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1 Publishable summary  

Today, rigid network control limits the flexibility of service creation. In UNIFY we pursue full network and 
service virtualization to enable rich and flexible services and operational efficiency. Therefore, the UNIFY 
consortium researches, develops and evaluates means to orchestrate, verify and observe end-to-end service 
delivery from home and enterprise networks through aggregation and core networks to data centres. The 
UNIFY consortium evaluates the applicability of a universal network node based on commodity hardware to 
support both network functions and traditional data centre workloads. 

1.1 Project objectives 

Traditional telecom infrastructure lacks the flexibility needed for rapid service creation. Further, services are 
impeded by the increased complexity of integrating vast networking assets and data centres of telecom 
providers. On-demand and flexible services between various networks and clouds currently requires costly 
reconfiguration and programming of physical hardware. 

UNIFY addresses this challenge by developing a unified production environment that will greatly enhance 
flexibility and increase efficiency of carrier-grade networks and storage centres. Such a unified approach will 
open up the potential for virtualization, programmability and automation of network elements, accelerating 
new service chain deployment, and enhancing innovation. 

In UNIFY we pursue 

● Service abstraction model and an associated domain specific service creation language to automate and 
optimize establishment of service chains; 

● Advanced scheme for management and operation to cope with increased network/service agility and 
handle services end-to-end; 

● Universal node architecture based on standard x86 components and accelerators to establish reference 
benchmarks, 

in order to 

1. Accelerate broadband rollout by better sharing of resources (Concept of Shareconomics);  

2. Develop concept and architecture for unified (seamless) network and computing virtualization; 

3. Reduce drastically cost and time to provision integrated cloud network services (from weeks to seconds); 

4. Improve drastically the capital cost efficiency of networks by the utilization of universal nodes; 

5. Reduce costs for operation and maintenance drastically; 

6. Strengthen the European open-source community in the SDN area; 

7. To strengthen the position of Europe in SDN standardisation. 

1.2 Work performed 

1.2.1 Summary of technical progress 

On the Integrated Prototype we have converged from over a dozen prototype components to an integrated 
prototype, which was presented at 7 events including top-tier academic and industrial events such as ACM 
SIGCOMM, ETSI’s From Research to Standardization or IETF’96’s Bits-n-Bites.  

We concluded the techno-economic analysis in connection to the unified approach with key takeaways on i) 
the transformation of ecosystem, ii) the relationships between the opens source communities and the 
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standards development organizations and on iii) the cost analysis of the UNIFY solution.  Highlighting the cost 
analysis, the Universal Node concept and the automation in the service function chains were analyzed for an 
exemplary enriched IP VPN service. Based on traffic data, user developments, market shares, network designs 
based on real world network deployments, equipment models and dimensioning data (including 
measurements from UNIFY), a competitive 6 year scenario was developed. The study concluded that the 
CAPEX delta between existing hardware and white label / open source hardware approaches is low to non-
existent while operational expenditures are expected to be the key delta. The exemplary scenario revealed a 
possible of 100% reduction with UNIFY scenario over legacy solution. 

In conjunction with the integrated prototype development, we finalized the UNIFY programmability API (D3.3) 
and development of the service programming and orchestration prototype (D3.4).  Additionally, the impact of 
state migration were analysed for two exemplary use cases: the Elastic Router and FlowNAC. Mechanisms to 
migrate VNF internal states in cooperation with the UNIFY Resource Orchestrator were designed, prototyped 
and documented in D3.3. 

We have finalized and evaluated the SP-DevOps tools (D4.3). In terms of demonstrators, 8 individual SP-
DevOps tools have been integrated with other UNIFY tools and platforms to realize SP-DevOps processes for 
supporting UNIFY use-cases wrt to dynamicity (Elastic Router), state migration (FlowSNAC), multi-domain 
orchestration (ESCAPE) and software-defined observability for SDN. The most mature tools have been 
published open-source as part of the official SP-DevOps toolkit. 

