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WHFKQRORJLHV�KHOS�PH�LGHQWLI\�FRZV�ZLWK�KRRI�OHVLRQV"��DQG����KRZ�GR�KRRI�OHVLRQV�RU�ZDUWV�
DIIHFW�FRZ�IHHGLQJ�EHKDYLRU"�0\�UHVHDUFK�WHDP�DQG�,�UHFHQWO\�FRPSOHWHG�D�VWXG\�WKDW�DLPHG�WR�
DQVZHU�WKRVH�TXHVWLRQV��:H�OHDUQHG�D�ORW�DERXW�D�IRRWEDWK�SURGXFW�FDOOHG�$G9$17$*(���D�FRZ�
PRQLWRULQJ�V\VWHP�FDOOHG�&RZ0DQDJHU���DQG�FRZ�EHKDYLRU��:H�FRQGXFWHG WKLV�WZR�\HDU�ORQJ�
VWXG\�DW�WKH�:DVKLQJWRQ�6WDWH�8QLYHUVLW\�.QRWW�'DLU\�&HQWHU��7KH�GDLU\�PLONV��RQ�DYHUDJH������
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ZLOO�EHFRPH�HDVLHU�RQ \RXU�IDUP��

)RRWEDWK�SURGXFWV��XVLQJ $G9$17$*(� YV��FRSSHU�VXOIDWH

%HFDXVH�ZH�WUDGLWLRQDOO\�XVH�FRSSHU�VXOIDWH�LQ�RXU����JDOORQ�IRRWEDWKV��ZH�GHFLGHG�WR�WHVW�
$G9$17$*(� DJDLQVW�FRSSHU�VXOIDWH��7KH�SURGXFWV�DOWHUQDWHG�HYHU\�IRXU�PRQWKV�VR�WKDW ZH�
XVHG�$G9$17$*(� IRXU�PRQWKV��WKHQ�FRSSHU�VXOIDWH�IRXU�PRQWKV��DQG�VR�IRUWK��&RSSHU�VXOIDWH�
IRRWEDWKV�VWDUWHG�ZLWK����SRXQGV�RI�FRSSHU�VXOIDWH�PL[HG�ZLWK�ZDWHU��GXPSHG�DIWHU�WZR�PLONLQJV��
DQG�XVHG�WKUHH�GD\V�D�ZHHN��$G9$17$*(� IRRWEDWKV�VWDUWHG�ZLWK������SRXQGV�RI�&RSSHU�3OXV�
�PL[�RI�FRSSHU�VXOIDWH�DQG�]LQF�VXOIDWH��DQG����RXQFHV�RI�$G9$17$*(� FRQFHQWUDWH�PL[HG�
ZLWK�ZDWHU��:H�PDLQWDLQHG�WKH�$G9$17$*(� IRRWEDWKV�DW�D�S+������GXPSHG�WKHP�DIWHU�IRXU�
PLONLQJV��DQG�XVHG�WKHP�IRXU�GD\V�D�ZHHN��VHW�XS�WZLFH�D�ZHHN��EXW�NHSW�LQ�SODFH�IRU�IRXU�
PLONLQJV�EHIRUH�GXPSHG���2QFH�D�PRQWK��ZH�HYDOXDWHG�DOO�FRZV¶�UHDU�IHHW�LQ�WKH�SDUORU�IRU�KRRI�
OHVLRQV��:H�UHFRUGHG�ZKHWKHU�D�OHVLRQ�RU�VZHOOLQJ�ZDV�SUHVHQW��WKH�OHVLRQ�ZDV�DFWLYH�RU�
GLJUHVVLQJ�UHJUHVVLQJ��DQG�OHVLRQ�VL]H�
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:H�IRFXVHG�RQ�FRPSDULQJ�WKH�SUHYDOHQFH�RI�KRRI�OHVLRQV�DQG�VZROOHQ�IHHW�IRU�ERWK�SURGXFWV�
GXULQJ�WKH�ODVW�PRQWK���WK PRQWK��RI�HDFK�IRXU�PRQWK�WHVWLQJ�SHULRG� 2YHUDOO��ZH�KDG�IHZHU�FRZV�
ZLWK�DFWLYH�OHVLRQV DQG�IHZHU�FRZV�ZLWK�ODUJH�OHVLRQV�ZKHQ�ZH�XVHG�WKH�$G9$17$*(�

SURGXFW� :H�GLG�QRW�GHWHFW�DQ\�GLIIHUHQFHV�LQ�WKH�SHUFHQWDJH�RI�FRZV�ZLWK VPDOO�RU�PHGLXP�
OHVLRQV�EHWZHHQ�WKH�WZR�SURGXFWV�



+RRI�KHDOWK�DQG�FRZ�EHKDYLRU��XVLQJ�&RZ0DQDJHU�

:H�LQVWDOOHG�&RZ0DQDJHU� HDU�WDJV�RQ�DOO�RXU�ODFWDWLQJ�FRZV� 7KH�FRZ�EHKDYLRU�GDWD�FROOHFWHG�
E\�WKH�V\VWHP�LV�YHU\�KHOSIXO�IRU�HVWUXV�GHWHFWLRQ�DQG�PRQLWRULQJ�FRZ�ZHOO�EHLQJ��,W�LV�HVSHFLDOO\�
XVHIXO�LQ�KHOSLQJ�RXU�VWXGHQWV�LGHQWLI\�FKDQJHV�LQ�FRZ�EHKDYLRU��,Q�FDVH�\RX�DUH�QRW�IDPLOLDU�ZLWK�
WKH�LQIRUPDWLRQ�SURYLGHG�E\�&RZ0DQDJHU���,�LQFOXGHG�D�VQDSVKRW�RI�D EHKDYLRU�JUDSK�IRU�RQH�RI�
RXU�FRZV��������7KH�JUDSK�VKRZV�\RX�KRZ�PXFK�WLPH�WKH�FRZ�VSHQW�UXPLQDWLQJ��HDWLQJ��QRW�
DFWLYH��DFWLYH��RU�KLJKO\�DFWLYH�HDFK�GD\��0\�UXOH�RI�WKXPE�LV�WKDW�,�ZRXOG�OLNH�WR�VHH�DOO�WKH�



ODFWDWLQJ�FRZV�VSHQG�DERXW�����RI�HDFK�GD\�HDWLQJ��$V�\RX�FDQ�VHH�IURP�WKH�JUDSK�������ZDV�QRW�
UHDFKLQJ�WKLV�WDUJHW��HVSHFLDOO\�ZKHQ�VKH�ZDV�RQO\�VSHQGLQJ����RI�WKH�GD\�HDWLQJ��:H�NHSW�D�
FORVH�H\H�RQ�KHU�DQG�PRQLWRUHG�KHU�KHDOWK�

2Q�HYHU\ KRRI�HYDOXDWLRQ�GD\��ZH�FROOHFWHG�EHKDYLRUDO�GDWD�IRU�HDFK�FRZ�VR�ZH�FRXOG�PDWFK�
KRRI�KHDOWK��UHODWHG�WR�OHVLRQV�DQG�VZROOHQ�IHHW��ZLWK�FRZ�EHKDYLRU� &RZV�ZLWK�QR�KRRI�OHVLRQV RU�
VZHOOLQJ�VSHQW�DQ�DYHUDJH�RI����PLQXWHV�HYHU\�KRXU �����RI�WLPH� HDWLQJ��ZKHUHDV��FRZV�WKDW�KDG�
D�KRRI�OHVLRQ�RU�VZHOOLQJ�VSHQW�DQ�DYHUDJH RI����PLQXWHV�HYHU\�KRXU ���� RI�WLPH� HDWLQJ��/HW�XV�
WKLQN�DERXW�WKLV�IURP�D�GDLO\�VWDQGSRLQW��&RZV�ZLWKRXW�KRRI�OHVLRQV�RU�VZHOOLQJ�VSHQW����PLQXWHV�
PRUH�HDWLQJ�HYHU\�GD\�WKDQ�FRZV�WKDW�KDG�KRRI�OHVLRQV�RU�VZHOOLQJ��7KDW�LV�RYHU�DQ�KRXU�RI�ORVW�
IHHGLQJ�WLPH�IRU�FRZV�ZLWK�KRRI�OHVLRQV� ,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKH�VL]H�RI�KRRI�OHVLRQV GLG�
QRW�DIIHFW�FRZ�HDWLQJ�EHKDYLRU�LQ�RXU�VWXG\�



$QRWKHU�LQWULJXLQJ IHDWXUH�RI�WKH�&RZ0DQDJHU� V\VWHP�LV�WKDW�LW�DOVR�UHFRUGV�HDFK�FRZ¶V�HDU�
WHPSHUDWXUH� 7KH�JHQHUDO�WKRXJKW�LV�WKDW�DV�D�FRZ¶V�HDU�WHPSHUDWXUH�GHFUHDVHV��WKH�UHFWDO�
WHPSHUDWXUH�LQFUHDVHV��:H�QRWLFHG�LQ�RXU�VWXG\�WKDW�FRZV�ZLWK�KRRI�OHVLRQV�RU�VZHOOLQJ�KDG�HDU�
WHPSHUDWXUHV��a�������)��DERXW����ORZHU�WKDQ�FRZV�ZLWKRXW�KRRI�OHVLRQV��a�������)�� 7KH�
UHODWLRQVKLS�EHWZHHQ�HDU�WHPSHUDWXUHV�DQG�KRRI�OHVLRQV�LV�VRPHWKLQJ�WKDW�ZH�SODQ�WR�LQYHVWLJDWH�
LQ�PRUH�GHSWK�

2YHUDOO��ZH�IRXQG�DQVZHUV�WR�RXU�TXHVWLRQV�EXW�QRZ�KDYH�QHZ�TXHVWLRQV�WR�SXUVXH��:H�OHDUQHG�
WKDW�D�IRRWEDWK�VROXWLRQ�ZLWK�ORZHU�FRQFHQWUDWLRQV�RI�FRSSHU�FDQ�EH�PRUH�HIIHFWLYH�WKDQ�FRSSHU�
VXOIDWH�DW�PDQDJLQJ�ODUJH��DFWLYH�KRRI�OHVLRQV��:H�OHDUQHG�WKDW HVWUXV�GHWHFWLRQ�WHFKQRORJLHV�WKDW�
PRQLWRU�FRZ�EHKDYLRU�KDYH�WKH�SRWHQWLDO�WR�LGHQWLI\�FRZV�ZLWK�KRRI�OHVLRQV��:H�ZHUH�VXUSULVHG�
WR�OHDUQ�WKDW�FRZV�ZLWK�KRRI�OHVLRQV�VSHQG����OHVV WLPH�HDWLQJ�WKDQ�FRZV�ZLWKRXW�OHVLRQV DQG�WKDW�
OHVLRQ�VL]H�GLG�QRW�DIIHFW�HDWLQJ�EHKDYLRU� &RZV�DUH�SUH\�DQLPDOV�WKDW�RQO\�VKRZ�ZHDNQHVV�ZKHQ�
WKH\�KDYH�WR��,W�LV�HDVLHU�IRU�XV�WR�LGHQWLI\�FRZV�ZLWK�ODPHQHVV�WKDQ�FRZV ZLWK�VPDOO�KRRI�OHVLRQV��
:RXOGQ¶W�LW�EH�QLFH�LI�ZH�FRXOG�XVH�WHFKQRORJ\�WR�KHOS�XV�LGHQWLI\�WKRVH�VPDOO�OHVLRQV�HDUOLHU�DQG�
SURYLGH�FDUH�HDUOLHU" -XVW�IRRG�IRU�WKRXJKW�

,�KRSH�ZH�KHOSHG�\RX�DQVZHU�VRPH�RI�\RXU�TXHVWLRQV�DERXW�KRRI�OHVLRQV��)HHO�IUHH�WR�FRQWDFW�PH�
ZLWK�DQ\�TXHVWLRQV�RU�FRPPHQWV��+DSS\�IDUPLQJ�
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