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Measurement-Based Estimation
in Industry (1/10)
• Example:

Estimate the development effort for a „Tiny Order
Information System“ (TOIS).

• The steps (cf. foil 28):

(A) Measure requirements model
(B) Derive standard development effort
(C) Adapt with respect to tailored development plan
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Measurement-Based Estimation
in Industry (2/10)

*UDSKLFDO�QRWDWLRQ�RI�WKH�72,6�SUHOLPLQDU\�UHTXLUHPHQWV�PRGHO

Customer Information

Order Information

Stock Information

Manage Objects

Do Statistics

Do Forecasts
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Notation:

=  subject area
4

=  basic functionality

=  link, i.e. functionality applies for subject area
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Measurement-Based Estimation
in Industry (3/10)

7H[WXDO�QRWDWLRQ�RI�WKH�72,6�SUHOLPLQDU\�UHTXLUHPHQWV�PRGHO
�ODQJXDJH�35(��FI��>�@�

; PRE description of TOIS, the tiny order information system

Subject Area ”Customer Information” 5 .

Subject Area ”Order Information” 3 .

Subject Area ”Stock Information” 5 .

Functionality ”Manage Objects” 4 .

Functionality ”Do Statistics” 2 .

Functionality ”Do Forecasts” 2 .

Subject Area ’Customer Information’ contains ’Manage Objects’ .

Subject Area ’Order Information’ contains ’Manage Objects’ .

Subject Area ’Stock Information’ contains ’Manage Objects’,
’Do Statistics’, ’Do Forecasts’ .
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Measurement-Based Estimation
in Industry (4/10)

6WHS��$���PHDVXUHPHQW�RI�WKH�72,6�SUHOLPLQDU\�UHTXLUHPHQWV�PRGHO�XVLQJ
WKH�XWLOLW\�ÅPD´�UHVXOWLQJ�LQ�6\VWHP�0HWHUV�DW�35(�OHYHO��35(�60�

LVVXH

ma -v -f tois.sdf

LQ�D�'26�FRPPDQG�VKHOO�IURP�WKH�6(%7�GLUHFWRU\��$IWHU�DGPLWWHGO\�D�ELW�OHQJWK\�SKDVHV�RI
WRNHQLVLQJ��VFDQQLQJ�DQG�ILQDOO\�FRXQWLQJ��WKH�WRRO�ZLOO�HYHQWXDOO\�ILQLVK�LWV�ZRUN�E\�SULQWLQJ�RXW�D
PHDVXUHG�QXPEHU�

System Meters = 563
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Measurement-Based Estimation
in Industry (5/10)

6WHS� �%��� (QWHULQJ� WKH� HPSLULFDO� GDWDEDVH� WR� REWDLQ� DQ� HVWLPDWH� IRU� D
VWDQGDUG�IXOO�GHYHORSPHQW�SURFHVV
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(IIRUW3HUVRQ�'D\V� �&RPSOH[LW\35(�60��×����������������&RPSOH[LW\35(�60ò���×������
563 × 0.605 + 563² × 0.0001779 = 340.6 + 56.4 = 397 PD
(95%-error range: +/-33%)
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Measurement-Based Estimation
in Industry (6/10)

'UDIWHG 9HULILHG����0DLQWDLQHG

6WHS��&���$GDSWLQJ�WKH�ÅQRUPDO�HIIRUW´�WR�WKH�WDLORUHG�SODQ�
&���3URFHVV�&RPSOHWHQHVV�$VVHVVPHQW��3&$��Ø��&

� 3UHOLPLQDU\�$QDO\VLV
� 'RPDLQ�$QDO\VLV
� 6SHFLILFDWLRQ
� &RQVWUXFWLRQ�� 'HVLJQ�
� &RGLQJ�DQG�7HVW
� 'HOLYHU\�3UHSDUDWLRQ
� 'HOLYHU\��,QVWDOODWLRQ��$FFHS�

WDQFH�7HVWV�DQG�7UDLQLQJ�

5
HVXOW

/HYHO�RI�(ODERUDWLRQ
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Measurement-Based Estimation
in Industry (7/10)