With our Universal Node solution, we pushed the concept of hyper-converged infrastructure further towards 
the edge of the network. This allows placement of processing and storage to where it is best suited for 
individual applications. For many cases, the advantages of concentration in the cloud (multiplexing gain) will 
prevail, but for certain applications like industrial control, CDN caches or firewalls the distributed approaches 
will help to reduce overall network load, which is, in contrast to the data centre, a scarce resource in a telecom 
network. Our Universal Node now runs on X86 and ARM platforms; can bypass vSwitches for VM to VM 
communications; can offload flow rules to hardware; features data plane optimizations and a local Unify 
Resource Orchestrator for optimization and external interfacing. The various flavours of UN are part of the 
integrated prototype.  

We have published 26 peer-reviewed papers, delivered 1 keynote presentation, showcased at 14 demonstration 
events and made 16 contributions to standardization bodies including IETF, IRTF and BBF.  

1.2.2 The main work performed in the individual work packages 

1.2.2.1 WP2 Use Cases and Architecture 

The work performed in WP2 was twofold: Integration of Prototypes and techno-economic analysis of UNIFY 
aspects.  

The Integrated Prototype was developed in a phased approach based on monitoring of prototype activities and 
workshops, compiling an integration strategy and finally executing it. From twelve prototype components and 
24 network functions, seven meaningful integrated demonstrators and showcases were further developed and 
finally one Integrated Prototype developed. Overall, prototype components, demonstrators and showcases 
have been presented in this reporting period at 7 events including at top-tier major conferences such as ACM 
SIGCOMM, and IFIP/IEEE IM as well as the IETF 96 Bits-N-Bites Industry Event. Finally, the results are 
documented in D2.4, an extended and completed version of MS2.4. 
The techno-economic work analyzed the transformation of the ecosystem, the impact of the open source 
software communities on standards development organizations, the cost of the architecture concept proposed 
by UNIFY and the impact of dynamic revenue management of virtualized network functions. The work 
performed and results are documented in MS2.5 and completed in D2.3. Beside, a number of publications have 
been submitted and published.  
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1.2.2.2 WP3 Service Programming, Orchestration and Optimization 

In WP3 we streamlined, updated and finalized its programmability framework in line with the interactions with 
the monitoring architecture of WP4 and the universal node architecture defined in WP5.  This has led to two 
main outcomes: the documentation of the refined framework in D3.3 and the development of the service 
programming and orchestration prototype (ESCAPE), whereof the architecture, usage and interfaces are 
extensively documented in D3.4. The impact of state migration were analysed for two WP3 use cases: the 
Elastic Router and FlowNAC. To support VNF resiliency and VNF scaling mechanisms the internal state of the 
VNFs has to be managed properly. These mechanisms have been studied and documented in D3.3.  

In addition, WP3 focused on refining the programmability prototype, implementing, integrating and adapting 
different components while focusing on a number of use cases and functionalities: i) elastic routing 
functionality, ii) state migration applied on the FlowNAC service, iii) refined placement algorithms, and iv) 
multi-domain support.  In addition to this, the prototype has been benchmarked with respect to its embedding 
performance, and a VNF benchmarking approach has been proposed and presented at IETF. The main 
refinements in this last iteration of the programmability framework relate to the Virtualizer model. These 
focus on the support for Service Access Points (SAPs), a more consistent and usable Cf-Or interface, NF port 
addressing and NF port capabilities. Most of these updates are a direct result of the continuous integration and 
experimental approach that has been taken in WP3 and across WPs. The result of this implementation, 
integration and evaluation is documented in D3.5. 

1.2.2.3 WP4 Service Provider DevOps 

The activities in WP4 resulted in finalized Milestone and Deliverables M4.3, “Update on SP-DevOps with focus 
on automated tools”, D4.3 “Updated concept and evaluation results for SP-DevOps”, and D4.4 “SP-DevOps Code 
base”, all finalized and submitted timely. The main deliverable in WP4 is D4.3, which includes the description of 
the final SP-DevOps concept with a mapping onto the UNIFY architecture and a qualitative and quantitative 
assessment of the overall concept; a description of all SP-DevOps tools and functions together with individual 
verification and evaluation results; a breakdown and definition of processes supporting verification, monitoring 
and troubleshooting during service lifetime; and an overview of concrete use-case scenarios (with focus on an 
elastic router) and the documentation of three example process realized as part of IntPro (i.e. integrated 
verification, monitoring and troubleshooting). D4.4 on the other hand contains the technical documentation of 
the resulting prototypes as well as the individual prototypes of SP-DevOps tools.  

