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ALTO Implementation in OpenDaylight
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They have implemented 5 base ALTO services:
• Network Map
• Cost Map
• Filtered Map
• Endpoint Property Map
• Endpoint Cost Map

The implementation has participated the Interop at IETF 93

The implementation has been used for:
• Demo in Internet2 2016 Global Summit: provide network 

information for simple path computing engine
• Demo in Super Computing 2016 : For FDT-Scheduler and 

MonALISA

More information:
• OpenDaylight Wiki: https://wiki.opendaylight.org/view/ALTO:Main
• Documentation: http://docs.opendaylight.org/en/stable-oxygen/user-guide/alto-user-

guide.html
• Source Code: https://git.opendaylight.org/gerrit/#/admin/projects/alto

ALTO in ODL

Open Source Project in OpenDaylight



ALTO-based Broker-assisted Multi-domain Orchestration
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By Danny Alex Lachos Perez, University of Campinas 

Architecture Design

Objective: Discover resource and topology information 
from different administrative domains involved in the 
federation.

They have implemented:
• Network Map
• Cost Map
• Unified Property Map
• Path Vector

More information:
• Poster Presentation: WCNC 2018
• Short Paper: https://intrig.dca.fee.unicamp.br/wp-

content/plugins/papercite/pdf/perez2018broker.pdf



Benocs: ALTO Implementation in Telekom

Source: Hans, S. (2015, July 21). ALTO map calculation from network data. Retrieve from https://datatracker.ietf.org/meeting/93/materials/slides-93-alto-9
https://www.benocs.com
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By TU-Berlin and Telekom Innovation Laboratories, Now Benocs GmbH 

Objective: optimize CDN content delivery

Network Data Accumulation:
• IS-IS: topology, link weights
• BGP: prefixes, AS numbers, AS distances
• SNMP: latency, utilization,  bandwidth

They have implemented:
• network map: grouping functions (routers and location) to generate PID
• cost map: cost functions (IGP properties, dynamic network properties) 
to compute costs between PIDs

The implementation has participated the Interop at IETF 93

Real-Life Test of ALTO Maps Calculation
• Attached to large European ISP network
• 800 Routers
• ~3200 links
• ~700,000 prefixes

network map by location



ALTO in SDN Mobile Networks
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A sub-project of Celtic-Plus SIGMONA
by Budapest University of Technology and Economics

ALTO SDN building blocks

ALTO C2S: ALTO client-to-server 
REST API

ALTO N2S ALTO network-to-server 
REST API

ALTO C2R: ALTO client-to-redirect server 
REST API

Objective: An orchestration of endpoint selection for distributed 
services

The have implemented:
• Network Map
• Cost Map

Achievements:
• Dynamically configurable ALTO policies
• ALTO client-to-server interface
• ALTO client-to-redirect server interface (new)
• ALTO network-to-server interface (new)

More information:
• Demo in Celtic-Plus Event 2015 https://mik.bme.hu/~zfaigl/ALTO-SDN/doc/
• Related paper: Faigl, Zoltan, Zsolt Szabo, and Robert Schulcz. "Application-layer traffic 

optimization in software-defined mobile networks: A proof-of-concept 
implementation." Telecommunications Network Strategy and Planning Symposium (Networks),
2014 16th International. IEEE, 2014.



Network Positioning System
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By Cisco

Objective: Optimze SP resources utilization while improving
service delivered to CDNs, applicationas and OTT overlays. And
improve user experiences.

Network Data Accumulation: 
• Topology: Routing Database (IGP/BGP)
• Additional informaation sources: NMS, Geolocation, BGP

LG,…
• Policy: Prefix Groups / BGP Communities

Cost/weight between group of prefixes (conmunnities)

The have implemented:
• Network Map
• Cost Map

More information:
• Slides: http://ripe61.ripe.net/presentations/355-NPS-sprevidi-201011-RIPE61-v1.pdf

https://meetings.apnic.net/31/pdf/NPS-sprevidi-201102-APRICOT.pdf

Cisco Network Positioning System
Architecture-Layer Separation



Unicorn: Multi-Domain, Multi-Controller Resource
Orchestration
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A joint work of Tongji University, Yale University and
California Institute of Technology

Design Requirements:
• Multi-controller coordination
• Consistent operation paradigm
• Autonomy and privacy of resource providers

They have implemented:
• Orchestrator: ~2700 LoC Python code
• ALTO Server: ~3500 LoC Java Code
• Resource Reservation Server:

- Fast Data Transfer (FDT), FireQoS, OpenvSwitch, etc.
• Network Controller Based on OpenDaylight
• User GUI to show resource/job information
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ALTO Use Case: ALTO as a SDN Northbound Interface

● Xia, Wenfeng, et al. "A survey on software-
defined networking." IEEE Communications 
Surveys & Tutorials 17.1 (2015): 27-51.

● https://ieeexplore.ieee.org/abstract/docume
nt/6834762/
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● Zhou, Wei, et al. "REST API design patterns for SDN 
northbound API." Advanced Information Networking and 
Applications Workshops (WAINA), 2014 28th 
International Conference on. IEEE, 2014.

● https://ieeexplore.ieee.org/document/6844664/#full-text-
section



ALTO Use Case: ALTO as Network Abstraction Provider in SDN

● Reference: Gurbani, Vijay K., et al. "Abstracting network state in Software Defined Networks (SDN) for rendezvous 
services." Communications (ICC), 2012 IEEE International Conference on. IEEE, 2012.

● https://ieeexplore.ieee.org/document/6364858/
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ALTO Use Case: ALTO as Network Abstraction Provider in SDN

● Alvizu, Rodolfo, et al. "Comprehensive survey on T-SDN: Software-defined networking for transport networks." IEEE 
Communications Surveys & Tutorials 19.4 (2017): 2232-2283.

● https://ieeexplore.ieee.org/document/7947156/#full-text-section
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ALTO Use Case: ALTO as Network Abstraction Provider in SDN

● Mendiola, Alaitz, et al. "A survey on the contributions of software-defined networking to traffic engineering." IEEE 
Communications Surveys & Tutorials 19.2 (2016): 918-953.

● https://ieeexplore.ieee.org/abstract/document/7762818/
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ALTO Use Case: ALTO as a Topology Abstraction for VPN Scale-out Decisions
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• Scharf, Michael, et al. "Dynamic VPN optimization by ALTO guidance." Software Defined Networks (EWSDN), 2013 Second European Workshop on. IEEE, 

2013.
• Scharf, Michael, et al. “The Virtual Private Network (VPN) Service in ALTO: Use Cases, Requirements and Extensions.” Expired draft

Architecture of an ALTO based 
network manager 

In-band and Out-band 
use of ALTO



ALTO Use Case: ALTO as a Peer Ranking Service for P2P Streaming
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• Teket, Kemal Deniz, and Müge Sayit. "P2P video streaming with ALTO protocol: a simulation study." Broadband Multimedia Systems and Broadcasting 
(BMSB), 2013 IEEE International Symposium on. IEEE, 2013.

• Wydrych, Piotr, and Piotr Chołda. "Locality-and quality-awareness for P2PTV systems based on Scalable Video Coding (SVC)." Communications (ICC), 
2015 IEEE International Conference on. IEEE, 2015.

• Poderys, Justas, and Jose Soler. "Evaluating Application-Layer Traffic Optimization Cost Metrics for P2P Multimedia Streaming." 25th Telecommunications 
forum. 2017.

P2P Network with Tracker



ALTO Use Case: ALTO as Information Exposure for Intelligent VM Placement
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• Scharf, Michael, et al. "Monitoring and abstraction for networked clouds." Intelligence in Next Generation Networks (ICIN), 2012 16th International 

Conference on. IEEE, 2012.

Network-awareness by ALTO for cloud management 



ALTO Use Case: ALTO as Information Source for Path Selection in MPTS-AR
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• Zhang, Wei, et al. "Multipath transport based on application-level relay service and traffic optimization." (2014): 1-009.
• Zhang, Wei, et al. “A Framework of Multipath Transport System Based on Application-Level Relay (MPTS-AR).” Available at 

https://datatracker.ietf.org/doc/draft-leiwm-tsvwg-mpts-ar/

Fig2: Functional architecture of the controller 
in the relay system

Fig1: Structure of MPTS-AR framework



ALTO Use Case: ALTO as Information Source to Locate Content in Mobile Edge Cache 
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• Poderys, Justas, et al. "Caching at the Mobile Edge: A Practical Implementation." Ieee Access 6 (2018): 8630-8637.

Content Cache Co-located with 
Base Station



ALTO Use Case: ALTO as an Information Source for Virtualized Service 
Function Chain Placement
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• Scholler, Marcus, et al. "Resilient deployment of virtual network functions." Ultra Modern Telecommunications and Control Systems and Workshops 
(ICUMT), 2013 5th International Congress on. IEEE, 2013.

• Stein, Manuel, Michael Scharf, and Volker Hilt. "SDN policy-driven service chain placement in OpenStack." Integrated Network and Service Management 
(IM), 2017 IFIP/IEEE Symposium on. IEEE, 2017.

• Scharf, Michael, et al. "Network-aware instance scheduling in OpenStack." Computer Communication and Networks (ICCCN), 2015 24th International 
Conference on. IEEE, 2015.

Potential scheduler design with topology awareness



ALTO Use Case: ALTO as a Service to Select CDN Surrogate

20• Niven-Jenkins, Ben, et al. "Use cases for ALTO within CDNs." Internet Engineering Task Force, draftjenkins-alto-cdn-use-cases-03 (2012).
• Penno, Reinaldo, et al. "ALTO and Content Delivery Networks." draft-penno-alto-cdn-03 (work in progress) (2011).

