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Preface 

The HEPLffi'91 International Users Meeting on the Support and Environments of High 
Energy Physics Computing was held at the Superconducting Super Collider Laboratory 
(SSCL) in Dallas, Texas, September 19-20, 1991. This was the inaugural meeting of the 
HEPLIB User Group. Fifty-three registered participants discussed the current 
environments in high energy physics computing, including a broad range of technical 
issues, as well as information exchange and user support. These proceedings contain the 
invited and contributed talks presented at the meeting. 

The participants met for two full days. A conference dinner was held at Milano's restaurant 
in Duncanville at the end of the first day. 

The meeting was organized jointly by the SSC User's Office and the SSCL Library. On 
behalf of all participants and the International Advisory Committee, I would like to thank 
Phyllis Hale, Head of the SSC User's Office and Pat Kreitz, Head of the SSCL Library for 
their support. Special thanks to Joan Arruza, SSCL Library and HEPLffi'91 Secretary, 
for her patience and a smoothly organized meeting. Thanks also to other hard-working 
staff: Connie Coleman and Ljiljana Johnstad, SSCL Library, and Paige Pendleton, SSC 
User's Office. I also want to express my appreciation to those who worked behind the 
scenes from the Laboratory Technical and Building Services, who all helped to make this 
meeting a success. 

Thanks are due to Ken Damrau, SSCL Physics Research Division, and Shane Davis, 
University of Texas at Dallas, for initiating the USTSERV facility at UT Dallas, which will 
be used for information exchange for the HEPLffi User Group. 

Last, but not least, I want to express my appreciation to all the participants and speakers in 
this inaugural meeting, and my personal thanks to all· the members of the International 
Scientific Advisory Committee worldwide who were willing to work with me and to take 
time off their busy schedules to plan and define the appropriate scope and program for the 
meeting. 

On behalf of the organizing committee, 

Harald Johnstad 
Chairman 
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SSCL Library - Mail Stop 2010 
Superconducting Super Collider Laboratory 

2550 Becldeyemeade Avenue, Suite 125 
Dallas, Texas 75237 

HEPLIB'91 
International Users Meeting on the Support and Environments of 

High Energy Physics Computing 

Dates; 

SSC Laboratory, Dallas, Texas 
September 19-20, 1991 

By popular demand, the dates of the Meeting have been chosen to be close to 
the HEPiX Meeting scheduled at Fermilab on September 23-24, 1991. 

Purpose: 
To discuss the current and future HEP computing support and environments 
from the perspective of new horizons in accelerator, physics, and computing 
technologies. 

Tovics.· 
Topics of interest to the Meeting include (but are not limited to): 

* The forming of the HEPLIB world user group for High Energy 
Physics computing 

* Mandate, desirables, coordination, organization, funding 

* User experience, international collaboration 

* The roles of national labs, universities, and industry 

* Range of software, Monte Carlo, Mathematics, Physics, Interactive 
analysis, Text Processors, Editors, Graphics, Data Base Systems, Code 
Management tools 

* Program libraries, frequency of updates, distribution 
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HEPLm'91 
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* Distributed and interactive computing, data base systems, user 
interface 

* UNIX operating systems, networking, compilers, Xlib, X-Graphics 

* Documentation, updates, availability, distribution 

* Code Management in large collaborations, keeping track of program 
verSIons 

* Quality assurance, testing, conventions, standards 

Registration,' 
There is a $60 registration fee, payable to HEPLIB'91 in U.S. dollars, 
check, or money order. Please return the enclosed registration fonn, 
along with the registration fee, to the Conference Office address shown 
on the registration fonn. 

Call for Speakers: 
Participants who wish to make a presentation on any of the key topics 
listed above should indicate a tentative title on the enclosed registration 
form. 

Meeting Program,' 
There will be two full days of plenary sessions which include invited 
speakers and adequate time for discussions and open presentations. A 
detailed agenda will be sent to all registrants. 

Accommodations,' 
Hotel infonnation is enclosed. A small block of rooms has been reserved 
at the Holiday Inn in Duncanville, Texas, telephone (214) 298-8911. 
When calling to make reservations, be sure to identify yourself as a 
HEPLIB '91 participant to ensure the correct rate. Rooms will be filled 
on a first-come, first-served basis. 
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Introduction 

The following is a summary of agreements, conclusions, and consensus which were 
reached at the ftrst lIEPLIB Users Meeting (HEPLIB'91), held at the sse Laboratory, 
Dallas, Texas, September 19-20, 1991. Fifty-four scientists from thirty-one High Energy 
Physics research institutes and universities met for two full days to discuss the support and 
environments of High Energy Physics computing and to form and deftne the scope of a 
lIEPLm Users Group. 

In the following, the word member is sometimes used as a substitute for the wording 
Member of the HEPUB Users Group. By steering committee (or coordinating committee) 
is meant The HEPUB Users Group Steering Committee. 

Disclaimer 

This summary has been written and edited by the chairman of the HEPLIB '91 meeting, and 
has not been reviewed by the organizing committee. It represents a best effort to summarize 
common viewpoints presented and concluded at the meeting, but does not necessarily 
reflect all alternative viewpoints expressed at the meeting An offtcial conclusion of the 
meeting will be published by the newly formed HEPLffi steering committee and distributed 
to the HEPLIB Users Group at large. 

HEPLIB Users Group 

The HEPLIB Users Group was officially formed at this meeting. 

Objectives 

There was a general consensus for the following objectives: 

lIEPLm is a world users group for enhancements, communications, and distribution of 
software in the lIEP computing environments. 

HEPLffi collects, maintains, documents, and distributes shareable application software for 
lIEP computing as well as non-HEP applications, including code management systems in 
heterogeneous environments, data base systems, and automatic installation and test 
procedures. 

HEPLIB promotes and recommends industry, as well as lIEP computing standards as 
appropriate, including operating systems, distributed computing environments, quality 
assurance, version control, and information exchange. 

There was a strong consensus that the following are not the objectives of HEPLffi: 

It should not be a software clearing house. 

It should not be an umbrella type organization in the sense that the umbrella is a group 
of people remote from the actual user community. 

It should not in any way be a competitive organization with similar or related user 
groups, such as the newly formed HEPiX user group for the UNIX environments in 
HEP computing. On the contrary, HEPUB should work in close collaboration with, 
and also participate in the works of such groups. 
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HEPUB shall not in any way diminish the efforts 0/ other groups or laboratories 
providing support/or HEP software, such as the CERN Program Library, but shall 
work constructively and in close collaboration with such efforts and shall strive to 
minimize duplication efforts, enhance quality assurance, documentation, version 
control, effective code maintenance, etc. 

There were opposing viewpoints on the issue of frequency of releases from a HEPLIB 
library organization, and whether HEPLIB should contain fully packaged software 
products or rather consist of independent software products to be released at individual 
frequencies as needed. This issue should be worked out in a subgroup and a proposal 
should be prepared. 

There was general agreement that a software product may well be developed at one 
location by individuals or a group, maintained, tested, etc. at another location, and 
distributed from a HEPLm distribution center. An appropriate test product would be the 
family of the Lund Monte Carlo programs, where an initial three-way collaboration 
between CERN, SSCL, and the authors have already been discussed. Other physics 
generator programs should be included in this effort as well. This should be a task for the 
Physics Generators subgroup (Group A). 

Or&anization 

Bylaws were not worked out at this meeting. It was agreed that the steering committee will 
provide a proposal for bylaws at the next HEPLIB Users Meeting. 

It was generally agreed that the HEPLIB Users Group is a fully democratic organization 
and that the active users of the HEPLIB environments are themselves the governing body 
of the organization. 

Subgroups should be formed and there should be an all-to-all communication between 
subgroups and the HEPLm Users Group at large. 

Steerin& Committee 

The members listed below agreed to serve on the fIrst HEPLIB steering committee (or 
coordination committee). The steering committee will initially address the forming and 
coordination of subgroups, initiate information exchange and communication, plan 
logistics, arrange for meetings, begin planning for a HEPLIB Newsletter, and look into 
questions of manpower and funding for the HEPLm Users Group. 

Katsuya Amako 
Rene Brun 
Tony Gabriel 
Irwin Gaines 
Thomas Handler 
Bob Hollebeek 
Tony Johnson 
Harald Johnstad (chairman) 
Miguel Marquina 
Elisabetta Pace 
Andrea Palounek 
Jan Hendrik Peters 
Saul Youssef 

KEK 
CERN 
ORNL 
FNAL 
U of Tennessee 
U of Pennsylvania 
SLAC 
SSCL 
CERN 
INFN 
LANL 
DESY 
SCRI 
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Subgroups 

The following subgroups were proposed. Other groups may be formed later. The names 
for each subgroup may change later. With one exception, no names were assigned to 
subgroups at the meeting, but members were encouraged to sign up for one or more of 
these subgroups by contacting other members and the steering committee. 

Preliminary list of subgroups (in no particular order): 

A. Physics Generators (H. Johnstad and others) 
B. Physics Analysis 
C. Detector Simulation 
1). ~thematics 
E. Code Management 
F. Standards Alert 
G. Operating Systems 
H. Tools and Utilities 
I. I>ocumentation Systems 
J. Graphics Applications 
K. I>istributed Computing 
L. Non-HEP Applications 
M. Vendor Alert 

Infoonation Exchan2e 

There was a consensus at the meeting that effective, continuous and frequent sharing of 
all information on all activities within the group would be crucial for the success of the 
HEPLIB activities. Several media has been suggested for communication between 
members: 

(i) The Bitnet UsrSERV facility: Main media for all information exchange. 

The HEPMGR@CERNVM List will be co-owned by the CERN Program Library 
(M.Marquina) and by the SSCL Software Applications Group (H.Johnstad). 

There will continue to be a HEPLffi@CERNVM List, monitored by M.Marquina 
at CERN dealing with the CERN Program Library in particular. 

There will be a new HEPLffi@UIDALLAS List, monitored by H.Johnstad at 
SSCL, dealing with information pertinent to the HEPLffi User Group at large. 

(ii) HEPUB Computin~ Newsletter.' Activity reports, Meetings, Vox Populi, etc. 

(iii) CERN CQmputin~ Newsletter: Summary of HEPLffi activities. 

(iv) SSCL Computin2 Newsletter.' Summary of HEPLIB activities. 

(v) CERN Courier.' Summary reports on HEPLffi meetings and major decisions. 
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Addresses 

Initially these addresses may be used to contact the HEPLIB User Group in Europe and the 
United States: 

EwQ])t:.· 

Miguel Marquina 
CNDivision 
CERN 
CH-1211 Geneve 23 
Switzerland 

Tel (022) 767-4912 
Fax (022) 767-6555 

Marquina@CERNVM 

HEPLIB Compilation 

United States.' 

Harald Johnstad 
sse Laboratory MS-2001 
2550 Becldeyemeade Avenue 
Dallas, Texas 75237 
U.S.A. 

Tel (214) 7()8·6000 
Fax (214) 708·0006 

Johnstad@SSCVX1.SSe.GOV 

The first compilation of HEP software was done jointly by Andrea Palounek, formerly 
LBL, now at LANL, and by Saul Youssef at SeRI, both members of the HEPLIB steering 
committee. Their first report is available from LBL, report number LBL-29115. 

This report is also available as a PostScript file (DOeREF.PS) or a Latex input file 
(DOCREF.TEX) on SSeVX1 at SSCL in the following user area: 

SSeVX1 ::USER1 :[APTP] 

Next Meetin& 

It was agreed that the HEPLIB User Group should meet at least annually. Initially, there 
should be more frequent meetings to coordinate and initiate the various effons, subgroups, 
etc. It was generally agreed that a second meeting should bt held early in 1992 in Europe in 
order to involve a broader panicipation from the European HEP community as early as 
possible. Tentatively, the next HEPLIB Users Meeting will be herd in January 1992 in 
close connection with the HEP software meeting to be held in L'Agelonde, France, 
January 13-18, 1992. Further details and logistics will be looked into by the participants 
from CERN present at this first HEPLIB meeting (R.Brun and M.Marquina). 

Conclusions 

The first HEPLIB User Group Meeting was a productive meeting with many constructive 
discussions on a broad range of issues on the suppon and environments in HEP 
computing and beyond. The goals set for this fIrSt meeting were reached, and many 
important decisions were made. 

The actual scope of the HEPLIB activities, including details on software products, thoughts 
on pressure groups, liaison functions, vendor contact, representation at standardization 
committees, etc. were discussed from many viewpoints.. Further details on these issues 
will be presented as actual proposals. 
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Agreements on initial information exchange and media were reached. A preliminary 
organization and steering committee was established. It was agreed to have a second 
HEPLm Users Meeting in Europe, tentatively in January 1992. 

Manpower and funding for the HEPLm activities are major unresolved issues which needs 
to be looked at realistically in order for HEPLm to become a successful organization or 
institution. 
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INTRODUCfION - P.O. LIEBOLD 

HEPLiB '91 

Welcome to the SSCL and HEPLiB '91 users meeting. Such an 

excellent turnout and representation from every major High Energy 

Physics Research Institute and Lab indicates the importance of this 

meeting, and specifically the need to address the issues of physics 

software development, maintenance and distribution. 

The formation of a users group will provide the mechanism for 

not only exchanging ideas and experiences, but hopefully will 

provide an emphasis or focus on the problems confronting the High 

Energy Physics Community, not only in maintaining physics codes 

but in coordinating a standard philosophy for future software 

development. 

SSCL Physics has just completed the implementation of the 

Physics Detector Simulation Facility which provides over 1000 Vax 

equivalent computing resources for physicists to access for event 

simulation during detector design. This resource represents the 

effective use of RISC architectures and the ability to develop large 

computing resources by adhering to industry standards when 

specifying hardware and software. It emphasizes the ability to use 

90's technologies and develop in multi-vendor environment 

providing great price/performance advantages. 

The PDSF, of course, uses the CERN Libraries as well as other 

major physics applications. Fermi Labs' CPS was a major component 

to provide a mechanism for supporting parallel event simulation 

making effective use of the loosely coupled parallel architecture of 
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the PDSF. Porting of user codes and CERN libraries, to our RISC/UNIX 

environment, became a significant effort to support and maintain. 

However, now that PDSF is operational, we can concentrate our 

efforts on maintaining a production environment on that 

archi tecture. 

Software development for PDSF was minimal considering the 

magnitude of the resource. The major efforts concentrated on 

development of Workstation Assignment Application (WASH), Data 

Management Systems, (DMS) as well as integration of various 

systems level codes to provide network serVIces and linkages 

between major systems components. The use of structured software 

engineering methodologies in the design of PDSF software was a 

major contributing factor to the projects success and ability for the 

software development group to deliver systems on-time and on

schedule. 

Software engineering and code development in a structured 

environment are issues that the High Energy Physics Community 

must address before we embark on future software development 

projects at the SSCL or for any HEP research project. In order for 

that to happen, there must be an understanding of the issues and a 

forum to establish the necessary standards. The maintenance and 

porting of codes must be made easier. That is the challenge that you 

must address. 

Again, welcome to the SSCL and HEPLiB! 

Have a productive 2 days, Thank you. 
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1 DEFINITIONS 

SO FAR ....... . 

Introduction to HEPLIB 

Harald Johnstad 

> A dream for a foundation of organized high energy physics 

software. 

> An informal forum or user group (peers) whose members are 

actively involved in the development, maintenance, and 

distribution of high energy physics software. 

TO BECOME ........ . 

> A formal and organized user group for the promotion community 

at large. 

> A maintained world library for high energey physics software: 

HEP institutions will subscribe to HEPLIB 

Members will submit code to HEPLIB 

Developers and maintainers are clearly defined 



> 

Quality Assurance and test procedures are enforced 

Availability and distribution methods are identified 

References and available documentation are identified 

Installation and test procedures are provided 

other ... 

World wide distributed lists of 

defined center(s) for support 

information exchange 

and distribution of 

with 

HEP 

software, including documentation, installation, and test 

procedures. 
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2 WHAT IS HEPLIB CURRENTLY ? 

> An initiative of "concerned scientists" thinking about how to 

organize high energy physics software world wide, with 

special emphasis on physics at higher energies and higher 

luminosities at new accelerators being planned 

> Miguel's CERN Program Library LISTSERV discussion list at 

CERNVM 

> A (newly established) Bitnet LISTSERV discussion list at 

UTDALLAS for the distribution of high energy physics sofwtare 

from the SSC Laboratory 



3 HISTORY. HOW DID WE GET HERE? 

> CHEP'87 Asilomar: 

Consensus for the need of: 

Shareable software 

standards 

Code management tools 

Coordination of efforts 

Distribution of software 

Support from large facilities 

> CHEP'89 Oxford: 

Paul Kunz, SLAC: 

"Today, in high energy physics, software is generally in a 

mess" . 

"As each new large detector comes online, the management of 

the software effort seems to be getting more difficult. This 

seems to lead to a conclusion that for the SSC we will have a 

major software problem." 
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Conclusion: 

"We need to understand the real causes of our current 

problems before we can find the real solutions." 

> Erice Workshop on Data Structures, November 1990: 

First proposal for HEPLIB. 

First committee: R.Brun (CERN), F.Carminati (CERN), 

O.DiRosa (CERN), H.Johnstad (SSCL), K.Leininger (FNAL) , 

J. Peters (DESY) , S. Protopopescu ( BNL) , F. Rademakers 

(CERN), J.Shiers (CERN), G.Word (SLAC), G.Xexeo (CERN), 

I.Zacharov (CERN), J.Zoll (CERN), W.van Leeuwen (NIKHEF) 

Conclusion: Call for a world user meeting on the HEPLIB 

idea. 

> CHEP'91 Tsukuba: 

Panel Discussion on HEPLIB 

Announcement of First HEPLIB User Meeting 

> First HEPLIB User Meeting, SSCL September 1991: 

here we are 



4 PURPOSE OF THE HEPLIB'9l MEETING 

> Formal organization of HEPLIB 

> Review current situation at major 

general, as well as specific on 

management, data bases, graphics, etc. 

HEP institutions in 

simulation tools, code 

> Discuss requirements from large collaborations, at Fermilab, 

SLAC, DESY, SSC proposals, early LHC collaboartions, etc. 

> Discuss strategy to find common grounds and 

the contents of high energy physics 

development, maintenance, and distribution 

organization of 

software, code 

> Discuss commitments for manpower and local organization at 

various institutions for support, documentation, 

distribution, etc. 
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5 FORMAT OF THE MEETING 

> A two-day meeting, one evening for contacts and discussions 

at dinner 

> Institutions represented 

> Agenda 

> Scope: Focus on general idea and purpose 

> Leave roam for discussions after talks 

> Social event: Dinner Thursday evening 



6 MINIMAL GOALS 

> Establish HEPLIB 

> Understanding of what people are expecting from HEPLIB 

> Draft organization 

> Form kernel committee 

> Agreement on announcement of HEPLIB to the HEP community 

> Draft framework for initial implementation of 

products 

> Not to many details on requirements at this meeting 

software 

> Agree on initial test-bed candidates of various complexity 

for surnbission to HEPLIB 

> Agreement on where to store world wide discussion lists 

(LISTSERV or other) 

> Establish time schedule and milestones 

> Estimate of manpower needed for HEPLIB to succeed 

> Decide on next meeting 

I I 
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7 LOGISITICS 

> Meeting Secretary: Joan Arruza, SSC Library 

> Other helpful people: SSC Library staff 

> Local Coordination: Phyllis Hale, SSCL Users Office 

> Computer terminals: Users area (Building 4) 

> Copy of transparencies: All speakers have been given colored 

folder with their name on it, one folder for each talk. Put 

your transparencies in the colored folder and leave for 

copying. The secretaries will make a master copy and then 

return the transparancies to you in the same folder. 

> A compendium of all talks will be mailed after the meeting. 

> Dinner is at Mialno's restaurant in Duncanaville on Camp 

Wisdom Rd. 



8 FIRST HEPIX MEETING 

HEPiX is a different user group being formed to focus more 

specifically on the sharing of experiences in the use of UNIX in 

the HEP computing environments. The first HEPiX Meeting will be 

held at Fermilab, September 23-25, 1991. An agenda is available. 
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H. Johnstad, SSCL, Chairman 

K. Amako, KEK 
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F. Carmina ti , CERN 

S. Frederiksen, SSCL 

w. Koellner, LBL 
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M. Marquina, CERN 
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HEPLIB'91 

List of Represented National and International Research Labs 

1. Argonne National Laboratory (ANL) 

2. Brookhaven National Laboratory (BNL) 

3. CERN 

4. Deutsches E1ektronen-Synchrotron (DESY) 

5. Fermi National Accelerator Laboratory (FNAL) 

6. IBM Federal Sector Division 

7. Lawrence Bereke1y Laboratory (LBL) 

8. Los Alamos National Laboratory (LANL) 

9. National Institute for Nuclear Physics and HEP (NIKHEF) 

10. National Laboratory for High Energy Physics (KEK) 

11. Oak Ridge National Laboratory (ORNL) 

12. Stanford Linear Accelerator (SLAC) 

13. Supercomputer Computations Research Institute (SCRI) 

14. Superconducting Super Co11ider Laboratory (SSCL) 



HEPLIB'91 

List of Represented Universities 

1. Florida State University 

2. Louisiana State University 

3. Moscow State University 

4. Pennsylvania State University 

5. University of British Columbia 

6. University of California Davis 

7. University of Hawaii 

8. University of Maryland 

9. University of Michigan 

10. University of Notre Dame 

11. University of Pennsylvania 

12. University of Tennessee 

13. University of Texas Arlington 

14. University of Texas Dallas 

15. University of Washington 

16. Yale University 

17. York University 
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HEPLIB'91 

Comments to the Meeting from Yoshiyuki Watase, KEK 

September 18, 1991 
Dear Harald 

I would like to make a few comments for the discussion at the 

HEPLIB meeting. 

Everybody agrees that the undertaking at CERN for CERN Library is 

a great success. Since their efforts shall be highly appreciated 

for the future, too, we should hear their opinion and suggestions 

for the HEPLIB activities. But, people think a collaboration for 

HEP library is necessary and not avoidable due to the world wide 

collaboration in HEP experiments and the other various activities 

in HEP. 

For making the meeting fruitful, we should discuss and come to 

agreement in the following subjects. 

1. Definision of HEPLIB What is HEPLIB? Which program is in 

HEPLIB ? 

2. Key laboratories for HEPLIB distribution and maintenance. 

3. Set up executive committee to coordinate the HEPLIB 

activities. 

4. The resultant agreements should be recognized in HEP 

community and the activities must be authorized by each 

laboratory organization. 

