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R T A TR o

———O

)
|\

——O

—oO
——O
——O

MA (GReA) W&
w A

]
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¢

2.3.2 I1SO/ OSI W % 5 £ A

HAF#KEZ%EE (1ISO/OSI) HHEAEAR

~W$E%ﬁm(50%k£*AW%%?%%ﬂo

OS| 25 R K E ) ThEe

7| MNJE C(application) ] OSI L1 2 A0 FRE 34t ik 55

6 | £/nJE (presentation) b B H A A 20 (Bl R0

5 2k 2 (session) AL, EHMMZIE SN HABER Z mRSTE

4 f&3% )2 (transport) Bl B dlotgm s Gums, B ZASE Bt b

3 2% 2 (network) VeBEIEHH, BHMG (IP) Huhb, 3E4T7 RS HIA 2R

2 | sk )2 (data link) | — 7T SR B EERS, AAdniaas s (W EmD AR R4
— AR RIS A PR b i 2

1 Py#E)Z (physical) — L. HEFRAIRER S EL PIB DHRERE AR A O B ) B A
— FEBEMS AR A SR (it stream) A b B e i 5
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2.3.2 1SO/ OSI W - 5% AEA]
7 EOSIHER 5 W34

S HE1. 2EARKBEBENBLHEIETEH R,

N HJZE
B G | HTTP | FTP | Email | DNS
2N S| i | i G
R IR
DR
feH fiety | TOP CHMIEBINIED | UDP O MUY
[ 2% M B )= P (B EM30
BB )= DONC IS FODI |
P23 0 =
/IR Ry | A g2 T4
oSl i/l = TCP/IP |2
I
OS| 2571 5 TCP/IP il %75 JiIOCPA School

Cee——
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2.33 M -

O B EAER T RN TRAMB LK. BB gfa e .

O KL, (twisted pair) 2 —FEH. HHEFE, &
A FENEHF AR ETFHRBRFHERN G, &2
TR TFAERIES RiE (100K B4AR) &+t EHEkiEE
2. EMBFPRERAGRE BERERIAREL” ,

C OLIEAX IR LK.,

& F)3h (coaxial) REuegiEimst ). FMIEH T,
BT THMEEEF. B BT R LKA, .
O X HIBRBHHFHF Lo, T HERIFOEE

AP

B |
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BBt X

¢ R I 47 X2 TR & F
A2 5 6 BT A S AL AR
F ] g BT 4T

¢ AT, REF Tk
P R RHR A B 6 B9 B4, MK
R G R & AARE 5 iE A 1K
frimanix .

B e %—»O\O‘
Bk —o Bk
() B LEfE (b) X LB
RiE » B
Bk - Rik
(c) &EXNTIEE
S

— [T —e—— i ——— [T —

(a) DAk

AR — B AR

#ﬁ 7
{2 1kA

e A7) — Al (1799

(b) Stk

(Rl 2 At AT 57 25 AT ) A 45 4

CHE THEE: FIERLLE—AN
T AR H 6 T X,
O FRLiEE : EKIBEBTIANA
AR W X
O LN LiAfE: MFI/EF A
1B B4 ) B AT UG AR B g 7 X
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2.3.4 2 YL 0 L PEBAZT WX

®LE

d,F T2 (EIA) £19625%) % tJRS-232

ARER R AR G BBEER, AT RE G F
AT AT iEfE,

O RS-232t N AHE T 4 1 &g & & Aok 45 1

@ RS-232:# 12 #H A R 3t T R A ik R
124 4800bpsX9600bps, 7 B &) ﬁsuhuazii &=
ik 2|250Kbps, f2xf TS ALA, B3k A7 R4
7Z20Kbps.

ORS-232 7Y 4EHFE S AH50 R (15K )

SR ALY, BEALELFRARLR % ARS-2325%
2k, SRS T ETRE, BARINAT X
W E R E 8,

|
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2.3.4 22 L0 % 8AZ X

¢ RS -485;55 SRS X H (£5) AHIIEBIZ L.
& LA G R, T NMERLET, XT#F*“I‘FE%%%&J

@ RS-4853R 7 (Kit) S EA3AH S, Tl Fenableds4)# 4 E%Fﬂ
;‘Eﬁu\'nb t—/—ﬂé&:&n% SR E R, A T100K 895K, RAAER
> it/s

® RSA485R ZX T &AM, FEANZEEBR VYL,
& BAYRS-4855 F ZAE A A3 MR KA F R LB R %

& AEidfEFEH b, TUAFRS-485Vh TG XA A4 R 4%, £AF
XY‘IEI.J\J,Z“\‘ HEPAAND ERAVELSE, EM3MIAT &AL ERITREHM

PCHL

— 232/485

RS-232 /| gk : :

Mk Mk Mk
1 2 31
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2.35 A %A

®ILH & & (fieldbus) A RKEE=HEE55H
FE I3 ¢ 2Fe L RNOEK & RO A £ 44
P 2%

ONGHERETERAELRIEBINEH, LA ELEF
%¢\ﬁ$ﬁ%%i%ﬁ&%%ﬁ,ﬁlka
HPAFR A,

OF AN B L&

*CANbus/DeviceNet. Profibus. WorldFIP.
LonWorks. FL-net#=ControlNet

]
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CANDbus -

& ;CZ);N ( Controller Area Network ) # A KX ER L1503 EFefiiids

O BABBEIEE S A AR i 4 ) A B AR T ] B T3

¢ CAN#y:@1Z4 0 HCANK A B (A Hy3EE ) FCANEHI B (3N
7 E A B A e R e &) AR

L 2 %Aé&'ﬂxﬁl_%" KRR EAN - XA 4, BARAZ T LA AR CAN_HA=

© CANBI A HIE B 4042, BERAS00KMA, %432~ 6404 4.

¢ BREAEEEIMbpsh, P ERRKIES HA0m, LB E
500bpsEt, 7.5 18R AIES 4 5100m.

& 2EBESSYW Rix4|£A

CAN
U - R
OSHRA | BRI R MCU
HARERE = I R Rl ) = CAN#ZE I35
Y= Y2 CANWUK 7%

CAN_H CAN_L

CANTHMX 5 OSIZ A £ 75 JHOCPA School 2010.8.5



DeviceNet

& 5FCANH T B 355t My 3 B W b AN T A B3E Am i ) BB
AR B R R CIPHL ( Common Industrial Protocol ) ,
CIPIH LAY TTA A VAT ER:

- CIPEAE, ATFHEEE. HERFFABRGEESSE
- R RE
- % %&#3i& (Device Profile)

SRR e
e T co | AR
T BEEBREHE .
R P — ’ = | CIPRRIR
e | B R P VT 2 -
- A BV o CIPHHY
KRS P
s W
DeviceNeti#pisl
OSIHE R CANTRX
[ B |

DeviceNetl} i 5 &R sl 1% W 35 & 25 /< )i OCPA School 2010.8.5



ODevicéNetﬁ’ﬂ W, 4 SR 2k 4 Bk

DeviceNet

1R AL TH#E
SIX M E L TRERE, TAHIRFKE.

®DeviceNett W %4k T4 (Trunk Line) faX % (Drop
Line) , XL @R X & (Tap) FIWR?‘?@%}LH%J:EI s
2 vy F FH g1 BR AN
T4
\/
R Xk
\/ R

DeviceNet ¥ 2% FL A ZH f;
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FL-net

¢ FL-netZ & B KL dba, HEHRFHEAF S, BRAFHE
T, BRAIMEMI LS, HANEZEAL LA B KAt
M%LkA%Aﬁ@%%i%a H£ﬂ%ﬁﬁ

@ FL-netZ 1A Ethernetﬁﬁﬁfhiﬁé, KA RV IBI &M, B1F
ST AT EF X, %ﬁ&%k@ﬂ&%,ﬁﬁwu
A A m/’fﬁb UDP/IP+% EJ Bl Hl, FRiE T B4 & S5 B,

Fl-net#) & E454rik £ 510 Mbps.

@ Fl-netL A % &mﬁ‘$$mA W 2438 IR E L EE A FHAR
y%%%,%ﬂk%%T BAZ WYL T RARKRL,. L
’Xﬂ%%“", R KA #Y 10km

& f£FL-net¥ &LT»AE«T&&«T&PC%, PLCH=J% 5 641/04E 3k,
ﬁ%ru&# BRAER B FIRE, AlASEZERT AAKRK
RV

& ;Q&l\;sia%@ jég.dg:dd%&%% E ﬁ ) i]ﬂ%;ﬁ%}%f

/=) T\ »t.8 T
e N oy Sl YW SN 5 Rk Lo
® J-Parc. SSRFA=CSNS#=#| & 4. % H

|
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tb#5: FL-net VS. Controlnet

O =T 4% ) B & Ether LAN

O Max 255 5. ¥ B JE B R4,

O 1% A Router 7 X, 135 fE % Wﬁﬁ{’dﬂ)'&lﬁ? B =T B R o A AL B
O ML, H5PCARLE HEMMPLCEZRBET R

O B X ERE mtz

O T34 CPUAEZLMN. (FA-M3%EH )

%5 75 JiiOCPA School 2010.8.5



24 BTIME E AR E A4

O EEHALTH - NEZHYEST., KN
12 &2 545 2 ) E 48 X B, EJ}:.%' % 7
iR AZ AR E 2 VAL AN’

SBFEAE N E. BPRE %A%&gﬁﬁi%ﬁm
ByiERg, BERANE/EF BB LIS
SIBITEH AL, %%iﬂa‘%‘%%#%%\%fn\%i—ﬂa‘fﬂﬁi
K F iR E.
SE 5 R FAR G AT BB EE4Y, AL
ESEPEAHNAR T XA,

|
%575 JlHOCPA School 2010.8.5



- R R R H R

I E & RATAS AR R AAl B R & R4

\ F-EF

BT RGP G BT 142 B2
FARx; bR &, Bp AT ANedE A
% b6 e BT A AL

ENFRXEBHEZEF, ETFoHh
EREMLE ik &, §Eddnt
% SN AP AT AT B 18] 45 5,
A TFak (RIEREE ) PATHZ
3EE (RNE) .

XFF RGBT R RGP

2R & B AR B IR 49 2h RE -

T AMNs A I ns T RAIRF

L g R

BF R B 3 & G BT AE i a9 B RE R AT 4
sPEFTE 69, BPATEE (FA BNSH) &,

SR ANEFREFT, FRFFNT EFiE
AT HAZZ N EEEERIER T/ ZF X%,
BT $EAT 6 M) & R 355 T 2% R At A B R £
%,

FRRAAIMNLBEREINEAR T A%, &
ZHEAT B QP T T B AR W A P
it (time stamp) #4943 FIE @, /AL —
AEE, FRARELT 56 A4, F
P A R

|
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BT R 4

¢ EEZHREBFTHERBEARNGL R, BARFTEITREARKT IR ZL

& EXAF 2 2% E4SLS. Diamond. LCLS. SSRF. BEPCIHE A

EVG/EVR# F & it & 4.

¢ F A I Gigabitid K MY EEWL (BPIE B4FH) , BIFHL
4 % (Event Generator, EG) feE3J4 % (event Receiver, ER) #&
B A, AiEF (EG) FHHMANAE ZIAZ T34 16bit=4 4 (event

code) Ritdh&£, #HikF (ER) MEAA P IRRHF 4 2 iz 5,
O FHEAEBBANYBEAZTTAREAEL, L TAZKSBEL.

& SRS ARANTHBKRE, CINRESHDIBEGANE (LR
[ Fe Bk EFF) ik S HAE T,

HF
RiEAs

Event code

By e RS

Fan
Out

[+

. HiF
o Bllds
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i) ] & 4
53 7

@ B B F &4k ﬁﬁfé‘NM%iﬁﬁﬁﬁ
(Master) , BiEML& T #%FF5 X, @A ELEAT & (
vA ) 64 B 1) 18] [ & 34 B IR BP9 (time stamp) , & &)
BB A EPILE, AT AR ATHATAE.

O ER B FanyA X E b P E R B R L
< NTP/SNTP#L ( Al T 3R M A5 3%K )
$ GPS (2R E/L 2%, LEEH)
» PTP##L (Precision Time Protocol) , EFIEEE15881rX

I 18] [&) 25 U S0 B
SNTP/NTP GPS IEEE1588
ARIRENEE 1R/ Rt oA 653 JLANF MG
HRTT = BEEM HEV=: SR
BE JLANms <us <ps
BB BoE Gl H4HR
fE 14 0 L AEG

|
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25 LB $1EH R4

O it ARG TR BT
P IEAT 3 58 FF 3T IR 69 3 SR e R 4G
T HIA LK.

OIRI=F AT 2R EFHEEAL (Real
Time Operating System, RTOS) #j#& 52 i
SIEF A,

© 523 4

3 SR IRA B S A
SENET B0 4

B |
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2.5 i Z1ESH A %

O TAHAREFHEZATHEINT EERERAEL
ARG, ERENE G LR RS
BT, ToMEETESHL BT, MK
P18 %124 (multitasking) & %

& EHBAES I

o ESHRBATY WIS, LAFEF i8N B
COE- &7
& FMESGE R G TR —/MELIE 43 TCB EFBREHY
% 259 (task switch) 3 —/N1 4% £ 435 %]32 TCB
A2 B AT, W B —AMESTFHEEAT. T4 KA
B AT
o };ﬂ%ﬁ:}i{_—f%
BRI
& dE 5 XAESAE TR EREH A
o R FHRAELRNELAE BRAKENE
. . . A2 x
- RHBRERLT, EHOREATE AERGERE
25648 (#|dm0R %5, 2558 %1%) RRES RN
ENARTEENE
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£ 45 18] 18 42 AL
QO IEFHE T ALK

S IELHHR Y. FAANARFIAU LGIESE Zl—7 0
B A Wi B TAE

O ESHEF : ST EMNIOEE. Fi53E. CPUR

B A BB 47 L F KR 5 F

+1£5)T (Semaphore) , Al TIEHZ AR FRL)F.

S EZH44R (Shared Memory) , A FAE4Z 88 &K

CRFIHA—ANRMEER, PIABIFEAERN—RBN, AR
B — IR AL ) MR

o E B EMTFIAF], CAFIFOF X ITAE, T E2H kM EUF
AL I, BAE—NE B0 S .

B |
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2.6 42 ) AT -

OHBMFRTENRLAWY R, Eig B4 E4%
SIREN RS ERESESFBERAAYETRET,
R EZ0 B R AR BT, 1E5ARS ok FIK
) BZAE D
S T2 N R A
O = H AT F ik
S LM AT AR F E (SAISD) , XARE &)
fe BT .
@ E 3t £ 6y H- M Akt % (OOA/OOD)

|
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2.6.1 £ A4 E9IR T

® 1™ T (top-down) #75 ik
SRE: FHEIN, ES—NFEH AR
ShE: RHET A

¢ f &% L (bottom-up) &7 %
o ARA: EKRAREA  BIVA .
Sl FHHRTHLENE S, ik SHRETAT

HEKX
XA, BEARABABMEOTSEH G KRG LAALEESNF .

P TR ARG, TUARATITR (REZ) IO EA
52 A0 M 69 35 B, SEIEFRE T fe I d sbRAT AT
TRARTATHRO AL SR, KRBT A TRE T &9kt

]
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2.6.2 & B F AR T ik

¢ & &5 % (Object Oriented ) oA Faik T F ik
(OOA/O0D ) 7{:‘3 A ﬂiﬁ /}lb’fTé/J frz‘{'f‘l‘wxﬁ‘z‘/% /ﬁ'—{f};
Bl RGBT FRE T R EA.

O G A —NBRG% oK
(ob£§§ 5’? - éﬁf%ﬁ%ﬁ%ﬂﬁﬁg T?&ﬂa‘ 3:
VI %%%3%

Ot RN AFET BRAATHAH (BM) 654K,

O MW RMESN ZRENIIEL %

QLA RIAEN (MIBLM) F47h (B4E) B2, T
A R /A2 \BRIEZEG T ) APAT 7 ﬂ?ﬁlr N2y ¥
%»7‘]4% (class) .

0%}0‘?%%5}&7?\ vﬁﬁ?»ﬂ 2 X ¢4 (instance) .
O xF H 3BT BALEAZ G, H ST AR AT 2 A BAE,

|
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2.6.2 @EsT R EAR

0%*‘3{&1‘%? ( Unified Modellng Language, UML) & 4
ﬁ'l A AT A T@ﬁﬂ%%h\*}fﬁixﬁ%ﬁ% FiRA%. AT
ii%M%ﬁAﬁﬁﬂﬁ%mﬁ%Akﬁ,E%é?%lﬁ
PRI PEIFR| S 28 M
& — R EGE T BRI T

"ﬁdﬁ Xﬂ')ﬂ@'liii XNaT 2%, S Se R BIE, it
AR A éﬁﬁ-?ﬂ')ﬂ 4%]%%\7}“1’—'9@#1 }%—ﬁjﬁ "

*:03@, /\# BIART ZAEAGE, XeN B, 7%k, X%

A7 5.
SHSTAREORRMM, ELLHRD, BIEGTE, BTN
WE NI S gl o DRI 3k o W by A Rl

00

%1?%%4T7bﬁi VER M ESHE. KSEAFRRX LA,
SRIZAENTAERY, 2DMRZRAOHGERE KB IRZ LN,

Ot TIFZAGIER RGN ERE, BT LiX &2 BZI),
REZTH %%%wm%g TR RGBT HIFL. B,
B AR 'iﬁ%ﬁ% B, StFHomXics, LFE
PR A b4

00

)
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2.6.2 M &) &t 264 BAE I ) -XAL

& ) 22 9R R L R AR A XAL

@ B '+ Lty kiﬁ%ﬁnﬁ%/’)ﬂﬁﬁ‘fg X% 2
AKX BREBTAREHAOLHFARERFRT —&
RN AFES .

®LE ORNLyLBQ‘éijNSIﬁ B BT R A XALZKAF e, 0]
EA R SN RE T R BIFIERLEHN

OXALE A @@t £ 698t F ik, EMmiz BHEHY A
B &, X-FJavaid 3 sF 4 mAnik 3869 70 R4 e misk
R, RANBHFEL (eBPMF) . HIEFHIEL
M FATIRAF ZAR

® Provide on-line Model

# Virtual Accelerator

|
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Java.lang.Object

AcceleratorNode
(base class)

AcceleratorSeq

Accelerator

INIE A IR 5E R IR S5 1

T
</
")

Accelerator

Rf Cawity BPM Dipole Quad
field() xAwg() field()
phasel) yAvg() length()

KR B A XAL

F owser
Supply

I_Set()
B_Set()

%575 JlHOCPA School

Accelerator level

Sequence level

Node (device) level

Implementation
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XALFEHE 2 ”JEPICSJ} FAANNKE

Ay computer
with Java VM

GUI app framewaork

Or-line

Application lewvel

Model Lattice

¥AL “"device™
programming layer

Java Channel Access

BFM

Rf Cawity
Magnet BCM
P5s
[

. EPICS/ Accelerator
|
i Channel Access file (XML)
Real Time

Data Link (RTDL)

Accelerator
hardware lewvel

]

Beam initializatior

‘probe’ file (XML)

PV Logging (archive)
and retrival

Global
Database

—

& B35 FAE A

J T 5 20 sk Am ik 3549
LB hemksk . RN
SR FHEEMPES
EX 4

E5 RARARFEMAE
TR AEFIE ey E
Ak 5

5K BT Y I LR
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NEREY A

& hoik BZIE ) R GB K B AR S R GoE ) 6 BT A 4R,
ﬁ%ﬁﬂﬁ%ﬁi%,ﬁﬁﬁﬁ%%ﬁﬁi$%ﬁm
O 7 54T
SMTTF-F3 % %8 (Mean Time To Failure) , Z3#%
G TR 50, FTRREERTEY 24 (BPLRE
B ITHMRL) T M.

SMTTR-F 3914328 1E] (Mean Time To Repair) , Bf 2 %4
Rk F )G 6 ¥45 B R ],

v ' - v v O

SMTBF-F 3% %08 % ( Mean Time Between Failures) ,
AP ¥ KA ) 5 R EER R ZF (MTBF = MTTF +
MTTR) . A& EETRARG (FPE THEAHFEY
IEHLLES 0 A ) BT kL.

|
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TREMGEE

T ARTHY A4 & FEGTHAGHTEREE:
Sk HE (failure rate) S TRELETH R, FPAKFEYIZ
AT RGTRAAE S (B WA B, TR ER A
MTTF ) f‘/ﬂ@]’ﬁl MTTF = A__ MTTE _MTTF
/A “MTTE+MTTR _ MTBF
K ZT({T)J%({V&%I?; 2%%{’;,} 2 AGHMTTFAK, SEMTTRAL,
L%i&%éﬁ*ﬁé A — f_ %?}Eéﬁq)ﬂ }gﬁiﬁ%o
A < ZERVMTTR, TTAH B G &
S _ RN
oBlde TR EH (1-10° )
200, 0000%G s TAEE & M FTORATEE R LT A
2‘ ’ -;El:-%;}i%j‘b 10—6 /;J\ %
i, Bp-R¥)&5 R+ B A S KRR )\ = 1-A = BATHN S TR S |
8] 24 4 31, 547/ 4. B 4B ATH
< MTBF = 1/A = S 695 ATRF 1) [ iE 478718
B15 32 K 2%
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ST ERAZSKGH,E

2% 4 B K &M H 6k :Bc%’ )ﬂf‘“%—i—*%éy\i, %T’Tff—?
ARA % 5. ,J
& A4z A% (Safety-critical ¢ ;%%;{L}’ﬂ ,% %ii}& g éz’i T/l']t%ﬂi
SystemzkLife-critical system, BB T AL AN, HFER
RTEFEAEFTIKER) , 2R XEME R,
ARAZ LW Sle, RBFE o TR 7% (High-Availability,
By ZL070/ B 2R HA) 2t R AATH KRB, LA
Yo RALVEIE ®AL fods @ 3h Z iﬁ§q§}i§§. ,]z,:.al ﬂgﬂiﬁgﬁgﬁﬁ
& 24 #1%A %% (Mission- SARS, R 1011 £10° 1)
critical System, R TiE41E4 ?131(05]]"] gﬂﬁ%éﬁ%ﬂ RAXHETE
REABG) HEARARRAEZARK LA?\%E{J%%{%%HE‘H%E
TRAES, RBFEL£104/IPIE RBE THE TR
109 ef2 0], #ANGHTH . EF 10° 99.9% o/hit
'ﬁ; ;5{‘ 2% , WIZ A%, _-5. F & % 10';1 99.99%0 1:J:Hﬂ“
Ao X B H A 5 0t oo o

|
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TIRTEMREGYRERFE

® . FFibREX Z % B IEE (Fault Prevention or Fault Avoidance )
o BUGROB RO AFTEFZIIEFLEGTES. K
Pl SN ST £ ¢S 8N
& RG I 0B A
s R RGNS, IS R AT X A 0 4 A7
* RARBTERBA. FZLINEGZHRIERR, HARLEMYTRMR
s e P i i L i "
» RARIFEFRIRER kit
O AE: FEARAELAMNERIBEET T, BPAZLIE (Fault Tolerance) .
o KB A RKIERZ T4 (redundancy) .
o FEITE, IHYERTE, P TEAETRRVEESTRGRE:
S BFE) 4, Bt % AT — KA, TUAHRES#E, WA FEET
&, B HeBAZ WL P 6 TR
& A%, RABRES B EFHR AR M E (Fault Removal) , & #R$EREE.
HERERZAERNIEZFFoETIAZE RRGHEE.
#%%& (verification) =& Z %MK ZIENHNE P, RE3EPH

KTy WG IEFA M,
E%‘E (validation) Z EZAZXRNEK, RAZFFFEERREHLLERNE
AR

|
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F=F HHhXILH 2% EH

4 EPICS (Experimental Physics and Industrial
Control System ) £ % 7 #) KA 210y 32 o T b J5
B ARG, TR OERMAEGER AN TIEE
BTE K KEFE (LANL) f=F 7w B K 5£3%F (ANL) Bk
TR —Fr IR R AESKMSF O, L5 RHERLE
#% FBEMAT XR—HAQBTFL, Bk,

EPICSZ %33 T /2ty g Ak ik A R, A¥Z
244
O IRABFIR B 46

@ #: I0C database + channel access

@ ZIEE
@ ¥tk

T
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Partial List of Collaboration Members

® CHLAHRI003 NARMHZHTIEREFRA, PELETIRE, RBHEX
SR A VA R AL AL AR,
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Workstations:

BRAFAR B 45 M)

Unix/Linux Some Windows

Hp
DEC/Alpha
Silicon Graphics
PC Site LAN/WAN
OS:
e m m m

VME,VXI

PCI, Workstations
OS:

vxWorks, Unix, Windows
RTEMS, RTLinux, L4 linux
Remote and Local 1/0O Buses:

Control Net, PCI, CAN-Bus,
Industry Pack, VME, VXI, PClI,
ISA, CAMAC, GPIB, Profibus,
Bitbus, Serial, Allen-Bradley, - - -
Modbes, YoKogana. 6.3 Field 1/0 Field 1/0 Field 1/0 O
Ethernet/IP




A set of channel access EP I CS ArCh itECtu re

clients for viewing and

Modifying data

User Tools
DM/MEDM/DM2K/EDM/J
Alarm Handler / stripTool/
knobManager

DM

Channel Access Client (CAC)

Connection Server

Connection | Data Transfers

I $

Connection | Data Transfers
Channel Access Server (CAS)

—
MR
Device Support

‘Driver Support

1/O Controller




A set of channel access E P I CS ArCh itECtu re

clients for viewing and
Modifying data

User Tools
DM/MEDM/DM2K/EDM/JDM
Alarm Handler / stripTool/
knobManager

Program Interfaces
C, C++, Fortran, JAVA

ActiveX /| DDE / VisBasic

Channel Access Client (CAC)

XAL/ SDDS / SAD /
tcl / PERL / Python

A 4

IDL / Matlab / Mathematica

State Notation Lang / FSQT

Connection Server Connection | Data Transfers
{
WAN/LA al I
|
A plug-in for Connection  Data Transfers
name Channel Access Server (CAS)
resolution to a

Name Server

N /

—
DB Engine Types
Device Support

1/O Controller

/A portable channel access server that
supports the addition of any new data
sources into the EPICS environment
that is used to integrate many
different platforms

\_

)




A set of channel access
clients for viewing and
Modifying data

WAN/LAN/Local

User Tools
DM/MEDM/DM2K/EDM/JDM
Alarm Handler / stripTool/
knobManager

EPICS Architecture
[ Archive Viewing | Archive Analysis |

4_
Connection Server

A 4

Channel Access Client (CAC)

Connection | Data Transfers

$

Program Interfaces

C, C++, Fortran, JAVA

IDL / Matlab / Mathematica
ActiveX / DDE / VisBasic
XAL/ SDDS / SAD /

tcl / PERL / Python

State Notation Lang / FSQT

3

\ 4

Connection

Data Transfers
Channel Access Server (CAS)

!
‘DB Engine Types
Device Support
‘Driver Support

1/O Controller

Gateway

Including a gateway
that isolates network
traffic between
portions of the control
network




A set of channel access E P I CS ArCh itECtu e

clients for viewing and
Modifying data

User Tools

DM/MEDM/DM2K/EDM/JDM Program Interfaces

Alarm Handler / stripTool/ C, C++, Fortran, JAVA

knobManager IDL / Matlab / Mathematica
ActiveX / DDE / VisBasic

. XAL/ SDDS / SAD /
T Channel Access Client (CAC) ™ tcl / PERL / Python
Connection Server Connection | Data Transfers State Notation Lang / FSQT

$

A

3

WAN/LAN/Local

\ 4

Connection Data Transfers
Channel Access Server (CAS)

/0 Controller Gateway Portable CAS  PCAS - Windows



|OCAZ S

A Channel Access server provides connection, get, put,
and monitor services to this database

A Channel Access client provides access to processDBs
in other 10Cs

LAN l
Process Blocks are the basic elements: Al, AO, Bl, BO, Motor, CALC, PID, SUB, etc....
Process Blocks consist of fields for: SCHEDULE, 1/0, CONVERT, ALARM, MONITOR

They hold runtime values: VALUE, TIMESTAMP, ALARM CONDITION, etc....
New process block are easily added
Configured using CAPFAST, VDCT, Relational DB, Text Editor at the Host

LLoaded as ASCII records into vxWorks at boot time

All fields can be read/written through the channel access client interface during operation

N I TS
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IOC Core: Channel Access Client/Server Libraries

____

LAN/WAN TCP/IP & UDP

Client: Provides read/write connections to any subsystem on the network with a channel
access server

v A~ i

onnections to information in this
th etwork hrough hannel access client calls. The dat

f—'l-
C)

i0de to any client on
a resides here!
Services: Dynamic Channel Location, Get, Put, Monitor
Access Control, Connection Monitoring, Automatic Reconnect

Conversion to client types, Composite Data Structures
Platforms: UNIX/Linux, vxWorks, VMS (Client only), Windows NT, RTEMS, rtLinux

N —  TTTH
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Search and Connect Procedure

MEDM | [ MEDM || Client || Client || Client || MEDM
3 *.... 3. TCP Connection
Tdet's talk !
2 L!D.é'-,nepl' 1. UDP Broadcast Sequence
| have'it ! . Whohasit?
 E— I 1:' ] — 1 —
| Check | | Check | 10C I | Check |
Meterl I Power Supply I ICameraI

B ]
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EPICS# 3% &

record types
I/ signal processing | | data storage control
Al Calc Stringin DataFanout
Ao Sub Stringout Fanout
Bi PID Wavetorm Event
Bo Pal Comnress Soloet
E":E*E” “*Database=Records+ Fields+Links
1bbao :
Longin Database FyHLHk: <RecordName>. <FieldName>
Longout -RecordName & K/N5 BB,
StepperMotor FieldName LA KAE.
PulseCounter ERARESAZ, NIE{EHEVAL
PL'HCD“?’}’ .Forward link {XfXE E % BRecordName
PulseTrain
Timer **Record type define what fields
**Fields controllable
| B |
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EPICS Z3% &

& Database Definition File
LA R A 6hin T e 2 L.
*Menu
‘*Record Type
*Device
*Driver
‘*Breakpoint Table
*Record Instance

® Record Instance File
WAL @A T T ) F 65 2 X

B |
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Getting started with EPICS

€ Download EPICS 3.14.* :http://www.aps.anl.gov/epics/
¢ Install EPICS 3.14
*PC/Linux as a host and target

|| & DemandTerp Gam

| Group | Alphabetical | DED Order |

® Get a EPICS App. Template | Demand | ——rm
€ Configure DB using VDCT e WV

# Configure 10C startup script st.cmd . | ——

U5 ErCIEmand

Comment

¥ Reference: 3 EERRER -
® Record Reference Manual
€ 10C Application Developer’s Guide

B ]
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Lab

PSli

FNAL
RAL

CERN
LANL
SLAC

JLAB
ANL

BESSY

KEK
BNL

PSI
SLAC

University of
Saskatchewan

ORNL

JAEA

Machine

Cyclotron

Tevatron
ISIS
LEP
LANSCE
SLC

Cebaf
APS

Bessyll

KEK-B
RHIC

SLS

SPEARIII

CLS

SNS

J-PARC

Eriwaed | 1o e
rirsSu usceln

Operation First (Low) level sy stems

(planned)
1974

1985
1985
1988
1988
1989

1993
1997

1998

1999
2000

2000

(2003)

(2003)

(2006)

(2007)

Camac + Byte Serial Highway

Camac

Camac + Vsystem

G64+1553
Camac
Camac

Camac + Serial Highway

EPICS

EPICS+VME/68K
+VxWorks+100baseT

SBC+CAN
EPICS

EPICS+VXI/VME
VME(~185crtaes)+VxWorks+RPC

EPICS+VMEG4 X+
PPC+VxWorks+100baseT

EPICS+VME+Rtems

EPICS+SBC+Rtems
PC104+Linux+EPICS
VME 1I/0+PC cntroller

EPICS+VMEG4X/V/XI
+PPC2100+VxWorks
EPICS+PC+Windows

AB ControlLogix
PLCs+Beckhoff/FlexIO
/G3/Ethernet(Fieldbuses)

EPICS+VME
+PPC+VxWorks
EPICS+PC/Linux
PLCs+/Ethernet(Fieldbuses)

Second (Middle) level
Systems

VME + LynxOS

VME/PPC/LynxOS

EPICS+VME+VxWorks

EPICS+VME+VWorks

Cdev

N/A

PC

NA

NA

Pava

Accelerator Control Systems

B ——

Servers

DEC
Alpha/VMS

VMS
VMS
HP/HPUX
VMS
VMS

HP/HPUX
Sun

HP/HPUX

HP
Sun+Linux

PC/Linux(10)

PC/Linux

PC Linux

PC Linux

3575 JlEHOCPA School

Consoles

DEC
Alpha/VMS

VMS
VMS
HP/HPUX
VMS
VMS

HP/HPUX
Sun

HP/HPUX

HP
Sun+Linux

PC/Linux

PC/Linux

PC Linux

PC Linux
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New Developments

O 5 LI M Aottt A ARG ik X B, B3t Webit] i B xtiafz
ﬁ%%u@ﬁﬁ“&xﬂﬁ%ﬁrﬁﬁfm LR, EAmR
BARAR, BSEXTHE LR THWebBE AT IAME R

J 2 A MEPICSIEH 24P, A TWebtyitfz 42 & 445 5%,
ﬁﬂwﬁxgﬁf%ﬁﬁwaﬁim

¢ WebCA/CAML
o & —F A FBISEXMEPICS %2 R & &£ IR AF
% B £ ESNS# Tom Pelaia#t4|
o F—W B2 Web CAHEA 47 5, Web CAIEHAHEPICS i id 5 9 & 7
%A RAEJAVAR Ko L R #2480,
o H MBI NCAML, AFERRFIHEHEHE
S P, CAMLEALFTE=ZRENK, T E2RHECEIRNFREEH T
HATH— 0 T E A Et, B B3 e — 3 g 4
¢ B 3T, SNS#SLAC.E £ ) #=1% 5 CAML

B |
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2010/04/13 11:10:26 BEPCTIZ=Z 1 #2551 14)

Luminosity 222 E32/cmA2/s 2010-4-20 10:52:58 PM
Luminosity O 20 E32f’c1n”\2f’s_

. 1.8919 1.8920 S

Eergy[Gev] 1. 89 18 1. 8919
Al 467.83 486.81 Current[mA] 487. 01493. 59

Lifeti

we 163 200 ..o 1.70 2.03
Ini.Rate N NN N NN [nj.Rnt.e[lll.-*\/]llirﬂO. OO 0. OO

___ EDWSMRESW CAMLSEHLE B A
BESIII_Inner_Current Mor T 1\

— _Jhomedepie s BESIN_Cutrent.ed]
zas /A
2,33 \// \
s 2 32 VN
o 2. 30 VAN
B » .26 e
g L 1A
~/ N Jeer |/ \1.7-
T T (%% Vv Vo
3 83 835 B 838 33/ B3 631838 |22k AT

2

Tine

BESTL::WDCHY: TrnerSL_2




© TR T an i B
& 32 5 SRR AR R At 1

® console,computers/servers
¥ network, database,

@ physics application software
®devices control

€ MPS and timing

# control or data acquisition for the
target and the experimental stations will
be done using EPICS by the target
people.

@ PPS is a separate system that will be
monitored by the control system.

[ . T B |
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Controlled Devices and Points

item | Device Qt. Al AO | DI DO |WF |Other | Sum

1 Power Supply [223 (244 |244 |1195 |956 |7 / 2885

2 Vacuum 190 [400 |[200 |430 |550 |380 |30 2180

3 Injection Kicker |2 8 8 20 10 2 / 50

4 Extraction 7 14 14 20 10 14 / 79
Kicker

5 RCS LLRF 9 27 27 50 50 9 / 172

6 Beam 300 |/ / / / / / 300
Diagnostic

7 lon Source 10 30 10 28 12 / 80

8 Linac LLRF 6 6 4 16 6 / / 32

Sum 747 | 715 |505 |1805 2071 (412 5478

575 JlHOCPA School
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System Architecture

Two layer architecture

MPS \
Run Permit 0P
| T

1. OPI:
0 e e ) PC/Linux/Windows
2.10C
‘I ' VME I0C
[ 1
| | | PC/10C
PPS/IOC WPS Timing Embedded’ VMEOC POIOC Em.beddEd 1ore .
Master Master [0 : / no field bus to a third
L] * A [ [ Iayer
L ] Y - .
bLC Power Supply etc PLC extensive use:
¥ r t a field bus or serial
L L L .
. = . _ interfaces from the
Fromt End Yaccum, Injector/Extractor, LLEF etc PLC, Dhagnostics efc
lower layer to the

.
Aamnrinrmant

¢ Early IOCs :MVMES5100(PPC604) applied in the BEPCII control system.

€ The feasibility study of MVMES5500/MVME6100 running RTEMS has started
since September of 2005.

€ 10Cs will be installed for some technical systems.
€ The preferred interfaces: analogue,digital and serial (RS232, RS485 etc).

B ]
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System Architecture

@ A distributed system based on Ethernet

@ Adopt the standard two-layer architecture

+PC/Linux/Windowns as the client
+*VME IOC/PC IOC/Embedded IOC as the server.

¢ EPICS development environment.

“EPICS 3.14.9

» VxWorks 5.4.2 (used in the BEPCII, in the early
development)

» VxWorks 6.5 (expensive, under consideration)

= RTEMS (free, open-source, under study, need
powerful experts)

HEE—— T
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Feasibility Study

€ The control system conceptual design was
reviewed in the CSNS international review meeting
in May of 2007.

€ Since May of 2007, the control system has started
R&D prototype with very limited budget.

@ There were totally 5 prototypes:
A WE7000 for the injection PS control
“*An lon source control using YOKOGAWA PLC FA-M3
*» A fast waveform monitor and verifier for a dipole PS
“* Embedded ColdFire I0OC for DPSCM
“+EVG/EVR Timing.

T
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Front-end Control Interface

@ Front-end includes an ion source and LEBT. The
lon source control system is typically a single
component of the CSNS control system.

@1t includes 5 parts:

“»power supplies, vacuum, temperature measurement,
water cooling and timing.

¢ All are required to be controlled locally in the
tunnel and remotely at the central control room.

¢ The power supplies work in the high voltage
environment.

® Require the control system with high reliability
and availability.

T
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Prototype of lon Source Control

¢ A PC/Linux running softlOC exchanges the data with
PLC/CPU via Ethernet.

¢ The PLC/CPU communicates with the PLC/IO (all inputs
and outputs) modules through the FA-Bus Optical Fiber.

€ No extra electrical |solat|on between the ground and hlgh

voltage platform. R -
lon Source_HV Control T
Tlmlng/IOC Water Flow_Status Fs1 @ Fsz O Fs3 @ FsSa O |
SOftIOC OPI Gas Control wac_Hv 7 .04692-06 Torr HY_RINO @ HY_RZHO © Hv_R3nNO @
Base on VME S S IEl
Vac_LV 2.5704e-11 Torr LV _R1NO @ LV_RZNO @ LV _R3INC @&
¢ ¢ ¢ H2 Flow [o.000  sccMm 44.580 SCCM | HZ Alarm: o HZ Flow IntLok: (] L]
4
21 . 4000 V RegSta: Vac_IntLok:
ArcDcaAc P @ vm 21000 gsta: & C
Ethernet E/O cumert |1c [ap00— A |40 050 A | Lecem: © ExtOn: @ o )
BTG AC @ vim 8.5400 ¥ RegSta: @ Vac_IntLok: @
I 2.2450 A O O
i Cul t LocfRem: IntLok:
Fiber ment |ic [oo0 A m 2.1200 A
Dvolt Vrb  21.6390 v
v FA-BUS 4 FYERE ofnge [ gy |wm iy |PVVec @
5 [Frelige Pyrh 1286400 Y Exton O o
Fiber Pvc [130.00 v PYm 1273950 V l®)
-l | -
PLC/CPU PLC/IO O/E T e e
EERD 3so00 VY 18.84 v OVP_M: Ok | o
@it 4000 v Fault_M: Ok [Bemote | © <
DM Current iz.o0 A 1.5 A VI_Mode: V_mode Loc/Rem: ShubDown:
Voltage | 3500 Vv 3518 W OVP_M: Ok [iocal | [®]
ovP a0.00 ¥ (FEEIi_Ci o1 [Remote | & @
A HV Extract @ Vac_Intlok: g COver Current: @ TimingOn:
StasStop:
p O . ® Owver_Woltage: @ @]
Vvoltage| 0.000 kv Vim: -0.005 kV Status:
@ LociRem: @ @
v
Boiler 160.00 Degre 180.57 Degree Boiler_outl: @
PS V 1 t T PS t PS Temperature Transport_1 Izan 00 Degre 280.32 Degree  Transport_1_outl: O Transport_1_Out2: O
’ a Ve”e C ’ 9 €lc Switch OMIOT: L"a“jpm‘ 2 [z80.00  Degree 223: gzﬂzz Boiler_On: | 0.20 Boiler_Off: | 0.30
cr;:hoedg 254:99 Degme Tranp1_On: | 0.20 Transpl_Off: |0.30
Source Body 349.80 Degree Tranpz_oOn: [Z.00 Transp2_oOff: [3.00
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Injection Control

¢ The YOGOKAWA WE7000 measurement system is used

W

WEF121 10kHz FiG

_update |

fhome/liujia/EPICS/we7 000A,

- 0 X

Arbitrary | |

i

Mormal |

1
L

Tri

Internal I |

[
=

%10.000000
:i'II ey
i Kl Wio-p

q.30W

=

kS

25 00 Hz

internal J |
o0 ]
1020000 |
LN
PR
T
BT

n to th

hd /home(liujia/EPICS/we7000App/edm/WE7116 online.ed]

WE7116 2ch 14bit Digitiza

L

Internal _ |
Autg |
Rise ]

3% |

100000000

2ooo

=

| FETTTIEEEL

disable _J

BIEIE

I ELERUET EEE
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High Application Software

€ Adopt XAL: has been used for SNS commissioning and
operation for over four years.

® Some XAL work in CSNS has been done
«» Established XAL for the CSNS accelerator

+ Database framework of the CSNS accelerator by using
standardized rules and interfaces

* Imported most of the equipments data of the CSNS Linac
accelerator and two beam transfer lines

¢ A virtual accelerator has been successfully setup.

@ Provide a data platform for testing the XAL accelerator
physics application before the construction of the
accelerator.

@ In the future, it can be easily expanded to include all the
CSNS accelerator sections.

