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Communication is Crucial!

Facebook analytics jobs spend of their runtime in 

communication[1]!

[1] Chowdhury et al. Managing Data Transfers in Computer Clusters with Orchestra, SIGCOMM’2011
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• m×m switch

• Coflows: Collection of 
Parallel flows for a 
Common Goal

• Coflow j is presented 
by a matrix Dj

• Capacity Constraint 1 
at all ports.

• At any time slot, 
scheduled flows form 
a matching.
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[1] Chowdhury et al. "Coflow: A networking abstraction for cluster applications.(HOTNETS’12)



Model: Scheduling a Single Coflow
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Model: Scheduling Multiple Coflows
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Model: Scheduling Multiple Coflows
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Model: Scheduling Multiple Coflows
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Weight = 5 Weight = 10
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4*10+9*5= 85
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Prior Work

Systems
• Chowdhury and Stoica (HOTNETS 2012), Coflow: A Networking Abstraction for 

Cluster Applications
• Chowdhury, Zhong and Stoica (SIGCOMM 2014), Efficient Coflow Scheduing with 

Varys
• Chowdhury and Stoica (SIGCOMM 2015), Effective Coflow Scheduling Without Prior 

Knowledge
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Deterministic, 
No release 
time

Deterministic,
With release 
time

Randomized, 
No release 
time

Randomized, 
With release 
time

Qiu,Stein and 
Zhong- SPAA15

64/3 67/3 15.5 16.5

Khuller and 
Purohit-
SPAA16

8 12

This paper-
IPCO17

4 5

Shafiee, 
Ghaderi –
SPAA17
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Prior Work
Theory



Overview of our Approach

Solve an LP
Obtain an 

ordering of 
Coflows

Find feasible
Coflow

schedule
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Step 1: Solve an LP
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How can we get the second constraint?



[1] M. Queyranne. Structure of a simple scheduling polyhedron. Mathematical Programming, 1993. 
13

Step 1: Solve an LP

Second 
Constraint

[1]



Step 1: Solve the LP
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The number of constraints is exponential, we can solve this LP using 
ellipsoid method.

Not Practical!



Overview of our 
Approach

Solve an LP
Obtain an 

ordering of 
Coflows

Find feasible
Coflow

schedule
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Step 3: Find a Feasible Coflow Schedule
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Scheduling coflows sequentially:
Total weighted completion time = 100*1+200*1+300*1=600

Add an edge from a future coflow if it does not increase degree of the current coflow.
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G1 G2 G3

100 200 300

100 101

Total weighted Completion Time: 
100*1+101*1+100*1 =301



17

Algorithm
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Step 3: Find a Feasible Coflow Schedule
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Cost of Algorithm
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Cost of Algorithm:
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Proof of Lemma 1:
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Can we make it combinatorial?
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Overview of Our Approach

Solve an LP
Obtain an Ordering of 

Coflows
Find Feasible Coflow

Schedule
Primal Dual Algorithm

Inspired by 
Davis, Gandhi and Kothari [2013]
Mastrolilli, Queyranne, Schulz, Svensson and Uhan [2010]
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Primal LP:

Dual LP:
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Primal Dual Algorithm

Exponential number of variables
Polynomial number of constraints
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Primal Dual Algorithm

TrueFalse



Overview of our Approach

Solve an LP
Obtain an Ordering of 

Coflows
Find Feasible Coflow

Schedule 
Primal Dual Algorithm
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Obtain an Ordering of 
Coflows

Find Feasible Coflow
Schedule 

Primal Dual Algorithm

Cost of Combinatorial Algorithm
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Obtain an Ordering of 
Coflows

Find Feasible Coflow
Schedule 

Primal Dual Algorithm

Cost of Combinatorial Algorithm
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Cost of Combinatorial Algorithm

5-approximation algorithm for coflow scheduling with release times!
4-approximation algorithm for coflow scheduling without release times!
3-approximation combinatorial algorithm for concurrent open shop  with release 
times!
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Concurrent Open Shop
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Coflow scheduling generalizes concurrent open shop.



S. Sachdeva and R. Saket. Optimal inapproximability for scheduling problems via structural hardness for 
hypergraph vertex cover, 2013. 
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Open Problems

• Considering flow time instead of completion time.

• Since coflow scheduling generalizes concurrent open shop, it is NP-hard 
to approximate it within a factor better than (2-ε)[1]. We have an 
approximation factor of 4!
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