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)LJXUH ���� 3HWWLIRUèV VWUXFWXUHPDS IRU $%Á FRPSRXQGV� �� 3ORWWLQJ FRPSRXQGV YLD 3HWWLIRUèV SKH�

QRPHQRORJLFDO VFDOHX DOORZV IRU JRRG VHSDUDWLRQ EHWZHHQ VWUXFWXUH SURWRW\SHV�





)LJXUH ���� 'DDPV DQG 9LOODUVè ��PRVW FRPPRQ DWRPLF HQYLURQPHQW W\SHV WKDW DFFRXQW IRU ��� RI WKH

LQRUJDQLF FU\VWDO VWUXFWXUHV LQYHVWLJDWHG�
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)LJXUH ���� )LVFKHUèV GDWDPLQHG VWUXFWXUH SUHGLFWLRQ DOJRULWKP IRU $J0J¾�
�� D� *LYHQ DYDLODEOH GDWD

IURP WKH GDWDEDVH �JUHHQ ER[�� )LVFKHUèV DOJRULWKP UDQNV FDQGLGDWH FU\VWDO VWUXFWXUHV E\ WKH SURED�

ELOLW\ ZLWK ZKLFK $J0J¾ IRUPV LQ WKHP� E� $E LQLWLR IRUPDWLRQ HQHUJ\ IRU WKH WRS � FDQGLGDWH FU\VWDO

VWUXFWXUHV DORQJ ZLWK �� DGGLWLRQDO VWUXFWXUH W\SHV�



)LJXUH ���� 3HUIRUPDQFH RI )LVFKHUèV 6WUXFWXUH 3UHGLFWLRQ $OJRULWKP��� 7KH OHQJWK RI WKH FDQGLGDWH OLVW

UHTXLUHG WR ĆQG WKH WUXH FU\VWDO VWUXFWXUH ZLWK D FHUWDLQ SUREDELOLW\ ZLWK '063 �'DWD0LQHG 6WUXFWXUH

3UHGLFWLRQ�� UDQGRP VWUXFWXUH JXHVVLQJ� RU VXJJHVWLQJ VWUXFWXUHV RQ WKH EDVLV RI WKH IUHTXHQF\ ZLWK

ZKLFK WKH\ DSSHDU�
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)LJXUH ���� 3HUIRUPDQFH RI +DXWLHUèV VWUXFWXUH SUHGLFWLRQ DOJRULWKP RQ WKH 7HUQDU\2[LGHV� �� 7KH

OHQJWK RI WKH FDQGLGDWH OLVW UHTXLUHG WR ĆQG WKH WUXH FU\VWDO VWUXFWXUH YHUVXV WKH SUREDELOLW\ WKDW WKH

FRUUHFW FU\VWDO VWUXFWXUH LV LQ WKH FDQGLGDWH OLVW IRU WKUHH GLIIHUHQW YDOXHV RI�FRPSRXQG� /RZHU YDOXHV RI

�FRPSRXQG UHFRYHU KLJKHU SHUFHQWDJHV RI WKH WHUQDU\ R[LGHV LQ WKH ,QRUJDQLF &U\VWDO 6WUXFWXUH 'DWDEDVH

�SHUFHQWDJHV ODEHOHG�� EXW UHTXLUH PRUH JXHVVHV WR VHOHFW WKH FRUUHFW FU\VWDO VWUXFWXUH�
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)LJXUH ���� 7KH &V&O FU\VWDO VWUXFWXUH LV VKRZQ LQ ĆJXUH $� 7KH )H FU\VWDO VWUXFWXUH LV VKRZQ LQ ĆJXUH

%� $OWKRXJK WKH WZR VWUXFWXUHV FDQ EHPDSSHG RQWR HDFK RWKHU YLD DQ DIĆQHPDSSLQJ� WKLV PDSSLQJ

GRHV QRW SUHVHUYH FKHPLFDO HTXLYDOHQFH FODVV� WKHUHIRUH WKHVH WZR VWUXFWXUHV GR QRW VKDUH WKH VDPH

VWUXFWXUH SURWRW\SH�
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)LJXUH ���� 7KH +� Á DQG�b Á FU\VWDO VWUXFWXUHV DUH VKRZQ LQ ĆJXUHV $ DQG %� WKH\ VKDUH WKH VDPH

