HEILTR S KR DO1:10.7544/issn1000-1239.2021.20200501
Journal of Computer Research and Development 58(3): 497-512, 2021

SR ERFTFAEERNATY RIEMLK

FX# MR T B OZEER
(FHIL T K2 E LB Pi% 710129)
(TARMREAGAA S EHE AL E GG T K% W% 710129

(maoanqi@mail.nwpu.edu.cn)

Scalability for Monolithic Schedulers of Cluster Resource Management Framework

Mao Angi, Tang Xiaochun, Ding Zhao, and Li Zhanhuai

(School of Com puter Science , Northwestern Polytechnical University, Xi'an 710129)

(Key Laboratory of Big Data Storage and Management (Northwestern Polytechnical University), Ministry of Industry
and Information Technology, Xi'an 710129)

Abstract The significant advantages of monolithic cluster resource management system in ensuring
the consistency of global resource status and applying multiple scheduling models make it widely used
in actual systems. Howerver, the performance of the monolithic resource manager in a large cluster
management environment does not meet expectations, because it uses a single node to maintain the
global resource state. When the resource manager is receiving and processing large-scale periodic
heartbeat information, the load pressure on the resource manager will increase sharply, which leads to
a scalability bottleneck. In order to solve these problems, this paper proposes the idea of “no change,
no update” to replace the periodic update mechanism of the resource manager. In our paper, we briefly
summarize three main topics. Firstly, we introduce a differential-based heartbeat information
processing model in the computing node. When the resource status of the computing node has not
changed, it will not send the message to the resource manager, thereby reducing the size and number
of messages. Secondly, we propose a ring network monitoring model between computing nodes. By
adopting this mode, the periodic monitoring pressure can be transferred to the computing nodes.
Finally, we implement these two models on YARN, After experimental verification, we can conclude
that when the cluster reaches 10 000 nodes and the heartbeat interval is 3 s, the YARN based on our
models increases the heartbeat information processing efficiency and resource update efficiency by
about 40%. In addition, the scale of the cluster managed by improved YARN is more than 1.88 times
that of the original YARN.
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Fig. 1 A differential-based heartbeat information processing model
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Fig. 2 The node is removed from the ring monitoring network
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Fig. 3 The node is added to the ring monitoring network
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@ WA T oo s Tows Health oo, s Health gy s
TaskInfo;
@ Qg 1 AL
@ while lisstopped
@  EBOEE T Health .
® i Tow— T &8 Health ., 7 Health 4 ;
[ S Wi 75 A R T Y ARG Bk >
© TaskInfo=T . Tous
[ AT 55 IR 22 50 1H 5T+ |
@ K%k NodeHeartbeatRequest (TaskInfo ,
Health ... ) ;
ik NodeHeartbeatResponse ;
if %M NodeHeartbeatResponse N
shutdow E{ resync
W NodeManager FMH5 37 S Rk
55 8% 7 J§ NodeStatusUpdater & % ;
end if
FH curMac.HeatbeatID ;
Toa=T,ws Health .= Health ., ;
end if
[ % BT P2P M AR SR A *
3% Liveliness
BNV EIIIE PSR (E Py
K% UnLivelinessRequest (curMac .Prev) ;
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@® U UnLivelinessResponse ; @ W#H curMac.Nodel ist ;
© if UnLivelinessResponse B NodeList ® T curMac .next scurMac . prev;

A NS ©® return NodeListUpdateResponse (accept).

) HHr curMac.NodeList ; HRE S BN NodelistUpdateRequest JH 5., N
@ B curMac .next scurMac . prev ; REBAST EREGE B ISR S EE L.
@ end if PR%CIR 81 S NodeListUpdateResponse 18 B W&
@  endif FEMAY 1 MR EFS RS EZ A BIz(E B AT
@ 5§ heartbeat Time O~ @M Z 3 KR PR AR B IR LT R A 2 5T I
@ end while EHLER AR BT B R 4610 8 AT @ FoR B HBUZK