Have good meeting! Regards, 

Yoshiyuki watase, KEK 
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HEPLIB'91 

Inquiry Summary, Asilomar CHEP'87 

QUESTION 

Is shareable software useful to 
the HEP community 

Is it preferable to write HEP 
software in Fortran 

Should we have rules on how 
to write Fortran programs? 

Do we need source managmenet tools? 

Are you using any at the moment? 

Do we need tools which would 
interface to both a local editor and 
a source code managment system? 

Do we want to coordinate our efforts 
in HEP software? 

Should HEP Labs (CERN, SLAC, FNAL, .. ) 
support the HEP community with 
software? 

Should these facilities distribute 
software? 

YES NO 

98% 2% 

48% 30% 

80% 11% 

93% 2% 

52% 46% 

63% 18% 

93% 2% 

93% 2% 

96% 0% 

OTHER 

0% 

22% 

9% 

5% 

2% 

18% 

5% 

5% 

4% 







A Customer View of HEPLIB 

in a multi vendor environment. 

P. Lebrun 

Physics Analysis Tool Group. 

Fermi National Accelerator Laboratory 
Batavia, Illinois 60510, USA 
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Outline 

• Foreword 

• Some User's Remarks 

• User communities: Pluralism in HEP 

• Attempting to understand conflicting User 
requirements ... 

• Conclusions ( if i can ... ) 



Foreword: Am i really a User? 

~ Member of ,,' one of those, from the Comput-
ring Outfit .. " 

S But i also did change a few gas bottles at 
\E-687 .... 

A "User" is : 

• Not a Computing Expert ... 

• Affiliated with an HEP Experiment I or 
Theory group. ? • 

• I 
• Might become a developer, if ... 

- Is not happy with what he has, and/or 

- Has no money ... 

21 



A "grass root" reaction to H EP LIB 

Oh! You mean CERN LIB stuff ... 

Oh! I don 't know... 1'1/ tell you what the user 
needs : Data! r 

• 

Yeh, i use Randon number generator, occa-
sionally.. ~ , 

HBOOK3 was fine, why did you changed it ?? 
'o~A!) · 

We must have the most recent version of 

CERN as soon as it is available.. CDF can't 
run without it ! 

Not so easy to understand what they want ! 



Pluralism 

Styles &. Trends ... 

~ Commercial versus home grown Funds for 
software : Very limited for Universities, 
Existing for National Labs. 

__ Complete systems vs. specific tools 

~ H EP : The last frontier Let me do my own 
thing Or should be " serious professionals" 

~. User response to "needs" and new ideas 
Unpredictable !! 

(A" 0'- C'5 w"', N.~ I, MI~4cl r ... I, ) 
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e Is commercial software relevant ? 

• To HEP in general? Very few tools are 
HEP specific. For instance, Code Man-
agement has little to do with HEP. Data 
Acquisition Software? Histogramming .. 
HEP Monte-Carlo are truly HEP ... 

( WAS "' • ., 1'A.\lf ~: 'f.c.tMo ~. ) 

~ To HEPLIB ? How to we maintain and 
distribute" semi-commercial" tools? AVS 
library, LAb-View Virtual Instruments? 

CSlfIIJ 
, tv ~ L 1). b If" Gt • Q "., t: (,,~ "'~ EaetA, 

S· f.,.., ..... ., 



Conclusion 
) 

• User requirements are hard to get ! 

• They do have ( and want to keep ) mUl-
tiple sources for their software .. 

- Home-grown 

- Collaboration (SOC, GEM, E687 .. ) 

- HEPLIB 

- Commercial Vendor 

~ No matter what .. they want it cheap ! 

Integration of HEPLIB will be hard 
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s. Youssef 

Software Products from SCRI 

A data abstraction package for FORTRAN 
creates and manipulates typed "objects" including 
"universal utilities, " allocatable and virtual memories, 
Vo, machine<->machine translation, package and 
help system creation etc. [ TYPES] 

Detects errors in GEANT geometries due to overlapping 
daughters or due to daughter volumes not contained by 
their mother volume. [ GVerify ] 

Absorbs AutoCAD or VersaCAD DXF files into GEANT 
[OCTAGON] 

A data definition language for TYPES [ VF ] 

Translation from Zebra Banks to TYPES objects. 
Direct HBOOK histograms from Zebra FZ files. 

[ dZebrajdHbook 1 

Creates clustering algorithms from a simple detector 
desc~·iption. Optimizes clustering for chosen physics 
goals. [ CTool ] 

A general purpose scientific visualization package 
running on Silicon Graphics or IBM/6000 machines. [ SciAra J 

A parallel implementation of G EANT using CPS 
[ See Phil Rulon's talk] 
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TYPES 

o No preprocessing, calls to TYPES are 
in standard Fortran 

o It is easy to use bits of TYPES in otherwise 
normal programs. TYPES obje~ts can be 
put in Local arrays, in common ~locks, 
in Zebra banks, can be accessed from other 
languages. 

o In addition to TYPE specific operations, 
universal utilities e.g. CALL dDisplay(Q) 
or % ddisplay are very convenient. 

TYPES version 1.24 runs on 

V"AXNMS, DEC/Ultrix, Silicon Graphics, 
SUN, Cray/Unicos and IBM/AIX. 

It comes with -50K lines of source code, 
an on-line help system and a users guide. 
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Rwming GVerify 
Saul Y_r If 
SCRI 
November 1990 

GRANT GSAVE file (native format) 

GVExtract "&tracts" a GEANT Geometry 

Extracted Geometry Fi~e 

GVReduce 

Reduced Geometry File 

Removes Redundant Volumes 

GVSplit optionaUy splits Reduced 
Files for parallelronning 

Reduced Geometry File Reduced Geometry File 

GVerif)g Main Calculation 

GVerify Record 

GVerify Record 1----1 

c: => A GVerify Command 
'------'" A file 

GVSummary 
GVWarnings 
GVI11egals 
GVBadVols 
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I OCTAGON I 
VersaCAD 

AutoCAD 

I-DEAS 

CG 

Scan Object 

GEANT Mother 

Moctree 

GEANT Application 

c:::> : an Octagon command == : a rue (usually a Types object) 

Peter Dr,agoviuch 
John Womenley 
Saul Youssef 
SC-RI, Florida State University 
1991 

Graphics Metafile 

SciAn 
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SciAn 

V~rsinn o.lllK'ta 
Januarv 30, 1991 

A Tool for Sc-ientitk VisualiZdtion 

.-.,. --" 
wriHft'iliv 

Eric p~, Jim '-yons, ~nd John MIII1<1Y 

St.11.l('Roltlput~r l 'ompulations R('~ar<11 111';titut(' 
Horick! Stat~ lIniv('rsity. T .1I1.1hasst'('. j 1·li.\" 

s..,..r' .... by IJ. s ....... r-t_, of fnllrvY (: .... 11"( .. :' ,.. ........ r 
-fC85-Ir.if:.~. ",Is P".,.rnft I .. In th .. ,,,.hlle: "0"8 In • 
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VF: Vector Fonnat Language 

Saul Youlsef 
A VF program e.g.: SCRI 

[CADI. ! a zebra bankdelCription Florida State University 
[Element Count,Q. 1991 

1 

[Contentl. 

] 

-<Element Count} ! repeat "Element Count" timet 
[An element,« addrell,16).(value.I6»] 

<-- the VF compiler 

A VF object module 

User Application 

CADI bank: v(I), ... , v(nV) 

Types Object made from v(I), ... ,v(nV) 

% vfIib 

VF module 
library 

+ 
dZebra and 
other packages 
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dZebra I dHbook 

i, 

Saul Youael 
SCRI 
FlOrida State \JaW. 
1991 

Any Zebra FZ file A VF modtile library 

%dZToObj 

Types Objects in a file 

%dHTuple 

Standard HBOOK4 RZ file Standard Ntuple 



This is a VF description of the CADl zebra bank as 
taken from the .zeb file. dated march 6,1990 by Chip Stewart 
S.Youssef, August, 1991. 

[CAD1, .1 
[A Crate, 

[Header Length,I], 

NON PULSER format 
hard wired number of crates 

[Synch Word, «all on,16), (Level 1 Code,16»], 
[Controller Word, -

«ADC mode control,S), 
(BLS mode control,S), 
(No. ADC Cards -l,S), 
(Crate Number, S) 

> 
] , 
[Software Version Number, 

< (Increm.Version Number, 16) , 
(User Index, S), 

> 
] , 

(Junk, 6), 
(Monte Carlo?,l), 
(NWA 0 r DO?, 1 ) 

[Status/Vertex, < (Vertex, 16), (Status, 16) >], 
[Cards, 

'{No. ADC Cards -1}+1 
[A Card, 

[No.Words in this card,I1, 
[Card Data, 

'{No.Words in this card} 
[A Word,«Pulse Height, 16) , (Channel Address,16»] 

53 



CTool: Clustering Toolbox 

ASCII Detector Description of the form 
Logical Numbering: XJ;r. position e-l. 

Dong Xiao 
Saul YOUIIIef 

seRI. FSU 
AuaUIt 1991 

My Detector 
1 1 1 : 0.0 0.0 0.0 
2 1 1 : 0.0 1.0 0.0 

User Pl0gram 

1 3 S6: 10.0 20.0 30.0 
88: -1.0 -1.0 -1.0 

CtMakDet 

+ 
Detector Object 

CTool C C Events' , 

Initial Clustering Parameters 

CtOptClus 

CtUMerit I <- User defmed uGoodnessu 

of the clustering of the events 

c:=J User Supplied program 
c=:> CTool commmi == A file: usually a Types object 

e-l. # electronl found 

Optimal Clustering Parameters 



'0; 
/ 

Method of Software Distribution 

To get TYPES on machine XXX = 

\ 

aix (II3~J\l}() 
cra (Cray/Unicos) 
sig (Silicon Graphics) 
sun (SUN/OS) 
ulx (DEC/Ultrix) 
vax (DECjVMS) 

(a) Copy all the files from 46426::disk$sysl:[youssef.types.XXX] 

(b) % source XXX_inst1.com or @XXX_instl as appropriate 

For any TYPES based package e.g. GVerify. VF. Octagon etc. 

(a) Copy the appropriate cc .pac·· ascii package file e.g. 

46426::disk$sysl:[youssef.vf]vflO.pac 

(b) % dupackag 
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REPLIB Ideas 

What problem are we trying to solve? 

Purpose: To give the HEP community knowledge 
of and easy access to useful software 
from both inside and outside of REP. 

This includes 

o Distributing software, documentation 
and instructions for getting software 

o Reviewing software developments inside 
and outside of REP 

o Collecting user experience and transmitting 
this to the authors 

o Establishing standards when needed 



HEPLIB Subject Areas 

o Accelerator Simulation 
o Analysis and Data Reduction 

o CAD/CAE Systems 
o Computer Hardware and Benchmarks 
o Data Bases 
o Detector Simulation 
o Event Generators 

o Graphics, Visualization and User Interfaces 

o Languages, Parallelism and Data Structures 

o Mathematical Software 
Including Symbolic Math., Linear Algebra, Integration, Statistics 

o Networking, Email, Remote Conferencing 
and Software Distribution 

o Particle Properties and Cross Sections 
o Software Engineering 

Including Code Management, CASE tools etc. 

o Text, Hypertext, Hypermedia, Editors 
and Typesetting 

o Theoretical calculations, Field theory, 
Lattice Gauge Theory 
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High Energy Physics is not yet possible 
on other Planets ! 

We have a serious responsibility not to 
be exclusive. 

HEPLIB should represent the entire world 
HEP community including all nations. 
laboratories and universities. 



Prime Directive: HEPLIB must accept all software 
which might be generally useful 
in the community. 

I think that HEPLIB as an organization should 
not attempt to write or support software packages. 

This is too much of a distraction and it is 
(in my view) not really the problem that we are 
trying to solve. 



A Possible Organization for HEPLIB 

(a) A users group consisting of anyone 
who wants to join 

(b) One "Editor" for each subject area. 
Editors are chosen for their expertise 
and to represent the whole REP 
community. 

Maintaining access to software and/or instructions 
for getting software in their area. 

Collecting user experience and Reviewing developments 
in their area. 

(c) A Managing Editor 

To coordinate the editors. To call and chair meetings 
of the editors and user group. To organize the 
HEPUB Journal. 

Editors and the Managing Editor could have a two year 
term(?). How should the editors be chosen? 







SDC AND HEPLIB 

HEPLIB '91 

L. E. Price 
Sept.ember 19~ 1991 

~I 



The SDC Detector 

• ~fajor. general-purpose detector for the sse 
• 2T Solenoid magneL r=1.7m. 1=8m 

• Tracking: Silicon strips plus straw PWC or Fiber central 
tracker 

• Scintillating tile/\VLS fiber calorimetry 

• Complete muon system 

• ~ 106 electronics channels 

• > 100 institutions, > 700 physicists, > 10 countries 

• A. pproved in December, 1990 to proceed to a full proposal 
in ~\pril, 1992 



· Forward calorimeter 

Muon tracking chambers 

Central calorimeter 
Superconducting solenoid 

Central tracking 

FIG. Overail view of the soienolri detector. 



Current SDC computing: simulation for de-
tector design. 

• Draws heavily on common HEP software. especially from 
CERN 

• SDCSIlv1 

GEA . ..'\T 

KelP 

HBOOK 

ZEBR)_ 

P.A.TCHY /CMZ 

CPS 



The SDC computing task 

• T.. .. p to 1 megabyte per event 

• 'l-:p to 100 events/second 

• Reconstruction and analysis requires 10'S - 106 VlTPs 

• Storage requirements: up to 1000 TB (1 PB) / Year 

• Cp to 100 :.IB/sec writing speed 

• The data storage and access requirement is thought to be 
much ha:-der to meet than the processing requirement 



• :\lajor soft\vare components 

Run control 

System monitoring 

Data 1110nitoring 

.. Online database 

.__ Online~ser interface/display 

Triggering 

, Storage manager/database 

Reconstruction (near online) 

A.nalysis 

~ S"'o:cage manager/database 

(- :3er interface 

Hi.stogrammiilg/ displays 

/J e....; 
"-

I . .r 

#... COll1puting resource manager 

Sources of software 

• \Vrite ourselves 

• Commercial 

• HEPLIB 

. ..--. 



Does SDC need HEPLIB? 

• :'1uch ne\v software is needed that could be shared with 
other experiments 

• \Ve will try to use commercial softvlare where possible, 
but ... 

Buying licenses in large multiples is often prohibitive 

Some HE? requirements are unique 



How would SDC contribute to HEPLIB? 

• Ideally, SDC (and SSCL) would develop a portion of the 
new soft¥.;are needed, getting some of the remainder from 
other HEPLIB Hcontributions 

• SDC already working on data storage and access problem 
with help from US High Performance computing and Com
munications initiative (HPCC) 

• One challenge is to coordinate distributed software devel
opment closely enough that detectors can reasonably count 
on software they plan to use from others. 
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Figure 1 The High Pcrforrnance Computin~ 
and Commu,nications Program 

Goals: Strategic Priorities 
Extend U.S. technologicallcadership in high performance computing and 
computer communications. 

Provide wide dissemination and application of the technologies bolh 10 speed 
the pacc of innovation and to sCrVe the Jl3tional economy. national security. 
education. and thc global cnvironment. 

Spur gains in U.S. productivity and industrial competitiveness by makIng high 
performance computing and nctworking technologies an integral pan of the 
design and production process. 

Strategy: Integrating Priorities 
Suppan solutions to imronant scientific an<.hcchnical challengcs through a 
vigorous R&D cITon. 

Reduce the unccnaintics 10 industry for R&D and usc of this technology 
through incre3scd cooperation between govemmcnt. industry. and universities 
and by the continued usc of government and government-funded facilities as a 
prototype user for early commercial HPCC products. 

Suppan the underlying research. network. an<.l computational infrastmcturcs 011 

which U.S. high pcrfomlancc computing teelmo)ogy is based. 

Support the U.S. tmman r~~ourcc ha~e to me~: the nccd~ of indust!"y. 
universities, and govcmmcnt. 

Program Components 
High Performance Complllin~ Syst~ms 

Rescarch for Future Gelleratiol1s of Computillg Sy\ICfl1.\ 

System Dc~igll Tools 
Advanccd Prototype Sys1ems 
E\'JhIJIIOn of Early SY~lem<; 

Achancrd S(ln\\'are Trchnolo~v and AIJ!orithms 
Sofl\\'<lrc Suppon for Gr.md CllallclI~cs 
Soflwarc Componcnl~ and Tools 
Compllt;lIion~J Tcchni()lIcs 
Hi~h Pcrfonllance Complltill:,! Rcse:m.:h Cellters 

National Rr~earch and Education Network 
IlItcrJgcllcy IJllerim NRE:--': 
Gl~abils Rese;m.:h ;md IXvcloPIIlCIII 

Basic Re.~earch and Human Resollrn's 
Basic Research 
Research Panicipatioll alld Training 
Infrastmctllre ' 
&llIcJtion. Training. and Cllrril:Ultllll 

.... 
-.1 -
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Principles 

• YIodularity (Interface specifications?) 

• Portability C\Vhat platforms?) 

• Documentation 

• Proposals for planning use 

• Revie'\\r-~uggest ways to make planned soit'\vare more gen
eral 

• Support and maintenance 

• Core organized around large accelerator laboratories \vith 
programs to support 

Getting going 

• A Inulti-illstitution~ rnulti-continent organization that \vill 
:neet all requirenlcnts may not be possible 

• But \ve Sh0121d make every effort at this meetj:lg to set LIp 
an organizatior: that \vill try to make it \vork 

• vVe have talked for several years_ This meetiI?-g is the best 
opportunit~\· "'·\-e \vill have to bring HEPLIB into reality 

• \Ve should iea\"e \vith some action plan 
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Overview of Physics Software 
atKEK 

Katsuya Amako 

(Physics Dept., KEK) 

HEPUSYI1 
s.ptember 19, 1l1li1 

SSCL, T-. U. So A. 



100 rn 

Photon 
Factory 

2.5GeV 
Llnac 

TRISTAN Experiments 

N 
+ -TRISTAN: e e Collider 

EnJaX 64 GaV em 
max 31 -2-1 

L = 1.4 x 10 cm s 

Date Experiments Started : Dec. 198f 

Major Experiment Groups 
VENUS ( .... 75 Physicists, 18lnstitutes) 

A Magnetic Spectrometer with 
Large Angular Coverage. 

TOPAZ (-70 Physicists, 12 Institutes) 
A Magnetic Spectrometer with 
a Good Particle Identification. 

AMY ( .... 100 Physicists, 20 Institutes) 
A Compact Magnetic S~ctrometer 
with Strong Magnetic Field. 



KEK Oat. Handling Center 

TRISTAN Computer System 

from 
TRISTAN 

FACOM 

Expertment Halls BITNET Machine 

KEKLAN 

Central Computer System 

HITAC 

HEPNETNode 

(VAX8530 ) 

.... _1 .. 



Major Machine 

Interactive 
Environment 
Programing 
Language 

Code 
Management 

Coding Rule 

Memory 
Management 

Graphic Tool 
Library 

Data Base 

Programing Environment 

VENUS 

FACOM 

NEWLIB 

TOPAZ AMY 

FORTRAN 
Assembler 

No Special Tool 

Yes 

ZBOOK 

UGS2 

FACOM, VAX 

PFDE, NEWLIB 
VAXfVMS 
FORTRAN 
Assembler 

No Special Tool 

Yes 

TBS 
(Tristan Bank Sys.) 

UGS2 

CERNLIB (Partially) No CERN LIB 
SSL II SSL II 
Coded by Group Coded by Group 

FACOM, VAX 

PFDE, VAXfVMS 

FORTRAN 
Assembler 

VAl(,ICMS 

Yes 

TBS/AMY 
(Tristan Bank Sy.) 

UGS2 

CERNLIB 

Coded by Group 



Framework 

Shower Handling 
Electromagnetic 

Hadron 

CPU Consumption 

Bhabha 

Hadron 
Muons 

Detector Simulator - Tool 

VENUS 

Coded Originally 
Basic techniques 
-> Adopted GEANT 

(ver.2, 1982) 

EGS4 

Parametrization 
(based on test beam) 

20 sec 

3.5 sec 
0.4 sec 

TOPAZ 

Coded Originally 

EGS4 
Frozen Shower 

(in Barrel Cal.) 

GHEISHA 

2.8 sec 

4.0 sec 
0.2 sec 

AMY 

Adopted the 
TOPAZ's frame 

EGS4 

GRANT 

200 sec 
(STow version) 
10-20 sec 

0.2 sec 



Physics Analys's - Tool 

VENUS TOPAZ AMY 
.,--,-,. __ .. '--,_._--, '-- --_. -_._-------------------

Histograming HBOOK HAN DYPAK HBOOK 
HBOOK 

Plotting GRHIST DIS/TOPAZ HPLOT 
(Ortglnal package for TOP DRAWER PAW 
VENUS usage) TOP DRAWER 

Fittinw GRHIST MINUIT MINUIT 
Minimization MINUIT DIS/TOPAZ PAW 

Documentation LaTex LaTex laTex 
PHYZZX PHYZZX PHYZZX 
MAC MAC MAC 
(ATF) (ATF) (Runoff) 

~.~ .... ~ ... , .. ~ ... --..... -~-. ....-- .... -.~.~.---.. -- ----~- .... ~-------.~.-.~ ... -.... -.---.~ .. ---~-.------
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HELPLIB In TRISTAN Age 

1. In the age of TRISTAN, each experiment group in KEK 
developed and maintained its own HEPLIB. Therefore, the 
view point of a unified HEPLIB environment, the HEPLIB 
environment in Japan was chaotic. 

2. Possible causes of this situation are 
- each group has its own history in software, 
- egoism of each group, 
- there was (is) no unified HEPLIB environment, 
- shortage of manpower in the KEK computer center, 
- e.t.c. 



Major Japan HEP Projects in Future 

Donlestic Projects 

- Asymmetric B-factory at KEK 

e + e - Collider 
Luminosity 

- JLC (Linear Collider at KEK ) 

e + e - Collider 
Luminosity 

International Collaboration 
-SSCJSDC 

p p Collider 
Luminosity 

8 GeV x 3.5 GeV 
34 -2 -1 1 x 10 cm sec 

750 GeV x 750 GeV 
3 x 1033cm -2 sec-1 

20 TeV x 20 TeV 
33 -2 -1 1 x 10 cm sec 



UNIX Environment for SDC/KEK 

OECstation OECstation 
50001200 50001200 

~ 
IRIS 40J220S 

L.::~::~: .:1 

IRIS 40J220S 

-fl 

OECstation OECstation 
50001200 5000/125 

I~I 
•• ~I 

CPU Server 
-250 MIPS 

- March '92 

_____ •.. _, ____ ---4 __ •• ___ _ 

OECstation 
5000/125 

File Server 
5 GByte 

NSF Mounted 



HEPLIB for SDC/Japan 

Principle of Organization 
Provide the same environment as in 
SSCL. 

