
�

"QQFOEJY "� "3. 3FGFSFODF

��� 3FHJTUFS .OFNPOJDT GPS "�� $BMMJOH $POWFOUJPO

/BNF 3FHJTUFS 1VSQPTF
�R � BSHVNFOU SFUVSO WBMVF PS TDSBUDI
�k � BSHVNFOU SFUVSO WBMVF PS TDSBUDI
�j � BSHVNFOU SFUVSO WBMVF PS TDSBUDI
�9 � BSHVNFOU SFUVSO WBMVF PS TDSBUDI
pR � MPDBM WBSJBCMF
pk � MPDBM WBSJBCMF
pj � MPDBM WBSJBCMF
p9 � MPDBM WBSJBCMF
p8 � MPDBM WBSJBCMF
b# � TUBUJD CBTF
bH �� TUBDL MJNJU
7T �� GSBNF QPJOUFS
BT �� JOUSB�QSPDFEVSF�DBMM TDSBUDI SFHJTUFS
bT �� TUBDL QPJOUFS
H` �� MJOL SFHJTUFS 	J�F� SFUVSO BEESFTT

T+ �� QSPHSBN DPVOUFS

"MM SFHJTUFST DBO BMTP CF SFGFSSFE UP HFOFSJDBMMZ VTJOH `yv`R8� .PSF JOGPSNBUJPO DBO CF GPVOE BU UIF8JLJQFEJB
QBHF PO DBMMJOH DPOWFOUJPOT PS UIF "3. EFWFMPQFS SFGFSFODF PO QSFEFDMBSFE SFHJTUFS OBNFT�

https://en.wikipedia.org/wiki/Calling_convention#ARM_(A32)
https://en.wikipedia.org/wiki/Calling_convention#ARM_(A32)
https://developer.arm.com/documentation/dui0068/b/Assembler-Reference/Predefined-register-and-coprocessor-names/Predeclared-register-names
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��� 4UBUVT 'MBHT
"3. JOTUSVDUJPOT TPNFUJNFT TFU TUBUVT DPEFT JO QBSUJDVMBS BSJUINFUJD JOTUSVDUJPOT� 4UBUVT DPEFT BSF�

/BNF .FBOJOH 1VSQPTF
M OFHBUJWF 4FU XIFO UIF SFTVMU JT OFHBUJWF�
x [FSP 4FU XIFO UIF SFTVMU JT [FSP�
+ DBSSZ 4FU XIFO UIF SFTVMU PG BO VOTJHOFE PQFSBUJPO PWFSbPXT UIF ���CJU SFTVMU SFHJTUFS�
p PWFSbPX 4BNF BT UIF + bBH CVU GPS TJHOFE PQFSBUJPOT�
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��� "�� $BMMJOH $POWFOUJPO
"�� USJFT UP QBTT GVODUJPO BSHVNFOUT VTJOH SFHJTUFST GPS TQFFE� 5IF aSTU aWF MPDBM WBSJBCMFT BSF BMTP TUPSFE JO
SFHJTUFST� 8IFOFWFS UIFSF BSF NPSF BSHVNFOUT PS NPSF MPDBM WBSJBCMFT BMMPDBUJPO TQJMMT UP UIF TUBDL� 5IF DBMMFS
JT SFTQPOTJCMF GPS TFUUJOH VQ TUBDL BMMPDBUJPO�

*G UIF UZQF PG WBMVF SFUVSOFE JT UPP MBSHF UP aU JO �R iQ �9 PS XIPTF TJ[F DBOOPU CF EFUFSNJOFE TUBUJDBMMZ BU
DPNQJMF UJNF UIFO UIF DBMMFS NVTU BMMPDBUF TQBDF GPS UIBU WBMVF BU SVO UJNF BOE QBTT B QPJOUFS UP UIBU TQBDF JO
�R�

"�� JT NPTUMZ DBMMFF TBWF NFBOJOH UIBU UIF DBMMFE TVCSPVUJOF 	UIF sDBMMFFt
 JT SFTQPOTJCMF GPS QSFTFSWJOH pRv
p8 b# bH 7T BOE bT 	J�F� `9v`RR BOE `Rj
� )PXFWFS UIF GVODUJPO EPJOH UIF DBMM 	UIF sDBMMFSt
 JT SFTQPOTJCMF
GPS TBWJOH UIF SFUVSO BEESFTT JO H` 	J�F� `R9
 UP UIF TUBDL� *O PUIFS XPSET BOZ TVCSPVUJOF UIBU JOUFOET UP DBMM
BOPUIFS TVCSPVUJOF NVTU TBWF UIF SFUVSO BEESFTT GPVOE JO UIF MJOL SFHJTUFS UP UIF TUBDL CFGPSF UIF DBMM JT NBEF�
H` JT DBMMFS TBWFE�

"�� JT GVMM�EFTDFOEJOH NFBOJOH UIBU�
u UIF sCPUUPNt PG UIF TUBDL JT BMMPDBUFE BU B IJHI BEESFTT BOE HSPXT UPXBSE MPXFS BEESFTTFT BOE
u UIF TUBDL QPJOUFS bT QPJOUT UP UIF MPDBUJPO JO XIJDI UIF MBTU JUFN XBT TUPSFE� Tmb? EFDSFNFOUT bT BOE UIFO

TUPSFT UIF WBMVF�

unused

top of memory (highest possible address)

bottom of memory (low address)

static data

code
static base (sb, register 9) 

top of application image

heap

stack

stack upper limit (sl, register 10) 

'JHVSF ���� -BZPVU PG B QSPHSBNrT NFNPSZ�

saved return address (lr)
saved frame pointer (fp)

local variables

spilled arguments

top of memory /
bottom of stack
(highest possible address)

stack upper limit
(sl, register 10) 

unused memory

“bottom” of frame
(fp, register 11)

n bytes

4 bytes
4 bytes

m bytes
top of frame
(sp, register 13)

…

…

st
ac

k 
gr

ow
s 
do
w
nw

ar
d

'JHVSF ���� -BZPVU PG B QSPHSBNrT TUBDL�

'JHVSF ��� TIPXT B MPBEFE QSPHSBNrT WJSUVBM NFNPSZ MBZPVU� 'JHVSF ��� TIPXT B MPBEFE QSPHSBNrT TUBDL
MBZPVU� /PUF UIBU 'JHVSF ��� JT EJTQMBZFE VQTJEF�EPXO GPS SFBEBCJMJUZ� TUBDLT HSPX EPXOXBSE UPXBSE MPXFS
NFNPSZ BEESFTTFT�

8IFOFWFS UIFSF BSF UPP NBOZ BSHVNFOUT UP aU JO SFHJTUFST �Rv�9 	J�F� `yv`j
 WBMVFT BSF TQJMMFE 	n CZUFT
� k TQJMMFE BSHVNFOUT × � CZUFT
 BOE TUPSFE CFMPX UIF 7T� -PDBM WBSJBCMFT BOE PUIFS UFNQPSBSZ WBMVFT BSF
TUPSFE BCPWF UIF TBWFE GSBNF QPJOUFS BOE SFUVSO BEESFTT� *OTUSVDUJPOT UIBU BDDFTT TUBDL NFNPSZ BSF VTVBMMZ
7T�SFMBUJWF�

*U NBZ CF IBSE UP BQQSFDJBUF CZ MPPLJOH BU UIF BCPWF EJBHSBNT CVU B TUBDL DPOUBJOJOH B TFRVFODF PG TUBDL
GSBNFT JT B MJOLFE MJTU XIFSF UIF TBWFE GSBNF QPJOUFS QPJOUT UP UIF OFYU 	QSFWJPVT
 GSBNF�



��

��� *OTUSVDUJPO .OFNPOJDT
5IJTNBOVBM XBT BEBQUFE GSPN UIF "3.,&*- EFWFMPQFS EPDVNFOUBUJPO QBHF� .PTU NPEJaDBUJPOT PNJU EFUBJM
UIBU JT OPU SFMFWBOU UP UIJT DMBTT� )PXFWFS GPSNBM TZOUBY IBT CFFO DIBOHFE TVCTUBOUJBMMZ UP NBLF UIF EPDV�
NFOUBUJPO FBTJFS UP VTF BOE NPSF DPOTJTUFOU XJUI ;++rT BTTFNCMFS PVUQVU� "O FYUFOTJWF TFU PG FYBNQMFT IBWF
BMTP CFFO BEEFE�

4JODF UIJT NBOVBM HMPTTFT PWFS TPNF EFUBJMT GPS UIF TBLF PG SFBEBCJMJUZ JU IBT TPNF NJOPS JOBDDVSBDJFT� *U
BMTP EPFT OPU JODMVEF FWFSZ TJOHMF JOTUSVDUJPO� 'PS BMM UIF HPSZ EFUBJMT SFGFS UP "3.rT PëDJBM "TTFNCMFS 6TFS
(VJEF�

5ZQPHSBQIJDBM DPOWFOUJPOT�

5IF aSTU UIJOH UP OPUF BCPVU "3. BTTFNCMZ JT UIBU XIFO VTJOH ;++ UIF TZOUBY JT OFJUIFS s*OUFM TZOUBYt
OPS s"5�5 TZOUBY�t :PV QSPCBCMZ MFBSOFE "5�5 TZOUBY JO $4$* ���� 5SFBU "3. BTTFNCMZ BT JG JU XFSF B OFX
QSPHSBNNJOH MBOHVBHF BOE JG ZPV EPOrU VOEFSTUBOE TPNFUIJOH BTL BCPVU JU PS MPPL JU VQ� 5IBU TBJE BTTFNCMZ
JT TJNQMFwTPNF XPVME FWFO TBZ TJNQMJTUJDwBOE "3. BTTFNCMZ JT NVDI TJNQMFS UIBO Y�� BTTFNCMZ� :PVrMM
MJLFMZ aOE UIBU NPTU PG XIBU ZPV LOPX USBOTMBUFT UP "3. XJUI POMZ NJOPS DIBOHFT JO TZOUBY�

5IF aSTU FMFNFOU JO BOZ JOTUSVDUJPO JT UIF OBNF PG UIF JOTUSVDUJPO� OBNFT BSF BMTP TPNFUJNFT SFGFSSFE UP BT
JOTUSVDUJPO NOFNPOJDT CFDBVTF UIF DPNQVUFS JUTFMG OFWFS TFFT UIF OBNF� .OFNPOJDT BSF USBOTMBUFE JOUP PQDPEFT
MJUFSBMMZ OVNCFST CZ UIF BTTFNCMFS�

"SHVNFOU OBNFT BSF JUBMJDJ[FE� 3FGFS UP UIF EFaOJUJPO CFMPX BO JOTUSVDUJPOrT GPSNBM TZOUBY GPS BO FYQMBOBUJPO
PG JUT VTF�

0QUJPOBM TZOUBY JT VOEFSMJOFE� 6OVTVBMMZ OPU POMZ EPFT "3. BTTFNCMZ IBWF PQUJPOBM BSHVNFOUT JU BMTP IBT
PQUJPOBM JOTUSVDUJPO TVëYFT� .BOZ JOTUSVDUJPO OBNFT IBWF PQUJPOBM TVëYFT� 1VUUJOH B TVëY PO BO JOTUSVDUJPO
OBNF DIBOHFT UIF NFBOJOH PG UIF PQFSBUJPO� 'PS FYBNQMF UIF �// JOTUSVDUJPO DBO UBLF B TVëY MJLF UIF �//b+b
WBSJBOU UIBU POMZ BEET UXP OVNCFST XIFO UIF +b bBH JT TFU� 8F EFTDSJCF UIF DPOEJUJPO DPEF TVëYFT CFMPX� :PV
XJMM OFWFS UZQF BO VOEFSMJOF JO ZPVS BTTFNCMZ� UIJT JT TJNQMZ B UZQPHSBQIJDBM DPOWFOUJPO 	J�F� BCTUSBDU TZOUBY

UP IFMQ ZPV VOEFSTUBOE XIJDI QBSUT PG BO JOTUSVDUJPO BSF PQUJPOBM�

#FDBVTF "3. JOTUSVDUJPOT DBO IBWF NBOZ WBSJBOUT JU DBO CF IBSE UP UFMM XIFSF TQBDFT TIPVME HP� 5IFSFGPSF
UIJT HVJEF BMXBZT QVUT B WJTJCMF TQBDF DIBSBDUFS ҄ JO UIF GPSNBM TZOUBY EFaOJUJPO XIFOFWFS ZPV TIPVME QVU B
TQBDF� *G UIFSF JT OP ҄ EPOrU QVU B TQBDF UIFSF PS UIF BTTFNCMFS XPOrU VOEFSTUBOE ZPV�

"OZ BTTFNCMZ TUBSUJOH XJUI B QFSJPE 	X
 JT BO BTTFNCMFS EJSFDUJWF� "TTFNCMFS EJSFDUJWFT TVQQMZ EBUB UP UIF BT�
TFNCMFS UP DPOUSPM UIF BTTFNCMZ QSPDFTT� 5IFZ BSF OPU"3. JOTUSVDUJPOT BOE UIF QSPDFTTPSXJMM OFWFS TFF UIFN�

! JT UIF TUBSU PG B DPNNFOU� :FT BTTFNCMZ DBO IBWF DPNNFOUT� (PPE BTTFNCMZ QSPHSBNNFST BDUVBMMZ VTF UIFN�

&$VSMZ CSBDFT' EFOPUF B MJTU PG WBMVFT� $VSMZ CSBDFT BSF OPU BCTUSBDU TZOUBYwZPV BDUVBMMZ IBWF UP UZQF UIFN�

https://www.keil.com/
https://www.keil.com/support/man/docs/armasm/armasm_dom1361289850509.htm
https://www.keil.com/support/man/docs/armasm/armasm_dom1361289850509.htm
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$PNNB DIBSBDUFST 	-
 BSF VTFE JO JOTUSVDUJPOT UIBU UBLF NVMUJQMF NBOEBUPSZ BSHVNFOUT� $PNNBT BSF OPU
BCTUSBDU TZOUBYwZPV BDUVBMMZ IBWF UP UZQF UIFN�

5IF IBTI TJHO 	O
 EFOPUFT UIBU UIF WBMVF TVDDFFEJOH JU JT BO JNNFEJBUF WBMVF� *NNFEJBUF WBMVFT BSF DPOTUBOUT� *O
NPTU PSEJOBSZ QSPHSBNNJOH MBOHVBHFT XF DBMM UIFTF WBMVFT MJUFSBM WBMVFT� )BTIFT BSF OPU BCTUSBDU TZOUBYwZPV
BDUVBMMZ IBWF UP UZQF UIFN�

*OEJSFDU BEESFTT FYQSFTTJPOT BSF FODMPTFE JO (TRVBSF CSBDLFUT)� 5IJT TZOUBY JT VTFE UP MPBE BO BEESFTT JOUP B
SFHJTUFS� #FDBVTF BMM"3. JOTUSVDUJPOT BSF �� CJUT XJEF BOE UIF PQDPEF BOE UBSHFU UBLF TPNF TQBDF UIFSF JT OP
XBZ UP EJSFDUMZ MPBE B ���CJU BEESFTTwUIFSF KVTU JTOrU FOPVHI TQBDF JO BO JOTUSVDUJPO� *OTUFBE "3. BTTFNCMZ
MFUT ZPV VTF BO JOEJSFDU BEESFTT FYQSFTTJPO UIBU DPNQVUFT BO PêTFU GSPN B LOPXO CBTF� 5IF GPSNBU JT (CBTF
PêTFU)� 'PS FYBNQMF (7T- O@Rk) SFUVSOT UIF WBMVF PCUBJOFE CZ TVCUSBDUJOH 12 GSPN UIF BEESFTT TUPSFE JO UIF
7T SFHJTUFS� 4RVBSF CSBDLFUT BSF OPU BCTUSBDU TZOUBYwZPV BDUVBMMZ IBWF UP UZQF UIFN�

DPOE EFOPUFT B DPOEJUJPO DPEF TVëY� 5IF NFBOJOH PG UIF JOTUSVDUJPO XJUI B DPOEJUJPO DPEF EFQFOET PO UIF PQ�
FSBUJPO� 7BMJE DPOEJUJPO DPEF TVëYFT BSF�

$PEF .FBOJOH
2[ FRVBM
M2 OPU FRVBM
+b DBSSZ TFU 	TBNF BT ?b

?b VOTJHOFE IJHIFS PS TBNF 	TBNF BT +b

++ DBSSZ DMFBS 	TBNF BT HQ

HQ VOTJHOFE MPXFS 	TBNF BT ++

KB NJOVT PS OFHBUJWF SFTVMU
TH QPTJUJWF PS [FSP SFTVMU
pb PWFSbPX
p+ OP PWFSbPX
?B VOTJHOFE IJHIFS
Hb VOTJHOFE MPXFS PS TBNF
;2 TJHOFE HSFBUFS UIBO PS FRVBM
Hi TJHOFE MFTT UIBO
;i TJHOFE HSFBUFS UIBO
H2 TJHOFE MFTT UIBO PS FRVBM
�H BMXBZT 	UIJT JT UIF EFGBVMU




��

����� BEE
"EE XJUIPVU DBSSZ�

4ZOUBY�

�// b DPOE ҄ SETU- ҄ SOVN�- ҄ OVN�
PS �// DPOE ҄ SETU- ҄ SOVN�- ҄ OJNN��

XIFSF�
b

JT BO PQUJPOBM TVëY� *G b JT BQQFOEFE DPOEJUJPO bBHT BSF VQEBUFE PO UIF SFTVMU PG UIF PQFSBUJPO�
DPOE

JT BO PQUJPOBM DPOEJUJPO DPEF�
SETU

JT UIF EFTUJOBUJPO SFHJTUFS�
SOVN�

JT UIF SFHJTUFS IPMEJOH UIF aSTU PQFSBOE�
OVN�

JT FJUIFS B DPOTUBOU PS B SFHJTUFS XJUI PQUJPOBM TIJGU�
JNN��

JT BOZ WBMVF JO UIF SBOHF �������
5IF �// JOTUSVDUJPO BEET UIF WBMVFT JO `MmKR XJUI MmKk PS BKKRk� *O DFSUBJO DJSDVNTUBODFT
UIF BTTFNCMFS NBZ TVCTUJUVUF POF JOTUSVDUJPO GPS BOPUIFS� #F BXBSF PG UIJT XIFO SFBEJOH
EJTBTTFNCMZ MJTUJOHT�

&YBNQMF�

�// 7T- bT- O9

BEET 4 UP UIF DPOUFOUT PG UIF bT SFHJTUFS BOE TUPSFT UIF SFTVMU JO UIF 7T SFHJTUFS�
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����� C
#SBODI UP BO BEESFTT�

4ZOUBY�

# DPOE ҄ BEES

XIFSF�
DPOE

JT BO PQUJPOBM DPOEJUJPO DPEF�
BEES

JT B 1$�SFMBUJWF FYQSFTTJPO MJLF B MBCFM�
5IF # JOTUSVDUJPO DBVTFT B CSBODI UP �//`� *O PUIFS XPSET #H TJNQMZ sKVNQTt UP BOPUIFS
MPDBUJPO JO UIF DPEF�

&YBNQMF�

# XGR9

CSBODIFT UP UIF JOTUSVDUJPO HJWFO CZ UIF BTTFNCMZ MBCFM XGR9�



��

����� CM
#SBODI XJUI MJOL�

4ZOUBY�

#H DPOE ҄ BEES

XIFSF�
DPOE

JT BO PQUJPOBM DPOEJUJPO DPEF�
BEES

JT B 1$�SFMBUJWF FYQSFTTJPO MJLF B MBCFM�
5IF #H JOTUSVDUJPO DPQJFT UIF BEESFTT PG UIF OFYU JOTUSVDUJPO 	T++4
 JOUP H` 	`R9 UIF MJOL
SFHJTUFS
 BOE UIFO CSBODIFT UP UIF HJWFO H�#2H� #H JT UZQJDBMMZ VTFE UP DBMM B GVODUJPO�

&YBNQMF�

#H iBK2

CSBODIFT UP UIF JOTUSVDUJPO HJWFO CZ UIF BTTFNCMZ MBCFM iBK2 BOE DPQJFT UIF BEESFTT PG UIF JOTUSVDUJPO BQ�
QFBSJOH BGUFS UIF #H JOUP UIF H` SFHJTUFS� *O PUIFS XPSET UIF FYBNQMF DBMMT UIF iBK2 GVODUJPO�
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����� CY
#SBODI BOE FYDIBOHF JOTUSVDUJPO TFU�

4ZOUBY�

#t DPOE ҄ BEES

XIFSF�
DPOE

JT BO PQUJPOBM DPOEJUJPO DPEF�
BEES

JT B 1$�SFMBUJWF FYQSFTTJPO MJLF B MBCFM�
5IF #t JOTUSVDUJPO CSBODIFT UP UIF HJWFO �//`� *G UIF MFBTU TJHOJaDBOU CJU PG UIF HJWFO BEESFTT
JT � UIFO TXJUDI JOUP 5IVNC NPEF PUIFSXJTF TUBZ JO "3. NPEF� #t JT UZQJDBMMZ VTFE UP SFUVSO
GSPN B GVODUJPO�

&YBNQMF�

#t H`

CSBODIFT UP UIF JOTUSVDUJPO TUPSFE JO UIF H` SFHJTUFS� *O PUIFS XPSET UIF FYBNQMF SFUVSOT GSPN UIF DVSSFOU
GVODUJPO�



��

����� DNQ
$PNQBSFT UXP WBMVFT�

4ZOUBY�

+KT DPOE ҄ SOVN�- OVN�

XIFSF�
DPOE

JT BO PQUJPOBM DPOEJUJPO DPEF�
SOVN�

JT B SFHJTUFS DPOUBJOJOH UIF aSTU WBMVF�
OVN�

JT FJUIFS B DPOTUBOU PS B SFHJTUFS XJUI PQUJPOBM TIJGU�
+KT DPNQBSFT UIF WBMVF JO B SFHJTUFS XJUI OVN�� *U VQEBUFT UIF DPOEJUJPO bBHT PO UIF SFTVMU
CVU EPFT OPU QMBDF UIF SFTVMU JO BOZ SFHJTUFS� 5IF +KT JOTUSVDUJPO TVCUSBDUT UIF WBMVF PG OVN�
GSPN UIF WBMVF JO SOVN�� 5IJT JT UIF TBNF BT B bm#b JOTUSVDUJPO FYDFQU UIBU UIF SFTVMU JT
EJTDBSEFE� 5IF M x + BOE p bBHT BSF VQEBUFE BDDPSEJOH UP UIF SFTVMU�

&YBNQMF�

+KT `j- Oy

DPNQBSFT UIF WBMVF JO UIF SFHJTUFS `j XJUI �� *G UIF UXP BSF FRVBM
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����� FPS
#JUXJTF FYDMVTJWF PS�

4ZOUBY�

2Q` b DPOE ҄ SETU- ҄ SOVN�- ҄ OVN�
XIFSF�
b

JT BO PQUJPOBM TVëY� *G b JT BQQFOEFE DPOEJUJPO bBHT BSF VQEBUFE PO
UIF SFTVMU PG UIF PQFSBUJPO�
DPOE

JT BO PQUJPOBM DPOEJUJPO DPEF�
SETU

JT UIF EFTUJOBUJPO SFHJTUFS�
SOVN�

JT UIF SFHJTUFS IPMEJOH UIF aSTU PQFSBOE�
OVN�

JT FJUIFS B DPOTUBOU PS B SFHJTUFS XJUI PQUJPOBM TIJGU�
JNN��

JT BOZ WBMVF JO UIF SBOHF �������
5IF 2Q` JOTUSVDUJPO QFSGPSNT B CJUXJTF FYDMVTJWF 03
PQFSBUJPO PO UIF WBMVFT JO SOVN� BOE OVN� TUPSJOH JU
JO SETU�

&YBNQMF�

# XGR9

CSBODIFT UP UIF JOTUSVDUJPO HJWFO CZ UIF BTTFNCMZ MBCFM XGR9�



��

����� MES
$PQJFT B WBMVF JOUP B SFHJTUFS� 6OMJLF KQp UIF H/` JOTUSVDUJPO MPBET WBMVFT JOEJSFDUMZ� 5IJT JOTUSVDUJPO JT VTFGVM
GPS MPBEJOH WBMVFT UIBU NVTU CF �� CJUT XJEF MJLF BEESFTTFT� 7BMVFT BSF MPBEFE GSPN B UBSHFU BEESFTT� 5P aU UIJT
JOTUSVDUJPO JOUP �� CJUT UIF BTTFNCMFS DPNQVUFT B UBSHFU BEESFTT SFMBUJWF UP UIF QSPHSBN DPVOUFS 	T+
�

4ZOUBY�

H/` DPOE ҄ SETU- ҄ BEES

XIFSF�
DPOE

JT BO PQUJPOBM DPOEJUJPO DPEF�
SETU

JT UIF SFHJTUFS UP CF MPBEFE�
BEES

JT B MBCFM PS B OVNFSJD WBMVF�
8IFO VTJOH T+�SFMBUJWF BEESFTT UIF sUSVF WBMVFt PG UIF T+ JT UXP JOTUSVDUJPOT BIFBE PG UIF
BEESFTT PG UIF FYFDVUJOH JOTUSVDUJPO 	� CZUFT QFS JOTUSVDUJPO × � JOTUSVDUJPOT = � CZUFT
� 5IF
SFBTPO GPS UIJT JODPOTJTUFODZ JT CFDBVTF T+�SFMBUJWF BEESFTTJOH PDDVST BGUFS BO JOTUSVDUJPO IBT
QSPHSFTTFE UISPVHI UIF "3. QSPDFTTPSrT JOTUSVDUJPO QJQFMJOF�

&YBNQMF ��

H/` `y- XGRe

MPBET UIF UIF BEESFTT PG UIF MBCFM XGRe JOUP UIF `y SFHJTUFS�

&YBNQMF ��

H/` `y- XGReY9

MPBET UIF UIF BEESFTT PG UIF MBCFM XGRe QMVT � JOUP UIF `y SFHJTUFS�

&YBNQMF ��

H/` `R- (7T- O@Rk)

MPBET UIF EBUB VTJOH BO JOEJSFDU BEESFTT FYQSFTTJPO� 5IJT FYBNQMF MPBET UIF WBMVF TUPSFE JO UIF GSBNF QPJOUFS
	7T
 NJOVT �� JOUP UIF `y SFHJTUFS�
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����� NPW
$PQJFT B WBMVF JOUP B SFHJTUFS� /PUF UIBU CFDBVTF PG TQBDF SFBTPOT KQp JT MJNJUFE UP SFHJTUFS�UP�SFHJTUFS DPQJFT
PS ���CJU JNNFEJBUF WBMVFT� 5P DPQZ MBSHFS WBMVFT MJLF BEESFTTFT VTF H/`�

4ZOUBY�

KQp b DPOE ҄ SETU- OVN�
PS KQp DPOE ҄ SETU- OJNN��

XIFSF�
b

JT BO PQUJPOBM TVëY� *G b JT BQQFOEFE DPOEJUJPO bBHT BSF VQEBUFE PO UIF SFTVMU PG UIF PQFSBUJPO�
DPOE

JT BO PQUJPOBM DPOEJUJPO DPEF�
SETU

JT UIF EFTUJOBUJPO SFHJTUFS�
OVN�

JT FJUIFS B DPOTUBOU PS B SFHJTUFS XJUI PQUJPOBM TIJGU�
JNN��

JT BOZ WBMVF JO UIF SBOHF ��������
5IF KQp JOTUSVDUJPO DPQJFT UIF WBMVF PG MmKk PS OBKKRe JOUP `/bi� *O DFSUBJO DJSDVNTUBODFT
UIF BTTFNCMFS NBZ TVCTUJUVUF KpM GPS KQp PS KQp GPS KpM� #F BXBSF PG UIJT XIFO SFBEJOH
EJTBTTFNCMZ MJTUJOHT�

&YBNQMF�

KQp `y- Oy

TUPSFT 0 JOUP UIF `y SFHJTUFS�



��

����� QPQ
1PQT SFHJTUFST Pê PG B GVMM�EFTDFOEJOH TUBDL�

4ZOUBY�

TQT DPOE ҄ SFHTFU

XIFSF�
DPOE

JT BO PQUJPOBM DPOEJUJPO DPEF�
SFHTFU

JT B OPO�FNQUZ TFU PG SFHJTUFST FODMPTFE JO DVSMZ CSBDFT� *U DBO DPOUBJO SFHJTUFS SBOHFT� *U NVTU CF DPNNB
TFQBSBUFE JG JU DPOUBJOT NPSF UIBO POF SFHJTUFS PS SFHJTUFS SBOHF� 5IF PSEFS UIBU TQT QSPDFTTFT QPQT JT SFHJTUFS
PSEFS�

#F BXBSF PG UIF PSEFS UIBU TQT QSPDFTTFT WBMVFT� " TJNQMF NOFNPOJD UP SFNFNCFS UIF PSEFS
JT sMPX BEESFTTFT HP JO MPX SFHJTUFST�t *O PUIFS XPSET UIF WBMVF BU UIF UPQ PG UIF TUBDL 	UIF
MPXFTU BEESFTT JO B GVMM�EFTDFOEJOH TUBDL
 HPFT JO UIF SFHJTUFS XJUI UIF MPXFTU SFHJTUFS OVNCFS
JO UIF HJWFO SFHTFU�

&YBNQMF�

TQT &7T- T+'

QPQT UXP WBMVFT Pê UIF TUBDL BOE TUPSFT UIFN JO UIF 7T BOE T+ SFHJTUFST� 4JODF 7T 	SFHJTUFS ��
 DPNFT CFGPSF
T+ 	SFHJTUFS ��
 JO SFHJTUFS PSEFS TQT TUPSFT UIF aSTU QPQ JO 7T BOE UIF TFDPOE QPQ JO T+� )FSF UIF DPOUFOUT PG
bT XJMM CF TUPSFE JO 7T UIF DPOUFOUT PG bT+4 XJMM CF TUPSFE JO T+ BOE bT XJMM CF VQEBUFE UP bT+8�
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������ QVTI
1VTIFT SFHJTUFST POUP B GVMM�EFTDFOEJOH TUBDL�

4ZOUBY�

Tmb? DPOE ҄ SFHTFU

XIFSF�
DPOE

JT BO PQUJPOBM DPOEJUJPO DPEF�
SFHTFU

JT B OPO�FNQUZ MJTU PG SFHJTUFST FODMPTFE JO DVSMZ CSBDFT� *U DBO DPOUBJO SFHJTUFS SBOHFT� *U NVTU CF DPNNB
TFQBSBUFE JG JU DPOUBJOT NPSF UIBO POF SFHJTUFS PS SFHJTUFS SBOHF� 5IF PSEFS UIBU Tmb? QSPDFTTFT QVTIFT JT SFWFSTF
SFHJTUFS PSEFS�

#F BXBSF PG UIF PSEFS UIBU Tmb? QSPDFTTFT WBMVFT� " TJNQMF NOFNPOJD UP SFNFNCFS UIF PSEFS
JT sMPX BEESFTTFT HP JO MPX SFHJTUFST�t 5IJT JT UIF TBNF SVMF UIBU TQT VTFT� *O PUIFS XPSET
UIF SFHJTUFS XJUI UIF MPXFTU SFHJTUFS OVNCFS JO UIF HJWFO SFHTFU XJMM CF TUPSFE BU UIF UPQ PG UIF
TUBDL 	UIF MPXFTU BEESFTT JO B GVMM�EFTDFOEJOH TUBDL
�

&YBNQMF�

Tmb? &7T- H`'

QVTIFT UIF 7T BOE H` SFHJTUFST POUP UIF TUBDL� 4JODF H` 	SFHJTUFS ��
 DPNFT BGUFS 7T 	SFHJTUFS ��
 JO SFHJTUFS
PSEFS Tmb? QVTIFT H` aSTU BOE 7T TFDPOE� 5IF DPOUFOUT PG H`XJMM CF TUPSFE BU bT−4 UIF DPOUFOUT PG 7TXJMM CF
TUPSFE BU bT−8 BOE bT XJMM CF VQEBUFE UP bT−8�
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������ TUS
$PQJFT B WBMVF GSPN B SFHJTUFS JOUP NFNPSZ�

4ZOUBY�

bi` UZQF DPOE ҄ STSD- ҄ BEES

XIFSF�
UZQF

DBO CF BOZ POF PG
u " BO VOTJHOFE CZUF 	[FSP FYUFOEFE UP �� CJUT PO MPBET
�
u > BO VOTJHOFE IBMGXPSE 	[FSP FYUFOEFE UP �� CJUT PO MPBET
� PS
u PNJUUFE UIF EFGBVMU XIJDI JT B ���CJU XPSE�

DPOE
JT BO PQUJPOBM DPOEJUJPO DPEF�

STSD
JT UIF SFHJTUFS UP MPBE UIF WBMVF GSPN�

BEES
JT B MBCFM PS B OVNFSJD WBMVF EFOPUJOH UIF MPDBUJPO UP TUPSF UIF MPBEFE WBMVF�

&YBNQMF�

bi` `y- (7T- O@3)

TUPSFT UIF WBMVF JO UIF `y SFHJTUFS JOUP UIF BEESFTT TUPSFE JO UIF GSBNF QPJOUFS 	7T
 NJOVT ��
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������ TVC
4VCUSBDU XJUIPVU DBSSZ�

4ZOUBY�

bm# b DPOE ҄ SETU- ҄ SOVN�- ҄ OVN�
PS bm# DPOE ҄ SETU- ҄ SOVN�- ҄ OJNN��

XIFSF�
b

JT BO PQUJPOBM TVëY� *G b JT BQQFOEFE DPOEJUJPO bBHT BSF VQEBUFE PO UIF SFTVMU PG UIF PQFSBUJPO�
DPOE

JT BO PQUJPOBM DPOEJUJPO DPEF�
SETU

JT UIF EFTUJOBUJPO SFHJTUFS�
SOVN�

JT UIF SFHJTUFS IPMEJOH UIF aSTU PQFSBOE�
OVN�

JT FJUIFS B DPOTUBOU PS B SFHJTUFS XJUI PQUJPOBM TIJGU�
JNN��

JT BOZ WBMVF JO UIF SBOHF �������
5IF bm# JOTUSVDUJPO TVCUSBDUT UIF WBMVF PG OVN� PS JNN�� GSPN UIF WBMVF JO SOVN�� *O DFSUBJO
DJSDVNTUBODFT UIF BTTFNCMFS NBZ TVCTUJUVUF POF JOTUSVDUJPO GPS BOPUIFS� #F BXBSF PG UIJT
XIFO SFBEJOH EJTBTTFNCMZ MJTUJOHT�

&YBNQMF�

bm# bT- bT- ORe

TVCUSBDUT 16 GSPN UIF DPOUFOUT PG UIF bT SFHJTUFS BOE TUPSFT UIF SFTVMU JO UIF bT SFHJTUFS�
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������ VYUC
;FSP FYUFOE CZUF�

4ZOUBY�

mti# DPOE ҄ SETU- ҄ SOVN- ҄ SPU

XIFSF�
b

JT BO PQUJPOBM TVëY� *G b JT BQQFOEFE DPOEJUJPO bBHT BSF VQEBUFE PO UIF SFTVMU PG UIF PQFSBUJPO�
DPOE

JT BO PQUJPOBM DPOEJUJPO DPEF�
SETU

JT UIF EFTUJOBUJPO SFHJTUFS�
SOVN

JT UIF SFHJTUFS IPMEJOH UIF CZUF�
SPU

DBO CF BOZ POF PG
u `Q` O3 NFBOJOH UIBU SOVN JT SPUBUFE SJHIU � CJUT�
u `Q` ORe NFBOJOH UIBU SOVN JT SPUBUFE SJHIU �� CJUT�
u `Q` Ok9 NFBOJOH UIBU SOVN JT SPUBUFE SJHIU �� CJUT� PS
u PNJUUFE GPS OP SPUBUJPO�

mit# FYUFOET BO ��CJU WBMVF UP B ���CJU WBMVF� *U EPFT UIJT CZ
�� SPUBUJOH UIF WBMVF GSPN SOVN SJHIU CZ � � �� PS �� CJUT�
�� FYUSBDUJOH CJUT <���> GSPN UIF WBMVF PCUBJOFE� BOE
�� [FSP FYUFOEJOH UP �� CJUT�

&YBNQMF�

mti# `j- `j

[FSP�FYUFOET UIF CZUF TUPSFE JO SFHJTUFS `j BOE TUPSFT UIF SFTVMU JO SFHJTUFS `j�
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