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Computing for Simulation and Analysis Meeting 
---------------------------------------------SSCL, Main Building (Bldg. 4) Room BllO (CCD conf.room) 

(9:00 a.m. Sept. 4th) 
The meeting was informal, with talks and time for discussion of the 
topics raised. 

9:15 a.m. 

9:45 a.m. 

Space at Detector and Central Facility -- G. Yost 
SSCL Or~anization for Computing and projections -- L. Cormell 
Discussion of above issues and: 
Projection of use of PDSF for FY92 ( the planned expansion of 
this facility may be postponed or scaled back to direct funds 
elsewhere). Needs for space, manpower etc. in the detector area, 
and in the central facility. 

10:15a.m. 
10:30a.m. 

BREAK 
Approaches to computing at collider detectors: 

11:30a.m. 
12:30p.m. 
2:30 p.m. 
3:30 p.m. 

L3 approaches to computing -- J. Branson, R. Mount 
DO approach -- R. Raja (FNAL) 
LUNCH 
Parallel farms (Hypercube,Touchstone) L. Gladney/Lockyer (Penn) 
SLD approach -- Tony Johnson 

Minutes 

1. 

2. 

3. 
4. 
5. 

6. 

G.P. Yost (SSCL) emphasised the need for specific and speedy input to 
the specifications for the IR and the West Campus, in terms of space 
for GEM computing; this is rapidly solidifying and we may have 
inadequate space unless we develop a plan. (Yost, Cormell, McFarlane 
and Mount will work on this.) 
Larry Cormell (SSCL) described the SSCL organization for support of 
computing, particularly the Physics Research Division's efforts. He 
also presented projections of computing power at SSCL (in PDSF). 
Richard Mount (CalTEch) described the L3 approach to computing 
Rajendran Raja (FNAL) described the DO approach 
Larrr Gladney (Penn) described the effort at Penn/Lincoln to use Intel 
multi-processor architectures, particularly for on-line computing. 
The Hypercube and Touchstone toroidal mesh will be tested. I/O 
possibilities were described (basically be putting I/O nodes in the 
mesh). 
Tony Johnson (Boston) described the SLD system, using Jazelle and IDA 
to provide a highly interactive system with graphic user interfaces, 
in data collection and analysis. 

Our thanks are due to R. Raja and L. Gladney, who are not GEM members, 
for their presentations. 

One point that was emphasised by several speakers was that communication 
between modules of a system should be by data structures (Zebra or Jazelle) 
rather than COMMON blocks. Defining the data structures early on greatly 
helps the creation of the system. 

The group defined two immediate tasks: preparation of a space/facility 
specification, and preparation of a contribution to the LOI. 

K. McFarlane. 
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SSC Laboratory Physics Research Division 

COMPUTING GROUP 

WHAT CAN WE DO FOR GEM? 

• SOFTWARE SUPPORT: CERNlib, CPS, GEANT, etc., port to 
various RISC/UNIX platforms, library, documentation support 

• SYSTEMS DEVELOPMENT: Improved methods (thruput) for 
parallel processing. R&D in tape storage, data base techniques. 

• MANPOWER RESOURCE: Can provide dedicated support/ 
development personnel. For example, have hired several 
physicists/computer scientists this year to support SDC. 

• COMPUTING RESOURCES: PDSF • 1000 SSCUPs ('""VUPs). 
Expanding/ to 4000 SSCUPs by end of year. Will continue to 
develop systems as required for test beam analysis, on-line 
and ofl' -line analysis in future. 

• USER SERVICES: UNIX manuals, guides, training. 
PDSF user manual. Will provide computer user area soon. 

' 



PHYSICS DETECTOR SIMULATION FACILITY NETWORK 
T. SONG 2114/91 
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TAPE STORAGE 
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SSC Laboratory Physics Research Division 

OFF-LINE COMPUTING 
COSTING MODEL 

ASSUMPTIONS 

• Approximately $7SM (FY90) Available 

• Assume 60% for Hardware •• 40% for Maintenance, Operations, 
etc. 

• Spread Costs to Ramp up and Peak in FY98 

• Computing Model Assumes DCE: Ranches of MP Compute 
Servers, File Servers, Workstations, and Associated Disks, 
Network, Tape Robots, Peripherals 

• Attempt to Model Decrease in $/MIP and Increase in MIPS/CPU 
(Make Similar Assumptions for RAM, Disks, and Tapes) 

9/4/91 8:18 AM Ire-I 
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Table E.3 Total Available Oft-Une Computin1 Resources 

•EVICE FY90 FY91 PYt2 PYt3 PYt4 FYtS PY ff FY97 FY91 FY99 

;ompute QrY 0 3 1 14 2S 39 52 68 83 97 
;ervers 

MIPS 0 720 2064 5424 12464 24784 43904 76160 125600 198560 

File Strvtr1 QrY I 2 3 6 9 13 17 23 28 32 

MIPS 80 200 424 984 2157 4131 7317 12693 20933 33093 

\\' orkstatio•1 QrY 10 34 (i6 122 210 312 416 544 664 776 

MIPS 200 9'ZO 2264 5624 12664 24784 43904 76160 125600 198560 

'taa•etk Di1k1 CB 16 65 144 289 .SS9 90S 13.Sl 1917 2601 3314 

Optical Disks CB 0 0 0 70 290 510 1050 1650 2240 3020 

Tape Storap 1B 0 2 .s 12 26 so 80 130 197 282 
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CERN 

LEP:iffET 

-- Apollo DclmMI Ring 

-- FDDILAN 

-------· Ethernet and TCPAP 

'Stollmam' IBM-Apollo UrN 

//13cit3/localuser/mount/citann91/fiqs /computing_cern_new_fiq 
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L3 Apollo Network at CERN . 

• 100 nodes: 
.. . .- : . . . ~,,.-.. 

22 DNlOOOOs (36 CPUs). 

• Over 60 GB disk. 

• Optimum topology: one ring. 

(Each user needs access to data stored on an -
other nodes in the ring.) 

• Massive (factor> 100) insufficiency of Domain 
ring for file access. 

• FDDI also expected to be insufficient. 
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Summary of Requirements 

of the L3 Data Analysis Task 
'• . . . . .,_-. . · .. ~. ····· . 

• An integrated local and wide area computing system. 

• Everybody should have good access to 40 Terabytes 
of data. 

• 500 to 1000 MIPS are needed, much of it with 
high-speed access to the data. 

• The user interface (especially graphics) should be 
the best offered by today's workstations. 



·;-· 

------------, 
SCAN 

--

//13cit3/l~caluser/mount/citann91/figs /analysis_analdpsnew_fig 



Data ~andling 

M1>it M~tr b.d..eECON~ 

P.PRE ~ys1cs • .. 

