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Table 1. Comparison of dynamic percentages of instructions and non-native
method calls made by methods in the API and in the program classes for the Java
programs studied.
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Table 2. Total (API and non-API) dynamic bytecode execution frequencies for the
Java programs studied.
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Table 3. Categories of Java bytecodes.
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Figure 1. Total (API and Non-API) dynamic bytecode execution frequencies by cat-
egory by the Java programs studied.
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Table 4. Total (API and non-API) dynamic bytecode execution frequencies for the
Eiffel programs studied when compiled using SmallEiffel all check mode.
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Figure 2. Total (API and Non-API) dynamic bytecode execution frequencies by cat-
egory by the Eiffel programs studied when compiled using SmallEiffel all check
mode.
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Figure 3. Total (API and Non-API) dynamic bytecode execution frequencies by cat-
egory by the Eiffel programs studied when compiled using SmallEiffel no check
mode.
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	 ç�ê�ë&îÇí&î¾ê�ñ��mæmé&êtå�ê�ô¾òqëxí&å�æ �;³·�[� ç�ê�î¾ñ@í`æmé¡îÇì©æSð2æ¤ûmè�í&îdñ�ÿ�ïIñ,î¾ñqë`í&ïIñ�ûSæXý.æmí&å�ê4ò

8



	 í&å�æMçqïpé/ïIý.æmí`æmé/ë	�qîÇì©ïIñ@ü��qè�ë&æ¤ò¿þ@ü�í&å�æMý�æmí&å�ê2ò��
	 í&å�æMí`æ¤ý.ç�êIé/ïpé&ü �]ïpé/îdïpþqôÇæ¤ë���îÇì�ïIñ·ü��'ò�æ¤ûmô¾ïpé&æ¤òÈþ2üÈí&å�æXý.æmí&å�ê4ò
�

ä�å�æ ��ï��]ïtë`í&ïIû&ö¿ì;é/ïIý.æXïIô¾ë&ê�ûSê�ñ·í&ïIî¾ñqë�ïIñ¿êIç�æmé/ïIñ�ò¿ë`í&ïIû/ö � �	ê�ë&í ��ï��]ï 
�îÇé/í&è�ïIô
�,ïIû=å�î¾ñ�æMîdñ�ë`í`é/è�û��
í&îÇê�ñ�ëGí&ïpöIæ �pïIô¾è�æ¤ëGì[é/ê�ý í&å�æ êIç'æmé=ïIñ�òtë`í&ïIû/ö�êIì)í&å�æ®ûmè�é&é&æ¤ñ@íÙì;é/ïIý.æ��2êIç�æmé/ïpí`æ ê�ñtí&å�æ¤ý �4ïIñ�ò�é/æmí&è�é/ñ
é&æ¤ë&è�ô¾í&ëFí`êfí&åqïpí�ë/ïIý.æ¿êIç�æmé/ïIñ�òÁë`í&ïIû&ö �Áä�å�æÈêIç�æmé/ïIñ�òÁë`í&ïIû&öµî¾ë�ïIô¾ë&êbèqë`æ¤òoí`êfçqïIë&ë�çqïpé/ïIý�æmí`æmé/ë
í`ê	ý.æmí&å�ê4ò�ë®ïIñ�ò{é&æ¤ûSæ¤î��Iæ�ý.æmí&å�ê2ò{é&æ¤ë&èqôÇí&ë�� �4è�þ�ûSê�ý�çqè�í&ïpí&îÇê�ñ�ë�ý�ïzü,þ�æYñ�æ¤ë`í`æ¤òbê�ñbí&å�æ�êIç�æmé/ïIñ�ò
ë`í&ïIû&ö ��é&æ¤ë&è�ôÇí&îdñ�ÿ¿î¾ñ �pïIô¾è�æ¤ë�í&å�ïpíFûmïIñ7þ�æ�è�ë`æ¤òfþ2ü{í&å�æ�æ¤ñ�ûSê�ý.çgïIë&ë&î¾ñ�ÿ	ûSê�ý�çqè�í&ïpí&îÇê�ñ�÷A�]ú �I>�ñ�ô¾îÇöIæ
í&å�æÂë&í&ïIû&öwè�ë&æ¤òwî¾ñPï	? ç�é&êIÿIé/ïIý ��í&å�æ�ë&î��mætêIì�í&å�æ ��ï��]ïBêIç�æmé/ïIñ�ò7ë&í&ïIû&öPîdëXö4ñ�êzõ¡ñPïpíYûSê�ý�çqî¾ôÇæmé
í&î¾ý.æ��
ä�å�î¾ë$�4æ¤ûSí&îÇê�ñtë`í&èqò�îÇæ¤ë�í&å�æ õÉïzü�ë`ê�ý.æ é&æ¤ïIô�êIþ/<`æ¤ûSíGêIé=îÇæ¤ñ·í`æ¤òtç�é&êIÿIé/ïIýtë��·õ�é=îÇí`í`æ¤ñtî¾ñ � î���æ¤ô�ïIñ�ò �·ï	�pï
è�ë`æ¤òFí&å�æÊë&í&ïIû&öMì;é/ïIý.æÉêIì�í&å�æ ��ï��]ï 
®îÇé&í&è�ïIô �,ïIû=å�î¾ñ�æxò�è�é/îdñ�ÿ�æSð2æ¤ûmè�í&îÇê�ñ
��@�ü2ñ�ïIýtî¾ûGý.æ¤ïIë/è�é&æ¤ý.æ¤ñ@í&ë
êIìqôÇê4ûmïIô �]ïpé/îdïpþqôÇæ��pçqïpé/ïIý.æmí`æmé�í`æ¤ý�ç'êIé=ïpé&ü �pïpé/î¾ïpþqôÇæÉïIñ�òYêIç�æmé/ïIñ�òYë`í&ïIû&ö�ë&î��mæ¤ë�õÉæmé&æ�ý�ïIò�æÉì[êIé�æ��Iæmé&ü
ý.æmí&å�ê4ò ûmïIô¾ô�ò�è�é=î¾ñ�ÿfí&å�æBæSð2æ¤ûmè�í&î¾ê�ñ êIì�þ�êIí&å ç�é&êIÿIé/ïIý
ïIñ�ò � � ��ý.æmí&å�ê4ò�ë�ì;êIéÂí&å�æBç�é/êIÿIé/ïIý�ë
ë`í&è�ò�î¾æ¤ò
�

� ��� � � � �� & ���'�D�������©�D�. * � �¤� � * � � � � �����M�-�.�q�]�� w�

ä©ïpþgôÇæ �Yë&å�êzõ¡ëxò�ü4ñ�ïIý�î¾û ç�æmé/ûSæ¤ñ@í&ïpÿIæ¤ë�êIì-ò�î���æmé&æ¤ñ@íÉô¾ê2ûmïIô �pïpé/î¾ïpþqôÇæ®ïpé&é/ïzü���êIç�æmé/ïIñ�ò�ë`í&ïIû&ö ��í`æ¤ý.ç�ê �
é/ïpé&ü �]ïpé/îdïpþqôÇæ�ïIñ�òÈçqïpé/ïIý�æmí`æmé¡ë&î��mæ¤ë�ì;êIé ��ï��]ïtý.æmí&å�ê4ò�ë���î¾ñ�ûmô¾èqò�î¾ñ�ÿFí&å�æ �;³·�[� ç�ê�î¾ñ@í`æmé�ì[êIé¡îdñ�ë`í&ïIñ�ûSæ
ý.æmí&å�ê4ò�ëÉì[êIé¡í&å�æ®ç�é&êIÿIé/ïIý�ë�ë&í&è�ò�îÇæ¤ò
�$?xïIôdô¾ëGí`ê�ñqïpí&î��IæXý.æmí&å�ê4ò�ëxõÉæmé&æXñ�êIí�î¾ñ�ûmô¾èqò�æ¤òtõ å�æ¤ñÈûmïIô¾ûmè/�
ô¾ïpí&î¾ñ�ÿ�í&å�æ¤ë`æ¡ç�æmé/ûSæ¤ñ@í&ïpÿIæ¤ë�� �®ñ�æ¡ë&è�é&çqé/î¾ë&î¾ñ�ÿ é&æ¤ë/è�ôÇíÙî¾ë�í&å�æ å�îÇÿ�åtôÇæ��Iæ¤ô�êIì�ý.æmí&å�ê2òÂûmïIô¾ô¾ë�õ¡î¾í&å�ïMôÇê4ûmïIô
�]ïpé=î¾ïpþqôÇæÉïpé&é/ï¤ü�ë&î��mæÉêIì �mæmé/êXý�ïIò�æÉþ@üFþ'êIí&å��·ï	�pï ?�?oïIñ�ò�� ��í`é&æmæ���ä�å�æÉæSð2çqôdïIñ�ïpí&îÇê�ñYì[êIé�í&å�îdë�ë&æmæ¤ý�ë
í`êtþ�æXí&å�ïpí®ë`ê�ý.æFêIì�í&å�æMý.æmí&å�ê2ò�ë è�ë`æ¤ò,þ@ü¿í&å�æ¤ë&æMç�é&êIÿIé=ïIý�ë¡ý�ïzü,ñ�êIí�å�ï	�IæYþ�æmæ¤ñ,ûSê4ò�æ¤ò,î¾ñ	í`é/è�æ
êIþ/<`æ¤ûSí�êIé/îÇæ¤ñ@í`æ¤ò ��ï	�pï¿ë`íyü2ôÇæ��-ç'ê�ë/ë&îÇþqôÇüÈì;êIé�é&æ¤ïIë`ê�ñ�ëXêIìGæ� tûmîÇæ¤ñqûSü��Yä�å�æ�åqîÇÿ�åbñ@è�ýFþ�æmé êIìxý.æmí&å�ê4ò
ûmïIô¾ô¾ëÉõ¡îÇí&åÈôÇê4ûmïIô�ïpé&é/ïzüÂë&î��mæ®êIì©ê�ñ�æ�ïIñ�òÈí¢õÉê�ý�ï¤üÂþ�æ®îdñ�ë`í&ïIñ�ûSæ®ý.æmí&å�ê4ò�ëÉí&å�ïpí�ÿIæmí�ïIñÈêIþ/<`æ¤ûSí�5�æ¤ô¾ò
ïIñ�òÈë`æmí�ïIñ�êIþ/<�æ¤ûSí�5qæ¤ô¾òté/æ¤ë`ç�æ¤ûSí&î��Iæ¤ôÇü��4õ¡å�î¾û=åÂûmïIñÈþ�æ í¢ü2çqî¾ûmïIô�êIì�êIþ/<`æ¤ûSí�êIé/îÇæ¤ñ@í`æ¤ò�ç�é&êIÿIé/ïIýtë��$� M �
êIì�ý.æmí&å�ê4ò,ûmïIô¾ô¾ë�ì[êIé í&å�æ��·ï	�pï �Ùé/êIÿIé/ïIý�ë¡ë&í&è�ò�îÇæ¤ò	ñ�æmæ¤ò�æ¤ò,ïÂôÇê2ûmïIô��]ïpé/îdïpþqôÇæXïpé&é/ïzü	ë&î��mæXêIì�íyõÊêÂêIé
ôÇæ¤ë&ë��
ä�å�æ®å�îÇÿ�å�ç�æmé/ûSæ¤ñ@í&ïpÿIæ�êIì �·ï	�pï.ý.æmí&å�ê4ò�ëÉõ¡îÇí&å �mæmé&ê.êIç�æmé/ïIñ�ò�ë`í&ïIû&ö¿ë&î �mæ�ÿ�î �Iæ¤ë�ûSê�ñ�ûSæmé/ñ
��ïIë �g�K» î¾ë
í&å�æMê�ñqôÇüÈþ@ü2í`æ¤ûSê2ò�æYí&åqïpí ò�ê2æ¤ë ñ�êIí�ñ�æmæ¤ò{ïIñBêIç'æmé=ïIñ�ò,ë`í&ïIû/ö ��þqè�í�í&å�î¾ë�ûmïIñ,þ�æFæSð2çqôdïIî¾ñ�æ¤ò¿þ2ü¿í¢õÉê
ì;ïIûSí`êIé=ë���ä�å�æ �·ï	�pï��]ô¾ïIñ�ÿ��7��þ2<�æ¤ûSí	��
�îdñ�îÇí
� ý�æmí&å�ê2òBî¾ë¡èqôÇí&î¾ý�ïpí`æ¤ôÇüÈûmïIô¾ôÇæ¤ò,ì[êIé æ¤ïIû/å{êIþ/<`æ¤ûSí¡í&å�ïpí�î¾ë
ûSé&æ¤ïpí`æ¤ò
��ä�åqî¾ë®ûSê�è�ñ·í&ëMì[êIéÂù J �C�7� JÈêIìÉí&å�æ�ý.æmí&å�ê4ò7ûmïIô¾ô¾ë®õ îÇí&åbñ�ê¿êIç�æmé/ïIñ�òfë`í&ïIû/öbòqè�é/î¾ñ�ÿ � ��í`é&æmæ
æSð2æ¤ûmè�í&îÇê�ñ
�Ùä�å�æmé/æ®ïpé/æXïIñ¿ïIò�ò�îÇí&îÇê�ñqïIô©ù �KM 878.ûmïIôdô¾ëxí`ê�ý.æmí&å�ê4ò�ëxî¾ñ�í&å�æ�� �·ä-é/æmæ®ûSê4ò�æ®í&å�ïpí�å�ï��IæXñ�ê
þ�ê2ò�î¾æ¤ë��qïIñ�òPù	�7�ÂûmïIôdô¾ë�í`ê ��ï��]ï � � ��ý.æmí&å�ê4ò�ë�í&åqïpí�å�ï��IæYñ�êÂþ�ê4ò�îÇæ¤ë��:�®ñ�æMæSð2çqôdïIñ�ïpí&îÇê�ñ	ì;êIé�í&å�î¾ë
ý�îÇÿ�å@í�þ�æ�ïIñwêIþ/<`æ¤ûSíXêIé/îÇæ¤ñ@í`æ¤ò7ò�æ¤ë&î¾ÿ�ñbõ¡îÇí&åfûSê�ñ�ë&îdë`í`æ¤ñ�ûSü{êIìxîdñ·í`æmé&ìrïIûSæ�í`ê,ïIôdôÇêzõ ì;êIéMî¾ñ�å�æmé/îÇí&ïIñ�ûSæ��
178���êIì�ý.æmí&å�ê4ò�ëÉæSð2æ¤ûmè�í`æ¤òBñ�æmæ¤ò�æ¤ò¿ïIñ¿êIç�æmé/ïIñqò�ë&í&ïIû&ö¿ë&î��mæ®êIì�5 �Iæ�êIì�ô¾æ¤ë&ë��$J ���$êIì©í&å�æXý.æmí&å�ê4ò�ë
æSð2æ¤ûmè�í`æ¤òøò�êµñ�êIí�åqï	�Iæ7ïIñ@ü í`æ¤ý.ç�êIé/ïpé&ü �]ïpé/îdïpþqôÇæ¤ë���õ å�î¾û/å�ý.æ¤ïIñ�ëÈôÇê4ûmïIô®ïpé&é/ïzü ë&î��mæbî¾ëÈô¾ïpé&ÿIæ¤ô¾ü
ñ�æmæ¤ò�æ¤ò¿ì;êIé�çqïpé=ïIý.æmí`æmé/ë��

� �$# � � � �� & ���'�D�������©�D�. * � �¤� � * � � %'&)(
* + �X�����g�D�. w�

@�ü2ñ�ïIýtî¾ûÉç'æmé=ûSæ¤ñ·í&ïpÿIæ¤ëGêIì'ôÇê4ûmïIô!�pïpé/î¾ïpþqôÇæ�ïpé&é=ï¤ü��·êIç�æmé/ïIñqò.ë`í&ïIû&ö �·í`æ¤ý.ç�êIé/ïpé/ü �pïpé/î¾ïpþqô¾æÉïIñ�ò�çgïpé/ïIý �
æmí`æmé�ë&î��mæ¤ë�ì[êIé � î��'æ¤ô·ç�é&êIÿIé/ïIýtë��Iî¾ñ�ûmô¾è�òqî¾ñ�ÿ�í&å�æÉí&å�î¾ë©ç�ê�î¾ñ·í`æmé�ì;êIé�î¾ñqë`í&ïIñ�ûSæxý.æmí&å�ê4ò�ë-õ å�æ¤ñFûSê�ý�çqî¾ôÇæ¤ò
è�ë&î¾ñ�ÿ ��ý�ïIô¾ô � î��'æ¤ô�ñ�ê û/å�æ¤û/ö	ïIñ�ò,ïIôdô û/å�æ¤û&ö	ý.ê4ò�æ¤ë¡ïpé/æMë&å�êDõ¡ñ	î¾ñ¿ä�ïpþqôÇæ � �Éä�å�æ¤ë`æXí&ïpþgôÇæ¤ë�ûmôÇæ¤ïpé/ô¾ü

