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DOORFDWLRQ� LVVXHV� DW� D� VSD��7KH�SDSHU� LV�GDWD�PLQLQJ�RULHQWHG�� ,W� GLVFXVVHV� DQG

GHVFULEHV�KRZ�WKH�KLVWRU\�GDWD�FDQ�EH�XVHG�DV�D�VRXUFH�IRU�GDWD�PLQLQJ�OHDGLQJ

WR�GLVFRYHU\�RI� UXOHV�RU� DOJRULWKPV�XVHIXO� IRU� SUHGLFWLRQ�RI� UHVRXUFHV� UHTXLUH�

PHQWV�� ,Q� SDUWLFXODU�� ZH� IRFXVHG� WR� LGHQWLI\� JURXSV� RI� SDWLHQWV� ZKLFK� DSSHDU

IUHTXHQWO\� LQ� WKH� WUDLQLQJ� VHW� DQG�ZKLFK� H[KLELW� FKDUDFWHULVWLF� EHKDYLRU� RU� UH�

TXLUHPHQWV�RI�VSD�XWLOLWLHV��7KHQ�ZH�SUHGLFWHG�D�VHW�RI�KHDOWK�SURFHGXUHV�WR�EH

SDVVHG�IRU�HDFK�PHPEHU�RI�VXFK�JURXS��7KLV�DSSURDFK�UHVXOWHG�LQ�D�KHDOWK�SUR�

FHGXUH�SUHGLFWLRQ�DOJRULWKP�VDWLVIDFWRU\�IRU�HDUO\�DQG�FRQYHQLHQW�VFKHGXOLQJ�

����,QWURGXFWLRQ

'DWD�PLQLQJ��)D\\DG�HW�DO��������LV�FRQFHUQHG�ZLWK�ILQGLQJ�SDWWHUQV�LQ�GDWD�ZKLFK�DUH

LQWHUHVWLQJ� �DFFRUGLQJ� WR� VRPH� XVHU�GHILQHG� PHDVXUH� RI� LQWHUHVWLQJQHVV�� DQG� YDOLG

�DFFRUGLQJ�WR�VRPH�XVHU�GHILQHG�PHDVXUH�RI�YDOLGLW\���5HODWHG�UHVHDUFK�DUHDV�LQFOXGH

GDWDEDVH�WHFKQRORJ\�DQG�GDWD�ZDUHKRXVHV��VWDWLVWLFV��PDFKLQH�OHDUQLQJ��SDWWHUQ�UHFRJ�

QLWLRQ� DQG� VRIW� FRPSXWLQJ�� WH[W� DQG� ZHE�PLQLQJ� DQG� YLVXDOL]DWLRQ�� 1XPHURXV� GDWD

PLQLQJ� PHWKRGV� H[LVW�� LQFOXGLQJ� SUHGLFWLYH� GDWD� PLQLQJ� PHWKRGV�� ZKLFK� W\SLFDOO\

UHVXOW�LQ�WKDW�FDQ�EH�XVHG�IRU�SUHGLFWLRQ�DQG�FODVVLILFDWLRQ��DQG�GHVFULSWLYH�GDWD�PLQLQJ

PHWKRGV�WKDW�GLVFRYHU�VWUXFWXUH�ZLWKLQ�GDWD�VXFK�DV�DVVRFLDWLRQV��FOXVWHUV��HWF�� ,I� WKH

UHVXOWV�RI�GDWD�PLQLQJ�DUH�QRQ�EODFN�ER[�V\PEROLF�GHVFULSWLRQV��WKH�UHVXOW�RI�SUHGL F�

WLYH�GDWD�PLQLQJ�LV�XVXDOO\�D�GRPDLQ�PRGHO��ZKHUHDV�WKH�DLP�RI�GHVFULSWLYH�GDWD�PLQ�

LQJ�LV�WKH�GLVFRYHU\�RI�LQGLYLGXDO�SDWWHUQV��/DYUDF��*UREHOQLN��������

0RGHUQ�PHGLFLQH� JHQHUDWHV�� DOPRVW� GDLO\�� KXJH� DPRXQWV� RI� KHWHURJHQHRXV� GDWD�

)RU�H[DPSOH��PHGLFDO�GDWD�PD\�FRQWDLQ�LPDJHV��VLJQDOV�OLNH�(&*��FOLQLFDO�LQIRUPDWLRQ

OLNH� WHPSHUDWXUH�� FKROHVWHURO� OHYHOV�� HWF��� DV� ZHOO� DV� WKH� SK\VLFLDQ
V� LQWHUSUHWDWLRQ�

:LWK�WKH�ZLGHVSUHDG�XVH�RI�PHGLFDO�LQIRUPDWLRQ�V\VWHPV�WKDW�LQFOXGH�GDWDEDVHV�ZKLFK

KDYH� UHFHQWO\� IHDWXUHG� H[SORVLYH� JURZWK� LQ� WKHLU� VL]HV�� SK\VLFLDQV� DQG� PHGLFDO� U H�

VHDUFKHUV�DUH�IDFHG�ZLWK�D�SUREOHP�RI�PDNLQJ�XVH�RI�WKH�VWRUHG�GDWD��7KH�WUDGLWLRQDO

PDQXDO� GDWD� DQDO\VLV� KDV� EHFRPH� LQVXIILFLHQW�� DQG�PHWKRGV� IRU� HIILFLHQW� FRPSXWHU�

DVVLVWHG� DQDO\VLV� LQGLVSHQVDEOH�� LQ� SDUWLFXODU� WKRVH� RI� GDWD�PLQLQJ� DQG� RWKHU� UHODWHG

WHFKQLTXHV� RI� NQRZOHGJH� GLVFRYHU\� LQ� GDWDEDVHV� DQG� LQWHOOLJHQW� GDWD� DQDO\VLV�� 7KLV

SDSHU� SUHVHQWV� SURFHVV� RI� VROXWLRQ� RI� D� SDUWLFXODU�PHGLFDO� SUHGLFWLYH� WDVN� UHJDUGLQJ

HDUO\�SUHGLFWLRQ�RI�UHVRXUFH�DOORFDWLRQ�DW�D�VSD�



������5HVRXUFH�$OORFDWLRQ�DW�D�6SD

6SD�IDFLOLWLHV�RIIHU�D�VHW�RI�KHDOWK�SURFHGXUHV�WR�WUHDW�WKH�PHGLFDO�SUREOHPV�RI�SDWLHQWV

ZKR�DWWHQG�D�KHDOWK� IDUP�IRU� WUHDWPHQW� LQ�D�JLYHQ� WLPH�SHULRG��(DFK�SDWLHQW�REWDLQV

LQGLYLGXDO� WUHDWPHQW�±�D�VHW�RI�SURFHGXUHV��DVVLJQHG� WR� WKH�SDWLHQW�E\� WKH�VSD�SK\V L�

FLDQ��7KH�SK\VLFLDQ
V�UHFRPPHQGDWLRQ�LV�EDVHG�RQ�UHVXOWV�RI�D�FDUHIXO�H[DPLQDWLRQ�RI

WKH�SDWLHQW�XSRQ�KLV�RU�KHU�DUULYDO��%XW�WKLV�UHFRPPHQGDWLRQ�LV�QRW�HQRXJK�WR�HQVXUH

WKDW� HDFK� SDWLHQW� UHFHLYHV� H[DFWO\� WKRVH� SURFHGXUHV� UHTXLUHG�� 7R� UHDFK� WKLV� JRDO� DOO

QHFHVVDU\� UHVRXUFHV� RI� WKH� VSD� �KXPDQ� UHVRXUFHV� ±� VNLOOHG� SHUVRQQHO�� DQG� WHFKQLFDO

HTXLSPHQW� ±� H�J��� D� EDWK� WXEH� RU� GLDWKHUPLD�� KDYH� WR� EH� DYDLODEOH� LQ� WKH� UHTXLUHG

TXDQWLWLHV�IRU�WKH�SDWLHQW�

The spa organization aims to provide appropriate individual treatment for each of
its patients. It is vital for the spa administration to know in advance (before the arrival
