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&RPPXQLFDWLRQ�PHWKRGV�IRU�GLJLWDO�V\VWHPV

] &RPPXQLFDWLRQ PHWKRGV

\ ZLUHV DQG VLJQDOOLQJ FRQYHQWLRQV XVHG WR WUDQVPLW GDWD EHWZHHQ
GLJLWDO GHYLFHV ² ZH
OO RQO\ GHDO ZLWK GLJLWDO FRPPXQLFDWLRQ ² RWKHU
PHWKRGV LQFOXGH UDGLR IUHTXHQF\ �5)�� LQIUD�UHG �,5��
IUHT� PRGXODWLRQ �)6.�� RSWLFDO� HWF�

] 2UWKRJRQDO HOHPHQWV RI FRPPXQLFDWLRQ PHWKRGV
\ EDQGZLGWK ² QXPEHU RI ZLUHV

\ VSHHG ² ELWV�E\WHV�ZRUGV SHU VHFRQG

\ WLPLQJ PHWKRGRORJ\ ² V\QFKURQRXV RU DV\QFKURQRXV

\ QXPEHU RI GHVWLQDWLRQV�VRXUFHV

\ DUELWUDWLRQ VFKHPH ² GDLV\�FKDLQ� FHQWUDOL]HG� GLVWULEXWHG

\ SURWRFROV ² SURYLGH VRPH JXDUDQWHHV DV WR FRUUHFW FRPPXQLFDWLRQ
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%DQGZLGWK

] 6HULDO

\ VLQJOH ZLUH WR WUDVPLW LQIRUPDWLRQ RQH ELW DW D WLPH

\ UHTXLUHV V\QFKURQL]DWLRQ EHWZHHQ VHQGHU DQG UHFHLYHU

\ VRPHWLPHV LQFOXGHV H[WUD ZLUHV IRU FORFN DQG�RU KDQGVKDNLQJ

\ JRRG IRU LQH[SHQVLYH FRQQHFWLRQV �H�J�� WHUPLQDOV�

\ JRRG IRU ORQJ�GLVWDQFH FRQQHFWLRQV �H�J�� /$1V�

\ H[DPSOHV� 56����� (WKHUQHW� $SSOH GHVNWRS EXV �$'%�� 3KLOLSV
LQWHU�LQWHJUDWHG FLUFXLW EXV �,�&�� 86%� )LUHZLUH� ,U'$

] 3DUDOOHO

\ PXOWLSOH ZLUHV WR WUDQVPLW LQIRUPDWLRQ RQH E\WH RU ZRUG DW D WLPH

\ JRRG IRU KLJK�EDQGZLGWK UHTXLUHPHQWV �&38 WR GLVN�

\ PRUH H[SHQVLYH ZLULQJ�FRQQHFWRUV�FXUUHQW UHTXLUHPHQWV

\ H[DPSOHV� SDUDOOHO SRUW� 6&6,� 3&, EXV �3&�� 1X%XV �0DF�� 3&0&,$
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%DQGZLGWK

] ,VVXHV

\ HQFRGLQJ

\ GDWD WUDQVIHU UDWHV

\ FRVW RI FRQQHFWRUV DQG ZLUHV

\ PRGXODULW\

\ HUURU GHWHFWLRQ DQG�RU FRUUHFWLRQ
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6SHHG

] 6HULDO

\ ORZ�VSHHG� FKHDS FRQQHFWLRQV

[ 56���� �.²��.ELWV�VHF� FRSSHU ZLUH

\ PHGLXP�VSHHG HIILFLHQW FRQQHFWLRQV

[ ,�& ��.����.ELWV�VHF� ERDUG WUDFHV

[ ,U'$ ���.��0ELWV�VHF� OLQH�RI�VLJKW� �������P

\ KLJK�VSHHG� H[SHQVLYH FRQQHFWLRQV

[ (WKHUQHW �������0E\WHV�VHF� WZLVWHG�SDLU RU FR�D[LDO

] 3DUDOOHO

\ ORZ�VSHHG� QRW WRR ZLGH

[ 6&6, EXV� ��0E\WHV�VHF� � ELWV ZLGH

[ 1X%XV� ��0E\WHV�VHF� �� ELWV ZLGH

[ 3&, EXV� ���0E\WHV�VHF� �� ELWV ZLGH

\ KLJK�VSHHG� YHU\ ZLGH ² PHPRU\ V\VWHPV LQ ODUJH PXOWL�SURFHVVRUV

[ ���0��*E\WHV�VHF� ������� ELWV ZLGH
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6SHHG

] ,VVXHV

\ OHQJWK RI WKH ZLUHV �DWWHQXDWLRQ� QRLVH� FDSDFLWDQFH�

\ FRQQHFWRUV �FRQGXFWRUV DQG�RU WUDQVGXFHUV�

\ HQYLURQPHQW �5)�,5 LQWHUIHUHQFH� QRLVH�

\ FXUUHQW VZLWFKLQJ �VSLNHV RQ VXSSO\ YROWDJHV�

\ QXPEHU DQG W\SHV RI ZLUHV �FRVW RI FRQQHFWRUV� FURVV�WDON�

\ IORZ�FRQWURO �LI FRPPXQLFDWLQJ GHYLFH FDQ·W NHHS XS�
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7LPLQJ�PHWKRGRORJ\

] $V\QFKURQRXV
\ OHVV ZLUHV �QR FORFN�

\ QR VNHZ FRQFHUQV

\ V\QFKURQL]DWLRQ RYHUKHDG

\ DSSURSULDWH IRU ORRVHO\�FRXSOHG V\VWHPV �&38 DQG SHULSKHUDOV�

\ FRPPRQ LQ VHULDO VFKHPHV

] 6\QFKURQRXV
\ FORFN ZLUHV DQG VNHZ FRQFHUQV

\ QR V\QFKURQL]DWLRQ RYHUKHDG

\ FDQ EH KLJK�VSHHG LI GHOD\V DUH VPDOO DQG FDQ EH FRQWUROOHG

\ DSSURSULDWH IRU WLJKWO\�FRXSOH V\VWHPV �&38 DQG PHPRU\�GLVN�

\ FRPPRQ LQ SDUDOOHO VFKHPHV
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7LPLQJ�PHWKRGRORJ\

] ,VVXHV

\ FORFN SHULRG DQG ZLUH GHOD\

\ V\QFKURQL]DWLRQ DQG VNHZ

\ HQFRGLQJ RI WLPLQJ DQG GDWD LQIRUPDWLRQ

\ KDQGVKDNLQJ

\ IORZ�FRQWURO

\ SRZHU FRQVXPSWLRQ
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1XPEHU�RI�GHYLFHV�FRPPXQLFDWLQJ

] 6LQJOH VRXUFH ² VLQJOH GHVWLQDWLRQ
\ SRLQW�WR�SRLQW

\ FKHDS FRQQHFWLRQV� QR WUL�VWDWLQJ QHFHVVDU\

] 6LQJOH VRXUFH ² PXOWLSOH GHVWLQDWLRQ
\ IDQRXW OLPLWDWLRQV

\ DGGUHVVLQJ VFKHPH WR GLUHFW GDWD WR RQH GHVWLQDWLRQ

] 0XOWLSOH VRXUFH ² PXOWLSOH GHVWLQDWLRQ
\ DUELWUDWLRQ EHWZHHQ VHQGHUV

\ WUL�VWDWLQJ FDSDELOLW\ LV QHFHVVDU\

\ FROOLVLRQ GHWHFWLRQ

\ DGGUHVVLQJ VFKHPH

\ SULRULW\ VFKHPH

\ IDLUQHVV FRQVLGHUDWLRQV
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$UELWUDWLRQ�VFKHPHV

] 'DLV\�FKDLQ RU WRNHQ SDVVLQJ
\ GHYLFHV HLWKHU DFW RU SDVV WR QH[W

\ IL[HG SULRULW\ RUGHU

\ DV PDQ\ ZLUHV DV GHYLFHV

\ IDLUQHVV LVVXHV

] &HQWUDOL]HG

\ UHTXHVW WR FHQWUDO DUELWHU

\ FHQWUDO DUELWHU LPSOHPHQWV SULRULW\ VFKHPH

\ ZLUHV IURP�WR HDFK GHYLFH FDQ EH FRVWO\

\ FDQ EH G\QDPLFDOO\ FKDQJLQJ SULRULW\�IDLUQHVV

] 'LVWULEXWHG

\ QR FHQWUDO DUELWHU

\ FRPPRQ VHW RI ZLUHV �RU HWKHU� REVHUYHG E\ DOO GHYLFHV

\ IL[HG SULRULW\�IDLUQHVV VFKHPH
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&DVH�VWXGLHV��VHULDO�

] 56���� �,((( VWDQGDUG�
\ VHULDO SURWRFRO IRU SRLQW�WR�SRLQW� ORZ�FRVW� ORZ�VSHHG DSSOLFDWLRQV
\ FRPPRQO\ XVHG WR FRQQHFW 3&V WR ,�2 GHYLFHV

