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Abstract

Abstract

Currently, with the advance of manufacture technology and the application of astronomical
instruments with high resolution, modern large telescopes are faced with the challenges of massive
data processing. MingantU SpEctral Radioheliograph (MUSER) is a synthetic aperture radio
interferometer. As a solar-dedicated interferometric array, MUSER is capable of producing high
quality radio images with high temporal, spatial, and spectral resolution. If normal observating
time is 8 hours per day, the amount of raw data is about 2.6T bytes. In contrast to tranditional
historical data processing, MUSER is faced with the requirements of real-time and batching data
processing. In the context of massive data processing and management in MUSER, traditional
single host with multi-thread or multi-core parallel computing technology perform many
limitations. The current mainstream open source distributed computing frameworks, such as
Hadoop, because of dependencies on specific storage, complex programming interface, exclusive
data object and mode, are not well suited for astronomical data processing. Therefore, it is an
urgent need to develop a new platform/framework to accelerate astronomical data processing. The
platform/framework has to provide high-speed, scalability and easy programming interface, and
can be dynamically tuned to demand of MUSER.

The New Vacuum Solar Telescope (NVST) has began routine observation. Due to the new
needs of observation, the new terminal devices have been added to NVST. But these additional
terminals are operated independently. There is lack of unified control and observation scheduling.
It causes that the current observational procedure relies heavily on artificial operation. In order to
play a greater role of NVST, it is nessecary to improve automation and informationization of NVST,
and integrate current subsystems to realize automatic observations.

Therefore, this dissertation takes distributed data processing technology as the core focus,
and studies design of distributed computing framework, the concrete applications of distributed
computing in MUSER and design of network communication model for telescope observation
control system based on ZeroMQ. This dissertation mainly includes the following aspects:

1) Applied research on real-time data processing of MUSER based on Spark Streaming. A
customized receiver was created for real-time binary stream of MUSER. A customized partition
and other ways was used to optimize real-time processing performance. Asynchronous execution
was adopted to improve processing stability.

2) Design and implementation of a distributed computing framework for astronomical data
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processing. We design a distributed computing framework called OpenCluster, by Python which
is widely used in astronomy. OpenCluster provides simple programming interfaces that facilitate
astronomers to extend existing codes into distributed applications quickly and easily. A heartbeat
mechanism was implemented for node failure check in OpenCluster. A lightweight courtesy
method was adopted in leader selection of factories to achive high availability. OpenCluster was
applied to MUSER real-time and batch data processing successfully. This dissertation also present
the usages and design of web interface for MUSER data processing application.

3) Research on cluster resource scheduling. On account of shortage standalone scheduling
model in OpenCluster, we implemented one framework per job and centralized storage scheduling
mode which solve the problem of resource isolation and sharing, priority scheduling for multiple
computing frameworks in the cluster.

4) Based on Docker to build an astronomical lightweight private cloud environment. To
improve reliability of long-running services in MUSER, we used the combination of "Mesos +
Marathon + Docker" to dispatch containers. We also deployed an environment with Kubernetes to
create reliable long-running services in MUSER.

5) Design of network communication model for telescope observation control system based
on ZeroMQ. Firstly, we analyzed the limitation of network communication in RTS2 which is an
open source astronomical telescope control system. Secondly, applicability of MQTT in telescope
control system is also discussed in term of the similarity of device control between Internet of
Thing and telescope control system. Finnally, we presented design of network communication
based on ZeroMQ.

In this dissertation, distributed processing technology and lightweight container cloud based
docker are used to solve the problem of real-time, historical data processing and reliable services
deployment in MUSER. The design of network communication model based on ZeroMQ has laid
a good foundation for the realization of future observation control system. The research methods
also provides a reference for massive distributed data processing of similar telescopes, and the

design of telescope observation control system.

KEY WORDS : Massive data, radio data processing, distributed processing, resource

dispatching, observation control
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H AT, A B2 0 A0 K SR ) — AN 224332, B T Spark Streaming, Flink, Samza,
L 45 Google Dremel. Apache Drill. Apache Storm LL & Apache S4 ZEHEZEH0. 411,

T MapReduce 11734 ST SEHELL O )72 DL T2 5008 b #1244, R se $0dis Ab 7
H, Hadoop 4 F T G S AL FEMS), B R 28 AAENS), f# ] Spark AbFE BG5S B HEEL
471, AstroSpark &7 Spark [F)IERHEEA T I3E & R SCEE A FE 1 T SUAE SR8, s p s
AbERA A 7 N T S F A A
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FRIE I 5340 T EAEZE TT DU FRATER GELE B B AL I A3 AL, (HIRZ
R B R R A A B R E S ] MapReduce #5iRP0,  F 4 MapReduce 4 FE
R S 2R, R RN TR 2 KRR O4 RS I ik, 1RXE(E A MapReduce 17
P, B B EORI TAE R, X 2 R )3 S S0 7E R SCATU bl v A ) 3 R A

24 SZ—HREER

AR, RE @ E LAY, RN, B RS R B S LA Lt
B, REICRGR. E—AEHY, FERZHERRE RSN, SR
THEIERE, T R FI SRR CEUsAA RN A BEA R B, &E5 R aH
SAIFEIRE), AT E—A TEREATEAN IR B O RIEME I, 215, x4 TA
FOSERERIAEEHE TR, Hargl 22 Apache #£ 421 YARN A1 MesosPl,

24.1 YARN

YARNDPAZ G T4 2 Hadoop MBI oK. 76 YARN HILZ AT, S RIS A RTE
Hadoop MapReduce V1 Z2¥m, 474 BT MapReduce 9™ i ik H A7 ) YARN A5z
P, R R A R E A AT SR E 3%, YARN HIR R/ R 2-1B81FR, %R
EH4: (Resource Manager, RM) H3ixf &> /& B 2% (NodeManager, NM) 5
AT TR, NM TR S LR IEAE S IR B, 2 RMOIC IR S
PRURAE G L. $RAS NI, FEEE AR AR — AN R R AN BRI AN AR I SRR 3 A
(ApplicationMaster, AM), H'E[r] RM HIE BT, FE3K NM % AM H1i% 2] Container
TS B R 3 s T 5554,

15
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MapReduce Status ——»
Job Submission

Mode Status
Resource Reguest ------o- .-

K 2-1 YARN 1A 2454
IR LA YARN IR B2 2R A% 0o YARN 551 P 2% 5K FH F 8 AL o) =5
F: RUZFI LS EHBAFVE AL SIRGAE BRI S HL . Hr U2 SRR
FENLE R HAZ L, 2 YARN HEAT U6 7 Be 1S R B2 s E R S EEALE] 2 YARN X L2
IR BCRA I B 7 20 BRRORIE AN B HATLHE  YARN PRI 55 50 7 oK AL

[54]

242 Mesos

Mesos F1 YARN 284k, &)@ T8 AU Z HELE BEAS, Mesos 4T UC Berkeley
F— M7 H, BLE N Apache EEg 2 THITRZIH . Mesos REfSTE A — M ERF Liz
TEMamMRRS, KRBT, (F5 KM, (F5RE, F5RE, (ZREEE A
SR FE BRI, DA R A BTN A BRAESCRF CPUL NAE . AR M 25 F1T GPU
TR RGNS H o USRSy i B U R 29

Mesos $Eft 701 B4R, JF BT DO SRS T AR E R e . . X
AN B =AM . Masters, Slaves G A A Agent), FIHEZE (Frameworks).
Master J& & B 1 51, — N2 > Masters 1 57 B B AR P27 /£ 8 S L35 1) Mesos Slaves.
Slaves &S H 7 FTHAT M EZL M S HIHLAS, Mesos Master 4k %E Apache ZooKeeper,
— PP TAEERRE A b (R4 3 i 2 0 o A B B, SRaEHAT ST s ik 28, SE3 Master
e P, RREWITIE 2-2B9FR.
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Hadoop MPI ZooKeeper
scheduler scheduler quorum

A"/l_ _____ Y — l..___\_\.A. ------

Mesos . Standby : ; Standby .

master .___master | | __master |

/ " \
Mesos Agent Mesos Agent Mesos Agent
Hadoop MPI Hadoop || MPI
executor executor executor||executor

task | task | task task

2-2 Mesos & RZEH)
MEZEZIZATAE Mesos H N R, & —FHELEH G L &8 (Scheduler) FIHHAT 2%
(Executor), i FE#% 07 07 vk H52 b 24E 4 T RS2 fE (offer), MIEMELESZ T —1kH
T Master (B JRFLAES, BfEiZH A Slave I3 5h—4 £ /> Executors. iX}> Executors
2 BT PATHE AT 55 I BT 2
Y HF Mesos Y AR N EAELLELHE T Spark, Storm, Flink &5, 78 KA ]
Can>¢ 5 Siri. Twitter, Airbnb) Mesos %) 72 ffi 1, [FIRS 454 Marathon #11 Docker, Mesos
R AR I A SR SR B T AL
FERDCIH MSERF B, B REAR SCE B A FEAT Web IR 55 & AT AR 28 SR AE
YARN #1 Mesos % 5 581, Fillatre F1 Lepiller FI YARN % NoSQL (%3 FE fil it e 42
(AR VYRR R BT,

25 RN

TEBA T R RE A, R 7 DL T GO — AR oL, e ISR, XA
It 28 8%, RN 258 28 nT IS AT 7R R A B 25 146 F AE NI A%, 2 a8 AT 0oy
BN RG0S B TR R 20 RIS 2, DU G A IS () 4 2 )P A prh R ) %
PS5 oRB8, T Docker FEAERERN TSR, I8 Docker, CATEM T IR % /0 #i W%
TE AR RS .
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2.5.1 Docker

Docker B FFi 5 52 22 FIGE AT 1S, A2 B ATl &2 5 2 5 4 . Docker i@
i Namespace S<30 | ZE k% 2, 18id Coroups SEBL 1 BEU R, 18 1d 5 S SEHl 1 sk
SRR, 5 E CAFIEMNZ 2k RGuAH E, Docker AT LASE i faj 5 ) A AN B 25 48
HGHE TR ER . SESGHEMERE, 3T LXC M2 ML Docker 7T L]
JE s B 5 %5/ . Docker [ H BUH S — B DR KIAAAE B I A0 AL A 28 BARAS
FIPOERMI R SEFTIZ N BEET Go WFHAIEM Apache 2.0 i, JEARBFEETE
Github I, Docker FJE 2% 88 P PUIs H sh bR E N, JRE T EE RGN Z B AR W22
PRI TE YR BT B 5 22 A R

FHEE RSB IAEAR, BRBEARMRBLET A E FEV R (5B L b rE
TR UL E Ry R, W EEE, 2@, HeTblEst AP THE; RERMNLE
R b —BEAERTE, BUEM RIS ST CPU I FE R AR LA E 20 4, (B3R —
BREANUIE SR T —H 0 PR T — e BN EE RS, FIREA BRI
HAE RGBS SNSRI ] (B, T2 881K )8 shis (38w R E R4 100,

252 RNEFFEE

LT Docker 5| # M — AR AREAL R Be AR UL — RS AT R AN ) /. 12 E
TR N, S ERRAEEE KRR . Docker FVEK &, EREBHILT
PP B A T T,

Swarml® & Docker F 7 # Docker SRR T H, 24T HEREN Docker T fifIK
P, FEMHLE], HRIE R 505 R, 7E Docker i a5 SERE FARYE SEng HEAT R . Swarm &
KA p PR AE 7 ARUER) Docker AP 42211, ot 2 Ui % 20f Docker Client 357] LLE.
$:5 Swarm i#{5. 7£ Dockerl.12 PA F[JfRAS, Swarm CZ44EM(E Docker 514, H Ak
TR ISR, EAEAE A SRAE R TR, AR RES .

Kubernates®J2&: Google f)— @& H# Linux 75 2 EERERI TR E , ¥ Docker 254%, AJ
WERBHEA— MR RGUORNFE, BR%EE 2 FHKRE FAIZAT Docker 2545, JEAEHt7#%
ENL . ARSS RILLA K S Hl45H] . fEN Google 2 4F K KA 25 28 55 FH £ AR (1K) FF YR AR AS
Kubernetes £\ % A Docker A= 25 8] o ) 85 % — 53 (53,

Mesos H &K Z W1t KH T Linux FIAZRHAR, W1 Cgroups, 2 H HI N IEAKIR 2 ERIAHT .
M 0.20.0 FiASTF46, Mesos JTUE 7 F7 4 Docker 1E NG5S kG BN . 20 An IR,
A T e T R R e EHLAIERE . Mesos R LAHE BhIRATI AR Ve B A4 I 25 2 R FE
AR 2R R SR IE B G E B TE AL, BATR TR ZELE T 500 | k%84 . 454 Marathon,
REAE FE L5 IR 7E SRR IR 58 P B 5 28 B AR 55 1T 65

18



%2 5% RS ES

2.53 CaaS

k& Docker Fi AR KUK BT VZMAT, =AM AR B ARG WA 1T Sk
KA BT R RS EIRN5r, HAT Eah BRI RS (1laaS). ~F & Bk
% (PaaS) FEKAFRIARS (SaaS) 4, AR IHE M = ZRESHERIEA B, 74 T
THRBAENBRERN =G, BIASEIRS CaaS (Container asa Service) PUERL . ffi
2K (] Azure Container Service, #2iL7E Azure z I #5858 Docker #8465 , SZRFA$ F Marathon.
DC/OS #11 Docker Swarm & # Docker 145435 #£. Amazon EC2 Container Service (ECS) &
—ANE AR E R A A AR R S5, B SCHF Docker, 8 AT DU RA M AE
Amazon EC2 SEBIEERE iz T HFET . FTE H )IF TAE2.0 (Taobao App Engine) JE%&tXT
F 5 B 37 5 1) e il K PaaS = IR%%, JE TP B 2 LAl i, SR Docker 254+ A dsf4é
N HIZ 173 5 . Google tH7£ 3 PaaS 7=t 7z W A Docker. JFU ] PaaS #E 42
OpenStack th V4 3+ Docker. 25 b, {EA#IMMBEELRE AT, Docker y PaaS M4
AR 7RISR SRR, IR HAA T HEEE AN

Docker fEFI TR, CAETELM) 32N, %7 Docker 15 Docker 7588 = f£ K
SCAIREIRI , BATE P AN DG (E S T T R D o SRR B A LR R SCIE 2R
B %,  Docker A AR BIEFIA, PURRSATHAE, HRMAFITRAY BN
SR, 78R SCHE A3 A 2 #5858 R

2.6 ZBmiEMMNESI RS

b6 TH LR AT 28 B [ PR R e, R LB Ie 5 () B A s i AR T IORI K &,
AL GE I FEAR BT R R B o A BT RS B RS, B LR A TR S AR S 15
B9z AR, Wz H] R 45 (Observation Control System - OCS) . B 55 4% il £ 45 (Telescope
Control System- TCS). £ W &1z 24t (Instrument Control System - ICS). i 4b P &
4t (Data Handling System - DHS) % 48 N R GE 1 (1) 38 A 1061,
ALMA #5# % 4 (ALMA Control System - ACS)J& 24 {if & 3C A — > Wil 4 1l R 4t
(OCS) ML s, F5 bFLR Z BB MINEH R4 (OCS) MW7, #5% T ACS
EEANESE 5% . ACS 72—~ CORBA MK Z BB T RS, SR @B MASBALT)
TR . 1 CORBA HiAR LAk T LLAE AN R T R HOR 1 JAVA H T RS
EIR, CH+HTIEZEN 8T A, Python WIH T R CEFE MR, 1E4E
#5+ fr) Daniel K. Inouye Solar Telescope - DKIST (Jii Advanced Technology Solar Telescope,
ATST)Em i L ACS JFERIHESS, 58 BN I B 25 2 B B, MU . i Akt
HAR TR B EAE R AR, ST KRG HLEAS IR AT IEE T,
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[FIRE, BRI B e (EST) B i imy A HI A8 > B4 1 OCS. TCS fl4
FIEB RS GIS. &NT R Al @ H RS 2 AT @G, 1EHIRS M SE AL A
BCE RSN, PROGEEER. S, @, HE. BESHRSE S, EHNK LAMOST
P RGBT ik R, [ CORBA HiAR, Bt FARF A BITHHLL B
BEPEEE RA I 2 2RI SR 5 0 B S A 1 R g7,

WAk, SR JUAETT AR A ) EUER, s KB G5 B R Gl fit 1
BRI R84 o ] S CE LN 8 52 7 T R 1) LU e B A LB (R R AR BB e B & LCOGT (Lus
Cumbres Observatory Global Telescope Network)"8li1%1 41 #) Faulks South 1 Faulks North 22
AN T FEHEA La Palma 551 Liverpool BHiik . 1% AR5 Him i PR RS0 NI
5542 ) R 4t (Telescope Control System, TCS). 2% i 2 4t (Instrument Control System, 1CS)
1 H F: 4% & i (Robotic Control System, RCS)=/M4, B RCS SRSt Al i B, &
T IS N AR e TS S A BRI H AR 2 P SR ORI H FR e AT SN, 385 SN R
AORGLOIL T B . RAH DG5S ) R P R IR H Anid 2 llbs e &2, I HAEA P
A PR IRE BE 8 A s [ S SR UYL, H A LCO IETEXT RCS #EAT A H ] LA 2 4 Ja
(1) LCOGT FAS [ 1t 5 B2 528 458 ML I P 119 75 5K o 1 A Sabaru 8.2 K B it 45 il Db S it 1 OCS
MRS, JEEUS 73R8 I R B, ghah, 7RIS OCS MRS N Ao =2
H A5 210 2 % () BOOTES(Burst Optical Observer and Transient Exploring System) 2 17045 [ £%
iz [} RTS2(Remote Telescope System, Second Version) &4t S2Hl 1 5 #ANH F R & BT
[62.83); RTS2 & — NP HCIRHS ) R S iz 4 5 F I AE R G, KA X2 C++ FFR,
BA RIFIIRTIA T SEIL T X0 H AR — S AR L, e 38 BA A s ous il H
PREEATREE, SCEL TSR NS O H bR e S R AR I R TS 84,

BT B BN 4% 1) R 48R A 4y, WA IR E R A il ik . BRFE & 10
Very Large Telescope (VLT), i 40 4~ CCD MALHAREZNSE, MImk & AR i .
IR 10 Z4NFHY: CCD AHMUIEXS BRI a2k B b TAEES 881, CCD (ARl R 408 4
T VLT BB OIT RH),  Z il AR 0 A sUSE i 25 R 4, KR C++1E 5 SEl,
HIEPRAEZER, AL TANFENLER B AR I B R GO R A TS s 1B AT LRSS 1)
R AL FEAS R R RV R

2.7 FEXIBipE

2.7.1 PSEHA/RERE

BHATHE VR 2 AR SR RS In B AL, dn R ST AORAT AT, R At
BESEA R RAEE LT IRATUREE, XAENE N A B AR R 1 PAT L, A E] T
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) H o ST 2 AL —MELP-Jo i [l A e, ISl 2 e T S 2R 45 4 5 L]
QIR JRTE 1967 AE42 H MR 4k /R € (Amdahl's Law) B, e fR3R T BESR IEATIHHE 2 )5
BERIRTHRE ST HIEA T

1
Speedup gmaan =

-+ /m

Forbr £ N 1a) R AT R AT AL B A B LEA], m DR IRAT AR LI B, Speedup N IE
A7 JE AH EE B AT B B BRI

Amdahl's law BT FTHR MR DL 0 18] B R /N2 [ 5E 1, P FRAT A0 b2 [ 1), 2419
R AT FATHB 53 AN KIS 3900 A R B0 FE A BE S 25 D0 bR o e 38 PR i ] o AE S Bt
MIATHTHERE I (m BoRD 25, BT RA N R o BRI r) R, 4 i) RS DK g B
16, JREROLR, XA AT 5 0] BB o AT AT /N IR (Elo AR HE 2 A
HATH D, MBS f EK CEHEE 1D, Aef5 515 K s e,

(2-1)

2.7.2 MapReduce

MapReduce A& —F /A sNAITHRABEAY, W) Google #2189, F Tl peifg S 4040 11
O3 AT FUH S ] PR U R AT R R R T TAE AT (Map 1), A5
T4 RA AL R (Reduce F2). XA B HIRES WG, W LLER KE
Mlgs AT A a8, InbPUES AT . 78 2.3 WA it H A 441 Hadoop, Spark 2515
I3 A RMEZEHL & MapReduce [T JE S2H

MapReduce fif F s 2\ gm A2 A AR, J8 I fe i S HOE S 1 LA E 4 508 Map (e
HFE) FI Reduce CREEIFE) WFEEGHAE, WA ML 2 25 585 A6 XAH G [ /R O,
MapReduce JT & R FE i@t & X Map H1 Reduce WM, BB HUABEEE S, (STt
HHVERRE, BATHP RS RIRET, FERN M CRUSERE A7 70 BOK & EHE 7 B, A
— R Key/NValue CBE(EXD FE N a%ds, R — MR v B Bcs — > Map 1155,
T MapReduce HEZL X L6141 55 43 e 21 U TH S AT P 1171 550, AR 48 70 B 2111 Key/Value
HEAT VR, ST H P R 2 B ARES, A2plo TR 45 5 Key/Value 224, ¢ Ja it 2l Reduce BBk,
PATH P He e AR A a4 Footfm it A gs 1, b S Key GBEED MR ST
[F]— AN B TP AE— N TR Key/Value 2404,

N T HEff MapReduce ZmfE iRy, DLE LI SIRITHECR B B . B TR NG E I
NS ARG B — AN AR I . o Ak B MapReduce AR, B v $i/F ik id i
PAR JUAN D e (A,

1, BN SCHAT IR 73 2 Ml sk

2, Map BR#EAEH FIRICsR, FERHEAS B A B AE R CHRaa], A BARO s

3, MW Key (HLIA)D A I Map s & H BT A SEXT, FHRMEE 4. H7 .
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4, Firpa) g Bk i% 45 Reduce %L, H Reduce ™A i &Hn .
XA~ MapReduce B H 1) 56 82 R0 T K 2-3 Fis .