!..~ Lu."*' ... 
NDSU hh~ry 

R. P. Mount, August 1990 
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Joint Projects · 

L3/IBM Parallel Processing 

L3/Apollo DN10000 to IBM Channel Interface 

-. 
L3/IBM HPPI: to workstations and long-distance 

L3/HP . FOOi: high throughput 
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L3 Off-line Computing at CERN 

. Investment and Running Costs . --- .. _ .. 

INVESTMENT: Hardware 

Workstations 

Mainframe 
(CPU/Memory/Olannels) 

Mainframe Peripherals · 

Miscellaneous 

INVESTMENT: Manpower 

Workstation-Mainframe 
Communications · 

Parallel Processing 

Data Management 

$3.2M 

$l.4M 

$1.2M 

$0.2M 

3-4 man years 

3-4 man years 

2-3 man years 
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REL3 Data Structures: Top Level Structure 
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REL3 Data Structures: Reconstruction Fan-Out xREC 
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C REL3 V 1.62/01 910723 18:00 
+PATCH, REL3HEAD, IF•$DOC. 

GEANT3/L3 Reconstruction programs 

+DECK, REL3HEAD. 

Current version number : 1.60 

Coordinators for this Pam : J.Branson, F.Bruyant 
Deputy : S.Banerjee, N.Colino 

This is a 'Steering' Pam file for the preparation of the following 
pr09rams, through the corresponding Pilot Patches •[pr09ram name), 

for library : 

lltELI creation of L3 lteconstruction library, with all options selected 

for tests and production : 

IREGEL3 event Reconstruction and display in the LJ detector; in the 
production version used for creating GEOM and SETS structures 
for Reconstruction 

for production : 

VU>T 
lll£CO 
N'IT 

e,,...t Validation pass 
evea.t . ....,....struction 
eveAt Mfit 

foic.. tests : 

llMGl:L3 s....,. as REG&L3 without code for Initialization structures 
litDGEL3 sa.e as lllalG&L3 without code for Reconstruction (display only) 

Extra .. terial required 

Paa files DBL3, INL3, UTL3, VWL3, XSL3, ECL3, FLL3, HCL3, JTL3, MUL3, 
SCL3, TEL3, AXL3, AAL3 and ABL3; 
+ GEANT341 (L3 version of GEANT 3.14); 

Latest bug correction pa• file L3CORR (later -> / /DBL3/CORPAM 

CElUI libraries ICERNLIB and PACKLIB 
(including the latest versions for ZEBRA, FFR£AD, KBOOK, KUIP, PAW, 
NIGZ, as well as the graphics packaqes) 

For Nost/Attached Processor operation: 
Nost : APUTYLIB + L3APOLIB (Apollos) or L3£NULIB (Emulators) 

N.B.: lli'UTYLIB contains ZEBRA 3.65, FFREAD 3.08 and 
ltARRAY+HTITLE from llBOOK 4.06 

Child: Apollos! apoinit.bin, dbehv304.lib, apoqeant.lib,apopack.lib 
Emulators: DBCHV307,L3EGEANT,L3EPACKL,L3EFORTL 

List of Patches : 

REL3HEAD 
RELJDOC 
UL3BNKS 
*ULI 
*NUIAL 
*RDGEL3 
*VLDT 
*RECO 
*RFIT 
*RNGEL3 
*REGEL3 
RECD ES 
REGEL3 
REBODY 
RE SETO 

Paa header and short history of successive versions 
General docu.entation 
Description of the banks 
Pilot patch for creating L3 Reconstruction library 
User Pilot for a cut down analysis work 
As *RNGEL3, but code for the event reconstruction is removed 
Production Pilot for Validation pass 
Production Pilot for Pass ~ reconstruction 
Production Pilot for Refit.pass 
As *REGEL3, but code for the initialization phase is removed 
Pilot patch for event reconstruction and display 
Patchy sequences and CDE'S 
High level steering routines for event Reconstruction 
Fanout and auxiliary routines for event Reconstruction 
Material for graphic interface preparation 



RESPIN Spacial input format 
UU'l'IL . Utility routines for reconstruction 
RTIU>OC Doeumantattion for fast junk rejection algorithlll 
RTRIGR rast junk rejection code 
IRBXIN'l' Action routines for interactive conmanda 
R&USl!:R ' User entry points in reconstruction 
IUCL3BNltS Doeumnatation for DSU banks 
IUta>SU Coda for converting to DSU format 
IRDDSU Coda for converting f- DSU format 
axuTIL Utility roiltinas for packing and unpacking 
R&Pl lloUti-• ..,acif ic to Pl operation mode 

PA'l'CllY Options : 

UOLl.O, 
$11IGI 
tDIIT 

touTLIB 
•••3113 
..-u.ID 
•u11 
~T .... 

$AAL3 

tuL3 

tsc:AL 

trlal 

t9CAL 

t.JTltG 

~ 

tlCllT 

$nCJI 

$\'WIN 

$P3HOST 
$P3CHILD 
$AP30811!: 
$APDN10K 

l• ar 'fU for the CClllPK•r in uae 
for t"9 interface with tbe graphics package 
to acti•ata ·tbe initialization code 

to ignore routines at library creation time 
to select tbe Reconstruction .. nus for interacti•• usa99 
to select code spacif ic for event Validation 
to select code specific for event "'9C:Oll8truction 
to· select code apac:ific for ..,..t ,..fit 
to aalact code specific for job with DO reconstruction 
bat witll the poaeiWlitJ' ef pnpari.. • diap1e:ri119 the 
p..,Wca object• 
ta ..i.ct. additi-.1 ooda nHlied for lean progr
ta Mlac:t coda specific for •alidatioe lliat09r
ldafa'11t with tv&LlDt 
to aaabla •c ,.., .i DIU t...-s 
to ..able aacadi., ef DIU format and write on DSU file 
to alKi-lact d9tactor -l:raia, -t Hlaction, codes 
to all- expansion of •• banlta, -n when detector 
reconstruction code is turned off 

- ~ndatory for batch jobs 
- Control of debug print-out (+ DEBUGG in GEAN'l'DEV) 
- for reconstruction and reading of simulated data 

- to tri999r 'A cross• L3 clatactor cOlllbined reconstruction 
+ particle identification 

f419f-1t ia •P8GE1 >. •r-a1.3 and •'DGBl·3l 
- ta tr1998r Group -.ta aYeDt Hlactioe + analysis 

