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Function Points

Function points method is firstly proposed by Albrecht and Gaffney. In this method, the size of a system can be computed by three components which are information processing size (Unadjusted Function Points-UFP) and Technical complexity adjustment factors and Function Points. Those components are analyzed below :

Unadjusted Function Points - UFP

This feature is also known as information processing size. This size is determined by identifying system components as five types namely external or logical inputs, outputs, inquiries, external interfaces to other systems and the logical internal files. These components are further weighted as "simple", "average" or "complex" depending on their characteristics. Then the sum of all components is called as Unadjusted Function Points (UFP). The weights are given in Figure 1 below [Symons,88]. Note that the total field in the figure is obtained by multiplication of count by chosen weight ( simple, average or complex).

	Table 1 : Calculation of Unadjusted function points

	  
	 

	  
	  

	 

	 

	  

	Simple 
	Average 
	Complex 
	  

	  


	External inputs 
	  

	x 
	3 
	4 
	6 
	= 
	  

	Exernal Outputs 
	  

	x 
	4 
	5 
	7 
	= 
	  

	User 

	  

	x 
	3 
	4 
	6 
	= 
	  

	Files 

	  

	x 
	7 
	10 
	15 
	= 
	  

	External interfaces 

	  

	x 
	5 
	7 
	10 
	= 
	  

	UFP 

	=
	  



	


Technical Complexity Adjustment

This adjustment is performed by calculating the technical complexity factor (TCF). TCF is calculated by rating the following 14 questions given in Table 2 [Pressman,87] from 0 to 5 where 

	Table 2 : Elements for technical Adjustment Factor

	0 :not present or no influence 
	3 :average influence 

	1 :insignificant influence 

	4 :significant influence 

	2 :moderate influence 

	5 :strong influence, essential 

	and summing them up. 



	


	E1 
	Reliable Backup and recovery 

	E8 
	Online Update 


	E2 
	Data Communications 

	E9 
	Interface Complexity 


	E3 
	Distributed Functions 

	E10 
	Reusability 


	E4 
	Performance 

	E11 
	Process complexity 


	E5 
	Operational environment 

	E12 
	Installation Ease 


	E6 
	On-line data entry 

	E13 
	Multiple Sites 


	E7 
	Multiple Screens for Input 

	E14 
	Ease of Use 



	


Function Point Calculation

Consequently function points of the system can be calculated by the following empirical formula 

	  [image: image1.png]FP=UFP x (0.65 +0.01 x TCF )






FP-to-NCSS Conversion

After function points have been calculated, it is very easy to convert them to NCSS by using the Table 3 which is obtained empirically by Albrecht and Gaffney [83] for COBOL, PL/I and 4 GL's. The number given for Pascal is derived by me studying on the projects which are totally around 50,000 of Pascal code. 

	Table 3 FP to NCSS conversion 

	Language
	NCSS/FP

	COBOL

	110


	PL/I

	65


	C

	70


	Pascal

	55


	4GG

	25



	


Although,there are some critics on function points method [Symons, 88], stating several deficiencies such that environmental factors are not considered, it is difficult to estimate information processing size at earl stage of development etc., it is the mostly used method today. Symon's calibration on the function points method has not verified and well tested yet, but it sounds. 

In addition, function points method can be used for measuring the productivity of development activities [Behrens,88]. The formula 

	  [image: image2.png]Actual Hours Per Function Point
Productivity Index (P1) =

Expected Hours per Function Point





	Click here to calculate the Productivity Index 


is used for calculating the productivity.
COCOMO

COCOMO is a set of hierarchical sub models which are basic, intermediate and detailed sub models. Basic model aims a quick rough estimate from small to medium sized project. Intermediate model adds more accuracy to the basic model by involving some attributes related to product, computer to be used, project personnel and project ,in the calculations. Finally the detailed model adds two extra capabilities namely phase sensitive effort multipliers and three level product hierarchy

Project Types

Organic

Familiar environment, small team of experienced programmers are main characteristics of organic mode projects. For example, a personnel system project for an organization which is located on a single building with Local Area Network facilities only. 