17D A2 T ) bR Al AT @ JE IR SR IO R 2
AR UL B fg FR S AT © ~ @ FRom #5 A AL 55 RS 5L
fE AR A AR AL, W SR ATE: 55 A7 2k B Ak L, - 1) B
5 W 4 e 55 1040 B4 B AT @ ~ @ 3R 7 21 % IR
WA IR 553 [0 Bk 18] 5205 B AT IR shutdown
oY resync, W AR 3 AH B A7 4 IR 438 1 NodeManager
KPR A AT IR 95 8 E B NodeStatusUpdater
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{E 1 A2 Ak By 1k 2 5O BT 4 oR B AR — YA BR.
11O FR R B0 B 0 20 B A RO B)Y 5
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FTIRE » 12T BE T R A IR 55 ik L B X BRI 4R
G R TR I RE L AT SUR S TR S5 v L O IR A
Hi 45 4024 T % /1 . i 0 YARN #2669 3¢ YarnRPC,
VA S B RPC B, SE3 T 53 I #:91
T 5H Y He AH OC 1Y R A4 O, JF 7E NodeStatus-
Updater 4144 46 AL I J5 2l 12038 15 MRk 55 . 6] i, % 1%
PRIE Y 2 B 5 R B B AT A O E L B

TR 3. AL IR ALY R HH S

A TR RN S 3R BRI B K

i 1 TR RPN S R TR S A

@ if request ASJE RV T L7 A5

@  return NodeListUpdateResponse (reject) ;

® end if

HEWE I ERRE T SR ATORR IR A
HRAE B B L g = DL SRR 91 3%, 07 i 4K 5 5 LA
K 25 s RIS 508 0BT 1 BRE W 45 R0 2% AT
ORI 13 32 TF 58 WA R 91 3 537 544, O
SREIRENSH
22 HEKERSLEHEIHN
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A WA BT IR AR R AT — P R, Rt L B R
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1) RPC 3/ R 59 48 2k
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% s SR PP M A5 91 R AT SR A
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@ if request ANHK B AR A

©®  return RegisterNodeManagerResponse

(shutdown) ;

® end if

@ rmnode =new RMNode (request) ;

® NodelList +=rmnode.Mid ;

© HEF NodelList

@ Sl JA T BB NodeList ;

return Register NodeManagerRes ponse

(normal yrmnode .Mid).

1O~ @ B XIZH B AN A AT %2 A .
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SRS B I E W 45 ™ 2% AT @ R 7R X 1 s IHE B
I S T AN R ] 1A S T T AR
PUZTHR Y STEIIE 2% 1 17 41 56 &R

2) RPC L kWi 37 R K1) 5 24

RPC > 8k Wiy 107 pR 5 B 70 BE A5 B A 5 0
AP BR L e 1% BB S T AR T eR B GE R
AT L.

AR S, AL HY SO BRI R L.

A U BRI SR TH R,

i O R [0 520K .

O if request AIENRK H AR M,

©®  return NodeHeartbeatResponse

(shutdown) ;

® end if

@ if YL TG request . Node

® return NodeHeartbeatResponse (resync) ;

® end if

@ if request.heartbeatID A 276 ¥ )

return NodeHeartbeatResponse (resync) ;

©® end if

[ YR A AR N > A B SR SR B
B I 51 YR AR 5 R B A

© if request.NodeStatus FEAEFRZS

@ CIREFEAL request. Node—Health;

@ else

@  CIREFEAL request .Node—>UnHealth;

@ end if

O W3 HearbeatlD

@® return NodeHeartbeatResponse (normal,

Hearbeat1D).
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O if request ANIER B AR M,

@  return UnLivelinessResponse (shutdown) ;

@ end if

@ if HHH|FR P TC request. Node

®  return UnLivelinessResponse (resync) ;

©® end if

@ if request.Node srequest.Pre 454 NodeList

®  return UnLivenessResponse (NodelList) ;

@ end if

O REFAL request . Pre—>1Lost;

@ NodeList —=request.Pre.Mid ;

@ HEP Nodelist

O S AT S NodelList s

@ return UnLivelinessResponse (normal).
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