory reduction.

Table 4: Compression time evaluation. PFT is short for parallel frequency threshold.

Laconic (s) - PFT =5 Laconic (s) - PFT = 4

Dataset Ligra+ (s) CompressGraph (s)
Iteration 1 Iteration 2 Iteration3  Total Iteration1 Iteration 2 Iteration 3
UK 605.03 690.43 81.67 66.82 42.13  190.62 82.51 67.42 44.58
SK 326.81 334.71 23.61 22.14 22.43 68.19 24.51 23.41 21.94
GSH 324.03 812.63 61.70 62.88 59.44 183.03 61.17 61.66 56.46
1T 175.25 198.43 15.56 14.55 13.96 44.08 15.40 13.98 12.76
ARABIC 53.54 105.34 5.08 3.62 2.88 11.58 5.11 2.80 3.78
INDOCHINA 28.50 51.66 7.62 7.08 7.02 22.73 7.62 7.79 6.70
UK@1000000 3.38 4.07 0.37 0.33 0.29 1.00 0.40 0.31 0.32
EU@2005 1.57 2.39 0.22 0.21 0.21 0.66 0.24 0.22 0.24
IN 1.25 2.23 0.19 0.18 0.16 0.54 0.20 0.18 0.19
BERKSTAN 0.97 1.51 0.11 0.10 0.10 0.31 0.12 0.11 0.09

Table 3: Comparison of compression ratios and compressed graph sizes of Ligra+, CompressGraph and Laconic.

N

Dataset Original Size Ligra+ Ligra+ CompressGraph CompressGraph Laconic Laconic
Compressed Size Compression Ratio Compressed Size Compression Ratio Compressed Size Compression Ratio
UK@2014 360.63GB - - - - 23.89GB 16.30
CLUE 324.49GB - = - - 38.99GB 8.32
UK 28.65GB 5.44GB 5.26 4.48GB 6.38 3.48GB 8.23
SK 14.90GB 5.04GB 2.95 2.62GB 5.68 1.85GB 8.05
GSH 13.94GB 5.93GB 2.35 6.47GB 2.15 4.76GB 2.93
1T 8.88GB 3.04GB 2.92 1.72GB 5.16 1.22GB 7.29
ARABIC 4.93GB 1.71GB 2.88 0.96GB 5.12 699MB 7.22
INDOCHINA 1.50GB 525MB 2.92 295MB 5.20 216MB 7.10
UK@1000000 322MB 106MB 3.03 47MB 6.76 32MB 9.88
EU@2005 153MB 61MB 2.50 43MB 3.52 32MB 4.69
IN 153MB 58MB 2.63 48MB 3.16 35MB 4.32
BERKSTAN 63MB 30MB 2.10 26MB 2.43 20MB 3.15
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OmniCache: Collaborative Caching for
Near-storage Accelerators

Jian Zhang, Yujie Ren, Marie Nguyen, Changwoo Min, Sudarsun Kannan



Hardware Trends

Multi-core compute (4-16 cores) DRAM size (4-16GB)
[ARM CSDs] [Newport]

L]
A =~

Computational Storage

Fast remote memory access with CXL High speed interconnect

[Samsung Memory-Semantic SSD] [ScaleFlux]

2



Failure to Exploit Near-storage Memory

Near-storage Device with Host FS Device FS
(PolarDB [FAST ’20], A-1O [FAST 23], etc.) (DevFS [FAST ‘18], FusionFS [FAST 22] )

FS Lib
A

High kernel overhead

Page Cache :
read read-compress-write

Always offload!

File System

Cache miss NearStoreFS

Storage  {u} {a] T Storage {m} {m}

Lack of support to use device memory Failure to utilize host and device memory



Our Solution: OmniCache

A horizontal caching design to exploit the combined capabilities of
near-storage, host compute, and their memory resources to accelerate
I/O and data processing

Device I Device
v
DevEache Storage DevCache
Storage
Vertical Caching Horizontal Caching

More details in the paper! N
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PolarDB-SCC: A Cloud-Native Database Ensuring
Low Latency for Strongly Consistent Reads

Xinjun Yang, Yinggiang Zhang, Hao Chen,
Chuan Sun, Feifei Li, Wenchao Zhou

Alibaba Group



Strongly Consistent Read on Secondary Nodes

] Problem: eventual consistency on secondary nodes
» Typically applying log on secondary nodes is asynchronous
* Secondary nodes may return stale data (eventual consistency)

O Solution: PolarDB Strong Consistency Cluster (PolarDB-SCC)
* Track primary node’s modification timestamp at three progressively fine-grained levels
* Design linear Lamport timestamp to reduce timestamp fetching operation
* Highly co-design with one-sided RDMA interface

|+ PolarDB, . . -m-PolaDB . . —@—PolarDB-SCC —&- PolarDB_ . |

=150 e : : : - * PolarDB-SCC has nearly identical performance with
S =] stale-read policy

i‘ém' £2 * PolarDB-SCC is the first cloud-native database that

3 s 84 supports strongly consistent read with negligible

£ 2, overhead.
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SMART: A High-Performance Adaptive Radix Tree
for Disaggregated Memory
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Motivation: B+ Trees are bandwidth-bound on disaggregated memory

Disaggregated Memory (DM)

Compute Nodes (CNs)

———————————————————

___________________________________

———————————————————

____________________

Memory Nodes (MNs)

————————————————

————————————————

MNSs

o
o
|
o

K
e
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Existing Tree Indexes on DM

R XTEE

Read/write nodes

J KV | =

— o o o e e e o o = o -

| KV

(o) Problem:

Read and write amplifications of B+ trees

=» Exacerbate the network bandwidth bottleneck of DM




Idea: Using radix trees to build high-performance tree indexes on DM

Challenges and Solutions

CIientss s g s
(%) Expensive concurrency control

Design 3 Caches

» Design 1: Hybrid concurrency control

CNs
Design 2
MNs
Radix Tree
‘/Design 1

"\

%) Bounded memory-side IOPS
» Design 2: Read delegation and write combining

N (&) Complicated cache validation

» Design 3: Reverse check mechanism
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{ —6— ART —B— SMART

@ Results: SMART outperforms the state-
of-the-art B+ tree on DM by up to 6.1x

@ https://github.com/dmemsys/SMART

\
@ xcluo23@m.fudan.edu.cn -\-han\’\ You '

Throughput (Mops/s)
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SODA: A Set of Fast Oblivious Algorithms in
Distributed Secure Data Analytics

Xiang Lit, Nuozhou Suni, Yungian Luo?!, Mingyu Gao'?
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TEE Side Channels in Distributed Setting

a Trusted execution environment
l Sensitive Result

TEE
< Integrity

? Confidentiality

N

_ Sensitive Data
Client )
Cloud Provider

a Access pattern side channels in
distributed setting

Partition Buckets Partition
A Bg-\ ° Public info:
A 7'35‘ #0f A=3xX #0f B
A A
Node O A N\
Bé AN -
ABEN

Node 1

> > >
> > |w
\ EAN
\,
>>>>> >
1

Bé Aé

Memory  Network
access traffic

a Oblivious algorithms
o Access pattern independent of content
o Allowing input/output size leakage

a SOTA: Opaque, NSDI'17
o Ops: filter, aggregate, join
o Key step: oblivious global sort

o Problems
* Perf overhead
* Lack of general binary join support

PO P1 P2
1 1, 3%2, 23 3a |:
Al 3*2,| 2 3
2l @z | B | ® A 3 Network traffic skew
2, 3*2A 25 4*3,| 3, .
® 2, 3*2,| 2, 4*3,| 3, | []
* H
3%2, 2, 3%2, 1 3g
2; 3 — Join product skew
v v T-I_t v |
@ 3*2, @ 3, 2




A Set of Distributed Oblivious Algorithms

a2 SODA design a Impl & eval
o Pseudo-random communication o Based on Flare, VLDB’23
* Observation: oblivious network traffic if o Individual operators (vs Opaque)

each node sends the same amount of

data to all receiving nodes * Aggregate: 2.6x

* Filter: 1.8x
¥ \ * Binary equi-join: 1.5x-3.7x
PO :
o o Evaluation: macro-benchmarks
T
* 1.1x-14.6x
. / # of worker nodes 2 # of worker nodes 4
Padding «——————Chernoff boun - aomom
/ ij M MM PR TCI TCo Dij KM MM PR TCI TCo
P]- — Benchmark Benchmark
\ / # of worker nodes 8 # of worker nodes 16
$ 102
'E 10?

* Two-level assignment for join

10°

. . Dij KM MM PR TCI TCo
e Determine assignment before data shuffle Benchmark Benchmark

E= Rust Spark B Rust Opaque SODA
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Understanding Transaction Bugs in

Database Systems
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Tao Wang, Rui Yang, Kang Xu, Yixin Hu, Jun Wei, Tao Huang
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Transaction Bug (TXBug) Study Methodology

0 Collect 140 TXBugs from 6 DBMSs 0 Analyze TXBugs

* Bug manifestation

. Transaction
Time range
feature

TXBug contains * Root cause

Issue descriptions

| |
| |
| |
: | |
transaction, |
) : at least one I i
isolation . . | I * Bug impact
level explicit I
2018-2022 coml;lit transaction | : * Detection capability of
2 [ ]
abort, :‘;:t least : Embedded test cases | existing approaches
I
transactions : ’ (=) |
PostgreSQL | ‘ :
m | Developer discussions | \
' A -
MysaoL: | I WYE
el | *
| e
MariaDB I |
Foundation | Available fixing patches |

TCockroach DB



Transaction Bug (TXBug) Study Findings

[0 Bug Manifestation 0 Root Cause

¢ 94.3% of TXBugs can be triggered deterministically € TXBugs violate five kinds of transaction semantics
Init 1.4%
tx1 L. . .
id v Atomicity violation
. i
1 10
SELECT * FROM t WHERE v = 10; tx2 Szl Wl ConrEnees
\ . violation
ALTER TABLE t DROP INDEX iv; Updated in tx2 2.9%
- , Read-only Isolation
LIRS & ST = 55 THERE el = 8 1 11 constraintviolation violation
SELECT * FROM t WHERE v = 10; 31.5%
COMMIT ; Consistency
. violation
Expected Select in tx1 Actual Select in tx1 2910
1%
Empty set 1 1o

[0 Bug Impact [0 Detection Capability of Existing
® 76.4% of TXBugs only lead to silent failures Approaches

€ Transaction verification approaches[1][2] cannot
detect 97.1% of TXBugs

Silent failures ) Explicit failures
* Incorrect DBMS states 23.6% * DBMS errors
* Incorrect database states * DBMS unavailability Isolation
* Incorrect query results 1 a violation
* Performance degradation 2 b

76.4%

* Missing blocking

* Incorrect error reporting Key-value structure Root cause

[1] K. Kingsbury et al., Elle: Inferring Isolation Anomalies from Experimental Observations. (VLDB Endow 2020).
[2] C. Tan et al., Cobra: Making Transactional Key-Value Stores Verifiably Serializable. (0SDI 2020).
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