Map advertising between ISP and CDN domains
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• Deepankar, G., et al. TATA Consultancy Services. Inter-SDN Controller Communication: Using Border Gateway Protocol. Retrieved from
http://docplayer.net/5817317-Telecom-white-paper-inter-sdn-controller-communication-using-border-gateway-protocol.html

• Xie, H., et al. "Use cases for ALTO with software defined networks." Working Draft, IETF Secretariat, Internet-Draft draft-xie-alto-sdn-extension-use-
cases-01. txt (2012).

ALTO Use Case: ALTO as a Service to Select CDN Servers from
Different SDN Domains



ALTO Use Case: ALTO as a Service to Select downstream CDN
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• Arumaithurai, Mayutan, et al. "Evaluation of ALTO-enhanced request routing for CDN interconnection." Communications (ICC), 2013 IEEE International 
Conference on. IEEE, 2013.

• Seedorf, J., et al. Content Delivery Network Interconnection (CDNI) Request Routing: Footprint and Capabilities Semantics. No. RFC 8008. 2016.
• Bertrand, Gilles, et al. Use cases for content delivery network interconnection. No. RFC 6770. 2012.

ALTO for Downstream CDN Selection 
within CDNI Request Routing



ALTO Use Case: ALTO as an Interface to Query on the LMAP measure
results
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• Bajpai, Vaibhav, and Jürgen Schönwälder. "A survey on internet performance measurement platforms and related standardization efforts." IEEE 
Communications Surveys & Tutorials 17.3 (2015): 1313-1341.

• Eardley, P., et al. A framework for Large-scale Measurement of Broadband Performance (LMAP). No. RFC 7594. 2015.
• Seedorf, J., and D. Goergen. R. State, V. Gurbani, and E. Marocco,“ALTO for Querying LMAP Results,” Internet Engineering Task Force. Internet-Draft 

draft-seedorf-lmap-alto-02, Oct. 2013, work in Progress.[Online]. Available: http://tools. ietf. org/html/draft-seedorf-lmap-alto-02.

LAMP Framework

ALTO
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ALTO Use Case: ALTO as Network Behaviors Exchanger between Providers
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Mentioned by Bell Canada in PANRG – IETF 101
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ALTO Use Case: ALTO being Used to Solving n2 Problem
Mentioned by ESNet6 – Network Conceptual Design



ALTO Use Case: ALTO as a Service to Guide the Peer Connection in Blockchain
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• Davids, Carol, et al. "Research Topics related to Real-Time Communications over 5G Networks." (2016).



ALTO Use Case: ALTO as Information Source of Service Placement in IoT
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• Reference: Velasquez, Karima, et al. "Service placement for latency reduction in the internet of things." Annals of Telecommunications 72.1-2 
(2017): 105-115.

Proposed Server Placement Architecture for IoT

……



Taxonomy
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Application-Layer Traffic Optimization

Information
Source

Ranking
Server

Network
Abstraction

Information
Exchanger

• Information Source for Path 
Selection in MPTS-AR

• Information Source to 
Locate Content in Mobile 
Edge Cache

• Information Source for 
Virtualized Service Function 
Chain Placement

• Information Exposure for 
Intelligent VM Placement

• Information Source of 
Service Placement in IoT

• A Peer Ranking Service 
for P2P Streaming 
Information

• A Service to Select CDN 
Surrogate

• A Service to Select CDN 
Servers from Different 
SDN Domains

• A Service to Select 
downstream CDN

• A Service to Guide the 
Peer Connection in  
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• Network Abstraction 
Provider in SDN
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Abstraction for VPN 
Scale-out Decisions
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Solving n2 Problem
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Results
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Taxonomy
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Application-Layer Traffic Optimization

P2P Application Data Center & 
Cloud Network Content Delivery Network

Wireless and Cellular Network

SDN network

VPN
Service Function Chain
Virtual Machine Placement

P2P File Sharing
P2P Video Streaming

Cache at Surrogate Servers



Unicorn Demo: Resource Discovery
● A diamond topology with 4 DTNs, 4 OpenFlow switches, 6 100Gbps links and 

2 40Gbps links.
● Two data analytic job with four candidate flows.
● Unicorn achieves a 67.5% reduction on information exposure than the 

commonly used resource-graph-based orchestration systms.
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Unicorn Demo: Resource Orchestration
● The Unicorn orchestrator makes the optimal scheduling 

decision, achieving a total of 140Gbps throughput.
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Server 1 to Server 3 
is allocated to job 1 
with a 40Gbps
bandwidth.

Server 2 to Server 4 
is allocated to job 2 
with a 100Gbps
bandwidth.


