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From Tore Supra to WEST: Evolution of the CODAC infrastructure

In 2013 Tore Supra limiter tokamak at CEA Cadarache went through major changes to become the WEST tokamak (Tungsten [W] Environment in Steady state Tokamak). The tokamak was upgraded into an X point divertor device. Taking advantage of its long discharge capability, WEST's goal is to minimize technological and operational risks of the actively cooled tungsten divertor for ITER.

At the same time, Control Data Access and Communication (CODAC) system has been redesigned in order to satisfy the performance and evolutions needed by researchers, and to facilitate maintenance and evolution for the CODAC team. This paper describes the upgrade of the CODAC system from Tore Supra to WEST.

Introduction

Build between 1984 and 1988, the Tore Supra limiter Tokamak has evolved during 30 years of operation and different technologies have been used. The last major update started in 2014 when the WEST project was started [START_REF] Bucalossi | Measurements and controls implementation for WEST[END_REF].

In parallel to the physical and mechanical transformation of the tokamak to integrate an ITER like divertor, the infrastructure of the CODAC system was also updated for several reasons: -Obsolescence: some components were not supported or even manufactured anymore. -Performance: physics diagnostics required more acquisition channels and higher sampling frequency.

-Maintenance: distributed and heterogeneous acquisition units are difficult to maintain (lot of knowledge required and time consuming).

-Cost: minimize the cost for procurement and maintenance.

Several drivers were taken into account when updating the infrastructure: cost, durability, performance, backward compatibility, maintenance … At the end, the chosen solution had to be a trade-off between the three constraints: cost, time (development and maintenance) and quality (performance and durability). 

Acquisition unit

In the previous Tore Supra infrastructure, two types of acquisition units were used: -VME: CPU(s) and acquisition boards inside VME crate, a central server distributes the operating system (LynxOS).

-PC: independent system running a local Windows XP. Both types have advantages and drawbacks. The VME is easy to maintain due to its centralized architecture but is aging and costly. The PC has low cost components but is more difficult to maintain (replacement, upgrade, end of support for Windows XP). The solution to be chosen had to benefit from the experience of the previous architecture. It was decided to keep the centralized architecture and select generic components that offer high availability with effective cost.

The PXE (Preboot eXecution Environment) technology was selected. This solution is composed of two elements: -Server: it contains the operating system for the clients, its configuration and its user space. -Client: it recovers from the server all the software elements and runs it from internal RAM. This solution however introduce a single point of failure in the system, if the server fails all the clients fail. The solution in place is a redundant server which can supersede the primary server (with a nightly replication).

This architecture was called "diskless" as hard drive is not necessary. Presence of high magnetic fields and drive mechanical fatigue were also arguments to avoid having any hard drive (not true anymore with SSD).

For units generating high data throughput, a local drive (or disk array) is installed as a temporary storage (to avoid network saturation, for NAS or NFS). 

Acquisition board

New acquisition boards had to be chosen due to the increase of performance (more channels, higher sampling rate), the new format of acquisition units (PCIe, PXIe, Ethernet) and new specification (real time, embedded processing, reconfigurable …). For some diagnostics, a partial upgrade has been done. The VME card has been kept and a PCIe/VME bridge is used to communicate with the PC acquisition units.

The Real Time Network is a shared memory between the diagnostics, it is used for plasma control and machine safety (actuator controlredundant with wired security). The previous network used on Tore Supra could not be maintained anymore: obsolescence, end of support, no PCIe interface.

As for the acquisition boards, a supplier selection was performed and "Dolphin Interconnect Solutions" was selected [START_REF]Dolphin express reflective memory[END_REF]. In addition to the performance increase (up to 20/40Gbps vs. 150Mbps) and the PCIe format supported, the network has a star topology, which allows a great flexibility (compared to the previous ring topology) for adding/removing nodes, for extending the network and for troubleshooting. The communication is data-driven based on master/slaves communication, the master being the PCS and the slaves being the acquisition units and the actuators (coils and heating systems). A global mapping is shared among all nodes, each node has a dedicated data area (read/write) and all nodes can access all the data (read only). The network is currently composed of 25 nodes, 5 switches and more than 1km of fibre optics. The system does not guarantee natively the integrity and the delivery of large packets.

Additional software overheads were added (CRC computation, timestamping and acknowledgement) that affects the performance, best data throughput achieved is around 110MBytes/s [880 Mbps]. Transactions are generally triggered by the acquisition/control loop of the units (typically 1 or 2 ms).

Timing System Network

This network [START_REF] Moulin | Upgrade of the timing system for Tore Supra long pulses[END_REF] is used to distribute timing information to all the acquisitions and control units: -1 MHz clock source for data timestamping -Triggers for acquisition -Safety events -Actuator controls (heating, fuelling, coils) -Shot scheduling (plasma start/stop, start/stop acquisition …) It is a star topology and is natively a simplex communication (workaround exist for providing feedback from specific system).

For WEST, no update was required in terms of performance, functionality and architecture, but new formats were needed to fit the acquisition unit upgrade. Three new boards were developed (commercial products with customized firmware): -PXIe and PCIe: FPGA boards programmed in VHDL. -PCIe: FPGA board programmed with LabView The board is either in the computer or in the acquisition crate, depending on needs. This network is running 24/7 to provide information for continuous data acquisition (between shots, during night).

Infrastructure status

Over the last 4 years, the Linux "diskless" solution for acquisition units has been deployed and represents more than 50% of all the units. Maintenance operations done so far proved that the centralized architecture is time-effective: -Unit replacement takes about 15 minutes (configuration file update, PC replacement and restart).

-New OS deployment on all units can be done in less than 20 minutes (configuration file update and reboot).

A wide variety of acquisition unit configuration can be done using a single architecture: any timing system interface (VME, PCIe, PXIe), various acquisition board format (VME, PCIe, PXIe, MXI, Ethernet, USB, RS232/485), real time network (not mandatory), various hardware (motherboard, single/multiple processor).

This architecture is the "preferred" solution for WEST but the infrastructure is still open for other stand-alone system (especially for collaborators coming with their equipment).

The operation of the CODAC also relies on various pieces of software which are in charge of the data acquisition and processing [START_REF] Leroux | New developments on Tore Supra data acquisition units[END_REF][START_REF] Guillerminet | The acquisition system for Tore Supra 1000 s discharges[END_REF][START_REF] Caulier | WestBox: an object-oriented software component for WEST CODAC[END_REF]. As for the infrastructure, an effort was made to keep it generic and easily maintainable.

Regarding the data archiving and retrieval, the database architecture is used for both the legacy system and new system and manages the experience data for Tore Supra and WEST. Different data converters can be used for converting data from/to other formats such as MDSplus or IMAS.

Experiments and results

More than 4500 experiments have been done with the WEST CODAC infrastructure, ensuring operation safety and providing data to the physicists. Several milestones has been achieved (X-point configuration, >30 seconds discharge) and the machine is ramping up. 

Conclusion and plan forward

The upgrade of the CODAC infrastructure for WEST was started in 2013 and was completed at the end of 2016. Since then, the experimental operations are on-going and the system is intensively used. The return on experience showed that the infrastructure is cost-and time-effective and that the expected performances are reached.

Maintenance operation are performed regularly and several improvements are planned (or on-going): real time performances, parallel computing on GPU, time synchronization, inter-process communication … Efforts continue to upgrade old units (VME and Windows XP) and to maximize the reusability of the standard system.
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 1 Figure 1: Constraints for the infrastructure update

  Configuration files are stored on the server and used to associate client MAC address / IP address / OS version / User space. Modifications are taken into account at client reboot. Several OS version are available (debug, production, evaluation) and one client can be switched from one to another easily. Replacement of a unit is done easily as well by changing the MAC address in the configuration file. The current OS image (July 2019) have the following specifications: -CentOS 7.5 -Linux kernel 3.10 -64 bits -Include drivers for acquisition boards: NI, Dolphin, Marvel, Spectrum, CAEN … -Support wide variety of hardware: single/multi processors, Intel/AMD processor, desktop/industrial single board computer … -Include software tools: gcc, cmake, openmp, cppcheck, clang … No specific hardware is required: software only at server side, all motherboards support now PXE on client side. Therefore, Commercial Off-The-Shelf (COTS) components can be used.
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 2 Figure 2: Architecture for the acquisition units
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 3 Figure 3: Increase of performances for WEST
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 3 Figure 3: Topology of the real time network.
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 4 Figure 4: X-point configuration and 30s plasma discharge.
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