T
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CSNS XAL

:
&, DB2XAL - Untitled.db2xal o ||& ][ &]
File Edit View Window Help &, Virtual Accelerator - (MEBT) - Untitled.va* =l X"
File Edit Accelerator Mode View Window Hel,
Connect | | Refresh Data | Beamline ID: '
| Probe File... " Probe Editor | | Set Noise... | | Start WA, " Stop VA |
Select Sequences : B g%BéTﬁESIE Fittr: |
SEG_M Selected Saduf systzm: Mode Readhack PY Readhack Setpoint PV Setpoint
LEET = MEET_MAGQHOT MEET_MAG.QHOTE 32.0 | MEET_MAG:PS_GHO1:6_Get 320 |-
= Ceombosen i| | MEBT_MAGGVDT MEET_MAG Qv B 27.0 | MEET_MAGPS_Gv01:6_get 270
RFQ | MEET_MAG.QHOZ MEET_MAG.QHOZE 175 | MEET_MAG:PS_QHOZE_Get 175
WMEET ] MEET_MAGRVOZ MEET_MAG GVIZE 12.0 | MEET_MAG PS_Gv0ZE_get 12.0
= MEET_MAG.QHO3 MEET_MAG.QHOZE 13.620074 | MEBT_MAG.PS_QHO3E_Get 13.620074
DL Ll MEET_MAG QY3 MEET_WAG GvI36 20172160 | MEBT_MAGPS_GvVO3EB_Set 20172169 |=
oTLZ MEET_MAG:QHO4 MEET_MAG:QHO4E 24634729 | MEET_MAG:PS_QHO4E_get 24634729
OTLS MEET_MAG QY4 MEET_WAG OvI4.6 16.504729 | MEBT_MAGPS_QvO4E_Set 16.504728
= - DTL1 DTLT cavhAmpiyg 12,3864 | DTL1:AmpSet 12,3964
oTL4 ] Connectid o DTLT cavPhasedva 30.00 | DTLT Fhasegel 30,06
LRET ™ DTL_MAG GO0 DTL_MAG.GVONT B 75| DTL_MAG:PS_GvO01.6_Set 75
Ring = Adaptor (op | oTL_wac.aHaoT DTL_MAG.QHIOTE 75| DTL_MAG:PS_QHOOT:B_Get 75
Ll DTL_WAG GVO02 DTL_MAG.GVOINZ:E 75| DTL_MAGPS_GWODZE_Set 75
Ring2 v DTL_MAG:QHO0Z DTL_MAG.QHOOZE 75| DTL_MAGPS_QHODZE_Get 75
Ring3 ™ DTL_WAGGVO03 DTL_MAG.CVINZE 75| DTL_MAGPS_oVOD3E_Set 75
- = DTL_MAGQHO03 DTL_MAG.QHOO3E 75| DTL_MAGPS_QHO03E_Get 75
Ring4 ¥ DTL_MAG: W04 DTL_MAGOVIO4E 75| DTL_MAGFS_Qvi04E_Set 75
RETET v DTL_MAG:GHO04 DTL_MAG.QHO04E 75 | DTL_MAG:PS_QHO04E_Get 75
— DTL_MAG GVO05 DTL_MAG.GVONE B 75| DTL_MAGPS_GWO05.6_Set 75
DTL_MAGQHI05 DTL_MAG.QHOO5E 75 | DTL_MAGPS_QHO05.E_Get 75
DTL_MAG GVO0E DTL_MAG.CVONE B 75| DTL_MAGPS_GWO0GE_Set 75
DTL_MAG QHO0E DTL_MAG.QHOOEE 75| DTL_MAGPS_QHODGE_Get 75
</ cambozeq)] | DIL_MAG:QVODT DTL_MAGCVINTB 75 | DTL_MAGPS_oWO0T.B_Set 75
{eomboseq i | DIL-MAGQHOOT DTL_MAG.QHOOTE 7.4 | DTL_MAG:PS_QHO0T:E_Set 75
DTL_MAG GVO0E DTL_MAG.GVONEE 75| DTL_MAGPS_OvO0G.E_Set 75
DTL_MAG:QHO0S DTL_MAG.QHODSE 75 | DTL_MAG:PS_QHO0S:E_Get 75
DTL_MAG GvO0S DTL_MAG.GVONSE 75| DTL_MAGPS_GvOD9.E_Set 75
DTL_MAGQHNg DTL_MAG.QHOOSE 75| DTL_MAGPS_QHODS.E_Get 75
DTL_MAGGVOTD DTL_MAG.GVI1 0.6 74| DTL_MAGPS_GvO10:6_Set 75
“feomboseq DTL_MAG QHOTD DTL_MAGQHD1 0B 75| DTL_MAGPS_QHOT0E_Set 75
| | DTL_MAG:.@vOT1 DTL_MAG:GVIT1:B 75 | DTL_MAGPS_oWO11:EB_Set 75
“zequence il CHTL_MAG.GHOTI DTL_MAG.GHOT1 6B 75| DTL_MAGPS_QHO11:6_Get 75
Sel Lot el CETL_MAGGVOT2 DTL_MAG.GVI1 2.6 75| DTL_MAGPS_GWO126_Set 75
“sequen| [(DTL_MAG:QHD12 DTL_MAG:QHITZE 75 | DTL_MAG:PS_QHO1Z:E_Get 75
“fatiribut] [BTL_MAG:QVD13 DTL_MAG.GVI1 3.6 75| DTL_MAGPS_GWO136_Set 75
Generate XDXF Save “node typ| [DTL_MAGGHO13 DTL_MAG.QHOT36 75 | DTL_MAGPS_QHO13:6_Get 75
“fsequence | [ DTL_MAG.GYO14 DTL_MAG.GVI1 4.6 75| DTL_MAGPS_GvO14E_Set 75
zeamancs | OTL_MAGQHOT4 DTL_MAG.GHOT4E 75| DTL_MAGPS_QHO14.E_Get 75
. . ) DTL_MAGOVOT5 DTL_MAG:OVI15:E 75 | DTL_MAGPS_OWO15E_Set 75
Database Status: Application are trying to connect) - 5r G anors DTL_MAG:QHO158 7.5 | DTL_MAG:FS_QHOT5E_get 75 |
DTL_MAGGVITE DTL_MAG.GVI1 6.6 7.5 | DTL_MAGPS_GWO16:6_Set 75 |-
I e D]
Pz W
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Topology of the Control System Network

RF() Local Station @ @ @ @
MEBT L sl
i S Acq.,e]t:ru[ur
Local Station
-~

el =t

1000M Y ET

10OM AW £ 2k

lon Local
Station

7 Ring Accelerator
— Local Station

& &5 & F'OF

¢ 100Mbit switched Ethernet with a Gigabit switched Ethernet backbone.

€ EPICS CA gateway for the different IOC PV access and effective
management of traffic and security.

T TTTITNS B ]
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