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DATE VERSION DESCRPTION
2024/12/ 20 Versionl.0 New Release.
Replace 'Master' by 'MainDevice' or 'MDevice',
and 'Slave' by 'SubDevice', and will show the
2025/1/3 Versionl.1
terms MainDevice and SubordinateDevice in the
list of abbreviations.
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Introduction
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Arduino IDE Compatibility

Modified version of the Arduino IDE by DMP Electronics Inc.
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Vortex86EX2
/ EtherCAT Master Library \
[ C/C++ Application ] [ Cyclic Interrupt ]
- r
= }L XML Parser Process Data Image Mailbox Services

ENI file (.xml) Cyclic
Commands, Acyclic Commands
4 | \ 4 J

[ Real-Time EtherCAT Master Core

[ Primary Ethernet Driver ] [ Secondary Ethernet Driver ]
\ T EtherCAT Master Firmware 4 /

4

Primary Ethernet MAC Secondary Ethernet MAC
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Wr gp"tgcaeNulgpi""Cvjrontkeicog/.k"'qgp] OF X' Egqgy BCVTt ki i gtu"c" E{
vg"vjg"Ocuvgt"U{uvgoO"Wrgp"tgegkxkpi"vjg"E{enke
kpvgttwrv"jcpfnkpi"rOggghNewggtgqhovKg" GqxguERY'T wyv
FRTCO"vqg" Ockp" Ogodttgfi.K'vevcogntnguf”"vg {ge'mkueg'tEc nndcem. " v
Ockp"Ogoqt{"vg"FRTCO"chvgt"vjg"E{enke"Ecnndcem"
eqpenwfgu" vj g" Krptvgget gt fww kvg' Q) fTcGW wkj.p i d g OF g X' EqQ @ gyt E
Crrnké&pfKaoapg g" kpvgttwrv"jcpfnkpi"rtqgegfwtg"ctg"e

Yjgp"Vv]) g"CNg gk €€C¥ ] gvu"kwjggd "Qwvcriwgv.u' kv" eqr kgu" Qwvr w
FRTCO"vg"vjg"Gvjgtpgv"Ftkxgt)u"FOC"cpf"ugpfu"ht

Vjgug"vcumu"ctg"gzgewvgf"rgtkgfkecnn{"kp"c"e{en
gpuwt kpi "vjg" u{péaj{tugupgko|" cRFkQ] pf "cquhc"0f wc n

User Application EtherCAT Master Library Real-Time EtherCAT Master Core
User Cyclic Callback Cyclic Interrupt Tasks within the Cycle Time
slave1.pdoRead() = Gopy input PDO from DPRAM to Main Memory.
slave2 pdoRead() Main Memory [ DPRAM Process Inputs
Call User's Cyclic Callback. Receive and process all cyclic frames
Input PDO Input PDO
J# User application calculation. P! Copy output PDO from Main Memory to DPRAM PUtPDO | | ]
Slave 1 Handle acyclic commands. Slave 1 User Application
. Siave 2 Slave 2 Trigger a cyclic interrupt and then wait for the
slave1.pdoWrite() Slave 3 Siave 3 user's application task to complete.
slave2.pdoWrite()
C/C++ Application -
main() Slave N Slave N
Write Outputs
master.begin() Send all cyclic frames.
Output PDO Output PDO
slave1.attach(0, master)
slave2.attach(1, master) Slave 1 Process Data Image Slave 1
Slave 2 Slave 2 State Management and Acyclic Send
Slave 3 Slave 3 State machine management and process queued
master.attachCyclicCallback(UserCyclicCallback) acyclic commands.
master start il i
() Siave N Mailbox Services Save N
while (1) { (CoE, FoE, etc.)
IDLE
}
master.stop() XML Parser
master.end()
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User Application

User Cyclic Callback

...............................................

EtherCAT Master Library

Cyclic Interrupt Service

Call User's Cyclic Callback.

Response ACK to firmware.

User Error Callback

User Event Callback

Vjku"nkdt
T E{enke”" Ecnn
Vjg"r
uwe j

w t
"cu"oqv
Eqtg" v
yckvkpi
Ecnndc

T Gttgt"Ecnnd

Yigp" viKog'clvpgYyg EEYyg" fgvgevu"cp"gttqgt. "
uduk"vc""g5t4t gt " e qf OFwx"MNEdot"cGvj0d tKEhCW"] g" wugt "
vijg"u{uvgo"yknn"kpxgmg"vjcyv

cpf"rec

gttgt"ecnnd

Error Interrupt Service

a Call User's Error Callback.
Event Interrupt Service

Call User's EventCallback.

dcem

kgp"eqgpvtgn.

cem

cem.

<=
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Real-Time EtherCAT Master Core

Cyclic Control

Trigger a cyclic interrupt.

Wait for the user's application task to complete.

Error Detection

l Trigger an error interrupt with 32-bit error code.

Event Detection
Trigger an event interrupt with 32-bit event code.

Vig"gttqgt"eqf gu" uvErcrnqpntdwegefm™ c{t "gv jcgu™ Gitgtnontg'y u <

Fghkpkvkqgp

Eqfg

Fguet krvkagp

ECAT_ERR_WKC SINGLE_FAULT 42222Yqt mkpi "eqwpvgt"hcw

ECAT_ERR_WKC_MULTIPLE FAUI 4222 z20wnvkrng"yqt mkpi"
ECAT_ERR_SINGLE_LOST FRAME 4 2 2 2
ECAT_ERR_MULTIPLE_LOST FRA 4 2 2 2

ECAT _ERR_CABLE_

Z e q

¢Ht cog"ycu"nquvao

2zHt cogu"ygtg"nquv"ow
BROKEN 4222zVjg"ecdng”"ku"dt gmgp

ct{"rtgxkfgu"vjtgg"v{rgu"gh"ecnndcemu"

rqug"qh"vjg"E{enke"Ecnndcem"ku"vg"cnngq
"EPE" edipod 'gGv OPREMEICHE tn d g
t kiigtu"e{enke"kRgvxdhétgnrcvtu{""vcqv'"vy rgg’eckvh kggt fE
"hqgt"cp"CEM"vqg"gpuwtg"rtgeguu"fcvc"u{p
em. "kv"yknn"dg"kpxgmgf"vqg"cej kgxg"rgtkaq

kv"y

n e

Hktoyctg"vkoggwv"yc
ECAT_ERR_WAIT_ACK_TIMEOUT 4 2 2 3 Z
kpvgttwrv" CEMO
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T Gxgpv"Ecnndcem
Yjgp" vigKorg'cvPpgyg EEYyg" fgvgevu"cp"gxgpv. "kv"yv
cpf"r cuudgkuv'"cg'xs5gdpv " eqf gORgOX'NGg ggt" Gtv{jf @'t KEIC'VV ) g" wu gt
gxgpv"ecnndcem. "vjg"u{uvgo"yknn"kpxgmg"vjcv"e

Vig"gxgpv"eqfgu"uwrrqtvgf"d{"v]jg"GxgpVv"Ecnndc
Fghkpkvkaqgp Eqfg Fguetkrvkagp

Vj " i ECV ' g h
ECAT EVT_STATE_CHANGED 32222e; SpiG;:c gt CVORgxWad g

ECAT_EVT _CABLE_RECONNE(3222ZzVjg"ecdngtgeaqppdgegpdf O
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T Encuu" D<" Okp kORpX kKserg gt ECV "

304 H3"cVvwtg"Vcdng

Yqt f "

Wuci g

T Qgswcnu"uwrrqtvgfo

Ugt
Uwd

Hgcvwtg"Pco Ujqtv"Fguet kr vk SGB'Fgxk

Dcuke" Hgcvwtgu
xkeg"EqoocpfUwrrgtv"gh"cnn"eqoocp
Fgyxkepg" FgxkeUwrrdwdFgyxykeg“"cpf "ykyv]j

Gowncvkqgp crrnkecvkgp"eqgpvtqgnng:

GV |
Gt t

GV |

E{ e

Qpn
Tgc
Eq
€q

T O

Gzr

Cee

Uwr
Oc k

gt ECV" Uvcvg"Uwrrqgtv"gh?"dsgJOc" xuk gte k ¢
Ej gemkpi " g hUwdgFvgyggkteng't qu
Ygt mkpi " Eqwpvagt
gt ECV"Htcog" Uwrrqgtv"Gvjgt ECV" Ht c o
Rtgeguu"Fcvc" Gzejcpig
nke" RFQ E{enke"rtqeguu"fcvc"g.
Pgvyqgt m"Eqgphkiwtcvkqgp
kpg"uecppkpingqum"eqphki wt cvkqgp
kp" Gv jOFtgxk\We"g
fkpi " GPK Pgvyqgtm"Egphkiwtcvkqgp

gt "Jcpfnkpi

rctg"PgvygtnEqorctg"eqgphkiwtgf"cp:
hkiwtcvkagp eqphki wtcvkdwr" fwtkpi "
K f khkecvk " f"h
nkekv"Fgxkecg Ja Y _qp e
rtgxgpvkgp"cickpuv"ec:
Uwrrgtv"tqgwvk u"vqg"c
guu"vg" GGRTC _ q g P g
tgi kuvgt
Ockndqgz"Uwrrqgtyv
rqtv"OckndqgqzOckhpwpevkgpecnkv{"hqgt"o

ndgz" TguknkcUwrrqgtv"wpfgtn{kpi"tg

ECP"crrnkecvkgp"nc{gt"gxgt"

UFQ" Wr 1FgypnqcfPqgtocn"cpf"gzrgfkvgf"

o O O O O

Gvj gt
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https://www.ethercat.org/download/documents/ETG1500_V1i0i2_D_R_MasterClasses.pdf

KEQR" Vgejpangqi {

Ugi ogpvgf"VtcpuUgiogpvgf"vtcpuhagt Q
Vtcpuhgt "vjg"gpvkikot §:

Eqorngvg" Ceegul i Q
cv qgpeg

UFQ" Kphg"ugt xkeUgt xkegu"vg"tgcf"qgdl g Q

Hg G

HgG" Rt gqvgeqgn Uwrrgtv"HqgG" Rtgvgeqgn Q
Rcuu t f . "uH Rcaodg" i k

Hktoyctg" Wr 1Fqy - H kanon = Q

crrnkecvkqgp
U{pejtgpk|cvkgp"ykv] "Fkuvtkdwvgf
FE"uwrrqgt v Uwrrqgqtv"gh"Fkuvt kdwvg Q
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KEQR" Vgejpangqi {

39 U{pejtgpk] cvkagp

Vig"vkog"u{pejtqgqpdégkgpgpbGpj gt EEV" pgvyqt m"tgn
Engemu" * FE+" wp k v "UmdvFgkEd"pwgjt gi'"n@\gjt g t* BSQNE™+ . " gpuwt kpi
gpvktg" u{uvgoO"UMdrFgékckneng{".F'Ev'jugg"t hxkgtuu'vc"u" vj g" u{ uv g«
u{pejtgplWwd Fg¥xkep" FEO" Hgt "c"oqtg"fgvckngf"gzrnc
Fkuvtkdwwgf " Enqgemu

IRQ SYNCO SYNC1
| | i
| | ]
Process Data Distributed Clocks
Interface Unit

EtherCAT Slave Controller (ESC)

Port 0 Port 1 Port 2 Port 3
X A
v v
PHY PHY
] ]

Vig"GUE"jcu"vjtgg"u{p«TBq FE]2IFKRIP3 \gjwg/"r KVivS "r rkkppu"<i”
uki pcn” vdncvwjoggt""workregttgeqpvtgnngt " *uE+"chvgt"vjg" G
U[ PE2"cpf"U[ PE3"rkpu"e{enkecnn{"igpgtcvg"ukipcn
tgncvgf"tgi kuvgtuVpgppgpt ew&bJdNWEgeegp  kKhj"cpg'Gec" nE. " kK
u{pejtgpk|] cvkgp" hwpevkgpcnkv{DO
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KEQR" Vgejpgnqi {
Vjgtg"ctg"vjtgg"u{pejtgpk|cvkgp"oqgfgu"kp"GvjgteE
T Htgg" Twp
T UQU{pejtgpqwu
T FEU{pejtgpqgwu

3890 3Ht"gg" Twp

Vi g" GV OFtgE®\W's " ¢ nn"Uwd FggtgEkGg " j cx g" v gkt "qyp ngec
vkogu"ctg"kpfgrgpfgpv. "uq"vjg{"ctg"pqgqv"u{pejtagp
Gvj gtOFQW"k @ O WY X K3elgpwd Fg4t Wwd Fgs k¥égd Fgrkegxg" vj gkt "
E{eng"Vkog. "t guwmwk p iwVE pdcponkd\qpo NKpnleig'pwegpct kg" ku
crrnkecvkgqpu"ykvj"jkij"u{pejtgpk|]cvkgp"tgswktago