Present Structure of the Library 
/usr1/machine_nameflib 

/cern 
/geant 
,Ii nit 
flund 
/cmz 
,lisajet 
/pgeant 
/cps 
/herwig 
flistserv 
/sdcshell 



Management of HEPLIB for SDC/Japan 
(Adopted the suggestion by H. Johnstad) 

:3 Separate Marlagerllents 
1. Generic (Manager = Y. Morita: KEK Compter Center) 

CERNLIB 
CMZ 
PATCHY 
INIT 
Documentations 

2. Physics (Manager = Y. Takaiwa : KEK Physics Dept.) 
ISAJET 
LUNDjPYTHIA 
HERWIG 

3. SDC Specific (Manager = Y. Takaiwa : KEK Physics Dept.) 
SDCSHELL 
PGEANT 

(Contact Person = K. Amako : KEK Physics Dept.) 



HELPLIB in Future HEP Projects in Japan 

1. Related to the future HEP projects in Japan, there is a need 
among the HEP community to have a unified HEPLIB 
environment, because these projects are all international ones. 

2. SDC group in Japan decided to utilize CERNLIB because the 
SDC software at the present stage is based on it. 

3. The SDC group in Japan pushed the KEK computer center to 
support officially CERNLIB, and some amount of the manpower 
is available now. 

4. During the discussions of how to support CERNLIB at KEK, one 
of the hottest issue was whether it should be done through 
CERN or SSCL. 



Summary 

1. In the age of TRISTAN, each experiment group in KEK 
developed and maintained its own HEPLIB. Therefore, the 
view point of a unified HEPLIB environment, the HEPLIB 
environment in Japan was chaotic. 

2. Related to the future HEP projects in Japan, there is a need 
among the HEP community to have a unified HEPLIB 
environment, because these projects are all international ones. 

3. The HEP community in Japan will contribute and support the 
effort to establish a unified HEPLIB environment if it is 
organized in concrete way in the present meeting. 
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The DESY prograa library consists of the following libraries: 

FOITIAI elialect Language Source library Loael library 

IB" VS FOITiAI 77 FVS IOIUTL.DESY.S SYSI.DESY.LFVS 
Sie .. ens FOITlAI 77 F17 IOIUTL.DESY.S SYSI.DESY.LF77 
FORTIUN IV 

.. 
ACCTNR 
BCDSN 
BLKLET 
CALDAT 
CLEAI 
CTOUP (anel CTOLO) 
DECODE 
DELAY 
D"POT 
DOIlGTB 
DSATTIl 
DSNABS 
DSNFDD 
DVECSB 
DYNA" 
FNOR" 
FRECOR, GETCOa 
FR.FONT 
FSBEG 
GETPAIl 
BOLID 
HSQRT 
IDSTL 
INITFORT 
ITRACE 
JBWTOR 
JOBNAM 
JUHR 
KONTF 
KVR.4CH 
"ED IAN 
MODELL 
MEP 
NAPACK 

BIE ROIUTL.SOuaCE(O) SYSI.DESY.LHXE 

Get account nuaber fro.. JOB stat .. ent 
Is DS. a backup elata set naae ? 
Generate block letter text 
Calenelar elate conversion package. Please see 
Clear screen 
Convert text to upper (lower) case 
Fast unpacking of integers fro.. 16 bit worels 
Delay executing program 
R.aise a aatrix to an integer power 
Convert DSOR.G bits into character foraat 
Proviele elisk elata set attributes 
Construct absolute naae of a GDG elata set 
Finel elata set naae from DDname 
Vector manipulation package 
Dynaaic allocation of files 
Gauss elistributeel ranelo .. numbers 
Storage .anagement 
Decoele text for special font types 
Full screen package 
Get PAR.M fielel elata from EXEC statement 
Calenelar with holielay information 
SQR.T(l + A) - 1 
Aelelressing of storage obtaineel with GETCOR. 
Initialize FOITRAN environment from Pascal 
Traceback of routines calling this one 
Stop a job by operator intervention 
Obtain job name anel step naae in batch job 
Guarel against CPU time overflow 
Inform about present Quota ("Kontingent") 
Number conversion package 
Mean value anel variance of sample 
Which machine is this job running on ? 
Mean value prograa 
ComaunicatioD NEWLIB Clist - calleel prograa 

1:" 



NEUTON 
--. NEWLIB 

QINT 
QTIMEIl 
lD27E 
IlAN 
IlECn1S 
IlGAUSS 
1H 
SOLVE -.. SP" 

-d> SPLCOF 
-w SPLDEIl 

TIMFAC 
TMLOG 
UNIFIT 

-.. V AIlGET, VAlPUT 
VECSUB 

-.. VECTOP 
WHICH 
ZTOBL 

+ "'FIT fC\A hCAeS 

+ Gep 

+ :Bos 

+ 'F>C.M 

(+ e)(fen lAAe",,+ 

T'~ACL( 

Loo l.( 

• • • • • 

S~ultaneous non-linear equations 
lecursive calion NEWLIB 
Multiple numerical integration 
T~ing information including vectortiae 
Fast reading of V, VB, or VBS data sets. 
Two nev pseudo random number generators 
Convert lECF" bits into character foraat 
Grid points a weights for Gauss integratioD 
lando. nuaber generator 
Least-squares fitting 
Saoothing of noisy data 
Deteraiaation of spline coefficients 
Diff./lnt. of spline functions 
CPU t~e factors for DESY central computers 
T~e usage analysis 
Fitting prograa 
Co .. aaic. NEWLIB Clist - called prograa 
Four-Vector manipulat ion pac}:age 
Four-Vector IDanipulation pac}:age 
Which aachine is this job running on ? 
Coavert hex zero into blank character 

tv. ~\obQ.l) 
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xt.. 

IOlUTL.FIT.S source 

IOlUTL.FIT.LFVS load IB" VS FOITlAN 77 
IOlUTL.FIT.LF77 load Siellens FOITlAI 77 
IOlUTL.FIT.L4 load FOIT1AN IV (BXE) 

IOlUTL.FIT.DOC docWlentation 

Overviev on FIT progr ... 

_are ge.eral: 
"INUIT poverful, _any option. 

VALLEY .~le to u.e 

"LFIT derivatives not required 

MliJU.IT 

\I ALLEY 
MLrlT 

special. but faster: 
SOLVE needs derivatives SOLVE 

function fitting 
UNIFIT no user prograat necessar~ 

Constrained least squares fitting 
COlLES general package, uses Lagrangian Ilultipliers 

Co~ L.e:S 

IDI 
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List of fit progr ... : 

1) fit progr .. 
what is it? 

doco.entation 
more doco.entatioa: 
examples 

2) fit program 
what is it? 

documentation 
examples 

"INUIT 
It is a minimizer. which can be used for 
le.st square fit. or maximo. likelihood fit. 
It is very powerful. ver~ sophisticated. 
k.s .any options. produces lots of printout. 
You can plot contours of likelihood. 
You DOI'T have to calculate derivatives. 
(but you aay do so - in order to gain speed). 
Also extended maximum likelihood method can be 
applied. 
IOIUTL.FIT.DOC("INDOC) 
IOIUTL.FIT.DOC("INGUIDE) 
'"INUITI. '"INUIT2. '"INUIT3. '"INUIT4 
on IOIUTL.FIT.DOC 

VALLEY 
It is • ainimizer. which can be u.ed for 
le.st square fit. or maximo. likelihood fit. 
You DON'T have to calculate derivatives and 
in this respect it is similar to "INUIT. 
It is simple to use. has however not the many 
options of "INUIT. 
vri~eup by V.Blobel. See FIT folder 
,VALLEYI 'VALLEY2 on ROIUTL.FIT.DOC 

------------------------------------------------------------------------
3) fit prograa 

what is it? 

ML- --, , 
• ,I I 

docUllentation 
examples 
NOTE 

"LFIT 
It is a minimizer. which can be used for 
.least square fit. or maximum likelihood fit. 
In case of maximum likelihood fit it uses 
poisson statistics. 
The calculation of derivatives with respect to 
the par .. eters is not necessary. but possible. 
to gain speed. 
writeup by V.Blobel. See FIT folder 
'"LFITt. '"LFIT2 on IOtUTL.FIT.DOC 
GEP is using "LFIT for interactive fitting. 

------------------------------------------------------------------------



4) fit program 
what is it? 

docuaelltatioll 

5) fit prograa 
what is it? 

documentatioll 

examples 

6) fit prograa 
what is it? 

LC~Lt. S 

documentatioll 

SOLVE 
It is a minimizer, which can be used for 
least squares fit. 
You have to calculate derivatives with respect 
to the parameters. 
lee YELLOW Ii-INFO (part C,page 17) 

UNIFIT 
UNIFIT is doing least square fits , using SOLVE. 
This program was written for the occasional 
fitter who wants to fit simple functions like 
polynoaials, or expollentials, or gaussians. 
You can choose among a few functions by giving 
an illdex. 
You don't have to write the FOITIAN codillg of 
the function you want; you dont't have to 
calculate derivatives. 
UNIFIT also prints a small drawing. 
writeup by D.Lueke, 
see Fit folder 
or YELLOW Ii-INFO (part C,E201,page 19) 
.UNIFITl on 101UTL.FIT.DOC 

CONLES 
Pac};age of programs for constrained least 
squares fits. It allows up to 20 constraints to 
a set of up to 50 parameters. The standard 
technique with Lagrangian multipliers is used, 
derivatives can be calculated numerically. 
Typical applications are kinematical fits. 
writeup by V.Blobel. See FIT folder 

------------------------------------------------------------------------

ID.~ 
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CE"Rt.J LIB 

CIL LiDe 1 OLD-PRO-NEV Line 
________________________________ 1 ___________________________________ _ 

Every library corresponds 1 From the CNL Line libraries there 
to a CNL version. 1 are copies for 3 generations. 

1 Using the following names the user 
1 does not need to change his JCL. 

--------______ 1 ______ -.------------
1 "-->" indicates the relation 1 

-------------______ 1 ______ ---------------------_____ 1-_______________ _ 
1 

R01UTL.CEIX.suffix .) --) IOlUTL.CERN.OLD.suffix 
R01UTL.CEIX.CIL200.LIB.suffix --) IOlUTL.CERN.PRO.suffix 

I'R01UTL.CEU.CIL201.LIB.suffix --> R01UTL.CERN.NEW.suffix 
r 

Ver SiOtA.S 

1~~1/M\j.s moclifi CQ. hOlA Q.ud. (l.cJ.. a. " -bo IlL 
t develop ~e\A. t 

'lAX. {of'! t-0~ eEl< tv 

:"J. V1. t x ftr {rOM CERtv bOI!A.a. r I' file.s 
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OVERVIEW OF PHYSICS 
SOFTWARE AT LBL 

Werner Koellner 
Physics Division 

Lawrence Berkeley Laboratory 

HEPLIB'91 
sse Laboratory 

Dallas, TX Sept. 1991 

/D7 



Introduction to the LBL Environment 

A non-single-purpose Lab 

General Computing Support: 

Project-specific Support: 

Software Support: 

Available primarily for 

DEC and SUN 

platforms 

Available at desired or 

required levels only via 

recharging of costs. 

Graphics: GKS (ATC) 

013000 

DISSPLA 

TELLAGRAPH 

NCAR 

Math: IMSL 

NAG 

MATHEMATICA 

Visual: AVS 

HEPLIB'91 
sse Laboratory 

Dallas, TX Sept. 1991 



Software Support: 
(cont'd) 

Rssssrcih -orns nftsd 
S©fftwsrs 

provided by individual 

divisions and/or groups, 

e.g. CERN Libraries 

Genome Research 

HEPLIB'91 
sse Laboratory 

Dallas, TX Sept. 1991 

109 
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Physics Division Computing Management 

semi-independent 

loosely coordinated with the Computing 
Science Division 

own software management and support 

own software and software tools development 

own User Account management 

own disk management, own archival backup 

renting 4 RA 90's @ 1.2 GBytes 

5 SI's @ 1.7 GBytes 

(total 13.4 GBytes) 

shared own workstation management 

HEPLIB'91 

25 VAXStations 

75 Macintoshes 

16 IBM PC's 

17 SUN Workstations 

some others 

sse Laboratory 
Dallas, TX Sept. 1991 



Physics Software at LBL 
manpower: 

"imported": 

1 1/2 FTE management/programming 

occasional temp. help 

Research Staff programming support 

CERN Libraries (VAX/SUN) 

pre-releases (no pro vers) 

feedback to CERN 

support for ATC GKS 

PATCHY, CMZ (VAX/SUN) 

CERN-maintained/distributed 

HEP Software (VAX/SUN) 

other utilities: UGS 

TOPDRAWER 

EGS 

FOR_STRUCT 

SWING 

MORTRAN 

HEPLIB'91 
sse Laboratory 

Dallas, TX Sept. 1991 

I J J 



liZ. 

locally developed (and exported) 

DISPLAY 

project-specific: 

DISPLA Y5 (with DO support) 

MMS/CMS custom interface 

CMS action-triggered 

rebuild of Obj Libraries 

Coupled with IRIS 

platform-independent MAKE 

I R IS (Information Retrieval) 

JY411 

CALC 

customized EOFOR 

TPC Libraries 

DO Libraries 

CDF Libraries 

SOC Libraries (VAX & SUN) 

NEWS faCilities (DO, TPC, SOC) 

HELP facilities (VAX HELP) 
(SUN man entries) 

HEPLIB'91 
sse Laboratory 

Dallas, TX Sept. 1991 



current/new development: 

B-Factory software and software 
tools development 

DISPLAYS port to UNIX 
use HIGZ 

Modular and machine-
idependent Monte Carlo 

HEPLIB'91 
sse Laboratory 

Dallas, TX Sept. 1991 

113 
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NEWS OF PHYSICS LIBRARIES 
Wemer Koellner 

• GENERAL INFORMATION 
Object libraries, SOUTce files, and other files and proce
dures thought to be useful are being maintained at 
varying levels. Various CERN '1ibraries" make up the 
major part of this collection. In general, the newest 
releases or pre-releases are offered as default versions for 
general use. Please let me know if some package, which 
may be of substantial interest, is not available. 

• CERN LIBRARY PROBLEM HANDLING 
Users are encouraged to report problems or questions 
regarding CERN libraries, by writing to one of the 
following discussion lists, or to me 
(WOKoellner®lbl.gov): 

LP AW@CERNVM.BITNET __ •.• _ (about PAW) 

LGEANT@CERNVM.BITNET •. _{about GEANT) 

HEPLIB@CERNVM.BITNET ...... 
....... (about CERN Library codes) 

You may also subscribe to any of these discussion lists 
by sending an electronic mail message containing the 
single line 

SUBSCRIBE <list> <your full name> 

(list being one of the above) to 

LISTSERV@cernvm.cern.ch 

Copies of the various discussion mails are available in 
CERN$INFORM: 

LGEANT.LOGyymm, 
LPAW.LOGyymm, 
LGEANTyymmdd·.NOTE, 
LPAWyymmdd·.NOTE, and 
HEPLIByymmdd· .NOTE. 

Your problem may be among these discussed. 

• CERN LIBRARY USER LISTS 
Users who ",ish to be alerted whenever I rebuild the 
default GEANT or PAW libraries or update other CERN 
Libraries may register by sending me a request. 

• WHAT'S AVAILABLE 
Some or all of the following packages are available on 
supported platforms. Specific information may be 
displayed online by typing 

HELP <package name> 

(on CSA) or via available man entries (on Sun or 
STARDENT), or by typing 

HELP @PHYSICS_UTILITIES 

(on CSA) and choosing the desired subtopic. Additional 
information, particularly regarding CERN packages, 
may be found in the CERNSINFORM directory area. 

CERN UBRARIES: 
CMZ ......................... I Code Maintenance 
COJETS .................... I pbar-p Monte Carlo 
DZEDIT ..... _ ............. I Zebra Bank Doc/Display 

System 
GARFIELD .••.••..•.••.. I Drift Chamber Simulation 
GEANT .................... I Detector Design 
EURODEC/JET ...... I pbar-p Monte Carlo 
GENUB ....••.....•...•.••. I General Library 
GRAFUB ................. I Graphics Interface Package 
HBOOK .................... I Histogram Package 

(in PACKL1B) 
HERWIG .................. I hadron Monte Carlo 
HPLOT ..................... I Plotting Package 

(in GRAFLIB) 
ISAJET ...................... I pbar-p Monte Carlo 
JETSET ...................... I Lund Monte Carlo 
KERNLIB ................. I General Library 
LUCIFER .................. I Lund Monte Carlo 
MINUIT ................... I Fitting (in P ACKLIB) 
PACKLIB ................. I General Library 
PATCHY .................. I Code Maintenance 
P A WLIB ................... I PhYSics Analysis 
PDFLIB ..................... I Parton Density Functions 
TWISTER ................. I Lund Monte Carlo 
ZEBRA ..................... I I/O & Memory Mgt. 

(in P ACKLIB) 

FILE TRANSFER: 
ZFTP ......................... I Transfer between Sun, V AX, IBM 
TELNETG ................ I HIGZ Graphics on remote hosts 

OTHER PACKAGES: 
CALCULATOR ....... I Fancy HPCalcuIator 
DISPLA YeS) ............. 1 HBOOK/HPLOT 

Histogr. Manipulation 
FOR_STRUcr ......... I Source Code Structuring 
EGS ........................... I e+e- Monte Carlo 
JY411 ........... _ ............ 1 CAMACDrivers 
MORTRAN .............. I FORTRAN Preprocessing 
PROBE ...................... I Examine Object Libraries 
SWING ..................... I Directory Management 
TOPDRA WER ......... I Plot Processing 
UGS .......................... I Unified Graphics Package 

LBL COMPUTING NEWSLETTER 
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• NEWS 

ONUX5 
and 

STARDENT 

OZEorr, a new ZEBRA Bank Documentation and 
Display System, has been installed. See man dzedit; for 
a user manual see Ed Sheena (xS176). 

New versions of the ZEBRA manuals "FZ" and "oIA" 
have been received. Please see Ed Sheena (xS176) for a 
copy. 

The effort to support GEANT (and PAW), with X11 
graphics on STARoENT is still in progress. 

eLASTMONTH 
". GEANT and CSPACK Manuals in LaTeX format 
". Parton Density Function Library (see man pdflib) 
". PATCHY, etc., installed (see man patchy) 
". ZEBRA File Transfer Utility, ZFTP (see man zftp) 

• GENERAL INFORMA nON 
More detailed information about the maintenance status 
of all libraries can be found in the CSA section. 

Selected CERN Libraries are available on UXS and on the 
ST ARDENT computer, and may be copied to Sun 
SP ARCStations. 

Currently, the following man entries serve to give details 
about status and use of available packages: 

mancemlib 
man dzedit 
mangeant 
man herwig 
man isajet 
man jetset 
manminuit 
man patchy 
man paw 
man pdflib and 

manzftp 

The path to the CERN library area on UXS and 
STARDENT begins with 

/home/uxS/uxSc/phyd/cern 

All files that are common to both UXS and Sf ARDENT 
are downstream from subdirectory "sun" while those 
unique for Sf ARDENT are downstream from 
subdirectory "stardent". I suggest that you set the 
environment Variable CERN_ROOT: 

setenv CERN_ROOT lhomeluxS/uxSclphyd/cem 

VoL 28, No. 9 - September, 1991 

Then you find all files in 

$CERN_ROOT/aun/*. 

Versions of files that are different for the Sf ARDENT are 
in 

$CERN_ROOT/atardent/*. 

In linking with any library, just specify 

-~<~ibrary> 

where <~ibrary> is one of the strings listed under 
"LIBRARY'" below. 

On Sun machines, ATC-GKS and XII are the supported 
graphics interfaces for CERN programs with graphics. 
Information about linking with these graphics packages 
can be gleaned from 

man paw or 
man qeant. 

The following libraries are available in 

$(CERN_ROOT)/.un/~ib. 

Most of these are also available in 

$(CERN_ROOT)/stardent/lib. 

UBRARY PACKAGES 

dzdoc ............. dzdoc (for dzedit) 
geantlib .......... geane, geang, geanh, geant, 

geanx 
genlib ............. gen 
graflib ............ hplotS, higz, gkspack 
herwig ........... webber LUND Monte Carlo 
isajet ............... p-p, pbar-p Monte Carlo 
jetset73 ........... LUND Monte Carlo 

(Jetset73 + Pythia55) 
kemlib ........... kemgen, kemnum 
minuit ............ minuit 
packlib ........... cspack, epio, ffread, hbook4, 

iopack, kapack,kuip, minuit, 
zbook,zebra,zcedex 

pdflib ............. pdf 
pawlib ............ paw, comis, sigma 
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~ VoL 28, NO.9 - September, 1991 

eNEW~ 
DZEDIT, a new ZEBRA Bank Documentation and 
Display System, has been installed for both GKS or XII 
graphics. For a user manual see Ed Sheena (,0176). 

New ve~ions of the ZEBRA manuals "FZ" and "OIA" 
have been received. Please see Ed Sheena (,0176) for a 
copy. 

Recently installed: 
CSPACK Ve~ion 1.19/05 .... (inCERNSPACK_UB) 

COMIS Ve~ion 1.11/04 .... (in CERNSPAW_UB) 
FFREAD Ve~ion 3.10/02 .... (in CERNSPACK_LIB) 

HBOOK4 Ve~ion 4.12 .... (in CERNSPACK_LIB) 
HERWlG Ve~ion 5.03 .... (in CERN$HERWlG_LIB 
HIGZ Ve~ion 1.12/16 .... (in CERNSGRAF_LIB) 

HPLOT5 Version 5.10/13 .... (in CERNSGRAF _LIB) 
KER.1\JBIT Version 1.06/06 .... (in CERN$KERN_LIB) 

KER1\TfOR Version 4.30 .... (in CERN$KERN_LIB) 
KE~"1.Jl\.1 Version 3.06/01 .... (in CERN$KERN_LIB) 

KUIP Version 1.66/06 .... (in CERN SPACK_LIB) 
!vfiNUIT Version 2.05/01 .... (in CERN$PACK_LIB) 

PAW Version 1.11/04 .... (in CERNSPAW_UB) 
SIGMA Version 1.06 .... (inCERN$PAW_UB) 

UMON Ve~ion 1.01/01 .... (inCERNSKERN_UB) 
ZBOOK Version 2.23 /01 .... (in CERN$PACK_LIB) 

ZEBPACK Version 1.00/04 .... (in CERNSGRAF_LIB) 
ZEBRA Version 3.67 .... (in CERN$PACK_LIB) 

eLASTMONTH 
til' Library release CNUOI or newer 
til' GEANT and CSPACK Manuals in laTeX format 
til' Parton Density Function Library 
til' PAW in "no-graphics" mode 
til' PATCHY, etc., installed 
til' ZEBRA File Transfer Utility, ZFTP 

e GENERAL INFORMA nON 
On the CSA Cluster and on LAN workstations, if the 
required disks are mounted you can access the Physics 
Utilities, including the CERN Library, the PAW (Physics 
Analysis Workstation) Library, and the various Physics 
Utilities HELP Libraries by executing the DCL command 

@Physics$Manager:Setup_Phya 

We recommend that you include this line in your 
Login.Com file. 

