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FastSpark: A New Fast Native
Implementation of Spark from
Scratch

e Raja Sekar - Follow
8 minread - Oct 23,2019
Sk Qs RO

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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., BiEiZreduceinn XS/ENBEENEFRIT], XELEG THEFRIFTHE, XIX15 7 SortShuffled
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AiE)/s 1 2 3 Fiy
R e 9.73 10.96 10.32 10.34

s 6.82 5.46 4.87 5.72
MBIEITIERER 781%, HIRBERA IXNX—ERAMITI 2RI,
B EascI

[RhiRVegaiR BEHAHENS, SENMTRHIEFRR, BENMEFHBLEESIZTH R, TEBRIARER
EENS R TERRY. XBAETREEN, HeET—woxxs5aEal 14 g —
RTERISIELH,

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

note: run with ~RUST_BACKTRAC environment variable to display a ktrace

thread 'tokio-runtime-worker' panicked at 'executor @1000@ not initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29

thread 'tokio-runtime-worker' panicked 'executor @10000 initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29

thread 'tokio-runtime-worker' panicked 'executor @10e08 initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29

thread 'tokio-runtime-worker' panicked 'executor @16000 initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29

thread 'tokio-runtime-worker' panicked ‘executor @10000 initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29

thread 'tokio-runtime-worker' panicked 'executor (@16606 initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29

thread 'tokio-runtime-worker® panicked ‘executor @10000 initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed
scheduler.rs:436:29

thread 'tokio-runtime-worker' panicked 'executor (@16608 initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29

thread 'tokio-runtime-worker' panicked 'executor @10000 initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed
scheduler.rs:436:29

thread 'tokio-runtime-worker' panicked 'executor (@16e08 initialized', /home/ubuntu/gitwork/This-Lynx/vega/src/scheduler/distributed_
scheduler.rs:436:29

i@] ?ZAI] SR E& rajasekarviy receive_results R, RE T task_failed BREY, FF

£ submit_task BRELFIAM, S=ROREEERG, ENSASIMIN TS, FHIERA task_failed BRiEL,

HITEEIE, «|—ﬂ?ERETﬁBﬁ)\EQM§UEF' FiF shuffle NEFTEE., BERTRIFEHEIRES
SEHigeXLile, SE4E 7T —RIIELUEERIEM,

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 + Bagh)
/tmp/ns-sess 805dabl-e8cb-4f14-a323-94067cbcddd9
/home/ubuntu/gitwork/This-Lynx/vega/target/debug/vega
ubuntu@l72.31.138.136: /tmp/ns-session-d8e@5dabl-e8cb-4f14-a323-94067cbcddd9/vega
~/.ssh/1hm_rsa
/tmp/ns-session-d885dabl-e8cb-4f14-a323-94@67cbcddd9
ssh: connect to host 172.31.138.136 port 22: No route to host
/home/ubuntu/gitwork/This-Lynx/vega/target/debug/vega
ubuntu@l72.31.76.128: /tmp/ns-session-d8@5dabl-e8cb-4f14-a323-94067cbcddd9/vega
172.31.240.88:8e80
scheduler get job_id complete!
©8:53:12 1 connection failed:
shuffle:@
server_uri:172.31.138.136:10000
shuffle_id:@
map_id:1

thread 'tokio-runtime-worker' panicked at 'executor @1€09@ 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 o: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

©8:53:15 Failed to connect to 172.31.138.136:16000 in order to stop its executor

"' /home/ubuntu/"

172.31.240.88:8080
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FHIEDHBXRErorERLAMAFIEE (EREFETERIMNIES, ip, KREERIILIERNESM, LIKE
RIS EEZESHIMIRS, pF) .

exec exec EXec exec
0 1 7 1) n

Biith, FAIEJAR submit_task BRZENET, {FFH tokio::spawn EFAFEEAZN submit_task_iter , FFIEM
MBAFWEASEUEN(EIHIELL subnit_task IRLRBSSHEmEIRLE, HLUENERINIEE
). &, £ submit_task_iter FEF, HELTRNEEEINE, BEMGFEHEIERIMTAYP,
FHBIFEAF submit_task_iter , BIEHISESEIAL S —SNTIHIT,