SURWRW\SH� 7KH,� Á FU\VWDO VWUXFWXUH LV VKRZQ LQ ĆJXUH &�

)LJXUH ���� 7KH�8Á�� s DQG
8Á+� s FU\VWDO VWUXFWXUHV DUH VKRZQ LQ ĆJXUHV $ DQG %� WKH\

VKDUH WKH VDPH SURWRW\SH� 1RWH WKDW PXOWLSOH VXEVWLWXWLRQV FDQ RFFXU VLPXOWDQHRXVO\� ZKLFK DOORZV

IRU FKDUJH�LPEDODQFHG VXEVWLWXWLRQV WR RFFXU�



7DEOH ���� 6XEVWLWXWLRQ &RXQW IRU 7KH 3URWRW\SH ,QFOXGLQJ�8Á
² s

�� �Á
�8+ ��+


²¹+ +¹+


²¹+ �b¹+

+¹+ �b¹+

�8Á
² s �8Á�b s ��Á+ s
�8Á+ s

�

�


²¹+ 
²¹+ +¹+

�b¹+ +¹+ 
²¹+ �b¹+

� O(�Á)

λ�

�

(4,4′)

�({(4,4′) ∈ �}) =
∏

(4,4′)∈�

b
∑
� λ�n�(4,4

′)

7



)LJXUH ���� )RXU FRPSRXQGV LQ WKH VDPH SURWRW\SH DUH VKRZQ��8Á
² s LV VKRZQ LQ ĆJXUH $� WKH
VPDOO UHG LRQV DUH Á−� WKH ODUJH \HOORZ LRQV DUH�8+� DQG WKH EOXH WHWUDKHGUD KDYH
²¹+ FHQWHUV� ,Q

ĆJXUHV % DQG &� WKRVH WHWUDKHGUD KDYH�b¹+ DQG +¹+ FHQWHUV� )LJXUH ' VKRZV +¹+ � FHQWHUHG WHWUDKH�

GUD LQ D IUDPHZRUN RI JUHHQ��+FDWLRQV� &RXQWLQJ VXEVWLWXWLRQV LQ WKLV SURWRW\SH \LHOGV WZR LQVWDQFHV

RI +¹+ VXEVWLWXWLQJ IRU
²¹+ DQG�b¹+� RQH LQVWDQFH RI
²¹+ VXEVWLWXWLQJ IRU�b¹+� DQG WKUHH LQ�

VWDQFHV RI�8+ VXEVWLWXWLQJ IRU��+�
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)LJXUH ���� 7KH SUREDELOLW\ RI LRQ �� VXEVWLWXWLQJ IRU LRQ �Á ZLWKLQ WKH VDPH VWUXFWXUH SURWRW\SH DV JLYHQ

E\ WKHPD[LPXP OLNHOLKRRGPRGHO DSSOLHG WR WKH R[LGHV LQ WKH ,&6'� 7KH VL[W\ PRVW FRPPRQ VSHFLHV LQ

WKH GDWD VHW DUH VKRZQ� RUGHUHG E\0HQGHOHHY QXPEHU�



)LJXUH ���� 7KH SUREDELOLW\ RI LRQ �� VXEVWLWXWLQJ IRU LRQ �Á ZLWKLQ WKH VDPH SURWRW\SH� UH�VFDOHG WR EHW�

WHU GLIIHUHQWLDWH VXEVWLWXWLRQ SUREDELOLWLHV� 7KH VL[W\ PRVW FRPPRQ VSHFLHV LQ WKH GDWD VHW DUH VKRZQ�

RUGHUHG E\0HQGHOHHY QXPEHU�
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)LJXUH ���� 7KH KLHUDUFKLFDO FOXVWHULQJ RI LRQLF VSHFLHV LV VKRZQ IRU WKH VL[W\ PRVW FRPPRQ LRQV LQ WKH

