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NOVA Command Summary

The following contains an alphabeticd list of the mmmands avail able under version 2.0 of NOVA. Unless
explicitly noted atherwise, all commands functionidenticaly under Unix and VMS.

In this description, the term item refers to anything that the user might define (variable, spedrum, condition,
OP<EQ labd, ..).

NOVA command lines are & "freeformat" as posdble (I hate systems where parameters must be separated by
EXACTLY onre space or only commas are dlowed — espedally if the rules are not consistent for al commands).
Parametersin NOVA commands are separated with commas and/or one or more blanks or tabs. Qualifiers (which begin

with the / charader) need na (athoughmay be) separated (from ead ather or from other words in the command) with
blanks or tabs.

Most (nat al) commands support wild cardsin user names. The standard VMSS convention appli es— the charader
'%' matches exactly one charader in the name andthe charadter *' matches any number (including zero) of charadersin
the name.

In most cases, command lines are "exeauted" in strict left to right order. Thus, qualifiers shoud precede the
arguments to which they apply. For example, to dotain a"full" listing  a variable, you shoud enter

LIST/FULL variable
rather than
LIST variable/FULL

However, qudifiersat the end d a ommand line ae dfedively moved to the beginning, all owing for convenient
use of command line recdl and editing cgpabiliti es® (this is described in more detail i n the Introductionto NOVA).

All commands (and qualifiers) may be @breviated to their shortest unique form. Thus, DEL, DELE, ...are dl
legal substitutes for the DELETE command.

VERY IMPORTANT!

It isguaranteed that inthisand al subsequent versions of the system, all commands will be unique within the first
4 charaders (i.e. a4 charader abbreviationwill never cause mnfusion). Espedally in commandfiles, it isagoodideato
awaysuse d least 4 charaders sncefuture releases of NOVA might introduce new commands which conflict with command
abbreviations dorter than 4 charaders.

User Aliases

NOVA commends areintended to be & "non-cryptic' as possble. With afew exceptions (ZALL is one that comes
tomind) it is (1 think) fairly obvious from the cmmandword oy what the mmandis supposed to da This, plus the fad
that abbreviations to commands must be unique, means that sometimes more typingis required than in ather systems. As
one particular example, many systems use the command word D to mean dsplay - this is nice and short and therefore

a Thisisnew - previousversion & NOVA strictly enforced the “qualifiers must precale aguments’ rule.
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appropriate for something that you commonly use. Thiswon't work in NOVA, becaise D could mean na only DSP but
aso DUMP, DELETE, DEF1D, DEF2D, ...

To dlow the user to customize the system to his liking as much as possble, NOVA all ows User defined Aliases.
Any lega name (12 or fewer charaderswith the first one dphabetic) can be defined to be eguivalent to any charader string
ina ommand. The only restrictions on the use of User defined aliases are:
1 The command can be used only at the beginning of a ommand line. That is, when the system receves a ommand
lineto be exeauted, it looks at thefirst word orly onthelineto seeif it isan dlias. If it is, thisword is replaced with
the gpropriate string, and the command line is then processed namally.

2. This replacement processis not reaursive (that is, if the first word is replacel with a user command string, the
processis nat repeaed). Thus, aliases may nat be defined in terms of other aliases.

3. Thetotal length of any command line in the system (after all of this expansion stuff) is limited to 255 charaders.

Thus, for example, if you commonly use the ommand DSRPAGE=4 to plot 4 spedraon ore screen, you could
define an dlias cdled D4 to dothis

D4 := DSP/PAGE=4
and then say
D4S1S2S3+4
which will be expanded to
DSP/PAGE=4S1S2S34
Or, if youjust like to use D for DSP, you could define
D :=DSP
The syntax for definingan aliasis smilar to that used for defining a symbol in VMS:
command := replacement_string

The operator =" rather than just ‘=" tellsSNOVA that thisis the definition of an alias and nd avariable (nate, though
that ==, which is commonly used in VMS, does NOT work — only asingle '=" signis all owed).

Note that aliases are stored in the NOVA tables alongwith everything el se, so they are destroyed with aLOAD
command (and also saved by the DUMP command). In addition, since they are stored in the (common) NOVA tables,
everyone who maps to this NOVA gets all of the defined ali ases, so you shoud make sure that everyone agrees onwhich
diases fodd be defined. If youwant to make use of diases, it is probably best to kegp them all in a ommand file, and then
youcan restore dl of your definiti ons after aload with @file. Youcan usethe LIST/ALIAS command to seewhat ali ases
are aurrently defined.

If replacement_stringis emtpy, the user aliasis removed. Thus, to remove the definition o D4, simply enter the
commandline

D4 :=
General

° IComment
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Any command line which begins with an exclamation point is treaed as a Comment, andisignared by NOVA.
Trailingcomments (i.e. a‘!” anywhere but thefirst charader) are not supported.

° CTRL-C

Maost commands can be terminated by typing CTRL-C (NOT CTRL-YP — that terminates your NOVA sesson).
For example, alengthy LIST command can be aborted by typing CTRL-C, and youwill be returned to the NOVA Command
Line Interpreter.

° CommandEditing/ History

Any command line may be elited (usingthe airsor keys to positionthe aursor, as with VMS DCL) before pressng
RETURN to exeatte the command. Aswell, any of the most recent 20 commands may be recdl ed, edited (if desired) and
then re-exeauted by just pressng RETURN. PressPF1 to seethe commands which may be recdl ed, PF2 for HELP and PF4
to invoke asimple desk cdculator®.

The command history is now saved between NOVA sessons (that isif you exit NOVA to DCL and then re-enter
NOVA, the most recent 20 commands will still be avail ble using the up arrow key).

The command editingfadlity isna avail able if you have SET/INPUT=REMOTE. Thiscommand makesit easier
(and much fagter) to interad with NOVA over a slow data link (e.g. modem or very slow network conrnedion), but you gve
up the ommand editing fadlity (and also commandrecdl).

A recdled commandis added to the command history list only if it is changed (thisis to prevent multiple recdl of
the same command from overwriting your entire ommand history). If youwant an urmodified command to be alded to the
command history, you can “fakeit” by addingaspace &the end d the command.

° @filename

Begin reading commands from the fil e filename. @-fil es may be nested up to 10 degp. An @-fileisterminated
(and hencefurther command lines will be read from the next higher level) by the physicd end d file. If filename does nat
contain an extension, .NCM (for Nova CoMandfil €) is asaumed.

. NOVA_STARTUP

When youfirst type NOVA, the system seaches for a file named NOVA_STARTUP.NCM in your default directory
(or youmay usethe VMSlogcd name NOVA_STARTUP to redired this assgnment to any other filename), andif it finds
it, exeautesit as an @-fil e before your sessonbegins. Y oucould use this, for example, to set your operating environment
(e.g. youmight want LONG error messages rather than the default SHORT, or you might want to turn onCONFIRMation
of al changes). Thisismost useful for (andin fadt shodd probably ONLY contain) thase things which are nat saved in the
NOVA tables (primarily parameters in the SET command). Otherwise, someone dse mappingto your NOVA subprocess
(usingthe DCL NOVAMAP command) and then starting the NOVA program would change definitions for everyone dse
whois currently mapped to the same subprocess

° multi ple ommands

Multiple mmands can be attered on oreinput line by separating them with semicolons. This is most useful when
commands are passed to NOVA onthe command line (perhaps from a commandfile), althoughit is avail able dso when
NOVA isusedin nama interadive mode (it might be useful, for example, to be aleto recdl multiple commands with the
command recdl fadlity described above).

b InUnix, CTRL-Y does nathing spedal.

¢ Thanks to Corrie Kost and his group for this fadlity.
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° n command

Any command line which begins with a number is asaimed to be aline to be inserted into the OPSEQ asline
number n. If commandis nat present ontheline (i.e. just anumber is entered onthe cmmand ling), NOVA enters "OP<EQ
insert" mode. Multiple lines may then be entered into the OPEQ. Use END, EOF, EXIT or QUIT to return to namal
"command' mode. Seethe mmments on the Operation Sequence below for amore amplete description).

° variable = expresdon

This definesthe formulafor cdculating avariable. Expresson can be any legal FORTRAN arithmetic or logicd
expresson (including NOVA function cdls andindexed variables). Variable must be one of:

i) asimple variable (no subscript)

i) asubscripted variable which hesbeen previously dedared asa PARAMETER. In this case, expresson
may only be asimple constant.

i) the name of a dimensioned variable with no subscript. In this case, expressonmay only be a ciitoa
USRn function, and the first argument of the user function must be the same vedor (e.g. X = USRO (X, ..)). (I
know thisis clumsy, but you are stuck with it — sorry).

Examples:
X =1437
LOGVAR =ANGLE >=ANGLO & ANGLE <=ANGHI

Y=(X1-X2)/(X1+X2) + COS(THETA)*LOG(X1**2)
USERDATA=USR1(USERDATA $RAW $TABLE)

Alphabetica List of NOVA Commands

In the following descriptions, things enclosed in { braces} are optiona (in fad for many commands, most of the
parameters are optional — the{braces} conventionis used in this document only when it is nat obvious whether a parameter
is optional or not). Things shown here in UPPER CASE must be entered exadly as shown (althoughthe cae is nat
important when you are adualy enteringthe mmmand, and urique abbreviations are dways al owed), things shawn in lower
case aetypicdly user items and shoud be replaced with the gpropriate user-defined values.

° ADDGROUP {/TYPE=type} groupnane member {member ...}

Add the items member ... to the group groupnane. If groupname does nat exist, it will be aeaed - in this case
the type of the group must be specified with the /TYPE qualifier. Note that the first item in the commandisthe groupnane
- subsequent items are the members of the group.

Wild cards are nat supported for the ADDGROUP command.

The command SUBGROUP is used to remove items from a group.

Qualifiers:

/TYPE=type Definesthe type of the group. This qualifier is reguired when the group isfirst creaed. Lega
group typesare CONDITION, VARIABLE and SPECTRUM.

. ANALYSE

Begin analysis. NOVA first chedks to ensure that an input stream has been opened (seethe OPEN command).
OPEN in turn requires than an IMODE command be exeauted first.
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NOVA then chedsfor a"nonexeattable' OPSEQ (e.g. unpaired IF - ENDIF construction). If any exist, analysis
isnot all owed.

NOVA then chedks for any undefined entries (i.e. things which have been referenced somewhere, but NOVA
doesn't yet know how to cdculate them — an example would be defining X=Y +1, but forgettingto definewhat Y is). If any
exist, the system asks if you redly want to begin analysis. Asfar as| know, exeauting an OPSEQ containing undfined
variables will nat make the system crash, but the results will almost certainly be wrong It is safest to proceed from this
warning message only if youare sure that the undefined variables are in a part of the OPSEQ which will never be exeauted
(or that you dort care aout yet).

EA (Enable Andlysis) isasynonym for ANALY SE (asis ANALY ZE, for those of uswho can't figure out if we ae
British ar American).

° ANALYZE
A synorym for ANALY SE.
° BREAIN

Asdiscussed below (under the LOCK command), it is posdble for the owner of aNOVA sub-processto prevent
modification by anyone dse (althoughthe default is that any terminal / processwhich can accessthe tables can change
them”). This locking fadlity can be useful if you are worried about an ureuthorized (or careless user making changesto
things, but it can aso be abother if you "know what you are doing' but find yourself at a placeremote from the terminal
which haslocked the subprocess(e.g. youare onthe MRS platform and the NOVA that you want to talk to has been locked
by atermina in the courting room).

If youwant a different terminal to be ale to change things, the "owner" terminal (usually) must first exeaute an
UNLOCK commend, andthen the new terminal can issue the LOCK commandto gain exclusive write accssto the tables.
The arrent "owner" of a particular NOVA subprocessis displayed onthe STATus page.

The BREAKIN command all ows youto forceyour way into gainingwrite accesto the NOVA tables. Youthen
beamme the owner of the subprocessand can change definitions (it is just like the LOCK command, except that the other guy
isnat required to issue an UNLOCK first).

Thisis potentially a very dangerous (and confusing) thing, sincethere is noindcaion given to the other process
that this has happened (it might not even be your NOVA processthat you are bre&ing into — please be VERY CAREFUL
when using this command — try to avoid it if at all possble). In arder to slow you dawn alittl e bit (and maybe make you
think carefull y about what you are doing), the system requires that you enter a Bregkin Password (the "Passwvord" is smply
the BREAKIN commandword again— no shart forms al owed and it must bein UPPER CASE). Theintent is nat so much
to prevent youfrom using this fadlity (I am asauming that people will use it responsibly, andit isn't much good lavingit if
you can't use it) as to make you think about it before you da A red passvord may have to be implemented if this fadlity
is abused.

Onceyou have dore this, you will remain the sole owner of this NOVA processuntil you UNLOCK it (or until
someone else does a BREAKIN to sted it away from you withou your knowledge— seewhat | mean about it being
confusingand dangerous).

. CENTROID

The CENTROID command closdly mimicsthe DSPcommand described later — in particular it accepts (most of)
the same qualifiers. The differenceis that rather than dsplayinga spedrum, it caculates gatistics for al of part of it. In

d Thisisdifferent from ealier versions, where only asinge processwas all owed write accasto the NOVA
tables.
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particular, it cdculates the Sum, Centroid, FVHM (Full Width at Half maximum = 2.35 o) and Standard Error of the Mean
(SEOM). Thisinformationis either displayed onthe screen o written into afile (appended to thefile if it exists aready).

Qualifiers:

Most of the qualifiers which are legal for the DSPcommand are dso recogrized for the CENTROID command
(e.g. IXMIN, IXMAX spedfy the region d the spedrum to wse in cdculating the Sum & centroid). The /ROW and
/COLUMN qudifiersare particularly useful for spedfyingasinge row or column o a2D spedrum. One qualifier unique
to the CENTROID commandis:

/FILE  Causestheinformationto bewritten to the disk file CENTROIDS.DAT rather than to the screen. If this
file exists aready, the information is appended to the end d it (allowing, for example, a history of
centroids for different runs to be maintained in asingefile).

° CLOSE

This command closes the data stream opened with the OPEN command. If the input stream is closed, then a new
input stream nrust be opened before andysis can be resumed. The NOVA subprocessmust be in a paused condti on before
the CLOSE command will be acceted.

Qualifiers:

/INPUT Closes the input data stream. Thisis the default if no qualifier is entered (i.e. CLOSE is equivalent to
CLOSE/INPUT).

/OUTPUT Closes the output data stream. All OUTPUT statements in the OPSEQ will beignared urtil
anather output strean is opened. Thisisthe eaiest way to dsable OUTPUT from the NOVA
OPEQ.

° CONDITION name {name...}

Dedare one or more variables to be of type condtion (i.e. an integer value with an associated software scder).
Each name must be asimple variable (condtions may nat be dimensioned). These may be éther new variables (i.e. not yet
defined) or dready exigting If they exist drealy, their definition (i.e. how they are cdculated) will nat be changed. The only
differencewill bethat their type will be forced to INTEGER andthere will now be asoftware scder asciated with them.

. CURSOR

The CURSOR commandturns onthe display crosshairs. They can be moved with the arow keys onthe terminal
(or the mouse if you have an Atari or DECWINDOWS terminal). This command can be used if multiple plots are onthe
page (i.e. DSPPAGE=n), but any commands which cause aspedrum to be redrawn (such as Expand) will redraw only a
single spedrum — the one in which the airsor is currently positioned. Note that the Markers (Left and Right) must both
be defined within the same spedrum.

Y ouinterad with this command by moving the airsor (either with the mouse or the arow keys) and/or typing single
charader commends. You real nd (infact, MUST nat) enter a Carriage Return - just the single charader key is aufficient.

Thetop line of the screen containsthe X (and Y for 2D) coordinates of the Left marker on the left hand side of the
line and d the Right marker on the right hand side of the line. The secondline of the screen dsplays different things for
different functions.

For commandswhich define a danndl (e.g. L, R or C), the aosshairswill normally be re-positionedto lie & the
centre of the seleded channel. If you dorit like this behaviour, it can be turned off with the SET /SNAP command.

The following singe charader commands are implemented within the CURSOR command.
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n Enteringasindedigit (1 - 9) displays as afull screen ore of the first 9 spedrawhich were shown ona multi-plot
screen with the last DSPcommand. Use the All command to restore the screen to its oritinal state.

A Redraw All of the spedra which were on the screen when the CURSOR command began.

Spaceor C Display the Counts in a particular channel (the X and Y data values associated with the cantre of the
channel are dso gven). The aurrent position d the aosshairs Eleds the danndl.

D Draw the spedrum again (but with updated data— if analysisis going onin parallel, youwill get a plot with the
current data). If there ae multiple plots onthe screen, only the one pointed to by the aosshairswill be drawn.
(Cortrast this with the All command, which redraws everything). Thisis gmilar to the‘n’ command above, but
gives you accessto more than thefirst 9 spedra.

E Expand the spedrum between the Left and Right markers. Note that the Left and Right markers must both be
defined within the same spedrum.

F Full display of the spedrum (expand so that all channels are displayed — including Underflow and Overflow
channels).

G Gausdan fit between Left and Right markers (this has nat yet been implemented).

L L eft marker for aregion. Usually, the Left button d the Atari mouse is <t to generate an L whenyouclick it. If

it is nat, the ST640setup screen — invoked by the Help button— allows you to set this. Note that the Left and
Right markers must both be defined within the same spedrum.

Q Quit (terminate the CURSOR command and return to the NOVA CLI). Thisisthe only way to escgpe from the
cursor command.

R Right marker for aregion (usually the Right button d the Atari mouseis st to generate an R when youclick it).
If nat, it can be st in amanner similar to the Left button. Note that the Left and right markers must both be defined
within the same spedrum.

S Sumthe regionbetween the L and R markers (gives the centroid and FWHM aswell). The region being summed
is displayed as two ddted lines (for a 1D spedrum) or adotted box (for a 2D spedrum). Note that the Left and
Right markers must both be defined within the same spedrum.

w Draw the Window (L and R markers). Note that if multiple spedra ae onthe page, there is only one Window
defined (nat a separate one for ead spedrum) and both the L and R markers must be within the same spedrum
for the window definitionto be valid.

° DCL {command}

If commandis edfied, asubprocessis gpawned and the single DCL command is exeauted. Control then returns
tothe NOVA CLI. If nocommandis gedfied, then asubprocessis gpawned runringVMS DCL (or the Unix shell). Input
isread from theterminal and exeauted as DCL (not NOVA) commands. Theterminal prompt is changed to NOVA_DCL>
to remindyouthat youaretalking to DCL from within NOVA. Usethe DCL LOGOUT (Unix exit) commandto terminate
this sibprocessand return to NOVA.

Note that commands are exeauted by spawning a subprocess which may nat be possble if you have too many
subprocesses adive dready (operating system quatas apply). For example, if you have started a ouple of NOVA
subprocessand also an NSCALERS subprocessto monitor scders, you may be unable to exeaite DCL commands from
within NOVA due to subprocessquatarestrictions. Youcan get aroundthis by terminating some of your processes (and
perhaps restarting them from anather terminal / parent process.
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The DCL command may be combined with the User Alias utility to creae an interfacewhich is Smilar toVMS
DCL. For example, to generate adiredory listing from within NOVA, define the User Alias

DIR :=DCL DIRECTORY

andthe (NOVA) command DIR behavesjust like youwere talkingto DCL (althoughmaybe quite abit slower)— It spawns
asubprocess exeaites the mmmand DIRECTORY and then returnsto NOVA.

° DEF1D /qudifiers ... specl {... spec?}

Define (or change the parameters of) one or more 1-D spedra. Note that the spedrum name cmes last (i.e. the
commendlineis <anned |eft-to-right, but is "exeauted” only when the spedrum name is encourtered - al qualifiers before
specl refer to specl - al qualifiers before spe (including those before specl if there ae no corflicts) refer to spe2 (See
however, the discusson onpage 1 regarding the pladng d command qualifiers). Not all qualifiers are required in agiven
DEF1D command (they can be entered later), but if the spedrum nust be aeated (doesn't exist already) the /SIZE
parameter must be given. A spedrum is "undefined” until both the SIZE and DATA parameters have been spedfied —
there ae reasonable defaults supplied for al other parameters.