Semi Detached

Semi-detached mode projects are intermediate projects between organic mode and embedded mode. Such projects partially shows both characteristics. For example, a software project for a large bank, including daily customer operations and the ATM machine activities on a Wide Area Network can be considered as of type semi-detached.. 

Embedded

In the embedded mode, projects has tight constrains, more than one processor and various types of peripherals exist. Uncertainties in the problem definition is another characteristics of such projects. Hardware driving projects are good examples of embedded types. For example, a software project related to control the production of various automobile parts is of embedded type.

COCOMO Models

	Cocomo Models are;


	1. Basic Model

	2. Intermediate Model

	3. Detail Model


	


1. Basic Model

Basic model aims a quick rough estimate from small to medium sized project. 

Effort Estimation: 

	Organic:
	K = 2.4 x S 1.05

	Semi Detached:
	K = 3.0 x S 1.12

	Embedded :
	K = 3.6 x S 1.20


	


Time Estimation: 

	Organic:
	t = 2.5 x K 0.38

	Semi Detached:
	t = 2.5 x K 0.35

	Embedded :
	t = 2.5 x K 0.32


	


2. Intermediate Model

Intermediate model adds more accuracy to the basic model by involving some attributes related to product, computer to be used, project personnel and project ,in the calculations. 

Effort Estimation: 
	Organic:
	K = 3.2 x S 1.05

	Semi Detached:
	K = 3.0 x S 1.12

	Embedded :
	K = 2.8 x S 1.20


	


Time Estimation: Time formulas are the same as in Basic Model 

	Organic:
	t = 2.5 x K 0.38

	Semi Detached:
	t = 2.5 x K 0.35

	Embedded :
	t = 2.5 x K 0.32


	


 

	Cost Drivers
	Values

	 
	Very Low
	  Low
	Normal
	High
	Very High
	Extra High

	Product Atttributes

	RELY
	0.75
	0.88
	1.00
	1.15
	1.40
	-

	DATA
	-
	0.94
	1.00
	1.08
	1.16
	-

	CPLX
	0.70
	0.85
	1.00
	1.15
	1.30
	1.65

	Computer Attributes

	TIME
	-
	-
	1.00
	1.11
	1.30
	1.66

	STOR
	-
	-
	1.00
	1.06
	1.21
	1.56

	VIRT
	-
	0.87
	1.00
	1.15
	1.30
	-

	TURN
	-
	0.87
	1.00
	1.07
	1.15
	-

	Personnel Attributes

	ACAP
	1.46
	1.19
	1.00
	0.86
	0.71
	-

	AEXP
	1.29
	1.13
	1.00
	0.91
	0.82
	-

	PCAP
	1.42.
	1.17
	1.00
	0.86
	0.70
	-

	VEXP
	1.21
	1.10
	1.00
	0.90
	-
	-

	LEXP
	1.14
	1.07
	1.00
	0.95
	-
	-

	Project Attributes

	MODP
	1.24.
	1.10
	1.00
	0.91
	0.82
	-

	TOOL
	1.24
	1.10
	1.00
	0.91
	0.83
	-

	SCED
	1.23
	1.08
	1.00
	1.04
	1.10
	-


In the table above, the abbreviations used are as follows: 

	RELY
	Required Software Reliability

	AEXP
	Application Experience


	DATA
	Data base size 

	PCAP
	Programmers Capability


	CPLX
	Process Complexity 

	VEXP
	Virtual machine Experience


	TIME
	Time Constraint for CPU 

	LEXP
	Language Experience


	STOR
	Main Memory Constraint 

	MODP
	Modern Programing Practices


	VIRT
	Machine Volatility 

	TOOL
	Use of Software Tools


	TURN
	Turnaround time 

	SCED
	Schedule Constraint


	ACAP
	Analysts Capability 

	 



	


Cost multiplier for normalisation is computed as choosing values from the table and multiplying them: 

	[image: image3.png]



	Where
	
		C :

	Cost Multiplier


		ci :

	Cost driver



	


	Cost Drivers

Normalisation

The effort cost is normalised by cost multiplier and new effort is obtained: 

Knew = K    x   C 

This new effort value is used in time formulas to calculate estimated time cost. 

