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)URP� WKHVH� H[DPSOHV� �DQG� IURP�PDQ\� RWKHUV� ZH� KDYH� WHVWHG��� LW� FDQ� EH� VDLG� WKDW� RXU�ERXQGV� DUH�YHU\� WLJKW�ZKHQ� WKH� DUULYDO� UDWHV� DUH�HTXDO�DQG�HDFK�QRGH� LV�FRQQHFWHG� WR�HYHU\�RWKHU� QRGH�� 0RUHRYHU�� LQ� WKLV� FODVV� RI� QHWZRUNV� WKH� ERXQGV� DUH� WLJKW� HQRXJK� IRU� DOO� ORDG�IDFWRUV� LQFOXGLQJ� WKH�KHDY\� WUDIILF�FDVH��:KHQ� WKH�DUULYDO� UDWHV�DUH�QRW�HTXDO�RU�ZKHQ�VRPH�QRGHV�FDQ
W�EH�UHDFKHG�IURP�RWKHU�QRGHV��WKH�ERXQGV�EHFRPH�OHVV�WLJKW�HVSHFLDOO\�LQ�WKH�KHDY\�WUDIILF�ORDGV��7KH�ZRUVW�FDVH�DSSHDUV�LQ�WKH�WDQGHP�TXHXHLQJ�V\VWHP�
���&21&/86,21�,Q� WKLV� DUWLFOH��ZH� GHVFULEHG� YHU\�EULHIO\� DQ� H[WHQVLYH�ZRUN� LQ�SHUIRUPDQFH� DQDO\VLV� RI�TXHXHLQJ�QHWZRUNV�ZKHUH��ZKDW� LV� FDOOHG�SHUIRUPDQFH�ERXQGV� WHFKQLTXH��ZDV�H[WHQGHG�DQG�GHYHORSHG�� :H� XVHG� 0DWKHPDWLFD� WR� DXWRPDWH� WKH� SURFHVV� RI� JHWWLQJ� WKH� VRXJKW� UHVXOWV�UHO\LQJ�RQ�WKH�V\PEROLF�DQG�QXPHULFDO�SRZHU�RI�0DWKHPDWLFD��0RUHRYHU��DQ�H[WHQVLRQ�RI�WKH�SHUIRUPDQFH� ERXQGV� WHFKQLTXH� ZKLFK� KDV� EHHQ� GHYHORSHG� PDWKHPDWLFDOO\� WR� WKH� QRQ�0DUNRYLDQ� FDVH� ZDV� JLYHQ�� )URP� WKH� H[DPLQHG� H[DPSOHV�� LW� DSSHDUHG� WKDW� WKH� WHFKQLTXH�SURYLGHV� WLJKW� ERXQGV� LQ� WKH� OLJKW� DQG� PHGLXP� ORDGLQJ� ZKLOH� KHDY\� ORDGLQJ� UHTXLUHV� DQ�DGGLWLRQDO� VHW� RI� FRQVWUDLQWV� WR� EULQJ� WKH� ERXQGV� PRUH� WLJKW�� 7KH� SHUIRUPDQFH� ERXQGV�WHFKQLTXH�ZDV�WDNHQ�WR�D�GLIIHUHQW�VHWWLQJ�QDPHO\�GLVFUHWH�WLPH�TXHXHLQJ�QHWZRUNV�ZKLFK�DUH�IXQGDPHQWDO� LQ� WRGD\
V�FRPPXQLFDWLRQ�QHWZRUNV��7KH�GHYHORSHG�0DWKHPDWLFD� SDFNDJH� WKDW�GHDOV� ZLWK� WKH� GLVFUHWH� WLPH� FDVH� ZDV� XVHG� WR� H[DPLQH� VHYHUDO� H[DPSOHV�� )URP� WKHVH�H[DPSOHV�� D� FODVV� RI� QHWZRUNV� ZLWK� YHU\ ERXQGV� ZDV� LGHQWLILHG�� ,W� ZDV� VKRZQ� WKDW� WKLV�WLJKWQHVV� SURSHUW\� LV� VWLOO� YDOLG� LQ� WKH� KHDY\� WUDIILF� FDVH�� ,Q� IDFW�� ZH� DUH� LQ� WKH� SURFHVV� RI�WXUQLQJ� WKH�GHYHORSHG�SDFNDJHV� LQWR�D�FRPSUHKHQVLYH�RQH�WKDW�GHDOV�ZLWK�TXHXHLQJ�DQDO\VLV�IRU� EHJLQQHUV� DQG� UHVHDUFKHUV� DV� ZHOO� DV� HQKDQFLQJ� WKH� SDFNDJHV� WR� GHDO� ZLWK� TXHXHLQJ�QHWZRUNV�ZLWK�PRUH�DGGHG�IHDWXUHV�
$33(1',;$�0DWKHPDWLFD�QRWHERRN�RI�VDPSOH�UHVXOWV
5()(5(1&(6>�@ $ERXO�+DVVDQ� $�� DQG� 5DELD� 6�� ,�� ������� 3HUIRUPDQFH� %RXQGV� IRU� 4XHXHLQJ�1HWZRUNV� ZLWK� (UODQJLDQ� ,QWHUDUULYDO� 7LPHV� DQG� 6HUYLFH� 7LPHV� 3UHVHQWHG� LQ� WKH�&RQIHUHQFH�RQ�6WRFKDVWLF�1HWZRUNV��0DGLVRQ��-XQH������>�@ $ERXO�+DVVDQ� $�� DQG� 5DELD� 6�� ,�� ������� 3HUIRUPDQFH� %RXQGV� IRU� 'LVFUHWH� 7LPH�
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-DFNVRQ�1HWZRUN� 8QSXEOLVKHG�PDQXVFULSW�>�@ %KDUDWK�.XPDU� .