Time
.
>
Master Cycle Time
EtherCAT | |
Master g EtherCAT Frame 2 EtherCAT Frame :2 EtherCAT Frame % EtherCAT Frame
I Slave 1 Cycle Time N
A
S| 1 Output Valid ——
ave
Prepare Outputs Input Latch | Prepare Inputs
I Slave 2 Cycle Time

I

" B i m o m Emom
— - ‘

Slave n Cycle Time N ‘
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KEQR" Vgejpangqi {
3004U0U{ pejtqgqpqwu

Vig"KTS"rkp"igpgtcvgu"c"UO"gxgpv"yjgp"vjg"e{enk
vig"gzgewvkgp"qgh"vjg"ngecn"crrnkecvkgp"kp"ppEO"C
tgegkWovfd'Fgfx'keg" vj g" uObBgogx"kKkegg ugpf Rphl" " vj go0O" Gxgp"c
fwg"vg"hkpRvgfecccevwgpbwaukdyxykeg"tgegkxg"vjg"e{e
ykvj"tgurgev"vg"vjg"hktuv"qgpgub0

Fwg" vRt' yngi"cvkgp] §ggtku"cp"ghhugv"kp" UwgdFg.k'akpgi
tguwnvkpi " kp" dp{'xejetwd xeofkl éqihy’ Uty g h O

Kh" dJova jFguWegqt UjuK v ykgy'kib{igme Ocpci gt " Rct'cogvgt"qgdl
*2z23E540512z3E5505+. " kv" ku"Q@wyvurukvd' p¥cpnvkegfV G i gap v "
Uwd Fgxgedg"enqug"vg"gcej"qvjgto"Jqgygxgt. "fwg"vqg
fgnc{u."vjg"cflwuvogpv"ku"swkvg"ejcnngpi kpi O

Time
»
>
» Cycle Time
EtherCAT
MaSter E EtherCAT Frame 5 EtherCAT Frame
s 5
I A
SM Event A A
Output Valid 1
Slave 1
Prepare Qutputs Input Latch | Prepare Inputs

=R I

I A
N A »

Slave 3 B |

[ ]

]

[ ]

]

]

[ ] A

A

Slave n Propagation Delay ’7 I
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KEQR" Vgejpangqi {

SO5FEU{ pejtgpgwu

Vig"U[PE2"qgqt " U PE3"rkpu"igpgtcvg"U[PE"gxgpvu"e({
tgncvgf"tgi kuvgtu"gh" GUE. "vjku"gxgpv"yknn"vtKkidi
uj gyp"kp"vjg"fkcitco"dgnqgy. "lgkkugt Udtepf UOtl gxgipw
vt kiigtgf"chvgt"tgegkxkpi "R{eekegbgwogo@VvjJjqygXdg
ctg"vtkiigtgf"e{enkecnn{."yjkej"fqgu"pgv"uwhhagt

Dgecwug"U[ PE2"gxgpvu"ctg"vtkiigtgf"d{"WwdF dEK evp
jcxg"cnoquv"pg"gqhhugv. "vjcpmu"vqg"vjg"rgtkqfke"u
vjig"u{uvgoUwdkmbgX"lgedgc'ncne"e wt ¢ ep[c' pecypdregppofe 0" v j g

Kh"WwdgF'g™ we gqtUy 'kvhjvl fVlkpegOc pci gt " Rc t*QaBEdht4"0chbdl|2g 3VEl

ku"rquukdng"vqg" cQwwrow ec"pKaprr kevv IV WMo K oy judUowhd"Fvgjxgguegg'j g
ucog"vkog"rqgkpvo

Jgygxgt. "vjg'lultogogdewnk ¢ghtkhwj"ykioplgci tco" ku" et wekcn"
hgnnqgqykpi "eqpfkvkgpuc<

T Chvgt"vjg"e{enke"htcogwwdFgbgk'ledgggp"tgegkxgf"d

T Dghgtg"ugpfkpi"vjg"e{enke"htcogu"hgt"v)jg"pgz

T Ceeqtf kpi " FBU{fpkeh htgotgoggpwag'f u. " kv"oc{"pggf"vg"dg"

Rtgrctg«<Qwvr wvu
o Vtkiigt"  pERtvgrgtzgs®wwrwy " UO" gxgpv"qeewt u
o Vtkiigt"  pEQwrwwdgxXopvigf] g" Ul PE" gxgpv"geewt L
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EtherCAT
Master