•ta.it in •llSGBL3, Hfw;g1.3 and HPGKLll 
ta tri999r Group • -t .. 1action + analysis 
_..fa.alt in •H'Gf!L3, •IUIGl!:Ll and •llDG&Ll) 
to tri999r Slectr'T•gnetic CALorimetar reconstruction 
Cdefa'11t in •1UCGKL3, •9!1GKL3 and •N>GELJ) 
ta tri999r Forward lalinosity monitor raconstructtion 
fdef••lt in •11&G&L3, •1111CJEL3 and •lalGEL3l 
to tri999r Hadron CALorimetar reconstruction 
(default in •REGEL3, •IUIG&Ll and •llDGl:Ll) 
to tri99er TRiGger data reconstruction 
(default in •REGBL3, •RNGSL3 al!d •"'GKLJ) 
to trigger MUon CHambers reconstruction 
(default in •RBGBL3, •RNGBL3 and *IU>GKLl) 
to tri99er SCiNTillation counter reconstruction 
(default in •REGBL3, •RNGEL3 and •RDGl!:L3) 

- to tri99ar Ti- Expansion CHamber reconstruction 
Cclafault in •REGBL3, *RNGEL3 and *IU>GEL3l 
for graphics preparation in relation with VWL3 pam file 

- for tbe prepariation ~i'\tbe boat part of tbe P3 version 
for tbe prepari~tion o~the child part of the P3 version 

- to select the Emulators as attached processors 
- to select the Apollos as attached processors 

+DECK, RESTORY. 

... - . ._. ~ ..... 



I SELECTllledefine the SELECT data I IRUN I Run number 
I I card I IEVB I Fi rat event number 
I I I Ill.NG I Range of event• 
+-------·~------------------------+---------+--------------------------+ 
+DEOt, REL3FLOW. 

Reconstruction Proqraa •illl>lified flow chart. 

--------------------------------------------
(*) .. ana standard CERN code (not L3 code) 

M & IN 
I 

GEANT3-L3 

I 
1->G z g • ll & 
I 

I* l 

I 
t->-U G l N I T 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
1->GINIT (*) 
1->UTLUDF 
1->R&GEDF 
1->REGZilf 
1->UTZINI 
1->UZINIT 
t->MUaIN 
I 
1->Mlll&TA 
I t 
I l->1a*T& 
I I ->llCD&T& 
I I-> ...••. 
I I-> ...•.. 
I 1->JTRDAT 
I 1->AXDATA 
I 1->REDATU 
I 
1->UTDATA 
I I . 
I 1->GnGO 
I I ->Vnl111> 
I 1->VTIOPA 
I 1->Vn&L& 
I 
1->uoar 
I 
1->UVl!RS 
1->GBHSTA (*) 
I 
1->REZINI 
I I 
I 1->Tl:ZINI 
I 1->ICSINI 
I I-> ..... . 
I I-> ..... . 
I 1->JTRZIN 
I 1->AXZINI 
I 
1->IGINIT (*) 
1->GDINIT (*) 
1->LAINIT 
I 
1->UTDBHD 
1->REDBHD 
I I 
I 1->TBDBHD 
I 1.->ECl>BHD 
I I-> ... · .. 
t t -> .••... 
I 1->JTllDBH 
I 1->AXDBHD 

initialisation of &ebra ayatea 

uaer initialisation routi,.. for GllAllT3-L3 
reconstruction 

C*l 

GEANT initialisation routine 
aasig,_nt of atandlord logical unit• 
aaai~nt of standard traolti .. cut.a 
initialisation of GllAllT/SS811& data atructurea 
initialisation of Ll/ISllllA data atructurea 
initialiaatioa of the VI pacb9e 
initialiaatioa of vz counter• 

def inea llleeoaatruction specific user data cards 

TEC chUlbllr 
Electrmugnetic Calorimeter, ........ , 
. ....... ' 
Trigger 
Acroaa-L3 
User specific 

reads GEANT standard and user data cards 

reads G&Uft' standard data 
decode• •ID data card 
decodes IOPA data card 
decodes SIU& data card 

cards 

decodea DRZF data card 

identif iea current REL3 Paa file 
books GEAJIT standard Matoqr
Cdata card HSTA) 
initialisation of reconstruction 

ZEllRA data structure feat.urea 
TEC chUlbllr 
Electromagnetic Calori .. ter, ........ ' 
• • • • • • • • I 

apecif ic 

initialization of 
initialization of 
initialization of 

Graphics package 
GEANT3 drawing package 
Scan program 

initializea~ta base 
Reconatruct~on specific data base initial. 

TEC chamber 
Electromagnetic Calorimeter, ........ , ...... " . , 
Trigger 
Acroas-L3 

-.- ' . 



I 
I 
I 
I 
I 
I 
I 

I 
I ->check• t1- left 
I 

·------------------------------------------------------------------

1->U G LA S T 
I 1->ZDID 

temination routine 
temination control 

I I 1->tJ:l'BND (1) 
I I I 1->YWLUT 
I I I 1->IGEND 
I I I 

(*) 
·terminates Vllt.l package 
Cl.Os•• HIGZ file 

I I 1->R&LUT 
I I I I 

terminates reconatructioa aof tware 

I I 1->TEEllD fer Tse challber, 
I I I-> .... . . ...... ' 
I I I-> .... . . ...... . 
I I t->sa.> lciatillator 

Trivger I I t->Jl Am 
I I 1->axa.> Acroaa-L3 reconstruction 

Cloaea the physics data aets I I I ->URI.DID 
I I 
I 1->RUEllD user temination 
I 1->UTEND (2) 
t I 1->GLUT (*) GEANT atandall:d termination 

Cl.OMS n f ilea 
uminat•• ua package 
cl- data baM filea 
priata 1Uat09r-

I I 1->iJTGcLo 
I I 1->UZEND 
I I 1->DMlm> 
I t· I 1->..oH. 
I I 

f*) 

I 
at .. 

+tllllCll, Ul.3.-S, IF•$llOC. 
+&>eelt, R&L3BllltS . 

