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Negotiating over Bundles and Prices Using
Aggregate Knowledge

ABSTRACT
Combining two or more items and selling them as one good, a practice called bundling, can be
a very effective strategy for reducing the costs of producing, marketing, and selling goods. In
this paper, we consider a form of multi-issue negotiation where a shop negotiates both the
contents and the price of bundles of goods with his customers. We present some key insights
about, as well as a technique for, locating mutually beneficial alternatives to the bundle currently
under negotiation. The essence of our approach lies in combining historical sales data,
condensed into aggregate knowledge, with current data about the ongoing negotiation process,
to exploit these insights. In particular, when negotiating a given bundle of goods with a
customer, the shop analyzes the sequence of the customer's offers to determine the progress in
the negotiation process. In addition, it uses aggregate knowledge concerning customers'
valuations of goods in general. We show how the shop can use these two sources of data to
locate promising alternatives to the current bundle. When the current negotiation's progress
slows down, the shop may suggest the most promising of those alternatives and, depending on
the customer's response, continue negotiating about the alternative bundle, or propose another
alternative. Extensive computer simulation experiments show that our approach increases the
speed with which deals are reached, as well as the number and quality of the deals reached, as
compared to a benchmark. In addition, we show that the performance of our system is robust to
a variety of changes in the negotiation strategies employed by the customers.

2000 Mathematics Subject Classification:  91B26
1998 ACM Computing Classification System: J4 (Economics)
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b:Q`O:U<V[b:e�e¡W�f<O:a�_^R<lmU<c<e�_�a]T�a�fmT�V:f<e�r�q�b:e�l<b:R<e�_ |�¤ UpW�f<_^O:W�f<_�\�f<b:U<cDhiO:R<W�b:T�U<T�UmVvW�f<_
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ÉËÊ Ù)Ò`rzÌ+Ú¤Û!É	Ü } U Oo\�cm_�\�W�O�b:a�a�_�a�a�W�f<_M\�_�e�boW�T�q:_~j�_L\�t�O:\�Q`b:U<k�_MOot$W�fm_~a�r&a�W�_LQ XZ_
kLO:U<c<l<kLW�_�c[W�f<_�a�boQ`_]a�_�\�T�_�a�O:tD_L�yji_�\�T�Q^_LUyW�a~�ua�_L_�R�_Le�O2XS�DXJT�W�f[b^R�_�Umk�f<Q`b:\�w�j<\�O&k�_L�
cml<\�_yh�XJf<T�k,f­\�boUmc<O:Q^e�r�\�_�kLOoQ`Q`_�Umc<a]bHR<lmU<c<e�_8t�\�O:Q W�f<_`k�l<\�\�_LUyW]R<l<Umc<e�_&± a~U<_LT�V:f<�
RiOo\�fmOyO&c |�� f<b:W¡T�a2h�W�f<_�R�_LU<k�f<Q`b:\�w~c<O&_LaPUmOoW$R<b:a�_�W�f<_�O:\�c<_L\¡T�UMXJf<T�k�f^T�W¡b:c<q&T�a�_La¡W�f<_
Um_��&WJR<l<U<cme�_]O:UHW�f<_�_La�W�T�Q`b:W�_�cH_��&j�_�kLW�_�c[V:boT�U<a�t�\�O:Q¿W�\�bocm_�e�T�w:_�O:l<\�a�r&a�W�_�Q¿c<O&_�a |