Slave 1

Slave 2

Slave 3

Slave n

Time

KEQR" Vgejpangqi {
Vjg" edtntggdew™ U k"hprd Wkwmk swg="kv"ecp"dg"ejqugp"yk
vkogO"Vg"ngctp" ¢cdWv{gp ejdtdow woacft k.q'wul ¥ u 3 24BYyGVyqg
Rtqvgegn" G@j cpegogpvVvu

Cycle Time

A

Jitter |

EtherCAT Frame

Jitter |

EtherCAT Frame

Y

Global Shift Time

SM Event

A
—— —{ Output Valid
Prepare Qutputs Input Latch

= e |
mE | b e
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KEQR" Vgejpangqi {

30 Cdg@vjgtecvFgxkegaEKkC6214

GvjgtecvFgXklkhegdiElgp®2 & e " BkwaQl"FogxA'e@w|" g tga&kM"pgf " vq"

Gvjgt ECV"ugtxq"ftkxg"vjcv"uwrrqtvu"vjg"EkC"624"

Kv"rtgxkfgu"ceeguu"hwpevkgpu"hqgt"eqooqgpn{"wugf"

ugxgtcn"EkC"624"qrgtcvkgp"oqfgu"cpf"hwpevkgp"i't
T Qrgtcvkqgp" Oqgqfgu

o Rtghkng" Rqukvkgp" *rr +

o Rtghkng" Xgnqgqekv{"*rx+

o Rtghkng"Vqtswg"*vs+

o Jgokpi " *j o+

o E{enke"U{pejtgpgwu" Rqukvkgp"*eur +
o E{enke"U{pejtgpgwu" Xgngekv{"*eux+
o E{enke"U{pejtgpgwu"Vgtswg"*euv+

T Hwpevkgp"l tqwru
o Vgwej " Rtgdg

Korngogpvcvkgp" FktgRvgbkigridngt " EkC624" Ft kxg"
Fktgevkxg"hqt/OQuwaBDPYyKKGCENMNBGYRPguuBEEXg" ft kxguO

Hqt "ogtg"fgvckngf"kphgqtocvkgp"cdqwv"EkKkC"624. "rn
T EKC"Ftchv"Uvcpfctf"624<"ECPqrgp"fgxkeg"rtqghk
T GVI 08232" Korngogpvcvkgp"Fktgevkxg"hqgt"EkC624
T Wugt"ocpwcn"hqgt"vjg"ewttgpvn{"wugf"EkC"624"f
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KEQR" Vgejpangqi {
Vig"encuu"t gawjvktgepoauy kg ok gh&kmbkoaz4 cvgf " kp"vjg"hqg

EthercatMaster <

EthercatDevice Generic EthercatDevice CiA402

GvjgtecvFgxkegaEkC624" kpjgtkvu"htqgo"aGvjgtecyv

Hgt "ogtg"fgvckngf"kphgtocvkqgp" cdagww" GvtjEgAVE QN\K"dR ¢
Wugt " OKSpGHEC n "
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https://www.qec.tw/ethercat/api/ethercat-library-api-user-manual/
https://www.qec.tw/ethercat/api/ethercat-library-api-user-manual/

KEQR" Vgejpangqi {

3603" " HwMedkgpu"

Vjiku"ugevkgp"yknn"dtkghn{"kpvtqgfweg"v]jg"Gvjgtec

Hwpevkgp" Pcog Fguetkrvkagp Fennd
Cxckn
Kpkvkchghcvigfphwpevkqgpu
cvvcej*+ Kpkvkcnk|g"vjg"qtwgeEgegegupku"
fgvcej * + Fgkpkvkcnk| g"v)g" diwlddege'kem'udj k
kuUvgrrgt?®*+ Ejgem"kh"viygdBgk@geg&CWVigrrgt"oq Q
EqpVvitgmcvgf " hwpevkqgpu
i gvEKC6240qfg*+ lgv"vjg"ewttgpv"oqfg"gqh"qgrgtecyv Q@
UgvEKkC6240qf g*+ Uykveplgtgyggh"grgtcvkgpO" *8282] Qe
igvEkC624Uvcvg*+ Il gv"vjg"ewttgpv"EKC"624"uvcvgO Q
ugvEkC624Uvcvg*+ Uykvej"vjg"EkKkC"624"uvcvg0" *826 (0
gpcdng* + Gpcdng"vjg"ftkxg"hwpevkgp"cpf™" Q¢
fkucdng* + Fkucdng"vjg"ftkxg"hwpevkqgp"cpf (0