+---------+ +------+ 
I &V11T 1-1-1--1 DACQ I Special support for all •i-lation data 
+---------+-(-)+ +------+ 

I I I I I I 111111 +------+ 
I I Ill I 11111+---I KEAi> I .:JHEAD structure of GEAllT3 
I I 111 I 11 I 11 +------+ 
I I 111 I 1111+----I VZltT I .JVUTX structure of GEAllT3 
I I 111 I I 111 +------+ 
I I II I I 111 +-----1 KIME I .JltIHB atructare of G&MT3 
I I Ill I Ill -----+ 
I I Ill I ll+------1 HITS I JHITS atructure·of GEANT3 
I I 111 I 11 +------+ 
I I Ill I l+-------1 .JXYI t JXYZ structure of GEAllT3 
I I I I I I +------+ 
I I 11 I +--------1 DIGI I .JDIGI atr11eture of Gl:Aln'3 
I I I I I +------+ 
I I 11 I +------\ 
I I 11 +-I DACQ > Special support for real data fr- DAO 
I II II +------/ (linear structure BYDQ,lmJCll, ••• ,.JTRG) 
I ... I II +------\ 
I I l+-----t PASS > Information of a 9i••n paas of prograa 
I I I +------/ 
I . J I I All xOBJ' s 
I I I I // •.•• // 
I I I I +------+ 
I I I +---1 LOBR I List of reconstructed objects 
I I I +------+ 
I I I +------\ .) 
I I l+------1 xyRlf > Raw data banks for all detectors 
I I I +------/ 
I I I I +------+ 
I I 1- +-1-1-1 xyDI I Track Information for MC data 
I I I +------+ 
I I I 
I I I +------+ 

#~- • ._ - ~ -··-· • 
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• 

'"' O/WV~ 
Rajendran Raja 3 s.a/t 9 I 

• Structured Analysis and System design (SASD 

A,,.. • Data Acquisition System (rates, Level II 
.,,.)- triggering, Tapes) 

14\~ • Alarms and Monitoring (Hardware database, 
_,,.). Alarms, Parameter page) 
(.., 

,~" • Monte Carlo Simulation (DOgeant, Show-
~ erlibrary, datadriven geometry) 

• Offline analysis (algorithms, Rise farms, 

fileserver) __ 
• ,._ -tta• 'I\ i' '1- -tt•~ -v ~ c&sJ;A ' u 14 L. v ... 7'1• 

• Library Management and release proce

dures (CMS/MMS, beta releases, test re
leases ... production releases) 

1 
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D-Zao Online/DAQ System 

Required Functions 

1. Detector installation 

2. Debug detector 

3. Control operation of detector 

4. Calibrate detector 

5. Monitor elements and system as a whole 

6. Record physics events 

7. Furnish real time physics feedMck 

8. Maintain continuous detector history 



Quantitative Performance Characteristics 

1. At nominal Jnminosfty (low) 50-lOOK 
interaction/sec 

2. Level 1 trigger decfsfon in 3.5 MicroSec between 
cress 

8. Level 1.5 trigger declsft>n in - 20 MicroSec then 
abort 

4. Level 1 yield -200 events/sec 

5. -1 OOK. e1ectroDics cba.nne1s 

6. Event size 20<>-400KBytes 

7. Fscb ot 8 cables run at 40MByt.es/sec 

8. Level 2 yield 1-2 events/sec 

9. Level 2 nodes have on average 250MSec to reject 
event 

10. Nominal tape writing s;peed is 6250 BPI in -8 
minutes 



Online System Overview 

1. Multiple independent users 

Active users 

Passive users 

2. Flexible partitioning of detector 

3. Multi-stream data recording 

4. System Om>ponents 

32 fndependent triggers 

loo+ selectable VME digitizing crates 

8 x 40 MB/Sec data path to filter system 

2.5 MB/Sec path from filter to host 

IBM Token Ring front-end download path 

68K management and monitoring at front-ends 

General ErHERnet connectivity 



QnHne System Overview (continued) 

5. VAX transparent connectivity 

Level 2 Processors (50) 

Data bandwidth - High 
CPU cycles availability - High 
Memory and disk access - Low 
Flexibility - Low 
Interactivity U>w 

Host Processor (1 + 1) 

Data bandwidth - M.odest 
CPU cycles availability - Low 
Memory and disk access - High 
Flexibility - Modest 
Interactivity Modest 

W orkstattons (16) 

Data bandwidth - Low 
CPU cycles avaflabtltty - Modest 
Memory and disk access - Modest 
~~-!Dgh 
Interactivity High 

Migrate applications to match capabilities 



Event Filtering (Concept) 

Establfsh a set of algorithmic tools 

Missing Pt > X 
Njets>E 
Muon Pt> X 
Etc. 

A tilter is a sequential script of such tools 

Apply tilter according to trigger (32) bits 

Label events by a filter (128) bit mask 

Pass unMa-ed sample as check 

Routing by trigger bit to particular node 
and "tool" can generalize to other functions. 

Event Monitoring 
Calibration 



Utility List 

1. Zebra - CERN: Memory and data management 

2. BZ/DBL3 - LEPS: J.imited relational database 

3. DI-3000 - Commerica1: 3-D graphics system 

4. C::OMPACK - D-Zero: Menu/Screen management system 

5. ITC - D-Zero: Multi-link inter-task communication 

6. ELNC::ON - D-7.ero: Inter-tasJr oommunication ELN/VMS 

7. DAQ - CDF/CD: Global shared oommon 

8. Rdb - Cbmmerclal: Relational database 



Functions of COOR 

l. Cb>rdfnate Activities 

Subsystems have consistent 1Dstructions 

2. AJJocate Besources 

Prevent independent user CODf1icts 

a Distribute Operation Information 

Conttguration and Status 

4. Becord run control tntormation 

Rdb Tape/Run Database 

Zebra Begin Run banks 

Configuration Archive 



Data Cb1lection Task 
(TAKER) 

1. Simple data t.akfng interface 

2. Selects from preftned oontJgurations 

a. Selects run characteristics 

Flxed/Indetm1te length 
Event Jogging On/Ott 
Volume spanning On/Off 

5. Monitors pwg1 ess of this run 

Events Taken 
Events Beoorded 
Event Bate 

8. Display--general data taking activity 



Calibration Task ... 
C~LIS ~ tw.t l! MO~ • 

1. Electronics Calibration 

2. Involves active control of pulser and digitizing 
crate 

a. Zebra formated output 

Pedestals & Gains 

EJement Status Flags 

4. Calibratfons stored tn DBLS database 

5. Event Access 

As 'Tool" tn IAtvel 2 node 

By tilter bit mpsJr tn Host global common 

DECnet server extension of above 

From previously recorded data 



Monitoring/Cicmtrol 

Utilities Supporting Token Ring CODDeCted components 

1. Rdb electroDics database and support utilities 

2. Cicmtrol path data access services 

3. Parameter page 

Alarm handling system 

1. Alarm dJspat.cber 

2. Alarm ttisplay 

3. Alarm logger 

4. Heartbeat processor 
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vice $ 

device 

Attribute• 
devlol_ld 
attribute 
capablllly 
type 
altrlbute_ld 
alarm_ld 
dascrlpllve_texLld 
devlol_addless_ld 
description 
loglcal_commanc:I 
raw_da.._llze 
dat--.collecllon_rate 
num_array_elemenl 
protecllon 
subsystem 

page A-1 

devlce$equlp•en 

devloe_ld R<EY 
equlpment_ld R<EY 

Equipment 
equipment_ Id ..... 
location 
lnstalled_date 
Installer 
•talus 
aerial_ number 
description 
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dbEdit ScrHn Eu11ple 

·---------------------------------- dbEdit-------------------------------------. I ?-HELP EXIT 
·------------------------------------------------------------------------------· I IS8K Download 1118 
+-------llK---------------Ala,..----·--+-------------Anelog Ala,..·------------
1 ?"'6.P I ?'""8.P I ?.a.JI NEXT PREY READ SET >PUSH <POP 
·------------------·----·----~-------.. ·----····· ---------------------------->II 

> 0120 
I Bi1111r1labl• C1u1ni [EnrJ Prierit, 
I ::.:~..... I ::!~ =1 
I Ca 1n't Tabl• Analoa}'ile .._ 
I Di rec\or1 I Bi1111r,--.=1 le A\trlllute 

I Tab I• C uni Fi le ..._,.._ ._,.,_Acc... R..n AT.,.. '-"' ._, _______________ __. _________________ _.,. ... JD 

00 
PRCllRl 
0120 
oooaoooo 
ooooaooo 

I I !hj'/Cft 
Tel//Tn 

1aaaaaaaaccccccc 
2DCIOOOOO 
ICICICIOOOO 

+-----------------------------------·----------------~-·----------------------. I Opening CD~ and 1118... I 
I~ and 1118 opened aucc-f•l 11 
I~ returna '- tuc• BS -·-----------------------··· . •••••lll8----······--------------------------
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OFFLJNE EVENT REXX>NS1'RUCTION 

Manpower organization 

Code management (DO Library) 

Tools and rules for code development 

Program Builder 

Status of reconstruction program (DOR.ECO) 

Computing needs 

What remains to be done. 



-- ---~ .. ~ 
The DO software library consists of two major 
directories: 

DOCMS is the repository of CMS sources with a 
history of all the changes. There is only 
one copy of this directory which resides 
at the BNL VAX cluster. 

DOLIBRARY contains all the fortran sources.object 
libraries, documentation, etc. Identical 
copies of this directory are kept on 
all VAX's in the collaboration. 

F-acb of the ma.in directories are logically 
subdivided into subdirectories which groups 
modules according to their function. 

The files in DOLIBRARY are derived 
from files in DOOMS using MMS. 

Logical symbols are defined to make environment for 
the users identical on any VAX. 



DOCMS 

Subdirectories for each major utility library 
and applications program. 

A CMS subdirectory contains elements bundled in groups. 
One element = one module = one subroutine {by decree) 
Any element can be in any number of groups. 

Element name is unique. 
Module name is the same as the subroutine name. 
If more tban··one version of a subroutine is 
needed a prefix is added to the module name. 
Multiple versions needed for interfaces and to 
handle machine dependent code. 

Documentation is also maintained with CMS. 
Applications programs and some utility libraries 
have manuals in their respective subdirectory. 

, ... 



.L: u.L o. i:..u.al'.L-= u.uu".Y u.r ~u con\.l:i.lll.ea uora.ry 
subdil'ectories are connected via MMS procedures 
in the following way: 

generates 

tort.ran sources m 
lDOLIBRARY.TiST.XXXSOURCE] 

generate 

object library XXX.OLB 
IDOLIBRABY.'li!ST.xxx.] 

IDOLIBRABY.XXXSOURCEJ 

lDOLIBRABYXXX] 



RULES FOR REXX>NS'l'RUcrION PROGRAM 

Follow standards for otfline code (deWJed document~ 
All code FORTRAN 77 with minor except:tons 
Special 1"Ules for machine dependent code 

Tools have been developed for checking and enforcing 
standards (speclaJ editor EVEDT, checker DOFLA. VOR) 
prior to code being d1strlbuted. 

New tool CMSINTERFACE to enforce standards before 
code fs Inserted fn the CMS library. 

Program designed as built of a series of independent tes1rs 
Tas1rs commnntcate only vta Zebra banks and a limited 
set of Interface subroutines 

Task control paremete1'S must be supplied via RCP files 

Program builder comMnes the tasks into a predetfned framework 
by building the user hooks as a set of caJJs to the interfaces 
Tbe program builder generates code and tb.e Hn>:r_~!'-

t 11 II I c 
E~Gel ( \~{ .-..... 

~~- ' , _,,. ,-... .,,.. . 



NEDI' 

.a.vv.1.b bOR CODE DEVELOP:MENT 

DO editor, provides templates for headers. 
Zebra bank documentation,etc. Finds entry 
points in library, has language &C"sftive 

features. 

iOFLAVOR 
Checks that offline standards are satisfied, ~-
handles machine dependent features. 

OENTRY 
Find modules in library. ,,,,, 

BANK 
~blnes Zebra hank documentation with debugger. 

3ANK 
Generates templates for all subroutines that must 
be created tor a Zh:HRA. bank 

.tSJNTERP'ACE 
Checks tor code standards and module name 
uniqueness before blsertton into CMS library. 



\ 

\ DATA MANAGEMENT 

Event data and constants (calibration, geometry.etc.) 
handled with CERN data structure management system ZEBRA. 

All data fn banks, groups of data connected by pointers ~inks~ 
Bast<a bank structure: 

HnJrs 

· identifiers 

data 

Banks are defined before any coc'Hng. 
Every bank must have. utilities and documentation. 



----- - ---- \• ~, 

~ tool for assembHng programs 
llld enforcing discipline. 

>rograms consist of a frame, utilities 
:nd applications. Frame and applicaUons 
aay call utilities but not the reverse. 

ui application ts inserted in a frame via 
. set of interface subroutfnes (pwkage~ 

\.ppllcations communicate with other applications 
nly through Zebra banks. or a very limited set 
f subroutine calJs. 

!equfrements for 11sfng PBD: 

1) A framework program 

2) Library a.ndlor user packages 

8) A Framework desm.iption 

4) Package desm.iptfcms 

5) a list of library packages 

6) a lfnk file template (.LNK) 

7) a setup command file for the framework._"-••-----



PROGRAM BUD ma FRAMBWORKS: 

lOUSER 
for interactive analysis and code 
development. Uses CX>MPACK. 

~R_OFF 
calorimeter offllne code development 
(no OOMPACK, not interactive) 

JOGEANT 
DO mcmtecarlo ustng GEANT 

a:xAJ.mm2 
onHne framework, interactive analysis 
of data in shared common Uses CX>MPACK. 

oomm 
Offtlw l'800DStructton framework. Strictly 
'wt• ,_ JROduction. 



Well deftned program (.EXE) + unique set of parameters. 