(� �HVWLPDWH��G(� �HUURU�UDQJH�RI�HVWLPDWH

6WHS��&���$GDSWLQJ�WKH�ÅQRUPDO�HIIRUW´�WR�WKH�WDLORUHG�SODQ�
&���5LVN�$GDSWDWLRQ�Ø��G(5LVN��(&��� �(�[�������G(5LVN�

E

dE

95%

E

dERisk

ULVN�RI�XQGHUUXQ

ULVN�RI�RYHUUXQ
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Measurement-Based Estimation
in Industry (8/10)

6WHS��&��

&����3URMHFW�&RVW�&DOFXODWLRQ��3&&��

,QSXW� ��ULVN�DGDSWHG�ÅQRUPDO�HIIRUW´
��3&$�SHU�SURMHFW�SKDVH��RSWLRQDO��SHU�FRQWUDFWRU�
��GHJUHH�RI�FRPSOHWHQHVV�SHU�VXEV\VWHP�SHU�SKDVH
��VSDQ�DFWLYLWLHV��SURMHFW�PJPW��TXDOLW\�PDQDJHPHQW�
��WDULIIV�SHU�DFWLYLW\

2XWSXW� ��HIIRUWV�SHU�VXEV\VWHP�DQG�SKDVH
��FRVWV�SHU�VXEV\VWHP�DQG�SKDVH
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Measurement-Based Estimation
in Industry (9/10)

+RZ�WR�XVH�PHDVXUHPHQW�EDVHG�HVWLPDWLRQ�LQ�5H�(QJLQHHULQJ�

�$�*HWWLQJ�WKH�6\VWHP�6L]H�EDFNZDUGV��%DFNILUH�PHWKRG��
���PHDVXUH�/2&��RU�./2&��SHU�ODQJXDJH
���GHULYH�IXQFWLRQDO�VL]H�E\�XVLQJ�HPSLULFDO�'%V�SHU�ODQJXDJH��FI��>�@�

�%��'HULYLQJ�ÅQRUPDO�HIIRUW´

�&��'RLQJ�3&$�IRU�WKH�5H�(QJLQHHULQJ�SURFHVV�
��:KDW�GR�ZH�KDYH�LQ�PDLQWDLQHG�IRUP"�&RGH"�'HVLJQ"�6SHFV"�'RPDLQ�PRGHOV"
��:KDW�GR�ZH�ZDQW"�,Q�ZKDW�IRUP"
��:KDW�FDQ�ZH�REWDLQ�LQ�DQ�DXWRPDWHG�ZD\"��DVVHVV�DV�GUDIW�
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Measurement-Based Estimation
in Industry (10/10)

0RUH�WRSLFV���

��8VLQJ�PRUH�GHWDLOHG�PRGHOV��H�J��EXVLQHVV�PRGHOV�XVLQJ�80/��FI��>�@�

��'HULYLQJ�LGHDO�WHDP�VL]H�DQG�HODSVHG�WLPH�IURP�WKH�DGDSWHG�HIIRUW��FI��>�@�

��$GDSWDWLRQV�IRU�YHU\�WLJKW�VFKHGXOHV��FI��>�@�

��8VLQJ�RWKHU�IXQFWLRQDO�PHDVXUHV��H�J��)XQFWLRQ�3RLQWV��FI��>�@�
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The Effects of Reuse (1/4)

• Example:

For some parts of the TOIS we have reusable parts at
hand...

• possible strategies:
1 Heuristically assess completeness percentages

(step C.3 PCC)

2 Rely on special empirical database (step B)

3 Modify the requirements model (chosen approach...)
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The Effects of Reuse (2/4)

5HXVH�PRGLILHG�72,6�SUHOLPLQDU\�UHTXLUHPHQWV�PRGHO
�ODQJXDJH�35(��FI��>�@�

; PRE description of TOIS, the tiny order information system, with reuse modelling
;ma-entry: category library
Subject Area    "Customer Information"  5 .
;ma-entry: category project
Subject Area    "Order Information"  3 .
Subject Area    "Stock Information"  5 .
;ma-entry: category library
Functionality   "Manage Objects"  4 .
;ma-entry: category project
Functionality   "Do Statistics"  2 .
Functionality   "Do Forecasts"  2 .
;ma-entry: category library
Subject Area    ’Customer Information’ contains ’Manage Objects’.
;ma-entry: category project
Subject Area    ’Order Information’ contains ’Manage Objects’.
Subject Area    ’Stock Information’ contains ’Manage Objects’,
                ’Do Statistics’, ’Do Forecasts’.
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The Effects of Reuse (3/4)

6WHSV�$�DQG�%�IRU�WKH�UHXVH�DGDSWHG�72,6

invoking ma...

