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Abstract: The neutral beams sre used to heat the plasma to control the shot. This allows the user to control the beamline
in the DIII-D tokamak, a _on energy research experiment op- hardwax_ with a sequence of simple high level language com-
erated by General Atomics (GA) and funded by the Department mauda. All of the shot tasks are synchronized by intertask rees-
of Energy (DOE). The experiment is dedicated to demonstrating sag_ routed through the dispatcher task. These shot tasks may
noninductive current drive of high beta high temperature diver- do data acquisition, perform control 5mctions, or both.
tor plasma with good confinement. The neutral beam heating
system for the DIII-D tokamak uses four MODCOMP Cla_c The shot task sequences to be run are defined in Modcomp

_. computers for data acquisition and control of the four beamlines. Infinity Data Base Manager Mes for each combination of mode
" and shot phase. Shot tasks may be preconditioned which ensures

The Neutral Beam Software Upgrade project was launched that the preconditioned task will not run until a certain task or
in early 1990. The major goals were to upgrade the MAX IV op- combination of tasks has completed.

erating system to the latest revision (K.1), use standard MOD- Data acquired during a shot is stored in the "run time"
COMP software (as much as possible), and to develop a very data base. This data is valid only for the current shot. This
"user friendly," versatile system. Accomplish/ng these goals re- data may be displayed on the display monitors. Selected shot
quired new software to be developed and modLfications to ex-
isting applicationssoftwaretomake itcompatiblewith the fat- data isalsostoredina Historicaldata base capableof storing12,000shotsper source.A subsetoftheshothistoricalrecordis
estoperatingsystem.The custom operatingsystemmodules to writtento the DIII-D data acquisitioncomputer at the end of
handle the message service and interrupt handling were replaced each shot.
by the standard MODCOMP Inter Task Communication (ITC)
and interrupt routines that are part of the MAX IV operating

system. The message service provides the mechanism for doing _yst_m Confiquration
shot tasksequencing(taskscheduling).The interruptroutines
areused toconnectexternalinterruptstothe system.The new MODCOMP Classic7870 computer systemsare used for

softwaredevelopedconsistsofa taskdispatcher,screenmanager, data acquisitionand controlof the DIII-D neutralbeamlines.

and interrupttasks.The existingapplicationssoftwarehad to Each beamline employs a MODCOMP ClassicCPU connected
be modifiedto be compatiblewith the MODCOMP ITC ser- to dual ported hard disks,semiconductormemorS',interactive
vicesand consistsofthe Modcomp InfinityData Base Manager, batch terminats,magnetic tape drive,CAMAC A/D hardware,

a multi-usersystem,and menu-drivenoperatorsystem interface GrinneU displaytemxinah,CPU Links,Macintosh (MAC) oper-

routinesusingthe InfinityData Base Manager. storconsole, system controle,and externalinterrupts.Figure1
isa hardware diagram ofthe pertinenthardware forthe NB 30

and NB 330 systems.

introduction Software consists of the Modcomp MAX IV operating

The neutral beams are used to heat the plasma in the system, Modcomp Infznity Data Base Manager, Computer Net-
DIII-D tokamak. The DIII-D tokamak is a fusion energy work Interface software, and applications software. Software de-
research experiment operated by GA, funded by DOE. veloped in-house includes the multi-user system, task dispatcher,

This paper describes the Neutral Beam Software System screen manager, shot control and data acquisition tasks, exter-
upgrade project. This was a major project requiring system nal interrupt tasks, interactive operator software, command Ian-
design, new software, and major modifications to existing soft- guage sequencer, MAC operator console interface, historical data
ware. This paper describes the overall neutral beam system base software, and display software.
hardware/softwedre in general terms and the software system up
grade in detail in the following sections. The operational benefits

and future plans for the system will be discussed. New Software System Upqrade Goals

The original goal was to upgrade MAX IV to the latest
System FunctionalDescription revision level changing whatever software necessary to imple-

The neutral beam computer systems axe used to control ment the upgrade. After extensive investigation, it became sp-
the firing of the neutral beam shots and to acquire data from parent that major changes would be required to accomplish
the shots. There are four beamlines each with two neutral beam this. The upgrade plan allowed for considerable system oper-

ational enhancements as well as upgrading the operating sys-
sources. The eight sources are independent of each other. There

tem. The upgrade project got underway in early I990. The
are several modes of beamline operation and several ways of

main goals of the upgrade plan were to install latest revision
synchronizing the sources, of the MAX IV operating system, develop new software that is

A sequence of programs (shot tasks) is run during each both "user-friendly" and flexible, use standard Modcomp soft-
phase of a shot. A shot is also controlled by a set of "com- ware pack,ag, s as much as possible, and maintain compatibility
mand language procedures" containing sequences of commands with the other Modcomp systems.
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UAC ] NAC ] taken. The actioncan be simplyroutingthe message to the

0_rat_ I 0_$ I target task (Start Event) to running task sequences (InterruptC0_le C,_wle Event). The dispatcher is essentially generic allowing it to be

/_ $ used on any system with the MODCOMP _ty Data Base
Manager.

A powerful set of interactive software was developed to

interface with the _ty Data Base files. The software is menu
driven making it "user friendly"al wellas flexible.There are

NII 30 N8330 general interactive routines al well as special ones for ma.u.ip-
MODCOMP_ MODC0_ ulatin8 selected sets of data bases. At present, there are two
CLASS_ _--' C_ special purposepro_-ams to interface to the dispatcher files and

CPU _ A_ CPU rrc portand server files.

The new external interrupt handling software consists of
I • separate tasks connected to each of the external interrupts (eight

['_R_ per CPU). The task is activated by the interrupt which, in turn,sends a message to the dispatcher task. The content of the
| DISPLAY message sent to the dispatcher is the only difference between

[ _S the interrupt tasks. The message sent is an -interrupt Event,with the type of interrupt contained in the message. The "GET
_..S0te_m. READY" interrupt task sends an aInitial Event" which is a spe-

w ,J cial type of interrupt event telJing the dispatcher to initialize all

ICE £C I I CA &CI of its dynamic tables.

. . .'I" , ] RII rr I The new system software provides a flexible "user friendly"" - i

system. Any changes to the dispatcher data base files may be

F;g. 1. NS 30/330 systemshardwarediagram, made at any time and loaded into the system in a matter of
seconds. This allows the user to make changes during operations
between shots. Figure2 illustrates the function of the dispatcher
and the data flow between it and other tasks.

New Software System Oescription
He.tr'al Beams Operational Benefits

The new soRware can be dividedintotwo parts. The first
part is the new software that upgrade_ the system and enhances The software upgrade has provided many benefits to the
it. The second part is software that had to be _ in order operation of DIII-D neutral beam sources. The primary gains
to be compatible with the first part. This section will deal only are "user friendlinetm," flexibility, and speed. Tests indicate at
with the former. The MAX IV up_z_e and ITC will not be least a 15_ reduction in total elapsed time for a shot, and thus
discussed as they are part of the standardMODCOMP system, data is available to the operator sooner.

A multi-user system was developed in-house and has been
in use on a development system since late 1987. The multi-user
software consists of a "sign on" task and supporting software to

make the MODCOMP appear more Like a time-sharing system _ _ O_waw
to theinteractive users. This enhanced development system was 'Qa"7READY' 'DISPLAYWAVEFORMS"
a great add in completing the large number of software tasks. 'POWERSUPPLY 'RF.aOAVRffETIMING"'BE£MOFF' Ttmee 3JlSCELLANEOUS'

The Infinity Data Base Manager is a standard MODCOMP 'AIiOIW" 1"mat_ so
software product supplied by a 3td party vendor. At the present or SystemJmtiwztml
time, it replaces the old productions data base used by the dis-

_p

I ] ]data base manager that is a standard product. Eventually, all T_ T_s 'SEQ'

data baseswillbe replacedwith _Kuity. _ Event Svent Start Event

The new dispatcher and screen manager were the major _ Mussges
part of the software upgrade. They were developed in-house OlqNtch_r Screen

and are completely different from the old software. The screen Tan'DISPAT" ScreenEvent
manager can now be thoughtofasan extensionofthedispatcher. INFINITY
It is a separate task to enable the use of the queueing faciLity Dm _ 'O_-_ar _tt_tsequences .
providedby ITC. The disp_-.:herisused torouteallmessages _km ] ,._¢_ _ S_mt |

'OISPAT' [ _mrtmessagesI - [S_mue.e.n|
between tasks.The dispatcherfunctionsllkea taskscheduler Z_:_uloedee [to_ ,_ue*t_{. [StartEvent
usingincoming and outgoingmessages combined with a setof _tsttrtup [ u._ tw ro.mtj- _mrageinternaltablestodeterminewhat mad how each taskshallrun.

The internal tables axe loaded from a set of Infinity Data Base St__ E-- I "| RmuumEv.t

files loaded during system startup. They may be reloaded at _ _ /_wge
any time by reirdtializing the dispatcher except during a shot. Requ_med I
The dispatcher responds to what the user has defined in the Ta_ J

incoming message and data base files. All dispatcher messages
contain an event type that determines what action should be Fig. 2. Oisoatcher function and data flo_.
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Operational ei_iciency has been vastly improved by the new testing. One of the most important benefits gained is that the
systems"userfriendliness"and flexibility._Userfriendliness"is system may be easilyenhanced allowingforfutureoperational
the eMe ofinterfacingto thesystem providedby theinteractive benefits.

menu drivensoftware.A usermay defineormodifyshotoper_- Future Plans
tionaJparameterseasilywithoutneedingspecializedknowledge
of the computer system. The new system providesthe fiexi- Now thatthe new system isin place,itscapabilitymay

bilityto make thesechanges at any time itisdesired.In the be greatlyenhanced. Future plansaxe to replacemore of the
pa.st,modificationstoshot taskoptionsorsequencescouldnot rem_in;ng softwaxe,namely the _Run Time" data base with

be made whilerunningshots.They were di_culttomake and new softwarethatuses the ImCmityData Base manager. That

requiredthat the system be off-linefor atleast45 rain.With willprovidea platformforfutureenhancements. For example,
the presentsystem,modificationsmay be made in a matterof the waveform displaytimingcouldbe automaticallyadjustedto

secondsand put intoeffectimmediately.This allowsmodifica,- reflectthe digitizersettings.A new taskwillbe added to the
tionsto be mazleduringshotswith the systemon-line.Beam MODCOMP thatallowsdirectcommunication (bidirectional)to

operationdecisionsmay be made and implemented atany time. the operatorsconsoleMAC.

There axemore shottmskoptionsava£1a_leaJlowin_more precise Acknowledqements
shotoperation.Shot tasksmay be easilyrun individuallyusing

a specialinterac*.ivepro_Lzn. This providesmore flexibilityfor Thiswork waz sponsoredby theU.S.Department ofEnergy
under ContntctNo. DF_,-AC03-SgER51114.
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