of a new group of patients) what the total amount of required procedures in the con-
sidered period will be. Such prediction of resource requirements cannot be based on
data from patient’s medical history, as it is not available to the spa administration
before the patient enters the health farm. The only data about patients available for
the prediction process is the data the spa administration receives as a part of the pa-
tient’s application for treatment (e.g., sex, age, planned length of stay, type of disor-
der). Lauryn v.o.s., a company developing information systems for health farms
(known here as the SPA company) and AI Group of CTU established a data mining
project (abbreviated as the SPA project in the rest of the paper) with the following
objectives:
– to study the possibilit y to predict a few weeks in advance the overall number of

prescriptions of the specific health procedures within a specific time period (one
week),

– to identify previously unknown groups of clients (e.g., women 50 to 60 years old
having the same disorders) exhibiting characteristic behaviors or requirements for
procedures. For each group, predict the corresponding treatment (the set of all
procedures).

7KH�DERYH�PHQWLRQHG�REMHFWLYHV�VXJJHVW�SUHGLFWLYH�RULHQWDWLRQ�RI�WKH�63$�SURMHFW�

7KH�PDLQ�JRDO� LV�HDUO\�SUHGLFWLRQ�RI� UHVRXUFH�DOORFDWLRQ�FRQQHFWHG�ZLWK�GHPDQG�IRU

VSHFLILF�KHDOWK�SURFHGXUHV��1HYHUWKHOHVV�� VHDUFK� IRU� LQWHUHVWLQJ� SDWWHUQV� �GHVFULSWLRQ

RI�FKDUDFWHULVWLF�JURXSV�RI�FOLHQWV��VHHPV�WR�EH�DQRWKHU�SURMHFW�JRDO�

����'DWD�3UHSURFHVVLQJ

2XU�LQWHQWLRQ�LV�WR�SUHGLFW�VSD�UHVRXUFHV�UHTXLUHPHQWV�JLYHQ�DOO�DYDLODEOH�LQIRUPDWLRQ

DERXW�WKH�JURXS�RI�SDWLHQWV�WR�EH�SUHVHQW�DW�WKH�VSD�LQ�WKH�FRQVLGHUHG�ZHHN��7KHUH�DUH

WKUHH�SUHPLVHV�WR�VXFK�D�GDWD�PLQLQJ�H[HUFLVH�



– Information available about each patient before his/her arrival is a significant
factor in determining the schedule of procedures that will be prescribed by the spa
physician to the considered person.

– Treatment schedules prescribed by different spa physicians are consistent.
– The full set of procedures offered by the spa is fixed, no procedures are added or

removed.

If all the premises are true, the history data could be used to search for prediction
rules. The data set was available as a relational database consisting of four relational
tables – Patients (patient description, attributes as age, sex, disorder, cure type, …),
Procedures (procedure description, name, price, type), Prescriptions (which proce-
dure was prescribed to which patient and when) and Forbidden_combinations (pro-
cedures that cannot be scheduled at the same day). Our considered history data set,
referred to as training data, is based on real li fe data about all 17 953 patients attend-
ing one specific spa resort during the years 1999, 2000 and their treatment schedules
(protection of patient’s personal data has been ensured by the administration of the
spa). Data from the same facilit y covering the year 2001 are used as a test set.

In this project phase, we also used two vizualization tools: scatter-plot matrix and
parallel coordinates. Scatter-plot matrix shows relation between two selected attrib-
utes. This method offers the first view on the considered data. We used this method to
choose interesting attributes and to appoint interval for each attribute. A simple ex-
ample of this type of vizualization is shown in Figure 1. It confirms that there is a
linear dependency between attributes age and born. The attributes are redundant and
one of them can only be used in farther project phases. Parallel coordinates method
can be applied to find relation (dependency) between attributes.