19 

CERN libraries are updated at unpredictable times. 
Changes are documented in the "Program Library 
News" section of the CERN Computer Newsletter. Past, 
current, and sometimes future issues can be found in 
Cern $ Inform: PROGLIB . CNLxxx. Of particular 
interest are news regarding the status of obsolete rou
tines. In some cases a previous ve~ion of an object 
library is saved as zxxxx • OI.!). 

The recommended method to access the latest standard 
object libraries is to use logical names CEM$ * _LIB. For 
these names and other details please see the help text in 

aelp Cern 

On the CSA cluster, the supported graphics interfaces for 
CERN programs with graphics are ATC-GKS, XII, and 
013000 (on CSAl only). 

eGEANT 
GEANT 3.14 was released in November 1990. The 

default object library is always built by using newly 
released PATCHY correction cradles. The unmodified 
library is Cern$Library: Geant314 .Olb. 
The latest GEANT changes are noted in 
CERN$rNFORM:GEANT_CORR.BISTORY. 

e X11 GRAPHICS 
Instead of using ATC-GKS drive~ for GEANT and PAW 
graphics displays, you can use XII d.rive~, which may 
result in faster display tasks. You may run 
PAW$LIBRA,RY :PAW_Xl1, or may link your GEANT.EX!: 
with XII drive~. U you use 
Cern$Library : Geant . Lnk to link your Geant, the 
first question will let you specify XII. Note that prior to 
running an XII program from a non-XII device, e.g., 
from a Vf240 terminal, you may need to SET OISPLA Y ... 
Please see the LBL Computing Newsletter, Aug. 1990, 
Pg.4, for details. 

Forward comments and questions to me at x4398, or 

. UNIX or 
Software Tools Mail: WOKoellner@lbLgov 

VMS Mail: Ibl::WOKoellner 
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Overview "of Physics Software at SSCL 

presented at 

The HEPLIB'91 International Users Meeting on the Support 
and Environments of High Energy Physics Computing 

SSC Laboratory, Dallas, Texas 
September 19-20, 1991 

Harald Iohnstad 
Physics Research Division 

Superconducting Super Collider Laboratory* 
2550 Becldeymeade Avenue 

Dallas, Texas 75237 

*Operated by the Universities Research Association Inc .• for the U.S. Department of Energy under 
Contract No. DE-AC35-89ER40486 
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Overview of Physics Software at SSCL 

1 COMPUTERS 

> PDSF (SUN/SGI) 

> VAX 

> Other Mainframes 

> Intel i860 

> Workstations: 

Apollo DNIOOO 

DECstation 

HP720 

IBMRS6000 

SGI 

SUN 

Harald Johnstad 

Page 2 
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2 WHO NEEDS SUPPORT 

> SDC Collaboartion 

> GEM Collaboration 

> Non-SSC experiments (CDF, ... ) 

> Base program physics support 

> SSC Library 

119 



Page 4 

3 SOFTWARE 

> CERN Program Library 

> Code management tools (PATCHY, CMZ) 

> Physics generators (LUND, ISAJET, ... ) 

> Accelerator software (MAO, TRANSPORT, ... ) 

> Mathematical libraries (IMSL, NAG, ... ) 

> Graphics (Xll, GKS, GL, ... ) 

> SCRI Software (TYPES) 

> Detector simulation (GEANT, other?) 

> GEM GEANT Applications 

> SDC SHELL 

> SDC Parallel SHELL and User Interface 

120 
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4 DIRECTORY STRUCTURES 

> Similar procedures on different systmes: VAX, UNIX, ... 

> Multi-version support (Old, Current, New, Debug, ... ) 

> Subdirectories (Source, Object, Libraries, 

Manager, Documentation, Help, etc ... ) 

Executables, 

J 21 



5 INITIALIZATION 

> VAX/VMS - SETUP CERN/CNL203 

> UNIX - initcern.csh 

122 

cd /ssclib 

/home/sscuxl/physics/apolOk/lib 

/home/sscuxl/physics/decs/lib 

/home/sscuxl/physics/ibmrt/lib 

/home/sscuxl/physics/sgi/lib 

/home/sscuxl/physics/sun/lib 

Page 6 
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6 MAINTENANCE 

> Multi version maintenance 

> Multi version maiantenance 

> Pre-release testing 

> Compare all local modifications with original with automztic 

tolls, create correction PAM files, submit to CERN 

IL~ 
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7 DOCUMENTATION 

> CERN documentation printed at CERN 

> Special agreement for transportation 

> Minimal reproduction at SSCL as needed 

> UNIX man pages 

> Maintenance of LISTSERV discussion Lists 

> Hardcopy of LISTSERV disGussion Lists 

124 
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8 DISTRIBUTION, SUBSCRIBERS 

> SSCL Computer Science Library 

> Distribution of software libraries 

> Distribution of documentation 

IL5 
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9 USE OF LISTSERV AT CERNVM 

> All CERNVN Lists 

> Automatic file distribution (when available) 

> Automatic file update information 

> Maintain NOTEBOOKs in public areas 

> Local access procedures 
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10 USE OF LISTSERV AT UTDALLAS 

> Information to SSC related experiments 

> Distribution of SSCL software 

> HEPLIB related information 

127 
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11 MANPOWER 

> Basic support 

> Coordination 

> Physicists 

> Computer Scientists 

> Computing Division 

12 <{ 







SLD Interactive Physics 
Analysis 

Motif Interactive Data Analysis Shell 
(MIDAS) 

Tony Johnson 

Boston University/SLAC/SLD/GEM 

19 September 1991 
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SLD Interactive Physics Analysis 

Topics to be discussed: 
1. What is Interactive Data Analysis. 
2. History of Interactive Data Analysis 

(IDA) at SLAC. 
3. Why use an Interactive Data Analysis 

Shell for entire MC-Reconstruction-
Analysis Environment. 

4. Design and Development of a Data 
Management System for use in a fully 
Interactive Environment (Jazelle). 

5. The IDAL (interactive physics analysis 
language). 

6. User experience with SLD IDA. 
7. Integration of 3-D Event display into in-

teractive environment. 
B. Extension of IDA environment to use 

MotiflX (MIDAS) . 

..... if I had 2 hours. 

- 2 -



SLD Interactive Physics Analysis 

What will really be discussed: 
1. Very Brief Introduction to IDA/MIDAS. 
2. Run through a IItypical li MIDAS session. 
3. A few comments on implementation issues. 
4. Conclusion - Why discuss this at a HEPLIB 

meeting? 

- 3-

13, 



132 

SLD Interactive Physics Analysis 

System Overview: 
XlMotif 
Interface MIDAS 

Terminal 
Interface 

Commands Command Dis-
-----I~ patcher 

Batch Interface 

•• 

Dynamic Loader 

Non-Experiment Specific -

IDAL 

Histogram-
plotting package 

Data manage-
ment System 

........................ ~ ............... . 
: Experiment Specific 

" 
, 

v.. ". 
~;;===:;::~~ '. '. .' . . . ... , , . 
Reckonstruction , ....... : ':':':0: .: ':: ............. . 
Pac age .' ....... , 

.' 

Event Display 

Tape Interface 
System . . . . . .... 

. . . • . ... ~ Constants 
Management 

- 4-
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Bookreader 

CDA Viewer 

Calculator 

Calendar 

Cardrder 

Clock 

Paint 

133 
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SUSY Generator 

Diagnostic Gene_tor 
··_·· .. • .. ·····,·········· .. • .. ···1 EP Generator 
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SLD Interactive P.hysics Analysis 

SLDts Goals for IDA 
• Wanted to place an emphasis on interactive 

tools for analysis and for developing and 
testing Me-simulation-reconstruction. 

• Wanted a uniform approach so that same 
tools would be available throughout the off-
line environment. 

• Immediate access to all data stored in data 
manager (no intermediate (N-tuple) files). 

• Modular code design .. easily extensible. 
• Include fully interactive event display. 
• Analysis environment should be fully/easily 

customizable by user. 
• IIlnteractivell facilities must be available in 

batch. 
"Maximize physicist productivity by providing a 
powerful, user-friendly analysis environment" 

- 5 -



SLD Interactive Physics Analysis 

What exactly is MIDAS? 
A tool to be used in conjunction with a lIin-
terface builderll to aid in the rapid develop-
ment of Motif based tools. 
• Communicates with underlying applica-

tion via IIcommandsll : 
Provides automatic lIacceleratorsli. 

-- Provides mechanism for running ap-
plication from batch/terminals. 

-- Provides IImacroll programming capa-
bility. 

-- Modular/Easily extensible. 
• Is not limited by underlying IIcommandll 

mechanism. 
• Provides language for specifying func-

tionality of interface. 
• Isolates users wishing to extend user in-

terface from MotiflX chaos. 

- 6-
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SLD Interactive Physics Analysis 

Conclusions: 
• IDA/MIDAS is so much fun to use peo-

ple prefer playing with it rather than the 
II flight simulator· 

• A very large fraction of the code written 
by SLD to support Interactive Data 
Analysis is completely non-specific to 
SLD. 

- 7-







15.3 



)5~ 

Developer 

Local Team 

Experiment 

Laboratory 

International 
Library 

.. "".,."ctlon 

Good Intet'f8ce to IoctII CASE tools 

BATCH 

Local Servers. Instslllltion Procedures .. 

Documentation. Coherence 

BuIlding-Blocks Strategy 



Source Code 

Installation EXECs 
and HELP files 

Documentation / roOl's. 
LateX, XDVI, GS, etc. 

DDL DZDOC 

Examples 
Test Procedures 

+PATCH, 
+DECK, etc ••• 

$KUMACS 

$DOC 

".. Dictionary 
Global data (static and dyMmic) 

rNt I'rogram with valIdatIon suite 
used by the Inmll-Server 

15~ 
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*8 .. GENE 
*8.AU 
*8.ST 
*8.DV 
*8.NL 
*8.NS 
*8.ND 
*8.UP 
*8.0R 
*8.LINK 
*8.1 TREE 
*8.2 JETS 
*8.3 RAWG 
*8/LINK 
*8.DATA 
*8.1 NGEN 
*8.2 NPRIM 
*8.3 NJET 
*8.4 NSJET 
*8.5 LENT 
*8.6 LENJ 
*8.710TREE 
*8.810JETS 
*8/DATA 
*81 

Generator Bank 
S.L.Lloyd 
IXSTOR 
IXDIV 
3 
3 
8 
MC -1 
MC -1 

Tree of generated particles 
Generated partons 
Raw generator bank e.g. LUND 

Number of generated particles 
Number of primary particles 
Number of primary partons 
Number of secondary partons 
Length of a TREE entry (=22) 
Length of a JETS entry (=8) 
10 pointer for TREE bank 
10 pointer for JETS bank 

Example of Bank descriptor cards 
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1 NGEN 110 Number of generated particles 
2 NPRIM 16 N umber of primary particles 
3 NJET 1 1 Number of primary partons 
4 NSJET 0 Number of secondary partons 
5 LENT 22 Length of a TREE entry (=22) 
6 LENJ 8 Length of a JETS entry (=8) 
7 IOTREE 2293890 10 pointer for TREE bank 
8 IOJETS 2424962 10 pointer for JETS bank 

Documented contents of data words 

First word (IOcb/NOFF)HEX 
Bank status word (HEX) 
Hollerith 10 
Numerical 10 
Total number of links 
Number of structural links 
Number of data words 
Next link 
Up -link 
Origin link 
1. down link 
2. down link 
3. down link 