Qrgtdvmeovgf " hwpevkqgpu

vXgngekv{RgnctlUgv"vjg"xgngqgekv{"rgnctkv{0"*82

*

ugvVctigvRqukvkgjUgv"vjg"vctigv"rqukvkqgp0"*829C @
ugvVctigvXgngekv{Ugv"vjg"vctigv"xgngekv{0"*82HH Q@
ugvVctigvVgt swg*-Ugv"vjg"vctigv"vgtswgO0"*8293j + Q@
ugvRt ghkngCeegngltUgv"vjg"rtghkng"ceegngtcvkqgpO"” Q@
ugvRt ghkngFgegngtUgv"vjg"rtghkng"fgegngtcvkqgpO"” Q@
ugvOczCeegngtcvkiUgv"vjg"ocz"ceegnhgtcvkqpO0O"*82E Q@
ugvOczFgegngtcvkiUgv"vjg"ocz"fgegngtcvkqpO0O"*82E Q
ugvOczRtghkngXgntUgv"vjg"ocz"rtghkng"xgngekv{0" @
ugvOgvkgpRtghkng'Ugv"vjg"ogvkgp"rtghkng"v{rgo0"* @
ugvRqukvkgpYkpfgiyUgv"vjg"rqukvkgp"ykpfgy0"*8289 @
ugvRqgukvkgpYkpfqUgv"vjg"rqukvkgp"ykpfgy"vkogO" (02
ugvRqgukvkgpQhhugyUgv"vjg"rqukvkgp"ghhugvO0o"*82D2 @
ugvUghvyctgRqukvIiUgv"vjg"ughvyctg"rqukvkgp"nkok (02
ugvHgnngykpi GttqtUgv"vjg"hgnngykpi"gttqt"ykpfaqy Q@
ugvRgukvkgpRgnctlUgv"vjg"rqukvkgp"rgnctkv{O0"*82 Q@
ugvXgngekv{YkpfgrUgv"vjg"xgnqekv{"ykpfqyO0"*828F Q@
ugvXgngekv{YkpfgyUgv"vjg"xgngekv{"ykpfqy"vkogO" Q@
ugvXgngekv{VjtgujUgv"vjg"xgngekv{"vjtgujgnfOo"*38 Q@
ugvXgngekv{QhhugyUgv"vjg"xgngekv{"ghhugvO0o"*82D3 Q@
ugvOczOgvgtUrggf:Ugv"vjg"ocz"oqvqt"urggfo"*82: 2 (02
g g Q&
g g Q&

vVgt swgQhhugv*-Ugv"vjg"vgtswg"qhhugvO0"*82D4j +

w
e
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KEQR" Vgejpangqi {

ugvOczVgt swg* + Ugv"vjg"ocz"vqgtswgO0O"*8294 + Q@
ugvRgukvkxgVgt sw(Ugv"vjg"rqukvkxg"vgtswg"nkokvO Q@
ugvPgicvkxgVgt sw(Ugv"vjg"pgicvkxg"vqgtswg"nkokvO Q@
ugvSwkemUvqr FgegiUgv"vjg"swkem"uvqgr"fgegngtcvkq Q@
ugvSwkemUvgr QrvkcUgv"vjg"swkem"uvgr"qrvkgp"eqfg

ugvUj wvfgypQrvkqgUgv"vjg"ujwvfqyp"gqrvkgp"eqfgoO"

ugvFkucdngQrgtcvliUgv"vjg"fkucdng"qgrgtcvkgp"qrvk

ugvJdJcnvQrvkgpEgqfiUgv"vjg"jcnv"qrvkgp"eqfg0"*827

ugvHcwnvTgcevkgptUgv"vjg"hcwnv"tgcevkgp"qrvkgp"

igvGttgt Eqfg*+ lgv"vjg"gttgqt"eqfgO"*825Hj + Q@
igvUwrrqtvgfFtkxilgv"vjg'uwrrgqtvgf"ftkxg"oqfguO Q@
igvOgqvgtTgugnwvkel gwj"g"oqgqvgt"tgugnwvkgpO"*82GH]

