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ABSTRACT RDMA has become one of the most prominent networking technologics in DCNs by providing
high bandwidth and ultra-low latency, especially for data-intensive applications. An important challenge with
RDMA is to exploit multi-path for high throughput and reliability. Several studies have been proposed to
utilize multi-path in RDMA networks, but they commonly require modification of RDMA NICs, which
makes it hard to deploy them in practice. In this paper, we propose a user-level multi-path RDMA
(UL-MPRDMA) scheme, in which a flow is partitioned into sub-flows, and transferred via multiple
connections to make full use of multiple paths in DCNs. UL-MPRDMA quickly responds to sudden
network trouble and congestion by performing dynamic sub-flow scheduling, and also effectively avoids
the performance degradation problem due to the limited memory of RDMA NICs without the intervention
of CPU. We implement UL-MPRDMA on a real test-bed with commercial RDMA NICs, and show that
UL-MPRDMA can achieve 30% higher link utilization than an existing RDMA transport technique.
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PeRF: Preemption-enabled RDMA Framework
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ZSungkyunkwan University

Abstract ing RDMA . Several studies have been presented to provide

Remote Direct Memory Access (RDMA) provides high RDMA performance isolation in multi-tenant environments.

throughput, low latency, and minimal CPU usage for data-
intensive applications. However, RDMA was initially de-
signed for single-tenant use. and its application in a multi-
tenant cloud environment poses challenges in terms of perfor-
mance isolation, security, and scalability. This paper proposes
a Preemption-enabled RDMA Framework (PeRF), which of-
fers software-based performance isolation for efficient multi-
tenancy in RDMA. PeRF leverages a novel RNIC preemption
mechanism to dynamically control RDMA resource utiliza-
tion for each tenant, while ensuring that RNICs remain busy.
thereby enabling work conservation. PeRF outperforms exist-
ing approaches by achieving flexible performance isolation
without compromising RDMA’s bare-metal performance.

