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Introduction

• In CMMi, Project Estimation is addressed @ two different 
levels:
– Level 2: referring to “productivity”
– Level 4: referring to “performanceperformance”

• Often people uses these terms interchangeably, while in other 
sciences (eg: econometrics and management) they are two 
distinct concepts

Q: What are the main 
differences between 
them and their impacts 
on estimation issues?
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Introduction
Productivity-based Estimation (àML22)

•• ProductivityProductivity: the ratio of the produced output to its corresponding 
number of inputs (e.g: FP/Man-months)

• Project Estimation is quite challenging, where several techniques 
can be used: from experiential methods till parametric models
– Common point: the usage of productivity figures

• In most known SPI models, cost estimation is considered as the 
outcome of the aggregation of several productivity-related process 
factors, leading to a single cost figure. 

• For instance, CMMi, PP SP 1.4-1 (Determine estimates of effort and 
costs ): “Collect the models or historical data that will be used to 
transform the attributes of the work products and tasks into 
estimates of the labor hours and cost ” noting that “Historical data 
include the cost, effort, and schedule data from previously 
executed projects, plus appropriate scaling data to account for 
differing sizes and complexity ”.



L.Buglione & A.Abran © 2005METRICS2005 – Como (Italy) 
Sept20, 2005

6

Introduction
Performance (àML44)

•• PerformancePerformance: The degree to which a system or a component 
accomplishes its designated functions within given constraints (IEEE-
STD-610.12:1990)

• Often Software Project Estimation models refer primarily to effort 
and costs, without taking into account other project attributes (e.g.: 
quality, innovation, …). 
– Note: performance never cited in CMMi, PP SP 1.4-1

• In CMMi, performance is explicitly included in 2 PAs at ML4 (OPP –
Org. Process Performance, QPM- Quantitative Project Management)

…some questions about OPP: 
• what does the CMMi consider as a process performance model 
(PPM)? 
• Which concepts are needed for adequately understanding, 
managing and estimating performance? 
• Is effort & size sufficient to estimate project performance or 
should further concepts be taken into account?
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Introduction
Performance (àML44)

…and some possible answers from CMMi : 
• Performance must be “used to estimate or predict the value of a 

process performance measure from the value of other process and 
product measurements”, using e.g. Complexity and Reliability Growth 
models

• …therefore, ProductivityProductivity is an attribute of PerformancePerformance
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Introduction
Relationships between performance & effort-cost estimation

• In performance models, several ratios can be used to refine 
overall project estimates 
– e.g.: in the Testing phase, effort based on a relevant % of m/d 

within the SLC model selected; defect rate and defect density 
from reliability models, …

• Sink Model: performance is a 
multi-perspective concept, 
where those outcomes impact 
on productivity

• Note: Performance Mgmt and 
Estimation should be 
performed considering 
simultaneously those 
viewpoints and in a 
quantitative manner, revisiting 
estimates along the SDLC 
phases
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Multi-dimensional Performance Models
The QESTQEST Model

• Method: Performance is expressed as the combination of the specific 
ratios selected for each of the three dimensions of the quantitative
assessment (Productivity - PR) and the perceived product quality level  
of the qualitative assessment (Quality - Q)

Performance = PR + Q

• Model: QEST (Quality factor + 
Economic, Social & Technical 
dimensions) is a “structured shell”
to be filled according to 
management objectives in relation 
to a specific project.
Such a model has the ability to 
handle independent sets of 
dimensions without  predefined 
ratios and weights - referred to as 
an open model
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It is possible to measure performance considering at least 3 distinct geometrical 
concepts:
u the distance between the tetrahedron 
base center of gravity and the center of 
the plane section along the tetrahedron 
height – the greater the distance from 
zero, the higher the performance level;
u the area of the sloped plane section –
the   smaller the area, the higher the 
performance level;

u the volume of the lowest part of the 
truncated tetrahedron – the greater the 
volume, the higher the performance level.

Multi-dimensional Performance Models
The QESTQEST Model – Geometrical Indicators

• Target: measuring project performance (p) using the three distinct 
viewpoints

• Input Data: list of weighted ratios for each dimension and quality 
questionnaires

• Output Data: an integrated normalized value of performance
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• Integrated quantitative and qualitative evaluation from three 
concurrent organisational viewpoints
• a 3D geometrical representation at a single project phase (usually 
after the project is completed) 
• Use of de facto and de jure standards (e.g. ISO/IEC 9126 for the 
Quality Factor)
• Extension of the original 3D model to n possible dimensions-
perspectives à QEST nD through the simplex as the mechanism to 
solve the problem from the fourth dimension on
• Performance Measurement Model to use for consolidating Balanced
Scorecard (BSC) measurement outcomes

