ATLAS Online L1 Calorimeter Trigger

Monitoring Framework

User — Developer Guide

version 1.0
07/13/04

Adrian Mirea
CCLRC, Rutherford Appleton Laboratory




Table of Contents

ACTONIMS INAEX...cciuiiiiiiiiiiiie et 3
1 Design PrinCIPIES.....cccuviiiviieeiie ettt 5
1.1 The Monitoring Framework............ccccceevrciiiiiiriiiie e, 5

1.2 The Monitoring ProVider............cooouiiiiiiiiiiiiiieeie e 6

1.3 The Histogram DiSplay..........cccueerieriiiiniiieniiieiierieesie et 10
1.3.1 The histogram object (HO) handling..............cccccevevvirenrreennenennne. 11

1.3.2 The options vector (OV) handling.............cccceeeveiieriiieeiiieeieeenee, 13

2 HOW T0 ittt et 15
2.1 How to implement a Monitoring Provider.............ccccccevvviveennireennieen. 15
2.2 How to create, update and manipulate HO's............cccceevvieeciiennieenee. 18
2.2.1 Creating a 1-dimensional HO............cccccccoeeiiiiiiiiniiiiee e 18

2.2.2 Creating a 2-dimensional HO............cccccoeoiiiiiniiiiiiiiee e 18

2.2.3 Retrieving the HO's index by name..............cccccueeviiiiiiiiinniieeiiennne 19

2.2.4 Retrieving the HO tyPe.......cccoeeviieiiieiiieeiieecie et 20

2.2.5 Retrieving the HO'S parameters............ccceeeeuveeerieieeciieenieeeeiieeeennnnn 20

2.2.6 Retrieving the HO's DO or RHO components..............cccceecvvveeennne. 20

2.2.7 Filling 1-dimensional and 2-dimensional HO's...............ccccceennnee.n. 21

2.3 How to implement a Histogram Display..........cccccceeeeecuiieeieeniciiiieeeennes 23
2.4 How to add new display Options...........ccccueeeviireriiiieeiiieeiiee e 24
BibliOGIaPRY . ... .ieiiiiiiiee e 26

Alphabetical INA@X......ccceiiiiiiiiiiieie e 27




Acronims Index

API
CDS
DAQ

DO

EMS
GUI

HD

HO

IS

MF
MISS
MP

OH

oV

RHO
SAO-API
UCM

Advanced Programming Interface
Complex Data Structures

Data Acquisition

Data Objects

Event Monitoring Stream
Graphical User Interface
Histogram Display

Histogram Object

Information Service

Monitoring Framework
Monitoring Information Service Server
Monitoring Provider

Online Histogramming

Options Vector

Raw Histogram Object

Standard ATLAS Online API
User Callable Methods







1 Design Principles

1.1 The Monitoring Framework

The monitoring of a complex DAQ system like ATLAS L1 Calorimeter Trigger
[1] is the main task of a separate system, named Monitoring Framework
(MF). The MF has been designed and developed in full compliance with the
standard ATLAS online API (SAO-API)[2] and its principle is depicted in
Figure 1. It consists of three parts: the Monitoring Provider (MP), the Moni-
toring IS Server (MISS)[3] and the Histogram Display (HD).
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Figure 1. The ATLAS L1 Calo Trigger Monitoring Framework.
The MP is the server side application of the Monitoring Framework and one can
connect it with any SAO-API event monitoring stream (EMS)[4]. The main
purpose of the MP is to select events from the EMS according to a set of selec-
tion criteria, process them through a user algorithm, produce a set of histograms

and to publish them on a dedicated MISS.!

1 One of the future developments of the MP would be to be able receive, process, publish
complex user data structures which involves the definition of certain mechanisms of encod
ing and serialization that have to be compatible with the SAO-API. This will allow to build
in a fairly straightforward manner additional monitoring streams that deal with data not
embedded in the event stream (e.g. global statistics variables, error counters, etc.).




The MISS is in fact a pure SAO-API IS server and its purpose is to receive,
hold and serve on request formatted byte streams. In the MF case, the byte
streams are preformatted as ROOT histograms[5] or complex data structures
(CDS).

At the end of the MF chain stands the HD which acts as a client for the MISS.
The purpose of the MF is to browse the MISS for any ROOT histogram objects
or CDSes and to display them on the screen’.

The communication protocol between MP and MISS and between MISS and

HD is completely defined by the SAO-API.

1.2 The Monitoring Provider
The MP is a multithreaded application[6] that can be implemented as a mai n
() routine or embedded in an already existing program. The main thread imple-
ments the object publishing loop while the analyse thread implements the
event loop — mainly data processing and object updating (see Figure 2).

Init
Set up

Thr ead
f or ki ng

3
- ~ . ~
* - * -
. . . .

Publ i shi ng 1 v A W Event Anal yze
Loop A Y} Loop

Al '0 - ’l
-~ ~
LS e ~ .

Thr ead
join

Cl ose/
Di sposev

Mai n Thr ead

Anal yze Thread

Figure 2. The ATLAS L1 Calo Trigger Monitoring Provider process flow.

Taking into account that the event loop has a period of the order of ~10? ms and

2 A future development of the MF would be to associate with every complex user data struc
tures certain methods that define them as “displayable”, by building on-the-fly on the client
side histogram objects for the suitable members of such structures.




a reasonable publishing loop period might be ~1 sec, the purpose of this asyn-
chronous decoupling is to allow for a better optimisation in the communication
with MISS, together with a sustained capability of event processing [7],[8],[9].

The chosen design for the data flow is presented schematically in Figure 3. In
order to allow data access outside this environment and the exchange between

the threads, all published objects are created in a global namespace named

User Dat a.

Creat e(bj ect

Fill Publ i sh

Figure 3. The ATLAS L1 Calo Trigger Monitoring Provider data flow.

The data access on the User Dat a namespace is regulated by means of read,
write and update bitmasks that are also members of the same namespace’. These
bitmasks are arrays of 32 bit integers where the size is the round-up to the next
multiple of 32 of the number of histogram objects.

During the initialization, the bitmasks with the appropriate size for the esti-
mated number of histogram objects are created and initialized in the User -

Dat a namespace. At setup, the histogram objects are created and initialized in
the same namespace. In the event loop the histogram objects are updated and in
the publishing loop the objects are red-out and published on the MISS. For
every read operation of an object the associated read-mask bit is turned on and
checked if the corresponding write-mask bit is off. At the end of the read opera-
tion, the read-mask bit is turned off. The same kind of logic protects the write
operation.

The SAO-API implements two types of histogram objects: raw histograms and

3 In general the number of histogram objects might be of the order of hundreds or thousands.
Therefore is not advisable to use the standard UNIX — IPC's (i.e. semaphores) or the stan-
dard thread mutexes as these are limited system resources (usually 1024) and their fastidi-
ous handling involves the kernel and in hence, for large numbers it might affect the overall
system performance. Using these bitmasks the handling is transferred completely in the user
address space [7],[9].




ROOT histograms[10]. The present implementation has opted for the raw his-
tograms as they are quit general and allow for an easy overloading.

The phylosophy of the raw histograms is the following: for every histogram
there are created two objects: a data object (DO) that basically is the memory
support for the content of the histogram and the raw histogram object (RHO)
itself that in principle implements the publishing methods on the MISS*. All
histogram manipulation comes to some methods that act only on DOs.

The present package has defined the following templated classes RAWDat a -
base class, RAWLDDat a - for one-dimensional and RAW2DDat a - for two-
dimensional histograms that implement the DO (see Figure 4) and RAVWH st 0-

gr anilD and RAWHsi t ogr an®D that implement the RHO. The DO support
classes create some arrays to contain the data and errors and implement various
histogram manipulation methods that act on these arrays. One can enumerate
PushBack and PushFr ont — for 1d and PushBackX — for 2d that allow for
time histograms (or history of a variable or an array of variables), AddEnt ry
that allows for explicit manipulation of every member of the data and error

arrays and Fi | | that allows for weighted distribution-like updating.

RAWDat a

T

RAWLDDat a RAW2DDat a

Figure 4. The inheritance diagram of the DO support classes.

The base class Pr ovi der User Cl ass implements naturally the process flow
design of Figure 2 and its extended class RawPr ovi der User Cl ass
implements the data flow of Figure 3. Wrapper methods for DO and RHO
incorporate all optimisations and thread-safe data access mechanisms described

previously. A Cr eat eCbj ect set of methods deal simultaneously with DO's

4 The SAO-API internally converts and casts the raw histograms in ROOT histograms during
publishing so they are seen as ROOT histograms on the MISS.




and RHO's of every histogram object. Another significant optimisation feature
is handled through the update-mask. If the DO's are updated with the wrapper
methods of the RawPr ovi der User Cl ass, then the associated bit of that
histogram object in the update-mask is turned on. The RawPr ovi der User -
Cl ass: : Publ i sh method will scan this mask and will publish on the MISS
only those histogram objects for which the update-mask bits are on. After pub-
lishing, these update-mask bits are turned off. This proves to be a significant
optimisation feature in the case of large number of histogram objects and in
order to be effective, the users should take into account in their event loop to
update only those histogram objects that have effectively changed.

The RawProvi der User Cl ass: : Creat eObj ect adds automatically to
the object names the strings “: 1d”, “: 2d” or “: 3d” to signal beforehand the
histogram type and avoid dynamical casting tests on the HD side. These exten-
sions are visible on MISS but are parsed and stripped off on the HD.

The developers are expected to extend the RawPr ovi der User Cl ass and to
overwrite those methods that are declared as virtual (Init, Setup,
Anal yze and Di spose). The users are free to add new members or (over-

loaded) methods to their extended class.

Pr ovi der User Cl ass

RawPr ovi der User Cl ass

MyRawPr ovi der User Cl ass

Figure 5. The inheritance diagram of the raw provider classes. My RawPr ovi der User -

Cl ass is the one that the users should employ directly.
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At the end of this section we should mention that absolutely all SAO-API tech-
niques and methods can be employed but in this case the user is fully responis

ble to implement himself the thread safety and useful optimisations”.

1.3 The Histogram Display

As the histogram objects® appear in the MISS as ROOT histograms it becomes
natural to design and develop the HD as a ROOT application. The HD is essen-
tially a graphic interface that allows to browse the histogram content of a MISS
and display it on the screen’®. The GUI and the look and feel of the HD are
implemented using the ROOT package. The HDi spl ay extends the TAppl i -
cat i on class of ROOT and the execution happens in few steps: instantiation,
MISS setup, update timer setup and running. The HDi spl ay:: Start
method calls in fact the TAppl i cation:: Run that spawns a new event
driven thread that takes the control and never returns. The return methods cur-
rently used are the ROOT signal and event handlers and exceptions.

The HD consists of three main components implemented as separate classes:

- the HDi spl ay class — is the steering class mainly responsible for display-
ing the histograms and for the management of the options vectors (OV)
for the canvas and every individual histogram;

- the HFol der class — spawned by the HDi spl ay and which is mainly a

histogram object browser. A histogram object naming scheme similar to

5 A future development of the MF is to extend the Pr ovi der User Cl ass to a new class
named Root Provi der User Cl ass that creates and manipulates true ROOT histogram
objects in the same way as RawProviderUserClass deals with RHO's. The advantage would
be the direct usage into the MP off all built-in ROOT histogram methods (i.e. fitting, profil-
ing, slicing, integration, etc.) very useful in the event analysis.

6 From now on all histogram-like objects resident on or retrieved from an MISS will be col-
lectively named histogram objects (HO).

7 A future development of the HD would be to allow User Callable Methods (UCM) to run
on selected histogram objects at runtime. As the HD is built as a batch ROOT application,
these methods should be compiled in a user shared library and eventually configurable at
runtime through a configuration file. Such methods might implement very easy algorithms
like fitting, pattern recognition, reference histogram likelihood fits, warnings and alarms,
etc.

8 Another future development of the HD would be to allow certain forms of default display

d nio a' N
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the UNIX filesystem pathnames has been implemented in such a way that
for a name like “a/ b/ ¢/ nmyhi st ” the HFol der is able to parse and dis-
play it like a virtual filesystem hierarchical tree with a, b and ¢ shown as
subdirectories and myhi st as an object casted with the appropriate type
(TH1, TH2 or TH3 ROOQOT histogram). All the objects that share virtual
subpaths are collected and displayed automatically in the object browser
as such. One have to mention that such naming scheme has absolutely no
meaning for the MISS. In this way it is very simple to organize and dis-
play hundreds or thousands of histograms®.

- the Dynam cOpti onsPanel class — spawned by the HFolder class
upon certain mouse actions over selected histogram objects in the object
browser. This is the GUI that allows on an object per object basis to dis-
play and modify the various options. The new options are individually
stored for every object during the lifetime of the application and can be
saved in a configuration file and retrieved at the next start-up.

The main interprocess communication mechanisms used by HD components are
the ROOT signals and event handlers, callback methods, pointers to shared
objects and exceptions.

Lets have a closer look at two of the most important data flows of the HD: the

histogram object handling, and the objects options handling.
1.3.1 The histogram object (HO) handling

The MISS connection and the memory allocation for every HO is handled
entirely by the HDi spl ay. To locate unambiguously the MISS, the SAO-API
requires a partition, an IS server and a provider name to be given. In the current
implementation these are start-up parameters’®. The HDi spl ay: : Set -
Ser ver called after instantiation and before HDi spl ay: : St ar t, calls indi-

rectly HDi spl ay: : Get Obj ect sLi st and HDi spl ay: : CreateCHI t -

9 Another future development of the HD is to implement inner or UCM's that act collectively
on groups of objects that share a given virtual pathname.

10 Another future development of the HD would be to be able to switch between different IS
servers at runtime, without restarting the application and eventually display them simultane-
ously in the object browser.
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er at or . The result is an SAO-API OHHi st ogr am t er at or . Running all
the possible iterations, the whole content of the MISS is browsed and the names
of the HO's are stored in a variable of type st d: : vect or<std: : stri ng>
returned by HDi spl ay: : Get Cbj ect sLi st and stored in the variable
HDi spl ay: : Qbj ect Li st . This is the only complete iteration of the MISS
necessary to build the object browser by a call to the method HDi s-
pl ay: : Qbj ect Browser ( Obj ect Li st) (see Figure 6). All object names
are parsed in HFol der for virtual pathnames and type and the object browser
is built. HFol der installs a mouse handler'" (HFol der: : Ond i ck) and for
every left button mouse click a callback into the parent HDi s-
pl ay: : Browser Handl er method is made with the true'? name of the
selected object and the “signal” SI G_DI SPLAY_OBJECT. The MISS is iter-
ated again in HDi spl ay: : Get Obj ect until the object with that name is
found. The associated display options of that object (if any) are recalled
(HDi spl ay: : Get Dynam cOpti ons) and the object is displayed on the
screen (HDi spl ay: : Dr aw) (see Figure 7).

4_‘HDi spl ay: : HDi spl ay‘

<« HDisplay:: SetServer |<HDispl ay: : Get Chj ect sLi st/<@{HDi spl ay: : & eat eCHi ter at or

HDi spl ay: : Obj ect sLi st ‘
\

M SS

net wor k

HDi spl ay: : Obj ect Browser ‘

HFol der : : HFol der ‘

4_‘ HDi spl ay: : Start

mai n()
Figure 6. The process flow of HD start-up including the MISS browsing and the object
browser (HFolder) thread spawning.

11 See [5].

12 A true name is something like “a/ b/ ¢/ myhi st : 1d” and the displayed name would be
only “myhi st ”.
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\J
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Figure 7. The process diagram of the HO update and display by selection (left button

click) from the object browser.
1.3.2 The options vector (OV) handling

HD implements and handles two types of options: one for the display canvas
and another one for the HO's. These options are mainly handled through a set of
user friend functions of HDi spl ay organised in a global namespace (Di S-

pl ayUser Funct i ons). The package comes with some default implementa-
tions of these functions and they are supposed to be modified, extended or

overwritten by the users.

When HDi spl ay is instantiated, a call to the HDi spl ay: : Set up is made.
The purpose of this method is to read and parse the configuration file, if any
(HDi spl ay: : ReadSet up), to setup the canvas (Di spl ayUser Func-
tions:: CanvasSet up) and a set of default options for the HO's ( Di s-
pl ayUser Functi ons: : Set Def aul t Opti ons). All HO OV's are col-
lected in the container HDi spl ay: : Qbj ect Opt i ons. The purpose of this
container is to preserve and allow the user to change dynamically at runtime on

a object-per-object basis the individual options.

For every attempt to display an HO on the sceen (HDi spl ay: : Show) a check
for a current OV in HDi spl ay: : Obj ect Opt i ons for that HO is performed
and if none is found, it is generated by cloning the default OV (HDi s-
pl ay:: Defaul t Opti ons). The HDi spl ay:: Cbj ect Opti ons con-
tains only the OV's of those HO's that have been displayed at least once on the
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screen. This is a reasonable optimisation feature particularly for MISS with a
large number of HO's. By File->Save or File->Save As menu selection from the
object browser (HFol der: : Handl eMenuAct i vat ed) a callback is per-
formed (HDi spl ay: : Wit eSet up) and the current content the OV con-
tainer'® and that of the canvas (HDi spl ay: : CanvasQpt i ons) is saved in a
configuration file. By reloading and parsing such a configuration file at start-up,
the saved snapshot of the canvas and OV container content is generated.

The content of every individual OV can be accessed and modified at runtime
via a dedicated GUI implemented by the Dynam cQOpt i onsPanel class and
displayed by a middle button click (kButt on2) over the selected HO in the
object browser (HFol der ). The mechanism is the following: before the instan-
tiation of the Dynam cQOpt i onsPanel , a callback (HDi spl ay: : Get Dy-
nam cSet up) is performed. This returns a copy of the HO's OV which is
passed as an argument to the Dynam cOpti onsPanel constructor. The
GUI is built according to the current content of that OV and the user is allowed
to change its content. When the user selects the OK button in the GUI, a call-
back in HFol der (HFol der: : Set Dynani cSet up) is performed and the
OV returned is forwarded by an new callback into the HDi spl ay (HDi s-
pl ay: : Set Dynam cSet up).

‘ HDi spl ay: : Get Dynam cSet up ‘ ‘ HDi spl ay: : Set Dynami cSet up ‘

OV poi nter OV pointer
y cal | back
‘ HFol der: : Ond i ck ‘ ‘ HFol der : : Set Dynami cSet up ‘
kBut t on2
OV poi nter i OV pointer
cal | back

‘ Dynami cOpt i onsPanel : : Dynam cOpt i onsPanel ‘

Figure 8. The process diagram of the HO OV's update by selection and middle button

click from the object browser.

13 As only the displayed HO's trigger an OV cloning into the OV container, at the moment of
the options saving, it might be possible to have different content for the same effective
setup. It is not an error to have OV's for non existing objects (i.e. fetched from an old con
figuration file that doesn't match the actual HO content of the object browser (and MISS),
but it might be an error if an OV exists for an HO with the same name and wrong casting
type (TH1, TH2, etc).
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2 How To

2.1 How to implement a Monitoring Provider

For a practical implementation of the MP the users should:

i. Extend the RawPr ovi der User Cl ass by adding the following decla-

ration:

cl ass nyRawPr ovi der User Cl ass :
publ i ¢ RawPr ovi der User d ass;

ii. Overwrite its virtual methods:

PEETTILEEII i riirnrr
voi d myRawProvi der UserC ass::lnit(u_int n)

{

[11nit the bitmasks for the estinated nunmber of
/11d and 2d HO s you intend to create

Init(n, n);

/1 Any other global initialization may go here

}

[EEELEEEET i i rrrirrriri
bool nyRawProvi der User d ass: : Set up()
{
uint n =100 //estimated no of HOs to create
I nit(100);
/* a better optimsed version would be:
u_int nld = 100 //estimated no of 1d HO s
u.int n2d = 20 //estimted no of 2d HO s
[nit(nld, n2d);
*/
/lcreate your 1d and 2d HO s here (see next subsection)

[/l any other user setup nay go here

return true;

}

LEEEEEEEE bbb rrrrrnnnl
voi d * myRawPr ovi der User Cl ass: : Anal yze(voi d *arg)
{
/I suppose the argunent to pass is a single integer
int varg = *((int*)arg);

//the main event |oop

while ( true ) {
/1 do your analysis here and store
/lInmonitored data in |local variables
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[1fill the HO s here (see next subsection).
/1 Optinmisation hint: fill only changed vari abl es.

));anythi ng el se (e.g. Conditional checks, etc.)

}

/lend of the event |oop

}
This method is spawned automatically as a separate thread by the helper

class HThr ead and the event loop is endless'.

LELIETTEE i rrrrntn
voi d myRawPr ovi der User Cl ass: : Di spose()

//add anything you want to do just before exit
/le.g. save configurations, objects states, |ogs, etc.

iii. Build the Monitoring Provider application. In your mai n() routine or any-

where you would like to spawn the MP add a sequence simmilar to the follow-
ing one:

/1 do sonme argunent initializations or take themfrom
[/ somewhere el se and skip all this section here
CrdArgStr partition_name('p', "partition”,

"partition_nane", "Partition nane",
CrdArg: : i sREQ );
CrdArgStr server_nane('s', "server", "server_name",

"CH (IS) Server nane",
CndArg: : i sREQ );
CrdArgStr provider_nane('n', "provider", "provi der_name",
"Hi st ogram provi der name",
CndArg: : i sREQ ) ;
CrdArgint tineout('t', "timeout", "tinmeout",
"Hi stogram provider timeout in sec
(default 1).");
CrdAr gl nt dbg('d', "debug", "dbg",
"Debug | evel (default 0).");
ti meout 1;
debug 0;
CndLi ne cnd( *argv, &partition_nane, &server_nane,
&provi der _name, &tinmeout, &debug, 0, 0 );
CrdArgviter arg_iter( --argc, ++argv );
cnd. description( "My RAW Monitor Provider exanple" );
cnd. parse(arg_iter);

14 Using conditional checks or throwing user defined exceptions (see for example the helper
classes of CPPexception.h file) might be useful methods to break the loop.
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/lcreate/attach to the IPC partition
| PCPartition p(partition_nane);

/linstantiate your extended provider class
nyRawPr ovi der User Cl ass *user =
new nmyRawPr ovi der User Cl ass(p
(const char*)server_nane,
(const char*) provi der _nane);

//do the MP setup
user - >Set up() ;

[l prepare the hel per HThread t ool
HThread *thread = new HThread();

/[lstart the event | oop thread
pthread t thld = thread->start(anal yze, (char*)&debug);

/lenter the publishing | oop
whil e(true)
{
//publish all updated HO s
user - >Publ i sh();

/1sleep for timeout seconds
sl eep(timeout);

/1 do anything el se here(e.g. conditional checks, etc.)

}
pt hread_j oi n(t hread->get1d(), NULL);

/1l ast chance to do sonething at the end
/1 of the publishing | oop
user->C ose();

/lstop the event |oop thread
if ( thread ) thread->stop();

/1 do sone clean-up
if ( user ) {
del ete user;
user = 0;

15 Using conditional checks or throwing user defined exceptions (see for example the helper
classes of CPPexception.h file) might be useful methods to break the loop.
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2.2 How to create, update and manipulate HO's
Here are provided only examples related with the RawPr ovi der User Cl ass

methods. Nevertheless it is also possible to employ directly the whole range of

methods to create and fill raw histograms of the SAO-API [10].

2.2.1 Creating a 1-dimensional HO

A simplified method for creating a 1-dimensional HO would look like this:

float mn =0.;
fl oat nax = 100.;
i nt nbi ns = 50;

int hldl0 = Createbject(“al/b/c/nmyhistl10”,
“My Title for hi10”
“X axis”,
m n, max, nbins);
/I check for error
if ( 'hldlo )
std::cerr<<“Failed to create a/b/c/nyhistl1l0"<<std::endl;

[/ for some “exotic” axis | abes and annotations
//to be attached to the HO use this one
std::vector<std::string> | abels;
std::vector<std::string> annot;
int nlabels = 50;
for (uint i =0 ; i <nlabels ; i++) {

| abel s. push_back("1 abel " +i);

annot . push_back("annotati on " +i);

}
int hldll = CreateQbject(“al/b/c/nmyhistll”,
“My Title for hi11” |,
“X axis”,
| abel s, annot, mn, max, nbins);
/I check for error
if ( 'hidll)
std::cerr<<“Failed to create a/b/c/nyhistll”<<std::endl;

The index returned by Cr eat eQbj ect method is an integer > O for 1d HO's,
< 0 for 2d HO's and O in case of error.

2.2.2 Creating a 2-dimensional HO

A simplified method for creating a 2-dimensional HO would look like this:

float xmn = 0.
float xmax = 1.
i nt nxbi ns = 30;
float ymn =0.;
float ymax =1.;
i nt nybi ns = 30;




19

int hld20 = CreateQbject(“alb/c/nmyhist20”,
“My Title for h20"
“X axis”, “Y axis”,
xm n, Xxmax, nxbins,
ym n, ymax, nybins);

/I check for error

if ( 'hld20)

std::cerr<<“Failed to create al/b/c/nyhist20"<<std::endl;

//for sonme “exotic” axis | abes and annotations

//to be attached to the HO use this one

std::vector<std::string> | abels;

std::vector<std::string> annot;

int nlabels = 25;

for (u_int i =0 ; i < nlabels
| abel s. push_back(" 1 abel _"+i);
annot . push_back("annotati on " +i);

i) |

}
int hld21l = CreateQbject(“al/b/c/nyhist21”,
“My Title for hi11”
“X axis”, “Y axis”,
| abel s, annot,
Xm n, xmax, nhxbins,
ym n, ymax, nybins);
/I check for error
if ( 'hid21)
std::cerr<<"Failed to create al/b/c/nyhist21”<<std::endl;

2.2.3 Retrieving the HO's index by name

Every HO has the references to its parameters, DO and RHO stored in some
st d: : deque type containers in the User Dat a global namespace so they can
be accessed from anywhere. The (absolute values of the) indexes returned by
Cr eat e(bj ect methods are in fact the indexes of the objects in these con-
tainers. If the manipulation of integers is simpler and faster'®, nevertheless their
values might have less meaning then the HO's names.

RawPr ovi der User Cl ass has methods that allow to retrieve the index of an

HO once the name is known. For this, use the following sequence:

i. nt i ndex = Getl ndexByNane(“a/b/c/ myhist10");

16 A good programming technique might be to place these indexes in the same User Dat a
global namespace and use these ones instead of the HO's names.
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2.2.4 Retrieving the HO type
One can retrieve the HO type (1d or 2d defined by the macrosH 1D or H 2D)

with the following sequences:

int typel

= Get Type(“al/b/c/nyhist10”);
/[1if idx is the index of HO “al/b/c/myhistl0”
= Get Type(i dx);

int type2

2.2.5 Retrieving the HO's parameters
The pointer to the parameters structure of an HO (Obj ect 1DPar anet er s or

hj ect 2DPar anet er s) can be retrieved with the following sequence:

/11d case
Obj ect 1DPar anet ers *par 10;
int idx10 = GetlndexByNanme(“a/b/c/ myhistl10”);
if ( 1dx10 && (CGet Type(idx10)==H 1D) )
par 10 = Get 1DPar anet er s(i dx10);
/'12d case
Qbj ect 2DPar anet er s *par 20;
int idx20 = GetlndexByName(“a/b/c/ myhist20");
if ( idx20 && (Get Type(idx20)==H 2D) )
par 20 = Get 2DPar anet er s(i dx20) ;

2.2.6 Retrieving the HO's DO or RHO components

The pointer to the DO of an HO can be retrieved with the following sequences:

/11d case
RAWLDDat a *dol0;
int idx10 = GetlndexByName(“a/b/c/nmyhistl10”);
if ( idx10 && (Get Type(idx10)==H 1D) )
dol0 = Get 1DDat a(i dx10);

/12d case
RAW2DDat a *do20;
int idx20 = GetlndexByName("“a/b/c/myhist20");
if ( 1dx20 && (Cet Type(i dx20)==H 2D) )
do20 = Get 2DDat a(i dx20);

and the pointer to the RHO of an HO can be retrieved with the following
sequence:
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/11d case
RawH1D *r ho10;
int idx10 = GetlndexByName(“a/b/c/myhistl10”);
if ( idx10 && (Get Type(idx10)==H 1D) )
rhol0 = Get 1Dbj ect Byl ndex(i dx10);
/' or equival ent
rhol0 = Get 1DObj ect ByName(“a/ b/ c/ nyhi st 107);

/12d case
RawH2D *r ho20;
int idx20 = GetlndexByName("“a/b/c/ myhist20");
if ( 1dx20 && (Cet Type(idx20)==H 2D) )
rho20 = Get 2DChj ect Byl ndex(i dx20) ;
/ / or equival ent
rho20 = Get 2DObj ect ByName(“ a/ b/ ¢/ nyhi st 20") ;

2.2.7 Filling 1-dimensional and 2-dimensional HO's
The current implementation of RawPr ovi der User Cl ass allows for the fol-
lowing types of OH updating;:
1. Time evolution of simple types of variables (1d-HO's) and
arrays of variables (2d-HO's)
PushBack and PushFr ont —1d HO's

t _Content nyvar;

t_Error nyerror;

int idx10 = GetlndexByName(“a/b/c/myhistl0”);

if (idx10 && (CGet Type(idx10)==H 1D))
PushBack(i dx10, nyvar, nyerror);

int idx11l = GetlndexByName(“al/b/c/myhistll”);
if (1dx1l && (CGet Type(idx1ll)==H 1D))
PushFront (i dx11, nyvar, mnyerror);

PushBackX —2d HO's

int idx20 = GetlndexByName(“a/b/c/ nmyhist20");
if ( 1dx20 && (Cet Type(idx20)==H 2D) ) {
Obj ect 2DPar anet ers *par 20 = Get 2DPar anet er s(i dx20) ;
u_int size = par20->nxbins;
t _Content datalsize];
for (u_int i =0 ; i <size; i++ ) data[i] = sin(0.1*i);
PushBackX(i dx20, &data[O0], size);
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2. Individual bins (1d HO's")
AddEnt r

int idx10 = GetlndexByName(“a/b/c/myhistl0”);

if ( 1dx10 && (Get Type(idx10)==H 1D) ) {
oj ect 1DPar aneters *par 10 = Get 1DPar anet er s(i dx10);
u_int size = par10->nxbi ns;

for (uint i =0 ; i <size; i++) {
AddEnt ry(

i dx10, / 1 HO i ndex
i, /1 bi n nurmber
sin(0.1*i), / | cont ent
sin(0.05%i), /lerror
(t_Axis)(i*10)/(t_Axis)size)); /] axis

}

3. Weighted distributions (1d and 2d HO's)
Fill — 1d HO s

gRandom >Set Seed() ;

int idx10 = GetlndexByNanme(“a/b/c/ myhistl10”);

if ( idx10 && (Get Type(idx10)==H 1D) ) {
bj ect 1DPar anet ers *par 10 = Get 1DPar anet er s(i dx10);
t_Axis X = (par10->xmax — par10->xmin)/2.;
float weight = 0.5;
Fill(idx10, gRandom >Poi sson(x), weight);

Fill — 2d HO s

gRandom >Set Seed() ;
int idx20 = GetlndexByNanme(“a/b/c/ myhist20");
if ( idx20 && (Get Type(idx20)==H 2D) ) {
Obj ect 2DPar anet ers *par 20 = Get 2DPar anet er s(i dx20) ;

t_AXxis X = (par20->xmax — par20->xmin)/2.;
t_AXis y = (par20->ymax — par20->ymin)/2.;
float weight = 0.5;

Fill(idx10,

gRandom >Poi sson( x) ,
gRandom >Poi sson(y),
wei ght) ;

17 Currently only the 1d HO version is implemented. The 2d version is forseen too.
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The HD can be implemented as a mai n() routine or embedded in an already

existing program.

//do some argunent initializations or take themfrom

/I somewhere el se and skip all this section here

CndArgStr partition_nane('p',"partition","partition_nane",

"Partition nane", CrdArg::isREQ;
CndArgStr server_nanme('s',"server","server_nane",

"CH (I'S) Server nane", CndArg::isREQ ;
CrdAr gStr provider_name(' n',"provider", "provider_nanme",
"H st ogram provi der nane");

CndAr gStr hi st ogram nane(' h',"hi st ograni, " hi st ogram nane",

"Hi stogram type nanme");

CndArglint dtineout('t',"tinmeout","dtinmeout",
"Display refresh tine (ns)");

CndArgStr config('c',"config","config",
"Configuration file");

CrdArglnt verbosity('v',"verbosity","verbosity",
"Verbosity level (default 0)");

verbosity = 0;

CndLi ne cnd(*argv, &artition_nane, &erver _nane,
&pr ovi der _nane, &hi st ogr am _narme, &dt i neout ,
&confi g, &erbosity, 0);

CndArgviter arg_ iter(--argc, ++argv);

cnd. description("My Hi stogram Di spl ay");

cnd. parse(arg_iter);

/1 Check sonme conmand |ine paraneters
i f( provider_nane.isNULL( ) ) provider_nane
i f( histogramname.isNULL( ) ) histogram name

/lcreate/attach to the partition
| PCPartition p(partition_nane);

/linstantiate the HDi splay class
HDi spl ay *di spl ay;

if ( (display = new HD splay(config, verbosity)) == 0 ) {

if ( verbosity ) std::cerr <<
"ERROR: creating HDisplay!..." << std::endl;
return,

}
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//setup the server. In case the M SS server is not found or
/[lis enpty it throws CPPException::NoObj ect sExcepti on.
try {
di spl ay- >Set Ser ver (p,
(c_char*)server_name,
(c_char*) provi der _nane,
(c_char*) hi st ogram nane) ;

}

catch ( CPPException:: NoObj ect sException )

{

if ( verbosity ) std::cout <<
"No objects found on the "<<partition_nane<<"@ <<
server _name<<" @ <<provi der _nanme<<std: : endl ;
return,
}

//setup the HD update tineout
di spl ay- >Set Ti neout (dti meout ) ;

/lstart & stay in the HD thread
di splay->Start();

//you can't get here

2.4 How to add new display options

One can add new (canvas or display) options in the following steps:
1. Define a name and give a default value (might be any kind of the simple

types) inthe HOpt i ons. h file:

#defi ne O_MYOPTI ON “myoption”

#defi ne D_MYOPTI ON nyval ue

2. If it is a canvas option implement the appropriate parsing sequence in the
friend function Di spl ayUser Functi ons: : CanvasSet up of the
file Di spl ayUser Functi ons. cxx.

3. If it is an HO option then implement the appropriate parsing sequence in
the friend function Di spl ayUser Functi ons: : Set Def aul t Op-
t i ons of the file Di spl ayUser Functi ons. cxx.

4. Implement the parsing sequence in the method Dynam cOp-
ti onsPanel : : DecodeOpti ons in t he file

Dynani cOpt i onsPanel . cxx.
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5. Implement the parsing sequence in the method Dynam cOp-
tionsPanel :: WiteOptions in the file
Dynam cOpt i onsPanel . cxx.

6. Add the appropriate ROOT widget in the constructor Dynam cOp-
ti onsPanel : : Dynam cOpt i onsPanel of the file

Dynam cOpt i onsPanel . cxx.
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