Wild cards are supported (you can say DEF1D /XLOW=-500 SR* to change the lower limit of al spedra
beginningwith SR).

Any parameter of a spedrum excet the size can be changed by a subsequent DEF1D command at any time.

Qualifiers:

/CHART Definesthe spectrum to be of type strip-chart. Thisislike aSEQ spedrum
(see below), except that rather than “wrapping around' at the end d the
spedrum, the spedrum is rolled left by 1/2 the size

/CONDITION=(list) Defines alist of 1 or more mndtionsin the condtion list for this spedrum. All of

these conditions must evaluate to TRUE for the spedrum to be incremented. An
empty condtion (/COND=0)list means that the spedrum will always be incremented.
Thisis the default.

If only asinge condtionis given, the parentheses may be omitted.

Condtionsin thislist will be added to the existing condtion list for the spedrum (you
dorit haveto re-type what is already there to add anather condtion). If the cmndtion
nameis precaded with a'-' sign, this condtionwill be removed from the condtionlist.
The spedal condtion reme 0 (zero) removes al condtions from the list.

Thus, to remove @ndtion COND1 and include COND2 and COND3, you would
spedfy:

/CONDITION=(-COND1, COND2, COND3)
To define the mask as CONDL only (regardlessof what was there before) spedfy:
/CONDITION=(0, COND1)

/IDATA=var (or /XDATA) Definesthe data val ue to be histogrammed. Values with a subscript are nat all owed.

If youwant to Hstogram $RAW(10) (for example), you must first define an auxili ary
variable (e.g. R10 = $RAW(10)) and then use R10 asthe /DATA variable.
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/LOW=var (or /XLOW)  Definesthe value of XDATA assciated with lower edge of channel 0 of the spedrum.
Defaultsto 0. The value may be dther a mnstant or the name of avariable.

/HIGH=var (or /XHIGH) Definesthe value of XDATA associated with the upper edge of channel (SIZE-1) of
the spedrum. Defaultsto SIZE. (Actualy, XHIGH isthefirst value which isNOT
stored in the spedrum, or at least the first value which is gored in the overflow
channel. The top of the last bin in the spedrum is XHIGH-€). The value may be
either a constant or the name of avariable. For example, if you spedfy /XLOW=0,
/XHIGH=100and/XSIZE=100, ead channel will be 1.0 dataunitswide. Thefirst
channel covers the range (0.0,0.999..)) and the last channel covers the range (99.0,
99.999..)). The ‘bottom’ of the overflow channel is 100.

Note that there is no requirement that (XHIGH - XLOW) be an even
multi ple of XSIZE (athoughit usually makes it easier to interpret channel cortents if
thisisthe cae). The "Bin Size' of the spedrumis (XHIGH - XLOW)/XSIZE as a
floating pant number,

/NORMAL Definesthe spedrum to be a"normal" 1D spedrum (see/CHART./PTOS and/SEQ). Thisis
the default.

/PTOS Definesthe spedrumto be &Parall €l-to-Serial" spedrum. The data value being Hstogrammed must be
of type INTEGER. Channel 'n' of the histogram will be incremented if bit 'n' of the datavalueis st (bit
Oistheleast sigrificant bit). Thus, thistype of spedrum can be incremented several times for eat event
(oncefor ead bit which is st in the data value). A /SIZE parameter greaer than 32 is meaningess
(athoughall owed) asthere aeonly 32 bitsin an INTEGER*4 variable. The Underflow channel will be
incremented if the valueis zero (no bits «t). The Overflow channel will never be incremented.

/SEQ  Defines the spedrum to be of type sequential. A sequential spedrum differs in that, when it is
"incremented”, the value of the variable being histogrammed is stored in the next channel of the spedrum.
Thus, a sequential histogram gives you atime ordered history of the value of a variable, rather than a
histogram of how often avariable had a cetain vdue. It might be used, for example, to maintain a history
of some parameter (such as beam polarizaion) as afunction d time. A spedrum of type /CHART is
smilar except that is srollsby 1/2 the sizerather than “wraps around when the last channel is reated.

/SIZE=n (or /IXSIZE) Define the number of channels in the spedrum (>0, INTEGER constant). This
qualifier isreguired when the spedrum is first defined.

/STORE Defines the speagrum to be of type ‘ store vedor’. When it is “incremented”, the value of the X data
variable (which shoud be adimensined vedor) is sSmply copied into sequential channels of the spedrum.

Examples:

DEF1D /SIZE=100SX
DEF1D /XDATA=X /XLOW=-100/XHIGH=200SX
DEF1D /CONDITION=0 SX

° DEF2D /... specl {/... spec?}

Defineone or more 2D spedra. Seethe mmmentsfor DEF1D above - the DEF2D commandis smilar. Qualifiers
must include dther an X or Y inthem (/SIZE isno good- it must be éther /XSIZE or /Y SIZE). When the spedrum isfirst
defined, both /XSIZE and/YSIZE must be given. Note that the maximum sizefor a2D spedrum is approximately 256 x
256 chanrels (thislimit isadualy imposed by the DSPcommand — larger 2D spedra can be defined and incremented OK
but they can't be displayed properly by NOVA. You haveto use PLOTDATA or some other graphics padage to dsplay
them). Thesystem will i ssue awarning if youtry to define aspedrum that istoo big, but it will go ahead and doit for you
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anyway. If youwant to undoit, you must first DELETE the spedrum and then re-define it, as NOVA can't change the
number of channelsin aspedrum

Qualifiers:

JCONDITION= (list)

/INDEX Definesthe spedrum to be of type INDEX. AnINDEX spedrum (although @dared as a mnventional
2D spedrum) isredly aseries of 1D spedra. The XDATA variable shoud be adimensioned vedor —
the YDATA variableisirrelevant and shoud nd be spedfied.

Thefirg time the spedrum is incremented, the value of XDATA(O) is used to increment a 1D
spedrum stored in the first row. The secondtime it is incremented (for the next event), the value of
XDATA(L) isused toincrement the secondrow as a 1D spedrum and so on After the N'th (= Y SIZE)
row, theindex wraps aroundand the next time row 0 isincremented again. Thus, an Index spedrumis
a convenient way of monitoringa complete data vedor with orly one INCR cdl inthe OPEQ. Note,
though that eat 1D spedrum isincremented oy every N'th event (where N is Y SIZE).

/NORMAL

/PTOS I spedfied, both X andY axesare asumed PTOS-type variables— thereis no provision for one PTOS
and ore NORMAL coardinate. Notethat the correspondng/XDATA, /YDATA variables must both be
of type INTEGER.

/XDATA=var

IXLOW=var

IXHIGH=var

IXSIZE=nx

[YDATA=var

/YLOW=var

/YHIGH=var

IYSIZE=ny

Examples:

DEF2D /XSIZE=50/Y SIZE=50/CONDITION=C1 SXY
DEF2D /XDATA=X /[YDATA=Y /CONDITION=(-C1, C2) SXY

° DELETE name {name..}

Deeteoneor moreitems. Entrieswill be deleted (if possble— that is, if they are nat being wsed somewhere dse).
If the entries are being wsed, they will be marked as Undefined but nat removed.

Wild cards are supported by the DELETE command.

System variables (i.e. things that NOVA pre-defines for you, such as SCONDM ASK) are proteded. Thus, the
command

DELETE *
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deletes all user variables but not system defined variables.

It isnot posdble to delete something which is referred to by something else. For example, if you heve defined

X=Y+1

youcant ddete Y becaise NOVA remgrizesthat Y is required for the cdculation d X (youcoud delete Y if you
deleted X first). If youtry, NOVA will complain that the variableis"in use" and therefore can't be deleted. 1ts definition

(i.e. how its value is cdculated) will be removed, however, andit will appea as an Undefined variable (i.e. asif you hed
just entered the @ove definitionfor X but nat yet defined ).

Qualifiers:

/CONFIRM Itemsto be deleted are listed onthe terminal. The user must then enter one of the single letter
commands:

Y Yes- deletethisitem

N No - keep thisitem

A All - delete dl therest (i.e. just like Y for al remainingitemsin thelist)
Q Quit this command (i.e. just like N for al remainingitemsin thelist)

/ORPHAN Only thoseitemswhich are "orphans” will be cnsidered as candidates for deletion (an orphan
isanitemwhichisna referred to by anyone dse, and hence muld be deleted withou changing
things). If youwant to delete dl orphan entries, you must enter **' for the name.

IVERFY Names of all deleted items will be edhoed onthe cnsole.

Examples:

DELETE X1,Y1,7*
DELETE/CONFIRM *
DELETE/ORPHAN *

. DELETE/OPSEQ n1{n2}
. DELETE/OPSEQ ALL

Deetelinesfromthe OPEQ. This datement is (somewnhat) obsolete now that the full screen editor for the OPSEQ
has been implemented, but is gill useful in caseswhere your termina (or operating system!) does not support a decent screen
editor.

If only n1 isgiven asingelinewill be deleted (thefirst linein the OPSEQ isline 1 — line"0" is the (proteded)
$BEG_OPEQ:CONTINUE). If both nl and r2 are given, lines nl to n2 (inclusive) will be deleted. If n2 isentered as
ALL, dl linesfromnl (inclusive) the the end d the OPEQ will be deleted. If only ALL is entered, the entire OPSEQ will
be deleted.

Thefirst line ($BEG_OPSEQ:CONTINUE) andthelast line (SEND_OPSEQ:CONTINUE) of the OPSEQ
are proteded, and canna be deleted. Thusa coommand like

DELETE /OPSEQ 10 999999
would delete dl li nes from 10 throughto the end d the OPSEQ (but nat $END_OPSEQ).
Quialifiers:

/CONFIRM
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IVERFY Asfor the DELETE command above.
° DIMENSION var(size) {var (size) ..}

Define ore or more variables as vedors (things requiringan index). Sizeisthe number of elementsin the vedor
- the minimum index is always 0 (and hence the maximum index is $ze-1). The variables must nat have been dmensioned
before (youcan anly dothis once- | can't change the size of adimensioned variable) and it must nat have gpeaed before
without an index (sincethis implicitly defines it to be asimple, undmensioned variable, and | can't change that either).
Variables can a so be dimensioned in type dedarations satements (e.g. INTEGER*4 X (40)).

. DISMOUNT

This commandlogcdly dismourts amagnetic tape (it is the inverse of the MOUNT command). It isrequired (for
example) if you rave been andyzing from tape and want to analyze adisk file instead. Seethe sedion ontape handling for
amore complete description.

° DSP/...namel{,/...name2 ...}

Displays one or more spedra on the terminal. The command string is <anned |eft to right, but only "exeauted”
when a spedrum name is encourtered. Thus, al qualifiers precaling namel affed the display of namel, al qualifiers
precaiing name2 (includng thase which precade namel where there ae no corflicts) affed the display of name2, etc. (See
however, the discusson onpage 1 regarding the pladng d command qualifiers. In particular, any qualifiers which foll ow
the last spedrum name ae dfedively transferred to the beginning d the mommand line and hencewill apply to al spedra
inthe cmmand. This makesit more mnvenient to recdl a mmand and add qualifiers to the ommand.)

Each name may be dther asinge spedrum name, or the name of a spedrum group. If it isaspedrum group, the
effed is asif al members of the spedrum group (modified by any preceding/OFFSET qualifier, if present) were entered
instead of the spedrum group name. Wild cards are supported for the DSP command — both individual spedra and
spedrum groups are seached to find a match for a name mntainingwild cards. Spedrawhich are included in groups may
appea morethan orceif wild cards are used. For example, if aspedrum SX1 isincluded in a spedrum group SXPOS, then
the ommend DSP X* will display SX1 twice— oncebecaiseit isamember of SXPOS (which also satisfies the wild card
condtion). The spectrum group $ALLSPECTRA isignaed duing thiswild card match, so the aommand DSP* displays
ead spedrum only once

Multi ple spedra may be displayed on ore page.
Qualifiers:

/ATAR Draw the spedrausingthe "fast histogram” option d the Atari ST640 pdage. Thisisthe default if the
terminal type has been set to Atari using the SET command. It is much faster than the /VT640 option,
but (of course) requires that you are using an Atari 1040running ST640. In addition, spedra produced
with this option may nat be printed ona REMOTE printer usingthe HARDCOPY command.
Thisqualifier is “remembered”, so orceit has been used, al further plots will be drawn using the Atari
Fast Histogram pacdkage urtil it i s explicitly cancdl ed with aDSPVT640 command.

/COLUMN=value Display a olumn (fixed X datavalue) of a2D spedrum asa 1D spedrum. Vaueis
the X data value (nat bin number) of the @lumn to be displayed (in fad, any data
value mntained within the limits will work).

/FULL Normally, thefirst andlast channels of a1D spedrum (undcerflow and overflow) or the outer "box" around
a2D spedrumisignaed when dsplayingthe spedrum. The /FULL optionforces these channelsto be

displayed.

/HIGH A synorym for /XHIGH when displayinga 1D spedrum.
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/LOW A synorym for /XLOW when dsplayinga 1D spedrum.

IMAX=n Force the maximum verticd scde to be n courts. All channels with courts >= n will be
displayed as "full scde". If nat entered (or entered as /MAX=0), the scde will be ajusted
automaticdly so that the largest channel cortents fit onthe plot.

/MIN=n Forcethe minimum value on the verticd scde to be n courts. Normally the minimum valueis
0. Thisoptionis particularly useful for histograms where the value in a channel can be negative
(e.g. a/SEQ spedrum of beam polarization, or spedrawhich have been incremented using a
negative WEIGHT).

/OFFSET=n When the name of a spedrum groupis encourtered in the mmmandline, the dfed isasif all
of the members of the spedrum group were entered in placeof the group name. The/OFFSET
qualifier modifies this by starting with member number n of the group (the first spedrumis
number 0). For example, if SPECGROUP is a spedrum group containing 12 spedra, the
command

DSP /OFFSET=9 SPECGROUP
would display the last threespedra (numbers 9, 10 and 11) in the group.

/PAGE=n Format the display page so that a maximum of n spedra can be drawn onthe page. Vauesare
effedively rounded wp to the next larger number of the series (1, 2, 4, 6, 9, 12, 16, 20, 25). If
this optionis nat used, the format will be chosen automaticdly based onthe number of spedrum
namesin the ommendline. Notethat (for example), if /IPAGE=3 is Pedfied, the display page
will be formatted for 4 plots (the next larger number in the eove sequence) but only 3 plots will
adually be produced.

Numbers larger than 9 prodwce plots onwhich very littl e detail i s visible.

/ROW=value Display arow (fixed Y datavalue) of a 2D spedrum as a 1D spedrum. VaueistheY data
value (nat bin number) correspondng to the row to be displayed.

NT640 Draw the plots usingthe TRIUMF standard graphics driver for aVT640 terminal. Thisisthe
default (unlessyou wse the SET TERMINAL command to modify it). It can be used if the
terminal you are using is an Atari, but it is much slower than the /ATARI OPTION. It does,
however, permit the HARDCOPY command to produce plots ona REMOTE printer.
Use/VT640for al termina types except Atari. For example, if your terminal redlyisaVT241
(and resbeen dedared as sich with the SET /TERM command), then DSRVT640will use the
VT241driver. Thisoptionredly means“dor't use the Atari Fast Histogram display padage -
use the TRIUMF GPLOT routines.

/XHIGH=value The largest channdl displayed in the X diredion will correspondto XDATA = value. The
synorym /HIGH may be used for a 1D spedrum. If nat entered, the default isthe last channel
of "red data" (i.e. excluding the overflow channel) unlessthe /FULL qudlifier is used.

IXLOW=value  The smallest channel displayed in the X diredion will be that correspondng to XDATA =
value. The synornym /LOW may be used for a 1D spedrum. If not entered, the default is the
first chanrel of "red data’ (i.e. excluding the underflow channel) unlessthe /FULL qualifier is
used.

/XPROJ Displays an X projedion d a2D spedrumasalD plot. For ead X channdl, al Y channels
between /Y LOW and /Y HIGH will be summed (i.e. you can prodice aprojedion d part of a
spedrum). The underflow and owerflow channels will not be included uress the /FULL
qualifier is entered.
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/YHIGH=value Thelargest chanrel displayedinthe Y diredionwill be that correspondngto YDATA = vaue.
If nat entered, the defaullt is the last channel of "red data’ (i.e. excluding the overflow channel)
unlessthe /FULL qualifier is used.

/YLOW=value  The smallest channel displayed inthe Y diredion will be that correspondngto YDATA =
vaue. If nat entered, the default is the first channel of "red data’ (i.e. excluding the underflow
channel) unlessthe /FULL qudlifier is used.

/YPROJ DisplaysaY projedion d a2D spedrumasa 1D plot. For ead Y channel, al X channels
between /XLOW and/XHIGH will be summed. The underflow and ovwerflow channels will not
beincluded uressthe /FULL qudlifier is entered.

° DUMP filename

Dumps the NOVA tables and/or spedrato adisk file. The LOAD commandis used to retrieve the information
at alater time.

The DUMP command chedks for undefined entries, and warns youif any are present before it creaes the dump
file. Youare asked for confirmation before NOVA will generate aDUMP file which isincomplete.

Qualifiers:

/ALL  Dump both the tables (definitions) and the spedrum contents to filename. Thisis the default (except for
IASCII).

/ASCIl  Dump the definiti ons only (no spedrum contents) as an ASCII (i.e. human-readable) file. Thisfile can
be elited usinga standard text editor. If no extensionis given, the default .NCM (Nova CoMmandfile)
isasumed.

/BINARY Dump the informationin Binary (i.e. computer- readable form). Thisisthe default. If nofile
extension is given, the default .NBI (Nova Blnary fil€) is assumed. Dumping and loading
Binary fil esis much faster that ASCII fil es, and they may also include spedrum contents. Note,
though that such Binary dumps are NOT transportable acossdifferent computer platforms (you
cannd rea a Binary DUMP creaed under VMS onan Ultrix computer, for example). Only
ASCII dumps can be transported between dfferent computer types.

/SPECTRA Dump only the contents of the spedra (no cEfinitions). It is up to the user to ensure that, when
this file is later LOADed, the table definitions match the ones that were in effea when the
spedra were dumped. Use of this option is nat recmmended urtil | can think of a way to
proted you against table / spedrum incompatibiliti es.

/TABLES Dump only the tables (i.e. definitions) — cortents of histograms are nat dumped. Thisisthe
default (in fad, all that is all owed) for /ASCII. For Binary files, it resultsin dump files which
are much smaller (and therefore faster to transfer over a network link).

Note that the format of the dump fileis cortrolled by qualifiers, nat by the extension onthe file name! (I emphasize
thisonly becaise | have been caugtt by it a number of times). The ammmand DUMP JUNK.NCM will creage aBINARY
dump (the default DUMPfile type is binary) in afile cdled JUNK.NCM. The LOAD commandis clever enoughto figure
out the type of the file— the extensionis not used - so this causes confusion orly for people, nat the program.

° ECHO {string}

If stringis present in the ommmand ine, then this command will simply type it onthe terminal. This might be ueful
for inserting comments in a mmand fil e to monitor its progress
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If stringisnat given (i.e. just the ommandword ECHO is entered), then all further commands read from command
files will be listed onthe terminal before they are exeauted. The cmmand SET ECHO does the same thing. Use the
command NOECHO (or SET NOECHO) to disable this function.

° EDIT name

This command lists the FORTRAN expressonwhich was used to define the variable name, and all ows you to edit
it usngthe arsor keysonthetermind (similar to the VMS RECALL command, except that you are recdli ng the definition
of avariable rather than arecent commandline). Note that only variables/ conditions can be edited (it is nat needed for
spedrum definitions — you can just enter the new definition d a parameter in a spedrum definition and it will supersede
the old ore). Youcanna usethisfadlity if you have SET /TERMINAL=REMOTE.

. EDIT/OPSEQ

This commandinvokes afull -screen editor to edit the OPEQ. Thefirst line ($BEG_OPSEQ: CONTINUE) and
thelast line ($END_OPEQ: CONTINUE) will nat beincluded (sinceyou hed better not delete them, | just dorit give you
the option).

Under VMS, the alitor works just like EDT (in fad, it IS EDT with the exception that no .JOUrnd file is
prodwced). In particular, youshoud use EXIT to exit the elitor and save the changes that you heve made in the OPSEQ,
and wse QUIT to exit with nochanges (i.e. abort and leare the OPSEQ as it was).

If you heve afavourite editor commandfile to customize EDT, define the VMS Logicd Name EDTINI before you
start NOVA.

$ DEFINE EDTINI yourstartupfile

Under Unix, the particular editor that isinvoked is gedfied by the environment variable EDITOR. Before you
begin your NOVA sesson, you shoud

setenv EDITOR your_favourite_editor

NOVA spawns a subprocessto runthe editor, and waits until it returns. The only assumption made by NOVA
about the editor isthat if youabort (i.e. QUIT to nd save thanges), it will nat creae anew file. NOVA uses the modificaion
time of the (internall y generated) disk file to dedde if the changes made in the editor shoud be saved ar nat. If, when the
editor returns, the modificaion dite of the file is later than when it was creaed, the changes will be incorporated into the
OPEQ. Thegranularity of thistime stamp is 1 second, so urlessyou can type VERY quickly, this shoud guaranteethat
only changes that you redly want are incorporated (if this causes a problem, plesse mntad me).
° END

Thisisasynorym for the EXIT command.

° EOF

Thisis asynornym for the EXIT command. It is used also (often in command fil es) to terminate OPEQ insert
Mode.

° ERASE

Erasesthetext, graphics or both screensonyour termind. (Seledive erase of only one screen may nat be supported
for al terminal types/ hardware).

QUALIFIERS:
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/ALL  Erases both the text and the graphics sreen. Thisisthe defaullt.
IGRAPHICS Erases only the graphics sreen. The text screen is unaffeded.
[TEXT Erasesonly thetext screen. The graphics sreen is unaffeced.

. ERUN{..}

The ERUN command is included to all ow the NOVAMAIN subprocessto perform some (unspedfied) function
at the end d arun. It causes NOVAMAIN.EXE to cdl the (user supplied) subroutine USRERUN, passng to it the
remainder of the command line (if any). It is $milar to the USREXE command (in fad identicd, except that it isintended
to be used only at the end d arun).

° EVAL variable

The EVAL command eval uates the arrent value of avariable, using information from other variables already in
the NOVA tables. It hasthe same dfed asthe EVAL statement in the OSPEQ. Asasimple example, if you hed entered
the definitions

X=1
Z=(X+1)**2
Y=2%Z+3

the command
EVALY

woud evauate the expressonfor Y (using the value X=1) andset Y to 11 (and also print the value of Y onthe terminal).
Asasdde dfed, the value of Z woud also be set to 4 (althoughthisis nat printed at the terminal). Thisfadlity is very useful
for debuggng purposes.

A major enhancement of the EVAL command in this version d the system is that the expresson that you are
evaluating may now refer (either diredly or indreadly throughintermediate variables) to USRn functions that you have
defined. Again thisisuseful primarily for debuggng— you can set up al of the variables that your USR function reeds,
andthen EVAL it andlook at the results.

Asit goesthroughthe dain o intermediate variables, the EV AL command chedks for anything which is undsfined.
If it finds any, it reportsit and terminates the ommand. Thefinal value reported for the variable which isbeing EVALed
will nat be wrred in this case.

. EXIT

The EXIT commandis used primarily to terminate "OPSEQ insert" mode (i.e. stop entering linesinto the OPSEQ)
andreturnto nama command mode. The END, EOF and QUIT commands, or the key sequence CTRL-Z° are synoryms
for EXIT.

If entered from the @nsole in command mode (i.e. when you are nat entering lines into the OPSEQ), any of these
commands terminates the NOVA program and returns youto VMS DCL.

Qualifiers:

e Do NOT use CTRL-Z with Unix.
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/SAVE  When you exit NOVA "normally" (e.g. with the EXIT command rather than CTRL-Y'), the badkup file
(NOVA_xxxxxx.TBL) is deleted - the system asaumes that you are happy with everything that you dd
and dort want to retain the older version If you wsethe /SAVE qualifier, the badkup file will be retained.
If youwishto keep the file permanently, you must rename it to prevent the system from overwriting it the
next time you run NOVA.

° GCOLL

Force"Garbage @lledion' to acaur. All itemsin NOVA arestored inore large table. Asthings are deleted (either
explicitly or internally by NOVA) "haes' will beleft in the tables. This command reorganizes the tables to eliminate these
hdes, and also reports how much o the table is used.

This command s (almost) obsolete, since garbage @lledionis now automatic &ter every NOVA commandis
exeauted. It does, however, doa(minimal) chedk onthe table structure to ensure that things haven't become rrupted.

. HARDCOPY

Produces a hard copy output of the graphics <reen (i.e. what you dd most recently with the DSP command).
Threendes are supported:

1 If you heve SET /PRINTER=REMOTE (or used the/REMOTE qudifier in the HARDCOPY command),
the plot will be printed onthe VAX printer queue HPLASER' (you must have defined this VMS logicd
name before enteringNOVA). Remote printingis NOT SUPPORTED if the last display was generated
using the /ATARI option (either explicitly in the DSP command a implicitly becaise of the SET
/TERMINAL type). That is, the graphics sreen must have been produced wsing the TRIUMF Graphics
padage GPLOT.

2. If you heve SET /PRINTER=HPLASER or EPSON (or used the /HPLASER or /EPSON qualifier in the
HARDCOPY command), the asaimptionisthat the printer isaLocd Printer (i.e. attached dredly to an
Atari 1040. The gpropriate printer codes will be sent diredly to the printer port of the Atari.

3. If you SET /PRINTER=HPRCL, Hpxxx or PSCRIPT the plot will also be generated onthe (remote)
printer queue HPLASER. Y ou must generate the display using the XWINDOWS display driver (nat
DECWINDOWS) to wsethis.

Printing to a remote printer by default uses the cmmmands:

PRINT/PASASALL/QUEUE=HPLASER filename (VM)
Ipr -x -h filename (Unix)

Where ‘filename’ isthe name of an (internaly generated) fil e which contains the picture to be printed. Occasionally
printer queues (espedally Unix) may be mnfigured so that a different command is needed. In this case you can use the
NOVAPRINT environment variable to spedfy the cmmand to be used to send thejob to the printer. In this environment
varigble, the string ‘ %f” representsthefilename. For example, if the “-h” flag daesn’t work onyour system for some reason,
you could define

setenv NOVAPRINT “Ipr -x %f”

To usethe (VMS) command HPRINT to print a plot in PostScript format you would

f Thiswas HPSLASER in ealier versionsof NOVA. Y oumight haveto change alogicd name assgnment

inyour LOGIN.COM to usethe new system. The eaiest way (to remain compatible with aher TRIUMF software) is
DEFINE HPLASER HP$LASER
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DEFINE NOVAPRINT “HPRINT %f W"

Note that (asthis variable typicdly includes spaces and/or spedal charaders) it must be enclosed in dowle quotes

when it is defined.
Quialifiers:
/COLOUR Forces printing 2D plotsin colour (except that colour printingis nat yet supported - it is “faked”
using dffering levels of gray-scde shading).
/EPSON
/FILE=name Rather than adually sending the datato a printer, it is sved instead in the named file. Thisis
most useful for PSCRIPT mode - the file generated can (for example) be MAILed to a
colleggue. Youcan usethisalso for HPRCL and Hpxxx printer modes.
/HPLASER
/REMOTE Thisisthedefault (in fad, al that is al owed) if you have SET/PRINTER=PSCRIPT, HPRCL,
HPxxX.
° HELP {topic {subtopic .. }}

If notopic is given, the system lists the topics available. Thisisvery similar to the VMS HELP command.

. IMODE mode

This seleds the format (and in some instances the physicd source) of the input data expeded by the analysis
subprocess(i.e. the Input MODE).

NOVA can analyse data written by many different acquisition programs, but it must be told what the data format
is. The formats currently recogrized are:

CODA The CEBAF On-line Data Acquisitionsystem. The particular source of the data (i.e. Tape/disk or ared-
time procesg is Pedfied by the file name used when the input streamn is OPENed — see the
OPEN/INPUT command for detail s.

DAQ  Onlinedatafrom a DAQ process

FASCIl Asthe name suggests, thisformat reads ASCII data from a disk fil e (it has been used, for example, to get
the output from a Monte Carlo code into NOVA). The datain the disk fileis asaumed to be in Floating
Point format andto consist of fixed length events. Dataisin freeformat (see adiscusson d the READ
command below), with the exceptionthat ead event is assumed to begin onanew line (i.e. data from one
event can gppea onseverad linesin the input file, but if there ae ay “left-over” values onthe last line,
they are simply discarded).

Y oumust define the following variablesin NOVA to use thisinput format.

MAXRAW The number of (floating point) values to be read from the fil e for ead event.,
RAWFP(MAXRAW) A Floating Point data vedor into which the datais real.
RAWMIN(MAXRAW)

RAWSCALE(MAXRAW)

The input driver will construct the (INTEGER) $RAW vedor acording to:

$RAW(I) = (RAWFP(I) - RAWMIN(I)) * RAWSCALE(])

HERMES

The HERMES data format. Detail s of thisinterface ae given in a separate document.
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MIDAS The MIDAS data aquisition system used at TRIUMF for the Charge Symmetry Breaking experiment 121
(andafew others). (Just to confuse things, the network-based pad<age from PS - also cdled MIDAS -
isNOT thisformat. It isalso supported, but isinvoked with the ommand IMODE NET).

NET  The network based padkage from PS. This mode dl ows the data being analyzed to be wlleded ona
different machine, and shipped to NOVA by a server processfunring oneither the locd (NOVA)
machine or the remote machine. Note that the PS padcagbeisalso cdled MIDAS - it isreferred to as
NET within NOVA (or sometimes YBOS).

NOVAVDACS Data generated by the NOVA program itself (usingthe OUTPUT command in the OPSEQ).
NOVA output tapes are identicd in format to VDACS tapes, so either IMODE NOVA or
IMODE VDACS may be used.

OFDAQ Datain DAQ format, but read from a tape/disk fil e rather than an orline process

ONLINE This format all ows analysis of events generated by an orine data a@uisition processrunning
in a Starburst J11. The data format isin faad identicd with that for NOVA and VDACS —
however, this mode dso spedfies to NOVA that the data is coming from a red time data
aqquisition process (VDACYS) rather than from a tape/disk file. Note that you use IMODE
CODA, though to spedfy an "online" sourcein the CODA system.

IMODE ONLINE is nat supported when runring unegr Unix.
SAL Thisformat accepts data generated at the Saskatchewan Accderator Laboratory.

TEST Thisgeneraespretenddata. The event typeis aways 1, the length is always 100, and SRAW(I) =1 (i.e.
the value of ead raw dataword is equal to itsindex in the raw data vedor).

USER User-defined event format. The user is expeded to provide subroutines (and link them using the
NOVALINK command) to manage etracting events from some input source and presenting them to the
analysis padkagein NOVA. Detail s of the routines which must be provided are given below later in this
document.

VDACS Thisformet al ows analysis of datatapes (or disk files) written by the TRIUMF online aquisition system.
This command is obsolete — you shodd use IMODE NOVA insteal.

YBOS Inthisformat, event data is assumed to be contained in a series of “banks’. Eac bankis preceded by
a(20 byte) header containgthe bank reme (4 charaders exadly), atype, length and verious other system
informetion. These healers appea in the $SRAW data vedor, and your analysis code must be prepared
for them. Thereis currently very littl e alditional support for Y BOS data banksin NOVA - typicdly all
that isrequired of the analysis code isthat it be avare of these bank headers andignare them.

The NET padage from PS (described above) typicdly produces Y BOS format by default.

Itisardatively smplejob to include other data formatsinto NOVA (athoughprobably not one that | would like

to all ow the unwashed weer totadkle). If youwoud like NOVA to be aleto analyse datain a different format, let me know

and | will
whoredl

write aninput driver for your particular input format. A brief description d the routines required (for those of you
y want to tadkle it yourself) is given below.

INTEGER2 name{(size)}, {name...}

Dedares one or more variables to be of type INTEGER*2. Variables may be dimensioned by this command also

(seethe DIMENSION command above). The "*2" isrequired (sincethe default for Integer variablesis INTEGER*4), but
the keyword INTEGER may be abreviated (INT*2, 1*2, etc. are dl recogrized). Thisis useful primarily for large data
vedors, to save space Singe, undmensioned variables are in fadt always dored as INTEGER*4 variables regardlessof
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how they were dedared, so there is no saving in storage space In some instances, it is convenient to dedare asimple
varigble & INTEGER*2, however (e.g. if youwant to take alvantage of the fad that 32767+ 2 evaluatesto -32767 lkecaise
of "wrap-around’). Such "tricks" are not encouraged, as they easily lead to incomprehensible mde, but sometimes there is
noreasonable dternative.

Examples:

INTEGER*2 X,Y,Z

INT*2 12VECTOR (100

*2 12VALUE
° INTEGER*4 name {(size)} {name ..}

Dedares one or more variables to be of type INTEGER*4. Variables may be dimensioned by this command also
(seethe DIMENSION command above). The *4' part is optional, since Integer variables are INTEGER*4 by defaullt.

Examples:

INTEGER*4 14VECTOR (20)
INT 14VALUE

° LIST name {name..}

Liststhe aurrent definition d one or moreitems. Wild card charadersin name are supported. Information listed
depends on the type of the entry and onthe cmplexity of listing requested. If nonameis entered, all items will be listed
(i.e. thedefault isLIST *). The LIST command can be interrupted by CTRL-C to terminate excessvely long odput.

If name contains wild cards, the items will be listed in alphaletical order, nat in the order in which they were
defined.

Qualifiers:

/1D List only items of type 1D SPECTRUM.

/2D List only items of type 2D SPECTRUM.

/ALIAS Listsonly those items which are of type ALIAS (i.e User Defined Commands).

/ALL  Normally thelisting daes nat include system-defined variables (JALL CONDS, $RAW, etc.). The/ALL
quadlifier forces these items to be included.

/BRIEF Only the nameislisted (5 per line).

/CMASK List the cndtionswhich are aurrently part of the system spedrum condtion mask. This will
include all condtions mentioned in /CONDITION=(list) for al spedra. Currently the
maximum number all owed for al spedrais256.

/CONDITION  List only items of type CONDITION.

/DECIMAL List all integer valuesin dedmal. Thisisthe default.

/FULL A complete listing (usually 2 or 3 lines) of everything knavn about the item is prodiwced. Thisisthe

default if name contains no wild cards. For vedors (i.e. things which are dimensioned) the /FULL
qualifier also lists the values of the entire vedor.
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If youLIST/FULL $RAW (theraw datavedor), the command will complain if the dedared size
of $RAW is gnaler than the anourt of data adualy present (spedfied by the arrent value of
$EVENTLENGTH), warning you that datais being lost off the end d $RAW.

/GROUP List only items which are groups. This can be mmbined with ather qualifiers to seled only
certain types of groups (e.g. LIST/GROUP/CONDITION list only condtion goups). The
members of the group are NOT listed by this command — use the/MEMBERS qudlifier to see
the members of agroup®.

/HEXADECIMAL Lists all Integer valuesin hexadedmal.

/12 List only items of type INTEGER*2.

/14 List only items of type INTEGER*4.

/INTEGER List only items of type INTEGER. Thisis equivaent to the combination/I2 /14.

/LABEL List only items of type OPSEQ LABEL.

/MEMBERS List the members of groups. This quaifier implies the /GROUP qualifier aso (i.e.
LIST/MEMBERS is equivalent to LIST/GROUP/MEMBERS).

/NORMAL A one line description d the most commonly needed information is prodwced. This is the
default when name contains at least one wild card charader.

/OCTAL List al Integer valuesin Octal.
/ORPHAN Lists only itemswhich areorphars. Seethe DELETE command for adiscusson d "orphans’.

/PARAMETER  Ligt only items of type PARAMETER (either scdar constants defined implicitly - X=1432 for
example), or names which have been explicitly dedared wusingthe PARAMETER command.

/REAL List only items of type REAL*4.

/IREF  Ligtsreferencesto ead item rather than the definition d theitem. The default hereis/BREF (i.e. list
only the names of things which refer to agiven item). Thisis useful when the system won't let you cHlete
something, to find ou whois dill referringtoit, or to discover what might be dfeded if you change the
definition d avariable.

/SPECTRUM List only items of type SFECTRUM. Thisisequivaent to LIST /1D /2D.

/UNDEFINED Ligtsonly thoseitems which are unckfined. When youare dl dore defining things, there must

be no unafined entries left or the system will nat let you begin analysis (or at least will ask if
youare sure that you knawv what you are doing). This command lets you find ou which items

it is complaining aboLt.

/VARABLE Lists only items of type VARIABLE. Thisisequivalent to LIST /12 /14 /REAL (except that
PARAMETERS are nat included).

Many of these qualifiers may be cmmbined. for example:

LIST/UNDEFINED/1D Listsonly 1D spedrathat are undsfined.

9 This behaviour is different from ealier versions, where LIST/GROUP li sted the members of groups.
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LIST/REAL/14 Listsonly REAL and INTEGER*4 variables.
/BRIEF, /NORMAL and/FULL may be used with any other qualifiers.

In previous versiors of the program, it was necessary to explicitly DA before using the LIST command, as analysis
by the subprocesscontinued in parall el and you would therefore get things in the list which belonged to different events.
Thisis now nolonger a problem — the LIST command daes its own implicit DA beforeit startsthe list and EA after it is
dore (i.e. analysisis "temporarily" suspended duingthe exeaution d the LIST command).

Examples:

LIST/VAR X*  Listal variables gartingwith X
LIST  List everything except system variables
LIST/BR/1D List names only of al 1D spedra

° LIST/IF n1 n2

List only the IF statements in the OPSEQ between lines nl and 2 (inclusive). If n1 and 2 are omitted, al IF
statements in the OPEQ will belisted. Thislisting dffers from the LIST/OPSEQ (below) in that only the IF statements
inthe OPEQ arelisted. In addition, the software scders for eat |F statement are dso listed (how often the statement was
exeauted and haw often the expresson was TRUE) unlessthe /NORMAL qualifier is also used.

Qualifiers:
/NORMAL List only the IF statements but nat the software scders. The default isto list the values of the
software scders aswell.
' LIST/OPSEQ n1 n2

Ligt linesnl through r2 (inclusive) of the OPSEQ. If n2 is omitted, only line n1 will belisted. If both Nl and 2
are omitted, the entire OPSEQ will be listed.

Theformat prodwced bu this command hes changed. Eadh line now contains also an “IF Level” indicator, giving
the number of IF statement blocks within which it is contained.

Qualifiers:

/FULL With ead IF statement, li st the values of the software scders for the IF statement. The default isto list
the statements only.

° LOAD filename {name, name, ..}

Thiscommandloadstables and/ or spedrafrom afile aeaed with the DUMP command. If no remes appea in
the command, everythingin the file will be LOADed.

Dump filesmay be dther in BINARY or ASCII (seethe DUMP command). If the extension onfilenameis .NBI
(NovaBlInaryfile), LOAD will attempt to tred thefile asaBinary dump. Ifitis .NCM (Nova CoMmandfile), it will attempt
totrea it asan ASCIl dump file. If the extensionis neither of these (or thereis no extension) it will first attempt a binary
LOAD — if thisfail sit will t hen attempt an ASCII load.

For an ASCII file, you can either LOAD thefil e, or use @filename to exeaute the commandsin it as if they were
entered from the keyboard. The differenceis that @filename will add the definitions to any existing ores, while LOAD
filenamewill delete everythingthat is therefirst (i.e. it will overwrite the existingtables). Note that if you use @filename
andthefile omntainsthe OSFEQ (as it usually will ), youwill end up with 2 copies of the OPSEQ sincewhat isin thefileis
simply added to what you arealy have in defined in memory. Thisis nat usualy what you want, athoughthere might bd
instances where thisis useful.
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If names appea onthe mmmand line, only definitions which match those names will be loaded (wild cards are
all owed), implementing the long-promised "seledive LOAD" capability. For example, the cmmand LOAD file X* will
load only those definitions for things which begin with X. This sledive load cgpability is currently only supported for
BINary dump files, however.

Earlier versions of (Binary) DUMP files are aitomaticaly converted to the most recent version when they are
LOADed (you will see adescriptive message when the LOAD command tries to perform this conversion). If problems
ocaur, please save the offending files @ that | can fix the problem.

Qualifiers:

/ADD  Thisis supported for BINary fil es only, and adds the mntents of the file to what is currently in memory
(allowing you to sum results from individual runs). Courtsin al spedra and software scaers for all
condtions (both those eplicitly dedared and those ss<ciated with IF statements and spedra) are
summed. Variables are NOT added together, so that (for example) scder TOTALS are nat corred”.

/ALL  Load both table definitions and spedra (if present) from the dump file. Thisis the default.

/SPECTRA Load orly the spedrum data but nat the table definitions. 1t is the user's responsibilit y to ensure
that the spedrum data crresponds to the table structure that he aurrently has. Use of this

qualifier is nat recommended.

/TABLES Load orly the table definitions but not the spedrum contents.
° LOCK

By default, any processis al owed to change NOVA definitions/ tablesif it is allowed to MAPTO it'. If youwish,
you can prevent other processes from doing this, and become in effed the exclusive owner of the subprocess(aword of
caution— the reason that this change was made was for conveniencein an orine environment. 'Y ou can change this default
using the LOCK command if youwant, but be prepared for a somewhat lessconvenient mode of operation).

The STATUS commend indcates who currently has exclusive write accasto a particular subprocess(or displays
the string AVAILABLE if no-one does).

If you attempt to alter the tables of a processwhich has been locked by someone dse, NOVA will i saue the eror
message No write access

A locked processis released (and made avail able to everyone dse) with the UNLOCK command. A different
processcan then issie aLOCK command to prevent write accasby others.

In some drcumstances, it convenient to be ele to force your way into dotaining write accesto a NOVA
subprocess For example, you might find yourself at aremote locaion (e.g. onthe MRS platform) and reed to get access
to a runring NOVA which "belongs' to aterminal somewhere dse. In such circumstances, the BREAKIN command is
available to all ow this.

° MAPTO {name}

It ispossbleto have severd NOVA subprocesses runring at once, limited orly by the @mnstraints imposed by the
operating system (e.g. subprocessquata). Only ore of themis"current” at a given time, however (that is, they can al be busy

h | am working ona solutionto this problem.

i This behaviour is different than in ealier versions NOVA.
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analysing data, but the user sitting at aterminal can orly communicate with ore of them at atime). This command al ows
you to change which NOVA subprocessyou are talking to.

If nameis given, the systemwill MAPTO the subprocessnamed NOVA _name. If nameis nat entered, the system
will li st dl of the NOVA subprocesses which belongto you (the one which is now current will be shown flashing), and you
may then seled which ore you want (by number).

When you begin anew subprocess(with the VMS NOVASTART command), it becomes the "current” subprocess
by default, so it is nat necessary to explicitly MAPTO it.

When you MAPTO asubprocess it remainsthe adive one until you explicitly changeit (even if you ext NOVA
to DCL andthen re-enter NOVA, so be areful).

While talkingto VMS, the NOVAMAP command performs the same function.

. MOUNT

The MOUNT command logicdly mourts a magnetic tape. Note that thisis nat the same &sthe VMS MOUNT
furction If atape hasbeen MOUNTed under VMS, you still shoud isaue the NOVA MOUNT command before you wse
the tape (infact, the functions carried out by the MOUNT command are automaticdly carried ou the first time you access
the tape if you have nat explicitly issued the MOUNT command, but it is agoodideato doit explicitly anyway).

The MOUNT command rewinds the tape andreadsthefirst record onit. If it is of the right format (exadly 80 bytes
long with the first 4 bytes 'VOL1") then NOVA asaumes that the tape is labelled, andit setsitself up to be &leto access
the dataontape by file name. If the tapeis uniabelled, then all accessto data onthe tape must be by file number (using the
SKPF command) which is much lessconvenient.

Once atape has been MOUNTed (either explicitly with the MOUNT commend a implicitly), then NOVA assumes
that dl i nput files which are to be analyzed reside onthe tape (that is, the input deviceis assumed to be the tape drive). If
thisis nat what you want, you must explicitly DISMOUNT the tape before you can accessinput files as disk fil es.

For example, to anayze arun EXPTOO00IRUN123450n tape, youwould issue the following NOVA commands:

MOUNT MTAPE
OPEN EXPTO000IRUN12345

Withou the MOUNT MTAPE command, OPEN would assume that EXPTO000IRUN12345was adisk file, and
would seach for it there.

Note that the OPEN command orly seaches forwards on a tape for a given data file. If the tape is currently
positi oned after the runthat youwant (it is up to youto knawv what is on the tape), you have to REWIND or SKPF badkwards
first.

. MTABORT

If you have made amistake in mag tape handing (e.g. you forgat to REWIND, and the OPEN command is busy
seachingfor afile that it isn't gaing to find), you can isaue the MTABORT command to terminate the previous command.
Be patient! Tape handingisadually carried ou by the NOVA subprocess(it "owns' the tape), and as it carries out tape
furctions, it periodicdly chedks to seeif the ammand has been aborted. So aresponse to the MTABORT command may
take afew minutes.

. NEW

Thiscommand erases everything in the tables. The system will ask you for confirmation uriessthe /OK qualifier
isentered.
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Qualifiers:
/OK Do na require keyboard confirmation d the deletion (i.e. just go ahead and doit).

. NOECHO

This commend turns off the automatic edhoing d commands in @-fil es (seethe ECHO command). Youcan also
use the SET NOECHO command perform the same function.

. OPEN {/INPUT} {fil e/device}

Thiscommend ens afile/ devicein preparation for analysis. The/INPUT qualifier is optiond (i.e. the default
is/INPUT if noquadlifier is present). Depending onthe input mode / format (set with the IMODE command), filename may
or may not be required (or even all owed).

Theinput mode (IMODE) must be set before you enter the OPEN command. I afile was open previously, it must
first be CLOSEd before anather one can be opened.

If theinput modeis ONLINE (i.e. talkingto VDACS), the system will attempt to gpen the default channel GRAL:
unlessthe user requests a different channel in the OPEN command.

If the input mode is TEST, nofilename is permitted.
If theinput mode is CODA andfilenameis nat given, the system will attempt to read events from a shared memory

region on the same machine & youare runring NOVA. If filenameendswitha':' charaaer, the system will read events
from a shared memory region onthe computer named ‘fil ename' via RPC (Remote Procedure Call ).

If theinput modeis YBOS, the “filename” is interpreted as foll ows:

A “norma” filenameisinterpreted as adisk file. The program attempts to open thisfile and read events
fromit.

Thefilename “locd” (case insensitive) attempts to read events from an dine MIDAS server runrning on
the locd machine (i.e. no retwork conredionis involved).

A filename of the form “hastname:experiment” (i.e. something with a wlonin it) will cause NOVA to
attempt to conred to aMIDAS server onaremote madhine “hostname”. If “experiment” is blank, the environment
variable EXPT_NAME isusadingteal. If EXPTNAME is nat defined, the remote MIDAS server will consult its
file ‘exptab’, which shoud contain orly a singe entry (NOVA does nat alow you to interadively seled an
experiment from exptab).

Indl other cases (where you are presumably analysing dd data) the file parameter spedfies the device(i.e. mag
tape) or disk file to gpen.

A minor problem occurs running uner Unix. Unix filenames (other than simple files in your current default
diredory) cortainthe'/' charader (asin '/usr/users/pewg/datafile.dat’). The NOVA command parser (at avery ealy stage
in parsinga cmmand) treas things which start with '/ as command qualifiers, and hence does nat understand something
likethis. So, to enter afile name which containsa'/', you can (from outside NOVA) enter a command like:
setenv DATAFILE /usr/users/pewg/datafil e.dat

Y ou can then, from within NOVA, say

i This has never in fad been tested.
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OPEN/INPUT DATAFILE
and everythingwill work as you exped. In particular, when analyzing dredly from mag tape, you shoud
setenv MTAPE /dev/nrmtOh

Asan dternative, you can set up alink in your default diredory to the file that you acdually want. All references
tothis'link file aetreaed by Unix asidenticd to the original file. For example,

In -sf Jusr/users/pewg/datafil e.dat DATAFILE

has the same effed as the 'setenv' command above — all references to DATAFILE adually refer to
Jusrfusersd/pewg/datafiledat. An advantage of this approadc is that you can dothis from within the NOVA DCL command,
andso never haveto get out of NOVA andthen badk into it again. Conversely, environment variables must be set before
you enter NOVA and canna be changed from within a given NOVA sesdon.

Asafina way aroundthe problem, you can explicitly enter the /INPUT qualifier. The OPEN commandis clever
enoughto redizethat evrything after the first quaifier is afile name, andall spedal charadersinit will beignaed. So you
could also enter

OPEN/INPUT /usr/users/pewg/datafil e.dat
° OPEN/OUTPUT filename

Thiscommand ensafile/ deviceto write events produced by the OPFEQ OUTPUT command. The/OUTPUT
qualifier isrequired (the default for OPEN is/INPUT). Filenameis either atape unit or adisk file.

Openingan oupt file dfedively "enables’ output from the OPSEQ (i.e. if you dort want to prodiuce output any
more, the eaiest way to doit isto CLOSE the output channd — it is not necessary to remove dl of the OUTPUT statements
from the OPEQ).

Note that this output deviceis nat the same & the one that the online VDACS is usingto log raw event data. The
NOVA output device ortains only analyzed events, and is intended to be used for event skimming (for example), nat data

loggng.

Seethe mmments in the OPEN/INPUT sedion above for ways of dedingwith /' charadersin Unix fil enames.
° PARAMETER name {name ...}

This defines one or more names to be PARAMETERS (i.e. things which NOVA doesn't try to cdculate before it
uses them). This gatement is most often used for dimensioned variables, since simple (scdar) parameters are implicitly
defined as aich by simple entering

name = constant_value

A vedor must be dedared asa PARAMETER before you can set its values with simple asdgnment statements (as
in X(n) = constant_value).

These aena redly PARAMETERS inthe FORTRAN sense of the word — Constants would be abetter term (in
fad, in ealier versiorns of NOVA they were cdled CONSTANTS). | changed the term to PARAMETER primarily becaise

k Esentidly what happensisthat NOVA treds the fil ename agument of the OPEN command asalogicd
name (environment variable in Unix) and attempts to translate this name vefore it tries to apen thefile.
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Corstant istoo close to Condtion (in dder versions of NOVA, you couldn't say LIST/CON because CON could mean either
CONSTANT or CONDITION).

. PAUSE

This command stops andysis by the subprocess Analysis will stop at the end d the aurrent event, and will remain
stopped urtil anather ANALYSE or EAcommendis entered. DA (Disable Analysis) may be used as a synonym for PAUSE.

Inealier versors of the system, it was necessary to PAUSE before dtering definitions in the NOVA tables (in fad,
NOVA did it for you automaticdly whether youliked it or nat). Thisisnolonger true (in fad, NOVA still does PAUSE
whileyouare adually defining something (so that the subprocessdoesn’t get confused as you are dtering table structure),
but it starts up again automaticaly when the command hes completed).

. PROFILE {ON/OFF}

NOVA contains a primitive (but still useful) PROFILE fadlity which alows you to dscover where your
NOVAMAIN.EXE program is spending most of its time (you might use this to dedde which pieces of your code need to
be optimized). The profilinginterval is 10 msec

If profiling is turned on the program generates a disk file named ‘movamain.mon’ in which the profili ng
information is gored. When profiling is disabled (it adds a nonnegligible overhead, so you shoud turn it off when in
“production’” mode), thisfilewill cortainalist of bit-patterns correspondngto various parts of the cde anda @urt of how
often the profiler foundthe program in this place(aroughindicaion o what fradion d the time the program spends here).
Much d thisisuseful only to me (time spent histogramming, for example). The parts useful to Users are those entries with
the bit pattern ‘4000+n, which indicate that the program was in User Function USRn.

Thisdisk fileiscreaed / updated by the PROFILE OFF command (i.e. it is not avail able - or at least not current -
while profili ng is enabled).

Qualifiers:

/OFF  Turn profiling df.
/ON Turn profiling on

. QUIT

QUIT isasynonym for END, EOF or EXIT. It isused primarily to terminate OPSEQ insert mode. If entered in
COMMAND mock (i.e. while you aretalkingto the NOVA Command Line Interpreter), youwill be returned to VMS DCL.
Notethat it is nat terribly drastic if you dothis by mistake. The analysis sibprocesscontinues analyzing, andall changes
that you have made to the NOV A tables are saved. Y ou simply have to enter the NOVA command again and you are right
bad where youwere.

Even though(so far at least) Q isthe shortest legal abbreviation for the QUIT command (i.e. no a¢her commands
gart with Q), this sndeletter short-form has been explicitly disabled. Y ou have to enter (at aminimum) QU to exit NOVA
with this command.

° READ vedor filename

The READ commend reads the values of avedor fromadisk file. filenameis assumed to spedfy a series of values
which are asdgned to conseautive dements of vedor (which must be dimensioned and dedared to NOVA as a
PARAMETER). Vauesareread from thefilein freeformat — with blanks, tabs, commas or carriage returns sparating
them. The only "restriction" onthe format is that any line which begins with "' (in column 1) istreaed as a omment line
andistotaly ignaed. Reading cortinues urtil either the end d fileisreaded o al elementsin vedor have been assgned
values.
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For example, if avedor JUNK had been dedared as INTEGER*4 JUNK(5), the foll owing file might be used to
set its values

Comment — remember that the first element is JNK(0)
so thisfile shodd contain 5 numbers to set everything

I
]
! from JUNK(0) throughJUNK((4)
I

14, 16 12

5

I'andfinaly

17

° REA {*4} name {(size)} {name ..}

Thisdedares ore or more variables to be of type REAL*4. Variables may be dimensioned by this command also
(seethe DIMENSION command above). The *4' part is optional (sinceonly REAL*4 variables are implemented).

Examples:

REAL*4 XVECT (20)
REAL XY

. RBMND

This command simply rewinds the tape unit. It shoud be used only if theinput deviceredly is atape drive — set
withthe MOUNT command— it will nat rewindadisk file. To positionadisk file to the beginning, you shoud close and
re-openit.

° SET

Sets various parameters defining the operating environment for the system. Note that most parameters st with this
commandare not saved from one sesson to andher (there ae two exceptions, BY TESWAP and DECWGEOM), and
are nat stored in the NOVA tables (that is, they are "private" to your processrather than shared by everyone who daes a
MAPTO). Hencethey must be re-entered every time youtype NOVA (or perhaps entered in your NOVA_STARTUP file,
where they will be exeauted automaticaly every time you start a NOVA sesson). They are intended to set the operating
environment for aparticular user / processwithout changngit for other users (i.e. they are esentialy locd variables for eah
process.

Qualifiers:

/IBYTESWAP=n Defineshow dataread from an input tape/ fil e is to be manipulated before being passed to the
analyzer. Optionsare:

0 No change. Thisisappropriateif you are analyzing the data onthe same achitedure
of madhine as it was colleded. Thisisthe default.

1 Byteswithin eady INTEGER*2 word are swapped. Thisis appropriate if the machine
architedureis different (big/littl e endian) and the input datais treated as INTEGER*2
words.

2 Thetwo INTEGER*2 words within an INTEGER*4 longword are interchanged, but
the bytes within ead INTEGER*2 word are left intad.

3 Both words and bytes are interchanged.

/CONFIRM=option Defines under what condtions NOVA will request confirmation before changing a

variable definition. The options are:
ALL Equivalent to both CHANGE and NEW.
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CHANGE Confirmation is requested if you attempt to change the definition d an existing
variable.
NEW Corfirmationis required if you attempt to define anew variable / spedarum.

NONE (Default). No confirmationis required.

/CRET=option At many points during exeation, NOV A may request single charader input from the user (e.g.
OK TO CONTINUE (Y/N) 9. Normally, the user is expeded to respond with a single
charader followed by a cariage return. If you prefer (and | do, which iswhy | put this option
in), you can set this flag so that the cariage return is not required — just typing the single
charader is aifficient. The optionsare:

YES Carriagereturnisrequired (thisis the default).
NO Carriagereturn is nat required.

/DECWGEOM  Thisoption daesn't redly belongwith the SET command — rather that setting an option for the
current sesgonit adualy SAVEsit for the next sesson.

When you open a graphics window on a DECWINDOWS terminal, the window is
placel in adefault positionand gven adefault size Y oucan move/ resizethe window using
the mouse. When you are happy with the new look d the graphics window, you isaue this
command and the system "remembers’ thisinformation, and will useit (rather than the defaults)
the next time you enter NOVA and qoen a graphics window.

Theinformationis sved inaVMS logicd name (Unix environment variable) and so
isnat saved from one login to the next. If youwish, you can enter the gpropriate information
in your LOGIN.COM (or .login) to set this information automaticdly for all sessons. The
format is:

DEFINE DECWGEOM "string'  (VMS)
setenv DECWGEOM "string' (Unix)

where 'string looks something like
width x height xpos ypos

'width' and 'height' spedfy the width and height of the graphics window in pixels, 'xpos' and
'ypos spedfy the screen position d the upper left corner. Note that 'string must be enclosed in
dowlequaes asit contains blanks. If youwant to dothis, it is probably easiest to first set the
optionin NOVA, then exit NOVA andlookat the definition (SHOW LOGICAL DECWGEOM
or printenv DECWGEOM). Then enter the definitionin the gpropriate login file.

/DISPLAY=0ption Defines the type of display terminal you are using (only for an XWINDOWS terminal
- in particular these dorit work for a DECWINDOWS terminal type).

COLOUR (2,3) 2D displays will use mlours (as well as gze of squares) to indicate the number of

courtsin a channdl.

CREVERSE (6,7) A combination d COLOUR ane REVERSE.

MONOCHROME (0,1) No colour informationwill beincluded in 2D plots.

REVERSE (4,5) Like MONO except foreground/ backgroundcolours are reversed (white linesona

dark badkground.

n (0 - 7) Thereisaninconsistency in the treament of X-windows displays between PC’ s (those runrning
Linuxat leagt) and (NCD) X-terminals. The problem most often manifests itself when diplaying
the aosshairs - settings for an NCD terminal result in the aosshairs beinginvisible onaPC
and viceversa. To overcome this problem, you can (for ead dsplay type listed above) spedfy
it also as one of two integers. For example, if youwant aMONO display, but then ndicethat
the aosshairsareinvisible, youcantry SET /DISP=0 and (if that doesn’t work) SET /DISP=1.
One of them shoud work properly (if neither does, let me know).
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Colour displays areimplemented orly for 2D plots. In additionto making the size of ead box
proportiord to the murtsin a tannd, different courts are dso drawn in ore of 8 different colours. This
has proved convenient for some of the TRINAT data, but is of limited use in general (at least | think so).

/ERROR=option Defines the format of error messages produced by NOVA.

SHORT (Default) produces a ayptic (usualy 1 or 2 words) error message. Thisis usualy
goodenoughif you are famili ar enoughwith NOVA to know what sorts of things you
arelikely to dowrong but it is not terribly descriptive.

LONG prodwcesalonger (1 or 2 lines, usualy) error message. SET /ERROR=LONG also will echo
the most recant error messagein itslongformat, so that if the short oneredly istoo cryptic, you
can wsethistofind ou what it redly means. Make sure that you dothis before you type ancther
NOVA command asthe next commandwil | overwrite the previous error code — only the most
recent error is remembered.

/HPBMARGIN=n Normally information plotted onthe printer is scded to fill a mmplete (8%2x 11) shed
of paper. Thisqualifier (and HPLMARGIN described below) all ow youto owerride
this default and leave amargin at the bottom and/or left of the paper (e.g. to leave
room for anates at the bottom of the page). ‘N’ isan integer (in tenth’s of inches).

/HPCOMPRESSON=n  Some (not al) HP printers support some form of data cmpresson, whhich can
significantly reduce the anunt of data which must be sent to the printer. N=0 (the
default) sends normal uncompressed data. N=1 and n=2 spedfy different levels of
compresson (n=2 compresses more - be warned thoughthat | have never made this
work properly - | dorit know if is afunction d my particular printer, a bugin the
program or amisunderstanding ony part of how it is cupposed to work).

/HPLMARGIN=nN Seethe discusson above for / HPBMARGIN.

/HPPAGE=n This defines the number of (logicd) pages of plotsto put on ore physicd pieceof paper. Itis
vaid orly if the printer type (SET /PRINTER) has been set to ore of HPRCL, HP75M HP100,
HP150 HP300or PCRIPT. Lega valuesof ‘n’ are1,2,3,4,6,9.

/INPUT=o0ption Defines haw input lines are real from your terminal.

LOCAL (Default). Input isread 1 charader at atime. Thismodeisrequired for such things
as command recdl / editing wing the airsor keys. It is also the only mode which
supports the EDIT command for variable definitiors.

REMOTE Realsinput 1 lineat atime. Command line edlitingis 4ill available (if supported by
your locd madhine, which it nealy awaysis). It islessconvenient, since ommand
recd isnat available. However, when loggngin ower a network from aremote site,
singe dharader 1/0 can be extremely slow (any of youwho havetried to usethe EDT
editor over the network will know what | mean). Y ou can switch from one mode to
the other at will (i.e. youcan SET /INPUT=optionwhenever you want).

/MAYPROCESS (Default). VDACS (IMODE = ONLINE only) will passeventsto NOVA for analysis only if
thereistime (i.e. NOVA will be kept as busy as possble, but aoquisition will nat be slowed
downjust becaise eventsare nat being analysed quickly enough). Note that event types which
are marked MUSTPROCESSin your TWOTRAN program will all be passed to NOVA and
analyzed regardlessof this option.

/MUSTPROCESS VDACS (IMODE = ONLINE only) will ensure that al events generated by the
aquuisition program will be passed to NOVA for analysis (dowing davn aquisition
if necessary). Note that this coud be dangerous, sinceif NOVA canna keep up,
aquisitionwill be slowed dowvn (and VD ACS sometimes gets annoyed if it runs out
of data buffers).
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/PRINTER=type Definesthe type of printer you are mnreded to (so the HARDCOPY command knavs how to
generate ahardcopy of the screen). Current options are:

CHPPCL A combination d COLOUR and HPRCL (described below). Note thoughthat Colour

printingis nat (yet) supported.

CPSCRIPT A combination d COLOUR and PSCRIPT (described below). Colour printingis nat

(yet) supported.

EPSON Locdly conreded to an Atari 104Q

HP75 HP bitmap at 75 dpi resolution.

HP100 HP bitmap at 100dpi resolution.

HP150 HP bitmap at 150dpi resolution.

HP300 HP bitmap at 300dpi resolution.

HPPCL HP printer using PCL (Printer Cortrol Languege). The resolutionwill be the default resolution
of the printer (usually 300dpi). Depending onthe complexity of the plot, the anourt of data
sent to the printer may be substantially smaller (and hencethe plots will appea more quickly).

HPLASER Default — Locdly conreded to an Atari 1040Q

PSCRIPT PostScript.

REMOTE Plots will be generated onthe VAX or Unix printer queue HPLASER.

Some discusson is neeled to clarify the éove printer types. HPLASER refers to an HP
LasetJet conreded dredly to the paralel port of an Atari 1040 HPRCL, HP75, HP100, HP150and
HP300refer to aremote printer (like REMOTE) accessed by the printer queue name HPLASER. The
differenceisin the format of the data sent to this printer. REMOTE shoud be used if plots are generated
with GPLOT (seeSET TERMINAL). The vaious HP types are used if the plots are generated using the
XWINDOWS (nat DECWINDOWS) display driver. If an HPRCL printer is gedfied, plot information
is transmitted using a speda HP language cdled HPRCL (which uses, for example, a speda ESCape
sequenceto draw aline between two points). A potential difficulty with using PCL is that if the plot
bemmes very complicaed (lots of lines), the printer can run ou of memory and be unalbe to processthe
PCL commeands (typicdly you gt an Error 20 onthe front panel). On the other hand if the plot is nat too
complicated, the anourt of information which must be transmitted to the printer can be significantly
smdler (and renceplots appea more quickly). Inaddtion, PCL always uses the best resolution avail able
for the printer.

HP75 etc. generate (internaly - within NOVA) abitmap at the spedfied resolution and send this
to the printer. Very little processng reels to be dore (by the printer) in this case, so the Error 20
problemislesslikely to acaur (if it does, try the next lower resolution). On the other hand, a mmplete
bitmap of an entire printed page must be sent to the printer (> 1 Mbyte & 300dpi), so the time needed
toacualy transfer the data to the printer can be long

As well, | have included the option d spedfying a wlour printer (CHPRCL for PCL and
CPSCRIPT for PostScript). Infad, colour printng hes nat yet been implemented (it is anyway used only
for 2D plots- seeSET /DISALAY). On bladk-and-white printers | fake it by using dfferent levels of gray
shading for different colours. The results (in my opinion anyway) are far from impressve, but theoption
isthereif youwant to useit.

/PROCESS-option This is an dternative format for spedfying MAY PROCESS or MUSTPROCESS
The options are:
MAY  (default)
MUST

/SNAP=option  Thiscortrolsthe ation o the CURSOR command when you seled a channel (either a Left or
Right channel, or just a dhannel whose @urts/positionyouwant to look at). The options are:
OFF  The adossairswill be left wherethey are.
ON (default) Thecrosshairs will "snap” to the centre of the seleded channel (thereby showing you
the danndl that you"redly gat"). For 2D spedra, the aosshairs will be positioned to the centre
of the box defining this channel.
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/TERMINAL=type Defines the type of terminal you are sittingat. The options are:
ATARI
CIT467 C-1toh 467.
DECWINDOWS This supports both the @mnsole on a workstation and an X-terminal (e.g.
NCD) on a network.
PT100G Plessy.
SEIKO1105  Seko.
T4010 Textronics4010
T4107 Textronics 4107,
VT241 DECVT241
VT640 (defaullt).

XWINDOWS X windowstermina (nat the same & DECWINDOWS).

Thisoptionis currently used orly for drawing histogram displays. If the terminal type has been set to ATARI, the
systemwill usethe ST640fast histogramming padkage to draw the plots (this can be over-ridden in the DSP command by
explicitly spedfying/VT640). All other terminal types (except XWINDOWS) spedfy that the TRIUMF graphics padage
(GPLOT) shoud be used to draw the plots. Thus, if your terminal redly is an Atari, you could still spedfy
ITERMINAL=VT640if youwant the plots to be drawn withou using the ST640fast display padage). Thisis much
dower that ATARI mode, but isreguired if you subsequently want to print the screen ona REMOTE printer queue with the
HARDCOPY command.

Note that DECWINDOWS and XWINDOWS are NOT the same thing. DECWINDOWS uses the TRIUMF
GPLOT padckage. XWINDOWS uses aspedal (much faster) driver optimized for an X-windows display (either NCD X-
terminal or aworkstation). Many of the newer optionsincluded in this release of NOVA (COLOUR/REVERSE display,
HPRCL/PSCRIPT printers) are supported orly for the XWINDOWS display, nat DECWINDOWS.

/TIMEOUT=n  When the user process ®nds a request to the subprocess a response is expeded within a
relatively shart time (typicdly afew semnds). If noresponseis receved, the user is warned that
the subprocessis not respondng (perhapsit is "hund', or perhaps it has made afatal error and
been terminated).

Magretic tape operations onthe other hand dten take amuch longer time to complete
(for example, thefirst read of an Exabyte tape can take 30 seconds or more). For al operations
involving magnetic tape, therefore, the user processis prepared to wait a much longer time
before dedaringthat thereisaproblem. The default wait (60 seconds) can be changed with this
command — nisthetimeinterval (in seconds) to wait.

° SHOW {name}

Thisliststhe current val ues of the options defined using the SET command. If name is given, only those options
which match it (wild cards are supported) will belisted. If nameisnat given, all parameters which can be set with the SET
command will be li sted.

' KPF{n}

This command is used to position a magnetic tape. If n is positive, the tape will be spacel forwards over nfile
marks. If nisnegative, it will be spaced badkwards over n file marks and then spaced forwards over 1. (If youare spadng
badwards over many files, or to somewhere nea the beginning d the tape, it may be faster to use the REWIND command
andthen SKPFforwards). If nisna entered, it defaultsto n=1 (i.e. the tapeis pacel forwards over 1 file mark). Note that
the additional spaceforwards when nis negative meansthat it all cases, the tape will be left positioned immediately after
afile mark, realy to begin reading cita.

Tapes can be ather labelled o unlabelled (VDACS creaes labelled tapes by default, CODA prodices only
unlabeled tapes). A labelled tape adually cortains 3 "files' for ead run. Thefirst file consists of a series of short records
(header labels) in a standard format which identify the name of the file — for VD ACS tapes the name is something like
EXPTxxoxXRUNywyyy. The secondfile mntains the dataitself. The third file cntains more labels (cdl ed trail er 1abels).
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NOVA knows whether atapeislabelled or nat becaise when it isfirst opened (or MOUNTed), it reads the first
record ontape andtriesto deodeit as astandard label. The SKPF command hendes labell ed tapes properly. That is, if
atapeislabell ed, the number n acdtually refers to the number of runsto be skipped, nat the number of physicd file marks.
For example, if the tape were positioned at the beginning d tape (just after a REWIND, for example), a SKPF 1 command
woud adualy skip over 4 physicd files— the 3 filesin thefirst "run" and the header labels of the secondrun. In all cases,
the SKPF command will | eave alabell ed tape positioned so that the first thing which will be read isthefirst pieceof "red
data".

Qualifiers:
/LOG

Normally the SKPF command daesitswork slently. If youwant to monitor its progress(perhaps to discover where
onthe tape an error is occurring), you can use the /LOG qualifier. A message will be output to the terminal screen every
time afile mark is encourtered.

/RAW

In some caes (either becaise there ae erors at the beginning d the tape or the labels are somehow nat written
in a standard format), NOVA may not properly reaogrizethat atapeis labelled (it tell s you when the tape is MOUNTed
whether it thinksit islabelled a nat). In such cases, youwill have to take cae of the label records yourself. Youjust need
to remember that the "red data’ residesinfiles 2, 5, 8, ...ontape — files 1, 4, 7 ... contain the header |abels andfiles 3, 6,
9, ...contain the trail er labels.

Additi onally, there may be instances where there ae arorsin the midde of a tape which prevent corred label
processng Y oucan forcethe SKPF commandto trea atape a unlabelled by usingthe /RAW qudlifier. Again, it isthen
your responsibility to keep track of which files ontape @ntain label records and which ores contain red data.

° SRUN({...}

The SRUN command is included to all ow the NOVAMAIN subprocessto perform some (unspedfied) function
a thebeginningof arun. It causes NOVAMAIN.EXE to cdl the (user supplied) subroutine USRSRUN, passngto it the
remainder of the command line (if any). It is $milar to the USREXE command (in fad identicd, except that it isintended
to be used orly at the start of arun).

. STATUS

Shows youthe status of the andysis subprocess(number of spedra defined, number of events analysed, etc.). This
page dso showsthe aurrent "owner" of the subprocess(i.e. the processwhich is all owed to change things) or the keyword
AVAILABLE if no ore aurrently has LOCKed it. The display updates every 0.5 seands. Hit any key onthe keyboard to
terminate this command (nate that the charader youtypeis "gobbled up" by the STATUS command).

The normal "system status' requires the top 6 lines of the page. Below this, the user is freeto insert up to 51
variables of his own to be displayed onthe status page (these might include curts of different event types and/or condtions,
for example). Which variables are displayed here is defined by including them in the variable group $STATPAGE. They
are put onthe page 3 per line from left to right. If the variableisa CONDITION, the value displayed will be the number
of times it was TRUE (i.e. the ‘TRUE"" part of its oftware scder). For normal variables, the arrent value will be

displayed.
° SUBGROUP groupnane member {member ...}

This command removes members from the group groupnane. |t is the inverse of the ADDGROUP command.
If anitemispart of agroup (e.g. aspedrum), it must be removed from the group using the SUBGROUP command before
it can be deleted (sincethe group "refers’ to it).
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Wild cards are supported in the SUBGROUP command.

° SWRITE spemame filename

Writesthe @ntents of the spedrum speaame into the disk file filenamein ASCII (i.e. human readable form). If
filename does nat contain an extension, the default .SWR will be used.

Thefiles are human readable, but the format is nat particularly obvious. The foll owing informationis contained
inthefile. Note that (for 2D spedra), "X" refersto the horizontal axis and"Y" refersto the verticd axis.

(Apologies — it is much easier to explain thisif | switch into "computerese” for a bit — talking about "records"
andso on).

begin {computerese}
There ae four kinds of "records” in the fil e.

TITLE Cortainsthe type of spedrum (1 = 1D, 2=2D) , the name of the spedrum and the RunNumber.
FORMAT (12, 1X, A12,3X,112)

AXIS Cortainsthe number of channes aongthe axis, the lower and ypper limits, and the name of the variable.
FORMAT (16, E16.7, E16.7, A12)

STAT Contains"datigtics' for agiven row (or column for 2D) of the histogram. Sum(X), sum(x**2 ), minval,
maxvd (minval isthe minimum value you ever tried to histogram, maxval is the maximum value you ever
tried to histogram. If al of your courts appea in the underflow or overflow channels, these values can
help you dedde what your histogram limits shoud be to seethe data).

FORMAT (D16.7,D16.7, E16.7, E16.7)

DATA Containsthedatafor agiven haizonta (X) row of the spectrum. There will be (#X channels + 2) values,
written 5 per line (thus, there may be severd linesin this "record", and the last might nat have dl 5 values
init). If the number of X channelsis 12 (and rencethe number of X values written is 14 including the
uncerflow and owerflow channel), there will be 2 lineswith 5 values and 1 line with 4 values). The first
vaueisthe uncerflow channd, the next (#X channels) values are the "red data’, andthe last valueis the
overflow channel. The number of (5-element) lines in this DATA record can be cdculated from
informationin the AXIS record.

FORMAT (5E16.7)

The files produced by SWRITE look like:

1D TITLE record
AXISreoordfor X axis
STAT record for 1D spedrum
DATA record for 1D spedrum

2D TITLE reoord

AXISreoordfor X axis

AXISreoordfor Y axis

STAT recordsfor theverticd (Y) columns of the spedrum. There will be (#X channels + 2) of these
recrds. Thefirst isfor the X underflows, then (#X channels) of "red data’, and the last is for
the X overflows.

STAT recordsfor the horizontal (X) rows of the spedrum. There will be (#Y channels + 2) of these
reoords.
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DATA reoords. There will be (#Y channels + 2) of these. The first is Y underflows, then (#Y
channels) or "red data’, and the last is for the Y overflows. Remember that ead o these
"records’ might cortain severd lines of 5 numbers ead, as described above for a 1D spedrum.
end {computerese}

Qualifiers:

/PLOTDATA Information written to the file will be in aformat which can be understood (and retrieved) by
the PLOTDATA program. For a 1D spedrum, you retrieve the data with the PLOTDATA
command
READ filename X Z
For a2D spedrum, the correspondng PLOTDATA commandis
READ filename X Y Z

° TITLE {string}

If sringis given, this command sets the TITLE to be this gring (80 charaders maximum). If stringis absent, the
current titte will be listed onthe terminal.

Thistitleis purely descriptive, and hes no aher functionin the NOVA system.
° TTOUT {filename}

The TTOUT command al ows you to re-dired output which would namally appea onthe screen to adisk file.
This might be useful, for example, to capture the output of the LIST command.

If ‘filename’ is nat given, termina output reverts to the screen.

For example, to get the values of al CONDITIONS into adisk file & the end o arun, you could enter the sequence
of commands:

TTOUT runsummary.dat
LIST/COND
TTOUT

. UNLOCK

The UNLOCK commendrdeases exclusive accssto aNOVA subprocess(aaquired with the LOCK command),
and makes it avail able to everyone. Ancther processmay then LOCK it if desired.

° UPDATE
This command makes anew badkup file (NOVA_xxxxxx.TBL) corntaining the arrent state of the NOVA tables.

Every time yourunthe NOV A program to change definitionsin the tables, the system creaes a badup fil e of the
date of thetables, sothat if youredly messthings up, you can CTRL-Y' or EXIT/SAVE to abort and then restore the state
of the system from the badkup fil e (the badkup file is creaed orly when you adtually change something, so that commands
which dort dter the tables exeatte more quickly - thisis why the first command that you enter in NOVA might take several
semndsto exeaute). |f youwish, you can use the UPDATE commandto creae anew badup file & any time. Thisisjust

This doesn’t work with Unix.
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like daingaDUMP/TABLES, except that thefile name is automaticaly set to NOVA_xxxxxx. TBL (where ‘ XXxxxx' is your
processiD).

° USREXEcommand

The USREXE command provides a general way for users to pass commands to the NOVA subprocess for
exeadtion. Inyour NOVAUSR.OLB, youmust provide asubroutine which looks like:

SUBROUTINE USREXE (ITABLE, CLINE, *)

INTEGER*4 ITABLE (0:*)

CHARACTER *80 CLINE

The USREXE command simply causes the NOVA subprocessto cdl this sibroutine, passng it the remainder of
the ommandlineinthe CHARACTER variable CLINE. It isthe responsibility of this USREXE subroutine to deade this
command line and perform whatever adionis requested.

Asore example, you could define aspedal series of adionsto be taken at the beginning d ead run (as opposed
to ead timeyou EA), and include them all i n a subroutine cdled STARTRUN. Y ouwould invoke them with a command

USREXE SRUN
and your USREXE subroutine would contain code like:

IF (CLINE (1:4) .EQ. 'SRUN') THEN

CALL STARTRUN

If you prefer, you can combine this with the user alias fadlity to define anew “command’ called SRUN
SRUN := USREXE SRUN

The command line can contain more than just the "command' SRUN — its contents are abitrary (but your
USREXE routine hasto be prepared to decode the line— it is passed as an urinterpreted charader string). Thisfadlityis
currently used in the MRS/SASPenvironment to control the programmeable trigger eledronics viathe TRIG/CALC and
TRIG/SET functions.
° WHICH {USRn}

The WHICH commandis a (very) primitive implementation o code/ version management.

Every USRn functionin NOVA can contain an 80-charader string describing what it does and/or what "version”
itis. Thisisdore by includingin the source ®de the statements:

INCLUDE 'nusrfuncs.h’
DATA USRnNID /'Description of this USRn function'/

(The'n' in USRnID shoud be replacel with that for the particular USR function— USROID, USR1ID, USRBID etc.).

If the WHICH commendincludes the parameter USRn, then this gringistyped ontheterminal. Theintent is that
when youmakea change to a USRn function, you shoud also change this charader stringto indicae which version d the
code is currently running (e.g. the @ove DATA statement in a Red USRS function might read)

DATA USR5ID /'ADC Gain matching - P.W. Green - Version 1.99 Oct 3 1994/
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What youadualy put in hereis up to you (except that it canna exceed 80 charadersin length). It shoud probably
contain adate and an author as aminimum.

WHICH (with noarguments) prints out the version d NOVA which you are runring (both the NOVAMAIN
subprocessand the NOVA CLI you are talking to — these shoud probably be mnsistent or you can exped troubles).
WHICH * prints out the description d al (36) USRn functions.

° ZALL

The ZALL command cleas al spedrum courts, and zeroes all software scaders for al condtions, spedra and
OPEQ IF statements. In addtion, al variables included in the variable group $ZALLVARS will be set to zero (e.g. scder
TOTS and OLDS might be included in this group).

° ZERO name {, name...}

Zeroes ore or more spedraor condtiors. Zeroinga @ndtioncleasthe software scders for the mndtion. Zeroing
a spedrum cleas both the software scders and the courtsin the spedrum.

Zeroing a vedor which has been dedared as a PARAMETER cleas al elements of the vedor (e.g. ZERO
SCALERS — seethe discusson d SCALERS processng below.

Y oucannd clea the software scdersfor an OPEQ | F statement using the ZERO command - you must use ZALL
for this.

Wild cards are supported for the ZERO command. The command ZERO * would clea al spedra and condtion

courts, but is much dower thanthe ZALL command (in addition, ZALL also cleas the mndtion courts for the OPSEQ IF
statements — ZERO * does nat).

