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Abstract:

The value of a software system results from the interactions between its functionality and quality
attributes (such as performance, reliability and security) and the market-place. Quality isadirect
consequence of architectural design decisions. Traditional product cost models have focussed on the short
term development cost of the product. We argue that if one wantsto build realistic cost models, the quality
of the product and the time-period for which the product is going to be in the market must be taken into
account for analysis. One needs to consider the costs of technical tradeoffs encountered by the system’s
architect while designing the system to understand how to maximize the system’ s benefits. For long-lived
products the long range costs of the system with its inherent uncertainties must be incorporated into these
models. We believe that an architectural approach to cost-modeling will be able to capture these concerns
so that the software architect can reason about the risks in the system and the cost of mitigating them.
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Introduction

The aim of a successful software project is to maximize the difference between
the value of the software product and its cost. The value of a complex software-intensive
system results from the interaction of the functionality and quality of the software, and
the market-place. Traditional cost-estimation models [Londeix87] have concentrated on
methods to estimate the “as-built” costs of simply building the software products. Some
cost estimation techniques at the design stages[ Jones98] only consider the costs of
functionality through the use of function points, however, the costs incurred for meeting
the system’ s quality goals are never estimated. They also do not consider the costs that
occur during the entire lifetime of the product, including stochastic events such as the
failure/change of components, change of platforms, or even change of methods of
communication among components.

A software architecture is a critical part of a complex software-intensive system’s
design. As[Shaw96] states, “in asituation of increasing size and complexity the design
and specification of overall system structure becomes more significant” (emphasis
added). The term “overall system structure” refers to the software architecture. Software
architects usually do not have well developed structures to reason about the costs of
design options. [BCIRS99] suggest the use of portfolio theory to guide software design
decisions. The Architecture Tradeoff Analysis Method (ATAM) [Kazman99] provides a
framework to a software architect for reasoning about the technical tradeoffs. The
Attribute Based Architectura Styles (ABAS) [Klein99] framework used within the
ATAM helps an architect reason, both quantitatively and qualitatively, about the quality
attributes and the stimulus/response characteristics of the system. For example, ABASs
allow one to reason about important system stimuli (the failure of a component, a user
request, a change to the software) and the associated system responses (mean time to
failure, latency, or person months of labor, respectively).
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Functionality is a key in satisfying market-place needs, but functionality is
worthless if not endowed with the right quality attributes and it is the qualities that shape
the architecture and consequently dictate cost. In this position paper we propose that an
architectural approach to cost estimation is necessary to be able to reason about a
system’ s long term costs as well as the coupling of costs and technical tradeoffsin the
architectural design.

Problem Framework

Our understanding of the problem arises from the idea that any software project is
the result of a set of business goals arising from wanting to exploit a niche in the market-
place with a new software product. Take for example, the development of an application
server that caters to on-demand software. The business goals of having a robust, high
performance, secure server lead to a set of architectural decisions to realize specific
quality attribute requirements of the system (e.g. using tri-modular redundancy to satisfy
the availability requirements, a dynamic load balancing mechanism to meet the
performance requirements, and a 256 bit encryption scheme to satisfy the security
requirements). Each architecture A that results from a set { Ai} of architectural decisions
has a different set of costs C{ Ai} (Fig. 1). The choice of a particular set of architectural
decisions maps to system qualities which can be described in terms of a particular set of
stimulus-response characteristics of the system { Q;}. i.e A -> Q. (for example, the
choice of using concurrent pipelines for servicing requestsin this system leadsto a
predicted worst-case latency of 500 ms given a specific rate of server requests.). The
"value" of any particular stimulus/response characteristic chosen is the revenue that could
be earned by the product in the marketplace owing to that characteristic. We believe, that
the software architect should attempt to maximize the difference between the value
generated by the product and its cost.

Business | Architectural I I
Goals | Decisions °
N\

M - Modifiability @ o :
]

P - Performance

S - Security ’
A - Availability < me .- -7

Fig 1.: Business Goals drive the architectural decisions{ A;} which determine the quality
attributes { Q;} .Value(V,) depends on Qi and Cost(C) depends on A..
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Developing a cost estimate

The cost of a system can be broken up into cost of the initial design, cost of
implementation, maintenance and evolution of system and the discounted future costs® —
(for example, if the system needs a new database system 3 years from now and the cost of

* Here we consider the entire life-time the product isin the market.



aparticular database is $300K, and the cost of changes to the existing system is $100K,
then the present cost of changing the database 3 years from now, using traditional
discounting methods, is 400,000D°where “D” is the discount rate.)

Design activity could be of two kinds: routine and innovative. For routine
systems, cost estimation is not a very difficult task since the architects/designers know a
good deal about previously built systems and have a good handle on costs. Traditional
cost estimation techniques are very good for these kinds of systems and easily estimate
the cost of the implementation, maintenance and evolution of the system. However,
thinking about the probable future costs, like complete systemic changes or even costs
arising due to stochastic events like the loss of support for a COTS component is more
challenging. On one hand, what time scale should one choose to ascertain probable future
costs? Given that the costs need to be represented by a probability distribution, how does
one obtain those numbers to be able to do quantitative analysis? We believe that the
choice of time scale and appropriate elicitation techniques are critical in obtaining data
for meaningful analysis. In the case of innovative designs, these problems are
compounded by the fact that the experts know very little about the system they are going
to build.