] ,�& �3KLOLSV�
\ VHULDO EXV IRU FRQQHFWLQJ PXOWLSOH FRPSRQHQWV �VHQGHUV DQG UHFHLYHUV�
\ FRPPRQO\ XVHG LQ PLFURFRQWUROOHU�EDVHG V\VWHPV

] (WKHUQHW �SRSXODUL]HG E\ ;HUR[�
\ PRVW SRSXODU ORFDO DUHD QHWZRUN SURWRFRO ZLWK GLVWULEXWHG DUELWUDWLRQ
\ GLIIHUHQW YHUVLRQV IURP ���0ELW�VHF WR ���0ELW�VHF

] ,U'$ �,QIUDUHG 'DWD $VVRFLDWLRQ�
\ XS WR ���NESV ZLUHOHVV VHULDO �)DVW ,U'$ XS WR �0EV�
\ VWDQGDUG RQ DOO ODSWRSV DQG 3'$V� EXW DOVR LQ GHVNWRS HTXLSPHQW

] )LUHZLUH �$SSOH � QRZ ,(((�����
\ ���*E\WHV�VHF
\ FRQVXPHU HOHFWURQLFV �YLGHR FDPHUDV� 79V� DXGLR� HWF��
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&DVH�VWXGLHV��SDUDOOHO�

] 1X%XV �7H[DV ,QVWUXPHQWV�
\ SDUDOOHO V\VWHP EXV XVHG IRU 3&V

\ EDFNERQH RI $SSOH 0DFLQWRVK

] 3&, %XV �,QWHO�
\ SDUDOOHO V\VWHP EXV IRU PRGHUQ 3&V

\ ��0+] ZLWK ���ELW ZLGH GDWD

] 3&0&,$ �3& 0HPRU\ &DUG ,QW
O $VVRFLDWLRQ�
\ PRVWO\ PHPRU\�RULHQWHG EXV IRU SHUVRQDO FRPSXWHU FDUGV

\ VXSSRUWV KRW LQVHUWLRQ�UHPRYDO
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56������VWDQGDUG�VHULDO�OLQH�

] 3RLQW�WR�SRLQW� IXOO�GXSOH[

] 6\QFKURQRXV RU DV\QFKURQRXV

] )ORZ FRQWURO

] 9DULDEOH EDXG �ELW� UDWHV

] &KHDS FRQQHFWLRQV �ORZ�TXDOLW\ DQG IHZ ZLUHV�
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VWDUW

ELW

� GDWD

ELWV
SDULW\

ELW

VWRS

ELW

6HULDO�GDWD�IRUPDW

] 9DULDWLRQV� SDULW\ ELW� �� ���� RU � VWRS ELWV
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DOO ZLUHV DFWLYH ORZ

���  ���Y� ���  ��Y

VSHFLDO GULYHU FKLSV WKDW

JHQHUDWH ���Y IURP �Y

56�����ZLUHV

] 7[' ² WUDQVPLW GDWD

] 7[& ² WUDQVPLW FORFN

] 576 ² UHTXHVW WR VHQG

] &76 ² FOHDU WR VHQG

] 5[' ² UHFHLYH GDWD

] 5[& ² UHFHLYH FORFN

] '65 ² GDWD VHW UHDG\

] '75 ² GDWD WHUPLQDO UHDG\

] *URXQG



CSE 477 - Autumn 1999 - Communication - 15

7UDQVIHU�PRGHV

] 6\QFKURQRXV
\ FORFN VLJQDO ZLUH LV XVHG E\ ERWK UHFHLYHU DQG VHQGHU WR VDPSOH GDWD

] $V\QFKURQRXV
\ QR FORFN VLJQDO LQ FRPPRQ

\ GDWD PXVW EH RYHUVDPSOHG ���[ LV W\SLFDO� WR ILQG ELW ERXQGDULHV

] )ORZ FRQWURO

\ KDQGVKDNLQJ VLJQDOV WR FRQWURO UDWH RI WUDQVIHU
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EDXG UDWH
JHQHUDWRU

WHUPLQDO

5['
7['

5[&
7[&

EDXG UDWH
JHQHUDWRU

DV\QF
PRGHP

5['
7['
'65
'75
&76
576

5[&
7[&

SKRQH OLQH
LQWHUIDFH

SKRQH
OLQH

V\QF
PRGHP

5['
7['
'65
'75
&76
576

5[&
7[&

SKRQH OLQH
LQWHUIDFH

SKRQH
OLQH

7\SLFDO�FRQQHFWLRQV

] 7HUPLQDO

] $V\QFKURQRXV PRGHP 6\QFKURQRXV PRGHP
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6HULDO�SRUWV�RQ�WKH�6$����

/* Serial Test

   A program to test the serial port.
*/

#include <stdio.h>
#include "strongarm.h"
#include "irq.h"
#include "mmu.h"
#include "timer.h"

unsigned serialGetBaudRateDivisor(unsigned br)
{
return((((3686400/(16*br))-1) & 0x0FFF));
}

int count;

__irq void Serial_Handler( void ) {
   unsigned* icip = (unsigned *)IC_BASE;
   struct sp_regs * sp1 = (struct sp_regs *)SP1_BASE;

   // respond to only serial port 1 interrupts
   if ( ((*icip) & 0x00008000) != 0 ) {
   count++;
        // clear appropriate status bits
        (sp1->utsr0) |= 0x1C;
   }
}
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6HULDO�SRUWV�RQ�WKH�6$������FRQW·G�

int main( void ) {

   // some register pointers 
   struct sp_regs * sp1 = (struct sp_regs *)SP1_BASE;
   struct ppc_regs * ppc = (struct ppc_regs *)PPC_BASE;
   unsigned * gpdr  = (unsigned *)GP_PIN_DIR;
   unsigned * gafr  = (unsigned *)GP_PIN_AFR;
   unsigned bdr = serialGetBaudRateDivisor( 9600 );

   int i, oldcount;
   count = 0;

   IrqSetup();
   Install_Handler( (unsigned)Serial_Handler, (unsigned *)IRQ_VECTOR );
   CleanDcache();
   DisableIRQ( IRQ_UART0 );
   printf( "Serial Test Program\n" );

   // enable serial port 1 in PPC (see 11-184 in Developer Manual)
   ppc->ppfr &= 0xFFFFCFFF;  // disable PPC control of serial port 1 (11-192)

   // the board uses the UART redirected to GPIO 14-15, so we also need to 
   // take care of that
   ppc->ppar |= 0x00001000;  // enable serial port 1 redirection (11-189)
   *gafr |= 0x0000C000; // set pins 14-15
   *gpdr |= 0x00004000; // set bit 14
   *gpdr &= 0xFFFF7FFF; // clear bit 15
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6HULDO�SRUWV�RQ�WKH�6$������FRQW·G�

// setup serial port params
   sp1->utcr0 =  0x08;  // set 8-N-1, asynchronous
   sp1->utcr1 &= 0xF0;  // clear the last four bits
   sp1->utcr1 |= (bdr >> 8);  // set the baud rate
   sp1->utcr2 =  bdr;  // ...
   sp1->utcr3 =  0x0B;  // set various functions (see 11-135 in Developer Manual)

   SetIrqLevel( IRQ_UART0, FALSE );
   EnableIrq( IRQ_UART0 );

   oldcount = count;    
   while(1) {
      if ( count > oldcount ) {
         printf( "received characters %c\n", sp1->utdr );
      }
   }

   return 0;
}
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��Y

GHYLFH

�

GHYLFH

�

GHYLFH

Q

6&/

6'$

,QWHU�,QWHJUDWHG�&LUFXLW�%XV��,�&�

] 0RGXODU FRQQHFWLRQV RQ D SULQWHG FLUFXLW ERDUG

] 0XOWL�SRLQW FRQQHFWLRQV �QHHGV DGGUHVVLQJ�

] 6\QFKURQRXV WUDQVIHU �EXW DGDSWV WR VORZHVW GHYLFH�

] 6LPLODU WR &RQWUROOHU $UHD 1HWZRUN �&$1� SURWRFRO
XVHG LQ DXWRPRWLYH DSSOLFDWLRQV
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6'$

6&/

67$57 6723

6HULDO�GDWD�IRUPDW

] 6'$ JRLQJ ORZ ZKLOH 6&/ KLJK VLJQDOV VWDUW RI GDWD

] 6'$ JRLQJ KLJK ZKLOH 6&/ KLJK VLJQDOV HQG RI GDWD

] 6'$ FDQ FKDQJH ZKHQ 6&/ ORZ

] 6&/ KLJK �DIWHU VWDUW DQG EHIRUH HQG� VLJQDOV WKDW D
GDWD ELW FDQ EH UHDG
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6'$

6&/

� � � � � � � DFN�

%\WH�WUDQVIHU

] %\WH IROORZHG E\ D � ELW DFNQRZOHGJH IURP UHFHLYHU

] 2SHQ�FROOHFWRU ZLUHV
\ VHQGHU DOORZV 6'$ WR ULVH

\ UHFHLYHU SXOOV ORZ WR DFNQRZOHGJH DIWHU � ELWV

] 0XOWL�E\WH WUDQVIHUV
\ ILUVW E\WH FRQWDLQV DGGUHVV RI UHFHLYHU

\ DOO GHYLFHV FKHFN DGGUHVV WR GHWHUPLQH LI IROORZLQJ GDWD LV IRU WKHP

\ VHFRQG E\WH XVXDOO\ FRQWDLQV DGGUHVV RI VHQGHU
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FON �

FON �

6&/

&ORFN�V\QFKURQL]DWLRQ

] 6\QFKURQRXV GDWD WUDQVIHU ZLWK YDULDEOH VSHHG GHYLFHV
\ JR DV IDVW DV WKH VORZHVW GHYLFH LQYROYHG LQ WUDQVIHU

] (DFK GHYLFH ORRNV DW WKH 6&/ OLQH DV DQ LQSXW DV ZHOO DV
GULYLQJ LW
\ LI FORFN VWD\V ORZ HYHQ ZKHQ EHLQJ GULYHQ KLJK WKHQ DQRWKHU GHYLFH

QHHGV PRUH WLPH� VR ZDLW IRU LW WR ILQLVK EHIRUH FRQWLQXLQJ

\ ULVLQJ FORFN HGJHV DUH V\QFKURQL]HG
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$UELWUDWLRQ

] 'HYLFHV FDQ VWDUW WUDQVPLWWLQJ DW DQ\ WLPH
\ ZDLW XQWLO OLQHV DUH ERWK KLJK IRU VRPH PLQLPXP WLPH

\ PXOWLSOH GHYLFHV PD\ VWDUW WRJHWKHU � FORFNV ZLOO EH V\QFKURQL]HG

] $OO VHQGHUV ZLOO WKLQN WKH\ DUH VHQGLQJ GDWD
\ SRVVLEO\ VORZHG GRZQ E\ UHFHLYHU �RU DQRWKHU VHQGHU�

\ HDFK VHQGHU NHHSV ZDWFKLQJ 6'$ � LI HYHU GLIIHUHQW
�GULYLQJ KLJK� EXW LWV UHDOO\ ORZ� WKHQ WKHUH LV DQRWKHU GULYHU

\ VHQGHU WKDW GHWHFWV GLIIHUHQFH JHWV RII WKH EXV DQG DERUWV
PHVVDJH

] 'HYLFH SULRULW\ JLYHQ WR GHYLFHV ZLWK
HDUO\ �V LQ WKHLU DGGUHVV
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,QWHU�,QWHJUDWHG�&LUFXLW�%XV��,�&�

] 6XSSRUWV GDWD WUDQVIHUV IURP � WR ���.+]

] 3KLOLSV �DQG RWKHUV� SURYLGH PDQ\ GHYLFHV
\ PLFURFRQWUROOHUV ZLWK EXLOW�LQ LQWHUIDFH

\ $�' DQG '�$ FRQYHUWHUV

\ SDUDOOHO ,�2 SRUWV

\ PHPRU\ PRGXOHV

\ /&' GULYHUV

\ UHDO�WLPH FORFN�FDOHQGDUV

\ '70) GHFRGHUV

\ IUHTXHQF\ V\QWKHVL]HUV

\ YLGHR�DXGLR SURFHVVRUV
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(WKHUQHW��;HUR[�ORFDO�DUHD�QHWZRUN�

] /RFDO DUHD QHWZRUN

\ XS WR ���� VWDWLRQV

\ XS WR ��� NP GLVWDQFH

\ ��0ELWV�VHF VHULDOO\ RQ VKLHOGHG FR�D[LDO FDEOH

\ ���0ELWV�VHF RQ WZLVWHG SDLU RI FRSSHU SDLU

] 'HYHORSHG E\ ;HUR[ LQ ODWH ��V
\ VWLOO PRVW FRPPRQ /$1 ULJKW QRZ

\ EHLQJ GLVSODFHG E\ ILEHU�RSWLFV �FDQ
W KDQGOH YLGHR�DXGLR UDWHV RU
PDNH UHTXLUHG VHUYLFH JXDUDQWHHV�

] +LJK�OHYHO SURWRFROV WR HQVXUH UHOLDEOH GDWD
WUDQVPLVVLRQ

] &60$�&'� FDUULHU VHQVH PXOWLSOH DFFHVV ZLWK FROOLVLRQ
GHWHFWLRQ
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7UDQVPLW
DQG

5HFHLYH
(OHFWULFDO
,QWHUIDFH

6HULDO
(QFRGH
DQG

'HFRGH

/LQN
0DQDJHPHQW

'DWD
(QFDSVXODWLRQ

3K\VLFDO &KDQQHO'DWD�OLQN &RQWUROOHU

(WKHUQHW &RQWUROOHU %RDUG 7UDQVFHLYHU

+RVW�VSHFLILF ,QWHUIDFH7R
+RVW

(WKHUQHW
&DEOH

3K\VLFDO /D\HU

'DWD�OLQN /D\HU

7UDQVSRUW /D\HU

&OLHQW /D\HU

SDUDOOHO GDWD VHULDO GDWD

(WKHUQHW�OD\HUHG�RUJDQL]DWLRQ

] 3K\VLFDO DQG GDWD�OLQN OD\HUV DUH RXU IRFXV
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� � � � � �� � �

6HULDO�GDWD�IRUPDW

] 0DQFKHVWHU HQFRGLQJ
\ VLJQDO DQG FORFN RQ RQH ZLUH �;25HG WRJHWKHU�

\ ���  ORZ�JRLQJ WUDQVLWLRQ

\ ���  KLJK�JRLQJ WUDQVLWLRQ

] ([WUD WUDQVLWLRQV EHWZHHQ �� DQG �� QHHG WR EH ILOWHUHG

\ SUHDPEOH DW EHJLQQLQJ RI GDWD SDFNHW FRQWDLQV DOWHUQDWLQJ �V DQG �V

\ DOORZV UHFHLYHUV WR JHW XVHG WR ZKHUH LPSRUWDQW WUDQVLWLRQV VKRXOG EH
DQG LJQRUH H[WUD RQHV �WKLV LV KRZ V\QFKURQL]DWLRQ LV DFKLHYHG�

\ SUHDPEOH LV �� ELWV ORQJ� ������ � � �����
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SUHDPEOH �� E\WHV�

GHVWLQDWLRQ DGGUHVV �� E\WHV�

VRXUFH DGGUHVV �� E\WHV�

W\SH �� E\WHV�

GDWD �������� E\WHV�

FKHFNVXP �� E\WHV� FRPSXWH IURP GDWD

(WKHUQHW�SDFNHW

] 3DFNHWV VL]H� �� WR ���� E\WHV � � E\WHV RI SUHDPEOH
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$UELWUDWLRQ

] :DLW IRU OLQH WR EH TXLHW IRU D ZKLOH WKHQ WUDQVPLW
\ GHWHFW FROOLVLRQ

\ DYHUDJH YDOXH RQ ZLUH VKRXOG EH H[DFWO\ EHWZHHQ � DQG �

\ LI QRW� WKHQ WZR WUDQVPLWWHUV DUH WU\LQJ WR WUDQVPLW GDWD

] ,I FROOLVLRQ� VWRS WUDQVPLWWLQJ
\ ZDLW D UDQGRP DPRXQW RI WLPH DQG WU\ DJDLQ

\ LI FROOLGH DJDLQ� SLFN D UDQGRP QXPEHU
IURP D ODUJHU UDQJH ��[� DQG WU\ DJDLQ

] ([SRQHQWLDO EDFNRII RQ FROOLVLRQ GHWHFWLRQ

] 7U\ XS WR �� WLPHV EHIRUH UHSRUWLQJ IDLOXUH
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([WHQGLQJ�(WKHUQHW

] 6HJPHQWV� UHSHDWHUV� DQG JDWHZD\V
\ VHJPHQW� D VLQJOH FDEOH

\ UHSHDWHU� WUDQVIHUV DOO PHVVDJHV RQ RQH VHJPHQW
WR DQRWKHU DQG YLFH�YHUVD

\ JDWHZD\� VHOHFWLYHO\
IRUZDUGV PHVVDJHV
WR DQRWKHU VHJPHQW
KHOSV WR LVRODWH WUDIILF
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,U'$��7KH�,QIUDUHG�'DWD�$VVRFLDWLRQ�6WDQGDUG

] :LUHOHVV FRPPXQLFDWLRQ

] ,U'$ JRDOV

] ,U'$ SURWRFRO VWDFN

] ([WHQVLRQV WR WKH VWDQGDUG

] 3HUIRUPDQFH LVVXHV

] 'HVLJQ LPSOLFDWLRQV
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Radio (RF)
Microwaves

Infrared (IR)
Visible

Ultraviolet
X-Rays Gamma

Rays

FCC$
109 1012 1014 1015 1017 1020

Freq.
(Hz)

:KHUH�,QIUDUHG��,5��)LWV�,Q

] 1RWHV�

\ ,PSOHPHQWDWLRQ FRVWV ULVH VLJQLILFDQWO\ DURXQG ���� *+]� �%XW RQH
LPSRUWDQW H[FHSWLRQ LV ,5 DW DURXQG ��� 7+] � YHU\ LQH[SHQVLYH��

\ 6LJQDOV DERYH ��� *+] FDQQRW SHQHWUDWH ZDOOV

\ 0RVW VLJQDOV EHORZ ��� *+] DUH UHJXODWHG E\ WKH )&&
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,QIUDUHG�'DWD�$VVRFLDWLRQ

] &RQVRUWLXP RI RYHU ��� FRPSDQLHV

] *RDOV�

\ 3HUFHLYHG WDUJHW ZDV WKH ´PRELOH SURIHVVLRQDOµ

[ 6KRUW LQWHUDFWLRQV ZLWK RWKHU GHYLFHV �ILOH WUDQVIHU� SULQWLQJ�

[ 3RVVLEO\ XVLQJ RWKHUV· SHULSKHUDOV �YLVLWLQJ D FXVWRPHU·V RIILFH�

\ 7KXV� ZDQWHG�

[ 6XLWDEOH UHSODFHPHQW IRU FDEOHV

[ ,QWHURSHUDELOLW\

[ 0LQLPDO FRVW

[ ´3RLQW�DQG�VKRRWµ PRGHO �LQWHQGHG XVH DQG WR UHGXFH LQWHUIHUHQFH�

] +LVWRU\�
\ )LUVW VWDQGDUG GHYHORSHG LQ ����

\ 5HYLVLRQV DV UHFHQWO\ DV ODWH ���� �L�H�� VWLOO DFWLYH�
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Physical Layer

Data-link Layer

Network Layer

Transport Layer

Application Layer

Standard Network Model IrDA Protocol Stack

Physical Layer

IrLAP

IrLMP

TinyTP

Ir
C

O
M

M

Ir
LA

N

Ir
O

B
E

X

,U'$�3URWRFRO�6WDFN

] $QDORJRXV WR WKH VWDQGDUG OD\HUHG QHWZRUN PRGHO

] &RQVLVWV RI ERWK UHTXLUHG DQG RSWLRQDO FRPSRQHQWV
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Physical Layer

IrLAP

IrLMP

TinyTP

Ir
C

O
M

M

Ir
LA

N

Ir
O

B
E

X
3K\VLFDO�/D\HU

] 3XUSRVH�
\ +DQGOH WKH ELW�OHYHO WUDQVIHU RI GDWD

] &RPSRQHQWV LQFOXGH�
\ 7UDQVPLWWHU �/('�

\ 5HFHLYHU �SKRWRGLRGH�

\ ´)UDPHUµ �VRIWZDUH WR KDQGOH RQ�RII SURWRFRO�

] 1RWH�V��
\ ([DFW SK\VLFDO�OD\HU SURWRFRO XVHG GHSHQGV RQ VSHHG RI ,U'$

FRQQHFWLRQ
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6SHHG

] ,U'$ VXSSRUWV ZLGH UDQJH RI VSHHGV
\ ���� ESV WR � 0ESV�

] 5HFDOO� XVHV KLJKHVW VSHHG DYDLODEOH RQ ERWK GHYLFHV
�GHWHUPLQHG ZKHQ FRQQHFWLRQ LV HVWDEOLVKHG�

] )XWXUH SURPLVHV HYHQ KLJKHU VSHHGV�
\ �� 0ESV VWDQGDUG LV ´QHDUO\ FRPSOHWHµ

\ �� 0ESV LV ´WHFKQRORJLFDOO\ IHDVLEOHµ �EXW IDU RII�

] &RPSDULVRQ WR RWKHU WHFKQRORJLHV�
\ 5) VOLJKWO\ VORZHU �� � � 0ESV PD[�

\ )RU SHUVSHFWLYH� PD[ PRGHP VSHHG LV ���� NESV
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3RZHU�,VVXHV

] 'LIIHUHQW PRGXODWLRQ VFKHPHV DUH XVHG IRU GLIIHUHQW

VSHHGV
\ 5HDVRQV GHSHQG RQ HIILFLHQF\ DQG EDFNZDUG FRPSDWLELOLW\

\ $OVR� H\H VDIHW\ LV D FRQFHUQ

] $V D UHVXOW� SRZHU FRQVXPSWLRQ �DQG HIILFLHQF\�
GHSHQGV RQ VSHHG RI FRQQHFWLRQ

] 6RPH LQWHUHVWLQJ UHVXOWV� LW WXUQV RXW�

] 7R XQGHUVWDQG IXOO\� QHHG WR EULHIO\ H[DPLQH WKH
PRGXODWLRQ VFKHPHV«�
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0 0 1 0 01