2000F 
o 
GENE 
1 
3 
3 
8 
o 
192928 Me 
192927 JBIAS = 1 
190314 TREE 
190215 JETS 
o 

Contents of system words and links 



Monte Car10 header 2MC 

~~~~------------------------~ 

Generator Bank GENE ~~ ____________________________ ~ 1 

.. .------Tr-ee-o-f::.::::----~~~~ ~REE 

GEANT VERTEX header bank 

GEANT track header bank 

Write on metafile 

Quit Args for DZSHOW: 
CHOPT: FIRST: o LAST: o UNIT: 

Display of bank tree generated by DZDISP 

JETS 
2 

6 
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as advertised: 

Standard HEP Particle Data Book on 
the physicist's workstation 

what I really will talk about: 

Beyond HEPEVT 

a standard Monte Carlo generator 
interface 

Lynn Garren, F.N.A.L. 

/10 I 



• multiple generators 

- ISAJET 

- HERWIG 

- JETSET 

- others 

• output to detector simulation 

- GEANT 

- "home-grown" 

• decay and particle definitions 

• physicist 1111111 



1987 proposal for standard HEP particle ID 
numbers 

• T. G. Trippe and G. R. Lynch, "Proceed-
ings of the Workshop on Detector Simu-
lation for the SSC", (August 1987). 

• Particle Data Group, J. J. Hernandez, et 
aI., Phys. Lett. B239, 111.67-111.68, (1990). 

standard event format proposed in 1989 at 
CERN 

• not well publicized 

• B. Bambah et aI., Z Physics at LEP 1, 
v3, (1989). 

THIS IS A GOOD START 



The standard output common block has the following form: 

PARAMETER (NHIHEP=5000) 

COMMON/HEPEVT/NEVHEP.NHEP.ISTHEP(NMIHEP).IDHEP(NMXHEP). 

1 JHOHEP(2.N.MXHEP).JDAHEP(2.NMXHEP).PHEP(5,NMXHEP),VHEP(4,NMXHEP) 

NEVHEP - event number 

NHEP - number of entries in this event record 

ISTHEP( .. ) - status code 

IDHEP( .. ) - particle ID, P.D.G. standard 

JMOHEP(1, .. ) - position of mother particle in list 

JMOHEP(2, .. ) - position of second mother particle in list 

JDAHEP(1, .. ) - position of first daughter in list 

JDAHEP(2, .. ) - position of last daughter in list 

PHEP(1, .. ) 

PHEP(2, .. ) 

PHEP(3, .. ) 

PHEP(4, .. ) 

PHEP(5, .. ) 

VHEP(1, .. ) 

VHEP(2, .. ) 

VHEP(3, .. ) 

VHEP(4, .. ) 

- x momentum in Ge V / c 

- y momentum in Ge V / c 

- z momentum in Ge V / c 

- energy in Ge V 

- mass in GeV /c**2 

- x vertex position in mm 

- y vertex posi tion in mm 

- z vertex position in mm 

- production time in mm/c 

NEVHEP is -1 for initialization records and -2 for final records. Jetset does not use event 

numbers, so NEVHEP is initialized the first time you call the Jetset translation routine and 

incremented by one for each call therea.fter. In order to keep Isajet information available, 

JMOHEP(2, .. ) contains the jet identification. Neither Herwig nor Isajet have any vertex 

information, so VHEP is zero. 



Appendix A 

Elementary Particle Identification Code Listing 

Quarks and Leptons 

Particle ISAJET 6.36 JETSET 7.3 HERWIG 5.3 1990 PDG my solution 

d 2 1 1 1 1 

u 1 2 2 2 2 

s 3 3 3 3 3 

c 4 4 4 4 4 

b 5 5 5 5 5 

t 6 6 6 6 6 

I 7 (x) 7 7 (bl) 7 

h 8 (y) 8 8 (tI) 8 

e - 12 11 11 11 11 

lIe 11 12 12 12 12 

P. - 14 13 13 13 13 

"" 13 14 14 14 14 

r - 16 15 15 15 15 

"T 15 16 16 16 16 

X - 17 17 

"x 18 18 

7 
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Gauge and Higgs Bosons 

Particle ISAJET 6.36 JETSET 7.3 HERWIG 5.3 1990 PDG my solution 

g 9 21 21 21 (9) 21 (9) 

"Y 10 22 22 22 22 

Zo 90 23 23 23 23 

W+ 80 24 24 24 24 

Hf 81 (HO) 25 (HO) 25 25 25 

LQo 39 28 

RO 40 29 

ZO 
2 32 (Z'O) 30 

w.+ 
2 34 (W'+) 31 

9,0 
2 82 (Hr) 35 (H'O) 35 (H~) 32 

9,+ 
2 86 (Ht) 37 (H+) 37 (H+) 33 

9,++ 
2 88 (Ht+) 34 

zg 33 (Z'tO) 35 

Hf 83 (~) 36 (AO) 36 (Hf) 36 

H+ 
3 87 (Hi) 37 

H++ 
3 89 (Hi+) 38 

H2 84 (Hg) 39 

9,0 
5 85 (H~) 40 

8 



Charmed Mesons 

Meson ISAJET 6.36 JETSET 7.3 HERWIG 5.3 1990 PDG my solution 

11c(lS) 440 441 441 441 441 

XcO 10441 10441 (X) 10441 10441 

11c(2S) 20441 

J/.,p 441 443 443 443 443 

hc(lP) 10443 10443 

Xc] 20443 10441 (X) 10443 20443 

.,p(2S) 20443 (.,p') 20443 30443 

.,p(3770) 30443 (.,p") 30443 40443 

.,p(4040) 40443 50443 

.,p( 4160) 50443 60443 

.,p(4415) 60443 70443 

Xc2 445 10441 (X) 445 445 

17 
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Charmed Baryons 

Baryon quark content ISAJET 6.36 JETSET 7.3 HERWIG 5.3 1990 PDG my solution 

A+ c duc 2140 4122 4122 4122 4122 

E++ c uuc 1140 4222 4222 4222 4222 

E+ c duc 1240 4212 4212 4212 4212 

EO 
c ddc 2240 4112 4112 4112 4112 

E*++ c uuc 1141 4224 4224 4224 

E*+ c duc 1241 4214 4214 4214 

E*o c ddc 2241 4114 4114 4114 

':'+ usc 1340 4232 4232 4322 4322 ..... c 

':'0 dsc 2340 4132 4132 4312 4312 ..... c 

,:,*+ usc 1341 4324 4324 (SS*+) 4324 ..... c 

,:,*0 dsc 2341 4314 4314 (SS*O) 4314 .... c 

,;'+ usc 3140 4322 4322 (SS+) 4232 ..... c 

,;10 dsc 3240 4312 4312 (SSO) 4132 ..... c 

0 0 
c ssc 3340 4332 4332 4332 4332 

0*0 c ssc 3341 4334 4334 (T*O) 4334 

':'+ dcc 2440 4412 4412 ..... cc 

':'++ ucc 1440 4422 4422 ..... cc 

':'*+ dcc 2441 4414 4414 ..... cc 

';*++ ucc 1441 4424 4424 ..... cc 

ote scc 3440 4432 4432 

0*+ cc scc 3441 4434 4434 

0*++ ccc ccc 4441 4444 4444 

23 



STDHEP 

• today 

- provide translation routines to standard 
common block 

- make sure particle ID numbers are the 
same 

• future 

- input particle definitions from standard 
decay table (Paul Avery, Univ. of Florida) 

- provide event and decay table I/O 

• pie in the sky 

- standard generator interface 



STDHEP Routines 

subroutine action 

HEPLST(MLST) print an event 

HEPNAM(ID,CHAU) return a 20 character name, CHAU, for particle ID 

HEPWRT(LOK) write out an event 

HEPRD(LOK) read in an event 

ISAHEP(MCONV) translate to/hom Isajet event format 

ISAPRTLST( JTLIS) print a list of particles defined by Isajet 

LUNHEP(MCONV) translate to/hom Jetset event format 

HWGHEP(MCONV) translate to/hom Herwig event format 

function action 

HEPCMP(ID) compress particle ID for use in array (1600) 

HEPCHG(ID) get charge for particle ID 

ISTRAN(ID,MCONV) translate to/hom Isajet particle ID numbering 

LUTRAN(ID,MCONV) translate to/hom Jetset particle ID numbering 

HWTRAN(ID,MCONVJ 
translate to/hom Herwig particle ID numbering 

6 
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Appendix A 

Elementary Particle Identification Code Listing 

Quarks and Leptons 

Particle ISAJET 6.36 JETSET 7.3 HERWIG 5.3 1990 PDG my solutioll 

d 2 1 1 1 1 

u 1 2 2 2 2 

I 3 3 3 3 3 

c 4 4 4 4 4 

b 5 5 5 5 5 

t 6 6 6 6 6 

I 7 (x) 7 7 (bl) 7 

h 8 (y) 8 8 (t/) 8 

e - 12 11 11 11 11 

II. 11 12 12 12 12 

p- 14 13 13 13 13 

II,. 13 14 14 14 14 

r- 18 15 15 15 15 

II~ 15 18 18 18 18 

X - 11 17 

IIX 18 18 

7 
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FIRST PROBLEM: 

• PDG particle numbering scheme deliber-
ately leaves room for interpretation 

• PDG only actually defines numbers for ob-
served particles 

• any standard scheme must allow a consis-
tent set of particle ID numbers for actual 
use 



standard generator interface 

• menu driven? 

• select general event type 

- fixed target 

- collider 

- nuclear 

• select particle type and energy 

• select specific event type 

• select generator 

173 



• Fixed Target 

- beam particle and energy 

- target particle 

- event type· 

* minimum bias 

* QeD heavy quark production 

* ... 

'74-



• Collider 

- beam particle and energy 

- beam particle and energy 

- event type 

* B Bbar 

* continuum 

* ... 

• Nuclear 

175 



17(1) 

event generator selection 

• e+ e-

- HERWIG 

- PYTHIA 

- QQ 

• fixed target 

- JETSET 

- ISAJET 

- HERWIG 

• Nuclear 

- FRITIOF 



finally ask for specific parameters 

• menu driven 

• read input files 

• standard event types should have well-defined 
defaults 

177 



CONCLUSIONS 

• 1987 physicist ?????? 

• 1991 physicist ???!!! 

• future physicist ! II II! 

17~ 
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The WortdWjdeWeb Project 

In this snort presentation we will cover: 

HyperText in general 

A summary of the project - People 

How we inform ourselves 

The WWW architecture 

Development Status 

The NeXT HyperText editor 

The Line Mode browser 

The CERNVM "FIND" gateway 

Tim Berners-Lee. Robert Cailliau. CERN February 1: 



Th&WortdW1deWeb Project 

The WoddWideWeb (\NWW) project aims to create a distributed 
information system covering a wide range of ~ . At CERN it must 
operate with: 

A Heterogeneous distributed environment. 

• A Multitude of document formats. 

• Access by reference or keywords. 

Existing data in existing information systems 

Key concepts used by WWW to acheive this are: 

• Browser/Server independence 

• Format neaocjation 

• Virtual Hypertext 



Other 
people 

How we inform ourselves 

Reference 

~ 
CJ.J€fIIT) 

........,.,o!!~ ........... 

Document 

? • 

Index 

Keywords 

SE42-V~ 
~_~ ..... Fu~utcop.J) 

List of 
documents 

This is a general model. WWW follows it. automating each stage. 

1<65 



Some Technical bits 

Architecture 

Addressing 
Protocols 
HTML 

(Overview) 

for wide-area hypertext 
information systems 
How to name a document 
How to get a document 
The transfer format for hypertext 

Tim B. 



Development Status: 
dumb PC Mac x NeXT 

• 

Addressing scheme + Common Protocol (-format negociation) 

Files 

'I{ . ~.. i"BLJCN 910221 
~~, WWWfor ECP 
.;i,;i .. ::~ 

Server' 

Internet 
News 

Gateways 

lit 
\ 

Computer 
Newsletter 

Existing 
data 

Yellow Pag 

CERN 
Writeul 

news 

1'i7 



Addressing 

access: II host I path I path # id 
access defines the name space for the 

rest of the address: http, file, 
news, (etc ... ?) 

Ilhost (For most name spaces) Host 

Ipath 

id 

machine 
Hierarchical, unix convention. 

Allows relative names. 
Specifies a section of a 

document ("Anchor"). 

Most of the name if omitted, assumed same as refering 
document. 

(search) _______________ _ 

Tim 81 



Addressing: Index Search 

If an index search is required, the format is 

indexname ? keyword+keyword+keyword 
indexname The full address of the index 

? 

keyword 
+ 

document for a particular type of 
search. 
A search operator 
Picked up from the user 
Currently implies "and" search 
semantics. 

( next) _______________ _ 

Tim Bl 
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http: 

190 

Address? 

file: 

Host = 
local host? 

no 

fail 

fail 

Protocol Choice 

(VMS only) 



HTML 

HTML is a particular SGML document type - set of 
tags. 

• SGML syntax is not beautiful 
• SGML is high level 
• SGML is a standard is hypertext circles 

We use, for example, a special anchor tag: 

This is used for all the links. 

(back) 

Tim BL 



ICit 

de£au.lt.html. Mon Auq 12 10:05:38 1991 

<7:7LE>; ''':5 r /1. ocal / lib I WWW/default . l-. tml < / T!7!.E> 
<~EXT':D 7> 
<Hl>Select by nurnber</H1> 
<OL> 
<OT><A NAME=O HREF=QuickGuide.html>Help</A> 
<DO> About this program 

1 

<OT><A NAME=l HREF=http://crnvmc/FIND>''FIND'' index</A> 
<DO>Index of CERN computer centre documentation, newsletters, r.ews, 
:SM and Cray help files, etc ... 
<OT><A NAME=2 HREF=http://crnvmc/FINO/yellow?>Yellow Pages</A> 
<DO> An analytical telephone directory of CERN 
<OT><A NAME=3 HREF=http://crnvmc/NEWS/cern>CERN news</A> 
<DO> News from the CERN User's Office 
<OT><A NAME=4 HREF~http://crnvmc/NEWS/vmnews>VMNEWS</A> 

<DO> CERN computer center news 
<OT><A NAME=5 HREF=http://info.cern.ch/hypertext/OataSourcesiNewsFromVM/Overv~ew.ht~l>C· 
r CERN news</A> 
<DO> A list of public groups. Private groups also exist. 
<OT><A NAME=6 HREF=http://info.cern.ch/rpc/doc/User/UserGuide.html>CERN RPC</A> 
<DO> The user guide for the RPC system developed in CERN CN division 
(not Sun/RPC). This is an example of documentation (partially) converted 
into hypertext.</A> 
</OL> 



Browser: 

Server: 

FOliliat Negociatiorr 

It is negociation between the browsing client and the data supplying 
server which allows us to cope with the large, growing, number of data 
formats. 

Formats acceptable. with penalty points for speed and degradation. 

Data in the best format which is appropriate. 

The result is an optimisation of the delay and the degradation of the 
data. using whatever conversion facilities exist. 



On-the-NeXT 

The prototype browser/editor was written for the NeXT machine. using 
the NeXTStep human intreface software. 

Why the NeXT for prototyping? 

Large reusability of NeXT Human Interface libraries using 
Objective-C 

• Much higher functionality than Motif. for example 

• Fast prototyping with the Interface Buildier 

Functionality of protOtype: 

• Full Browser with keyword search. backtracking, etc 

• Editing and link creation 

• File. NNTP and HTTP protocols supported. 

• Importlexprort of HTML. RTF and plain ascii files. 

• (More .. ·) 

TaL. RC Feb 1! 



Around 5000 existing documents, including newsletters, help 
pages from IBM, CERN and Cray, VM news articles, CERN 
yellow pages, CERN people (to come ... ). 

• Server provides keyword search facility. 

Several different indexes. 

Data mainly in plain text, some SGML, Postscript, etc. 

TBL,j 



The Line Mode Browser 

In oreer to cover the very large number of comcuter users who stIli do 
not have windows. Nicola Pellow has written a browser tor dumb 
terminals. 

Coventional command-line interface 

Numeric references [1] as in papers 

Same world as other browsers 

TBl. RC Feb 1991 



Line Mode Browser 

The line mode browser allows you to find information by following 
references and/or by using keywords. 

References are numbers in [brackets) after particular phrases. Type 
the number and RETURN for more information on the phrase. 

Some documents are indexes. These contain little text. but allow you 
to search for information with keywords. Type -k- (space) and the 
keywords. For example, -k sgml examples· searches the mdex for 
items with keywords SGML and EXAMPLE. You can only use the "k-
command when it is present in the prompt. 

See also other CQmmands • command line syntax • shortcuts. rIlm . 
Please send any bugs and suggestions to timbl@nxoc01.cern.ch. 



QuickGuide -- /LineMode 

:~ne Mode Browser 

:he line mode browser allows you ~o find informa~ion by f~llcw~ng 
=eferences and/or by using keywords. 

References·are numbers in (bracke~sl af~er par~icular phrases. :ype the 
number and RETURN for more informa~ion on ~he phrase. 

Some documen~s are indexes. These con~ain li~~le ~ex~, bu~ allow you t: 
search for informa~ion wi~h keywords. Type "k" (space) and ~he keywords. 
For example, "k sgml examples" searches ~he index for i~ems wi~h keywor~ 
SGML and EXAMPLE. You can only use ~he "k" command when it. is present i~ 
the promp~. 

See also o~her commands (1 J command line syn~ax (2] shor~c~~s (3 J, 
more(4]. Please send any bugs and sugges~ions ~o ~imbl@nxocOl.cern.ch. 

'!'im S: 

(End] 
<ref. number>, 'Back', 'Qui~', or H for help: 



:":J) · .. ww 

~elec~ by nUmber 

[End] 

Help[l] 
"FIND" index[2] 

Yellow Pages[3] 

VMNEWS (4] 

STING news[S] 

CERN RE'C ( 6] 

Abou~ ~his program 
Index of computer cen~re documen~a~ion, 
newsletters, news, IBM and Cray help 
files, e~c ... 
An analy~ical ~elephone direc~ory of 
CERN 
CERN computer center news 
News from the Software Technology 
Interest Group 
The user qu~de for ~he RE'C sys~em 
developped in CERN CN division (no~ 

Sun/RPe). This is an example of 
documentation (par~ially) conver~ed 

into hypertext. 

<ref.number>, 'Qui~', or H for help: ,. 



:~is ~s the general CERN public document index. 

~3e a ~eyword search to get documents, help files, etc. 

: End] 

.. <i<eywords>, , Sack', , Quit', or H for help: 

Zoo 



:?'JBLIC ;:!~sks 

:::FO= Miscellaneous I:-IFOrmation 
SKS ~KS Graphics programm~ng in VM-CMS(l] 
~AC!OOLS VM/CMS ut~lities for Maclntosh(2] 
SGMLEXAM SGML .text processor examples(3] 
:PHELP Help with Text-Processing Products and Problems(4] 

C~S- C~S commands, execs and modules 
APOLA67 Preparation of an APOLLO bit map for use with SGML(5] 
BOOKIE SGML formatting using SGMLDCF, BookMaster and SCRIPT/DCF(6] 
CONVSGMLprogram to convert text-processing files(7] 
GRCONV converts GKS metafiles to METAFILE POSTSCRIPT TEKTRONIX SGML(8] 
GRVIEW To VIEW or EDIT a GKS metafile on a graphics terminal(9] 
INDXFILE creates input file for MAKEINDX XEDIT[lO] 
~AKESGML helps in the choice of SGML layout and creation of file(ll] 
PREPRINTPreprint transmission to div secr & printshop(12] 
SGML SGML formatting using Waterloo SCRIPT(13] 
XSCRIPT executes Waterloo SCRIPT[14] 

CNL~ Computer NewsLetter articles (CERN) 
200 2 1 Text Processing: Installation of TeX 3.0 on all central 
systems(15] 
200 2 2 Text Processing: LaTeX Developments and News(16] ,. 

K <keyw~rds>, <ref.number>, 'Back', <RETURN> for more, or H for help: I .. 

2DI 
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Preprint ~=ansm~ssion to div secr & printshop 

?REPRINT 

Gse the PREPRINT command to send details of a preprint to your divisional 
secretary. Subsequently the preprint will be read by the Division Leader 
or his representative and, if approved by him, will be sent electronically 
to the CERN printshop for printing. 
For this exec file to work the following fields MUST be filled in: 

Division 
Contact Person, Phone Number and Contact Userid 

These are by default your name, your phone number and your Userid. 
However, if you are likely to be absent from CERN fer a long 
preprint has been printed, you should provide details of some 
person who can be contacted if necessary during your absence 

As much of the title of the preprint as fits o~ the line 
The name of the first author in the list of authors 
The name of the mark-up language, LaT~A (the default), TeX or SGML 
The date by which internal distribution should take place 
The name of the input file to be processed. 

'Sack', <RETURN> for more, 'Quit', or H for help: 



::) yellow tax 

., E 1:. :.. 0 W ? AGE S ( A N A L Y T ! CAL ? H 0 N E 

=I= FINANCE DIVISION 

2.777 F-CF Financial accounting section: 

2777 F-CF - Statements. budgets, taxes 

?E- PERSONNEL DIVISION 

AS Administrative and Social Services: 

2855 AS - Income tax refunds 

(End) 

K <keywords>, 'Quit', or H for help: 



Availability 

Code is available now by anonymous FTP from 
info.cern.ch [128.141.201.74], directory /pub. 

Line Mode Browsers for (almost) any machine. (also 
HyperText editor for NeXT) 

Get a browser, select "Help" then "More" to read all 
project details from our server. CERN also has a 
server for all computer centre documents, newsletters, 
CERN program library documentation, etc. etc. 

Anyone can make data available using an FTP server 
or the HTTP server (available). Several other sites are 
setting up servers. 

Please mail timbl@info.cern.ch. with any questions. 

Tim B:" 







HEPLIB.91 Users Meeting 

High Performance Storage Systems 

Robert A. Coyne 

IBM Federal Sector Division 
3700 Bay Area Blvd 

Houston, Texas 77058-1199 
coy ne@houvmscc.vnet.ibm.com 

(713)-282-7274 

September 20, 1991 



• 

Independent Research and Development 

Environment: 

• The next generation of data management centers must be able to process 
data at much higher rates 

• Data management centers must be able to archive and retrieve much larger 
quantities of data (128 kbs vs one LOC per month) 

• The government requires industry standard solutions incorporating 
components from multiple vendors 

Objective: Research and develop technology, systems, architectures and methods 
required to implement distributed, high performance information systems related 
to 000, DoE and NASA programs 
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Moving Toward Storage 
Software Standards 

• 
• Industry moving toward Unix / Posix 
• 
• • IEEE Storage Reference Model developed 

Stimulated discussion of storage issues 

Promoted developlnent of standard, modular products 

Spawned new standardization effort (IEEE project 1244) 

IBM SC 5/24/91 1 6 



A Simplified View of the Model 

• 
• 
• 
• 
• 
• 
