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FastSpark: A New Fast Native
Implementation of Spark from
Scratch

@ Raja Sekar - Follow
8minread - Oct 23,2019

TLDR: Here is the code to explore.

It all started during my hobby research on various distributed schedulers
and distributed computing frameworks. Naturally, Spark came under the
bracket. I was already somewhat familiar with Spark internals since I have
been using it for over 3 years. It struck me then that one of the primary
reasons why it became hugely successful is not just because of its speed and
efficiency, it is due to its very intuitive APIs. This is the same reason why
Pandas are also extremely popular. If not, there are arguably better
alternatives, if one has to look for performance, like Flink, Naiad, etc., or
HPC frameworks like OpenMP.
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 Contexti®3iZ(master)


https://medium.com/@rajasekar3eg/fastspark-a-new-fast-native-implementation-of-spark-from-scratch-368373a29a5c
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thread 'tokio-runtime-worker' panicked at 'executor @10@@8 not initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29

note: run with ~RUST_BACKTRACE=1" environment variable to display a backtrace

thread 'tokio-runtime-worker' panicked at 'executor @16606 not initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29

thread 'tokio-runtime-worker' panicked at 'executor @10@@8 not initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29

thread 'tokio-runtime-worker®' panicked at “executor @10@@@ not initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29
thread 'tokio-runtime-worker' panicked at 'executor @166@e not initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29
thread 'tokio-runtime-worker' panicked at 'executor @16606 not initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_

scheduler.rs:436:29

thread 'tokio-runtime-worker' panicked at 'executor @10@@8 not initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29

thread 'tokio-runtime-worker' panicked at “executor @10@@@ not initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed
scheduler.rs:436:29

thread 'tokio-runtime-worker' panicked at 'executor @166@@ not initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29

thread 'tokio-runtime-worker' panicked at 'executor @10@@8 not initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29

thread 'tokio-runtime-worker' panicked at 'executor @18686 not initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29

4= 20g

fﬁ_?‘ﬂ ?*zﬂ]Elﬂﬁx&J?VE%rajasekarvE’J receive_results BAEN, W5 S task‘-Falled |‘_~|§5Z Sth_ submit_task RRZEY

, BERSREFENE, FNSINAMITE, HBEMA task_failed BREY, HITRBWIE, BZESEFBNE
%M@JEF', EfF shuffle NEFTRAE. EERATRIEEEXRHEEFRBELI=TE, SE=ET—F7ELMES
AYIRIRR,

warning: the following packages contain code that will be rejected by a future version of Rust: nom v2.2.1
note: to see what the problems were, use the option --future-incompat-report®, or run “cargo report future-incompatibilities --id 1"
Running " target/debug/vega’

(Ctrl + B8)

/tmp/ns-session-d8@5dabl-e8cb-4f14-a323-94867cbcddd9
/home/ubuntu/gitwork/This-Lynx/vega/target/debug/vega
ubuntu@172.31.138.136:/tmp/ns-session-d8e5dabl-e8cb-4f14-a323-94067cbcddd9/vega
~/.ssh/1lhm_rsa

/tmp/ns-session-d8@5dabl-e8ch-4f14-a323-94067cbcddd9

ssh: connect to host 172.31.138.136 port 22: No route to host
/home/ubuntu/gitwork/This-Lynx/vega/target/debug/vega

ubuntu@l72.31.76.120: /tmp/ns-session-d885dabl-e8cb-4f14-a323-94067cbecddd9/vega
172.31.240.88:8080

scheduler get job_id complete!

08:53:12 1 connection failed:

shuffle:o

server_uri:172.31.138.136:16600

shuffle_id:@

map_id:1

thread 'tokio-runtime-worker' panicked at 'executor @100@0 can not response', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed
_scheduler.rs:525:29

note: run with “RUST_BACKTRACE=1" environment variable to display a backtrace

©8:53:12 @:fetch failed

here

thread 'main’ panicked at 'called "Option::unwrap()” on a "None® value', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_sche
duler.rs:612:5

08:53:15 Failed to connect to 172.31.138.136:18@08 in order to stop its executor

"' /home/ubuntu/"

