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������ &LUFXLW GHVFULSWLRQ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ 6RFNHW��PRXQWHG FRPSRQHQWV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ &RQQHFWLRQV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ 0DLQWHQDQFH DLGV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� '& SRZHU VXSSO\ �'& �� 3:5� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ 3XUSRVH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ %RDUG GHVFULSWLRQ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ &LUFXLW GHVFULSWLRQ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ 6RFNHW��PRXQWHG FRPSRQHQWV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ &RQQHFWLRQV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ 0DLQWHQDQFH DLGV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 5(3/$&(0(17 2) 3$576 ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� *HQHUDO ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 5HSODFHPHQW RI FLUFXLW ERDUGV DQG VRIWZDUH ��� � � � � � � � � � � � � � � � � � � � �

����� 5HPRYDO RI FLUFXLW ERDUGV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 6RIWZDUH UHSODFHPHQW ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 5HPRYDO RI WKH EDFNSODQH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 5HSODFHPHQW RI WKH EDFNSODQH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 5HSODFHPHQW RI FLUFXLW ERDUGV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 5HSODFHPHQW RI IXVHV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� )XVH ORFDWLRQV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� )XVH UHSODFHPHQW ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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'RFXPHQW KLVWRU\
�7KH LQIRUPDWLRQ RQ WKLV SDJH LV IRU LQWHUQDO XVH�

5HY� $ 2ULJLQDO HGLWLRQ EDVHG RQ 3����� GRFXPHQW ´&µ� UHY� $�

5HY� % 'RFXPHQW XSGDWHG� VRPH XQQHFHVVDU\ LQIRUPDWLRQ UHPRYHG� VRPH EORFN
GLDJUDPV DGGHG� 'RFXPHQW UHIRUPDWWHG WR ,OHDI ����

5HY� & '630 DQG &38 SFEV FKDQJHG� 2WKHU PLQRU FRUUHFWLRQV� 5HI� ������&�
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%ODQN SDJH
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� ,1752'8&7,21
7KLV WHFKQLFDO GHVFULSWLRQ LV FUHDWHG WR DVVLVW WKH PDLQWHQDQFH
HQJLQHHU ZLWK LQWHUPHGLDWH OHYHO PDLQWHQDQFH RSHUDWLRQV� 7KLV
PHDQV WKDW WKH PDLQWHQDQFH WHFKQLFLDQ RU HQJLQHHU LV H[SHFWHG WR
UHSODFH IDXOW\ /LQH 5HSODFHDEOH 8QLWV �/58� �FLUFXLW ERDUGV RU
PRGXOHV�� EXW QRW WR SHUIRUPFLUFXLW ERDUG UHSDLUV� ,Q RUGHU WR ILQG
WKH IDXOW\ FRPSRQHQW� LW LV IXUWKHU H[SHFWHG WKDW WKH PDLQWHQDQFH
SHUVRQQHO KDYH DFFHVV WR VWDQGDUG HOHFWURQLF LQVWUXPHQWV� VXFK DV
RVFLOORVFRSHV DQG PXOWLPHWHUV�

7KH SHUVRQQHO GHVLJQDWHG WR SHUIRUP PDLQWHQDQFH RQ WKLV XQLW
�DQG WKH UHVW RI WKH V\VWHP� VKRXOG EH ZHOO TXDOLILHG WHFKQLFDO
SHUVRQQHO� ZLWK H[SHULHQFH RI FRPSXWHU��EDVHG HOHFWURQLF
FLUFXLWU\� ,W LV DOVR VWURQJO\ UHFRPPHQGHG WKDW WKH SHUVRQQHO DUH
IDPLOLDU ZLWK WKH EDVLF SULQFLSOHV RI K\GURDFRXVWLF WHFKQRORJ\�
DQG LQ SDUWLFXODU� SRVLWLRQLQJ V\VWHPV�

7UDLQLQJ FRXUVHV DUH DYDLODEOH IURP .RQJVEHUJ 6LPUDG $6�
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� *(1(5$/ ,1)250$7,21

��� 'HVLJQ
7KH 7UDQVFHLYHU 8QLW LV FRQVWUXFWHG RI DOXPLQLXP SDQHOV DQG
H[WUXGHG VWULS� 2QH RI VHYHUDO GLIIHUHQW FRYHU SDQHO GHVLJQV PD\
EH XVHG GHSHQGLQJ RQ WKH W\SH RI LQVWDOODWLRQ �FRQVROH� GHVN��WRS�
UDFN� RU SRUWDEOH�� 7KH GLVPDQWOLQJ SURFHGXUHV GHVFULEHG LQ WKLV
PDQXDO UHIHU WR WKH XQLW DV XVHG LQ WKH FRQVROH RU ��µ UDFN�

7KH PDMRULW\ RI WKH FLUFXLW ERDUGV FRQWDLQHG LQ WKH XQLW DUH
VWDQGDUG VLQJOH��(XURSD FDUGV� DFFHVVLEOH E\ RSHQLQJ WKH IURQW RI
WKH XQLW� 7KH FDUGV DUH SOXJ��LQ XQLWV� KHOG LQ SRVLWLRQ E\ SODVWLF
FOLSV�

� PP � KROHV DUH GULOOHG LQ WKH XSSHU DQG ORZHU IURQW FRUQHUV
RI HDFK ERDUG� 7KHVH DUH WR DWWDFK WKH ZLUH KDQGOH XVHG WR H[WUDFW
WKH ERDUG IURP WKH XQLW�

��� 0DLQWHQDQFH DFWLRQV
7KH FRUUHFWLYH PDLQWHQDQFH RQ WKH 7UDQVFHLYHU 8QLW LV OLPLWHG WR
RSHUDWLRQDO FKHFNV DQG FLUFXLW ERDUG UHSODFHPHQWV� $Q H[WHQVLRQ
ERDUG ZLOO EH UHTXLUHG LI WKH PDLQWHQDQFH HQJLQHHU ZLVKHV WR
SHUIRUP PHDVXUHPHQWV RQ WKH ERDUGV GXULQJ V\VWHP RSHUDWLRQ�
7KLV LV GHOLYHUHG ZLWK WKH VWDQGDUG VSDUH SDUWV NLW IRU WKH
7UDQVFHLYHU 8QLW�

��� ([WHUQDO FRQQHFWLRQV
$OO H[WHUQDO FRQQHFWLRQV WR WKH 7UDQVFHLYHU 8QLW DUH PDGH YLD
SOXJV ORFDWHG RQ WKH UHDU RI WKH XQLW� 5HIHU WR FKDSWHU 12 7$* IRU
IXUWKHU LQIRUPDWLRQ�

��� 3RZHU VXSSO\
7KH 7UDQVFHLYHU 8QLW FDQ EH SRZHUHG IURP HLWKHU D ��� 9DF RU
��� 9DF VXSSO\� /LQNVPXVW EH VHW LQVLGH WKH XQLW WR DGDSW WKH XQLW
WR WKHYROWDJH VXSSO\�$PDLQVSRZHU VZLWFK LV ORFDWHGRQ WKH IURQW
SDQHO� WRJHWKHU ZLWK D 3RZHU RQ LQGLFDWRU ODPS�
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� 7+(25< 2) 23(5$7,21

��� ,QWURGXFWLRQ
7KH +35 ��� 7UDQVFHLYHU 8QLW LV WKH FHQWUDO SDUW RI WKH +35
V\VWHP� ,W FRQWDLQV WKH IROORZLQJ�

� (OHFWURQLF FLUFXLWU\ IRU WUDQVPLVVLRQ RI DFRXVWLF SXOVHV

� $PSOLILHUV DQG ILOWHUV IRU UHFHSWLRQ RI DFRXVWLF VLJQDOV

� ,QWHUIDFHV WR H[WHUQDO VHQVRUV

� 6HULDO OLQH IRU FRPPXQLFDWLRQ ZLWK WKH %HDP &RQWURO 8QLW �IRU
WUDFNLQJ V\VWHPV�

� 6HULDO OLQH IRU FRPPXQLFDWLRQ ZLWK WKH 6\VWHP &RQWUROOHU �DQ
(WKHUQHW OLQN ZLOO EH DYDLODEOH VKRUWO\��

7KH 7UDQVFHLYHU 8QLW·V PDLQ QDYLJDWLRQ IXQFWLRQ LV WR LQWHUURJDWH
WUDQVSRQGHUV DQG PHDVXUH WKH UDQJH DQG EHDULQJ WR WKHP� 7KH
PDLQ WHOHPHWU\ IXQFWLRQ LV WR WUDQVPLW DQG UHFHLYH DFRXVWLF
VLJQDOV�

��� 1DYLJDWLRQ
7KH RSHUDWRU VHOHFWV WKH DFWLYHPRGH RI RSHUDWLRQ� 7KH V\VWHP FDQ
WKHQ VZLWFK DXWRPDWLFDOO\ EHWZHHQ WKH VHOHFWHG PRGH DQG WKH
RWKHU DYDLODEOHPRGH�V�� 7KLVPHDQV WKDW WKH V\VWHP FDQPDNH XVH
RI VHYHUDO GLIIHUHQW W\SHV RI WUDQVSRQGHU LQ WKH VDPH RSHUDWLRQ�

��� 66%/
,Q WKLV PRGH� ERWK GLUHFWLRQ DQG UDQJH WR WKH WUDQVSRQGHU�V� DUH
FRPSXWHG�

:KHQ D WUDQVSRQGHU LV VZLWFKHG RQ E\ WKH RSHUDWRU� WKH
WUDQVFHLYHU ZLOO VWDUW LQWHUURJDWLRQ XVLQJ IUHTXHQFLHV
FRUUHVSRQGLQJ WR WKH DSSOLFDEOH WUDQVSRQGHU FKDQQHO� 7KLV LV
DFKLHYHG E\ FRQWUROOLQJ WKH WUDQVPLWWHU DQG UHFHLYHU
�SUHDPSOLILHU� ERDUGV� 7KH &HQWUDO 3URFHVVLQJ 8QLW �&38(;�
FLUFXLW ERDUG PHDVXUHV WKH WLPH HODSVHG IURP WKH LQWHUURJDWLRQ
�WUDQVPLVVLRQ� WLOO WKH SXOVH LV GHWHFWHG E\ WKH 'LJLWDO 6LJQDO
3URFHVVRU �'630� ERDUG�

7KH WKUHH ´5µ� ´;µ DQG ´<µ VLJQDOV UHFHLYHG IURP WKH +35
WUDQVGXFHU ZLOO ILUVW HQWHU WKH ,QSXW $ RU ,QSXW % SUHDPSOLILHU
FLUFXLW ERDUGV ZKHUH WKH\ DUH DPSOLILHG DQG ILOWHUHG� 7KH VLJQDOV
DUH WKHQ VDPSOHG DQG FRQYHUWHG WR ELQDU\ IRUPDW E\ WKH
$QDORJXH�'LJLWDO &RQYHUWHU �$'&0� FLUFXLW ERDUG� 7KH
'630 �� UHDGV WKH GDWD RQ WKH$'&0RXWSXW� GHWHFWV WKH VLJQDOV�
DQG FDOFXODWHV WKH SKDVH GLIIHUHQFHV EHWZHHQ WKH ´5µ DQG ´;µ
LQSXW FKDQQHOV DQG WKH ´5µ DQG ´<µ LQSXW FKDQQHOV�



6LPUDG +35 ��� 7UDQVFHLYHU 8QLW
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7KH '630 �� WUDQVIHUV WKH UHFHLYHG GDWD WR WKH &38(; FLUFXLW
ERDUG� ZKLFK WKHQ FDOFXODWHV WKH ´;µ� ´<µ DQG ´5µ FRRUGLQDWHV WR
WKH WUDQVSRQGHU� ,Q WKLV FDOFXODWLRQ� WKH GDWD IURP WKH H[WHUQDO
YHUWLFDO UHIHUHQFH XQLW DQG FRPSDVV LV XVHG WR FRPSHQVDWH IRU WKH
UROO DQG SLWFK RI WKH YHVVHO� 7KH VHQVRU GDWD LV UHFHLYHG DQG
FRQYHUWHG E\ WKH ,QSXW 2XWSXW �,20� FLUFXLW ERDUG� :KHQ WKH
SRVLWLRQLQJ FDOFXODWLRQV KDV EHHQ WHUPLQDWHG� WKH FXUUHQW SRVLWLRQ
LV VHQW WR WKH 6\VWHP&RQWUROOHU� DQG DQHZ LQWHUURJDWLRQ VHTXHQFH
FDQ EHJLQ�

��� /%/ SRVLWLRQLQJ
,Q WKLV PRGH� RQO\ WKH UDQJHV WR WKH WUDQVSRQGHUV DUH FRPSXWHG�
DQG VHYHUDO UDQJHV DUH WKHQ XVHG WR WULDQJXODWH WKH SRVLWLRQ�

7KH IXQFWLRQDO RSHUDWLRQ LV EDVLFDOO\ WKH VDPH DV IRU 66%/�
+RZHYHU� LQ WKH /%/PRGH WKH WUDQVFHLYHU ZLOO DZDLW UHSOLHV IURP
DOO WKH WUDQVSRQGHUV LQ WKH WUDQVSRQGHU DUUD\ EHIRUH LW VWDUWV RQ D
QHZ LQWHUURJDWLRQ VHTXHQFH� 7KH V\VWHP XVHV WKH 5 FKDQQHO WR
GHWHFW WKH UDQJH�

��� 66%/ DQG /%/
,Q WKLV PRGH� ERWK UDQJH DQG GLUHFWLRQ WR WKH WUDQVSRQGHU�V� DUH
FRPSXWHG�

7KLVPRGH LV D FRPELQDWLRQ RI WKH 66%/ DQG/%/PRGHVGHVFULEHG
DERYH� DQG WKH IXQFWLRQDO RSHUDWLRQ LV EDVLFDOO\ LGHQWLFDO WR WKH
66%/� +RZHYHU� WKH WUDQVFHLYHU ZLOO DZDLW UHSOLHV IURP DOO WKH
WUDQVSRQGHUV LQ WKH DUUD\ EHIRUH VWDUWLQJ D QHZ LQWHUURJDWLRQ
VHTXHQFH�

��� 7HOHPHWU\
7KH RSHUDWRU PD\ VHOHFW WKLV PRGH ZKHQ KH�VKH ZLVKHV WR VHQG
DQG UHFHLYH WHOHPHWU\ PHVVDJHV� IRU H[DPSOH WR UHDG WKH EDWWHU\
VWDWXV RI D WUDQVSRQGHU� :KHQ WKH WUDQVFHLYHU UHDGV WKH WHOHPHWU\
PHVVDJH IURP WKH 6\VWHP &RQWUROOHU� LW ZLOO FRQYHUW WKH PHVVDJH
LQWR DFRXVWLF VLJQDOV� 7KLV DFRXVWLF PHVVDJH FRQWDLQV EXUVWV DQG
SXOVHV ZLWK GLIIHUHQW IUHTXHQFLHV DQG IL[HG LQWHUYDOV� 7KH
WUDQVFHLYHU WUDQVPLWV WKHPHVVDJH�V�� DQGZLOO DZDLW WKH WHOHPHWU\
UHSO\�

7KH VLJQDO SDWK LV LGHQWLFDO DV IRU QDYLJDWLRQ PRGH� 7KH '630 ��
ZLOO FDOFXODWH WKH IUHTXHQF\ RI WKH FXUUHQW UHFHSWLRQ� DQG UHSRUW
WKLV WR WKH &38(;� 7KH &38(;ZLOO DVVHPEOH WKH IUHTXHQF\ GDWD�
DQG GHFRGH WKHPHVVDJH IURP DFRXVWLF SXOVHV LQWR GLJLWDO YDOXHV�
7KH GDWD LV WKHQ SDVVHG RQ WR WKH 6\VWHP &RQWUROOHU�
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Input A

Input B

ADCM DSPM CPU

IO M

Ethernet

Tx A

Tx B

FTXA Tx enable (A)

Empty
Fifo

100 Hz

Tx enable (B)

Local bus Analogue signals Control signalsAddress, contro l & data bus

FTXB

100 Hz

100 Hz

S/H

From Td 1/3

From Td 2/4

(CD3181)

)LJXUH � +35 ��� 7UDQVFHLYHU XQLW �� IXQFWLRQDO EORFN GLDJUDP

��� &LUFXLW ERDUG LGHQWLILFDWLRQ DQG PDLQ IXQFWLRQV
� &HQWUDO 3URFHVVLQJ 8QLW �&38(;�

�� 3RVLWLRQ FDOFXODWLRQ
�� /RDGV DQG FRQWUROV WKH '630 �� SURJUDP
�� 6HULDO OLQH WR &'8
�� &RQWUROV 7[�5[ KDUGZDUH

� 'LJLWDO 6LJQDO 3URFHVVRU �'630 ���

�� 5HDGV GDWD IURP $'&0
�� 3HUIRUPV SXOVH GHWHFWLRQ
�� 3HUIRUPV GLJLWDO ILOWHULQJ �)DVW )RXULHU 7UDQVIRUPDWLRQV�

� $QDORJ 'LJLWDO &RQYHUWHU �$'&0�

�� 6DPSOHV WKH GDWD IURP ,13870
�� &RQYHUWV WR ELQDU\ IRUPDW

� ,QSXW �,13870�

�� ���FKDQQHO UHFHLYHU
�� $PSOLILHV
�� %DQGSDVV ILOWHULQJ
�� 6DPSOH�KROG FLUFXLWU\

� 7UDQVPLWWHU �7;0�

�� 7UDQVPLWWHU
�� )UHTXHQF\ JHQHUDWRU IRU 5[ DQG 7[ IUHTXHQF\
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� ,QSXW 	 2XWSXW �,20�

�� ,QWHUIDFH WR YHUWLFDO UHIHUHQFH XQLW �DQDORJXH�

�� ,QWHUIDFH WR J\UR �V\QFKUR DQG VHULDO OLQH�

�� 79* LQLWLDOL]DWLRQ

�� &ORFN IRU SKDVH ORFNHG ORRS RQ ,13870

� (WKHUQHW �(1(7��0�

�� (WKHUQHW LQWHUIDFH

� 0RWKHUERDUG

�� &RQQHFWV DOO WKH LQGLYLGXDO FLUFXLW ERDUGV WRJHWKHU
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� &211(&7,216
$OO FRQQHFWLRQV WR DQG IURP WKH +35 ��� 7UDQVFHLYHU 8QLW DUH
PDGH RQ WKH FRQQHFWLRQ SDQHO RQ WKH UHDU RI WKH XQLW� $OO
FRQQHFWRUV DUH PDOH H[FHSW ZKHUH VWDWHG IHPDOH�

)LJXUH � 7KH FRQQHFWRUV RQ WKH 7UDQVFHLYHU 8QLW·V UHDU SDQHO

7KLV SDQHO KROGV WKH IROORZLQJ FRQQHFWRUV DQG IXVHV �WRS WR
ERWWRP� OHIW WR ULJKW ZKHQ ORRNLQJ DW WKH UHDU SDQHO��

� 6WDQGDUG ���SLQ� ��� 9DF� ����� +] PDLQV SRZHU LQ�

� )XVH� ��� 9DF� � $�

� )XVH� ��� 9DF� � $�

� ���SLQ '��FRQQHFWRU IRU 6HULDO OLQH ��

� ���SLQ '��FRQQHFWRU IRU 6HULDO OLQH ��

� ���SLQ '��FRQQHFWRU IRU 6HULDO OLQH ��

� ���SLQ '��FRQQHFWRU IRU 6HULDO OLQH ��

� ���SLQ '��FRQQHFWRU IRU 6HULDO OLQH ��

� ���SLQ '��FRQQHFWRU IRU 6HULDO OLQH ��

�� ����SLQ '��FRQQHFWRU IRU 3DUDOOHO LQSXW�

�� ����SLQ '��FRQQHFWRU IRU $QDORJXH LQSXW�RXWSXW�

�� ����SLQ '��FRQQHFWRU IRU *\UR LQSXW�

�� ����SLQ '��FRQQHFWRU IRU (WKHUQHW ��

�� ����SLQ ' FRQQHFWRU IRU (WKHUQHW ��

�� ���SLQ $PSKHQRO FRQQHFWRU IRU 5HVSRQGHU ��

�� ���SLQ $PSKHQRO FRQQHFWRU IRU 5HVSRQGHU ��

�� ���SLQ $PSKHQRO FRQQHFWRU IRU 5HVSRQGHU ��

�� ���SLQ $PSKHQRO FRQQHFWRU IRU 5HVSRQGHU ��

�� ���SLQ $PSKHQRO FRQQHFWRU IRU 7UDQVGXFHU ��

�� ���SLQ $PSKHQRO FRQQHFWRU IRU 7UDQVGXFHU ��
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�� ����SLQ $PSKHQRO FRQQHFWRU IRU 7UDQVGXFHU ��

�� ����SLQ $PSKHQRO FRQQHFWRU IRU 7UDQVGXFHU ��

1RWH � 7KH WZR ZKLWH SODVWLF FDSV DUH WKH VHFXULQJ QXWV IRU WZR FDSDFLWRUV
ORFDWHG RQ WKH LQVLGH RI WKH 7UDQVFHLYHU 8QLW UHDU SDQHO�

$OO FRQQHFWRUV DUH PDUNHG ZLWK ODEHOV DV LQGLFDWHG RQ WKH
SUHYLRXV GUDZLQJ�
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����� /RFDWLRQ DQG SXUSRVH
7KH+35 ��� 7UDQVFHLYHU 8QLW KROGV WZR ,QSXW��0 ERDUGV� % DQG
$ � 7KHVH DUH ORFDWHG LQ WKH UDFN LQ WKH ILUVW DQG VHFRQG VORWV IURP
WKH OHIW UHVSHFWLYHO\� 7KH SXUSRVH RI WKH ,QSXW��0 FLUFXLW ERDUG LV
WR DPSOLI\ WUDQVGXFHU VLJQDOV� SHUIRUPGHPRGXODWLRQ DQGQDUURZ
EDQG ILOWHULQJ� DQG SUHVHQW WKH RXWSXW VLJQDOV YLD 6DPSOH DQG
KROG FLUFXLWU\�

����� 3K\VLFDO GHVFULSWLRQ
7KH ,QSXW��0 ERDUG LV D VLQJOH (XUR��FDUG FLUFXLW ERDUG�

����� &LUFXLW GHVFULSWLRQ
7KH ,QSXW��0 FLUFXLW ERDUG LV GHVLJQHG IRU HLJKW LQGLYLGXDO
FKDQQHOV� XVLQJ LGHQWLFDO DQDORJXH FKDQQHO K\EULG FLUFXLWV�
+RZHYHU� RQO\ ILYH DUH ILWWHG� 7KH ILUVW IRXU �JURXSHG� DUH XVHG IRU
WKH 66%/ V\VWHP� WKH ILIWK �VHW DSDUW IURP WKH RWKHUV� LV IRU WKH /%/
V\VWHP� 7KH ERDUG LV DOVR HTXLSSHGZLWK GLJLWDO FLUFXLWU\ FRPPRQ
WR DOO WKH DQDORJXH FKDQQHOV�

7KH FLUFXLW ERDUG·V HLJKW LQSXWV IURP WKH WUDQVGXFHU�V� DUH
EDODQFHG� DQG LQGLYLGXDO LQSXW WUDQVIRUPHUV DUH LPSOHPHQWHG�
(DFK FKDQQHO KDV DEURDG��EDQGDPSOLILHUZLWKYROWDJH��FRQWUROOHG
JDLQ� 7KH PD[LPXP JDLQ LV �� G% UHODWLYH WR � 9� ,I WKH WUDQVGXFHU
KDV LWV RZQ LQWHUQDO DPSOLILHU� WKH VLJQDOV PD\ EH URXWHG GLUHFWO\
WR WKH ILOWHUV E\ KDUGZDUH VWUDSV�

7KH GHPRGXODWRUV RSHUDWH HLWKHU ZLWK D FRPPRQ PRGXODWRU
IUHTXHQF\� ZLWK D FRPPRQ IUHTXHQF\ IRU HDFK RI WKH WZR JURXSV�
RU ZLWK DQ H[WHUQDO IUHTXHQF\� 7KH IUHTXHQF\ LV JHQHUDWHG RQ WKH
,QSXW��0 ERDUG� EXW LW LV FRQWUROOHG E\ WKH &HQWUDO 3URFHVVLQJ8QLW
�&38� ERDUG�

7KH ORZ SDVV ILOWHUV RSHUDWH ZLWK D SDVV��EDQG� 7KH ILOWHUV DUH
FRQWUROOHG E\ D FORFN RQ WKH ERDUG� ZKLFK LQ WXUQ LV FRQWUROOHG E\
WKH &38� $OO WKH ILOWHUV RSHUDWH ZLWK WKH VDPH EDQGZLGWK�

7KH RXWSXWV IURP HDFK FKDQQHO DUH WKH VLQH DQG FRVLQH �UHDO DQG
LPDJLQDU\� YHFWRUV RI WKH GHPRGXODWHG VLJQDOV� 7KH DQDORJXH
UDQJH LV � WRá��� 9GF� $OO WKH RXWSXWV DUH VDPSOHG E\ DQ H[WHUQDO
VDPSOH VLJQDO� DQG WKH YDOXHV DUH VWRUHG XQWLO WKH QH[W VDPSOH
FRPPDQG DUULYHV�

7KHUH DUH WZR IUHTXHQF\ JHQHUDWRUV IRU WKH GHPRGXODWRUV� 7KH\
RSHUDWH DW � WLPHV WKH VLJQDO IUHTXHQF\� LQ VWHSV RI ��� +]�
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3� 6LJQDO GHVFULSWLRQV�

,1���$ WR ,1���% ,QSXW FKDQQHOV IURP WUDQVGXFHUV� � � � � � � � � � � �

287���$ WR 287���% 2XWSXW WR $&0 3&%� � � � � � � � � � � � � � � � � �

9&$ 9ROWDJH &RQWURO $ IURP ,2�0 3&%� � � � � � � � � � � � � � � � � � � �

9&% 9ROWDJH &RQWURO % IURP ,2�0 3&%� � � � � � � � � � � � � � � � � � � �

7;B(1 $a 7UDQVPLW (QDEOH $ IURP &38� � � � � � � � � � � � � � � � � � � �

7;B(1 %a 7UDQVPLW (QDEOH % IURP &38� � � � � � � � � � � � � � � � � � � �

5(6(7 ,1 1RW XVHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

&/.�� &ORFN LQSXW WR 3$/ IURP &38� � � � � � � � � � � � � � � � � � � � � �

��� +] 0RGXODWLRQ IUHTXHQF\ IURP ,2�0� � � � � � � � � � � � � � � � � �

5(6(7 )URP &38 �� UHVHWV '(0),/ FLUFXLW� � � � � � � � � � � � � � � � � �

)7; $ 7UDQVPLWWHU IUHTXHQF\ IURP 7[0$� � � � � � � � � � � � � � � � � � �

)7; % 7UDQVPLWWHU IUHTXHQF\ IURP 7[0%� � � � � � � � � � � � � � � � � � � �

) ,1 %DQGZLGWK YLD 8�� WR '(0),/� � � � � � � � � � � � � � � � � � � � � � �

'� WR '� ���ELW GDWD EXV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

$�� WR $�� ����ELW DGGUHVV EXV� � � � � � � � � � � � � � � � � � � � � � � � � � � �

6�+��,1 6DPSOH DQG KROG IURP $'&0� � � � � � � � � � � � � � � � � � � � �

;,2: ,�2 ZULWH VWUREH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

;,25 ,�2 UHDG VWUREH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

$9(( $QDORJXH ��� 9GF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

$9&& $QDORJXH �� 9GF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

*1' *URXQG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

9&& 'LJLWDO �� 9GF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 0DLQWHQDQFH DLGV

