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2: EPICS OPI ,

IOC ,

,

, , ,

4 EPICS

1960

,

1980 ,

,

,

• EPICS [3]

• MADOCA [4]

• TANGO [5]

• LabVIEW [6]

• Vsystem [7]

, J-PARC

EPICS

Experimental Physiscs and Industrial Control

System (EPICS) , -

1988

,

VxWorks

,

• Linux mac OS Unix OS

• Microsoft Windows

• VxWorks, RTEMS OS

, OS

Unix OS Linux

, Intel x86 64/x86 ARM

PowerPC , CPU

EPICS ,

EPICS ,

• J-PARC, KEK Linac, SuperKEKB,

RIBF

• ESS, DLS, FRIB, SNS

• : ITER, IFMIF-EVADA

• KECK

• KAGRA, LIGO
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• I/O
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–
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•
•

EPICS ,

OPI,

I/O Controller (IOC)

2 EPICS , OPI IOC

OPI GUI ,

Python ( PythonCA [8] Python

module ) SAD [9]

, C C++

Java Matlab, LabVIEW

EPICS

4.1 I/O Controller (IOC)

EPICS , I/O

Controller (IOC) IOC

, EPICS

Channel Access (CA)

,

• PCI Express, VME, CAMAC, GPIB

• SPI, I2C, GPIO

• RS-232C, RS-485

• USB

• HTTP, telnet, VXI-11 [10]

TCP/IP

• TCP/IP

, IOC

I/O , CA

CA

,

I/O

4.2 EPICS Database

EPICS Process Variable (PV)

IOC EPICS

Databse ,

PV

PV

,

• longin, longout:

• ai, ao: ( )

(ADC )

• bi, bo: On/Off OK/NG , 2

• stringin, stringout:

,

:

• calc: PV

, ,

,

• dfanout: PV

• histogram: PV

,

EPICS Database

PV , field I/O

, ,

1 , EPICS Database

, On/Off

On/Off PLC

CPU Yokogawa linux CPU

F3RP71/F3RP61 , CPU

IOC

1: EPICS Database

# MR 16

# On/Off

# #

# bo
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•
•

EPICS ,

OPI,

I/O Controller (IOC)

2 EPICS , OPI IOC

OPI GUI ,

Python ( PythonCA [8] Python

module ) SAD [9]

, C C++

Java Matlab, LabVIEW

EPICS

4.1 I/O Controller (IOC)

EPICS , I/O

Controller (IOC) IOC

, EPICS

Channel Access (CA)

,

• PCI Express, VME, CAMAC, GPIB

• SPI, I2C, GPIO

• RS-232C, RS-485

• USB

• HTTP, telnet, VXI-11 [10]

TCP/IP

• TCP/IP

, IOC

I/O , CA

CA

,

I/O

4.2 EPICS Database

EPICS Process Variable (PV)

IOC EPICS

Databse ,

PV

PV

,

• longin, longout:

• ai, ao: ( )

(ADC )

• bi, bo: On/Off OK/NG , 2

• stringin, stringout:

,

:

• calc: PV

, ,

,

• dfanout: PV

• histogram: PV

,

EPICS Database

PV , field I/O

, ,

1 , EPICS Database

, On/Off

On/Off PLC

CPU Yokogawa linux CPU

F3RP71/F3RP61 , CPU

IOC

1: EPICS Database

# MR 16

# On/Off

# #

# bo

record(bo, "MRMAG:OCTPS_016:OPE:OUTPUT ")

{

# DTYP I/O

field(DTYP , "F3RP61 ")

# PLC

# , ,

field(OUT , "@U0 ,S5 ,Y3")

# 0 1

field(ZNAM , "OFF")

field(ONAM , "ON")

}

# bi

record(bi, "MRMAG:OCTPS_016:RB:OUTPUT ")

{

field(DTYP , "F3RP61 ")

# PLC

# , ,

field(INP , "@U0 ,S4 ,X3")

# 0.5

field(SCAN , ".5 second ")

field(ZNAM , "OFF")

field(ONAM , "ON")

}

4.3 Channel Access

EPICS Channel Ac-

cess (CA) , TCP UDP 5064

5065 CA EPICS

IOC

, CA EPICS

IOC CA ,

I/O IOC

IOC PV , CA

PV ,

PV

IOC

UDP

PV

PV

, PV IOC

, TCP IOC

IOC

,

IOC

2 EPICS

, 3

2: (1)

% caget MRAMG:OCTPS_016:RB:OUTPUT

MRAMG:OCTPS_016:RB:OUTPUT OFF

3: (2)

