Hedera: Dynamic Flow Scheduling
for Data Center Networks
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Motivation

SLELES = SO PSS T SPEY

® Current data center networks support tens
of thousands of machines

® Limited port-densities at the core routers
= Horizontal expansion = increasingly
relying on multipathing



Motivation

MapReduce Workflow

® MapReduce / Hadoop -style
workloads have substantial
BW requirements

Input Dataset

® Shuffle phase stresses
network interconnect

® Oversubscription / Bad
forwarding = Jobs often
bottlenecked by network S e




Contributions

® |ntegration + working implementation of:
|. Centralized Data Center routing control

2. Flow Demand Estimation




Background
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® Current industry standard: Equal-Cost Multi-Path (ECMP)

® Given a packet to a subnet with multiple paths,
forward packet based on a hash of packet’s headers

® Oiriginally developed as a wide-area / backbone TE tool

® Implemented in: Cisco / Juniper / HP ... etc.
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® ECMP drawback: Static + Oblivious to link-utilization!
® (Causes long-term local/downstream flow collisions

® On 27/K-host fat-tree and a randomized matrix,

ECMP wastes average of 6% of bisection
bandwidth!




Problem Statement

Problem:

Given a dynamic traffic matrix of flow demands,
how do you f nd paths that maximize network




Problem Statement

1. Capacity Constraint 2. Flow Conservation 3. Demand Satisfaction

Z filsi,w) = di

weV

Z fiw,t;) =

weV

MULTI-COMMODITY FLOW problem:

® Single path forwarding (no flow splitting)
® FExpressed as Binary Integer Programming (BIP)
® Combinatorial, NP-complete

® Exact solvers CPLEX/GLPK impractical for realistic networks



Problem Statement

1. Capacity Constraint 2. Flow Conservation 3. Demand Satisfaction

Z filsi,w) = di

weV

Z fi(W, Zi) =

weV

® Polynomial-time algorithms known for 3-stage
Clos Networks (based on bipartite edge-coloring)

® None for 5-stage Clos (3-tier fat-trees)

® Need to target arbitrary/general DC topologies!
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Architecture

Scheduler op , loop:
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Elephant Detection

® Scheduler continually polls edge switches
for flow byte-counts

® Flows exceeding B/s threshold are “large”
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Elephant Detection

® Hedera complements ECMP!
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Demand Estimation

Motivation:

® Empirical measurement of flow rates are
not suitable / sufficient for flow scheduling
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Demand Estimation

e TCP’s AIMD + Fair Queueing try to achieve
max-min fairness in steady state

® When routing is a degree of freedom,
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Demand Estimation

® Given traffic matrix of large flows, modify each
flow’s size at Src + Dst iteratively:

|. Sender equally distributes unconverged
bandwidth among outgoing flows




Demand Estimation

aanenders. ...

-~ | Flow | Estimate [Conv.?| | Available
Sender Flows | Share
Unconv. BW




Demand Estimation
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Demand Estimation

Senders

Flow | Estimate |Conv.?| Available o
Sender Flows | Share
Unconv. BW




Demand Estimation

Receivers

-~ | Flow | Estimate [Conv.?| | Non-SL
Recv , Flows Share







Global First-Fit
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Global First-Fit

Scheduler
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Simulated Annealing

® Probabilistic search for good flow-to-core mappings
® Goal: Maximize achievable bisection bandwidth

® Current flow-to-core mapping generates neighbor
state
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Simulated Annealing

® |mplemented several optimizations that
reduce the search-space significantly:
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Simulated Annealing

Scheduler Core Y
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Simulated Annealing
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Fault- lolerance

Schedule







Implementation

® |6-host testbed
® k=4 fat-tree data-plane

® 20 machines; 4-port
NetFGPAs / OpenFlow
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® Parallel 48-port non-blocking
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Evaluation - Testbed

" ECMP B Global First-Fit [ Simulated Annealing @ Non-blocking
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Data Shuffle

Total Shuffle Time (s) 335.5 336.0
Avg. Completion Time (s) 358.1 258.7 262.0 226.6
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Evaluation - Simulator

® For larger topologies:

® Models TCP’s AIMD behavior when
constrained by the topology
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Simulator - 8,192 hosts (k=32)

" ECMP B Global First-Fit [ Simulated Annealing @ Non-blocking
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Reactiveness

® Demand Estimation:
® 2/K hosts, 250K flows, converges < 200ms

® Simulated Annealing:
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Limitations

\ 7,
ECMPNN  Hedera 7 Dynamic workloads,

'/////// large flow turnover
VR / faster than control loo
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Future Work

® |mprove utility function of Simulated Annealing
® SA movement penalties (TCP)
® Add flow priorities (QoS)




Conclusions

® Simulated Annealing delivers significant
bisection BWV gains over standard ECMP

® Hedera complements ECMP
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http://cseweb.ucsd.edu/~malfares/
http://cseweb.ucsd.edu/~malfares/

Traffic Overhead

® 2/K host network:




