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Abstract Modern data center serves as the underlying infrastructure for many applications s including
online internet services, data-parallel computing, machine learning, and cloud computing. A common
denominator of these applications or services is that they will generate massive amounts of data flows
in the network. From the perspectives of both the network operator and the applications/users, data
center networks must be utilized effectively and efficiently. Flow scheduling is a promising technique
to enhance the performance of the datacenter network, and hence has recently gained much research
interest. Flow scheduling mainly determines when and at what rate to send each flow in the network,
such that the desired objectives (e. g. » minimum flow completion time (FCT), guarantee deadline)
can be achieved. In this survey paper, we first illustrate the fundamental problems and challenges of
scheduling flows in data center networks. It has the following two major challenges. First, the
datacenter network flow model is complicated due to the dynamics, burst, and mixture in the traffic.
Second, the network model is also full of complexity because of the dynamic network bandwidth,

random network congestion, and diverse network optimization objectives. Bearing those challenges in

Wk H 1 - 2019-06-18 s FEZR iR H 1A 2020-02-07. AR TREI15 1) [ 5 8 s AF & RSN (2016 YFB1000205) « I 5K [ AR B4 5L 4 S 0 H
(61432002) % B . =324 L 11 » T ERFFE AU R Bt oL M4 L 53185 . E-mail: toliwenxin@gmail. com. 3 BGEGEE) 11, &)
PR . T BTSN Fefh i 2% B L M4 . E-mail s hengqi@dlut. edu. en. #4238 . A1, 2 BE0FTE GO0 Bl o0 R 25 5 0t
B BB L B BRSO R SO 4 B s 4 ZETE R T SR R AU N R N S R
E SCRAIE P [ 45



4 2SO A5 < B0 o T 6 A A B A 5 e 601

mind, this paper compares and summarizes the related research work on data center flow scheduling
from three dimensions: scheduling optimization goals, scheduling methods, and scheduling entities.
At the level of scheduling optimization goal, existing work on flow scheduling can be divided into six
categories: bandwidth guarantee, deadline guarantee, minimum FCT, minimum coflow completion
time (CCT) , fairness guarantee, minimum traffic transmission cost. At the level of scheduling
method, existing work mainly falls into three kinds: distributed scheduling. centralized scheduling,
and hybrid scheduling. At the level of scheduling entity, they can further be classified into three kinds:
intra~datacenter flow scheduling, inter-datacenter flow scheduling, datacenter-client flow scheduling.
Though many flow scheduling solutions have been proposed in existing work, most of them are still in
the research stage, and are far from being adopted by the industry. The low complexity, low cost,
and high-performance flow scheduling schemes need further exploration. Therefore, at the end of this
paper, we point out four potential research directions of data center flow scheduling as well as the
corresponding unresolved research problems involved in flow scheduling. First, most flow scheduling
schemes rely on limited switch function (e. g. , priority queues) s while modern switches have much
more flexibility to support more complex network functions due to its programmability. Hence,
programming flow scheduling on switches is one potential research direction. Second, existing
solutions need to hook packets in the end-host network stack to tag priorities in the packet header to
perform flow scheduling, while such packet tagging incurs substantial overhead, making them
inapplicable to high-speed networks. Since 40G and 100G or even 200G networks are coming,
scheduling flows at such high-speed networks is another direction. Third, traditional model-based
flow scheduling is sub-optimal; machine learning provides a new choice for high-efficiency flow
scheduling. Hence, machine learning assisted flow scheduling is the third potential direction. Finally,
as the geo-distributed machine learning and federated learning become important workloads,
scheduling inter-datacenter flows (especially tiny flows) with security constraints to reduce FCT is

also one of the potential directions.

Keywords datacenter networks; flow scheduling; coflow scheduling; completion time; priority

queues; bandwidth guarantee; deadline guarantee
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Jo o AR G B AR 0 I 28 BT R A8 45 R 3% . PISA Y J& i
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BLAT X B G A7 7 B g A0 3 ), AR A
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FEAE AT G RRACH AL B AT . A LT AL b A T
JE BT A M AL I 08 B2 RT AR AS B 2 i A R, AT
il SPGB R
4.2 RDMA SEMZXFETHRERE

Fe Ge Rt 0 B R HREE T TCP/TP BEA T8 %
(. AE TCP/IP 1 A5 B s, B 7 2 A P 8
23 [0] 1 G2 A2 T 3 N A% 25 8] 19 Socket Z2 47T . SR
i — R 2 )2 45 B B AL Ak B T AR L B
A WL B NIC PR rh B S2 A7 20 4T W 28 A% By . A3
SRR RS S RN EHE S R S R IR K CPU
FEES 8 N PR RE Y B . R TR e 2% 1 H v
Ik 55- 45 vt 250 4 Ak 3 A28 3R () R, 7 R L 42 N AEAE L
(Remote Direct Memory Access, RDMA) $ & it

A RDMA 2 — P Y 0 28 i, & 3 o o 2 41 %
BEE AL ATHEHL B A X B N — D R Gtk
AL 2 B AR RGAT i AR AR R 5038
FEARTSE A . ETHBR T MR e 52 A BT S
(4 o DRI T BB A0 A7 S 0 CPU TR T ekt
N R GEPERE . RDMA A = FiAS [F] A 52 B, o3
S J& InfiniBand™ , RoCE™ il iWARP". £
RDMA M5 IAEE T . o T iR TCH , 75 ZEAE AC HR ML
HR ST et 42 il PEC HoR 1 PFC 75 22
N A A BA 51 % & Headroom %% 1% =5 18], LL B 1k
PAUSE {55 & & HHIE R Bk B s 03X Bt
[N A Bl FEX A O, SSHAIL A1 AT 22
FERE A BR . AL G SS e WL 22 0 e 2 BA A £ 4
JE 5 B AR AR AN AT AT A 1 RDMA 8 3 ) 4% B
BE T B BE A AR AR A DR B 7] R
4.3 B FIHBMWRERE

BRI T D R S — IR X Y 7R L D SR ) R
DURU I 5 2 KRR T I A 2050k i HLid s 25z
B RO Hh O I B R L PR A AR TR Y L A
REAS BB AR IR B 25 2R . BT A SE B G il iy i
FE AR TR 2 T LA B AR OB rh
LB BT EE AR . Tk, BEE L
#%2# 2) (Machine Learning, ML) 7 4L W15 B 24 i
BRSNS 6 45 22 iy FH S T 58
BLAS 27 > LA A B AR A T A R Pl 2y . —
T Al 2] 1R A AR AR | 3 S AL AR
AL DA% DB 2 ] ey AR DR L T S A
TS e SR A &2 ) . BRAT I HIL S 2% > Sk —
ok =28 Wi B 2% 2 (Supervisored Learning, SL) .
Jc Wi B 2] (Unsupervisored Learning, USL) Fl5#
1k 2% >J (Reinforcement Learning, RL). B H &}y
Uk, SL A AT i A Hh A7 43 28 B Il A A 55
TR Y27 2] o 1 USL B W& 1 T AR bR iC i £ s
BREARBESP HRARF L . USL T2 T i 432
[ . 4, Zhang 48 A7 DBSCAN 520
) £ 3 o 2E B[] Coflow H, FEARHE 73 28 5 B 45 2R
#47 Coflow i . SL f5e 3t 9% FH T It 1 /N A
B4, Bukic % N5z F GBDT OB B T FEAH X %
25 I A BSCHE / INHEA T TN, AR PR T 9K
/ME B F R . 7E RL AL A A 1 5 20
B 22 H. 4 F R EAE M S P 51 K i KAk B
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