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Take-away messages (preview)

1. There is a relation between software cost and 
architecture

2. Architecting for cost efficiency is not only non-
trivial…

3. …but requires both design- and run-time 
aspects



Cost?

Software Engineering: Principles and Practice.
Hans van Vliet, Wiley, 2007. 

Software development takes time and money. 
When commissioning a building project, you 
expect a reliable estimate of the cost and 
development time up front. Getting reliable cost 
and schedule estimates for software 
development projects is still largely a dream. 
Software development cost is notoriously 
difficult to estimate reliably at an early stage.



The Cloud



Cost savings as motivation for cloud adoption

› Converting CAPEX to OPEX
• No upfront hardware procurement costs

› Race to Zero in some types of offerings e.g. 
storage
• Vendor lock-in as a side-effect



Public cloud provider cost models

› Cost as tiered linear functions of time/volume 
[Andrikopoulos et al. 2013]

› Billable Time Units (BTUs) have gone down from 
hour(s) to seconds in the last years

› Prices per hour/GB are continuing to fall rapidly

https://ieeexplore.ieee.org/abstract/document/6676741


Cloud service selection decision support
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Services ranking



Application performance x deployment

[Gómez Sáez et al. 2014]
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https://ieeexplore.ieee.org/document/6973748


Load characterization



1K queries with synthetic load



Application Topology

An application topology is a labeled graph  
𝐺𝐺 = (𝑁𝑁𝐿𝐿,𝐸𝐸𝐿𝐿, 𝑠𝑠, 𝑡𝑡)

where 𝑁𝑁:𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛,𝐸𝐸: 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒, 𝐿𝐿: 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 & 𝑠𝑠, 𝑡𝑡:𝐸𝐸𝐿𝐿 → 𝑁𝑁𝐿𝐿

The topology graph 𝑇𝑇 is called typed if the label set contains only typed elements. 

A (typed) topology 𝑇𝑇 is viable w.r.t. a type graph with inheritance 𝑇𝑇𝑇𝑇𝐼𝐼 iff all elements of 
𝑇𝑇 are labeled over the elements of 𝑇𝑇𝑇𝑇𝐼𝐼. 𝑇𝑇𝑇𝑇𝐼𝐼 is then called the μ-topology of the 
application.
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PHP
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Container

PHP_
Container

[Andrikopoulos et al 2014]

https://pdfs.semanticscholar.org/265d/7eb825ec783cdaa83e930224e6797a431309.pdf


Example of a μ-topology
α-topology

γ-topology



Utility Function

› Set of functions 𝑭𝑭 on real numbers ℝ such as:
𝑭𝑭 = 𝑓𝑓 𝑎𝑎1, … ,𝑎𝑎𝑛𝑛 𝑛𝑛 ≥ 1,𝑓𝑓:ℝ∗ → ℝ}

› Mapping function  𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚:𝑽𝑽 → 𝑭𝑭 from 𝑭𝑭 to set of all viable topologies 𝑽𝑽

› Utility function: 𝑢𝑢 𝑖𝑖 𝑎𝑎1, … ,𝑎𝑎𝑛𝑛 = 𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚 𝑇𝑇 𝑖𝑖 = 𝑢𝑢 𝑖𝑖 (𝑇𝑇 𝑖𝑖 )
› Given a set of values 𝑝𝑝1, … , 𝑝𝑝𝑛𝑛 then the function can be evaluated as 𝑟𝑟 𝑖𝑖 =
𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑢𝑢 𝑖𝑖 𝑇𝑇 𝑖𝑖 , 𝑝𝑝1, … , 𝑝𝑝𝑛𝑛 = 𝑢𝑢 𝑖𝑖 𝑝𝑝1, … , 𝑝𝑝𝑛𝑛 , 𝑟𝑟 𝑖𝑖 ∈ ℝ



Utility based on Operational Expenses (OPEX)
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[Walker 2009] [Andrikopoulos et al 2013]
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http://ai2-s2-pdfs.s3.amazonaws.com/ea5e/81661465f1035dfbdd13143fa06bf7ce02f7.pdf


OPEX-oriented optimization
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[Andrikopoulos et al 2014]

https://pdfs.semanticscholar.org/265d/7eb825ec783cdaa83e930224e6797a431309.pdf


The MediaWiki Case Study



Cost vs Profitability

[Gómez Sáez et al. 2018]

https://vandriko.github.io/files/2017_TOIT_accepted.pdf
https://link.springer.com/chapter/10.1007/978-3-319-29582-4_9
https://vandriko.github.io/files/2017_TOIT_accepted.pdf
https://link.springer.com/chapter/10.1007/978-3-319-29582-4_9
https://dl.acm.org/doi/abs/10.1145/3140545


Computational waste in the cloud



The Cloud-Based Application (CBA) lifecycle
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MAPE-K

[IBM 2005]

https://www-03.ibm.com/autonomic/pdfs/AC%20Blueprint%20White%20Paper%20V7.pdf


Phases of the CBA lifecycle
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[Andrikopoulos 2017]

http://vandriko.github.io/files/2017_Cloudways_paper.pdf


Cost efficiency in software (re)architecting

› Multiple goals
• Decrease cost without hurting performance 

(underprovisioning)
• Minimize waste (overprovisioning)

› During design time
• Informed decision making during design cycles
• Cost/performance trade-offs under consideration

› During run time
• Active monitoring, refactoring, and redeployment of 

the application



Main take-aways

Reach out to me at:

v.andrikopoulos@rug.nl
https://vandriko.github.io

@v_andrikopoulos

› Cost management as an 
architecting activity
• Counter-intuitive 

phenomena
• Experimentation/monitoring 

is required

› Design- and run-time activities 
are complementary, not 
mutually exclusive

mailto:v.andrikopoulos@rug.nl
https://vandriko.github.io/


Further reading

› Andrikopoulos, V., Binz, T., Leymann, F., & Strauch, S. 
(2013). How to adapt applications for the cloud 
environment. Computing, 95(6), 493-535.

› Andrikopoulos, V., Reuter, A., Xiu, M., & Leymann, F. (2014, 
June). Design support for cost-efficient application 
distribution in the cloud. In 2014 IEEE 7th International 
Conference on Cloud Computing (pp. 697-704). IEEE.

› Sáez, S. G., Andrikopoulos, V., Hahn, M., Karastoyanova, D., 
Leymann, F., Skouradaki, M., & Vukojevic-Haupt, K. (2015, 
May). Performance and cost trade-off in IaaS environments: a 
scientific workflow simulation environment case study. 
In International Conference on Cloud Computing and 
Services Science (pp. 153-170). Springer, Cham.

https://link.springer.com/article/10.1007/s00607-012-0248-2
https://ieeexplore.ieee.org/abstract/document/6973804/
https://link.springer.com/chapter/10.1007/978-3-319-29582-4_9
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