)LJ�����7KH�OLQHDU�GHSHQGHQF\�EHWZHHQ�DWWULEXWHV�DJH�DQG�ERUQ�



)LJ�����$Q�H[DPSOH�RI�LPSURSHU�GLVFUHWL]DWLRQ�RI�DJH�

������'DWD�$JJUHJDWLRQ

,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKHUH�DUH�WZR�SULQFLSDO�PRGHOLQJ�GLUHFWLRQV��2QH�GLUHFWLRQ

VWDUWV�E\�SUHGLFWLQJ�DOO�SURFHGXUHV� WR�EH�SUHVFULEHG� WR�D�VLQJOH�SDWLHQW��7KH� WRWDO� IRU

RQH�ZHHN�LV�REWDLQHG�DV�D�VXP�RI�SUHGLFWLRQV�IRU�LQGLYLGXDO�SDWLHQWV�DFWXDOO\�SUHVHQW

DW�WKH�VSD��WKH�LQGLYLGXDO�FHQWHUHG�DSSURDFK���7KH�VHFRQG�PRGHOLQJ�GLUHFWLRQ�LV�EDVHG

RQ�WKH�IDFW�WKDW�WKH�SDWLHQW�GHVFULSWLRQ�LV�RQO\�DSSUR[LPDWH��WKH�VSD�VWDII�DUH�SURYLGHG

ZLWK�RQO\�EDVLF�LQIRUPDWLRQ�DERXW�FOLHQWV���&RQVHTXHQWO\��DOO�WKH�SDWLHQWV�FDQ�EH�VSOLW

DPRQJ�FKDUDFWHULVWLF�JURXSV�FRQWDLQLQJ�SDWLHQWV�ZLWK�WKH�VDPH�VLPLODU�GHVFULSWLRQ��WKH

DJJUHJDWHG�DSSURDFK���7KH� WRWDO� IRU�RQH�ZHHN� LV�REWDLQHG�DV� WKH� VXP�RI�SUHGLFWLRQV

IRU�WKH�LQGLYLGXDO�JURXSV��DQG�HDFK�ZHHN�LV�UHSUHVHQWHG�HQWLUHO\�E\�D�YHFWRU�RI�UHSU H�

VHQWDWLRQV�RI�WKH�SDWLHQW�JURXSV�

$�QHZ�DJJUHJDWHG�WDEOH�JHQHUDWHG�ZLWK�D�KHDY\�VXSSRUW�RI�6XPDWUD77�FRQVLVWV�RI

��� DWWULEXWHV� �*U���«��*U���� FRUUHVSRQGLQJ� WR� WKH� XSSHU�PHQWLRQHG� JURXSV� DQG� ��

DGGLWLRQDO�DWWULEXWHV�UHSUHVHQWLQJ�WKH�SURFHGXUHV��3U���«��3U���±�ILYH�RI�SURFHGXUHV

DUH�QHYHU�SUHVFULEHG���2QH�UHFRUG�VXPPDUL]HV�GDWD�FRQFHUQLQJ�DOO�SDWLHQWV�SUHVHQW�LQ

WKH�VSD�GXULQJ�D�VLQJOH�ZHHN��/HW�XV�VSHFLI\�WKH�FRQWHQWV�RI�WKH�WDEOH�IRU�WKH�ZHHN� L�

– Grik is the number of days spent by patients belonging to the k-th group during the
i-th week.

– Prij is the total number of all prescriptions of the j-th procedure during the i-th
week.

$JJUHJDWHG�UHSUHVHQWDWLRQ�KDV�VHYHUDO�DGYDQWDJHV��,W�LV�YHU\�FRQFLVH��ZLWK�QHJOLJ L�

EOH�LQIRUPDWLRQ�ORVV��FRQVLGHULQJ�LQIRUPDWLRQ�UHOHYDQW�IRU�SUHGLFWLRQ���DQG�LW�DOUHDG\



SUH�VXJJHVWV�FDQGLGDWHV�IRU�FKDUDFWHULVWLF�JURXSV�ZLWK�UHVSHFW�WR�WKH�LQGLYLGXDO�SURF H�

GXUHV�

����3UHGLFWLYH�0RGHOLQJ

7KLV�VHFWLRQ�SUHVHQWV�VHYHUDO�GLIIHUHQW�PRGHOLQJ�DSSURDFKHV� WR� WKH� VROYHG� WDVN��0D�

MRULW\�RI�PRGHOV�GHDOV�ZLWK�WKH�DJJUHJDWHG�UHSUHVHQWDWLRQ��RQH�RI�WKH�PRGHOV�LV�EDVHG

RQ�WKH�RULJLQDO�GDWD�DQG�IROORZV�WKH�LQGLYLGXDO�FHQWHUHG�DSSURDFK��%D\HVLDQ�VWDWLVWLFDO

PRGHO��

��� 6LPSOH�5HJUHVVLRQ

$� VLPSOH� UHJUHVVLRQ� DSSURDFK� UHSUHVHQWV� WKH� PRVW� VWUDLJKWIRUZDUG� VROXWLRQ� RI� WKH

JLYHQ�SUHGLFWLYH�WDVN�LQ�WHUPV�RI�WKH�VHOHFWHG�UHSUHVHQWDWLRQ��7KH�PRGHO�LV�PRVW�VLP�

SOLILHG�DV�LW�DVVLJQV�DOO�WKH�SDWLHQWV�WR�WKH�VDPH�JURXS�ZKLOH�LJQRULQJ�DQ\�SDWLHQW�VS H�

FLILF�LQIRUPDWLRQ��,W�XWLOL]HV�WKH�RYHUDOO�QXPEHU�RI�SDWLHQW�GD\V�LQ�WKH�SUHGLFWHG�ZHHN

RQO\�
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WKH� WUDLQLQJ� GDWD� �DYHUDJH� QXPEHU� RI� WKH� M�WK� SURFHGXUHV

SUHVFULEHG�SHU�SDWLHQW�DQG�GD\��

Apparently, this non-informed prediction represents the worst case prediction re-
sult and when compared with well -informed models it can give a basic outline of
utilit y of patient description. When averaged over all the procedures, the simple re-
gression model gives MAPE about 17.5%.

������5HJUHVVLRQ�E\�3DWLHQW�*URXSV

7KH�UHJUHVVLRQ�E\�SDWLHQW�JURXSV�WULHV�WR�SXW�LQ�XVH�GLIIHUHQFHV�DPRQJ�WKH�LQGLYLGXDO

SDWLHQW�JURXSV��,QVWHDG�RI�OHDUQLQJ�WKH�VLQJOH�UHJUHVVLRQ�FRHIILFLHQW� DM� LW� OHDUQV�VHSD�

UDWH�FRHIILFLHQWV�IRU�DOO�WKH�FRQVLGHUHG�JURXSV��7KH�WRWDO�LQ�WKH�SUHGLFWHG�ZHHN�LV�WKHQ

WKH�VXP�RI�SUHGLFWLRQV�REWDLQHG�IRU�WKH�FRQVLGHUHG�JURXSV�
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ZKHUH DMN LV�WKH�UHJUHVVLRQ�FRHIILFLHQW�OHDUQW�RQ�WKH�WUDLQLQJ�GDWD�IRU

WKH�M�WK�SURFHGXUH�DQG�WKH�N�WK�JURXS�

When averaged over all the procedures, the regression by patient groups gives
MAPE about 14.5% (further denoted as the general MAPE), i.e., it brings general
improvement as compared with the simple regression (17.5%). When regarding the
individual health procedures, two different points of view have been considered: the
above-mentioned MAPE and abilit y to follow the real trends. Considering these crite-
ria, the regression by groups is significantly better for 6 procedures (see Figure 3), on
the other hand it does not show any significant difference in the other 29 procedures
(see Figure 4).
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)LJ�����([DPSOHV�RI�KHDOWK�SURFHGXUHV�IRU�ZKLFK�WKH�UHJUHVVLRQ�E\�JURXSV��3UHG�JURXS��VLJQLIL�

FDQWO\�RXWSHUIRUPV�WKH�VLPSOH�UHJUHVVLRQ��3UHG�VLPSOH��

7KLV�GLYHUVLW\�FRQILUPV�WKDW�VRPH�SURFHGXUHV�VKRZ�OLWWOH�VHQVLWLYLW\�WR�SDWLHQW�FKD U�

DFWHULVWLFV�DQG�WKH\�DUH�SUHVFULEHG�ZLWK�D�QHDUO\�XQLIRUP�GLVWULEXWLRQ�RYHU�WKH�SDWLHQW

VHW��)RU�WKHVH�SURFHGXUHV��WKH�VLPSOH�UHJUHVVLRQ�HLWKHU�UHSUHVHQWV�WKH�FRPSHWHQW�VRO X�

WLRQ�LPPHGLDWHO\��VHH�)LJXUH��D��RU� LW�FDQ�EH�D�JRRG�VROXWLRQ�KDYLQJ�UHGXFHG�D�V\V�

WHPDWLF�SUHGLFWLRQ�HUURU��L�H���UHJDUGLQJ�ORQJ�WHUP�FKDQJHV�RI� DM��VHH�)LJXUH��E���7KLV

LVVXH�FDQ�EH�VROYHG�E\�D�KHXULVWLF�DSSURDFK�SUHVHQWHG�LQ�6HFWLRQ�����

7KH� ODVW�PLQRULW\�RI�SURFHGXUHV�PLJKW�DVN�IRU�D�GLIIHUHQW�JURXS�GHILQLWLRQ��7KHVH

SURFHGXUHV�FDQ�EH�SUHGLFWHG�RQ�EDVHV�RI�WKH�SURFHGXUH�VSHFLILF�JURXS�GHILQLWLRQ�WKDW

FDQ� EH� SUHFLVHO\� WXQHG� UHJDUGLQJ� WKH� WDUJHW� SURFHGXUH��:H� KDYH� DSSOLHG� WKH� /,6S�

0LQHU�V\VWHP��5DXFK��6LPXQHN��������WR�GHULYH�VSHFLILF�DVVRFLDWLRQ�UXOHV�GHVFULELQJ

WKH�VWURQJ�JURXSV�UHOHYDQW�WR�WKH�FULWLFDO�SURFHGXUHV��7KH�JURXS�VHJPHQWDWLRQV�FDQ�EH

VXUSULVLQJO\�VLPSOH��)RU�H[DPSOH��DSSOLFDWLRQ�RI� WKH�VLQJOH�DVVRFLDWLRQ�UXOH�UHVXOWLQJ

LQWR�WZR�JURXS�VHJPHQWDWLRQ�LPSURYHV�WKH�SUHGLFWLRQ�DELOLW\�WR�IROORZ�WKH�UHDO�WUHQGV

RI�3U���

&XUHBW\SH����«�����DQG�6H[�:RPDQ��→�³3U���LV�OLNHO\�WR�EH�SUHVFULEHG´

7KH�JLYHQ� UXOH� VSOLWV� WKH�SDWLHQW� VHW� EHWZHHQ� WZR�DOPRVW� HTXDO� VL]HG� VXE�JURXSV�

)RU�WKH�ILUVW�JURXS��WKH�IUHTXHQF\�RI�3U���SUHVFULSWLRQV�LV�DERXW�WZLFH�KLJKHU�WKDQ�LQ

WKH�RULJLQDO� VHW��2Q� WKH�FRQWUDU\�� WKH� VHFRQG�JURXS� VKRZV�DOPRVW� ]HUR� IUHTXHQF\�RI

3U���SUHVFULSWLRQV�
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)LJ�����([DPSOHV�RI�KHDOWK�SURFHGXUHV�IRU�ZKLFK�ERWK�WKH�UHJUHVVLRQ�DSSURDFKHV�VKRZ�VLPLODU

SHUIRUPDQFH��HLWKHU�ZRUNLQJ�ZHOO��D��RU�KDYLQJ�KLJK�0$3(��E��

������,QVWDQFH�%DVHG�5HDVRQLQJ

,QVWDQFH�EDVHG�UHDVRQLQJ�PHWKRGV�VXFK�DV�WKH�QHDUHVW�QHLJKERU�DQG�ORFDOO\�ZHLJKWHG

UHJUHVVLRQ�DUH�FRQFHSWXDOO\�VWUDLJKWIRUZDUG�DSSURDFKHV�WR�DSSUR[LPDWLQJ�UHDO�YDOXHG

RU� GLVFUHWH�YDOXHG� WDUJHW� IXQFWLRQV�� /HDUQLQJ� LQ� WKHVH� DOJRULWKPV� FRQVLVWV� RI� VLPSO\

VWRULQJ�WKH�SUHVHQWHG�WUDLQLQJ�GDWD��:KHQ�D�QHZ�TXHU\�LQVWDQFH�LV�HQFRXQWHUHG��D�VHW

RI�VLPLODU�UHODWHG�LQVWDQFHV�LV�UHWULHYHG�IURP�WKH�PHPRU\�DQG�XVHG�WR�FODVVLI\�WKH�QHZ

TXHU\�LQVWDQFH��7KH�NH\�GLIIHUHQFH�EHWZHHQ�WKLV�DSSURDFK�DQG�RWKHU�OHDUQLQJ�PHWKRGV

LV�WKDW�WKH�,%5�DSSURDFK�FDQ�FRQVWUXFW�D�GLIIHUHQW�DSSUR[LPDWLRQ�WR�WKH�WDUJHW�IXQFWLRQ

IRU�HDFK�GLVWLQFW�TXHU\�LQVWDQFH�WR�EH�FODVVLILHG�SUHGLFWHG��$QRWKHU�DGYDQWDJH�LV� WKDW

WKLV� OHDUQLQJ� DSSURDFK� OHDYHV� D� ODUJH� VSDFH� WR� WDLORU� WKH� ILQDO� VROXWLRQ� WR� WKH� JLYHQ

GRPDLQ� LQ� WHUPV�RI�VHOHFWLRQ�RI� WKH�GLVWDQFH�PHWULF��NHUQHO� IXQFWLRQ�� VFRUH� IXQFWLRQ�

IHDWXUH�ZHLJKWLQJ� RU� GHDOLQJ� ZLWK� FDVH�PHPRU\� �WUDLQLQJ� LQVWDQFHV��� +RZHYHU�� WKLV

DGMXVWPHQW�UHTXLUHV�PDQ\�SDUDPHWHUV�WR�EH�VHW��3DUDPHWHU�VHWWLQJ�LV�D�QRQ�WULYLDO�WDVN

WKDW�LQIOXHQFHV�WKH�NQRZOHGJH�PRGHO�UHWXUQHG�E\�WKH�DOJRULWKP��3DUDPHWHU�YDOXHV�DUH

XVXDOO\� VHW� DSSUR[LPDWHO\�� DFFRUGLQJ� WR� VRPH� FKDUDFWHULVWLFV� RI� WKH� WDUJHW� SUREOHP

REWDLQHG�LQ�YDULRXV�ZD\V��7KH�XVXDO�ZD\�LV�WR�XVH�EDFNJURXQG�NQRZOHGJH�DERXW�WKH

WDUJHW�SUREOHP��LI�DYDLODEOH��DQG�SHUIRUP�VRPH�WHVWLQJ�H[SHULPHQWV�

L%$5(7��,QVWDQFH�%DVHG�5(DVRQLQJ�7RRO�� LV� DQ� LPSOHPHQWDWLRQ�RI� WKH�SULQFLSDO

FKDUDFWHULVWLFV�RI�,%5�WKHRU\�GHYHORSHG�DW�WKH�*HUVWQHU�/DERUDWRU\��&78��,W�LV�D�XQL�

YHUVDO�WRRO�IRU�PRGHOLQJ�DQG�SUHGLFWLQJ�LQ�GRPDLQV�GHVFULEHG�E\�D�QXPEHU�RI�QXPHULF

RU� V\PEROLF� YDOXHV� ZLWK� UHVWULFWHG� RU� QR� EDFNJURXQG� NQRZOHGJH�� ,W� LV� VXLWDEOH� IRU

DSSOLFDWLRQV�ERWK�LQ�FODVVLILFDWLRQ�DQG�UHJUHVVLRQ�WDVNV��,Q�RUGHU�WR�SURYLGH�DQ�HIIH F�

WLYH�VWUXFWXUH�RI�WKH�OHDUQLQJ�V\VWHP�� L%$5(7¶V�DUFKLWHFWXUH�LV�VSOLW�LQWR�WZR�SDUWV��D

VHUYHU�DQG�D�FOLHQW�FRPPXQLFDWLQJ�YLD�WKH�&DVH�4XHU\�/DQJXDJH��&4/���7KH�VHUYHU

SDUW�LV�D�GDWDEDVH�FRPSOHPHQWHG�E\�D�VHDUFK�HQJLQH��ZKLFK�VHDUFKHV�WKH�FDVH�PHPRU\

IRU�WKH�QHDUHVW�QHLJKERUV��ZKLOH�WKH�FOLHQW�FRUUHVSRQGV�WR�D�PRGHOLQJ�LQWHUIDFH��ZKLFK

JHQHUDWHV�TXHULHV� WR� WKH�GDWDEDVH�� HYDOXDWHV� LWV� UHVSRQVHV�DQG�DGMXVWV� WKH�PRGHO�S D�

UDPHWHUV�



L%$5(7�LQFRUSRUDWHV�YDULRXV� WHFKQLTXHV�DQG�VWDQGDUGV��)RU�H[DPSOH�� LW� VXSSRUWV

WKH�3UHGLFWLYH�0RGHO�0DUNXS�/DQJXDJH��300/��IRU�PRGHO�H[FKDQJH�DQG�WKHUHIRUH�LW

FDQ�EH�XVHG�LQ�FRPELQDWLRQ�ZLWK�RWKHU�OHDUQLQJ�WRROV��7KH�PRVW�VWUDLJKWIRUZDUG�FRRS�

HUDWLYH�XWLOL]DWLRQ�OLHV�LQ�LWV�DSSOLFDWLRQ�WR�XQFODVVLILHG�GDWD�DIWHU�SURFHVVLQJ�ZLWKLQ�D

FOXVWHULQJ�WRRO��6LQFH�WKLV�SDSHU�IRFXVHV�RQ�PRGHO�WXQLQJ��WKH�IXUWKHU�V\VWHP�GHVFUL S�

WLRQ� GHDOV�ZLWK� WKH� UHOHYDQW� V\VWHP� IHDWXUH� WXQLQJ��$�PRUH� GHWDLOHG� JHQHUDO� V\VWHP

GHVFULSWLRQ�FDQ�EH�IRXQG�LQ��.OpPD��3DORXã��������

7KHUH�DUH�WZR�SULQFLSDO�DSSURDFKHV�WR�SDUDPHWHU�RSWLPL]DWLRQ�LQ�PDFKLQH�OHDUQLQJ

�.RKDYL�� ������� 7KH� ILOWHU� DSSURDFK� RSWLPL]HV� WKH�PRGHO� SDUDPHWHUV� LQ� WKH� IUDPH�

ZRUN�RI�D�SUHSURFHVVLQJ�VWHS��7KH�RSWLPL]DWLRQ�LV�EDVHG�RQ�GHSHQGHQFLHV�UHYHDOHG�LQ

WKH� GDWD�� DQG� LW� LV� FRPSOHWHO\� LQGHSHQGHQW� IURP� WKH� LQGXFWLRQ� DOJRULWKP��:RUNLQJ

ZLWK� L%$5(7��WKH�ILOWHU�DSSURDFK�FRUUHVSRQGV�WR�DQ�H[WHUQDO�RSWLPL]DWLRQ�ZLWK�FRQ�

VHFXWLYH�SDUDPHWHU�ORDGLQJ�LQWR�WKH�V\VWHP��,Q�WKH�ZUDSSHU�DSSURDFK��SDUDPHWHU�RS�

WLPL]DWLRQ� LV� FRQGXFWHG�XVLQJ� WKH� LQGXFWLRQ�DOJRULWKP�DV�D�EODFN�ER[�� L%$5(7� LV� D

EDWFK� PHWKRG� ZLWK� SHUIRUPDQFH� ELDV�� L�H�� LW� XVHV� IHHGEDFN� IURP� WKH� SHUIRUPDQFH

IXQFWLRQ�GXULQJ�WUDLQLQJ��7KLV�IXQFWLRQ�LV�FDOFXODWHG�IRU�HDFK�VHWWLQJ�RI�WKH�SDUDPHWHU

YHFWRU��7KH�V\VWHP�DSSOLHV�D�JHQHWLF�DOJRULWKP�LQ�RUGHU�WR�VHDUFK�HIIHFWLYHO\�WKURXJK

WKH� SDUDPHWHU� VSDFH�� 7KH� IROORZLQJ� VHFWLRQ� GLVFXVVHV� WKH� YDULRXV� PRGLILFDWLRQV� RI

VHDUFK�DOJRULWKPV�LPSOHPHQWHG�LQ�L%$5(7�

+DYLQJ� DJJUHJDWHG� UHSUHVHQWDWLRQ�� LQVWDQFH�EDVHG� UHDVRQLQJ� UHSUHVHQWV� D� QDWXUDO

ZD\� WR� DQVZHU� ERWK� WKH� TXHVWLRQV� RI� LQWHUHVW� DW� RQFH�� 7KH� SUHGLFWLYH� WDVN� FDQ� EH

VROYHG�RQ� WKH�EDVLV�RI� VLPLODULW\�EHWZHHQ�ZHHNV��ZKLOH� WKH� LGHQWLILFDWLRQ�RI� FKDUDF�

WHULVWLF� JURXSV� FDQ� DULVH� IURP� RSWLPL]DWLRQ� RI� WKH� SUHGLFWLYH� SHUIRUPDQFH�� ,Q� RWKHU

ZRUGV��D�SDWLHQW�JURXS�FDQ�EH�GHQRWHG�DV�FKDUDFWHULVWLF�IRU�D�SURFHGXUH�ZKHQ�LW�VKRZV

D�VLJQLILFDQWO\�KLJKHU�LPSRUWDQFH�IDFWRU��LWV�IHDWXUH�ZHLJKW�� WKDQ�RWKHU�JURXSV�LQ� WKH

IUDPHZRUN�RI�WKH�SUHGLFWLYH�VWHS�

$�FHUWDLQ�GLVDGYDQWDJH�RI�RXU�UHSUHVHQWDWLRQ�LV�WKDW�LW�GRHV�QRW�FRQWDLQ�HQRXJK�LQ�

VWDQFHV� WR� VWDUW� DXWRPDWHG�RSWLPL]DWLRQ� LQ� WHUPV�RI� WKH�ZUDSSHU� DSSURDFK�� ,I�ZH� U H�

VWULFW�RXU�RSWLPL]DWLRQ�SURFHVV� WR� WKH� IHDWXUH� �JURXS��ZHLJKWV�RQO\��ZH�VWLOO�KDYH���

SDUDPHWHUV�WR�EH�RSWLPL]HG�RQ�����LQVWDQFHV��QXPEHU�RI�ZHHNV�SHU�WKUHH�\HDUV���7KLV

UDWLR�GRHV�QRW�JLYH�DQ\�URRP�IRU�D�UHOLDEOH�VHDUFK�WKURXJK�WKH�SDUDPHWHU�VSDFH��DQG�LW

UHVWULFWV�XV�WRZDUG�PHWKRGV�XWLOL]LQJ�D�KHXULVWLF�SDUDPHWHU�VHWWLQJ�LQ�WHUPV�RI�WKH�ILOWHU

DSSURDFK�

7KH�GRPDLQ�RIIHUV�D�QDWXUDO�ZD\�WR�HVWLPDWH�WKH�JURXS�ZHLJKWV�LQ�DFFRUGDQFH�ZLWK

WKH� DYHUDJH� QXPEHU� RI� SUHVFULSWLRQV� RI� WKH� JLYHQ� SURFHGXUH� LQ� WKH� REVHUYHG� JURXS

�VHH�WKDW�ZHLJKWV�ZMN�HTXDO�WKH�JURXS�UHJUHVVLRQ�FRHIILFLHQWV�DMN�XVHG�LQ�(T�����
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ZKHUH ZMN LV�WKH�JURXS�ZHLJKW�IRU�WKH�M�WK�SURFHGXUH�DQG�WKH�N�WK�JURXS�

3ULMN LV� WKH� UHDO�QXPEHU�RI�SUHVFULSWLRQV�RI� WKH� M�WK�SURFHGXUH� WR� WKH�SD�

WLHQWV�EHORQJLQJ�WR�WKH�N�WK�JURXS�LQ�WKH�L�WK�ZHHN�

Q WKH� QXPEHU� RI� LQVWDQFHV� XVHG� IRU� OHDUQLQJ� WKH�ZHLJKWV� �QXPEHU� RI

ZHHNV��



7DEOH� ��� &RPSDULVRQ� RI� PHDQ� DEVROXWH� UHODWLYH� HUURUV� UHDFKHG� IRU� XQLIRUP� IHDWXUH� ZHLJKWV

�8QLIRUP��DQG�RSWLPL]HG�ZHLJKWV��:HLJKWHG���:KHQ�RQH�PHWKRG�VLJQLILFDQWO\�RXWSHUIRUPV�WKH

RWKHU��SDLUHG�GLIIHUHQFH�W�WHVW��α �������WKH�PHDQ�DEVROXWH�UHODWLYH�HUURU�LV�VKRZQ�LQ�EROG�

3URFHGXUH 8QLIRUP

>�@

:HLJKWHG

>�@

3URFHGXUH 8QLIRUP

>�@

:HLJKWHG

>�@

3U� ���� ��� 3U�� ���� ���

3U� ���� ���� 3U�� ���� ����

3U� ���� ��� 3U�� ���� ����

3U� ���� ��� 3U�� ���� ���

3U� ���� ���� 3U�� ���� ���

3U� ���� ���� 3U�� ���� ���

3U� ���� ��� 3U�� ���� ����

3U� ���� ���� 3U�� ���� ����
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3U�� ���� ���� 3U�� ���� ����

3U�� ���� ���� 3U�� ���� ���

3U�� ���� ���� 3U�� ���� ����

3U�� ���� ���� 3U�� ���� ����

3U�� ���� ��� $9* ���� ����

7KHVH�ZHLJKWV�FDQ�EH�GLUHFWO\�DSSOLHG�ZLWKLQ� L%$5(7�DQG�XVHG� WR�SUHGLFW� WKH� LQGL�

YLGXDO� QXPEHUV� RI� SUHVFULSWLRQV�� 7DEOH� �� FRPSDUHV� WKH� UHVXOWV� UHDFKHG� E\� WKH

ZHLJKWHG�DQG�WKH�XQLIRUP�SUHGLFWLYH�DOJRULWKPV��7KH�UHVXOWV�VXJJHVW� WKDW� WKH�XWLOL] D�

WLRQ�RI�JURXS�ZHLJKWV�EULQJV�D�VLJQLILFDQW�LPSURYHPHQW�IRU����RXW�RI����KHDOWK�SURFH�

GXUHV�� ZKLOH� XQLIRUP� ZHLJKWV� DUH� EHWWHU� IRU� �� SURFHGXUH� �SDLUHG� GLIIHUHQFH� W�WHVW�

α �������$� VWURQJHU�SDLUHG�GLIIHUHQFH� W�WHVW� �α ������ VWLOO� FODLPV���� VLJQLILFDQW� LP�
SURYHPHQWV� ZKHQ� XVLQJ� FDOFXODWHG� ZHLJKWV�� &RQVHTXHQWO\�� WKH� SURFHGXUHV� FDQ� EH

GLYLGHG� LQWR� WZR�SULQFLSDO� FOXVWHUV�� WKH� ILUVW� FRQWDLQV�SURFHGXUHV� WKDW� DUH� SUHVFULEHG

HYHQO\� RYHU� WKH� SDWLHQW� VSDFH�� ZKLOH� WKH� VHFRQG� FRQVLVWV� RI� WKH� VSHFLDO� SURFHGXUHV

UHOHYDQW� WR�SDWLHQWV�ZLWK�VSHFLILF�GLVRUGHUV��)RU� WKH�VHFRQG�FOXVWHU� LW�PDNHV�VHQVH� WR



LGHQWLI\� WKH� FKDUDFWHULVWLF� SDWLHQW� JURXSV�� ,Q� WKLV� VHQVH�� WKH� UHVXOWV� FRQILUP� WKH� H[�

SHUW¶V�SULRU�H[SHFWDWLRQ��$Q�H[DPSOH�RI�D�SURFHGXUH�EHORQJLQJ�WR�WKH�VHFRQG�FOXVWHU�LV

VKRZQ�LQ�)LJXUH����7KH�GLDJUDP�VKRZV�WKH�LPSURYHPHQW�LQ�WKH�SHDW�ERJ�EDWK�SUHGL F�

WLRQ�ZKHQ�FRQVLGHULQJ�GLIIHUHQW� LPSRUWDQFH�RI� WKH� LQGLYLGXDO� SDWLHQW� JURXSV��$W� WKH

VDPH� WLPH�� WKH� SUHGLFWLRQ� SURFHVV� UHYHDOV� WKH� SDWLHQW� JURXSV� FKDUDFWHULVWLF� IRU� WKLV

SURFHGXUH��H�J���SDWLHQWV�DJHG�EHWZHHQ����DQG����KDYLQJ�GLVRUGHUV������RU����DUH�PRUH

OLNHO\�WR�KDYH�WKLV�SURFHGXUH�SUHVFULEHG�

7KH�DSSOLFDELOLW\�RI� WKLV� VROXWLRQ� LV�DSSURYHG�E\�D�FRPSDULVRQ�RI� WKHVH� UHVXOWV�ZLWK

WKH� UHVXOWV� SURYLGHG� E\� WKH� LQGLYLGXDO� FHQWHUHG� DSSURDFK�� $OWKRXJK� WKH� VHFRQG� DS�

SURDFK�XWLOL]HV�DOO�WKH�DYDLODEOH�LQIRUPDWLRQ��DQG�WKXV�LW�LV�PXFK�PRUH�WLPH�DQG�PHP�

RU\� GHPDQGLQJ�� LW� GRHV� QRW� RXWSHUIRUP� WKH� DJJUHJDWHG� PHWKRG�� 7KLV� FRQILUPV� WKH

VXLWDELOLW\�RI�WKH�VXJJHVWHG�VLPSOLILFDWLRQ�

)LJ�����3URFHGXUH���±�SHDW�ERJ�±�D�FRPSDULVRQ�EHWZHHQ�WKH�UHDO�QXPEHU�RI�SUHVFULSWLRQV�DQG�WKH

QXPEHUV�SUHGLFWHG�E\�WKH�XQLIRUP�DQG�WKH�ZHLJKWHG�PHWKRG��3U��OLQH�LQ�7DEOH����

������+HXULVWLF�$SSURDFKHV

$QRWKHU�VLPSOH�SUHGLFWLYH�DOJRULWKP�LV�EDVHG�RQ�D�SXUH�FRS\�RI� WKH�QXPEHU�RI�SU H�

VFULSWLRQV�LQ�WKH�ODVW�ZHHN��7KH�VLPSOH�UHJUHVVLRQ�LV�XVHG�LI�DQG�RQO\�LI�*U$OOL�FKDQJHV

UDSLGO\�IURP�RQH�ZHHN�WR�WKH�RWKHU�RQH��7KLV�DSSURDFK�JLYHV�WKH�JHQHUDO�0$3(�����

L�H��� LW� FOHDUO\� RXWSHUIRUPV� PRUH� VRSKLVWLFDWHG� PHWKRGV�� +RZHYHU�� WKH� SUHGLFWLRQV

KDYH�WR�EH�RIWHQ�DYDLODEOH�VHYHUDO�ZHHNV�LQ�DGYDQFH��7KLV�GHPDQG�DVNV�IRU�XWLOL]DWLRQ

RI� WKH�SUHFHGHQW�ZHHNV�ZKLFK�GHFUHDVHV� WKH�SUHGLFWLRQ�DFFXUDF\�±����������� �ZKHQ

DYDLODEOH���ZHHN�LQ�DGYDQFH�������������������������8WLOLW\�RI�WKH�SUHYLRXV�ZHHNV�LV

REYLRXV��WKH�PDMRU�SDUW�RI�SDWLHQWV�VWD\V�IRU���RU���ZHHNV��,W�IROORZV�WKDW�QRW�PRUH�WKDW

RQH�WKLUG�RI�WKH�SDWLHQWV�FKDQJHV�HDFK�ZHHN�

$OWKRXJK� WKLV�KLVWRU\�DSSURDFK�FDQQRW�EH�DSSOLHG� IRU� ORQJHU�WHUP�SUHGLFWLRQV�G L�

UHFWO\��LW�EULQJV�IRUZDUG�WLPH�HTXDELOLW\�RI�PRVW�SURFHGXUHV��,W�FDQ�EH�XWLOL]HG�LQ�FR U�



UHFWLRQ� RI� WKH� V\VWHPDWLF� HUURU� REVHUYHG� LQ� ERWK� UHJUHVVLRQ� DSSURDFKHV�� )RU� FHUWDLQ

SDUW� RI� SURFHGXUHV�� WKH� SUHGLFWLRQ� FDQ� EH� LPSURYHG� E\� VXEWUDFWLQJ� WKH� HUURU� RI� WKH

VDPH�SUHGLFWRU�WDNHQ�IURP�WKH�ODVW�HYDOXDWHG�ZHHN�

������%D\HVLDQ�6WDWLVWLFDO�3UHGLFWLRQ

%D\HVLDQ� VWDWLVWLFDO� LQIHUHQFH� RIIHUV� DQRWKHU� VWUDLJKWIRUZDUG� ZD\� WR� SUHGLFW� ZHHNO\

QXPEHU�RI�KHDOWK�SURFHGXUH�DSSOLFDWLRQV��7KH�SUHGLFWLRQ�LV�EDVHG�RQ�WKH�RULJLQDO�WDVN

UHSUHVHQWDWLRQ��L�H���LW�IROORZV�WKH�LQGLYLGXDO�FHQWHUHG�DSSURDFK�
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ZKHUH 3�3UM_D�S«D[S� GHQRWHV�WKH�FRQGLWLRQDO�SUREDELOLW\�WKDW�SURFHGXUH�3UM�ZLOO

EH� SUHVFULEHG� WR� SDWLHQW� S� GHVFULEHG� E\� WKH� YHFWRU� RI� DWWULEXWHV

D�S«D[S�RQ�RQH�GD\�RI�KLV�VWD\�

SDWBLQBZHNBL LV� WKH� QXPEHU� RI� SDWLHQWV� SUHVHQWHG� DW� WKH� VSD� GXULQJ� L�WK

ZHHN�

3DWLS LV�WKH�QXPEHU�RI�GD\V�VSHQW�DW�WKH�VSD�E\�SDWLHQW�S�LQ�WKH�L�WK�ZHHN�

7KH�FRQGLWLRQDO�SUREDELOLW\� 3�3UM_D�S«D[S�� LV�HVWLPDWHG�RQ�EDVLV�RI�KLVWRULFDO�GDWD

XVLQJ� ZHOO�NQRZQ� %D\HV¶� WKHRUHP�� 7KH� DWWULEXWHV� DUH� DVVXPHG� WR� EH� LQGHSHQGHQW

JLYHQ�WKH�KHDOWK�SURFHGXUH��1DwYH�%D\HV��
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7KH�DSSURDFK�GHVFULEHG�LQ� WKLV�SDSHU�UHVXOWV�LQ�WKH�JHQHUDO�PHDQ�DEVROXWH�SUHGLFWLRQ

HUURU�ZKLFK� LV� DSSUR[LPDWHO\������7KLV� HUURU� LV� UHDFKHG�E\� WKH� LQVWDQFH�EDVHG� UHD�

VRQLQJ� DSSURDFK� RU� WKH� UHJUHVVLRQ� E\� JURXSV�ZLWK� WKH� KHXULVWLF� FRUUHFWLRQ��0RVW� RI

SURFHGXUHV������DUH�SUHGLFWHG�XVLQJ�WKH�DJJUHJDWHG�GDWDVHW�LQWURGXFHG�LQ�6HFWLRQ�����

7KH�SUHGLFWLRQ� RI� WKH� UHPDLQLQJ�SURFHGXUHV� ���� LV� EDVHG�RQ� WKH� VSHFLILF� JURXSV� GH�

ULYHG�E\�WKH�/LVS0LQHU�

7KH�63$�FRPSDQ\�ILQGV�WKH�SURMHFW�RXWFRPH�YHU\�YDOXDEOH��7KH�VXJJHVWHG�PHWK�

RGRORJ\�FDQ�EH�LQFRUSRUDWHG�LQWR�WKHLU�LQIRUPDWLRQ�V\VWHP�IRU�VSD�/�%,6��7KH\�SODQ

WR� GHVFULEH� WKH� UHDFKHG� UHVXOWV� DQG� FRQVHTXHQW� VHUYLFH� LPSURYHPHQWV� LQ� WKHLU� FX V�

WRPHU� MRXUQDO�� ,Q� SDUWLFXODU�� WKH� DYDLODELOLW\� RI� UHDVRQDEO\� DFFXUDWH� SUHGLFWLRQ� KDV

VLJQLILFDQW�LPSDFW�RQ�WKH�IROORZLQJ�DFWLYLWLHV�RI�WKH�VSD�FRPSOH[�

– The full capacity of quali fied workers operating the balneo services is utili zed as
the optimal staff structure for the considered week (or longer period) can be esti-



mated from the predicted needs (some members of staff can be moved to the
overloaded procedures, offered vacations or send for training elsewhere, etc.).

– The operating regime of various balneo services is tuned according to the actual
needs. It results in the operating cost savings (electricity, water, etc.). The extra
capacity can be offered to the general public well i n advance.

– Consequently, the overall quality of the provided care is improved – the client
always gets those treatments that his condition requires.

,Q� IXWXUH� WKH\�SODQ� WR� XVH� WKH� SUHGLFWLRQ� IRU� VFKHGXOLQJ�RI� HQHUJ\� FRQVXPSWLRQ

QHHGHG�IRU�ZDUPLQJ�XS�WKH�EDWK�WXEH�DQG�SRRO�ZDWHU��7KH�GHYHORSHG�PHWKRG�LV�HD V�

LO\�UH�XVDEOH�IRU�RWKHU�VLPLODU�IDFLOLWLHV��$FFRUGLQJ�WR�WKH�GRPDLQ�H[SHUWV��HYHU\�VSD

IDFLOLW\�KDV�D�GLIIHUHQW�VWUXFWXUH�RI�SDWLHQWV��HYHQ�LI�WKH\�RIIHU�DOPRVW�WKH�VDPH�SUR�

FHGXUHV��,W�PHDQV�WKDW�D�QHZ�VHJPHQWDWLRQ�RI�SDWLHQWV�KDV�WR�EH�GHVLJQHG�IRU�HYHU\

VSD�IDFLOLW\��&XUUHQWO\��LW�LV�WKH�RQO\�VWHS�ZKHUH�6XPDWUD77�FDQQRW�KHOS��7KLV�ZLOO�EH

LPSURYHG�ZKHQ�FXUUHQW�GHYHORSPHQW�RI�D�QHZ�VWDWLVWLFDO�WHPSODWH�IRU� 6XPDWUD77�LV

ILQLVKHG��2Q�WKH�RWKHU�KDQG��WKH�RWKHU�VWHSV�RI�GDWD�SUH�SURFHVVLQJ�DQG�DQDO\VLV�U H�

PDLQ�WKH�VDPH��,Q�WKLV�FRQWH[W��6XPDWUD77�SURYHV�WR�EH�DQ�LQGLVSHQVDEOH�WRRO�IRU�WKH

FRQVLGHUHG�'0�WDVNV�DV�LW�FDQ�UHSODFH�ORW�RI�WHGLRXV�DQG�GHPDQGLQJ�GDWD�SURFHVVLQJ�

7KHUH� KDYH� EHHQ� GHYHORSHG� DSSURSULDWH� GDWD� SURFHVVLQJ� WHPSODWHV� WR� GR� WKH� MRE�

(DFK�WHPSODWH�WDNHV�JURXSV
�GHVFULSWLRQ�VWRUHG�LQ�D�WDEOH�DQG�JHQHUDWHV�DQG�H[HFXWHV

64/�FRPPDQGV�WKDW�FDOFXODWH�DJJUHJDWHG�YDOXHV��)LQDOO\��WKH�GDWD�LV�H[SRUWHG�LQWR�D

WH[W�ILOH��7KHUH�LV�EHLQJ�SUHSDUHG�D�VFULSW�HQVXULQJ�H[SRUW�RI�WKH�GDWD�LQWR�WKH�:(.$

IRUPDW��7KLV�RSHQV�SRVVLELOLW\� WR�DSSO\�DQ\�DOJRULWKP�SURYLGHG�E\�WKH�ULFK�:(.$

0/�SDFNDJH�LQFOXGLQJ�WKH�UHJUHVVLRQ��WRR�
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