GDWD VHW� +��LRQ LV VKRZQ LQ ĆJXUH $� +����u ��� LQ ĆJXUH %� DQG RI +��
σ, �
LRQ LQ ĆJXUH &� 7KH UH�VFDOHG

LRQLF VLPLODULWLHV GR QRW FKDQJH WKH REVHUYDWLRQV LQ HDFK FOXVWHU� EXW WKH\ GR DIIHFW WKH GLDPHWHUV RI WKH

FOXVWHUV�
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) 2
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Éb 
 : 2× 2→ R



)LJXUH ���� $ZHLJKWHG ELSDUWLWH JUDSK� 7KH RUDQJH QRGHV UHSUHVHQW WKH QRGHV LQ-� WKH JUHHQ QRGHV
UHSUHVHQW QRGHV LQ2� (GJHVPXVW MRLQ QRGHV IURP- WR QRGHV LQ2� QR HGJHPD\ FRQQHFW WZR QRGHV RI

WKH VDPH FRORU�

-

2 - 2

Ï ≤ Éb ≤ �
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O(�¾)
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Given&two&compounds&with&composi1ons&C1&and&C2,&&

Step%1:%Find&the&lowest&common&mul1ple&of&the&number&of&ions&in&each:&

C1& C2&

Step%2:%Assign&each&pair&of&ions&a&similarity:&

Similarity&

C1&

C2&

C1&

C2&

Step%3:%Rearrange&the&ions&to&maximize&the&average&similarity:&

C1&

C2&

which&we&define&to&be&the&composi1on&similarity&between&C1&and&C2&

)LJXUH ���� &RPSRVLWLRQ VLPLODULW\ DOJRULWKP� 7KH FRPSRVLWLRQ VLPLODULW\ LV FDOFXODWHG E\ ĆQGLQJ WKH

PD[LPXPPDWFKLQJ RI LRQV LQ RQH FRPSRVLWLRQ WR WKH LRQV LQ DQRWKHU� 7KH ZHLJKWV RI WKH HGJHV DUH

JLYHQ E\ WKH LRQLF VXEVWLWXWLRQ VLPLODULWLHV EHWZHHQ WKH LRQV� 7KHPD[LPXPPDWFKLQJ LV FDOFXODWHG

EHWZHHQ WKH VDPH QXPEHU RI LRQV IURP ERWK FRPSRVLWLRQV�



HZWWJSY1(2 " QHR
SZR8UJHNJX�� SZR8UJHNJX��

NK 
SZR8UJHNJX� # HZYTKK� TW 
SZR8UJHNJX� # HZYTKK��

IN[NXTW " RF]
SZR8UJHNJX�� SZR8UJHNJX��

JQXJ NK 
HZWWJSY1(2 !" HZYTKK��

IN[NXTW " HZWWJSY1(2

JQXJ�

NK 
HZYTKK
 SZR8UJHNJX� # HZYTKK 
 SZR8UJHNJX���

RZQYNUQNJW " NSY
HZYTKK��NSY
SZR8UJHNJX��

IN[NXTW " RZQYNUQNJW � SZR8UJHNJX�

JQXJ�

RZQYNUQNJW " NSY
HZYTKK��NSY
SZR8UJHNJX��

IN[NXTW " RZQYNUQNJW � SZR8UJHNJX�

O� OÁ






8Á�b3 ¹


8Á�b3 ¹

8Á�b3 ¹


8Á�b�� ¹

8Á��3 ¹

��Á+


8Á��3 ¹ 
8Á�u3 ¹



7DEOH ���� 3URWRW\SH 3UHGLFWLRQ IRU
8Á�b3 ¹


8Á�b3 ¹

8Á�b�� ¹

8Á��3 ¹

8Á��3 ¹

8Á��3 ¹

8Á�u3 ¹
	8Á�b3 ¹
	8Á�b3 ¹

Prototype 21 3
)LJXUH ���� 7KUHH VWUXFWXUH SURWRW\SHV VXJJHVWHG IRU
8Á�b3 ¹� 7KH ĆUVW DQG WKLUG SURWRW\SHV DUH
ERWK GRXEOH SHURYVNLWHV� ZLWK WKH RFWDKHGURQ LQ WKH ĆUVW SURWRW\SH EHLQJ VOLJKWO\ GLVWRUWHG� 7KH VHFRQG