} UdO:l<\]_��&j�_L\�T�Q`_LUyW�a]W�f<_�\�_`b:\�_ =,º T�U<c<T�q&T�cml<b:e$V:O&O&c<a |M¼ _`Vo_LU<_�\�b:W�_`W�f<_`Q`_�b:U<a
O:t�W�f<_�lmU<c<_�\�e�r&T�UmVSj<\�O:R<b:R<T�e�T�WYr`cm_�U<a�T�WYr`t�l<Umk�W�T�OoU%±³M���« � ¡�|�|�|�¡.« �oÍ ��Ryr`\�b:U<c<O:Q`e�r8a�boQ`�jme�T�U<V²UylmQ~Ri_�\�avR�_LWYXZ_�_�Uâ� º b:U<c×�:æ º XJT�W�f<O:l<W�\�_�ji_�W�T�W�T�O:U |Ø� O²_��&k�e�l<c<_ U<_�V:b:W�T�qo_
U&l<QSR�_�\�a�XZ_SW�f<_�U \�b:U<c<O:Q`e�rHc<\�b2X½W�f<_~q�b:\�T�b:U<kL_~O:t$W�f<_ =�º Q^b:\�V:T�U<b:eDc<T�a�W�\�T�R<l<W�T�OoUma
tu\�O:Q b l<UmT�tuO:\�Q cmT�a�W�\�T�R<l<W�T�O:U²a�l<k�f³W�f<b:W~W�fm_�jm\�OoRmboRmT�e�T�WYr­OotJb�U<_�V:b:W�T�q:_�q�b:e�l<b:W�T�O:U
tuO:\8b:UÅT�U<c<T�q&T�cml<b:e�V:OyO&cÅT�a�U<_LVoe�T�VoT�R<e�_yh6q&T�£ | b:W8Q`O:a�W º | º:º:º � |Å} UÅO:\�c<_L\8W�Od_�Uma�l<\�_
a�lmÖ^kLT�_LUyW�c<T�s�_L\�_�U<kL_�a�T�U q2b:e�l<b:W�T�O:U<a�R�_LWYXZ_�_LU k�l<a�W�O:Q`_�\�a2hnf<O2XZ_Lqo_L\2hnXZ_S�<�HW�f<_Mk�O:\��
\�_Le�b:W�T�O:U Q`boW�\�T����uR<lmW�U<O:W�W�f<_Sk�O2q�bo\�T�b:U<k�_SQ`b:W�\�T���� |�� O�W�_La�W�W�f<_S\�O:R<l<a�W�U<_La�a�O:t�O:l<\
jm\�OykL_�c<lm\�_�W�O~�&l<b:UyW�T�W�b:W�T�q:_�k�f<b:U<V:_LaZT�U�W�f<_�l<U<c<_L\�e�r&T�U<VSc<T�a�W�\�T�R<l<W�T�O:U<a�XZ_�k�O:U<cml<k�W�_Lc
bMa�_�\�T�_�a�O:tA_��&j�_�\�T�Q`_�UyW�a�XJT�W�f =,ºoº c<T�s�_L\�_�UyWZc<T�a�W�\�T�R<l<W�T�OoUma�±NM���« � ¡�|�|�|�¡.« �oÍ � |DÜ Oo\�_�b:k,fcmT�a�W�\�T�R<l<W�T�O:U XZ_SW�_�a�W�_�c W�f<_~T�U�Æ<lm_�U<kL_SO:U�W�fm_~a�r&a�W�_LQ�± a�ji_�\�tuOo\�Q`b:U<kL_~O:t$k,f<b:U<V:_�a�T�U

Î ' é�ï�î.å 1�å è`ç�õ õLò¦å ô�ò`õ émô�émèLë.émì�çbë.å�ô�é % ì`émòKémè`ì`é¢èBëVæ.ë.î.ç�ë.é)14ò¦ë.ä`ç�ë�ì`émö¢î.émç�æ.émæVç\è ÿ��	���+� Ï�üký 1�ç�ò�ï¿í\émîë.å�ô�é [ (`ñ`ëbë.ä`é�î.é¢æ�ñ`õ ë.æbðµî.ï�ô ë.ä`ç�ëbæ.ë.î.ç�ë.é)14ò¥óNémî.é�ÉBñ�ç�õ å�ë.ç\ë.å�í\émõ òTæ�å ô�å�õ ç�î5ë.ï�ë.ä`é�ðµî.ç\ömë.å�ï\è�æ�ë.î.ç�ë.éÊ12òyË æî.émæ�ñ`õ ë.æ [ æ�ï�ó7ébì`é¢æ�ömî.å (Kébï�è`õ ò*ë.ä`ébõ�ç\ë.ë.émî�ç\æ	ë.ä`é7ò3ç�î.ébô�ï\î.ébå èLë.ñ`å�ë.å í\é�;
= �



W�fm_^_�b:a�_`XJT�W�fpXJfmT�k,fpW�f<_^a�f<O:jdl<jic<b:W�_�a�f<T�a�_�a�W�T�Q`b:W�T�O:UdOotZW�f<_^k�l<a�W�O:Q`_�\2± a�_ T�UyW�_�\��
_La�W�`��ua�_�_~W�f<_~c<T�a�kLl<a�a�T�OoU O:t¡W�f<_vò�� �&�Htul<U<kLW�T�O:U�T�UHÞ<_Lk�W�T�OoU��!| �!| = � |�� fm_ _ W�f<\�_La�f<O:e�c�`
lma�_�cÅT�U°W�f<_¤¯��ñ´/àçt�lmU<k�W�T�O:U°k�b:j<W�l<\�_La^W�fmT�a`a�_�Uma�T�W�T�q&T�WYrQYZXZ_[_��&j�_L\�T�Q`_LUyW�_�c°XJT�W�f =:=
q�b:e�l<_La�R�_�WYXZ_L_�U º boUmc º | æ�hyXJT�W�fva�W�_Lj<a�T�£�_ º | º æ |PÜ O:\�_Lbok,fvO:t�W�f<_La�_�a�_LW�W�T�U<V:aJXZ_�a�T�Q`�
lme�b:W�_�c�U<_LV:OoW�T�b:W�T�O:U<a�Ri_�WYXZ_�_LU W�f<_Ma�f<O:jDhnXJT�W�f \�b:U<c<O:Q`e�r�c<\�b2XJU�q2b:e�lmboW�T�O:U<a2hnXJf<T�k�f
XZ_L\�_Mw:_Lj<W�k�O:U<a�W�b:UyW�b:k�\�O:a�a�U<_LVoO:W�T�b:W�T�O:U<a�XJT�W�f =,º:º k�lma�W�OoQ`_L\�a2h�_Lbok,f�XJT�W�f�f<_L\�q2b:e��
lmboW�T�O:U<aSc<\�b2XJU­\�b:U<c<O:Q`e�rpt�\�O:Q W�fm_8j<b:\�W�T�kLl<e�b:\~cmT�a�W�\�T�R<l<W�T�O:U­l<a�_Lc |8� f<_8q�b:e�l<_La~T�U
W�fm_^V:\�bojmf<a]b:\�_^b2qo_L\�b:Vo_La�b:k�\�O:a�a =�º:º k�l<a�W�O:Q`_�\�a]j�_�\�c<T�a�W�\�T�R<l<W�T�OoUPhib:U<cdb:k�\�O:a�a =,º:º
cmT�s�_L\�_�UyW�c<T�a�W�\�T�Rml<W�T�O:U<a |

� fm_^a�fmOojP± a~R<l<U<cme�_8q2b:e�lmboW�T�O:U<a]b:\�_`U<O:W�b:c<c<T�W�T�q:_Le�r�a�_�jmbo\�b:R<e�_yhAc<lm_`W�O[W�f<_`tuO:e�e��
XZO:T�U<V`UmOoUme�T�U<_�b:\�j<\�T�k�T�U<V`a�W�\�b:W�_�V:r |DÄ l<U<c<e�_�a�XJT�W�f[b`f<T�V:f<_L\JW�fmboUHb�q:_L\�boV:_]_��&j�_�kLW�_�c
kLl<a�W�O:Q`_�\�q2b:e�lmboW�T�O:U<¯Åk�O:Q`j<b:\�_�cÛW�O­R<l<U<c<e�_ k�O:UyW�b:T�UmT�U<V�W�f<_Ha�b:Q`_�Uyl<QSR�_L\�O:t�T�U<�
cmT�q&T�c<l<b:e�V:O&Oycma�¯°b:\�_H\�_Le�b:W�T�q:_�e�r²_��&j�_LU<a�T�q:_ |³� fmboW8T�a2h6t�O:\8_��&j�_LU<a�T�qo_HR<lmU<c<e�_�T�W8T�a
e�_�a�a^e�T�w:_�e�rdW�f<b:WMk�l<a�W�O:Q`_�\�aMb:\�_�b:kLW�l<b:e�e�rdXJT�e�e�T�UmV W�O�R<l<r­W�f<_�O:s�_�\�_Lc�V:O&O&c | Þ<T�Q`T��
e�b:\�e�r&h�Rml<U<c<e�_�aSXJT�W�f­b�e�O�XZ_L\~W�f<b:U­_L�&j�_�kLW�_�cdq�boe�l<b:W�T�OoU­b:\�_�\�_�e�boW�T�q:_�e�r�T�U<_��&j�_LU<a�T�qo_
�ukLO:Q^jmbo\�_LcHW�O^Rml<U<c<e�_�a�O:tPW�f<_�a�b:Q`_]a�T�£�_y� |

