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e Distributed Network Protocols
— Reliable routing
— Inflexible network control
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+ HULA (SOSR 16)

— An efficient non-blocking svvitch

« CacheFlow (SOSR 16)

— A logical switch with infinite pollcy Space

» Ravana (SOSR 15)

— Reliable logically centralized controller

13



« HULA (SOSR 16)

— An efficient non-blocking svvitch

« CacheFlow (SOSR 16)

— A logical switch with infinite pollcy Space

» Ravana (SOSR 15)

— Reliable logically centralized controller

14



PRINCETON
UNIVERSITY

Naga Kattal

Mukesh Hira?, Changhoon Kim?3, Anirudh Sivaraman?,
Jennifer Rexford!

1.Princeton 2.VMware 3.Barefoot Networks 4.MIT

15



Equal Cost Multi-Path (ECMP) — hashing

Leaf Switches

Servers
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Congestion-aware Load Balancing
CONGA — Cisco

Designed for 2-tier topologies
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« Advanced switch architectures (P4 model)
— Programmable packet headers
— Stateful packet processing

» Applications
— In-band Network Telemetry (INT)
— HULA load balancer

* Examples
— Barefoot RMT, Intel Flexpipe, etc.
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1. HULA probes propagate path utilization
— Congestion-aware switches

2. Each switch remembers best next hop
— Scalable and topology-oblivious

3. Split elephants to mice flows (flowlets)
— Fine-grained load balancing
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Probe

P4 primitives

New header format

Programmable Parsing

Switch metadata
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Best hop table
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Flowlet table

Dest Timestamp Next hop

Best hop table
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P4 primitives

RW access to stateful memory

Flowlet table

Comparison/arithmetic operators

Dest Timestamp Next hop

Best hop table
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Link
Failure

8 servers
per leaf
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« NS2 packet-level simulator

« RPC-based workload generator
— Empirical flow size distributions
— Websearch and Datamining

* End-to-end metric
— Average Flow Completion Time (FCT)
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« ECMP

— Flow level hashing at each switch

« CONGA
— CONGA within each leaf-spine pod
— ECMP on flowlets for traffic across pods?

1. Based on communication with the authors
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» Scalable to large topologies
 Adaptive to network congestion
» Reliable in the face of failures

» Bonus: Programmable in P4!

39



+ HULA (SOSR 16)

— One big efficient non-blocking svvitch

» CacheFlow (SOSR 16)

— A logical switch with infinite pollcy Space

» Ravana (SOSR 15)

— Reliable logically centralized controller

40



Flexibility

Naga Katta
Omid Alipourfard, Jennifer Rexford, David Walker

Princeton University

__M PRINCETON
UNIVERSITY




Switch
TCA ?l

42






Hardware Switch  Software Switch

Rule Capacity Low (~2K-4K)

Lookup Throughput Low (~40Gbps)
Port Density Low

Cost Expensive




* High throughput + high rule space
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Greedy strategy breaks rule-table semantics
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 ForagivenruleR
 Find all the rules that its packets may hit if R is removed
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Dependent-Set Cover-Set

i Rule Space Cost
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A switch with logically infinite policy space
» Dependency analysis for correctness

> Splicing dependency chains for Efficiency
» Transparent design
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+ HULA (SOSR 16)

— One big efficient non-blocking svvitch

« CacheFlow (SOSR 16)

— A logical switch with infinite pollcy Space

» Ravana (SOSR 15)

— Reliable logically centralized controller
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During master failover...
Linkdown event is generated
- event loss!
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Master crashes while sending commands...
New master will process and send commands again
- repeated commands!
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» Goal: Ordered Event Transactions
— Exactly-once events
— Totally ordered events
— Exactly once commands

* Two stage replication protocol
— Enhances RSM

— Acknowledgements, Retransmission, Filtering
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* Reliable control plane
o Efficient runtime

 Transparent programming abstraction
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+ HULA (SOSR 16)

— One big efficient non-blocking svvitch

« CacheFlow (SOSR 16)

— A logical switch with infinite pollcy Space

» Ravana (SOSR 15)

— Reliable logically centralized controller
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* Flog: Logic Programming for Controllers

- XIDI 2012

 Incremental Consistent Updates

— HotSDN 2014

* In-band Network Telemetry
— SIGCOMM Demo 2015

» Edge-Based Load-Balancing
— Jo appear in HotNets 2016

Data plane
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Thesis: Summary
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HULA: an efficient

non-blocking
switch
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CacheFlow:
logically infinite
memory
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Ravana: logically
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Leaf Switch = —=af

TCP1 TCP2 TCPn

Multipath TCP
Socket

Guest VM Changes
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LB Congestio Application Dataplane  Scalable Programmable
Scheme n aware agnostic timescale dataplanes
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