Input Split Map Shuffle Reduce Output
<and, 1> \
Hello world :V};'/zlrllod' 11>> <Hello, 1> <and, 1>
' <Hello, 1>
<Hello, 1>
<Hello, 1> N <Hello, 3> and, 1
Hello world Hello tom <tom. 1> Hello, 3
Hello tom ' <Jerry, 1> Jerry, 2
Tom and Jerry <Tom, 1> <Jerry, 1> > <Jerry, 2> Torr31/‘2
Hello Jerry Tom and Jerry <and, 1> ’ Worl‘d 1
<Tom, 2> '
<Jerry, 1> <Tom, 1> /
<Tom, 1>
Hello Jerry ZT;I:;' 11>> / <World, 1>
\ <World, 1>
K 2-3 HE {50 MapReduce #4472
2.7.3 ZeroMQ

ZeroMQ E— MR, BB 6. mtERE. W RIS ML B, BiE RS
VAT B XN 2 AR A RN AR A, 58 2 P A S i Cansd R N aEAE | IPC
TCP Fl UDP). W48 i&E 4z 3 37« B F1 60 Bl « 2 b 6 55 2 M 4@ E AT T TR
EALLATZMIESMERT, W C, C++, Java, .NET, Python FISH £ FhEilE &
44, W Linux, Windows, W%~ @MQ. OMQ B ZMQ.

ZeroMQ FARWMH A FrRE 2 —MHEEBF, &G R—A T [F 7 S E) R e
WG FETE, & T ZFEMEEERA, Wil sk ERAEA (Request-Reply) KARIT
FIFE%Y (Publish-Subscribe). #EHifE%Y (Push-Pull), Router-Dealer, 3f7] R iE4 &% X
S B ASEA y  BE S  R  A T H B I 2 TS HESE

AT [FI2E a4 MSMQ. ActiveMQ F1 RabbitMQ 7£ & 3 IN F5 B L 1T — MRS 2%,
ZeroMQ R FRZAEN R 51 H ZeroMQ FEFFEE, #iv] LAME 2 N RR AN EAT I B OROX, i
BEREFRRAEHE 1. ZeroMQ K C/IC++ JFk, I H sk e BRI, BT AR
378 376 v - A 9 2 A TR A8, G R ZeroMIQ A T I EE T B AR B I B R B R
[, B BIRSS 2 RAFAE AN L S B, BT AASSCHRRE B R A S i

72 L RRA Y ZeroMQ 1, API 2T AMQP A #e fBASIIE AL, {E# T 2009 5 T
API, (] BSD Socket API, FEKT API 123114k, J77{8 ZMQ 5IMAHARMER. #
an, ¥ ZMQ WRFEFE A “CEBET 8O RARTT” RVEE R FHA G LB TCP,
UDP, &I, SC{FH ZMQ FHif.
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274 BEIEIFE

A (Directed Acycline Graph), f&i#x DAG E*, DAG K& 355 MM E
— IR A B, MWEANTI R R G 3 T 2R A R F R BRI R . oA o S 4
DAG 1 EA R AR SN T NS TN TAES, ARG A HZELR
BT 6 fa I 55 R 3R A A B ) TG RA BE®) . DAG TR — i o = 2 & # el:

1) MHRBE, B — e F B I EAT S 0 R B 5 T AT % T 1) DAG 4514
HAZ O RFIEMETENE, FBERJ7 N I A ol Rk s @ N . 7E Spark 1, #i2
F 7 5 L) RDD () map A reduce 2555 Bt A .

2) DAG #UTHI%)Z, FEBRZE FZE KT ARIEN DAG AT 55 it 4%
LT, FHAE 2T ERYENER FE1T, K22 DAG IHEMZOMe, THEAES
REE, IR, i 5EEGEEN&EH, BNREMEHEE LW EHEMHE
HiX JZ Kk 52 il . 7E Spark 1, 5t /& DAGScheduler, ¥ RDD [ i< %5 #: v Stage [ DAG.

3) WHEE, HRXEVIENSBER MR ERE, R EARSREPATIY .

DAG 7t i it H R R 5 % WA — M 4514, Dryad, Apache Tez. Storm. Spark #fi/&
LI T DAG R THRAEZE.

275 SRAM

IAREI A T 5 H bl R s AT gl PC ks as b, Bk, fE— Mo mRgH
HH IS5 S RN B 5 KRR A7), R AT RESR B T EE RS, A1 R e b vy
RERA T 24 H S A 1R, K5 B CSEIRARRE A 2 AR IR IE R G ARE Lt 2w
DASEILE, PRI EER T E AT il B A R BT IR A AN S R A0 38, RS RG, A RS
HIFFEEIBAT -

AT, R R v P SR, OB N N B R
FEXT T B AT R R RUE,  /INFIASE () B 8 FH O BB 2R A I Xof 28 G311 A7 v
BN, I HANIURBTAERE R I 287 B8 KT R PRAE IR B/, IR AR o BR B A AT DAAE HR B9 R
(R o 20 BRABE A 7 FH TP S IR 55 A R BB I, P R 552 SR G B/ 4% 4 BB I B 1 31
SRR T AR, S AT (R Ao BRASE AL AT A T e 0 981,

X RMUBLEE Rk UL, B AT ST s — B RS R I B e, SRS
m A F PR Leader 2 #RAE, IXAE MHTH) A0 AR ILEURAT, i Mesos A
Zookeeper!®l, Docker Swarm & i] A # [F B S 46 F Consul . Eted ZooKeeper 47 Leader
f13E 25000, Kubernetes 111 T Eted 25528 T 1 & e Al RO,
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2.7.6 RIERE

FERNLEA R FH IR B N E R4 LR &, AT LASEI R SRR
R P R 905 9 1 R P AR B I 45k 5 T SR S P R R D0 B B R E 1 2 4
A TAEETIZ AT BRI FIRSSEA R, BERKE R RARE 4L
Ay BIERE MRS T A E TSRS TR ER TR BT M HOR AT ASEEL
B R RGURI RN AR IBNASIT RS, T BeS SE IR 55 48 I TE SR 44 FOAH 4, o 2 ey v
SERGRAL T EHHHAR T B

IBATER—Y B RS # ERZ A BN A B RS, RIS RO 18 B2
G TPER R SRR E . (AR E . WERRES . Ui bR E, AL A2 5 44
J97 R P R REE L i B ) 9 2 T e A T I AR 0,

1M H AT SV E TR RE B 00 o — PR, BORBRAZ 2)90TE . A8 A BOhHs i B4k
RGBSR RIS A2 A, DUSE S b A ST R 4 22 1) P14 A 1 2 R e A ) 7 SR
(1041, 7% 3% 15 Bt bR 29 A A2 BT I MES:, 40 Solaris Zones A1 BSD Jails #t/23F Linux #:1E
R4 FINELS, 1 Linux ‘& T WA EOR, A Linux-Vserver. OpenVZ 1 FreeVPS.
SRIX BE R AR AR D28 A, (H R IX S R IR B EN T A 28 S FrEE B 197 Linux Y
*ZEP[:LOS]O

7E Linux WRZIR LA S HAR T, B F 2 LXC, B2 —MiLE Kemel MERERSR
T AR T 5, B EPATI AR E A%, H L 2% (Container) 515 E 4L
(Host)Z )38 5 3 52 A RZ SR DN 3 sl 2 AN/ W AETH . LXC 7E 2008 4, Bl 1 &
NI, ELEE T W% Cgroup Al 4 25 AR SEL R S A RE R 281, LXC 1 H sk
AR VWAL, 1E5G BN LA — A7 O FFRE Linux ZRBI3A5E . Cgroup /&2 W
% B SRR e R A LA, e BN F RS (CPU. Memory. Disk Al
Networking) G AH S IR ke e 428 IR il SRR A o 4R MR MES BT B IR &, AT
TRUEAT 55 PERE AR e T

2.8 AKRE/NGE

AR FE AR A O A SRR BT T R AT RS A, AR /T
YRR FHATUHE. A ERACT ERN A, DURAER TR EENE, WK
TRVER R — LR, FEXT RIS N T TN, B IR AR R o A
A EAE A I 5C H

WRT R, [ A B B R A2 ] R AR FT . H5ol 2 DKIST(ATST)H it
FEH, OCS EBANERBEM R, SEANETHEGEE RGN REZ, N EANETHEN
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ISR P R A U B RO Al R, A0 SR TCS. ICS 5555 Al B B3 A [F] R BK Bl (11, OCS
i Bm B HIEBRIE RS, A ATE B SRS ST R BN R S 2 1 5 2
SCHEAER], ABSREERORANAI R F R SCHOR,  FAEME IR SORE 2 A R 2 R = TAR
i BT, T RO BN SR SR 2 5 T AT R S G, R R SCFE I ESR
BRKR, 5 3 B, REEE T NAASATHER AT FAHER Spark, WU
MUSER SEI 88 IS EOR, 7255 4 &rf, BRE A T R ER T ez L B0
AT T SR ZE A BT HEAT W SO o M, WIF FE3E & RGBS T 55 10 73 A T St 2E
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% 3 & Spark £ MUSER {3 F W 5%

3% Spark £ MUSER 9 ¥ 52 IR 9T

Spark & —™ F SRS ig i a8 H IR I 40 A SNk P&, Spark 3 FH T & Bl &

JRA TR BELZRAE A ACE G375, ARG ERE L. B A AL,
WIS AE—ANE— HAESE N SCRFIX AN F B THEL,  Spark 87341 TRT DA BT {IC AR HBAE 5 Fh Ak
MR GE k. MXFENAHE, 75t R 2R A = SR Ak,
Spark  [IX PR IE R KIRAR 1 IR 26 75 20 & BT & 40 B B AR A

Spark $RALTEI 55 FIH APL, 4ifs il & SCRFH 7 48] Python. Java. Scala H1 R i & %
FH A EFR T . Rl Python 15 5 SCHE, 78R SCHR A BRI A B 2L . Spark
I REAN HoAh K HE T B3 VIS . #ltn, Spark ] LLIZATTE YARN Al Mesos #Ef |,
7 1) f3% HDFS. Kafka. Cassandra 7£ P H%#E 107,

£ MUSER I H HHE B b, B8 TIT RN AR SR, — Xt 7 S8R A 2, 5 4h
— A& 5 FPER S A L I B I ST AL EE . AR EEEXT MUSER FSER B0 Ab B SR, AL
{8 FH Spark Streaming $ it (1) S T SRHESE SR &2 MUSER S 28E Ab PR 7R SR« BT %6
4 7 MUSER 1§ 1] Spark Streaming HJ#(#E 4L Pipeline, sKHL MUSER () H & SCEHE
ek gs, e 743 Spark B 4% 044 RDD (Resilient Distributed Dataset) #1473 4 74,
HARE A EE R 0 X 7, Fr AR BJE 456 MUSER H S B4 b 22 0 75
B, PAaE AR Spark Streaming M REAI AT R 7 T IEAT A A3 BT AR AL

3.1 SCRTALIE Pipeline

N T RE SN H i 24 BT AR A RS A E DL, MUSER & 5 A0 25 il 0
#&, UL Socket J5 A AIANG i, A e Ui EAE b AP A 58 OV ISl Zd iR AL B, o Ak PR
LR GE B K s, R a R R R, A 2 B AN BE LAAE SN 1107 30U
B LI 1% L . MUSER HSE IR St Ab B 1 B AR A0S, semf Hoaaedle, wabs, K
SEFEARR, AR RS A by e S50, R ARE 5 R A2 R UVFITS SCfR A el it
— A NERE, L, M. ERNMEEEETEFES MRS L. M5 RAER
e, SRS ER, BERMETHES. WA 3-1 87 7 MUSER SEI #4021
FER .
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@ ;z MUSER Antenna Arra)a

Y File Storage
[ Signal Digital Receiver Cluster

lReal-time Binary Data/Socket

l !
[ UVFITS Generation ] é%

Web Monitoring

;
| o |
| o \
I Validation o Clean |
\
| L |
i Data Flag : ,: FFT i
| b \
| Reconstruction : | Image Generation }
[ b \
| b \
[ I \

3-1 MUSER Sk it ab FRE E
A BT BRSO L= A= ) S $i s A Socket/ TCP 17 U A1 405 H 308, s et B 3-1
FE AT R 2R HE N BRI B, EE A SR A B R Je AR Bl UVIFITS S0, Bt i 3-1 4l
R 0 F ZRAE P 0 A0 B S R I 2l SIEIS) R A 1) Wl e $as ity o HLrp o EEHE P O Ab B SRR A
24 7 GPU RIIPLA EPAT .

3.2 HZENX Receiver

H BT 7E MUSER fIRATGES 73 B9 H AW 45 3 222K 748 1 it (100000 Bytes) UL %k
5, B 5 Fbr=4: 8 il (8%100000 Bytes) UL It £ 4 L1081, SO e Ao 50 s 75 2 Siemf Ak 2
T b TR 45 B R 306 ) W 4% 2% 7 . Spark Streaming LR Python 42 11, #J2 indk Sc A xt
KIS, B2 IER: Flume. Kafka. HDFS R4 B 47 245, Spark Streaming $2 4t (1
A T A SRR B R XT %, i MUSER [ S2i £ 2 — ki, B RAFE
a2t (& 100000 Bytes K/ Ry—ii), KT H @ X Spark Streaming UL #%
(Receiver), IXAMZICHSBREHRICE] kw15, JFae i ddR, JF%4p RDD.

Spark Streaming 7 M P B 2 E VB HE Flume. Kafka. Kinesis, HDFS. X ff. &
FAEMM B, AL A SRS R WA = R B dE o Spark 2t T
org.apache.spark.streaming.receiver.Receiver X MM R K, HFHEL AKX MMRIE, SCHAHK
W77, AT LASEIL E € L ES , gmiiE 5 T LMEH] Scala 203 Java.

£ Receiver #lIZKH, AWM RERTTEFERS:
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1) onStart(): XA pR %L 3 E A TTAERIIES B BN, A R R A

2) onStop(): XA BRI E AR DT ERCEE IR, OFER AR, TR ER

ANE & onStart() 1 onStop() FVEHATI LATGIR BAMFH %€ . @500,  onStart() /7
R B E— AN LR TR, T onStop ()2 (R IE BB (R FEp 22 0k . BEUREK
PR TT LS ] Receiver ZR4RMLAY) isStopped() 7732 Aa Ml 2 75 7T DAfE (ks i
Bm— Bk, xR vl DLE T i B store(data) 5 VEAE B AE Spark 1, store(data) 7
V2 /& i Receiver RFE{E[ store J7i2E — AN FHEE R, R BT 5 &1 4 771 21 Spark
HIA i e

H & XKW 2 AT LUIE i ff B streamingContext.receiverStream() 7 5 5K £ Spark
Streaming N LT EH, {HLE Python ) AP 1, V&G BRALSZELE & SRR Ss  J7 1%,
ANRE ELHE O F E SRS . DRI B — A ) AR B SRS, FRAT G A
¥ MUSERStreamHelper. MUSERStreamHelper & — AN [1)35, /4T — MRS TE, X
A5k Pyad v LALE Python IREEH B2 A, @1 R 3-2 B, MUSERStreamHelper
A & s MUSERStreamReceiver # 2 # H Java 4w 5, 121T7E JVM i,

Python Driver MUSER

Realtime
Data

Py4]

A 4

MUSERStreamHelper > MUSERStreamReceiver

Kl 3-2 MUSER H & X Receiver Sz ab H 75 K
3.3 HWHLSHABIEE

Spark [¥j#Z% /& RDD, {55 MapReduce, Streaming, SQL, Machine Learning A A
(P ZH 440 2 £ 5 /E RDD [2EAl . RDD & —/NM R B, mlor X a4, X4
PR A EGRAT AN AF T, 2 HHEIAEH . RDD BA REFHY R, wTLL
JiEY & Spark FdEIEEC), H g SRR 75 H O R #2498, HDFS, JDBC %, %
¥ 32 FF Avro. CSV. JSON. Parquet 5110,

FH P AT DL SR K04 A7 i BIRE BRI N A7, IR ReFE S BB 140 X . [FINf, RDD k42
BT — 21 R R R X Ee 5 - 451 40 map . flatMap. filter 554 #5:4F, LLAZ U count.
collect. save Z5PATHEME
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34 BEXHTEXAR

RDD NSRS, A ER— MR s XidxkEs. — 1~ RDD i V& 249
X (Partition), A5 Xuie — MRS Bt. RDD v UUAHEfKH. 41k RDD f&EN4)
X % A Ret—A~F RDD —AN o XA, WHARZ REAH:; 452 >+ RDD 43 X #80] LA
WAL, DRRZ N B . AN B B4R LR, AT RE 2 AE AR A 140 map #4E
SPE A AR, T join A N P A SR AR S .

Tn# Scala A& SN EEKAIE RDD K, &Rl LLEE S XAE, FHiee 7 Bk
B, A XN EORSET%ME, b

val rdd = sc.textFile(filePath, 5) // #8:E /X% N 5

Spark N #BHEAE T HashPartitioner £ RangePartitioner ¥ fh4) [X 5%, HashPartitioner 52
THEAETT) Key [ Hash {8, Hash {EAH[E 70 RN Rl —/N X 2 W5 RangePartitioner
SR EHE T Key [F]— %0 6 Bl B TN Rl — 70 X o R 7 kil E ey, R 7 25
AT HH FHRAE I BAR AE A — 40 X, 5388 TSR HZE, {§ RDD H&N5r X B 1)
B E R 5.

MUSER A5 FH UL s T) RSB A 9 B fE 6T RDD (1) Key, {38 f HashPartitioner /544>
X7, AN [EEANE, Hash B WEAE, iy Xk T80 e A EdEmin
U, SABKMEE IR, 4 RangePartitioner thASfE 78 423 BoR . R 75 sk
A E A IX 7, wTUA#E A Spark $#2{Lf org.apache.spark.Partitioner %2, 4k7&
Partitioner 28I 5 [ — /N7 ¥k:

* numPartitions: Int: I [A] 1 2 H SR 5 X 2L

* getPartition(key: Any): Int: R [H145 € S 5> X %5 (0 2] numPartitions-1) .

* equals(): FIWTAHSEIERIARAE T VL. XA TTER LR 2, Spark FHEHZXATT
TERAT BRI 3 X 38 0] G 1 AHAR S X B8 Sl AH [F], 3XAE Spark A ] LAFIKT# -~ RDD
(153 X 77 Ao A AH A .

7E Python w1, R AWH Partitioner %25, el g XX AR, AT ELEK
Partitioner 28, R FFEAE rdd.partitionBy() B4 —> Hash %%k, MUSER =g FH W8I S [A]
AR s, A% 0y: IFEI_BiE, .

20151101120854.354161_ 400

WIR M 3-1 BIP AR RN — R —AN /NI A (1) BT B AR [R] PR — AN 7 X R

Fi% 3-1 MUSER ¥ H 5E 353 X I P AR

def customize partition (key):

keys = key.split("_")
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hashHour = hash(keys[0][6:8]) #il®H/NIH Hash{H
hashBand = hash(keys[1]) #IFS&4BH Hash {8
return hashHour + hashBand

rdd.partitionBy (4, customize partition)

35 FAKEE

fi H cache()F1 persist() /5% 7T LLKS: RDD [+ [R] 115 45 272K, cache() A 1
BRAINI A2 ) (MEMORY_ONLY), persist() 52 7] LA —> StorageLevel %f %Kik B
B . ] cache() 51k, MNHRLEAEHIHI RDD 43X, AN, [HE 2 X2 B
BitBR . M BX Loy XEHRE, BT irES R OB MR, FEHITER. 1 persist() /7
ERVAL IS — NG, 7T LLgE & WA RGBT 3R A8 B AP &R . - StorageLevel.
MEMORY_AND_DISK J&# RDD £ R 3EF 5 LI Java X A7 AE B HLAIVMO N A7 H,
WERAFFIEAT, WK IHEI5> X5 NS, 24P R 22 2000 B P A2 b s ]
Ko EFERIARMATTREZEILEN M E &0 X EMRRZ, W] LA R FRE Mg R M. 4
RDD 43 IX W EHARCHME R CEbanih & — MR B IESE D i, XMEE A

3.6 HHEYA

Spark Streaming it xS Ab BE B A B K E S B R A, BEUE, ARE i T E
AbFH . Spark Streaming 4 A B SEIS R IR LA [R] O BAL AT IR 4y, H AT DD g B
BEAR5 s SRIG DAL AL B 1) 7 =R AR B A AN B[] 1 () 5 300 0BG D I R 14D sk B 3 X 2
H T EAE BN AR R, S T 234 1 7 5 18 B ek 5] I HLBE A I 1A] (R ZE 25,
IR AFAE RS B SR TIRM . MUSER S B & W00 15 %42 00 00 B [ D 72 A
f, HIRFPAIEE (8*100000 Bytes/5s) & ffiE . 14 ] Spark Streaming K9 527, &
g 75 B/ 0] StreamingContext X} %t , StreamingContext X % [ ¥4 & & 2 b 5 — A
batchDuration %%, @il i%S%E X Spark Streaming X %4k it (K117 43 18] F%,  batchDuration
R o B E WA A B 2, IX AN S E M T DI i e 25 o 21 o () B3R SR FI W (AT BAFE
Spark IXzh#E 7 1 H &+ A E "Total delay" 5% FI ] StreamingListener 42 111) . 45 4EiR 4E+¢
P, WARGRARREN. MRERFEIEK, WBaRGELER PR HEESE, AR
SEM . WRRGRATER, B 7 A LLE 19/ batchDuration F{H, [F]I 225 R A A
MALERRE Ty, 256 Spark UL AF55 HAT IR [A], 4% H AE IR RFERIG KR S IR o X B3R AT i B 1%
N5, BN5FD.

LR RBIA S, R RIY) A A kg B m ) v f5, ik [5] DStream, JAS B
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BT A R B Bk T B BYE AL . DStream PR L& — NN HashMap BY AR B
generatedRDDS, H:rf Key &I [8] J B¢, Value /& RDD, DStream #:{E#1 RDD f5/E3
(e

3.7 HETE

AT — MR IAE Spark AR5 T RFIRSE AL AL B, Spark A AR AL 1)
EARR, JIHRARREMEING. TR E AR SR KBRS B, BN RO R
ITRE.

MUSER s b HErh, 75 200 ks FE U B F5 AL A B AT A O HH8,  thnfE T
AL ZERRIEFI A B UVW SRR B WA A 7 R (R AR T M2 RS B, MUSER 75 ZE 3000
HARMMALE TR R T 1 A=A, Sk, RA THE% IPL & RM, fEH
Spark JTREARE, R R RURE BT B TAET A, REERAE WA R .
YR A OR AR, S RERRR S (0 P A SRR E ), ORISR T IR 5
(RIS AR A B AR IR AL R I TR DR A, 3K BN TRV 25 B 5t S oA M e L

JPL R s DL b SO A7, AU I ST AT JF AN R P — AN FEIS 1 AR, andiae
EZ NI TCR AL E— RO I B 2 LA A3 . Spark A48 FH 2 T 43 XN B4 1447
BRAE DL S N AN B R T EE A E T, T X A map (mapPartitions B&%0)
Fl foreach (foreachPartitions Bi%), R X RDD HIEFAN 3 XIE4T—R, IXFER] DL B AR S
PEFTIF RGP PIARIR, M TIHE = P B o

—

Spark Streaming AN A BEIR AR, & S IEEFRFRAN R, BB & LA Batch
Interval ff)77 TR, @10 5 A%, (HJ2iX 5 Rk BT, Htoales] 8 mifd IR ah s,
X 8 MIHIEHRE MR T — N ES, 1 RDD ALFREImHE, SRR XA E E RES 4t
RDD. X TEEEAW R R, iR AN E S A Wi ()5 E 14 % Batch, K4
B ) ) o A2 [ 1, LA B ] 0 o 7 A 11 250 A i 5 1

Spark JSE AT LU IS AR B 1 BT BO3RAE,  JREB TS R MORAE 55 K48 v A
Yo i, iR R A RESRIKE RS, EEARESIERKR ), KA TR EA I LT
JE Bl AR A 0 « 7 SERF TSR35 R, Spark BT DURI A E S H & 807 SOk SCRF A
WAL A A SHLH] (Check Point). Ha e mitLii 2 FATI/E Spark Streaming H ISR OR [ 25
PRI ZEHLH, & P LA Spark Streaming [ B TS FH B #7213 1 HDFS X A1 AJ
ARG, DMRERAEH . Bk E ZdER, Spark Streaming H 75 E RHE]_E— AN
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f£ Spark Streaming N2 FH 1, 3258 — MR, SRS) ST IR HIA6 AL H2 08 38 5 £ onStart()
JHE BB — A R SRR, — BRI R R, RSN A% 4 IR AL B I TA]
(batchDuration) 52 1 FEAE 55 Ab BX S6 504 . b HI AN kb AT 2R 7E NI R shind 7 21
R ETIR R A, 2 SEBERYIRIAIES — BB SR, FEX BUN 18] Y X sh 8 A 2 iR
FEBMIAEST o XA U A bl 2 A B AR, EAE AR A B0 SRR, i Bt
SHENPNAE, IHIEEER B A, d3Eif4s Java GC (BB F k™ E L 11, &5 51K
o7 R 3 35 o

X WS 7D A BAESS T L S B AR AR k. IR RA% 3-2 MIERHE 3-3 HIAHY
Pz, RIS, Task APATIL 528, KCEREAE; 7DJ7% %, Task k512
RN LGRS, ACHERREMIAT, Task SLZILR, AT & FIRBIG R ST e, DAL HE
IR AR . T34k, MR BRI 2R E R RO, SR 2D b 8. 2seis

BE, ZAFRRKIER T RANHFEE.
R 3-2 [P AL PRID 5
## runBusinessLogic #& Task HHENVEGEH, PATH RIAE

rdd.mapPartition (lambda partition : runBusinessLogic (partition))

Rk 3-3 LRt R D A P i
#55PAbBE, threadPool fEZRFEIH
rdd.mapPartition (lambda partition : runThread(partition))
def runThread (partition):
if threadPool.size > 100 : #Z&FRMLHFENLELEAT 100 I
runBusinessLogic (partition) #¥ [EH A
else :

threadPool.process (runBusinessLogic (partition))

3.10 S£I§

PLF BT A SEE6 I 7EUAA PowerCube 818 O ERINL L 3t4T, fH 5 G LA R B E L
W, AN ERNLIECE T 16G DDR2 W A7, PIHT Intel Xeon E5-2640 v2 CPUs, 2.0 GHz, 16
1) CPU, 16G 1%, 40GB [f)fifi#i . #:1F R4 1# F CentOS7, Linux W4 3.10.0. JDK

2 http://geek.csdn.net/news/detail/78414
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WA A4 1.8, Spark FIRRAN A 2.0.2, HA—AN5 fifE N Master 715 55, [AIHS 2 Worker 77 5%,
A DU S AE N Worker 5 . @ N 3-3 4 Spark ZE#E () Web W54 T -

e "@ http://172.31.252.180:8080/ P~a & Spark Master at spark://...
Spark® ,,, Spark Master at spark://devwslic7.cnlab.net:7077
URL: spark://devwslc7.cnlab.net: 7077
REST URL: spark://devwsIc7.cnlab.net:6066 (cluster mode)
Alive Workers: 5
Cores in use: 80 Total, 0 Used
Memory in use: 20.0 GB Total, 0.0 B Used
Applications: 0 Running, 0 Completed
Drivers: 0 Running, 0 Completed
Status: ALIVE
Workers
Worker Id Address State Cores Memory
worker-20170118010050-172.31.252.181-36639 172.31.252.181:36639 ALIVE 16 (0 Used) 4.0 GB (0.0 B Used)
worker-20170118140048-172.31.252.180-42366 172.31.252.180:42366 ALIVE 16 (0 Used) 4.0 GB (0.0 B Used)
worker-20170118140050-172.31.252.182-57121 172.31.252.182:57121 ALIVE 16 (0 Used) 4.0 GB (0.0 B Used)
worker-20170118140053-172.31.252.183-48276 172.31.252.183:48276 ALIVE 16 (0 Used) 4.0 GB (0.0 B Used)
worker-20170118140053-172.31.252.184-56531 172.31.252.184:56531 ALIVE 16 (0 Used) 4.0 GB (0.0 B Used)
Running Applications
Application ID Name Cores Memory per Node Submitted Time User State Duration
Completed Applications
Application ID Name Cores Memory per Node Submitted Time User State Duration

K] 3-3 Spark fEHEN Web iz 5t
BT 5 SPARK_WORKER_MEMORY FC & 4 4096M, 1% 5256 3= 5%, MUSER F
[T B RS, AbSERT R, A RGWAEIR, batchDuration #& 4 5 #. MK
BR8P LS ) SR A WA , 55 5 AP RI% 8 AN/Nint, JEHR T 10 43P AR SE B, SEhR
R NE 34, 3-5, & 3-6 fild 3-7.

records/sec
2.00

1.50 1 V Y N
1.00
0.50

0.00
11:04:20

1
11:15:50

3-4 MUSER H 5& SR R IR I 1L 2L
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seC

3.00-
2.00-
1.00

0.00 .
11:04:20 1:15:50

K 3-5 MUSER 2B i 58 28R

SeC

3.00 5
2.00 _W
1.00 1

0.00 1
11:04:20 11:15:50

K 3-6 MUSER =L i 5 AL B ]

SeC

3.00
o _W
1.00

0.00 1
11:04:20 11:15:50

Kl 3-7 MUSER St i sl Tt 138 I [A]

B 3-4 e R S AT DUE B g AP B B SO Rk IRl s 3— 28
HHRGRFFRE . Bl 3-5 7R [ Spark BIVHEEAEIRAE 2 28 . K 3-6 HERE A3
IS [E) B IS 1] AR A I, AT DU AT S5 3R 50T, T SRS 8 MNPAT S AT aa 4 1R, 78
BAIAE S PATI T B, B JE AT S5 AL BER 1) b e e, KRAITE 1.6 BV AEA, T2
MUSER 1 S AR 55 A B 1) 75 3K

3.11 i1

T Spark ETERE. AT R IR R AR, FRATEH Spark Streaming SEIS THEAESE
SKip 2 MUSER FJSEI BB A BE TR SR . 78 MUSER i fEdh, T2 A %) CLEAN
kM2, CLEAN & —/MEMRId e, Barg AR HE] Spark HH 2T W7 IER TR IXA
HEENIM . Spark Streaming ELfE MUSER /N, K8 DL R 7 s
A DA [ B e 225 b A 3 AN SIS AR PR B0, ARl I P T R [ B A g S R AR S A 1
5535, At T X S SRS AR R SE B o Bk %5 . {1 Spark Streaming /E 8 —4>
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AFT I SERT T EAESYE, BT EE 2SR, R AR R SCHR A LI T RE,
e e 7R B R KA (R 25 56« J5 SR FRAT TR 2 4k 22 F 5% Spark Streaming 75K S THI IR »
Ik Spark Streaming O 1E MV s FZE LA o

3.12 AKRE/

fE MUSER 1 H H #ls abBE b, A8 7T AR SR, — 25t D S8R A B, 53 b
— A& 5 FPEI A A LI B I ST AL EE . AR ZEEXT MUSER Y SER $iE AL BR SR, AL
i1 F Spark Streaming #& ) SEI THEAESE R £ MUSER HSER S b BEFR SR . &1k
Spark H %0414 RDD #1440 A SRR N R T 46, H8 7 520 Spark Zb3 4 51 7
X777, FEAMILESE . 545G MUSER A SER S0 b B0 75 22, Wit 7 B o U,
H 7€ U IX, 58 7 MR 5 % Spark Streaming M P BE AT AT 4™ R 5 I3 47 0032 20 A AU 5
{2 LA Spark B, %FR % ESRPEREFI T 1t LU BUE & R S0 B3R R AR IR 20K,
(BRI R P ORI, ZAEZE I AEAE B R, RGEHIAR 2 SRR AT AH N () Python £
API SCHF, [RI E AAE BREON R .
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5 4 TR AT A FAE SRR L

BAT R AT HAERGTIT

e b—F W AT Spark 3 AT At RAE R SCOUE I N, Spark ToBEREE S fHE
EUE AT EERE, B RUFII T . (H/2 15 Hadoop. Spark ix L6 - S AE 42 1) 22 256 |
HEME RS M, SEOLAESLERB AR, BOm T MR S, B, F{EE LI
RFNRAAIG I AE N AT E B . X EEHESLRHTEE T Java I Scala FFk, HEedeft API
1 KHR A& Java A1 Scala #2111, R Spark 24t 1 Python [ API, {Hi#IL Py4d i) ST #
e, XPEREHAE BORIEEm . Ho B T IR IR, B S N AR BRI R R

N T B A At R RSO R SS,  ROM R G & 3 TH B R B Pk
AREFETAE AT U EAHE L FE R A b, B RS0 A S AR SR BT T I R RS
R EG T R R A0 Tt HAESE——OpenCluster.

4.1 HEZRIT

FEFFIE AT AT ST G B Sbri B A P, RSCH KRB AR YE, A At 5
OEZR I 367 R T AR A PRI, 8 i - B IR Rt P T FIR AT e A BT 65 JF AN RE
SEARMRPIA R . RN I e & R #REE T Java M1 Scala 1 5 T A, T AN AE R LA 72 Al
FIf Python 155 o R ICTHSRATHE G AT i) 3 A 20 Ak BEARE 3 2 Bt 22 Bdfa A BE ) 75
Ko XFEHIMEZR N 1% BA JLANFE R
, REYL MERRMEEEEE, A EE SRR AT A
v AR, SCRRARPETS RUKSFARE, RPARRETT mUIR A B SE I RN
 ARSSRIE R ER], AR5 BCE S TAET R, A IE 5 E 2 BAES KL T H i E

w N

il
4, FERURSE B, FEIRE T RANERFE B
5, M EH, AT ZE, FTCACAFRS 5 5507 kT .
, AR TEH, SHEEAMESIRAS 1) 58 B L AT AFR IR
7, B4, fEAE Windows F1 Linux & F{#EH
HEZRAEH Python iE4T49% 5, &% Python A JUAN 7 H A 5 A -
1, 6, XRZMERRIERS.
2, THI X SR, A FH 4 A O 12 SEBLAS [R] SR A (P 45 0 Bic 34 (Manager) A3 T2 (Worker ) .
3, FEME =R, W numpy, pymatplot, scipy. iXXf R S EHE AL N B

(o3}
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BT X JH, AR Python & 5 #it & T OpenCluster
411 HEHZER

OpenCluster I TH5EA R (13 T B ARRIE AL Ge 0 Tolk 2B i T 48, R 18 4-1 fr

Factory Model for Distributed Computing

Managers Workers Common Services

B W -

|
|
: Arrangements

.

————————————————————————————————————————————————— Printing Room

Restaurants

’

=
=5

40
i
=

¢

| 4-1 OpenCluster [ R &5

FEARG Tl AE P2, — AN L) A= 2GSl w T RmE, winTt, &
&, Rbt%. T WENTHE, B4 T2RIT 8 min TR Tk, TkikBMES%
J&, R TARES N RBI TN TAESE G A AR 1) T3k, [F B G 2R BT
TEBAN PR, TAM TR HRE e N IR S, WiHTEr, FTHE, FEITIZREE.
ARG S T — AR L A R AR

TERICHAE AR BT, WARESSNRIRE . W28 7= A SR AGEdE , R AR H0 (1 b B
BENPIR, AT A e F 5 A o A AP 0 75 0 A A A IR 95 Kk
5%, BIEHE. XA ED R AR AR, ALFESP & AN [F 28 0 SR [E) fY
AT R BT o IR FARRAE, (A IRATTR A T A E RS A T SRR S A

4.1.2 FE{KIEZSR

fEL] A, A8 7T (Factory). ZE[A] (Workshop). Z[HZ 3 (Manager). T
A (Worker) F1z%% (Service) X JUFhSERMES . A1 [E O RTE AL T OpenCluster 1742
M, T E 4-2 Fios.
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P

Status Synchronize

| Factory/Master | | Factory/Slaver |

Manager ] | |
Request | |
available | Listof List of List of | I
workers or Services Workers Workshops | |
services | | | |
Manager | | | |
- - J -

Assign tasks to Register workers
workers and services heartbeat

or call services

Workshop Workshop
| Worker | | Service | | Worker | | Service |
| Worker | | Service | ------ | Worker | | Service |
< | Worker | | Service | | Worker | | Service |
Manager

4-2 OpenCluster 1% {HE 42

EL] RgedrZEim . TAFRS SR, FER. REM TR LT EM, Fenm T
RAOBEE, T ErhsEErfER . TAMARSY A, KT . FE. AR
% DASE BT I2AT « R T ER T B A, e ) LT AR B AR SR A B L
Manager X% T —/MTHALS, Manager B35, MWL o DERTEREE R M TN, ¥it5H
SV BN TAES 70 Rk ge TN, T NERAESS iR 145 54 Manager, Manager 7 LA
VA HE B Manager #E4T FAMILEFE TAE. fEHAE], Manager £1 T A #SiE i AR 55 %1 22
PAFH— R RS IR

42 KEHFAR

42.1 T BEipE

T RBNRZFEIZOTM, ATRUEsh2 A1) 5, BlR—FEZ2&0KR. 241
] SEA R A 2%y MR 55 A0 TN K, JRSEBIL T ] B 95 ik 24 L . PRI 2 Master Factory
R AR W, SR EERT L B 5, FE S D)4 219% Factory . BRI ANAEAE 1) B R e

OpenCluster i {1 T.) 40 S Z 1 BUHLHI 5 Paxos BiEANE, Paxos 7E4EHF47 5 & k%
AR BME b, SR MR RIS B R S F AL, kg — e,
TR MBI, R ERE, SR MRS E R TR, HRikE
A H AR NE, KWCEA RS iexERKE, &5 2 H0admas ot m
OpenCluster B8 F 3 K HUF & — ik o720, MEsh—A 1) 52l, Eieamn e T
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JRBIRBEESOISE, BAANBREAHEE: mMRACLE T, elilil. EEJYRK
UL, AHAFHE, WTE ZRGER e RSk, —BifE T 9TE, TAL IR
55 LMHR RO EITAOE, Frax T hAcE A R s xS AT, 12
FH 2 HAE ARSI ERAF R AR T S26 B T 550 TAMARSS U FE M S &
o, MHTHFMS, LT AERER, KRN

422 ZBABTHEDR

BREEHHR AT, B8 T 2N BT, AP AR R AL BAR P . W7 MUSER
Al b B, SRR TRAREE, BRI, AR AbEE AT DATE SR T B R B SERR, T Clean,
PR A il e EEAE 22 %¢ | GPU [T B SE e IXEE AR AL B Y, 7 e R ) T
ANABETERL . I RGNZ FRVF 2 PR T AARTE, FEREARYE 1F 5 75 B3R AR 2 252 1)
TN XWMERTASEBIEESIN, m LT M, RRE SR AZRA. TASpnr L2
AT S B2 AR, WA PUEZ AT SR BT

78 W 20 A5 2t 5L, W0 Hadoop. Spark £ Storm =, 7] LUKt 5415 Map #11 Reduce,
H AT ST 55 20 R BIAS R s B3E AT FRATTAT B B anfe] Map, 4] Reduce, {H
AEENGAT S5 Map Bl48E T fl b, R BRATAM 4GS B O R R A At AR AL —
AR A

423 TA#HEM%E

TNSEBI BRI R 3, A8 G THE LR R 3h 2 A RIS A [F S A A TN it
M. ZHERE T 0 2 RRERTEREIR TR AR, RIMAERIZD, I 7 2 1 g i e L
AR Kb E—EHLaE 8 NitRE, AR 8 MR, HRER 8 B 10 M HEREIIRCR
ZAZ . WEFIT AT R R TR I BOR W E AT /UK CPU A% 0o A2

424 HEHESRENITE

A1 13 Hadoop, Spark VA Afik &5, Storm, Spark Streaming V- Ay Szish 5 ak i 20
THE . PR B X B 22 2 PO S5 BB HE 0 R &, b v B8 2 40 i A B AE 1 2
ST H L B ERE T GO AN AR R S (B, THED . IEE TR SE AT A B IR Y, T
LR AT REAR Y, (A LB EAE, FR XA SRS 8 2 SR BT
B B EFRGEARESL AW IR Z AT AR, TR AR R RS

£ OpenCluster HHt 2SR 5 B FIFE T35 0 2 Manager ff] 3R ECEUE
X5 & B p RSO R AR I B E S, (LRI, Manager B 2o R E
THRSCARIEATIR Y, R BNTAS ETHE, Manager il s, it HER, &a
B MR R bE v E H &, BdE it Socket KA, MIFEEAE Manager H1E
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3 Socket Server, ATHIEAERIENS, 7> Ass TAACE, [FRIN S84 N — D EdEEE, BRak
2 o IB AR, S KARHY

425 DM

(b AT 2T SRR £ LA — A7 e AR T B E TN R R A
b, IS AAERERS — B Ta], bean 2 &, [ DN USSR . IR T Sk
H O MmN TR0 Ek s SN, T ER - E R EUR NN T s AR I
R L) 5T S8 TR SRS, v 1 OB 2085 K8, E AT A
JRENE, AR SRR A I e TR AR LB, T i — AN oBksR, T
JEI SR ST o b i 2 A 8, IRRE L) RN R — IR M 24380

426 PBRSGREE

FERE R Y Manager F1 Worker 7E3dE A BRI R vp F5 BLR A AR 55, XSRS AT REC 44T
/), FHRAZMARKHREES RS . XMHES - MEHMEERT, gL
P RIES . FULIRATEREH ZeroMQ 45852, WS EMBI L) Fo FMEr, Ik
F AT NSEBIAREL, 75 B AR 55 i R R RN Hb il o

WA E, ML) EMRS, ERAT S BT LUS S 2 ARG . RS T T
(EP Manager A1 Worker), & 4e ML) H3RBURSS bl B3R, FEARMBAFIRIIEE TR, 2
EMSR At b g R, TR S, R — e IRAEE AT A, W SRR A R,
Hikn—aIMH. RS E SRS S E AR 4 8L 1) Request/Reply JEAE AR,
MR 55 D RIAR AL, AR AE R SR TE IR A OREORIR F IR 8], 5 I A 23 B A8 — IR Gt Hi e
T

43 ‘wmIZFEO

OpenCluster $&ALfET R RFERE T (APD SKFE B = PUdHF K AT . W5
— OpenCluster W 27, 1 5t 40d i 4k 7 3£ 25 Manager F1 Worker SKSZELA ' H € X
) Manager 251 5 52 SCH Worker 25, 4> OpenCluster M 25 H— AN 7 Main ik
[*) Manager /& iz 4717, Manager #A4F5547 75, 37 & 2IH5 € 1 T\ . Manager #1 Worker
IR E S 4-3 R, (LLEMERRE T S AUSEBLRI ),
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ParallelService
{abstract}

+ ready ()
+ getWorkersService () : List

ManagerParallel
{abstract}

- parallelPatternMode : int

+ getAvailableWorkers () : List
+ ready ()

+ scheduleInChain ()
+ schedule ()

: WorkPiece
: WorkPiece

Manager
{abstract}

- chainManager : Manager
- workers : Worker([]

I + schedule () : WorkPiece

+ getAvailableWorkers () : List

WorkerParallel
{abstract}
- parallelPatternMode : int
+ ready ()
+ getWorkerElse () : List
+ getWorkerIndex () : int
+ getWorkerAll () : List
+ getSelfIndex ()  :int
+ receive () : bool
|
Worker
{abstract}
- host : String
- port :int
- workerType : String
- selfIndex :int
- _interrupted : boolean
+ ready () : void
+ getOtherWorkers () : List
+ getWorkerIndex () :int
+ getWorkerAll () : List
+ getSelfIndex () : int
+ getWorkers () : List
+ receive () : bool
| + perform () : WorkPiece ]

+ interrupt () : void

4-3 Manager i1 Worker 124 &

Manager JE38 3 £240, 5 AN 7 v

® getAvailableWorkers(worker type), T FHIX AN 7775 [8] A H (28 84H worker type 1)

TN 5

® schedule(task), &2 —NTHIRE, HPRERESXADRE, BAESIFS, IERES

VS AN

Worker %28 £ EA 8 740 JLAN 7
® ready(type, host, port), FHATIX

NREL RNIZ T NI RS mss, S5i5

Manager W, %3217 S %0 host Al port 45 7 FA 3k AT 171 L WS i o 2% 3422

® perform(task), & —/NTHIKEL, HPREESIXNEREL,

FERXA R TAEST A

TR EARTTHE A, S50 task 2 7 B SRS, REORBITHEL 45

® interrupt(), ATIZEKEL,

A DA W IEAE AT I S
ok, A OpenCluster J1 7 A 5N F AERESE 5 1] (1 AR ARH D,
A R B 1) 7R — 2D B OpenCluster FIZmfedz NG, a0 FRA% 4-1 Fgksk
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4'2 Fﬁ/j——;‘o

Fer% 4-1 15 ] OpenCluster S350 11 #37 BU & 1) Manager BI040

1

0 ~J o s W N

10
11
12
13
14
15

class WordCountManager (Manager)

if

def init  (self):

super (WordCountManager, self) . init ()

def schedule(self, task):

workers = elf.getAvailableWorkers ("WordCount")
wordcount = dict()
# split task into sub tasks
for worker in workers :
subwordcount = worker.perform(tasks[i])
wordcount. join (subwordcount)

return wordcount

name == " main " :

manager = WordCountManager ()
result = manager.schedule ("/logs/wordcount.log")

print result

F#% 4-2 {1 OpenCluster SZH )4t 11 B 1A £ & 1) Worker I8 AHS

1

o ~J o s W N

10
11
12
13
14
15
16
17

class WordCountWorker (Worker)

if

def _ init__ (self, name):

super (WordCountWorker,self). init ()

self.name = name

def perform (self, work):

filepath = work.getObj("filepath")
offset = work.getObj ("offset")
size = work.getObj("size")
wordcount = dict()

# count the number of words

wh = WorkPiece (True)
wh.setObj ("word" ,wordcount)

return wh

name == " main " :

worker = WordCountWorker ("workerl")

worker.ready ("WordCount" ,"*" ,69280)

7% WordCountManager 47k T Manager 72435, schedule (4 - 1117) J7i%, EREM
MR A 2R “WordCount” I TN, BEHRMMES, W FATE2IRG TN,
BB T RS R E I S wordcount(Z5 10 47) 3R [al 45 5 .

2% WordCountWorker 4k & T Worker 15525, perform (5-1347) J5ik, & BARMHHE
(3%, M WordCountManager Ui task, Z¥ task 07 7 BALFRA SO, A AR/,
SRIEHTIHE S, THE ST R B R, 5 R B - {E 6 <Word,, Count> ()33 . 1£
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FAM (15 -16 17), HAEFHT —ATALG, #EHH T ready REUGS, 1ZKEHN
WordCount [#) T\ SEGHAE BT A7 X 45 422 1111 9280 i 11 T o

4.4 FRESHE

OpenCluster 12 ¥ —™ H ARalt 2 AN H 302 fAE PR FE, OpenCluster 1R
HIMEERG E BATR TER A IR B € B, JRREE SRR . R RAT
i F Web.py HEZ24%'5 T 3T Web 1) OpenCluster £ W45 S . 3@ A1 Ay bW
OpenCluster ££HEIZ1TE R, W& THEBRIET AAPRES . £5. IREMTAEER, BK
A 28 IR B 2 () B AT NS B DA SAE S I Ge it s . Web iR 55-45 T LLIZ AT/ A —A
MSZ R SF I ARIEAT, ST Web.py SEILR) WSGH TRl 2 E Mk 55 88 1847 .
Ak, Web Sy AR AL D Re kG TN, RSS9, Wi B I T NFIRSS S, %
PRI S fp] o W4 ST 1) FL A oh B0 36 BT Bom BRI AT S5 AT I % . B 4-4
S8 T — OpenCluster W45 FL 1 it #% K. OpenCluster $2LZ Fhft B iR T . £50F
RS A TS, X2 H0n] DL i i 247 S 8O EC B S 5E X B E S config.ini
E XTSI ERNE . 847 —DMERE, HAEH T DAEIE T N RIFHAT T8
JE B REL

@ OpenCluster  @bashBoard #Jobs  ©fNodes  i¥Services hWorkers

¥ Nodes
Number of Nodes : [E) Number of Service Started : [ Number of Worker Started :
Node CPU Memory Disk
172.31.252.182 16 Cores 11853 MB 49219 MB
=

m Available Worker Type : helloWorker , bigUvfitsWorker , msgWorker , realTimeWorker , integrationWorker , gcleanWorker
Available Service Type : antennaService , calibrationService , weatherService

172.31.252.180 16 Cores 11853 MB 51175 MB

W Available Worker Type : helloWorker , bigUvfitsWorker , msgWorker , realTimeWorker , integrationWorker , gcleanWorker
Available Service Type : antennaService , calibrationService , weatherService

172.31.252.181 16 Cores 11853 MB 49263 MB

'm"‘ Available Worker Type : helloWorker , bigUvfitsWorker , msgWorker , realTimeWorker , integrationWorker , gcleanWorker
Available Service Type : antennaService , calibrationService , weatherService

4-4 OpenCluster [] Web 545 71
45 I

OpenCluster > H Python i& & &, MEARZ K IE S A T REAAAEMERE I ZE = .
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BE P24l Python GRS SEEL ) 0 A 200 B R4t Pyro4, AZ9KE %) OpenCluster f)
TS RS MPICH2 1) C 15 5 S BILIE AR B0 845 1 R 34T A AT He g

451 IE

SIS 5 BIAMEIRRS S, BERGHEMEEME, HIE 7 TIEM R,
fE MRS 2AC% 7 16G DDR2 A7, IR Intel Xeon E5-2640 v2 CPUs, 2.0 GHz, 16 # (1]
CPU, 1TB HIR##: . #:1F RS20 7 Cent0S7.0.  EH A — A A/ENT) s, R
ft Web Wi dz, AP SR TAEST s

452 ik

AR, FATEE T MPI AT OpenCluster 76 —#EfI R T HIMAE. /AT 5
Bk a, BERSEHRE3 T 16 > T NSLHSREAL OpenCluster HTERE. 7EMIE MPI (fif
H MPICH) B, [FEFEAEA FANT AL, B S BT 16 AN . AP &SN E
FN 28 IAET 2 56 A R o RH, BRI BRI, R — MR KN I — AN i 2]
FATT R (BN AT A B AR T AT 2D FAT B T HeK /Ay 100 KB 1 5MB
LR (K 4-5 AE 4-6), MHgE SRR 4 %4 K /N 100 KI5, OpenCluster [
PERERBUELL MPI Z75% . 4%8dE K/ A 5M i, OpenCluster 1 MPI () 14: it BT -

40 T T T T T T
OpenCluster —+—

35 MPICH -

Elapsed time (seconds)

0 Lt | | | | | |
0 200 400 600 800 1000 1200 1400

Number of blocks (each block 100K)
Kl 4-5 bR Ny 100K, A st Ta] B A% 4 ot & A2 10 1
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T T T T T T
OpenCluster —+—

100 - MPICH 7
80t s
%
=
<
2
N 60 F _

v
3
2 40 * :
E
1 /
20 el —
ﬂ‘.
AF
Pt
0 Sukd l l l l l l
0 200 400 600 800 1000 1200 1400

Number of blocks (each block SM)
4-6 FHEHAR/INA BM, AR TR 8 A 2 s = AR 1 B
gr b, STHORSCHUR ALY, HEZ B AR e, T BdE M ReE AT LR
t, OpenCluster TE£# 2 K /Ny SM I (A B aF I P R 30, I B B IR IF 14 e e e
X — ARG 2 T MUSER S LR ) s tERe . =8 R ISR L PR K .

46 tig

ARG TS AR B K, AR H T &E G R S 20 b 38 1) HE 4L
OpenCluster [ 1 (18R BLUEE FIOCEEF R, [#1R 7 OpenCluster f45 F 77 A A 5 4%,
MR T HARK AR, IERE TIER SO AT 2 FH 2 Python B 54’5, W4 {5 HE 4L
T Pyro4 iX PR #ExF R B, BE H BN Python Hoxt AT @ AEACEE, m] DU AR
AT G FERAE RN R, BRI KR S R, WAL ERE H D FAERF .

7£ OpenCluster H#]HI¥Eit 1, Manager M Factory 3R A] I T NEH G, ST
For e TN, EHAEE S HT T FTER T sUTHE fE (a0 CPU Al A A7 18 A
B o R TRATTAT LLSE IR AR R b 4y s 1) BE VRS A A 00, B FRATTH T VE T 55 v B3 1 B U
HEATRRE « R 1 AU NI, 9 — N RIESS 73 BUR 2 /N FAT S50, il
IXEAT S A HER — AN S b, S BT SR N IE A RIA FRR, T s T s i
TRt . TE568 6 T, xf OpenCluster )BT B EATII 78, T BEMUUTSME. L5
2 G R PR AN T YRR B A ]
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4.7 EREEE

ATHTHE T IES R EHIRAFEHESE OpenCluster HBEHHAISZEL, 1 7 HfikA
LT LRI Factory S RUMBRE IR O T IX 4> TNSER], BN T NSElER i &
THEMEA, MIX RGN ST EAER T AR A1 iRAE SR 17 XA
[, OpenCluster B¢ &R i 11i&E Mt ETF R AR5 51N 7838 IS 1% 1, Manager Al
Worker S o] DAEE G HE 4R 4« 0 KBGO B R fE S, ALk A7) OpenCluster 1
FRAET Web 75 = W 45 B BE S, A Bh AR B W TR R N T S RIR S BT
5 HIHATTH L o

ZEAH 3 FEMMN LRI AR 04, v LB H 400 3K OpenCluster BB AR LT 15
/& MUSER =i e Al s MERE M 7R 22, 9 — 710, J8 I SE R iR Al B>k &, OpenCluster
[0 2 25 350 48 RN HE 4 LU P YR 43 A 20 SHE 42 4 Hadoop Spark & #1255, 55 5 & 0l
18 OpenCluster /£ MUSER [ EARR A, el {5 FH 157 52 52 FH i) AP 5 5 M £ 7 A 1 4L
oAb FRARED
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% 5% OpenCluster 7E MUSER H ()3 I #F 7T

Z5% OpenCluster £ MUSER H N HBFFR

MUSER %5 Ab 2, AR A B} G2 8 LA 25 H 5 1 S A 50 110 A 2510 77 sk 0 00 4 4
(IALER . XPIFPELE, B 7 HEER RAE, SRAMACEE VA AR —5, 53 s Bds a3
AT EEAR G, AP SIS 2 AR AN [F 0 75 B, 2 SR AN [ (R AR 4 B 1) 1 AT 400008 Ab 2
7 Fof I P 50 1) A 3 S L g S B A A T S AR e

7E b— 8 rp EEIHE A5 i FHESE OpenCluster (¥ iHFISZEL, AZHFETITHHE
OpenCluster /£ MUSER AR, TAERZAHE: 1) MAT MUSER HiE b B RAE;
2) f#i il OpenCluster ¥¢it /7 s %3 i) 4bFE Pipeline; 3) 1 ] OpenCluster 15t H 5 v 52 i %k
P AL FR Y Pipeline; 4) 18 A Web.py 4 2 MUSER 12 $ic B AT 5552 55 1) Web 37 224 ;
5)F UVFITS A4 B abFE I F2 1148 7 OpenCluster [I£6 4 gt

5.1 MUSER ##E4LIE Pipeline

MUSER &K Z5E FLAR AR 7 150 K BH AT BRAGOWL I () 5 rR R, H50ai A B 795
HEG NS GILR Em A I 5280 A BRSO L2 W 1) Jir 4 5 11 Kb 3R B2 4 ik T A
B, RAEIEFR, BdEbie, KR, @i, RE%S2R0EREE, &5 4R UVFITS Al
RATE] Web B, a0 FE 51 fis.

[4;{/2 MUSER Antenna Array]

[
| o
} | Validation | } } | Clean |
1 | L
| |
[ Signal Digital Receiver ‘

[
|
|
|
[
[

}Real—time Data/Socket - | Data Flag | —» | EFET | }
|
[
|
|
|
[
[

File Storage Integration on Historical Data
Cluster L
,,,,,,,,,,,,,,,,,,, | R, |

@ | UVFITS Generation |
=) =
File Storage 4@%
Cluster
Web Publication

K 5-1 MUSER %45 4b 2 Pipeline
LI EHE A AN KR, — 2 L Socket/TCP 77 s Ia /M5 H () S 308, — R AF (e e A
10 7 S I A SCA AR (R R — B, e A R SR ) A P AR T DA 3
T BIEAT, WERELHEN K] CLEAN. S /E 7 ZEAE %235 T GPU RIEINLES L3k
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1To SAMESPE ISR TRES R PR, BR, RERESEHALIIE.

MUSER &R Z5 A FLAREAR 7 1ER R BRIZEAT BUGOULN iR 5 BB e B8, R M AH G #8
e, — MBI TAALREE . FgUE Il FLAG. A&, . Bt &
B3 v T BT B AR B R T

1) MO FEERN KB Ik

MUSER 7EAHR#R N O 58 R 1 SERAME, ORAE 1 >R B OKBH )3 L5 5 [R] IR 2138 AH 5%
T EM G . MOCE N FIRRE 7RG 5 AR TR Al 2k a1k Dy ge, #AE
LT, WA T A AR, BAOR A B RN 0 — 3G Sk auE I ThRE,
WM T HUER B B AR LR AT Ak, BRORAEVR A TSR, A5 A AR .
AR, SRR R, X TIRZRRIARG H O e, 75 20 A R IE T
BT FLSCAHAL HCy, BRI T DA AR i R S R B A A R T AL 3 A S

2) FLAG

MUSER-I 5 40 [fil, MUSER-II f5 60 [l K2k UL AU e K R AH DG 2 ARk,  H o
LI, RS SO R 2R Bl WOE B LR T AN AR, RAE LRSS G R B, fEEUR
SR 5 R EEAN AR R R n X R R . BRI, AR HE I, Ed s RN R
W TARIRTS, BSMEBWE SIS, Wk RELSGEREA TIE, 5P Fridpiix
SRR, A CASA A FLAG i 2 —#.