i gvRqgukvkgpCevwcilgv"vjg"rqukvkgp"cevwcn"xcnwgo @
igvXgngekv{Cevwcilgv"vjg"xgngekv{"cevwcn"xcnwgO @
igvVgt swgCevwecnXclgv"vjg"vgt swg"cevwcn"xcnwgO0"* Q@
igvEwttgpvCevwecn:lgv"vjg"ewttgpv"cevwecn"xcnwgO" Q@
i gvRqukvkgpFgocplilgv"vjg"rqukvkgp"fgocpf"xcnwgO Q
igvRqgukvkgpFgocplilgv"vjg"rqukvkgp"fgocpf"kpvgtop Q@
igvRqukvkgpCevwcilgv"vjg"rqukvkgp"cevwecn"kpvgtop Q
igvCffkvkgpcnRqullgv"vjg"cffkvkgpecn"rqukvkqgp"ce Q@
igvHgnngykpi Gttqitlgv"vjg"hgnngykpi"gttqt"cevwcecn @
igvXgngekv{Fgocpilgv"vjg"xgngekv{"fgocpf"xcnwgO @
igvVgt swgFgocpf Xclgv"vjg"vgt swg"fgocpf"xcnwg0"* Q@
i gvFkikvenKprwvu'lgv"vjg"fkikven"kprwvuO0"*82HF] @

Rt ghkng" Rqukvkqgp"oqgqfg"*rr+"tgncvgf" h
rralgvXgngekv{*+ Ugv"vjg"rtghkng"xgngekv{0"*82:
rralgvCeegngtcvkeUgv"vjg"rtghkng"ceegngtcvkqgpO0"
rralgvFgegngtcvkecUgv"vjg"rtghkng"fgegngtcvkqgpO0"
rralgvOgqvkgpRtghlUgv"vjg"ogvkgp"rtghkng"v{rgo0"*
rratTwp?* + Ogxg"vq"vjg"vctigv"rqukvkgpO"*
rrakKuVctigvTgcej (Ejgem"kh"vjg"vctigv"rqukvkagp"] Q
rrakEjgemHgnnqgqykpiEjgem"kh"vjg"hgnngykpi"gttqgt"qg Q
rraJcnv?*+ Rcwug"vjg"ewttgpv"qrgtcvkqpO"*
rratTguwog?®*+ Tguwog"vjg"rcwugf"gqrgtcvkgpO"*

Rt ghkng" Xgngekv{h'wpefvk'g*prux +" t gncvgf"
rxalUgvCeegngtcvkiUgv"vjg"rtghkng"ceegngtcvkqgpoOo"
rxalUgvFgegngtcvkecUgv"vjg"rtghkng"fgegngtcvkqgpO"
rxalUgvOgvkgpRtghlUgv"vjg"oqvkgp"rtghkng"v{rgo0o"*
rxaTwp?* + Ogxg"cv"c"vectigv"xgngekv{"eqpyv
rxaKuVctigvTgcej (Ejgem"kh"vjg"vctigv"xgngekv{"] Q
rxaEjgem\gtgUrggliEjgem"kh"vjg"urggf"ku"| gtqgO"*8 Q
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KEQR" Vgejpangqi {

rxaEjgemOczUnkrr(Ejgem"kh"vjg"oczkowo"unkrrcig" Q
rxadcnv?* + Rcwug"vjg"ewttgpv"qrgtcvkqpO"*
rxaTguwog?®* + Tguwog"vjg"rcwugf"qrgtcvkqgpoOo"*

Rtghkng" Vgt swg"ogqfg"*vs+"tgncvgf"hwp
vsaUgvVqgtswgUngr (Ugv"vjg"vqgqtswg"unqrgO"*82: 9j +

vsaUgvVqgt swgRtghtUgv"vjg"vqtswg"rtqhkng"v{rgo"*

vsalUgvOgqyv

(@]

t TcvgflUgv"vjg"oqvqt"tcvgf"ewttgpvO0o"?