172.31.240.88.8080
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TR, HNEEREESZE, REFIHGIKTHREE. BRI BERIIEEM P, EEMITEE, S
BH—MMIL, FRB TEMAYESES \EQAITEL_ERE’JMHL RIERZMIREINE, FTENHEREmorSE LA
RAFiEE (EREETERNMIRS, ip, REEMIILERESM, UREFRIESFEZESZSHIMIRS,

%)

EXeC eXec
] n

Bk, FAIEVEF submit_task AT, $EFD tokio: :spawn JHFAREEREN submit_task_iter , FHEMIIATHERS
BIENEEEH submit_task ARSRBLSHESBILE, HIMsHEMBEEN). BE,

7E submit_task_iter &N, SELTEREIG, SSMAGIHEEEERIMIAD, FHRIRE

F3 submit_task_iter , RIEIBESEH AL — ‘:T)\)\’fﬂ&ﬂﬁo

IRE L, BEXMAI, BAWRETEEABRT, EFYEERIET:



o MBEMNTLE, SEBEMSISERSRARMML (RELMERETIR—M) .
o MBZMNEIR L, ESHID KBEEBRERIERRT.
o MNEATEMIER T (MNENMMEAME) |, BFREERS, BEIE—aM LS, FEEgkaniT.

MR L, X—AESAAMNEBRIEEFNERIET, KR ERE LIFREETRAMREIRAE:

o BRTERAERFENEERNBXIMESEEAMIHTINIINE, BIEERE, EI/9iEa 7 IR ERAIET
N, BREREERNHITHE, ERGITSRERAEFHE,

o BB submit_task_iter FJ tokio: :spawn BIERISEEAZPBIIEA, O TIHES, ipPAFISHITEFT
H, MRBERLEIZING, BHTFEERA async move (B, WNEIRAIEDtaskSipIATI, BUSFEXEL
KERTENEERSIAE, MXESHRAENTETH.

o BTILERERFLHITH, AASFMEMESHNEREHIT, B, MEESHSEA ASFIMEMES.

HDFSX IR %t

[RARVegais BENHADHINGRGIED, EEFMFEREHREBIEH MRS THEESITIE
55)e AT EVegalSUFERENAT AN, F(IAEEIN T SHDFSZERYEN.

BAHDFSEZFEMR/L NI : EEHFISNEE, HEUEHARId.

BEIREHMB NI LFIB—1ME=738: hdrsSLI. hdrsFRustB@2x THDFSAYCHEM, LIl TRead, WriteZ
Trait, fREFHUBARIR TIEENE NEHRAVEEA,

BEESHARR L, NESEBREMNR/MEEIESER, Rzt Pworker[EATMHDFSIEERY, Altt, Fii%
5 THdfsReadRdd, 1ZRAISBNEEERHIFTE NG, 7 compute() EREHNITATILEZ Mworker[EATSERY, Ho
BRI LT (4,

BEbZ ™, BARKMEIEEESR, AFEANN— M E—XREE—ETEEN, RtEERHSAZIHDFS 349
B2, JEFRRTEHmasterfiTRIAT,

NE—I0T08E, FAMRM T EMEEAAIHAfIO2E, HAHY read_to_vec Fl read_to_rdd 73, AR] LAGHDFS _ERYSCHEEEN
NFHMERI, write_to_hdfs AR LXIHDFSHITEN, B, AT HEGBEREINFDR, HITERET
XIS A TISEENAIRRRSAY read_to_vec_and_decode EREY, VEAFIRTHRETE read_to_rdd RUER_EZEN—FIFHERSAY
decoderi®#f, BIRJ{SZEI— M HdfsReadrdd BLIRISZIAIRAD, 1ZRAA#HIT compute() Z fRBIANEE 4 EISEIRERS
BESHARA.

B, AABEETIHESRIEERER, BINRREXUSHDFSHITREMNA, =Bt
7 LocalFsIO F LocalFsReadRdd , BJ BT VAR ATISEENA IS (4,

SERT IR RARIR

[RIREIVega B 2R B IHREMFIEIRE, REER<STHELAog, B FER—MREERIDHINUARSE, WRE
MG H T IREE o REHFEH EANERE, EHRITAN, NRELXBERHTREFEIEM SR
k., AILASERL, ETTERRSHNETIER.