Unique ID stamped on HS'tR bank generated 
during production pass 

ID- one composite integer 
• number alias for program name 

+ producUon pass number 

m·s are keys to entries in data 
base cons1stiDg of: 

1) Production pa number 
2) Production program name 
3) Production program version number 
i) Date & tfme of product.km pass 

definition. 



'l'lMING STUDIES 

=>roduction version (tracJdng by road} 

double blind 
45 sec/eventlMIP 

w +jets 
54 sec/eventlMIP 

t t 
75 sec/eventlMIP 

~ccurate vertex (use all CDC tracks) 
increases ttme by 33% 

Full f.racldng increases tfme 
by factor of 3 

Reading event from Smm tape • 8 sec. 

=> pt0eessfng tfme • reading tfme in 
a 10 MIP proces~ 

~--



Improvements to reoonstruction program: 
multi-vertex bandHng 
better electron m (use TRD) 
improve tracking efficiency 
improve calorimeter resolution 

Setup a production manager 
(programs and mNJpower) 

Setup a data base to keep track of data process'ng 

EstabJfsb priorities on data procesdng 
identify what goes on the express Una. 

Define procedures tor bqdHng the e:x:pz BBB Une 
identity spemaJ man.power 

Define filtering programs to select data for analJlds 

Setup prooedures for distributing DST& 
· outside FNAL 

Automatic bookkeeping system for data tiles 
(FATMEN?) - --



200Cb caf)8city file server to Mrve data •-r1 fila frOll the c011Plete 
data Mt to analysis workstations. 

1Tbyte robotic •aa storage munting of a. tape. 

A faci I ity for tape stripping, copying and data Mt editting. 

A mdeat MOunt of COllPllW caf)8city for joba which can not be 
pr.c:t;ical ly run on local worbtationa. 

RIDI to ethernet bridges to connect; Hrver to backbone. 

Server Detai la: 

200Cb,te Store: 

Dua: hosted VAXMrver 4000 boot nodea for the 200CB diak fani LAVC. 
n... _._ are to be equipped with Mllb -ry each, 5 QB local dual 
• ,,_, disk and ._ tapes for backup. 
1111 Md VCS aoftawre to act u conaole system. 

Twin VAXatation 3100 117S server nodes with ·17 QB SCSI din of the the 
highest capacity currently aY11i lable on each node. U.. of 2 QB drivea 
i.,liea eight drivea on each node. 
Eech node equipped with S2Mb -ry and local pasiilg dlalr. 

Tape stripping/fl lterift9: 

T•lve VAXatat;ion 1100 1178 _..,er nodes, each witoh 9o a. double denaity 
drive and four SCSI din• for local ataging and atorage. 

Robotic Storage: 

Two Exab,te ._ robotoa witoh 4 ElCB 8500 tepe aubayate.. Each robot 
la to be connected to a pair of VSSl00/1178 noclee, - providiftSI 
control of the robot. via a SCSI bua. QI) aoftnre uaed too control robn. 
Total capcit;y ia ·1Tbyte. -- ---

Full ayat. haa •204 MIPS available, leMIPS on boot; nodes, 96 MIPS on tape 
aubayat., and 96 MIPS on disk Hrver nodea. 
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• A VAX 8800 running VMS as the acquisition computer for 
user interface and data logging. Attached to this machine are 
- 40 VAX workstations providing window and SCP support. 

• The current mMNM system for production Monte Carlo 
and reconstruction. This system is the principle control point 
for the 3480 tape silos. 

• A newly acquired VAX 9000 (roughly 30 Mips) running 
VMS. This machine is used for the bulk of the off-line code 
development and debugging. We have also extended SLD's 
IDA system to utilize the windowing system (DEC windows/ 
X windows) to enhance our analysis capabilities. It is also 
attached to the tape silo. The SLD code writes IBM format 
tapes, independent of the system it executes from, to allow 
this bimodal access. 

• Over 1000 Mips of CPU power in the Fastbus acquisition 
system. 
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SLD,s Use of SLAC 
Computer Facilities. 
SLD has made extensive use of SLAC's 
network connections to create an environ
ment in which remote collaborators can 
contribute to developing, testing and using 
analysis sofware. 

Japan 

Tohuku 

USA 

SLAC 
• •Colorado 
•cattech 

SLD DUCS Sites 

Rutgers• 
Yanderbilt • 

• Tennes 

Pisa e Ferrara 

Updates to code, documentation, or dis
cussion conferences made by any SLO col
laborator at a DUCS site is almost instanta
neously relayed to his colleagues around 
the world. 
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JAZELLE 

Why was JAZELLE created? 
:rAzruE c ~c..'O 'CJ.o. M 

Jazelle was created for the SLD collaboration to 
rneet their requirements for a powerful, user
friendl).! data management system suitable for use 
in an environment strongly emphasizing 
inter~ctive computing. 

... Commercial database programs are available 
but in general they are poorly suited to the 
range of different sizes and types of HEP data, 
and do not provide sufficiently efficient and 
easy to use program interfaces . 

. , Many languages have powerful data structure 
handling capabilities, but they do not in general 
have good facilities for moving data between 
program or for providing easy interactive ac
cess to the data . 

... Other HEP data management systems fall 
short in the area of user friendliness, requiring 
users to memorize numeric offsets within 
structures, and providing few tools for 
interactive data analysis. 

-4-
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Main features of JAZELLE 
• The structure of each bank is defined in a 

Template file. Each element within the 
bank is named and type cast. 

• Multiple computer language interfaces 
exist. Data is always accessed by name. 

• Many facilities allow users intuitive access 
to data. 

• Interactive access to data from debuggers 
and other programs supported. 

• Hiearchical and relational data structures 
are supported. 

• Virtual Memory services of the host operat
ing system are used for bank allocation 
and deallocation. 

• Machine independent 10 to both sequential 
and indexed files. 

• Asynchronous 10 for inter-process and 
network communication. 

- 6 -
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Templates 
The structure of each Jazelle bank is 
defined in a user defined template file. In 
addition to defining the structure of the 
bank the template allows: 

• Each element to be named and typed 
(Real, Integer etc.). 

• A description to be attached to each 
element (the template therefore fulfills 
an important documentation function). 

• Initial values to be attached to elements. 

• Dimensions to be attached to elements. 

• Elements to be grouped together into 
blocks. 

• Additional formatting information to be 
attached to elements. 

• Elements of different types to be freely 
mixed within banks. 

- 7 -
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SLD use of Jazelle 
SLD has used Jazelle for all data structures from 
on-line data acquisition to off-line analysis. 
Jazelle has virtually eliminated the use of 
common blocks in SLD code. Jazelle is used for: 

• RAWDATA, RECON, MC and DST data 

• Analysis "micro" DSTs 

• Geometric description of detector 

• All calibration and run dependent constants. 