vsaUUgvOgyv

(@]

t Tcvgf'Ugv"vjg"oqvqgt"tcvgf"vgtswgO0O" *8

vsaTwp?* + Ftkxg"egpvkpwgwun{"cv"vjg"vcti

vsaKuVcti

(@]

vTgcej (Ejgem"kh"vjg"vctigv"vgtswg"jcu Q

vsadcnv?* + Rcwug"vijg

vsaTguwog®* + Tguwog"vjg"rcwugf"qrgtcvkqpo0O"*
Jgokpi "oqfg"*jo+"tgncvgf"hwpevkqgpu

ewttgpv"qgrgtcvkgpO"?*

joaUgvJgogQhhugv:Ugv"vjg"jqgqog"ghhugvO0o"*829Ej +
joaUgvJqgokpi OgvjtUgv"vjg"jgokpi"ogvjgfOoO"*82; : :j+
joaUgvJqgokpi UrggiUgv"vjg"jgokpi "urggfuO"*82; ;| +
joaUgvJgokpi CeegiUgv"vjg"jgokpi "ceegngtcvkqgpO"*
joaTwp* + Kpkvkcvg"c"jqgokpi "qgrgtcvkqpO"*
joaKuCvvckpgf*+ Ejgem"vjg"uvcvwu"qgh"vjg"jgokpi Q
joaUlUvqgr * + Uvagr"vjg"jgokpi"qrgtcvkgpO"*82

Hwpevkgp"l tqwr" $Vhweje'VRigppdg$"tgncvgf"
cdngVgwej Rt qdg{Gpcdng"vjg"vgwej "rtgdg"30"*82D

cdngVgwej Rt qdg«Gpcdng"vjg"vqwej"rtqdg"40"*82D

ucdngVgwej Rtgd(Fkucdng"vjg"vgwej "rtgdg"30"*82

—
~ | T© °

ucdngVgwej Rtgd(Fkucdng"vjg"vgwej "rtgdg"40"*82

Ej em" kh" c"r ukvkxg" t " i cvk
kuVgwej Rt gqdg3Xcn\ 1o . q . 9 P9 Q&
rtgdwki3gcn0" *82D; j +

) Ejgem" kh" c" rqukvkxg" qt" pgicvk
kuVgwej Rt gdg4 Xcn\ ) )
rtqdg"4"ukipcn0"*82D; j +

tgcf Vgwej Rt gdg3XcTgcf"vjg"vgwej "rtgqdg"rqukvkagp"

R R

tgcf Vgwej Rt gdg4XcTgcf"vjg"vgwej "rtgqgdg"rqukvkagp"
NgMmgxgn" hwpevkigpmwe'khhdkte™ chonfqgy " egp vt gn

ugvJdcnvDkv*+ Ugv"vjg"jecnv"dkv"kp"vjg"eqgpvtaqg

kuVctigvTgcejgf*-Ejgem"kh"vjg"vctigv"jcu"tgcejg

ugvoOgfgUrgekhkeDIUgv"vjg"dkv"6"kp"vjg"egpvtqgnyq

ugvOqgfgUrgekhkeDlIUgv"vjg"dkv"7"kp"vjg"egpvtqgnyq

ugvOgfgUrgekhkeDIUgv"vjg"dkv"8"kp"vjg"egpvtqgnygq

ejgemOgfgUrgekhki(Ejgem"vjg"xcnwg"gqgh"dkv"34"kp"v

O 0 O 0 0 O O

ejgemOgfgUrgekhkiEjgem"vjg"xcnwg"gqgh"dkv"35"kp"v

8 FWK'G ' g tEEK@QWER2RAK" ™ m momomomomom w mn g3 @ ¢ p we'tZ24 0 3



KEQR" Vgejpangqi {
PgvgVij3k<su" hwpevkgp"ecp"dg"wugf"kp"ecnndcem" hwp
RFQO
PqvdgVjdk<u" hwpevkgp"yknn"kipgtg"vjg"vkoggwv"rct
ocvej "vjg'ugv"xcnwg"yjgp"wugf"kp"c"ecnndcemO

D 8 FWK'B " g tEEKGBCRAK" » = m m omomom  neg 3 @) ¢ pwe'tZ24 " A2



|
E | '

Functions

- 8Fwkpg"Eqf lOpi " KFG" 723-

Gvj gt ECVI'GNK it etc{vFgx kegaEkKkC624" Encuu

c 8 FwWK'G Vg g tEK@QWBE2RAK" oo oo m o v g3 @ c p we'tZ24 o 43 o



KEQR" Vgejpangqi {

40 3KpkvkcihghcvgfgpHwpevkqgpu

Kpkvkdnk] awkfg'phwpevkgpu" Ef CBezngcgu'u@v j gt ecv Fgxkega

Hwpevkqgpuc<
cvvcej*+

c 8 FwWK'G Y g tEK@QWBCRAK" oo oo v g3 @ c p we'tZ24 1 44 o














































































































































































































































































































































































































































































































































































































































