• pillllIIIIIIIIIIIIIlIIIIII_-. • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Unfversity of Calffornfa 
Lawrence Livermore 
National Laboratory 

Bitfile 
Mover 

Bitfile 
Client 

Name 
Server 

Bitfile 
Server 

Bitfile 
Mover 

Storage 
Server 

All Modules 
Control 
Data 

Physical 
Volume 

Repository 

Site Volumes EMdIDlf~mr£C] 
Manager 

IBM SC 5/24/91 1 7 
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Significant Modularity 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Data bypasses control modules 

UnIversity of California 

~ ~ ~:~~~:~~~~:~~~~; 

Client 
Interface 

Name 
Server 

Server 
Logic 

Servers can support 
many clients 

Name Server can 
support differellt 
naming environmellts 

IBM SC 5/24/91 1 8 



Worlcing Group Participants 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Amdahl, Ampex, AT&T, Convex, Cornell, 
Cray Research, CSC, DARPA, Datamax, 
Datatape, DEC, Discos, Epoch, E-Systems, 
HP, Hughes, IBM, Kodak, LANL, LBL, LLNL, 
Mitre, Mobil, NASA, NCAR, NSA, Odetics, 
Ohio Supercomputer Center, Metrum, 
NERSC, NCSC, Sandia, Shell Development, 
SRI, STI<, STX, Supercomputer Research 
Center, TRW, University of Michigan 

IBM SC 5/24/91 20 
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..... Goals for the Standards 

• 
• Be applicable to 
• 
• 
• 
• 
• 

Small to large systems 
Stand-alone to distributed systems 

: Various storage devices, networl<s 
: Many application interfaces 
: Maintain the separation of 
• 
• 
• 

Control and data 
• File Naming and file storage 

University of Cal1fornla 
~ ~ Lawrence Livermore 
..:A. National Laboratory IBM SC 5/24/91 21 



The UniTree tm Implementation 
of the Model 

• 
• Developed at LLNL in parallel with the model 
• 
• • Marl<eted by General Atomics (Discos Division) 
• 
• • Runs on AIX, UTS, Ultrix, SunOS, and others 
• 
: Bitfile Clients for FTP and NFS (file server switch in progress) 
• 
: Berl<eley 4.3 Semantics (V.4 and Posix future options) 
• 
• Multi-tasl<ed servers (requires asynchronous 1/0) 
• 
• 

Unfversity of Cal1fornla 
~ = Lawrence Livermore 

~' ; National Laboratory 
-
U\ 

IBM SC 5/24/91 23 



To Complete the Picture 

• 
• • Attend the 11th IEEE Mass Storage Symposium 
• 
• October 7-10,1991 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Monterey Sheraton Hotel, Monterey, CA. 
Arranged by 

. -

Bernie O'Lear 
National Center for Atmospheric Research 
P. O. Box 3000 
Boulder, Colorado 80307 

University of California 
Lawrence Livermore 
National Laboratory 

IBM SC 5/24/91 26 
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Summary of Important Issues 
for Future Storage Systems 

• 
• High-performance architectures • 
• Network-attached devices • 
: Device striping technology 
• • Distributed, hierarchical software architectures 
• 
• Software standards 
• 
: IEEE Storage System Standards Working Group 
• • Open Systems 
• 
• Posix 

University of Caltfornfa 
Lawrence Livermore 
National Laboratory IBM SC 5/24/91 27 



-
-Q Storage Systems and Related Requirements 

• Transparency vs Application Optimization Schemes 

• Designers should consider common transparencies 

access, concurrency, data representations 

execution, fault, identity, location, migration 

naming, replication, semantic, syntactic 

• Designers should consider application defined schemes 

location, migration, performance 



Storage Systems and Related Requirements ... 

• Functionality 

• Dynamic migration hierarchies 

• Storage Server/Mover options 

data movement is scheduled 

aligned and unaligned transfers 

pre-allocate storage for high speed data transfer 

user selected level of service 



~ 
t--l o Storage Systems and Related Requirements ... 

• Functionality 

• Monitor performance and alter operating parameters 

modify location scheme for performance 

modify migration hierarchy for performance 



File Server and Related Requirements aaa 

~ Portability and Standards 

• Posix and OSF/Unix 

IEEE File Server as selectable Unix file system 

Transparent network interface for messages and bitfile moving 

file Transfer - FTP, FTAM, Posix, light Weight Protocols (eg XTP) 

file Access - NFS, AFS, IEEE SSSWG defined, Posix 

message Passing - TCP/IP, GOSIP, XTP 

allow vendor specific protocols (eg DECNET, SNA) 



J'.,) 

r-..> File Server and Related Requirements ... 
~---------------------------------------------------------------

External Interfaces 

• Interaction with networl{ job/process scheduling 

• Interaction with application name servers, DBMS or OOBMS 



IBM GBSI IR&D and Earth Science Programs 

WOCE-CME Data System Prototype: 
Objectives 

• Develop a Reorganization Technique for WOCE-CME 
Model Data That Allows for More Efficient Access by 
Users 

• Reorganize a Sample of Model Data and Demon-
strate the Irnproved Accessability 

• Investigate Software and Procedures Needed for Effi-
cient Remote Access of Model Data Sets 

• Develop Data Interfaces with a Visualization Tool, 
and Demonstrate with the WOCE-CME Data 

• Help the scientific community gain better access to 
the WOCE-CME model data, and thereby promote 
investigative use of the data. 

July 12. 1990 
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IBM GBSI IR&D and Earth Science Programs 

The Project Proceeded in Three Phases 

Develop a Reorganization Technique for 
WOCE-CME Data 

Reorganize a Sample of the Model Data 

Phase 2 

Investigate Efficient Remote Access 
Capabilities 

Phase 3 

Demonstrate Data Visualization 

July 12, 1990 



WOCE-CME Data Systenl Prototype 

NCAR NCAR 

,,, () r ks tilt io n Workstation 

NCAR 

Cray Y-MI' 

IBM Greenbelt 

RISC System 6000 

1 
IBM Greenbelt 1 ~-

Internet Network Ethernet I N<lworltlFl 

Houston Ethernet 

Science 
Workstation 

RISC System 6000 

Science 
Workstation 

Sun SparcStation 
Product Generation System 

• Visualization Tools • Visualization Tools 

• Order Interface SW • Order Interface SW 

• Correlative Data • Correlative Data 

• NetCDF Software • NetCDF Software Silicon Graphics 

FDDI Ring 

RISC System 6000 

• Robot Control SW ~ 

.Unitree ~ 

• Compress/Decompress SW 

SCSI/2 

Exabyte Tape System 
8 MM Tape Cartridges 
250 GBytes Capacity 

• NCAR WOCE Data 
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DYllc1ll1ic Hierarchies and ()ptilllizatioll ill 

Distributed Storage S~-stellls 

.-\. LE'~ t E'I' B lId,
Roi)f'rt .-\. ('O~·Il(, .. Jr. 

IB:\I Federal Sf'C\OI' Di,·isioll. HOllston 

.-\l1gl1~t ~~. l~)qJ 

Abstract 

\Yhen dt'signing; a distributed storagt' "ystt'l11. 
transparent acct'ss to storagt-' ohjecb is nu
cial for soft wart-' and objf'ct pOl·tability. 011 
tht> othpr halld. large distributed production 

syst P l1ls haw VNy significant invest nlt'n'" ill 

high-pt'rforl1lanc" storage dt-'vicps alld cOIIII.llt

ing pOWN. Clt-'ariy t\lt'se distributt'd ;;\'stl'llI,; 
will rt'(Jllirp illtilllal,' knowl,'dgt' of dat~ locil

t iOIl. stora!!,t' I1wdia typt' and spt-'t'd. and <-Icce,..,.. 

<lday,.. alld costs. (IS tht-'s" ,HI' crilical for dfi

("i"lIt pf'rfOrlllallct' and scllt'dllling of I lit' "y"'_ 

lelll ilS a wlwlt,. \\"" proposp techlliqllP" to '11-
low cOlllrollt'd pt'Ilf'lration of thf' storagl' "y,.._ 
It'lll tr<-lIl . .,parPllci"s I.y gt'nt'ralizilJ!!, Iht' Silll

pit' di"k-Iap" iti.-rrtrrhy p(lratiigl11 of CUIT"llt 
storagt' syslplIIs 10 illclud(' multiplt' co-t'xistillg 

dYllcllllic ,.;Iorage hi,'rarchi,'''. \Yp propo,.;t' all 

orl hOl!;ollal. ,.,'·llIanl ic:;-frp.' opl imizat iOIl prilll
il iv" to 1Il<lJIipulatt' IllP ft'latiOIl Iwt\\"t"'11 all 

objt'ct illld ils hiprrtrchy. By nHlllilgillg Ihl' 

hwrCHcily <-Ittrihult' of a slorrtgp ohj"ct and iI 

syst PIIl-\\'id" configurrtl iOIl of st orage devi,'!' hi
('ran·hi,'s. \\'1' call po;;ilion obj('Ch Oil all\' tlt'

sil"l'd ;.;t'\ of d"\-ic!'s wil houl d,·~t r()yill~ t h,~ 1'1111-

dilllwnt al I rallspar"II'ti,'S of till' ,.;y"t"11I 

" ("O'IlP""1 D"lil. Jrl,·_ 

1 Introduction 

Th,> ClIl"fl'l]t IEEE \Ia.,;" Storage R,'ff'fl'lIct' 

\\od,'1 paradigm. Ib e\-idf'ne,·d by existing ill1-

plt'lIlt'llt at ions. is a siJ1lpl1' disk-tape hit'rar
rlly (Fig. 1)_ At thl' top of tilt' hit:'rarchv 
ar .. all disk c\l'vict's. thf'1I all rohotic tapt' (o'r 

\rOlnl juk('hox,';,;). and finally hUl1lclll or op

"riltor tal1l' \·altlls. Til.· typical oi>jpcts (hit

fill'S) stored in Ihe sysll'l1I art' fiit-". although 
,..01111' sy,.;tf'IlIS may storf' datahasl' r('corlk hv

IwrtpXI l>locks. IIIi1ill 1III'IJI0ry prtg.·,.;. Ilr 01 h~r 
;q'plicillioll "p,'rifie "Ilt iIi,,;.;. \loving oi..i"cts 

dowll tilt' hinarcity j,., tPfIllcd llIigralioll. whilt' 

iJrill)!:illg ohj,'''''' III' i,.; t"rJl)l'd cil("hill.~. :\ mi
.~rat"d ol>jPCI j" Iypi"(lliy Ilot ddelt'd from th" 
I 0\\"1'''; t I<'H'I ill till' hi,'rarrhy \\'I1f>1l it is cacht'd 

"!,. ";0 Illllilipit- ""plil"a,.; of all ohjPcl Illay"x

i;;1 t hrollgholll I lit' hit'rarchy. hld""I!. if pu
t lal cac'lIing i,.; "llpporl,'d. port iOlls of all 01.
jPct lIIily ht' I·,·,.,idl'lII 011 difTl'rl'llt lIH'diil ill. I ht' 
"aliI" I iIII<'. \\'hPII it J'''Illi('i1 of an ohj,'ct "x
i,..", al <-11m\" !p\'"l. IJllchangl'd cacllt'd ropit's al 

II i gh .. )" 1<'\"I'b Iml,\" 1><' d i,.,ca rdpd w Ilf'n,·\·!'f spacl' 

j,.; npl'dl'd al tllo,.;t' Il'n'ls. ~o pilrliculru' dis

till!'tinll j" rt>coglliz,'d 1>1'1\\""1'11 diff"!"f'llt di . ..;k 
d"\-ic,'''' or diff,'r"lIt I aI'" d"\·ic",,. For "xalll
"It-. III;lillrralll<" 111<1;';111'1 ic disk,.; cOlllwct".1 hy 
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Figure I: Current hinarcity paradiglll. 

standard chanllels (e.g .. IIHI :3390) have COI11-

pletely different characteristics from a RAID-:3 
HiPPI attadwd disk array. :\Iainframe disks 
can support smaller random transfers efft'c
tiwly. while Ilw disk array is optimized for 
large spquential transfer" at very high through
puts. The refert'nce model does not directly 
address t he issue of da I a placement on media 
of differenl characteristics. 

\Yilll tlJP myriad of potential media I.VlWS 
hecollling available in t he next few years. this 
simple hierarchy will Ilot he adequale for pf
fpctiw'ly using the I/O dt'vices available in a 
distril)lJlnl storage system. Dpcidinp; wlwrp in 
I his hi('rarchy t Iw variou,.; currenl and forl!t
coming nwdia will fil is a ;;t'riolls challengp. 

2 Generalized Media 
Hierarchies 

If WI' are 10 handl" multiple media typP;; in a 
uniforlll fashion. we llIu,..t gpneralize I Iw simple 
hi('rarchy paradigm of Figurp 1. The Iprlll hi-
f m/'rhlj conllol,'''; an ordering alllong I1wJIlhers. 
R"t \W"1l I"vel". mPlltiwr,.; of a hinarchy havp 
a dehllil e ordering. whilp wil hill a gin'll kwl. 
no ordering i;; pvidelll. The nlathelllat ical ha

,..is for hi,'rarchi.·s is If'mlt'd a partwi 0/'11£ /'[1]. 
A parI i;1I ortif'rillg of ;1 ;;,,1 is a rda I iOIl he-
1\\'1""11 III!' ol.j,'cIs of I it,' ,..t'l which sal isfif'''; I ht, 

prop .... 1 i,';; of I rallsilivily. anli"Ylllllwlry. and 
rdlt'xi\'iIY. III a hierarchy Ilw r('lalion may 
Ilf' i III prprf'It'd to Ill' "i,.. highf'f or f'q ua I." I I 
is \\'.-11 kllown that ,'vf'ry pnrtially ordf'rpd ;;1'1 

IIlny 1)1' llIaPllt'd olllo a dirf'clf'd acyriic graph 
wltirh i,.. ('OlllpO;;f·d of a "pI of node" (t II<' hi
(' .. arch." Ilwllllwr;;) conlw('lt,d hy a set of di
r,'cl,'d arcs. III ill!' ('it,.;,' of a slora)!;" ;;y;;t"llI 
wit h tWI) typl'S of ar(',... IlIi.~ratf' all<l (·arlt". \\,p 

Itav,' I \\'0 o\'('riaid p;rnplts. :\;; a Silllpl" ,'xalll
pk. Fi.!!,ul'(' '2 "ho\\,,.. Illf'q<lpit of a Iwo If,\,.,1 

Itif'r<lrcity WII It 110 di,..1 ill,l i{)tI I",t \\,f'.'11 "di,..k" 
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- - ... Migrate 
_cache 

Fip,lIrp :2: ;\ simple storage hierarchy. 

Jpvicps alld "tapf;' dpvices. TIlt' disk typ ... ,; 
are pquivalf'lIt Ilf'CallSe caching arc,; Ipavl' hoI h 
tYlws of tapp dt'\·ict's. and similarly for lapf' 
pqllivalpll'p Ihrough migratioll arcs. \olp thaI 
a I though disk,.; a rf' a t 111t',;a 1111' If'vd of I h., h i.'r
ar.-hy, tiwrt' is 110 direct arc across di"k typt''''. 
Ol,jl'cts lIlay no"" disk typps only du,> 10 SOliif' 
Illi:!;ral iOIl alld cachillg ,;t'qUE'IIC(> as t I If' storilJ.!;f' 
sy"I('1II pf'rforJll'; It,; fUllct iOlls. Thl' dirpclpd 
grClph i,; nalurally acyclic. sinc" 110 storag" "'Y"
(Pill would Iw confip,urpd to llligratf' (or caeil") 
ohjP('ts in cyell'''. TIlf' graphs do 110t Iwct's"ar
ily form a rooft'd .!!;raph (a trp!,), as a "torag" 
hinarchy lllay havp spvpral f'quivalf'lll clas,;,,,,; 
Cit llw hi).!;llf'q (or 10wl'st) 1.'vl'1. To ,..lIow a 
Ilion' cOlllpliciilt'(1 f'x<1l11plf', a cOlllpl,'x lIif'rar
clly i,.. displaY"d ill Figurf'::' Thi", I.'xalllpk 
look", liilf'ad 10 il po,;,..ihlt' future illtf~gral<'d '-Y"-
11'111 It,;illJ.!; IIlullipkdf'\'icf' Iy)lf's. \Yhilt' grf'al Iy 
"illiplifi,'d cOlllpal'"d 10 il ('{'a I sy;;1f'1l1. Ill<' lir'" 
""'r" rilOSf'll If! d"IlIOIl,,(riil,· Ihilt tilp ord"1'I1I1!, 
of I ... vpl" call 1"'CUIlIf' ~1()Il-ohvif)JJ" alld I hal (1)

.i,'d ('achillg III;\.\" J'ollo\\' diffl'l'f'lll pat II" frolll 

:\ 

Legend 

- - - .. Mlgra1B 
~Cache 

riglll'!' :\: .\ cOl1lpl,'x storilgp hiNarcliy. 



ohject Illi"rcltion. 

Tht' strlltllrt' of such il ~raph llllJ"t I,.. 
in'ililaiJie to the storage system for usp I,y 
it,; (,Oll1pOllent fllllCtiolls. There are nuiOlh 
dilta stru('tllres used for lllanipulatingdireClf'd 
graphs[:!. ;~J. figure·t is an example configuril
tioll syntax that records the ar('s leavillg eaell 
node. This information completely dE"scril,e,.; 
olle hierarchy of storage dp\·ict's. 

3 Multiple Co-existing 
Hierarchies 

\ \'h i Ie SOllie 5t orilge syst ellis III ay Iw descrilwd 
hy il single. st at ic hierarchy of exist ing de\·i,.-". 
Illilny systt'1l1;'; lllUSt handlt' I li" problelll" of 
,.;upport ing ohjects in different hierarchips and 
ofilltegrating IIPW media types into all exist ill).!, 
;-,torage ;;ystelll. To generalize tllf' idea of a col
lection of ,;torage devin's orgallized as a sin)!,I,' 
hierarchy and recorded in a configuratioll fil". 
we cOllsid('r Illult.iple co-f:xi;-,t ing hierarchies. 

Assu/1lP we hn\'P n set of configured hin
nr('hie;.; nrrilllged nS an array. Let each (,h
jf'('t in t hI' systelll 1)<> t.agg,.,t! with n hiernr
ehy idpilliti"r (1IID), which is 11 ("oncepluill ill
.lex illto this <lrray. III all <I('tuill illlplPlllt'nla
t iOIl. t I If' IIID lIIight hI' all illdex 11110 n "y,,
tf'lll ;l(llIlilli,;1 r;11 ion filt' which lists I hI' ,ollli).!,-
111""" hi"l"al"chi",.;(figure ;j). AII<'fllillivdy. Ihi" 
"y,.;t('111 ('oldigllrillioll illfortllatioll could I", d,,
liwr<'d hy <I distrihuted lIalll(, ;';I'n·ic,'. Tlw 
IIID wOllld h,· a perlllnllellt ilttrihlllf> of p\'ny 
ol,jl'rt "lor,·.! ill lilt' "yslf'1l1. For l"<'nSOIl .... di,,
"lhs,'<1 1lf'low. it Illay Iw ("onn'lIit'llt to "peei!"y 
" 1'·I1II'0r<lry. di"f'elivf' IIID whirh would 0""1"
rid,' lIlt' p"rlJlaIWIII IIID \Vhil,· th,' ('III"I"t>lIt ,,10)"
a;!," <Jp"ral iOIl i,., <I('t iw. By c('111 ralizing IIJI' 
<1"";('1"1]>1 iOIl" uf I lit' ('onfiJ.!,llr .. <I hi'Tar('hif's. t I If' 
1J11~rat iOIl 111001111" <l1!!orillllll IW("OIIl,·" IIl1if, '1"111 
I hrr)tlgitOIlI II)!',.,I or"~" syst,·nl. Today,- 11Iigr,,
t i011 III(HIIII,·" ,11"<'. uf lIf'n·,.,siIY. ad hoc. wll<'r,' " 

rohotic tap" migrntion sern'r "know,," that it 
can Illisrat,> to the ynldt. while the \'nllit Illi
grnl iOIl sen'pr ha:; built in kllowledg~ t hnl it 
i" nl flIP hotlom of tilt> hierarchy. \\"ith ollr 
proposal. a II lIligral iOIl mod ules for all dpyi('es 
may shnre code. algorithms[-I]. and configllrn
tioll fil",.,. \lodules St>C a uniform \'iew of th .. 
storng .. graph and can make decisions based 011 

deyi(,f'-independ,'nt information. such nS the 
caclling and migralion arcs leaving the node. 
frpe space on n given node. time of residt>I1Ct>. 
oh.iert ;;.ize. et c. These deci"ions do not clt'-
jlt'wl 011 t Iw ohject's current position III t IIf' 
hi"rarchy. 

4 Storage Dynamics 
\\'e are limy able to ('onfigllre ollr syslem WIth 
Illllitipl" co-existing hit>rarchies and to tnl?; oh
.ie('h with a hit'rnrchy identifier. \\"ithin n 
gin'n hierarchy of media. tilt' storage sYSlt'm's 
migral ion and caching 1l10clult>s will implemellt 
policies for fret' space, tillle of residt>llcf'. object 
size. dc .. alld decide whl'l1 all ohjects should 
Iw IIligrat,'d down. These nre norl11nl sile pol i
ci .. ,-" Iw"d .. ,<1 h~' allY slorag'> ;;ystem t hat offer;; 
ilJltOlll<ltic llligratiol1 of ohjPct;.,. \\"e propose 
ilddill.g tilt' followin.g f'xtra rOI)(litiol1 a,., all P\:

pli"11 d~ lIalllic prill"ild" for a "tora!!,,· "y"t"1l1. 

Oh.if'ct" Illay Iw ddIH·I" ... d to or re
,· .. i y,." frolll all applical iOIl only ,dwil 
tilt' oil.iP('1 is at tilt' /01' of its currenl 
lti,'rarclty. 

If t h,' oilj"f"1 i,., not al I It" lOp of ih hi,'r;lI"cliy. 
it i.s radw.! I () till' t.op alld ot Iwr nhj,',h m,' 
Illl.grat"d d"wllward. a" 1It'(',·""ary. If ('ndliIJS 
i,., 1I,','f'''''''a ry. t h,· oLj"ct i" 1I0t ;jeep",.,i I >i .. 10 lilt' 
dif'llt IIlJlil I hi,., ('adlilJg has pn,.;itiolwd at I('a,.;t 
SOII)f' purt iOIl of t h,' oilject al t lIP to], of ih hi
f'l"al" .. h~·. \\"III'III,'r to allow portiolJ" of i111 oil
yel tn I ... <I,'liY"I""'[ I,,'fol"" it I'" "Ilt ir,.jy caei}!".! 
tu till' IOJ> I,'Y"[ ill\·"ly,· .... tllf" '1''''slioll uf]'arti:d 
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#C=caching arc from initial node, ~I=migration arc from initial node 
# 

#initial node 
SSD: 
DA: 
3390: 
HSTrobot: 
3480robot: 
HSThurnan: 

terminal nodes 
M(DA, 3390) 
C(SSD), M(HST) 
C(SSD), M(3480robot) 

#top of hierarchy 

C(DA), M(HSThuman, OpticalTaperobot) 
C(3390), M(HSTrobot, HSThuman) 
C(DA, HSTrobot, 3480robot) #bottom of hierarchy 

OpticalTaperobot: C(HSTrobot) #bottom of hierarchy 

fii!;lIfl'l: :\n exaillple hinar,hy syntax applied to tl]/' complex example. C(M) indicat.,,, ('a("hin~ 

(migration) arcs from the initial node to tl\l' tt'rtllinaillodes. 

IlIlDJndex 

() (dpfallit ) Illt'rgpd I { D .. \ .:l:;!)()} / { II ST .:\·lti()} 

I ··fa"t .. i {D.\ l / {liST} 
:! "slow·· {:I:I!)()} / {:~-tt'\(J } 

:\ I;Plwrir disk alTa.,· IH 
t gPlwric :H~(J t a pP :\-tKO 
;) J\\SI lallf'i<'d forlllat :\-ll-1(Ja lIsi 
(j real t illW illPII t 1lf'liCill,;ran tap" (liST) 
7 allY :111-I() at sit., X :\·ll-l() (~,.;it (,X 

K "pf'rific :\·11'i0 dri \",' :\·1."IOdri, ('A (\sitf,X 

'I port" h!.- \\'Olnt \rOB \1;lIl"i 

.) 



caching anJ is Iwyond the scope of this paper. 
Lt'I u,.; con;;idpr some of the pra('tical henefit" 
of these dynallli(' hierarchie;;. 

Tilt' silllple;;t case invoh'"'' ('hanging I ht' hi
!'rarchy ca('hing/migration path" ill th,' graph. 
TIl<' adnllnistrator edit;; tilt' configuration a;-, 
II P Ct·;;sary. The llligrat iOll ;;ern'r is then a('t i
vated and it scheduh';; nt'ces;;ary mO\'t'lllt'nt;; 
for all affeCled ohjects. :\0 change to stored 
HID" i,.; r .. quin·d. whi('h is all illlportant !>('II
t'fit for qoragt' systems that lIlay potentially 
track I rillions of ohjects. 

To add a nt>w devirf' typt' to Ihe hit'rar
('hy. tht· ;;ystt'lII administrator ('dits tllf' C"II
tral hlPrilrrhy configuratioll file. TIlt'rt' ar.· 
two C<1.'>f'S. If an exist ing hierarchy i" adtkd 
to. the storag!' SYS\('JlI \\"ill autolllalically he
gill 10 radw/migratt' oiljerh int%ut of tlw 
Ill'''' Il ierarrlty. ,.,eanIle""ly usillg t he new d,·
vict' typt'. Again. there is no chang!' to any 
slored hi<'l"archy identifiers. If a new hierar('hy 
is forlllf:'c1. thf'1I tlw storagf' systcm will Iltilize 
the IWW dl'\'irt' type ollly for Ilew ohY'cts that 
art'slored. Thes!' lIew obje('ts will need to liSt' 
t hf' IIf'W IIID. but existing ohj,,('t~ alld t Iwir 
III D . .., ar" ull('hall~t'd. 

\\'hclI 11<'(""ssary to r!'tire old df'\'i('t's fronl 
act i\'f' "'t'rvin·. t Iw adlllil!ist rat or edil S the ('011-

figlll"a I iCJll fil.' to rt'l11o\'" all nod.,s for t h .. old 
d"vic!' Iypt·. Thos .... ohj.,('t,.; which aI'" III a hif'r
