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Problem G 
Rectilinear Regions 

7ime Limit� �.� Seconds 
 
 

$ UHFWLOLQHDU SDWK FRQQHFWLQJ WZR SRLQWV LQ WKH SODQH LV D SDWK FRQVLVWLQJ RI RQO\ KRUL]RQWDO DQG YHUWLFDO OLQH 
VHJPHQWV� $ UHFWLOLQHDU SDWK LV VDLG WR EH monotone ZLWK UHVSHFW WR WKH ݔ�D[LV �UHVS�� ݕ�D[LV� LI DQG RQO\ LI LWV 
LQWHUVHFWLRQ ZLWK HYHU\ YHUWLFDO �UHVS�� KRUL]RQWDO� OLQH LV HLWKHU HPSW\ RU D FRQWLJXRXV SRUWLRQ RI WKDW OLQH� $ 
staircase LV D UHFWLOLQHDU SDWK LI LW LV PRQRWRQH WR ERWK WKH ݔ�D[LV DQG WKH ݕ�D[LV� DQG D VWDLUFDVH LV unbounded 
LI LW VWDUWV DQG HQGV ZLWK D VHPL�LQILQLWH KRUL]RQWDO VHJPHQW� L�H�� D VHJPHQW WKDW H[WHQGV WR LQILQLW\ RQ ERWK 
HQGV RI WKH ݔ�D[LV� 1RWH WKDW VWDLUFDVHV FDQ EH HLWKHU LQFUHDVLQJ RU GHFUHDVLQJ� GHSHQGLQJ RQ ZKHWKHU WKH\ JR 
XS RU GRZQ DV ZH PRYH DORQJ WKHP IURP OHIW WR ULJKW RQ WKH ݔ�D[LV� $ VWDLUFDVH ZLWK ݊ YHUWLFDO OLQH VHJPHQWV 
LV FDOOHG D VWDLUFDVH ZLWK ݊ VWHSV� 
 
&RQVLGHULQJ WZR XQERXQGHG VWDLUFDVHV / DQG 8� WKHUH FDQ EH VHYHUDO RU QR closed rectilinear regions ERXQGHG 
E\ VWDLUFDVHV / DQG 8� $PRQJ WKH FORVHG UHFWLOLQHDU UHJLRQV� VRPH UHJLRQV DUH ERXQGHG E\ D VWDLUFDVH / WR WKH 
ERWWRP DQG E\ D VWDLUFDVH 8 WR WKH WRS� )RU H[DPSOH� LQ WKH IROORZLQJ ILJXUH� WKH WZR UHJLRQV FRORUHG \HOORZ 
DUH WKDW NLQG RI FORVHG UHFWLOLQHDU UHJLRQV� :H ZRXOG OLNH WR FRPSXWH WKH WRWDO DUHD RI VXFK UHJLRQV� 
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)LJXUH *��� 7ZR VWDLUFDVHV / DQG 8� ZKHUH 8 KDV ��VWHSV DQG / KDV ��VWHSV� 7KH WZR \HOORZ
FRORUHG UHJLRQV DUH FORVHG UHFWLOLQHDU UHJLRQV ERXQGHG E\ D VWDLUFDVH / WR WKH ERWWRP� DQG D
VWDLUFDVH 8 WR WKH WRS� 7KH ࢞ࡸ࢏, ,ࢁ࢏࢞ ��UHVS�	ࡸ࢏࢟ DUH WKH ࢞�� ࢟�FRRUGLQDWHV RI FRUQHU SRLQWV RI �ࢁ࢏࢟
WKH VWDLUFDVH / �UHVS�� 8�� 
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7KH JHRPHWU\ IRU DQ ݊�VWHS VWDLUFDVH LV UHSUHVHQWHG E\ WKH ݕ ��ݔ�FRRUGLQDWHV RI FRUQHU SRLQWV RI WKH VWDLUFDVH LQ 
WKH IROORZLQJ RUGHU�  
 

             ��������������������������������           ��� 
 
ZKHUH ݔଵ ൏ ଶݔ ൏ ڮ	 	൏ ௡ݔ  IRU ݔ �FRRUGLQDWHV RI YHUWLFDO OLQH VHJPHQWV� DQG ݕ଴ ൏ ଵݕ ൏ ڮ	 	൏ ௡ݕ  IRU ݕ �
FRRUGLQDWHV RI KRUL]RQWDO OLQH VHJPHQWV RI DQ LQFUHDVLQJ VWDLUFDVH RU ݕ଴ ൐ ଵݕ ൐ ڮ	 	൐ ௡ݕ  IRU D GHFUHDVLQJ 
VWDLUFDVH. 
  