% caput MRAMG:OCTPS_016:OPE:OUTPUT ON

Old : MRAMG:OCTPS_016:OPE:OUTPUT OFF

New : MRAMG:OCTPS_016:OPE:OUTPUT ON

4.4 EPICS GUI

EPICS ,

OPI

OPI , GUI

GUI ,

GUI ( ,

, , )

, PV

GUI

• EDM [11]

• MEDM [12]

• Control System Studio (CSS) [13]

3 , CSS

GUI , J-

PARC MR X Window System

EDM MEDM PV

Strip Tool [14] ,
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3: CSS

4: EDM , MR

EPICS ArchiveViewer [15] , Web

[16, 17]

1

, ,

, GUI

4, 5, 6 EDM, MEDM, Strip

Tool MR

MR EDM MEDM

,

, ,

5: MEDM , J-PARC

6: Strip Tool MR

80

,

,

[18]

, ,

,

CSS

CSS GUI

, EPICS

DESY ,

CSS

Eclipse

, Linux, mac OS, Windows
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3: CSS

4: EDM , MR

EPICS ArchiveViewer [15] , Web

[16, 17]

1

, ,

, GUI

4, 5, 6 EDM, MEDM, Strip

Tool MR

MR EDM MEDM

,

, ,

5: MEDM , J-PARC

6: Strip Tool MR

80

,

,

[18]

, ,

,

CSS

CSS GUI

, EPICS

DESY ,

CSS

Eclipse

, Linux, mac OS, Windows

1: GUI

PV

CSS yes yes yes
EDM yes no no
MEDM yes yes no

Strip Tool no yes no
ArchiveViewer no no yes

Web Interface no no yes

CSS ,

• GUI : BOY

– Python JavaScript

• ,

: Data Browser

–

PV

• : BEAST

•
•

CSS

, CPU

,

CSS PC 64bit CPU 8 GB

7 CSS

J-PARC MR

CSS EDM MEDM

CSS EDM MEDM

GUI

4.5

EPICS , PV

• Archiver Appliance [19]

• CSS Archiver (RDB Channel Archiver) [20]

• Cassandra PV Archiver [21]

• Channel Archiver [22]

,

(a) PV

, (b)

, PV

Channel Archiver

,

• 2007 , C++

• 32bit

– 2GB ,

• XML-RPC

–

– XML-RPC

CSS Archiver Channel Archiver

,

• CSS 1

• RDB (Oracle, MySQL,

PostgreSQL )

–

– Channel Archiver

(J-PARC MR ,

5 )

– ,

RDB
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(a) J-PARC (b) MR

(c) MR , 3 (d)

7: CSS J-PARC MR

2016

, 2017

InfluxDB

,

Archiver Appliance [19] 2015 ,

,

•
•
•

• / / 3

• Channel Archiver

• Channel Archiver Archiver Ap-

pliance

[23, 24]

8: Archiver Appliance

8 Archiver Appliance

Google Proto-

col Buffers

Archiver Appliance PV

,

,

Archiver Appliance

,

,



９－ 9

(a) J-PARC (b) MR

(c) MR , 3 (d)

7: CSS J-PARC MR

2016

, 2017

InfluxDB

,

Archiver Appliance [19] 2015 ,

,

•
•
•

• / / 3

• Channel Archiver

• Channel Archiver Archiver Ap-

pliance

[23, 24]

8: Archiver Appliance

8 Archiver Appliance

Google Proto-

col Buffers

Archiver Appliance PV

,

,

Archiver Appliance

,

,

9: Archive Viewer 2010

2017 MR

• SSD,

HDD, NAS

• ,

, ,

Archiver Appliance ,

Data Retriever HTTP

PV , ,

Data Retriever

URL URL

• JSON

•
•
• CSV

• MATLAB

,

,

•

10: Archiver Appliance

web

•
• ,

•
•
• ,

Archiver Appliance

,

• CSS ( 7)

• Archiver Appliance Java Archive

Viewer [25] ( 9)

• web [26] ( 10)

J-PARC MR ,

2007 2017 Channel Archiver

24000 ,

1.3 TBytes/year

Channel Archiver

, 2015 Channel Arvhiver

CSS Archiver ,

CSS Archiver CSS

Archiver
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, 2017

Archiver Appliance

[27] 2017 7

Channel Archiver CSS

Archiver 2018 1

2007 2017 Channel Archiver

Archiver Appliance

, Arhciver Appliance

5 J-PARC

,

• / De Facto Standard

• /

• /

• /

• /

• /

,

,

,

,

,

J-PARC( MR) ,

,

5.1

,

• , UTP

• Ethernet

• TCP/IP

11 J-PARC

, 12

11: J-PARC

12: J-PARC

[28]