The basic policy of these studies is to regulate the data trans-
mission rate of each tenant for efficient resource utilization,
exploiting either hardware (HW)-based or software (SW)-
based technologies. In [14, 19,35], several RDMA virtualiza-
tion framew orks have been proposed to leverage SR-10V [6]
or Virtual Lanes (VLs) [1] supported by RDMA HW's such
as switches or RNICs. The advantage of these HW based
regulation frameworks is that they can provide strict perfor-
mance isolation, but they may not properly handle dynamic
changes of tenants’ requirements. SW-based solutions, mean-
while, focus on intercepting data transmission requests gener-
ated by applications to an RNIC, and controlling the request
rate for each tenant in the user space [22,30,40]. They can
achieve more flexible performance isolation against dynamic
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O[3%! | Acryl(0007CO0) 2026.07.20
TLLMN S ElE
() 2022 2023 2024 2025  2026F (del) 2022 2023 2024 2025  2026F
=l N/A 148 134 133 208 REXHL N/A 29 95 470 464
EI18(%) N/A N/A -90 -08 56.6 HIHXpA N/A 4 72 414 377
=7t N/A 0 0 0 0 C7| SRR N/A 1 5 4 6
IHERA7HE(%) N/A 0.0 00 00 0.0 e ] N/A 19 15 19 30
mfE50(Y N/A 148 134 133 208 THXpAE N/A 0 0 0 0
40| E(%) N/A 100.0 100.0 100.0 100.0 T|EFR SR N/A 3 33 51
mhopaka|| N/A 153 158 156 225 HIRE XA N/A 31 38 39 39
TH2H| (%) N/A 103.4 179 17.3 108.2 QEXA N/A 23 14 15 15
EBITDA N/A 5 -13 -1 -4 RYIpA N/A 0 19 19 18
EBITDA O|2E(%) N/A 36 -9.9 -85 -21 EXERfAE N/A 3 0 0 0
EI18(%) N/A N/A HH Hx| =X 7|EH| RS R N/A 5 5 5 6
Fdo|e N/A -5 -24 -23 -17 RHAEEA| N/A 60 133 509 504
HHOIAE(%) N/A -35 -17.8 -16.9 -8.0 SR N/A 210 318 60 67
E7t8(%) N/A N/A x| Hx| x| £t 3 NJ/U41A m 48 47 47
Aol N/A -44 -31 -6 0 HARH 2 N/A 0 0 0 0
2849 N/A 0 1 2 2 T[EtRS 2 N/A 99 270 13 20
3848 N/A 40 24 8 2 HIRSEAY N/A 24 18 12 15
7|EfE el Ao N/A -5 -7 1 0 AbxH N/A 0 0 0
47| e s N/A 0 0 0 0 I|RA2 N/A 9 4 4
MIEAIS AL 0l N/A -50 -55 -28 -16 7|EHI RS2 N/A 21 9 8 1
B7t8(%) N/A N/A Hx| x| Hx| SEA N/A 234 336 72 83
HOIMH|E N/A 0 0 0 0 L EONS N/A 174 -203 437 421
A Atdole N/A -50 -55 -28 -16 2 N/A 13 15 40 40
SEhArol) N/A 0 0 0 0 o2 N/A 23 43 683 683
271201y N/A -50 -55 -28 -16 HEZY S N/A 4 6 8 8
27|20/ E(%) N/A -336 -40.7 =211 79 7|EFEZO| QA H N/A -0 1 2 2
EIt8(%) N/A N/A x| Eshy| x| WEIEv = N/A -214 -268 -296 -313
QETE=SN N/A -50 -55 -28 -16 RHEEA N/A 174 -203 437 421
Si3SER TREXIKE
(42) 2022 2023 2024 2025  2026F 2022 2023 2024 2025  2026F
FHEEoRQBFZSE N/A -2 14 -47 -24 P/E(EH) N/A N/A N/A N/A N/A
g7120(9 N/A -50 -55 -28 -16 P/B(tH) N/A N/A N/A 6.8 3.2
SR Azt N/A 10 " " 12 P/S(tH) N/A 00 0.0 16.4 65
SERHA A2 N/A 0 0 0 0 EV/EBITDA(tH) N/A 26.2 N/A N/A N/A
olgtaal N/A 0 0 0 0 HiE 4 E(%) N/A N/A N/A 00 00
X2 LA (B N/A -10 -2 -38 -20 EPS(8)) N/A -1,056 -1,081 -478 -205
et N/A 48 32 8 0 BPS(®) N/A -3,705 -3,607 5,448 5,243
ExgEoZosisass N/A K| 1 14 SPS(®) N/A 3,140 2,656 2,265 2,595
EXIRpAL] LA (B N/A 0 0 -0 DPS(¥) 0 0 0 0 0
[ LA N/A 0 0 0 22d(%)
SERHAe| SIHCAPEX) N/A -5 -1 -12 12 ROE N/A 285 290 -239 -38
et N/A 4 4 1 2 ROA N/A -83.1 -56.6 -87 -33
HEEgEoRQUSHHITE N/A -2 79 400 1 ROIC N/A N/A -9 -40.4 -191
x3el KAL) N/A 2 -1 -6 1 M (%)
ARSI B TH &) N/A 0 0 0 fetlg N/A 136 29.8 7789 689.9
xH2o| B7t N/A 407 0 Ll N/A -134.3 -165.7 16.4 196
L= N/A 0 0 AL N/A -719.4 -1175 -830 777
7|Et N/A -4 80 -1 0 O|Xt2 At g N/A -0.4 -1.3 -29 72
JERZSE N/A 0 0 -0 0 HEXH(%)
$Zo|ZTHZLA) N/A -6 68 342 .37 xS N/A 25 14 0.4 0.4
MUESEE N/A 10 4 72 414 HErAE TS N/A 79 79 77 85
7|YHZ N/A 4 72 414 377 Haxpde|TE N/A N/A N/A N/A N/A
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