)RU H[DPSOH� JLYHQ D ��VWHS VWDLUFDVH / UHSUHVHQWHG ZLWK 
 

� � � �� �� �� �� �� �� 
 
DQG D ��VWHS VWDLUFDVH 8 UHSUHVHQWHG ZLWK 
 

� � �� �� �� �� �� 
 
WKH QXPEHU RI ERXQGHG UHFWLOLQHDU UHJLRQV LV � DQG WKH WRWDO DUHD RI WKH UHJLRQV LV �� �VHH ILJXUH *���� 
 
*LYHQ WZR XQERXQGHG VWDLUFDVHV / DQG 8 WKDW all ݔ-coordinates represented in (1) of corner points of both L 
and U are unique, and all ݕ-coordinates represented in (1) of corner points of both L and U are unique� 
FRPSXWH WKH WRWDO DUHD RI ERXQGHG UHFWLOLQHDU UHJLRQV WKDW ERXQGHG E\ / WR WKH ERWWRP RI WKH UHJLRQV DQG E\ 8 
WR WKH WRS RI WKH UHJLRQV� 
 
 
Input 
<RXU SURJUDP LV WR UHDG IURP VWDQGDUG LQSXW� 7KH ILUVW OLQH FRQWDLQV WZR SRVLWLYH LQWHJHUV ݊  DQG ݉ � 
UHVSHFWLYHO\� UHSUHVHQWLQJ WKH QXPEHU RI VWHSV RI XQERXQGHG VWDLUFDVHV / DQG 8� ZKHUH 1	 ൑ ݊,݉ ൑ 25,000� 
7KH VHFRQG �UHVS�� WKLUG� OLQH FRQWDLQV 2݊ ൅ 1 �UHVS�� 2݉ ൅ 1� LQWHJHUV UHSUHVHQWLQJ WKH ݕ ��ݔ�FRRUGLQDWHV RI 
FRUQHU SRLQWV RI WKH VWDLUFDVH / �UHVS�� 8�� DQG WKH LQWHJHUV DUH VHTXHQFHG LQ WKH RUGHU RI WKH QRWDWLRQ ���� 7KH 
FRRUGLQDWHV DUH UHSUHVHQWHG ZLWK QRQ�QHJDWLYH LQWHJHUV OHVV WKDQ RU HTXDO WR ������� 
 
 
Output 
<RXU SURJUDP LV WR ZULWH WR VWDQGDUG RXWSXW� 7KH ILUVW OLQH VKRXOG FRQWDLQ WZR LQWHJHUV ݇ DQG ݓ� ZKHUH ݇ 
UHSUHVHQWV WKH QXPEHU RI FORVHG UHFWLOLQHDU UHJLRQV DQG ݓ UHSUHVHQWV WKH WRWDO DUHD RI WKRVH UHJLRQV� ,I WKHUH LV 
QR VXFK UHJLRQV� WKHQ \RXU SURJUDP VKRXOG ZULWH � IRU ERWK ݇ DQG ݓ� 
 
7KH IROORZLQJ VKRZV VDPSOH LQSXW DQG RXWSXW IRU WZR WHVW FDVHV� 
 
Sample Input 1 Output for the Sample Input 1 
4 3 
6 2 9 11 11 15 16 21 19 
3 6 12 10 14 18 17 

2 32 

 
Sample Input 2 Output for the Sample Input 2 
4 3 
9 1 7 3 5 5 3 7 1 
0 2 2 4 4 6 6 

0 0 

 
Sample Input � Output for the Sample Input � 
1 1 
1 50000 50000 
0 0 49999 

1 2499900000 
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