ar('hy cOllsisl illg of a sill:,!;l .. dp\'i('" Iypt' which 
is Iwill:,!, rd in'd IIIU,.,t hi' handl.·d slh'('ially, hy 
,;upplyillg a IlI'W IIID or hy I'f'confi.c,urillg I lit-' 
"xistill,!!; hi"rarchy in til" s."stl'1ll cclltfiguratioll, 
Af"'r I lit' old df'\'ir" Iyp" is dililinate,l fro II I 
lit" ('oltfigllral iOIl fik, IIC! 11<'\\' ohjt'ct" will I,.. 
Illigrill.·d or cacilf'd 01110 tht's.· d"\"ic"s, If il 
i,.. 11'·("I's,.;;try 10 c"llIpl"I"ly r!'IIiOV.' I III' I)ld d.·
\"ir.'.~ 1'1'0111 IIii' "Iorag" "y"t.elll ( ... ~., COI'Y I Ill" 
oi>j('cts 01110 II"\\" lI\t'dla), ;tll inlt'l'll:l1 li,..t of 
01 '.i,·('I" r,·,..idl'lll {)II I It.·",· d .. vir,·s II111s1 h,' ':';"11-
'·ral".! hy IIII' storil)!" S-'" .... I('lIl. TIll' s~·st'·111 will 
IIii'll arli\'alt' lit.· 1I1b,l'alioll s,'r\"1'I" wilh tltis 
lisl ;1" a rl!,11II II'llt . Sill("" I II<' oh.i.'('ls are Ilut UII 

a \'aliJ 1I0ck, they will be Illo\'ed to some \'alid 
w:<ideIH'e wit hill t Iwir new hif:'rarclty. Tltis op
nation Illily pro('e,·d at \\"hatev('f ra.tt' desir .. d. 
possihly ,;,It"dllkd i'b a ha('k~roll\Jd task oW'r 
it Jwriod of mOlltll" or years, A special ca,..e i,.. 
pre"entf·J I,y I Ito,.,,' ol'J"cts which are in a hier
ar('hy consi,,1 III!!, of a single df'vicf' type whi('h 
i,.; h"ing retired. Tlw ad\1l\llistrator must sup
ply il IWW II ID for tit" ohject or reC'Onfigurt' 
till' "xi,.,tin.~ ("illg),' node) hierarchy definition. 

5 Transparency 

\\'h"11 de"'lr.!,nlllg il distrihuted storage systf'1I1. 
Irallsparent aC\ess to storage objf'cts is rrll
('ial for ,.;oft\\"ar,' and ohje\t portability. Loca
tioll tralispart'n(,Y['-Jj il1lpli .. ,.. that all applica
t ion i,.; unahlt, to determine the locat iOIl of an 
ob.iert froll! its nanlP. The strongf'r property 
of lo('al iOIl indt'pE'ndence nwans that. tht' oh
jl'('1 llIay he llloved at will without a change 
in its nalllt', whidl i:; rare ill exi,~ting; systt'nls. 
Tlw SIlII :\f't\\"ork File System (;\,fST.\f). for 
I'x:llllpl.·. displays lo('ation transparency, ,.;illr .. 
011 c.' a di"llt lIJachine ha;; InulIllted a fil",;y"'
I 1'1lI t It" 1'11~'"i(,ill locat ion of a file i,., unkIlO\\'n 
to ,111 ilpplicatioll, Bllt \FS dol'S not support 
loral iOIl illd"p"lIdt'lIc", IWCilll"e Illovillg a fil.· 
(Ii le,..ys kill) IWI Wf"'11 Sf'n'N" is 1I0t t ranspa r
"111 alld r<'qllires reopf'nin)!, fiks, Depelldillg 
all IIII' adlllill,..trativl' COIIH'lllioll.,;. thi" lIlay 
,1),.,0 I'lll ail Ilsing, a IIt'W lIilllll' for t he "aliI<' 
fik. Oilly IIl1d"r il fully 10('atioll-ind"pelldI'1I1 
lIamill)!, sclwnw Ilia." 1l<11llf'''; Iw a,.,sign .. d (JIIC.', 

aud IIt"1I I .. , .... to ... ,d ;lIld n'II,...·d at will Ih .... ,·
afll"l", It i" clt-ar thaI "oftwarf' portal,i1ity 
ill ;1 .Ii .... ' ril>lll"d f'II\'il'Olllll,'1I1 r"qllir""" IIl("al illll 
I rall"'I';U-'·II".\·. olllt'l'\\'is,' I lit' hdla\"ior of appll
,al iOlls wil It '·llIh .. dd,·d ol,j('ct 111111"'" .Iifr,·r" 
d"!"'lIdilig "II I III' lind,' wlwr.· IIII'Y ;H" "X"

'·IIlt-d. III I It.· ,~allll' 11Iil11I1I'r, uh.i.·('t portahil
ity r"'1l1ir"" 11l(';1I il)lI illd"I"'lId"nre 1"'raIIS" it i,.. 
1I11i1" .. ,·!d;11,j,· I .. r('\\'rit" rtppli .. alioll" tn fnll()w 
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OptiIllization Control tbe lIew lIames of objects as tlIP." are Illo\'ed 6 
hy the storrtg'- system, Autolllatic llIigratloll 

schellles oln'iously require sOllie form of locil TIlt'J't, i" a conflier j,pt\\,PPIl il highly t rall,.,pilr

f'1lI tll,.,t riilllt,·d ;,y:-tel1l illlci the etficielll 111ill1-

a~t'llIent of resource" hy the sy"tem and / or il p
plicilt iOIl. I'oppk and \\"alk,>r[ti] expl'pss,>d the 

prohlelll clearly: 

tioll indelwlldellce, 

As storilge systems expand and distril)llt", 
tlwir hetprogPlwity illcreases, :\ew media and 

lIt't workillg tt'chllologies presellt serious rhill

It'll.!!;""; to t Iw mallagPlllent ill1(1 integrat iOIl of 

distributed "torage system,.;, \\"ith lIew IlW

dla typt>" tlw rel)UirenH'lIt for location illd,>
pendellce heronws more pressillg, as 1Il0rp rpa

SOilS arisp to movp existing ohjecls for rq.lica

tinll, lIIi~rillion, ilml/or caching, Larg., ,,11;'

t ril'llted ;,torage systf'IllS Ciln hilve \'pry ;,ig

lIificilllt ill\'estllwnts in high perforlllilllce alld 
high cilpilcity hardware, One requirement i" il 

syst"1ll COlllpolIPnt which sclwdllies plaCelllt'lIt 

illld 1ll0\'PIlWllt of storage objects depl'lldillg 011 

ilvaililhlf' dpvice and network bandwidths awl 

lilt"nci.,s, In SOIllt' systems, tlw distrihutpd ilp

plicilt ion(s) Illay dirl'ctly COllt rol and schedlll,' 

tlw 1II0VPII1ellt of storage objects. Emerilld[G] 

is OIW slIch »yst "Ill which offered prilllit in's to 
1l1O\'t' ob.ipch Iwtweell sites. fix objt'cts at it 

giY,>n site. and illt)uir.,' as to tilt' locat ion of all 

ohjprt. III ot Iwrs. pit her the lIil t i\'e 0lwra t illg 

system or tilt' g"II"rill distrihllted storag .. Illilll-

ilg,elllt'llt systPIII huilt 011 hf'IProgclll'oIlS 1I11(\t-r

lying opprilt illg systellis IlJilY provide ohject 1(.

cation statlls illld the primitiw>s llecpssary to 
aff.·ct ohj"rt 10riltion, III a distrihlllt'd lall
gllilge PllvirOIlJl]Pllt. IlIillly of these lil"k" aft' 

"llb"llIllt'd tlllcj,>r t lIP rUlltinlt' SllppOrt and <il'<' 

COlli ple"'ly ()lIt of t Iw cOllt rol of 1 hp applicfl t i('1l 

prou,ralllllwr. 11'>1'111",,[1] i" "II rI I il distrilllJl,·t1 

pJ'())2;r:t lit III ill)2; '>lIyironlll!'lIt wltirll ofr,·I'''; it \'c.l'.\' 

high 1"\'1'1 \'i,>\\' of a dist rii>uted "y"tt'1I1. TIt<' 
d'·"IU,1I for "'·mw,.; ,,~o .. ('ificill\y di"al\ow,>.\ ;1('
cc',",,, hy :tl'plir;11 iOlls 10 sy"tt'1ll I,>\'''! d.,tail", 

"Ollt' of the fUllet iOlls that COI1\'el1-

tiollal. 1I0lllrillbpilrent ;,y,.;te111" pro

\'ide is tltp ahility of applications to 

1 ilk<' explicit nd\\'ork-rf'lated ilct iOlls 
for th,> Silk,> of optilllization, [ ... ] rll-
Ip"" ;,OIllP llH'illh art' providpd in a 

t rrtll."pal"'llt PIIYlrOll11lt'llt to ilCCOIll
pli;.h the "alllt' optimization ilctlons. 
Ollt' ('ould fairly pX)lPct significallt 

)WrfoJ'lllallc'> difficult it'S, PYPIl ill il In

cal Iwt\York," 

TIlt',\' d .. scri h .. Ilw "'>]'\'ices of t Iw di"t ri ilu ted 
systt'll1 as illl (.0'((1 lilllguagt'. which is tilt' 1I0r

Illill "e't of sysklll calls such il." reild. \Hit,>. 

lock. ete. which clriw tilt' rOlll)llltation Iw-
illg IwrforJIwd. They Sllggt'st impkllH'lIt illg a 

s'>parilt,· optilllizillioll lallguagp. "orthogollill" 

to tilt' drpct lallguage, Ort hogOllill hert' refns 

to tlw fact that th .. optill1iziltion lilllp,llilg" i" 

," ilia 111 1(.'-//'1 t. "0 that 110 st fl t"I11"'llt ill t h,' op
t illlizilt iOIl langllag'> Cilll af['eet rllt' rpsldt of illly 

COlllplltatioll i'xpre",.;pd in tlw "ffect languil)!,". 

Fig1ll'P Ii display" ";0111'> "ilillpl,' optitllizillioll 
prilllit iyps. 

\'''ry few n·;.d "y"tellb !ta\'p suppol·tt·d t rall"'

pan>llt ohj,>ct 1I10\"'IIIPlIt. III Edl'Il[D]. all oh

j.>('h aI'" cOlllpklPly mohilP fllld all olH'rat iOll,; 
Oil ol.jp(·t,.; art' I<)ciltioll in<iep"II<i"IIt. The slll.
""<)II"llt Ell It'l'ald[ri] "'y;;1 <'II I ildded lilt' ahility 
to .. xpli"it Iy I'0,..it iOIl uhj!'CI", [Illt'rald prillli
tiy"" for ohjt'rt Illohility illcilld .. d /o((/It. 1//lji.1' 
(frollt it sit,·). 11/01'( • .fl.,. alld nfiJ' (:ttollli, /Ili-

Ff. /lit' /I. ;1I1 d /11'), Ol'1ItU.~OIl;tl opt i III iza t iUII 

is all a,tiy,' I'p""ilrch topic ill l',lralll'\ I'ro /"'''''''
illg ilild I'M:!II..! 1;11Iu'lIa~,·,.;, III a fully fllll,

I iOIl,t\ c or (!c-d iI 1';11 i\·,· lallglla;.;" "II\'iI'OIIIllt'IlI, 



m.IJ_loc() 
ohF cLioc( Oh)fC/) 
mGkc/lfG/'(obj(rI. 8ilf) 

ret urn;; tilt' ,.;i t e lIal1W at \\' hich t hf' call i" mad.., 
returns the ;;itt' nanlP \\'Iwrp obFr/ is stored 

trie:,; to IIlO\'!' 0/1)((/ to a site 

wherp iH·'PS." frolll .,t/r will Iw f'fficipnt 

Figurp 6: ExalJll)lf' optilllizatioll prill1itivf's. 

tllP ('hllrdl-Rosspr[IO. 11] property gllarall

lef'S that tlw oplimizat.ion annotations arf' 
,,<'mant ic,.;-frpe. Bllt tilt' pprformancp of func

t ional languages is poor whpn compared to fa

lJIiliar impt'rat i\'p languag.,s. where I Ill' opt i

lllizatiol1 prillliti\'p" an' orlhogonal ollly hy ill

"»f"lioll and 1I0t by formal proof[I:!. 1:1]. 

\\'" propo,;.' it 111'\\' prilllilivp for orthogonal 

optimization in a ;<toragp system: 

Tlli" prilllil ive " •• ", I lit' hi<'l'archy id.'nl ifipr for 
ob)l rI 10 HID. pf nt.,1 ( 11 C( may I>p ci t Iwr 1"111-

porary or per III c\ll PI1 I . PerJllant'l1t persist aIH'" 
.!tangf';; I he sy"II'II1's ,.;Ion·d hiprarchy id"111 i

fil'r atlrihutf' for t.he ob,kct. Tpl1lporary 1)('1'

sisl anct' sets tlIP effective HID for I lit' ohj"ct 

to tlIP argumenl HID for til<' dmation of tit.· 

curr'-'1l1 operat iOIl all tilt' oh.iecl. l.llll do,'s not 

aff"n Ihe ]l"rIllanenl ob.it'cl atlrillllt ... Tlli .... 
prilliit i\'p i,.; St'IlHlllt ic,,-frpf' ill I h., spn,,!' I hat if 

it fails. reI urns all nror. or is 1101 SUPl'ol't!'d hy 

a gin'll systPIlI. the ba,.;" COlli put at ion \\'illl'ro
u,pd IIllcha Ilgl'd. t hOllgh possi hly 1l10l'P slo\\'ly 

and I"s,.; dTici"lllly. Th .. failur .. of t.1lt' 01'1 i

Illiziltion prilllili\'" in a n'altilllPsystl'lll wOldd. 

of COllI'".'. he a failure for th.· <'1l1.iI"· COlllPlI1 <1-

tiOll. 11111 for tho".' "ystpIlI" which art' iIlS"II

"it i VP to n'ait inl<' Iwrfol'lnancp. tilt' "IICC""''' or 
fail II rl' of tlip hli/,o/,(h!J() prilllili\".> i" Il'illI"pal'
,'lIt lot II<' compllt at iOIl. TIIP st alidaI'd IIJ1f 1I( ) 
"ys1t'1I1 call call I", ... xll'lI(kd to accq,l a d"sir"" 

I'l'rI Il:t I It'll I III D. which d'·II'rll1in,·;; 11j(' in it ial 

J",Il"'IlIPllt of a lit'\\" "bj .. cI ill til<' "Iorag .. "Y"-
11'111. If 110 "") i" ~ ... cifi,·d. IIID=(J IlliIy I ... 

")IIiiglll'l'd a,; lilt' ",v,,1"1I1 ddallil (Fii!,III'<' ;-)). 

7 Optiluization Examples 

In this ;-. ... ('1 ion. WI' Ilff'Sel1t a few pxal11plp~ 

of till' II."" of hlf/'{/f'('hl](). As a straightfor

ward optilllizalion pxampl.'. a;<sunw Wf' IIPP" 

to posil iOIl all ol.j ... ,t pnlllalwlllly ()n all~ 

di"k array. \\".' wOllld ]lPl"form the followin~ 

Slt·pS: (I) filld (or ('I'pat!:') the hierarchy id"'l1-
tifi ... r of a hiprarchy with !:'xactly OIW nlPlII

hpr. Ih" disk array (IlID=:1 ill figHrP :»): (J) 
perl11an"llt Iy ;:;et t he object hierarchy idpll
lili.'r to I ... IIID. hllrn/·(·"IJ(ohjpcLfo(!. IlID. 

perin): (:~) o/)(lI(obj<'CLfoo) and. if 11j(' oh
jf'ct is lIot already 011 a disk array. t Iw stor
agp sysle\ll \llon'''; the ohjP('( to all array: 

(-l) c/o·,d objl'cLfoo) (no rpad/wrik Jlt·ct.'ssary) 

and I II<' ohj"ct i" now IH'rJllallPiitly rpsident on 

SOI1I1' (IIntl"IPrll1ilwd) di,;k array. 

For a "Iorag<' . .,ystelll that has a variety 

uf obj"cl" ""'plil'ing \'ariolls Illigratioll/cachillg 

"t rat"gi.·" alld diff<'l'PIII latt'llcy and I hroll.!!;h

plil. til<' hlt/'II/'chll() prillliti"t'lIIay lw 1I,;e<1 to 

d"I"l"IlIillt' Ih.' """iet' Iypp Oil which oilj ... cl,; 
;1I'.' r.'(".·i\,.,d a .... 111"y ellt"r t h .. storag" sysl"IIl. 

('ollsidn I lIP ca".· of' a storage "ySII'\ll that 
;lcn'pls dat;1 al vpry high ralps frolll a r .. al

I iIIit' SOIlI'C". arcitiy,·s this dat.a for long I"rlll 

"lora!2. ... alld I h"11 IlI'rforIlls "ariolls pro('!'"sillg 
fllllct iCIII" Oil t h., ,;to!'.·d oh.i,'cl,.. as backgroulld 

t a"j.;".,. If I lit' long 1"1"111 al'c-iliv.· i" hi!2.h-sIH·,'d 
(".g .. "Irip,'d) Iwlical scan tapp (liST), WI' 

Illay t.lr.· .. lilt' inpllt lu thi" "Iwcializt·d "Io!"ag" 
d.·"i.·.· wit h: (I) ,,/)( 1/( n'all illlP_oj,jt'ct) nliglll 

" .. t a 1"'1"1 1 1<11 1"lIt "I D ",lli"'l IIW .. t" tilt' ".""
It'll I 111"'.\" for IlIi~l'al iOIl wil II I.ackgrolllld pr .. -

('.'""ill~: (J) /'It /(//(h.ll(rl'allilll(·_ohj,·rl. IIID=c\. 
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t"llIporary) ,,<'t;; a kl1lporary hierarchy which 

contain,.; ollly helical ;;can tape e1rin"s. ,,0 t Iw 
IIwdia ,110';(,11 in tllf' o]l£I/() aboH' is ;;witched 
to h"lieal scali I ape for init ial rpsidcllCt' of t Iw 
ohject: (:)) IITtid rea It iJlle_ohj('('t ) accepts til<' 

data inlo th" storage system. dir,>ctly onto till' 
high "»,,.>d device: (,I) c1o.~d realt imt:' J)h.i.'rl ) 

rt'I.'ases the hig;h speed tape drives and tlIP 1"'-

altinH' data is free to Ill' migratf'd and cached 

hy t h., storilg'> "y;;t'>lll as deterlllilleci hy tilt' 

permanent III D. 
To nlo\"!' an ohject to tllP "fa;;t" hierilr

('lty. which consists of only high speed di"k 

array and helical s('an tape. \\",J \\'ollld: (I) 

OJi( II( fa"Loil.i,'ct): (L) hlfrarrhy(fasLohj<'('t. 
III [)= L IwrllJallPnt): (:3) c/o"d fi1sLohj."t ), 

Tht' fa;;t ohj,>rt is no\\' in th,~ fast hi.'rardIY, 

\\,,' llIight I ... ilille to "kip the ojlPn( )/ri(),,<'() 
if il was sufficif'llt that till' ol)jP,t i1,tllally 
ilion' only al its neXI i1ccess ()'t'ad/writ,,), ;\ 
/1/1,Qralr() opt imizat ion prilllit i\'e could lw de
sig,l)f'd to place the oi>jt'('t at a 10\\'1.'1' I,'\'el on 

it" ('lItry into the Ill'\\' hit'rarchy. 

D"lwnding on the dl,tail of tIll" storage hil'r

ar('hies "XI)J'I'"sed ill tlw syslt'lll cOllfigllratioll 

fil<'. \\'e ('ould 1l10\'(' all ohject 10 allY dri\',. at ;1 

"perific sit(' (Figllre .J. IIID=7) or f'v.'n to a sill

gl!'. slH'cified dri,'e at a sitt' (lIID=I'). 13." u;;in,:.!, 

i'I t"lIlpori1l'Y IIID. a copy of i'l1I ohjl'ct ,all I", 

»roduc.'d on till' desired Illt'dia, This Illight Ill' 

of SOlIll' us,' in i1 hackul' or I'('plical ion schellll'. 
;;ill,1' t his copy of 1 hI' oi>j,',t is not )It'rlllil

IWlIt Iy Irack.'d hy tl)l' storagl' ;,ystl'1l1 i1l1d ,all 
1)1' rt'lllO\'I'd from till' "it,-, \\,,, do not ('ollsidf'l' 

this a IIl1'chanislll to ('xchange storage ohj.,cts 

Iwt\\"'e'11 sit"s, In <I standilrd for disl .. illllll'd 
stor<l~'" tlw system software' lllust intel'opl'r
atl' o\"'r (,Ollllllllllcatioll llt't\\'orks with storag., 

IIlodllll's frolll \,ilriotls \'''Ildors bllt \\'(> cOII"id,'r 

it inappropriate' 10 sl andar<iiz.' t h .. laynllt of 

I,it" lin t I ... stol'a;..:." lll.,diil. \r., f(,,·1 I his i" 1"'1-
1 .... 1../·110 1lI"dia illl"l'chilllgl' Slillld;uds fur tit.' 
lilllilt'.\ ca"",, wh.'I't, 1"lysicalllll'dia t rall"f!')' 1>.,-
1\\'("'11 slora).!," S)';;tl'llI" alld sit,-" is IlI'c.'ssary, 

') 

\pvl'rth,'I"",.,. till' hlfra/'rhy() prill1iti\'(> Illily 

Ill' lJ,.;t'd to export and import object,., in 

ilHithtry standard interchange format, \\'1' 
IIl'pd ollly d>'fillt' lie\\, hierarchies ",hidl (,Oll
tilill i'I ,;pecific de,'icl' typ(' and r('ad/write 

I hrollgh all impl,,/Iwnlation ;.pecific soI'l Wi'lrt' 
lily<>r which t l'illIsICltt>s t ht> inlernal forlllat of 

stora~" objects to/froll1 till' interchan)!;t' for
mat, For I'xillllpl". to export an oilje('t onto 

all .·\\SI ;;talldard lahell:'d :1480 tap", \\'1' 

\\'OlIld: (I) (J/I(II(outgoin)!;_ohject): (2) h/(/,al'-

chl/(ollt;..:.oillg_ohj,,('t. HID=·), telllporary): (:)) 

C/"," (OlltgOill~_oh.i,'ct). TIlf' olltgoing oil.l"ct 

r('lll<lins ill the ,;~'stt'lll. hut its conlt'nl" han' 

h"""1l I'xlerllalizt'd, .. \,; anot l1I'r PXilllll,)", t'll

I iI"> ,.,1""- of "".if>'!'; might Iw illl»ort('d i'lnd ex

pl)rl"d hy i'lpprnprialt' operat iOlls Oil a Itwr

ar('hy \"hidl "'IIPI'Ol'tf'd tlte forthcomin).!, :\\SI 
X:3Bll.l f'X\hall)!;f' forlllat for \rOB\1 fil.,,,y,.,

t "illS (111 D=~)), These ;'oft\\'al'(' forlllat ,on
,·,'r"ions art' typical of t he way exist ing propri
.'1 i'lry stl)ra)!,.' lihl'arit's lllay Ilt' absorh .. d illlO a 

"I <lndard storag(' system. 

8 Plans 
\\'1' \ta,',' d('s{'J'iill'd it 1I11't hod of »"I1I't rill illg 

I Iii' locat iOIl I r<lnspar,'ncif's ()f a dist rlillll,'d 

"Iura,!!,,, sY,,\t'111. TIlt' 1"",,1 of dl't;liI ,'OIl<','I'II

ill;":' till' ;;tora;":'I' lo('atioll of all ob';(·('t ('all 

t'<lll).!,1' fro II I ,~"llI'nd (,,;ollll'wlter'" ill th,' "fa"t'· 
,.,tora)!,., lti"l'arrhy) to "el'y explicit (a "I"'('ijic 
.Ii;;k driw), Toward till' gl'llI'ral Plld of till' 

"Ilf'ct l'Illll. t hi'S., id.'as art' silllilar to Syslt'lll 

\lilll<lg"d Slorag.·[I,1. 1:») alld tl ... prol'o""d 
Dat a \1.'sh[ \(i]. Th is facili I Y Illay h,' Illad,' 
a\,;iilahl., 10 aPl'li('al iOIl;; dirl'ct Iy or Illay I", in

".'rlt'd a" <I 1111ifol'lll st orag.> a,('(';;;; layl'l' al till' 
"ysl"lll soft\\,ill'" I.'\·,,!. Ilo",,'vl'l' it i" JlllP!c'-
1111'111.'.1. acc,',.,,.. t,l 1 h.,,.,,, i'a('i1il iI's of lit" "Iur

a)!," "yst.'111 11111"t h., lilllil.," Ie) alit \turi;!,'" 1' .. 0-

(·t·:--.:"'i4·~ IH'('all~t> II I i:-o I I:--.t , r;,n Ie-at I In :--.t~ritHl~ 111'1'

fOl'lllallc,' dillil"t1t iI'S ",it It IIIIC'''i1·dinat.·d "pI i-



lI1izat ion. 

\\'" ar" in tilt' proe,''';''; of ilI1l'len]l'nllll~ 1111" 
farilit it's herein de,.;nilwd ill a conllllt'l"cial ;,tor
ag" prodllC't[l']. Once th,· "trtlcture oftlw hi
erarchy graph i,.; accf'""ild,· 1 hroughollt a di,,
triillltf'd ;;ystt'lIl. adding "xtra infoflllation i,.. 
straightforward. For f'xalllpk. tltt:' arc;; of tilt" 
,.;torage graph <Iff> currpnt Iy tagged a,.; either 
cache or nligrate. These arcs could easily carry 
nptwork throughput. latency. and co:;t infor
mation. Additional orthogollal optimizatloll 
prillliti\'p>, could then ;wardl for Illininllllli co,..1 
or maximulIl bandwidth path" alld r"pOrI thi,.. 
inforlli:\lioll ill a lllliforlli 1I1<1I11I"r 10 ,.,y,.;t"111 
"c!l"dtt!,'r,.;. applications. 1'1e. i'rill1itiH'''' 10 ac
ce,.;" liUt'lI., stati~tics (length". re"id!'llCP tIIlW,,) 
for OhjE'Cl lllO\"('lIlpnt hf'I\W'('n llodp,.; i,.; also a 
po:-;,.,;ihility. Agaill. the failure of tht'" .. prilll
iti\"!';; to return useful information would not 
affl'ct t h,> out COllie of th., al'pli("ation',; ("Olllllll
tation. only its dficiency. ('oli'~ct ill~ t hi" illfor
lllat ion is Ilot diffkult. Instpad. tit" I'rohlr'lll 
is "talldanlizing !I 0\\' the al'propriatt' illforIlla
t iOJl i~ shar .. d allloIlg ht'! .'rogt'llPOU" ciit'llts in 
a distriiluted ;,toragl' syst"III. \\", thillk tilt' 
inclusioll of facilitip;, ;,illliiar to what \\"t' hal" 
d",.;nilwd her!' i" nitical to a ;,tora!!,,, ,.;y"lt'lll 
st andar.! \\"hich i" to nwd t Ilf' chall"Il12.'> of di
I"l'r,," 1l1l'Liia t.I"I"·'" aIld which \yill alln\\' \·ariOII,.. 
Ipvd" of tilt' "tora.!.!," "y,.;t'·lll soft waf!' to P"IIt"
trat" tilt' locatioll trall.<.;par"lIri ... " alld optillli/" 
S~'st"111 tltrnll;.\hput. 
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Discussion of the Need for Active Promotion 
of non-HEP Applications of Advances in HEP Computing 

International Users Meeting on High Energy Physics Computing 
Dallas, Texas, Sept. 1991 

Vladimir Chaloupka 
Physics Department 

University of Washington, Seattle 

- why HEP should have as many spinoffs as possible: 

- because it is part of our propaganda (especially SSC) 

- also, it is good 

- why many advances in HEP computing should have wider applications: 

- extreme demands (speed, data rates, info processing) drive progress 

- inherent parallelism 

- inherent modularity 

- examples: 

- statistical packages 

- theory-motivated parallel architectures (lattice) 

- experiment-motivated parallel architectures (events) 

- the benefits of active promotion: 

- enhancement of HEP byproducts and spinoffs, with favorable effort/outcome ratio 

- increased HEP visibility 

- reverse flow: neural networks, information processing (hypertext etc.) 

- improved contacts with industry 

- proposals: 

- appointment of responsibility within the HEPLIB world users group for non-HEP 
application promotion 

- contact-person at each major HEP lab (plus SCRI etc.) 

- issue a (quarterly?) Newsletter on General Applications of Advances in High Energy 
Physics Computing. 
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Porting CDP Code 
to UNIX and the IBM RS6000 

R. Hollebeek, University of Pennsylvania, HEPLIB'91 

Motivation for UNIX 
Increased General interest in UNIX as a solution to 

Heterogeneous computing. 