Grafanal"lfIPrometheus! SR ER R —E R FIERE 2 A0istE, EHPrometheus2—MNFERIFEGRE, Fsk
FESHEEE, QESMCPURIEIER, BRFREIESSE. MGrafana2— MERIMWA IR, BETHE
Prometheus EBEiEEE H(NGRERITHEE, W TFEPIPrometheusEE iz BIrAYEE.



9 Prometheus &

Targets

All scrape pools ~ Al Unhealthy  Collapse Al Q| Filter by endpoint or labels [ TS | Unhealthy ] v ] Healthy
node (1/2 up) M

Scrape

Endpoint State Labels Last Scrape Duration  Error

http://host.docker.internal:9100/metrics m instance="host.docker.internal:9100" 16.158s ago 159.834ms

http://192.168.14.118:9099/metrics [ pown ] instance="192.168.14.118:9099" 13.373s ago 10.1s Get "http://192.168.14.118:9099/metrics": context deadlin

e exceeded

prometheus (1/1 up)
Scrape

Endpoint State Labels Last Scrape Duration Error

http://localhost:9090/metrics m 3.171s ago 53.859ms

vega (0/1 up)

Scrape
Endpoint State Labels Last Scrape Duration Error
http://host docker.internal:8000/metrics [oown ] instance~"host dockerinternal:000" 4415 ago 2285 Get "httpy/host.docker.internal:8000/metrics”: dial tcp 19

NidPrometheusAE RESFEN L/ DS R, HPEXCPUETERINEEBACRLUTE SER, A THEFINE
HREOUSIREE, BRAIMA T node_exporter!!5g24Prometheus i ELERIEE.

X FVega A B TIERF KB IAATHERESSIN Y. ERXRusti A TiEeE R SE iR, EERTHEX
B, Bi1sETiXEES, 8EmayEprometheus-clientE, 19

KR LR, PrometheusTBEAYRINE—MERZIKEINAImetricsAZ, AT TFEIXAEFRIREnode_exporterfiiifY
CPUEITIER., AJePrometheusiiiBEIRF Tk, LMRREEN. FrLIBAEVegalRit 7R SHE add_metric ,
SKIBHHNNANES. BERY, XERISEIRARFRE TER, RINAHERLHIETIE R EIPrometheus, AERARIRAY
EREEIE, FERE.



# HELP node cpu seconds total Seconds the CPUs spent in each mode.
# TYPE node cpu_seconds total counter
node cpu_seconds_total{cpu="0",mode="idle"} 23844.49
node cpu seconds total{cpu="0",mode="iowait"} 346.99
node cpu_seconds total{cpu="0",mode="irq"} 0
node cpu_seconds total{cpu="0",mode="nice"} 0.07
node cpu seconds total{cpu="0",mode="softirq"} 435.39
node cpu_seconds total{cpu="0",mode="steal"} 0
node cpu_seconds total{cpu="0",mode="system"} 678.53
node cpu_seconds total{cpu="0",mode="user"} 1447.03
node cpu seconds total{cpu="1",mode="idle"} 23444.24
node cpu seconds total{cpu="1",mode="iowait"} 251.36
node cpu_seconds total{cpu="1",mode="irq"} 0
node cpu seconds total{cpu="1",mode="nice"} 0.05
node cpu_seconds total{cpu="1",mode="softirq"} 106.63
node cpu_seconds total{cpu="1",mode="steal"} 0
node cpu seconds total{cpu="1",mode="system"} 709.79
node cpu seconds total{cpu="1",mode="user"} 2064.6
node cpu seconds total{cpu="2",mode="idle"} 23433.74
node cpu seconds total{cpu="2",mode="iowait"} 347.48
node cpu_seconds total{cpu="2",mode="irq"} 0
node cpu seconds total{cpu="2",mode="nice"} 0.03
node cpu seconds total{cpu="2",mode="softirq"} 152.17
node cpu seconds total{cpu="2",mode="steal"} 0
node cpu seconds total{cpu="2",mode="system"} §22.63
node cpu seconds total{cpu="2",mode="user"} 1741.18
node cpu_seconds total{cpu="3",mode="idle"} 23984.34
node cpu_seconds_total{cpu="3",mode="iowait"} 270.68
node cpu_seconds total{cpu="3",mode="irq"} 0
node cpu seconds total{cpu="3",mode="nice"} 0.15
node cpu seconds total{cpu="3",mode="softirq"} 35.3
node cpu seconds total{cpu="3",mode="steal"} 0
node cpu seconds total{cpu="3",mode="system"} 648.69
node cpu_seconds total{cpu="3",mode="user"} 1596.58
node cpu seconds total{cpu="4",mode="idle"} 23750.51
node cpu seconds total{cpu="4",mode="iowait"} 284.8
node cpu seconds total{cpu="4",mode="irq"} 0
node cpu_seconds_total{cpu="4",mode="nice"} 0.07
node cpu seconds total{cpu="4",mode="softirq"} 22.56
node cpu _seconds total{cpu="4",mode="steal"} 0
node cpu seconds total{cpu="4",mode="system"} 773.2
node cpu seconds total{cpu="4",mode="user"} 1635.15
node cpu seconds total{cpu="5",mode="idle"} 23969.76
M VegaWEME RMMHEIX MBS TARSS=:AUEISRS, EARusHIFFERAIE, BANRBERETHEE, MEERE
BiThttpiE KD AIEERYEE, EEEBER.

