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1. INTRODUCTION

The FEM Array Control Software (FACS) is a collection of
menu driven, user friendly commands used to initialize, execute,
and debus user tasks on the Finite Element Machine (FEM). FACS
resides on the Controller {a Texas Instruments 990/10
minicomputer) and utilizes the Svstem Command Interpreter (SCI)
to interface between the user at the video display terminal and
the DX10 orerating svstem.

This manual wsives detailed descriptions of all available
FACS commands along with their pPurpocse, intended wuse,. and
potential hazards. It is assumed that the reader is familiar with
the DX10 oPerating svstem, the use of the Svstem Command
Interpreter (SCI), and the architecture of the Finite Element
Machine. These torpics are covered in detail by the followins
references:

THE FINITE ELEMENT MACHINE PROGRAMMER’S REFERENCE MANUAL
MODEL 990 COMPUTER DX10 OPERATING SYSTEM, Vels. I-VI

2. SYSTEM NOTES

The FACS svstem 1is intended to suppPort research into
rparallel algorithms on the Finite Element Machine. To facititate
algorithm development on FEM, FACS supports an extremely
versatile interactive environment with extensive debussins
supPrPort. In addition, the intesration of FACS into the host
operatina svstem provides the user with a consistent interface to
the +Full range of svstem resources and the carabilitvy to
Ppredefine execution sequences once svstem resuirements are well
understood.

FACS commands are implemented as inderendent PASCAL programs
using the DX10 Svstem Command Interpreter as a standard user
interface. To provide for continuity between the stand alone FACS
commands, a number of svstem svnonvyms and files are automatically
created, maintained, and deleted by FACS.

The FACS svstem file names and a descrirption of their use is
aiven in ApPendix B. However: the FEMDATA file (SCRATCH.DATA) is
of pParticular impPortance to FACS users and is also described
here. The FEMDATA file is alsoc known as the FEM log file. It is
created by the ATTACH coemmand and initialized by the RESET
command. Almost all of the FACS commands wutilize the FEM 1lose
file. When a FACS command is invoked, a command entrv message is
recorded in the lo9 alone with anvy options selected for that
command. In addition, anvy errors encountered durins the execution
of a command are recorded as thev are detected. This makes the
FEM los file an extremely valuable tool. Whenever errors are
encountered while wusineg the Finite Element Machine the user can
review the exact seauence of commands executed and the options
selected that led to the error condition. The 109 file can also
be pPrinted to provide a permanent record of an Array session for
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later reference.

The DX10 operating svstem allows the user to define
character strings which are identified by user assigned labels
called "svynonvms". These svnonrms are keprt in the Svstem Table
Area and are used by FACS to either specify FACS file names., or
to pProvide for temrcorary storase of information necessarvy to
command continuitvy. The svnonvms used by FAC3 are created,
defined, and deleted when apPprorpriate and resuire no user
intervention, However, when constructins custom SCI  pProcedures,
it is impPortant that the user understand the pPurrpose of these
synonvyms so as not to inmadvertently alter a svynonvm used for
svystem continuity. APPendix C contains a list of FACS svnonvyms
alone with their intended use and their usual values. Allowins
the svystem to control these definitions helrs to keep the user”’s
work area free of unnecessary clutter and provides a standard for
file manasement which simplifies FEM usasge. The file
standardization and system control of svnonvms alsc makes it
easier to combine FACS commands in SCI eprocedure files which can
then surPervise execution, from initialization throush eost
Processing, with a sinogle command entry at the kevbeard. The use
of SCI 1is covered in detail by Volume III of the MAODEL 290
COMPUTER DX10 OFPERATING SYSTEM manual. and will naot be covered
here. However, AppPendix D is included as an example of how FACS
cammands can be combined to create custom procedure files for
FEM. :

Althoush the FACS svstem commands are imPlemented as
separate programs, there is an order imPosed by the conceprtual
svstem desisn. Commands in FACS become meaninsful only in the
context of the FEM "session". To use FEM, the wuser must first
request control of the Array using the ATTACH command. Once the
Array 1s attached, the user is suaranteed exclusive access to FEM
and is free to begin a FEM session. The FEM session besins wuwhen
the user resets the Arravy and initializes the NODAL EXECUTIVE
Operating Svystem on the Array wusing the RESET command, and
continues until the next RESET is given or until the Arrary is
released by the user. Followina the RESET., the basic session
consists of selecting the set of pProcessors to utilize, definins
and downloading the necessary data areas. definine the I/0
connectivity, downloadine the obiject code for the selected
Prosram, and executing the prosram on the Arravy. While FACS
Provides a wide variety of options, this basic session scenario
is common to all applicatiens on FEM.

In addition to initializine the Arrav, the RESET command
defines a 1logical to physical processor marpPineg that affects
nearly all of the subsequent FACS commands. The marpPing oPtion
allows aprprlications to be written for a set of N losical
processors that can run on anvy set of N physical Processors. See
the RESET command descrirtion for a detailed explanation of the
mapprPine and available marp ocprtions.
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3. COMMAND DESCRIPTIONS

FACS commands are called by SCI procedures. These commands
can be invoked by the user at the terminal or can be called from
within other SCI pProcedures. This section describes the Purrpase,
orPeration., intended use, required prompts, and the potential
hazards asscociated with each of the FACS commands.

Since many of the prompts are common to several commands.
the pPrompt tyPe 1is identified by a Prompt tvype identifier
enclosed in brackets (). Prompt tvrpe identifiers are listed in
ArPendix A. In those 1instances where the rangse of a valid
response to an SCI erompt is a subset of the prompPt tvre range.
the wvalid ranse of user respronse is indicated in pParenthesis
fallowins the prompt tvyre identifier.

Two symbols freauently encocuntered when using FACS are the
asterisk (#) and "greater than" (>). The asterisk is used to
identifvy relative addresses ( e.a. #2340 is relative address
2340) and the "sgreater than" svmbol denntes a hexadecimal value (
e.9. 1234 1is hexadecimal, 1234 is decimal). These svmbols are
used quite freauentlvy in FACS terminal disrlavs.

Symbols are also used to srarhically reprresent the state of
individual eprocessors in the Arrav. There are four pPossible
states for Arravy pProcessors: 1) ON, 2) OFF, 3) HALTED, or 4)
UNKNOWN. Manvy of the FACS commands grarhically displav the state
of all pProcessors uron termination. For an expPlanation of the
rrocessor states and the svmbols that represent them, see the 5FS
(Show Fem State) command descrietion.
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3.1

ATTACH — ATTACH fem

Purrose:

To obtain exclusive access to FEM.

Description:?

The ATTACH command tests to determine the availability of the
Processor Arravy. If the Arrar is available ATTACH locks FEM
to the calline station, assigns all necessary svynonvms.
creates the required svstem files, and writes a messasgse to
the svstem los file identifvying the user id and callins
station number. ATTACH also rerorts the status (either a
successful lock or locked by another wuser) to the callins
station. Once attached,. the user has exclusive access to the
FEM Array until his station is released. A statioen can be
released bv the user via the RELEASE command. is
automatically released when the user l1o9s off the system» or
can be forced to release by the FFR(Force Fem Release)
command issued by a user with svstem level pPrivileges.

Prompts:

AUTORESET: { ves/no )

Warnines/Limitations:

The ATTACH command must be performed before anv other FACS
command. ATTACH will automatically RESET the FEM Array usina
the identity marp unless the user overrides the default
AUTORESET prompt.

Usages

The ATTACH command is used to sain control of FEM. ATTACH can
be used to determine the current availability of FEM, but
will lock FEM to vour station if it is not in use. A better
method of checking the status of FEM is to examine the svstem
log files (.S%$SLG1 and .S$5LG2) for ATTACH and RELEASE
messages,
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3.2 RESET - RESET fem
Purpose?

The RESET command is used to initialize the FEM Arravy and
Controller. It is the most important FACS command in that al)
subsequent FACS commands will opPerate in the environment
established by the RESET command.

Descriptions

The RESET command first performs a hardware reset. and then
invokes a software initialization routine on evervy Processor
in the Arravy. The FEMDATA file is rewritten and an entry
messase recorded, and the FEMSTATE file is updated to reflect
the Array status as determined by the Processor response. Any
Processor acknowledoing a successful RESET is recorded as
"ON", all others as "UNKNOWN"., RESET then compPares the 1list
of "ON" Pprocessors to the workins set defined by SETFEM and
rerports anvy discrerpancies as warninss (i.e. unexprected
respPonse received - expected resronse not received).

An  important feature of the RESET command is the definition
of logical to Physical erocessor maprs which supPpPort user
arpPlications written in terms of losical processor numbers.
The mar ortions now available include an identity maprins, a
default mapping, and a user sprecified marPprino. The identity
(ID) marping equates the lo9ical processor to the physical
Processor number and is generally used for diagnostic test
Pprograms where the pPhvsical processor numbers must be krnown,
The default (DF) marping simply maprs the Nth available
rhvsical processor onto the Nth logical pProcessor as shown
below.

1st available pProcessor => 1lag9ical pProcessor 1
2nd available pProcessor => 1lo9ical processor Z

Nth available Processor => logical processor N

The default marPing is intended for wuse where the
connectivity of local links is not a critical factor in the
rerformance of an alsorithm. When an alsorithm requires
assigsnment of Processors to pProvide for specific connectivity
Patterns on l1ocal links, the user specified (US) maprins can
be wused to provide the required Arrav connectivity. The user
specified marPing is determined by the contents of a wuser
defined text file containing 346 Processor numbers (one Per
line), where each entry sprPecifies the Phvsical Pprocessor
number to be marrped into the corresponding losical position.
An exampPle of such a marrPing is given below.
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User Map File Phvsical Processor Losical Processor

¢+ -+ -+ + -1+ 13 13 = —
12 12 1

7 7 2

i 1 3

25 25 35

19 19 36

If the selected marP ortion is not the identity mar, the RESET
command will automatically define data area one and downlocad
the logical to phvsical mapping to all active Arrav
Processors. See the PASLIB PROGRAMMER”S GUIDE for an
explanation of the function of data area one in the losical
to pPhvysical maprrPing on the Arravy. The logical to physical mar
and the startur messases from all orerating processors are
then recorded in the FEMDATA file, and an arrav map depicting
the current state of FEM is displavyed at the user terminal
along with the initialization messase from the first
Processor to respond to the RESET command. See SFS (Show Fem
State) for interpretation of the svmbols used in the arravy
mar.

Prompts:

SELECT MAP OFTION(DF,ID,US): ( marp ortion strins )

Warnings/L.imitations?

Execution of a RESET will restart the Arravy and overuwrite the
SCRATCH.DATA file. RESET will complain about inconsistencies
between Processor response and the orperational set as defined
by SETFEM. Processor resronse errors should be brousht to the
attention of svystems personnel and SETFEM used to update the
set of workings processors if necessarvy.

Usase!

Use RESET at the start of a FEM session and whenever it is
necessary or desirable to begin a task from scratch. RESET
can also be used to restart the arrav in the event of an

unrecoverable error,
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3.3 SAC - Select Arrav Configuration
Purpose?

SAC selects a set of pProcessors for subseauent orperations on
FEM.

Descriptiont

Select Arravy Configuration allows the user to specifvy a group
of pProcessors for subsequent orperations. The user selects the
sroupPp of Processors to be enabled and SAC checks the state of
the Array to ensure that the selected processors are in a
lesal state for selection. SAC will then turn "OFF" any "“ON"
Processor not selected and turn "ON" anvy "OFF" erocessor in
the selected 9rour. The resultine Array state 1is then
disrlaved at the wuser“s terminal. An entrvy messasge and the
Processor select string are recorded in the FEM los file.

Promets:
SELECT PROCESSOR(S): ( processor select strina )}
Warninss/Limitations:

Selection of a Processor in a "HALTED" or "UNKNOWN" state
will terminate SAC and cause apPpPropriate error messages to be
disrlaved.

IJsage?

SAC is wused to enable pProcessor subsets when usine commands
that affect all TN ProcCessors., For example, the
XFEM(eXecute FEM) command causes all "ON" processors to
commence execution. If the user only wants to execute on a
subset of currently available Processors, he must first use
the SAC command to disable the pProcessars that are not to
execute.
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3.4 SETFEM — SET FEM workins set
Purrose:
To define the set of orerational processors on the arrav.
Description:

SETFEM urpdates the user defined set 6f orperational Processors
stored in the SCRATCH.FEMSET file, which 1is normally
protected against write and delete orerations. SETFEM first
removes the file protection, writes the user defined set,
then restores the read only eprotection to the ¢file. The
SETFEM command is the only FACS command which alwavs refers
to phvsical processor numbers. The FEMSET file is used by the
RESET command to determine when the arrarvy response is not as
expected.

Prompts:
SELECT WORKING SET OF PROCESSORS: { pProcessor select strins 2
Warninss/Limitations:

Failure to correctly define the set of orerational processors
may cause false warnings to be 9enerated in the RESET
command. Should RESET continually complain about missins or
unexrected respPonses, verify the existine Arravy confisuration
and if necessary, use SETFEM to redefine the current
Processor set. NOTE: The Processors must be identified by
their PHYSICAL processor numbers in the SETFEM command.

Usage:?

SETFEM should be executed whenever the Arravy confisuration is
modified.
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3.5 ASYNCON -~ ASYNChronous i/o CONnectivity

Purpose:

ASYNCON is used to select the asvnchronous mode of I/0
communication and to allocate communication resources.

Descrietion:

ASYNCON is used to select ¢the asvnchronocus 1/0 mode, the
maximum I/0 record size, the number of index tass allowed,
and the number of local links available for anvy subsequent
program execution on the Arrav. An entry message, the 1/0
mode, and the attributes selected are written to the FEM 1loa

file. The Arrav state and anv errors detected during ASYNCON
are displaved uprpon termination.

FPrompts:

MAXIMUM RECORD SIZE: ( inteser ) (1 - 255)
NUMBER OF INDEX TAGS: { integer )} (1 - 255)
NUMBER OF LOCAL LINKS: ( inteser )} (0O - 12)

Warnings/Limitations:

The I/0 attributes defined by this command remain in effect
until modified by a subseauent ASYNCON or SYNCON command, or
until cleared by the RESET or CLRFEM command (at which time
thevy are undefined). ASYNCON 1is broadcast to all "ON®
Processors. Processor subsets can be selected usine the SAC
command in the case where onlvy a portion of the orperational
Processars are to receive the ASYNCON command.

Usase?

Use ASYNCON to define I/0 attributes when vyou intend to
execute with asvachronous 1/0 communications,
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3.6 AUTOSTAT ~ AUTOmatic STATus
FPurrose?t

AUTOSTAT will automatically set the eprogsram counter on
selected Processors to a user specified value.

Description:?

AUTOSTAT is used to set the prosram counter on all
orperational eprocessors to a user specified relative address.
The user is prompted for a relative progsram counter value
which is then transmitted to all active Arravy processors. If
the new prosram counter value is a valid relative address
within the user erogram spPace, the Prosram counter is urdated
teo the new value. An entrv messase and the selected prosram
counter value are written to the FEM los file.

Prompts:
RELATIVE PC VALUE: { inteser )
Warnings/Limitations?

The address srpecified in response to the RELATIVE PC VALUE
promet must be within the address srace allocated to
Previocusly loaded obJject code.

Usage:

AUTOSTAT is used primarily to set Array Pprosram counters.
Until NODAL EXEC is all on PROM, the non-resident seament of
NODAL EXEC must be included in the aprprlication obJject code
and linked in by executineg a link routine on the Arrav. Once
the code is linked, the user must set the proasram counter on
the Arravy to the entrvy address of the NSMAIN module. This was
formerly accomplished by usinsg the STAT command to
interactively set the program counters on each individual
Processor, which pPrevented the use of completely automated
SCI application command files. The AUTOSTAT command allows
the Array program counters to be urdated from within an SCI
command to support fully automated SCI pProcedures. See the
FASLIB PROGRAMMER-S GUIDE for an explanation of the link
Phase of user prosrams on FEM.
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3.7 CLRFEM - CLeaR FEM
Purpose!

CLRFEM allows the user to free memory sprPace allocated to
obiect code, data areas, or communication buffers.

Description:

CLRFEM allows the user to deallocate pProcessor memory spPace
allotted to obiect code, data areas, or communication buffers
on Array Processors., The user must select the processors and
the objects to be cleared. CLRFEM writes an entrv messasgse,
and records the Processors and ortions selected in the
FEMDATA file.

FPromets:
SELECT PROCESSOR(S): { Processor select strine )}
DELETE OBJECT CODE?: ( ves/no }
DELETE DATA AREA(S)?: { ves/no )
DELETE NEIGHBORS?: ( ves/no }

Warnings/Limitations:
None
Usage:?

CLRFEM can be wused to eliminate memory frasmentation in
multi—-phase applications which reauire the execution of two
or more user pProsrams. See Programminsg Memo #2 for a
discussion of the memory managsement algorithm and pPotential
frasmentation pProblems on the Arrav.
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3.8 DEFDAD/DEFDAI ~ Define Data Area
Purpose:®

DEFDAD and DEFDAI are used to define data areas on FEM under
the direction of a control file.

Descrirption:

DEFDAD and DEFDAI are identical in function. Both commands
define data areas on the Arravy under the direction of a
control file. However, DEFDAD expects a epredefined control
file and executes directly from the predefined file, while
DEFDAI first calls the CDEF command to interactively create a
temporary control file. In addition to the standard entrvy
messase, DEFDAD and DEFDAI write messases identifring the
data area number, data tvrPe, number of items, and the
Processors involved to the data log for each data area
defined on the Arrav.

Prompts:
DEFDAD prompt: CONTROL FILE ACCESS NAME: ( access name )
DEFDAI eprompts: See CDEF

Warninas/Limitations:
DEFDAD requires an existins control file. Attemptine to
redefine a currently defined data area on the arravy will
result in a FEM error.

Usage:
DEFDALT should be wused in user defined SCI aeppPlication
procedures to support singole command execution of user tasks,
or whenever the control file for the required definition is
known. DEFDAI is _intended for use in an interactive FEM

environment. Existing control files can be modified using the
screen editor.
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3.9 DELDAD/DELDAI - Delete Data Area

Purrose:

DELDAD and DELDAI are used to delete data areas on FEM under
the direction of a control file,

Descrirtion:

DELDAD and DELDAI are identical in function. Both commands
delete data areas on the Arravy under the direction of a
control file. However,. DELDAD expects a predefined control
file and executes directly from the pPredefined file, while
DELDAI first calls the CDEL command to interactively create a
temrorary control file. In addition to the standard entrv
messase, DELDAD and DELDAI write messases identifvine the
data area number and the processors invelved to the data 1log
for each data area deleted on the Arrav.

Prompts:

DELDAD prompt: CONTROL FILE ACCESS NAME: ( access name
DELDAI promets: See CDEL
Warnings/Limitations:

DELDAD requires an existins control file. Attemetine to
delete a nonexistent data area on the arravy will result in a
FEM error.

Jsage?

DELDAD should be wused in user defined SCI aerplication
Pprocedures to support single command execution of user tasks,
or whenever the control file for the required deletion 1is
known. DELDAI is intended for use in an interactive FEM
environment. Existine control files can be modified usins the
screen editor.
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3.10 LDAD/LDAI - Load Data Area
Purpose!

LDAD and LDAI are used to load data files into pPredefined
data areas on FEM under the direction of a control file.

Description:t

LDAD and LDAI are identical in function. Both commands 1locad
data areas on the Arrav under the direction of a control
file. However, LDAD exrPects a predefined contrel file and
executes directly from the predefined file, while LDAI first
calls the CDNLD command to interactively create a temporary
load control file. In addition to the standard entrvy messasge,
LDAD and LDAl write messages identifrvins the data area
rnumber, the startines load index, the source file of the data,
and the processors selected to the data lo9 for each load
orPeration.

Prompts:
LDAD prompt: CONTROL FILE ACCESS NAME: ({ access name )
LDAI promepts: See CDNLD

Warnines/Limitations:

LDAD requires an existing control file. Attemptins to load to
an undefined data area on the arrav, or from an undefined
data file on the Controller will result in an error. A1l data
must reside in binarvy files on the controller.

Usasge:

LDAD is preferred in user defined SCl appPlication procedures
to supeport single command execution of user tasks, or
whenever the control file for the required loads is known.
LDAI is intended for use in an interactive FEM environment.
Existing control files can be modified usineg the screen
editor.
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3.11 LDPG - LoaD ProGram

FPurrpose:

To dowriload compressed, linked obJject code to FEM.

Description?

LDPG transmits a user defined file containins linked-
compPressed obJect code to selected processors on the Arrav.
Data is transmitted in checksummed blocks for increased
reliability. Urpon comrpletion of a successful load, the Arravy
processors each transmit the program name and the Jlcad and
entry addresses to the controller. This information is
recorded in the FEM data 102 alongs with an LDPG entrv
messagse. The Prosram name and FEM state are then displaved at
the wuser terminal. In the event of an error, LDPG is
terminated and the errors displaved at the terminal.

Promets:

PROGRAM FILE ACCESS NAME: ( access name )
SELECT PROCESSOR(S): ( pProcessor select string )

Warnings/Limitations:s

Anv obJect code downloaded to the Array must be linked and

comPressed. Uncompressed obiect code will gsenerate errors in
LDFPG.

Usage?

lse LDPG to download proarams to the Arrav.
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3.12 SYNCON - SYNChronous I/0 CONnectivity
Purrose:?

SYNCON is wused to select the svynchronous mode of 1/0
communication and to allocate communication resources.

Nescrietion:

SYNCON is used to select the svynchronous 1/0 mode, the
maximum I/0 record size, the number of index tags allouwed,
the number of 1local links, and the maximum Queue derth for
any subsequent Program execution on the Arravy. An entrvy
messase, the I/0 mode, and the I1/0 attributes selected are
written to the FEM los file. The Arravy state and anvy errors
detected during SYNCON are displaved urpon termination.

Frompts:

MAXIMUM RECORD SIZE: { integer )} (1 - 2535)
NUMBER OF INDEX TAGS: ( integer )} (1 - 255)
NUMBER OF LOCAL LINKS: { integer )} (0 - 12)
AUEUE DEPTH: ( integer )}

Warnings/Limitations:

The I/0 attributes defined by this command remain in effect
until thevy are changed by a subseauent SYNCON or ASYNCON
command, or until cleared by the CLRFEM or RESET commands (at
which time thev are undefined). SYNCON is broadcast to all
“ON" processors. Processor subsets can be selected usins the
SAC command in the case where only a portion of the
orPerational pProcessors are to receive the SYNCON command.

iUsages

IUse SYNCON to define 1I/0 attributes when ~vou 1intend to
execute with svachronous 1/0 communications.
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3.13 HFEM - Halt FEM task

Purrpose?
To halt the currently executins task on the Arravy.

Description:
The HFEM command is broadcast to the Array to halt active
user tasks on all eprocessors. All "ON" Processors are
expected to comply with the halt command and anvy "ON"
processor that fails to acknowledse suspension is identified
and reported. A messase is written to the FEM loas file on
entry, and a halt messagse with the time and date the Arrav
was halted is written upon successful termination.

Prompts:
None

Warnings/Limitations:

HFEM will sgsenerate errors when called without a task
executine on the Arrav.

Usage!
HFEM is used to terminate tasks after the user has escared

from the XFEM or RFEM command without haltin9 the currently
active task.
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3.14 KFEM - Kill FEM task

Purpose!
To abort the execution of the currently runnins FEM task.

Description:
The KFEM command is broadcast to all processors in the Arrav.
Anvy Processor with an active task will terminate execution of
that task and acknowledage the KFEM command. All "ON" or
"HALTED" pProcessors are expected to have resident tasks and
are therefore exrPected to resepond to this command. In
addition to the entrv message, a kill messase is written to
the FEM 108 indicating the time and date that the tasks were
terminated.

Prompts:
None

Warninss/Limitations:

Invoking the KFEM command when there are no active or
suspended tasks will generate errors an the Arrav.

Usage:

KFEM is used to kill tasks after the user has escared from
the XFEM or RFEM command with a task active or suspended.
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3.13 RFEM - Resume FEM task
Purpose:
To continue the exécution of a halted FEM task.
Descriptions

RFEM will cause eprograms susrended on the Arravy to resume
execution. The execution options selected by the initial XFEM
remain in effect for RFEM. The data loa file, the execution
data file» and the trace file (if trace is enabled) are all
extended to provide a complete execution record. The error
file 1is overwritten and is valid only in the context of this
command. As in XFEM, RFEM writes trace samples to the trace
file and all other data to the execution data file. Error
reports are Queued and pProcessed upon exit. Data from the
reference processor is disrlaved at the wusers VDT, with
special key commands displaved across the torp of the screen.
RFEM terminates when the pProgram on FEM terminates, when a
fatal error is detected, or when a halt, kill, or escare
command 1is 1issued at the user kevboard. An entrv messase is
written to the FEM lo9 file, alone with the time and date for
both beginning and ending execution and the cause of
termination.

Prompts:
None
Warnings/Limitations:

RFEM is broadcast to all processors 1in the Arravy and is
subject to the same constraints as XFEM.

Usage:

Use RFEM to resume execution of suspended eprosrams on the
Arrav.
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3.16 XFEM - eXecute FEM task
Purroset?
To start execution of user tasks on FEM.
Description:

XFEM starts execution of wuser prosrams on the Arravy. and
allows the user to srPecifvy execution options in resrponse to
SCI prompts. Available options include execution traces at
oprtional intervals, Processor confidence checks, and
rrocessor monitorine.

Execution traces (pProsram counter snapshots collected at
regular intervals) can be enabled or disabled. If the trace
option is enabled, the trace interval must be srpecified in
milliseconds, and the user must specifvy which erocessors to
trace. The checkin option enables or disables processor
confidence checks. Selectings checkin causes the executins
Processors to send a special messase to the controller every
60 seconds to verify that the Array is still operational. The
reference pProcessor spPecification identifies the processor
that the user wants to monitor at his terminal durine the
program execution. All data from the reference processor is
formatted and displaved on the VDT screen. If the user enters
O in response to the reference processor prompt, XFEM will
not monitor any Processor and the overhead for maintainine
the screen 1is eliminated. This can result 1in enhanced
Performance of alzgorithms transmittine large amounts of data
to the Controller. Once the opPticns are selected, RFEM
transmits the execute command and option pParameters to the
Arravy. The execution opPtions selected by the initial XFEM
remain in effect throushout the 1ife of the rrosram,. even in
debus mode. The execution data file, error file, and the
trace file (if trace is enabled) are all rewritten bv XFEM.
XFEM writes trace samples to the trace file if enabled, and
all other data to the execution data file. Error rerorts are
queued and processed uprPon exit. Data from the reference
processor(s) is displaved at the users VDT, with special kevy
commands displaved across the tor of the screen. XFEM
terminates when the prosram on FEM terminates. when a fatal
error is detected. or when a halt, kill, or escare command is
issued from the user terminal. An entrv messase is written to
the FEM 109 file, alons with the time and date for both
beginning and endine execution and the cause of termination.
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XFEM (continued)

Prompts:

CHECKIN ENABLED: ( ves/no )
TRACE ENABLED: ( ves/no )}
TRACE INTERVAL: { integer ) (10 - 322740)
REFERENCE PROCESSOR(3): ( integer )} (0 - 34)
TRACE PROCESSORS(S): { pProcessor select string 2

Warnings/Limitationss

Make sure that only pProcessors that are ready to execute are
"ON" before issuing the XFEM command. XFEM is broadcast to
all processors in the Array and all "ON" rprocessors receive
the command and attempt to execute. The confidence check is
intended for use in compPute bound problems where long pPeriods
of silence are exrpected on the Arrav. The Arrav Processors
asenerate a sprecial "checkin" message every 40 seconds, and
the Controller tests for these messages at 695 second
intervals when checkin is enabled. If checkin is enabled for
1/ bound Programs, the Controller will complain about
Processors faliling to check in on time. This is because
checkin messages are uniquely tagged data words which are
buffered with all other data comings from the Arrav. When
large amounts of data are invelved, checkins mav fail to
arrive on time. While this 1is not sericus, it can be
annoving, and users are advised to disable checkin uwhen
running I/0 intensive prosrams to avoid false warnings. Note
that this causes no loss of confidence since 1/0 can be
considered to pPerform the same function as the checkin. The
special kev commands used to halt, kill, or escare execution
may at times seem unresronsive. The halt, kill, and escare
commands are immediately detected by the XFEM command
routine, but the action is not taken until all buffered data
has been Processed. Since the inpPut data buffer 1is «quite
larse and the Controller quite slow at processing the data
from this buffer, the time between receirt of a srecial kevy
command and compliance with that command can seem quite lons.
This condition is further complicated when a lar9e number of
errors have been aueued since all errors are pProcessed and
exrPpanded uron termination. If the Controller fails to resepond
immediately wupon tvPing a special kevy command, 9ive it a
reascnable time to complete Processineg sueued data.

Usage!

Use the XFEM command to execute prosrams on the Arravy.
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3.17 RDAD/RDAI - Read Data Area
Purpose:

RDAD and RDAI are used to urload the contents of a data areas
orn FEM to a user specified directorv, under the direction of
a control file.

Descriptions?

RDAD and RDAI are identical in function. Both commands urload
data areas from the Arravy under the direction of a control
file. However, RDAD exrPects a predefined control file and
executes directly from the predefined file. while RDAI first
calls the CRDA command to interactively create a tempoarary
contral file. The wuser must specifvy the data area number,
startine index within the data area, the number of items ¢to
urload, the processor numbers, as well as a user directory
prefix to receive the data and a rerplace option to indicate
whether or not an existing file can be overwritten. The
filenames for data storase are gsenerated by this prosram and
consist of the user surpplied directory pPrefix with .DxxPvyy
arpended (where xx indicates the data area number and yv the
source pProcessar number). Hence, uplcocadine data area 3 with a
Prefix of FEM.DATA causes the data for processor 7 to be
written to FEM.DATA.DO3PO7. A1l data files created are
sequential binary files, with a logical record lenath eaual
to the size of the data item defined in the data area. In
addition to the standard entrv messase, RDAD and RDAI write
messages identifvine the data area number, directory prefix,
and the processors selected to the data loe for each data
area read from the Arrav.

Frompts:
RDALD prompt: CONTROL FILE ACCESS NAME: ( access name )
RDAI prompts: See CRDA

Warnines/Limitations:

RDAD reqauires an existine control file. Attemptinse to wupload
an empty or undefined data area on the array will result in a
FEM error.

Usase!

RDAD is epreferred in user defined SCI aprlication pProcedures
to support single command execution of user tasks, or
whenever the control file for the required definition is
known. RDAI is intended for wuse in an interactive FEM
environment. Existing control files can be modified usins the
screen editor., '
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3.18 RES ~ Read Execution Statistics
Purpnse:

RES is wused to sather and process the execution statistics
from the Arrav.

Descrirptions

Whenever an Array program 1s executed the operating svystem on
each pProcessor collects execution statistics. RES allows the
user to urpload and analvze the execution statistics. The user
must select the processors to interrogate for statistics, a
destination for the output of the analvsis, and specify the
level of analvsis to be pPerformed. For details on the
available statistics and levels of analvsis refer to
Prosramminge Memo No. 4. RES interrosgsates the Arrav one
processor at a time for the execution statistics and writes
the data to the SCRATCH.XSTATS file. RES then calls the
analvsis utility, and directs the analvzed data to the wuser
sPpecified listins file. Errors detected are displaved upron
termination.

Prompts:

SELECT PROCESSOR(S): { processor select string )
LISTING ACCESS NAME: ( access name 1}
FULL ANALYSIS: { ves/no )

Warnines/Limitations:

Execution statistics are available whernever a eprosram has
been run on the Arrav and remain available until the Arravy is
RESET or another execute command is issued. When a Processor
begins execution it reinitializes all eprobes s0 that
execution statistics are only collected for the currently
executing Prosram.

Usage:?

Use RES to 9ather and analvze svystem metrics.
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3.19 SORT - SORT execution data file
Purpose:

Sort is used to pProvide a list of execution data by
Processor.,

Description:

All text received from the arrav and anvy kevboard response to
FEM queries durins execution of a task on FEM is recorded in
an execution data file (SCRATCH.EXDATA). When a task
terminates on the Arrav, the S0ORT command is called to
provide a listing of the execution session by processor. Sort
scans the execution data file and s=athers entries b
Processors. Responses to FEM queries by the Controller are
preceded by a question mark in the sorted listinse.

Prompts:

LISTING ACCESS NAME: < access name 2>
Warnings/Limitations?

None
Usage:

Use SORT to praovide ordered lists of execution sessions when
a task on the Array terminates.
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3.20 TRACE - process TRACE samples
Purpose:t
To pProcess progaram trace data from FEM executions.
Descrirtion:
The TRACE command Post Processes the trace file

(SCRATCH.TRACE) to generate an ordered 1list of prosram

counter values and their observed frequencies for each
Processar sampled.

FPrompts:

LISTING ACCESS NAME: { access name )
MESSAGES: ( access name )}
MODE: { mode string )

Warnings/Limitations:
None

Usage!

ilse TRACE to pProcess trace samples collected durins execution
of a user pProsram. The trace freauencies can indicate where
the wuser Pprogsram 1is spendins the most execution time, thus

identifvine areas where code coptimization will eravy the
areatest dividends.
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3.21 FFR - Force Fem Release
Purrpose:t
FFR is used to force a station to release the Arrav.
Descrirption:

The FFR (Force Fem Release) command is used to
unconditionally force a station to release FEM. FFR can only
be executed by a user with svstem level privileses and is
included to allow termination of FEM sessions when a user is
unwilling or unable to release the arravy (e.a. laost carrier
on a dialup line). The FFR command will delete the associated
files but cannot delete the svnonvms for the lockins user. A
messagse identifvinsg the caller and station forcine the
release is written to the svystem los file.

Prometss
None

Warnines/Limitations?
FFR should only be used when all other means of termination
have failed. The user farced to release the Arravy will lose
all data not copied into his own directorvy. but all sSYnonyms
in his worksrpace will remain defined.

Lisages:

Llse to <farce the release of FEM when all other means have
failed.
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3.22 RELEASE - RELEASE fem

Purrpose?l
To release the FEM Array for use by others.

Description:
The RELEASE command wunlocks FEM, deletes the associated
svnonvms and files, and writes a termination message to the
svystem log file.

Prompts:
None

Warninss/Limitations:
FACS data files are deleted when the Arrav is released. Users
are cautioned to save any FACS svstem files thevy wish to keer
by capving them to their user directory ( use the CC command)
before releasing FEM.

Jsage:
RELEASE is used to terminate FEM sessions. It should be the
last command of anvy FEM session and will be issued by default
if the user attempts to losocut with FEM attached. Never

RELEASE FEM unless wvou are sure vou don’'t need the FACS
svstem files (see warning above).
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3.23 DAMA/DAMC — Dump Absclute Memory
Purrose?
To dump absolute memory from selected Arrayvy Processors.
Description:

The DAMA/DAMC commands are identical in function as thevy both
rer-form an absolute memory dump on the selected processors in
the Arravy. The only difterence between the commands is in how
they specify the lensth of the memorvy sesments to dump. DAMA
identifies the sesament with a startine and endine address,
while DAMC uses a starting address and a word count. Address
bounds can wrap—around throush address Q0. When the location
counter references address FFFE the next fetch will access
address O. The starting and ending address specifications
should be even addresses, and are decremented if odd. DAMA
and DAMC fetch the contents of the srPecified address seament
and format the data into rows containing eisht words each,
with the absolute memory address of the first word in each
row to the left of that row, and the ASCII representation of
the eiaht words on the risht. In the event that the
correspondine bvte in the row does not marp onto a printable
ASCII character, the character pPosition is filled with a
period ( “.” )., Each processcor is interrcgated in turn, and
the formatted data is written to the SCRATCH.DUMF file under
the pProcessor identification number. If the user selects the
hardcopvy option, the dump file is routed to the printer uron
compPletion of the command. In any case, the data is routed to
the user disrlay while it is beings collected and formatted.
and the dump  file is displaved when all data has been
gathered using the DX10 SF (show file) command.

Prompts:
DAMA Fromepts: STARTING ADDRESS: ( integer )
ENDING ADDRESS: ( integer )
SELECT PROCESSOR(S): ( processor select strina )
HARDCOPY?: ( ves/no )}
DAMC Fromepts: STARTING ADDRESS: { integer )
NUMBER OF WORDS: ( inteser )}
SELECT PROCESSOR(S): ( processor select strins 3}
HARDCOPY?: ( ves/no }

Warnings/Limitations:
None

Usage:?

Use DAMA/DAMC to dump abscolute sesments of Array memory.
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3.24 DRMA/DRMC - Dump Relative Memory
Purpose:
To dumpP relative memory from selected Array Processors.
Descriptions?

The DRMA/DRMC commands are identical in function as thevy both
rPerform a relative memorv dump on the selected pProcessors in
the Arrav. The only difference between the commands is in how
thevy specify the lenath of the memorvy sesments to dump. DRMA
identifies the segment with a startins and endineg address,
while DRMC uses a starting address and a word count. Startins
and endin® address srecifications should be even addresses,
and are decremented if odd. DRMA and DRMC fetch the contents
of the srecified address sesment and format the data into
rows containine eigsht words each, with the relative memory
address of the first word in each row to the 1left of that
row, and the ASCII representation of the eight words on the
risht. In the event that the correspondins byvyte in the row
does not map onto a printable ASCII character, the character
position is filled with a pPeriod ( 7.7 ). Each Processor is
interrogated in turn, and the formatted data is written to
the SCRATCH.DUMFP file wunder the pProcessor identification
number. If the wuser selects the hardcory orPtion., the dume
file is routed to the printer upon completion of the command.
In anvy case, the data is routed to the user diseplay while it
is beins collected and formatted, and the dump file is
disrlaved when all data has been gathered usins the DX10 SF
(show file) command.

Prompts:
DRMA Frompts: STARTING ADDRESS: { inteser )
ENDING ADDRESS: ( integer 3}
SELECT PROCESSOR(S): ( pProcessor select strins )
HARDCOPY?: ( ves/no )
DRMC Prompts: STARTING ADDRESS: ( intesger )
NUMBER OF WORDS: ( integer )
SELECT PROCESSOR(S): ( pProcessor select strins )
HARDCOPY?: ( ves/no 2

Warnines/Limitations!
The relative memorvy address srpace is defined when obliect code
is downloaded to the Arrav. Calline these commands with no
relative memory srpace defined will cause an error.

Usage:

Use DRMA/DRMC to dump relative sesments of Array memorvy.
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3.25 MFR — Modifvy Fem Registers
Purpose:

MFR is used to insrect and chanse the status block and/or
current workspace registers on Processors in the Arrav.

Description?

The MFR command fetches the status block and current
workspace registers for the selected Arravy eprocessor and
displavys their hexadecima)l values at the user terminal. The
user mavy then alter the workspace pPointer. progsram counter,
or status word in the status block, or anvy of the currentiy
displaved workspace resisters in the register block. MFR
oprperates in two modes, either register mode or status mode.

Initiallys, the MFR command comes up in the register mode. In
register mode the user can move the cursor to the next
register, back to the previous regsister, copv the register
above, fetch and displavy the status and register values for
either the next or the last "ON" processor in the state
table, enter a new pProcessor number for access, or switch to
status mode. A menu is disrplaved on the screen identifving
the kevy commands necessary to invoke these functions in
register mode. Any function which pPrecirpitates an exit from
resister mode causes the disrlaved resister values to be
written to the Array Processor.

The status mode is similar to regsister mode except that it
crPperates on the status block information. As in register
mode, status mode disprlavys a menu listine the available
orPerations. In status mode vou can move the cursor ahead and
back throush the modifiable fields (WF,PC, and ST), select
the next, last, or user defined processor for interrosation,
and in the case of the workspace pPointer and prosram counter
fields, cause the disprlaved values to reflect either their
absolute or relative values (provided that relative memory
exists on the processor and that the absclute value mars into
the relative address space). To return to resister mode from
the status mode, pPress return when the cursor is over the
status field of the status block. Anvy changes in the status
block will be transmitted to the Arrav Processor when a
function is called that causes MFR to exit status mode. 1f
the value of the worksrace pPointer was modified, MFR wilil
fetch a new set of worksrPace registers when returnins to
register mode. To terminate the MFR command, simPly pPress the
CMD kev. In addition to the entrvy message,» MFR records the
initial and modified values for anvy registers modified and
the pProcessor number on which those chanses were made.
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MFR (continued)

Prompts:
PROCESSOR NUMBER: ( integer )

Warnings/Limitations:
The user is cautioned not to indiscriminately alter workspace
pointers in the debus mode since doing so mavy invalidate the
suspended Process state.

Usage:

MFR is intended primarily to afford a user interactive access
to Processor registers in a suspended user task.
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3.26 MMA/MMR - Modify Memory
Purposes

To insrect and chanse processor memory on the Arrav.
Description:

The MMA/MMR commands are identical in function in that both
allow the user to insepect and change memory onh a Processor in
the Arravy. However, MMA operates on absolute memory
addresses, and MMR oprerates on relative memory srace. The
user specifies the startings address (should be even -
decremented to a word boundary if odd), the Processer number,
and the rerplace option. If the galcobal rerplace option is
enableds any memory locations charngsed in the selected
Processor are also changsed in all "ON" and "HALTED"
processors, dnce the parameters have been entered. MMA/MMR
fetches sixteen words of memory from the selected processor
and displavs them along with their correspondine addresses at
the user terminal. The cursor is pPositioned over the first
location 1in the list and an orption menu is diseplaved on the
riesht hand side of the screen. Menu functions surPort movine
the cursor through the 1list, copving values, changing the
rerlace made. Paging throush memory» selectinsg new
Processors, and chaneing the address rpointer. The cursor can
be moved either ur or down the list. Moving forward to the
next location when the cursor 1is over the last item will
cause the next block of 14 locations to be fetched and the
cursocr set to the torp of the list. Movine to the precedins
location while the top of the list will fetch the pPrecedine
block of 146 locations and place the cursor at the top of the
list. The copvy function cories the value of the pPrecedinsg
location into the current 1location. When a new black of
locations is called, the last value of the pPreceding block is
saved and can be copied provided that the new fetch was a
forward reference. The replace option can be turned on and
off at anvy time. Selectinsgs the rpase function will cause the
next block of 14 locations to be fetched for next rPase, and
the pPreceding block of 146 locations for a last pase. New node
allows a new pProcessor number to be selected, and new address
allows a new address space to be inspected. An entry message
is written to the FEM 109 file, and each location that is
modified is recorded with the initial and final values,
Processonr number, alobal rerlace ortion. and tvre
(relative,absolute) of memorvy.
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MMA/MMR (continued)

Prompts:

STARTING ADDRESS: { inteser )
PROCESSOR NUMBER: ( integer ) ( 1 -~ 36 )
GLOBAL REPLACE: { ves/no )

Warninegs/Limitatiaons:?

MMR will not allow the user to 9o bevond the bounds of
relative memorvy.

Usage:
Use MMA/MMR to insrpect and chanse memory on FEM in supPort of

debueginsg. Memory can be modified on all eprocessors
simul tanecusly using the 9lobal replace option.
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2.27 SFB ~ Set Fem Breakrpoints
Purrose?

SFB allows the user to specify uP to two breakrpoint addresses
for each pProcessor in the Arravy.

Description:t

SFB allows the user to examine, set, and clear breakroint
addresses on the Arrayvy. This command can be used to set
breakpoints on a sinale Processor: or on all operational
rrocessors in the Arrav. If the 9lobal rerplace option is
selected, all "ON" and "HALTED" pProcessors are interrosated
for breakpoints and the breakpoints from the reference
Processar are displaved at the user terminal. The user can
examine the breakroints on the reference pProcessor and either
enter new values or clear old breakeoints. When the second
breakpoint has been entered, or when the CMD kevy is pPressed,
SFB will transmit anv modified breakpoint addresses to the
Arrav. Anv changes in breakpoint addresses are recorded with
the eprocessor number and slobal rerplace mode in the FEM los
file. When the 9lobal rerlace made is not selected, the SFB
command operates only on the reference proacessor. Breakrpoint
addresses must be relative to the user task. Attemetine to
define breakrpoints that do not mar onto relative address
sPpace will result in an error. A blank field is interpreted
as a null breakrpoint.

Promprts:

REFERENCE PROCESSOR: { inteaer )
GLOBAL REPLACE: ( ves/no 1}

Warninss/Limitations:

BreakprPoint addresses must mar inteo a relative address space
or an error will ocecur. A breakepoint address is cleared when
a processor halts aon that address. 1f wou need to stoe
repeatedly at orne breakeroint while debugsgsing, vou must
re—enter the address after each occurence of that breakepoint
address.

Usage:

Use SFB to define breakepoints as an aid in debusgsing user
Prosrams.
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3.28 5SFR - Show Fem Registers
Purpose:
SFR fetches and displavys the contents of the
workspace registers and status block for all

Processors in the Arrav.
Descrirtion:

The SFR
the Arravy
regsisters
sequence, and writes
displavys the status
arpends the temporarvy

and status

it

Prompts:
None
Warninegs/Limitations:
None
Usaget

Use SFR to record the status
aPerational pProcessors,

bltock.,
to
and registers at the user terminal and
file to the FEM los file.

current

a temporarv file. SFR

block and resister state of

35

t

current
orperational

command interrogates all orperational Proccessors in
to obtain the contents of their workspace

formats the data in pProcessor

hen

all
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3.29 SF3 - Show Fem State
Purpose:
SFS displavs the current state of the FEM Arrav.
Descrirption:

SFS reads the SCRATCH.STATE file to obtain the last known
state of the FEM Arrav and then displavys a sgraphic
reprresentation of that state at the user terminal. The
display consists of 36 numbered compartments, each containins
a PpProcessor number and a s9graphic svymbol to represent the
current processor state. The four pPoussible states and the
symbouls used to represent them are listed below.

State Svmbol Meanino

=EE=ssss= =RRss= =E=mSmEEs

ON I The Processor is readv for use. No task
is suspended and no fatal errors have
been detected since the last RESET.

OFF - The Processor has been disabled bv the
SAC command and cannot be accessed until
it is re—-enabled or RESET.

HALTED " The Processor was executine a user task
and either encountered a breakeoint or
was commanded to halt execution.

UNKNOWN *P The Processor either failed to resrpond
to a valid FACS command or suffered a
fatal error. Processors in an unknown
state can only be RESET.

Prompts:
None
Warnings/LLimitations:
None

Lisage:

Use SFS to determine the current state of the Finite Element
Machine
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3.30 SPSF — Show Pascal Stack on Fem
Purpose:

SPSF allows the user to inspect and chanoe PASCAL stacks on
Array Processors.

Descriptions

The SFSF command allows the wuser to examine the pProcess
record and inspect and change the PASCAL stack frame and task
status block in a halted task on the Arrayvy. SPSF requests a
erocessor number, then disptavs the stack, PpProcess record,
and status block as shown in Fisure 1. An exPplanation of the
data structures for the stack and process record can be found
in section 8 of the DX10 TI PASCAL PROGRAMMER’S GUIDE. The
SPSF command opPerates on the stack registers, the FPASCAL
stack, or on the task status block with an appropriate menu
displaved in each of the three rossible modes. Fisure 1.
rerresents the register mode which is the default made for
the 5SPSF command.

In the regsister mode, the user can move the cursor forward
and back throuah the register list (skipPpPing over resgisters 9
and 10 since they must not be altered), chanse resisters
under the cursor, copy a value from the Preceding register,
sequence to the next, last, or a user specified Processor,
toggle the resister contents between their relative and
absolute reprresentations where relative addresses are valid,
and chanoe modes to stack mode.

In the stack modes the cursor is positioned over the first
entry in the list of PASCAL stack entries, and the user can
move the cursor throush the list, chanse any value under the
cursor, coPy Precedineg fields, fetch either the next or

Previous 16 locations in the stack (provided thevy exist - the
end of the stack is indicated by "End of Stk"), select a new
Processor, toggle between relative and absoclute

reprresentations of data where a relative address can be
determined, or proceed to the status mode.

The status mode allows the user to modify the WP, PC, or ST
registers, select a new pProcessor, toagle relative and
absolute representations of data, or return to register mode.
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SPSF (continued)

Prompts:
PROCESSOR NUMBER: ( integser )} ( 1 - 3¢ )
Warninogs/Limitations:
SPSF will not allow the user te chanse data that absolutelvy
should not be altered. However, there are a number of
locations that can still cause considerable trouble if not
ProrPerly defined. Chansins the worksepace pPointer will cause
the workspace registers to be updated when leavins the status
mode.

Usage!

Use SPSF as a debugging tool for suspended user tasks on FEM.
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SHOW PASCAL STACK ON FEM PROCESSOR Processor
WP= PC= ST= PSV= FREE= OBJ=
Process Record Stack Function Kevs
=== t— = S|s== £+ §—] -+ + + 1+ 1 51+
LINK: WP: RO: SAVED: Fl-next field
D1: PC: R1: CALLER: F2-last field
na2: ST: R2: RETADX: F3-90 to stack
n3: RS: R3: PRP: F4—-copy above
D4: FLAGS: R4: FS~next node
DS: NONSTD: R5: F6-last node
Dé6: STKBLK: Ré&: F7-new node
n7: SBNDRY: R7: F3-rel/abs adx
Dg: STKMAX: Ra: CMD-terminate
D9: FTOP: BOT:
D10:s GLNK: TOP:
Dii: PHEAP: R11i:s
D12 PTASK: R12:
D132 CODES: R13:
D14: R14:
D15: R15:
D14

Figure 1. Screen Template for the SPSF Command.
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3.31 S8 ~ Single Ster task on fem
Purpose?

The SS command causes a user spPecified number of instructions
to be executed in single ster mode on the Arravy.

Descrirtion:

The SS command causes all "HALTED" processors to execute one
or more instructions as directed by the user, rerortins the
contents of the processor status block wupon completion af
each sinsle instruction ster. S8 is similar to an XFEM
command in that interactive 1/0 is sueppPorted, trace samples
can be obtained, and breakpoints traprped, but differs in
respect to the reference pProcessor suprport. In S8, the user
can elect to monitor any number of pProcessars in the Arrav.
When the command is invoked you must specify the pProcessors
ta be referenced, then S3S will prompt for the desired number
of sters. Entering O for number of sters terminates SS. 1¢
number of sterps is nonzero, S35 will direct the Arrav to
rereatedly execute sinsle instructions., until the reauested
number of steprs have been executed. After each instruction,
each active pProcessor on the Arravy reports the resultins
values of 1its WP, PC, and 3T registers. This information is
formatted and displaved at the user terminal for all
reference PpProcessors, and the status information for all
active processors is written to the execution data file.

Prompts?
REFERENCE PROCESSOR(S): ( pProcessor select strine }
Warnines/Limitations:
The user should avoid the sinsle ster mode of oreration in
svystems routines. Refer to the reverse assembler listins for
the code vou are debussineg and breakpoint around calls to
PASLIB.

Usage:

Use S8S to sinale step user tasks as an aid to debuamainsg.
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23.32 STAT - inspect & change processar STATus block
Purprose:

STAT allows the user to inspect and chanse the status blocks
on each pProcessor in the Arravy.

Description:

This functionality of this command is supported 1in several
other commands on a singsle Frocessor level. STAT
simultaneously Presents the status information for all "ON"
and "HALTED" processors in the Array. Processors with "OFF"
ar "UNKNOWNY status are so identified. There is currently no
menu implemented on the STAT command because of screen spPace
limitations. The kev commands and their associated functions
are listed below.

KEY FUNCTION

F1 move to next resister

F2 move to last register
F2 cory field above

F4 copry block above

FS move to next Processor
Fé move to last Processor
F7 do nothinsa

F3 tosgsle relative/absolute

<CR> same as F1
CMD uprdate status and quit

Prompts:
None
Warnines/Limitations:

Caution 1is advised when modifvyine the status of suspended
Processors.,

Usage:

Lise STAT ¢to inspect & chanse the status block of anvy
processor not in execution mode.
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3.33 CDEF - Create DEFine data area control file

Purrose:®

To create control files for use by DEFDAD/DEFDAIX.

Descriptions

CDEF is an interactive utility used to senerate control files

which direct the definition of data areas on FEM. CDEF
rrompts for the data area number. the data tvee, the maximum
number of data items expPected in the data area, which

processors to define the data areas on. and whether or not to
continue CDEF after the current entrv. If a user defined data
tvre is selected an additional prompt is made to obtain the
size of the data item in words. After each set of rparameters
is entered the entrv is written to a temporarvy file
(SCRATCH. BATLST), and CDEF requests the next set of values if
continued. If CDEF was not continued, the user is promepted to

determine whether or not he wants to save the define seauence

Just gaenerated. If the save ortion is selected, CDEF prompts
for a file access name and writes the temporary file contents
to the user desisnated file. If the save option 1is not
selected, CDEF simmly exits. In either case the temrorary
file will retain the define seaquence aenerated, and is
utilized as the control file when executing the DEFDAI
command.
Prompts:
SELECT DATA AREA NUMBER: ( integer 3} ( O -~ 321 )
SELECT DATA TYPE: ( data tvee 1}
ENTER NUMBER OF DATA ITEMS: { inteser )
SELECT PROCESSOR(S)t ( pProcessor select strins )
CONTINUE INPUT?: ( ves/no )
== = —_—EEEaEs -+ $ 1 3+ ¢t 13 -
SELECT ITEM SIZE: ( inteser )
ssS==mmsmmm == SmesmomE P S
SAVE THIS TRANSACTION?: { ves/no )}
FILE ACCESS NAME: ( access name )
Warnings/Limitations?
CDEF will overwrite anvy existine file srecified in reseponse

to the file access name prompt.

Usasge:

Use CDEF to

senerate control files for the DEFDAD command.

CDEF is automatically called by the DEFDAI command.
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3.34 CDEL - Create DElLete data area control file
Purposet
To create control files for use by DELDAD/DELDAI.
Description:

CDEL is an interactive utility used to create a control file
to supervise the deletion of data areas on FEM. CDEL prompts
for the data area number, the pProcessors on which the data
area 1is to be deleted, and whether or not to continue CDEL
after the current entrv. After each set of rParameters is
entered, the entry is written to a temparary file
(SCRATCH.BATLST) and CDEL pPrompts for the next set of values
it CDEL was continued. If CDEL was not continued, the user is
PpromPted to determine whether or rnot he wants to save the
delete seauence .Jjust generated. If the save option is
selected, CDEL prompts for a file access name and writes the
tempPorary file contents to the user desisnated file. If the
save option is not selected CDEL simply exits. In either
case, the temporary file retains the delete seqQuence
aenerated and is utilized as the control file when executine
the DELDAI command.

Prompts:

SELECT DATA AREA NUMBER: ( inteser Y ( O - 31 )
SELECT PROCESSOR(3): ( pProcessor select strine )
CONTINUE INFPUT?: ( ves/no )

SAVE THIS TRANSACTION?: { ves/no )
FILE ACCESS NAME: ( access name }

Warnings/Limitations:

CDEL. will overwrite any existinas files specified in respPonse
to the file access name prompt.

iUsage:

Use CDEL tc¢ senerate control files for the DELDAD command.
CDEL is automatically called for the DELDAI command.
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3.35 CDNLD - Create DouNbLoaD data area control

Purprose:

44

file

To create control files for use by LDAD/LDAI.

Description:?

CDNLD is an interactive utility used to
files used in the LDAD/LDAl commands.
the index offset for the first item to be
containing

data area number.,
loaded, the data
downloaded., the

continue CDNLD.

file

PrOCesSsors
After each set of entries,
(SCRATCH. BATLST).

create the control
The user must enter the

the
load,

information to be
and whether or not to
the Parameters are
If the wuser

to

written to a temporary file
elects to continue CDNLD he is prompted for the next set of
parameters. Otherwise, the user is pPromepted to determine
whether or not he wants to save the command file in his
directorvy. If the file is to be saveds CONLD promepts for a
file access name and stores the newly created command file as
directed. In anvy event, the temporary file retains the
command seauence generated and is used as the control file in

the LDAI command.

Promptst
SELECT DATA AREA NIMBER: { integser 3} ( O - 321 )
ENTER STARTING INDEX VALUE: ( integser ) ( 1 - 32767)
SELECT PROCESSOR(S): { processor select strine )
ENTER DATA FILE PATHNAME: ( access name )
CONTINUE INPUT?: { wves/no )
SAVE THIS TRANSACTION?: ( ves/no )
FILE ACCESS NAME: ( access name )

Warnines/Limitations:

CDNLD will overwrite anvy existing files specified in resrponse
to the file access name promept.

UUsage?

Use CDNLD to senerate control files
called by the LDAI command.

CDNLD is automatically

for the LDAD command.
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3.36 CRDA ~ Create Read Data Area control file
Purpose?

Create control files for RDAD/RDAI.

Description?

CRDA is an interactive utility used to create control files
which surpervise the uploading of data areas from the Arrav.
CRODA pPrompts the user to determine the data area number,. an
index offset into the data area, the number of items ¢to
uprload, the pProcessors to interrosate, a directory pPrefix
identifvine a user directory where the necessarvy data files
can be created (see RDAD/RDAI), a rerlace ortion enablineg or
disabline the overwriting of existing data files, and whether
or not to continue CRDA after the present entrv. Each entrvy
is written to a temeporarvy file (SCRATCH.BATLST) as it is
entered, and when the control file is complete the user is
given the oprPtion of savins or not saving the newly created
file. If the command file is to be saved it is copied to the
user designated file. If the command file is not to be saved,
CRDA simply exits. In either case, the temporary control file
retains the 9enerated command sequence and is used as the
control file in the RDAI command.

Prompts:

SELECT DATA AREA NUMBER: { integer )Y ( O - 31 )
ENTER STARTING INDEX VALUE: ( integer )} ( 1 ~ 32767 )
ENTER NUMBER OF DATA ITEMS: ( integer ) ( 1 - 32767 )

SELECT PROCESSOR(S): ( processor select strins )
ENTER DIRECTORY PREFIX: { directory pPrefix name 3
REFPLACE?: ( ves/no )
CONTINUE INPUT?: { ves/no 1}
SAVE THIS TRANSACTION?: { ves/no 1}

FILE ACCESS NAME: ( access name )
Warnings/Limitations:

CRDA will overwrite anvy existine files specified in respPonse
to the file access name promet.

Usage?

Use CRDA to gsenerate control files for the RDAD command. The
RDAI command automatically calls CRDA.
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APPENDIX A

FACS PROMPT TYPES

The FACS commands are embedded in the Svystem Command
Interpreter of the DX10 orerating system, and many FACS commands
utilize SCI prompts to obtain their rParameters. The command
descriptions 1list tvyre identifiers for the required prompts and
indicate a subrangse of rPermissible inrPut values. The following is
a description of the FACS prompt tvyre identifiers and the ranse
of Permissible values associated with that tvee.

{ integer J

Inteser is a 16 bit integer value with a useful ranse of O to
32767 in FACS commands., The integer value is considered to be a
decimal value unless it is preceded by either a “07 (i.e. 0423)
or a "sreater than" svmbol ">’ (i.e. >423), either of which
identifies it as a hexadecimal value.

{ ves/no 1}

Yes/no is simpPly a character strine where the first character
indicates a true/false response to a tendered aquestion. The
interpretation of the ves/no parameter 1is left to an
IF-THEN-ELSE clause in the SCI procedure. SCI will only acceept
a "Y" or "N" in the first position of the ves/no prompt and the
interprretation of such characters derends urPon the command
Procedure.

{ access name )

The access name is a variable lensth strins of up to 44
characters wused to identify either a file or an I/0 device.
Lesal 1/0 device specifications are LPOY (the line printer). ME
(the user terminal), or DUMY (the bit bucket).

{ data tvre )

The data tvpe is a single character which identifies the tvype
of data a data area is to contain and is used exclusively in
the CDEF command. The only rPermissible values are I (intesgser),
L (long 1integer),. R (real), D (double precision real), and U
(user defined tvype). No other inpPut 1is accerpted for this
PprompPt.
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{ mode string 1}

The mode strineg is a character strine used to indicate either
the Foresround or Background mode of execution on the
Controller. As in the ves/no eprompt, the interpretation of the
response is up to the SCI command Procedure. Onlvy the ¢first
character 1is interrreted, and the exrpected response is either
an “F7 or a “B”.

{ pProcessor select strine )

The Processor select strine is a string of up to 46 characters
used to select a set of Arrayvy pProcessors. The user can tvyre
“ALL” to indicate all opPerational processors,. or enter specific
Processor numbers. Selected pProcessors can be identified by
individual number (i.e. “127), bv a range of processor numbers
(i.e. “4..15")y, or by a mixture of the two (i.e.
“1,4,7,12..18,.3.5..4&7).

{ map option strins 3}
The map orption strineg is used to identify the marp option for
the RESET command. Only the first character is interpreted in
the mar option strins.

{ directory pPrefix name )}

The directory prefix name is a character string of up to 42
characters identifvineg a user directorv Pathname.
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APPENDIX B

FACS SYSTEM FILES

A number of files are maintained for the user by FACS. It is
important that the user understand the pPurrpose of each of these
files and their lifesepan to avoid overwritins desired data. Each
of the FACS files is listed below, alone with its purpose and
span of existence.

SCRATCH. BATLST

Purpose?

SCRATCH. BATLST is a temporary control file created bv
interactive data area commands. If the user choonses to save
the batch file, SCRATCH.BATLST is copied to a user defined
file.

Lifespan:

SCRATCH.BATLSET is rewritten whenever a command is called that
uses it. Therefore, only the last batch file generated is
available unless the user saves them in his directorvy.

SCRATCH.DATA

Purrose:

The SCRATCH.DATA file is used by FACS to las an entire FEM
session. Each FACS command called writes an entrv message to
the FEM 108 file and records anv pertinent information for
later review. For example, the LDPG command writes an entry
message, records the name of the file downlcaded and the
affected pProcessors, and records the returned text and status
information. Errors detected during the execution of anvy FACS
command are also written to the data +file in abbreviated
format. The SCRATCH.DATA file thus contains a record of an
entire FEM session and is extremely helprful in reconstructins
transactions on FEM.

Lifespans

SCRATCH.DATA is created when the user attaches FEM and 1is
rewritten each time the RESET command is issued. If problems
are encountered on the arravy the user is advised to either
Print the data file, or copvy it into his directory for later
review. The 109 file is deleted when the Arravy is released.
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SCRATCH. DUMP

Purrpose:

SCRATCH.DUMP pProvides temporary storase for memory and
register dumps, and 1s used to record results for maost
diasnostic routines.

LifesPan:

SCRATCH.DUMP is created by the ATTACH command and deleted
when the Array 1is released. In addition, the dumep file is
overwritten whenever a command is called that uses it.

SCRATCH. ERRORS

Purpose:

SCRATCH.ERRORS is used to record expanded error messagses. All
errors detected while executins any FACS command are Queued
and Processed Jjust pPrior to exiting the command. If any error
is detected durins the execution of FACS commands. the
condition code is set to indicate the scurce. For all FACS
generated errors, the SCRATCH.ERRORS file is displaved when
control is returned to DX10.

Lifespan:

The SCRATCH.ERRORS file is valid only for the last command
executed. This file is created when the Array is attached and
deleted when FEM is released. The errors file is rewritten at
the start of each FACS command.

SCRATCH.EXDATA

Purposes

SCRATCH.EXDATA is wused to record atlil data transactions
between the Array and Controller durins the execution of anvy
user pProgram. Data originatinse at the kevboard will be in
resPonse to a query from the Array and is recorded with a -1
as the data source identifier. A1l other data is recorded
with the originatine Processor number as its source. This
file 1is pPostprocessed by the SORT wutility to provide an
execution record for each particiratine pProcessor.
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LifespPan?

SCRATCH.EXDATA is deleted and re-created each time the XFEM
command is invoked. Therefore, the contents of this file are
only available until the next XFEM and should be sorted and
either Printed or copied into the users’ directory to prevent
loss., Resumina the execution of (RFEM). or single stepPins
(55) a halted prosram will cause the execution data file ¢to
be extended, thus providing a complete record of the
execuytion of a pProsram, even in debus mode.

SCRATCH. FEMSET

Purroses

SCRATCH.FEMSET defines the set of Phvsical pProcessors that
are installed in the Arrav. This file is defined by the
FEMSET command and is only referenced by the RESET command.

Lifespans

SCRATCH.FEMSET is a permanent FACS file and must not be
deleted.

SCRATCH. GRIDMAF

PurrPose:

SCRATCH.GRIDMAP is the template for the Arrav status report
displaved in many FACS commands.

l.Lifesran:

This file is Permanent and must NOT be deleted or altered.

SCRATCH. STATE

Purprose:

SCRATCH. STATE is used to record the Array state uvrPon exit
from FACS commands. This is important for the continuity of
commands during the FEM session because each FACS command
references the state file to determine the current status of
the Arrav.




FACS User“s Guide St

Lifesran:

The SCRATCH.STATE file alwavs exists., It is initialized by
the RESET command and is subsequently used by all other
commands to test Array status uron entrv, and to record Arrav
status urpon exit. This file must NOT be altered or deleted bv
the user.

SCRATCH. TRACE

Purpose:

The SCRATCH.TRACE file 1is used to record all trace
information returned by Prosram(s) executings on the Arrar.
Each trace sample received by the Controller 1is written to
the trace file with an identifvins source processor number.
This file is then pPost—pProcessed to provide trace information
for each rarticiratine Processor.

L.ifesprPan:
The SCRATCH.TRACE file is created when FEM is attached and
deleted upPon release of the Arrav. The trace file is

rewritten on an XFEM command and extended when a halted
prooram is restarted.

SCRATCH. XSTATS

The SCRATCH.XSTATS file is used to store execution statistics
gathered from erocessors on the Arrav.

Lifesrpan:
SCRATCH. XSTATS is a temporary file created when the RES

command is issued, and deleted when the statistics have been
analvzed.
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5YS1.FEM. ERROR

Purpose?

The SYS1.FEM.ERROR file is a relative record file which
contains the text of all FEM error messases. lUron campletion
of any FACSE command, detected errors are dequeued and
SYS1.FEM.ERROR 1is referenced tno Provide the text for the
error messages.

Lifespran:

This file is permanent and must NOT be deleted or altered.
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$BATLST

Purpase?

Identifies the
commands.

Usual value:!

SCRATCH. BATLST

$CHECK

Purpose?

Stores the us

53

APPENDIX C

FACS SYSTEM SYNONYMS

control file for interactive data area

er response to the CHECKIN option in prosram

execution commands.

Usual value:?

Yes or No.

$CRTFILE

Purpose:
Identifies the
Usual value:

STxx (where xx

$ERRLST

Purrose?
Identifies the
Usual value:

SYS1.FEM. ERROR

Video [Disrlay Terminal.

is the user station number).

error messasge reference file.
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$ERRTST

Purpose:?

Stores the command compPletion code. A nonzero value

$ERRTST indicates an abnormal command termination. This
srynonym is vervy useful when writina SCI procedures because it
is set by all FACS commands to indicate error conditions
detected durine execution. Thus $ERRTST can be tested bvy an
SCI procedure and a sequence of commands aborted when errors

occur. See Appendix D. for clarification.
tlsual value:

Assisned under FACS pProgram control,.

$FEMDATA

FPurpose:
Identifies the FEM data loa file.
Usual value:

SCRATCH. DATA

$FEMDUMP

Purrose:?
Identifies the FEM dume file.
Usual value:!

SCRATCH. DUMP

$FEMERR

Purrose!
Identifies the error listina file.
Usual value:

SCRATCH. ERRORS
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$FEMSET

Purprose:
Identifies the oreratine processor set file.
Usual value:®

SCRATCH. FEMSET

Purrpose!
Identifies the file containing the state display template.
Usual value:

SCRATCH. GRIDMAP

$SPFILE

Purprose:

Identifies the file containing compressed obiect code to be
downloaded to FEM.

Uisual value:

Set bv LDPG.

$REFPROCESSOR

Purpose!
Defines the reference pProcessor for execution commands.
Usual value:

User defined.
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$3TATE

Purrose?
Stores the current state of the arrav.
Usual value:

SCRATCH. STATE

$TRACE

Purpose:®

Identifies the file used for temporary storase of trace
samples.

Usual value:

SCRATCH. TRACE

$XDATA

Purpose:
Identifies the file used to store execution data.

IJsual value:

SCRATCH. EXDATA
$XSTATS
Pureose?
Identifies the temporary file used to store execution
statistics.

Usyal value?®

SCRATCH. XSTATS
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APPENDIX D

CUSTOM SC1 PROCEDURES

In this examerle, the user has created a erocedure called
"EASYRUN", which will execute when "EASYRUN" is submitted in
response to an SCI prompt. SCI will immediately display "RUNNING
A FEM TASK THE EASY WAY" on the user’s screen and prompt for the
three input parameters needed by the procedure. The pProcedure
then resets the Arrav: clears surperflucus svynonvms, selects the
desired processor confisuration, downloads the obiect code for
the user prosram, defines and downloads the required data areas.
establishes the I/0 mode and connectivity, and executes the user
erosram on the Arravy. When the user pProgram terminates, EASYRUN
sorts the execution data generated by the user task, stores the
sorted data in a user desisnated file, and creates a hardcopy of
the output. Since each individual FACS command is required to set
the $ERRTST svnonvym and diseplavy the arprorriate error messages
when errors are detected, it is sufficient in EASYRUN to simprly
test $ERRTST and abort the procedure should an error occur.

EASYRUN (RUNNING A FEM TASK THE EASY WAY)=3,

SYNCHRONQUS I/0? = YESNO(YES). ! get all necessarvy parameters
SELECTED PROCESSORS = STRING,
REFERENCE PROCESSORS = STRING
P$3SYN

BESYN

RESET SELMAPOPT = DF

. IF @$ERRTST, NE. 00000

LEXIT

«ENDIF

SAC SN="&SELECTED PROCESSORS"
. IF @$ERRTST, NE.» 00000

EXIT

!

¢

! ¢lear all unecessary svnonvms

t

!

!

!

!

!

!

!
.ENDIF !

]

'

!

!

!

!

!

!

{

!

!

reset the arravy
quit if reset failed

select Processors to run
auit if select failed

load the user Prosram
from this file
to these processors
Quit if download failed

LDPG

PFAN="FEM. THISIS.MYCODE",
SN="&SELECTED PROCESSORS"
« IF @$ERRTST, NE, 00000
LEXIT

- ENDIF

DEFDAD

CFAN="FEM. THISIS.DEFINE"
. IF @$ERRTST, NE. 00000
-EXIT

-ENDIF

define data area directlwy
from this control file
qQuit if define fails
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load data area directly
from this control file
Quit if download fails

LDAD
CFAN="FEM. THISIS. DOWNLOAD"
- IF @$ERRTST. NE., 00000

]
]
]

~EXIT !

.ENDIF H

« IF “"&SYNCHRONOUS I/07",GE, “Y" ! if synchronous i/o is desired

SYNCON ! then synchronous connectivity
MAXREC=6, ¢ with a maximum of & words/record
NOITAG=1, ! with 1 ineput buffer
NOLL=8, ! with 8 local links
QD=2 ! with a qQueue derth of 2 records

.ELSE !

ASYNCON ! else asvnchronous connectivity
MAXREC=6, ! with a maximum of & words/record
NOITAG=1, ' with 1 input buffer
NOLL =8 ! with 8 local links

-ENDIF !

. IF @$ERRTST, NE. 00000 ! quit if connectivity fails

CEXIT H

<ENDIF !

XFEM ! execute the pProgram on FEM
CHECK=Y, ! with checkin enabled
TRACENAB=Y, ! with trace enabled
TRACINT=100, ! for 100 ms intervals
REF="&REF" !' monitor these Pracessors

« IF @$ERRTST, NE. 00000 ! quit if execute fails

LEXIT !

+ENDIF !

SORT ! sort the execution data file
LAN = "FEM.THISIS.FIRSTRUN" ' to this file

PF ' print

)

FP = "FEM.THISIS.FIRSTRUN" the sorted execution file
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