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About of SCSC (NSCCJN)

Shandong Computer Science Center (National Supercomputer Center in Ji’nan), 
established in 1976, is the largest research institute for computer science and 
technology in Shandong Province, China.
It is now affiliated with Qilu University of Technology (Shandong Academy of 
Sciences).
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In 2011, the Sunway BlueLight was built.
The first P-class supercomputer based on Chinese-made 

CPUs in China

In 2018, Sunway E-class prototype
One of China's three fully domestically produced 

prototypes

Shandong Computer Science Center (National Supercomputer Center in Ji’nan), 
established in 1976, is the largest research institute for computer science and 
technology in Shandong Province, China.
It is now affiliated with Qilu University of Technology (Shandong Academy of 
Sciences).
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In 2024, the integration infrastructure for supercomputing and network was built.

Shandong Computing Network Infrastructure

Shandong Computer Science Center (National Supercomputer Center in Ji’nan), 
established in 1976, is the largest research institute for computer science and 
technology in Shandong Province, China.
It is now affiliated with Qilu University of Technology (Shandong Academy of 
Sciences).
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About Me

My Website:  tanlizhuang.cn
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Data Center and Data Center Network

The network topology of Data CenterThe physical image of Data Center 

The Data Center of Google 

Almost all application 
services run in 
data centers.
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TCP and RDMA

Traditional TCP Protocol
1-10Gbps, ms-level latency

RDMA Protocol
100-800Gbps, us-level latency
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TCP and RDMA

Traditional TCP Protocol
1-10Gbps, ms-level latency

RDMA Protocol
100-800Gbps, us-level latency

User
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RDMA app RDMA app

RDMA verbs RDMA verbs
TCP/IP

NIC driver

TCP/IP

NIC driver

RDMA transport

IP

Ethernet

DMA DMA
RDMA transport

IP

Ethernet

Lossless 
Network

Bypass

u Remote
data transfers between nodes in a 
network 
u Direct
no Operating System Kernel 
involvement in transfers, everything 
about a transfer offloaded onto 
Interface Card 
u Memory
transfers between user space 
application virtual memory, no extra 
copying or buffering 
u Access
send, receive, read, write, atomic 
operations

11



TCP and RDMA

Traditional TCP Protocol
1-10Gbps, ms-level latency

RDMA Protocol
100-800Gbps, us-level latency

• For small msgs (<32KB), OS processing latency matters
• For large msgs (100KB+), speed matters 12



TCP and RDMA

Traditional TCP Protocol
1-10Gbps, ms-level latency

RDMA Protocol
100-800Gbps, us-level latency

RDMA: Single QP, 88 Gb/s, 1.7% CPUTCP: Eight connections, 30-50Gb/s,
Client: 2.6%, Server: 4.3% CPU

*Intel(R) Xeon(R) CPU E5-2690 v4 @ 2.60GHz, two sockets 28 cores 13



RDMA NIC

Nvidia is not only the inventor of GPUs, but also the leading manufacturer of high-performance network interface cards.
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RDMA NIC

Nvidia is not only the inventor of GPUs, but also the leading manufacturer of high-performance network interface cards.

1993年

HP has filed a patent for RDMA,
which allows networked servers
to access remote host memory
without interrupting the CPU or
operating system, marking the
birth of RDMA technology.

1999年

The Israeli company
Mellanox was founded,
and its main products
are network cards that
support RDMA.

2001年

Mellanox has released an
RDMA NIC based on the
Infiniband protocol
standard.

2010年

The InfiniBand Trade Association (IBTA) has
launched the RDMA standard specification
(RoCE) based on converged Ethernet.

2015年

Microsoft Azure shared its experience of
using Mellanox RoCE network interface
cards (NICs) on a large scale in its data
centers (SIGCOMM 2015).

2020年

Nvidia (Computing)
completes its acquisition
of Mellanox (Networking)
for $6.9 billion.
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RDMA Application

n Microsoft: The first major company to deploy RDMA on a large scale, and the designer of the RDMA congestion control
algorithm DCQCN, which is the most widely used RDMA congestion control algorithm in the industry.

n To date, RDMA traffic accounts for over 70% of traffic in Microsoft Azure data centers.

RDMA over Commodity Ethernet at Scale (SIGCOMM’15) Empowering Azure Storage with RDMA (NSDI’ 23)
16



RoCEv2 Network

RDMA over Converged Ethernet version 2 (RoCEv2) is an evolution of the RoCE protocol, allowing for the direct memory access
between computers over Ethernet.
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ECN

n Random Early Detection (RED) is a proactive congestion avoidance mechanism used in computer networks, primarily within
routers, to manage and mitigate network congestion before it reaches critical levels.

n ECN reuses RED, but instead of proactively dropping packets, it only marks packets, avoiding the impact of packet loss on
transmission.

Random Early Detection

compute average queue length;

if ( avg. queue length < minthreshold )
{

admit new packet to output queue;
}
else ( minthreshold < avg. queue length < maxthreshold )          
{

mark new packet with probability Prob(queue length);
}
else
{

always mark new packet;
}
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ECN

n Random Early Detection (RED) is a proactive congestion avoidance mechanism used in computer networks, primarily within
routers, to manage and mitigate network congestion before it reaches critical levels.

n Explicit Congestion Notification (ECN) reuses RED, but instead of proactively dropping packets, it only marks packets, avoiding
the impact of packet loss on transmission.