• Particle properties and decay modes 

• Inter-routine communication 

• Program control structures 

• Parameters for MC generators and recon-
struction programs. 

Storing control and parameter information in 
Jazelle banks is particularly useful since it 
provides a uniform way for physicists to examine 
and modify these parameters. 

- 5 -
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Example Template 
Bank declaration specifies family 
name, context and title. 

... 11lk111
""' 

,.., ........... . 

BANK NONSENSE CON'l'EX'l'=JtJN!t NOMAXID "'l'itle" 

IN'l'EGER A "Description of A" 
"""" ... T c dl '''"'~""'' 
&'\ •:~ ·ot•••r'""""'' ••••• 's· I I 11

"""''""'"'""'"'"'"'"""'"" .. :~1111 11 1mple scalar e ements L n1nnm111111111 • 

IN'l'EGER NJ:T.1CMS'1llr"""""'"'"' 

REa.I.*8 D (10) ""'11"'"""""""'""'"""""""'u1111l Vector elements .• ... ,. ... ,,.... . -
1111fr••"'""""' 

LOGICAL*l X (-1: 7) ·· Declaration and use of 
I ._""""G""R Y/O} ""'"'~111 

.. ,........ .... •11f•........... .. ....... ~~··· oarameter. 
1
!f!H1m1u:: ... , 

1
,~· .... ________ _. 

PARA!IE'l'ER SIZE=8 ·"' 111 rdlll~'''"""'""""' 
IN'l'EGER N (SIZE) /SIZl'.*7 I .. :;~;:~::1111·1 Initial values .• 

BLOCK 
~II 

VBLK (NELEMS) .. ,,11r ...... , ....................... 

l S'l'RING F (80) 
I 

/ IN'l'EGER I 

.-------.;;;;"""'"'"""''-------. Variably dimensioned block cre-
ated by use of previously declared 
integer element as dimension. 

1
/,.,,,, ..... .- BLOCK INNER (2) 

-'• REJ\L X ~sted blocks. • .. 
.,,.......... PEAL Y 
\~ '''••. ENDBLOCK 

·~. 
END BLOCK 

END BANK 

-8-
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Element Types 
All types may be used as scalars or vectors 
(fixed or variably dimensioned). Types may 
be freely mixed within banks. 

• INTEGER [*41*2] 

• HEX [*41*2] 

• REAL [* 41*8] 

• LOGICAL [*41*1] 

• STRING [*11*41*8] 

• COMPLEX 

• POINTER 

• KEY 

• ENUM [*41*2] 

• BITS [*41*2] 

Pointer and Key types 
are used to relate banks 
(see later). 

Enumerated and Bits 
types are used to pro
vide mnemonic access 
to common HEP types 
(see examole). 

[] indicates optional size declaration (in bytes). 
In addition to the built-in types listed here 
Jazelle also supports user-defined types. 

-9-
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Real Template 
Bank MCPART Context-MCEVENT Maxid-1000 "MC Particle parameters" 

Real p (3) 
Real E 

"X,Y,Z momentum of particle at track origin" 
"Energy of particle" 

Real PTOT "Total momentum at track origin" 

Part id PTYPE 
Real CHARGE 

Bits ORIGIN 
Real XT(3) 

"Where did this particle come from/go to" 
"X,Y,Z of termination" 

Note 1 

Key PARENT-->MCPART "Key giving parent particle" 

Notes: 

1) The following bits may be set in ORIGIN (to be extended). 

Value ORIGIN 
Parameter DECAYED -0 
Parameter DECAYFLT-1 
Parameter BEAMPIPE-2 
Parameter NOINTER -3 
Parameter STOPPED -4 
Parameter INTERACT-5 
Parameter INTSHDEP-6 

Parameter PRIMARY -s 
Parameter ISTOPl -9 

Parameter NOTTRACK-16 
Parameter ISR -17 
Parameter BEAM -18 
Parameter PREFRAG -19 

EndValue 

Meaning of bit if set 

Decayed by generator 
Decayed in flight by swimmer 
Does not hit detector ( down beam pipe 
Traverses detector w/o interacting 
Energy below cut; other bits may say why 
Interacted, no further decision to be made 
Interacted, further decision depends on 
selection of shower deposition 
e+e- primary interaction vertex 
GEANT ISTOP-1, KCASE ne DCAY or 

HADR or (PAIR&Gamma) 

Not tracked by user request (neutrino, etc.) 
Initial state radiation 
Initial state beam particle (*) 
Pre-fragmentation particles (*) 

(gluons, partons etc.) 

(*) Particles in these categories will not normally be stored in 
the bank, but may be put here at the discretion of the 
generator, maybe under control of some flag. 

EndBank 
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Real Template 
Bank MCPART Context-MCEVENT Maxid-1000 "MC Particle parameters" 

Real p (3) 

Real E 
Real PTOT 

"X,Y,Z momentum of particle at track origin" 
"Energy of particle" 
"Total momentum at track origin" 

Part id PTYPE 
Real CHARGE 

"Particle type" .. ~,", ............ 1 .. 0.ser-a-etfnecftype .. • 
"Charge of particle" ........... 111111•1•1 ........ lllliilllil111111111111ll 

Bits ORIGIN 
Real XT(3) 

"Where did this particle come from/go to" 
"X,Y,Z of termination" 

Note 1 

Key PARENT-->MCPART "Key giving parent particle" 

Notes: 

1) The following bits may be set in ORIGIN (to be extended) • 

Value ORIGIN 
Parameter DECAYED -o 
Parameter DECAYFLT-1 
Parameter BEAMPIPE-2 
Parameter NOINTER -3 
Parameter STOPPED -4 
Parameter INTERACT-5 
Parameter INTSHDEP-6 

Parameter PRIMARY -a 
Parameter ISTOPl -9 

Parameter NOTTRACK-16 
Parameter ISR -17 
Parameter BEAM -10 
Parameter PREFRAG -19 

EndValue 

Meaning of bit if set 

Decayed by generator 
Decayed in flight by swimmer 
Does not hit detector ( down beam pipe 
Traverses detector w/o interacting 
Energy below cut; other bits may say why 
Interacted, no further decision to be made 
Interacted, further decision depends on 
selection of shower deposition 
e+e- primary interaction vertex 
GEANT ISTOP-1, KCASE ne DCAY or 

HADR or (PAIR&Gamma) 

Not tracked by user request (neutrino, etc.) 
Initial state radiation 
Initial state beam particle (*) 
Pre-fragmentation particles (*) 

(gluons, partons etc. ) 

(*) Particles in these categories will not normally be stored in 
the bank, but may be put here at the discretion of the 
generator, maybe under control of some flag. 

EndBank 

- 10 -
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Fortran-77 Interface 
We will use the Fortran interface as an 
example, but all interfaces are similar. The 
goal has been to make Jazelle fit as a 
natural extension of each language. 

Pointer Declarations 

A variable type POINTER is defined to 
allow access to Jazelle data. Pointer 
declarations can appear anywhere an 
Integer declaration can be used. Pointers 
can be: 

• Local Variables 

• Common block elements 

• Real and dummy arguments 

Arrays of pointers can also be declared. 

Examples: 
POINTER KAON-->MCPART 
POINTER CHILDREN(6)-->MCPART 

POINTER B'TR-->NONSE:N:SE:::::~--~----. 

I Pointer name • Fam ii it will 
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,4ccessing Data 
<)nee a pointer has been declared and a value 
assigned to it (by specifying it as the output 
argument to JZBFND for example) it can be used 
10 access data from the bank. 

·rhis is achieved by using expressions of the form: 

BPTR%(A) 
BPTR%(D(5)) 
BPTR% (X (K-1)) 
BPTR%(VBLK(3),I) 
BPTR%(VBLK(3),INNER(l),X) 

The Jazelle expression inherits its type from the 
Jazelle element referenced. Jazelle expressions 
may be used anywhere a Fortran expression of the 
same type could be used. 

Examples: 
ENERGY= MCPART%(E) 
PHI=ATAN2(MCPART%(P(2)),MCPART%(P(3))) 

I MCPART%(PTOT) - SQRT(PTSQ) 

L_~~~~~-·-20--~~~~~ 
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JAZELLE 

Dumping Banks 
Jazelle provides a number of facilities for 
producing human readable dumps of 
banks. Considerable attention has been 
given to producing easy-to-read dumps 
based on the information given in the 
bank's template. 

l>ump of MCPART bank -- Brief 

?amily: MCPART ID: 15 Template Version: 0.00 
ritle: MC Particle parameters 

'.\lame Value Name Value Name Value 
----- ----- -----

p See below E 1.2342 PTOT 1.1055 
PTYPE 24(ETA) CHARGE 0.0000 ORIGIN O(DECAYED) 
KT See below PARENT MCPART(2) 

p 1:-.54111 +.95788 -.10835 
KT 1:0.0000 0.0000 0.0000 

-15-
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JAZELLE 

Jazelle allows different levels of detail to be 
selected by the user. Below is the same 
dump at higher level of detail. 

l>ump of MCPART bank-- Detailed 
F!.lllily: MCPART ID: 15 Template Version: 0.00 
Title: MC Particle parameters 

N 3llle Value 

p See below 
E 1.2342 
PrOT 1.1055 
PrYPE 24 (ETA) 

Off set Type 
------ ----

0 R*4 
12 R*4 
16 R*4 
20 PARTID 

Comment 

X,Y,Z momentum of particle at origin 
Energy of particle 
Total momentum at track origin 
Particle type 

CBARGE 0.0000 24 R*4 Charge of particle 
ORIGIN O(DECAYED) 28 BITS Where did this particle come from/go to 

X,Y,Z of termination xr See below 32 R*4 
PARENT MCPART(2) 44 PTR Pointer to the data associated with key 

p 

xr 
1:-.54111 +.95788 -.10835 
1:0.0000 0.0000 0.0000 

Note the output from the user-defined type 
PARTID (SLD defined in this case) and the 
output of the word of type BITS (ORIGIN). 
Jazelle also allows tabular output to be 
generated. Columns can be added and re
moved from tables under user control. Mul
tiple table styles can exist for one family. 

- 16 -
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Tabular Output of MCPART 
Family: MCPART Template Version: 0.00 
Title: MC Particle parameters 

* Ptype E Origin * Ptype E Origin 
------ --------- --------------- ------ --------- ----------

l GAMMA 0.64695 NO INTER 31 PIO 0.16558 DECAYED 
2 c 44.128 DECAYED+PREFRAG 32 PIO 0.55768 DECAYED 
3 GLUON 1.4228 DECAYED+PREFRAG 33 PIO 0.51094 DECAYED 
4 GLUON 2.1941 DECAYED+PREFRAG 34 PI+ 0.50439 INTSHDEP 
5 GLUON 6. 6292 DECAYED+PREFRAG 35 PI- 0.28838 DECAYFLT 
6 GLUON 1.6309 DECAYED+PREFRAG 36 PIO 0.16250 DECAYED 
7 GLUON 2.6767 DECAYED+PREFRAG 37 PIO 0.39443 DECAYED 
8 CBAR 32.671 DECAYED+PREFRAG 38 PIO 0.15733 DECAYED 
9 D*- 20.089 DECAYED 39 ETA 0.84457 DECAYED 

10 RHO+ 4.1097 DECAYED 40 PI+ 2.7674 INTSHDEP 
11 D*O 22.258 DECAYED 41 PI- 0.69694 INTSHDEP 
12 OMEGA 21.030 DECAYED 42 K+ 3.3271 INTSHDEP 
13 K- 4.7338 INTSHDEP 43 PI- 6.5507 INTSHDEP 
14 KO 4.9375 DECAYED 44 PI- 1.7667 INTSHDEP 
15 ETA 1.2342 DECAYED 45 PI- 2.5019 DECAYFLT 
16 PI+ 0.87129 INTSHDEP 46 PI+ 2.5375 INTSHDEP 
17 OMEGA 0.95527 DECAYED 47 PI- 1.2346 INTSHDEP 
18 PI- 3.5826 INTSHDEP 48 PI+ 0.79124 INTSHDEP 
19 ETAP 1.3963 DECAYED 49 GAMMA 0.67767 INTSHDEP 
20 RHOO 3.4643 DECAYED 50 GAMMA 0.70153 INTSHDEP 
21 PI+ 2.6912 INTSHDEP 51 GAMMA 1.0973 INTSHDEP 
22 D- 18.710 DECAYED 52 GAMMA 0.81761 INTERACT 
23 PIO 1.3792 DECAYED 53 KO" 16.057 DECAYED 
24 PI+ 2.1948 INTSHDEP 54 ETA 4.7673 DECAYED 
25 PIO 1.9149 DECAYED 55 GAMMA 0.14502 INTSHDEP 
26 DO 20.824 DECAYED 56 GAMMA 1.2892 INTSHDEP 
27 PIO 1.4342 DECAYED 57 GAMMA 6.2230 INTSHDEP 
28 GAMMA 9.7995 INTERACT 58 GAMMA 5.0071 INTSHDEP 
29 PIO 11.230 DECAYED 59 GAMMA 0.076595 INTSHDEP 
30 KOS 4.9375 DECAYFLT 60 GAMMA 0.088982 INTSHDEP 

I 
-17-
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