NPO:U<kL_�\�U<T�U<V~W�f<_�e�_�V:_�Umc<a6W�f<\�O:l<V:f<O:l<W2h:W�f<_�V:\�b:j<f<aZt�O:\�¾ \�OolmU<c<a2±:VoT�q:_�W�f<_�U&l<QSR�_�\
O:t6\�O:l<U<c<a]T�W�W�OyO:w�hnT�t6bvc<_�b:e$XZboa�\�_Lbok,f<_�cPh�W�Ov\�_�b:k�fpW�f<b:W�c<_�b:eYh�b:U<cpW�f<_^Vo\�b:j<fptuO:\
¾ c<_Lboe�a2±Pa�f<O2XJa`W�fm_vW�O:W�b:e�Uyl<QSR�_�\8O:t�cm_�b:e�a8\�_�b:k�fm_�c°T�U³U<_LVoO:W�T�b:W�T�O:U<a`XJT�W�f°W�f<_ =,º:º
kLl<a�W�O:Q`_�\�a |�� f<_H¾��0¯�å Z���±nVo\�b:j<fma�a�f<O2X W�f<_Mc<T�si_�\�_�Umk�_MR�_LWYXZ_�_�U�O:l<\�a�r&a�W�_�Q ± a�b:U<c
W�fm_�R�_LU<k�f<Q`b:\�w�± a�j�_L\�t�O:\�Q`b:U<k�_ |DÜ O:\�b:U[_��&j<e�b:U<b:W�T�O:U[O:t�¾ j�_�\�k&±yb:U<c�¾ \�_�e�À�h�±&k�O:U<a�T�c<_�\
W�fmboW~V:T�q:_LUdW�f<_8a�f<O:jD± a~b:U<c­W�f<_`kLl<a�W�O:Q`_�\2± a~q2b:e�l<b:W�T�O:U<a~b:U<c­W�f<_`kLOoUm�<V:l<\�b:W�T�O:U<a~O:t
b:e�e$j�O:a�a�T�Rme�_8R<l<U<c<e�_�a2hAkL_�\�W�b:T�UpQ`b:�&T�QSl<Q b:U<cdQ`T�U<T�QSl<Q V:b:T�U<a�tu\�O:Q W�\�b:c<_^b:\�_^b:W��
W�b:T�U<b:R<e�_ |D� f<_�V:\�b:j<f�t�O:\�¾ ji_�\�ky±oa�f<O2XJaZW�f<_�V:b:T�Uma6tu\�OoQ W�\�b:c<_�O:tiW�fm_��<U<b:enR<l<Umc<e�_&hob:a
b8ji_�\�k�_LUyW�b:V:_]Oot¡W�f<_]c<T�s�_�\�_LU<k�_]R�_LWYXZ_�_LU[W�fm_]Q^b:�&T�Q~lmQ¿b:U<c�Q^T�U<T�QSl<Q V:b:T�U<a�t�\�O:Q
W�\�b:c<_&h&b:U<c²¾ \�_Le�À�±&a�fmO�XJa�W�f<_]V:boT�U<a�tu\�O:Q®W�\�b:c<_]Oot¡W�f<_��<Umboe�R<lmU<c<e�_yhx\�_�e�b:W�T�q:_�W�O`W�f<_
cmT�s�_L\�_�U<kL_SR�_�WYXZ_L_�U�W�f<_~Q`b:�&T�QSl<Q V:b:T�Uma�tu\�OoQ W�\�bocm_~b:U<c�W�fm_~V:boT�U<a�t�\�O:Q W�\�b:c<_~O:t
W�fm_vT�U<T�W�T�b:e�R<l<U<cme�_��uW�fm_va�W�bo\�W�T�U<Vpj�O:T�UyW^O:t�W�f<_[U<_�V:O:W�T�b:W�T�O:UD� |p¢ a^bp�<U<b:e�\�_LQ`bo\�w�h
Ri_�b:\�T�U�Q`T�U<c�W�f<b:W�W�f<_~e�T�Um_�a�T�U W�f<_~V:\�b:j<f<a�b:\�_~T�U<k�e�l<c<_Lc�W�O�b:e�e�O2X§_�b:a�r[T�cm_�UyW�T��<k�b:�
W�T�O:U�O:t¡j<b:W�W�_�\�Uma2h<R<l<W�O:U<e�r[W�f<_~a�r&QSR�O:e�a�\�_�j<\�_La�_�UyW�bokLW�l<b:e�q2b:e�lm_�a�Q`_Lboa�lm\�_�c T�U�W�f<_
a�T�QSl<e�boW�T�O:U |