Dge L, BEXMEI, BIRETEEEERT, EFRYEERIET:

o MBEMN T, BEBERSEISERDRAHEMML (B ERETIR—M) .
o MRZMTER EL, (ESHIDRBEEBRELIEERT.
o MRFAIBEMIER T (MNENMNBRME) | BFEEE, BEIR—aM LS, Fe8drahiT.

e L, X—4 RS HAMNEE B RIEEFRIEREZT, et —EEE ERERESE T RATIEREHAE:

o BRTERXERFENEERNEXHMES SR TIRUFINE, BRIEERA. EARAT
QMIBSEIRAVATA, BEREREEIRIHITHIE, [EEETEEFAT4ETHE.

o BITERETE submit_task_iter FJ tokio::spawn BIEHIRELIEFERIFEM, RO TXHES, iphAFl
ERUEFE. NRBERLEEIND, BTHEERR async move (A, HREIRRIFDtaskSip
AT, BUSFENBEAERBNNTERNSIFH, MXaSmRAEFIEFHE.

o RFISEEFSHITHN, HFAFEMIESHERERT, B, NEESHBSBHASTWEMD
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BAHDFSEEFEMR/LNERL: BB ANEYE, KBEUESIRd,

BEREHANB AT LRIA—ME=58: hdrsLil, hdrsFARust&ZE THDFSHCHEZO, LY
Read, WriteZTrait, fREFHBARIR TIEENE NEWERYIEIRE,

BESHXES L, HREEESERINMZESETaER, MiZit& P workerE T MHDFSIEEY,
Altt, 195 T HdfsReadRdd, iZRAISBENEEEERIEXADX, 7 compute() BREFITATLE
Z  worker[@EBTIER, Fo RIS EXLEET 4,

BT, BARMMEIFEREE, BTFEARN— I XH—RRAE—ET=REN, EEZRESAE
HDFS_ESHRIREL, VAR Emasterfl{TRIA],

F5—I0IhEE, FAIHRMH T aItEARIHAsI0OZE, EHRY read_to_vec [l read_to_rdd J3iARILAEHDFS
RIS F5MERRAd,  write_to_hdfs J3 AR LAXSHDFSIHITE AN, B, AT H{ELNFEEE
FFHR, BAIARME T XIS TIEEERNAEISAY read_to_vec_and_decode EREY, FAMRITRE

£ read_to_rdd FUERE EZEN— AT EBAYdecoderi®®l, BIEI{SEI— M HdfsReadrdd BLEEISZEIRY
Rdd, 1ZRdd#{T compute() ZRBIENERHFFESRIBREERINHNS.

b, ABREETIEERIEERNER, BHRBE(USHDFSHTRERAGTN, &t
T LocalFsIO *D LocalFsReadRdd , ﬂ)ﬂ?ﬂﬁlﬂﬁﬁﬁﬂﬂzﬁﬂﬂiﬁh
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RiRAYVega B 2B HRERIEERAY, RAEEa<THREENog, EXfF EER—MREFIDH
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FESERACISIVRERE®R, FJLUGEELR, BET THREFERIETER.
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Q Prometheus #

Targets

All scrape pools ¥ Al Unhealthy  Collapse All Q | Filter by endpoint or labels Unknown) (3 (ZI=IT) @ =D
node (1/2 up) (XY=

Scrape
Endpoint State Last Scrape Duration  Error
http://host.docker.internal:9100/metrics m ince="host.docker.internal:9100" 16.158s ago 159.834ms
http://192.168.14.118:9099/metrics [Down | ince="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 instance="localhost:9090" 3.171s ago 53.859ms
vega (0/1 up)
Scrape
Endpoint State Labels Last Scrape Duration Error
http://host.docker.internal:8000/metrics  Down | instance="host docker.internal:8000" | job="vega" 441s ago 2.28s Get "http://host.docker.internal:8000/metrics": dial tcp 19

2.168.65.254:8000: connect: connection refused

AidPrometheusA 8 RESREEL/DRYER, HPEXCPUEITRRAEREARLITESER, A
TIREENMEMAAISEIRE, BATINA T node_exporterl! /1545 Prometheus iR E L EHIS

A l%\ o

X FVega A BRI TBE MR BIAIFRSCIL 7. EETXYRustiz [ TiERen iz SE i,
EEETEESEES, BRi1sETxERR, "8 EmAnEprometheus-clientE, [1°]

AR E, PrometheusFTERIR G — MEHERIABIINImetrics I, ELANTTEXFNFE
node_exporterfiitHAICPUIEITER, # FPrometheus,}LATE;!‘SGEﬁ"FEE PMRFEEEER. FrAFA1E
VegalRfft 7 RE] add_metric , SRIREHENMANES. BT, XHENSSIIABPRETER, &
N RMHIETIE R EIPrometheus, AERAXIMAIREIRIE], IFERE.



# 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"} 822.63
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
ML VegaNEME R M H X MES TIRSS2RAESRS, EARusthIRTERWLE, F(NRBEMREHE

%, MEEXKBThtpERIDRRFE, BEREBER.




R 12T docker-composek A EEEE e, EMAMETIUSERFFM. PSRN T
=

vega task

Finished Prepared

2 45 0 1 {31.1%

192.168.14.125:9099 host.docker.internal:9100

B &h{tillizt
HIIEDMECER#RTTEE, B commitE|CERSBEmNIHIRRERVERM. NRETEAMESR
MR REE M ES HR AT EE SR M 2L,
BN EERGItHUb Actiont2tAVMESKINEESCIL, E&Rgit pushiTfitA, BEEAKIREEFAARE
IHRERARIHRR AR E0] H.

o Bzift: GitHub WorkflowAaILABZMUIEEE. MIXFAIERSARIE, Ms > FaHRIEFIRD EIR.

o AEEM: GitHub Workflowa] LAFBFMEE. MXAIEE REEE Nz THEEHEERN, NNES

oJEEM.
o AI{L: GitHub Workflowi2 it T — Nl AIRE, JLUSIMEEEEE. WHFIEERE.

o T EME: GitHub WorkflowrTLUEateY REIEM TEFRSS, 5la0Docker, AWS, AzureZs,
o FFRRME: GitHub Workflow2FFRAY, Ette]UABBERFIERELIBEST K,

PR

AHENERI T <.

cargo build

cargo test

BHEERNT, ALEHBETYEET.



Running tests/test_pair_rdd.rs (target/debug/deps/test_pair_rdd-143f19fc51ae825a)

running 4 te:

test test_join

test test_group by ...

test test _group by key ...
test 5 r value ...

-a29d8d3f2be9d7e7)

running 3@ tests
test count_by_value_aprox ...
test test_aggregate .
test test_cartesian .
test count_aprox has been running for over nds
test operations has been running for over
test S ed has been running for over
test d ...
test count_aprox .
test test filter .
test i
test test_fold
test test_first .
test test_fold_w
test
test
test test_basic_operations ...
test test_is empty ...
test
test
test
test
test
test test_range ...
test st_read_files ...
test test_random_split ...
test test subtract ...
test test_read_files_bytes ...
test test_take_ordered ...
test test_top .
test test_partition_wise sampling ...
test test_union with_unique_partitioner ...
test tes P -
test test_union .
test_take ...

result: . 30 passed; @ failed; @ ignored; @ measured; © filtered out; finished in 210.14s

GitHub workflowiis

FGitHub_EEREHIworkflowlE B 5L URE AT YRR,
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Rust Q Filter workflow runs
rustyml
34 workflow runs Event~ Status ~ Branch ~ Actor ~

@ Merge branch 'xhy" aeton B 16 minutes ago
Rust #36: Commit 37115d2 pushed by XhyDds % 8m 345

@ aptyml £ 20 minutes ago
it
Rust #35: Commit 448c183 pushed by yuriYanZeXuan G amas

© Merge branch 'master’ of github.com:XhyDds/vega ator £ 24 minutes ago
Rust #24; Commit 373521 pushed by yuriYanZeXuan T 1m 53s

® Merge branch ‘master’ of github.com:XhyDds/vega mastor B 54 minutes ago
Rust #33: Commit 16be49a pushed by himalalps G] In progress

