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Fig. 1: Traffic pattern for two Hadoop MapReduce jobs in a cluster

job. Flow based scheduling policies such as shortest flow first
(SFF) concerned with optimizing flow level metrics such as
flow completion time etc, have grown popular for datacenter
networks. However, since flows of many simultaneous jobs are
scheduled independently for each path by such policies, they
only perform well for network flow metrics and may not im-
prove application performance. Application-aware scheduling
strategies that take into account the workload characteristics
and schedule all the flows of a job together would be more
suitable for improving the job completion times.

We demonstrate in greater detail in the example in Fig. 2.
This shows three concurrent jobs A, B and C running on a
shared cluster. A and B are larger jobs with three flows each,
while C is a short job with only one flow. A fair sharing (FS)
strategy such as DCTCP [4] (Fig. 2b) divides the bandwidth
equally between the flows on shared links. For the example,
all the jobs transmit concurrently on link X, so it becomes
the bottleneck and increases the average job completion time
to 5.33s. A flow based scheduling strategy, shortest-flow-first
(SFF) as used by [5][17] as shown in Fig. 2c, serializes
the flows on each link and prioritizes the shorter ones on
interfering links. This optimizes the average flow completion
time. However, it schedules job A flow first on link X and
job B flows first on link Y and Z. This leads to an increase in
completion time for both jobs A and B. We then show a simple
application-aware scheduling strategy (Fig. 2d) that serializes
the jobs and schedules all their flows together on different
links. While this increases the average flow completion time
from 3s to 3.43s, it improves the job completion time from
4.67s to 3.67s compared to SFF as shown in Fig. 2e. This
pattern was also recognized by [14] and [12] so they abandon
flow based scheduling for application-aware scheduling.

Application-awareness alone is not sufficient for a scheduler
to prevent concurrent jobs from slowing each other down.
Even if the mappers and reducers of different jobs are
scheduled on different nodes, their shuffling traffic might still
interfere on some intermediate link inside the network. A
network-agnostic scheduler treats the network as a black box

ID Link Size
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(a) Network Flows for jobs A,B,C
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(b) Fair Sharing
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(c) Shortest Flow First
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(d) Application-aware Scheduling
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(e) JCT and FCT for Scheduling Strategies

Fig. 2: Application-Aware vs. Application-Agnostic scheduling strate-
gies for three concurrent jobs. Shortest Flow-first has the minimum
average flow completion time (FCT) but an application-aware sched-
uler performs best in terms of average job completion time (JCT).

and assumes sufficient capacity at the core. It is unaware of
any conflict between interfering flows, so it treats them as
independent and schedules them concurrently. This leads to a
slowdown in data transfer if the link does not have sufficient
capacity. This can be prevented if the scheduler is aware of
the network information.

Consider two jobs consisting of one flow of size 1 each
in the network shown in Fig. 4. All the links in the network
have the same capacity. The flows do not share the end hosts
but interfere in the network on links between the switches S1
and S3. The network-agnostic scheduler (Fig. 3a) lets both
the jobs send traffic at the same time. As a result, they split
the bandwidth of the bottleneck link S1!S2 between each
other. This leads to a slowdown and both the jobs complete
in 2s. A network-aware scheduler (Fig. 3a) would predict the
conflict and serialize the jobs. At first job A fully utilizes
the link, completes and then job B can utilize the link fully.
This improves the average job completion time from 2s to 1.5s.
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  Maximum	
  Sequential-­‐traffic	
  First	
  
(SMSF)

• Sequential-­‐traffic	
  T_ij of	
  a	
  MapReduce job:	
  the	
  traffic	
  a	
  job	
  
needs	
  to	
  transmit	
  from	
  host	
  i to	
  host	
  j	
  

• Intuition	
  behind	
  SMSF:	
  the	
  size	
  of	
  maximum	
  sequential-­‐traffic	
  
of	
  a	
  job	
  will	
  likely	
  determine	
  its	
  shuffle	
  completion	
  time
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Evaluation

• Testbed:	
  6	
  nodes,	
  2	
  HP	
  SDN	
  switches
• SWIM	
  workload:	
  workload	
  generated	
  from	
  
Facebook	
  Hadoop trace

Job	
  Size	
  Bin %	
  of	
  total	
  jobs %	
  of	
  total	
  bytes	
  in	
  
shuffled	
  data

Small 62% 5.5%

Medium 16% 10.3%

Large 22% 84.2%



Job	
  Completion	
  Time:	
  SMSF	
  VS	
  Fair	
  
Sharing

0

0.2

0.4

0.6

0.8

1

1.2

-­‐700 -­‐600 -­‐500 -­‐400 -­‐300 -­‐200 -­‐100 0 100 200

Difference	
  in	
  Job	
  Completion	
  Time	
  between	
  SMSF	
  and	
  Fair	
  Sharing	
  
(sec)

SWIM	
  Workload-­‐100	
  Jobs



Job	
  Completion	
  Time	
  Improvement	
  By	
  
Job	
  Types

0

0.05

0.1

0.15

0.2

0.25

Overall Small Medium Large

Fr
ac
tio
na
l	
  I
m
pr
ov
em

en
t

Job	
  Type

Average 95th	
  percentile



Questions



ACC	
  Demo



Rescue	
  
Coordination	
  

Center

Local	
  Rescue	
  
Agency	
  

Public	
  
Network

Phurti:
Assurance	
  for	
  
Mission-­‐critical	
  

traffic

Dedicated	
  Network


