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Abstract

Fusion plasma experiments require the concurrent acquisition and processing of relatively
high-granularity plasma diagnostic data observed over long time series using various types
of measuring equipment. In addition, the stored data tend to be accessed in a random order
even in the statistical analyses of experimental data. Therefore, a diagnostic data processing
system for fusion experiments must be equipped with specialized data handling functions in
contrast to experiments or observations in other fields that acquire large volumes of data.

The recent rapid advances in semiconductor and high-temperature plasma diagnostic tech-
nologies have resulted in a growing need for data acquisition systems to deal with higher-
speed and larger-volume data processing. From the initial planning stages, the Large Helical
Device (LHD) was expected to handle approximately 600 MB of diagnostic data per dis-
charge, and was required to achieve double-digit performance improvements over existing
data acquisition systems. Meanwhile, fusion devices that apply superconducting magnets,
such as LHD and Wendelstein 7-X in Germany, have been established in various parts of
the world to perform steady-state plasma experiments. Thus, the data acquisition systems
in fusion experiments are now required to make steady-state real-time operations possible,
although legacy batch processing operations were sufficient in short pulse experiments.

In this study, a data acquisition system based on new concepts has been developed to pro-
vide a solution for two major requirements, larger data volume with higher speed processing
and real-time operability, confronting fusion diagnostics. Verification was performed by im-
plementing this system and also putting it into practical use for LHD.

To handle the increasing volume of diagnostic data, which has already multiplied by one
hundredfold, there will be limits in reducing system performance degradation by I/O over-
concentration even by extending the conventional centralized processing architecture that
makes intensive use of computing resources. Therefore, both migration to a large-scale par-
allel distributed-processing architecture that can flexibly increase or decrease the 1/O per-
formance and thorough decentralization by functional distribution based on the client/server
model, system separation between data acquisition and diagnostic device control, and strat-
ification of data storage are essential to realize long-lived system flexibility and scalability
into the future.

The object-oriented method (OOM), which provides independence among all functions
and their autonomous programming, is becoming more widely applied for the development



of distributed systems. On the other hand, there are some concerns regarding the 1/O perfor-
mance deterioration by the inherent redundancy and process overhead in OO systems. In the
data acquisition and processing systems for fusion experiments, therefore, there have been
no previous attempts to reform an existing system completely. However, verification of the
development along OOM was urgently required even in this field for large-scale distributed
system development, because the established technique, which attempts to increase efficiency
by work concentration, is becoming ineffective in large-scale distributed system development
and OOM will improve both the prospect of the entire system and development efficiency.
Moreover, to provide scalable I/O performance to a large working system, such as LHD, it
is crucial to decide not only whether the development will be made along the new OOM
paradigm, but is also necessary to know how far the performance can be improved in each
function.

As a result of improvements in the complete system distribution in LHD development,
the acquisition element, which is the system’s minimum unit, has become very compact and
even portable. A scalable distributed acquisition system that can deal with from small to large
scale configurations has been realized simply by changing parallel number without affecting
the entire system. These characteristics have provided full capabilities in expanding and
reinforcing LHD diagnostics, and the amount of acquired data doubled each year for four
consecutive years since the experiment began. In the fifth year, 740 MB/shot diagnostic data,
which is much higher than the original plan, could be processed in intervals of only three
minutes. The stored data amount, 0.15-0.2 TB/day, is one order of magnitude larger than
those of other currently running experimental devices, and is the best in the world.

As /O performance is the most important factor in a data processing system, some im-
provements for better throughput have been applied to compensate for redundancies in the
OO0 system. A loss-less compression library was built in for immediate raw data compression
to reduce the handling size, and the I/O port utilization efficiency has been improved using
multithreading techniques. Replacement of the data storing object-oriented database man-
agement system (ODBMS) with a higher-speed system yielded throughput of 0.7-1 MB/s,
which is almost the performance limit of CAMAC-related data acquisition, compression, and
storage.

For message passing to synchronize the distributed acquisition servers with the experimen-
tal sequence, the first planned middleware that provided the virtual object sharing space was
shown to raise the processing load markedly with increases in the number of Ad®s (

Thus, an original network API (Application Program Interface) that internally uses a light-



weight TCP/IP socket was developed and implemented. Similarly, in data retrieval from the
ODBMS, a new dedicated network API that changes the two-tiered client/server structure
into a three-tiered structure to reduce network traffic, was implemented to improve transfer
speeds. For data retrieval and transfer, the response of the latest data accessed most fre-
guently was improved with both the implementation of a dedicated data location information
server using RDBMS and caching the most recent data in the shared region of main mem-
ory until the next experiment. This construction and practical use of a huge virtual ODBMS
space enabled by a combination of these corresponding methods for distributed storage can
be considered as new knowledge in OOM.

The online data storages are separated into three layers by data age; short, medium, and
long-term, in each of which random access recording media of an appropriate speed perfor-
mance has been used. This provides a very high speed and smooth data retrieval environment
at all times, in which the fundamental I/O rate is typically a little under 2 MB/s and the diag-
nostic data restoration rate is up to 25 MB/s on the client computers. The hierarchical storage
structure and mutual data migration between them naturally provide some disaster recovery
functionality.

In respect of program development and improvement of its efficiency, UML (Unified Mod-
eling Language) was employed throughout the specification analysis and design phases, and
also an ODBMS was used to reduce the production burden of data I/O procedures. These
efficiency enhancements of OOM-unified development have enabled the construction of a
larger-scale distributed system with the same development effort. In addition, both the in-
teractive data language (IDL) tool and the data retrieval interface were used as the end user
development (EUD) environment, and it enabled the opening up of data analysis and display
development on the user side. This was based on the OOM guidelines of autonomous de-
scription of each process, which reduces the large workload that results from user interface
development, and significantly improves system-side development. In addition, the end user,
who previously could only use the data, can now easily make their own procedures of data
analysis and display.

The biggest issue for the real-time operation is that non-stop continuous acquisition re-
quires a speed of several dozens or 100 MB/sec for one multi-channel measurement of typ-
ically about 50 channels. This is because MHD fluctuatiens KHz) of high-temperature
plasmas are quite significant in fusion plasma diagnostics, and the sampling rates cannot be
reduced even if the experiment runs for a longer time. As the CAMAC digitizer, which is
still used as the main force in this field, has no substantial capability of real-time processing,



both high-speed digitizers and dedicated program development were required to achieve an
ultra-wideband data acquisition system with00 MB/sec real-time transfer, which is never
attained in fusion experiments. This new digitizer system has to act as a readily expandable
modular front-end that can easily increase the accommodating channels, such as CAMACs,
and also have capabilities to partly replace the CAMACSs for large-scale parallel distributed
configuration or mixed usage.

In this study, ADC modules based on the CompactPCI standard were used because they are
quite compatible with the small computers required for a large-scale distributed configuration.
Parallel distributed processing programs that enable high-speed real-time data acquisition
have been successfully developed and verified ahead of other fusion activities. This system
achieved continuous data acquisition, transfer, and storage of 80 MB/sec for one front-end,
and, for the first time in the field of fusion experiments, demonstrated continuous acquisition
of high-speed+{1 MHz) multi-channel data without reducing sampling speed or thinning out
of the samples.

This allows real-time measurement for feedback control and high-speed data acquisition
for plasma physics, which was previously performed by dividing the same measurement sig-
nal into two, to deploy into one ultra-wideband real-time acquisition system. It also con-
tributes to a new computing system design for future fusion experiments. Combined with
the mixed usage of existing CAMAC and middle-speed digitizers with the new ones, it will
allow the development of high cost-performance systems applicable for use in steady-state
experiments.

The OOM-unified development of the data processing system including ultra-wideband
real-time acquisition is the first case confirming the development paradigm shift in the field
of fusion experiments. LHD’s large-scale distributed system achieved by the improved devel-
opment efficiency of OOM also demonstrates pioneering performance and data acquisition
rates one-digit higher than those of any other device currently in use throughout the world.
The field of multimedia computing, such as sound and motion image recording and delivery,
which has expanded dramatically in recent years, uses very similar technology to fusion data
processing systems for data generation, retrieval, and granularity. New roll-outs of knowl-
edge exchange of such technologies between both fields in future can be expected, including
high-performance system technologies produced by this research.
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LHD's long-pulse experiments.
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Figure 2.1: Typical GPIB connection between the controller and equipments
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Table 2.1: CAMAC Standards
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Table 2.2: Backplane and bus standards of VMEbus and CompactPCI.

bus clock max. throughput max. # slots  bus width
VME 10MHz 40 MB/s (32-bit) 21 32-bits
VMEG64X 10MHz 160 MB/sec (64-bit) 21 32 or 64-bits
VME320 20MHz 320 MB/sec (32-Bit) 21 32-bits
CompactPClI 33MHz 264 MB/s (Rev.2.1) 8 32 or 64-bits
66MHz 528 MB/s (Rev.3.0) 8 64-bits

(PCI-X  133MHz 1.06 Gbyte/s (64-bit) )
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Figure 2.5: Simplified diagram of the parallel connection between VME and CAMAC
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Table 2.3: Real-time data contents transfered through the reflective memory ring in JT-60:
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Table 3.1: LHD data acquisition plan for plasma diagnostics. This estimation was com-
piled in 1995, about three years before the beginning of LHD plasma experi-

ments.
Diagnostics channels data (/MB) estimated cost (/JPY)
Radiation calorimetry 400 100 50 000 000
VUV spectroscopy 6 60.8 9 000 000
Magnetic probes 300 75 112 500 000
X-ray fluctuation 300 75 112 500 000
MMW interferometry 16 6.5 11 000 000
FIR interferometry 90 18.7 25000 000
Thomson scattering 1024 2 58 840 000
ECE 337 77 127 400 000
X-ray PHA 24 3 54 396 000
NPA 15 7.8 2 200 000
Crystal spectroscopy 98 8 12 000 000
CXR spectroscopy 68 58 28 600 000
Langmuir probes 228 76 114 000 000
HIBP 26 4.3 9100 000
Magnetic surface profile 12 17 1 500 000
Neutron ditector - - -
plasma common 96 12 20 600 000
Total 3040 601.1 748 636 000
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Table 3.2: Recent status of CAMAC data acquisiton in shot #41312. (Feb. 7, 2003)

Diagnostics channels raw data size (/Byte) compressed size (/Byte)
SXfluc 81 19 660 816 6 390 148
Reflectmetry 12 7 864 320 1914 695
PHA 6 50 331 648 158 305
ICHVOLT 60 15728 640 961 467
Halpha 126 33030 144 4 661 543
Brems 120 29884512 3946 725
PHARD 16 85 458 944 236 104
Bolometer 60 15 728 640 2378875
FIG 6 1572 864 321905
SXmp 81 19 660 816 2463 082
Fastion 13 35 651 600 274 985
ECH 30 22 020 096 3852121
ImpMon 30 7 864 320 895673
Magnetics 78 20 447 232 3352519
Langmuir 96 29884 416 3516 689
TESPEL 30 7 864 320 581 629
MMWINT 6 12582912 1108 276
AXUVD 78 20 447 232 3609 141
SX80 67 49 545 232 11 680 140
Langmuir2 30 62 914 560 19 569 405
HIBP 24 6 291 456 440 488
RADL 72 47 185920 16 017 866
GPCRADH 96 62 914 560 8 789 607
SIFNA 1 8 388 608 170712
MMimg 72 67 633 152 29 885 216
DTS 128 5632 4 646
Total 1419 740 562 592 127 181 962
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Figure 3.1: Schematic view of LHD diagnostics configuration. The network switching
fabrics were at first FDDI based switches and routers, which had been re-
placed by the Gigabit Ethernet (GbE) multi-layer switches for the throughput
improvement in Mar. 2001. Now they are Alcatel OmniCore5052 (L3) and
Cabletron SSR8600 (L2), respectively.
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Figure 3.2: Schematic diagram of functional separations. The third dimension can be
understood as the parallel distribution.
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Figure 3.3: Schematic view of data objects’ flow in the object-oriented data acquisition
system. Within the OO system, data objects will be constructed by using
initial conditions like device control parameters, and also transformed them-
selves with self-defined methods.
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system design by making
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Figure 3.8: UML class chart. These class definitions are shared over the data acquisition
programs. Though these classes are described in ODMG-93 manner such as
d_List<d_Ref<Class T>> persistent pointers, the actual implementa-
tion has adopted the persistent class object instead.
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Figure 3.9: UML sequence chart
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Figure 3.10: Minimum set of the data acquisition and diagnostics control system dis-
tributed for each diagnostic device; From the reasons of the distant extension
and the electric insulation, every communication link will connect throuth
the optical fiber.
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Figure 3.11: CAMAC driver and API layers (left) and command list sequencer (right). As
for the crate controller, another product Jorway J73A is also applicable with
its own driver and DLL in the same way. Both of the API (CAMAC.DLL)
and the service manager task (LISTSEQD.EXE) can be called by the multi-
task/multi-user environment.
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Table 3.3: Comparison between RDBMS and ODBME[]

RDBMS ODBMS
atomic, consistent Ok Ok
complex data model plain high
user defined type N/A Ok
revision management N/A Ok
paradigm 4GL (event driven) Obiject oriented
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Figure 3.12: Acquired data growth by each shot. At the end of the 6-th experimental
campaign, it went up to 750 MB/shot. The initial diagnostics plan of 600
MB/shot raw data had been successfully exceeded. In the storage area, 130
MB/shot compressed data will be stored now.
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Table 3.5: Comparison between popular ODBMS products:dbjectibity/DB and ObjectStore.

0, Objectivity/DB ObjectStore
developer Ardent Software Inc. Objectivity Inc. eXcelon (ObjectDesign)
license fixed free in project free in project
annual license fee 1 050 000 JPY 1 000 000 JPY 1500 000 JPY
user support - open (e.g. user ML) abundant
object browser N/A ooBrowse (browser) Inspector (editable)
C++/Java binding both good good (schema sharable)
backup B, O, I B,O,I,D B,O,I,D
persistency pointer pointer object
locking unit object page (container) page
exclusion levels R, W, L R, W, L R, W, MVCC, L
database reference | logical, physical logical logical
collection ODMG ODMG, STL inherited class
collection type$ L,S,B,A VA A, D L,S,B,A D
schema evolution dynamic dynamic static
volume extension static static dynamic (automatic)
transaction length S, L S, L S,L,N
multithread/multitask | N/A Ok Ok
ANSI SQL Ok Ok (with ToolKit)

MSS support N/A OOFS N/A
market share % (1998)5.3 7.7 31.2

'B,0O,I,D
2R, W, L
3L,S,B,A,D
1S, L, N

Batch, Online, Incremental, Distributed
Read, Write, Lock

List, Set, Bag, Array, Dictionary
Short, Long, Nested.
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Table 3.6: 1/0 performance evaluation between ObjectStore and O

ODBMS (job) HP Vectra XU6/200 | DELL Precision 418 | Diagnostics
rate (MB/s)| search (s) rate (MB/s)| search (s

ObjectStore (write) 0.6 (~0.8) - 1.3(1.7) - (256kB*84)

ObjectStore (read) 2.1 - 4.0 - (256kB*84)

O, (write) 0.4 - - - -

O, (read 52,403Byte) 0.40 0.65 0.63 0.54 FIG

O, (read 458,232Byte) 1.07 0.42 1.60 0.16 | TESPEL

O, (read 1,581,747Byte 041 0.69 - - Bolometer

O, (read 5,477,682Byte 0.75 0.75 - - Magnetics

O, (read 6,322,996Byte 1.18 0.64 - - SXfluc

' HP VectraXU 6/200 ... PentiumPro 200MHz Dual 192MB FP-DRAM + WideSCSI RAID

2 DELL Precision 410 ... Pentiumll 450MHz Dual 256MB SDRAM + U2W SCSI Disk
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0.701MB/sOO00O0O0O0O0OO0O0OOUOODBOOOOOOOOOOOOOOOOOOO
PentiumPro 200 MHz Duall 0 0 0 O 0O 0O O 0O KSC3929-Z1B C.C. + Jorway Auroral4
CAMACADCOOOO eOMBOOOODOOODO 9QOUOOODDOOODOODOOO 0.67
MB/sOOOOOOO J73AC.CO000O0 1MB/sOOOOO
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Figure 3.14: Data acquisition network segment based on the Gigabit Ethernet switching
fabrics: Faster storage servers are directly collected by the Gigabit Ethernet
NIC, and rather slower ones are on Fast Ethernet. Backbone swithes have

multiple gigabit links between each other by using the OSPF ECMP load
balancing mechanism.
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Figure 3.15: Cluster structure of LHD experiment’s local network: Windows NT server
controls the CAMAC digitizers through the SCSI connection, acquires the
rawdata, and then stores them into the local mass-storage. VxWorks system
provides the real-time controls for devices.
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Figure 3.16: Typical GUI program for pulse height analysis (PHA) measurements. It
runs on Win32 OS environment.
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Figure 3.17: Schematic tree structure of LHD Diagnostics Timing System (DTS). There
are three types in DTS modules; one master modulator, relay modulator(s),

and end demodulator(s).
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Figure 3.18: Connection view among DTS modules installed in VMEbus systems. Every
connections between DTS modules are made by one optical fiber. Only the
end demodulators can output the programmable triggers and divided clocks
to run digitizers. As multiple fiber links can be branched off, the optical
fan-out module is also applied as a VMEbus module.

87



(2]

BHREAE U H—
(25380 ﬂ
yavy i I
(10MHz) I
NRZ
a—F i H
| —BEE—F — 2bit 2bit i
a4z [RE=—HTFIAARUH 25— " i i i i i i
203 Poa Toalsaal saa | ot | o] soi | soi | soit [ Teni [ evit | soi |
; JL—4 (A—7 L—L3#5%) (F—7 L—Lili%)
"L 7x—X
a-—Fr
| .
(EI0%H) [ F%]
KIFAR—4r—T L
ARY A D
®CRCIZEDTT—Hi L 3TN S KIC & 5 M2 RBEGRAE SEY DY A
SUBBOBIEMHIHIL 3B O £ 3277 L MG, WO (oM ot)
SLBRIERRRIBH OWD 7 vy 7 OLE LAY (K104 SH)
W/ SR
SEHBOIABEY 1 v 7 1 ZEMEH D OB 2 =2 7 ZPLLIZ X Y ()
~—Td

m#oav s

(8bit /35 Lv)

[

P1

Tw -

Td : BEKRE (32E v FHILE)
#YELHMER 32Ey bhHUE)

T

T

Tw: /LB (32E Y hAD L)
Pn:@YELEM (16EY bAHE)
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Table 3.7: Elapsed time difference for data searching query (unit: micro-second). Here
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Figure 3.25: Flow diagram of 3-layer data transferring service: Just after acquiring from
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volume. For the consistency with the file/filesystem-based mass storage sys-
tem, the persistent objects will be converted into files again. However, the
data transferring service program can deal with all of three media types; the
memory mapped files, OODB object instances, and files in filesystems.

OO00ooooooo 372000000000

RDBMSOOOOOODODOOOODOOOOOOOODOOOOOODOODOOO NOO
00000000000 log, NOOODODOO®'0Table3.700000 56000 240
ggoboboooobobtboooobobbooobobboooobobbuoooobLbooon
ggoboboooobobboooobboboooobbboooonoboboooobobooon

CT0o00000O0D00000 BtreeDOOOOODO0O

100



ggobobooooboboooobbobooooboboboooobobooooobobooon
3030 0000000000000 D00DOO00OD0ODOO00ODODODODO0O0DO0OODO0O0
RDBMSO OO OOOOOO PostgreSQILI OO OO OO

3.64 OO00O0O0OODOOODODOOOODOOODOODOOOOO

gobobogoobobbooooboboooobobbooooobboooobLbooon
ggoboboooobobbooooboobboooobbboooooobooouobobooon
gooooboooobooooon

1. 0O0O0O0O0OO0DOOoO0OOOoDOOoboobogoo
2. 000000D0ODO0O0O0OODOOO0OO0O00000000O0OO@MDOD)DOOO

02000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000

0000000000000 0000000000000000000 (MT)OOOOO
00 (HDD)DOOOOOOO (MO)DODOOODO (CDODVD)DOOOOO (0O0)0O
0000000000000000000000000000000000000000
000000000000000000000000000 Table3.83.90000
LHDOOOOOOOOO0O0O0O0O0000000000000000000000000
00000000000000000000000000 DVD (Digital Video/Versatile
DiskD0ODO0O0OO0O0O000O0DVDOOOOOOO CD-ROMOOOOO0OO0O0O00O0O0O
000000 47GBI00OO00O0COOO0OOOO0OOOON CD(CD-DA)OIOCOOO
0 CD-ROMOCOOOCOO0O0OOO0OOO0O0OOOODOOOOOONONOOOO0OONONODOD
00000000000000 DVD-VideoOOOOOOOOOOOOO DVD-ROM OO
00000000000000000000000 CD-ROMOOOOO00O00000O
0000000000000000000000 MSSOO000O00000000000
0000000000000000

000000000000 DVDOOOOOO0O0O0000000000000000
0000000000000000000 DVD-RAM OO DVD-R/-RWO DVD+R/+RW

101



Table 3.8: Specification comparison among various kinds of popular mass storage systems.

MO MT (DTF2) DVD-RAM | DVD-ROM
series hp SureStore Sony PetaSite ASACA Pioneer
product 1200ex | DMS-8400| DMS-B35 | AM-1450DVD | DRM-7000
media cap. 4.8 GB 200 GB 200 GB 9.4 GB 4.7 GB
total cap. 1.2TB 26 TB 7TB 10.3TB 3.4TB
(compressed) (67.3TB) | (18.1TB)| w/ 24 drives
write (MB/s) 2.3 24 24 2.76 2.76
read (MB/s) 4.6 24 24 2.76 2.76
drives 6 4 1 max. 24 max. 16
media exchg. (s) 10 60 20 5(11-16) <9
load/unload (s) 5.5/3.0 - - 14 -
random seek (s) 0.035 71.4 71.4 0.1 0.12
power spent (W) 560 4090 860 450 400
weight (kg) 223 810 323 230 91.7
unit cap. (TB/m) 1.8 13 9.9 29 12.1

Table 3.9: MT performance comparison against the SCSI HDD drive: As HDD can take
RAID formation, MT and DVD-RAM library also have the similar array called
RAIT or RAIL. Capacity values are non-compression ones.

type spec. capacity mediarate remarks
HDD Ultral60 SCSI 73GB 49 MB/s (Seagate Cheetah X15/73)
MT DTF2 200GB 24 MB/s (Sony DTF2 GY8240)

LTO Ultrium 2 200GB 35 MB/s

LTO Ultrium 100GB 15 MBI/s

SuperDLT 110 GB 11 MB/s

DLT8000 40 GB 6 MB/s
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Table 3.10: I/O rate example of AMASS filesystem with ASACAs DVD-RAM library
AM-750DVD. In the 2nd condition, its slower CPU limits the /dev/null I/O
speed and thus their throughputs becomes worse because the read outputs are
thrown into the null device.

condition elapsed time (/s) total throughput (kB/s)
500MB single write 14’16” 598.13

500MB double write 21'50", 21'28" 781.68

500MB triple write  26'54”, 26'54”", 27'13" 940.60

500MB single read 8'37” 990.33

500MB double read 14’41, 14°40” 1162.32
500MB triple read 17'10",17°14”, 17'18” 1479.77

Note: HP9000 E35/HP-UX 10.20. Data and cache partitions are on the same disk.
500MB single write 13'10” 648.10

500MB double write 12'58”, 12'52" 1316.19

500MB triple write  13'22", 13'14”, 13'00” 1915.21

500MB single read 8'48” 969.69

500MB double read 23'36", 23'35” 723.16

500MB triple read 33'24”,34'07", 34'06” 750.36

Note: Sun SS20/Solaris2.6. Separated data and cache disks.
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Enterprise 4500 0 OO0 0000 OOO0O 100MB/s FibreChannel 0 1.3TB RAID O
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Table 3.11: Writing speed comparison among various kinds of storage medias. Applied
data size is totaly 4.57 GB with 903 files.

1%

storage medias/exchange timeelapsed time throughput

MO jukebox 4.8GBx238=1.2TB| 11 h4 min 112 kB/s write

(w/ MicroHSM) (ave.) 10s 21 h 34 min 57 kB/s write,stage-out
DVD changer | 4.7 GBx670=3.1TB 27 min 2.8 MB/s write

(w/ jukeman) (max.) 9s 50 min 1.5 MB/s write,verify,compar
SCSI Disk - 14 min25s 5.3 MB/s NTFS5 write
DTF2 PetaSite | 200 GBx50=10TB

(w/ AMASS) (max.) 90 s - 55 kB/s 400 MB write

(w/ NetVault) - 11~12 MB/s 556 GB write
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Table 3.12: Advantages and disadvantages between types of LHD mass storage equipments.

device read| write | occupation| management recovery| cost| future
MicroHSM+MO o x o o 0 x x
AMASS+MT(PetaSite) o x O o o x 0
NetVault+MT(PetaSite) o o o o O X o
Jukeman+DVD o |[(o)® O o o O 0
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Figure 3.26: Total data amount in archives:
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Figure 3.27: Typical GUI programs to access the CAMAC data acquisition and retrieval
system in LHD. The PV-WAVE plotting output, CAMAC setup Java Applet,
and the acquired shot number viewer can be seen on Windows graphical user
environment.
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Table 3.13: Typical results of 'Retrieve’ performance. In case of the excellent compres-
sion ratio (PHARD), its elapsed time is spent almost for searching and the
decompression calculation.

diagnostics data size (B) compressed (B) ch# time(s) /O (MB/s) restore (MB/s)

Langmuir2 62914560 21456008 30 11.98 1.71 5.01
PHARD 85458944 249528 16 3.26 0.073 25.0
MMimg 67623152 29466439 72 20.47 1.37 3.15
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Figure 3.28: Cooperation between the recommending facilitator and the data transferring
application server. “Trans” server can read not only the OODB volume but
also the shared memory objects; the latter is for the rapid read-out just after
every plasma discharge ends.
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Table 4.1: Required conditions toward the new streaming ADC.
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Table 4.2: Result of continuous data transfer between DFE and computer’'s main memory:

rate (MS/s) modules ch/module channels bandwidth (MB/s) success

10 7 1 7 140 —
6 1 6 120 —
5 1 5 100 -
4 1 4 80 OK
4 2 8 160 -
3 2 6 120 -
2 2 4 80 OK
1 3 3 60 OK
1 4 4 80 OK
5 7 1 7 70 OK
7 2 14 140 -
6 2 12 120 —
5 2 10 100 -
4 2 8 80 OK
4 3 12 120 -
3 3 9 90 -
2 3 6 60 OK
2 4 8 80 OK
2 7 1 7 28 OK
7 2 14 56 OK
7 3 21 84 -
6 3 18 72  OK
6 4 24 96 -
5 4 20 80 OK
1.67 7 3 21 70 OK
7 4 28 93 -
6 4 24 80 OK
1.43 7 4 28 80 OK
1 7 4 28 56 OK
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Figure 4.3: Achieved 1/O rate of PCI RAID controller with RAIDO striping set: Their
filesystem types are (top) NTFS ver.5, and (bottom) FAT32 filesystem. This
benchmark has been obtained by using the HDBENCH ver.3.40 beta.6.
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Figure 4.4: Sequence timings and triggers distributed by DTS: Normally the loop interval
of the subshot sequences will be the same 180 s as the usual short pulse
experiment in LHD.
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Figure 4.5: Upgraded structure of the LHD Diagnostics Timing System(DTS): For the
multiple subshot timing generation, a combination of a DTS demodurator and
a PLC work together as the local timing and sequence loop oscillator. Sub-
sequence messages will be distributed on different channel than the original
master sequence, which only distributes the one pulse sequence even in the
long-pulse experiment.
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Figure 4.6: Block diagram of real-time streaming processes for Yokogawa WE7000.
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Figure A.3: Overview of the recent LHD network based on the Gigabit Ethernet:
These network fabrics had been introduced for the SuperSINET in 2001.
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