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What is a Coflow”?

One stage in a data analytic |
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What is a Coflow”?
One Stage S

all-to-all shuffle



What is a Coflow’’

One stage In a data analytic job

Viap 1 Reduce
Map 2 Reduce 2
Map 3 Reduce 3
Map 4 Reduce 4

Coflow: considered done only when all flows finish




Coflow Scheduling

®x Objective: minimizing average coflow completion time

®x Network model: datacenter networking

® Big switch abstraction

® network core Is congestion-free

Job 1 Job 2
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Coflow Scheduling

®x Objective: minimizing average coflow completion time

®x Network model: datacenter networking (}

® Big switch abstraction
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Coflow Scheduling

®x Objective: minimizing average coflow completion time
®x Network model: datacenter networking

® Big switch abstraction

® network core Is congestion-free

Job Job 2



Coflow Scheduling

®x Objective: minimizing average coflow completion time

7
x Network model: datacenter networking —
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® Big switch abstraction

®x Network core IS congestion-free o i
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Coflow Scheduling

®x Objective: minimizing average coflow completion time
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Coflow Scheduling

®x Objective: minimizing average coflow completion time
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Coflow Scheduling

®x Objective: minimizing average coflow completion time

/\,"& :

\ A
! Y
/| ‘
' "
' e B
. B
’ M.
) im
) o]
; ;
| »
) ;
’ )
’ .
’ _
) )
’ ' '

\\
- \
’
»
'
’

\

r
\
\
\
e

13 Non-blocking
Switch

W O WM. WM W WW . Wow
W R R O BW R WY AR wowm

Job 1 JODb 2 Coflow 1 Coflow 2



4
.

KA AR ﬂfwmy_) :
V_... o8 ..‘ .,Ar YYY Y o 2 W.JT.JMJ\J, 1/ 2 ‘WJvJOI-N o' N

908000000000 TN ..MMMH..WM;.).JJ&”J)Q. 900 .wx). X
se0000e ¥ . K J.Cd,. v«‘w X :

R

)98 ecese
ORI

~,

000

A ﬁ,vwxmwww%ﬁ

J
Y Yl
- =

0.0 ¢
.
S X%
. AR
‘UJJ ." ‘UJ.) )\JJ}; P o i, O q \

d ...,-.v » .. .. ?..‘I_J\l-,v! v..r
" Jd‘ .hﬁ'ﬂ / y .- f ', )}-)n .) . - .n
QORX0RX0 SR

e e e e
5 RNHEAEEE, L

ele o e 190000000 |

TP P = e e v Ve S e 0 dﬁf‘u«}))), 000 20009~ OO X
. . . %evesseccecccece- seeee9~ - qeseees.
e e . amaan ﬂyﬂ}JJﬂHm,, X Swar oo NS

X @
\J\-’J

)_.

3 y f " G T s e

e S e

X 10096 e .m/ : , e secse0n )
~ XXX, e e,
06660005 oottt _. .VVMN .ﬁijVMHwJ};yrﬁ.w
see XX g e X ,

Pes e A

9.0 e e e 290000004 X
I |~y o 8
20000 PeI00000 PLOOROROD v

.
o

fw pOCo
. }.JJ : ,. , .wxu
X .

I—J

RANy S ~ JM)..;J»..J “
e J
A } 0.6 NQJ._.

))

o
343

g

).

)\

),

i

CO00BS 000D

seesssssccsssseecsooees soececss ol 000 mu!.www L00.

» 2 3

.........

.........
'S0 0

........

e e e
)
KM“WFI&KBR“MF“

0ee000s

Keesee

@ r X

-~ ~~

D089

......... A S ’
,,,,,, 5

-

1 8 @ .))..r/h/);}w»;. Ty
000500000000
A b (r{»}.):J.AJ\J\JA.J

[}

Oy

A P, Sy e By ok fy oy Py
.......



Wide-Area Data Analytics

Map 1 Map2 Map3 Map 4

Datacenter 1

Wide Area Network

Data 2 DEIERS Data 4

Datacenter 2 Datacenter 3 Datacenter 4




Wide-Area Data Analytics

Map T

Datacenter 1

Data 1

Wide Area Network

Reduce 2
Map 2 Map 3 Map 4

Data 2 Data 3 Data 4
Datacenter 2 Datacenter 3 Datacenter 4




With tasks placed in different datacenter, what about
their generated inter-datacenter coflows”’



Challenges
» Dumb bell network model: inter-datacenter links are the only bottleneck

Inter-datacenter link i . i

= Datacenter B |



Challenges

®x Constantly changing available bandwidth
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Can existing heuristics work?

o T e s R s

Estimated Flow Completion Time



Coflow scheduling should consider
the aistribution of availaple banawiatn.



Monte Carlo Simulation



Monte Carlo Simulation

Scheduling Decision Tree
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Monte Carlo Simulation

Tree

ISIoN

Dec

Scheduling




Monte Carlo Simulation

Scheduling Decision Tree

16.2 . . . .
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Monte Carlo Simulation
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Monte Carlo Simulation

Scheduling Decision Tree




Monte Carlo Simulation

Scheduling Decision Tree

omplexity”? 100 * O(n!



Reduced Simulation Complexity



Reduced Simulation Complexity

bounded Search Depth O(t X nd)



Reduced Simulation Complexity




Reduced Simulation Complexity
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How to enforce the scheduling decisions’



Siphon: System Overview

®» Form a software-defined overlay network
® Aggregators: measure bandwidth, schedule coflows based on priority assignment

®  Controller: compute priority based on Monte Carlo simulation

Datacenter 1 Datacenter 2




Performance: Coflow scheduling

B Average 90th Percentile
98.7 99:3 ¢
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With Siphon, we can do more...



Intra-Coflow Scheduling

® | argest Flow Group First

| | , Flow Group 2 end
| | | |
z

Schedule 1 (LFGFS)

Flow Group 2 ends
, Flow Group 1 ends

Schedule 2



Coflow Multipath Routing

Taiwan 207

S. Carolina




Performance: Intra-Coflow Scheduling

Task Execution
B Shuffle Read
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lakeaway

® Siphon is a software-defined inter-datacenter overlay that realizes:
® Coflow scheduling in wide-area data analytics: Monte Garlo Simulation
® |ntra-coflow scheduling: Largest Flow Group First

x Coflow multipath rerouting

® Shorter coflow completion time leads to better job-level performance
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