The cot, C, of implementing a particular architecture is dependent on the set of
architectural decisions { C(A;)}. A project manager is expected to be able to estimate the
cost of implementing various designs. By using traditional estimation techniques an
experienced project manager should not have a difficulty coming up with a reasonably
accurate estimate, but it may be a time-consuming and costly task- especially when
considering a number of alternatives. To aid in this estimation exercise, rough
implementation cost characteristic curves to show how cost will behave with respect to
each architectural decision, may be of considerable help. For example, we may” observe
that cost of the system behaves like a step function every time a new processor is added
within the architecture design. On the other hand, costs due to functional or
implementation complexity may be smoother.

Determining the stimulus/response characteristics from architectural decisions

The stimulus/response characteristics of architecturesis atopic of keen interest by
many in the software engineering community. The Attribute Based Architectural Styles
(ABASs) framework [Klein99] aids the software architect in reasoning about the system's
quality attribute specific characteristics. Using ABASs the architect can map the
relationship between A, the architectural decisions, and Q;, the resulting quality attributes
of the system.

M aking value judgements based on stimulus response characteristics

Aswe mentioned earlier value is derived from functionality and quality. Based on
Qi, the stimulus/response characteristics of the system, the marketing managers and the
various stakeholders can generate value judgementsto obtain V,. (A statement such as
"We will have no usersif serving arequest takes more than 5 seconds’ tells us that the
value V, of the system is approximately zero if the system's latency is greater than 5
seconds.) In this manner, for a particular system, the characteristic value curves can be

® Whether theincrement in cost islike a step function of just aminor increase depends on the total cost of
the system and will have to be treated accordingly



elicited®. Some typical examples are shown in Fig. 2. These figures will give the architect
an idea about the sengitivity and criticality of the system’s quality attributes.
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Importance of choosing an appropriate time-scale

If we do not choose an appropriate time-scale, the economics of a project can not
be properly assessed. The architects who design the architectures, the marketers who
make the value judgements of functionality and stimuli-response, and the project
managers who make the cost estimates of these architectures need a common time basis
for decision making. The system will end up badly designed if the time-scales used by
stakeholders are not the same’. Similarly, to assess its economic viability, an architecture
which will form the basis for a product line will require a different time-scale than what
one would use for a single product. Frequently the system’s key stakeholders do not
properly understand or agree on what is expected of the product in terms of its lifetime
and so cannot make these (cost-critical) decisions appropriately.

Developing toolsfor analysis

From this exercise we see that we will need analytic tools to be able to do some
meaningful analysis. First, we need a reasonable expert elicitation technique through
which we can obtain the time/cost/value structure characteristics of the system we are
interested in. The €elicitation technique could be adapted from [Morgan90] to suit cost
estimation for software systems. This technique will be used in two places: determining
the value judgements of stimulus response characteristics from stakeholdersmarketers;
and for determining the probable future costs of the system contingent on the
architectural decisions.

Another important tool will be an appropriate method for discounting future costs.
In traditional finance literature [Brearley81], one uses the risk free rate of return on
investment to calculate the discount rate®. However, is this an appropriate instrument
when analyzing software engineering projects? Considering the high risk nature of most
software projects, should the rate of return be higher than that used in financial markets?

Directionsfor future work
The development of a structure that incorporates the value judgment, cost
structure characteristics, and probable future costs with a consistent time-scale is the

® These curves will be approximate, dlicited from experience and be used to give the architect an rough idea
about the sensitivity of the market to certain quality attributes.

" The architecture for a product which is going to be used only for a 3 month period might be designed in a
unmodifiable, non-scalable way, as opposed a more modifiable approach that the architects would take if
the system was to be used for 15 years.

81f “r” istherate of return then the discount rate D=(1+r)™" or &"



essence of the work. The thrust areas are in developing a good expert elicitation
technique and also the development of an appropriate method of discounting future costs.

Presently the overall structure is being thought of as an extension to the ATAM.
Cost will be considered as another tradeoff attribute. Additional stakeholdersinvolved
will be the marketing and sales managers who could give value judgements about the
product and the expected lifetime of the product. We hope to validate this approach via
case-studies in the near future. An organization that is trying to reason about the various
candidate software architectures for its software product and attempting cost-modeling at
the design stage would be an ideal test-bed for our approach. The benefit of our approach
will be observed if it gives the software architect a business reason to make certain
architectural decisions for the product — that is, the software architect could state in dollar
terms’, the reason for adopting a particular architectural choice.

Another direction of work would be in the area of determining a more reasonable
way of discounting future costs/cash-flows in software projects. Direct adaptation of
discounting methods from finance may not be appropriate for software projects due to the
different risk and return profiles from investment. For this purpose we propose to revisit
the finance literature for discounting and incorporate new ideas that may be relevant to
software engineering projects.
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