/RZ�VSHHG�0RGXODWLRQ

] 6SHHG� ���� ESV � ��� NESV �´6HULDO ,QIUDUHGµ� RU 6,5�

] +RZ LW ZRUNV�

\ RQO\ �·V UHTXLUH SXOVH �DQG WKXV SRZHU� � SXOVH � IXOO ELW WLPH

\ VWDQGDUG 8$57 E\WH IUDPLQJ

\ SXOVH LV FRQVWDQW ��� µV ORQJ �VR GXW\ F\FOH YDULHV ZLWK VSHHG�

] $YHUDJH
'XW\ &\FOH� ≤ ��
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0 0 1 0 01

0HGLXP�VSHHG�0RGXODWLRQ

] 6SHHG� ��� NESV � � 0ESV

] +RZ LW ZRUNV�
\ VLPLODU WR 6,5 �SXOVH RQO\ IRU �·V � SXOVH � IXOO ELW WLPH�

\ SXOVH ODVWV ��� RI ELW WLPH �VR SXOVH YDULHV ZLWK VSHHG�

] $YHUDJH 'XW\ &\FOH� �����
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0 0 0 1 1 0 1 1

+LJK�VSHHG�0RGXODWLRQ

] 6SHHG� � 0ESV �´)DVW ,QIUDUHGµ� RU ),5�

] +RZ LW ZRUNV�

\ XVHV IRXU�SXOVH�SRVLWLRQ�PRGXODWLRQ VFKHPH ��330�

\ SXOVH GXULQJ H[DFWO\ ��� RI HDFK V\PERO ERXQGDU\

\ �330 PDNHV V\QFKURQL]DWLRQ HDVLHU WR PDLQWDLQ

] 'XW\ &\FOH�
��� �LQGHSHQGHQW
RI GDWD�
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3RZHU�,VVXHV��FRQW·G�

] 6R ZKDW GRHV WKLV DOO PHDQ"

] 'XW\ F\FOH �DQG WKXV WRWDO SRZHU FRQVXPSWLRQ�
LQFUHDVHV DV VSHHG LQFUHDVHV
\ 6RPHZKDW H[SHFWHG� ,W·V GRLQJ PRUH� DQG QRWKLQJ LV IUHH�

] +RZHYHU� LQWHUHVWLQJ WR QRWH WKDW SRZHU SHU ELW
DFWXDOO\ GHFUHDVHV DV VSHHG LQFUHDVHV
\ ,U'$·V KLJKHU�VSHHG PRGXODWLRQ VFKHPHV PRUH HIILFLHQW

] +DUG 1XPEHUV�

\ $URXQG � P: GXULQJ RSHUDWLRQ �DW � 0ESV�

\ &DQ RIWHQ JR LQWR VKXWGRZQ PRGH ZKHQ QRW LQ XVH

\ &RPSDUH� DURXQG ��� P: IRU W\SLFDO 5)
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0 - 1 m

5DQJH

] /LQHDU�

\ ,U'$ VWDQGDUG UHTXLUHV ��� P

\ 5HDOLVWLFDOO\� VRPH WUDQVFHLYHUV ZRUN DW XS WR �� P

] $QJXODU�
\ /LPLWHG WR D QDUURZ FRQH ���° KDOI�DQJOH�

\ 'RQH WR KHOS UHGXFH LQWHUIHUHQFH EHWZHHQ GHYLFHV
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3K\VLFDO�'LPHQVLRQV�DQG�&RVW

] 3K\VLFDO 'LPHQVLRQV�
\ ,U'$�FRPSOLDQW WUDQVFHLYHUV FDQ EH H[WUHPHO\ VPDOO

\ 1HZHVW ,%0 PRGXOH LV RQO\ � PP [ � PP [ � PP �

\ �$VVXPHV &38 KDQGOHV SURWRFROV� HWF��

] &RVW�

\ ,Q EXON� FDQ JHW ,U'$ WUDQVFHLYHU IRU DSSUR[� �� � ��

\ 5) PRGXOHV W\SLFDOO\ PRUH H[SHQVLYH ���� � ����
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Physical Layer

IrLAP

IrLMP

TinyTP

Ir
C

O
M

M

Ir
LA

N

Ir
O

B
E

X

,U/$3���´/LQN�$FFHVV�3URWRFROµ

] 3XUSRVH�
\ +DQGOH FRQQHFWLRQV�GLVFRQQHFWLRQV

\ ,PSOHPHQW UHOLDEOH WUDQVIHU

] 'HWDLOV�

\ &RQQHFWLRQ QHJRWLDWLRQ DOZD\V EHJLQV XVLQJ IL[HG VHW RI SDUDPHWHUV
����� ESV� QR SDULW\� HWF� WR DYRLG FRPSDWLELOLW\ SUREOHPV

\ $IWHU H[FKDQJLQJ FDSDELOLWLHV� VSHHG LV LQFUHDVHG WR EHVW DYDLODEOH

\ ,I FRQQHFWLRQ LQWHUUXSWHG� VHQGV QRWLILFDWLRQ WR KLJKHU OD\HU

] ,QWHUHVWLQJ� ,U/$3 EDVHG RQ +3 FDOFXODWRUV· ,5 [IHU
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Physical Layer

IrLAP

IrLMP

TinyTP

Ir
C

O
M

M

Ir
LA

N

Ir
O

B
E

X
,U/03���´/LQN�0DQDJHPHQW�3URWRFROµ

] 7ZR PDLQ FRPSRQHQWV�

] ,U08;�

\ 0XOWLSOH[HV VHYHUDO ´YLUWXDOµ FRQQHFWLRQV RQ D
VLQJOH ,U/$3 FRQQHFWLRQ

[ 7R DOORZ WKLV� XVHV /RJLFDO 6HUYLFH $FFHVV 3RLQWV
�/6$3V�� ZKLFK DUH YHU\ VLPLODU WR ,3 SRUWV

[ 0DLQ GLIIHUHQFHV� RQO\ ��� /6$3V� DQG VR G\QDPLFDOO\
DOORFDWHG IRU VHUYLFHV �LQVWHDG RI ´ZHOO�NQRZQµ SRUWV DV LQ ,3�

] ,U,$6�

\ 7KH ´\HOORZ SDJHVµ RI VHUYLFHV DYDLODEOH RQ GHYLFH� DQG WKH /6$3V WR
ZKLFK WKRVH VHUYLFHV DUH FXUUHQWO\ PDSSHG

[ /LVW PD\ EH KDUG�FRGHG LQ HPEHGGHG V\VWHP� RU DQ $3, PLJKW
H[LVW WKDW DOORZV DSSOLFDWLRQV WR DGG�UHPRYH VHUYLFHV IURP OLVW
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Physical Layer

IrLAP

IrLMP

TinyTP

Ir
C

O
M

M

Ir
LA

N

Ir
O

B
E

X

7LQ\73���7LQ\�7UDQVSRUW�3URWRFRO

] 3XUSRVH�
\ 6HJPHQWDWLRQ DQG 5H�DVVHPEO\

[ $XWRPDWLFDOO\ EUHDN�XS ODUJH SDFNHWV
�DQG SXW EDFN WRJHWKHU FRUUHFWO\�

\ 3HU�FKDQQHO )ORZ &RQWURO

[ 8VHV D ´FUHGLWµ�EDVHG V\VWHP
�FUHGLWV DOORZ VHQGHU WR VHQG�

[ ,V QHFHVVDU\ LQ RUGHU WR DYRLG SUREOHPV ZKHUH � ,U/03

FRQQHFWLRQV DUH RQ VDPH ,U/$3 FRQQHFWLRQ

[ 7R DYRLG GHDGORFN� FUHGLW�RQO\ SDFNHWV DUH QRW VXEMHFW WR IORZ�
FRQWURO

] 1RWH� 7LQ\73 LV WHFKQLFDOO\ DQ RSWLRQDO SURWRFRO VWDFN
OHYHO� EXW ,U'$ VWURQJO\ UHFRPPHQGV LW LQ DOO ,U'$
LPSOHPHQWDWLRQV
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Physical Layer