SURWRW\SH UHSUHVHQWV DQ H[SHULPHQWDOO\ GHWHUPLQHG SRO\PRUSK RI
8Á��3 ¹�

	8Á�b3 ¹
	8Á+ 
8Á+


8Á�b3 ¹

	8�8Á,�¾ �Ï

	8�8Á,�¾ �Ï
�8s,�¾ �Á

�8Á,�Á ¸
	8(²Á,�¾ �Ï

	8�8Á,�¾ �Ï



7DEOH ���� 3URWRW\SH 3UHGLFWLRQ IRU	8�8Á,�¾ �Ï

	8�8Á,�¾ �Ï
�8s,�¾ �Á
�8Á,�Á ¸
	8(²Á,�¾ �Ï

7DEOH ���� 3URWRW\SH 3UHGLFWLRQ IRU�Ë�� ¾

�Ë�� ¾
�Ë�� ¾
�Ë�� ¾
�Ë�� ¾
5�� ¾
5�� ¾

�Ë�� ¾

�Ë�� ¾ ���� ¾

�Ë�� ¾

5�� ¾

�Ë�� ¾
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1 2 3 4 5Prototype	

)LJXUH ���� )RXU VWUXFWXUH SURWRW\SHV VXJJHVWHG IRU�Ë�� ¾� 1XPEHUV �� �� DQG � DUH DOO GLVWRUWHG

RUWKRUKRPELF SHURYVNLWH VWUXFWXUHV� 6WUXFWXUH SURWRW\SH QXPEHU � LV D KH[DJRQDO FU\VWDO VWUXFWXUH

FRPPRQO\ IRXQG LQ WKH���� ¾ IDPLO\� ZKHUH /Q LV D ODQWKDQLGH�





)LJXUH ���� 3URWRW\SLQJ ,&6' R[LGHV E\ FRPSRVLWLRQ VLPLODULW\� 7KH EODFN OLQH VKRZV WKH QXPEHU RI

JXHVVHV QHFHVVDU\ WR VHOHFW WKH FRUUHFW SURWRW\SH E\ FRPSRVLWLRQ VLPLODULW\� 7KH GRWWHG OLQH VKRZV

WKH QXPEHU RI JXHVVHV QHFHVVDU\ LI WKRVH JXHVVHV ZHUH RUGHUHG E\ WKH IUHTXHQF\ ZLWK ZKLFK WKDW

SURWRW\SH DSSHDUV�



)LJXUH ���� 3URWRW\SLQJ R[LGHV E\ FRPSOH[LW\ RI FRPSRXQG� 7KH EROG OLQHV VKRZ WKH QXPEHU RI JXHVVHV

QHFHVVDU\ WR VHOHFW WKH FRUUHFW SURWRW\SH E\ FRPSRVLWLRQ VLPLODULW\� 7KH GRWWHG OLQHV VKRZV WKH QXP�

EHU RI JXHVVHV QHFHVVDU\ LI WKRVH JXHVVHV ZHUH RUGHUHG E\ WKH IUHTXHQF\ ZLWK ZKLFK WKDW SURWRW\SH

DSSHDUV� 7KH SHUIRUPDQFH RI FRPSRVLWLRQ VLPLODULW\ LQFUHDVHV GUDPDWLFDOO\ ZLWK WKH QXPEHU RI FRPSR�

QHQWV LQ D FRPSRXQG�





	8�8Á,�¾ �Ï

�8s,�¾ �Á �8Á,�Á ¸

	8�8Á,�¾ �Ï



)LJXUH ���� 3URWRW\SH GLVWULEXWLRQV LQ WKH R[LGHV� ��� ELQDU\ SURWRW\SHV DFFRXQW IRU DOO ELQDU\ FU\VWDO

VWUXFWXUHV� ZKHUHDV ���� TXDWHUQDU\ RU PRUH FRPSOH[ SURWRW\SHV DFFRXQW IRU DOO WKH FRPSOH[ R[LGHV�

$SSUR[LPDWHO\ ��� TXDWHUQDU\ SURWRW\SHV DSSHDU PRUH WKDQ RQFH� DFFRXQWLQJ IRU DOPRVW ��� RI WKH

VWUXFWXUHV LQ WKH GDWD VHW�



�8s,�¾ �Á
	8�8Á,�¾ �Ï �8s,�¾ �Á

 Á− 	8�8Á,�¾ �Ï
�8¾+ ,�s+

− ��n



+� Á



)LJXUH ���� &OXVWHULQJ FRPSRXQGV E\ FRPSRVLWLRQ VLPLODULW\� *URXSLQJ WRJHWKHU FRPSRXQGV ZLWK KLJK

VLPLODULWLHV LPSRVHV D VWUXFWXUH RQ FRPSRVLWLRQ VSDFH�
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)LJXUH ���� $ UDGLDO GLVWULEXWLRQ IXQFWLRQ EDVHG QH[W�QHLJKERU KLVWRJUDP IRU WKH )&&&X FU\VWDO VWUXF�
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)LJXUH ���� 7KH /L VLWH LGHQWLĆFDWLRQ UDWH� 7KH VROLG OLQH VKRZV WKH QXPEHU RI LQFRUUHFW JXHVVHV EHIRUH

LGHQWLI\LQJ DOO WKH /L VLWHV LQ D VWUXFWXUH YLD WKH VXEVWUXFWXUDO VLPLODULW\ PHWKRG� WKH GRWWHG OLQH VKRZV

WKH QXPEHU RI LQFRUUHFW JXHVVHV XVLQJ WKH UDGLXV RI WKH VLWH� 6XEVWUXFWXUDO VLPLODULW\ ĆQGV DOO WKH /L VLWHV

ZLWKLQ D FU\VWDO VWUXFWXUH ZLWK � LQFRUUHFW JXHVVHV ��� RI WKH WLPH�





)LJXUH ���� 7KH UHFHLYHU RSHUDWLQJ FKDUDFWHULVWLF IRU /L VLWH FODVVLĆFDWLRQ� 7KHÊ D[LV GHSLFWV WKH IDOVH
SRVLWLYH IUDFWLRQ� RU IUDFWLRQ RI QRQ�/L�VLWH 9RURQRL SRLQWV WKDW ZHUHPLVWDNHQO\ LGHQWLĆHG DV /L VLWHV�

7KH Ë D[LV GHSLFWV WKH WUXH SRVLWLYH IUDFWLRQ� RU WKH IUDFWLRQ RI /L VLWHV WKDW ZHUH FRUUHFWO\ LGHQWLĆHG DV
/L VLWHV� 7KH EODFN OLQH UHSUHVHQWV FODVVLĆFDWLRQ E\ VXEVWUXFWXUDO VLPLODULW\� WKH GRWWHG OLQH UHSUHVHQWV

FODVVLĆFDWLRQ E\ VLWH UDGLXV�



)LJXUH ���� 3HUIRUPDQFH RI /L VLWH SUHGLFWLRQ E\ FRPSRXQG FRPSOH[LW\� 7KH QXPEHU RI LQFRUUHFW

JXHVVHV UHTXLUHG WR ĆQG DOO WKH /L VLWHV LV SORWWHG YHUVXV WKH FRPSOH[LW\ RI WKH R[LGH KRVW� 7KH FRP�

SOH[LW\ RI WKH KRVW LV JLYHQ E\ WKH QXPEHU RI V\PPHWULFDOO\ GLVWLQFW VLWHV LQ WKH KRVW VWUXFWXUH� 5DQNLQJ

E\ VXEVWUXFWXUDO VLPLODULW\ SHUIRUPV HTXDOO\ ZHOO RQ VLPSOH R[LGH VWUXFWXUHV DV LW GRHV RQPRUH FRPSOH[

R[LGHV�
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)LJXUH ���� 'LVWDQFH GLVWULEXWLRQ RI /L VLWHV DQG QXPEHU RI JXHVVHV� 7KH [ D[LV GHSLFWV WKH GLVWDQFH DV

FDOFXODWHG E\ WKH VLPLODULW\ PHWULF EHWZHHQ DQ /L VLWH LQ WKH WHVW VHW DQG WKH FORVHVW /L VLWH LQ WKH WUDLQLQJ

VHW� 7KH EOXH \ D[LV RQ WKH OHIW KDQG VLGH GHSLFWV WKH GLVWULEXWLRQ RI /L VLWHV YHUVXV GLVWDQFH� WKH UHG \

D[LV RQ WKH ULJKW KDQG VLGH GHSLFWV WKH DYHUDJH QXPEHU RI JXHVVHV DW D JLYHQ GLVWDQFH� $Q LGHDO UDQNLQJ

V\VWHPZRXOG LQFUHDVH WKH ODJ EHWZHHQ WKH EOXH DQG WKH UHG OLQHV� ĆQGLQJ ���� RI WKH /L VLWHV EHIRUH

UHTXLULQJPRUH WKDQ � JXHVV�
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)LJXUH ���� /L VLWHV DQG 9RURQRL SRLQWV IURP �� UDQGRPO\ VHOHFWHG /L�FRQWDLQLQJ R[LGHV� :KLOH WKH /L

VLWHV DUH FOHDUO\ FOXVWHUHG LQ WKH ORZHU OHIW�KDQG FRUQHU� LW LV QRW REYLRXV WR ZKDW H[WHQW WKH /L VLWHV DUH

VHSDUDEOH IURP WKH 9RURQRL SRLQWV�



)LJXUH ���� 7KH UHFHLYHU RSHUDWLQJ FKDUDFWHULVWLF FXUYH LV VKRZQ LQ EOXH IRU D ULGJH UHJUHVVLRQPRGHO

EDVHG XSRQ ERWK UDGLXV DQG VXEVWUXFWXUDO VLPLODULW\ LQIRUPDWLRQ� 7KH EOXH FXUYH KDV D ORZHU DUHD XQGHU

FXUYH WKDQ UDQNLQJ E\ VXEVWUXFWXUDO VLPLODULW\ DORQH�
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)LJXUH ���� &OXVWHULQJ E\ FRPSRVLWLRQ DQG VWUXFWXUDO VLPLODULW\� �� UDQGRPO\ VHOHFWHG R[LGHV ZHUH

FOXVWHUHG E\ ERWK FRPSRVLWLRQ DQG VWUXFWXUH VLPLODULW\� 7KH GLVWDQFHV EHWZHHQ WZR R[LGHV DUH JLYHQ E\

WKH KHLJKW RI WKH KRUL]RQWDO OLQH FRQQHFWLQJ WKHP� &RPSRVLWLRQ DQG VWUXFWXUH VLPLODULW\ RIWHQ SUHVHUYH

FOXVWHULQJ FKDUDFWHULVWLFV �FLUFOHG LQ EOXH DQG \HOORZ��
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)LJXUH ���� 5XSSèV PDWUL[ UHSUHVHQWDWLRQ RI PROHFXOHV� �� 7KH &RXORPEPDWUL[ UHSUHVHQWDWLRQ LV H[�

WUDFWHG IURP DPROHFXOH IURP WKH DWRPLF FRRUGLQDWHV5� DQG QXFOHDU FKDUJHV =�� 7KHPDWUL[ FRQWDLQV

RQH URZ SHU DWRP� LV V\PPHWULF� DQG UHTXLUHV QR H[SOLFLW ERQG LQIRUPDWLRQ�
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