ùNM



�*���� 3 (�� : �1� : : � : ��� � �� ���>��� �1��(��C�1����� ��(;(A��� �;�����
D D�- , D�- + D�- 7 9�91- 2 9>D
- + +�- 8
9 7�+
- 0 9�2
- 2 +�7�- 0 ,�D�- . 7�/�- 7 7�2
- 0
7 71,�- + 7�2
- + 7�+
- 8 ,�7�-C9 ,�D
- + 71/�- 2
, 91- + D�- / 0�- 8 .�- + 2
- + .�-�9
+ 91- D 7�9�- , 8�- D 0
- / 2
- D 0
- 7
. +�8�- , 7�8
-�9 /�- 2 8
- 7 0
- 7 9�0
-�9
8 91- , ,�- D /�- 7 7�- 7 9�- + ,
- D
/ D�-C9 D�- D D�- 8 D
- + 9�- 8 D
- .
2 D�-C9 D�- D D�- 0 9�- . ,
- D 9�-�9
0 D�-C9 D�- D D�- D D
- D D
-�9 D
- D

� 0 91- D 91- , D�- D D
- , D
- , D
- 8� &'��(A�1���%� �A�1�A6 �;�����
D 91- 8 91- / 8�- D /�- 8 .�- 0 +�- 8
9 7�- . ,�- / 9>0�- 7 9*7�-C9 9�9�- . 0
- 2
7 7�.�- D 7�2
- 2 9>0�- + 718�-C9 7�+�- + 7*+�- /
, ,�- 8 .�- 0 ,1+
- 7 9*7�- / 9>,
- / 9�+�- D
+ 9>0�- . 7�- 2 0�- 7 71D�- / 71D
- , 9�+�- .
. 9>D�- 0 .1.�- 8 0�- 0 9�+
- D 9>8
- . 7�9�- +
8 D�- 8 D�- 8 91- 7 +�- 7 ,
- . 7�- D
/ D�-C9 D�- . D�- D 7�- D ,
- + 9�- 7
2 ,�.�- 7 D�- D D�- 0 D
- 7 D
- , /�- ,
0 D�- + D�- D D�- D D
- + D
- , D
- 7

� 0 D�- 8 D�- + D�- D D
- D D
-�9 D
- 7
= �� !&'�1(A�*(;�%�1��(��C������� �;�����

D 0�7�- / 8�7�- 7 /�.�-�9 /�/�- + /1D
- , /1.�- .
9 7�- . 8�-�9 /�-C9 0
- + 9�+�- 7 /�- 0
7 D�- 8 7�D
- + 8�-C9 2
- 7 2
- + 2
- /
, D�- / 91- . ,�- , 9�- D D
- 2 9�- .
+ 7�- D 8�- 7 /�- . ,
- + +�- + +�- /
. D�- 0 7�- / D�- 0 D
- D D
- 7 D
- 0
8 D�-C9 D�-�9 D�- D D
- D 9�-�9 D
- ,
/ D�- , D�- D D�- D D
- + D
- , D
- 7
2 D�- D D�- 8 D�- D D
- D D
- D D
-�9
0 D�- D D�- D D�- D D
- D D
- D D
- D

� 0 D�- 7 D�- 7 D�- D D
- , D
- 7 D
- 7
� ��(A�1 !�"����()�;�����

D D�- 2 91- , D�- 7 9>8�- 2 9�+�- 0 8
- 2
9 7�/�- 0 ,�7�- 0 +�/�- 8 ,�2�- 8 ,�8
- , ,18
- /
7 71,�- / +1+�- , ,1+
- 2 712�- 7 ,�D
-�9 ,�7�- 7
, 91- + D�- + 9*7�- 2 9�- + D
- 2 ,
- +
+ D�- + D�- / ,�- 7 9�91- D 9�+�- + .�- 0
. +�+
- . 9�0
- 8 91- + ,
- 0 ,
- D 9�+�- .
8 D�- + D�-�9 D�- D D
- D D
-�9 D
-�9
/ D�- , D�- D D�- D D
- D D
-�9 D
-�9
2 D�-C9 D�- D D�- D D
-�9 D
- 7 D
-�9
0 D�-C9 D�- D D�- D D
- D D
- D D
- D