3) X

MUSER IR 4630y B € LI, T 77 (R A I8 AT (n CASA) Ab#,
B B U B OAARER) UVFITS. FITS-IDI 25 4% 20114,

4) M4t (GRIDDING)

REA B g UV P EE e WEER B E, BT MUSER )RR 2 K H (115 i€
RUHES, TN T R S AR e, BER UV P B AT L R B A AR A HES . IX
FE, 75 EEAETELE XA A A7 B A (19 5 AR 2 IRAR 1 i b

5) 4

MUSER-I 5&B— X AEFR LM N 25ms, — R 75 ZE0T 7 # K BH I 0 300 75 ZEAR r 21 1
FOeh AT AL B . BN FE AR 58 2 SUIE 1 FAR AL 18 58 S5 (B0 7R 0 AR L 6 AR A6 1 2
AT BRSNS A BEAN TR EE AR i R

6) Hfg

JSAG I R T AL R PR AT AL FE R 5 AT P ST AR 15 21 I ] (Dirty map) . [EII,
8 UV P AR 0L R AR W 1, AL 0, FREHAT PRSI AR e, 43 BN
(Dirty Beam).

7) CLEAN
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% 5% OpenCluster 7E MUSER H ()3 I #F 7T

fli /] CLEAN 53k, AR¥IES 2 M E A BE B REAT 5L HE, 5 K AT BE R0 JR S S Y
PURIIESEE @

5.2 [FHSEWMB IR TE

MUSER S8 5 CASA #AESRLR dr 247 (CLD fESHL B AL 2E, (A $e fit
THT Web MBHEAIAE S92 RS, N T fem IS E A Z, XMy L8 T AR
(AL ERARAS . AR Web 7 3RS 5, RAA T ITRMES SIS, —BA#H
(TS5, K Ab B AT 25 18 152 32 23 A7 XU Ab B2 2 45 OpenCluster H

MUSER 7= 4= (1 R 46 SO 2 B e i R, 7% B a3 i@ A T B vl DLE AT Y
FITS S o FEST R ST, #7732 R A M 2& BEHL4H (Random groups) Z5 44 (1) FITS LA
RN ZRAF UV BT WAL, WA E AN UVFITS SCF. H5E5ER0T UVFITS XL
-4 i R # generateUVFITS %% 5, generateUVFITS 2321 A1 B, m RS S5, iR (Al
A i UVFITS SCHFARAE R4, generateUVFITS BREAT LU I ITAE N R Gih . N T AE
OpenCluster ~F & 7114 ] generateUVFITS e&4, LAorAR 07 s WAE A UVRITS SCAF, WifE 4.3
MR =TT, X T T2 UVFITSWorker F1{F4% 73 i 3¢ UVFITSManager .

1), UVFITSWorker, UVFITSWorker 47T Worker 28, 7£ perform()eki#g, 2
FELHAT IR BT, P generateUVFITS B3t 58 i UVEITS SCHE A %

2) UVFITSManager, UVFITSManager 47k T Manager 25, 7t schedule()e& %+, KT
FI 0 BN TFATSs, B TAE S RN R R R (FE28 6 B i W R D, R
UVFITSWorker 5241, 3575 UVFITSWorker $47 J5 3% [81 [ 45 5

TR S T NN A BE Y R UVFITS S, BRIk Web 8R4t 7 UVFITS 4=
PRSP S, F P IR A B R i 24, RGBS G, ARSI EIE S A
¥l. UVFITSTaskDispatcher, s&fE5HERS, 1FN)E & dftietr, Ng—AMMESEs—
A~ UVFITSManager F£ A2 fE b, UVFITSManager FREHAE 554770 /N AR SS,
250 A7 sUEFFH 1 UVRITSWorker 1) T SEBIAT « AT55 58 BUE BT AF . 7EF-1H -
AU B S PATEEE, SPRMAMES T LERRE. B dEaTE 52 k.
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ThreadPool

UVFITSManager

UVFITSManager

WorkShop

UVFITSWorker

UVFITSWorker

WorkShop

WorkShop

K 5-2 MUSER J77 52 %504 A # 28 44+ 1
N T REATSSIHE S (UVFITSTaskDispatcher) ffaset:, e 8 mdy, K HAHn
AT SR 454 Mesos, Marathon F11 Docker SZHL 7 Web 37 B FI4T- 45 i B 22K IR & 0138 4T

53 SAfIHE

PR3, FREMATICE., PR, R S RRE, ATREREE. AR S
TR K HE AL BEAE ST generatelmage() R EL,  FEAE L BT, Z e HEE R — AN
A E R, Ab P R 5 4 A R RAFEE TSE L B G H 3%, Rk B AE B v Bk AR . AR
#% OpenCluster [ 8 I #ii8, & X 7 4£ 5% 75 Bl 28 MUSERImageManager £ T. A 2§
MUSERImageWorker:

1) MUSERImageManager, MUSERImageManager #7& T Manager 25, 7t schedule() %
B, BESZSKSIH D FAES, ¥ TEFZSEBARRNWEERL, #HE 3
MUSERImageWorker 5241, FH:3%15 1 MUSERImageWorker $447 5 i [5] i) 25

2) MUSERImageWorker, MUSERImageWorker 4k 7T Worker 2%, & perform() & %+,
WAL RAT S AT R A, 1 generatelmage R %5AE sk A 0 B

MUSER )5 848 /2R F TCP/IP Wi, 1% P o ial 405 AR . DRIt o 7R
a5 —/> TCP Server ¥ %54 £21iti (MUSERSocketServer). MUSERSocketServer Xif £215 E
PIBAR A S 2 G IE, W R — N se B0 5k, A% MUSERImageManager 115573
BCRT 5, FEMARIZ R, MUSERImageManager i3 MUSERImageWorker 52 R AT 55 1]
AT . MUSER HSEi £edfs RO BB R 1 5-3 Fos .

MUSER SEit A b #E 2 6F 5 F0eh— A seBor, i 2 S AR B RE AN g s s A
7
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% 5% OpenCluster 7E MUSER H ()3 I #F 7T

-—r——_————_—_—_——_——_—_—_—_—_—_ - —_-——— —

MUSERImageManager

: MUSERSocketServer : WorkShop
| |
| Acceptor : _w| MUSERImageWorker
| |
| |
: ; : ¥ MUSERImageWorker
""" ThreadPool |
©
o) N
A MUSERImageManager MUSERImageWorker
Signal Digital 7
3
@

Receiver

WorkShop
MUSERImageManager
| WorkShop
iy I
MUSEREventBroker B
<>

Realtime Monitoring

P 5-3 MUSER SE s £ 4t A 20 14 P

MUSER ImageWorker 7£ 5¢ Ji b B Rl R v, [ B 7= A= w0 52 s 1) BAH SG8d 5 B A
KB, fENIRFEE L numpy %4 1 AR B 45 MUSERImageManager ,
MUSERImageManager 75 %25 £ 70 Bt (1) — N 52 Bl A FAE 55 2 a4 BAHSCHT 3 AH
KHHE, REHFRES (MUSEREventBroker). MUSEREventBroker 1§ 1 ZeroMQ [
PUB 15 i #i4s & A, SRH Publish 19775, FEHEREINE 2 1 RGN ERE
I A AL B 45 R . SR EIHE B 2 A AT Bl AL MUSEREventBroker 1T [ FAH G F [ AH 5G4k
i, PLREBOSC R B AR E B

MUSEREventBroker R — £ —& R R, R4S R RIE. &P ok
SRIERE A, EREARES N, ERSE R A AR, T A GEER
I AR PR IRSS . 57— CRTEERIIBAS) A #BAM .

5.4 RERE

MUSER %t 240K H MySQL HH 2 R A7 (i B )b 3 A 2 TS S 4, Wk f%
BT, S ERHARSE, WO TSR, WICRRR AR T 2 Redis A7 ERE E .
F P ST 32 B EAR AL BT 54258 . REREYEY . B 3R Al TR B a2 1 E i B 55
Thee.

Hiil, MUSER C.& kIl 5 CASA #AERALM ar 24T (CLD #:M[11], HagATT7
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XEEMLZ, RIWTAAENEASAL. J 7 PHE MUSER i b B 5 45 148 FH XL
2, AL Web.py 15 1 59 AT MUSER #4028 G258 LA I

Web.py &4l Python SEILI &2 Web NI RHEZE, S2FF MVC #RXIF R, T
T I A7 B R g RO G Y Python SRR ONIE SR EEXT &, JRAEM SRS REST

(REpresentational State Transfer) 224 XUk I Web k%%, AT IRAS 2 0.38. Web.py $2 1t

T 5/METR Web JIR 8545 W] LB AT MR A — ML e 4R e IE AT, BUE BT WSGI (Web
Server Gateway Interface) 7EAETFEAEE MRS % LigqT.

BT Web.py FF & MUSER 4 Ab B R 40 FH P 51 O R AT K 56 B B 21 52 o 1t
H &R b, FivifE A Bootstrap A4 1 W S0, RS T E 5-4 Fis. REE
WTAE Web R TECE RS S, NEZTTmEHE JRmEEE, »HEREELR, EHRE,
KD W, 4e47, EWAEASREE 778, #ir 15 S0 B A AR T 52 1.
[F]IF, Web FtIHITR I KB R AL B S BB A, T8 T EIRAESIRAS, Han AT FHHAHLL,
H A T G A2 BRI AT

MUSER @@DashBoard ~ STask~  <pCalibraion»  {JAntenna~  @Weather  f£¥Configuration

£ Integration Task

From : | 2012-11-22 00:00:00 To:| 2016-12-22 23:59:59 m

ID Time Span Integration Time(Seconds) Array Create Time Status Operations
17 2015-11-01 120850 ~ 2015-11-01 12:0851 10 MUSER-I 2016-04-06 155336 Running [ i= Detan |
16 2015-11-01 120850 ~ 2015-11-01 12:0852 1.0 MUSER-I 2016-03-10 000000  Completed [ 1= Detai |
2 2015-11-01 12:08:50 ~ 2! @ MUSER = 1= Dot | & Rosa |
6 2015-11-01 12:08:50 ~ 2 EEEE
1 2015-11-01 12:08:50 ~ 2 = Integration Task (Integration-9) EEE=
- 11.01 12:08:50 ~ -
o 2SO 12080 =2 ¢ Time Span 2015-11-01 12:08:50 ~ 2015-11-01 12:08:52  Integration Time 1.0 seconds [:
4 2015-11-01 12:08:50 ~ 2 Amay MUSER status [ 1= Detai |
5 2015-11-01 12:08:50 ~ 2 EEZEE3
9 2015-11-01120850~20 = Detail
14 20151101 120850~ 2 e  |= Detail
-00-00 ~ Integral Repeat s
SIS Time Array Nurr?ber Nufnber Status Operation [:
n 20151101120850.007259 MUSER 40 1 Success. Total:11,1/1 Pages
20151101120851.007259 MUSER- 40 1 Success..

5-4 MUSER #5403 24 H 7 S
55 SCI§

SEIOIAIE I IR S5 25 O VEAN R B N SR 4 B2 R SRIG R A — B MR BHE IR I T R G
4 1) 1000 i, MAE OpenCluster 73 A St HEAE H, A AR TS $E, 5%
FIX 1000 5[ UVFITS SCH-AE BRI i FERET (8] M2 R an N & 5-5 Fros o
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% 5% OpenCluster 7E MUSER H ()3 I #F 7T

T T T
300 OpenCluster —+—

Elapsed time (seconds)
19
S

100

0 10 20 30 40 50 60 70 80

Number of worker instances
5-5 5EA 1000 Mt UVFITS SCAEA R pT 5 i 8] B8 T\ S #0122 AL ]
MEHRRT DR, BEE T SEOIECE RN, 58 1000 Wi UVFITS SCPFAE R i
iR ETBE A 227 A I 1V 4 =7 7 N5 5 i o S T BN S 71 65 G (0 I ) = O T T S - A
Wk 55 %5207 16 #% CPU, 5 GHLasIZ-LEON 80 4>, T ANSEHIMcE M %08, HFik
AVERESRTE, EELRDY CPU £ 2 BERE R VI BRI A AR K HIANY .

56 Tt

OpenCluster L& I3z 47 7E MUSER (N EREERE, T+ Py sk B s A S sk £ i) 75 A
FALEE, RS AE FANLIZ AT I Python EdAb#EFE )y, i@id OpenCluster $2 4L 4w fEsz 1,
Pk R A B0 A A E IR . {HAE OpenCluster A B S REE #d, T\ S2fpl i) &5 3
WSS, LA A TNSEBI RS s AT R b, iR — e HE R TS
ZRPRR TN m R R 2 FC A R 2 46, 3BV A SE B I DI RE - 75 58 6 5+ 15 18 7E OpenCluster
Hh LA A B AR

5.7 KB

REE R RHAH T MUSER FIEHE RS, N8 7 OpenCluster ¥ it )77 52
K AN ST 0 o0 A A IR RN 7% o SERTEAR AR B, Wh RO RS IR 55 v 4
Wiz MUSER 1E % 7 i R I8 B, Wit T SRR Uscas, 0SS it Bt Ak 20 25 Lk Aot &
A B S W i . A MUSER B2 5000 B A 7 AR 55445 1 Web N R4 &Ja R 1
TE [ 72 R/ SIS NEE DL R, BE TS &3 UVFITS SCEFRAE RGBT 75 221
IFE], 52562 80 OpenCluster FAG BT (K 28 1 NS EE
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%5 6 = OpenCluster % 5 i FE W 7T

#6E OpenCluster BIEEET R

R T &5 1A 70 T Spark 7E MUSER $# b3 b iy 3, 76 BIE X 45332 I8 P 1) T8
1 A N S SRR B ERI4ES FAPFE BRI AR, B b 3 AR & T
SCARRI T, A& G SIS R SCRE R AR B, BRI IR R T o A 3 S HE B
OpenCluster. 8% 76 R CIH HWERT R EEF, B17&E 2 /MR FE TS, BES
IR R, B4EA, L= K&K, OpenCluster M i% B A X FEINREARE O, A1 HAD
(T ST G LA TR o X 75— 2 R SRR P U B T SRR A B TR 2 A UK
F&R% . TR, TZEHRRES —RHE RS2 Yarn Al Mesos.

Yarn A Mesos #f/& Apache &> TR TR E B T H, Bd R ENLE CPU,
WAE PSRRI R —Em. . M ARG . AZETRET Mesos
fdi OpenCluster SCIPAURLEE FNAIRLE AT 5, R ERE IR G — . (TSR0
FE e S ) T 5 %) U ]

6.1 #EA

7t OpenCluster #', {£55H Manager #7475, 55 BIFN 38K e X, ARSI
73 JE $2 32 3 OpenCluster fi i %% . Manager 7 5 &5 7] LIS & 8 R, H BT OpenCluster
SCRE TR FE AR A

1 AHuEL (Local), FRERERLEREEA, Manager B A Worker FMES AT 7
%, Manager £1 Worker J&[7]— 3 fE

2) ZL&FERHIN (Thread), LFEMMZ AR, Manager 33 ZFRih, LAZ RNy
AT Worker HE LHITHE T

3) s R R (Standalone), f#i ] OpenCluster s & # At SE B BT A S TN
S, SE R A AT

4) Mesos RN (Mesos), 1# il Mesos 2R H B IR 177k, A4 —4 Manager £
£ —> Mesos HE4E (Framework) .

5) Fp 1) #i:X (Factory), 1 Mesos SERER BRI Z 7715, Kafka {E NS5 G,
N ATS 68— Mesos HEZE, #E4T4 5.

TEAHAN 2 28R 0, TN SEBI5) 2 7EFRAE Manager (1711 55 Fig47 . AR =05 30
—ANTNSER], — e SRR FE M Bt . 2 28R a0 AR 1) 7 g7 24 1
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NEBILRE, — o FRIAIFAT PAT R EE R IE R YE . X PR 32 22 ORI, AN
SRR, KM AT A s, — AV AR N IENTH, R
W i =Fh AR AE A AR

6.2 ESEIMIIFERN

TESRSLAERERI (Standalone) H, TN, MRS AT i #2AEN Pyrod IR%S E ), JA3h
HAER ) AN, L) iR T T, RS RS SR . P E LI Manager
BRI EAE SV /NAAESS J5, M Factory P3RS EI T ARG ER S, HALA
55, BAES D RETN, ZEFERBASSHIAR T, TR ERtHEE, B RIR
[ 2] Manager, W ~El 6-1 s,

|:‘ Manager

1, Find workers

| |
l Factory Factory Factory :
| Leader Slave Slave :
| |
| 2
2, Dispatch taskstothe 4 A T T T
workers
T T Ly T T T Loy T T I
| L L L
| | : | | : | | :
l L L !
| Worker | Worker B Worker |
| by by '
| by by '
I Node l | Node l | Node l

____________________________________________________

6-1 OpenCluster 37 iff A5 1,

TN, RS A5 T 2 EE OB, T et RA S ai LT R T, Ik
SRR, R HEIEAFIE S AT TP ET TS (an CPU A A7 143 FH 1
) o T RUIRSS AE I ) T AR A Hi S A B B URAE RS O, AR RUIRSS IR A BTN
THE M BIEHATRR RS, FEal2 T R SR 9 — DN RIEME S 2 BUR 2 /N TR 5%
i, WURAERE R B ME S ) T NSRBI R, A TSI e 20 B 2IHEH 2 AT
%y TR AR TR E RS L — NS, IR, AR RO R N 2 A R
ik ERR, s R R ) TN SRR . BEAE LA S E G N, B R O, R
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s B AR BOR o, iy HL BRI AR AR AT

AL, EEBTE AL, W T B W Hadoop, Spark SFHARIFET &,
OpenCluster 75 ZF1IX Le i 51 & IL AR RER TS B0 . Db AT 75 2 — DR B S AR
IR A TR, BN AT E, Shi&SmRIEN S — M R%, Apache 254231 Mesos il
Yarn w2 8 T IR IRS —HE 248, Mesos 1921 T Google ) Omega &4t it 45,
PR T — AN TG B P T B R U E 2, TR B R [ Python 224 11, DRI R 3AT 136 F Mesos .

6.3 ETF Mesos BUEIRAE

7t Mesos & PR AT LLig AT AR 0 A A5 ¥ &, 40 Spark. Storm. Hadoop.
Marathon #1 Chronos 5§ , iX 24 A [F] () 1H 51 & & AE AHELLAE I Mesos #241£ ) SDK 7] Mesos
ERTE, AJEBATIHE RS .

Mesos {5 FH (179 2% 18 5 22 AR BS B AR LETE Rl — AN 15 il FIB AT 2RO R B R A
IS FF R 8 R PR M AT 284 FR 9 Framework (HEZR), HEZEREUSE] Master FHE 52t

(offer), RVFAH 95 WEEH L, THFARMLM SIRECE T2 (it k2R 5545 5 — AN 5s

offer. XAMERAER AT LGS L RINIZ T2 AN R, A 175 A ol 22 )
BAERGERE L CPU I8 BB KRB 2 N AF. Rtk Mesos tAFRIE SERE A &
4.

%5 LT Mesos [FTHRAESE, 75 BESIL A FE 2R AN PAT 23X PR 2H A

WEEEE (Scheduler): Scheduler 1177142 %] Mesos master, 4528l 148 T4t
Mesos H#41 JE [14F 552Uk framework, 1M A2 12 B Bir A 1018 & TARERTE master |
scheduler W] DAARHE 7 4 31 Bt YR AN 22 152G A5 55 7] LU AT R B2 B 1R 46 — A TR it
P FIRSEHE, ) Mesos Slaves KIi(T 5515 E, SFRIFEE AT BiE 2.