System Meters = 415

415 × 0.605 + 415² × 0.0001779 = 251 + 30.6 = 281.6 PD
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The Effects of Reuse (4/4)

&�� �)UDPHZRUN�SURMHFW��&���� �5HXVH�SURMHFWV

3URGXFWLYLW\�UDWHV�RI�UHXVH�DGDSWHG��35(�60��DQG�QRQ�DGDSWHG��)XQFWLRQ
3RLQW��PRGHO�VL]HV��FI��>�@�

1RQ�DGDSWHG�VL]HV�VKRZ�ÅPDJLFDO´�LQFUHDVH���

Project Function Point
Productivity

Productivity
Increase  (%)

PRE SM
Productivity

Productivity
Increase  (%)

C1 1.1 N/ A 2.47 N/A
C2 1.6 45 2.30 -7
C3 1.6 45 2.12 -14
C4 1.5 36 2.64 7
C5 1.7 55 2.30 -7
C6 1.5 36 2.13 -14
C7 1.6 45 2.42 -2
C8 1.6 45 2.69 9
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Industry Benchmarking (1/1)

� &RPSDUH�SURGXFWLYLW\�UDWHV��RU�RWKHU�WDUJHW�NH\�ILJXUHV��DPRQJ�FRPSDQLHV���

� $QDO\VH�FRPSDQ\�SURMHFW�FKDUDFWHULVWLFV�Ø�SRVVLEOH�UHDVRQV

� 'HILQH�FRUUHFWLYH�DFWLRQV����DQG�LWHUDWH
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Object-Oriented Metrics (1/4)

language DO

DESCRIPTION
OBJECT (DO)

name

isWrittenBy

library DO project DO

contains

covers

7KH�JHQHULF�PHWDPRGHO�RI�V\VWHP�GHVFULSWLRQV���
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7KH�PHWDPRGHO�KLHUDUFK\�IRU�REMHFW�RULHQWHG�FRGH���

Object-Oriented Metrics (3/4)

$FWXDO�3DUDPHWHU 0HVVDJH

0HWKRG

'HVFULSWLRQ�2EMHFW

)RUPDO�3DUDPHWHU

)HDWXUH&ODVV
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Metrics of size, e.g. System Meter
– Definition (for single description object):

Size ≡ externalSize + internalSize
externalSize ≡ numberOfTokens (name)
internalSize ≡ externalSize (isWrittenBy)

– Definition (for sets of description objects):
Size ≡ externalSize (library) + Size (project)

(NB: The above notation is somewhat casual)

e.g. Number of Classes
    (easy but correlates with +/-40% to effort only)

Object-Oriented Metrics (3/4)
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Object-Oriented Metrics (4/4)

Quality metrics, e.g. coupling (cf.�0LãLü, Moser, 1997)
– Definition on generic metamodel:

– Informal definition: Coupling is the ratio of
dependencies outside some composite description object

FRXSOLQJ��F���F��� ����
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Object-Oriented Metrics in
Industry - Summary

��0HDVXUHPHQW�EDVHG� HVWLPDWLRQ�� WUDQVSDUHQW�� LPSURYDEOH� DQG� DGDSWDEOH
�H�J��WR�UH�HQJLQHHULQJ�SURMHFWV�

��5HXVH�PRGHOOLQJ�� HQDEOHV� H[WHQVLRQ�RI�PHDVXUHPHQW�EDVHG� WHFKQLTXHV� WR
IUDPHZRUN�DQG�UHXVH�SURMHFWV

�� %HQFKPDUNLQJ�� FRPSDULQJ� PHDVXUHG� SHUIRUPDQFH�� LPSURYH� WRZDUGV
LQGXVWU\�VWDWH�RI�WKH�DUW

��2EMHFW�RULHQWHG�PHWULFV��.,66�����DQG�ZDLW�IRU�PRUH�UHVHDUFK�UHVXOWV�


