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,QWURGXFWLRQ
7KLV�PDQXDO�GHVFULEHV� WKH�SDUWV��SURJUDPPLQJ�DQG�XVH�RI� WKH�SKRWRYROWDLF�SHUIRUPDQFH�PRQLWRULQJ�V\VWHP��3930����3930�LV�DQ�DXWRPDWHG�V\VWHP�IRU�FROOHFWLQJ�GDWD�IURP�D�39�V\VWHP�� � 7KLV� V\VWHP� KDV� EHHQ� GHYHORSHG� IRU�� DQG� LV� LQ� XVH� DW� WKH� 6RODU� 3HUIRUPDQFH�7HVWLQJ�8QLW�RI�WKH�39�5HVHDUFK�/DE�RI�WKH�'HSDUWPHQW�RI�3K\VLFV��0RL�8QLYHUVLW\���,Q�WKLV�PDQXDO��WKH�YDULRXV�SDUWV�FRPSULVLQJ�WKH�V\VWHP�DQG�KRZ�WKH\�IXQFWLRQ�DUH�GHVFULEHG���
$Q\� TXHVWLRQV�� FRPPHQWV� RU� FRUUHFWLRQV� PD\� EH� DGGUHVVHG� WR� WKH� DXWKRU� DW�PDU\PXHQL#DQJHOILUH�FRP�3DUWV
7KH� 3930� V\VWHP� FRPSULVHV� WKUHH� PDLQ� FRPSRQHQWV�� WKH� &3&�39� V\VWHP�� WKH�LQWHUIDFLQJ� FRPSRQHQW� DQG� WKH� VRIWZDUH� FRPSRQHQW�� � 7KH�&3&�39� V\VWHP� FRPSULVHV� D�39� SDQHO� HTXLSSHG� ZLWK� ORZ�FRQFHQWUDWLRQ� SDUDEROLF� UHIOHFWRUV�� � 7KH� LQWHUIDFLQJ�FRPSRQHQW� LQFOXGHV� D� FRQVWDQW� YROWDJH� HOHFWURQLF� EULGJH�� DQ� ,2� FDUG� DQG� D� 3&�� � 7KH�VRIWZDUH� FRPSRQHQW� LV� D� SURJUDP� WKDW� FROOHFWV� DQG� LQWHUSUHWV� GDWD� IURP� WKH� &3&�39�V\VWHP�YLD�WKH�LQWHUIDFH�7KH�EULGJH�IRU�ZKLFK�WKLV�SURJUDP�ZDV�GHVLJQHG�LV�D�FRQVWDQW�YROWDJH�EULGJH��7KLV�PHDQV�WKDW� LW� NHHSV� WKH� YROWDJH� UHDGLQJ� DFURVV� WKH� SDQHO� DW� D� FRQVWDQW� YDOXH� VR� WKDW� RQO\� WKH�FXUUHQW�YDULHV��0RUHRYHU�� WKH�EULGJH�FRQYHUWV� WKH�FXUUHQW� UHDGLQJ� LQWR�D�YROWDJH�UHDGLQJ�DQG�VWHSV�GRZQ�WKH�YROWDJHV�VR�WKDW�WKH\�FDQ�EH�IHG�LQWR�WKH�FRPSXWHU��&RQYHUVLRQ�IDFWRUV�DUH�SURYLGHG�ZLWK�WKH�EULGJH�WR�HQDEOH�WKH�XVHU�WR�FRQYHUW�WKH�UHDGLQJV�EDFN�WR�WKH�DFWXDO�YROWDJH�DQG�FXUUHQW�YDOXHV��7KHVH�FRQYHUVLRQ�YDOXHV�DUH�

&XUUHQW��0XOWLSO\�E\�����9ROWDJH��0XOWLSO\�E\����
7KH�,2�FDUG�IRU�WKLV�SURJUDP�LV�D�&RPSXWHU�%RDUGV�FDUG���7KH�GHWDLOV�FRQFHUQLQJ�WKLV�FDUG�DUH�FRPSUHKHQVLYHO\�FRYHUHG�LQ�WKH�WHFKQLFDO�PDQXDOV�VXSSOLHG�ZLWK�WKH�FDUG��7KH� RXWSXW� IURP� WKH� FDUG� LV� LQ� FRXQWV�� ZKLFK� WKH� 3930� SURJUDP� WKHQ� FRQYHUWV� WR�YROWDJHV�EHIRUH�WKH�EULGJH�FRQYHUVLRQ�IDFWRUV�DUH�DSSOLHG�7KH� FDUG� FRPHV� ZLWK� LWV� RZQ� LQVWDOODWLRQ� VRIWZDUH�� ZKLFK� LV� XVHG� IRU� FRQILJXUDWLRQ�SXUSRVHV�� /LEUDULHV� IRU� GLIIHUHQW� SURJUDPPLQJ� ODQJXDJHV� DUH� DOVR� SURYLGHG� LQ� WKH�8QLYHUVDO�/LEUDU\�GLVNHWWH��)RU�WKLV�FDVH��WKH�VRIWZDUH�IRU�WKH�GDWD�DFFHVV�KDV�EHHQ�ZULWWHQ�LQ�9LVXDO�%DVLF������ �7KH�SURJUDP�KDV�EHHQ� OHIW� LQ� LWV� UDZ�IRUP��QRW�FRPSLOHG�DV�VWDQG�DORQH�� VR� DV� WR� HQDEOH� IXWXUH� PRGLILFDWLRQV� ZKHQ� QHFHVVDU\�� 7KH� VHWEDFN� ZLWK� WKLV��KRZHYHU�� LV� WKDW� WKH� SURJUDP� FDQ� RQO\� EH� UXQ� LQ� D� 3&� WKDW� KDV� WKH� 9LVXDO� %DVLF� ����SURJUDP�LQVWDOOHG�DQG�DOO�WKH�QHFHVVDU\�ILOHV�PXVW�EH�PDQXDOO\�ORDGHG��'HWDLOV�RI�WKLV�DUH�JLYHQ�LQ�WKH�7HFKQLFDO�PDQXDO�WKDW�DFFRPSDQLHV�WKLV�XVHU�PDQXDO�
7KH�XVHU�PDQXDO�JLYHV�D�VFUHHQ�E\�VFUHHQ�GHVFULSWLRQ�RI�KRZ�WR�XVH�WKH�3930�VRIWZDUH�ZKLOH�WKH�WHFKQLFDO�PDQXDO�JLYHV�WKH�VRXUFH�FRGH�IRU�WKH�VRIWZDUH�
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,QWURGXFWLRQ7KUHH� RI� WKH� FDUG
V� FKDQQHOV� DUH� LQ� XVH� IRU� WKLV� SURJUDP�� RQH� IRU� LUUDGLDQFH�� WKH� RWKHU�YROWDJH� DQG� WKH� WKLUG�FXUUHQW��7KH�3930�SURJUDP�FDQ�EH� UXQ� LQ� WZR�PRGHV�� WKH� VLQJOH�FKDQQHO�PRGH�DQG� WKH�PXOWL�FKDQQHO�PRGH��7KH�VLQJOH�FKDQQHO�PRGH�DOORZV�WKH�XVHU� WR�UHDG�RQO\�RQH�FKDQQHO�DW�D�WLPH�ZKLOH�WKH�PXOWL�FKDQQHO�PRGH�UHDGV�DOO�WKUHH�FKDQQHOV�DQG�SURFHVVHV�WKH�GDWD��,Q�ERWK�PRGHV�WKH�GDWD�LV�VDYHG�WR�D�GDWD�ILOH�VSHFLILHG�E\�WKH�XVHU�
:KHQ� WKH� SURJUDP�EHJLQV�� D� VFUHHQ� DV� VKRZQ� LQ� ILJ�� ���� LV� GLVSOD\HG��7KLV� LV� WKH�PDLQ�VWDUWLQJ�VFUHHQ�IURP�ZKLFK�WKH�WZR�PRGHV�RI�WKH�SURJUDP�DUH�VWDUWHG�

)LJ������7KH�RSHQLQJ�VFUHHQ
%\� SUHVVLQJ� WKH� LFRQ� LQGLFDWHG�� RQH� FDQ� VWDUW� WKH� SURJUDP� LQ� VLQJOH� FKDQQHO� RU� PXOWL�FKDQQHO� PRGH�� � $OWHUQDWLYHO\�� WKH� )LOH� PHQX� FDQ� EH� XVHG�� 6LPLODUO\�� RQH� FDQ� TXLW� WKH�SURJUDP�IURP�WKH�LFRQ�VKRZQ�RU�IURP�WKH�)LOH PHQX�����6LQJOH�&KDQQHO�0RGH:KHQ�WKH�XVHU�RSWV�IRU�WKH�VLQJOH�FKDQQHO�PRGH��WKH�VFUHHQ�VKRZQ�LQ�ILJXUH�������DSSHDUV���7KH�XVHU�WKHQ�UXQV�WKH�SURJUDP�E\��SUHVVLQJ�WKH��VWDUW��EXWWRQ��SUHVVLQJ�WKH��VWDUW��LFRQ�RQ�WKH�WRROEDU�RU�XVLQJ�WKH�6WDUW�LWHP�RQ�WKH�)LOH�PHQX���

6LQJOH�FKDQQHO�PRGH
0XOWL�FKDQQHO�PRGH ([LW�SURJUDP
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)LJ��������7KH�6LQJOH�FKDQQHO�PRGH
,PPHGLDWHO\�WKH�SURJUDP�EHJLQV��WKH�XVHU�ZLOO�EH�SURPSWHG�WR�JLYH�D�QDPH�IRU�WKH�ILOH�LQ�ZKLFK�WKH�GDWD�FROOHFWHG�ZLOO�EH�VDYHG��DV�VKRZQ�LQ�ILJXUH�������

)LJ��������3URPSW�WR�VDYH�GDWD

6WDUW
5HVWDUW

6WRS ([LW
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7KH�GDWD�ILOH�ZLOO�KDYH�WKH�H[WHQVLRQ� �'$7�DQG�FDQ�WKHQ�EH�DFFHVVHG�DQG�LPSRUWHG�LQWR�DQ\�GHVLUHG�VRIWZDUH�IRU�DQDO\VLV���7KH�GDWD�LV�VDYHG�LQ�FRPPD�VHSDUDWHG�IRUPDW��&69��
2QFH� WKH�XVHU�KDV� VSHFLILHG� WKH�QDPH�DQG� ORFDWLRQ�RI� WKH� ILOH�� WKH�SURJUDP� WKHQ�EHJLQV�UXQQLQJ�� � 7KH� XVHU� VKRXOG� DOVR� VSHFLI\� WKH� FKDQQHO� KH� GHVLUHV� WR� UHDG� E\� HQWHULQJ� WKH�FKDQQHO�QXPEHU�LQ�WKH��(QWHU�&KDQQHO�WR�'LVSOD\��ER[��7KH�FKDQQHOV�DYDLODEOH�SUHVHQWO\�DUH� � 9ROWDJH� &XUUHQW� ,UUDGLDQFH7KH� GHIDXOW� FKDQQHO� LV� ��� ,I� WKH� ER[� LV� OHIW� HPSW\�� FKDQQHO� �� LV� DVVXPHG�� ,I� D� QXPEHU�EHWZHHQ���DQG���LV�HQWHUHG��D�VHOI�H[SODQDWRU\�HUURU�PHVVDJH�DSSHDUV�ZDUQLQJ�WKH�XVHU�WKDW�WKHVH� FKDQQHOV� DUH� QRW� DYDLODEOH�� � ,I� D� QXPEHU� JUHDWHU� WKDQ� �� LV� HQWHUHG�� D� &RPSXWHU�%RDUGV�HUURU�LV�JHQHUDWHG�DQG�WKH�SURJUDP�DERUWV��7KLV�LV�EHFDXVH�WKH�FDUG�RQO\�KDV�HLJKW�FKDQQHOV�DQG�RQO\�WKHVH�DUH�VXSSRUWHG���
,I� WKH� XVHU� SUHVVHV�2.� WKHQ� WKH� SURJUDP� UHVXPHV� DQG�ZDLWV� IRU� XVHU� LQSXW�� ,I� WKH� XVHU�SUHVVHV�+(/3�D�KHOS� VFUHHQ� DSSHDUV� VKRZLQJ� WKH�XVHU� WKH�DYDLODEOH�FKDQQHOV��7R�DYRLG�FRQIXVLRQ�� WKH�XVHU�LV�DGYLVHG�WR�XVH�WKH�LFRQV�RQ�WKH�WRROEDU�WR�VHOHFW�WKH�FKDQQHO�WR�EH�UHDG��7KHVH�DUH�LQGLFDWHG�LQ�ILJXUH�������2QFH�DQ�DFFHSWDEOH�FKDQQHO�LV�VHOHFWHG��WKH�SURJUDP�UXQV�VKRZLQJ�ERWK�WKH�QDPH�RI�WKH�FKDQQHO�EHLQJ�PRQLWRUHG�DQG�WKH�YDOXH�EHLQJ�UHDG�DQG�WKH�XQLWV��9ROWDJH�ZLOO�EH�LQ�9ROWV��FXUUHQW�LQ�$PSHUHV�DQG�LUUDGLDQFH�LQ�:DWWV�SHU�VTXDUH�PHWHU���7KH�UDWH�RI�GDWD�FROOHFWLRQ��L�H���WKH�LQWHUYDO�EHWZHHQ�FRQVHFXWLYH�GDWD�SRLQWV�LV�VHW�E\�GHIDXOW�DW�����PV�EXW�WKLV�FDQ�EH�DGMXVWHG E\�FKDQJLQJ�WKH�YDOXH�LQ�WKH��,QWHUYDO��ER[�)LJXUH� ������ VKRZV� D� VDPSOH� VFUHHQ� RI� WKH� 3930� SURJUDP� UXQQLQJ� LQ� 6LQJOH� FKDQQHO�PRGH�7R�VWRS�WKH�SURJUDP��WKH�XVHU�FDQ�SUHVV�WKH�6WRS�EXWWRQ��SUHVV�WKH�6WRS�LFRQ� RU�XVH�WKH�)LOH�PHQX��$�5HVWDUW�EXWWRQ�DSSHDUV�DQG�FDQ�EH�XVHG�WR�UHVWDUW�WKH�GDWD�DFFHVV�SURFHVV��
6LPLODUO\��WKH�5HVWDUW�LFRQ� RQ�WKH�WRROEDU�RU�WKH�5HVWDUW�LWHP�RQ�WKH�)LOH�PHQX�FDQ�EH�XVHG��5HVWDUWLQJ�WKH�SURJUDP�GRHV�QRW�LQWHUIHUH�ZLWK�WKH�GDWD�WKDW�LV�DOUHDG\�VDYHG�RQ�ILOH��7KH�QHZ�GDWD�LV�VLPSO\�DGGHG�DW�WKH�HQG�RI�WKH�SUHYLRXV�GDWD�DQG�VR�QR�GDWD�LV�ORVW��7KH�VDYHG� GDWD� KDV� D� FROXPQ� LQGLFDWLQJ� WLPH� DQG� VR� WKH� XVHU�ZLOO� EH� DEOH� WR� WHOO�ZKHQ� WKH�SURJUDP�ZDV�VWRSSHG�DQG�ZKHQ�LW�ZDV�UHVWDUWHG�
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)LJXUH�������3930�SURJUDP�UXQQLQJ�LQ�6LQJOH FKDQQHO�PRGH�
7R�H[LW�WKH�SURJUDP��LW�LV�DGYLVDEOH�WR�ILUVW�VWRS�WKH�SURJUDP�DQG�WKHQ�SUHVV�WKH�H[LW�EXWWRQ�RU�SUHVV�WKH�H[LW�LFRQ�RU�XVH�WKH�)LOH�PHQX��7KH�SURJUDP�ZLOO�SURPSW�WKH�XVHU�WR�FRQILUP�WKDW�KH�ZLVKHV�WR�4XLW��7KLV�LV�LOOXVWUDWHG�LQ�ILJXUH�������

)LJXUH�������&RQILUP�WKDW�\RX�ZLVK�WR�4XLW�

5HDG�9ROWDJH
5HDG�&XUUHQW

5HDG�,UUDGLDQFH
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,I�WKH�XVHU�SUHVVHV�\HV��WKH�6LQJOH�FKDQQHO�PRGH�H[LWV�DQG�WKH�XVHU�LV�UHWXUQHG�WR�WKH�PDLQ�3930�SURJUDP��ILJXUH�������,I�1R�LV�FKRVHQ��WKH�XVHU�LV�WDNHQ�EDFN�WR�WKH�6LQJOH�&KDQQHO�PRGH������0XOWL�&KDQQHO�0RGH:KHQ�WKH�XVHU�RSWV�IRU�WKH�PXOWL�FKDQQHO�PRGH��WKH�VFUHHQ�VKRZQ�LQ�ILJXUH�������DSSHDUV���7KH�XVHU�WKHQ�UXQV�WKH�SURJUDP�E\��SUHVVLQJ�WKH��VWDUW��EXWWRQ��SUHVVLQJ�WKH��VWDUW��LFRQ�RQ�WKH�WRROEDU�RU�XVLQJ�WKH�6WDUW�LWHP�RQ�WKH�)LOH�PHQX��7KH�PRGH�RI GDWD�DFFHVV�VKRXOG�EH�OHIW�DW�WKH�'HIDXOW��'HWDLOV�RQ�WKH�RWKHU�PRGHV�FDQ�EH�REWDLQHG�IURP�WKH�PDQXDOV�VXSSOLHG�ZLWK�WKH�FDUG��$V�LQ�WKH�FDVH�RI�WKH�6LQJOH�FKDQQHO�PRGH��WKH�LQWHUYDO�EHWZHHQ�FRQVHFXWLYH�UHDGLQJV�FDQ�EH�YDULHG�XVLQJ�WKH�LQWHUYDO�ER[��7KH�PXOWL�FKDQQHO�SURJUDP�ZRUNV�LQ�D�VLPLODU�ZD\�WR�WKH�VLQJOH�FKDQQHO�PRGH�LQ�WKH�FDVH�RI�VWDUWLQJ��UHVWDUWLQJ��VWRSSLQJ��TXLWWLQJ�DQG�VDYLQJ�GDWD���7KH�EXWWRQV��LFRQV�RU�)LOH�PHQX�RSWLRQV�PD\�EH�XVHG�IRU�WKHVH�SXUSRVHV��

)LJXUH�������7KH�3930�SURJUDP�LQ�PXOWL�FKDQQHO�PRGH
7KH� WKUHH� FKDQQHOV� DUH� UHDG� VLPXOWDQHRXVO\� DQG� WKH� YDOXHV� RI� YROWDJH� DQG� FXUUHQW�PXOWLSOLHG�WR�JLYH�WKH�SRZHU�RXWSXW�LQ�:DWWV���7KLV�GDWD�LV�DJDLQ�VDYHG�LQ�WKH�ILOH�VSHFLILHG�E\�WKH�XVHU��ILJXUH��������
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7KH�XVHU�FDQ�FKRRVH�WR�YLHZ�D�OLVW�RU�SORW�RI�WKH�GDWD�DV�LW�LV�EHLQJ�FROOHFWHG��2QO\�RQH�RU�OLVW�RU�SORW�FDQ�EH�YLHZHG�DW�D�WLPH�E\�VHOHFWLQJ�WKH�GHVLUHG�RSWLRQ�IURP�WKH�/LVW�*UDSK�WR�9LHZ�RSWLRQV�
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,QWURGXFWLRQ
7KH� 3930� SURJUDP� KDV� EHHQ� ZULWWHQ� LQ� 9LVXDO� %DVLF� ����� 7KH� SURJUDP� KDV� EHHQ� OHIW� LQ� DQ�XQFRPSLOHG��³UDZ´��VWDWH��7KLV�LV�IRU�WZR�PDLQ�UHDVRQV��� ,W�PDNHV�LW�HDVLHU�WR�PRGLI\�WKH�FRGH�IRU�DQ\�DGMXVWPHQWV�PDGH�WR�WKH�VHW�XS��� 7KH� FDUG� FRPHV�ZLWK� LWV� RZQ� VRIWZDUH��ZKLFK� ZRXOG� QHHG� WR� EH� LQFRUSRUDWHG� LQWR� WKH�UHVXOWLQJ�VWDQG�DORQH�SURJUDP���7KH�PDLQ�VHWEDFN�WR�OHDYLQJ�WKH�SURJUDP�LQ�WKLV�PDQQHU�LV�WKDW�LW�FDQ�RQO\�EH�UXQ�LQ�D�FRPSXWHU�WKDW�KDV�9LVXDO�%DVLF�����LQVWDOOHG�,Q�FDVH�WKHUH�LV�D�QHHG�WR�WUDQVIHU�WKH�SURJUDP�WR� DQRWKHU�FRPSXWHU��WKH�IROORZLQJ�VWHSV�PXVW�EH�IROORZHG��� (QVXUH� WKDW� 9LVXDO� %DVLF� ���� LV� ORDGHG� RQWR� WKH� FRPSXWHU� \RX� DUH� WUDQVIHUULQJ� WKH�SURJUDP�WR��� &UHDWH�D�IROGHU�WR�KROG�WKH�SURJUDP�DQG�DOO�WKH�ILOHV�WKDW�DUH�UHTXLUHG�WR�UXQ�LW��DV�OLVWHG�EHORZ��� &RS\�WKH�SURMHFW�ILOH�WRJHWKHU�ZLWK�DOO�WKH�ILOHV�LQWR�WKH�IROGHU��� 2SHQ� WKH� SURMHFW� DQG� HQVXUH� WKDW� LW� LV� UXQQLQJ��<RX� FDQ� WKHQ� FUHDWH� DQ� H[HFXWDEOH� ILOH��)LOH_0DNH�H[H�ILOH��DQG�XVH�WKLV�WR�FUHDWH�D�VKRUWFXW�WR�WKH�SURJUDP�
7KH�IROORZLQJ�ILOHV��/LVW������DUH�QHFHVVDU\�IRU�WKH�SURJUDP�WR�UXQ��7KHVH�DUH�WKH�ILOHV�WKDW�ZHUH�FUHDWHG�VSHFLILFDOO\�IRU�WKLV�SURJUDP�/LVW�����)LOHV�IRU�WKH�3930�SURJUDP
$FWXDO�QDPH�RI�ILOH�LQ�&RPSXWHU 9LVXDO�EDVLF�QDPH$%3(5)�)50 IUPSHU$ERXW&+$1(55�)50 IUP(UURU&21),50��)50 IUP&RQI3HUI�&21)3(5)�)50 IUP&RQI3HUI'$7$,55�)50 IUP'DWD/LVW,'$7$/&�)50 IUP'DWD/LVW&'$7$/,67�)50 IUP'DWD/LVW3'$7$9�)50 IUP'DWD/LVW9*5$3+&�)50 IUP*UDSK&*5$3+,�)50 )UP*UDSK,*5$3+9�)50 )UP*UDSK9*5$3+3�)50 )UP*UDSK3+(/33(5)�)50 IUP''�+HOS/2$'%03�)50 )UP/RDG%PS0',%$6(�)50 0GLIUP%DVH3(5)��)50 IUP'DWD'LVSOD\�3(5)��)50 )UP'DWD'LVSOD\3(5)��)50 )UP3URJ,QIR&%:�%$6
7KH� ODVW� ILOH�� &%:�%$6�� FRPHV� ZLWK� WKH� 8QLYHUVDO� /LEUDU\� IRU� 9LVXDO� %DVLF� DQG�0867� EH�ORDGHG�LQWR�DQ\�SURMHFW�WKDW�UXQV�ZLWK�WK H�FDUG���/LVW�����JLYHV�WKH�9LVXDO�%DVLF�FRQWUROV�WKDW�DUH�
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QHFHVVDU\�IRU�WKH�SURJUDP�WR�UXQ��7KHVH�DUH�PRVWO\�ORFDWHG�LQ�WKH�:LQGRZV�6\VWHP�IROGHU�LQ�WKH�FRPSXWHU�/LVW�����9LVXDO�EDVLF�FRQWUROV�IRU�WKH�3930�SURJUDP
$1,%8721�9%;&0',$/2*�9%;&5<67$/�9%;*$8*(�9%;*5$3+�9%;*5,'�9%;.(<67$7�9%;06&200�9%;060$6.('�9%;062/(��9%;06287/,1�9%;3,&&/,3�9%;63,1�9%;7+5(('�9%;
6RPH� RI� WKHVH� ORDG� DXWRPDWLFDOO\�ZKHQHYHU� D� QHZ� SURMHFW� LV� VWDUWHG� LQ�9%�� 6RPH� KDYH� WR� EH�DGGHG�WR�WKH�SURMHFW�PDQXDOO\�XVLQJ�WKH�)LOH _�$GG�)LOH�PHQX���7KH�&RGH7KLV�VHFWLRQ�JLYHV�WKH�FRGH�IRU�WKH�HQWLUH�3930�SURJUDP��(DFK�LQWHUIDFH�LV�VKRZQ�IROORZHG�E\�WKH�FRGH�IRU�WKDW�LQWHUIDFH��1RWH�WKDW�x (DFK� LQWHUIDFH�KDV�YDULRXV�REMHFWV� �WH[W�ER[HV�� ODEHOV�� WLPHUV��HWF���DQG�HDFK�REMHFW�KDV�LW¶V� RZQ� VHFWLRQ� RI� FRGH�� 6RPH� REMHFWV� PD\� KDYH� PRUH� WKDQ� RQH� VHFWLRQ� RI� FRGH�GHSHQGLQJ�RQ�KRZ�PDQ\�RI�WKH�PHWKRGV�EHORQJLQJ�WR�WKDW�REMHFW�KDYH�EHHQ�XWLOL]HG��x 7KH�EHJLQQLQJ� DQG�HQG�RI� HDFK� VHFWLRQ�RI� FRGH� � 6XE DQG�(QG�6XE�� DUH� LQ�EROG�ZKLOH�FRPPHQWV�DUH�LQ LWDOLFV��x &RPPHQWV�DOZD\V�KDYH�DQ�DSRVWURSKH�������SUHFHGLQJ�WKHP�DQG�WKLV�LQVWUXFWV�WKH�FRPSLOHU�WR�LJQRUH�WKHP��x (DFK�FRPPHQW�H[SODLQV�WKH�OLQH�V��RI�FRGH�LPPHGLDWHO\�IROORZLQJ�LW��EXW�LQ�VRPH�FDVHV�WKH�FRPPHQW�LV�ZULWWHQ�LPPHGLDWHO\�DIWHU�WKH�FRGH��RQ� WKH�VDPH�OLQH�x 6RPH�VHFWLRQV�RI�FRGH�DUH�EODQN��x 1RWH�WKDW�DQ�XQGHUVFRUH���B���LQGLFDWHV�WKDW�WKH�OLQH�RI�FRGH�FRQWLQXHV�RQWR�WKH�QH[W�OLQH��7KH�YLVXDO�EDVLF�HGLWRU�VXSSRUWV�ORQJ�VHQWHQFHV�WKDW�DUH�ZUDSSHG�LQ�:RUG�x 3URFHGXUHV�� ,Q�9LVXDO� EDVLF�WKH�ZRUG� 6XE SUHFHGHV� DQ\� SURFHGXUH� DQG� WKH�ZRUGV� (QG�6XE PDUN� WKH�HQG�RI� WKDW�SURFHGXUH��7KH�ZRUG� LPPHGLDWHO\�IROORZLQJ� WKH�ZRUG�6XE� LV�WKH�QDPH�RI�WKH�SURFHGXUH��)RU�H[DPSOH

6XE 2EMHFWQDPHB(YHQW«FRGH�KHUH«(QG�6XE���ZKHUH�2EMHFWQDPH LV�WKH�QDPH�RI�WKH�REMHFW��H�J� D�FRPPDQG�EXWWRQ��D�WH[W�ER[��HWF��DQG�(YHQW LV� WKH�QDPH�RI� WKH�HYHQW� WKDW�ZLOO� WULJJHU� WKH�H[HFXWLRQ�RI� WKH�FRGH�� IRU�H[DPSOH�&OLFN��&KDQJH��HWF�
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x :LWKLQ�WKH�FRGH��SURSHUWLHV�RI�REMHFWV�DUH�VHW�XVLQJ�WKH�9%�IRUPDW�DV�EHORZ�2EMHFWQDPH�3URSHUW\� 9DOXHZKHUH 2EMHFWQDPH LV�WKH�QDPH�RI�WKH�REMHFW��3URSHUW\ LV�WKH�SURSHUW\�RI�WKDW�REMHFW�WKDW�\RX�ZLVK�WR�VHW��H�J�9LVLEOH��+LGH��HWF���DQG� 9DOXH LV�WKH�YDOXH�WKDW�WKH�REMHFW�ZLOO�WDNH��IRU�H[DPSOH�)DOVH��7UXH�HWF��7KH�H[FHSWLRQ�WR�WKLV�UXOH�LV�LQ�WKH�FDVH�ZKHUH�REM HFWV�EHLQJ�UHIHUUHG�WR�DUH�LQ�D�GLIIHUHQW�FKLOG�IRUP��LQ�ZKLFK�FDVH�WKH�QDPH�RI�WKH�IRUP�LV�ILUVW�JLYHQ�IROORZHG�E\�WKH�QDPH�RI�WKH�REMHFW�DQG�WKHQ�WKH�SURSHUW\���7KH�PGLIUPEDVH�IRUP�LV�WKH�SDUHQW�IRUP�DQG�DOO�WKH�UHVW�DUH�FKLOG�IRUPV���)RU�H[DPSOHIUPGDWDGLVSOD\��OEOVKRZSDUDPHWHU�9LVLEOH� ��ZKHUH� IUPGDWDGLVSOD\�� LV� WKH� QDPH� RI� WKH� IRUP�� OEOVKRZSDUDPHWHU� LV� WKH� QDPH� RI� DQ�REMHFW�RQ�WKDW�IRUP�DQG�9LVLEOH�LV�WKH�QDPH�RI�WKH�SURSHUW\�EHLQJ�VHW�x $�QDPLQJ� FRQYHQWLRQ� KDV� EHHQ� XVHG� IRU� HDVH�RI� LGHQWLI\LQJ�REMHFW V��7KH�QDPHV�RI� WKH�REMHFWV�XVHG�EHJLQ�ZLWK�D�SUHIL[� WKDW� LGHQWLILHV� WKH� W\SH�RI�REMHFW��7KH�PRVW�FRPPRQO\�XVHG�DUH�VXPPDUL]HG�EHORZ�
3UHIL[ 2EMHFWFPG &RPPDQG�EXWWRQFPG�' �'�FRPPDQG�EXWWRQIUP )RUPOEO /DEHOPQX 0HQX�LWHPWPU 7LPHUW[W 7H[W�ER[

7KH� PRVW� LPSRUWDQW� XVHU� LQWHUIDFHV� IRU� WKH� 3930� SURJUDP� DUH� WKH� PDLQ� VWDUWXS� LQWHUIDFH��ILJ��������FDOOHG�0GLIUP%DVH��WKH�VLQJOH�FKDQQHO�LQWHUIDFH��ILJ���������FDOOHG� IUP'DWD'LVSOD\�DQG�WKH�PXOWL�FKDQQHO�LQWHUIDFH��ILJ���������FDOOHG� IUP'DWD'LVSOD\��$OO�RWKHU�ILOHV�DUH�FDOOHG�IURP�WKHVH�WKUHH��:H�WKHUHIRUH�EHJLQ�E\�JLYLQJ�WKH�FRGH�IRU�WKHVH�WKUHH�DQG�WKHQ�JLYH�WKH�FRGH�IRU�WKH�UHVW�RI�WKH�LQWHUIDFHV�LQ�DOSKDEHWLFDO�RUGHU��
�$OO�ILOHV�DUH�UHIHUUHG�WR�E\�WKHLU�DFWXDO�QDPHV�ZLWK�WKHLU�YLVXDO�EDVLF�REMHFW�QD PHV�LQ�EUDFNHWV��
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&RGH�����0',%$6(�)50��0GLIUP%DVH�

'HFODUDWLRQV�
�)LOH�������������������������������3930�0$.

�/LEUDU\�&DOO�8VHG��������FE$,Q�����FE$,Q6FDQ����VDPSOLQJ�PRGH�RSWLRQV�

�3XUSRVH����������������������L��5HDGV�D�XVHU�VSHFLILHG�$�'�,QSXW�&KDQQHO�
�����������������������������������LL�6FDQV�D�UDQJH�RI�$�'�,QSXW�&KDQQHOV�DQG
����������������������������������VWRUHV�WKH�VDPSOH�GDWD�LQ�DQ�DUUD\�XVLQJ
����������������������������������D�XVHU�VSHFLILHG�VDPSOLQJ�PRGH�
�&XUUHQW�2XWSXW������� L��'LVSOD\V�WKH�DQDORJ�LQSXW�RQ�D�XVHU�VSHFLILHG
�������������������������������������FKDQQHO�
����������������������������������LL�'LVSOD\V�WKH�DQDORJ�LQSXW�RQ���FKDQQHOV�

�2WKHU�/LEUDU\�&DOOV����FE(UU+DQGOLQJ���

�6SHFLDO�5HTXLUHPHQWV���%RDUG���PXVW�KDYH�DQ�$�'�FRQYHUWHU�
���������������������������������������%RDUG�PXVW�VXSSRUW�WKH�PRGH�VHOHFWHG�IRU��LL��

��F��&RS\ULJKW�������39/DE�
�$OO�ULJKWV�UHVHUYHG�
                                                         
6XE�0',)RUPB/RDG���
(QG�6XE
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6XE�FPG([LWB&OLFN���
��([LW�WKH�SURJUDP(QG(QG�6XE
6XE�FPG0XOWLB&OLFN���
��2SHQ�WKH�0XOWL�&KDQQHO�PRQLWRULQJ�IRUPIUP'DWD'LVSOD\�6KRZ

��+LGH�WKH�PDLQ�H[LW�LFRQ�WR�SUHYHQW�DFFLGHQWDOO\�FORVLQJ�WKH
��SURJUDP�ZKLOH�LW�LV�VWLOO�H[HFXWLQJFPG([LW�9LVLEOH� �)DOVH(QG�6XE

6XE�FPG6LQJOHB&OLFN���
��2SHQ�WKH�6LQJOH�&KDQQHO�PRQLWRULQJ�IRUPIUP'DWD'LVSOD\��6KRZ
� +LGH�WKH�PDLQ�H[LW�LFRQ�WR�SUHYHQW�DFFLGHQWDOO\�FORVLQJ�WKH
��SURJUDP�ZKLOH�LW�LV�VWLOO�H[HFXWLQJFPG([LW�9LVLEOH� �)DOVH(QG�6XE
6XE�PQX)LOHB&OLFN���
(QG�6XE
6XE�PQX)LOH'DVKB&OLFN���
(QG�6XE
6XE�PQX)LOH([LWB&OLFN���
��([LW�WKH�SURJUDP(QG(QG�6XE
6XE�PQX)LOH0XOWLB&OLFN���
��2SHQ�WKH�0XOWL�&KDQQHO�PRQLWRULQJ�IRUPIUP'DWD'LVSOD\�6KRZ

��+LGH�WKH�PDLQ�PHQX�H[LW�RSWLRQ�WR�SUHYHQW�DFFLGHQWDOO\�FORVLQJ�WKH
��SURJUDP�ZKLOH�LW�LV�VWLOO�H[HFXWLQJFPG([LW�9LVLEOH� �)DOVH(QG�6XE

6XE�PQX)LOH6LQJOHB&OLFN���
�2SHQ�WKH�6LQJOH�&KDQQHO�PRQLWRULQJ�IRUPIUP'DWD'LVSOD\��6KRZ

��+LGH�WKH�PDLQ�PHQX�H[LW�RSWLRQ�WR�SUHYHQW�DFFLGHQWDOO\�FORVLQJ�WKH



PVPM Manual

The Solar Energy Research Group, Department of Physics, Moi University
P.O. Box 1125, Eldoret, Kenya

13


��SURJUDP�ZKLOH�LW�LV�VWLOO�H[HFXWLQJFPG([LW�9LVLEOH� �)DOVH(QG�6XE
6XE�PQX+HOSB&OLFN���
(QG�6XE
6XE�PQX+HOS$ERXWB&OLFN���

��'LVSOD\�WKH�$ERXW�LQIRUPDWLRQ�E\�VHQGLQJ�WKH�IROORZLQJ�WH[W�WR�WKH�ODEHO�OEO$ERXW�LQ�WKH
��IRUP�IUP3HUI$ERXW�DQG�WKHQ�GLVSOD\�WKH�IRUP�&DSWLRQ7H[W�� ��7KLV�SURJUDP�KDV�EHHQ�GHYHORSHG�IRU�WKH�3KRWRYROWDLF�5HVHDUFK�*URXS�E\�&DSWLRQ7H[W�� �����������0�0XHQL�DQG�0�0Z DPEXUL�&DSWLRQ7H[W�� �����������7KH�3KRWR9ROWDLFV�5HVHDUFK�*URXS�&DSWLRQ7H[W�� �����������'HSDUWPHQW�RI�3K\VLFV�&DSWLRQ7H[W�� �����������0RL�8QLYHUVLW\�&DSWLRQ7H[W�� �����������3�2�%R[������&DSWLRQ7H[W�� �����������(OGRUHW�&DSWLRQ7H[W�� �����������.HQ\D��IUP3HUI$ERXW�OEO$ERXW�&DSWLRQ� �&DSWLRQ7H[W��	�&KU������	�&KU������	�&DSWLRQ7H[W��	�B���&KU������	�&DSWLRQ7H[W��	�&KU������	�&DSWLRQ7H[W��	�&KU������	�&DSWLRQ7H[W��	�B��&KU������	�&DSWLRQ7H[W��	�&KU������	�&DSWLRQ7H[W��	�&KU������	�&DSWLRQ7H[W��IUP3HUI$ERXW�6KRZ(QG�6XE

6XE�PQX+HOS,QIRB&OLFN���
�����'LVSOD\�LQIRUPDWLRQ�DERXW�WKH�SURJUDP�E\�VHQGLQJ�WKH�IROORZLQJ�WH[W�WR�WKH�ODEHO�OEO3URJ,QIR
���� LQ�WKH�IRUP�IUP3URJ,QIR�DQG�WKHQ�GLVSOD\�WKH�IRUP�
&DSWLRQ7H[W�� ��7KLV�SURJUDP�DOORZV�\RX�WR�GR�SHUIRUPDQFH�PRQLWRULQJ�RI�D�39�V\VWHP�B��7KUHH�FKDQQHOV�DUH�DYDLODEOH��WKHVH�FKDQQHOV�DUH�,UUDGLDQFH��9ROWDJH��DQG�&XUUHQW���&DSWLRQ7H[W�� ��7ZR�PRQLWRULQJ�RSWLRQV�DUH�DYDLODEOH���7KH�
6L QJOH�&KDQQHO
�2SWLRQ�BDOORZV�\RX�WR�PRQLWRU�RQH�FKDQQHO�DW�D�WLPH�ZKLOH�ZLWK�WKH�
0XOWL�&KDQQHO
�RSWLRQ�\RX�BFDQ�PRQLWRU�DOO�WKUHH�FKDQQHOV�VLPXOWDQHRXVO\���7KH�VHFRQG�RSWLRQ�DOVR�VKRZV�WKH�BFDOFXODWHG�WRWDO�SRZHU�RXWSXW�DW�HDFK�LQVWDQ W�DQG�FDQ�GLVSOD\�D�OLVW�DV�ZHOO�DV�D�SORW�RI�DQ\B��FKRVHQ�SDUDPHWHU��&DSWLRQ7H[W�� ����,Q�ERWK�FDVHV��WKH�GDWD�FROOHFWHG�LV�VDYHG�WR�D�GDWD�ILOH�VSHFLILHG�E\�WKH�BXVHU���7KLV�DOORZV�RQH�WR�DIWHUZDUGV�DQDO\]H�DQG�PDQLSXODWH�WKH�GDWD�DV�G HVLUHG��&DSWLRQ7H[W�� ��7KH�XVHU�LV�DOORZHG�WR�VSHFLI\�WKH�WLPH�LQWHUYDO�EHWZHHQ�FRQVHFXWLYH�GDWDBFROOHFWLRQ�WLPHV���7KLV�LV�SURYLGHG�IRU�LQ�WKH�ER[�GHVLJQDWHG�
,QWHUYDO
���1RWH�WKDW�WKH�ILJXUHB\RX�VSHFLI\�LV�LQ�PLOOLVHFRQGV���7KH�GHIDXO W�LV������PLOOLVHFRQGV��L�H����VHFRQG����IUP3URJ,QIR�OEO3URJ,QIR�&DSWLRQ� �&DSWLRQ7H[W��	�&KU������	�&KU������	�&DSWLRQ7H[W�B	�&KU������	�&KU������	�&DSWLRQ7H[W��	�&KU������	�&KU������	�&DSWLRQ7H[W��	B&KU������	�&KU�����IUP3URJ,QIR�6KRZ(QG�6XE

6XE�0QX:LQGRZB&OLFN���
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(QG�6XE
6XE�PQX:LQGRZ&DVFDGHB&OLFN���
�7KH�LQGH[���UHSUHVHQWV�WKH�&DVFDGH�DUUDQJHPHQWPGLIUP%DVH�$UUDQJH��(QG�6XE
6XE�PQX:LQGRZ7LOH+B&OLFN���
��7KH�LQGH[���UHSUHVHQWV�WKH�7LOH�+RUL]RQWDO�DUUDQJHPHQWPGLIUP%DVH�$UUDQJH��(QG�6XE
6XE�PQX:LQGRZ7LOH9B&OLFN���
��7KH�LQGH[���UHSUHVHQWV�WKH�7LOH�+RUL]RQWDO�DUUDQJHPHQWPGLIUP%DVH�$UUDQJH��(QG�6XE
6XE�3LFWXUH�B&OLFN���
(QG�6XE
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&RGH�����3(5)��)50��IUP'DWD'LVSOD\��

'HFODUDWLRQV�&RQVW�%RDUG1XP�� ��������������� 
��%RDUG�QXPEHU
6XE�)RUPB/RDG���
���GHILQH�WKH�RYHUZULWH�SURPSW
���GHFODUH�UHYLVLRQ�OHYHO�RI�8QLYHUVDO�/LEUDU\&RQVW�2)1B29(5:5,7(352037� �	+�	8/6WDW�� �FE'HFODUH5HYLVLRQ�&855(175(9180�

���,QLWLDWH�HUURU�KDQGOLQJ
���DFWLYDWLQJ�HUURU�KDQGOLQJ�ZLOO�WUDS�HUURUV�OLNH
���EDG�FKDQQHO�QXPEHUV�DQG�QRQ�FRQILJXUHG�FRQGLWLRQV�
���3DUDPHWHUV�
����35,17$//��������DOO�ZDUQLQJV�DQG�HUURUV�HQFRXQWHUHG�ZLOO�EH�SULQWHG
����'2176723�����LI�DQ�HUURU�LV�HQFRXQWHUHG��WKH�SURJUDP�ZLOO�QRW�VWRS�
�����������������������������HUURUV�PXVW�EH�KDQGOHG�ORFDOO\

���&KDQJH�ZRUNLQJ�GLUHFWRU\�WR�WKH�GLUHFWRU\
���ZKHUH�WKH�DSSOLFDWLRQ�ZDV�H[HFXWHG�&K'LU�DSS�3DWK&K'ULYH�DSS�3DWK
8/6WDW�� �FE(UU+DQGOLQJ��35,17$//��'2176723�
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,I�8/6WDW���!���7KHQ�6WRS

���,I�FE(UU+DQGOLQJ��LV�VHW�IRU�6723$//�RU�6723)$7$/�GXULQJ�WKH�SURJUDP
���GHVLJQ�VWDJH��9LVXDO�%DVLF�ZLOO�EH�XQORDGHG�ZKHQ�DQ�HUURU�LV�HQFRXQWHUHG�
��:H�VXJJHVW�WUDSSLQJ�HUURUV�ORFDOO\�XQWLO�WKH�SURJUDP�LV�UHDG\�IRU�FRPSLOLQJ
��WR�DYRLG�ORVLQJ�XQVDYHG�GDWD�GXULQJ�SURJUDP�GHVLJQ���7KLV�FDQ�EH�GRQH�E\
��VHWWLQJ�FE(UU+DQGOLQJ�RSWLRQV�DV�DERYH�DQG�FKHFNLQJ�WKH�YDOXH�RI�8/6WDW�
��DIWHU�D�FDOO�WR�WKH�OLEUDU\��,I�LW�LV�QRW�HTXDO�WR����DQ�HUURU�KDV�RFFXUUHG�

��&HQWHU�WKH�IRUP�RQ�WKH�VFUHHQ�ZKHQ�LW�ORDGV7RS� �6FUHHQ�+HLJKW������ +HLJKW����/HIW� �6FUHHQ�:LGWK������ :LGWK����
��(QWHU�WKH�FDSWLRQ�LQWR�WKH�ODEHO�LQ�WKH�IRUP�LPPHGLDWHO\�LW�ORDGVOEO)RRW��&DSWLRQ� ��3KRWR9ROWDLFV�5HVHDUFK�/DERUDWRU\��	�&KU������	��'HSDUWPHQW�RIB3K\VLFV��	�&KU������	��0RL�8QLYHUVLW\�(QG�6XE

6XE�FPG�'&XUUHQWB&OLFN���
��'LVSOD\�FKDQQHO�QXPEHU��W[W1XPFKDQ�L���7H[W� ��(QG�6XE
6XE�FPG�'([LWB&OLFN���
��6KRZ�WKH &RQILUP�4XLW�GLDORJIUP&RQI3HUI��6KRZ(QG�6XE
6XE�FPG�',UUDGB&OLFN���
��'LVSOD\�FKDQQHO�QXPEHU��W[W1XPFKDQ�L���7H[W� ��(QG�6XE
6XE�FPG�'5HVWDUWB&OLFN���FPG6WRS&RQYHUW�9LVLEOH� ��� 
��6KRZ�WKH�6WRS�FRPPDQG�EXWWRQFPG�'6WRS�(QDEOHG  �7UXH�
��(QDEOH�WKH�6WRS�LFRQ�RQ�WKH�WRROEDUFPG6WRS&RQYHUW�'HIDXOW� ��� 
��6HW�WKH�6WRS�FRPPDQG�EXWWRQ�DV�WKH�GHIDXOWFPG5HVWDUW�9LVLEOH� ��� 
�+LGH�WKH�5H6WDUW�FRPPDQG�EXWWRQFPG�'5HVWDUW�(QDEOHG� �)DOVH� 
��'LVDEOH�WKH�5HVWDUW�LFRQ�RQ�WKH�WRROEDUFPG5HVHW�9LVLEOH� ����� 
��+LGH�WKH�5HVHW�FRPPDQG�EXWWRQPQX)LOH6WRS�(QDEOHG� �7UXH� 
��(QDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVHW�(QDEOHG� �)DOVH� 
��'LVDEOH�WKH�5HVHW�RSWLRQ�LQ�WKH�)LOH�PHQX

��6KRZ�WKH�SDUDPHWHU�DQG�YDOXH�ER[HVOEO6KRZ3DUDPHWHU�9LVLEOH� ��OEO3DUDPHWHU�9LVLEOH� ��
WPU&RQYHUW�(QDEOHG� ������
��(QDEOH�WKH�WLPHUWPU&RQYHUW�,QWHUYDO� �9DO�W[W,QWHUYDO�7H[W�� 
�6HW�WKH�WLPHU�LQWHUYDO�DW�WKH�XVHU�VSHFLILHG�YDOXH(QG�6XE
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6XE�FPG�'6WDUWB&OLFN���
���&DQFHO(UURU�LV�7UXH2Q�(UURU�*R7R�HUUKDQGOLQJ
��6HW�ILOWHUV&0'LDORJ��)LOWHU� ��$OO�)LOHV��
�
�_
�
_'DWD�)LOHV��
�GDW�_
�GDW_7H[W�)LOHV��
�W[W�_
�W[W�
��6SHFLI\�GHIDXOW�ILOWHU&0'LDORJ��)LOWHU,QGH[� ��
��GLVSOD\�WKH�)LOH�2SHQ�GLDORJ&0'LDORJ��$FWLRQ� ��&0'LDORJ��)ODJV� �2)1B29(5:5,7(352037&0'LDORJ��'LDORJ7LWOH� ��6DYH�'DWD�$V�)LOHQDPH� �&0'LDORJ��)LOHQDPH

��2SHQ�WKH�ILOH�DQG�ZULWH�WKH�FROXPQ�QDPHV�DQG WKHQ�FORVH�WKH�ILOH)QXP� ��2SHQ�)LOHQDPH�)RU�2XWSXW�$V�)QXP:ULWH��)QXP���'DWH�����7LPH����&KDQQHO����9DOXH�&ORVH
FPG6WDUW&RQYHUW�9LVLEOH� ��� 
��+LGH�WKH�6WDUW�FRPPDQG�EXWWRQFPG�'6WDUW�(QDEOHG� �)DOVH�� 
��'LVDEOH�WKH�6WDUW�LFRQ�RQ�WKH�WRROEDUFPG6WRS&RQYHUW�9LVLEOH� ���� 
��6KRZ�WKH�6WRS�FRPPDQG�EXWWRQFPG�'6WRS�(QDEOHG� �7UXH���� 
�(QDEOH�WKH�6WRS�LFRQ�RQ�WKH�WRROEDUFPG6WRS&RQYHUW�'HIDXOW� ���� 
��6HW�WKH�6WRS�EXWWRQ�DV�GHIDXOWFPG5HVHW�9LVLEOH� ���� 
��+LGH�WKH�5HVHW�FRPPDQG�EXWWRQFPG5HVWDUW�9LVLEOH� ��� 
�+LGH�WKH�5HVWDUW�FRPPDQG�EXWWRQPQX)LOH6WDUW�(QDEOHG� �)DOVH� 
��'LVDEOH�WKH�6WDUW�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH6WRS�(QDEOHG� �7UXH� 
��(QDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVHW�(QDEOHG� �)DOVH�
�'LVDEOH�WKH�5HVHW�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVWDUW�(QDEOHG� �)DOVH� 
��'LVDEOH�WKH�5H6WDUW�RSWLRQ�LQ�WKH�)LOH�PHQX
WPU&RQYHUW�(QDEOHG� ����
�(QDEOH�WKH�WLPHUWPU&RQYHUW�,QWHUYDO� �9DO�W[W,QWHUYDO�7H[W�� 
��6HW�WKH�WLPHU�LQWHUYDO�DW�XVHU�VSHFLILHG�YDOXHOEO3DUDPHWHU�9LVLEOH� ��� 
��6KRZ�WKH�SDUDPHWHU�FDSWLRQOEO6KRZ3DUDPHWHU�9LVLEOH� ��� 
��6KRZ�WKH�YDOXHHUUKDQGOLQJ�
���XVHU�SUHVVHG�FDQFHO�EXWWRQ([LW�6XE(QG�6XE

6XE�FPG�'6WRSB&OLFN���WPU&RQYHUW�(QDEOHG� ��� 
�'LVDEOH�WKH�WLPHUFPG5HVWDUW�9LVLEOH� ��� 
�6KRZ�WKH�5HVWDUW�FRPPDQG�EXWWRQFPG�'5HVWDUW�(QDEOHG� �7UXH� 
�(QDEOH�WKH�5HVWDUW�LFRQ�RQ�WKH�WRROEDUFPG5HVHW�9LVLEOH� ��� 
�6KRZ�WKH�5HVHW�FRPPDQG�EXWWRQPQX)LOH5HVWDUW�(QDEOHG� �7UXH� 
��(QDEOH�WKH�5HVWDUW�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH6WRS�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVHW�(QDEOHG� �7UXH� 
�(QDEOH�WKH�5HVHW�RSWLRQ�LQ�WKH�)LOH�PHQX(QG�6XE
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6XE�FPG�'9ROWDJHB&OLFN���
��'LVSOD\�FKDQQHO�QXPEHU��W[W1XPFKDQ�L���7H[W� ��(QG�6XE
6XE�FPG([LWB&OLFN���
��6KRZ�WKH�&RQILUP�4XLW�GLDORJIUP&RQI3HUI��6KRZ(QG�6XE
6XE�FPG5HVHWB&OLFN���
��5HVHW�DOO�YDOXHV�WR�]HURW[W1XPFKDQ�L���7H[W� ��OEO6KRZ'DWD�L���&DSWLRQ� ��
��+LGH�WKH�SDUDPHWHU�DQG�YDOXH�ER[HVOEO6KRZ3DUDPHWHU�9LVLEOH� ��OEO3DUDPHWHU�9LVLEOH� ��FPG6WDUW&RQYHUW�9LVLEOH� ��� 
��+LGH�WKH�6WDUW�FRPPDQG�EXWWRQFPG5HVWDUW�9LVLEOH� ��� 
��6KRZ�WKH�5HVWDUW�FRPPDQG�EXWWRQPQX)LOH6WDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�6WDUW�RSWLRQ�LQ�WKH )LOH�PHQXPQX)LOH5HVWDUW�(QDEOHG� �7UXH� 
��(QDEOH�WKH�5HVWDUW�RSWLRQ�LQ�WKH�)LOH�PHQX(QG�6XE
6XE�FPG5HVWDUWB&OLFN���FPG6WRS&RQYHUW�9LVLEOH� ��� 
�6KRZ�WKH�6WRS�FRPPDQG�EXWWRQFPG�'6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�LFRQ�RQ�WKH�WRROEDUFPG6WRS&RQYHUW�'HIDXOW� ��� 
�6HW�WKH�6WRS�FRPPDQG�EXWWRQ�DV�WKH�GHIDXOWFPG5HVWDUW�9LVLEOH� ��� 
��+LGH�WKH�5H6WDUW�FRPPDQG�EXWWRQFPG�'5HVWDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�5HVWDUW�LFRQ�RQ�WKH�WRROEDUFPG5HVHW�9LVLEOH� ����� 
�+LGH�WKH�5HVHW�FRPPDQG�EXWWRQ
PQX)LOH6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVHW�(QDEOHG� �)DOVH� 
��'LVDEOH�WKH�5HVHW�RSWLRQ�LQ�WKH�)LOH�PHQX

�6KRZ�WKH�SDUDPHWHU�DQG�YDOXH�ER[HVOEO6KRZ3DUDPHWHU�9LVLEOH� ��OEO3DUDPHWHU�9LVLEOH� ��WPU&RQYHUW�(QDEOHG� �����
�(QDEOH�WKH�WLPHUWPU&RQYHUW�,QWHUYDO� �9DO�W[W,QWHUYDO�7H[W�� 
�6HW�WKH�WLPHU�LQWHUYDO�DW�WKH�XVHU�VSHFLILHG�YDOXH(QG�6XE

6XE�FPG6WDUW&RQYHUWB&OLFN���
���&DQFHO(UURU�LV�7UXH2Q�(UURU�*R7R�HUU+
��6HW�ILOWHUV&0'LDORJ��)LOWHU� ��$OO�)LOHV��
�
�_
�
_'DWD�)LOHV��
�GDW�_
�GDW_7H[W�)LOHV��
�W[W�_
�W[W�
��6SHFLI\�GHIDXOW�ILOWHU&0'LDORJ��)LOWHU,QGH[� ��
��GLVSOD\�WKH�)LOH�2SHQ�GLDORJ&0'LDORJ��$FWLRQ� ��
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&0'LDORJ��)ODJV� �2)1B29(5:5,7(352037&0'LDORJ��'LDORJ7LWOH� ��6DYH�'DWD�$V�)LOHQDPH� �&0'LDORJ��)LOHQDPH

��2SHQ�WKH�ILOH�DQG�ZULWH�WKH�FROXPQ�QDPHV�DQG�WKHQ�FORVH�WKH�ILOH)QXP� ��2SHQ�)LOHQDPH�)RU�2XWSXW�$V�)QXP:ULWH��)QXP���'DWH����7LPH����&KDQQHO����9DOXH�&ORVH
FPG6WDUW&RQYHUW�9LVLEOH� ��� 
��+LGH�WKH�6WDUW�FRPPDQG�EXWWRQFPG�'6WDUW�(QDEOHG� �)DOVH�� 
�'LVDEOH�WKH�6WDUW�LFRQ�RQ�WKH�WRROEDUFPG6WRS&RQYHUW�9LVLEOH� ���� 
�6KRZ�WKH�6WRS FRPPDQG�EXWWRQFPG�'6WRS�(QDEOHG� �7UXH���� 
�(QDEOH�WKH�6WRS�LFRQ�RQ�WKH�WRROEDUFPG6WRS&RQYHUW�'HIDXOW� ���� 
�6HW�WKH�6WRS�EXWWRQ�DV�GHIDXOWFPG5HVHW�9LVLEOH� ��� 
�+LGH�WKH�5HVHW�FRPPDQG�EXWWRQFPG5HVWDUW�9LVLEOH� ��� 
�+LGH�WKH�5HVWDUW�FRPPDQG�EXWWRQ
PQX)LOH6WDUW�(QDEOHG� �)DOVH� 
��'LVDEOH�WKH�6WDUW�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVHW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�5HVHW�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVWDUW�(QDEOHG� �)DOVH�
�'LVDEOH�WKH�5H6WDUW�RSWLRQ�LQ�WKH�)LOH�PHQX
WPU&RQYHUW�(QDEOHG� ����
�(QDEOH�WKH�WLPHUWPU&RQYHUW�,QWHUYDO� �9DO�W[W,QWHUYDO�7H[W�� 
�6HW�WKH�WLPHU�LQWHUYDO�DW�XVHU�VSHFLILHG�YDOXHOEO3DUDPHWHU�9LVLEOH� ��� 
�6KRZ�WKH�SDUDPHWHU FDSWLRQOEO6KRZ3DUDPHWHU�9LVLEOH� ��� 
�6KRZ�WKH�YDOXH

HUU+�
��XVHU�SUHVVHG�FDQFHO�EXWWRQ([LW�6XE(QG�6XE
6XE�FPG6WRS&RQYHUWB&OLFN���WPU&RQYHUW�(QDEOHG� ��� 
�'LVDEOH�WKH�WLPHUFPG5HVWDUW�9LVLEOH� ��� 
�6KRZ�WKH�5HVWDUW�FRPPDQG�EXWWRQFPG�'5HVWDUW�(QDEOHG� �7UXH� 
�(QDEOH�WKH�5HVWDUW�LFRQ�RQ�WKH�WRROEDUFPG5HVHW�9LVLEOH� ��� 
�6KRZ�WKH�5HVHW�FRPPDQG�EXWWRQ
PQX)LOH5HVWDUW�(QDEOHG� �7UXH� 
�(QDEOH�WKH�5HVWDUW�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH6WRS�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVHW�(QDEOHG� �7UXH� 
�(QDEOH�WKH�5HVHW�RSWLRQ�LQ�WKH�)LOH�PHQX(QG�6XE

6XE�OEO&KDQ3URPSWB&OLFN���
(QG�6XE
6XE�OEOIRRW�B&OLFN���



PVPM Manual

The Solar Energy Research Group, Department of Physics, Moi University
P.O. Box 1125, Eldoret, Kenya

20

(QG�6XE
6XE�OEO,QWHUYDOB&OLFN���
(QG�6XE
6XE�OEO3DUDPHWHUB&OLFN���
(QG�6XE
6XE�OEO6KRZ'DWDB&OLFN��,QGH[�$V�,QWHJHU�
(QG�6XE
6XE�OEO6KRZ3DUDPHWHUB&OLFN���
(QG�6XE
6XE�OEO6KRZ9ROWVB&OLFN��,QGH[�$V�,QWHJHU�
(QG�6XE
6XE�OEO9DOXH5HDGB&OLFN���
(QG�6XE
6XE�OEO9ROWV5HDGB&OLFN���
(QG�6XE
6XE�PQX&KDQ&XUUHQWB&OLFN���
�'LVSOD\�FKDQQHO�QXPEHU��W[W1XPFKDQ�L���7H[W� ��(QG�6XE
6XE�PQX&KDQ,UUDGB&OLFN���
�'LVSOD\�FKDQQHO�QXPEHU��W[W1XPFKDQ�L���7H[W� ��(QG�6XE
6XE�PQX&KDQQHOB&OLFN���
(QG�6XE
6XE�PQX&KDQ9ROWDJHB&OLFN���
�'LVSOD\�FKDQQHO�QXPEHU��W[W1XPFKDQ�L���7H[W  ��(QG�6XE
6XE�PQX)LOHB&OLFN���
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(QG�6XE
6XE�PQX)LOH([LWB&OLFN���
��6KRZ�WKH�&RQILUP�4XLW�GLDORJIUP&RQI3HUI��6KRZ(QG�6XE
6XE�PQX)LOH5HVHWB&OLFN���
��5HVHW�DOO�YDOXHV�WR�]HURW[W1XPFKDQ�L���7H[W� ��OEO6KRZ'DWD�L���&DSWLRQ� ��
�+LGH�WKH�SDUDPHWHU�DQG�YDOXH�ER[HVOEO6KRZ3DUDPHWHU�9LVLEOH� ��OEO3DUDPHWHU�9LVLEOH� ��FPG6WDUW&RQYHUW�9LVLEOH� ��� 
�+LGH�WKH�6WDUW�FRPPDQG�EXWWRQFPG5HVWDUW�9LVLEOH� ��� 
��6KRZ�WKH�5HVWDUW�FRPPDQG�EXWWRQPQX)LOH6WDUW�(QDEOHG� �)DOVH�
��'LVDEOH�WKH�6WDUW�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVWDUW�(QDEOHG� �7UXH�� 
�(QDEOH�WKH�5HVWDUW�RSWLRQ�LQ�WKH�)LOH�PHQX(QG�6XE
6XE�PQX)LOH5HVWDUWB&OLFN���FPG6WRS&RQYHUW�9LVLEOH� ��� 
�6KRZ�WKH�6WRS�FRPPDQG�EXWWRQFPG�'6WRS�(QDEOHG� �7UXH�
�(QDEOH�WKH�6WRS�LFRQ�RQ�WKH�WRROEDUFPG6WRS&RQYHUW�'HIDXOW� ��� 
�6HW�WKH�6WRS�FRPPDQG�EXWWRQ�DV�WKH�GHIDXOWFPG5HVWDUW�9LVLEOH� ��� 
�+LGH�WKH�5H6WDUW�FRPPDQG�EXWWRQFPG�'5HVWDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�5HVWDUW�LFRQ�RQ�WKH�WRROEDUFPG5HVHW�9LVLEOH� ����� 
�+LGH�WKH�5HVHW�FRPPDQG�EXWWRQ
PQX)LOH6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVHW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�5HVHW�RSWLRQ�LQ�WKH�)LOH�PHQX

�6KRZ�WKH�SDUDPHWHU�DQG�YDOXH�ER[HVOEO6KRZ3DUDPHWHU�9LVLEOH� ��OEO3DUDPHWHU�9LVLEOH� ��WPU&RQYHUW�(QDEOHG� �����
�(QDEOH�WKH�WLPHUWPU&RQYHUW�,QWHUYDO� �9DO�W[W,QWHUYDO�7H[W�� 
�6HW�WKH�WLPHU�LQWHUYDO�DW�WKH�XVHU�VSHFLILHG�YDOXH(QG�6XE

6XE�PQX)LOH6WDUWB&OLFN���
��&DQFHO(UURU�LV�7UXH2Q�(UURU�*R7R�HUUKDQGOH
��6HW�ILOWHUV&0'LDORJ��)LOWHU� ��$OO�)LOHV��
�
�_
�
_'DWD�)LOHV��
�GDW�_
�GDW_7H[W�)LOHV��
�W[W�_
�W[W�
��6SHFLI\�GHIDXOW�ILOWHU&0'LDORJ��)LOWHU,QGH[� ��
�GLVSOD\�WKH )LOH�2SHQ�GLDORJ&0'LDORJ��$FWLRQ� ��&0'LDORJ��)ODJV� �2)1B29(5:5,7(352037&0'LDORJ��'LDORJ7LWOH� ��6DYH�'DWD�$V�
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)LOHQDPH� �&0'LDORJ��)LOHQDPH

�2SHQ�WKH�ILOH�DQG�ZULWH�WKH�FROXPQ�QDPHV�DQG�WKHQ�FORVH�WKH�ILOH)QXP� ��2SHQ�)LOHQDPH�)RU�2XWSXW�$V�)QXP:ULWH��)QXP���'DWH�����7LPH����&KDQQHO����9DOXH�&ORVH
FPG6WDUW&RQYHUW�9LVLEOH� ��� 
��+LGH�WKH�6WDUW�FRPPDQG�EXWWRQFPG�'6WDUW�(QDEOHG� �)DOVH�� 
�'LVDEOH�WKH�6WDUW�LFRQ�RQ�WKH�WRROEDUFPG6WRS&RQYHUW�9LVLEOH� ���� 
�6KRZ�WKH�6WRS�FRPPDQG�EXWWRQFPG�'6WRS�(QDEOHG� �7UXH���� 
�(QDEOH�WKH�6WRS�LFRQ�RQ�WKH�WRROEDUFPG6WRS&RQYHUW�'HIDXOW� ���� 
�6HW�WKH�6WRS�EXWWRQ�DV�GHIDXOWFPG5HVHW�9LVLEOH� ��� 
�+LGH�WKH�5HVHW�FRPPDQG�EXWWRQFPG5HVWDUW�9LVLEOH� ���
�+LGH�WKH�5HVWDUW�FRPPDQG�EXWWRQ
PQX)LOH6WDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�6WDUW�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVHW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�5HVHW�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVWDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�5H6WDUW�RSWLRQ�LQ�WKH�)LOH�PHQX
WPU&RQYHUW�(QDEOHG� ����
�(QDEOH�WKH�WLPHUWPU&RQYHUW�,QWHUYDO� �9DO�W[W,QWHUYDO�7H[W�� 
�6HW�WKH�WLPHU�LQWHUYDO�DW�XVHU�VSHFLILHG�YDOXHOEO3DUDPHWHU�9LVLEOH� ��� 
�6KRZ�WKH�SDUDPHWHU�FDSWLRQOEO6KRZ3DUDPHWHU�9LVLEOH� ��� 
�6KRZ�WKH�YDOXH

HUUKDQGOH�
��XVHU�SUHVVHG�FDQFHO�EXWWRQ([LW�6XE(QG�6XE
6XE�PQX)LOH6WRSB&OLFN���WPU&RQYHUW�(QDEOHG� ��� 
��'LVDEOH�WKH�WLPHUFPG5HVWDUW�9LVLEOH� ���
�6KRZ�WKH�5HVWDUW�FRPPDQG�EXWWRQFPG�'5HVWDUW�(QDEOHG� �7UXH� 
�(QDEOH�WKH�5HVWDUW�LFRQ�RQ�WKH�WRROEDUFPG5HVHW�9LVLEOH� ��� 
�6KRZ�WKH�5HVHW�FRPPDQG�EXWWRQPQX)LOH5HVWDUW�(QDEOHG� �7UXH� 
�(QDEOH�WKH�5HVWDUW�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH6WRS�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVHW�(QDEOHG� �7UXH� 
�(QDEOH�WKH�5HVHW�RSWLRQ�LQ�WKH�)LOH�PHQX(QG�6XE
6XE�PQXVHSB&OLFN���
(QG�6XE
6XE�PQX:LQGRZB&OLFN���
(QG�6XE
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6XE�PQX:LQGRZ&DVFDGHB&OLFN���
�&DVFDGH�DOO�RSHQ�ZLQGRZVPGLIUPEDVH�$UUDQJH��(QG�6XE
6XE�PQX:LQGRZ7LOH+B&OLFN���
�7LOH�DOO�RSHQ�ZLQGRZV�KRUL]RQWDOO\PGLIUPEDVH�$UUDQJH��(QG�6XE
6XE�PQX:LQGRZ7LOH9B&OLFN���
�7LOH�DOO�RSHQ�ZLQGRZV�YHUWLFDOO\PGLIUPEDVH�$UUDQJH��(QG�6XE
6XE�3DQHO�'�B'UDJ'URS��6RXUFH�$V�&RQWURO��;�$V�6LQJOH��<�$V�6LQJOH�
(QG�6XE
6XE�WPU&RQYHUWB7LPHU���
��&ROOHFW�WKH�GDWD�ZLWK�FE$,Q���
��3DUDPHWHUV�
����%RDUG1XP������WKH�QXPEHU�XVHG�E\�&%�&)*�WR�GHVFULEH�WKLV�ERDUG
����&KDQ�������������WKH LQSXW�FKDQQHO�QXPEHU
����*DLQ�������������WKH�JDLQ�IRU�WKH�ERDUG�
����'DWD9DOXH����WKH�QDPH�IRU�WKH�YDOXH�FROOHFWHG
*DLQ�� �%,3�92/76� 
�VHW�WKH�JDLQFKDQ�� �9DO�W[W1XPFKDQ�L���7H[W��� 
��VHW�LQSXW�FKDQQHO�WR�WKDW�VSHFLILHG�E\�WKH�XVHUWPU&RQYHUW�,QWHUYDO� �9DO�W[W,QWHUYDO�7H[W�� 
�6HW�WKH�WLPHU�LQWHUYDO�WR�WKH�YDOXH�VSHFLILHG�E\�WKH���XVHUPGLIUPEDVH�FPG([LW�9LVLEOH� �)DOVH� 
�WKH�([LW�LFRQ�EXWWRQ�LQ�WKH�PDLQ�IRUP�LV�KLGGHQ
8/6WDW�� �FE$,Q��%RDUG1XP���FKDQ���*DLQ���'DWD9DOXH��� 
�5HDG�WKH�VSHFLILHG�FKDQQHO,I�8/6WDW�� ����7KHQ�0VJ%R[��&KDQJH�WKH�*DLQ��DUJXPHQW�WR�RQH�VXSSRUWHG�E\�WKLVBERDUG����������8QVXSSRUWHG�*DLQ�,I�8/6WDW���!���7KHQ�6WRS� 
�(UURU�PHVVDJH

�&RQYHUW�WKH�FRXQWV�WR�YROWV�XVLQJ�WKH�FE7R(QJ8QLWV�IXQFWLRQ8/6WDW�� �FE7R(QJ8QLWV�%RDUG1XP���*DLQ���'DWD9DOXH���(QJ8QLWV��,I�8/6WDW���!���7KHQ�6WRS
OEO6KRZ'DWD�L���&DSWLRQ� �)RUPDW��'DWD9DOXH���������� 
��SULQW�WKH�FRXQWVOEO6KRZ9ROWV�L���&DSWLRQ� �)RUPDW��(QJ8QLWV��������� �������9���
�SULQW�WKH�YROWDJH
OEO6KRZ'DWD����9LVLEOH� �7UXH� 
��6KRZ�WKH�YDOXH�UHDG�LQ�FRXQWV

�$OORFDWH�WKH�FKDQQHO�QDPH�DQG�YDOXH�WR�EH�GLVSOD\HG�GHSHQGLQJ�RQ�WKH�XVHU
V�VHOHFWLRQ,I�FKDQ�� ���7KHQ�OEO3DUDPHWHU�&DSWLRQ� ��9ROWDJH�,I�FKDQ�� ���7KHQ�OEO6KRZ3DUDPHWHU�&DSWLRQ� �)RUPDW��9DO�OEO6KRZ9ROWV�L���&DSWLRQ��
B
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������������������9�
,I�FKDQ�� ���7KHQ�OEO3DUDPHWHU�&DSWLRQ� ��&XUUHQW�,I�FKDQ�� ���7KHQ�OEO6KRZ3DUDPHWHU�&DSWLRQ� �)RUPDW��9DO�OEO6KRZ9ROWV�L���&DSWLR Q��
B�������������������$�
,I�FKDQ�� ���7KHQ�OEO3DUDPHWHU�&DSWLRQ� ��,UUDGLDQFH�,I�FKDQ�� ���7KHQ�OEO6KRZ3DUDPHWHU�&DSWLRQ� �)RUPDW��9DO�OEO6KRZ9ROWV�L���&DSWLRQ��
B������������������:�P���

��*HQHUDWHV�DQ�HUURU�PHVVDJH�LI�WKH�XVHU�HQWHUV�DQ�LQYDOLG�FKDQQHO�QXPEHU'R�:KLOH�FKDQ��!��&ORVH�)LOHQDPH� 
�&ORVHV�WKH�GDWD�ILOH%HHSWPU&RQYHUW�(QDEOHG� ��� 
�6WRSV�WKH�WLPHU&DSWLRQ7H[W�� �������������,QYDOLG�&KDQQHO�1XPEHU��&DSWLRQ7H[W�� ������3OHDVH�HQWHU� D�QXPEHU�EHWZHHQ���DQG����IUP(UURU�OEO(UURU�&DSWLRQ� �&DSWLRQ7H[W��	�&KU�����	�&KU�����	�&DSWLRQ7H[W�IUP(UURU�6KRZ([LW�'R/RRS

�'LVSOD\�WKH�FKDQQHO�QDPH�DQG�YDOXH&KDQQHO� �OEO3DUDPHWHU�&DSWLRQYDOXH� �OEO6KRZ3DUDPHWHU�&DSWLRQ

�:ULWH�WKH�GDWD�WR�D�ILOH�VSHFLILHG�E\�WKH�XVHU�
�7KH�&RPPRQ�'LDORJ�FRQWURO�LV�XVHG�KHUH�)QXP� ��
)LOHQDPH� �&0'LDORJ��)LOHQDPH2SHQ�)LOHQDPH�)RU�$SSHQG�$V�)QXP:ULWH��)QXP��'DWH���7LPH���&KDQQHO��YDOXH&ORVH(QG�6XE

6XE�W[W,QWHUYDOB&KDQJH���
(QG�6XE
6XE�W[W1XP&KDQB&KDQJH��,QGH[�$V�,QWHJHU�
(QG�6XE
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&RGH�����3(5)��)50��IUP'DWD'LVSOD\�

'HFODUDWLRQV�&RQVW�%RDUG1XP� ������������ 
�%RDUG�QXPEHU&RQVW�1XP3RLQWV	� ���������� 
�1XPEHU�RI�GDWD�SRLQWV�WR�FROOHFW&RQVW�)LUVW3RLQW	� ��������� 
�VHW�ILUVW�HOHPHQW�LQ�EXIIHU�WR�WUDQVIHU�WR�DUUD\
'LP�$''DWD��1XP3RLQWV	��� 
�GLPHQVLRQ�DQ�DUUD\�WR�KROG�WKH�LQSXW�YDOXHV'LP�6KRZ9ROWV��1XP3RLQWV	�'LP�0HP+DQGOH��������������� 
�GHILQH�D�YDULDEOH�WR�FRQWDLQ�WKH�KDQGOH�IRU
�PHPRU\�DOORFDWHG�E\�:LQGRZV�WKURXJK�FE:LQ%XI$OORF���'LP�2SWLRQV����������������� 
�GHILQH�FE$,Q6FDQ���2SWLRQV�DV�0RGXOH�OHYHO�YDULDEOH
6XE�)RUPB/RDG���
�'HILQH�WKH�RYHUZULWH�SURPSW&RQVW�2)1B29(5:5,7(352037� �	+�	

��GHFODUH�UHYLVLRQ�OHYHO�RI�8QLYHUVDO�/LEUDU\8/6WDW�� �FE'HFODUH5HYLVLRQ�&855(175(9180�

�,QLWLDWH�HUURU�KDQGOLQJ
��DFWLYDWLQJ�HUURU�KDQGOLQJ�ZLOO�WUDS�HUURUV�OLNH
��EDG�FKDQQHO�QXPEHUV�DQG�QRQ�FRQILJXUHG�FRQGLWLRQV�
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��3DUDPHWHUV�
����35,17$//�����DOO�ZDUQLQJV�DQG�HUURUV�HQFRXQWHUHG�ZLOO�EH�SULQWHG
����'2176723�����LI�DQ�HUURU�LV�HQFRXQWHUHG��WKH�SURJUDP�ZLOO�QRW�VWRS�
�����������������HUURUV�PXVW�EH�KDQGOHG�ORFDOO\8/6WDW�� �FE(UU+DQGOLQJ��35,17$//��'2176723�,I�8/6WDW���!���7KHQ�6WRS
0HP+DQGOH�� �FE:LQ%XI$OORF��1XP3RLQWV	�� 
�VHW�DVLGH�PHPRU\�WR�KROG�GDWD,I�0HP+DQGOH�� ���7KHQ�6WRS
2SWLRQV�� �&219(57'$7$
�&KDQJH�ZRUNLQJ�GLUHFWRU\�WR�WKH�GLUHFWRU\
��ZKHUH�WKH�DSSOLFDWLRQ�ZDV�H[HFXWHG�&K'LU�DSS�3DWK&K'ULYH�DSS�3DWK

�6HW�WKH�RSWLRQ�EXWWRQV�IRU�YLHZLQJ�GDWD�OLVWV�DQG�JUDSKV�DW�IDOVH2SW3RZHU/LVW�9DOXH� �)DOVH2SW&XUUHQW/LVW�9DOXH� �)DOVH2SW9ROW/LVW�9DOXH� �)DOVH2SW,UUDG/LVW�9DOXH� �)DOVH2SW3RZHU*UDSK�9DOXH� �)DOVH2SW&XUUHQW*UDSK�9DOXH� �)DOVH2SW9ROW*UDSK�9DOXH� �)DOVH2SW,UUDG*UDSK�9DOXH� �)DOVH

�6HW�WKH�IRRW�FDSWLRQ�RI�WKH�IRUPOEO)RRW�&DSWLRQ� ��3KRWR9ROWDLFV�5HVHDUFK�/DERUDWRU\��	�&KU������	��'HSDUWPHQW�RIB3K\VLFV��	�&KU������	��0RL�8QLYHUVLW\�(QG�6XE

6XE�)RUPB&OLFN���
�6HW�WKH�RSWLRQ�EXWWRQV�IRU�YLHZLQJ�GDWD�OLVWV�DQG�JUDSKV�DW�IDOVH2SW3RZHU/LVW�9DOXH� �)DOVH2SW&XUUHQW/LVW�9DOXH� �)DOVH2SW9ROW/LVW�9DOXH� �)DOVH2SW,UUDG/LVW�9DOXH� �)DOVH2SW3RZHU*UDSK�9DOXH� �)DOVH2SW&XUUHQW*UDSK�9DOXH� �)DOVH2SW9ROW*UDSK�9DOXH� �)DOVH2SW,UUDG*UDSK�9DOXH� �)DOVH(QG�6XE
6XE�FPG�'([LWB&OLFN���,I�8/6WDW���!���7KHQ�6WRSWPU&RQYHUW�(QDEOHG� ��� 
�'LVDEOH�WKH�WLPHUIUP&RQI3HUI�6KRZ� 
�6KRZ�WKH�&RQILUP�4XLW�GLDORJXH(QG�6XE
6XE�FPG�'5HVWDUWB&OLFN���
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FPG6WRS�9LVLEOH� ��� 
�6KRZ�WKH�6WRS�FRPPDQG�EXWWRQFPG6WRS�'HIDXOW� ��� 
�6HW�WKH�6WRS�FRPPDQG�DV�GHIDXOWFPG�'6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�LFRQ�RQ�WKH�WRROEDUFPG5HVWDUW�9LVLEOH� ���
�+LGH�WKH�5HVWDUW�FRPPDQG�EXWWRQFPG�'5HVWDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�5HVWDUW�LFRQ�RQ�WKH�WRROEDUPQX)LOH6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVWDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�5HVWDUW�RSWLRQ�LQ�WKH�)LOH�PHQX
WPU&RQYHUW�(QDEOHG� ����
�(QDEOH�WKH�WLPHUWPU&RQYHUW�,QWHUYDO� �9DO�W[W,QWHUYDO�7H[W�� 
�6HW�WKH�WLPHU�LQWHUYDO�DW�WKH�YDOXH�VSHFLILHG�E\�WKH���������XVHU(QG�6XE

6XE�FPG�'6WDUWB&OLFN���
��&DQFHO(UURU�LV�7UXH2Q�(UURU�*R7R�HUUKDQGOLQJ
�6HW�ILOWHUV&0'LDORJ��)LOWHU� ��$OO�)LOHV��
�
�_
�
_'DWD�)LOHV��
�GDW�_
�GDW_7H[W�)LOHV��
�W[W�_
�W[W�
�6SHFLI\�GHIDXOW�ILOWHU&0'LDORJ��)LOWHU,QGH[� ��
�GLVSOD\�WKH�)LOH�2SHQ�GLDORJ&0'LDORJ��$FWLRQ� ��
�6HW�WKH�IODJV�SURSHUW\�WR�WKH�RYHUZULWH�SURPSW&0'LDORJ��)ODJV� �2)1B29(5:5,7(352037
�6HW�WKH�WLWOH�IRU�WKH�6DYH�$V�GLDORJ&0'LDORJ��'LDORJ7LWOH� ��6DYH�'DWD�$V�
�6HW�WKH�ILOH�QDPH�WR�WKH�QDPH�VSHFLILHG�E\�WKH�XVHU)LOHQDPH� �&0'LDORJ��)LOHQDPH

�2SHQ�WKH�GDWD�ILOH�DQG�ZULWH�WKH�FROXPQ�WLWOHV)QXP� ��2SHQ�)LOHQDPH�)RU�2XWSXW�$V�)QXP:ULWH��)QXP���'DWH����7LPH����,UUDGLDQFH����9ROWDJH����&XUUHQW���� 3RZHU�&ORVH
FPG6WDUW�9LVLEOH� ���� 
�+LGH�WKH�6WDUW�FRPPDQG�EXWWRQFPG�'6WDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�6WDUW�LFRQ�RQ�WKH�WRROEDUPQX)LOH6WDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�6WDUW�RSWLRQ�LQ�WKH�)LOH�PHQXFPG6WRS�9LVLEOH� ����
�6KRZ�WKH�6WRS�FRPPDQG�EXWWRQFPG�'6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�LFRQ�RQ�WKH�WRROEDUPQX)LOH6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXWPU&RQYHUW�(QDEOHG� ����
�(QDEOH�WKH�WLPHUWPU&RQYHUW�,QWHUYDO� �9DO�W[W,QWHUYDO�7H[W�� 
�6HW WKH�WLPHU�LQWHUYDO�WR�WKH�YDOXH�VSHFLILHG�E\�WKHµ��XVHU

HUUKDQGOLQJ�
�XVHU�SUHVVHG�FDQFHO�EXWWRQ([LW�6XE(QG�6XE
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6XE�FPG�'6WRSB&OLFN���
WPU&RQYHUW�(QDEOHG� ���� 
�'LVDEOH�WKH�WLPHUFPG6WRS�9LVLEOH� ��� 
�+LGH�WKH�6WRS�FRPPDQG�EXWWRQFPG�'6WRS�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�6WRS�LFRQ�RQ�WKH�WRROEDUPQX)LOH6WRS�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXFPG5HVWDUW�9LVLEOH� ��� 
�6KRZ�WKH�5HVWDUW�FRPPDQG�EXWWRQFPG�'5HVWDUW�(QDEOHG� �7UXH� 
�(QDEOH�WKH�5HVWDUW�LFRQ�RQ�WKH�WRROEDUPQX)LOH5HVWDUW�(QDEOHG� �7UXH� 
�(QDEOH�WKH�5HVWDUW�RSWLRQ�LQ�WKH�)LOH�PHQX(QG�6XE

6XE�FPG5HVWDUWB&OLFN���FPG6WRS�9LVLEOH� ��� 
�6KRZ�WKH�6WRS�FRPPDQG�EXWWRQFPG6WRS�'HIDXOW� ��� 
�6HW�WKH�6WRS�FRPPDQG�DV�GHIDXOWFPG�'6WRS�(QDEOHG� �7UXH�� 
�(QDEOH�WKH�6WRS�LFRQ�RQ�WKH�WRROEDUFPG5HVWDUW�9LVLEOH� ��� 
�+LGH�WKH�5HVWDUW�FRPPDQG�EXWWRQFPG�'5HVWDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�5HVWDUW�LFRQ�RQ�WKH�WRROEDUPQX)LOH6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVWDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�5HVWDUW�RSWLRQ�LQ�WKH�)LOH�PHQX
WPU&RQYHUW�(QDEOHG� ����
�(QDEOH�WKH�WLPHUWPU&RQYHUW�,QWHUYDO� �9DO�W[W,QWHUYDO�7H[W�� 
�6HW�WKH�WLPHU�LQWHUYDO�DW�WKH�YDOXH�VSHFLILHG�E\�WKH�µ� XVHU(QG�6XE

6XE�FPG6WDUWB&OLFN���
��&DQFHO(UURU�LV�7UXH2Q�(UURU�*R7R�HUUKDQGOH
�6HW�ILOWHUV&0'LDORJ��)LOWHU� ��$OO�)LOHV��
�
�_
�
_'DWD�)LOHV��
�GDW�_
�GDW_7H[W�)LOHV��
�W[W�_
�W[W�
�6SHFLI\�GHIDXOW�ILOWHU&0'LDORJ��)LOWHU,QGH[� ��
�GLVSOD\�WKH�)LOH�2SHQ�GLDORJ&0'LDORJ��$FWLRQ� ��
�6HW�WKH�IODJV�SURSHUW\�WR�WKH�RYHUZULWH�SURPSW&0'LDORJ��)ODJV� �2)1B29(5:5,7(352037
�6HW�WKH�WLWOH�IRU�WKH�6DYH�$V�GLDORJ&0'LDORJ��'LDORJ7LWOH� ��6DYH�'DWD�$V�
�6HW�WKH�ILOH�QDPH�WR�WKH�QDPH�VSHFLILHG�E\�WKH�XVHU)LOHQDPH� �&0'LDORJ��)LOHQDPH

�2SHQ�WKH�GDWD�ILOH�DQG�ZULWH�WKH�FROXPQ�WLWOHV)QXP� ��2SHQ�)LOHQDPH�)RU�2XWSXW�$V�)QXP:ULWH �)QXP���'DWH����7LPH����,UUDGLDQFH����9ROWDJH����&XUUHQW����3RZHU�&ORVH
FPG6WDUW�9LVLEOH� ���� 
�+LGH�WKH�6WDUW�FRPPDQG�EXWWRQFPG�'6WDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�6WDUW�LFRQ�RQ�WKH�WRROEDUPQX)LOH6WDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�6WDUW�RSWLRQ�LQ�WKH�)LOH�PHQX
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FPG6WRS�9LVLEOH� ����
�6KRZ�WKH�6WRS�FRPPDQG�EXWWRQFPG�'6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�LFRQ�RQ�WKH�WRROEDUPQX)LOH6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXWPU&RQYHUW�(QDEOHG� ����
�(QDEOH�WKH�WLPHUWPU&RQYHUW�,QWHUYDO� �9DO�W[W,QWHUYDO�7H[W�� 
�6HW�WKH�WLPHU�LQWHUYDO�WR�WKH�YDOXH�VSHFLILHG�E\�WKH�µ��XVHU
HUUKDQGOH�
�XVHU�SUHVVHG�FDQFHO�EXWWRQ([LW�6XE(QG�6XE
6XE�FPG6WRSB&OLFN���WPU&RQYHUW�(QDEOHG� ���� 
�'LVDEOH�WKH�WLPHUFPG6WRS�9LVLEOH� ��� 
�+LGH�WKH�6WRS�FRPPDQG�EXWWRQFPG�'6WRS�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�6WRS�LFRQ�RQ�WKH�WRROEDUPQX)LOH6WRS�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXFPG5HVWDUW�9LVLEOH� ���� 
�6KRZ�WKH�5HVWDUW�FRPPDQG�EXWWRQFPG�'5HVWDUW�(QDEOHG� �7UXH� 
�(QDEOH�WKH�5HVWDUW�LFRQ�RQ�WKH�WRROEDUPQX)LOH5HVWDUW�(QDEOHG� �7UXH� 
�(QDEOH�WKH�5HVWDUW�RSWLRQ�LQ�WKH�)LOH�PHQX(QG�6XE
6XE�FPG6WRS&RQYHUWB&OLFN���,I�8/6WDW���!���7KHQ�6WRSWPU&RQYHUW�(QDEOHG� ��� 
�'LVDEOH�WKH�WLPHUIUP&RQI3HUI�6KRZ� 
�6KRZ�WKH�&RQILUP�4XLW�GLDORJXH(QG�6XE
6XE�IUDP*UDSKB'UDJ'URS��6RXUFH�$V�&RQWURO��;�$V�6LQJOH��<�$V�6LQJOH�
(QG�6XE
6XE�IUDP/LVWB'UDJ'URS��6RXUFH�$V�&RQWURO��;�$V�6LQJOH��<�$V�6LQJOH�
(QG�6XE
6XE�IUD0RGHB'UDJ'URS��6RXUFH�$V�&RQWURO��;�$V�6LQJOH��<�$V�6LQJOH�
(QG�6XE
6XE�IUD2SW,QWB'UDJ'URS��6RXUFH�$V�&RQWURO��;�$V�6LQJOH��<�$V�6LQJOH�
(QG�6XE
6XE�/DEHO�B&OLFN���
(QG�6XE
6XE�OEO$''DWDB&OLFN��,QGH[�$V�,QWHJHU�
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(QG�6XE
6XE�OEO&KDQ�B&OLFN���
(QG�6XE
6XE�OEO&KDQ�B&OLFN���
(QG�6XE
6XE�OEO&XUUHQWB&OLFN���
(QG�6XE
6XE�OEOIRRWB&OLFN���
(QG�6XE
6XE�OEO,QWHUYDOB&OLFN���
(QG�6XE
6XE�OEOLUUDGB&OLFN���
(QG�6XE
6XE�OEO0RGH1RB&OLFN���
(QG�6XE
6XE�OEO2SW&RGHB&OLFN���
(QG�6XE
6XE�OEO6KRZ&XUUHQWB&OLFN���
(QG�6XE
6XE�OEO6KRZ,UUDGB&OLFN���
(QG�6XE
6XE�OEO6KRZ3RZHUB&OLFN���
(QG�6XE
6XE�OEO6KRZ9ROWDJHB&OLFN���
(QG�6XE
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6XE�OEO6KRZ9ROWVB&OLFN��,QGH[�$V�,QWHJHU�
(QG�6XE
6XE�OEO9ROWDJHB&OLFN���
(QG�6XE
6XE�PQX)LOHB&OLFN���
(QG�6XE
6XE�PQX)LOH4XLWB&OLFN���,I�8/6WDW���!���7KHQ�6WRSWPU&RQYHUW�(QDEOHG� ��� 
�'LVDEOH�WKH�WLPHUIUP&RQI3HUI�6KRZ� 
�6KRZ�WKH�&RQILUP�4XLW�GLDORJXH(QG�6XE
6XE�PQX)LOH5HVWDUWB&OLFN���FPG6WRS�9LVLEOH� ��� 
�6KRZ�WKH�6WRS�FRPPDQG�EXWWRQFPG6WRS�'HIDXOW� ��� 
�6HW�WKH�6WRS�FRPPDQG�DV�GHIDXOWFPG�'6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�LFRQ�RQ�WKH�WRROEDUFPG5HVWDUW�9LVLEOH� ��� 
�+LGH�WKH�5HVWDUW�FRPPDQG�EXWWRQFPG�'5HVWDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�5HVWDUW�LFRQ�RQ�WKH�WRROEDUPQX)LOH6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXPQX)LOH5HVWDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�5HVWDUW�RSWLRQ�LQ�WKH�)LOH�PHQXWPU&RQYHUW�(QDEOHG� ����
�(QDEOH�WKH�WLPHUWPU&RQYHUW�,QWHUYDO� �9DO�W[W,QWHUYDO�7H[W�� 
�6HW�WKH�WLPHU�LQWHUYDO�DW�WKH�YDOXH�VSHFLILHG�E\�WKHµ��XVHU(QG�6XE
6XE�PQX)LOH6WDUWB&OLFN���
��&DQFHO(UURU�LV�7UXH2Q�(UURU�*R7R�HUUKDQG
��6HW�ILOWHUV&0'LDORJ��)LOWHU� ��$OO�)LOHV��
�
�_
�
_'DWD�)LOHV��
�GDW�_
�GDW_7H[W�)LOHV��
�W[W�_
�W[W�
�6SHFLI\�GHIDXOW�ILOWHU&0'LDORJ��)LOWHU,QGH[� ��
�GLVSOD\�WKH�)LOH�2SHQ�GLDORJ&0'LDORJ��$FWLRQ� ��
�6HW�WKH�IODJV�SURSHUW\�WR�WKH�RYHUZULWH�SURPSW&0'LDORJ��)ODJV� �2)1B29(5:5,7(352037
�6HW�WKH�WLWOH�IRU�WKH�6DYH�$V�GLDORJ&0'LDORJ��'LDORJ7LWOH� ��6DYH�'DWD�$V�
�6HW�WKH�ILOH�QDPH�WR�WKH�QDPH�VSHFLILHG�E\�WKH�XVHU)LOHQDPH� �&0'LDORJ��)LOHQDPH

�2SHQ�WKH�GDWD�ILOH�DQG�ZULWH�WKH�FROXPQ�WLWOHV)QXP� ��2SHQ�)LOHQDPH�)RU�2XWSXW�$V�)QXP
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:ULWH��)QXP���'DWH����7LPH����,UUDGLDQFH����9ROWDJH����&XUUHQW����3RZHU�&ORVH
FPG6WDUW�9LVLEOH� ���� 
�+LGH�WKH�6WDUW�FRPPDQG�EXWWRQFPG�'6WDUW�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�6WDUW�LFRQ�RQ�WKH�WRROEDUPQX)LOH6WDUW�(QDEOHG� �)DOVH�
��'LVDEOH�WKH�6WDUW�RSWLRQ�LQ�WKH�)LOH�PHQXFPG6WRS�9LVLEOH� ����
�6KRZ�WKH�6WRS�FRPPDQG�EXWWRQFPG�'6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�LFRQ�RQ�WKH�WRROEDUPQX)LOH6WRS�(QDEOHG� �7UXH� 
�(QDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXWPU&RQYHUW�(QDEOHG� ����
�(QDEOH�WKH�WLPHUWPU&RQYHUW�,QWHUYDO� �9DO�W[W,QWHUYDO�7H[W�� 
�6HW�WKH�WLPHU�LQWHUYDO�WR�WKH�YDOXH�VSHFLILHG�E\�WKH�µ��XVHU

HUUKDQG�
�XVHU�SUHVVHG�FDQFHO�EXWWRQ([LW�6XE(QG�6XE
6XE�PQX)LOH6WRSB&OLFN���WPU&RQYHUW�(QDEOHG� ����
�'LVDEOH�WKH�WLPHUFPG6WRS�9LVLEOH� ��� 
�+LGH�WKH�6WRS�FRPPDQG�EXWWRQFPG�'6WRS�(QDEOHG� �)DOVH� 
�'LVDEOH�WKH�6WRS�LFRQ�RQ�WKH�WRROEDUPQX)LOH6WRS�(QDEOHG� �)DOVH�� 
��'LVDEOH�WKH�6WRS�RSWLRQ�LQ�WKH�)LOH�PHQXFPG5HVWDUW�9LVLEOH� ��� 
�6KRZ�WKH�5HVWDUW�FRPPDQG�EXWWRQFPG�'5HVWDUW�(QDEOHG� �7UXH�� 
�(QDEOH�WKH�5HVWDUW�LFRQ�RQ�WKH�WRROEDUPQX)LOH5HVWDUW�(QDEOHG� �7UXH�� 
�(QDEOH�WKH�5HVWDUW�RSWLRQ�LQ�WKH�)LOH�PHQX(QG�6XE
6XE�PQX2SW%ORFN,2B&OLFN���
��$�'�FRQYHUVLRQV�DUH�LQLWLDWHG�E\�D�WULJJHU�
��7UDQVIHUV�DUH�KDQGOHG�E\�5(3�,16:2SWLRQV�� �&219(57'$7$���%/2&.,2
��6HOHFW�WKH�RSWLRQ�EXWWRQ�IRU�%/2&.,22SW0RGH%ORFN�9DOXH� �7UXH(QG�6XE
6XE�PQX2SW'HIDXOWB&OLFN���
�7KH�GDWD�ZLOO�DXWRPDWLFDOO\�EH�FRQYHUWHG�WR����ELW�$�'�YDOXHV2SWLRQV�� �&219(57'$7$
��6HOHFW�WKH�RSWLRQ�EXWWRQ�IRU�'HIDXOW2SW'HIDXOW�9DOXH� �7UXH(QG�6XE
6XE�PQX2SW'0$,2B&OLFN���
��$�'�FRQYHUVLRQV�DUH�LQLWLDWHG�E\�D�WULJJHU�
��7UDQVIHUV�DUH�LQLWLDWHG�E\�D�'0$�UHTXHVW2SWLRQV�� �&219(57'$7$���'0$,2
�6HOHFW�WKH�RSWLRQ�EXWWRQ�IRU�'0$2SW0RGH'0$�9DOXH� �7UXH
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(QG�6XE
6XE�PQX2SWLRQVB&OLFN���
(QG�6XE
6XE�PQX2SW6LQJOH,2B&OLFN���
��$�'�FRQYHUVLRQV�DQG�WUDQVIHUV�WR
��PHPRU\�DUH�LQLWLDWHG�E\�DQ�LQWHUUXSW�2SWLRQV�� �&219(57'$7$���6,1*/(,2
��6HOHFW�WKH�RSWLRQ�EXWWRQ�IRU�6,1*/(,22SW0RGH6LQJ�9DOXH� �7UXH(QG�6XE
6XE�PQX:LQGRZB&OLFN���
(QG�6XE
6XE�PQX:LQGRZ&DVFDGHB&OLFN���
�&DVFDGH�DOO�RSHQ�ZLQGRZVPGLIUPEDVH�$UUDQJH��(QG�6XE
6XE�PQX:LQGRZ7LOH+B&OLFN���
��7LOH�DOO�RSHQ�ZLQGRZV�KRUL]RQWDOO\PGLIUPEDVH�$UUDQJH��(QG�6XE
6XE�PQX:LQGRZ7LOH9B&OLFN���
��7LOH�DOO�RSHQ�ZLQGRZV�YHUWLFDOO\PGLIUPEDVH�$UUDQJH��(QG�6XE
6XE�2SW&XUUHQW*UDSKB&OLFN���
��6KRZ�WKH�JUDSK�IRU�&XUUHQWIUP*UDSK&�6KRZ(QG�6XE
6XE�2SW&XUUHQW/LVWB&OLFN���
��6KRZ�WKH�GDWD�OLVW�IRU�&XUUHQWIUP'DWD/LVW&�6KRZ(QG�6XE
6XE�RSW'HIDXOWB&OLFN���
�7KH�GDWD�ZLOO�DXWRPDWLFDOO\�EH�FRQYHUWHG�WR����ELW�$�'�YDOXHV2SWLRQV�� �&219(57'$7$(QG�6XE
6XE�2SW,UUDG*UDSKB&OLFN���
�6KRZ�WKH�JUDSK�IRU�,UUDGLDQFH
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IUP*UDSK,�6KRZ(QG�6XE
6XE�2SW,UUDG/LVWB&OLFN���
��6KRZ�WKH�GDWD�OLVW�IRU�,UUDGLDQFHIUP'DWD/LVW,�6KRZ(QG�6XE
6XE�RSW0RGH%ORFNB&OLFN���
�$�'�FRQYHUVLRQV�DUH�LQLWLDWHG�E\�D�WULJJHU�
�7UDQVIHUV�DUH�KDQGOHG�E\�5(3�,16:2SWLRQV�� �&219(57'$7$���%/2&.,2(QG�6XE
6XE�RSW0RGH'0$B&OLFN���
�$�'�FRQYHUVLRQV�DUH�LQLWLDWHG�E\�D�WULJJHU�
�7UDQVIHUV�DUH�LQLWLDWHG�E\�D�'0$�UHTXHVW2SWLRQV�� �&219(57'$7$���'0$,2(QG�6XE
6XE�RSW0RGH6LQJB&OLFN���
�$�'�FRQYHUVLRQV�DQG�WUDQVIHUV�WR
�PHPRU\�DUH�LQLWLDWHG�E\�DQ�LQWHUUXSW�2SWLRQV�� �&219(57'$7$���6,1*/(,2(QG�6XE
6XE�2SW3RZHU*UDSKB&OLFN���
��6KRZ�WKH�JUDSK�IRU�3RZHUIUP*UDSK3�6KRZ(QG�6XE
6XE�2SW3RZHU/LVWB&OLFN���
�6KRZ�WKH�GDWD�OLVW�IRU�3RZHUIUP'DWD/LVWS�6KRZ(QG�6XE
6XE�2SW9ROW*UDSKB&OLFN���
��6KRZ�WKH�JUDSK�IRU�9ROWDJHIUP*UDSK9�6KRZ(QG�6XE
6XE�2SW9ROW/LVWB&OLFN���
�6KRZ�WKH�GDWD�OLVW�IRU�9ROWDJHIUP'DWD/LVW9�6KRZ(QG�6XE
6XE�3DQHO�'�B'UDJ'URS��6RXUFH�$V&RQWURO��;�$V�6LQJOH��<�$V�6LQJOH�
(QG�6XE
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6XE�WPU&RQYHUWB7LPHU���
�'LVSOD\�WKH�GDWD�FRQYHUVLRQ�PRGHOEO0RGH1R�&DSWLRQ� �+H[��2SWLRQV��PGLIUPEDVH�FPG([LW�9LVLEOH� �)DOVH� 
�WKH�([LW�LFRQ�EXWWRQ�LQ�WKH�PDLQ�IRUP�LV�KLGGHQ

�&ROOHFW�WKH�YDOXHV�ZLWK�FE$,Q6FDQ���
��3DUDPHWHUV�
����%RDUG1XP�����WKH�QXPEHU�XVHG�E\�&%�&)*�WR�GHVFULEH�WKLV�ERDUG
����/RZ&KDQ������WKH�ILUVW�FKDQQHO�RI�WKH�VFDQ
����+LJK&KDQ�����WKH�ODVW�FKDQQHO�RI�WKH�VFDQ
����&%&RXQW	�����WKH�WRWDO�QXPEHU�RI�$�'�VDPSOHV�WR�FROOHFW
����&%5DWH	������VDPSOH�UDWH
����*DLQ���������WKH�JDLQ�IRU�WKH�ERDUG
����$''DWD�������WKH�DUUD\�IRU�WKH�FROOHFWHG�GDWD�YDOXHV
����2SWLRQV������GDWD�FROOHFWLRQ�RSWLRQV��GHWHUPLQHG�E\
�����������������������6HW�0RGH�RSWLRQ�EXWWRQV�LQ�WKLV�SURJUDP�
/RZ&KDQ�� ����������������������� 
��ILUVW�FKDQQHO�WR�DFTXLUH+LJK&KDQ�� ���������������������� 
��ODVW�FKDQQHO�WR�DFTXLUH&%&RXQW	� �1XP3RLQWV	������������ 
�WRWDO�QXPEHU�RI�GDWD�SRLQWV�WR�FROOHFW&%5DWH	� ����������� 
�VDPSOLQJ�UDWH��LQ�+]�SHU�FKDQQHO�*DLQ�� �%,3�92/76���������������� 
�VHW�WKH�JDLQ
,I�0HP+DQGOH�� ���7KHQ�6WRS������ 
�FKHFN�WKDW�D�KDQGOH�WR�D�PHPRU\�EXIIHU�H[LVWV
8/6WDW�� �FE$,Q6FDQ��%RDUG1XP���/RZ&KDQ���+LJK&KDQ���&%&RXQW	��&%5D WH	�B*DLQ���0HP+DQGOH���2SWLRQV��

�6HW�WKH�WLPHU�LQWHUYDO�WR�WKH�YDOXH�VSHFLILHG�E\�WKH�XVHUWPU&RQYHUW�,QWHUYDO� �9DO�W[W,QWHUYDO�7H[W�
6HOHFW�&DVH�8/6WDW�&DVH��&DVH���0VJ%R[��7KH�&219(57�RSW LRQ�FDQQRW�EH�XVHG�ZLWK����ELW�FRQYHUWRUV��6HW�2SWLRQV��WRB12&219(57'$7$��6WRS���
�&KDQJH�2SWLRQV��DERYH�WR�12&219(57'$7$��2SWLRQV�� ���&DVH���8/6WDW�� �FE(UU+DQGOLQJ��'21735,17��'2176723�
��7XUQ�RII�OLEUDU\�HUURU�KDQGOLQJ�IRU�VXEVHTXHQW�FDOOV&DVH�(OVH6WRS(QG�6HOHFW


�7UDQVIHU�WKH�GDWD�IURP�WKH�PHPRU\�EXIIHU�VHW�XS�E\�:LQGRZV�WR�DQ�DUUD\�IRU�XVH�E\�9LVXDOµ�%DVLF8/6WDW�� �FE:LQ%XI7R$UUD\��0HP+DQGOH���$''DWD������)LUVW3RLQW	��&%&R XQW	�,I�8/6WDW���!���7KHQ�6WRS
)RU�,�� ���7R��



PVPM Manual

The Solar Energy Research Group, Department of Physics, Moi University
P.O. Box 1125, Eldoret, Kenya

36


�'LVSOD\�GDWD�IRU�FKDQQHOV���WR�����+RZHYHU�WKHVH�YDOXHV�DUH�QRW�YLVLEOH�DW�UXQ�WLPHOEO$''DWD�,���&DSWLRQ� �)RUPDW��$''DWD��,��������
�&DOFXODWH�WKH�YDOXH�IURP�HDFK�FKDQQHO�LQ�YROWV��7KHVH�YDOXHV�DUH�DOVR�QRW�YLVLEOH�DW�UXQ�WLPHOEO6KRZ9ROWV�,���&DSWLRQ� �)RUPDW���������������
�9DO�OEO$''DWD�,���&DSWLRQ��� � ��B������������9�1H[W�,�

�0DNH�WKH�ILQDO�RXWSXW�FDSWLRQV�YLVLEOH�DW�UXQ�WLPHOEO6KRZ,UUDG�9LVLEOH� �7UXHOEO6KRZ9ROWDJH�9LVLEOH� �7UXHOEO6KRZ&XUUHQW�9LVLEOH� �7UXHOEO6KRZ3RZHU�9LVLEOH� �7UXH

��$SSO\�WKH�FRQYHUVLRQ�IDFWRUV�DQG�GLVSOD\�WKH�ILQDO�RXWSXW�YDOXHV�ZLWK�WKH�FRUUHVSRQGLQJ�XQLWVOEO6KRZ,UUDG�&DSWLRQ� �)RUPDW��9DO�OEO6KRZ9ROWV�����
�������������������:�P���OEO6KRZ9ROWDJH�&DSWLRQ� �)RUPDW��9DO�OEO6KRZ9ROWV�����
�������������������9��OEO6KRZ&XUUHQW�&DSWLRQ� �)RUPDW��9DO�OEO6KRZ9ROWV�����
��������������������$��OEO6KRZ3RZHU�&DSWLRQ� �)RUPDW��9DO�OEO6KRZ9ROWDJH�&DSWLRQ��
B9DO�OEO6KRZ&XUUHQW�&DSWLRQ����������������:��

�'HILQH�YDULDEOHV�IRU�GDWD�VWRUDJH,UUDG� �9DO�OEO6KRZ,UUDG�&DSWLRQ�9ROWDJH� �9DO�OEO6KRZ9ROWDJH�&DSWLRQ�&XUUHQW� �9DO�OEO6KRZ&XUUHQW�&DSWLRQ�3RZHU� �9DO�OEO6KRZ3RZHU�&DSWLRQ�
)QXP� ���
�)LOH�QXPEHU�IRU�GDWD�VWRUDJH

��2SHQ�ILOH�IRU�GDWD�VWRUDJH�DQG�VWRUH�WKH�GDWD)LOHQDPH� �&0'LDORJ��)LOHQDPH2SHQ�)LOHQDPH�)RU�$SSHQG�$V�)QXP1/� �&KU����:ULWH��)QXP��'DWH���7LPH���,UUDG��9ROWDJH��&XUUHQW��3RZHU&ORVH

��$OORFDWH�YDOXHV�WR�GLVSOD\�LQ�WKH�JUDSKVIUP*UDSK,�*UDSK,�*UDSK'DWD� �9DO�OEO6KRZ,UUDG�&DSWLRQ�IUP*UDSK9�*UDSK9�*UDSK'DWD� �9DO�OEO6KRZ9ROWDJH�&DSWLRQ�IUP*UDSK&�*UDSK&�*UDSK'DWD� �9DO�OEO6KRZ&XUUHQW�&DSWLRQ�IUP*UDSK3�*UDSK3�*UDSK'DWD� �9DO�OEO6KRZ3RZHU�&DSWLRQ�

��$OORFDWH�YDOXHV�WR�GLVSOD\�LQ�OLVWVIUP'DWD/LVW,�*ULG,�&RO� ��IUP'DWD/LVW,�*ULG,�5RZ� ��IUP'DWD/LVW,�*ULG,�7H[W� ��,UUDGLDQFH�IUP'DWD/LVW,�*ULG,�&RO� ��IUP'DWD/LVW,�*ULG,�5RZ� ��IUP'DWD/LVW,�*ULG,�$GG,WHP�)RUPDW��9DO�OEO6KRZ9ROWV�����
��������������IUP'DWD/LVW9�*ULG9�&RO� ��IUP'DWD/LVW9�*ULG9�5RZ� ��
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IUP'DWD/LVW9�*ULG9�7H[W� ��9ROWDJH�IUP'DWD/LVW9�*ULG9�&RO� ��IUP'DWD/LVW9�*ULG9�5RZ� ��IUP'DWD/LVW9�*ULG9�$GG,WHP�)RUPDW��9DO�OEO6KRZ9ROWV�����
��������������IUP'DWD/LVW&�*ULG&�&RO� ��IUP'DWD/LVW&�*ULG&�5RZ� ��IUP'DWD/LVW&�*ULG&�7H[W� ��&XUUHQW�IUP'DWD/LVW&�*ULG&�&RO� ��IUP'DWD/LVW&�*ULG&�5RZ� ��IUP'DWD/LVW&�*ULG&�$GG,WHP�)RUPDW��9DO�OEO6KRZ9ROWV�����
���������������IUP'DWD/LVWS�*ULG3�&RO� ��IUP'DWD/LVWS�*ULG3�5RZ� ��IUP'DWD/LVWS�*ULG3�7H[W� ��3RZHU�IUP'DWD/LVWS�*ULG3�&RO� ��IUP'DWD/LVWS�*ULG3�5RZ� ��IUP'DWD/LVWS�*ULG3�$GG,WHP�)RUPDW��9DO�OEO6KRZ9ROWDJH�&DSWLRQ��
B9DO�OEO6KRZ&XUUHQW�&DSWLRQ�����������

��(UURU�KDQGOLQJ2Q�(UURU�*R7R�7RS5RZ(UURUIUP'DWD/LVW,�*ULG,�7RS5RZ� �IUP'DWD/LVW,�*ULG,�7RS5RZ����IUP'DWD/LVW9�*ULG9�7RS5RZ� �IUP'DWD/LVW9�*ULG9�7RS5RZ����IUP'DWD/LVW&�*ULG&�7RS5RZ� �IUP'DWD/LVW&�*ULG&�7RS5RZ����IUP'DWD/LVWS�*ULG3�7RS5RZ� �IUP'DWD/LVWS�*ULG3�7RS5RZ����2Q�(UURU�*R7R��([LW�6XE

7RS5RZ(UURU�IUP'DWD/LVW,�*ULG,�7RS5RZ  ��IUP'DWD/LVW9�*ULG9�7RS5RZ� ��IUP'DWD/LVW&�*ULG&�7RS5RZ� ��IUP'DWD/LVWS�*ULG3�7RS5RZ� ��5HVXPH�1H[W(QG�6XE
6XE�W[W,QWHUYDOB&KDQJH���
(QG�6XE
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&RGH�����$%3(5)�)50��IUPSHU$ERXW�

6XE�OEO$ERXWB&OLFN���
(QG�6XE
6XE�)RUPB/RDG���
(QG�6XE
6XE�FPG$ERXW2.B&OLFN���8QORDG�IUP3URJ,QIR8QORDG�IUP3HUI$ERXWPGLIUP%DVH�6KRZ(QG�6XE
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&RGH�����&+$1(55�)50��IUP(UURU�

6XE�)RUPB/RDG���
(QG�6XE
6XE�OEO(UURUB&OLFN���
(QG�6XE
6XE�FPG(UUB&OLFN��,QGH[�$V�,QWHJHU�
6HOHFW�&DVH�,QGH[
&DVH��

�5HVHW�DOO�WKH�GDWD�WR�]HUR
IUP(UURU�+LGHIUP'DWD'LVSOD\��W[W1XP&KDQ�L���7H[W� ��IUP'DWD'LVSOD\��OEO6KRZ'DWD�L���&DSWLRQ� ��IUP'DWD'LVSOD\��OEO6KRZ3DUDPHWHU�9LVLEOH� ��IUP'DWD'LVSOD\��OEO3DUDPHWHU�9LVLEOH  ��IUP'DWD'LVSOD\��FPG6WDUW&RQYHUW�9LVLEOH� ��IUP'DWD'LVSOD\��FPG5HVWDUW�9LVLEOH� ��IUP'DWD'LVSOD\��PQX)LOH6WDUW�(QDEOHG� �)DOVH
�WKH�5HVWDUW�RSWLRQ�LV�DFWLYDWHG�IUP'DWD'LVSOD\��PQX)LOH5HVWDUW�(QDEOHG� �7UXHIUP'DWD'LVSOD\��6KRZ
&DVH��

�LI�WKH�XVHU�FOLFNV�+HOS��WKH�WH[W�DV�RXWOLQHG�EHORZ�LV�VHW�WR�DSSHDU�LQ�WKH�EODQN�ODEHO����µ�OEO''�+HOS�&DSWLRQ�LQ�WKH�IRUP�IUP''�+HOS�
&DSWLRQ7H[W�� ��<RX�KDYH�HQWHUHG�D�FKDQQHO�QXPEHU�WKDW�LV�QRW�YDOLG�IRU�WKLV�DSSO LFDWLRQ���,QB
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WRWDO��HLJKW�FKDQQHOV�DUH�DYDLODEOH��EXW�IRU�WKH�SUHVHQW�DSSOLFDWLRQ��RQO\�WKUHH�DUH�LQ�XVH���7KHBFKDQQHOV�LQ�XVH�DUH��&DSWLRQ7H[W�� ������&KDQQHO�����9ROWDJH�&DSWLRQ7H[W�� ������&KDQQHO�����&XUUHQW�&DSWLRQ7H[W�� ����� &KDQQHO�����,UUDGLDQFH�&DSWLRQ7H[W�� ��6SHFLI\LQJ�DQ\�FKDQQHOV�RWKHU�WKDQ�WKHVH�JHQHUDWHV�DQ�
LQYDOLG�FKDQQHO
�BHUURU��DV�ORQJ�DV�WKH�FKDQQHO�LV�ZLWKLQ�WKH�UDQJH�VXSSRUWHG�E\�WKH�GDWD�DFFHVV�ERDUG��B6SHFLI\LQJ�D�FKDQQHO�QXPEHU�RXWVLGH�WKH�U DQJH�VXSSRUWHG�E\�WKH�ERDUG�JHQHUDWHV�DB�
&RPSXWHU%RDUGV�(UURU
�DQG�FDXVHV�WKH�SURJUDP�WR�DERUW���1RWH�WKDW�LI�\RX�GR�QRW�VSHFLI\�DBFKDQQHO��L�H��LI�\RX�OHDYH�WKH�FKDQQHO�ER[�EODQN��&KDQQHO���LV�DVVXPHG��&DSWLRQ7H[W�� ��,I�\RX�KDYH�D�SUREOHP UHPHPEHULQJ�ZKDW�HDFK�FKDQQHO�UHSUHVHQWV��LW�ZLOO�EHBKHOSIXO�WR�XVH�WKH�RSWLRQV�JLYHQ�LQ�WKH�
2SWLRQV
�PHQX�LWHP�WR�VHOHFW�WKH�SDUDPHWHU�WKDW�\RXBZLVK�WR�PRQLWRU��IUP''�+HOS�OEO''�+HOS�&DSWLRQ� �&DSWLRQ7H[W��	�&KU�����	�&KU�����	�&DSWLRQ7H [W��	B&KU�����	�&DSWLRQ7H[W��	�&KU�����	�&DSWLRQ7H[W��	�&KU�����	�&KU�����	�&DSWLRQ7H[W�B	�&KU�����	�&DSWLRQ7H[W�
��7KH�+HOS�GLDORJXH�LV�WKHQ�VKRZQ�ZLWK�WKH�DERYH�WH[W�RQ�LW�IUP''�+HOS�6KRZ
(QG�6HOHFW(QG�6XE
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&RGH�����&21),50��)50 �IUP&RQI3HUI��

6XE�)RUPB/RDG���
(QG�6XE
6XE�/DEHO�B&OLFN���
(QG�6XE
6XE�FPG4XLW<HVB&OLFN���
��7KLV�GLDORJXH�DSSHDUV�SURPSWLQJ�WKH�XVHU�WR�FRQILUP�WKH�TXLW�FRPPDQG�
��,I�WKH�XVHU�FOLFNV�<HV��WKH�IROORZLQJ�FRGH�LV�H[HFXWHG�
&ORVH�)LOHQDPH��
�DQ\�RSHQ�GDWD�ILOHV�DUH�FORVHG
PGLIUPEDVH�FPG([LW�9LVLEOH� �7UXH� 
�WKH�([LW�LFRQ�EXWWRQ�LQ�WKH�PDLQ�IRUP�DSSHDUVIUP'DWD'LVSOD\��WPU&RQYHUW�(QDEOHG� ��

�5HVHW�DOO�WKH�YDOXHV�LQ�WKH�IRUP�IUP'DWD'LVSOD\��IUP'DWD'LVSOD\��OEO6KRZ'DWD����9LVLEOH� �)DOVHIUP'DWD'LVSOD\��OEO3DUDPHWHU�9LVLEOH� �)DOVHIUP'DWD'LVSOD\��OEO6KRZ3DUDPHWHU�9LVLEOH� �)DOVHIUP'DWD'LVSOD\��W[W1XP&KDQ����7H[W� ��IUP'DWD'LVSOD\��W[W,QWHUYDO�7H[W� �����IUP'DWD'LVSOD\��FPG6WDUW&RQYHUW�9LVLEOH�  �7UXHIUP'DWD'LVSOD\��FPG6WRS&RQYHUW�9LVLEOH� �)DOVHIUP'DWD'LVSOD\��FPG5HVWDUW�9LVLEOH� �)DOVHIUP'DWD'LVSOD\��FPG5HVHW�9LVLEOH� �)DOVHIUP'DWD'LVSOD\��PQX)LOH6WDUW�(QDEOHG� �7UXHIUP'DWD'LVSOD\��PQX)LOH5HVWDUW�(QDEOHG� �)DOVHIUP'DWD'LVSOD\��PQX)LOH5HVHW�(QDEOHG� �)DOVHIUP'DWD'LVSOD\��PQX)LOH6WRS�(QDEOHG� �)DOVH
8QORDG�IUP&RQI3HUI�8QORDG�IUP'DWD'LVSOD\�� 
��8QORDG�WKH�IRUPV(QG�6XE
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6XE�FPG4XLW1RB&OLFN���IUP'DWD'LVSOD\��6KRZ� 
��6KRZ�WKH�IRUP
�(QDEOH�WKH WLPHU�WR�FRQWLQXH�H[HFXWLQJ�WKH�SURJUDPIUP'DWD'LVSOD\��WPU&RQYHUW�(QDEOHG� � ��(QG�6XE&RGH�����&21)3(5)�)50��IUP&RQI3HUI�

6XE�)RUPB/RDG���
(QG�6XE
6XE�/DEHO�B&OLFN���
(QG�6XE
6XE�FPG4XLW<HVB&OLFN���
��7KLV�GLDORJXH�DSSHDUV�SURPSWLQJ�WKH�XVHU�WR�FRQILUP�WKH�TXLW�FRPPDQG�
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*OREDO�&RQVW�(,*+7+3257%� ���*OREDO�&RQVW�(,*+7+3257&/� ���*OREDO�&RQVW�(,*+7+3257&+� ���

�6HOHFWDEOH�$�'�5DQJHV�FRGHV*OREDO�&RQVW�%,3��92/76� ���������������������� 
�%LSRODU�5DQJHV������WR�����9ROWV�*OREDO�&RQVW�%,3�92/76� ��*OREDO�&RQVW�%,3�37�92/76  ��*OREDO�&RQVW�%,3�37��92/76� ��*OREDO�&RQVW�%,3�92/76� ��*OREDO�&RQVW�%,337���92/76� ��*OREDO�&RQVW�%,337�92/76� ��*OREDO�&RQVW�%,337�92/76� ��*OREDO�&RQVW�%,337��92/76� ��*OREDO�&RQVW�%,337��92/76� ��*OREDO�&RQVW�%,337���92/76� ���*OREDO�&RQVW %,3�37��92/76� ���
*OREDO�&RQVW�81,��92/76� ���������������������� 
�8QLSRODU�5DQJHV����WR����9ROWV�*OREDO�&RQVW�81,�92/76� ����*OREDO�&RQVW�81,�37�92/76� ����*OREDO�&RQVW�81,�92/76� ����*OREDO�&RQVW�81,�37��92/76� ����*OREDO�&RQVW�81,�92/76� ����*OREDO�&RQVW�81,37�92/76� ����*OREDO�&RQVW�81,37��92/76� ����*OREDO�&RQVW�81,37��92/76� ����*OREDO�&RQVW�81,�37��92/76� ����
*OREDO�&RQVW�0$�72��� ������������������������� 
�&XUUHQW�5DQJHV����WR����PD��*OREDO�&RQVW�0$�WR��� ����*OREDO�&RQVW�0$�72�� ����*OREDO�&RQVW�0$37�72�37�� ����

�7\SHV�RI�'�$*OREDO�&RQVW�$''$�� ��*OREDO�&RQVW�$''$�� ��

������FRXQWHU�RXWSXW���FRQWURO*OREDO�&RQVW�127/,1.('� ��*OREDO�&RQVW�*$7(&75�� ��*OREDO�&RQVW�75,*&75�� ��*OREDO�&RQVW�,1&75�� ��

�7\SHV�RI������&RXQWHU�FRQILJXUDWLRQV*OREDO�&RQVW�+,*+21/$67&2817� ��*OREDO�&RQVW�21(6+27� ��*OREDO�&RQVW�5$7(*(1(5$725� ��*OREDO�&RQVW�648$5(:$9(� ��
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*OREDO�&RQVW�62)7:$5(6752%(� ��*OREDO�&RQVW�+$5':$5(6752%(� ��

�:KHUH�WR�UHORDG�IURP�IRU������FRXQWHUV*OREDO�&RQVW�/2$'5(*� ��*OREDO�&RQVW�/2$'$1'+2/'5(*� ��

�&RXQWHU�UHF\FOH�PRGHV*OREDO�&RQVW�21(7,0(� ��*OREDO�&RQVW�5(&<&/(� ��

�'LUHFWLRQ�RI�FRXQWLQJ�IRU������FRXQWHUV*OREDO�&RQVW�&2817'2:1� ��*OREDO�&RQVW�&281783� ��

�7\SHV�RI�FRXQW�GHWHFWLRQ�IRU������FRXQWHUV*OREDO�&RQVW�326,7,9(('*(� ��*OREDO�&RQVW�1(*$7,9(('*(� ��

�&RXQWHU�RXWSXW�FRQWURO*OREDO�&RQVW�$/:$<6/2:� ��*OREDO�&RQVW�+,*+38/6(217&� ��*OREDO�&RQVW�72**/(217&� ��*OREDO�&RQVW�',6&211(&7('� ��*OREDO�&RQVW�/2:38/6(217&� ��*OREDO�&RQVW�+,*+817,/7&� ��

�&RXQWHU�LQSXW�VRXUFHV*OREDO�&RQVW�7&35(9&75� ��*OREDO�&RQVW�&75,1387�� ��*OREDO�&RQVW�&75,1387�� ��*OREDO�&RQVW�&75,1387�� ��*OREDO�&RQVW�&75,1387�� ��*OREDO�&RQVW�&75,1387�� ��*OREDO�&RQVW�*$7(�� ��*OREDO�&RQVW�*$7(�� ��*OREDO�&RQVW�*$7(�� ��*OREDO�&RQVW�*$7(�� ��*OREDO�&RQVW�*$7(�� ���*OREDO�&RQVW�)5(4�� ���*OREDO�&RQVW�)5(4�� ���*OREDO�&RQVW�)5(4�� ���*OREDO�&RQVW�)5(4�� ���*OREDO�&RQVW�)5(4�� ���*OREDO�&RQVW�&75,1387�� ����*OREDO�&RQVW�&75,1387�� ����*OREDO�&RQVW�&75,1387�� ����*OREDO�&RQVW�&75,1387�� ����*OREDO�&RQVW�&75,1387��� ����*OREDO�&RQVW�*$7(�� ����
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*OREDO�&RQVW�*$7(�� ����*OREDO�&RQVW�*$7(�� ����*OREDO�&RQVW�*$7(�� ����*OREDO�&RQVW�*$7(��� ����*OREDO�&RQVW�)5(4�� ����*OREDO�&RQVW�)5(4�� ����*OREDO�&RQVW�)5(4�� ����*OREDO�&RQVW�)5(4�� ����*OREDO�&RQVW�)5(4��� ����
*OREDO�&RQVW�&75,1387��� ����*OREDO�&RQVW�&75,1387��� ����*OREDO�&RQVW�&75,1387��� ����*OREDO�&RQVW�&75,1387��� ����*OREDO�&RQVW�&75,1387��� ����*OREDO�&RQVW�*$7(��� ����*OREDO�&RQVW�*$7(��� ����*OREDO�&RQVW�*$7(��� ����*OREDO�&RQVW�*$7(��� ����*OREDO�&RQVW�*$7(��� ����*OREDO�&RQVW�)5(4��� ����*OREDO�&RQVW�)5(4��� ����*OREDO�&RQVW�)5(4��� ����*OREDO�&RQVW�)5(4��� ����*OREDO�&RQVW�)5(4��� ����*OREDO�&RQVW�&75,1387��� ����*OREDO�&RQVW�&75,1387��� ����*OREDO�&RQVW�&75,1387��� ����*OREDO�&RQVW�&75,1387��� ����*OREDO�&RQVW�&75,1387��� ����*OREDO�&RQVW�*$7(��� ����*OREDO�&RQVW�*$7(��� ����*OREDO�&RQVW�*$7(��� ����*OREDO�&RQVW�*$7(��� ����*OREDO�&RQVW�*$7(��� ����*OREDO�&RQVW�)5(4��� ����*OREDO�&RQVW�)5(4��� ����*OREDO�&RQVW�)5(4��� ����*OREDO�&RQVW�)5(4��� ����*OREDO�&RQVW�)5(4��� ����

�&RXQWHU�UHJLVWHUV*OREDO�&RQVW�/2$'5(*�� ��*OREDO�&RQVW�/2$'5(*�� ��*OREDO�&RQVW�/2$'5(*�� ��*OREDO�&RQVW�/2$'5(*�� ��*OREDO�&RQVW�/2$'5(*�  ��*OREDO�&RQVW�/2$'5(*�� ��*OREDO�&RQVW�/2$'5(*�� ��*OREDO�&RQVW�/2$'5(*�� ��
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*OREDO�&RQVW�/2$'5(*�� ��*OREDO�&RQVW�/2$'5(*��� ���
*OREDO�&RQVW�/2$'5(*��� ���*OREDO�&RQVW�/2$'5(*��� ���*OREDO�&RQVW�/2$'5(*��� ���*OREDO�&RQVW�/2$'5(*��� ���*OREDO &RQVW�/2$'5(*��� ���*OREDO�&RQVW�/2$'5(*��� ���*OREDO�&RQVW�/2$'5(*��� ���*OREDO�&RQVW�/2$'5(*��� ���*OREDO�&RQVW�/2$'5(*��� ���*OREDO�&RQVW�/2$'5(*��� ���
*OREDO�&RQVW�+2/'5(*�� ����*OREDO�&RQVW�+2/'5(*�� ����*OREDO�&RQVW�+2/'5(*�� ����*OREDO�&RQVW�+2/'5(*�� ����*OREDO�&RQVW�+2/'5(*�� ����*OREDO�&RQVW�+2/'5(*�� ����*OREDO�&RQVW�+2/'5(*�� ����*OREDO�&RQVW�+2/'5(*�� ����*OREDO�&RQVW�+2/'5(*�� ����*OREDO�&RQVW�+2/'5(*��� ����
*OREDO�&RQVW�+2/'5(*��� ����*OREDO�&RQVW�+2/'5(*��� ����*OREDO�&RQVW�+2/'5(*��� ����*OREDO�&RQVW�+2/'5(*��� ����*OREDO�&RQVW�+2/'5(*��� ����*OREDO�&RQVW�+2/'5(*��� ����*OREDO�&RQVW�+2/'5(*��� ����*OREDO�&RQVW�+2/'5(*��� ����*OREDO�&RQVW�+2/'5(*��� ����*OREDO�&RQVW�+2/'5(*��� ����
*OREDO�&RQVW�$/$50�&+,3�� ����*OREDO�&RQVW�$/$50�&+,3�� ����*OREDO�&RQVW�$/$50�&+,3�� ����*OREDO�&RQVW�$/$50�&+,3�� ����*OREDO�&RQVW�$/$50�&+,3�� ����*OREDO�&RQVW�$/$50�&+,3�� ����*OREDO�&RQVW�$/$50�&+,3�� ����*OREDO�&RQVW�$/$50�&+,3�� ����

��&RXQWHU�*DWH�&RQWURO*OREDO�&RQVW�12*$7(� ��*OREDO�&RQVW�$+/7&35(9&75� ��*OREDO�&RQVW�$+/1(;7*$7(� ��*OREDO�&RQVW�$+/35(9*$7(� ��
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*OREDO�&RQVW�$+/*$7(� ��*OREDO�&RQVW�$//*$7(� ��*OREDO�&RQVW�$+(*$7(� ��*OREDO�&RQVW�$/(*$7(� ��

�7\SHV�RI�WULJJHUV*OREDO�&RQVW�75,*$%29(� ��*OREDO�&RQVW�75,*%(/2:� ��

�7\SHV�RI�FRQILJXUDWLRQ�LQIRUPDWLRQ*OREDO�&RQVW�*/2%$/,1)2� ��*OREDO�&RQVW�%2$5',1)2� ��*OREDO�&RQVW�',*,7$/,1)2� ��*OREDO�&RQVW�&2817(5,1)2� ��*OREDO�&RQVW�(;3$16,21,1)2� ��*OREDO�&RQVW�0,6&,1)2� ��

�7\SHV�RI�JOREDO�FRQILJXUDWLRQ LQIRUPDWLRQ*OREDO�&RQVW�*,9(56,21� ����������� 
�&RQILJ�ILOH�IRUPDW�YHUVLRQ�QXPEHU*OREDO�&RQVW�*,180%2$5'6� ��������� 
�0D[LPXP�QXPEHU�RI�ERDUGV*OREDO�&RQVW�*,180(;3%2$5'6� ������ 
�0D[LPXP�QXPEHU�RI�H[SDQVLRQ�ERDUGV

�7\SHV�RI�ERDUG�FRQILJXUDWLRQ�LQIRUPDWLRQ*OREDO�&RQVW�%,%$6($'5� ����������� 
�%DVH�$GGUHVV*OREDO�&RQVW�%,%2$5'7<3(� ��������� 
�%RDUG�7\SH���[�������[�)))�*OREDO�&RQVW�%,,17/(9(/� ���������� 
�,QWHUUXSW�OHYHO*OREDO�&RQVW�%,'0$&+$1� ����������� 
�'0$�FKDQQHO*OREDO�&RQVW�%,,1,7,$/,=('� ����� 
�758(�RU�)$/6(*OREDO�&RQVW�%,&/2&.� ������������� 
�&ORFN�IUHT��������RU�EXV�*OREDO�&RQVW�%,5$1*(� ������������� 
�6ZLWFK�VHOHFWDEOH�UDQJH*OREDO�&RQVW�%,180$'&+$16� �������� 
�1XPEHU�RI�$�'�FKDQQHOV*OREDO�&RQVW�%,86(6(;36� ���������� 
�6XSSRUWV�H[SDQVLRQ�ERDUGV�758(�)$/6(*OREDO�&RQVW�%,',180'(96� ��������� 
�1XPEHU�RI�GLJLWDO�GHYLFHV*OREDO�&RQVW�%,','(9180� ���������� 
�,QGH[�LQWR�GLJLWDO�LQIRUPDWLRQ*OREDO�&RQVW�%,&,180'(96� ��������� 
�1XPEHU�RI�FRXQWHU�GHYLFHV*OREDO�&RQVW�%,&,'(9180� ���������� 
�,QGH[ LQWR�FRXQWHU�LQIRUPDWLRQ*OREDO�&RQVW�%,180'$&+$16� �������� 
�1XPEHU�RI�'�$�FKDQQHOV*OREDO�&RQVW�%,:$,767$7(� ��������� 
�:DLW�VWDWH�HQDEOHG�758(�)$/6(*OREDO�&RQVW�%,180,232576� �������� 
�,�2�DGGUHVV�VSDFH�XVHG�E\�ERDUG*OREDO�&RQVW�%,3$5(17%2$5'� ������ 
�%RDUG�QXPEHU�RI�SDUHQW�ERDUG*OREDO�&RQVW�%,'7%2$5'� ����������� 
�%RDUG�QXPEHU�RI�FRQQHFWHG�'7�ERDUG

�7\SHV�RI�GLJLWDO�GHYLFH�LQIRUPDWLRQ*OREDO�&RQVW�',%$6($'5� ����������� 
�%DVH�DGGUHVV*OREDO�&RQVW�',,1,7,$/,=('� ������� 
�758(�RU�)$/6(*OREDO�&RQVW ','(97<3(� ����������� 
�$8;3257�RU�[3257$�� &+*OREDO�&RQVW�',0$6.� �������������� 
�%LW�PDVN�IRU�WKLV�SRUW*OREDO�&RQVW�',5($':5,7(� ��������� 
�5HDG�UHTXLUHG�EHIRUH�ZULWH*OREDO�&RQVW�',&21),*� ������������ 
�&XUUHQW�FRQILJXUDWLRQ*OREDO�&RQVW�',180%,76� �����������
�1XPEHU�RI�ELWV�LQ�SRUW
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*OREDO�&RQVW�',&859$/� ������������ 
�&XUUHQW�YDOXH�RI�RXWSXWV

�7\SHV�RI�FRXQWHU�GHYLFH�LQIRUPDWLRQ*OREDO�&RQVW�&,%$6($'5� ����������� 
�%DVH�DGGUHVV*OREDO�&RQVW�&,,1,7,$/,=('� ������� 
�758(�RU�)$/6(*OREDO�&RQVW�&,&757<3(� �����������
�&RXQWHU�W\SH������������RU�����*OREDO�&RQVW�&,&75180� ������������ 
�:KLFK�FRXQWHU�RQ�FKLS*OREDO�&RQVW�&,&21),*%<7(� �������� 
�&RQILJXUDWLRQ�E\WH

�7\SHV�RI�H[SDQVLRQ�ERDUG�LQIRUPDWLRQ*OREDO�&RQVW�;,%2$5'7<3(� ��������� 
�([SDQVLRQ�ERDUG�W\SH*OREDO�&RQVW�;,08;$'&+$1�� �������� 
�������*OREDO�&RQVW�;,08;$'&+$1�� �������� 
��������RU�12786('*OREDO�&RQVW�;,5$1*(�� ������������ 
�5DQJH��JDLQ��RI�ORZ����FKDQV*OREDO�&RQVW�;,5$1*(�� ������������ 
�5DQJH��JDLQ��RI�KLJK����FKDQV*OREDO�&RQVW�;,&-&&+$1� �����������
��������RU�12786('*OREDO�&RQVW�;,7+(507<3(� ���������
�7<3(-��7<3(.��7<3(%��7<3(7��7<3((��7<3(5�BRU�7<3(6*OREDO�&RQVW�;,180(;3&+$16� ������� 
�1XPEHU�RI�H[SDQVLRQ�FKDQQHOV�RQ�ERDUG*OREDO�&RQVW�;,3$5(17%2$5'� ������� 
�%RDUG�QXPEHU�RI�SDUHQW�$�'�ERDUG*OREDO�&RQVW�;,63$5(�� ������������ 
����ZRUGV�RI�PLVF�RSWLRQV
'HFODUH�)XQFWLRQ�FE$&RQYHUW'DWD��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�1XP3RLQWV	�B$''DWD���&KDQ7DJV��'HFODUH�)XQFWLRQ�FE$&DOLEUDWH'DWD��/LE��FEZ�GOO���%\9DO�%RDUG1XP�� %\9DO�1XP3RLQWV	�B%\9DO�*DLQ���$''DWD��'HFODUH�)XQFWLRQ�FE$&RQYHUW3UHWULJ'DWD��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DOB3UHWULJ&RXQW	��%\9DO�7RWDO&RXQW	��$''DWD���&KDQ7DJV��'HFODUH�)XQFWLRQ�FE$,Q��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�&KDQ���%\9DO� *DLQ��B'DWD9DOXH��'HFODUH�)XQFWLRQ�FE$,Q6FDQ��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�/RZ&KDQ���%\9DOB+LJK&KDQ���%\9DO�&%&RXQW	��&%5DWH	��%\9DO�*DLQ���%\9DO�0HP+DQGOH���%\9DOB2SWLRQV��'HFODUH�)XQFWLRQ�FE$/RDG4XHXH��/LE��FEZ�GOO���%\9DO�%RDUG1XP ���&KDQ$UUD\��B*DLQ$UUD\���%\9DO�1XP&KDQV��'HFODUH�)XQFWLRQ�FE$2XW��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�&KDQ���%\9DO�*DLQ��B%\9DO�'DWD9DOXH��'HFODUH�)XQFWLRQ�FE$2XW6FDQ��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�/RZ&KDQ��B%\9DO�+LJK&KDQ���%\9DO &%&RXQW	��&%5DWH	��%\9DO�*DLQ���%\9DO�0HP+DQGOH��B%\9DO�2SWLRQV��'HFODUH�)XQFWLRQ�FE$3UHWULJ��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�/RZ&KDQ���%\9DOB+LJK&KDQ���3UHWULJ&RXQW	��&%&RXQW	��&%5DWH	��%\9DO�*DLQ���%\9DO�0HP+DQGOH��B%\9DO�2SWLRQV��'HFODUH�)XQFWLRQ�FE$7ULJ��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�&KDQ���%\9DOB7ULJ7\SH���%\9DO�7ULJ9DOXH���%\9DO�*DLQ���'DWD9DOXH��'HFODUH�)XQFWLRQ�FE&����&RQILJ��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�&RXQWHU1XP��B%\9DO�&RQILJ��'HFODUH�)XQFWLRQ�FE&����&RQILJ��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�&RXQWHU1XP��B%\9DO�2XWSXW&RQWURO���%\9DO�5HF\FOH0RGH���%\9DO�5HWULJJHU��'HFODUH�)XQFWLRQ�FE&����&RQILJ��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�&RXQWHU1XP��B
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%\9DO�*DWH&RQWURO���%\9DO�&RXQWHU(GJH���%\9DO�&RX QW6RXUFH���%\9DO�6SHFLDO*DWH��B%\9DO�5HORDG���%\9DO�5HF\FOH0RGH���%\9DO�%&'0RGH���%\9DO�&RXQW'LUHF���%\9DOB2XWSXW&WUO��'HFODUH�)XQFWLRQ�FE&����,QLW��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�&KLS1XP��B%\9DO�&WU�2XWSXW��'HFODUH�)XQFWLRQ�FE&����,QLW��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�&KLS1XP��B%\9DO�)2XW'LYLGHU���%\9DO�)2XW6RXUFH���%\9DO�&RPSDUH����%\9DO�&RPSDUH����%\9DOB7LPH2I'D\��'HFODUH�)XQFWLRQ�FE&6WRUH2Q,QW��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�,QW&RXQW��B&QWU&RQWURO���%\9DO�'DWD%XI IHU��'HFODUH�)XQFWLRQ�FE&)UHT,Q��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�6LJ6RXUFH���%\9DOB*DWH,QWHUYDO���&%&RXQW���)UHT	�'HFODUH�)XQFWLRQ�FE&,Q��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�&RXQWHU1XP��B&%&RXQW��'HFODUH�)XQFWLRQ�FE&/RDG��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�5HJ1XP���%\9DOB/RDG9DOXH��'HFODUH�)XQFWLRQ�FE'%LW,Q��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�3RUW7\SH���%\9DOB%LW1XP���%LW9DOXH��'HFODUH�)XQFWLRQ�FE'%LW2XW��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�3RUW7\SH���%\9DOB%LW1XP���%\9DO %LW9DOXH��'HFODUH�)XQFWLRQ�FE'&RQILJ3RUW��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�3RUW1XP��B%\9DO�'LUHFWLRQ��'HFODUH�)XQFWLRQ�FE'HFODUH5HYLVLRQ��/LE��FEZ�GOO���5HY1XP��'HFODUH�)XQFWLRQ�FE',Q��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�3RUW1XP���'DWD9DOXH��'HFODUH�)XQFWLRQ�FE',Q6FDQ��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�3RUW1XP���%\9DOB&%&RXQW	��&%5DWH	��%\9DO�0HP+DQGOH���%\9DO�2SWLRQV��'HFODUH�)XQFWLRQ�FE'2XW��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�3RUW1XP���%\9DOB'DWD9DOXH��'HFODUH�)XQFWLRQ�FE'2XW6FDQ��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�3RUW1XP���%\9DOB&%&RXQW	��&%5DWH	��%\9DO�0HP+DQGOH���%\9DO�2SWLRQV��'HFODUH�)XQFWLRQ�FE(UU+DQGOLQJ��/LE��FEZ�GOO���%\9DO�(UU5HSRUWLQJ���%\9DO�(UU+DQGOLQJ��'HFODUH�)XQFWLRQ�FE)LOH$,Q6FDQ��/LE��FEZ�GOO���%\9DO %RDUG1XP���%\9DO�/RZ&KDQ��B%\9DO�+LJK&KDQ���%\9DO�&%&RXQW	��&%5DWH	��%\9DO�*DLQ���%\9DO�)LOH1DPH���%\9DOB2SWLRQV��'HFODUH�)XQFWLRQ�FE)LOH*HW,QIR��/LE��FEZ�GOO���%\9DO�)LOH1DPH���/RZ&KDQ���+LJK&KDQ��B3UHWULJ&RXQW	��7RWDO&RXQW	��&%5DWH	��*DLQ��'HFODUH�)XQFWLRQ�FE)LOH3UHWULJ��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�/RZ&KDQ��B%\9DO�+LJK&KDQ���3UHWULJ&RXQW	��&%&RXQW	��&%5DWH	��%\9DO�*DLQ���%\9DO�)LOH1DPH��B%\9DO�2SWLRQV��'HFODUH�)XQFWLRQ�FE)LOH5HDG��/LE��FEZ�GOO���%\9DO�)LOH1DPH���%\9DO�)LUVW3RL QW	�B1XP3RLQWV	��'DWD%XIIHU��'HFODUH�)XQFWLRQ�FE*HW(UU0VJ��/LE��FEZ�GOO���%\9DO�(UU&RGH���%\9DO�(UU0VJ��'HFODUH�)XQFWLRQ�FE*HW5HYLVLRQ��/LE��FEZ�GOO���'//5HY1XP���9;'5HY1XP��'HFODUH�)XQFWLRQ�FE*HW6WDWXV��/LE��FEZ�GOO���%\9DO�%RDUG1XP���6WDWXV���&XU&R XQW	�B&XU,QGH[	�'HFODUH�)XQFWLRQ�FE6WRS%DFNJURXQG��/LE��FEZ�GOO���%\9DO�%RDUG1XP��'HFODUH�)XQFWLRQ�FE0HP6HW'70RGH��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�0RGH��'HFODUH�)XQFWLRQ�FE0HP5HVHW��/LE��FEZ�GOO���%\9DO�%RDUG1XP��'HFODUH�)XQFWLRQ�FE0HP5HDG��/LE��FEZ�GOO���%\9DO�%RDUG1XP���'DWD%XIIHU���%\9DOB)LUVW3RLQW	��%\9DO�&%&RXQW	�



PVPM Manual

The Solar Energy Research Group, Department of Physics, Moi University
P.O. Box 1125, Eldoret, Kenya

62

'HFODUH�)XQFWLRQ�FE0HP:ULWH��/LE��FEZ�GOO���%\9DO�%RDUG1XP���'DWD%XIIHU���%\9DOB)LUVW3RLQW	��%\9DO�&%&RXQW	�'HFODUH�)XQFWLRQ�FE0HP5HDG3UHWULJ��/LE��FEZ�GOO���%\9DO�%RDUG1X P���'DWD%XIIHU��B%\9DO�)LUVW3RLQW	��%\9DO�&%&RXQW	�'HFODUH�)XQFWLRQ�FE56�����/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�7UDQVPLW���%\9DOB5HFHLYH��'HFODUH�)XQFWLRQ�FE7,Q��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�&KDQ���%\9DOB&%6FDOH���7HPS9DOXH���%\9DO�2SWLRQV��'HFODUH�)XQFWLRQ�FE7,Q6FDQ��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�/RZ&KDQ���%\9DOB+LJK&KDQ���%\9DO�&%6FDOH���'DWD%XIIHU���%\9DO�2SWLRQV��'HFODUH�)XQFWLRQ�FE:LQ%XI7R$UUD\��/LE��FEZ�GOO���%\9DO�0HP+DQGOH���'DWD%XIIHU��B%\9DO�)LUVW3RLQW	��%\9DO�&%&RXQW	�'HFODUH�)XQFWLRQ�FE:LQ$UUD\7R%XI��/LE��FEZ�GOO���'DWD%XIIHU���%\9DO�0HP+DQGOH��B%\9DO�)LUVW3RLQW	��%\9DO�&%&RXQW	�'HFODUH�)XQFWLRQ�FE:LQ%XI$OORF��/LE��FEZ�GOO���%\9DO�1XP3RLQWV	�'HFODUH�)XQFWLRQ�FE:LQ%XI)UHH��/LE��FEZ�GOO���%\9DO�0HP+D QGOH��'HFODUH�)XQFWLRQ�FE,Q%\WH��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�3RUW1XP��'HFODUH�)XQFWLRQ�FE2XW%\WH��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�3RUW1XP���%\9DOB3RUW9DO��'HFODUH�)XQFWLRQ�FE,Q:RUG��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�3RUW1XP��'HFODUH�)XQFWLRQ�FE2XW:RUG��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�3RUW1XP���%\9DOB3RUW9DO��'HFODUH�)XQFWLRQ�FE*HW&RQILJ��/LE��FEZ�GOO���%\9DO�,QIR7\SH���%\9DO�%RDUG1XP���%\9DOB'HY1XP���%\9DO�&RQILJ,WHP���&RQILJ9DO��'HFODUH�)XQFWLRQ�FE6HW&RQILJ��/LE��FEZ�GOO���%\9DO�,QIR7\SH���%\9DO�%RDUG1XP���%\9DOB'HY1XP���%\9DO�&RQILJ,WHP���%\9DO�&RQILJ9DO��'HFODUH�)XQFWLRQ�FE7R(QJ8QLWV��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�5DQJH���%\9DOB'DWD9DO���(QJ8QLWV��'HFODUH�)XQFWLRQ�FE)URP(QJ8QLWV��/LE��FEZ�GOO���%\9D O�%RDUG1XP���%\9DO�5DQJH��B%\9DO�(QJ8QLWV���'DWD9DO��'HFODUH�)XQFWLRQ�FE*HW%RDUG1DPH��/LE��FEZ�GOO���%\9DO�%RDUG1XP���%\9DO�%RDUG1DPH��
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	Introduction
	List 2.1 Files for the PVPM program
	List 2.2 Visual basic controls for the PVPM program
	The Code
	End Sub
	    '  Exit the program

	End Sub
	    '  Open the Multi Channel monitoring form

	End Sub
	End Sub
	End Sub
	End Sub
	    '  Exit the program

	End Sub
	    '  Open the Multi Channel monitoring form

	End Sub
	    ' Open the Single Channel monitoring form

	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	    ' The index 0 represents the Cascade arrangement

	End Sub
	    '  The index 1 represents the Tile Horizontal arrangement

	End Sub
	End Sub
	End Sub
	End Sub
	    '  Display channel number 1

	End Sub
	    '  Show the Confirm Quit dialog

	End Sub
	End Sub
	End Sub
	    '  Open the file and write the column names and then close the file

	End Sub
	End Sub
	End Sub
	    '  Show the Confirm Quit dialog

	End Sub
	    '  Reset all values to zero

	End Sub
	    ' Show the parameter and value boxes
	End Sub
	    '   CancelError is True
	        '  Specify default filter


	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	    ' Display channel number 1

	End Sub
	     ' Display channel number 2
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	    ' Show the parameter and value boxes

	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	    ' Cascade all open windows

	End Sub
	    ' Tile all open windows horizontally

	End Sub
	End Sub
	End Sub
	   ' Convert the counts to volts using the cbToEngUnits function
	   ' Allocate the channel name and value to be displayed depending on the user's selection
	   '  Generates an error message if the user enters an invalid channel number
	   ' Display the channel name and value

	End Sub
	End Sub
	' Define the overwrite prompt

	End Sub
	End Sub
	End Sub
	End Sub
	    '  CancelError is True
	        ' Set the flags property to the overwrite prompt
	        ' Set the title for the Save As dialog
	        ' Set the file name to the name specified by the user
	    ' Open the data file and write the column titles

	End Sub
	End Sub
	End Sub
	    '  CancelError is True
	        ' Set the flags property to the overwrite prompt
	        ' Set the title for the Save As dialog
	        ' Set the file name to the name specified by the user
	    ' Open the data file and write the column titles

	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	  '  Select the option button for Default

	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	    '  Tile all open windows vertically

	End Sub
	    '  Show the graph for Current

	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	   ' Set the timer interval to the value specified by the user
	' Transfer the data from the memory buffer set up by Windows to an array for use by Visual
	    ' Make the final output captions visible at run time
	    ' Define variables for data storage
	    '  Open file for data storage and store the data
	    '  Error handling

	End Sub
	End Sub
	    ' Reset all the data to zero

	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	End Sub
	Code 2.12 DATAV.FRM (frmDataListV)
	End Sub
	End Sub
	End Sub
	    ' This brief sub serves to position the form automatically
	   ' The statement above sets the vertical position of the form
	  '  This statement then sets the horizontal position of the

	End Sub
	End Sub
	End Sub
	' Error Codes
	' Windows error codes
	' These are the commonly occurring remapped DOS error codes
	' Maximum length of error string
	' Maximum length of board name string
	' Status values
	' Option Flags
	' Types of error reporting
	' Types of error handling
	' Types of digital input ports
	'  Temperature scales
	' Types of digital I/O Ports
	' Selectable A/D Ranges codes
	' Types of D/A
	' Types of 8254 Counter configurations
	' Where to reload from for 9513 counters
	' Counter recycle modes
	' Direction of counting for 9513 counters
	' Types of count detection for 9513 counters
	' Counter output control
	' Counter input sources
	' Counter registers
	'  Counter Gate Control
	' Types of triggers
	' Types of configuration information
	' Types of global configuration information
	' Types of board configuration information
	' Types of digital device information
	' Types of counter device information
	' Types of expansion board information