� 0 D�- . D�- 8 D�- D D
- D D
-�9 D
- 7

Table 5. Dynamic percentages of different local variable array, operand stack, tem-
porary variable and parameter sizes for Java methods, including the ���
	�� pointer for
instance methods.
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- , ,�D�- . ,�.�- +
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- , 7�- / + 0
- 7 91- 7 .�- 7
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- , 91- 0 . 7�- D D�-C9 9�-�9
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- D D�- , 8 D
- / D�- D D
- ,
/ D�-C9 D
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- 7 D�- D D
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2 D�- D D
- D D�- D 2 9�- , D�- D D
- /
0 D�- D D
- D D�- D 0 D
- D D�- D D
- D
� 0 D�- 7 D
- D D�-C9 � 0 D
-�9 D�- D D
-�9� &'��(A�1���%� �A�1�A6 �;�����
D ,�- 2 D
- , 7�- D D 9�- / D�-C9 D
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9 9>D�- 0 +�- , /�- 8 9 0
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- , 71,�- 2 9>8
-�9
, ,�/�- / /12
- + .12�-�9 , D
- + D�-C9 D
- 7
+ 91- 7 D
-�9 D�- / + D
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. ,�- , ,
- , ,�- , . 9*7�- 0 7�+
- , 9>2
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- D 91- / ,
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- 2 / .�- + 91- 7 ,
- ,
2 +
- . ,
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- 7 2 9*/�-�9 9>2�- 0 9>2
- D
0 7�- 8 D
-�9 91- + 0 9>D
- D 8�-C9 2
-�9
� 0 +
- / D
-�9 7�- + � 0 712
- 8 7�91- . 7�.�-�9

= �� !&'�1(A�*(;�%�1��(��C������� �;�����
D ,�7�-�9 9�9�- . 7�91- 2 D 9�+�- D ,�- 7 2
- 8
9 8
91-�9 2�2
- 7 /�+
- / 9 8�7�- D /1,�- , 8�/�- /
7 +
- 7 D
- 7 7�- 7 7 9�+�- / 71,�- , 9>0
- D
, 91- . D
-�9 D�- 2 , /�- D D�-C9 ,
- .
+ D�- 2 D
-�9 D�- . + D
- . D�-C9 D
- ,
. D�- 7 D
- D D�-C9 . 9�- / D�-C9 D
- 0
8 D�- D D
- D D�- D 8 D
- D D�- D D
- D
/ D�- D D
- D D�- D / D
- D D�- D D
- D
2 D�- D D
- D D�- D 2 D
-�9 D�- D D
-�9
0 D�-C9 D
- D D�-C9 0 D
- D D�- D D
- D
� 0 D�- D D
- D D�- D � 0 D
- D D�- D D
- D

� ��(A�1 !�"����()�;�����
D D�- , D
- D D�-C9 D D
- D D�- D D
- D
9 ,
91- 8 9�+�- + 71,�- D 9 8�8
- . .1,�- . 8�D
- D
7 .18�- / 2
9�- + 8�0�-�9 7 7�/�- 0 +�.�- , ,�8
- 8
, 2�- / ,
- 0 8�- , , .�- D 91- 7 ,
-�9
+ 91- , D
-�9 D�- / + D
- + D�- D D
- 7
. 91- , D
-�9 D�- / . D
-�9 D�- D D
-�9
8 D�- D D
- D D�- D 8 D
- D D�- D D
- D
/ D�- D D
- D D�- D / D
- D D�- D D
- D
2 D�- D D
- D D�- D 2 D
- D D�- D D
- D
0 D�- D D
- D D�- D 0 D
- D D�- D D
- D
� 0 D�- D D
- D D�- D � 0 D
- D D�- D D
- D

Table 6. Dynamic percentages of local variable array, operand stack, temporary
variable and parameter sizes for Eiffel programs when compiled using SmallEiffel
no check and all check modes.
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