Additionally, WP4 finalized integrated demonstrators and supported dissemination activities to both academic, 
industry and standardization communities. In terms of integrated demonstrators, 8 individual SP-DevOps tools 
have been integrated with other UNIFY tools and platforms to realize SP-DevOps processes for supporting 
UNIFY use-cases wrt to dynamicity (Elastic Router), state migration (FlowSNAC), multi-domain orchestration 
(ESCAPE) and software-defined observability for SDN. These demos will be shown at the final UNIFY review, 
and most of them have been presented already at the IETF 96 Bits’n’Bytes session. Furthermore, the most 
mature tools have been prepared to be made available open-source as part of the official SP-DevOps toolkit 
(i.e. DoubleDecker, RateMon, EPOXIDE, Verigraph, AutoTPG, TWAMP model), which was announced in two 
iterations at both IETF 94 and the OPNFV summit 2016. Further dissemination activities include one adopted 
IETF draft and two active IRTF drafts; demonstrations at an ETSI workshop; 12 papers and 2 demos accepted at 
academic conferences or journal accepted, and further 7 manuscripts still under review. 

1.2.2.4 WP5 Universal Node Architecture and Evaluation 

WP5 continued the work on the UN orchestrator, maturing and extending it in multiple ways: ERFS adds a new 
vSwitch option, learning from the previously available xDPd-dpdk and OVS-dpdk, and exceeding their 
performance greatly due to dynamic code generation for the packet processing pipeline.  
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Furthermore, new options of data transfer in and out VNFs were added to be configured via the UN: direct VM-
to-VM communication uses shared memory regions which can be exploited whenever the data links between 
VNFs are port-to-port and local. At the same time, the performance of hardware accelerated network 
functions like IPSec (in AES-NI for Intel and FPA for Freescale), PCI pass-through and SR-IOV were evaluated 
to compare those hardware-based options to the vSwitch-based ones like vhost-user or ivshmem. 

The main use case that was implemented by various partners was the BRAS/BNG, as this has typically 
challenging throughput requirements along with (depending on the implementation) state information per 
user and session. Various options of the BNG were explored: from bare metal DPDK processes that were 
evaluated as base line over different ways of splitting the functionality (different threads, processes, 
containers) to full VM implementation. Results were documented in D5.6 and D5.7, respectively.  

The UN orchestrator was equipped with a Virtualizer library that converts the xml(yang) based NF-FG into the 
UN’s native JSON format, allowing the integration of the UN into the hierarchical orchestration architecture of 
UNIFY. The proof-of-concept for this was chosen to be the “elastic router” demo of the ESCAPE orchestrator 
developed mainly in WP3. 

The UN was ported to multiple hardware platforms like ARM, PPC, and MIPS, demonstrating its versatility and 
small footprint. In particular, the ARM implementation was combined with an IS-IS routing and distributed 
network resource information block, extending the range of the UN across multiple nodes.   

A number of presentations and demos have been given at events like EWSDN 2015, the ETSI NFV workshop 
2016, 2 demos at Sigcomm 2016, a demo and presentation at TNC 2016 and upcoming (Oct. 2016) at CloudNets 
2016. 

1.2.2.5 WP6 Dissemination and Standardization 

With respect to publications and standardization, UNIFY partners have published 26 peer-reviewed papers, 
delivered 1 keynote presentation, showcased at 14 demonstration events and made 16 contributions to 
standardization bodies including IETF, IRTF and BBF.  