A IR ER T docker-composek 5 fEithEiE s, BIAMATDEILISERPFM. HEXRUTE.




vega task

Finished Prepared

2 4.0 1

Bzt
BANERE CEEHTTERE, EtcommiBlCEELEMMIZRERNERY. NRETARRRIHERE
IR,

31.1%

192.168.14.125:9099 host.docker.internal:9100

Bt ERAGitHub ActionfRHAYIEXINEESLIN, FE&Rait pushBtfitR, BEfEAKIREFARAREREMIRIE
RRNE TR,

« Bahfk: GitHub Workflowr]LABZIUATEE. MIKFNEREMAE, MM Fani(ERR IR,
afESM: GitHub WorkflowRJLARBRIGE,. MIHFAIEE REEERETHEEERN, NMmEsUESE M.
BIHL: GitHub Workflowi2t 7 — M eI E, ATLASIMEEEEE. MWlFIEERE.
alf @t GitHub WorkflowaJ LAY FERIE B TEAARSS, HlalDocker. AWS, Azured:,
FFagtE: GitHub Workflow2FHERRY, FEIaTLAB BitESF eI ELABEE K.,

F iR
AL R RS,

cargo build
cargo test

BHERINT, JUEHBRTUNYERET.



Running tests/test_pair_rdd.rs (target/debug/deps/test |

ving 4 tests
test_join ...
test_group_ by ...
test group by key ...
test_count_by value ...

result: ok. 4 passed; @ failed; @ ignored; @ measured; @ filtered out; finished in 15.

Running tests/test_rdd.rs (target/debug/deps/test_rdd-a29d8d3f2be9d7e7)

running 30 tests

test count by value_aprox

test

test sian ...

test 3 has been running for over 6@ seconds

test test | perations has been running for over 68 sec
test test coalesced has been running for over 6@ seconds
test

test © _apro»

test test filter

test test distinct has been running for over 68 s
test test fold ...

test test first ...

test test_fold_with_modifying_initial_value ...
test test_intersection ...

test test_intersection_with_num_partitions ...
test test b . operations ...

test test_is_empty ...

test test_key by

test

test -

test test_map_partitio

test test_max_min ...

test test _range ...

test test read_-

test

test test subtract ...

test test read files bytes .

test test_take ordered ...

test test_top

test test_partition_wise_sampling

test ol with unique partitioner

test

test

test test take ...

test result: ok. 3@ passed; © failed; @ ignored; @ measured; @ filtered out; finished in 218.14s

GitHub workflowiiFz

FGitHub_FEEEfIworkflowfE B NK AT EIRAZ,




success
Run actions
/
success
setup
/
success
>
o
success failure

failure

success failure

Complete job

fail

ure

Set up job

fail

ure

Rerun

Notice developer




BIaHER

Rust Q, Filter workflow runs
rust.yml|
34 workflow runs Event~ Status - Branch ~ Actor ~

@ Merge branch 'xhy’ [ 16 minutes ago

master
Rust #36: Commit 37115d2 pushed by XhyDds G 8m 34s
apt yml 20 minut
° pty naster a minutes ago
Rust #35: Commit 448¢183 pushed by yuriYanZeXuan & 8m 8s

© Merge branch 'master’ of github.com:XhyDds/vega aster B 24 minutes ago
Rust #34: Commit 1373521 pushed by yuriYanZeXuan G 1m 535

@' Merge branch 'master’ of github.com:XhyDds/vega naster £ 54 minutes ago
Rust #33: Commit 16be49a pushed by himalalps @ In progress

@ update guidebook aster B9 3 hours ago
Rust #32: Commit 20d4926 pushed by XhyDds (& In progress
®
@ add local mode log etor £ 5 hours age
Rust #31: Commit 21279e7 pushed by XhyDds @ In progress
@® Syt
Merge branch 'xhy aster £ 5 hours ago
Rust #30: Commit 8f95261 pushed by XhyDds @ In progress

BEBEERTNINIRSNEREEH TR, WiER—ERREHT, XNRENLBEFAEREE, FHEGitHUbRE
T FERRAFIMRETRANER, X8 _JL)\?':T:@FEE’\JActiOns':F'i?J‘ﬁiJI:IWorkﬂow[zolﬁﬁﬁo

MidtEER

1. 100MB EaH|#&x wordcount!21]

wordcountiz 17 EE % (100MB)

5.37X!M

Spark Vega

FS 1 2 3 =T vE S|
Spark AR (s) 52.4881 52.2066 26.5643 52.2066

VegaFaAt(s) 10.7568 9.7214 8.6992 9.7214

HIXBEAP U ERAREEE—EFEE B A T inuxXEEFE, SEEUBREIMKER, AT
WERNERTHAEL, RFEESEVMware ubuntup, (R{EE—EEIERS %,



2. 200MB 5% wordcount

43 #1 T\ Wordcount

1.57X!!

Spark
Fs 1 2 3 4 5 E1y
SparkFEES(s) 35.312 30.75 24.55 21.56 22.35 26.9044
Vega Bt (s) 17.789 17.598 16.822 17.113 16.542 17.1728

3. EFRIRARTEPIH{T100,000,0000%, ={TAYE/E{Ims

SR EITEpi

~10X!!!

“

Spark Vega

FsS 1 2 3 4 5 1y
Spark3AF(ms) 8425.9 8482 8356.3 8435.8 8121.4 8364.28

VegaFaRd(ms) 768.86 911.67 910.32 706.28 912.05 841.836



ERDHTEFRustBLL FSparkiEi> T GCHEIRITE, FERKIIERNESETIHEZEETS, ERustEa
CIC++HIMREM B T LUEEETEREEB RN EERET. RustZHEEBBELL TR EBEB L SparkfVigF
ERBAEE, XATBERRERAIVMTHFRFWCRISCIIENS, mEA)ERAIVegadtHIFFFILEs
{i"serde_traitobject'TNgEIRE5, FREIAE, E RN EELSIEREEESEIRE T —8#i9CPURIE,

U =[S

MBS X ShIEE
REAKIEAE, SR SIOBRIRER, AR EERO AT S B R R,

VegaZt 7K T SparkRUIEZ . EHFEARDD, {£15VegaliE T, RiE. A RIEFRImIEEI, BB TS
MUEIESRERNESHREXS, HETHES FINEEEEREERESHNEFENEEE, BB TETLineage
(M%) RIEEEIE. Hit, ENHEESHSHIITE T RIFIISES, FLEASIERMEHAFEERERA.

RS, VegaX WU T RustESHIESMERE. RustEEEARERBIIMRE, THREIVMHIT, RBLHIREIKTT
H, [E15VegafttRE LBRSparkE TEARAREFT, RustXEBEANNGELZE. FRZEIMHE, 5 VegaltiaElt
MRSt BT EARYET, WIZITIET, RustiBErmiEssIABRERSHL AR, IMCHIEEETRAHR
RUERL EOREEAIBIRAER, R, RustitEBEFarFE, JIMERRRRERGIREM LiziT, BAFEN
TR ELEEVegalllBRIAZ,T, NERMBRMERNIREESTYT EE. ARustESVega, RAHBATE.

ARG Vegall BRVEM BT TN, (KT ShuflefMBRIVELE, ATHDFSHBRIMZRS, IIANTSH
THIBAFIZSEENLE], NI T EF Grafana/PrometheusSERTISISIz4EELR, IIANTIHEBMN. X(FSVegaftizlT
BE FETEARER, ENETEN. JRtST4EP T EthIEEREHA.