������� 7HVW SRLQWV
73 � 7UDQVGXFHU VLJQDO FKDQQHO �� �;�� � � � � � � � � � � � � � � � � � � � � � �

73 � 7UDQVGXFHU VLJQDO FKDQQHO �� �<�� � � � � � � � � � � � � � � � � � � � � � �

73 � 7UDQVGXFHU VLJQDO FKDQQHO �� �5�� � � � � � � � � � � � � � � � � � � � � � �

73 � 6DPH DV FKDQQHO �� OLQNHG WRJHWKHU RQ LQSXW� � � � � � � � � � � �

73 � 1RW ILWWHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73 � 1RW ILWWHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73 � 1RW ILWWHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73 � 7UDQVGXFHU VLJQDO FKDQQHO � �7HOHPHWU\�� � � � � � � � � � � � � � � �

� 7KH GHPRGXODWRU IUHTXHQF\ VKRXOG EH SUHVHQW DW ´'HPILOµ
SLQV � DQG �� 7KH IUHTXHQF\ VKRXOG EH WZR WLPHV WKH DFWXDO
OLVWHQLQJ IUHTXHQF\� 1RWH WKDW WKH IUHTXHQF\ ZLOO VKLIW E\ WKH
WUDQVPLWWHU SXOVH DIWHU WKH UHSO\ LV UHFHLYHG� ��� +] RII��
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� 7KH EDQGZLGWK FORFN VKRXOG EH SUHVHQW RQ ´'HPILOµ SLQ ���
DQG VKRXOG EH �� WLPHV WKH DFWXDO EDQGZLGWK�

� 7KH 6DPSOH�+ROG FORFN VKRXOG EH SUHVHQW RQ 8�� SLQ ��� DQG
WKHQ JR WR SLQ �� RQ DOO WKH ´'HPILOµ SDFNDJHV�

7KH VLJQDO UHSO\ SXOVHV �� WR � 9S��S� VKRXOG EH SUHVHQW RQ WKH WHVW
SRLQWV LQ IURQW RI WKH ´'HPILOVµ� �73V �� �� �� � DQG ���

� 7KH VLJQDO SXOVH HQYHORSH VKRXOG EH SUHVHQW RQ ´'HPILOµ SLQV
�� DQG ��� 0D[LPXP DPSOLWXGH VKRXOG EH � 9 S��S�

������� /LQNV
� /.�

/LQN ���� 1RW XVHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
/LQN ���� � [ PRG� IUHT� WHOHPHWU\ QRUPDOO\ FORVHG� � � � � � � � � � � �

� /.�

/LQN ���� 1RW XVHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
/LQN ���� 1RW XVHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� /.�

/LQN ���� 1RW XVHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
/LQN ���� 1RW XVHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� /.� � /.�

/LQN ���� /N � SLQ � LV OLQNHG WR /N � SLQ � WR� � � � � � � � � � � � � � � � �
VHW EDQGZLGWK IRU ZLGH DQG WHOHPHWU\
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��� $QDORJXH GLJLWDO FRQYHUWHU �$'&0�

����� /RFDWLRQ DQG SXUSRVH
7KH $QDORJXH 'LJLWDO &RQYHUWHU �$'&0� FLUFXLW ERDUG LV ORFDWHG
LQ WKH WKLUG VORW IURP WKH OHIW� 7KH SXUSRVH RI WKH $'&0 LV WR
SHUIRUP DQDORJXH WR GLJLWDO FRQYHUVLRQ� ,W RIIHUV FRQYHUVLRQ RI ��
DQDORJXH LQSXW FKDQQHOV DQG WHPSRUDU\ VWRUDJH RI GDWD LQ GXDO
SRUW 5$0�8S WR HLJKW FRQYHUVLRQ VHTXHQFHV FDQ EH SURJUDPPHG
LQWR DQ (3520� 'DWD VHWV DUH VWRUHG DOWHUQDWHO\ LQ WZR EDQNV RI
5$0�

����� 3K\VLFDO GHVFULSWLRQ
7KH $'&0 LV GHVLJQHG WR WKH VLQJOH (XUR��FDUG FLUFXLW ERDUG
VWDQGDUG�ZLWK IRXU OD\HUV� 7ZR OD\HUV DUHXVHG IRU WKH VLJQDOV� WZR
OD\HUV DUH XVHG IRU WKH SRZHU VXSSO\� 7KH ERDUG LV HTXLSSHGZLWK
WZR FRQQHFWRUV� RQH ORFDWHG DW HDFK HQG� $ ����SLQ FRQQHFWRU �3��
LV WKH RQO\ IURQW PRXQWHG GHYLFH YLVLEOH ZKHQ WKH ERDUG LV LQ
SRVLWLRQ LQ WKH +35 ��� 7UDQVFHLYHU 8QLW�

����� &LUFXLW GHVFULSWLRQ
7KH$'&0FLUFXLW ERDUG SURYLGHV ��PXOWLSOH[HG DQDORJXH LQSXW
FKDQQHOV� 'XDO ����ELW PXOWLSOH[HUV DUH XVHG WR VHOHFW DQDORJXH
LQSXW VLJQDOV REWDLQHG IURP WKH VDPSOH��DQG��KROG RXWSXWV RI WKH
,QSXW��0 FLUFXLW ERDUG� (DFK RXWSXW IURP WKH ,QSXW��0 SURYLGHV D
UHDO DQG LPDJLQDU\ DQDORJXH VLJQDO EHWZHHQá��� 9GF�

5HDO DQG LPDJLQDU\ LQSXWV WR WKH ERDUG DUH FRQQHFWHG WR WZR
VHSDUDWH PXOWLSOH[HUV� 7KH LQSXW FKDQQHOV DUH VHOHFWHG E\ WKH
PXOWLSOH[HU DGGUHVV OLQHV� $Q DPSOLILHU V\VWHP LV XVHG EHWZHHQ
HDFK PXOWLSOH[HU DQG FRUUHVSRQGLQJ $�' FRQYHUWHU WR FUHDWH D �
WR ��9 LQSXW VLJQDO UDQJH WR WKH$�' IURP WKHá���9 VLJQDO DW WKH
PXOWLSOH[HU LQSXW� 7KH ����ELW $�'V DUH ERWK FRQWUROOHG E\ WKH
VHTXHQFH FRQWUROOHU�

7KH FRQYHUVLRQV WDNHSODFH VLPXOWDQHRXVO\ WRSURYLGH WKH VKRUWHVW
SRVVLEOH FRQYHUVLRQ WLPH IRU WZR LQSXW VLJQDOV� +RZHYHU� HDFK
$�' LV VWDUWHG LQGLYLGXDOO\�

7KH GLJLWDO RXWSXWV IURP WKH $�'V DUH VWRUHG LQ GXDO SRUW 5$0�
$ IXOO GDWD VHW �GDWD IURP FRQYHUVLRQ RI DOO �� LQSXW VLJQDOV� LV
VWRUHG DOWHUQDWHO\ LQ WKH WZREDQNV WRDOORZ WKH ODVW FRQYHUWHGGDWD
VHW WR EH UHDG IURP WKH 5$0ZKLOVW D QHZ VHW RI FRQYHUVLRQV LV LQ
SURJUHVV�

1RWH � 7KHPD[LPXP WLPH UHTXLUHG WR FRQYHUW RQH GDWD VHW �DOO �� LQSXW VLJQDOV�
LV �� ³V� 7KLV GRHV QRW LQFOXGH WKH � ³V VHWWOLQJ WLPH UHTXLUHG LQ
VDPSOH��DQG��KROG FLUFXLWV RI WKH '(0),/ GHYLFHV�

$ ����ELW EL��GLUHFWLRQDO GDWD EXV LQWHUIDFHV WKH $'&0 ZLWK WKH
RWKHU FLUFXLW ERDUGV�
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)LJXUH � $ � ' &RQYHUWHU �$'&0� �� EORFN GLDJUDP

7KH FRQWURO OLQHV ,'(17����� SURYLGH WKH ERDUG ZLWK D XQLTXH
LGHQWLILFDWLRQ FRGH ZKLFK LV VHW E\ MXPSHUV 6� �� 6�� 7KH H[WHUQDO
DGGUHVV OLQHV $����� PXVW PDWFK WKLV FRGH WR VHOHFW WKH ERDUG�

����� &RQQHFWLRQV
7KH ERDUG FDUULHV WZR FRQQHFWRUV� RQH ORFDWHG DW HDFK HQG RI WKH
ERDUG�3� LV D ����SLQ�PDOH� ULJKW��DQJOHG FRQQHFWRU� ,W FRQQHFWV WKH
$'&0 LQWR WKH PRWKHUERDUG� 3� LV D ����SLQ� PDOH� ULJKW��DQJOHG
FRQQHFWRU ZLWK HMHFWRU�ODWFK� ,W LV ORFDWHG RQ WKH IURQW HGJH RI WKH
ERDUG�

����� 0DLQWHQDQFH DLGV

������� 7HVW SRLQWV
73 � $'&� ,&� LQSXW �UHDO VLJQDO�� � � � � � � � � � � � � � � � � � � � � � � � � �

73 � $'&� ,&� %86<a� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73 � $'&� ,&� LQSXW �LPDJLQDU\ VLJQDO�� � � � � � � � � � � � � � � � � � � �

73 � $'&� ,&� %86<a� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73 � 67$57B6(4� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73 � &/.a� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73 � ,&�� &. �PXOWLSOH[HU DGGUHVV ODWFK�� � � � � � � � � � � � � � � � � � �
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73 � 6B+� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73 � �� 9GF GLJLWDO� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73 �� '*1'� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73 �� ��� 9GF DQDORJXH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73 �� $QDORJXH JURXQG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73 �� ���� 9GF DQDORJXH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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��� 'LJLWDO VLJQDO SURFHVVRU �'630 ���

����� /RFDWLRQ DQG SXUSRVH
7KH 'LJLWDO 6LJQDO 3URFHVVRU �'630 ��� ERDUG LV ORFDWHG IRXUWK
IURP WKH OHIW LQ WKH +35 ��� 7UDQVFHLYHU 8QLW UDFN� ,W LV GHVLJQHG
DV D JHQHUDO SXUSRVH VLQJOH ERDUG FRPSXWHU� DQG LWV PDLQ WDVN LV
WR SHUIRUP GLJLWDO VLJQDO SURFHVVLQJ�

����� 3K\VLFDO GHVFULSWLRQ
7KH '630 �� LV D VLQJOH HXUR��FDUG FLUFXLW ERDUG� FRQVWUXFWHG RI
HLJKW OD\HUV� ,W KROGV WZR /('V DQG RQH ����SLQ FRQQHFWRU� 3�� RQ
LWV IURQW HGJH�

����� &LUFXLW GHVFULSWLRQ
7KH '630 �� LV D JHQHUDO SXUSRVH GLJLWDO VLJQDO SURFHVVRU ERDUG�
,W XWLOL]HV WKH 706 ���&��'LJLWDO 6LJQDO 3URFHVVRU PDQXIDFWXUHG
E\ 7H[DV ,QVWUXPHQWV� 7KH '630 �� RSHUDWHV RQ D �� 0+] FORFN
IUHTXHQF\� DQGKROGV D WRWDO RI ���NE\WHPHPRU\ IRU SURJUDPDQG
GDWD VWRUDJH� 7KH SURJUDPPHPRU\ LV ORDGHG IURP DPDLQ FRQWURO
SURFHVVRU XQLW �WKH &HQWUDO 3URFHVVLQJ 8QLW �&38(;�� WKURXJK D
JHQHUDO EXV LQWHUIDFH LQ WKH ����SLQ (XURSD FRQQHFWRU 3��

7KH SURFHVVHG RXWSXW IURP WKH '630 �� LV VHQW WKURXJK D ),)2
�ILUVW LQ � ILUVW RXW� FRQQHFWHG WR WKLV EXV� ([WHUQDO LQSXW DQG
RXWSXW VLJQDOV DUH FRQQHFWHG WR WKH ERDUG WKURXJK WKH '630 ��·V
,�2 H[SDQVLRQ EXV DYDLODEOH RQ WKH IURQW PRXQWHG ����SLQ IODW
ULEERQ FDEOH FRQQHFWRU 3��

7KH '630�� ERDUG FRPSULVHV WKH IROORZLQJ IXQFWLRQDO PRGXOHV�

� 'LJLWDO 6LJQDO 3URFHVVRU

� 0HPRU\

� ,�2 ([SDQVLRQ %XV

� ),)2 %XIIHU

� �� 'LJLWDO ,QSXWV

� �� 'LJLWDO 2XWSXWV

� &RQWURO FLUFXLWU\

� %XV ,QWHUIDFH

� 3RZHU �� 9GF ���� P$ W\SLFDO�

7KH 7H[DV ,QVWUXPHQW VLJQDO SURFHVVRU LV D IL[HG SRLQW ����ELW
SURFHVVRU ZLWK D ����ELW DGGUHVV EXV� 7KH '630 �� KDV VHSDUDWH
SURJUDP DQG GDWD DGGUHVVLQJ VSDFH�
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U14, U15
Address buffers

U9, U11
Address buffers

U19
PAL

U12
PAL

U10
PAL

U16
PAL

U4, U8
Data buffers

U2
Control latch

U1, U5
Data buffers

U6, U24
11-bit Data input

U31, U30
16-bit Data output

U3, U7
FIFO

U23, U13
Program memory

U17, U29
Data memory

Control signals

(P3)

(P1)

(P1)

(P4)(P1)

(P1)

(P1)

Address bus

Internal
control
signals

Internal control
signals

Internal
control
signals

Serial line input/output

Data bus

Internal data bus D00-D15

Control bus

Internal control
 signals

Emulator

Internal control
 signals

Internal address bus A00-A15 Address bus

Data bus

(P2)

(P2)

(P2)

(CD4216)