IrLAP

IrLMP

TinyTP

Ir
C

O
M

M

Ir
LA

N

Ir
O

B
E

X
+LJK�OHYHO�3URWRFRO�/D\HUV

] ([LVW LQ RUGHU WR PDNH OLIH HDVLHU

IRU GHYHORSHUV

] 6RPH H[LVW PDLQO\ WR KHOS
VXSSRUW OHJDF\ DSSOLFDWLRQV

] ,U&200�

\ 6HULDO DQG SDUDOOHO SRUW HPXODWLRQ

[ 'HVLJQHG WR DLG LQLWLDO PLJUDWLRQ RI VHULDO�SDUDOOHO SRUW
DSSOLFDWLRQV WR ,U'$

[ 2YHUFRPHV WKH VLJQLILFDQW GLIIHUHQFHV EHWZHHQ WKH WZR
SURWRFROV� ZKLFK LQFOXGH �IRU H[DPSOH� WKH SUHVHQFH RI RQO\ D
VLQJOH EHDP LQ ,5� YV� PXOWLSOH ZLUHV LQ D VHULDO RU SDUDOOHO SRUW

[ 'LVDGYDQWDJH� VRPH ,U'$ IHDWXUHV ORVW ZKHQ ,U&200 XVHG
�H�J�� ,$6 DQG FRQQHFWLRQ�VSHHG QHJRWLDWLRQ�
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+LJK�OHYHO�3URWRFRO�/D\HUV��FRQW·G�

] ,U/$1�

\ 0DNHV LW HDV\ IRU DQ ,U'$ GHYLFH WR FRQQHFW WR D ORFDO�DUHD QHWZRUN�

] ,U2%(;�

\ ,5 ´2EMHFW ([FKDQJHµ � DOORZ WUDQVIHU RI DEVWUDFW REMHFWV

[ 9HU\ FRQYHQLHQW ZD\ WR WUDQVIHU ILOHV �PRVW FRPPRQ XVH�

[ 6RPH VXSSRUW IRU UHFRJQL]LQJ DQG KDQGOLQJ ILOH W\SH
DXWRPDWLFDOO\ �VLPLODU WR +773�

[ ,QWHUHVWLQJ� ZDV DFWXDOO\ EDVHG RQ +773 SURWRFRO

] 7UHQG VHHPV WR EH WKDW H[WHQVLRQV DUH JHWWLQJ YHU\
VSHFLDOL]HG���
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2WKHU�3URWRFRO�([WHQVLRQV

] ,Q DGGLWLRQ WR WKH RULJLQDO KLJK�OHYHO SURWRFRO OD\HUV�
PRUH UHFHQW H[WHQVLRQV KDYH EHHQ GHYHORSHG�
LQFOXGLQJ�

] ,U75$1�3�
\ KDQGOHV WUDQVIHU RI SLFWXUHV EHWZHHQ GHYLFHV �HVSHFLDOO\ GLJLWDO

FDPHUDV�

] ,U0&�

\ KDQGOHV H[FKDQJH RI LQIRUPDWLRQ �SKRQHERRN� FDOHQGDU� DPRQJ PRELOH
FRPPXQLFDWLRQ GHYLFHV� DOVR KDQGOHV UHDO�WLPH YRLFH�
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2WKHU�3URWRFRO�([WHQVLRQV��FRQW·G�

] ,U&211(&7�

\ 'HVLJQHG IRU FRPPXQLFDWLRQ EHWZHHQ FRUGOHVV SHULSKHUDOV �H�J��
PLFH� MR\VWLFNV� HWF� DQG KRVW GHYLFHV �H�J�� 3&V� 79�ZHE VHW�WRS
ER[HV� HWF��

\ ,PSRUWDQW JRDOV LQFOXGH ORZ�ODWHQF\� DQG FRPSDWLELOLW\ ZLWK 86%
FRPSRQHQWV �UHFDOO SXUSRVH RI ,U&200�

\ 5DGLFDOO\ GLIIHUHQW IURP RWKHU ,U'$ SURWRFROV LQ VHYHUDO ZD\V�

[ /RQJHU UDQJH �� P�� EXW VORZHU �PD[ �� NESV�

[ %L�GLUHFWLRQDO

[ $OORZV VLQJOH KRVW WR WDON WR PXOWLSOH SHULSKHUDOV �XS WR ��
VLPXOWDQHRXVO\�

] $,5 � ´$GYDQFHG ,QIUDUHGµ�

\ +LJK�VSHHG �� 0ESV�� PXOWLSOH FRQQHFWLRQV �XS WR ���� GHVLJQHG IRU
QHWZRUN�W\SH VLWXDWLRQV

\ 1RW \HW VWDQGDUGL]HG �H[SHFWHG �4����
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:KHQ�6SDFH�,V�7LJKW���,U'$�/LWH

] :KDW�

\ $ VHW RI ,U'$ LPSOHPHQWDWLRQ VXJJHVWLRQV

[ 5HGXFHV FRGH DQG 5$0 QHHGHG �DW WKH H[SHQVH RI SHUIRUPDQFH�

[ 'HVLJQHG IRU GHYLFHV ZKHUH 5$0�520 YHU\ OLPLWHG� DQG
SHUIRUPDQFH QRW FULWLFDO �H�J�� ZULVWZDWFKHV� HWF�

\ 6WUDWHJLHV LQFOXGH�

[ /LPLWHG VSHHG �H�J�� RQO\ ���� ESV�

[ /LPLWHG SDFNHW VL]H �H�J�� ≤ �� E\WHV�

[ /LPLWHG ZLQGRZ VL]H �H�J�� RQO\ � ZLQGRZ VORW�

\ 3LFN�DQG�FKRRVH DSSURDFK

[ &DQ PL[ DQG PDWFK VWUDWHJLHV EDVHG RQ GHVLUHG SHUIRUPDQFH

[ 2QH H[FHSWLRQ� UHSODFLQJ ,U/03 FRQQHFW�GLVFRQQHFW ZLWK DQ
H[SRVHG ,U/$3 YHUVLRQ UHTXLUHV PDMRU FRGH FKDQJHV� �6R
EDVLFDOO\ UHTXLUHG� KDV LPSOLFDWLRQV��

UHVRXUFH QHHGV
GRZQ WR DURXQG
� .% FRGH DQG
��� E\WHV 5$0
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3HUIRUPDQFH�$QDO\VLV

] :KHQ GHFLGLQJ ZKHWKHU WR XVH ,U'$� ZDQW WR FRQVLGHU

VHYHUDO LPSRUWDQW IDFWRUV

] 7KHVH LQFOXGH�

\ 6SHHG

\ 3RZHU &RQVXPSWLRQ

\ 5DQJH

\ 3URWRFRO 2YHUKHDG

\ 3K\VLFDO 'LPHQVLRQV

\ &RVW

] &RQYHQLHQFH LV DOVR DQ LPSRUWDQW IDFWRU
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Total:  5 bytes

Total:  58 bytes (minimum)

3URWRFRO�2YHUKHDG

] 9HU\ VLPSOH PRGHO �SRLQW�WR�SRLQW�� VR FDQ H[SHFW
UHGXFHG SURWRFRO RYHUKHDG

] )RU OD\HUV LQ ,U'$ SURWRFRO VWDFN� RYHUKHDG SHU
SDFNHW�IUDPH LV�
\ ,U/$3  � E\WHV

\ ,U/03  � E\WHV

\ 7LQ\73  � E\WH

] )RU SHUVSHFWLYH� FRPSDUH WR 7&3�,3 RYHU (WKHUQHW�
\ (WKHUQHW  �� E\WHV PLQLPXP

\ ,3  �� E\WHV

\ 7&3  �� E\WHV

] 6R ,U'$ WDNHV DGYDQWDJH RI LWV VLPSOHU PRGHO� DQG
NHHSV SURWRFRO RYHUKHDG YHU\ ORZ�
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&RQYHQLHQFH

] /RWV RI WKLQJV DYDLODEOH WR PDNH XVH RI ,U'$ HDVLHU�

] ,U'$ WUDQVFHLYHUV�

\ 5HDG\�WR�XVH PRGXOHV DYDLODEOH IURP PDQ\ FRPSDQLHV

] ,U'$ SURWRFRO VWDFN�
\ 3URWRFRO VWDFNV DYDLODEOH LQ ´NLWµ IRUP� IRU XVH LQ HPEHGGHG V\VWHP

GHVLJQV

] 2SHUDWLQJ V\VWHP VXSSRUW�
\ 0DQ\ RSHUDWLQJ V\VWHPV KDYH EXLOW�LQ VXSSRUW IRU ,U'$ �LQFOXGLQJ

:LQ&( � :LQ�� � :LQ����� *HR:RUNV� 9[:RUNV� DQG S626�
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6XPPDU\�RI�,U'$

] $GYDQWDJHV �
\ &RPSHWLWLYH FRVW

\ /RWV RI LQGXVWU\ VXSSRUW

\ :HOO�XQGHUVWRRG SURWRFRO VWDFN

\ ([LVWLQJ DSSOLFDWLRQV HDV\ WR SRUW �GXH WR ,U&200� HWF��

\ ,QWHURSHUDELOLW\

\ /RZ SRZHU

] 'LVDGYDQWDJHV�
\ *URZLQJ QXPEHU RI VSHFLDOL]HG SURWRFROV

\ /LPLWHG UDQJH

[ ´3RLQW�DQG�VKRRWµ PRGHO SURKLELWV FHUWDLQ DSSOLFDWLRQV
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1X%XV��7H[DV�,QVWUXPHQWV�DQG�$SSOH�

] 3DUDOOHO V\VWHP EXV �ZLWKLQ D FRPSXWHU�
\ XVHG LQ 7, DQG $SSOH FRPSXWHUV

\ ��0%\WHV�VHF PD[LPXP WUDQVIHU UDWH

\ IXOO\ V\QFKURQRXV �GDWD WUDQVIHU DQG DUELWUDWLRQ�

] 6XSSRUWV XS WR �� PDVWHUV
\ GLVWULEXWHG DUELWUDWLRQ

\ IDLUQHVV HQIRUFHG

] $OO RSHUDWLRQV DUH PHPRU\�PDSSHG
\ UHDG�ZULWH LV HYHU\WKLQJ

] 0HFKDQLFDO VWDQGDUGV

\ VL]H DQG VKDSH RI ERDUGV

\ SRVLWLRQ RI SLQV

\ FDSDFLWDQFH OLPLWV
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'DWD� &RQWURO�
DQG 3DULW\

$UELWUDWLRQ

&ORFN

&ORFN
*HQHUDWRU

6ORW
,'

6ODYH

6ORW
,'

0DVWHU

6ORW
,'

6ODYH

6ORW
,'

0DVWHU

8WLOLW\ UHVHW� FORFN

&RQWURO VWDUW� DFN� WP�� WP�

$GGU�'DWD DG>����@

$UELWUDWLRQ DUE>���@� UTVW

3DULW\ VS� VSY

6ORW ,' LG>���@

3RZHU�*URXQG �� ����� �� ���� ��� ���� ���Y ���� JQG ����

7RWDO �� SLQV � URZV RI �� SLQV

1X%XV�RUJDQL]DWLRQ

] 8S WR �� HOHPHQWV
\ PDVWHUV RULJLQDWH RSHUDWLRQV

\ VODYHV UHVSRQG WR UHTXHVWV
IURP PDVWHUV

\ VORW ,' SURYLGHV SDUW
RI DGGUHVVLQJ
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VORW VSDFH
����� RI WRWDO�
FRQILJXUDWLRQ UHJLVWHUV
�LQWHUUXSWV� DGGUHVV UDQJH� HWF��

XQFRPPLWWHG VSDFH

������ RI WRWDO�

DOO RWKHU GDWD

FFFFFFFF

F0000000

00000000

6/27 ��

6/27 �

$GGUHVVLQJ

] 0XOWLSOH[HG DGGUHVV�GDWD EXV

] 6ORW ,' SURYLGHV VHFRQG VHW RI KLJK�RUGHU � ELWV RI
DGGUHVV
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VDPSOH
HGJH

DVVHUWLRQ
HGJH

FON

VLJQDO

SHULRG

��QV��QV

1X%XV�WLPLQJ

] ���QV F\FOH WLPH� ��� GXW\ F\FOH
\ DOORZV PRUH WLPH IRU SURSDJDWLRQ RI VLJQDOV� OHVV IRU VNHZ
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$''5(66

02'(

'$7$

67$786

&/.

$'[�

70[�

67$57

$&.

$''5(66

02'(

'$7$

67$786

&/.

$'[�

70[�

67$57

$&.

'DWD�WUDQVDFWLRQV

] 5HDG

] :ULWH
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70�� 70� �$'��$'�� 7\SH RI WUDQVIHU
� � � � ZULWH E\WH �
� � � � ZULWH E\WH �
� � � � ZULWH E\WH �
� � � � ZULWH E\WH �
� � � � ZULWH KDOIZRUG �
� � � � ZULWH EORFN �� WR �� ZRUGV VSHFLILHG XVLQJ $'�� WR $'��
� � � � ZULWH KDOIZRUG �
� � � � ZULWH ZRUG
� � � � UHDG E\WH �
� � � � UHDG E\WH �
� � � � UHDG E\WH �
� � � � UHDG E\WH �
� � � � UHDG KDOIZRUG �
� � � � UHDG EORFN �� WR �� ZRUGV VSHFLILHG XVLQJ $'�� WR $'��
� � � � UHDG KDOIZRUG �
� � � � UHDG ZRUG

70�� 70�� 7\SH RI DFNQRZOHGJH
� � EXV WUDQVIHU FRPSOHWH
� � HUURU
� � EXV WLPHRXW HUURU
� � WU\ DJDLQ ODWHU

7UDQVIHU�PRGHV�DQG�VWDWXV�FRGHV

] 70��� 70��� $'��� $'�� GHILQH WUDQVIHU PRGH
IURP PDVWHU

] 70��� 70�� GHILQH VWDWXV FRGH IURP VODYH
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$UELWUDWLRQ

] 'LVWULEXWHG DUELWUDWLRQ

\ GHYLFHV UHTXHVWLQJ EXV SODFH ,' YDOXHV RQ RSHQ�FROOHFWRU $5% OLQHV

\ LI YDOXH RQ $5% ≠ ,' WKHQ WKH\ VWRS GULYLQJ $5% OLQHV

\ GHYLFH ZLWK $5% = ,' JHWV EXV �PXVW EH GHFLGHG LQ � EXV F\FOHV�

\ H�J�� �� YV� ���

�� �� EXV

���� ���� ���� VWDUW DUELWUDWLRQ
���� ���� ���� FKHFN �VW ELW �ERWK RN�
����� ����� ����� FKHFN �QG ELW �ERWK RN�
������ ������ ������ FKHFN �UG ELW ��� ORVHV DQG UHPRYHV LWVHOI�
���� ��� ���� FKHFN �WK ELW ��� PDWFKHV DQG ZLQV�
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$UELWUDWLRQ��FRQW·G�

] $YRLGV VWDUYDWLRQ E\ GRLQJ DUELWUDWLRQ LQ URXQGV
\ 5467� PXVW EH KLJK EHIRUH GHYLFH FDQ UHTXHVW EXV

\ DOO VLPXOWDQHRXV UHTXHVWRUV DUH WDNHQ FDUH RI
EHIRUH RWKHUV FDQ UHTXHVW

\ EXV LV TXLHW DIWHU $&.� DQG EHIRUH QH[W 67$57�

] )DLUQHVV

\ DOO UHTXHVWRUV LQ URXQG DUH WDNHQ FDUH RI

\ PDVWHU PD\ PRQRSROL]H WKH EXV LI LW GRHVQ
W UDLVH LWV 5467� DQG

\ UHOHDVHV $5%� OLQHV ² VRPHWLPHV QHFHVVDU\
IRU WLPH FULWLFDO DFWLRQV
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$'5 '$7$ $'5 $'5'$7$ '$7$

�� �� ���

FRQWHVW
�� YV� ��

FRQWHVW
�� RQO\

FRQWHVW
��� RQO\

�� DQG ��
GHVLUH EXV
DQG DVVHUW
5467� DQG
FRQWHQG

��� GHVLUHV
EXV EXW
FDQQRW
FRQWHQG
EHFDXVH
5467� LV
DVVHUWHG

�� UHPRYHV
5467� DQG
WDNHV LWV ,'
RII $5% OLQHV

�� UHOHDVHV
5467� DV LW
LQLWLDWHV

WUDQVDFWLRQ

EHFDXVH
5467� LV
XQDVVHUWHG�
��� PD\

DVVHUW LW DQG
FRQWHQG

$UELWUDWLRQ�H[DPSOH

WUDQVDFWLRQ
IRU ��

WUDQVDFWLRQ
IRU ��

WUDQVDFWLRQ
IRU ���
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ID3/ ARB3/ ID2/ ARB2/ ID1/ ARB1/ ID0/ ARB0/

GRANT

ARB/

$UELWUDWLRQ�ORJLF

] $5%� OLQHV DUH RSHQ�FROOHFWRU

] ,'� YDOXHV DUH KDUG�ZLUHG

RQ HDFK VORW RI 1X%XV FKDVVLV
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LQVHUWLRQ UHPRYDO

3&0&,$�-(,'$��3&�FDUG�

] 3DUDOOHO EXV IRU PHPRULHV DQG ,�2 GHYLFHV

\ XQGHU FRQWURO RI D VLQJOH PDVWHU SURFHVVRU �QR DUELWUDWLRQ�

\ ���ELW ZLGH GDWD WUDQVIHUV� ���ELW DGGUHVV VSDFH

] 'HVLJQHG IRU SRUWDEOH DSSOLFDWLRQV
\ ���PP WKLFN FDUGV ZLWK ���SLQ FRQQHFWRUV �� URZV RI �� SLQV�

\ ���Y RU ���Y RSHUDWLRQ

\ VXSSRUWV KRW�LQVHUWLRQ�UHPRYDO

[ VKRUW SRZHU SLQV

[ PHGLXP OHQJWK VLJQDO SLQV

[ ORQJ JURXQG SLQV

] &DUG W\SHV
\ 3&0&,$ W\SH ,� ���PP WKLFN FDUGV �UHTXLUHV 4)3 VXUIDFH PRXQW�

\ 3&0&,$ W\SH ,,� �PP �IRU FDEOLQJ� H�J�� )$;�PRGHP�

\ 3&0&,$ W\SH ,,,� ����PP �IRU KDUG GLVNV� ZLUHOHVV WUDQVFHLYHUV�
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$GGUHVV

'DWD

&\FOH &RQWURO

&DUG &RQWURO

&DUG 'HWHFW

6WDWXV

3RZHU

����

����

2(�� :(�� :$,7�

&(��� &(��� 5(6(7� 5(*�

&'��� &'��

%9'�� %9'�� :3� 5'< RU %6<�

9FF� 9SS�� 9SS�� *1'� 96�� 96�

3& &DUG

3&0&,$�VLJQDOV

] )RU PHPRU\ FDUGV �65$0� '5$0� )ODVK� 520�

] )RU ,�2 FDUGV

�GLVNV� )$;�PRGHP� ZLUHOHVV WUDQVFHLYHU�
\ ,5(4� UHSODFHV %6<�

\ ,25� UHSODFHV 2(�

\ ,2:� UHSODFHV :(�
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3&0&,$�VLJQDOV

] $GGUHVV�'DWD

\ �� ELWV RI DGGUHVV VSDFH� �� ELWV SDUDOOHO GDWD �FDQ DOVR MXVW XVH � ELWV�

] &\FOH &RQWURO
\ UHDG �2(��� ZULWH �:(��� DQG ZDLW �:$,7��

] &DUG &RQWURO

\ UHVHW �5(6(7�� DFFHVV FDUG LQIRUPDWLRQ VWUXFWXUH �5(*���
ORZ DQG KLJK E\WH VHOHFWV �&(��� &(���

] &DUG 'HWHFW

\ VKRUWHVW SLQV DW HLWKHU HQG RI FRQQHFWRU WR GHWHUPLQH SURSHU
FDUG LQVHUWLRQ �&'��� &'���

] 6WDWXV

\ FDUG EDWWHU\ YROWDJH GHWHFW DQG UHVHW �%9'�� %9'��� ZULWH SURWHFWHG
�:3�� FDUG UHDG\ �5'< RU %6<�� XVHG WR VORZ GRZQ GDWD WUDQVDFWLRQ�

] 3RZHU

\ SRZHU WR FDUG �9FF� *1'�
\ SURJUDPPLQJ YROWDJH IRU IODVK PHPRU\ �9SS�� 9SS��
\ FDUG YROWDJH UHTXLUHPHQWV �96�� 96��
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'DWD�WUDQVDFWLRQV

] $V\QFKURQRXV WUDQVIHU
\ SDFH VHW E\ V\VWHP XVLQJ FDUG

\ FDQ EH VORZHG GRZQ E\ WKH V\VWHP XVLQJ :$,7�
RU E\ WKH FDUG XVLQJ 5'< OLQH

] 2(� DQG :(� GHWHUPLQH UHDG DQG ZULWH� UHVSHFWLYHO\

] &(�� DQG &(�� VHOHFW ZLGWK RI WUDQVIHU

] 5(*� LV XVHG WR VHOHFW UHDGLQJ RI FDUG LQIRUPDWLRQ
VWUXFWXUH �&,6�
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3&0&,$�DUFKLWHFWXUH

] &DUG LQIRUPDWLRQ VWUXFWXUH �&,6�
\ VHSDUDWH PHPRU\ VSDFH IRU PDQXIDFWXUHU LQIRUPDWLRQ RQ FDUG

\ DOVR XVHG DV FRQILJXUDWLRQ VSDFH IRU FDUG� H�J�� PRGHP EDXG UDWH

] /D\HUV RI VRIWZDUH PDNH FDUG XVDEOH E\ WKH V\VWHP
\ VRFNHW VHUYLFHV� UHDGV &,6� FRQILJXUHV FDUG RQ EHKDOI RI FDUG

VHUYLFHV� VHQGV FRPPDQGV WR FDUG LQWHUIDFH�
IRUZDUG LQWHUUXSWV
�LQGHSHQGHQW RI VSHFLILF FDUGV�

\ FDUG VHUYLFHV� RSHUDWLQJ V\VWHP FRPSRQHQW� SHUIRUPV
UHVRXUFH DOORFDWLRQ IRU DSSOLFDWLRQV� NHHSV
WUDFN RI LQVHUWLRQ DQG UHPRYDO RI FDUGV� XVHV

VRFNHW VHUYLFH WR LQWHUDFW ZLWK FDUG

�LQGHSHQGHQW RI VSHFLILF FDUGV�

\ FDUG GULYHUV� DFWXDOO\ NQRZ KRZ WR XVH VSHFLILF FDUGV DQG XVH
FDUG VHUYLFHV WR H[HFXWH RSHUDWLRQV