The NOVA Operation Sequence

The operation sequence (OPEQ) isthe "program’” which is exeauted to analyse an event. Althoughyou can think
of it like aFORTRAN program, there is afundamental difference The OPEQ (usually) does not contain statements to
evauate variables. Variables are cdculated automatically by the system as theyare needed (using the formulae etered
in the definition sedion dscussed previously). The OPSEQ deds primarily with:

1 Which histograms are to be incremented.
2. (Optionally) a"Logdic Treé' controlling unaer what circumstances a histogram will be incremented.
OPSEQ Statements
. Labels:

Any line in the OPSEQ may be labelled. A label isaunique identifier of from 1 to 12 alphanumeric charaders
(incdludng$ and_) terminated by a wlon (:). Thefirst charader must be dphabetic or $. Labels are used primarily as the
targets of GO TO statements, althoughthey may appea anywhere.

Two labels ($BEG_OPZEQ - the first line in the OPEQ - and $END_OP3EQ) are supplied automaticdly.
$END_OPSEQ is often used in a GOTO statement after a particular sedion d the OPSEQ has been exeauted.

. CONTINUE

Asin FORTRAN, thisisa"do nahing' statement, andis included primarily to provide aplacefor alabel if nore
is convenient.

° ELSE
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The ELSE keyword begins the block of statementsto be exeauted if the expresgonin an IF...THEN statement is
FALSE. Seethe discusson d the Block structured IF statement below.

. ENDIF

The ENDIF statement terminates a block structured IF... THEN statement (seebelow).
. EVAL var

This statement forces the evaluation d a particular variable (or group of variables— 'var' can be dther asinge
varigbleor avariable group). It isnat normally needed, as variables are attomaticdly evaluated by the system as they are
needed. It isincluded for those caes where variables (primarily condtions) shoud be evaluated for every event whether
they are"neaded” or na (for example, because the values of the software scders are important), or where youwant to force
the exeaution d a USR function. Note that variables are only cdculated orce (at most) for ead event. Thusa complex
OPSEQ might end (or begin) with the statement:
EVAL $ALL CONDS

to ensurethat dl condtiorsare evaluated for thisevent. Thase that had been dore drealy during nama OPSEQ exeadtion
would nd be dfeded - any that had na been dore dready would be evaluated (and their software scders updated).

Variables can also be cdculated by cdlingauser function (which could have dl sorts of other side dfeds, such
asincrementing histograms through ser subroutine cdls). The EVAL statement can thus be used to force aparticular User
functionto be exeauted.

° GOTO labd

Asin FORTRAN, thisimpliesthat the next statement to be exeauted isthe ore labelled label. GOTO may be one
word o two (GO TO). Notethat in thiscortext (andadsoin the IF statement below) label is entered without the terminating
colon. Badkward GOTO's (to an ealier line in the OPSEQ) are dlowed (but nat recommended - it is posgble to get
yourself into an infinite loop).

° IF (expresson) {GOTO} label
° IF (expresson) THEN ... {ELSE ..} ENDIF

One of the more common ways of condti onally incrementing a spedrum is by skipping over part of the OPSEQ
dependng onwhether aparticular logicd expresson (or variable) is TRUE or FALSE. Two forms of the IF statement are
provided for this - IF...GOTO and the block structured IF... THEN.

1 IF (expresdon) GOTO

The statement foll owing the IF statement is exeauted if expresson is FALSE, and control is transferred to the
statement labelled label if expresdonis TRUE. Expresson may be dther asingle variable (of any type) or any arithmetic
or logicd FORTRAN expresson. If itisavariable, it is considered FALSE only if its value is O - any non-zero valueis
regarded as TRUE.

Expresson may also be acondtion goup. In this case, condtions in the group are tested urtil ore of them is
FALSE, in which case the program "fal sthrougHh' the IF statement to the next statement. Only if all of the condtionsin the
group are TRUE will the GO TO be exeauted (i.e. for a group, expresson is effedively the Logicd AND of all of the
members of the group, andall of them nust be TRUE for the GO TO to be exeated.

Thekeyword GOTO (or GO TO - youmay use éther one word or two) is optional - you can use any of the forms:

IF (expresdon) GOTO label
|F (expressgon) GO TO label
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| F (expresdon) label

(It shodd be obvious, a leat after reading the next sedion, that you shoud na have alabel in your OPSEQ cdled
"THEN?).

Thereis currently norestrictionon lranching backwards, so it is posshle to get yourself into aloopfromwhich
youwill neve escape. Be areful!

2. Block structured IF
The general formis:

|F (expresson) THEN
block1
ELSE
block2
ENDIF

If expresson is TRUE, the group of statements blockl will be exeauted, while if it is FALSE, the group of
statements block2 will be exeauted. In either case, the next statement will then be the one following ENDIF. The ELSE
part is optional, but every IF.. THEN must be terminated by its own ENDIF statement. Block structured IF.. THEN
statements may be nested to any level.

Expressommay be asingle variable, logicd expresson a condtion goup, as discused above for the IF ... GO
TO statement.

NOVA does NOT support the ELSEIF statement.

When youarein OPSEQ insert mode, the system automaticaly indents lines to the gpropriate nesting level, and
also shows you the nesting level when you LIST/OPSEQ. Two spedal charadersin this listing are important.

1 If thefirst characdter listed onthelineis'>', it means that the nesting level is greaer than 20 (thisis nat
an error - it just means that the system would have to spacethings over too far onthe screen).
2. If thefirst charadter is'—', it means that the nesting level is negative (i.e. you have more ENDIF's than

IF's. Thisisan error condtion.

Whenever youmake changesto the OPSEQ), the system chedks that the IF... THEN's, ELSE's and ENDIF's match
up OK. If they donit (e.g. an IF with noENDIF or an ELSE withou a @rrespondng IF), it isaues an error message and
dedares the OPEQ non-exeattable. Y oumust fix the problem before the system will | et you begin analyzing data.

Every IF statement (of either breed) in the OPSEQ is essentialy a condtionin that there is associated with it a
unique software scaler which records how often the expressonwas evaluated (i.e. how often you gd to the |F statement)
and haw often it was TRUE. These can be viewed at any time with the LIST/IF or LIST/OPSFULL command.

° INCR

The INCR statement spedfies that a histogram (or agroupof histograms) isto be incremented. Various forms
of the statement are supported:

INCR spemameBY weight This spedfies that spedrum spemame is to be incremented. The
appropriate channdl of speaame will have the (floating point) value weight
added toiit.

INCR spemameweight The keyword BY is optional.
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INCR spemame If weight is omitted, the default weight of 1.0 is used.

spemame BY weight

spemame weight

spemame The keyword INCR is also optional. If the first word (except for alabel) onalineisnat a
recogrized NOVA keyword, it is asaimed to be the name of a spedrum to be incremented.
Note that thisimpli es that OPSEQ keywords or any unique ablrewations of keywords - such
asIN (short for INCR) shoud na be used as the names of spedra (youcan if youredly want
to - it just means that you MUST use INCR to increment it).

Note also that the weight may be dther avariable or a constant andis afloating pant number. One possble
application of usingavariable & aweight would be to cdculate an online analyzing power, incrementing a spedrum by
+1.0 for spin up and-1.0 for spin down.

. OUTPUT

Output avarigble (or part of avector) to an ouput "event” which will be written to the file /device spedfied in the
OPEN/OUTPUT command. Thisprovidesameansfor NOVA to "skim" data (kegping orly "good' events) and, optionally,
to add additional information to the output events.

The general form of this command s
OUTPUT variablelength

Lengthis redundant for smple (scdar) variables. For vedors, if length is nat spedfied, the entire vedor will be
output.

If variableis nat given, the input data ($RAW) isasumed. Thus,

OUTPUT Outputs the entire SRAW input vedor

OUTPUT X Outputs the single variable X (or the entire vedor X if it is dimensioned).
OUTPUT X 6  Outputsthefirst 6 elements of the vedor X

OUTPUT 12 Outputsthefirst 12 elements of the input veaor $RAW.

Severd OUTPUT statements may appea inthe OPEQ. The values are mncaenated into asinge "event" which
iswritten in standard NOVA/VDACS format (i.e. the file can be read by NOVA usingthe IMODE NOVA format). The
orly regtrictionis that the total length of the output event must be smaller than 8182 tytes (one VD ACS tape block minus
the 5 word header). It is asaumed also that if you have several OUTPUT statements at various points in the OPSEQ that
you include sufficient information to all ow you to reconstruct later what data bel ongs with what.

The OUTPUT gatement isignared if you have nat opened an output stream with the OPEN/OUTPUT command.

Editing the OPSEQ

Changes to the OPEQ may be made by either:

1 Using the VAX editor EDT (from within NOVA), using the EDIT/OPSEQ command. Thisis undoubtedly the
preferred gption for most users.
2. Todlow compatibility with ealier versions (espedally command fil es), and to allow NOVA to be transported to

other environments (which may nat support adecent screen editor), you can also "edit" the OPSEQ by line number.
Full Screen (VM S-EDT) Editor

The command EDIT/OPSEQ invokes the VAX editor (EDIT/EDT) to edit the OPEQ. It looksjust like EDT
(infad, it ISEDT), with the excetion that there are no dsk filesinvolved andin particular, thereis no JOUrnal file).
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One (very) un-niceside dfed of thisisthat the log file produced by NOVA (NOVAINPUT.LOG) nolonger corntains a
completereard o everything that you dd during the sesson— anything that happened while youwerein the EDT editor
islost! | have someideas of how to ded with this problem, but they are nat implemented yet, so BEWARE!

The screen youare shown in the aitor will nat contain the first line (SBEG_OPSEQ: CONTINUE) of the last line
($END_OPSEQ: CONTINUE) of the OPEQ. For various technicd reasons, these lines must not be deleted from the
OPSEQ, so rather than chedk to make sure you ddnt, | just dorit give you the option.

If you have your favourite elitor command file to customize EDT, you must make the (VAX) logicd name
assgnment:

$DEFINE EDTINI yourcommandfile
before you enter NOVA.

Asurder VMS, use the (editor) command EXIT to leave the elitor and save dl changes (i.e. what you dd in the
editor will become the new OPEQ), and wse the mmmand QUIT to abort (leave the alitor and keep the old OPEQ).

Full Screen (Unix) Editor

A similar editingfadlity isalso avail ble for Unix. The EDIT/OPSEQ command will i nvoke your favourite editor
as spedfied by the EDITOR environment variable, and it will be given the filename OPSEQ (Upper case) as its input
argument (before this happens, NOVA will copy the aurrent OPEQ to the disk file OPEQ). The behaviour of this editor
isirrdlevant (to NOVA) except that it is assumed that the aedion dite of the file (OPSEQ) will be updated if youwant to
retain the hanges that you made (asif youtyped EXIT in EDT), and will nat be dhanged if you dont (asif youtyped QUIT
inEDT). NOVA usesthe aedion dite of thefile asthe only clue & to whether youwant to update the OPEQ or nat.

Single Line OPSEQ " Editing"

Toinsert asinge line into the OPEQ), just enter the line number foll owed by the mommand. For example
12INCR SX
would insert thisasline# 12in the OP<EQ (if line 12 exists alrealy, it is "pushed dovn", nat overwritten).

An input line cntaining orly aline number causes NOVA to enter OPSEQ insert mode, and several li nes may
beinserted. NOVA lists the immediately preceding line, and then accepts OPEQ) lines until a CTRL-Z is entered™ or the
EOF, EXIT or QUIT command, or ablank line. For example,:

12

INCR SX

INCR SY

IF(X>4& Y<10)L1

INCR SZ

L1: CONTINUE

EOF

woud insert lines12- 16in the OPEQ (higher numbered lines are pushed dawvn - what used to beline 13isnow line 17).
The "empty" OPEQ contains the two lines:

$BEG_OPSEQ: CONTINUE (awaysthefirst ling)

m Don't use CTRL-Z with Unix.
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$END_OPSEQ: CONTINUE (awaysthelast ling)
Lines can be deleted from the OP EQ with the command

DELETE/OPSEQ n1 Deletes only line number nl

DELETE/OPSEQ n1n2 Deleteslinesnl to n2 inclusive

DELETE/OPSEQ ALL Deéetesthe etire OPSEQ

DELETE/OPSEQ Deletes the entire OPEQ, but asks for confirmation first.

Seethe preceading sedion onNOVA commands for amore detail ed description.

Examples

Andysis/ aqquistion systems are very personal things (if you like the one that youlike, and you probably do, you
almost by definition abhor the dternatives and wild hases couldn't make you change). Therefore, NOVA triesto let you
tail or your andysis codeto (at least) resemble your favourite system. In addition, it provides enoughadditional feaures that
(I hope) you can be persuaded to wse it rather that your "pet" aternative. This sdion describes some common analysis
systems, and shows how you might implement their structure using NOVA.

NOVA is (I think) fairly succes<ul in this regard, but by providing such flexibility, it does allow youto build a

"hybrid" system that is probably the worst of all worlds. The final sedion dscusses the more cmmon pitfalls and hav you
can avoid them.

1.Pure FORTRAN (or whatever language)

The USRn functiors of NOVA all ow youto dowhatever you want with a minimum of extra dfort. In particular,
USRn functions have accesto histogramming fadliti es and to al of the mnstants / variables defined by the user (a
description of the FORTRAN interfaceis provided below). In this senario, the definition part of NOVA consists of
definingasinde variable:

X =USRO (X)

and the OPSEQ containsthe singleline

EVAL X

Thisis equivaent to the singe line FORTRAN program

CALL USRO (X)

The obvious advantage of this approach is speed. NOVA is extremely flexible (all owing you, for example, to
change variable definitiors etc. "onthe fly") but it is certainly nat blindingly fast! Typicdly (depending oncomplexity - there
ismore overheal for short expressons than for long ores), a calculationin NOVA might be 15 - 20times dower than the
equivalent FORTRAN program.

What youlose by gangthe"pure FORTRAN" route, of course, is the flexibility of being able to change things on

the fly and the amnvenience of having NOVA tell you the "state of the system". If speed is more important than flexibility,
thisis the obvious route to take, but you dolose something (alot, I think) with this approach.

2. DACS

In DACS, the logic of the analysis is cortained entirely in the |F statements of the OPSEQ. NOVA allows this
dternative (athoughsome of the "Lodic" may dso be mrtained in Condtions placed onspedra). A secondmajor difference
with NOVA isthat the definitions of variables need na be dore first (and, of course, everythingisdorein "red time").
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A simple DACS EPROC (cortaining orly event types 1 (scders) and 2) might be developed as foll ows.

1 (Insert things into OPSEQ)
IF (NOT.EVTYPE1) GOTO EV2
EVAL SCALERS
GOTO $END_OPSEQ
EV2: IF (.NOT.EVTYPE2) GOTO $END_OPSEQ
INCR SPID
IF (PROTON) THEN
INCR SXO0
INCR SYO
INCR SX0YO
INCR SXF
ENDIF
EOF  (Finish entering OPSEQ stuff)

Then you can start defining things required to dothese cdculations.

CONDITION EVTYPEL, EVTYPE2
EVTYPE1=$EVENTTYPE .EQ. 1
EVTYPE2 = $EVENTTYPE .EQ. 2

I Event Type 1 definitions

NUM SC=100

DELTIME=5.0

REAL*4 RATES(100), TOTS(100), OL DS(100)

PARAMETER TOTS,OLDS

RATES=USRO (RATES,TOTS,0OLDSNUM SC $RAW,DELTIME)

I Event Type 2 Definitions

DEF2D /XSI ZE=100'Y SIZE=100SPI D

DEF2D /XDATA=ESUM /YDATA=TTB SPID

DEF2D /XLOW=0/XHIGH=2047Y LOW=0/Y HI GH=2047SPI D
ESUM =$RAW (10)

TTB = $RAW (15)

REAL*4 DRIFT_VECTOR (50)

DRIFT_VECTOR = USR1 (DRIFT_VECTOR, $RAW(DRIFT_OFFSET))
DRIFT_OFFSET =39

DEF2D /XSIZE=50/Y S| ZE=50/XDATA=X0 /YDATA=Y0 SX0Y0
X0=DRIFT_VECTOR (2)

Y0 =DRIFT_VECTOR (3)

€tc.

Eventually you will get everything defined (you can ask NOVA a any time what is gill undefined —
LIST/UNDEFINED — andit will tell you).

3. LISA/PERSEUS/STAR

The architecure of many popular analysis g/stems is that you doall of you calculations in a user-written
FORTRAN program, but the system increments edrafor you "automaticaly" based oncondtions/ tests applied to eath
spedrum. In NOVA, the OPEQ correspondngto this could be:
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EVAL USER_FORTRAN
EVAL $ALL CONDS
INCR $ALL SPECTRA
EOF

USER_FORTRAN cdlsthe user FORTRAN routineto doal of the cdculations, perhaps (nat necessarily) pladng
all cdculated variablesin the return vedor USER_FORTRAN.

USER_FORTRAN = USR1 (USER_FORTRAN, $RAW)

Spedra are then defined with a condtion list on ead ore, and are incremented by the statement INCR
SALLSHECTRA only if the condtionsin the list for aspedrum are dl TRUE (presumably, the anditi ons test some of the
values returned in USER_FORTRAN).

DEF1D /XSIZ=200/XLOW=-45/XHIGH=45/XDATA=SCAT_ANGLE SANGLE
DEF1D /CONDITION=(CHAMBER1_OK, CHAMBER2_OK) SANGLE

CHAMBER1_OK =INSIDE (XMIN, X1POS, XM AX)
CHAMBER2_OK =INSIDE (XMIN, X2POS, XM AX)
X1POS=USER_DATA (0)

X2POS=USER_DATA (1)

SCAT_ANGLE =USER_DATA (2)

Many of these systemsinclude the mncept of FATAL conditions (if any of a set of condtionsis TRUE, processng
of the event isimmediately terminated). The OPSEQ which mimicsthisis:

1
EVAL USER_DATA
IF (FATAL) GOTO $END_OPSEQ
EVAL $ALL CONDS
INCR $ALL SPECTRA

FATAListhen defined to be acondtion group containing whatever condti ons you want to be fatal (nate - there
is no limit on the number of condtionsin agroup - the "maximum 256" condtions applies only to the total number of
condtionsin the spedrum condtion mask). A condtionbecmmes aFatal condtion by just addingit to the group FATAL

ADDGR /TYPE=CONDITION FATAL CHAMBER1_OK CHAMBER2_OK ...
andis changed badc to nonFatal simply by removingit (SUBGROUP) from this group.

One of the more serious drawbadks to these systems (at least the one which people told me they would most like
changed) isthat thereisonly one"level" of FATAL condtion- either somethingis dedared FATAL or it isn't. NOVA easily
allows any number of such levels, including the possbilit y of incrementing some spedra & ead level.

1
EVAL USER_DATA
IF (FATAL_1) GOTO $END_OPSEQ
INCR SPECGROUP_1
IF (FATAL_2) GOTO $END_OPSEQ
INCR SPECGROUP_2

Asthe names suggest, SFECGROUP_n are groups of spedra dl of which will beincremented if the gpropriate
FATAL_n condtion goups are FALSE. They would be defined as:
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DEF1D /XSIZ=100/XDATA=SCAT_ANGLE SANGLE
DEF1D /XSIZ=100/XDATA=XPOS XPOS
ADDGR /TYPE=SPECTRUM SPECGROUP_1 SANGLE SXPOS

4. XSYS

The XSY S system is based onblocks of condtions/ spedra eat o which isgoverned by asingetest - if it is
FALSE the entire block is &kipped. Again, al cdculations are dore in a user-written FORTRAN program. In NOVA:

1

EVAL USER_FORTRAN

IF (CONDITION_1) THEN
EVAL CONDGROUP_1
INCR SPECGROUP_1

ENDIF

IF (CONDITION_2) THEN
EVAL CONDGROUP_2
INCR SPECGROUP_2

ENDIF

5. "Pure" NOVA

Theintent in writing NOVA isthat the "User FORTRAN" part shoud be minimal (idedly zero, but there ae some
things that just aren't worth it). Espedally when setting yp an experiment, the amnvenience of being able to change ay
varigbleinthe system at any timeisimmense (at leat | think so), and you lose this flexibilit y when lots of your code is buried
deep in auser FORTRAN routine. For example, suppose you are "tuning' the resolution onthe MRS. Y ou start with a
"simple" definition d focd plane positi on:

XF = (VDCSEP*X1-F*DX12)/(VDCSEP-DX12*TAN_DELTA)
TAN_DELTA=-.04

VDCSEP = 5440

DX12=X1-X2

X1C =X1+ X1CO0

X1C0=7420

XF_CORR = XF

Y outhen lookat correlations between XF_CORR (=XF so far) and aher MRS variables, and dedde that the focd
plane position shoud be @rreded for THETA. Simply re-define onthefly:

THETA = 0.5%((VDCDIST/DX12) - 1)
XF_CORR = XF + A*THETA**2

andyou XF_CORR spedrum now contains the aldtional term. Y ou can then adjust the wefficient A to gve youthe "best”
resolution

A =100

(have alook at the spedrum)
A =120

€tc.

andthen carry onto look at other aberrations.

FORTRAN Interface
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NOVA provides ®veral functions which all ow user-written FORTRAN routines (i.e. USRn functions) to access
the variables/ parameters / spedra defined in the NOVA tables.

First of al, your user routine must have accasto the tables themselves. Thisis acomplished by passngto the
USRn functionthe (pre-defined) argument $STABLE. For the remainder of this sdion, let's asaime that you have defined
a USRn function with the statement

X = USRO (X, $TABLE, $RAW)

The FORTRAN subroutine (remember that it shodd be written as a subroutine, not afunction) begins with the
statements:

SUBROUTINE USRO (X, NOVATABLE, IRAW)
INTEGER*4 NOVATABLE (0:*)
INTEGER*4 IRAW (0:*)

(nate that the index of both the NOVA table and the raw datavedor gtartsat 0, not 1). Let's also asume (for simplicity)
that this routine just stores things which it cdculates diredly in the tables— the "return value" X is nat used.

1. Accesdng parameters
Onethingyou probably want to doisto accesparameters stored in the tables (e.g. constants like CHAMB1_DIST
=32). Asaimingthat thisthingredly is a(pre-cdculated) parameter (more eout variablesin aminute), all you reed to

know isthe placein NOVATABLE where its value is gored (there aelots of other things sored in the tables as well, like
its name, whether it has been cdculated already for this event etc.). Y ou ¢t its position from the function

ICHPTR = NVVALPTR (NOVATABLE, 'CHAMB1_DIST')

This ststhevariable ICHPTR totheindex in NOVATABLE where the value of CHAMB1_DIST is gored. You
can then get at the value with

IDIST = NOVATABLE (ICHPTR)

Alterndtively, suppose that CHAMB1_DIST is something that is cdculated by your USRO routine, and you want
to store the value there for someone dseto use. Then you just say

NOVATABLE (ICHPTR) =IDIST

(A technicd nate — when CHAMB1_DIST isdefined to NOVA, it shodd be dedared aPARAMETER, since
NOVA doesn't have aty formula for cdculating its value — its cdculation is "hidden" from NOVA inside your USR
furction It isthen the user's responsibilit y to ensure that his USR routine is cdl ed and the value set before anyone dsein
NOVA triesto useit).

If CHAMBZ1_DIST is a Foating Point rather than an Integer value, things are alittl e more complicated (it is
asamed throughot that you knav what kind d values you are deding with — INTEGER*4 or REAL*4). REAL*4 values
are stored "asis" in the (INTEGER) vedor NOVATABLE, so you have to trick the FORTRAN compiler into gving you
the value stored in NOVATABLE (ICHPTR) as a Floating Point value. Y ou dothis using the EQUIV ALENCE statement
(thisis messy, but asfar as| know it isthe only reasonable way to doit — sorry)

EQUIVALENCE (DIST, IDIST)

IDIST = NOVATABLE (ICHPTR)

The FHoating Point variable DIST now cortains the value that youwant. Note that you MUST NOT say:
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DIST =NOVATABLE (ICHPTR)

sincethis will t ake the (assumed - by the compil er) INTEGER*4 valuein NOVATABLE (ICHPTR) (which is REALLY
abit pattern representing a floating point number, remember) and try to conwvert it to the same value in Floating Point — not
at al what youwant (if thisisn't clea, dorit worry about it — just doit this way and take my word for it that the other way
will nat work).

2. Accessng Variables

Variablesin NOVA are things that depend explicitly on aher things (either SRAW data or other variables) and
that NOVA knows how to calculate (i.e. it has been gven a"formula" for evaluating the variable). If youwant to usethe
value of one of these, you haveto ask NOVA to do the caculationfor you (if you are ABSOLUTELY SUREthat NOVA has
cdculated the variable drealy ealier inthe OPSEQ, you can use the same procedure & above for PARAMETERS, but this
is nat recommended — you might change your OPSEQ so that this asaimptionis nolonger valid).

For variables, NOVATABLE aso contains an internal representation o the formula (a so-cdled "evaluation list")
which tellsit how to cdculate the variable. The function

LISTPTR =NVEVPTR (NOVATABLE, 'variable name')

satsLISTPTR to the aldressof thisevauationlist in NOVATABLE. To "exeaute" this list and cdculate the value
of the variable, use one of the functions:

IVALUE = NVEVAL (NOVATABLE, LISTPTR)
XVALUE =FPEVAL (NOVATABLE, LISTPTR)

Returningto the example dove, if CHAMB1_DIST were a(Floating Point) variableinstead o a PARAMETER,
you coud get at its value by saying

LISTPTR =NVEVPTR (NOVATABLE,'CHAMB1_DIST")
DIST =FPEVAL (NOVATABLE, LISTPTR)

Again, it isassimed that you knawv what kind of variables you are dedingwith — INTEGER or REAL. Don't use
NVEVAL for aFloating Point variable — the answer will be wrong

If the variableis adualy a Condtion NVEVAL will update the software scders automaticdly for you. Also, these
routines are dever enoudh to knav whether or not they have drealy cdculated the variable for this event — they will only
doit onceper event, so thereisno dinger of incrementing software scderstwice Thus, if youwere to write (for some silly
reason):

LISTPTR =NVEVPTR (NOVATABLE,'CHAMB1_DIST")
DIST1=FPEVAL (NOVATABLE, LISTPTR)
DIST2=FPEVAL (NOVATABLE, LISTPTR)
DIST3=FPEVAL (NOVATABLE, LISTPTR)

the "evaluation list" stored at LISTPTR would orly be exeauted orce (the first time) (and for a mndtion, the
software scderswoud only beincremented orce). Thevaue returned would be @rred in all i nstances, however. Youcan,
infad, use NVEVAL (or FPEVAL) for PARAMETERS as well — thisis probably the safest methodto use urlessyou are
absolutely sure that your PARAMETER is never goingto be dhanged to a variable (dired accessof the tableis MUCH
faster, but less sfe).

3. Spedrum Incrementing

The function
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ISPECPTR = NVSPECPTR (NOVATABLE, 'name)

returns the index in NOVATABLE of a structure cdled a "spedrum descriptor block" for the spedrum 'name’.
Thisindex is then passed to the subroutine SANCR to increment the spedrum.

ISX1IPTR = NVSPECPTR (NOVATABLE, 'SX1")
CALL SPINCR (NOVATABLE, ISX1PTR, WEIGHT)

where WEIGHT isthe (Floating Point) value to be alded to the gopropriate dhannel of SX1 (typicdly, WEIGHT
=1.0).

4, USREA

Asyoumight exped, routineslike NVV ALPTR are na blindndy fast — they have to search throughall the named
varigbles defined in NOVA to find the position d the one that youwant. Not the sort of thing that youwant to do onevery
event! (the whale point of this was to make it faster, after all).

Sincethe position d thingsin NOVATABLE doesn't change while you are analyzing (the system automaticdly
PAUSES analysis when the tables are changed which is when things might be moved around, you shoud be @le to
determine the positi ons of such named variables "once and for al". Thisiswhere the routine USREA comes into play (in
previous versions of the system, this routine was cdled USRSETUP. For compatibility, this gill works — the default
USREA functionjust cdls USRSETUP. The default USRSETUP does nathing).

Thisroutineis cdled by NOVA every time you start analysis (the ANALY SE or EA command), so you can put
your cdlstoNVV ALPTR, NVSFECPTR etc. in here, and passthe results (via aCOMM ON areg) to your USRn routines
which are exeatted for every event. If you change the tables (e.g. define something rew), these pointers might change, but
NOVA will PAUSE andlysis for you, and when you start it up again with the ANALY SE / EA command, USREA will get
cdled again and youwill be aleto get the new positions of these variables.

So USREA might look something like:"

SUBROUTINE USREA (*, NOVATABLE)
INTEGER*4 NOVATABLE (0:1)

C
INTEGER*4 ICHPTR, LISTPTR, ISPECPTR
COMM ON /USER_PTRY ICHPTR, LISTPTR, ISPECPTR
C
ICHPTR =NVVALPTR (NOVATABLE,'CHAMB1_DIST")
LISTPTR =NVEVPTR (NOVATABLE,'CHAMB1_ DIST")
ISPECPTR = NVSPECPTR (NOVATABLE, 'SX1")
C
C USREA takesthealternate RETURN if something goeswrong
C Asauimethe LOGICAL variable OK is st .FALSE. if problems occur
C
IF (NOT.OK) THEN
C
C Thisisan Err or Return
C
RETURN 1
ELSE
RETURN
n Note that ealier versions of NOVA differed in the order of the aguments passd to USREA and

USRSETUP.
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ENDIF
END

All of these functions (NVV ALPTR, NVEVPTR ...) return anegative value if the spedfied variable/ spedrum
doesnt exist. USREA coud (shoud) chedk all of these and take the dternate return (RETURN 1) if your NOVA tables are
inerror. The systemwill thenissiethe aror message 'Analysis aborted by User EA routine' — if more detail ed information
isdesired, USREA shoud write amessage to the terminal. Alternatively, your USRn functions could simply chedk that the
pointersit has been gven are reasonable before it triesto use them.

SUBROUTINE USRO (X, NOVATABLE)
INTEGER*4 NOVATABLE (0:1)

These pointers are calculated in USREA whenever you enter
the ANALY SE or EA command

O000

INTEGER*4 ICHPTR, LISTPTR, ISPECPTR
COMM ON /USER_PTRY/ ICHPTR, LISTPTR, ISPECPTR

Event Analysis
The dhedk on pointers being non-negativeisnot neeled if
done already in USREA.

O0000

IF (ICHPTR .GE. 0) IDIST = NOVATABLE (ICHPTR)
etc.
5. USRDA

Aswell asthe USREA routine (which is cdl ed every time you enter the command EA - just before the first event
is fetched from the input stream), NOVA also gves you the option d supplyingauser routine which is cdled every time
youenter the DA commend. The original ideawasto alow youto do"end d run' clean up (perhaps cdculate statistics for
arunetc.). Thisisnat (yet) dorein avery clean way, becaise in fad USRDA doesn't know if it isthe end d arun, or just
atemporary pausein the midde of arun. One (very Kludgy) way aroundthis (urtil 1 doit right) would be for you (the user)
to define avariable cdled somethinglike|_AM_DONE. It isthen up to youto set this variable to something (perhaps 1)
to indicate that arunisredly finished, as asigna to USRDA to perform whatever end-of-runclean w is needed. Like
USREA, thisroutine is passed the entire table structure & an argument, and is expeded to take an aternate return if there
isanerror -i.e.

SUBROUTINE USRDA (*, NOVATABLE)
INTEGER*4 NOVATABLE (0:1

C
IPTR =NVVALPTR (NOVATABLE, 'l _AM_DONE')
IF (NOVATABLE (IPTR) .NE.0) THEN
C
C Do whatever neadsdoing a end of run
C
IF (NOT.OK) THEN
RETURN 1
ENDIF
RETURN
END

6. Terminal Interface
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It is often necessary for one of your User functions to write amessage to the terminal screen (e.g. an error or
informational message). One of the most blatant inconveniences of ealier versions of NOVA isthat such messages aways
appeaed ontheterminal screen of the user who started the subprocess Because of the MAPTO command, this was often
NOT the processwhich issued the eommand which caused the message. Not only is this annogying to the original process
it is dangerous because the isauer of the mmand receves no error and therefore asaumes that everythingis fine.

Inthisverson d the system, such messages can be direded to the terminal whoissued the command, but whoever
writes the code (me, for system stuff, but YOU for user stuff) has to be alittle more caeful. Rather than writingto Unit 6
(the normal FORTRAN output unit) or using the TY PE/PRINT statements, al such messages soud be written to urit
number ITTSUBP (which is defined in the include file 'ncontrol.h"). Thisunit isre-asggned for every command to be the
termind of theisser of the mmmand, and so all messages written to this unit appea at the gpropriateterminal. There ae
also threesystem-suppli ed subroutines which make use of this.

CALL TTSTR ('String)  Writes'String (which may be dther a mnstant string @ a CHARACTER variable) to this unit

number.
CALL WRREV ('string) Thisdoesthe same & TTSTR, but in additionwrites the stringin reverse video.
CALL TTBELL Rings the bell onthe terminal

So if one of your User routines deddes to write something to the screen, it shoud do ore of the foll owing:

1)
INCLUDE 'ncortrol.h'

WRITE (ITTSUBP, 100 |
100 FORMAT (1X, Thevaue', 15, "isillega")

2)
CALL TTSTR ("Youare nat al owed to dothat now")

3)
CALL WRREV ('Error - thisfunctionisill egal')
CALL TTBELL

If youwriteto urit 6 or use the TY PE command, the message will appea onthe original
terminal which started the NOVA subprocess which is probably nat what you want.

7. Other Functions
Thisisal that has been implemented asfar as'user-cdlable' NOVA functionsis concerned. | could provide things
that let you dEfine new histogramsin your USREA routine for example (bypasdng the DEF1D command), althoughthe eror

chedking/ recvery woud then have to be provided by the user, so | am alittl e reluctant to dothis. If thereisanything else
that youwould like to seemade available, let me know and | will consider it.

SCALERSProcessng

Just because it is common to virtually all experiments, NOVA provides a default USRO routine to do Scders
processng.

First of al, note that this routine assumes:

1 Your datais coming from VDACS (either ONLINE or from aVDACS/NOVA tape or disk file).
2. All scdersare 24 hitslong
3. All scders were read ising TWOTRAN "block read” functions — CFQIGNORE etc. (which include ablock

header word indicaing hawv longead block is).




FileNo TRI-DNA-96-2 Page51

4. Thereisonly one scder event (the event type can be whatever youlike) and (apart from an optional fixed-length
part a the beginning) this event contains only scalers (i.e. the first of these VDACS “Block Read Header words”
ocaurs at somefixed dfset - ofetn O - in the event record, and everything after that consists of scder block reals).

If youarein the processof designing your TWOTRAN program, you might want to keep these pointsin mind. If
your scder datais nat of this format, you are stuck with writing your own routine to processthem.

Note that this routine dso assumes that it will get evey scaler event to process If it doesn't, the overflow
cdculationwill bewrong andthe RATES cdculation (which assumes that succesdve scder reads are dways eparated by
the dock interval) will dsobewrong Y oushoud ensure thisin your TWOTRAN program by spedfying that scder events
are spedfied as MUSTPROCES Sevents’.

The USRn function provided with NOVA to process sdersis USRO. If you have your own USRO routine which
does mething else, you can includeit in your NOVAUSR.OLB and it will over-ride the default.

Y oumust define the foll owing things for NOVA.

! Timeinterval between scaler reads (thisisused to calculate RATESin
! counts/seand rather then counts/ N seconds).
REAL*4 DELTIME

DELTIME=5.0

! Number of scalersin the scalers event

NUM SCL =100

REAL*4 RATES(100), TOTS(100), OLDS(100

PARAMETER TOTS, OLDS

RATES=USRO (RATES,TOTS,OLDS,NUM SCL ,$RAW ,DELT IME)
! The offset in $RAW of thefirst scaler block

! Defaultsto 0

$SCLROFFSET =10

andin the OPSEQ (asuming scders are event type 1, athoughthisis nat required)
IF (EVENTTYPE .EQ. 1) THEN

EVAL RATES
ENDIF

Thisroutine puts the acamulated totd scdersinthe vedor TOTS and the RATES (the difference between the last
two scder events divided by DELTIME) inthe vedor RATES. Y ou can then (from within NOVA)

LIST/FULL RATES
LIST/FULLT OTS

to seethe aurrent values.

| have dso provided a program — NSCALERS — that all ows you to look at the scders (nicdy formatted) from
VAX DCL. Notethat if youwant to usethis program, you must use the names given above (at least you must use the names
TOTS and RATES — the others are abitrary).

The $SCLROFFSET variable (thisis new) is convenient for skipping over an optional fixed-length part of the event
at the beginning (for example, the event / bank headers present in the Y BOS event format)

© A word o warning is in order here. There have been some indications that the MUSTPROCESS
satement in TWOTRAN may nat work reliably. If yoususped that thisis the case, contad someone in the VD ACS support
group and show them the problem. | have never been able to reli ably demonstrate such a fault.
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File Handling

It is posdble to make NOVA real datafiles which have been compressed (e.g. using gzip). This can be \useful
for saving dsk spaceif you typicdly analyze from disk rather than dredly from tape (this works only on Unix systems).

First of all, you have to crege aUnix named pipe (also cdled a FIFO). These ae typicdly (athough no
necessarily) creaed in the /tmp direcory. From the Unix shell:

mkfifo /tmp/pewg
Next, you runwhatever program uncompreses your datafile and dread the output to this FIFO. For example:
gureip < compressedfile.gz > tmp/pewg

The semantics of thiscommandwill be different for other (de)compresson programs. The important point is that
the uncompressed data is written to the FIFO.

From within NOVA, you then trea the FIFO as anormal inut file

Nova> IMODE Y BOS (or whatever)
Nova> OPEN /FILE=/tmp/pewg

Tape Handling

One of the biggest improvementsin this version d NOVA (and al so the one which needed the most improving)
was the handing d analysis diredly from tape. This sedion dscusses the steps required to make the best use of NOVA
when realing cita direaly from tape.

Frst of al, before you start youNOV A sesson you shoud define the input tape unit asaLogicd name (thisisnat
soimportant for VMS, dthoughl thinkit makes life eaier, but it is absolutely esential for Unix because of the/ charaders
needed in pathnames). For VMS
DEFINE MTAPE MUAO:
whil e for Unix
setenv M TAPE /dev/nrmtOh
(the adual tape unit that you use on your system may be cdled something dfferent - MKAO for example. For Unix you
shoud spedfy the 'nr' form of the tape device— 'n' means it will not be automaticdly rewoundandthe'r' meansit isto be

accessd in 'raw' mode by NOVA).

For VMS you can (but need nat) MOUNT the tape dso before you enter NOVA. If you dothis, make sure you
mourt it as a FOREIGN tape (NOVA takes care of label processng by itself).

MOUNT/FOREIGN M UAQO:

If you dort dothis, NOVA will doit for youthe first time that youtry to accessthe tape.

Now yourunNOVA. Thefirst NOVA command that you shoud enter isalso aMOUNT command
MOUNT MTAPE

Note that thisis independent of whether you ddaVMSMOUNT or nat. Thisisa"logicd" tape mourt - it instructs
NOVA to rewind the tape (so that it knows where it is positioned within the tape) and also to read the first thing onthe tape
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to seeif it alabelled tape or nat. This needs to be dore only once  The tape unit "belongs to" (and is managed by) the
NOVA subprocess so popping ou of the NOVA command line interpreter (to VMS DCL) and badk in does nat require
another MOUNT command.

The MOUNT commend aso informs NOVA that al further input data fil es (things gedfied in the OPEN/INPUT
command) refer to fil es on the tape rather than dsk files. Thus, to open the tape fil e EXPTxxxxxRUNyyyyy ontape, you
simply

MOUNT MTAPE
OPEN/INPUT EXPTxxxxxRUNyyyyy

The MOUNT command tells NOVA to look onthe tape for this file rather than on dsk. NOVA will now begin
seaching forwards only onthe tape for the requested run. When it findsit, it will begin reading and processng events from
it.

If the runthat youwant is either before your current position onthe tape or alongway down the tape, you can use
the REWIND and SK PF commands to positionthe tape. REWIND rewinds the tape to the beginning. SKPF n skips runs
either forwards (n > 0) or badkwards (n < 0). If skipping badkwards (n < 0), the Jast operationis a forward spaceso that
the tape is | eft positioned immediately after afile mark (and thus the next thing to be read will be "red data").

Sincethetapedriveis"owned" by the subprocess things like CTRL-C to abort a tape operation dort work diredly,
sinceyour termind isnat diredly conreded to the subprocess To abort atape operationin progress(such as ®aching for
arunthat isn't there), type CTRL-C and then enter the M TABORT command. Be prepared to wait afew minutes.

When you are dore with the tape (and, for example, want to analyze from a disk file) you shoud enter the
DISMOUNT command. Thislogicdly dismourts the tape (note thoughthat the tape is nat rewoundand/or gjeded from
the tape drive).

YBOS/INET Interface

There ae a ouple of speda pointsto be kept in mind when using NOVA to analyzedata from aNET conredion
(either IMODE NET or IMODE Y BOS which spedfies an orline mnredion).

The P9 padkage MIDAS spedfies ead “event” with two (16 ht) numbers - an Event ID anda Trigger Mask.
NOVA identifies ead event with asinge 16 it number - the Event Type. Additionally, MIDAS all ows different Event ID’s
to be spedfied as MUSTPROCESSor MAY PROCESS(similar to the MUSTPROCESSdiredive in TWOTRAN).

To make use of this, NOVA allows you to define two variables SMUSTMASK and $SMAY MASK, which are
corsulted whenever you goen aNET conredion (more predsely, they are amnsulted whenever you EA, so you can change
them dynamicaly). Eac o these is treded as a bit-mask, and alows you to spedfy eath Event ID as either
MUSTPROCESS(i.e. al eventswith this ID will be delivered to NOVA - slowing dawn data aquisitionif NOVA canna
keep up) or MAY PROCESS(sent to NOVA only if thereistime). Bit 0 (Least Significant) of eat of these @rresponds
toMIDASEvent ID 1, Bit 1 to Event ID 2, efc. If aparticular bit isnat set in either SMUSTMASK or SMAY MASK, events
with this 1D are not sent to NOVA at all.

The default for MIDAS isthe following goupling of Event ID’ s (remember that an Event ID spedfies a @lledion
of posdbly many different event types with further seledion onthe basis of Trigger Mask).

ID Bit Pattern Meaning

Periodic Events (e.g. Scders)
Physics Triggers (“Red Data” Events)
Cortrol Events (Start/Stop Run)
Slow Corntrol
6 Cadlibration

absh wnN kP
=00 R~NPRE
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Note thoughthat thistable just spedfes defaults - your particular MIDAS front-end program might use a ompletely
different scheme.

Thisdivison d Event ID’sisused by NOVA ONLY for the MAY/MUST process paration. The NOVA Event
Type comes from the MIDAS Trigger Mask. What this meansis that althoughMIDAS all ows events with dfferent ID’s
to have the same Trigger Mask, you shodd NOT do this if you will be analyzing the data with NOVA, as NOVA uses
ONLY the Trigger Mask to dfferentiate different event types.

In additi on, the foll owing sub-division within Control Events has been adopted.

Trigger Mask Meaning

‘8001x Beginning d Run
‘8002x Pause

‘8003x Resume

‘8004x End d Run

L ogical Names

There ae anumber of VMS Logcd Names (Unix Environment variables) which can/shoud be set for NOVA to
function properly. Most of them have been mentioned el sewhere — | include them here to providein ore place aeference
list of things that you might want to define.

NOVADIR Thisdefinesthe diredory / Unix path which contains all of the NOVA programs which you might want
to run except (possbly) NOVAMAIN.EXE which you might have built yourself with NOVALINK. It
MUST be set to somethingfor NOVA towork at al — typicdly it is defined system-wide to point to the
gtandard NOVA system diredory. If you heve aspedal version d NOVA (nat yowr NOVAMAIN.EXE
but something el se in the system which | have built for you) you shoud

DEFINE/JOB NOVADIR disk:[diredory]

before youexeaite ANY NOVA commends. Note that the /JOB qualifier is REQUIRED if you redefine
NOVADIRinthisway (infad, the /JOB qualifier never hurtsin the mntext that it is used in NOVA, so
it isagoodideato use it always). In Unix, youwould

setenv NOVADIR pathname

NOVAUSER This defines the user library to use when linking a new version d NOVAMAIN.EXE with the
NOVALINK command. Under VMSiit typicdly contains a disk/diredory and alibrary name:

DEFINE/JOB NOVAUSERdisk:[diredory] yourlibrary.olb

Under Unix, you can (if you wish) spedfy severa libraries and/or diredory pathnames — things
following-L define pathnames and things foll owing -1 spedfy the name of the library fil e (excluding the
ib" at the frort of thefile name andthe '.a extension). Note that the string shoud be enclosed in doble
guatesin this case, asit cortains blanks.

setenv NOVAUSER* -L/usr/myname/dir -Imylib -Ili b2"

NOVASPMEM  Thisnumber (in dedmal) defines the amourt of memory to al ocate for spedrum storage — it isin urits
of 1024chanrels. Note that such memory is all ocated when you isaue the NOVASTART command —
it canna be dtered (either increased if you reed more or released to be used by others) later.
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NOVAPRINT This defines the mommand to be used to make ahardcopy print on a remote printer queue. It shoud
include the string “ %f" somewhere, which will be replacel by the name of the (internally generated) disk
file which NOVA uses for hard copies.

EDITOR Under Unix, you spedfy the name of the editor that you want to use (from within NOVA) to servicethe
EDIT/OPEQ commendwiththisvariable. Under VMS thereis no chace— the elitor isalways EDT
— but you can customizeit with the startup file

DEFINE EDTINI disk:[diredory]file.EDT

Batch Operation

NOVA is used most often in an interadive mode (i.e. the User is stting typing commands at aterminal). It can,
however, be used aso in a batch mode (I mean by this nat necessarily that it is runas a “batch job” on some system “batch
gueue” - only that the commands which cortrol its operaton come from some disk/command fil e, nat direaly from a user
sttingat atermind). Operation of NOVA is esentialy unchanged in batch mode, but there ae afew differences of which
you sghoud be avare.

. Confirmation  Ininteradive mode, the program often asks you questions in response to nonstandard situations
(e.g. You have some undefined variables - OK to EA anyway?). In batch mode no questions are aked - the
program just caries on as if the answer to the question were Y es (this is why some of the questions asked by
NOVA may appea to be “badkwards’ - they are worded such that the default answer of Y esiswhat is most often

appropriate).

. NOVABATCHSTATUS A typicd way to runNOVA inBatch Mode is to start up the program, issue whatever
commands are necessry to get it gaing, and then wait for the End d a Run (using the NOVAWAIT program)
before DUMPing results and (posdbly) starting onanather run. This mode of operation will fail if you make a
serious error (e.g. spedfying a nonexistent data file in the OPEN/INPUT command) - things never get started
properly, so rever reat End-of-File, and NOVAWAIT will wait forever.

To overcome this problem, the NOVAWAIT commendwill wait for approximately 10 minutes, during which time
it monitors also for the number of analyzed events to increase. If this does nat happen, the asumption is that
something iswrong andit returns prematurely, first setting the value of an environment variable (VMS Logicd
Name) NOVABATCHSTATUSto “STALLED” (nate - thisisa dharader string). If al is OK, the variable will

be st to the value “OK” (also a charader string). Y our commandfile/ shell script can (shoud) ched the value
of thisenvironrment variable and take whatever adionis appropriate (terminate the Batch Job, skip to the Next Run
etc.) if itsvaueisna “OK” (the only other value aurrently defined is” STALLED”, but more may be alded in the
future).

. Unix  Envirorment variables/ user aliases are tregted somewhat differently by Unix and VMS. In particular,
they are nat necessrily inherited by Child Processes. What this meansisthat (depending on hev you dfine things
like NOVADIR), abatch job started from a shell scripot may or may not know about NOVADIR and/or aliases
(such as novastart).

The eaiest way to ensure that thingswork isto include spedficadly in your Unix shell script lines like the
following:

setenv NOVADIR ~pewg/v20/nova (or whatever NOVADIR shoud be defined as on your system)
source $NOVADIR/novasetup

This soud ensure that the proper NOVA environment is st up in your batch job.

User Event Driver




FileNo TRI-DNA-96-2 Page 56

If youwant to buil d an input driver for adifferent event format, it is probably easiest to send me the detailsand |
will writeit for you If thisisnat possble, | give here abrief description o what is required for you to write your own event
driver. Thisdriver will beinvoked if you spedfy IMODE USER.

At aminimum, a user-written input driver must provide asubroutine

SUBROUTINE GEVUSER (*, NOVATABLE, IRAW, NXTPTR)
INTEGER*4 NOVATABLE (0:*)

INTEGER*4 IRAW (0:*)

INTEGER*4 NXTPTR

INCLUDE 'nevinput.h'

Thisroutineis cdled by NOVA in arder to fetch the next "event" from the input data buffer IRAW. It must behave
asfollows:

1. It shoud set the variable NXTPTR to the index in the raw data buffer IRAW where the data part of the
next event starts (that is, IRAW (NXTPTR) corresponds to the NOVA value $RAW(0). Note that IRAW starts
at index O, nat 1.
2. It shoud set the foll owing variables (defined in a COMM ON areain 'nevinput.h’) from informationin
the event header (if it exists)

IEVTYPE Event Type

IEVLEN Event length in (16-bit) words.

IEVSEQLO Low order 16 hits of Event Sequence number

IEV SEQHI High ader 16 hts of Event Sequence number
3. If, when this routine is cdl ed, the variable NXTPTR is negative, the raw data vedor IRAW is empty.

Y our user routine shoudd take whatever adionis appropriateto get the next buffer of data from tape or disk. 1t may
(but need na) cdl the NOVA subroutine

CALL GETBUF (*,ITABLE, IRAW)
tofill the vedor IRAW.
4. Y our routine shoud take the dternate return (RETURN 1) if there ae nomore eventsto be analyzed.

If youplan tofill your event buffer by cdli ng the routine GETBUF, then you must also provide asubroutine to do
this.

SUBROUTINE GBFUSER (*, NOVATABLE, IRAW)
INTEGER*4 NOVATABLE (0:*)
INTEGER*4 IRAW (0:*)

This routine shoud read the next buffer of data into the vecor IRAW. Aswith GEVUSER, it shoud take the
aternate return (RETURN 1) if there ae no more (end-of-file).

Y ou may also provide the following routines. Default routines (which do nahing) are supplied for those which
you do nainclude.

SUBROUTINE OPUSER (*, ITABLE)
This routine opens the input fil e (cal ed by the OPEN/INPUT command).

SUBROUTINE CLSUSER (*, ITABLE)
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Thisroutine doses the input fil e (cdl ed by the CLOSE/INPUT command).
SUBROUTINE EAUSER (*, ITABLE)

Thisroutine provides the caability of preparing for the EA command. It is cdled before the routine USREA. The
differenceis that EAUSER is edfic to the user input channel (i.e. it is cdled oy if you have issued the IMODE USER
command), while USREA is cdl ed for any input device/ IMODE.

SUBROUTINE DAUSER (*, ITABLE)

Thisroutine provides the caability of speda adion for the DA command. Again, it is pedfic to IMODE USER,
while USRDA is cdled for any device/ IMODE.

SUBROUTINE WTUSER (*, ITABLE)

Thisroutineis cdled in response to the "temporary DA" which NOVA performs automaticdly when exeauting
commands like LIST. Theintent for these mmmandsis that analysis will soon(within afew seconds or lesg be resumed
automaticdly.

SUBROUTINE RSUSER (*, ITABLE)

Thisroutineis cdled in response to a "resume” which NOVA performs automaticdly foll owing the "temporary
DA" mentioned above.

PITFALL S

1 Double L ogic

Themost obvious pitfall in NOVA (at least the most obvious to me) is that there isa"parall el logic" built into it.
That is, whether or not a spedrum isincremented depends ontwo (sort of) unrelated things:

i) The Condition List associated with the spedrum, and
ii) The position d the INCR statement in the OPSEQ (i.e. inside IF blocks).

Asasimple example which ill ustrates this problem, suppose you dfine:
DEF1D/COND=C1/... SX
andthenin the OPSEQ

1
IF (C2) THEN

INCR SX
ENDIF

Youthenlookat SX and seethat it isn't beingincremented very often, yet the condtion C2 is amost always TRUE.
Why?

The problem, of coursg, is that the @ndtion C1 (in the Condtion List for SX) also must be TRUE for SX to be
incremented (after the OPEQ chedks C2 and finds that it is TRUE, it "tries" to increment the spedrum, and first evaluates
the ondtionlist to seeif it is all OK), and you (the user) have to be dever enough(or rather have agoodenoughmemory)
to remember that C1 isinthe ondtionlist for SX. There ae TWO conditions on the specrum SX, but they appea in very
different places (oneinthe OPEQ IF statement and the other in the spedrum condtionlist), andit is al too easy to forget
about ore of them when you are busy looking at the other one (nat too toughin this example, but think about an experiment
with severa hunded spedra and a mmplex OPSEQ which was creged 6 months ago when you last ran this experiment).
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The "solution” to this problem is, obviously, dorit doit. Both the Logic Treeof the OPSEQ and condtions on
spedrahavetheir place but their placeis probably not together! Pick one method d pladng condtion onspedra, and stick
withit.

NOVA helpsyou ou alittl e bit in this case. While there aetwo dfferent condtions onthis gedrum, there ae
software scders associated with eady ore that can help you sort out what isgoing on Inthe bove example, the software
scder onthe spedrum SX would tell youthat NOVA "tried" to increment the spedrum exadly the same number of times
as the mndtion C2 was TRUE, but was "succesul" a smaller number of times. This $houd be a ¢ue that thereis a
condtionlist on SX which is causing the problem. In the other scenario (where you are looking at the @mndtion C1 and
wondering why the number of courtsis © small), the due is that the number of time NOVA "tried" to increment the
histogram would be too small, and this shoud point youto the fad that it never gat to the INCR statement in the OPSEQ
often enough

Noretheless | admit that the potential for confusion exists, and it requires a cettain amourt of "cleverness' onthe
part of the user to sort it out. It is probably best to avoid such "parallel logic" schemes, and stick to ore method a the other.

System I ndependence

Most of youwill be using NOVA on orly one type of computer, and so will nat be so concerned with
transportabilit y between machine achitedures. For those of youwho are, however, | include here afew ‘hints' (based
onmy experiencein porting NOVA to dfferent machne types).

° Generic functions

By this | mean functions where the same function rame is used regardlessof the type of argument(s). For
example, most compil ers provide ageneric function IAND (1, J), which returns the logicd AND of the two arguments |
and Jregardlessof their type INTGEGER*2 or INTEGER*4). What happensin fad is either thisfunctioncadl is
replacel by inline cde or the mmpil er substitutes an appropriate function which takes arguments of the given type.

Such generic functions probably shoud be aroided. Not al compil ers/systems provide them (e.g. Linux daes
nat).

| haveincluded (in NOVA) appropriate ‘typed’ functions for these particular ‘bit’ operations - 4AND,
I2AND, 140R, I20R, 14XOR, 12XOR - use theseinstead. It does require that you knov/remember what kind o
variables you are deding with, but if you are writing a program you shoud knaw that anyway.

. $in variable names

It comes as a surprise to some people (it certainly did to me) that a$ is nat al owed in a FORTRAN variable
name. If youread the FORTRAN specs (FORTRAN-77, at least) it indeed states this. Althoughmost compil ers et you
get away with it, there ae some that adhere strictly to the standard and do néalow $ in variable names.

] _infunction names

The underscore, onthe other hand, is allowed as a ctharader in FORTRAN variable names. One potential
problem, though isthat the underscoreis treated somewhat spedally (at least by most Unix systems) in that it is often
appended to the end d the name of a FORTRAN subroutine/functionto dstinguish it from a (usually C) system routine
with the same name (in fad, the system sticks it onanyway just in case thereis aname orflict). That's why when a
Unix loader fail s to find some of your subroutines, you ¢et error messages like ‘ Unresolved symbol yourprogram ', with
the adtional _ onthe end d the name.

On some systems (e.g. HPUX), the aldition d thetrailing undrscoreis optional - you spedfy a compil er
option (+ppu) to enable this. If you seeproblems like this, have alook at the man pages for your 77 compiler for the
presence of such gptional compiler flags.
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| have dso seen some difficulties when the name of a FORTRAN function (or subroutine) contains an
embedded underscore - some systems then append an additi onal underscore to the name (giving rames like
your_routine_ ). Thisisonly aproblem when you are mixing languages (e.g. cdli ng C routines, which typicdly do nd
dothis‘add an underscore’ thing, from FORTRAN).

If any of these problems crop up, most can probably be ared by simply avoiding the underscore charader in
subroutine and function rames.
° C

Spe&king d cdling C from FORTRAN, this raises awhade new set of problems. First of al, argumentsin
FORTRAN are pas=d by reference, and thus must appea in C routines as pointers. Thisis metimes a bit
inconvenient (espedally if you have an existing C routine that you want to include but not edit extensively).

One (very nice) way aroundthis problem is to make use of a padkage cdl ed ‘ cfortran.h’?. Thisisthe technique
used within NOVA itself (much of NOVA was rewritten in C to make it portable), and its use is highly recommended.
There ae till problems with charader strings (cfortran.h has the caability of deding with these aswell, but it is a bit
confusing and the programmer still has to keep hiswits about him). VMS (in particular) handes charader stringsin a
completely different way than most other systems.

. Case sengitivity

A semnd(technicd, but still i mportant) issue with mixing C and FORTRAN has to dowith case sensitivity of
external names (functions and subroutines). Most (but nat all) Unix systemstrea case @ sgnificant in external names
by default - the function‘junk isadifferent functionthan ‘ JUNK’ (and also Junk, jUNK, etc.). VMS, however, ighaes
case. The eaiest way to avoid such problemsisto ensure that all function/ subroutine names are distinct regardlessof
case.

. Character / Bytevariables

As mentioned above, CHARACTER variables (in VMS) are very different things than a string o bytes. This
means (in particular) that you have to be much more caeful in passng arguments to subroutines. The standard trick of
usingaBY TE (or LOGICAL*1) array to hdd a CHARACTER variable does nat always work. In addition, passnga
singe CHARACTER to aroutine has to be dore with care - a CHARACTER*1 variableisnat at all the same ssa
singe BYTE either.

Most compil ers provide functions ICHAR (C) and CHAR (1) to convert between the two. Their useis
sometimes tedious (and seeamingly superfluows), but shoud lead to portable mde.

. EQUIVALENCE

Be VERY CAREFUL when wsingthe EQUIVALENCE statement. As noted above in the discusson d the
FORTRAN interfaceto NOVA subroutnes, it is ©metimes unavoidable, but its useis grongdy discouraged. It is
probably safe to EQUIV ALENCE two (or more) variables which have the same storage size (e.g. INTEGER*4 and
REAL*4), dthoughyou still have to be caeful how you wse them (all posdble bit patterns are legal INTEGER*4
values, but some ae nat legal Floating Point numbers, and may cause your program to crash if used thisway). It is
almost certainly NOT OK to EQUIVALENCE things of different sizes. In particular, the trick of using
EQUIVALENCE to get at the two INTEGER*2 parts of an INTEGER*4 longword is definitely NOT machine
transportable - what worksonaVAX or DECSTATIONS will nat work onan HP machine.

] Argument types

P This package was developed by Burkhard Burow at DESY, and is avail able via anorymous ftp from
zebra.desy.de.
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Argument types must agreewhen cdli ng subroutines. Many of us (me included) tendto get lazy abott this,
particulary since (on DEC madhines at least), you can passan INTEGER*4 value to a subroutine and have it accessthe
passed value & INTEGER*2 (or BY TE) with no dfficulties. This most definitely does not work on machines whaose
architedure has the bytes the other way aroung(e.g. SGI andHP). Note dso that INTEGER constants are dmost
always passed wsing the natural word size of the machine (INTEGER*4 usually). So if you heve asubroutine which
expeds an INTEGER*2 argument, a cdl li ke

CALL MYROUTINE (1)
isamost certainly gaing to cause problems - the cnstant ‘ 1' will be treaed by the compil er as an INTEGER*4 value.
One (tedious, but also useful in ather ways) way aroundthisisto dedare ALL such constants as PARAMETERS. The
code

INTEGER*2 ONE
PARAMETER (ONE = 1)

CALL MYROUTINE (ONE)

shoud work regardlessof machine achitedure.
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