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ABSTRACT Sequence Editor and Sequence Executor

Every of these tables and columns is filled using the Sequences Editor, a Java
program that access directly the database via SQL statements. The editor is protected
with Role Based Access [5] in order to restrict the edition of sequences to authorized
people only. Figure 3-left shows a picture of the Sequences Editor.
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The Large Hadron Collider (LHC) at CERN is a highly complex system made of many
different sub-systems whose operation implies the execution of many tasks with
stringent constraints on the order and duration of the execution. To be able to
operate such a system in the most efficient and reliable way, the operators in the
CERN control room use a high level control system: the LHC Sequencer. The LHC
Sequencer system is composed of several components, including an Oracle database oo o mecrans oo scaunce | o v ans 5 (& 5
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The LHC Sequencer Architecture is made of two core components: the Sequencer o e = oot sl
Executor and the Database. Two Graphical User Interfaces (GUI), one to interface the @i | o s | ==
executor and another one to interface the database, provide the operators in the —

Figure 3: Left: Sequences Editor GUI; right: Sequences Executor GUI. Both GUIs show
the same sequence, B1: ARM LBDS.

Sequencer Server and Sequencer Once a (sub)sequence is created or modified by the user, the sequencer server

Sequence Client retrieves it from the database and it is converted into a Java source file. The right
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The architecture and technology used compilation of the source code is a way of ensuring, to a great extent, the coherence

GUI
by the Sequencer [1] follows the CERN of the sequence.
::3:3;2: accelerator controls software The Sequencer Executor is a graphical user interface (GUI) developed using the

Database standards: a 3-tier architecture Standard Widget Toolkit[6]. Figure 3-right shows a picture of the Executor.

AR implemented in Java using the Spring Once a (sub)sequence is selected, the GUI shows the corresponding tree structure of
Framework [2]. This architecture is the sequence where the component names displayed are the ones defined by the user
LHC Software 'éfr:fr':f:’ shown in Figure 1. The sequencer as displayed names in the database tables. Clicking on a particular task, the

Architecture e middle-tier server (running Linux) parameters of the tasks, as read from the database, are shown in the tab called

iddleware contains the core functionality, mainly, “Details”. The GUI allows for drag and drop of subsequences.
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LSA.SEQUENCES LSA.SEQ_TASK_INSTANCE_PARAMS
P * SEQUENCE_ID NUMBER PF * TASK_ID NUMBER
U * SEQUENCE_NAME VARCHARZ (50 BYTE) P * PARAMETER_NAME VARCHARZ (100 BYTE)
SEQUENCE_DESCRIPTION  VARCHARZ (200 BYTE) PARAMETER_VALUE  VARCHARZ (100 BYTE)
ACCELERATOR_MODE VARCHARZ (30 BYTE) > SUBSEQCOMPPARAMS. PK
ACCELERATOR VARCHAR2 (30 BYTE) = SEQTASKINSTPARAMS_PK
- L e Sl ED) LSA.SEQUENCER_TASK_AGENTS
F * CATEGORY_NAME VARCHAR2 (30 BYTE) -
CREATED_BY VARCHAR? (40 BYTE) P * AGENT_NAME VARCHAR2 (30 BYTE)
* CREATION_TIME_UTC TIMESTAMP AGENT DESCRIPTION _ VARCHAR2 (200 BYTE)
LSA.SUB_SEQUENCE_COMPONENTS = SEQTASKAGENTS_PK
& SEQUENCES_CAT_FK P * COMPONENT_ID NUMBER
5= SEQUENCES_PK - - — — — — — — — — — <qUF* SUB_SEQUENCE_ID NUMBER
& SEQUENCES_NAME_UK U * COMPONENT_ORDER NUMBER
& SEQUENCES_ACC_MODE_FK « — — — — — — — — — _ < UF SUB_SEQUENCE_COMPONENT NUMBER
UF TASK_COMPONENT NUMBER LSA.SEQ_TASK_INSTANCES
* RUN_SKIP_BREAK VARCHAR2 (5 BYTE) 5 TASK D NOVIBER
F  TASK_ON_ERROR NUMBER -
R N F TASK_TYPE_NAME VARCHAR2 (50 BYTE)
Y e TASK_DESCRIPTION VARCHARZ (200 BYTE) LSA.SEQ TASK TYPES
F  SEQUENCE_ON_ERROR NUMBER > - - - - - - - - = = - == = = > -SEQ_ .
F  DEVICE_ID NUMBER U " DISPLAY_NAME VARCHAR? (50 BYTE) P * TASK_TYPE_NAME VARCHAR2 (50 BYTE)
F ACTUAL_HW_GROUP_NAME VARCHAR2 (30 BYTE) P — = - - —p @ SEQTASKINST_DISPNAME_UK TASK_TYPE_DESCRIPTION  VARCHAR2 (200 BYTE)
F  ACC_USER_ID NUMBER == SEQTASKINST_PK F * TASK_AGENT VARCHAR2 (30 BYTE)
ON_ERROR VARCHAR2 (8 BYTE) S e — - = > & SEQTASKINST_TASK_TYPE_FK F  DEVICE_TYPE NUMBER
DISPLAY_NAME VARCHAR2 (50 BYTE) B— - == —» COMMAND_NAME VARCHAR2 (50 BYTE)
LSA.SEQ_SUB_SEQUENCES F  TASK_ON_RECOVER NUMBER F  PROPERTY_ID NUMBER
PF* SEQUENCE_ID NUMBER F  SUB_SEQUENCE_ON_RECOVER  NUMBER SEQTASKS PK
PF* SUB_SEQUENCE_ID NUMBER F  SEQUENCE_ON_RECOVER NUMBER = SEQTASKS AGENT FK
P * SUB_SEQUENCE_ORDER  NUMBER ON_RECOVER VARCHAR2 (8 BYTE) @ e g (A PROPERTIES
DISPLAY_NAME VARCHAR2 (50 BYTE) IS_SKIPPABLE CHAR (1 BYTE) @ VML :
IS_CHECKLIST_TASK CHAR (1 BYTE @ SEQTASKS_PROPS_FK > - - - - == —pP * PROPERTY_ID NUMBER
&= SEQSUBSEQS_PK - - ( ) U * PROPERTY_NAME  VARCHARZ (30 BYTE)
& SEQSUBSEQS_UK - : UF* DEVICE_TYPE NUMBER
& SEQSUBSEQS_SUBSEQ_FK & SUBSEQCOMPS_TASK_OE_FK pr— Y PROPERTY_TYPE VARCHARZ (7 BYTE)
& SUBSEQCOMPS_SEQOR_FK - DESCRIPTION VARCHARZ (4000 BYTE)
< SUBSEQCOMPS_SUBSEQ_FK P * DEVICE_ID NUMBER 1 * PROPERTY_ORDER NUMBER (9)
& SUBSEQCOMPS_SUBSEQ_ORDER_UK U * DEVICE_NAME VARCHAR2 (100 BYTE) | * 1S_READABLE VARCHAR2 (1 BYTE)
& SUBSEQCOMPS_TOR_FK * ACCELERATOR_ZONE  NUMBER | * IS_WRITABLE VARCHAR2 (1 BYTE)
&= SUBSEQCOMPS_PK DESCRIPTION VARCHAR2 (200 BYTE) * 15_MONITORABLE VARCHAR2 (1 BYTE)
& SUBSEQCOMPS_ACCUSR_FK F * DEVICE_TYPE NUMBER | * |S_MULTIPLEXED VARCHAR2 (1 BYTE)
LSA.SUB_SEQUENCES @ zgggggggmﬁg_ggi\ngKP_FK gs\éICE_ALIAS xiﬁgnﬁgg 88083\;2)5) | * SRC VARCHAR2 (10 BYTE)
= @ L - *
E X ggg—gggggxgg—'&w C:g’fﬁgm - & SUBSEQCOMPS_SEQ_OE_FK IS_MULTIPLEXED CHAR (1 BYTE) 2 PROPS_PK
- - ) _ 2 S > G _ : = 5 PROPS_NAME_DEV_TYPE_UK
( ) 5 SUBSEQCOMPS_SUBSEQC_FK > —» * |S_RESTORABLE CHAR (1 BYTE) LSA.DEVICE_TYPES o
_ SUB_SEQUENCE_DESCRIPTION  VARCHAR? (200 BYTE) €« — — — — — _ <& SUBSEQCOMPS_SUBSEQOR_FK P * DEVICE_TYPE_ID NUMBER & PROPS_DEV_TYPE_FK
F % CATEGORY_NAME VARCHAR?Z (30 BYTE) & SUBSEQCOMPS_SUBSEQ_OE_FK &= DEVICES_PK U * DEVICE_TYPE_NAME VARCHAR2 (100 BYTE) & PROPS_ID_DEV_TYPE_UK
_ CREATED_BY Lplidtln ol o) & SUBSEQCOMPS_TASKC_FK & DEVICES_NAME_UK * LOGICAL ACTUAL_BEAM  VARCHAR2 (1 BYTE) < & PROPS_SRC_FK
S Sel L 12 e LSS U & SUBSEQCOMPS_SUBSEQ_OR_TASK_UK & DEVICES_ACC_ZONE_FK DESCRIPTION VARCHAR2 (250 BYTE) -7
& SUBSEQS_CAT_FK - - - - — — - < © DEVICES_TYPE_FK CCDB_CLASS_NAME VARCHAR?Z (20 BYTE)
= SUBSEQS_PK & DEVICES_SRC_| CCDB_CLASS_VERSION  NUMBER Yy
< SUBSEQS_NAME_UK * SRC VARCHAR2 (10 BYTE)
«— — — — — — — pe ¢ DEVTYPES_SRC_FK
& DEV_TYPES_L_A_B_|
& DEV_TYPES_PK
¢ DEV_TYPES_NAME_UK
o
A
LSA.ACTUAL_HARDWARE_GROUP_DEVICES
PF* ACTUAL_HW_GROUP  VARCHARZ (30 BYTE)
PF * ACTUAL HW NUMBER
@ ACT_HW_GRP_PK LSA.HARDWARE_COMMAND_PROPERTIES
PF* COMMAND_NAME  VARCHARZ (50 BYTE)
PF * PROPERTY NUMBER
LSA.SEQUENCE_CATEGORIES F * DEVICE_TYPE NUMBER
P * CATEGORY_NAME  VARCHAR2 (30 BYTE) LSA.HARDWARE_COMMANDS ‘-2) Ewgmg{ﬁgigﬂc\g’ﬁgm
DESCRIPTION VARCHAR? (250 BYTE) P * COMMAND_NAME VARCHAR2 (50 BYTE) < ; Yt d
= SEQCAT_PK * DISPLAY_NAME VARCHAR?2 (50 BYTE) - -
* DISPLAY_MODE VARCHAR2 (30 BYTE)
* COMMAND_TYPE VARCHAR2 (1 BYTE)
RANK NUMBER
F  READ_BACK COMMAND  VARCHARZ (50 BYTE) <
PF * DEVICE_TYPE NUMBER
& HW_CMD_RDBACK_CMD_FK
LSA.ACTUAL_HARDWARE_GROUPS & HW_CMD_DISP_MODE_FK
P * ACTUAL_HW_GROUP_NAME VARCHAR2 (30 BYTE) = HW_CMD_PK
LSA.ACCELERATOR_USERS * ACTUAL_HW_GROUP_CATEGORY  VARCHAR2 (30 BYTE)
P * ACC USER ID NUMBER * CREATOR VARCHARZ (60 BYTE)
U * ACC_USER_NAME VARCHARZ (30 BYTE) > - - - - - - - - - - = = > © CREATE_TIME_UTC TIMESTAMP A Vi
F * ACCELERATOR VARCHAR? (30 BYTE) ‘- - - -] * MODIFIER VARCHARZ (60 BYTE)
* IS_TIMING_USER  CHAR (1 BYTE) MODIFY_TIME_UTC TIMESTAMP
<& TIMING_USER_ACGC_FK & ACT_HW_GROUPS_PK
<& TIMING_USER_PK
& TIMING_USER_NAME_UK
¢ ACCUSERS_USER_NAME_UK
i ACCUSERS_PK
LSA.HARDWARE_COMMAND_PARAMETERS
PF* COMMAND_NAME VARCHAR2 (50 BYTE)
LSA.HARDWARE_COMMAND_PARAM_VALUES P * COMMAND_PARAMETER_NAME  VARCHAR2 (50 BYTE)
PF * DEVICE_TYPE NUMBER * DISPLAY_NAME VARCHAR2 (50 BYTE)
LSA.ACCELERATOR_MODES PF * COMMAND_NAME VARCHAR?2 (50 BYTE) * VALUE_TYPE VARCHAR2 (30 BYTE)
LSA.ACCELERATORS PF * ACCELERATOR VARCHARZ (30 BYTE) PF * COMMAND_PARAMETER_NAME  VARCHAR2 (50 BYTE) * IS_ARGUMENT VARCHAR2 (1 BYTE)
P * ACCELERATOR_NAME  VARCHARZ (30 BYTE) P * MODE_ID NUMBER P * ACTUAL_VALUE VARCHAR?2 (50 BYTE) —  * IS_CONSTANT VARCHAR2 (1 BYTE)
U * ACCELERATOR CODE  VARCHAR2 (3 BYTE) * MODE_NAME VARCHARZ (30 BYTE) DISPLAY_VALUE VARCHAR2 (50 BYTE) DEFAULT_VALUE VARCHARZ (1500 BYTE)
+——< ACC_MODE_ENUM NUMBER (3) DISPLAY_ATTR VARCHAR2 (30 BYTE)
i ACCELERATORS_PK . — — &= HWCMD_PARAM_VALS_PK =
& ACCELERATORS_CODE_UK IS_OPERATIONAL_MODE  CHAR (1 BYTE) MIN_VALUE NUMBER
== ACCMODES_PK MAX_VALUE NUMBER
& ACCMODES_NAME_UK PARAMETER_ORDER NUMBER
PF * DEVICE_TYPE NUMBER
& HW_CMD_PARAMS_VALUE_TYPE_FK
& HW_CMD_PARAMS_PK

Figure 2: LHC Sequences Database Schema.
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