�� �������� 'LVFUHWH� 7LPH� 4XHXHLQJ� 6\VWHPV� DQG� 7KHLU� 1HWZRUNV��,(((�7UDQV��&RPP� &20������������>�@ 'DL�-��*����������2Q�3RVLWLYH�+DUULV�5HFXUUHQFH�RI�0XOWLFODVV�4XHXHLQJ�1HWZRUNV��$�8QLILHG�$SSURDFK�YLD�)OXLG�/LPLW�0RGHOV��$QQ��$SS��3UREDE����������>�@ 'DYLG� '�� <�� �HG��� �������� 6WRFKDVWLF� 0RGHOLQJ� DQG� $QDO\VLV� RI� 0DQXIDFWXULQJ�6\VWHPV��6SULQJHU�9HUODJ��1HZ�<RUN�>�@ 'VKDODORZ�-��+���HG�����������)URQWLHUV�LQ�4XHXHLQJ��&5&�3UHVV��1HZ�<RUN�>�@ *HOHQEH� (�� DQG� 3XMROOH� *�� �������� ,QWURGXFWLRQ� WR� 4XHXHLQJ� 1HWZRUNV�� VHFRQG�HGLWLRQ��-RKQ�:LOH\��1HZ�<RUN�>�@ -DFNVRQ��-��5����������1HWZRUNV�RI�:DLWLQJ�/LQHV��2SHUDWLRQV�5HVHDUFK��� ��������>�@ -DLQ� 5�� �������7KH� $UW� RI� &RPSXWHU� 6\VWHPV� 3HUIRUPDQFH� $QDO\VLV�� -RKQ�:LOH\�	�6RQV��1HZ�<RUN�>��@ .HOO\�)��3����������5HYHUVLELOLW\�DQG�6WRFKDVWLF�1HWZRUNV��:LOH\��1HZ�<RUN�>��@ .XPDU�3��5����������5H�HQWUDQW�/LQHV��4XHXHLQJ�6\VWHPV��7KHRU\�$SSO���6SHFLDO�,VVXH�4XHXHLQJ�1HWZRUNV� �� �������>��@ .XPDU�6��DQG�.XPDU�3��5����������3HUIRUPDQFH�%RXQGV�IRU�4XHXHLQJ�1HWZRUNV�DQG��6FKHGXOLQJ�3ROLFLHV��,(((�7UDQV��$XWRPDW��&RQWURO� �� ����������>��@ /L� 6��4�� �������� $�*HQHUDO� 6ROXWLRQ� 7HFKQLTXH� IRU� 'LVFUHWH� 4XHXHLQJ�$QDO\VLV� RI�0XOWLPHGLD�7UDIILF�RQ�$70���,(((�7UDQV��&RPP� �������������>��@ 0F.LQQRQ�0��:���5RXVNDV�*��1��DQG�3HUURV�+��*����������3HUIRUPDQFH�$QDO\VLV�RI�D�3KRWRQLF�6LQJOH�+RS�$70�6ZLWFK�$UFKLWHFWXUH��ZLWK�7XQDEOH�7UDQVPLWWHUV�DQG�)L[HG�)UHTXHQF\�5HFHLYHUV��3HUIRUPDQFH�(YDOXDWLRQ� �����������>��@ 5DELD�6�� ,�� ��������0DWKHPDWLFDO�$QDO\VLV� RI�1HWZRUNV�3HUIRUPDQFH�� 3K�'��7KHVLV��$OH[DQGULD�8QLYHUVLW\��(J\SW�>��@ 5DELD 6�� ,�� DQG�$ERXO�+DVVDQ�$�� ������� $�8QLILHG�$SSURDFK� IRU� WKH�$SSUR[LPDWH�$QDO\VLV� RI� 'LVFUHWH� 7LPH� 4XHXHLQJ� 6\VWHPV�� 3UHVHQWHG� LQ� WKH� &RQIHUHQFH� RQ�6WRFKDVWLF�1HWZRUNV��0DGLVRQ��-XQH������>��@ :RRGZDUG� 0�� (�� �������� 7RZDUGV� WKH� $FFXUDWH� 0RGHOLQJ� RI� +LJK�6SHHG�&RPPXQLFDWLRQ� 1HWZRUNV� ZLWK� 3URGXFW�)RUP� 'LVFUHWH�7LPH� 1HWZRUNV� RI� 4XHXHV��&RPSXWHU�&RPPXQLFDWLRQV� �������������


	Engineering Mathematics and Physics Department
		In this article, we described very briefly an extensive work in performance analysis of queueing networks where, what is called performance bounds technique, was extended and developed. We used Mathematica to automate the process of getting the sought results relying on the symbolic and numerical power of Mathematica. Moreover, an extension of the performance bounds technique which has been developed mathematically to the non-Markovian case was given. From the examined examples, it appeared that the technique provides tight bounds in the light and medium loading while heavy loading requires an additional set of constraints to bring the bounds more tight. The performance bounds technique was taken to a different setting namely discrete time queueing networks which are fundamental in today's communication networks. The developed Mathematica package that deals with the discrete time case was used to examine several examples. From these examples, a class of networks with very bounds was identified. It was shown that this tightness property is still valid in the heavy traffic case. In fact, we are in the process of turning the developed packages into a comprehensive one that deals with queueing analysis for beginners and researchers as well as enhancing the packages to deal with queueing networks with more added features.
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