® .
(® update guidebook aeten B 3 hours ago
Rust #32: Commit 20d4926 pushed by XhyDds @ In progress
© add local mode lo
g p—— E 5 hours ago
Rust #31: Commit 21279¢7 pushed by XhyDds @ In progress
® Merge branch ‘xhy’ aster B3 5 hours ago
Rust #30: Commit 8f95261 pushed by XhyDds @ In progress

EOEERTNIREARIERIEEHI TN, WERR—ERRERT, XNMEIUBFAEERE,

FHEGitHubiR it T F EAMRHFIEMSETRAER, XIS EEActionsSRizRINWorkflow!2"]
/.
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1. 100MB g4l wordcount!?!

wordcountiz {T7LEE %5 (100MB)

5.37X!M
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43 #5 T, Wordcount

1.57X!!

~

Spark

3. SYFRIR75i%K#H17100,000,0000%, I={TATAIEA{ImMs

o S5 Ei Ep

~TOX!!
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EAE, B TETLineage (M%) KENEHEIG. HL, EMTEESHSHRITET RIFIIX
75, AILEASIRER AIFEEIEA.

BT, VegaX IR T RustESHNESIEREFE, RustEEEEIRAERBIMLEE, TEEBIVMIIT,
RBLOREMTTEE, 15 VegafEttrE Lk SparkE TEANIEH; RustYEFEANAFLZE. AL
SR, (F15VegatiEMFIT M LB TEARIMEF; REIET, RustiB@fIimiEssnI LARReE
AZHLenE, RIS ZESRAHSAEN EOEEIREEFR; B, RustfEBEFEN
51, ATLVERRNRERSAEN LT, BEREENT R LEEVegallHRIFIETT, NEUELIER
HERPNRFLESEY B, BARust&EVega, EXREBANE,

FAINEFRB Vegall BRIEA BT 7L, (UL T ShufleftERRRIEIE, AN THDFSHMIUMHR
g5, MANTZHTRIBAFIEFENLE], IINTETFGrafana/PrometheusSERTIEISIGAEER, IMATIER
s, XfEEVegaftizTHRE LB 7 EARYE, BEREIRME. ITREST4ERS CtHIRRRETT.

HANEE, AR, IR, TRMST4ERTE LEHEERIFRNVega, HAREBIRMIERM TES
. BRENHRRITE!

AERINALE
R FEFHE R FE

TG ESparkif 2 VegalHGB IS EREGISFIML Y PIET LR, £ZEBRENEERFS
WRLT. METFRIICRFEFINTTHEERR, SparkSVega{FEHEEIEEREZIKATE. KA1
DS EESHEIATLT T, RISRAESHEINFRIICRFILRE, LIRSS ERRER.




SEENMARRIFRIAPI

T RustiIBINBIRNER, EAVegatdiZ o MmIVITEN AR, tUin, BRERDDEHLT
BESIHENN, KEERIRAEHEAEETEESHIRDDREE, MEXIRDDIELIAITEZIREIELZ
5, BRNEREEBIBEFREER, XANTRFPLEF.

TERPA—HI, Rustdpi3e8i®, HERS AP RIS HRANME, BSEAER TR,

Fn(&Fn<&vec 5 ({unknown},)) >/ n <F ze, Fn(&Fn<&usize,
0>, - <f64»>>> 28 Fn(&Fn<&
Fr /e Fn(&Fn< usi ()>, ({unk

s> ()>, ({unknown},)) -> Ar

<

e<(<Fn<Fn<&Vec<f64>,
y)) -> fe4>> Once<(<Fn<Fn<&usize,

FnOnce< (132 : :0utput out, 5 Fn< Fn(&Fn<()>, ({unknown},)) ->
{unknown}>>>, Rdd<Item = <Fn<Fn< Fn(&Fn<()>, ({unknown},)) -> f64>>

FnOnce<(i32,)>>: :0utput IntoIterator>::IntoIter>, Fn<Fn< Fn{&Fn<()>, ((fe4, f64),)) ->» |
f64>>>
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1% #[cfg(target os="windows")] , WEMWETFE FHIKEL, FEContextenviERiRSHEEAIECEN
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