Y1

)LJXUH � 'LJLWDO 6LJQDO 3URFHVVRU �'630 ��� �� EORFN GLDJUDP

8�� DQG8�� DUH WKHSURJUDPPHPRU\XQLWV� DQG8�� DQG8�� DUH
WKH GDWD PHPRU\� %RWK PHPRULHV FDQ EH UHDG RU ZULWWHQ WR IURP
DQ H[WHUQDO FRPSXWHU�

7KH VLJQDOV IURP WKH 706���&�� DQG WKH 3$/ 8�� VXSSO\ DOO WKH
FRQWURO VLJQDOV WR WKH PHPRULHV� 8�� DOVR FRQWUROV WKH PHPRU\
ZKHQ D H[WHUQDO FRPSXWHU LV FRQWUROOLQJ WKH ERDUG� DQG WKH
H[WHUQDO FRPSXWHU FDQ WDNH FRQWURO RI WKH DGGUHVV EXV E\ EXIIHUV
8�� DQG 8��� 8� DQG 8� DUH WKH GDWD EXIIHUV WUDQVFHLYHUV� 8��
GHFRGHV WKH H[WHUQDO FRPSXWHU DGGUHVV EXV DQG UHDG ZULWH
VLJQDOV� DQG JHQHUDWHV FRQWURO VLJQDOV �6(/�� 6(/�� 0:5� DQG
05'�� WR 8�� WR FRQWURO WKH PHPRU\� 8�� DOVR VXSSOLHV WKH ODWFK
VLJQDO WR WKH FRQWURO ODWFK 8�� DQG WKH UHDG VLJQDO WR WKH ),)2¶V 8�
DQG 8�� 8�� DOVR FRQWUROV WKH HQDEOLQJ RI WKH EXV EXIIHUV DQG WKH
GLUHFWLRQ RI WKH GDWD EXIIHU WUDQVFHLYHUV�

7KH FRQWURO ODWFK 8� LV ZULWWHQ WR E\ WKH H[WHUQDO FRPSXWHU� '%��
FRQWUROV WKH +2/'� VLJQDO RI WKH '630 ��� DQG IORDWV WKH '630
�� EHIRUH DQ H[WHUQDO FRPSXWHU WDNHV FRQWURO RI WKH ERDUG·V
LQWHUQDO EXV� '%�� LV XVHG IRU UHVHWWLQJ WKH '630 �� DIWHU D QHZ
SURJUDP LV ORDGHG LQWR WKH SURJUDP PHPRU\ IURP DQ H[WHUQDO
FRPSXWHU� '%�� UHVHWV WKH RXWSXW ),)2 EXIIHU�

<� LV D FU\VWDO RVFLOODWRU VXSSO\LQJ WKH IUHTXHQF\ QHHGHG E\ WKH
'63�

6HULDO OLQH VLJQDOV &/.5� &/.;� '5� ';� 7&/.5� 7&/.;� 7'5�
7)65� 7)6;� 7';� )65 DQG )6; DUH FRQQHFWHG GLUHFWO\ IURP WKH
'63 WR 3��

7KH ERDUG UHTXLUHV �� 9GF� DQG FRQVXPHV DSSUR[LPDWHO\
��� P$�
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����� &RQQHFWLRQV
7KH 081$9 'LJLWDO 6LJQDO 3URFHVVRU �'630 ��� KROGV WZR
FRQQHFWRUV �ZLWK SODFH IRU WZR PRUH ZKLFK DUH QRW XVHG LQ WKH
+35 ��� V\VWHP��

3� ����SLQ� PDOH� ULJKW��DQJOHG (XURSD FRQQHFWRU� � � � � � � � � � � � �
SODFHG DW WKH EDFN HGJH RI WKH FLUFXLW ERDUG

3� ����SLQ� PDOH� ORZ��SURILOH IODW ULEERQ FDEOH FRQQHFWRU� � � � � �
SODFHG DW WKH IURQW HGJH RI WKH FLUFXLW ERDUG

3� 6HULDO OLQH FRQQHFWRU �� QRW XVHG� � � � � � � � � � � � � � � � � � � � � � � � �

3� (PXODWRU FRQQHFWRU �� QRW XVHG� � � � � � � � � � � � � � � � � � � � � � � � � �

����� 0DLQWHQDQFH DLGV

������� 7HVW SRLQWV
73� ),)2 (PSW\ IODJ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

7KH XVHU PD\ FKHFN EDVLF IXQFWLRQV E\ XVLQJ DQ RVFLOORVFRSH DQG
PHDVXUH RQ WKH IROORZLQJ SRLQWV�

� 7KH +2/'� VLJQDO RQ 8� SLQ��� DQG 56� RQ 8� SLQ���� 7KHVH
PXVW ERWK EH ORZ ZKHQ ORDGLQJ WKH SURJUDP PHPRU\�

� 7KH VLJQDO 675%� RQ8�� SLQ���� $ SXOVH WUDLQZLOO EH REVHUYHG
ZKHQ WKH VLJQDO SURFHVVRU LV UXQQLQJ�

������� /LQNV
/N � 1RUPDOO\ RQ �� HQDEOHV '�� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/N � 1RUPDOO\ RQ �� FRQQHFWV +2/'� WR 706���&��� � � � � � � � � �

/N � 1RUPDOO\ RQ �� HQDEOHV '�� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/N � 1RUPDOO\ RQ �� FRQQHFWV 56� IURP 8�� � � � � � � � � � � � � � � � � � �

/N � 1RUPDOO\ RSHQ �� VHOHFWV FORFN RSWLRQ� � � � � � � � � � � � � � � � � � �

/N � 1RUPDOO\ RSHQ �� VHOHFWV FORFN RSWLRQ� � � � � � � � � � � � � � � � � � �

/N � 8VHG IRU WHVW� 1RUPDOO\ RQ �� FRQQHFWV FORFN WR 706���&��

/N � 1RUPDOO\ RSHQ �� VHOHFWV 03 RU 0& PRGH RI 706���&��� �

/N � *1'� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/N �� �� 9� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/N �� 1RUPDOO\ $� $ VHOHFWV $��� % VHOHFWV� � � � � � � � � � � � � � � � � � �
$�� WR SURJUDP UDP 3�

������� /('V
/(' '� 2Q ZKHQ ),)2 LV HPSW\� � � � � � � � � � � � � � � � � � � � � � � � � � �

/(' '� 2Q ZKHQ ERDUG LV UXQQLQJ� � � � � � � � � � � � � � � � � � � � � � � �



6LPUDG +35 ��� 7UDQVFHLYHU 8QLW

�� �������&

��� 7UDQVPLWWHU �7;0�

����� 3XUSRVH
7ZR 7UDQVPLWWHU �7;0� ERDUGV DUH XVHG LQ WKH +35 ���
7UDQVFHLYHU 8QLW� 7KHVH DUH 7;0��$ DQG 7;0��%� 7KH 7UDQVPLWWHU
ERDUG �7;0� LV D JHQHUDO SXUSRVH WUDQVPLWWHU� FRQWDLQLQJ LWV RZQ
IUHTXHQF\ JHQHUDWRU� SRZHU FRQWURO DQG SRZHU VXSSO\ FLUFXLWV
�WKH ERDUG IHHGV ERWK WKH 5[ DQG &38 FLUFXLW ERDUGV ZKHQ LQ WKH
0XWUDQPRGH�� 7KH WZR ERDUGV XVHG LQ WKH V\VWHP DUH LGHQWLFDO LQ
DOO UHVSHFWV�

����� %RDUG GHVFULSWLRQ
7KH 7;0 LV GHVLJQHG WR WKH VLQJOH (XUR��FDUG VWDQGDUG� DQG
FRPSULVHV IRXU OD\HUV�

����� )URQW PRXQWHG GHYLFHV
7KH 7;0ERDUG KROGV WZR WHVW SRLQWV DQG WZR IDFWRU\��VHW OLQNV RQ
LWV IURQW HGJH�

����� &LUFXLW GHVFULSWLRQ
7KH WUDQVPLWWHU ERDUG KROGV WZR 0$;��� YROWDJH UHJXODWRUV
ZKLFK SURYLGH WKH YROWDJHV XVHG LQ WKH WUDQVPLWWHU� ,W DOVR KDV D
FU\VWDO RVFLOODWRU ZKLFK LV XVHG DV WKH 7[ IUHTXHQF\ VRXUFH DQG D
GLUHFW QXPHULFDO V\QWKHVL]HU IRU JHQHUDWLQJ WKH FRUUHFW 7[
IUHTXHQF\�'ULYHU VWDJHVZLWK SRZHU FRQWURO� DQ RXWSXW VWDJHZLWK
RYHU��FXUUHQW SURWHFWLRQ� WUDQVGXFHU PDWFKLQJ FLUFXLWV DQG D
WUDQVGXFHU UHOD\ FRPSOHWH WKH ERDUG�

7KH FU\VWDO RVFLOODWRU UXQV DW ������0+=� DQG LV VZLWFKHG RQ DQG
RII E\ WKH 0&8 �7;26&�� 7KH RVFLOODWRU IUHTXHQF\ LV IHG WR D
FRXQWHU FKDLQ YLD ODWFKHV� 7KH FRXQWHU FKDLQ LV DOVR ORDGHG ZLWK D
� [ � ELW ZRUG IURP WKH 0&8� GHWHUPLQLQJ WKH GLYLVLRQ IDFWRU LQ
WKH FKDLQ� 7KLV PHWKRG RI JHQHUDWLQJ WUDQVPLWWHU IUHTXHQFLHV
PDNHV LW SRVVLEOH WR DOWHU WKH IUHTXHQF\ LQVWDQWDQHRXVO\� D
QHFHVVDU\ IHDWXUH LQ WHOHPHWU\ DSSOLFDWLRQV�

7KHRXWSXW IURP WKH FRXQWHU FKDLQ� FDOOHG6�� LV FRPELQHGZLWK WKH
7;��(1 VLJQDO DQG IRUPV WKH WRQH��EXUVW� QRUPDOO\ �� PV� WR IHHG
WKH GULYHU DQG RXWSXW VWDJHV�

7KH WUDQVLVWRUV LQ WKH RXWSXW VWDJH DUH VZLWFKHG RQ IRU YDU\LQJ
IUDFWLRQV RI WKH KDOI��SHULRG RI WKH RXWSXW VLJQDO� 7KXV WKH DUHD RI
HDFK KDOI��SHULRG FDQ EH YDULHG WR FRQWURO WKH RXWSXW SRZHU
ZLWKRXW YDU\LQJ WKH VXSSO\ YROWDJH WR WKH RXWSXW VWDJH� $V WKH
KDOI��SHULRGV DUH QDUURZHG WKH HQHUJ\ FRQWDLQHG LQ WKH VLJQDO LV
UHGXFHG� DQGDIWHU EHLQJ VKDSHG LQ WKHRXWSXW WUDQVIRUPHU DQG WKH
WUDQVGXFHU PDWFKLQJ FLUFXLWV� WKH DPSOLWXGH RI WKH VLJQDO GULYLQJ
WKH WUDQVGXFHU HOHPHQWV ZLOO EH ORZHU�
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���������&

)LJXUH � 7KH 7UDQVPLWWHU FLUFXLW ERDUG �� EORFN GLDJUDP

7KH GULYHU VLJQDOV DUH IHG WR WKH RXWSXW WUDQVLVWRUV YLD WZR SDWKV
ZKLFK DUH ��� RXW RI SKDVH� 7KLV LV EHFDXVH WKH RXWSXW VWDJH LV D
SXVK��SXOO FLUFXLW ZKHUH WUDQVLVWRUV 4� DQG 4� DOWHUQDWHO\ SXPS
FXUUHQW WKURXJK WUDQVIRUPHU 7� IRU RQH KDOI��SHULRG HDFK�

7KH RXWSXW IURP WKH WUDQVLVWRU VWDJH LV IHG WKURXJK D UHOD\�
SURYLGLQJ WKH SRVVLELOLW\ WR FKRRVH EHWZHHQ GLIIHUHQW WUDQVGXFHU
HOHPHQWV IRU EHDP VHOHFWLRQ� 7KH UHOD\ LV D ELVWDEOH UHOD\� L�H� LW LV
VWDEOH LQ ERWK SRVLWLRQV DQG WKHUHIRUH GRHV QRW FRQVXPH DQ\
SRZHU LQ HLWKHU SRVLWLRQ� 7KH UHOD\ LV RSHUDWHG E\ VHQGLQJ D
FXUUHQW SXOVH WKURXJK RQH RI WKH LQWHUQDO FRLOV� 7KH EHDP VZLWFK
FRQWURO VLJQDOV DUH JHQHUDWHG E\ WKH PLFUR��FRQWUROOHU ERDUG�

7KH WUDQVPLWWHU ERDUG DOVR FRQWDLQV D UHOHDVH GULYHU VWDJH�
7UDQVLVWRU4� DFWV D SRZHU VZLWFK IRU WKH UHOHDVHPRWRU� FRQWUROOHG
E\ WKH PLFUR��FRQWUROOHU�

����� 6RFNHW��PRXQWHG FRPSRQHQWV
8� �3$/� 3URJUDPPDEOH ,�2 FRQWUROOHU� � � � � � � � � � � � � � � � � � � � �

����� &RQQHFWLRQV
7KH ERDUG KDV RQH ����SLQ� PDOH� ULJKW��DQJOHG FRQQHFWRU �3��
ORFDWHG RQ WKH UHDU HGJH RI WKH ERDUG WR OLQN WKH ERDUG LQWR WKH
EDFNSODQH�



6LPUDG +35 ��� 7UDQVFHLYHU 8QLW

�� �������&

����� 0DLQWHQDQFH DLGV

������� 2VFLOORVFRSH WHVW SRLQWV
7KH IROORZLQJ RVFLOORVFRSH WHVW SRLQWV DUH DYDLODEOH WR DVVLVW WKH
PDLQWHQDQFH HQJLQHHU�

73� )7[� ��� GXW\ F\FOH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73� 7UDQVPLWWHU SXOVH� �� PV� YROWDJH GHSHQGLQJ RQ SRZHU� � � �

73� ��� 9 ZKHQ 32:(521 LV 21� �0XWUDQ��� � � � � � � � � � � � � �
��� 9 IRU0XQDY

73� �� PV EXUVW WR 7[ GULYHU� GXW\ F\FOH GHS� RQ� � � � � � � � � � � � �
SRZHU FRQWURO� �� 9 ZKHQ 32:(521 LV 21

73� ��� RXW RI SKDVH ZLWK 73�µ� � � � � � � � � � � � � � � � � � � � � � � � � � �

73� �� 9� �� PV SXOVH IURP &380� � � � � � � � � � � � � � � � � � � � � � � � �

73� *1'� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������� /LQNV
7KH 7;0 ERDUG KROGV WKH IROORZLQJ OLQNV�

/.� /LQN ���� LI 8��3DO� LV LQ XVH� 1RUPDOO\ FORVHG� � � � � � � � � � � �
/LQN ���� IRU H[WHUQDO IUHTXHQF\ EXUVW

/.� /LQN ���� LI 8��3DO� LV LQ XVH� 1RUPDOO\ FORVHG� � � � � � � � � � � �
/LQN ���� IRU H[WHUQDO IUHTXHQF\ EXUVW

/.� &ORVHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/.� 'HSHQGLQJ RQ DSSOLFDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/.� &ORVHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/.� 'HSHQGLQJ RQ DSSOLFDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/.� &ORVHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/.� 'HSHQGLQJ RQ DSSOLFDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/.� &ORVHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/.� 'HSHQGLQJ RQ DSSOLFDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/.� &ORVHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/.� 'HSHQGLQJ RQ DSSOLFDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������� 6ZLWFKHV
7KH 7;0 ERDUG KROGV QR VZLWFKHV�
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���������&

��� ´3RZHUER[µ $& SRZHU VXSSO\

����� 3XUSRVH
7KH 32:(5%2; (6$��.���8�;6$& SRZHU VXSSO\ HQDEOHV WKH
+35 ��� V\VWHP WR EH SRZHUHG IURP D ��� 9DF VXSSO\�

����� %RDUG GHVFULSWLRQ
7KH XQLW LV SXUFKDVHG IURP DQ H[WHUQDO VXSSOLHU� ,W LV EDVHG RQ D
FRPPHUFLDOO\ DYDLODEOH SRZHU VXSSO\� WKRXJK KDV EHHQ DOWHUHG WR
6LPUDG·V VSHFLILFDWLRQV� 7KH XQLW LV RSHQ WR DOORZ FRROLQJ DLU
DURXQG WKH FRPSRQDQWV� EXW LV GHVLJQDWHG ´5HSDLU E\
UHSODFHPHQWµ� ,W LV GHVLJQHG WR EH LQVWDOOHG LQ D VWDQGDUG �� UDFN�

����� 7HFKQLFDO VSHFLILFDWLRQV
7KH XQLW SK\VLFDO VSHFLILFDWLRQV DUH DV IROORZV�

:LGWK �� 7(� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

+HLJKW ��� PP� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/HQJWK ����� PP� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

:HLJKW ��� J� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

2SHUDWLQJ WHPSHUDWXUH ��& WR ���&� � � � � � � � � � � � � � � � � � � � � � � � �

6WRUDJH WHPSHUDWXUH �����& WR ����&� � � � � � � � � � � � � � � � � � � � � � �

(IILFLHQF\ ��� W\SLFDO� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

,VRODWLRQ DQG VDIHW\ 7R (1 �� ���� � � � � � � � � � � � � � � � � � � � � � � � � �

(0,�5), VWDQGDUGV 7R (1 �� ���% �9'( ���� %�� � � � � � � � � � � � �

����� (OHFWULFDO FKDUDFWHULVWLFV
7KH XQLW UHTXLUHV D VXSSO\ RI ��� 9DF RU ��� 9DF�� DQG SURYLGHV DQ
RXWSXW RI �� 9GF� � $ �� $ SHDN��

����� 6RFNHW��PRXQWHG FRPSRQHQWV
1RQH �� WKLV SRZHU VXSSO\ LV D VHDOHG XQLW DQG PXVW QRW EH
´DGMXVWHGµ E\ WKH V\VWHP PDLQWDLQHU�

� 6ZLWFKLQJ EHWZHHQ ���9DF DQG ��� 9DF LV SHUIRUPHGXVLQJ VWUDSV LQVLGH WKH XQLW�



6LPUDG +35 ��� 7UDQVFHLYHU 8QLW

�� �������&

����� &RQQHFWLRQV
7KH SRZHU VXSSO\ XQLW LV SOXJJHG LQWR WKH EDFNSODQH E\ D
FRQQHFWRU FRPSULVLQJ ILIWHHQ � PP VSDGH WHUPLQDOV� 7KH
WHUPLQDOV DUH DOORFDWHG DV IROORZV�

3� SLQ DOORFDWLRQ
����SLQ FRQQHFWLRQ EORFN

3LQ 6LJQDO GHVFULSWLRQ

�

�

�

��

��

��

��
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��

� 9R�

� 9R�

� 9R�

� 6

�� 6

�� 9R�

�� 9R�

�� 9R�

��� 9DF LQ �/�

��� 9DF LQ �1�

*1'

����� 0DLQWHQDQFH DLGV
7KLV SRZHU VXSSO\ LV D VHDOHG XQLW� ,Q WKH HYHQW RI PDOIXQFWLRQ�
UHSODFH WKH XQLW�

����� /('V
7KH IURQW RI WKH XQLW KROGV � JUHHQ /(' ZKLFK LQGLFDWHV WKH
H[LVWHQFH RI WKH �� 9GF RXWSXW�

����� )XVHV
7KH XQLW KROGV DQ LQSXW IXVH� ORFDWHG LQ WKH UHDU RI WKH XQLW� WR
SURWHFW LW LQ WKH HYHQW RI VHYHUH GHIHFWV� 7KH IXVH LV�

� � PP [ �� PP� ��� 9� ��� $� VORZ��EORZ

&DXWLRQ � 1RWKLQJ HOVH PXVW EH XVHG�



0DLQWHQDQFH PDQXDO

���������&

��� &RQWURO SURFHVVLQJ XQLW �&38(;�

����� /RFDWLRQ DQG SXUSRVH
7KH &RQWURO 3URFHVVRU 8QLW �&38(;� LV WKH ILIWK ERDUG IURP WKH
OHIW LQ WKH UDFN� 7KH &38(; LV D VLQJOH��ERDUG FRPSXWHU XWLOL]LQJ
WKH �����(; PLFURSURFHVVRU� 7KH SXUSRVH RI WKH ERDUG LV WR
FRQWURO WKH RSHUDWLRQ RI WKH +35 ��� 7UDQVFHLYHU 8QLW�

����� 3K\VLFDO GHVFULSWLRQ
7KH &38(; LV D VWDQGDUG HLJKW��OD\HU VLQJOH��(XURSH ERDUG� 2QH
HGJHFRQQHFWRU FRQQHFWV WR WKHPRWKHUERDUG� 7KH IURQW HGJHKROGV
D ����SLQ FRQQHFWRU� IRXU /('V� WZR WHVW SRLQWV DQG OLQN /N��

����� &LUFXLW GHVFULSWLRQ
7KH &38(; LV GHVLJQHG DV D &RQWURO 3URFHVVRU 8QLW XVLQJ WKH
�����(; PLFURSURFHVVRU IURP ,QWHO� 7KH ERDUG KDV VRFNHWV IRU DQ
�����6/ QXPHULF SURFHVVRU DQG IODVK PHPRU\� 7KH ERDUG DOVR
KROGV 5$0 PHPRU\ IRU SURJUDP DQG GDWD VWRUDJH� VHULDO OLQHV�
LQWHUUXSW LQSXWV� JHQHUDO ,�2 OLQHV DQG D JHQHUDO EXV LQWHUIDFH
�����SLQ (XURSD FRQQHFWRU��

7KH �����(; &38 LV WKH PDLQ FRQWUROOHU RQ WKH FLUFXLW ERDUG� ,W LV
D ����ELW PLFURSURFHVVRU� ZRUNLQJ LQWHUQDOO\ ZLWK ����ELWV� DQG LW LV
VRIWZDUH FRPSDWLEOH ZLWK ����� VRIWZDUH XVHG RQ QRUPDO
SHUVRQDO FRPSXWHUV� $GGUHVVLQJ FDSDELOLW\ LV XS WR �� 0E� $ ��
0+] FU\VWDO RVFLOODWRU VXSSOLHV WKH IUHTXHQF\ PDNLQJ WKH
�� 0+] &38 FORFN� $ QXPHULF FRSURFHVVRU �����6/ LV PRXQWHG�

7ZR ����SLQ 3/&& VRFNHWV VXSSRUW WKH IODVK PHPRU\ SDUW RI WKH
FLUFXLW� 8� DQG8�� 7KHVH GHYLFHV DUH ���ELW ZLGHPHPRU\ GHYLFHV�
7KH 5$0PHPRU\ FRQVLVWV RI 8� DQG 8�� 2QH LV IRU WKH ���ELW ORZ
E\WH DQG RQH IRU WKH ���ELW KLJK E\WH�

7KH %XV ,QWHUIDFH FRQWDLQV DGGUHVV EXIIHUV DQG ELGLUHFWLRQDO GDWD
EXIIHUV WR WKH V\VWHPEXV�ZKLFK LV LQ WKH����SLQ(XURSDFRQQHFWRU�

7KH ERDUG FRQWDLQV � 77/ LQSXWV �,'� WR ,'��� �� 77/ RXWSXWV �,'�
WR ,'��DQG287� WR287��� QLQHH[WHUQDO LQWHUUXSW LQSXWV DQG VL[
����ELW WLPHUV�

7ZR VHSDUDWH VHULDO OLQHV ZLWK VHSDUDWH SURJUDPPDEOH EDXG��UDWH
FRQWURO DUH DYDLODEOH� 6HOHFWLRQEHWZHHQ56��� DQG56��� LVPDGH
E\ OLQNV RQ WKH LQSXWV� %RWK VHULDO OLQHV VXSSO\ 56 ��� DQG 56 ���
DV RXWSXWV DW WKH VDPH WLPH�
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U5
80387SL

Math co-processor

U10
80386EX

Microprocessor

U26, U4
I/O Controller

U16, U17
PAL

U18, U19
PAL

U6, U7
Flash memory

U15
Timer

U9, U8
Memory (SRAM)

U22, U23, U24
Addr bus latches

U20, U21
Data buffers

Xtal osc. Y2
32 Mhz

Xtal osc. Y3
1.2288 Mhz

Xtal osc. Y4
4 Mhz

U25
Control latches

U12, U13
Driver

U14
8259SX option

U1, U2
Serial line drivers

IO 9-16, OUT 1-4 (P1)

Ethernet (P4)

Data bus

Address bus

Serial lines

IO 1-6 (P1)

Inturrupt NMI, INT 0-7

(P1)

(P1)

(P1)

(P1)

(P2)

Data bus

Control bus

Control bus

Control bus

Control bus

Control bus

Control bus

Data bus

Address bus

Address bus

Address bus

Data bus

Address bus

Address bus

Address bus

Data bus

Data bus

(CD4239)

x 4 LEDs

Lk 5

)LJXUH � &RQWURO SURFHVVRU XQLW �&38(;� FLUFXLW ERDUG �� EORFN GLDJUDP

����� &RQQHFWLRQV
7KHUH DUH WZR FRQQHFWRUV� RQH SODFHG DW HDFK HQG RI WKH FLUFXLW
ERDUG�

3� ����SLQ� PDOH� ULJKW��DQJOHG (XURSD FRQQHFWRU� � � � � � � � � � � � �

3� ����SLQ� PDOH� IODW ULEERQ FDEOH FRQQHFWRU� � � � � � � � � � � � � � � � �

����� 0DLQWHQDQFH DLGV

������� 7HVW SRLQWV
73 � *1'� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73 � �� 9� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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������� /LQNV
/. �� /LQN ���� IRU 56 ��� LQSXW VHULDO OLQH $� � � � � � � � � � � � � � � �

/LQN ���� IRU 56 ��� LQSXW VHULDO OLQH $

/. �� /LQN ���� IRU 56 ��� LQSXW VHULDO OLQH %� � � � � � � � � � � � � � � � �
/LQN ���� IRU 56 ��� LQSXW VHULDO OLQH %

/. �� 1RUPDOO\ FORVHG� VRIWZDUH FRQWURO� � � � � � � � � � � � � � � � � � � �

/. �� 5DP GHSHQGHQW� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/. �� 2Q  HQDEOHV '� �� '�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/. �� 2Q  :' HQDEOH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

/. �� 5HVHW FRQQHFWRU� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������� /('V
'� ��'� 6RIWZDUH��FRQWUROOHG� IURQW PRXQWHG� � � � � � � � � � � � � � � � �

������� 2VFLOORVFRSH FKHFN SRLQWV
7KH PDLQWHQDQFH HQJLQHHU FDQ FKHFN WKH EDVLF IXQFWLRQV E\ XVLQJ
DQ RVFLOORVFRSH DQG PHDVXULQJ RQ WKH IROORZLQJ SRLQWV�

� 7KH VLJQDO $'6� RQ 8�� 3LQ �� REVHUYH WKH SXOVHV ZKHQ WKH
ERDUG LV �VKRXOG EH� UXQQLQJ� &KHFN IRU RQH SRVLWLYH SXOVH WR
VWDUW HYHU\ LQVWUXFWLRQ F\FOH�
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��� ,QSXW�RXWSXW ERDUG �,2�0�

����� 3XUSRVH
7KH ,QSXW�2XWSXW ERDUG �,2�0� LV GHVLJQHG WR WKH VLQJOH
(XUR��FDUG FLUFXLW ERDUG VWDQGDUG� ,W LV GHVLJQHG WR LQWHUIDFH WKH
PRVW FRPPRQ +35 66%/ DQG /%/ LQSXWV DQG RXWSXWV� VXFK DV D
YHUWLFDO UHIHUHQFH XQLW� FRXUVH J\UR� H[WHUQDO V\QFKURQL]DWLRQ DQG
VHULDO OLQHV�

����� %RDUG GHVFULSWLRQ
7KH YHUWLFDO UHIHUHQFH XQLW� J\UR DQG VHULDO OLQH � �WR WKH V\VWHP
FRQWUROOHU� DUH JDOYDQLFDOO\ LVRODWHG� 6HULDO OLQHV � DQG � DUH
GHGLFDWHG WR WUDFNLQJ LQWHUIDFH� 7KHVH VHULDO OLQHV DUH JDOYDQLFDOO\
LVRODWHG RQ WKH 6HULDO ,QWHUIDFH ERDUG� 6,)�

6HULDO OLQH � LV DYDLODEOH ZLWK D SURJUDPPDEOH EDXG��UDWH FRQWURO�
FRPLQJ IURP WKH &38 ERDUG� 6HOHFWLRQ EHWZHHQ 56��� DQG 56���
LV PDGH XVLQJ OLQNV RQ WKH LQSXWV� 7KH VHULDO OLQH PD\ DOVR EH
LQYHUWHG E\ OLQNV RQ WKH ERDUG� 7KH VHULDO OLQH PD\ VXSSO\ 56���
DQG 56��� DV RXWSXWV VLPXOWDQHRXVO\�

6HULDO OLQHV � DQG � DUH 56��� RQO\� FRQWUROOHG E\ 8�� ������

����� )URQW PRXQWHG GHYLFHV
$ ����SLQ FRQQHFWRU� 3�� LV WKH RQO\ GHYLFH PRXQWHG RQ WKH IURQW
HGJH RI WKH ERDUG�

����� &LUFXLW GHVFULSWLRQ
$OO GHFRGLQJ LV LPSOHPHQWHG ZLWK 3$/V� DQG PD\ WKXV EH
UHFRQILJXUHG� 7KH 3$/ ��9�� �8��� LV WKH PDLQ GHFRGHU LQ WKH
V\VWHP� ,W LQLWLDWHV &KLS 6HOHFW WR DOO WKH GLIIHUHQW GHYLFHV DQG
IXQFWLRQV� DQG DOVR JHQHUDWHV 5' �UHDG� DQG:5 �ZULWH� VWUREHV WR
WKH ������

8�� LV WKH DGGUHVV EXIIHU IRU WKH V\VWHP EXV� ,W FRQWDLQV WZR
DGGUHVV ELWV� 7KH EXV LV DYDLODEOH RQ 3�� 8� DQG 8� DUH WKH
ELGLUHFWLRQDO GDWD WUDQVFHLYHUV� 7KH GDWD EXV LV DOVR DYDLODEOH RQ
3��

7KH ����� �8�� 6HULDO &RPPXQLFDWLRQ &RQWUROOHU FRQWDLQV WZR
VHULDO OLQHV LGHQWLILHG DV � DQG �µ�

)RXU DQDORJXH LQSXWV DUH VXSSRUWHG� PDGH VZLWFKDEOH E\ PHDQV
RI WKH 8�� PXOWLSOH[HU� 7ZR RI WKH LQSXWV DUH GHGLFDWHG IRU 5ROO
DQG 3LWFK LQSXWV IURP DQ H[WHUQDO YHUWLFDO UHIHUHQFH XQLW �958��

)RXU DQDORJXH RXWSXWV DUH SURYLGHG� 7KHVH DUH RULJLQDOO\
GHVLJQDWHG DV 79* RXWSXWV �7LPH 9DULHG *DLQ� WR SUHDPSOLILHU
ERDUGV DQG�RU WUDQVGXFHUV� 7KH DQDORJXH RXWSXWV DUH JHQHUDWHG
E\ WKH '�$ FRQYHUWHU 8���
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2QH V\QFKUR LQSXW LQWHQGHG IRU D FRXUVH J\UR LQSXW� DQG WZR
GLIIHUHQWLDO LQSXWV� DUH SURYLGHG�

)LJXUH � 7KH ,QSXW�2XWSXW FLUFXLW ERDUG �,�20� �� EORFN GLDJUDP

����� 6RFNHW��PRXQWHG FRPSRQHQWV
8 �� 6\QFKUR WR GLJLWDO FRQYHUWHU� � � � � � � � � � � � � � � � � � � � � � � � � �

6'&������������� �� 9DF ����� +]

8 �� ,QWHO 3�������� 6HULDO FRPPXQLFDWLRQ FRQWUROOHU� � � � � � � � �

8 �� 3$/ ��9�� DGGUHVV GHFRGHU� � � � � � � � � � � � � � � � � � � � � � � � � �

8 �� '6 ���� 56��� 'ULYHU�5HFHLYHU� � � � � � � � � � � � � � � � � � � � � � �

8 �� '6 ���� 56��� 'ULYHU�5HFHLYHU� � � � � � � � � � � � � � � � � � � � � � �

8 �� 0$;��� 56��� 'ULYHU�5HFHLYHU� � � � � � � � � � � � � � � � � � � � � �

����� &RQQHFWLRQV
7KHUH DUH WZR FRQQHFWRUV� RQH DW HDFK HQG RI WKH FLUFXLW ERDUG�

3� ����SLQ� PDOH� ULJKW��DQJOHG FRQQHFWRU� � � � � � � � � � � � � � � � � � � �

3� ����SLQ� PDOH� IODW ULEERQ FDEOH FRQQHFWRU� � � � � � � � � � � � � � � � �
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����� 0DLQWHQDQFH DLGV

������� 7HVW SRLQWV
73 �� *1'� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
73 �� $QDORJXH LQSXWV� EHWZHHQ PXOWLSOH[HU DQG $'� � � � � � � �
73 �� 3LWFK� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
73 �� 5ROO� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
73 �� 9&&� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
73 �� 9&&�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
73 �� *1'�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
73 �� 3LWFK LQSXW� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
73 �� 958 FRPPRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
73 �� 5ROO LQSXW� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������� /LQNV
/. �� /LQN ���� IRU GLUHFW $QDORJB� LQSXW� � � � � � � � � � � � � � � � � � �

/LQN ���� IRU $QDORJB� LQSXW YLD DPSOLILHU�
/. �� /LQN ���� IRU GLUHFW $QDORJB� LQSXW� � � � � � � � � � � � � � � � � � �

/LQN ���� IRU $QDORJB� LQSXW YLD DPSOLILHU�
/. �� /LQN EHWZHHQ DQDORJXH DQG GLJLWDO JURXQG� � � � � � � � � � � �

1RUPDOO\ FORVHG�
/. �� 'LJLWDO JURXQG WR '�$ FRQYHUWHU� 1RUPDOO\ FORVHG�� � � � �
/. �� ��� 9GF WR '�$ FRQYHUWHU�� � � � � � � � � � � � � � � � � � � � � � � � � � �
/. �� $�' FRQYHUWHU �� 9 LQSXW� 1RUPDOO\ FORVHG�� � � � � � � � � � �
/. �� $�' FRQYHUWHU �� 9 LQSXW�� � � � � � � � � � � � � � � � � � � � � � � � � �
/. �� /LQN ���� IRU LQYHUWHG 6HULDO OLQH �� 7[�� � � � � � � � � � � � � � � � �

/LQN ���� IRU QRQ��LQYHUWHG 6HULDO OLQH �� 7[�
1RUPDOO\ FORVHG�

/. �� /LQN ���� IRU LQYHUWHG 6HULDO OLQH �� 5[�� � � � � � � � � � � � � � � � �
/LQN ���� IRU QRQ��LQYHUWHG 6HULDO OLQH �� 5[�

1RUPDOO\ FORVHG�
/. �� /LQN ���� IRU 56��� LQSXW VHULDO OLQH �� � � � � � � � � � � � � � � � �

1RUPDOO\ FORVHG�
/LQN ���� IRU 56��� LQSXW VHULDO OLQH ��

/. �� $QDORJXH JURXQG WR '�$ FRQYHUWHU�� � � � � � � � � � � � � � � � � �
/. �� ��� +] UHIHUHQFH IUHTXHQF\� � � � � � � � � � � � � � � � � � � � � � � � � �
/. �� ��� +] UHIHUHQFH IUHTXHQF\� 1RUPDOO\ FORVHG�� � � � � � � � � �

������� 3RWHQWLRPHWHUV
5 �� $GMXVWPHQW RI ELSRODU RIIVHW� $�' FRQYHUWHU�� � � � � � � � � � � �
5 �� $GMXVWPHQW RI UHIHUHQFH YROWDJH $�' FRQYHUWHU�� � � � � � � � �

������� 6ZLWFKHV
7KH ,2�0 ERDUG KROGV QR VZLWFKHV�
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���� 7KH UHVSRQGHU FRQWUROOHU �53&� ERDUG

������ 3XUSRVH
7KH SXUSRVH RI WKH UHVSRQGHU FRQWUROOHU �53&� ERDUG LV WR SURYLGH
UHVSRQGHU WULJJHU SXOVHV DV RUGHUHG E\ WKH +35 V\VWHP�

������ %RDUG GHVFULSWLRQ
7KH 53& LV GHVLJQHG WR WKH VLQJOH (XUR��FDUG VWDQGDUG� 7KH ERDUG
KROGV IRXU LGHQWLFDO RSWR��LVRODWHG UHVSRQGHU WULJJHU FLUFXLWV� DQG
FRPPXQLFDWHV ZLWK WKH 70& ERDUG LQ WKH 3& YLD D IODW FDEOH�

������ )URQW PRXQWHG GHYLFHV
7KH53&ERDUG FDUULHV IRXU IXVHV DQG DGLRGHPRXQWHGRQ LWV IURQW
HGJH�

������ &LUFXLW GHVFULSWLRQ
&RPSRQHQW 8�� LV WKH ERDUG·V GDWD EXIIHU� DQG FRPSRQHQW 8� LV
LWV FRQWURO EXIIHU� &DUG VHOHFWLRQ LV SHUIRUPHG E\ 8�� 8�� 8� DQG
8�� 7KH FDUG VHOHFWRU RXWSXW JRHV KLJK ZKHQ WKH 53& KDV EHHQ
VHOHFWHG� DQG IODVKHV WKH /(''�� 8�� LV D WHVW ODWFK XVHG WR FKHFN
WKH 53& ERDUG SHUIRUPDQFH�

7KH 53& ERDUG·V DGGUHVV LV VHW E\ PHDQV RI WKH ',/ VZLWFK 8��

3LQ �� RI 8�� JRHV ORZZKHQHYHU WKH GLUHFW DGGUHVV LQVWUXFWLRQ LV
H[HFXWHG� FDXVLQJ WKH ELW SDWWHUQ RQ WKH GDWD EXV WR EH ODWFKHG LQWR
8��� 7KH FRGH ODWFKHG LQ 8�� GHWHUPLQHV ZKLFK RI WKH WULJJHU
FLUFXLWV LV WR EH DFWLYDWHG�:KHQ WKH WULJJHU LQVWUXFWLRQ LV H[HFXWHG�
WKH RQH��VKRW 8�� DSSOLHV D SXOVH RI DSSUR[LPDWHO\ ��� PV WR SLQ
� RI 8��� 7KH RXWSXWV RI 8�� WKDW DUH DFWLYH ZLOO GUDZ FXUUHQW
WKURXJK WKH DVVRFLDWHG RSWR��FRXSOHU�ZKLFK DJDLQ FDXVHV D WULJJHU
SXOVH WR EH JHQHUDWHG�

(DFK WULJJHU SXOVH FLUFXLW LV SURWHFWHG E\ D IXVHZKLFK DOVR VHFXUHV
WKH VXSSO\ YROWDJH WR WKH UHVSRQGHU� 7KH WULJJHU SXOVHV DUH
EURXJKW RXW EHWZHHQ WHUPLQDOV$�&�� DQG$��$���$�� DQG$���

������ 6RFNHW��PRXQWHG FRPSRQHQWV
7KH ERDUG FDUULHV QR VRFNHW��PRXQWHG FRPSRQHQWV�

������ &RQQHFWLRQV
7KHERDUGKROGV RQH FRQQHFWRU� 3�� ORFDWHG RQ WKH EDFN HGJH RI WKH
ERDUG� 7KLV FRQQHFWV WKH ERDUG LQWR WKH 7UDQVFHLYHU 8QLW
EDFNSODQH�

3� ����SLQ� PDOH� ULJKW��DQJOHG FRQQHFWRU� � � � � � � � � � � � � � � � � � � �
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)LJXUH �� 7KH 5HVSRQGHU &RQWUROOHU FLUFXLW ERDUG �� EORFN GLDJUDP

������ 0DLQWHQDQFH DLGV

�������� 7HVW SRLQWV DQG OLQNV
/.� &RQQHFWHG RQO\ ZKHQ �� 9 LV VXSSOLHG� � � � � � � � � � � � � � � � � �

DQG 8�� LV QRW PRXQWHG

/.� $OZD\V FRQQHFWHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������� 6ZLWFKHV
'LO VZLWFK 8� $GGUHVV VZLWFK EORFN� � � � � � � � � � � � � � � � � � � � � � � �

6ZLWFKHV �� � DQG �PXVW EH VHW WR21� VZLWFKHV �� �� �� � DQG �PXVW
EH VHW WR 2))�

�������� /('6
'� /LJKWV ZKHQ ERDUG LV WUDQVPLWWLQJ� � � � � � � � � � � � � � � � � � � � � � �

�������� )XVHV
7KH ERDUG FDUULHV IRXU ��� $� VORZ��EORZ IXVHV� RQ WKH ��� 9GF
OLQHV�
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���� '& SRZHU VXSSO\ �'& �� 3:5�
7KH '&��3:5 LV ORFDWHG VHFRQG IURP WKH ULJKW LQ WKH UDFN� 7KH
ERDUG LV GHVLJQHG E\ 6LPUDG� WKRXJK WKH SRZHU FRQYHUWHU XQLWV
PRXQWHG RQ WKH ERDUG DUH ERXJKW IURP DQ H[WHUQDO VRXUFH�

������ 3XUSRVH
7KH SXUSRVH RI WKH 081$9 3RZHU 6XSSO\ �32:(50� LV WR
VXSSO\ WKH HOHFWURQLF FLUFXLWU\ ZLWK ORZ OHYHO '& YROWDJHV� 7KH
XQLW FDQ SURYLGH VHYHUDO GLIIHUHQW YROWDJHV� LQ WKLV V\VWHP �� 9GF
LV XVHG�

������ %RDUG GHVFULSWLRQ
7KLV '& VXSSO\ LV EDVHG RQ (UL3RZHU '&��'& FRQYHUWHUV� ZKLFK
SURGXFH WKH IROORZLQJ YROWDJHV�
� �� 9GF
� ��� 9GF
� ���� 9GF
7KH á�� 9GF LV FRQYHUWHG WR á� 9GF E\ PHDQV RI VHULDO
UHJXODWRUV�
7ZRFRQYHUWHUV DUHXVHG� RQHPRXQWHGGLUHFWO\ RQWR WKHERDUG� WKH
RWKHU PRXQWHG SLJJ\��EDFN IDVKLRQ RQ WKH VROGHU VLGH RI WKH
ERDUG� 7KH IURQW RI WKH ERDUG FRPSULVHV D EODFN DOXPLQLXP KHDW
VLQN� 7KH �� 9GF LQSXW SRZHU WR WKH ERDUG FDQ EH VXSSOLHG WR WZR
GLIIHUHQW LQSXW OLQHV� '&��,1� DQG '&��,1�� 7KH ERDUG DOVR KROGV
D � $ FRQVWDQW FXUUHQW RXWSXW�

������ &LUFXLW GHVFULSWLRQ
:KHQ D 77/ OHYHO VLJQDO LV DSSOLHG WR HLWKHU 32:(5��21 RU
32:(5��83� WKH JDWH RQ 4� ZLOO EH IRUFHG WR D ORZ OHYHO E\ 4��
7KLV ZLOO VHW WKH 4� WR D 21 FRQGLWLRQ� DQG WKXV SDVV WKLV SRZHU�
VXSSOLHG WR LQSXW '&��,1� RU '&��,1��

1RWH � 7KHUH LV D VWDUW��XS GHOD\ RI DSSUR[LPDWHO\ �� PV EHWZHHQ WKH DUULYDO RI
D 3RZHU 2Q SXOVH DQG D VHWWOHG �� 9GF RXWSXW�
7KH FRQVWDQW FXUUHQW EORFN LV EDVHG RQ D WKUHH��WHUPLQDO YROWDJH
UHJXODWRU �8�� /0���+9. DQG D VHULDO UHVLVWRU �5��� 7KH RXWSXW
FXUUHQW ZLOO LQFUHDVH XQWLO WKH YROWDJH DFURVV 5� LV HTXDO WR 95()�
���� 9GF�� $ � � UHVLVWRU JLYHV D FXUUHQW RI DSSUR[LPDWHO\ ��� $�
7KH '&��'& FRQYHUWHU XVHG LV D ��: (UL3RZHU 3.$���� VHULHV�
UHTXLULQJ DQ LQSXW YROWDJH EHWZHHQ �� 9GF DQG �� 9GF�
7KH RXWSXW GDWD LV DV IROORZV�
�� 9GF RXWSXW�
1RPLQDO ORDG ��� $� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
0D[LPXP ORDG � $� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
á�� 9GF RXWSXW�
1RPLQDO ORDG ���� $� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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0D[LPXP ORDG ��� $� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

:$51,1* � 7KH WRWDO ORDG PXVW QHYHU H[FHHG �� : IRU HDFK
(UL3RZHU XQLW� L�H� �� : LQ WRWDO�

7R JHQHUDWH WKH á� 9GF DQDORJXH YROWDJH �$9&&�$9((� WKH
á�� 9GF RXWSXWV IURP WKH '&��'& FRQYHUWHU DUH IHG WR 8� DQG
8��

������ 6RFNHW��PRXQWHG FRPSRQHQWV
7KH ERDUG KROGV QR VRFNHW PRXQWHG FRPSRQHQWV�

������ &RQQHFWLRQV
7KH ERDUG FDUULHV RQH ����SLQ (XURSD FRQQHFWRU WR OLQN LW LQWR WKH
7UDQVFHLYHU 8QLW·V EDFNSODQH�
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$9(( ���� 9GF�
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*1'

$9%% ���� 9GF�

*1'

9&&

$9&& ��� 9GF�
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$9(( ���� 9GF�
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$9%% ���� 9GF�
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$9%% ���� 9GF�
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6LJQDO GHVFULSWLRQV� LQSXWV�

'&��,1� 0DLQ '& SRZHU VRXUFH WR WKH ERDUG� � � � � � � � � � � � � � � �

'&��,1� %DFNXS '& SRZHU VRXUFH WR WKH ERDUG� � � � � � � � � � � � � �

3RZHU��21 6ZLWFKHV SRZHU 21 ��� RU 2)) ���� � � � � � � � � � � � � � �
77/ OHYHO VLJQDO
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3RZHU��83 6ZLWFKHV SRZHU 21 ��� RU 2)) ���� � � � � � � � � � � � � � �
77/ OHYHO VLJQDO

6LJQDO GHVFULSWLRQV� RXWSXWV�

9&& �� 9GF� GLJLWDO SRZHU PD[� � $ �� $�� � � � � � � � � � � � � � � � � �

$9%% ��� 9GF SRZHU PD[ ��� $ ���� $�� � � � � � � � � � � � � � � � � � � � �

$9)) ���� 9GF SRZHU PD[ ��� $ ���� $�� � � � � � � � � � � � � � � � � � � � �

$9&& �� 9GF DQDORJXH SRZHU PD[ ��� $ ���� $�� � � � � � � � � � � � �

$9(( ��� 9GF DQDORJXH SRZHU PD[ ��� $ ���� $�� � � � � � � � � � � � �

8��67%< 8QVZLWFKHG VXSSO\� RXWSXWV� � � � � � � � � � � � � � � � � � � � � � �
WKH KLJKHVW LQSXW YROWDJH �� � 9GF

&$3��326 7UDQVPLWWHU VXSSO\� FRQVWDQW� � � � � � � � � � � � � � � � � � � � �
FKDUJH FLUFXLW RI ��� $

%$77 7KLV RXWSXW JLYHV D KLJK OHYHO ZKHQ WKH� � � � � � � � � � � � � � �
PDLQ '& SRZHU VRXUFH YROWDJH GURSV

EHORZ WKH EDFNXS '& SRZHU VRXUFH YROWDJH

������ 0DLQWHQDQFH DLGV

�������� 7HVW SRLQWV
73� � � 9 GLJLWDO� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73� 'LJLWDO JURXQG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73� � �� 9 DQDORJXH LQSXW� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73� $QDORJXH JURXQG LQSXW� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73� $QDORJXH JURXQG RXWSXW� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73� �� �� 9 DQDORJXH RXWSXW� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73� � � 9 DQDORJXH RXWSXW� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

73� � �� 9 DQDORJXH RXWSXW� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������� /LQNV
7KH ERDUG KDV D OLQN ILHOG �/.,� FRPSULVLQJ IRXU OLQNV 6�� 6�� 6�
DQG 6�� 7KHVH OLQNV DUH XVHG WR VZDS SRODULW\ RQ WKH '&��'&
FRQYHUWHG LQSXW SLQV�

$ �� YROW VXSSO\ UHTXLUHV 6� DQG 6� WR EH FORVHG�

�������� 6ZLWFKHV
7KH ERDUG KROGV QR VZLWFKHV�
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��� *HQHUDO
7KH IROORZLQJ FLUFXLW ERDUGV FRQWDLQHG LQ WKH 7UDQVFHLYHU8QLW DUH
GHILQHG DV /LQH 5HSODFHDEOH 8QLWV �/58V��
� 7KH EDFNSODQH�
� ,QSXW 0 �� $�%�
� $�' &RQYHUWHU �$&0��
� 'LJLWDO 6LJQDO 3URFHVVRU �'630��
� &RQWURO 3URFHVVLQJ 8QLW �&38��
� (WKHUQHW�
� ,QSXW�2XWSXW �,20��
� 5HVSRQGHU �53&��
� 7UDQVPLWWHU �7[0 �� $�%��
� '& 3RZHU VXSSO\ �'& �� 3:5��
� $& 3RZHU VXSSO\ �$& �� 3:5��
7KH UHPRYDO DQG UHSODFHPHQW RI WKHVH SDUWV LV GHVFULEHG LQ WKH
IROORZLQJ SDUDJUDSKV�

1RWH � 7KH PDLQWHQDQFH HQJLQHHU PXVW ZHDU D JURXQGLQJ EUDFHOHW ZKLFK LV
VHFXUHO\ FRQQHFWHG WR WKH YHVVHO·V JURXQG DW DOO WLPHV ZKHQ SHUIRUPLQJ
PDLQWHQDQFH RQ WKH 7UDQVFHLYHU 8QLW�

��� 5HSODFHPHQW RI FLUFXLW ERDUGV DQG VRIWZDUH
7KH FLUFXLW ERDUGV LQ WKH 7UDQVFHLYHU 8QLW DUH DOO SOXJ��LQPRGXOHV
ZKLFK DUH HDVLO\ UHSODFHDEOH� $ VSHFLDO H[WUDFWLRQ WRRO �ZLUH
KRRNV� ZLOO FRQVLGHUDEO\ VLPSOLI\ WKH UHPRYDO RSHUDWLRQ� DQG D
VPDOO VFUHZ��GULYHU PD\ EH UHTXLUHG WR RSHQ WKH IURQW SDQHO� $OO
WKH ERDUGV DQG SRZHU XQLWV DUH UHSODFHG XVLQJ WKH VDPH
SURFHGXUH�

����� 5HPRYDO RI FLUFXLW ERDUGV
5HPRYDO RI D ERDUG LV SHUIRUPHG DFFRUGLQJ WR WKH IROORZLQJ
SURFHGXUH�

1RWH � ,I WKH 7UDQVFHLYHU 8QLW LV LQVWDOOHG LQ D FRQVROH RU D UDFN� WKH RSHUDWLRQ
PD\ EH VLPSOLILHG E\ UHPRYLQJ WKH XQLW WR D ZRUN��EHQFK EHIRUH
SURFHHGLQJ ZLWK WKH FLUFXLW ERDUG UHSODFHPHQW�

� (QVXUH DOO SRZHU WR WKH +35 V\VWHP� DQG WR RWKHU V\VWHPV
FRQQHFWHG WR WKH +35 V\VWHP �H�J� '36� YHUWLFDO UHIHUHQFH
XQLW HWF�� LV VZLWFKHG RII� 5HPRYH WKH V\VWHP IXVHV LI
SRVVLEOH� DQG ODEHO WKH IXVH SDQHO ZLWK D WDJ VWDWLQJ WKDW
PDLQWHQDQFH LV EHLQJ FDUULHG RXW RQ WKH V\VWHP�
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� 8VLQJ D VPDOO VFUHZ��GULYHU LI QHFHVVDU\� RSHQ WKH
7UDQVFHLYHU 8QLW IURQW SDQHO� 7KLV LV DFKLHYHG E\ VODFNHQLQJ
WKH WZR FDSWLYH VFUHZV LQ WKH XSSHU FRUQHUV DQG KLQJLQJ WKH
SDQHO GRZQZDUGV� 7KH SDQHO PXVW EH DOORZHG WR VZLQJ
EHORZ WKH KRUL]RQWDO LI FLUFXLW ERDUGV DUH WR EH UHPRYHG� VR
WKH XQLW PD\ QHHG WR EH VXSSRUWHG RQ EORFNV�

� /RFDWH WKH GHVLUHG FLUFXLW ERDUG DQG FDUHIXOO\ UHPRYH DQ\
FRQQHFWRUV ZKLFKPD\ EH DWWDFKHG WR WKH IURQW RI WKH ERDUG�
7KLV ZLOO QRW EH HDV\�

� /RFDWH WKH H[WUDFWLRQ WRRO KRRNV LQWR WKH KROHV LQ WKH XSSHU
DQG ORZHU FRUQHUV RI WKH ERDUG·V IURQW HGJH DQG FDUHIXOO\
SXOO WKH FLUFXLW ERDUG VWUDLJKW RXW IURP WKH 7UDQVFHLYHU 8QLW
UDFN�

1RWH � 0RVW RI WKH FLUFXLW ERDUGV KROG VRIWZDUH LQ (35206� 3520V DQG
3$/V� ,I D ERDUG LV WR EH UHSODFHG� WKH VRIWZDUH ZLOO KDYH WR EH PRYHG RYHU
WR WKH QHZ ERDUG� $OVR� VHYHUDO OLQNV DQG VZLWFKHV PXVW EH VHW FRUUHFWO\
WR HQVXUH SURSHU RSHUDWLRQ� :KHQ UHSODFLQJ D FLUFXLW ERDUG� HQVXUH WKDW
WKH QHZ OLQNV DQG VZLWFKHV PDWFK WKH ROG �

����� 6RIWZDUH UHSODFHPHQW
5HSODFLQJ WKH VRIWZDUH� RU PRYLQJ LW WR D QHZ ERDUG� LV D GHOLFDWH
MRE DQG PXVW EH KDQGOHG ZLWK H[WUHPH FDUH� 7KH IROORZLQJ
SUHFDXWLRQV PXVW EH WDNHQ�

� 7KH UHSODFHPHQW RSHUDWLRQ PXVW EH SHUIRUPHG RQ D FOHDQ
DQG VWDEOH ZRUNEHQFK RU WDEOH�

� 7KH WDEOHPXVW EH FRYHUHGZLWK DQDQWL��VWDWLFPDW FRQQHFWHG
WR WKH VKLS·V JURXQG�

� 7KH PDLQWHQDQFH HQJLQHHU 0867 ZHDU D JURXQGLQJ
EUDFHOHW FRQQHFWHG WR WKH VKLS·V JURXQG�

� (DFK VRIWZDUH GHYLFH LV LGHQWLILHG ZLWK D ZKLWH ODEHO� 7KLV
ODEHO KROGV WKH IROORZLQJ LQIRUPDWLRQ�

�� &LUFXLW ERDUG (�J� '630
�� 'HYLFH QXPEHU (�J� 8��
�� 6RIWZDUH YHUVLRQ (�J� 9���
�� 'DWH (�J� ��������
�� &KHFN VXP �LQ KH[DGHFLPDO� (�J� ��$�

������� 5HPRYDO
� ,GHQWLI\ WKH GHYLFH WR EH UHPRYHG� DQG ZULWH GRZQ WKH

ORFDWLRQ RI SLQ���

� 8VLQJ D VPDOO VFUHZGULYHU RU D VSHFLDO H[WUDFWLRQ WRRO�
UHPRYH WKH GHYLFH FDUHIXOO\ IURP LWV VRFNHW RQ WKH VRXUFH
FLUFXLW ERDUG� (QVXUH WKH GHYLFH LV OLIWHG DV YHUWLFDOO\ DV
SRVVLEOH WR SUHYHQW GDPDJH WR WKH SLQV� 2QFH UHPRYHG�
KDQGOH WKH GHYLFH ZLWK FDUH�
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������� ,QVHUWLRQ
,GHQWLI\ WKH VRFNHW ZKHUH WKH GHYLFH LV WR EH ORFDWHG�

3ODFH WKH GHYLFH FDUHIXOO\ LQWR WKH VRFNHW� DQG HQVXUH LW LV
RULHQWDWHG FRUUHFWO\�

&KHFN WKDW DOO WKH SLQV DUH LQ WKH FRUUHFW KROHV LQ WKH VRFNHW� WKHQ
SUHVV WKH GHYLFH ILUPO\ DQG HYHQO\ LQWR WKH VRFNHW�

$IWHU LQVHUWLRQ� FKHFN WKDW DOO WKH SLQV DUH SURSHUO\ LQVHUWHG LQWR
WKH VRFNHW DQG WKDW QR SLQV DUH EHQW�

����� 5HPRYDO RI WKH EDFNSODQH
7KH EDFNSODQH LV ORFDWHG EHKLQG WKH FLUFXLW ERDUGV� DQG LV
DFFHVVLEOH WKURXJK WKH EDFN RI WKH XQLW� $OO WKH FLUFXLW ERDUGV DQG
SRZHU XQLWVPXVW EH UHPRYHG WKURXJK WKH IURQW RI WKH XQLW EHIRUH
WKH EDFNSODQH FDQ EH UHPRYHG� $OO FRQQHFWLRQV WR WKH EDFNSODQH
DUH PDGH XVLQJ SOXJV�

5HPRYH WKH EDFNSODQH IROORZLQJ WKH SURFHGXUH EHORZ�

1RWH � ,I WKH 7UDQVFHLYHU 8QLW LV LQVWDOOHG LQ D FRQVROH RU D UDFN� WKH XQLW ZLOO
QHHG WR EH H[WUDFWHG DQG WDNHQ WR D ZRUN��EHQFK EHIRUH SURFHHGLQJ ZLWK
WKH EDFNSODQH UHPRYDO SURFHGXUH�

� (QVXUH DOO SRZHU WR WKH +35 V\VWHP� DQG WR RWKHU V\VWHPV
FRQQHFWHG WR WKH +35 V\VWHP �H�J� '36� YHUWLFDO UHIHUHQFH
XQLW HWF�� LV VZLWFKHG RII� 5HPRYH WKH V\VWHP IXVHV LI
SRVVLEOH� DQG ODEHO WKH IXVH SDQHO ZLWK D WDJ VWDWLQJ WKDW
PDLQWHQDQFH LV EHLQJ FDUULHG RXW RQ WKH V\VWHP�

� /DEHO DOO WKH FDEOHV FRQQHFWHG LQWR WKH EDFN RI WKH
7UDQVFHLYHU 8QLW� DQG GLVFRQQHFW WKHP�

� 5HPRYH DOO WKH FLUFXLW ERDUGV DQG SRZHU XQLWV XVLQJ WKH
SURFHGXUH JLYHQ LQ SDUDJUDSK � (QVXUH WKH ERDUGV DUH
SODFHG LQ D VDIH SODFH�

� 8VLQJ D VPDOO VFUHZ��GULYHU� UHPRYH WKH �� VFUHZV VHFXULQJ
WKH7UDQVFHLYHU8QLW UHDU SDQHO LQSRVLWLRQ� 7KHSDQHO LV QRZ
DWWDFKHG WR WKH XQLW RQO\ E\ WKH FDEOHV�

� 8VLQJ D VXLWDEOH LQVXODWHG WRRO RU ZLUH OLQN� GLVFKDUJH WKH
WZR ODUJH FDSDFLWRUV ORFDWHG WRZDUGV WKH OHIW VLGH RI WKH UHDU
SDQHO�

� 5HPRYH DOO WKH FRQQHFWHUV DWWDFKHG WR WKH EDFNSODQH� 7KH
EDFNSODQH VKRXOG QRZ EH UHDGLO\ DFFHVVLEOH�

� 6ODFNHQ DQG UHPRYH WKH �� VFUHZV VHFXULQJ WKH EDFNSODQH
LQWR WKH 7UDQVFHLYHU 8QLW� 7KH EDFNSODQH VKRXOG QRZ EH
ORRVH� DQG WKH HQJLQHHU FDQ UHPRYH LW FDUHIXOO\ WKURXJK WKH
EDFN RI WKH XQLW�

,I WKH EDFNSODQH LV JRLQJ WR EH RXW RI WKH 7UDQVFHLYHU8QLW IRU VRPH
WLPH� LW LV UHFRPPHQGHG WR UHSODFH WKH FLUFXLW ERDUGV LQWR WKH IURQW
RI WKH XQLW DQG FORVH WKH XQLW WR SURWHFW WKH ERDUGV�
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����� 5HSODFHPHQW RI WKH EDFNSODQH

5HSODFLQJ WKH EDFNSODQH LV D UHYHUVDO RI WKH SURFHGXUH JLYHQ LQ
SDUDJUDSK

&DUH VKRXOG EH H[HUFLVHG WR HQVXUH WKDW SDUWV ILW WRJHWKHU FRUUHFWO\
EHIRUH VHFXULQJ VFUHZV DUH WLJKWHQHG� 'R QRW DWWHPSW WR DSSO\
IRUFH WR DQ\ RI WKH SDUWV� 'R QRW RYHU WLJKWHQ WKH VHFXULQJ VFUHZV�

����� 5HSODFHPHQW RI FLUFXLW ERDUGV

:KHQ UHSODFLQJ D ERDUG LQWR WKH UDFN� FDUH PXVW EH H[HUFLVHG WR
HQVXUH WKDW WKH ERDUG LV FRUUHFWO\ SRVLWLRQHG LQ WKH UDLOV EHIRUH DQ\
SUHVVXUH LV DSSOLHG WR WKH ERDUG� ,I WKH UHDU PRXQWHG FRQQHFWRU
SLQV DUH GDPDJHG� D UHSODFHPHQW ERDUG ZLOO EH UHTXLUHG�

� (QVXUH DOO SRZHU WR WKH +35 V\VWHP� DQG WR RWKHU V\VWHPV
FRQQHFWHG WR WKH +35 V\VWHP �H�J� '36� YHUWLFDO UHIHUHQFH
XQLW HWF�� LV VZLWFKHG RII� 5HPRYH WKH V\VWHP IXVHV LI
SRVVLEOH� DQG ODEHO WKH IXVH SDQHO ZLWK D WDJ VWDWLQJ WKDW
PDLQWHQDQFH LV EHLQJ FDUULHG RXW RQ WKH V\VWHP�

� /RFDWH WKH FRUUHFW VORW IRU WKH ERDUG LQ TXHVWLRQ� 1RWH WKDW
WKH VORWV DUH LGHQWLILHG E\ WKHERDUG·V LQLWLDOV� DQG WKH ERDUGV
DUH LGHQWLILHG E\ WH[WZULWWHQ RQWR WKH FRPSRQHQW VLGH� ,Q DOO
FDVHV� WKH ERDUG PXVW EH ORFDWHG VXFK WKDW WKH FRPSRQHQWV
DUH WR WKH ULJKW RI WKH ERDUG�

� /RFDWH WKH ERDUG LQ WKH VORWV DQG FDUHIXOO\ VOLGH WKH ERDUG
LQWR WKH XQLW� (QVXUH WKDW WKH ERDUG GRHV QRW LQWHUIHUH ZLWK
DQG FDEOHV DV LW LV SXVKHG LQ� ,I QHFHVVDU\� KROG DQ\ FDEOHV
ZKLFK PD\ EH REVWUXFWLQJ WKH ERDUG RXW IURP WKH XQLW�

� :KHQ WKH FRQQHFWRUV RQ WKH EDFN RI WKH ERDUG EHJLQ WRPDWH
ZLWK WKH FRQQHFWRUV RQ WKH EDFN SODQH� �DSSUR[LPDWHO\ �
PP EHIRUH WKH ERDUG LV IXOO\ KRPH� FKHFN WKDW WKH ERDUG LV
FRUUHFWO\ ORFDWHG WKHQ DSSO\ HYHQ SUHVVXUH RYHU WKH IURQW RI
WKH ERDUG DQG SXVK LW ILUPO\ KRPH�

� :KHQ WKH IURQW RI WKH ERDUG LV IXOO\ KRPH� WKH EODFN SODVWLF
ERDUG UHWHQWLRQ FOLS ZLOO ODWFK RYHU WKH XSSHU HGJH RI WKH
ERDUG WR NHHS LW LQ SRVLWLRQ�

� &DUHIXOO\ UHSODFH WKH IURQW FRQQHFWRU �LI DSSOLFDEOH��
HQVXULQJ LW LV SUHVVHG IXOO\ LQWR WKH VRFNHW�

� 2QFH DOO WKH ERDUGV DUH LQ SRVLWLRQ� FORVH WKH IURQW RI WKH
7UDQVFHLYHU 8QLW� (QVXUH WKDW WKH SRZHU FDEOH WRZDUGV WKH
ULJKW VLGH RI WKH XQLW LV QRW FULPSHG DV WKH SDQHO LV FORVHG�
6HFXUH WKH SDQHO FORVHG XVLQJ WKH WZR VFUHZV LQ WKH XSSHU
FRUQHUV�
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��� 5HSODFHPHQW RI IXVHV

����� )XVH ORFDWLRQV
7KH 7UDQVFHLYHU 8QLW KDV WZR PDLQV LQSXW IXVHV� KHOG LQ IXVH
KROGHUV ORFDWHG WRZDUGV WKH OHIW VLGH RI WKH UHDU SDQHO �ZKHQ VHHQ
IURP WKH UHDU�� $ IXUWKHU IRXU IXVHV DUH ORFDWHG RQ WKH 5HVSRQGHU
ERDUG �WKRXJK DV WKLV ERDUG LV RSWLRQDO LW PD\ QRW EH LQFOXGHG LQ
WKH 7UDQVFHLYHU 8QLW�� DQG WKH $& SRZHU VXSSO\ KROGV RQH�

7KH IXVHV DUH DV IROORZV�

� 2Q WKH UHDU SDQHO

�� )RU ������� 9DF VXSSO\ �� � PP [ �� PP� � $� VORZ��EORZ�

�� )RU ������� 9DF VXSSO\ �� � PP [ �� PP� � $� VORZ��EORZ�

� 2Q WKH 5HVSRQGHU ERDUG

)RXU IXVH KROGHUV DUHPRXQWHG RQ WKH ERDUG� 7KH IXVHV WR EH
XVHG DUH

�� � PP [ �� PP� ��� $� �� 9GF� VORZ��EORZ�

� ,Q WKH $& SRZHU VXSSO\

7KH IXVH LV FRQWDLQHG LQ D KROGHU ORFDWHG RQ WKH UHDU RI WKH
XQLW� 7KH IXVH WR EH XVHG LV�

�� � PP [ �� PP� ��� 9� ��� $� VORZ��EORZ�

&DXWLRQ � 1HYHU DWWHPSW WR XVH DQ\ RWKHU VL]H RI IXVHV WKDQ WKRVH VWDWHG�

����� )XVH UHSODFHPHQW
� 6ZLWFK RII WKH HQWLUH +35 V\VWHP� LQFOXGLQJ RWKHU H[WHUQDO

XQLWV ZKLFK DUH FRQQHFWHG WR WKH +35 V\VWHP�

� ,I WKH VXVSHFW IXVH LV ORFDWHG RQ D FLUFXLW ERDUG� UHPRYH WKH
ERDUG IURP WKH 7UDQVFHLYHU 8QLW IROORZLQJ WKH SURFHGXUH
GHVFULEHG LQ SDUDJUDSK � 5HSODFH WKH EORZQ IXVH�V�ZLWK WKH
FRUUHFW VL]H DQG W\SH RI IXVH�

&DXWLRQ � 1(9(5 DWWHPSW WR XVH DQ\WKLQJ H[FHSW WKH FRUUHFW VL]H DQG W\SH
RI IXVH LQ WKH IXVH KROGHUV� ,UUHSDUDEOH GDPDJH PD\ EH FDXVHG WR
WKH 7UDQVFHLYHU8QLW LI WKHZURQJ IXVHV �RU DQ\WKLQJ HOVH� DUH XVHG�

� 5HWXUQ SRZHU WR WKH +35 V\VWHP� WKHQ WR WKH RWKHU H[WHUQDO
XQLWV�

1RWH � ,I� ZKHQ D IXVH LV UHSODFHG� LW EORZV DJDLQ ZKHQ SRZHU LV VZLWFKHG RQ WR
WKH V\VWHP� D PRUH VHULRXV IDXOW H[LVWV� 'R QRW UHSODFH WKH IXVHV D VHFRQG
WLPH WLOO WKH IDXOW KDV EHHQ ORFDWHG DQG FRUUHFWHG�
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