
 

 Chalmers Publication Library  

Copyright Notice  

©2001 IEEE. Personal use of this material is permitted. However, permission to 

reprint/republish this material for advertising or promotional purposes or for creating new 

collective works for resale or redistribution to servers or lists, or to reuse any copyrighted 

component of this work in other works must be obtained from the IEEE.  

This document was downloaded from Chalmers Publication Library (http://publications.lib.chalmers.se/), 

where it is available in accordance with the IEEE PSPB Operations Manual, amended 19 Nov. 2010, Sec.  

8.1.9 (http://www.ieee.org/documents/opsmanual.pdf)  

(Article begins on next page)  

 



�����������
	���
�������� 	
� ��������� �! " #�#$�&% ' �)(+*-,/.  0�1% ' 23*���%54 6 �7,/�8.

9;:
<>=@?BAC:
DFEGEIHC?JEGDLKNMPORQPDF:TSUMP:
QWVXHYMNORQ@Z8DIORORD\[
]_^YDIAYDI:

`\acb�dfe�g�h�dfi_jlknmPoIprqtsvunw\x�k�y{z|m�kYm~}{kX�������r�������tz�����������k�y{�������k���z|�{��z{x�k��Fz��~x��3�ryN��y�prqts�unw����ry{�|���P��z�x�k|����kIk��cm��|���r����}R�Py{k����z{��y�x���z�y�oFp qlsvu�w�¡Ly{���¢k£�¤�¥oFpr¦�§�s�¨nwW©ª¨�«�¬�­�®�¡\oIpf¦�¦�s¯¨nw0©B­�°~«�°~­�¡oFpr¦�¦�sv¬�w�©±¬�®~¨£§�¡
��y�x²oFpr¦�«�sv¨nw�©³§�°~«~¨�®�§��µ´�����m�}{k����¢z���k|¡0����� y{¶��k���k£y�m�������k�����z{��y�x��Nz{y·m~}{k5����¸�kXz|�I��z�y��cm���y|m��¯�Wk���¶�}|mN��� y{�|�����z�x�k���¡R�Fk���kn�|�������º¹{y{z£�Ry»��knm~}{z�x��Xm�zª¶|k�y{k����£m�k¥��m��|����k¥z|���z{��y�x���z{y�oIprqts�unwt�¼z��L��� ��q�©½¦�­��L¾W}�� �¿m��|���¤k0kn��m�k£y�x��3m�}{k0����y{¶|kz|�����|�����¢knm�k��~�W��z��X���|��k�x5�R�Àm�}U����knÁ��¤z{�������Â¹{y{z£�RyXm��|����k����ÃWÄ�Å�ÆÈÇ e�É�bviËÊÌ�ry{�|���X��z�x�k���¡���z{y��>m���y|m��v�Fk£�¤¶�}|mF��z�x�k���¡�ÍPk�� �c�|��m�k�ry{k�Î��{��� �¤m~��k���¡��r� y{k��|�
����z|¶������5�X�ry{¶�¡{�����tk��R�tz���y�x����
Ï£ÐXÏ�ÑGÒ�Ó�Ô�Õ3Ö3×lÒ¿ØÙÔ3Ñ

Ú Û!ÜÙÝ\Þ�ß{àCá�â¼ã�ä�å�æÂç~è�é�êCërì0í�ì�î�ï0ð|ñGò�ërótí�ô�õ5ö�î�÷�ï�ð�ô~ìRÜÙð�ôYç~è�é�ênø
ù è|å�é£ú�à�ð�ñRû î�ó�ü|ï�ýºÝþì�ÿl÷~ýBï�ýtí|ï�ï�ýtî��Pí����Xëró�ü���ërì�ï�í�ót÷�îòÈî�ï��0înînóºí�ó�õ�ï��0ð¥ð|ñÌï�ý�î	� ëfì�í|ï�û î�í�ì�ï¢ß�

�Pó&ÜÙÝ\Þ�ßlÞ��Cà½ç~è�ãløú���ä|ã��vø ù ê�â������
òtë ótí�ô�õ·÷�ð���î�ëfìPí�óBÜ�Ý\Þ�ß�à
ò�ërótí�ô�õ·÷�ð���î�ëró��
ý�ër÷~ýí|ûrût÷nð���î��0ð�ô���ì�ýtí£ö�î0ï�ýtîPì�í��5î0ó�ÿ��¢òlî�ô��þð|ñ�ð�ótî�ì	
��Ìý�î�ú�â! �êLð�ñí�÷�ð���î
ëfìIë ï�ìF÷ní|ô���ërótí|ûrë ïcõ�
��Ìýtî"�Uí$#�ë!�¢ÿ��&%Èð�ì�ì�ë ò�ûrîRì�ë!'�î�ì\ð�ñÈò�ë!(ótí�ô�õ�÷nð���î�ìYí|ó��ª÷�ð�ótì�ï�í|ó{ï)(*�0înërü�ý{ïPò�ërótí�ô�õ�÷nð���î�ì�í|ô�î+��înó�ð�ï�î	�, Ü�Ý\Þ�ß�àÂí�ó�� , ÜÙÝ\Þ�ßtÞ)�Nà�-Pô�î�ì�%Èî�÷�ï�ërö�înûrõ�
/.Yó�ð$�
ó0�5î�ï�ýtð��tì5ï�ðòÈð�ÿ�ó�� , ÜÙÝ\Þ�ß�à0ð|ñ¼ï�înó¥í�ì�ì�ÿ��5îPï�ýtí�ïRòÈð�ÿ�ó���ìÌð�ó , Ü�Ý\Þ�ßlÞ��Nà
í�ô�î1 ó�ð$�
ó2
43¥ð�ï�ërö�í�ï�î5�ªò{õ ï�ý�îUô�î�÷nînó{ï�ûrõ6%�ÿtò�û ëfì�ý�î	�07!8:9Iï~í|ò�ûrî�ìYð�ñÿ�%�%ÈînôLòÈð�ÿ�ó���ì�ð�ó , ÜÙÝ\Þ�ßlÞ��Cà�-;�0î0÷nð���%�ÿ�ï�îFòÈð�ÿ�ó���ì�ð�ó , ÜÙÝ\Þ�ß�àñÙð�ôRí�û û�ûrînó�ü�ï�ýtìÌÝ=<?>;@�
A�Ìý�ëfìÌü�î�ó�înô~í�ï�î�ìB��í�ò�ûrîDC�-��
ý�ër÷~ý·ëfì0ï�ý�î�Uí|ëró8ô�î�ì�ÿ�û ïÂð|ñCï�ýtërìÂ÷nð�ô�ô�î�ì�%Èð�ó���înót÷nî�
?�Ìý�î;ï~í|ò�ûrî¥ü�ërö�î�ì5ÿ�%�(%ÈînôUòÈð�ÿ�ó��tì5ñÙð�ôUûrð�ó�ü�înôU÷�ð���î�ì¢ï�ýtí�ó»î�#�ërì�ï�ëró�üªï�í�ò�û î�ì�E
ë ïÂí|ûfì�ðërót÷�ûrÿ���î�ìRì�î�ö�î�ô�í�ûÈÿ�%F��í|ï�î�ì0ï�ðUòÈð�ÿ�ó��tì
ë ó·ï�ý�î�ì�îCï�í|òtû î�ì�
�Ìý�îPûfí�ï�î�ì�ïG%�ÿ�òtû ëfì�ýtî	�5ï~í|ò�ûrîPð�ñ�ÿ�%�%lî�ôWòÈð�ÿtó���ìWð�ó , ÜÙÝ\Þ�ß�à\ëfì7 H�-�%I
J>$KJ@$9L-�ñÙð�ôIï�ý�îNô�í�ó�ü�îÌÝ=<0>;K�í|ó��5ß4<M8	N�
O�?�
ëP��î�ôFô~í|ó�ü�îð|ñG%tí|ô~í;�5î�ï�înô~ìPëfìCë ól÷�ûrÿ���î	� ë ó07 K�-D��í�ò�ûrîQC�CL9L
QRS%F��í|ï�î�ìCï�ð ï�ý�î÷�ðT��ò�ërótí|ï�ërð�óBð|ñ0ï�ý�î½ÿ�%�%Èînô�òÈð�ÿtó���ì�ëróU7 K;9Wí�ó��07 H$9Wí|ô�îUü�ërö�î�óëróJòÈð�ûP��ñ�í�÷nî ëróV��í|ò�ûrî2C�
�W�%Èî�÷�ë!Xl÷�í|ûrû õT-Y�Wî·î�ì�ï�í�ò�û ëfì�ý ñÙð�ÿ�ôXó�î	�òÈð�ÿ�ó��tì�ð�ó , ÜÙÝ\Þ�ß�àYñÙð�ô�Ý/<Z>$K�-�ólí;�5înûrõ , Ü[>�8�Þ�K�à4<\KT]�^T@�_J-, Ü*>�>�Þ�K{à`<?@�a$]Ja;@�- , Ü*>�>�Þ)^�à`<?^T_;K�8T-�í|ó�� , Ü*>;]tÞ�K{à`<b8$a$];KJ_�8T
W�ÿ�%Èînô~ì�÷�ô�ë!%�ï~ì0ë óc��í�ò�ûrîDCIë ó���ër÷�í�ï�îNï�ý�îd�Xînï�ý�ð�� ÿtì�î	�Uï�ð5ð�ò�ï~í|ëróî�í�÷~ý�ÿ�%�%Èînô�òlð�ÿ�ó��D-$�
ýtînô�îIë ó{ï�înü�î�ô�ìGô�înñÙînôGï�ðRï�ý�înð�ô�î	� ó�ÿ��¢òlî�ô�ìëróÂï�ýtërìÌ÷�ð�ô�ô�î�ì)%Èð�ó���î�ót÷�îe�
ýtë ûrîfWÂô�înñÙînô~ì\ï�ð¢òÈð�ÿ�ó���ìIñÙð�ô0ì)%Èî�÷�ë!Xl÷%tí�ô�í��Xînï�î�ô�ì�Ü[��ëfì�÷nÿtì�ì�î	�&ë óþï�ý�îªûrí�ìcïg%lí|ô~í|ü�ô~í;%tý»ð�ñ�ï�ý�î�ó�î:#�ïì�î�÷�ï�ë ð�ólà�
h�Ìýtî òÈî�ì�ï 1 ótð$�
óºû ð$�0înô¢òlð�ÿ�ó���ì5í�ô�î ë ót÷nû ÿ���î	�JñÙð�ô÷�ðT��%�û înï�î�ó�î�ì�ì�E�ï�ý�î�ì�î�í|ô�îCï�í 1 înó ñÙô�ð��i7 _$9L
j ó�û ëró�îÂö�înô~ì�ërð�ólìNð�ñÌï�ý�îUï~í|ò�ûrî�ì�ð|ñÌòlð�ÿ�ó���ì�ð�ó , Ü�Ý\Þ�ß�à�í|ó��, Ü�Ý\Þ�ßlÞ��NàNí|ô�î�í£ö�í|ërûrí�ò�ûrî�í�ï+7 >�9L
ekªîQ�0înûf÷�ð��5î�ô�î�%Èð�ô�ï�ìPð|ñIí|ó�õÿ�%l��í�ï�î�ì	-��
ý�ëf÷~ýc�
ë ûrû¿òlî�ô�î�÷nð�ô���î	�·í�ïm7 >�9Gÿ�%Èð�ó;ö�înô�ë�Xl÷�í�ï�ë ð�ó2
npo�q	r5s*t�u*vxw5yGs*r5z�{ev y[y[|�}�~$|�z�u*r�o�u[� ¦�­5�È¦�����§ y[�py*��|����l�l���2�$�����L�;�5������ ��� � �����;� � �;�l� ����� �m�I�;� � �����D�2|�s*|�o�u*t*�fs*r�w5w���u�y*|�}pvxq�w$o�u[y�z��Sy[��|�Oo�y[vx��q$o��O 	t�vx|�q�t�|f~$��r�q�}$o�y[vx��q � y[��|p¡Oo�¢	vx}4o�q�}4£�r�t�vx�x|�¤�o�tL¥�o�u*}g~$��r�q5¦}$o�y[vx��q �  �y*v §�y[|��xs[|�q�¨� � �© ®��5� o�q�}4 :¢:|�q5s*¥�¨ªq	§«��u[{"o�y*vx��q�s�¦O��tL�¬nfvx¥�u*��­�u*o�®�¦��u*­:o�q5vxsLo�y[vx��qJ��¯I�5vxs�°D��u[¥Y°2o�sFt�o�u*u[vx|�}`��r5y�vxqBw$o�u�y�°I��vx�x|2±�u*vx¥Y²O­�u[|��x�5°2o�s¢	vxs*v y[vxq�­`y[��|�³�q�v ¢:|�u[s*v yª�S��§�´Do��xv §«��u[q�v�o �  	o�qf¡Ovx|�­����±Fu[vx¥µ²O­�u[|��x�+vxsc°Iv y[�Uy[��|h¡O|�w$o�u�y*{e|�q:y���§g 	vx­�q�o��xs¶o�q5}b ��	s[y[|�{es �´l�$o��x{e|�u*s�³�q5v ¢:|�u[s*v yª�G��§J¯�|�tL�5q����x��­�� ��¨£§�¦�®�¬¸·G¹��y[|�z;��u[­ �  �°l|�}5|�q p |º¦ª{"o�vx�P»¼�½�¾:¿:À�À�Á�Â�Ã�Ä�Å�Æ�¼:ÀºÇ�¿�¾	ÂJÄ�Â�¿ w �²O�x|ºÈ5o�q�}�|�uYÉlo�u[}5�+o�q�}�ÊA|�q�q5|�y[�4Ë;|�­�|�u¸o�u*|B°Iv y[�Qy[��|"¡O|�w$o�u�y*{e|�q:y���§±F�x|�tºy[u*vxt�o��Do�q�}�´D��{ew5r5y*|�u¸±Fq�­�vxq5|�|�u[vxq�­ � ³�q�v ¢:|�u[s*v yª�Q��§�´Do��xv §«��u[q�v�o �  5o�q¡Ovx|�­�� �l®�Ì����Q· vx�x{"o�q�¡Ou[v ¢:| � £�opÍ:���x��o � ´l² ®�¦���®�« ¦ �~¨:��°	� ³O 	² p |º¦ª{"o�vx�P»Î:¼�¾�Ï�Ð:Á�Ç$Ñ)Ò:Ó�Ô	À�¼�Ò5ÅJÄ«Õ5Å�Â)Ï�Äª¿�Ï�Õ o�q�}dÖ ¿�½:¿�¾:Á�Õ5Å�Â)Ï�Äª¿�Ï�Õ w �

ÏnÏ�Ð+× ÒTØIÙFÚJÛªÔ�Ü6Ù�Ô3ÖGÑ3Õ�Ý5Ô3Ñ , Ü�Ý\Þ�ß�àkªî;ì�ï�í�ô�ï��
ë ï�ý8í ò�ô�ërî�ñPô�înö�ërî��Tð�ñ 1 ó�ð$�
óJÿ�%�%lî�ôUòlð�ÿ�ó���ìXð�ó, Ü�Ý\Þ�ß�à¿ï�ýtí�ï\í|ô�îIô�î�ñÙî�ô�î�ót÷�î5�Yë ó���í�ò�û îDC�
$�Ìý�îFñÙð�ûrû ð$�
ëró�üRòÈð�ÿtó���ìí|ô�îp��ÿ�îCï�ð4ÞFû ð�ï 1 ëró=7!85>$9*
ßpà2ÛtÔ�ÓDÛ�áãâtÐ, Ü�Ý\Þ�ß�àM<ä> , Ü�Ý�åµ8�Þ�ß{à, Ü�Ý\Þ�ß�àM<ä>gæ ß>�ßpåªÝBç Þ è!é�Ý¶ê?>|ß
, Ü�Ý\Þ�ß�àM<ä>�Ý\Þ è!é�Ý�ëM>|ß�ì