LI, RCS, MLF MR 3

(MR-D3)

10Gbps

, ,

,

13

2 , J-PARC

2011 , J-PARC

10

2016

2011 2013 ,

29

2013 , 2007

2008
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, 2017

Archiver Appliance

[27] 2017 7

Channel Archiver CSS

Archiver 2018 1

2007 2017 Channel Archiver

Archiver Appliance

, Arhciver Appliance

5 J-PARC

,

• / De Facto Standard

• /

• /

• /

• /

• /

,

,

,

,

,

J-PARC( MR) ,

,

5.1

,

• , UTP

• Ethernet

• TCP/IP

11 J-PARC

, 12

11: J-PARC

12: J-PARC

[28]

LI, RCS, MLF MR 3

(MR-D3)

10Gbps

, ,

,

13

2 , J-PARC

2011 , J-PARC

10

2016

2011 2013 ,

29

2013 , 2007

2008

(a) (Extreme Black Diamond 8900)

(b) (Extreme Summit X460-48t)

13:

2014 ,

2014 2016 , 2

23

,

2016

,

,

• GBIC

•

,

J-PARC

Class-A , VLAN

, MR

,

LI RCS

2: J-PARC

13
Linac 83
RCS 39
MR 9
MLF 56
HD 2
NU 2
L3BT, 3NBT 48

, MR

,

MR ,

IOC

1

, 2

2

1 , 2, 3

,

,

Class-A IP

IOC

, IP

5.2 OS

,

•
•
•
• ,

, Unix OS

J-PARC MR ,

Scientific Linux (SL) [29] SL
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3: SL ( )

RHEL

SL4 2005-04-20 2005-02-14 2012-02-29
SL5 2007-05-14 2007-03-14 2017-03-31
SL6 2011-03-03 2010-11-10 2020-11-30
SL7 2014-10-13 2014-06-10 2024-06-30

Linux RedHat

Enterprise Linux (RHEL) ,

10

3 SL

MR 2007

[30], SL5

SL4 2012 ,

• SL4

• SL4

, 5 SL6

SL4 ,

,

, ,

,

,

,

SL6 SL4 ,

OS Extra Pack-

ages for Enterprise Linux (EPEL)

,

, Software Collection

, SL

SL6 6

OS

5.3 IOC

J-PARC MR

,

• ,

• ,

• PLC

, FPGA

,

PLC ,

,

ADC ,

VME

J-PARC

, IOC VME

(Single Board Computer;

SBC)

MR ,

,

, IOC 2018 7

, MR IOC 4 ,

MR IOC

5

5.3.1 VME SBC

VME-SBC J-PARC MR

2007 [31] 14
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3: SL ( )

RHEL

SL4 2005-04-20 2005-02-14 2012-02-29
SL5 2007-05-14 2007-03-14 2017-03-31
SL6 2011-03-03 2010-11-10 2020-11-30
SL7 2014-10-13 2014-06-10 2024-06-30

Linux RedHat

Enterprise Linux (RHEL) ,

10

3 SL

MR 2007

[30], SL5

SL4 2012 ,

• SL4

• SL4

, 5 SL6

SL4 ,

,

, ,

,

,

,

SL6 SL4 ,

OS Extra Pack-

ages for Enterprise Linux (EPEL)

,

, Software Collection

, SL

SL6 6

OS

5.3 IOC

J-PARC MR

,

• ,

• ,

• PLC

, FPGA

,

PLC ,

,

ADC ,

VME

J-PARC

, IOC VME

(Single Board Computer;

SBC)

MR ,

,

, IOC 2018 7

, MR IOC 4 ,

MR IOC

5

5.3.1 VME SBC

VME-SBC J-PARC MR

2007 [31] 14

4: 2018 7 , J-PARC MR IOC

CPU

PiNON Type-P 29
Celeron J1900
2.0–2.42 GHz

8 GB SSD

Virtual IOC 33 – 0.5–1 GB HDD

Abaco V7865 VME SBC 1
Core Duo T2500

2 GHz
3 GB PXE

Abaco V7807RC VME SBC 13
Pentium M
1.8 GHz

1–1.5 GB PXE

Sanrits SVA041 VME SBC 24
Celeron M
600 MHz

512 MB PXE

Abaco VME-7700RC VME SBC 25
Celeron M
400 MHz

512 MB PXE

Yokogawa F3RP61-2L PLC-CPU 63
MPC8347
533 MHz

128 MB CF

Yokogawa F3RP71-2L PLC-CPU (1)
ARM A9

866 MHz ×2
1 GB SDHC

5: MR IOC

VME SBC PLC-CPU

2008 ∼80 – – –
2011 ∼90 ∼30 – –
2013 ∼90 ∼40 ∼30 –

2016 6 79 45 25 11
2018 7 63 63 33 29

VME SBC 2018 7 , 63

VME SBC IOC

VME , Intel CPU

PC/AT IOC

CPU 4

VME IOC

25 VME-7700RC , VME

[32] ,

VME SBC

Ethernet

, VME

MR ,

9U VME 6

VME 3 ,

IOC

, VME SBC 1

9U 3

IOC MR

,

• VME IOC

• 19 VME

,

• 1 IOC

• 1 VME 2

VME SBC
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14: MR VME-SBC , 6

3 VME VME SBC

VME , 2

Ethernet

, VME

, IOC ,

, CPU

IOC IOC

, VME

2011 , J-PARC

, 2007 VME SBC

, 2014

VME VME SBC

, 2015

DRAM

DRAM

,

,

, 2–3 ,

10

, 2011 2017 32

2007

VME SBC

, ,

,

2014 VME SBC

3, 4

15: F3RP71

, F3RP71, 3 I/O

,

5.3.2 PLC-CPU

2009 , PLC CPU

OS Linux Yokogawa

F3RP61 [33] 15

F3RP71 I/O

F3RP61 IOC , EPICS

PLC I/O

[34] , MR

60 F3RP61 , F3RP71

,

1 F3RP61

5.3.3 IOC

2010 Blade

IOC [35, 36]

IOC ,

VME SBC

,

CPU IOC
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14: MR VME-SBC , 6

3 VME VME SBC

VME , 2

Ethernet

, VME

, IOC ,

, CPU

IOC IOC

, VME

2011 , J-PARC

, 2007 VME SBC

, 2014

VME VME SBC

, 2015

DRAM

DRAM

,

,

, 2–3 ,

10

, 2011 2017 32

2007

VME SBC

, ,

,

2014 VME SBC

3, 4

15: F3RP71

, F3RP71, 3 I/O

,

5.3.2 PLC-CPU

2009 , PLC CPU

OS Linux Yokogawa

F3RP61 [33] 15

F3RP71 I/O

F3RP61 IOC , EPICS

PLC I/O

[34] , MR

60 F3RP61 , F3RP71

,

1 F3RP61

5.3.3 IOC

2010 Blade

IOC [35, 36]

IOC ,

VME SBC

,

CPU IOC

16: 19

, VME SBC

, Blade

[37] MR , 33

IOC

5.4 PiNON Type-P

VME-SBC IOC ,

IOC 2015 PiNON
R⃝ Type-P [38]

, Intel CPU

PC/AT 16

VME SBC IOC

, IOC

VME SBC , CPU

,

, VME NIM

IOC

, IOC

19

2U 5

9U

3 VME SBC

IOC

2018 8 29

, 1

SSD

VME

SBC , VME

9U 6

3 VME 4∼5

VME

5.5

MR ,

•
•

, IBM/Lenovo Blade-

Center HS20 HS21 ,

HP Compaq Thin Client t5720

t5730 GUI

X Window System EDM

MEDM ,

• GUI

X

•

,

5.5.1 Blade

MR IBM/Lenovo Blade-

Center 17 Blade

2007 5 HS20 , MR

2008 ,

RCS Blade



９－ 16

6: Blade

CPU

HS20
Xeon

2.8 GHz
2 1 GB

HS21
Xeon 5110/5160
1.6 / 2.0 GHz

4 2 GB

HS21a
Xeon E5405
2.0 GHz

8 16 GB

HS22
Xeon E5505
2.0 GHz

4 20 GB

HS22a
Xeon X5690

3.46–3.74 GHz
12

(24 threads)
24 GB

HS23
Xeon E5-2630v2
2.6–3.1 GHz

6
(12 threads)

8 GB

HS23e
Xeon E5-2470
2.3–3.1 GHz

8
(16 threads)

48 GB

17: Blade

15 2011 Blade

,

IOC MR [35, 36]

2012 Blade 24 [37]

8 Blade

(RDB, ldap, dhcp, Channel Archiver

) , Blade

3

2014

HS20, HS21, HS21a HS23e

, 6

Blade , 7

Blade (

)

Blade

2016

BladeCenter ,

IOC

, 2014

Thin Client NUC ,

Blade

,

5.6

HP Compaq Thin

Client t5720 t5730

MR Thin Client X

,

SL4 Thin

Client 8 , 18

MR 20 Thin Client

Thin Client

, 1

Thin Client
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6: Blade

CPU

HS20
Xeon

2.8 GHz
2 1 GB

HS21
Xeon 5110/5160
1.6 / 2.0 GHz

4 2 GB

HS21a
Xeon E5405
2.0 GHz

8 16 GB

HS22
Xeon E5505
2.0 GHz

4 20 GB

HS22a
Xeon X5690

3.46–3.74 GHz
12

(24 threads)
24 GB

HS23
Xeon E5-2630v2
2.6–3.1 GHz

6
(12 threads)

8 GB

HS23e
Xeon E5-2470
2.3–3.1 GHz

8
(16 threads)

48 GB

17: Blade

15 2011 Blade

,

IOC MR [35, 36]

2012 Blade 24 [37]

8 Blade

(RDB, ldap, dhcp, Channel Archiver

) , Blade

3

2014

HS20, HS21, HS21a HS23e

, 6

Blade , 7

Blade (

)

Blade

2016

BladeCenter ,

IOC

, 2014

Thin Client NUC ,

Blade

,

5.6

HP Compaq Thin

Client t5720 t5730

MR Thin Client X

,

SL4 Thin

Client 8 , 18

MR 20 Thin Client

Thin Client

, 1

Thin Client

7: Blade

MR MR
RCS

2008 HS20 ×4 HS21 ×9 - HS21 ×2

2012 HS20 ×2
HS21 ×8
HS22 ×2
HS22a ×1

HS22 ×6
HS21 ×3
HS22 ×2

2014
HS20 ×1
HS21 ×1

HS21 ×6
HS22 ×2
HS22a ×1
HS23e ×2

HS22 ×6
HS23e ×1

HS21 ×3
HS22 ×2

2018
HS22 ×1
HS23e ×1

HS23e ×5
HS22 ×4
HS23e ×4

HS21 ×1
HS22 ×2
HS23 ×2

8:

CPU GPU

Intel
NUC5i5MYHE

Core i5-5300U
2.3–2.9 GHz

8–32 GB
Intel

HD Graphics 5500
SSD

Intel NUC
DC53427HYE

Core i5-3427U
1.8–2.8 GHz

8 GB
Intel

HD Graphics 4000
SSD

HP Compaq
t5730 Thin Client

Sempron 2100+
1 GHz

512 MB
Matrox

EpicA TC2 / TC4
PXE

HP Compaq
t5720 Thin Client

Geode NX 1500
1 GHz

512 MB
Matrox

EpicA TC2 / TC4
PXE

,

Thin Client GPU

, 2009

, SL6 Thin Client

2012 SL

SL4

, SL6

2013 Intel NUC

, 2014 5

Intel NUC [39]

NUC Intel PC ,

Thin Client ,

HD 3

MR 1 NUC

2 HD , J-PARC

Thin

Client X

Blade

, NUC Blade CPU

, ,

NUC

, MR

CSS

Blade NUC

, Blade

CPU , NUC

, MR

NUC
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18: HP Compaq t5730 ( ) , Intel NUC

( )

1

,

, MR

1∼2 NUC

,

2014 1

, 2014 7

MR

, 20

Thin Client 22 NUC

2018 8 35 NUC

2 , 3

SSD ,

6

, ,

, ,

,

,

,

25

,

[1] ICALEPCS,

https://www.icalepcs.org/

[2] B. Kuiper, “Issues In Accelerator Con-

trols”, Proceedings of ICALEPCS 91,

KEK, Tsukuba, Japan, pp.602 (1991)

[3] EPICS - Experimental Physics and Indus-

trial Control System,

http://epics.anl.gov/

[4] MADOCA ,

http://www.spring8.or.jp/ja/about_

us/manage_structure/jasri/control_

system/madoca/

[5] TANGO Cotrols,

http://www.tango-controls.org/

[6] LabVIEW,

http://www.ni.com/ja-jp/shop/

labview.html

[7] Vista Control Systems,

https://www.vista-control.com/

[8] PythonCA; https://pypi.python.org/

pypi/PythonCA/

[9] SAD - Strategic Accelerator Design,

http://acc-physics.kek.jp/SAD/

[10] LXI and VXI-11,

http://www.lxistandard.org/about/

vxi-11-and-lxi.aspx

[11] EDM - Extensible Display Manager,

http://ics-web.sns.ornl.gov/edm/

edmUserManual/

[12] MEDM - Motif Editor and Display Man-
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