PATHE (Executor): MAHEZLFIIAEEAL S L & HIRHT 515 2., 7E Mesos Slaves [izfT
5%

6.3.1 Scheduler %3t

Mesos HEZE AT LLf#iF C. C++. Java/Scala B¢ Python %5, 18 Mesos $2fit 1 E WL
APl JE 95 H 5 LIIHESE . OpenCluster ffi ] Python 4w'5, [ XM 28 4k 7k
Scheduler, SZI{ Scheduler & KO, 5 B# —4 Frameworkinfo, #E%& & T
MesosSchedulerDriver, ‘& #& 15t Scheduler 1 Mesos Master ifi{=, 4E4" Scheduler {4 i J&
W1, 4RJ5HH MesosSchedulerDriver.start() /72 5 S AN 1 B 2% .

Scheduler JE3hJ5, & 5cn Master yFEM, M5 registered pREL; 24T 5
) Master 715, fili reregistered p&i#y; WrJtiE+Re 5% disconnected pRi4l; 4IX MHELE
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R E IR AL X ADHEZERS, ] resourceOffers BRI % 4 % I 1% K 4 15 44 i 1
offerRescinded M %0; R 440 slave 75 HL, 15 R, AT 55 45 R S5 AT 55 IR A& TE BT it
statusUpdate pREHE fit s BAT RS K ETH B BMESE, filk frameworkMessage BR#; 45
A slave #iE AREFR BN Candcs bz, Mgl slaveLost K%L, THEAMESE LM
(1) slave b #3815 S BrA AR 55 1 7 sUHEAT AL s AT 2518 HY B A1 IKTisy 8 B executorLost B
e KRR E A ORI F error BRI

FE RS B 1 38 oF K0 LT, A EE L) 2 resourceOffers, HRIE1S S offers (£F/ slave #B
i CPU, Z/bWAAETIRD, wf—A offer i RIS HIMESS TR %I, HE1E Mesos 1)
WEATSS, MEARSHFEREPATE, FTAHMTIE, SR/57H MesosSchedulerDriver 1)
launchTasks BREFEACAT 55 o AT S HUI S A B ROEBIPAT AR, RIS 124 199 R 4 o o 44
AT AR, BRARARSRA .

TE VR AESE T K AR 7] LS H B 7 SCkS3, £ Mesos1.0 K UL BfAH, O FrfiH
HTTP )77 XA Mesos 2 H.. 81/ HTTP 773K, AR EARRER SR, WK #E T H
& AT

6.3.2 Executor &1t

AT 28 (Executor) & —ANHERE, ‘B 7E Mesos slave 5 fi iz 4734 Framework FI1E55
LR N ) Mesos AT 23 AR VFHEZEPAT Shell JIAF1i2 1T Docker 7588 . ] LA &% Fh S 7Y
HI1E 5 R SR HIIAT o, K H 8 € 1) Framework 1, A ITIFERE M55 20, i Mesos slave
RS PAT RS IR R PATE . WS — A E AR, B TR,
ANTFESZHL Executor, 1Y Mesos ZRIA Executor mEREMSSLILIXNINAE. WIRR T EAE
Executor IR 2 B e HilLi T/E, MFEEH 'S Executor.,

MEZEHAT 45 (Framework Executor) [1)4 5 W20 M Executor 254k 7K, Executor 24t 1
HTEERE, EHENPATHRPFEEER . PATERE KN EERF] Mesos I 1 F
registered pREL; 17 HE S JE FHRVEM AT 2SI I reregistered BRI PAT AR IERL H BTES I
i disconnected BR%; 04T 8% Ja s T 45 A launchTask B4l 1B 2% P IEAE IS 1T T 55
BLZEI A KillTask eREL THEOHE 2R AL 3 45 PAT 335 SN A frameworkMessage B8 %4,
ANEFRE R NESE BE B DME T AR B T 52 0 07 A e f . PUTH R EL I ralEiZ
ITAES A shutdown BR%l; A= B PEES RN A error BREL.

Hr launchTask /2 S B Z KA, AR5 U AUE T4 R i MRKIHE, Rl
HRPATER IR [ ER S, Z RS . 72 OpenCluster [1) Executor (1] launchTask pf
¥, R Python # multiprocessing Zefeith 575 ATAE S, AESHATIEREF, KAHRL

3 http://mesos.apache.org/documentation/latest/app-framework-development-guide/
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PATBHIRASTE B, ] MesosExecutorDriver.sendStatusUpdate 7% R IEIRAS T Hr, 7EIHE
I statusUpdate BRI 5 HL AT LA 33T SR A BT BT

633 BEFZRERZREFEFEE

7t OpenCluster [ 5AF 55 FAE SR B A fER 0, B0 Manager #B2/E A —MESLIE
IT1E Mesos HIEERE I, 420 Mesos 1%, MBETHEAES . WTE 6-2 Fis.

| AN
I ( A
A manager will create a
Manager \H / OpenCluster framework in Mesos. j
~\l| | Mesos Scheduler

A

4

EE™ Mesos
<D
il Master

A

i A b A T
| ) ! | ) ! |
| OpenCluster L OpenCluster : |
: Worker Lo Worker |
[ Executor : _:- Executor : |
|
|

K| 6-2 T Mesos )% Manager H55 51 &

FEXAMET A1, B> Manager #/& Framework, Mesos Master 155 111 & & 2 M Slave
TR A RS IRAGE R, A URESEARIEA, R e RS gt 3 ML B
Framework(OpenCluster # f{) Manager), Framework 7] DL & 75 75 S AT 25 1 SR I 41 0),
PR R A BRIB YY) . — BRI A5, Framework #45 Master PME 1 A5,
ARG PO AR Slave 15 & FIEATAES . BUR > U HURf i Framework $252 ZE R4
(IR, SRR, AR A 545 Framework 22 8] /A P13 2 % JE . Mesos %2 ic
(10 J5 T 2 7 B VR A e KA 24t S AP L 2 5205, {3 Manager BITHE 2 AR R
3K, HLHnfE MUSER 1, S 3 A2 1) Manager L 77 52 2008 4L 37 () Manager B 5 = 1
A2, 76 BAT 55 B NE SR AR R P, Framework 22 TR X J0 ST, 40 b 3 AS 138 5 FRIAEAE
PRI HEAS B A FH 40— I SR K B AR e AT SRS R B . ik, FRATII N 1 oh—Fi 2t T
Mesos FrI£E Hh -6 i 2 ) B U U A =

|

| |
: OpenCluster :
: Worker |
[ Executor :

634 HSHPEEXNEREE
T Mesos [EEF G N R IR Z , Fra 10 Manager 1324155 )5, RGUEBATES )T
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LG AN (Kafka™™D o, ARSI HAF, 5l ANAFR Kafka 32 8.
OpenCluster [¥Jii £ #% (Scheduler) 15t MAT45 G (Kafka) 1T RIATES, WEALS, 155
TN, FFERERENCES . WTE 6-3 s,

Manager I

OpenCluster One Kafka framework exists.ll‘
Kafka Scheduler

=™ Mesos
LT
ol Master

(

Kl 6-3 2T Mesos E‘J%qﬂﬁﬁ%iﬁ!’ﬁ%i}ﬁﬁ

£ Manager # R}, e (1-10, MEEIFED, FHEE REBAOVE S i
(Factory) I}, 7£ Manager Ja 3zl P € ARSI N, 4 8E5 V1595 R/ MES £,
A 25 b schedule BEUG, RS04 1E Manager IR 5B 0RAT 55 5 11258 3] Kafka #H M
FE/H (OpenCluster-P, P & 1~10, XFF Manager 44 .

EP A EIR A E T, RAAEE—NEE S OpenClusterKafkaScheduler, XM
ae — MNP IRIZIT RS, MWASFEIIE e 32 @4 (OpenCluster-P, P 5 1~10) iT
BAESs, Wk FRP TS, NGRS SRR TR AR, e MR Ed &
IR BT S5, INERAT S

PAMESEHEEG, RBUEHEER, KHATE RN Kafka 45 R T8, AT 45
R SCRTE S5 F A% R, A4 OpenCluster-Result-P, P 2y 1~10. &5 4210 45 5 AL ¥ g
A DAMEE A T X e R, N P AL

6.4 KRB/

AZAHT OpenCluster SZRFHI IR, Hrh AL L RER, FERAXK
TR, ANV R BRI B o SEREIR SR FE AR U F OpenCluster B & S5, J& T
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%% 6 & OpenCluster &5 i FE 7T

RUVAE, 7271 AT S B KT, RetR AR 13847 3CRF - BT 55 B HE 2R R Y B AR X,
J9EF—A> Manager 62— MHEZE, OpenCluster AgF1HA () 5 & H AR R,
R A R 24 Manager 585 7L .

KSR IR, BRI S eSO AR5, AR TR
AT, $ i B AL S5 AL B AL . RAORT- 58 = J7 f76f (T Kafka): TLZeAREEhA
%R, Kafka HES SR8, FEAELGIE: RT Kafka 18 KX ERERIFZH,
R 45 R AR RS KB = EHE . Mesos Hi24T Linux #:1E &4, 1E OpenCluster 11
i, Mesos 1 F R A 0.25, 7F Mesos 1.0 K& LA LRASHT, Mesos $244E 7 5 2 fketE,
£ CNI 0 HE, Gi— R8T R, ¥ HTTP API 308, GPU %A FLHLHI A1 Windows )
SCREABTFURHENMARY B o AN 4k 8 AR St B 20 73 A sk S AR B SRR TR B2 /R ok
Bl B FUEE T Mesos IR R FE, i 78 BT U8 53 BC SR B , GPU B U 18 52 1 b 9 S5 DG R R o
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BTE BEFRIAE N

71 5l

oA R B A R 2 6 R TR EE YT, O R SCEER AL BRI A H
MAE—ANRSCIH AW TR ER S, HEE 2 M EHELL DUN A R TR RE SRk, Wifarsy
ANF AL B R G AT BURRR BS, B4, RS RS A E AN T R AR I FH AR,
CLRN N AR PRI ) 75 5K

Docker J& — M X% PR BB EAR, e ATl &2 MASEE, Sl s
AR L F AR . Docker x4 A RELE HL 48 F AL HagAT, AR FH AR AE . M
JEREH . PR HORAR B BIE TR U 1 5, I DAIE 8 7 A2 SRR LA b ()30
B, B4, B2 HA X — RVMES T E MG W IE S — R E AR A AE LSS . R
Docker B IE7ESEFRPA R 1 & 35 B KR Re - B & T 4597, wh 75 220 1R e adga e 1) e s gmHE
TR U PR SRR, (HJR X T T N IR A AR W R AR T 2. 4T EIR A 4R
SR, 5T Docker B 7] Docker Swarm. Mesos F1 Google ) Kubernetes.

AL LW, F, ANEHRSAA KRR LD oA T AR 25
TR R SEMzgE. KHFET Docker ] CaaS (Container as a Service) JZ2 A L
FEIRME SRS, DR m B st Is M A 2, LA S B AIASAT B R0, FHAE kB FH 4844
(R 7> IR 5510 A8 P Docker 2 (4t 55 5 R B FH N SR, AR 2511 A 28 2 B2 45 6 TR R
FERESE Mesos FHZS 45 1 BEAHESE Kubernetes 14 Docker 252 E 44 o0 B0 4E, R L
BB BRI =~ FEE T Docker Brfgta i, wesdmiE5HE M B A, e
H 75T Docker fH B2 5 7E MUSER $ #23 Ai 208088 A0 B rh R S B 87 A

72 RMIHERZHFWL

jaid Docker [, % MUSER iU AT T R A R 1 oll 55 i RS AR E
MUSER ity 5 AL TR R I T 20 WS, —SRARI AN T30 55, (RS0 5E, BT
o 55— 2RISR, 10 Web M FEIRSS, SEIFTHSEARSS, KSR 7% — EALE )R
BIBATIRU S, AR S TR AES, {5 OpenCluster #4751, 7E55 6 7
P ELK T Mesos BRI BENL T i, O T HE I S5 W B %2 bt OpenCluster #3¢ £
{5 /) Docker J7 SHEATAE5 U . 471 2 44(E MUSER shs S AT RBEBOR, 7F 8.3
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FIHN 8.4 A 4H MUSER H 25 2340 K AR 45 284 N FH TR R B IA B T A
7.2.1 OpenCluster BIA & X 15

OpenCluster SZHLHZE T Mesos AR L R A, $RASAT ST, SCHRF 2 Pl FERE
(f i Z%--mode 185E), 2HERA N mesos I, [FI 7] LATE € Docker f&& S, IF

W B AT EE (Executor 2 Docker FIHAT#S), TEXFIEAT, 7 ELE] Mesos TAE 1 51 (Slave
D WIESS, K5 LL Docker #3177 g AT, XHWESRFA 1 Mesos TAE Y mi b#FZ S H¢
Docker . 7 Mesos T 1F 47 s b &1 2 Aic B 5L mesos-slave-env.sh CBRIA 7 B N
fusr/local/etc/mesos H %), 3N FHCE

export MESOS_containerizers=docker,mesos

XA E HeiE T Mesos 1] DL E4% 3 4 Docker. 41 B34 B FHXANMC B 138 75 BAER A
Slave FEHUXANECE, JFEFHE 3) Mesos EREA AL

722 FRIMEHIRBFRAHEE

Docker F 3§ X T RF RN AT E TR RN R AT CLFT N A AR
Bl Al B AR, RERAERE EI L. —ARHAE T 2058, Hin Web %528
A Mysql FIEURE EA R AGERL, EHKET, 20IFIEEIZ AR, URE N
AFEA O RIS, BB AR, EFHMILET, fH--link, --volumes-from >K2CHk
REe, XRAEEEHIRE S B TAE.

Docker Compose #ft & fift - & It % Hh T m) S AL A 28 58 R IRl ] DAFE — AN S
EX—NEZRBINH, ARG %2 RESNMRIIBIE, SR FTA MR ERIER <
Hah5e . #A% 7-1 51 T MUSER ) Web 2 H i) Docker Compose HFC & 14, & X

aRRES A ROIID E = e = A
FH% 7-1 MUSER HJ Web 5 i) docker-compose.yaml SCA4-Fic &

docker-compose.yaml

muserweb:
restart: always
image: cnlab/muser:vl
container name: muser-web
privileged: true
ports:
- 80:80
links:
- mysqgl
- redis
volumes:
- /home/wsl/work/muser/web:/var/web

4 https://docs.docker.com/compose/compose-file
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environment:
WEB_REDIS HOST: redis
WEB_MYSQL HOST: mysql
mysql:
restart: always
image: cnlab/mysqgl
container name: mysgl-muser-web
expose:
- 27017
volumes:
- /opt/data/mysql:/data
redis:
restart: always
image: redis
container name: redis-muser-web
expose:
- 6379
volumes:
- /opt/data/redis:/data

ETHH YAML I#EXT#/I\%‘%ETL H, BN 4881T Web N FH, 28 /MR
MySQL 4 N2 Redis WAEEEE . links 454 F ok e SUKH, 2 82 Web
N T Mysql %D Redis 7 2.

Bic B SCPF 52 X 58 il » 7 docker-compose.yaml S/ 24 /i H 3% K, £ docker-compose
up JE s, 8f# F docker-compose stop 15% 1MW .

723 $RGEIE

BARGRETPIEE Ll E R ESUR AR . BB ELRUE T T R s 4
—EME, RERSIEBRIT RN A IR 2 e o RN U SRR AT bR HE T R SR
#, ﬁﬁﬁHﬁﬂﬁ%ﬁ%l#THE%%%fiﬁﬂf‘ﬁP MUSER ##f Ab B A& T AZ 5 =
J7 MO, 8 Docker 241 Dockerfile 773X, FERMEAZ &N 2 B T 558+ centos BE
% . 1 Dockerfile 3CtEH R B/ D RUN 14, LURABG 250 R AT DLl Be 1% 50
PR . A TR RGRIHGZAE, FEREA R 22 E Dockerfile BRI, HAN R RI3E 7
JIRAE 5 THI -

Docker Sif5#k B 5 7 BG4V, T HE NER: Docker B 775 ) W £ KM, 1 H.
X MUSER XAEHIRAA B GAR AE B H 883 Docker B 77U L, B IRAIRE —A
W3 Docker Bi% 33 M0y (Docker Registry) . 1§25 #8855 15 LA B M 0, BT R T
A DU 0 R URAR I B AR ST ) N B FE

7.3 Mesos IR AE

15 6 TP X Mesos 1BV IE FEAE T VFEAIN 24, Mesos 2N TAT 5 — DN HUT 2%
b, AT AR R B R, AR AT S5 IS AT EEA R I 25 4% 5 B 4T 2% 1 55 548 A - Mesos
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T IREASNAEBRRE S, & XK Docker M E B EH A, nfi@id = %--
containerizers=mesos,docker /£ Mesos Slaves At & . K, {4 Mesos, 7] 523 Docker &
PEIE Mesos FERE FifEE, 1B 454 Marathon S K RS B A 28 1% .

7.3.1 Marathon

Marathon f21FA—A4 Mesos HEZLIZATEEREIAE T, e CRFE RS iz /T, L
1 Web B FH NG G EELE . B/ ilid Marathon () Web FLTi, B3 34t (K REST API £
Mesos ‘& BE [ SE T HH i BE Docker 545 . AT f A JSON 5 Ui E S5 HC B, R ERE 7-2 &
78 7 MUSER SERFAT 451 75 S ) Marathon FI{E 45 E . 5¢ %1 JSON #% 3 Jz REST API

VLI LS 2% B 7 kS,
FMs 7-2 MUSER SRS AT 5510 FZ N F A Marathon /T 45 i &

"id": "/muser/realtime",
"cpus": 2,
"mem": 256.0,
"instances": 1,
"executor": "",
"container": {
"type": "DOCKER",
"docker": {
"image": "cnlab/muser:v1l",
"network": "HOST",
"privileged": true,
"parameters": [
{ "key": "user", "value": "muser" }
]
b
"volumes": [
{
"containerPath": "/work/opencluster",
"hostPath": "/work/opencluster",
"mode": "RW"
b
]
by
"env": {
"APP": "RealTime"
}
}

AR SR e SC T REFH Y id, S BT R ) CPU R fE S5 38R, Siil ¥, & Docker
PG RS E. BN 322 3] Marathon J&, Marathon 155617 Mesos Master & 1%
—ANEIRIER, SRR EIERRIE offer, — EL¥TYR offer i L5 HIER, HIF
R, $295 Mesos Master BUHAE 55148 K IR 25 1R AL TR 1) Slave, Slave JH3) %5 #8ia
17, RN TR 7-1 PR,

5 https://mesosphere.github.io/marathon/docs/rest-api.html
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Marathon Tasks
Marathon
Mesos Leader
DockerTask ..
(cpus:2,mem:2048)

offer(cpus:4,mem:4096)

Docker Task
(cpus:2,mem:2048)

I
I
[ , I
|
| Zookeeper
I

7-1 T Mesos [#) Marathon 75 &% 18 F& 25 14 B
MUSER ##fs &b B rp 7 ZLK I RS AT RS 0 N & 7-2 Pos, A%, SHE MAES
#2252 Web i (/muser/confweb/), FR40E5%5 5 G HEER A (/muserfintegration), S5
W BN C/muser/realtime ) #1434 Uit B AHE 42 OpenCluster (1) 42 7 i 4% Web M H

(/opencluster/web) .
P MARATHON  Apps

offer(cpus:32,mem:32768)

Imusericonfweb d Running
Imuser/integration Running

Imuser/realtime Running

lopencluster/web L Running

7-2 Marathon £ MUSER )5 FH
732 BREXI

Marathon S fit () = AT S 18 AT RE /7, IRBE N I HRREEIS AT, i 2 — A1 R Re TR 4t
M2, Marathon 231 5% 1 B2 BB HE rb i) FLAdy 9 A0 E o AR 25 R0 S I 551 9 FH
TRAER), REZ—NE, s TR G EEARZ T, 6T Web R, 2
2 MR AR S5 1), Web SN FH B 1 B B HAR Y £, 1P BARS KA, Bhasn) 1P B4R
ANBEIH AR K

NT EPEX AN RR, W] LL# ] Mesos-DNS il Marathon-Ib. Mesos-DNS <= J& 114 M
Mesos master 1T HIBITAES FIRE, I —MES AR —1 DNS ) SRV %,
Mesos-DNS {4 e & TIRE, & THEM4Ey . 514 —M 772 Marathon-Ib,
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Marathon-Ib 2 —MEGHUHIR A, BE2— MRS AN TR, WA TR, S8l T
HAProxy, i#id Marathon ) REST APl #10 Hzh3KEL Marathon A5 MG B, FF5H
HAProxy fic &, iliid servicePort $24t ik 55 .

7.4  Kubernetes B2 £1H

TR NAESECH ZMAE S mAAEE TH, Kubernetes 1£74 Docker A7 P &
B—1, & Google Z4F KMUBLZE 2% & B H R Borg [MITFIRAR A, J& Google 7E #4 & FliE LK
PR 75 38 SR A IO M Fc FE R I, RN 25 2 85 BRATLA (1 40 5 3 1821 . AR 1 e JRATTAE
Kubernetes 7 FH 2 H LA S i) 3t

741 MEEE

Docker JFA 4% 524 (Bridge) #7573, Docker JEahiy, &7E1E LSS LEj#E—
%79 dockerO FIREFAMNZSEE T, AU T MBS, B — DRI S1E1Z Bridge EHREE—
i, HFEREMRRGE. 85N EIEE, —AME EH AL 2 A rT DL A
& (HARTE ENL ERAELR AR A EREEE . Kubernetes (18 77 b4 17 JLF 7
&, W L2 W%, Flannel, OpenVSwitch SR fFEEHL A (175 2% HEMT . AT HA &8
Fi Flannel K454 VxLan, BISinRIREiE ML, %% Flannel, & FA Flannel 23 /E &
B, [RIRKHR T Eted, 17 Eted 2 Kubernetes £EREIZ AT 10 % 2L 1F

Flannel 72 CoreOS [A1BA%E %} Kubernetes Bit i) — MM L& HIRIR S, BE 1R IIA
7715 R EALEIEE I Docker 725 25 #H A A HEME— (1 FE4UL 1P Hitik, Jf48F Docker 2% 7T LLH.
% . Flannel ZR0EF Eted 7E ML E A7, LUESRE S FHLEE B LRI NG 0.
%% Flannel J5, 21&24 Docker Daemon Joi 2 R 4% 240, f#H Flannel fIFEHEH IP (1
Tl @it Eted, BAEHNEHAAFEMEL, BEAEHLERIEZRPFARN P HALXA B,
JEJE Rl UDP/VxLan SFHEATHR SCHISE B K. XM, Iy A SR #RALAE — -1k
(R 2 Hhik 2 (], P 59 LB E R TR 20T NAT, BT LT A ERR, RaEER
FRAR T DL EL A

742 BMRSEZEI

Services & Kubernetes [J3SEM ARSI S, B — AR Ja TH A A 1R 2 %0 B 25 2%
KSCFE, LT A kube-proxy FEFEFIAR S selector g A5 ¥4 15 R AL 18 25 i im P A4k iR 5%
PR . XRE—A Service, EAEARMITIF— Do H, BIXAum O PME R EZE SR )G

Ui Pod £&H B —A Pod IP Al 1. 7EAIEE T RS )5, k%S Endpoint 8144 2= 4A 3 f5 i Pod
[ 1P Fls 5122, kube-proxy #t /& MIX /S endpoint 4E37 (1512 ik B R 5 5 3w i o XF Ak
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RIA—AHR—U RN, SMEATE T fauminflig T, X843 Ralged 5 um i RIE K
EFAL o

FE—NEEREN BIIRSS, AAEERRE N BRI P i AT TR o S 2
TR S 2 FR 2 NS, Kubernetes 1 DUS FH A 8538 5 A0 DNS X Wi Fh 7 0. H A 3R
AR BN SRR, (E A& Pod WAZIATE Service 2 JE €%, il DNS MIBAT XANBRE . 3K
fITFE MUSER %5 2% = #5281 A2 b 4 FH 19 & DNS 197750, 1 N 7-3 v Kubernetes DNS
%321 Pod MVEAI{E S, Kubernetes MIRRAMEFHIIE 1.2, 7E 1.2 lieA {8 DNS,
T eted, kube2sky, skyDNS Al healthz, SkyDNS 1 Kube2SKy 735l &5 58 7 1 AN A [+
(7228, 1 SkyDNS i ST 4E BE ) DNS 153K . 7£ Kubernetes1.3 4 /% SkyDNS £l
Kube2Sky #4 2| 7 — /N2 H KubeDNS, [AIFF 5] N T dnsmasq 25 %%, H1'E % 52 £ 5E 1) DNS
R, B 2R dnsmasq 2 fERE, IR EtERE.

= kubernetes Workloads > Pods > kube-dns-v11-9hju1 # T DELETE + CREATE

Details

Name: kube-dns-v11-9hjul Network
Namespace: kube-system Node: devwslc72.cnlab.net
Labels: k8s-app: kube-dns  kubernetes.io/cluster-service: true  version: v11 IP:10.10.53.7
Annotations: Created by: ReplicationController kube-dns-v11

Creation time: 2016-12-15T13:53

Status: Running

View logs
Containers
eted kube2sky
Image: gerio/google_containers/etcd-amd64:2.2.1 Image: ger.io/google_containers/kube2sky:1.14
Environment variables: - Environment variables: -
Commands: Commands: -
Args: - Args: —kube-master-url=http://172.31.252.184:8080
. —~domain=cluster.cnlab
View logs
View logs

skydns healthz
Image: gerio/google_containers/skydns:2015-10-13-8c72f8c Image: gerio/google_containers/exechealthz:1.0
Environment variables: - Environment variables: -
Commands: - Commands: -
Args: -machines=http://127.0.0.1:4001 Args: -cmd=nslookup kubernetes. default. sve.cluster.cnlab 127.0.0.1 »/dev/null

-addr=0.0.0.0:53 -port=8080

-ns-rotate=false .

View logs

-domain=cluster.cnlab

View logs

& 7-3 Kubernetes DNS JI%- 1 Pod 13 &
XTAM RS AT LS HTTP S [ AQEE AN SRR A 2% (1 NGINXD, K AR sRACEE
PIEHNRS . SHBURSSLHE S, IS — 2R NGINX BB SCFR s, s2l
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AR B Flannel FRIZEAEA, KSR EHEM 22 B 79, 7T LR &
I Z 8] 28 T DU R AT-CZ R A, RIS S AR s S AR SR A 2 342 (CEARAEE
J2) WIESE R, (B JCiki 2 FP AR B AN B A A 1P U7 IR 755K

743 RNFEAEE

fE MUSER 1, 588 RAE KRS SEAM N A, T7E Kubernetes H1# & — > Al
SEVERI KRS M E 38k K2 3 Pod, Service 11 Replication Controller iX =/M%14%t. Pod J&
Kubernetes H1 RS A O . 1 BE A1 PRV /NG & A2, — > Pod #2 Hi# T4 Docker 25 2%
IR R B2, el NI AT B2 LM AL/ 4% . Replication Controller (RC) HfifR(T
fa[if i Kubernetes £E5E 7RG ¥ @ SUE 1M Pod BIATEZLT, /b Fi8eEEm Pod FIAR,
RC 2x /8 8#H Pod, RC #& Kubernetes 3¢ B EARME S, EH T KRS DGR, K
KX A KRS & L, #B<xiBid Deployment K& ¥, Deployment ANY A G123 1)
5%, BRI LAEENTF RS . Service 7%/ Ui T BT M RS X 5, FD Service <X} v
— ANEREPN A B RN 1P, FERE Sl I B 1P U A — MRS

PL MUSER [ 250l & AT 453258 Web B A (/muser/confweb/) Jyf, Sk 15t B e 5]
i Kubernetes $2ft = o] FPEHE S —ANMi . Kubernetes Sz 378 JSON AT YAML 4 Ffig =X
BRI, W RS 7-3 T YAML #iA RS ELE, A% 7-4 NEHIEHIZIEE

FHE 7-3 MUSER SHIC B AT 45128 Web S FH IR 25 e &

apiVersion: vl
kind: Service
metadata:
name: muserweb
namespace: muser
labels:
app: muserweb
spec:
ports:
- port: 31201
selector:
app: muserwebvl

kg 7-4 MUSER S HHL B J2AF 555252 Web S F 1) =2 i 2 ) 2 e

apiVersion: vl
kind: ReplicationController
metadata:
name: muserweb
spec:
replicas: 1
selector:
app: muserwebvl
template:
metadata:
name: muserwebvl
labels:
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app: muserwebvl
spec:

containers:

- name: muserweb
image: cnlab/muser:vl
ports:
- containerPort: 9080
args:
- --apiserver-host=http://172.31.252.184:8080

Feks 7-4 b ospec GHIE) Filiik 7 77 13 Kubernetes £E7E 43 4 20 2R ik 1) (19 31 2R
A (Desired State), HIEIA<% C(replicas) LS A# FH AR A1) 2 2525 .

75 1tig

T EWE, BENMERGEBR LN T IR A THE N A B Ar SRR .
TR AT AR R, 5 3% (M G HE R R P52 0 A2 TE V2 [ BE ¥ 1) @ . Docker 7E 1.12 MIRRA S, %
BT Z R ST ) Docker Swarm i HE 51 % . Docker #4845 £ Docker 48 F A% &4 2 3] Swarm
SRR, FEm A LR —F1, Docker thIE7EIRHUE 8 N HE 22 1 Thfe ok 5 HoAth I 7 &
4354+, Google [1) Kubernetes 7E Google £ 7 1 U4 I SLARAT SR, N b ili ik . RedHat.
IBM F1 Docker St #E AT X2 5IITH, 43 Kubernetes A& RIFMHTF. T 24
AT T Kubernetes (2525 U8 FEAE R SCHHE AP & HEE, B8 TiHHEAT S B EAUT
% ARSI AR S5 A0S X IR

7.6 ARE|/E

KRB T E A SN = R AT RS R RS B4R S8 (1) R SC I H AH ) R Rl 1
Jir, DAS SR AR S5 L, HARSEE 7 7E Mesos A Kubernetes ~F- & T ) 25 #5 4 AT
VR, FFizHAE MUSER HIZE AR F, (THIZERBEE R K. #E . B4EKmE,
[F] IS 8 D R SCE 0 A 55 H A3t v o1 B O IR 55 PR B o 2R 1 BT A 00 2 A TR RN 2 A U AE
MUSER ##Eab 3 iy N A, B BGR S HAME, B85 R 45 AT Loy oAl R SCI H
M NI T A2 H = TSN AR SR SC & A SRR R I 555
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$8E ET ZeroMQ WM H| RGEBHA

—NERE RGN IE R IS TR E L R RS A M R A TAE, Wi, CCD, X
WAL SR, R/t E 2, FEDE T, FRTRISITME, RER NN 5
B, EIE A (1 % mCE BT R R, R AN [ [ 1 A% T AT T B AN AT B
THENUERIRE), 10 56 S — ARk 75 BX LA R W Z MM LR, A AR, TR
AR 2 T ) R BOE A AR R A 5 B ORI — AN E R R

TH B A AR AR SRR 3T — AR5 A T FAHELE TE Pl % e, oAb Bl ZeroMQ. ActiveMQ
1 RabbitMQ 1R . H#AlE ZeroMQ, ‘B¥ /& T 4%t BSD socket Gt 71, FEALMHEHET
HERGES, AR S NS, ZeroMQ B T A E A BEUKIER K R IR,
JEHE A R SCE T B X A, R R E R .

AR R FLIET ZeroMQ IR SCHEIT B i Ol S KRG W 55928 Je it
TRUE R SCHE T P R 48 RTS2 thEE T Socket M5 15 R BR I, B8 116 T Wme M il (35
P MQTT TEER B I R G &R . BG40 H T ZeroMQ (1)K SCEE Izt e 2 il A5 &
Gt SEEl, FEXTA T ER RGBS SR I RE VA .

8.1 RTS2 KWMREE

RTS2 ZJFIR4TIH i 35 4 i R in s 5 R 48, & EXBNHERLEEER
g, IR TEH] W H bR SR . IR SR L UL ) BE A & h R, RTS2 &
SRl DASCRFE 2 R B, SCIL 2 PR B A T, BEimBi, CCD, RGN
Azl LEMIHE http:/iwww.rts2.org/wiki/hw:start §1 7] LAY E RTS2 H AT SCHF 4%

8.1.1 {KRLE

RTS2 A& & H RS A 45 2 DA A I ST 4%, 2P aT o e Mt adk AT 7 Boe
2 8. BT BRI 5530 mT DA e & SR AT BC &, P DAAEAT AT B T 46 TAE
HjE AR, TR FE A SR R G AR (E o RTS2 s as . MRS F1% = o A A
NMSTHAFIZAT, TE4AE RS Z AR ML I ERE , 2044 2 [P N 4% 38 45 15 25T TCP #hi
RGBT (Socket) 77 M, RTS2 K EHEHA T, [FHEIFN RIET C++d
5, WEIEEAEWRISERRCR, GRTERFN TR, T AREHIE R & DY R
FHRL RS, P PN RTS2 R4 Wi N 8-1 4 RTS2 I &ANE8 7 2 AR 4 A T RTS2
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IR ZR G5 o

Services

rts2-httpd rts2-imgproc rts2-executor | serees rts2-selector

Tools @

rts2-user

P
rts2-monitor S
rts2-target e Postgres
rts2-targetinfo
rts2-plan @

Telescope Camera Dome | e Sensor

Devices

8-1 RTS2 A R 451
RTS2 A48 (K444 3= B4y Ay I B2 (Central D) | iz 45 (Services ) 4% ( Devices)
AT EZ (Tools) HIN . bz 4h, RTS2 th Ui Hbx W00 ) S e 44 w6 1 Hdhe
i, B EARSS A3 Postgres, ##E 2E b R EAEAE AL H b (target). WPTHER] (plan)
FVELH(E 55 . CentralD 72 RTS2 k0@, FEMRS MRS T EREME & Z A M2
IVER, CentralD H{R$EE RGEH A W& I IERHIEE B . RTS2 5 22i81T1E Linux 358
T, T A AREE, 2O FERE A CentralD.
RTS2 HHi L EMNA, ¥4eilid CentralD $E A MMIEIERE R, BEXMER
X7 A7 Socket FEFEFATIEAG, B IEAH R EAE DA RIE S 4 . BN IR,
CentralD & 7 Rtk FIERE L, A5 THFMEKZEIESE.

8.1.2  PLgHMN

RTS2 &R HE BN, E— 80w 0 MNT, JE7E CentralD i, JEM
&IN5, CentralD Wl fRA7 T W44 14 1P Hhhk A 145 5. FHEE — MICCD )5 3hid
FER MR ALK MK G R . MICCD BE1H % (main &30 £
src/camd/miccd.cpp LA, XA E L MICCD #4535, 15 main eREGEITIZ 1T run()
BHUE 2 MICCD R F7, 3T MRS U S8, R4 W SR A select £ 1/0
% 6 5 H A TR BIE — AN RAE N R B A0 2 A ST R R B SR 45RO . 47 2 7 g
& EHF MICCD ¥ &K, £ Device.cpp H i createConnection() B Bk 47 77 £ — 4>
DevConnection %42, 7£ block.cpp 1) selectSuccess() B8 FUMH FHiZ % B2 11 receive() B B0
&P R IR BE, 125 R % E Y processLine() B A AT T (FE connection.cpp U4
H1), processLine()eR &, SRR FIEHE AT AR R DT, HET AT AR 2, R

76



o5 8 & T ZeroMQ FIMLIIFZE ] R Gl (E BOR

ITAERL I #EAE . 7E processLine()H
H1¢) command()ifi | MICCD f#) commandAuthorized

2>} DevConnection #' ] command(), DevConnection

PR%L, Camera::commandAuthorized()

1 Device::commandAuthorized() i £ . K 1. 7] EAZE MICCD 1 commandAuthorized b&#5H,
X IR SRV 4% FR) AR TR i 2 2 5 A N F) S Ak B A

RTS2 P 253d A5 F & T TCP MM YA SCAS i U7 20, Hodli A% 4 e i Ak Fe At i) e 471
WIiike Bk, AT XA PEAEm S, RTS2 4 HA R PRI SARRA R EE, R

% 8-1 K.

k% 8-1 RTS2 MW AT 2R HthiAR

IS fif R AN
\ IR SHUE V infotime
X B &S EE X GAIN =20
A UNIREPN A authorization_ok 2
S WEEERE S 1 exposure started
P PR HEEE P 10 100
R et WA HPRS A E R 110100
B iER ST B14
T B B B RLAR A T ready
M HE M 1145788.876 CO Exposure started
E T E value_type “name” description
F FIZ2 LA e F “name” selection_vals
C ke C connect_id 1 2 22876 32256
D Rk E B D connect_id irl.osn.iaa.es 22876 32256
H B R H connect _id
I Fe = A R B | connect_id 1 2 22876 32256
J HEHERRERE J connect_id
K L N B K connect_id

bR 7 EIREEA I UMAT S, RTS2 $$lﬁ&%1ﬁﬁ%ﬁﬁﬁéﬂ%ﬁﬁ&tﬂﬁ%ﬁ n

Telescope 2] move fi74. Camera 2
BRI 52 XY commandAuthorized
SN . fr e RS,

K expose 2 fENTEAE . AL, &
R, S H e L4, W MICCD H clear iy

A DAAE e )R

REILL “+7 B “-7 FRITIG, SR G102 3 37 iR, 2
EEMAA W FRFRER, W “+000 OK”,
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8.1.3 fF#ERYE)RR

RTS2 f /] TCP HFUnELFoifs, &> TCP HEEAGEH LT EIE, Ui IP i
by P S B IP HhE. H RS DS NGBS L. AR SERRRE I T A R - SR
L2 A, EFRER BAE BN R N — ERGEE XU P iRRE, A N IREE SR . AR
HmG ARG, LM%, SRR, WBENLREHENT 24, R0 2% ) i
U, Xl o B 28 b AR B AR T A A R &R, M RTS2 mi s % 1 tn T 8-2
P s I 28 AR 5 AR

Clientl Devicel
Client2 Device2
ClientN DeviceN

K 82 X%l

I, BANS 518G R BT o R N E A E G AR R, RAEE AR TRF
TFRAISZI . FAME RTS2 HHZE#E2E (Connection) Sk SC A A1 SC 44 A9 ACHS k852 3000
17, BAAFIT HIG A 4Ed

15 FH select (1) 110 288, FFUCH M select B3, #B 75 BAL AR FFE S WS
PRI IZAS, XN U RER R IR 2 I SR IR A select 1 B 4E P A%
i [T A5 3 1 SR B BT A SCHFRE IR AT, XA TS TE SO IR TR 2 BH AR K5 select SCRER ST
IR EEAR, BRIAZE 1024,

tbah, BEimgishl Rgh, &% FERPHRIEZ & . i, £ CCD 7R,
HAMM, FDEEE. RTS2 o —N% - i 2 [F) i 8 37 F0 22 /N A IO (R I £ 022 42, I o
BT, HEgEdmAm T, Rk Mg REmS. REMSCAR, Pkt
T3, [FREEERRG T, ZmAZ, WA, BT E S ER) # R (e
J7 3 AN RREU BB ] 45 ) i)

82 HET MQTTBENH

EFxPF RTS2 fHBIELE TCP EEFHIRIR, AT B R@EE il MQTT
(MessageQueuing Telemetry Transport, ¥4 2 BAFIREMAL 1) 75 m s R G0(E G
R, 2B 25 L8 B 15 45 a5 12 ) A R B i ) R G 1 2 AR AL .
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1, BRI DGR B ], B R
2, DplEEE, #RAFAE U R 22 BB 4 1 75K
3, WEEfEH, (RIEE, A, mPERER L IR K.

8.2.1 MQTT @St

MQTT & IBM RI&/EAKEETF & I — AN, 2014 45,  IE SN HERE IR 1£
B UE . ERR T TR ER IR ARAT BB (Publish/Subscribe) 78 B AL #1120,
B TE AT B8 RS AR 10 X 28 PR 58 Hh PR P D9 18 2 SR T SR I 28 I 5% . B B 1 1) R 4t
HH P R — M T B — A T E AR IR SN 4%, 11 MQTT P iSG&E I TR TR RE 1k 4%, AT
02 PR AT B ML PERE LR, T8 AR

MR IEERE T, MQTT th R 5N T i 2 AN Sk dEsor4y,  H s iuR
AL MQTT EZARMALHITHS, MQTT B [# & Kok Xt ~ & 8-3 fis .

Bit 7 6 5 4 3 2 1 0
Byte 1 Message Type DUP Flag Qos Level RETAIN
Byte 2 Remaining Length

Kl 8-3 MQTT ji§ B 3k#g X

F—F1 (Byte D) HT U BARRER, b 47 M FoRHERE, il 44602
BRI AR 16 Rl 2 8Y; DUP Flag 4T 45 &: QoS(Quality of Service, k455t &) Kk
HEVH BT R, B =MARNRSRE (2 R k—k. mPpitt—k. —IkHA
f£—1); RETAIN(TREFR), HXF PUBLISH {HEAR, N 1NEREKENHEFE —HIFA
RAF, 9 0 XA N AT 1T B8 HEIR LI 2

B AT (Byte2) NRIRKREL, ORAFR LA AR SR/, EA R BEAR
8. X—FHRr Uy R, HOAEVE, 8l 7 AT REKE, F—iHMR R 4
JE—hrh LI, FoRKEAR, FFEMH AT IR

M T TE B SK B M T BUE A A MQTT 1 NS 5545 i R G h Wil A AR 4

1, "EEfEH. WEE QoS , MQTT AJ URIETH B Al 58 24 L.

2, JHEMEE, CFHHESEREA,. RIER Publish/Subscribe 525X & B A7 i A g o

3, I gE. MKFERE. MREA. SR/, JEHA WM HE S, FRERD.

4, NFfERE. FRAL—XF ZHHE KA, BRI R T ARG

822 EHT MQTT EUi&it
MQTT WM dfa =Fh & . KAi# (Publisher). fCHE (Broker) (JIR%#%). 1TM#H

% http://public.dhe.ibm.com/software/dw/webservices/ws-mqtt/mqtt-v3rl.html#msg-format
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(Subscriber). Frv, JHBERIKAE M R E A LR i, JHEMRIEERS S, HE R
FA] DR VT B 3 o DRI A MQTT /E NS G = H] KRG REE VMY, R HM R
Bt ™K 8-4 i

Tools/Services/Clients

Publisher Subscriber

Broker

Publisher Subscriber

Devices

Telescope Camera Dome | e Sensor

Kl 8-4 KT MQTT Wi () Bz i d= il R G i A &b 44 ]

Frb Tools/Services/Clients LA J Devices B8 AR A& % P i, [FII H A R AR & AT [ & 1)
S5, 1837 3] Broker FRIRFEA £ 3%E 4% o % 7 o o] LA, AT HA % P o o] BE 23T B S S 5
B E 2 P i AT VE s B VT B BR B AR P IE s Wit 5 g5 a1 4.

MQTT &4y B3 N E 8 (Topic) M4k (Payload) P&, F2@in] LAERAENIH B
IR, 1T E# 1T (Subscribe) J&, St E)iZERIH EHNA (Payload), Z&F8iTTHH
BARBAEH AL 2T MQTT MIB(E 1T, I EMWE & B0, HErruimt 2
FREM . E8 Topic @ 2 —NMEA S EEWIFRE, TR THRMERFRER
HATIEIE . BT MQTT M EE B il RG R &% K AT £ 8E L FRI% 8-2, #ig 8-3
SCHR A %5 P ity AT ) 32 R

FHE 8-2 FT MQTT YRR EE% il F Gt e KA T UE X

F Ui B
device/info BHER
device/+/param AN SHE
device/+/status AN B HPIRAS S8
device/client/command/+/+ B 7 S iy A HHAT R BB
device/client/+/value/+/+ 7 7 A P 2 U A st

#Kf% 8-3 HT MQTT [ Gzl R Gu %)™ i AAT 1 3 8UE X
T8 B

client/connect B ik
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client/disconnect Wir T2 g 1
client/command/+ B[R] BE A R A A
client/device/+/value/+ B S O S I S EUE

8.2.3 TEEHIE)RR

1, WELIEF =I5 Broker, MQTT 4% Broker SLEL 0, AL, Hip
mosquitto & —PMFIREEE 2 eclipse MEEHRT C LM, TEaMAE 7 MQTT 3.1 A
MQTT3.1.1, HI5EENE P g, EI0UE P24 H mosquitto. MRgsEs. Mag
Fa5E () Broker J& PiE BN R M Iia T R TR & .

2, RERAMNAT AL T AL G % P i/ iR 55 ds B X i 1) vl 9 ek, (RS
RATAT B AP R B Fe m T e, fEEAR EASR & — ki

3, RMEERIGIN, WA 7 A A 1%, CCD W& 75 ZEANIM P I 45 %
PRI R it Mg, X BN E ST MQTT . dnf B 4r I, PrifA A
PMCIRD o 75 DG I )

5T MQTT WS RAEM LI, VIFERFEIUE, KRRk Rk 1 [ R
e, K S gk sk e B B 3 B BT H AT Broker PEfE AR M ISR .

8.3 ETF ZeroMQ HYI&it

NG NVST U 7R, B A szl — AU A () B 2 S B 1) R 48,
fir 4 A4 Collaborative Telescope System, CTS. HulkbF &t ALK gw S EL, FERESL
Ol W R A o A S 2 38 A5 SRS i) 22 4 1) 3845 AT =2 F ZeroMQ.

83.1 HRLG4iH

CTS Hufd AR HuAb ¥t (3% ATST ¥it), B R4 1H R84 N &t &
45 (TCS) Wiz 24t (OCS) MMM | L1 (OCS-UD, RFELZEMUW TE 8-5 ffis.

7 https://github.com/mqtt/mqtt.github.io/wiki/servers
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‘Telescope‘ ‘ DOME ‘ ‘ Scripts Executor ‘ ‘ LI ‘
...... o :
§ ‘ Observating Plan ‘ = oo ‘ Android ‘
‘ CCD ‘ ‘ Focusor ‘ ™MQ || = S | hvebSocket
< > 3 ‘ Target Maintainance ‘ P |
= 2
: 3 ‘ 10S ‘
E: ------ -
A T e
| Admin | N R oS ]
A oo L ocs
DHS

Kl 8-5CTS Hh R4

TCS HIHZCAES IR Z IR &30, WA RRISEIM S % RTS2 e L, HI

S PUR IR IR & SHN B USRI a2, AR 2 BIBHZE R R . fEiE 5 R H
C++. TCS &AM (Admin) F1 RTS2 H1f CentralD ZH44-211.

OCS [ EE fUAE T G e i B 254 1) Rk G 2B T A 7 000 ) P2 e 3, RN o 444k RESTHul
F Websocket ] AP1, DL{E #1388 {8 ] OCS KIThEE, 1 Python & & 4ifE. OCS 5 TCS
Z A H 3845 K FH ZeroMQ, OCS A%/ i i) 77 R 2 TCS B A . [F]IN=% 18y DHS
T, Z B DHS /B8 OCS [—#53, 2 PR ey o S i 50 A 4 11 225 S0 e S
A FE sk, B LRI B A

Ul f5riEid OCS $eiifibnited D g4zl i, Hur{UeeE HTML 5, KA
React FI4RFEAESE, H R &MU, e A 5 R 215 5 B .

8.3.2 EFFHIT

AT SO 4% ) R G 1 R0 2 A 280 1 2% Z RIS, TCS W %
(Device) FEHAM (Admin), A2 EAAERBIS . RBIZ AL 2 500N 2 5 H
IR AR S AL B TR R . A T B R A SRS . R IRE . S R AT
FIVESRN . 2 73 (Client) FREREIRAER A, BUCR&T BN HERE, AR mA R
HEEERI & b, T s AR, PR B AR A TR R i B — AU R Ay
LSBT H/E LB T RE&RN, UREZCkEREmme, AR
PSS, B AT R N R G M RIGE R e & BT R G BB
PE. WNE 8-6 Fian A TCS kK ZeroMQ B85 &%t
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W\ Client ,W

/ Get %Dealer Addr

Front Router

| Front Router 1

I
I
| R |
| |
PUB | Steward Master : PUB | Steward Slave:
|
I
---------- 4
End Router : | End Router =
Heartbeat & Command & Value updates
SUB | Dealer | REP
Device Big Data Transfer

8-6 TCS 3T ZeroMQ B fE &R 7 it

& P AN BT 5 SUB A Dealer 257, 47444 client_sub F1 client_dealer.
EHAMTERETFAY T —1 PUB M4 Router FIZRAL, 43jldr 44 admin_pub.
front_router A1 end_router. &#%unHH =&, Jy SUB. Dealer 1 REP 2584, 73Jildn 4
A device_sub. device_dealer £l device_rep.

E R R Fh A 75 3 admin_pub. front_router Al end_router iX 3 4 TCP %%, admin
RN HH D, BR&MENER, R #HE BT %, %5 uma sh b i3
front_router, 375 admin_pub %4215 EUJ5, client_sub Fi%# admin_pub, #2053k 15 E.
I front_router 511, 2 i A B FRALAF K5 OBk, TR E R Rk A

W& IERE] end_router, FIRWHSEME, @B RE OB, S EAMN PUB Mtk
Ao 1, FHERER] PUB . AR IR, 2 miE e 218 AL, SRR & bk
FR, HMREEESS, T 2RI RS, AT RUEEE ) admin_pub £
YR SW

B AR E IS, B i AR AR O LR B A 327 s (OB R, )
MR, AR —ITE], AT AR ENL, BRTE R A mEE R, MR R
BUAFAE . F757 ORI s [l I Ok 4E RF B AN R0 mr T R, 38 S /e B B )
LR R

7F ZeroMQ ', EEFEEZBRE, ErEENERE Y (W Router) M4 e 4K
—AN UUID SRFRFTH SRR, 52 MH5CHk. Router B3 747 B W 3 8 /T I8 I
BRI L, A 7% P ume i ER e RS, SR E A EDER R, B EEE
[ 2 4K, TR B AT LUEI S 50d8 e, XA AR AR &R Router EHFHIARIR.
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8.3.3 1LBkHNE

& i CIDEERE Y ket £ ekl RS P S 7 ST DEE R P SiiBunl i Ml n 1] bR eI
FIWr s L om ity al L, BB AR TARRIBea, (0N R G P EBbdL . A
ZeroMQ, £ 7 i B BALAF B AR B N B, B TP AEME 1 zma_poll()
AERHZE MO 2, A AN TE I ekl A Bk . AR ORI L B R AL, E
TR A R H0S B R IE OBk (FHEEMZ%D, B RIE R CREOT T, 748
B D) o LB AR PR AN B & 2 (B 4ERF, 2D (AT s 2 [ A3, A1 A R] LU
B SRFAI T B ASET, bl s . O BERER R A RS R S 2 E P R E LY
FAE &AL R YERF— SR

8.3.4 IXmhALIE

AT NVST [ F2 7 A RAEFE 76 Windows ¥, 1 CTS 7E & B % &
@AM, AL Linux P& FHA, BT Z0 A 1) Windows JXZN il 36 . 47— £
£+, ZeroMQ [FIFEFRAE T 7E Windows V& B & EE, I [RFE AT & Windows T
PRSI, AT CTS . AKRBATBSHES'S Windows &3, 0
W HE X & FIARIS TAER, SCBLCTS ME-F a#ME.

8.3.5 FHlk

TE4 'S5 I 265 N FH R 1RO BT A A 75 B AR 7 1 SRS B A7 e N AR, SR ALt
B2 1R — G UL DASEIUIE R X AN FR T A0 B b e B AT il A i A% X
I FEME RN 7 414 7 (Serialization) , T & FI8 2 I AT 4 F) O ) /7 47114k ” ( Deserialization ) .
ZeroMQ {3 A1 9 26 388 2 1) i) /3L, AN (it 1 Z 40 i 7325, FRATTRT DL G i i 4 46 9 char*
B void* SRR ds , ARG HEAT B AR S, TR AN TR — AR R, #E S AN [ (1)
Rbg, TAEEMBKA, @AM, FRIEER CPU FI R M, I FHEREAENF
AL, [F fem/ MEIR NG FE . F-AT148 ] MsgPack, MsgPack & — 3T - iHEH| % 4
PR, HAAESTES R, RIFEEE RS . BEa 2 A HE BiEid MsgPack i
TIERL, SRIGE N ZeroMQ [T B 45414k (zmqg:message_t), @it ZeroMQ 143, #x/hiE
W& I H MsgPack #EAT#EL, i tran 4, SRIGEHE.

8.4 ARE/L

AR RTS2 WM ZSIBAEM 1 BON ST RIWEIT, RTS2 KA Socket 73, REH R
EEAEAFHIVERE, (HRER L BABORRIIT A B R 4E4 1% - RTS2 PR 2 A et
HIERAEAE R R T 30, SEBUEER R0 R B0 RO . IRl IRBTE 1 AEPDIR I 42
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) MQTT P, AR IR AN B2 3z 8 28 4t T B0 & 12 il AN B RAE AR AL, T 96 E 1
MQTT fEHim st R4 F = HI T 47E . MQTT iy, MM B Opfaett, 777
SO R B OB R ) B B S AR SR T ZeroMQ X B B M g ImAE P, $R T A
e EPSNE I CIR L =AM ENSS R 2 S (AP p e @ =cb vt e ot all F e o =R L D) VAN 1 S A B
B R TP ATk, S 1R RGHITE BARERE ST R GRS E VEA R (1 22 4
VEo A2 S0EME R M A M AR R ENAFPAGEEOR, AR, oK
A G T EAERT R, R A 22 RIS RIPA B S AR 55 255K
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ASCE e Mo A SR AL B R AR TR AT IR 4G, THE T — S k. FaE i &
ZE MUSER S LA A B FR ) mT AT PN, @ %) Spark /£ MUSER H BAR R FH i 71 3%
BH Spark %= T A7 IEAR I 2 AT A Ak R AE S BAT R A7 R A5 AL B 1 Re A9 AR %, H
T USRI URMESE () g 52 A MRS AR e v, &R T H BN AN, H4h, X
MEZEE & A Java B¢ Scala B S %5, MALLERILH ZMHEHE Python, RERMLT
Python 42 11, (HARESEBEH R FE R PERE M HLH . Hadoop BX Spark 5 b RHELR LL L& &
F T HE W R HE A B 5 20 AT, R ST BB A BT GORT LI X A B A ORISR, ]
I} RS B B A B AR R A B FE T Map/Reduce (115048 750 b th 7 4 K 1) R 9

SEG ROCEAR R SRR S E A I, FIRw 2 5 K, gy ek, &
SAEER T T N0 A S HHE LS ——OpenCluster. 1% 2 42 3 T 2L SE Tl
IERARER AR, ] Python w5, $RULME 5 HEI APL, REE 2 5y AR i O I &4 b 3
R, w5 AL ERFET o 454 Mesos BRIV, $R4LZFhETURRERIAY, HRAHTE
MUSER SEFr 8 b B R G o[RS 4T I S 883K B FHE MUSER T H 1.

M R G — B e Bin s R 1 — NEBEA, BRinkt RS T ELI TR AT
GG HE, BRI E AT, PRI S 5 & %, SR E
AR, X — V)R B A A RS, Rt 75 S 25 38 5 R Bk . i
B, 8T T IR R I B E S R R 48 RTS2, AR RS T BB (S Pl MQTT, 4
H T T ZeroMQ FREAS BRI BELE, FRIT MR AR . JUCRA ZeroMQ H E 11T
S f R R R A, B AT IEAE g A S A, 4% 3815 38 4 1 4 65 A R 2 56 A

2.1 HHXIHE

% MUSER AR IEASBAMIM, J7 S8 2, MUSER 17 S8 (18R 7 Ak 22
Rext SR AL B VE BE IR B E R Ik, a3 m Bl AL BR IR RE . SR A3 AT B IR AL
e, RfFPRAR MUSER BdfE AL B IK) — IORAEVEAE S5 . AR 70 A UAL BEAE SR R i AL
e Ik BE AR AL BEAT B B A RT T e AE 7, (HRIX S R ST B YRS 5 BV A BOR K
RRIZESS, X R SOOI ATHEAT R SCR AW SR AR SOk, B0 FEARIX S 4k 37 T A
(7 IR} A2 25% (0 g R4 RSO 1 5 I SR 3, BR ) 173X 28 2R GAE R Sy B il 7o A sU Ak 22
ffs . DAL, SRt —NREL. %R, 59 R EHER R A L,
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XT3 R B FIR ) A o H EAE SR UL, BT B AR, &HT
AFE N, XA ERIPERES S, A — Ml 7 AR B ol i, ELICR L B
MEERPE T HIEAESER TR REVIHREA TR TAER, HEIHM 7
FRIERAA T E et S B 2 . Kk, BP0 TR SO R R A 2 L
&k, Bt T Ao A T EHELE OpenCluster, X A SEBLE MERE . H g fE AT 2
AT THE9E . R 288 T NS, nf DL B RR 8 AT SR K B SCHRFZAT 55 8715 R
TRt 2 i g Rt e 1 RIS e N AR s T4 B 00 2 e 2 L ) R B =9 v ]
YR B RS A A 7E A S R Mesos S 2% BT U5 BEAR SR, SEEL T HRAT:
F o MESR AR th i ORI I, R TARRETR 2R ERE AL TR R S A =, AR e
MRS5S R B 1)@ K4 OpenCluster DS A 7E MUSER S At 25504 b #E s A
Docker {EEEREP I B {-FE T MUSER K #5512 1T R e vk

9.2 BImBEIMITHIRS

H A0 AT EAE BRI SEH— AN R 1) B 3w s 4 &R 88, B4 Collaborative
Telescope System, i’y CTS, FEH K2R NVST Ml 6] R &, H aikk Tk At
4 S B, SR AN 0 4 38 (5 HEZE L F5 i 5 B AT TR B F% T TCS 2K,
SERIAEZE SR, MZE S ZeroMQ AT FH AT HIBE . A8 T CTS fE R ITH, W
51 1E3 7 % Socket, MQTT Al ZeroMQ JEAS Hi AR IGIE . N T SLILAE NVST L s2frizgT,
UK ) R 378 B RN S BBl i) E A, 3 TR KR ) TAE VRN Th . B2 TR TAE S 12
FEAACSEIL, B SIEEBEvh, WEITER B s ORI AR SEIE, S BABKZ) Camera, Dome A1
Telescope N HAw, XX L& &S AT HEA TS

93 RE

RICRHAIEFE EEAO T R SCER AL B A R, B 1 AR AR 2 4k 248K,
R P Bt BBl 2 RS (R I, fe] A R AE R 2 5 114 A i ) 0 v Al e g Ak 3
e IR BAPRER TAE, RATEEATERE . 7L MUSER Jyfl (5] # R SCEE
AIMEHEE R AT RT, S A B AL B, SEH 1 i A B E AL BRA 7, A
RE A R REAT I 2 R R B W& 3, 2t — b o REE B R B ™

I A AL R G B 2 — MR EF TG R MUSER A2 R SR 0 R 28 B8 17e 5 25040 Ak P P 56
A, AR IZEAR R H TR SO AL B A SR e . B G20 G WL 425 1) 2 8t s A A R
T A LN TR, W Rl G SRR AL B S, SRR R s, AR
PEARE S H AR AT SN Fodhs A B 0 45 R AR B SR L O H b, TR RO A W, $EeE
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