	3. Detail Model 


[image: image4.png]Project Characteristics Table
Cost adjustments for computing the EAF (Effort Adjustment Factor)

v.low | low |nominal| high |v.high| ex.high
product attributes
required software

reliability 0.75 | 0.88 | 1.00 | 1.15 | 1.40
database size 0.94 | 1.00 | 1.08 | 1.16
product complexity 0.70 | 0.85 | 1.00 | 1.15 | 1.30 |1.65
computer attrib utes
execution time

constraints 1.00 | 1.11 | 1.30 |1.66
main storage constraints 1.00 | 1.06 | 1.21 |1.56
virtual machine

volitility 0.87 | 1.00 | 1.15 | 1.30
computer turnaround time 0.87 | 1.00 | 1.07 | 1.15
personnel atiributes
analyst capability 1.46 | 1.19| 1.00 | 0.86 | 0.71
applications experience 1.29 | 1.13 | 1.00 | 0.91 | 0.82
programmer capability 1.42 | 1.17 | 1.00 | 0.86 | 0.70
virtual machine

experience 1.21 | 1.10| 1.00 | 0.90
programuing language

experience 1.14 | 1.07 | 1.00 | 0.95
project attributes
use of modern

programming practices 1.24 | 1.10 | 1.00 | 0.91 | 0.82
use of software tools 1.24 | 1.10| 1.00 | 0.91 | 0.83
required development

schedule 1.23 | 1.08 | 1.00 | 1.04 | 1.10
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For the following project description, generate estimates for total effort,
project duration, and number of people needed using the intermediate
COCOMO model

CADCO, Inc, wants to produce a system that will perform computer-aided
design for the home construction industry. They are a new company, and
though they want to be the bestin CAD systems, they are still, overall, a
bit inexperienced. This project, then, for CADCO (at this time in their
history) would be considered o W HAT TYPE?

Initial analysis of the problem leads to requirements calling for 3 major
modules, with the following sizes;

screen drawing 2.00 KDSI
object-base management  3.50 KDSI
algebra/numerical methods  1.75 KDS|

The programmers that CAD CO hired to start are among the bestin the
business, but most have never used C++ before, which will be the language
of implementation. The system must run fairly fast, since users will be
impatientif drawing takes too long, CADCO also would like to make.

their market s large s possible, which means the package should run on
slower PCs as well as faster ones. Many models will accumulate over time;
the house simulation routines and solid modeling routines will require a great
deal of memory to operate efficiently. For the project, then, these effort
adjustment Factors are estimated:

data base size high
product complexity very high
main storage very high
execution time constraints high
program mer capability very high

programming language experience  very low

all other characteristics rated nominal
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What Project Type? SEMI-DETACHED

screen drawing 2.00 KDSI
object-base management  3.50 KDSI
algebra/mumerical methods  1.75 KDSI

total SIZE  7.25 KDSI

112
Effort PM=EAF*3.0* (SIZE) ‘ > 40 person-months
112
PM = (1.05%130%1.21*1.11%0.70%1.14) * 3.0 * (7.25)
PM =146 *3.0+9.19
PM = 40.25
q q 035
Project Duration D= 25*(PM) > 9 calendar months
25+ w25
25%3.64
910
Staffing 4 or § people needed

40.25/9.10
4.42





Esterling - Time Study Model

Time Parameters

	a
	Average fraction of workday spent on administrative or other indirect work


	t 
	Average duration of working interrupts (minutes)


	r 
	Average recovery time after interruptions (minutes)


	k 
	Number of interruptions/workday from project personnel


	p 
	Number of interruptions/workday from non-project personnel


	i 
	Indirect (overhead) cost/person expressed as fraction of base pay


	d 
	Differential pay for overtime expressed as fraction of base pay


	n 
	Number of people working in the project


	g 
	Average number of overtime workhours per workday



	