1.3 Results achieved 

WP2 successfully developed the IntPro and demonstrated it at several, important international events. The 
techno-economic studies on ecosystem impact of softwarization, open source software on standard defining 
organisation, cost analysis of UNIFY architectural concepts and dynamic pricing algorithms have been finalised 
successfully as well. Deliverables D2.3 and D2.4 has been released, several publications presenting results at 
selected international conferences as well.  

WP3 refined the virtualizer model in support of delay and resource requirements, as well as to support 
decompositions. A benchmarking process was defined, and is compliant with the proposed virtualizer model. 
The UNIFY resource orchestration framework and prototype has been extended with a range of embedding 
algorithms and validated focusing on two use cases: a FlowNAC service and elastic routing service. The first 
focuses on state migration, while the second validates the capabilities of dynamic control loops in service 
orchestration. This work has been documented in the deliverables D3.3, D3.4 and D3.5, and has led to 9 
research papers. 

WP4 finalized the SP-DevOps concept including a mapping onto the UNIFY architecture and a qualitative and 
quantitative assessment. As solutions for the research questions identified in D4.1, 13 SP-DevOps tools and 
functions have been verified and evaluated individually, and finally combined into SP-DevOps processes 
supporting verification, monitoring and troubleshooting during service lifetime. Technical realization of both 
tools and processes have been finalized and documented, and further integrated with other UNIFY tools and 
platforms to realize SP-DevOps processes for supporting UNIFY use-cases wrt to dynamicity (Elastic Router), 
state migration (FlowSNAC), multi-domain orchestration (ESCAPE) and software-defined observability for 
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SDN. As a result, WP4 finalized and released M4.3, D4.3 and D4.4. Integrated demonstrators have been 
presented at the IETF 96 Bits’n’Bytes session, and  as selection of 6 tools has been made available open-source 
as part of the official SP-DevOps, which was announced in two iterations within talks at both IETF 94 and the 
OPNFV summit 2016. Further dissemination activities include one adopted IETF draft and two active IRTF 
drafts; demonstrations at an ETSI workshop; 12 papers and 2 demos accepted at academic conferences or 
journal accepted, and further 7 manuscripts still under review. 

WP5 produced the following results: 

• Demo at EWSDN 2015 "Unifying the Orchestration of Cloud and Network Resources: a Proof-of-
Concept Prototype", using the UN prototype 

• Demo at EWSDN 2015 "SDN and NFV in telecommunication network migration", using the UN prototype 
and the OVS DPDK user-space vHost support 

• Demo at EWSDN 2015, using a UN component for service roll out, and FlowNAC as the mechanism to 
deploy additional user requested services with QoS support in the service definition. 

• Service description in the NFV revolution: Trends, challenges and a way forward, IEEE Communications 
Magazine, Volume 54, Pages 68-74, March 2016.  

• Towards Dynamic Virtualized Network Services in Telecom Operator Networks, Computer Networks, 
Volumer 92, Pages 380-395, December 2015.  

• Exploiting Infrastructure Capabilities to Dynamic Orchestrate NFV Services across Multiple Domains", 
ETSI Workshop: From Research To Standardization, Sophia Antipolis, May 2016. 

• Modeling Native Software Components as Virtual Network Functions", To appear in Proc. ACM 
SIGCOMM 2016, Florianópolis, Brazil, August 2016. 

• "A Transparent Highway for inter-Virtual Network Function Communication with Open vSwitch", To 
appear in Proc. ACM SIGCOMM 2016, Florianópolis, Brazil, August 2016. 

Updated deliverable D5.5 which is the implementation of the UN (and the according documentation). The latest 
developments of the UN code were described and the deliverable was re-submitted by end of January. The 
remaining changes in the UN have been described in D5.7 

D5.6 and D5.7 eventually came in simultaneously, and should be read as one final statement of WP5, 
documenting the various options of I/O acceleration and compute virtualisation as well as the respective 
performance evaluation results in D5.6. Complementary to this, D5.7 presented the final architectural 
considerations of the Universal Node, related work as well as performance evaluation of individual use cases, 
mainly the BNG. 

 