Multi-dimensional Performance Models
The QESTQEST Model – Key Features
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LIME (LIfecycle MEasurement) model represents the extension of QEST 
features to a dynamic context as the SLC is.
SLC model selected: generic 6-steps Waterfall model
Logic adopted: the same than in the ETVX (Entry-Task-Validation-eXit) 
process notation

Multi-dimensional Performance Models
The LIMELIME Model
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� Flexibility of distinct relative contributions from the three dimensions (E, S, T) in 
each phase

� Flexibility of distinct relative contributions of between quantitative and 
qualitative evaluations in each phase
� Different sources for QF calculation
� Flexibility in selecting measures and ratios suitable for each SLC phase

Multi-dimensional Performance Models
The LIMELIME Model – Key Features

Recently, LIME was extended also to Risk Management à R-LIME
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Multi-dimensional Performance Models
The QESTQEST/LIMELIME Models & Performance Estimation

• pp is the performance value coming from QEST/LIME models
• from QESTQEST à entity: project
• from LIMELIMEà entity: SDLC phase

• …and it can be used for estimating next performance:

( )niiii xxxfp ,...,, 21= For the i-th phase, from n possible ratios

( )ii pppfp ,...,, 211 =+ For the (i+1)-th phase, from past phases

• Once derived the p(i+1) values, it will be possible to use them for cost 
estimation (as requested in CMMi PP SP1.4-1)
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An Example with the QEST Model 
Simulation Data (n=1010) and RR values

Project P001
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An Example with the QEST Model 
Selected Ratios
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An Example with the QEST Model 
pp performance value (with QFQF)

( )∏
=

−−=
n

i
ipp

1

11p Formula:

Project P001
(with QFQF=0.008)
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An Example with the QEST Model 
Possible correlations and suggested regression types
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An Example with the QEST Model 
Possible correlations and suggested regression types

ü Three regression types were chosen (linear, logarithmic, polynomial)
ü Smileys show a high-level classification by R2
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An Example with the QEST Model 
Possible correlations and suggested regression types

ü Size vs. Effort: linear and polynomial models (from 2nd order on)
ü Size vs. Performance: polynomial models (from 4th order on) 
ü Effort vs. Performance: polynomial models (from 5 th order on) 
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An Example with the QEST Model 
Estimating a new project (P011P011)

�
�

Size Effort PerformanceŽ

ü Estimated Size: 2500 FP 
ü Regression type chosen: Linear (y*=-4E-06x+0.8746) [Size vs Perf]
ü p*=0.8646

Case �:

üEstimated Size: 2500 FP 
ü Regression type chosen: Linear (y*=0.5034+46.833) [Size vs Effort]
ü Effort*=1305 man/days

Case �:
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An Example with the QEST Model 
Estimating a new project (P011P011)

Supposing project P011 has other measures similar to P010:

Using the Effort* value (1305 m/d) from project P011 for estimating 
performance:
ü Regression type chosen: Linear (y*=-2E-05x+0.8818) [Effort vs Perf]
ü p* = 0.8557

Case Ž:
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An Example with the QEST Model 
Estimating a new project (P011P011)

…from 
which…

…this p calculations…
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An Example with the QEST Model 
Estimating a new project (P011P011)

…till the final values…

Thus:
ü Case 1: (Size vs Perfomance) à p* = 0.8646 (1 variable)
ü Case 2+3: (Size vs Effort; Effort vs Performance) à p*=0.8557 (all sys)
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An Example with the QEST Model 
Estimating a new project (P011P011)

Conclusions:
ü considering the two estimated values, the lower MRE is the 
one obtained using the size vs performance equation (6.23% vs
7.19%)
ü Iterative control using the estimated p, size and effort

ü Using QEST/LIME models it is possible to verify the proper fit 
of other measures and balance them in order to optimise the 
amount of resources used and the final project costs, taking care 
of concurrent constraints
ü Advantage: the use of initial project effort estimation through 
its size in combination with performance estimation can provide 
PMs an additional checking tool for controlling project costs
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Conclusions & Prospects
• Estimating project costs is one of the key challenges for a Project 

Manager, firstly in detecting the proper variables to take into account for 
achieving the minimization of MRE

• Performance plays an important role and current SPI models seems to 
consider it not explicitly part of the “cost estimation” in Project Planning 
practices (ML2) but only something to be managed by few people (ML4)

• Estimation requires: 
– the usage of early sizing methods in many cases: it is not possible to 

define in the bidding phase e.g. FP or UC
– Integration of multiple viewpoints (project’s stakeholders)

• QEST/LIME represents a family of multi-dimensional software performance 
models which can help in calculating project performances, providing 
inputs for a more comprehensive estimation

• When a consistent data collection with QEST/LIME models will be done, 
comparisons with other estimation models (e.g. COCOMO) – only for the 
subset of performance related to the “effort” variable – will be made
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Q && A
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