	Parameter
	Range
	Factory Workers
	Programmers

				Optimistic
	Typical
	Pessimistic

	a
	0 - 0,5

	0.0

	0.05 

	0.10 

	0.15


	t
	1 - 20

	3

	3 

	5 

	10


	r
	0.5 - 10

	0.5

	0.5 

	2.0 

	8.0 


	k
	1 - 10

	1

	2 

	3 

	4


	p
	1 - 10

	1

	1 

	4 

	10


	i
	0.1 - 3

	0.2

	0.2 

	0.5 

	1.5


	d
	1 - 2

	1.5 

	1 

	1 

	1.5


	Parameter Description
	Top of Form

[image: image7.wmf]

Locate your mouse on parameter to see 

its description


Bottom of Form



	


 

Useful Working Time

	w = 0.125 x [ 8 - 8a + g - (4r - p(t+r) - k(n-1)(t+r))/60 ]


	T = 7 / ( 5nw)

	ratio of calendar time to person-days to complete the project


	c = ns(gd+ 8(1+i)) 

	labor cost per work day for an average base salary s


	e = nw / c

	cost efficiency


	C = c / (nw) 

	Project cost per person-day 



	


Cost Estimation Methodology

The Methodology has basically two steps: 

	Figure 1
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1. Estimate Cost 

2. Observe and Refine
Estimate Cost

	Figure 2

	Enlarge
	Animate


The first step of cost estimation. The problem is analysed and using an appropriate technique size is estimated. The unit of size is NCSS (non-commentary source statements) in terms of thousands.

Effort Estimation

The size estimation is given as input to effort estimation process. The output is effort in terms of person-years, person-months, person-days or person-weeks. 

 Time Estimation

Either size estimation or effort estimation results are given as input to this process.. The output is time in terms of years, months, days or weeks. 

Normalisation

The results of effort an time estimations are normalised to actual calendar tiime and effort results by an appropriate technique. 

Observation and Refinement

Observation
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The observed effort, e 

Where ot is the observed time function of which value will be obtained by measurements during the implementation of sti for each person (pk) separately 

ni is the number of people working in stage i.

The time, ti, for each sti can be observed as: 

	ti = End(sti) - Begin(sti) 


where Begin(x) and End(x) functions are simply giving the beginning and the end times of x respectively. 

After those observations, the time-effort efficiency, te, of any development stage, sti can be calculated as : 

	te(sti) = 1 - s(sti)/ (ni x ti)


where s(sti) is the slack time for the stage of sti and calculated as: 

	s(sti) = ti x ni - e(sti)


The time-effort efficiency values closer to 1 or greater than one are the indicators of good and efficient development work. 

Refinement

To avoid complexity, the notation of esij is used for both time and effort estimations and abs is for absolute value function. 

	   

	St1
	St2
	St3
	..... Stn
	Deviations (di's)

	Estimation 1
	es11
	es12
	es13
	.... es1n
	-


	Estimation 2
	ø1
	es22
	es23
	.... es2n
	d1 = abs(o1 -es11)


	Estimation 3
	-

	ø2 

	es33
	.... es3n
	d2 = abs(o2 -es22)


		 

	 

	........

	...........

	 


	Estimation n
	 

	   

	øn-1
	esnn
	dn-1 = abs(on-1 -esn-1)


	 

	 

	 

	 

	ønn
	dn = abs(on -esn)



	


ideal case :
d1 = d2 = d3 = ........= dn = 0
(only one successful estimation throughout the development process) 

expected case : 
dn < dn-1 < dn-2 < ........< d1 
(good correlation between te and d values) 

 
Summary:

Empirical Cost Estimation Techniques
1. Function Points ( function point method is firstly proposed by Albrecht and Gaffney. In this method, the size of a system can be computed by three components which are information processing size (Unadjusted Function Points-UFP) and Technical complexity adjustment factors and Function Points.

2. COCOMO ( COCOMO is a set of hierarchical sub models which are basic, intermediate and detailed sub models. Basic model aims a quick rough estimate from small to medium sized project. Intermediate model adds more accuracy to the basic model by involving some attributes related to product, computer to be used, project personnel and project ,in the calculations. Finally the detailed model adds two extra capabilities namely phase sensitive effort multipliers and three level product hierarchy

3. Esterling - Time Study Model
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