í ð�ý�ótì�ð�ó�7!8	N�-$%2
�H�]T>�9Èì�ý�ð$�0î	��ï�ýlí�ïIï�ý�îPì)%�ý�înô�î:(L%tí�÷ 1 ëró�üYòÈð�ÿ�ó��÷ní�ó òÈî�ë«��%tô�ð�ö�î	�·í�ìWñÙð�ûrû ð$�Rì	
ßpà2ÛtÔ�ÓDÛ�á=îGÐSïlð�ñ�ò�ó$ò�ñ�ô�õOð;ö è*÷�è ó�ò è«øl÷ ò�ù�ò�ñ"úJû
, ÜÙÝ\Þ�> ú àü<ä>;ý�þ2ÿ���� Ýcåµ8N����	�
����� � Ý
å08ú åµ8
�

��� ý�þDÿ��� å ��� � þDÿ� þDÿ � , Ü�Ý�åµ8�Þ�> ú Þ�> ú åµ8�à� � ý�þDÿ����� � þDÿ ì�Ìý�îIòÈî�ì�ï 1 ó�ð$�
ó�òÈð�ÿtó���ì�ð�ó , Ü�Ý\Þ�ßlÞ��Nà�í|ô�îLï�í�ò�ÿ�ûfí�ï�î	��ëró47�8T-!>�9L
j ó�î�ÿlì�înñÙÿ�û3ô�î�ì�ÿ�û ïPð|ñ¸�Ìý�î�ð�ô�î��ã>Uërì , Ü[>;KtÞ)K{à`<ã]�K�KJ]�N�@J
"�Ìý�ëfì�Ìí�ì 1 ó�ð$�
ó�ï�ð í ð�ý�ótì�ð�ó07 @�-I��í|ò�ûrî�CL9Fë ó085_Ja�8T-¿ò�ÿ�ï�ýtí�ì�òÈînînóð�ö�î�ô�ûrð�ð 1 î	�Uëró;ûrí|ï�înôÌï~í|ò�ûrî�ìp7 K�-�H$9*
�Ìý�îYé|âfú���ä|ãÈç~êPé|âfú��vå�â�á����¯â�è|ãUð|ñlíNò�ërótí|ô�õ�÷�ð���î�� ërìO��î:Xló�î	�Xí�ìï�ýtî�ì�î��{ÿ�înót÷nî ,�� ë! #"{Ü%$ ÿ Þ&$ � à(')�+*,�.-�ßlÜ/$ ÿ Þ0$ � àBë21034 56 �7 ñÙð�ô81fë N�Þ	8�Þ	ì�ì�ì�Þ�ÝY-��
ýtînô�î5ßÈÜ � Þ � àYëfìYï�ýtî4�Pí;���5ëró�ü6��ëfìcï~í|ót÷nî�
C�ï ëfì 1 ótð$�
ó8ï�ýtí|ï , Ü�Ý\Þ�ß�à�ë , ÜÙÝ � 8�Þ�ß � 8�à5ë ñ�ß²ërì ð����D
9 ÿtô�ï�ý�înô��5ð�ô�î�-{ñÙð�ô
í|ó�õ�Ü�Ý\Þ�ß�à0ò�ë ólí|ô�õÂ÷�ð���îd�
ë�ï�ý·î�ö�î�ó ß�-�ï�ý�î�ô�îî:#�ëfìcï~ìÂí|ótð|ï�ýtînô Ü�Ý\Þ�ß�àUò�ërótí|ô�õ²÷nð���î6�
ë ï�ý8ï�ýtî ì�í��5î¥ó{ÿ���òÈînôð|ñ�÷nð���î��0ð�ô���ì	-
ë óU�
ýtër÷~ý±í�û ûY÷�ð���î	�Wð�ô��tìUýtí£ö�î înö�î�óU�0înërü�ý{ï	
�Rî�ót÷�îT-{ï�ý�îCì�î�í|ô~÷~ý5ñÙð�ô , ÜÙÝ\Þ�ß{àW÷ní�óÂòlîNû ë«�5ë�ï�î	�Âï�ð�ï�ý�ð�ì�îN÷nð���î�ìñÙð�ôQ�
ý�ër÷~ýºß ërì�înö�î�ó í|ó�� , � ë N·ñÙð�ô�í|ûrûFð����:1�
c�Ìý�îÂûrë ó�î�í|ô%�ô�ð�ü�ô�í����5ëró�üÂòÈð�ÿ�ó����Ìí�ìNë ó{ï�ô�ð���ÿt÷nî	��ò�õ);Pî�ûrì�í|ô�ï�îü7 ^$9L-D�
ý�ðì�ý�ð$�Wî5�Uï�ýtí�ï
ï�ý�îm��ëfìcï~í|ót÷nîm��ërì�ï�ô�ërò�ÿ�ï�ërð�ó·ð|ñ\í|ó�õ½÷nð���î�ì�í|ï�ëfì�Xtî�ìý< �>=@? ,A�/BDC ÜE1càGF N
ñÙð�ô�H4ëüNtÞ�8�Þ�ì�ì	ì�Þ�ÝY-��
ý�înô�î B C ÜEIÈà
ërìÌï�ý�îKJ¢å�ä ù ��ç���è
�MLONtèQP�æ�ãÈè�øR â�äQP�ð|ñY��înü�ô�î�îOHl-tü�ërö�înó·ò�õS-B C ÜEI�à?ë C<T =@? Ü�åp8�à T � I U � � ÝcåVIH+å U � ì
�Pìf��ëfì�÷�ÿtì�ì�î5��í|òÈð�ö�îT-lë ïf�Wð�ÿ�û«� ì�ÿ4WÂ÷nî�ï�ð;÷�ð�ótì�ë«��î�ôPð�ó�û õ¥î�ö�î�óö�í|ûrÿ�î�ìÌð�ñLß�-��
ý�ërûrî�í�ì�ì�ÿ��5ëró�üXï�ýtí|ï ,�� ëüNXî:#�÷�î	%�ï
ñÙð�ô ,�? í|ó��,AX - ,AXZY � Þ	ì�ì�ìnÞ , �\[ ý\] �0^ 
��Ìý�ëfì�û î�í���ìGï�ðRï�ý�îIñÙð�û ûrð$�
ëró�ü
ï�ýtînð�ô�î��c


erikagrell
Text Box
Erratum: In Theorem 2, the denominator "\lfloor {n-1 \choose \delta} \rfloor" should be "\lfloor (n-1)/\delta \rfloor"
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