BAWRE, TR, ARt TRMESTEPT LBEERFERINVega, BAXBRMERHTESH. ELXERY
FRIRTTZ!

AR
R FFIR T T

TiCESparkiR 2 Vega TG IS HEHBEEEESFIINY PILIET &R, EEBRENEERFICALEYT.
METFIMRFFILIFHERA, SparkSVegartESHIEHEERZERIKATE. BT IASTUSEIESA9mATS
U, FRREAESHREIFIRFTIES, LARSESERRER.



EEENMARRIFRIAPI

T RusthISEBINBIIRAEZR, (ERVegatdiZ o MmIVITEN AR AR, thil, BXERDDERH EESIHMEN
AY, SRISERARBHSE ARSI E(ESAIRDDAEE, MAXIRODELHITEZRIEFZE, BENEREEBEF
BEXR, XAFTHPLFE.

TERIA—f, Rusti3eBi®, HERSRFIHSRIGHRENE, hEREAERN T ES,

)>, ({unknown},)) ->
Fn(&Fn<()>, ((f64, f64),)) >

FA&#FRIRDDEF

Spark{E/9Apache BEL THIMRIE, S5 RIIARKARRS, EFNRERR, SRNAME—XPFEEIIR
KEH, MVegaBFILHEFMFEA, EILABERMEEHRDD, XSHRBRIRDDEFXREABFE, SHFHIT

BRHEHBENEE, PTUFAESHNEFLSSSHSHOTEES, RRTLUABEERISSHIBRISH
A=A,

EIENNTSERIEE

Spark R EHLHIEE T SparkiiLineage (M%) HHISLIAY. ESpark, HPRDDEFE—MERELRDDRIE
£, XEFATLUBISRDDIVMF X ZRLIEE. SHEMRDDIISXEURELAT, ATLUBSELRRDDIMAXREH
HHEEE], XFME T LARIESparkhIZiEME, (BERSRE1"RDDRIXRDDEXRR, MAEABEMFEXRRENITHE
2, XMFEEFNTIAUTE, XERSSEITERERIFE.

BARNLINSHEIHEEASEERATE, BRE— R, Bk, TESESHERS,
EHXBMABOSHEIS. SEMal 0%, tanfEl?> ehigs T — A time AR timeout SRECIIAH
HI7Ti
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X ECRIRISERBARIME.
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TMEFENTRPBIE

VegaED B TIIAFTEEMETEHIAE, Rit, EEIRustiISFISRIFE #[cfg(target os="windows")] , REM
EFATHIRE, HiEContextenviERPREFBINEEMNEIZIE, BI1C LML FENBE.
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AYTAEepsSLEL,

5, SparkiEfTHTHAIHEIEMI LR, TVega R, WREGLUI, XA Vegatli—A s,
MTERE IR R T e

PESCIIRY M RE R R R AR TERIALRY, BEAMBEMNEIEK, AEFEEENER, SEHoHE RS
R INEIHEPrometheus A, BILAE R{E AR RN RE I RE = INT 52,

A, ZEIADockerZPE{IEWSL/Docker R (T 7, MiBEEIEIREE e EE s,

FeAiIAYUER

EX—FHRVegalli B, BAVNAZORIC., BE—H, SMEAREEEFT. WERE, LSEREEHS, &=
SIS RETR 7 OSHARIL,

VegaRHAVNAXZEA BRIEMEINEARIIE., BFXFE—IARE, BXENEERENE SMELERIIRE
=17, BERIAEZIINE. EXROERXATEHEEXR, ERMIISMBSFIE=5AP. MEH—F, i)

EERRBIABE THIBUG, BEAEEXRAITIE FISHEMREEUARER, EEMESAENERESIEREEIHDIK
HXREAR., SREN. WETWRESSFFRASIIESSELLRIIE T ANRGRE. RETIEREEEE TR0 R

FNEIEMRust, PRIRITRA TR T RS, IFRL. BARMIBRSRUsUREISYE, ILHRISIERHLE)
PARIEIESHIB], ATRusHATIERKIESAUES, XUGHEBANENAKAIRIEES.
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