Ü T�V:l<\�_S�8\�_Lj�O:\�W�a�W�f<_~\�_La�l<e�W�a�O:t$W�f<\�_�_Sa�_�\�T�_�a�O:t$_��&j�_�\�T�Q`_�UyW�a`�ua�_�_~W�fm_~k�b:j<W�T�O:UD�
XJfm_�\�_JXZ_�q�b:\�r~W�f<_�Rmbo\�V:b:T�U<T�UmV]a�W�\�boW�_LV:r~O:tnW�f<_Jk�l<a�W�O:Q`_�\�a |DÜ O:\$e�O2X°W�fm\�_�a�f<O:e�c<a2hoO:l<\
a�r&a�W�_LQ V:_�U<_L\�b:W�_�a]\�O:l<V:f<e�rÅ· ºÁX O:tZW�fm_^Q`b:�&T�QSl<Q»V:b:T�U<a]tu\�O:Q W�\�b:c<_8boUmcd\�O:l<V:f<e�r
è ºÁX O:tiW�f<_�V:b:T�U<aZO:tAW�\�bocm_�b:W�W�boT�U<b:R<e�_�V:T�q:_LU8W�f<_�T�U<T�W�T�b:enR<l<Umc<e�_ |D} W�a6j�_L\�t�O:\�Q`b:U<k�_�T�U
RiOoW�f�k�b:a�_LaZT�aZ\�OolmVofme�r^� ºÁX R�_�W�W�_L\�W�f<b:U�W�f<_�R�_�U<k,f<Q`b:\�w |D¢ c<cmT�W�T�O:U<b:e�e�ryh:Q`Oo\�_�c<_Lb:e�a
b:\�_]\�_Lbok,f<_�cHboUmc[T�WJ\�_��&l<T�\�_�a�e�_�a�a�W�T�Q`_�W�O`\�_Lbok,fHW�f<_�a�_]c<_�b:e�aJW�f<b:UHW�f<_]R�_�U<k,f<Q`b:\�w |

} UmT�W�T�b:e�e�ryhoe�b:\�Vo_L\6W�f<\�_�a�f<O:e�c8q�b:e�l<_La6T�Q`j<\�O2q:_�W�f<_�j�_L\�t�O:\�Q`b:U<k�_�O:tiW�f<_�R�_�Umk�f<Q`b:\�w |
¢ aMT�WMa�_�b:\�k�fm_�aMW�f<_�kLl<\�\�_�U&WST�UyW�_�\�_La�WSR<l<Umc<e�_&± aMUm_�T�Vof&R�O:\�f<O&Oyc³T�U²b \�b:U<c<O:Q O:\�c<_�\2h
T�U<kL\�_�b:a�T�UmVvW�f<_^W�f<\�_La�f<O:e�cpQ`b:w:_�a�T�W�k�fmboUmVo_`W�f<_MT�U&W�_�\�_�a�W�R<l<U<c<e�_^e�_�a�a�f<b:j<f<b:£Lbo\�cme�r&h
tuO:\�k�T�U<V`T�WJW�O^tuOykLl<a�e�O:U<V:_�\JO:U[b^jmbo\�W�T�k�lme�b:\JT�UyW�_�\�_La�W�R<l<Umc<e�_&± a�U<_LT�V:fyR�O:\�f<O&O&cDh&XJf<T�k�f
Q`b2r�kLO:UyW�b:T�UdRi_�W�W�_�\]b:e�W�_L\�U<b:W�T�q:_�a]W�f<b:UdW�f<_8OoUm_�a]T�W]_�U<kLOolmUyW�_�\�a~T�UmT�W�T�b:e�e�r |!Ð a�l<b:e�e�ryh
W�fm_�a�_]R�_LW�W�_�\�b:e�W�_�\�U<b:W�T�q:_�aJc<O8_��&T�a�W2h&b:U<cHW�f<_�r�W�l<\�UHl<jHT�UHa�l<k�fHb`a�e�O2XZ_�\2hxb:U<cHQ`Oo\�_
jm\�l<c<_�U&WZa�_�b:\�k�fDh/e�_�b:c<T�U<V~W�O~Q`O:\�_�c<_�b:e�aZb:a6W�f<_�W�f<\�_La�f<O:e�c�T�U<kL\�_�b:a�_�a |P¢ a6W�f<_�W�fm\�_�a�f<�
O:e�c�T�U<k�\�_Lb:a�_�a�t�lm\�W�f<_�\2h/f<O2XZ_�q:_L\2h/W�f<_�T�UyW�_�\�_La�WZRml<U<c<e�_�T�a�U<O:WZlmj�c<b:W�_�cvboa�_�b:a�T�e�r`b:Uyr&�
Q`O:\�_yhmW�f<_L\�_�Ryr[R<e�Oyk,w&T�U<V�W�f<_~a�_�b:\�k,f T�U \�_�V:T�O:U<a�T�U�W�fm_~U<_�T�V:fyR�O:\�f<O&O&c�O:t$j<\�O:Q^T�a�T�U<V

= �
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