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Introduction: Virtualization
n Virtualization enables:

n efficient use of resources
n configuration and management of virtual resources separated 

from physical resources
n We consider combined virtualization of:

n computing systems (servers)
n network infrastructure (routers, switches, links)
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Introduction: Applications
n To advance the Internet, early approaches considered virtualization 

of networks to experiment with network configurations and 
protocols:
n operators were reluctant to experiment with deployed networks
n virtualization enabled such experiments

n Cloud computing infrastructure providers offer a combined 
virtualization service through Infrastructure as a Service (IaaS)
n examples: AWS, Azure, and Google Cloud Platform
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Virtual Network Embedding: Terminology
n Virtual nodes: virtual servers, network switches, and network routers
n Virtual network: virtual nodes and virtual links 
n Substrate nodes: physical infrastructure servers, switches, and routers
n Substrate links: physical links
n Substrate network: substrate nodes and substrate links
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Virtual Network Embedding
n Virtual Network Embedding (VNE) problem involves:

n assigning virtual nodes to substrate nodes
n assigning virtual links to substrate links
n respecting resource constraints
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VNE: Example
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Revenue 39 = 15 + 5 + 10 + 3 + 2 + 4
      Cost 43 = 15 + 5 + 10 + 3 + 2 + 4 + 4



Virtual Network Embedding: Algorithms
n VNE problem has been shown to be NP-hard
n Variety of heuristic and approximation algorithms have been proposed
n Proposed algorithms either:

n solve virtual node mapping only and then find the virtual link mapping 
n coordinate both mappings
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Research Question
n Prior work considered the substrate network to be predetermined:

n initial interest in virtual networks was to map experimental networks 
into the Internet

n later interest considered mapping virtual networks into data center 
substrate networks

n this led to an emphasis on various algorithms and their performance
n We approach the problem from a design point of view and ask: 

n Are there network topologies that would offer improved embedding 
performance if used as a substrate network?
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Our Approach
n Compare interconnection network and data center network topologies
n Evaluate whether interconnection topologies offer improved performance 

of VNE solutions
n Consider:

n Interconnection substrate network topologies: 
n Hypercube and Butterfly

n Data center substrate network topologies: 
n Two-Tier and BCube

n Assign various loads of virtual network requests (VNRs)
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Research Question
n Metrics of the simulated VNE algorithm performance: 

n acceptance ratio
n revenue to cost ratio
n node utilization
n link utilization
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Topologies: Design Focus
Design focus:
n Data center networks: 

n high bandwidth, low latency, redundancy, reliability
n Interconnection networks: 

n very high bandwidth, low blocking probability, low latency
n interconnection networks are used between tightly coupled systems:

n cpu cores, cpu chips, physically close boards and servers
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Two-Tier Data Center Topology

n Two-Tier Spine-Leaf switch-centric topology: a layer of core network 
switches and a layer of edge switches
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BCube Data Center Topology
n BCube network topology: a recursive design meant to easily scale 

and maintain topological properties
n BCube(1,4) network:
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Hypercube Topology
n Hypercube networks of size = 2, 3, and 4:
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Butterfly Topology
n Butterfly network with 8 hosts:
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Network Topologies: Properties
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Simulations
n VNE-Sim: a discrete event simulator developed to implement and 

evaluate VNE algorithms
n Extended VNE-Sim platform to implement Hypercube and Butterfly 

topologies
n VNE-Sim generates:

n substrate networks
n time series of virtual network embedding requests (VNRs)

n VNE-Sim enables simulation of various VNE algorithms
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Simulations: VNE Embedding Algorithms

Algorithm Name Description
Global Resource Capacity (GRC) GRC Heuristic + shortest path algorithm to solve link embedding

Global Resource Capacity GRC-M Heuristic + MCF to solve link embedding

Monte Carlo Tree Search (MCTS) MaVEn-S MCTS + shortest path algorithm to solve link embedding

Monte Carlo Tree Search MaVEn-M MCTS + MCF to solve link embedding

Mixed-Integer LP relaxation problem D-ViNE MILP + deterministic rounding to approximate solution

Mixed-Integer LP relaxation problem R-ViNE MILP + randomized rounding to approximate solution
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Simulations: Parameters of Substrate Network
n Simulated networks have 64 servers to maintain predefined CPU resources
n Various topologies then determined the number of switches and links

IEEE International Workshop on Computer Aided Modeling and Design of Communication Links and Networks, CAMAD 2025October 15, 2025 20



Simulations: Virtual Network Requests
n Multiple series of random VNRs were generated as various request loads
n Request loads: 

 10, 20, 30, 40, 50, 60, 70, and 80 Erlangs
n Loads were generated once and reused to simulate each topology and 

algorithm
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Results: Performance Metics
n Simulation results were aggregated to report:

n Acceptance ratio: 
number of embedded VNRs / total number of VNRs

n Revenue to cost ratio
n Average node utilization
n Average link utilization
n Execution times of the embedding algorithms
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Results: Revenue to Cost Ratio
n Simple measures:

n Revenue: sum of the resources in the VNR
n Cost: sum of the resources consumed in the embedding
n Revenue to cost ratio:

n in the range [0, 1]: a single link may be mapped into multiple 
links 
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Performance Results: GRC, GRC-M
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Performance Results: D-ViNE, R-ViNE
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Performance Results: MaVNe-M, MaVNe-S
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Performance Results: Acceptance Ratio
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GRC MaVEn-M
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Performance Results: Revenue to Cost Ratio
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GRC MaVEn-M
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Performance Results: Node Utilization
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GRC MaVEn-M
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Performance Results: Link Utilization
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GRC MaVEn-M
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Results: Average VNR Processing Times
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Conclusions
n Interconnection topologies offered higher acceptance ratios
n Disadvantage of data center networks may be mitigated by employing 

advanced algorithms (MaVEn-M and MaVEn-S) that require additional 
processing time

n Butterfly topology offered the best acceptance ratio but had low: 
n revenue to cost ratio, node and link utilizations
n due to the high number of network elements required to implement 

the network topology
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Questions?

Email: ballanty@sfu.ca
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