ECN Bits (Code) Meaning

00 Non-ECT—Packet is marked as not ECN-capable

01 ECT(1)—Endpoints of the transport protocol are ECN-capable

10 ECT(0)—Endpoints of the transport protocol are ECN-capable

11 CE—Congestion experienced

With ECN, routeres/switches deliver clear signal to hosts, and congestion is detected arly no loss.
Congestion Signal: Loss -> RTT -> ECN
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PFC

PFC pause frame
p1

Egress port Ingress port

p0
p1

p7

Data packet

p0 p0
p1

p7

XOFF threshold

n ECN alone is not sufficient to achieve zero packet loss.
n Priority-based flow control (PFC) is Hop-by-hop flow control.

Switch BSwitch A
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DCQCN

n By combining ECN and PFC, Microsoft proposed DCQCN in 2015, which is currently the most widely used congestion control
mechanism for RDMA networks.

21



22

About of SCSC (NSCCJN)1

RDMA/RoCEv22

ByteTuning3

Tan L, Jiang Z, Liu K, et al. ByteTuning: Watermark Tuning for RoCEv2[J]. IEEE Transactions on Cloud Computing, 2025, 13(1): 303-320.



Background

n RDMA networks have become the most popular architecture for carrying 100G+ network in data center . 
n RoCEv2 is the most mainstream and cost-effective implementation of RDMA. Its key networking protocols include DCQCN on the 

server side, and ECN/PFC on the switch side.

RoCEv2 Network
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There are many ECN and PFC parameters in RoCEv2. How to 
optimally configure them is a key engineering challenge.

In many-to-one RDMA incast scenarios, switches can 
overwhelm shared buffers, causing output packet loss.23



Traversal results

n Experimental Setup: The testbed consists of 24 servers, two 25G access switches, and two 100G aggregation switches, equipped with 
Mellanox CX5 25G NICs. The congestion control algorithm is DCQCN, using Mellanox-recommended fixed parameter settings.

n Methodology: We select commonly used switch-side ECN/PFC configuration parameters, including 𝐾!"#, 𝐾!$%, 𝑃!$%, Alpha, and 
Headroom, and exhaustively evaluate different parameter combinations to study their impact on throughput, queue occupancy, and 
flow completion time. The search space contains a total of 3,300 parameter combinations. Traffic is generated using Perftest
(ib_write_bw).

Parameter Search Space

𝐾_𝑚𝑖𝑛 0, 500, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000

𝐾_𝑚𝑎𝑥 𝐾_𝑚𝑖𝑛+500

𝑃_𝑚𝑎𝑥 1, 10, 20, 30, 40, 50, 60, 70, 80, 90

𝐴𝑙𝑝ℎ𝑎 1, 3, 5, 11, 20

𝐻𝑒𝑎𝑚𝑟𝑜𝑜𝑚 100, 200, 300, 400, 500, 600

ECN/PFC threshold parameter search space

w/ ECN, w/ PFC

w/ ECN, w/o PFC

（1）TCP，Small（2）RDMA，Small

Traffic type，Traffic rate
Traffic directionLegend Packet loss

S1 Switch

S2 Switch

（3）RDMA，Large

PS PilotSailor

ToR Switch
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Traversal results

n Experimental Setup: The testbed consists of 24 servers, two 25G access switches, and two 100G aggregation switches, equipped with 
Mellanox CX5 25G NICs. The congestion control algorithm is DCQCN, using Mellanox-recommended fixed parameter settings.

n Methodology: We select commonly used switch-side ECN/PFC configuration parameters, including 𝐾!"#, 𝐾!$%, 𝑃!$%, Alpha, and 
Headroom, and exhaustively evaluate different parameter combinations to study their impact on throughput, queue occupancy, and 
flow completion time. The search space contains a total of 3,300 parameter combinations. Traffic is generated using Perftest
(ib_write_bw).

Experience parameters are not optimal.
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Traversal results

n Experimental Setup: The testbed consists of 24 servers, two 25G access switches, and two 100G aggregation switches, equipped with 
Mellanox CX5 25G NICs. The congestion control algorithm is DCQCN, using Mellanox-recommended fixed parameter settings.

n Methodology: We select commonly used switch-side ECN/PFC configuration parameters, including 𝐾!"#, 𝐾!$%, 𝑃!$%, Alpha, and 
Headroom, and exhaustively evaluate different parameter combinations to study their impact on throughput, queue occupancy, and 
flow completion time. The search space contains a total of 3,300 parameter combinations. Traffic is generated using Perftest
(ib_write_bw).

We need to tune the ECN/PFC paremeters.
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ByteTuning

n We designed a watermark tuning approach based on simulated annealing: ByteTuning.

Server

S0 Switch

S1 Switch

Network 
Telemetry ByteTuning

Configure watermark 
parameters
(ECN, PFC)

Collect network status
(Throughput, Queue, …)

TCP/RDMA Traffic

Traffic Engine

Simulation traffic

Applications

Business traffic

Optimization Objectives

Throughput-
sensitive

Latency-
sensitive
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ByteTuning

n Experimental Result
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Thanks for listening.