Increased usage within the Universities of UNIX especially 
within engineering support groups 

Front-end trigger fann upgrade (from ACP to MIPS) 

Desire for increased fIle connectivity 

UNIX advantages 

Availability on large number of platfonns each has a particular 
reason for being attractive 

DEC - due to historical relationship with HEP 

SUN - one of the ftrst widely available UNIX platfonns, 
and common in engineering application 

IBM - connectivity to mainframes 

HP - code needs to be benchmarked to tell how many mips 
it really is 

Silicon Graphics - in CDF, front-end data acquisition 
machines, some of which are S.G. 

Extensive networking capabilities including 

rlogin, rexec, -display= ... 

Netwo~g - NFS 

2107 



Advantages (cont.) 

Rapid increase in available CPU power 

Graphical User Interface (GUn support in X 

Reasonable help facilities - man, info, CD rom 
documentation etc. 

Graphics tools for PAW etc. 

UNIX disadvantages 

Small processor I/O bandwidth 

Large Increase in system administration load 

System administration difficulties 

Rapid evolution of operating system versions 

Retraining - yet another new operating system for the user 
to learn 

"Unusual" command names 

Large amount of network traffic required by cross-NFS 
mounts 

Overall balance 

My own opinion is that the advantages vastly outweigh the 
disadvantages. 

The learning curve is probably 6 months, and the major 
expense will be hardware replacement. 



CDF Environment 

base (at FNAL) - DECOdS I database (at FNAL) I 

Vax Ousters 

DAQfM'Dl 

DAQ 
front ends 

Production 
machines 

Code Servers 

FNALAmdahl 
VM/CMS 

Vax ~--~ PENN 
mM mM3090 

University 
Vax's 

Where should UNIX fit in? 

The widely spread CDP community provides a micro 
example of the problems of code distribution for a 
"development" environment, which is quite different 
from that of "package" distribution. 
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Motivation for UNIX 

CDP Initial Runs 

CDP decides to use 
UNIX 

Port Code to Level 3 
PENN 3090 (similar problems) 
and fmally the Amdahl 

Need for PAW tools 
Silicon Graphics front end 

-ACP-> Mips 

Mainframe -> workstation 
interest -» mM 

Port to RS6000 

FNAL buys RS6000 fann 

I Assist in implementation 

Need CERNlib 
PAW, 
graPhigs, 
Isajet, NCSA, 
LaTeX .... 



PENN Environment 

I mM 3090 -lSOS I 
VM 

I mM3090-200J 

MVS 

Engineering CAD/CAM 
CDFPAW 

RS6000's 

iPSC 

Mac's 
System 7 
MacX 

CDF software primarily 3090 base with code 
maintained by servers to FNAL Vax cluster. 
Complete mapping of VMS fIle structure to VM. 

2.71 
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Initial Experience 

Machine Setup 
simplified by SMIT 

Problem report and 
database in mM and 
user inquiry database 
including keyword 
search mechanism 

get CDP code snapshot 

Isolate the problems 

compile the code 

$$If ... . 

$$Else .. . 

List of Problems 

code incompatibility 

syntax 

OP sys glitch 

Problem reporting 

6x .. . 

7x .. . 

Have a sunple user 
interface 

Set up (and edit) the user 
feedback 

Provide for response 
mechanism? 

Need a means of keeping 
machine dependent 
code obvious 

Outstanding problems 
should be 
documented and 
tracked 



Strategy 

Isajet 6~36 
file open and close interface needed to be changed 

optimizer bugs 

Isaplt -> PAW -> display 

Desktop tools 

O-------l 
t,5.~ ~----- - > 

2SA2T , 
~---> 0 

o t,. !saO t ° fill 1: ~S.ou..."t (,,\ ,,\ ~ ") 
plC~ up ~ mput e 

. drop icon on Isajet icon 

output (listing) appears in parent (input) folder 

output (binary) appears on mainframe disk (via FTP) 

Similar icon approach to analysis 
icons are also UNIX shells so can be constructed easily 

icons can be c programs 

27.~ 
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Porting CDP Code 
to UNIX and the IBM RS6000 

Motivation for UNIX 

Increased General interest in UNIX as a solution to 
Heterogeneous computing. 

Increased usage within the Universities of UNIX especially 
within engineering support groups 

, . 

Front-end trigger farm upgrade (from ACP to MIPS) 

Desire for increased file connectivity 

UNIX advantages 

Availability on large number of platforms each has a particular 
reason for being attractive 

DEC - due to historical relationship with lIEP 

SUN - one of the fITst widely available UNIX platforms, 
and common in engineering application 

mM - connectivity to mainframes 

HP - code needs to be benchmarked to tell how many mips 
it really is 

Silicon Graphics - in CDF, front-end data acquisition 
machines, some of which are S.G. 

Extensive networking capabilities including 

rlogin, rexec, -display= ... 

Networking - NFS 



Check FI'P binary transfer of CDP data files 

YBO~ allows machine independent transfer 

actually a bug was discovered at this point. Data is 
\Witten in VAX fonnat and was being written incorrectly 
(but was inverted with a similar bug when read.) 

Machine independent data fonnat is important for 
collaborations with heterogeneous computing base. 

ana -> isajet -> ybos output 

CDP like most collaborations has had to do the work of 
making standard MC output for interface to the 
simulation. All generators have a translation routine to 
CDFfonnat. 

Expand - to keep machine dependent code\ 

misc. bugs and need to specify more 
platfonns 

shell problems - CDP uses c shell 

need all CDP Utilities 

YBOS 

UlPACK 

MENU 
A_C 

Read raw CDF DST (disk) 

READ 8mm Tape 

~ sequentialI/O problems 

tape label processing 
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Some of the problems in the utilities 
included 

bytes vs words in LRECL 

filename problems 

getenv 

REAJX)NL Y problems 

/dev /rmtO variable length problems 

256 character limitation of library search path 

difficulty in setting up shared libraries 

Bring up offline display 
DI3000 -> graPHIGs emulator developed in 

joint study with mM 
Setup UPD to distribute to mM 

Kingston . 



Porting Map 

Get a copy 

l~ 
fIX compile bugs 

make it function 

compare results 
against a known 

standard 

put corm's in 
Expandfonn 

return toCMS 
library 

put corm's in 
Expandfonn 
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Packages (partially) ported 

CERN products 

UPS, UPD - FNAL code transfer 

Cdfdb - CDP data base code 

Expand - machine dependency preprocessor 

C$INC- include file library 

Error_Jogger 

Isajet 

Bank_dump. 

C$Part, partprop - particle database 

jet, mbs, vtx, sac, trs, gmu, mon, sim, ele, cas, cal 

c$gen - MC generator modifications 

generator$source 

C$dsp - event display 

C$trk - tracking library 

cdfgeom 

menu_source 

physics_utilities 

random_number 

..... 



UPS/UPD, xupd 

very nice package for UNIX distribution 

CDFCP 

fU'St attempt to solve development server problem 

construct makeftles from CMS/MMS 

AFS 

we need to be able to share fdes 
between sites transparently 

NQS 

we need to be able to use multinode 
architectures 

Motif and Desktop Interfaces 

desktop components are command fIles or c programs 

user areas are organized with makeftles 

Replacement for the ana exec 

need a simple interface for running the program 

must run interactively and from command file 

27Cf 



Summary 

and some comments for HEPLm 

the problem of the developer is more 
complex than just receiving a new 
copy of the latest library 

need development version as well as package 
distribution tools 

the folloWing three functions are not 
necessarily best handled with the 
same tool 

code management 

machine dependency storage 

code distribution 

many of the current UNIX tools are 
better than some of our old habits 

makeftles are a good example (MMS) 

c structures is another though more 
controversial (Zebra) 

motif and other graphic interfaces 

availability of code is the key to growth 

~ake it as' easy to get/update as possible 
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01 Time to simulate one event: 30s < T < 120s 

with full shower development 
\. 

LlI Requirement for 1,000,000 events per month 

to control systematics at one per cent level 

LlI Want to run long jobs all the time 

01 Need robustness and file staging 

CI Manpower av,lIable from experiments 

CjJ Time to simulate one event: 500s < T < 5000s 

with parametrization or full showers 

CjJ Interactive development: a few hundred events 

LlI Real-Time problem 

CjJ From time to time long batch jobs 

LlI Interactive histograming (limited yO) 

LlI Manpower? (ECP, PPE) 
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60 .-------

50 

40 

30 

20 

10 

22.5 
20 

11S 
15 

12S 
10 
1S 

5 
2S 

82 

(0] 
PAW (0] 
PAW (0) 
PAW [0) 
PAW (0] 
PAW (0) 
PAW [0) 

84 

2 

86 

1 

153 

'---'--_-1-__ -'--_J .. _ ~ 

4 e 8 10 

a.allts ........ 
10 

Entries 

88 go 92 94 SI6 

2 

153 

98 100 

PAW (0) .-c .an1tor 
*** BrMk - Macro ..aut1on stopped *u 
PAW (2] 

*** Break 
PAW 

1I.~'t lU 
120 

'IE~erlt 121 
122 

IIE~lt 123 
124 
125 

IIzver.,t 12' 
127 
128 
12. 
130 
Ul 
112 
U' 
114 

IIzveIl.t 115 
IIZ"...lt. 11' 
•• ,,...It 117 
IIzv.rlt UI 

111 
ItO 

IIZ"...lt Itl 
1t2 
lU 
144 
US 
146 
147 
148 

III:verlt 14 9 
IIZ"...lt 150 

slave 
fram slave 
tram slave 2 
tram slave 1) 

(tram slave 3) 
(tram slave 4) 
(tram slave 2) 
(tram slave 1) 
(tram slav. 3) 
(tram slav. 2) 
(tram slave 1) 
(tram slave 4) 
(fram slav. 3) 
(tram slave 2) 
(tram slave 1) 
(fram slave 3) 
(fram slave 2) 
(fraa slav. .) 
(tram slave 1) 
(fram slave 3) 
(tram slave 2) 
(tram slave 1) 
(tram slave 3) 
(fram slave 2) 
(traa slave 4) 
(tram slave 1) 
(tram slave 3) _ 
(tram slave 2) / -'. 
(tram slave 1) 
(tram slave 3) 
(tram slave 4) 
(tram slave 2) 
(tram slave 1) 

took 1.070000 cp seconds 
took 164 real-time seconds 
is 1.093333 seconds/event 

1 done 
151 (traa slave 3) 
152 (tram slave 2) 
153 (tram slav. 4) 
4 Clone 
I done 
2 dOne 

ftot = 96.0679U 
£tot = 96.174713 
£tot = 95.777504 
£tot = 94.576294 
£tot = 93.047829 
£tot = 95.617317 
£tot = 95.738083 
Etot = 96.522875 
£tot = 94.836075 
£tot • 96.71023' 
ftot = 94 .• '1133 
£tot = 96.239624 
£tot = 96.987411 
£tot = 94.921600 
£tot = 94.589706 
£tot = 95.703453 
£tot = 90.020981 
Etot = 95.955926 
ftot = 96.054657 
£tot • 96.349884 
£tot • 95.372276 
£tot = 96.328156 
£tot = 95.535103 
£tot = 95.399971 
ftot = 94.739220 
£tot = 95.835648 
£tot = 96.824402 
£tot = 96.783691 
£tot = 94.491234 
£tot = 95.295540 
£tot = 96.442047 
£tot = 95.867485 

ztot = 96.221'11 
£tot = 95.918053 
Etot = 95. 724655 

I (hl)Salo) 1[849) xtoPS -root /bIIp/1S1s.ps 



Today 
a 1 proce. on 1 processor (ma/nfrBmfI/Worlcststlon) 
a Oats set. < 10 II~ 
a UIMS + conventlOlllJI procedural languages (Fortran, C) 

. .. I 

Tomorrow 
a 1 process on a worlcststlon + many concurrent processes 

on CPU and file servers 

a Graphlctll programing 

a Real-time 3l¥4D dynamic graphics over LANs and WANs 

a Vel)' large datil IMse (> 1 Terabyte) (DBtII sets> 1 Gbyte) 

CD Requirements": LAN. > 1 GblVS 

WANs > 40 Mblf/s 

CPU> 1 Tel'llflop per active user 

2~5 



~AW > HistojFile 1 I!shlft/userjbrunjdemo.hist 

PAW> Ntuple/load 10 

PAW> Ntuplejplot 10.var x**2+y**2 < var 

LiI NtuplelD=10 is read from file demo.hlst 

OJ Events are equally distributed to servers 

OJ The compilation of the selection algorithm 

is distributed to servers 

OJ Histogrsm(s) are filled on individual servers 

CD Histograms are sent to client, added and displayed 

CD Multiple clients per server 

'One server (RS6CJ0C¥550 or HP720) can process'· 

1 Mbyt,ys in average 











TBB SDO SUI·L project .. --, • , .== • re 

~O-Sep-1991 

S.~UDori 
U. of lla.ryland 

Goal of the project: 

- Provide comaon environment to 8imulation 
work for detector design in SDO . 

• iaul ati on 
-) recon8truction 

-) &DalY8i8 

f'hoQ.. ~~Q.~ ~\o.or\~ Q,\)CUo""\ (L ~~'\ Ow~o. 

a,.""d,. c:.cd..QS ~Q.. h-g,,,,,, c:l~~o~~ OJ, 
~Cl.M.~ ,.\Q..C42.S \Y\ LlS a..-~ "'3Q.?~\I\ . 



Kequirement.: 

single framework to support application 
prosrams 

- ... chine independent (UNI:[, VAX, ... ) 

portability of program system 

po •• ibility of future upsrade 

Solution: 

- .imple syatem 

- avoid commitment to particular product 
(.oftware and hardware) 



------------------------

F77 
with almost no extension. 

no direct call for OPEN/CLOSE 
(use interface routine) 

Te.WW\y l ct"te,. 

Data .tructure: Zebra with user interface 
(SZ package) 

Oontrol files: IUIP (Kit for User Interface 
packase from OERN) 

Oode manacement: PATCHY 
with minimum fanctionalities. 
correction i. done deck by deck 

Organization of program packages: 
divide to small packages and 
a.sign two letters to each 
pacltage- package name, 
suroutine and common names. 
(first two letters) 

--) already same two letters was found in CERNLIB 

Distribution: No automatic distribution 
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+DECK,EXAMPL. 
Sl.eROUTINE EXAMPL 

CA) =-==-==-= ...... ____ ~ ... ==_=_:=_====::::=a:= (beg in of ·short descr i pt ion) 
C 
CB)-----------------------------------------(begin of long description) 
C 

Purpose and .. thods 

Called by: 

Input argUMents 

Input/output arguments 

Output arguments: 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C' Side effects (other variables/banks modified, etc.) 
C 
C 
C 
C 

Created: 
Modified: 

dd-...... yyyy 
dd __ -yyyy 

author's na_ 
editor's naM 

CC)-------------------------------------------(end of 
+SEQ,SHIWPNON. 
CD)----------------------------------(declare co.mon 
C Co...on blocks 
C+SEQ,seqna_. 
C Variables in argu.ent list 
C Save variable. 
C Local variable. 
C External reference. 
C State.ent functions 
C Local data sta~nts 

long description) 

blocks, variables) 

CE) -==-=:::::c=====_==-=~-=--==-==_==_==~==a::=_=_====_==_ (end of dec I a rat ions) 
C 
R~ 
EN> 



The SOC SBIIJ. library on SSCVXI 
---------------------------------

SDCSDI.L 
I 
1--lIAn 
I 
1--naT 
I 
I--ND 
I : 

aailinc distribution lists. 

definition file for locicals. 

I : ( • .a. a. below) 
I 
I--VOI 
I 
I 

I 

a (.AIae a. below) 
I 
I--V~ 

I 
1--SaC 
1 
I--KG. 
I--BD 
I--CU 
I--DAT 
I--DBG 
I--DOC 
I--L:IB 
1--PAlI 

all files for di.tribution. 

command files (make) 
executable. 
cradles 
data/constant files 
.ources for debugcer 
documentations 
object libraries 
pam (.car) files 

Each machine needs to 
cop7 files in SRC and 
.plit to other subdir. 

2'15 



2914 

Structure of SDCSDI 
---------------------

(co.bined packaces UDder SBell) 

0.11 

--0 . interface to event .imulators 
I 
I--herwis 
I--isajet 
I--p:rthia 
I--prtsun (.iele particle cenerator) 

--sa .interface to Geant .imulation 
I 
I--subpackaces for detector .imulations 

I I--ST silicon detector .im. 
1--0 wire chamber .im. 

: (f i ber, •••• , cal , muon •. ) 

--sa .interface to event recon.truction 
1 
I--event reconstrution packages 

--us 

I--TS .ilicon tracking reco. 
I--Tr co.biDed trackinc reco • 

• • 

.interface to user program 

o One caD run only one of those packages by 
usins switches at compile time or run time. 

o SBell a180 8upports event i/o u.ins exchance 
.ode of the Zebra I'Z pac1cap.· 



Data Structure for SDCSDI 

---------------------------
OomaunieatioD between prograa packace. i. 
don. on17 throuch well defined data .tructure. 

--> enforce the aodular .tructure. 

tree .tructure: 

[BEAD] 
I 
1-- (IDOO] 
I : 
1 
I--[UD] 
I I--[RTU] 
I I--[DUO] 
1 1-- [aCAL] 
1 

--[DO~] 
• • 

--[SDro] 
• • 

• • 

. event id branch 

• raw data branch 
.trackins .ubbranch 
.auon 
.ealoriaeter 

• • 
• • 

.reconstructed data branch 

•• iaulated data branch 

--[GENE] .cenerated event branch 
1-- (HREP] • REP event subbranch 

1-- (BEPE] . event id 
1-- (BEP:I> • intraction id 

1-- (BEPP> · particle. 
--[USD] 



SDO SZ-package: Inteface to Zebra 

------------------------------------

1. Data structure is defined in a ASCII 
data file. (KUIP format) 

--) zebctl file 

~. Data are alway. acc ••• eeI throuch interface 
routine •• 

I USER'S PROGRAM I 
I (loc:.a.l array) 

+------------~----+ 
I 
I 
I 
I 

+----------+ 
I SZFnL I 
Icopy to I 
Izebra bank I 
+----------+ 
+-----------+ 
I SZLD'T I 
Ibook bank., 
I I 
+----------+ 

I 1 
I bank tree (path) name 
I bank id numbers 
I 

+----------+ 
I SZGET I 
Icopy from I 
Izebra bank I 
+-----------+ 
+----------+ 
I SZLOC I 
I get bank I 
I address I 
+----------+ 

+----------------------------+ 
ZEBU BANKS 

+---------------------------+ 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Definition of the SOC data structure • 
• • • • 

hi.tor, 
• • • • 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SH/BKDIR HEAD 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• "'nle tr .. ..- I ink n .. FlY ver wrd fon.at • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SH/BKTREE '- , '/ID«J' '/1' 'F' 1 0 '-I' 
SH/BKTREE ' -' '/ID«J/IDtfi' '/1/1' 'F' 1 0 '-I' 
SH/BKTREE '- ' '/IDOO/IDHH/EVID' '/111/1' 'F' 1 20 '-I' 
SH/BKTREE '- , , IRAJIl' '/2' 'F' 1 0 '-I' 
SH/BKTREE 

, -, , IRAm IRTRK ' '/2/3' 'F' 1 0 '_I' 
• 
SH/BKTREE '- , '/RfCO' '13 ' 'F' t 0 '-I' 
SH/BKTREE '- , 'ISOO' '14 ' 'F' 1 0 '_I' 
SH/BKTREE '-' '/CBE' 'IS' 'F' 1 0 '_I' 
SH/BKTREE '-' , fUSO.' , 16' 'F' 1 0 '_I' 
SH/BKTREE '-' '/OBE/tf£P ' '/5/1' 'F' 1 0 '-I' 

. SH/BKTREE '- ' '/CENE/HHEP/HEPE' '/511/1' 'F' 1 20 '_I' 
SH/BKTR££ '- ' , 1000000tftEP IHfPI ' '/5/1/2' 'F' 1 20 '10I-F' 
SHf8KTREE '-' '1CElE/tftfP fHEPI/HEPP' '15/1/2/1' 'F' 1 20 '10I-F' 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• SHSP: Constanta/Par ... ters 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SH/BKDIR SHSP 
SH/BKTREE '-' 'ISHSP' '/1' 'F' 1 0 '_I' 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• TEMP : T-.por.r, data structure 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SH/BKDIR TaP 
SH/BKTREE '-' '{TBIP' '/1' 'F' 1 0 '_I' 
SH/BKCLOSE 



SDC SZ-package: Inteface to Zebra 

------------------------------------
(continued) 

3. Work space for local array is provided 
by 'malloc' in C run time libarary. 

SBTSCR(bankid,base,index,size,retcode) 
allocate temporary space 

SBTSDL(bankid,base,index,retcode) 
de.allocate temporary space 



Other Utilities in SHell 

----------.... ----------------
1. SUED: error report and recovery 

2. SUOPEN 
SUCLOS 

file open 
file close 

SUOPEN(CBXEY,I1UN,CHTYP,CBSTAT,LUN,ISTAT) 

Input arguments : 
CHKEY C. key word in file server 
nUN I 
OBTIP O. 
OBSTAT O. 

current run number 
type. ABen , FZ , BINARY 
status. OLD, NEW , READ ONLY 

Output arguments: 
LUN I 
:rSTAT I 

logical unit number 
status word 

File is defined in control file(s): 

SB/FILEDEF KEY zebra.ctl 000000 99999 

3. Job control on pdsf at SSOL. 

supporting interactive/bckground 
batch/parallel modes. 
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Current Statu. of SDCSl][ 

---------------------------

1. rour event cenerators, herwig, i.ajet 
pythia and prtgun (sincle particle cen.) 
have been installed. 

2. Detector .imulation based on LOI design 
(>1/2 year old) has been working with 
Geant. Need to update the geometry. 

3. Current major effors are developing 
reconstruction programs and study of 
perfomance of the detector. 

4:. The program i. running on YAX and UNIX 
.. chines at many sites in SDC. 



~uture of the SDO SHell 
-------------------------

1. Upgrade to full simulation-reconstruction 
prograa. 

2. test bench for future computing and 
future software. 

--) evaluation of new code management 
.ystem. 

--) parallel shell. 

3. get experience on software development 
in widely distributed environment in terms 
of manpower and cpu's. 

• 

• 

• 

301 
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Parallel/Distributing Methods Applied 

to the 

SOC Shell Simulation Code 

Bernard Traversat 
Systems Development Group 
Physics Research Division 

sse Laboratory 

HEPLIB'91 
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Organization 

* "Event-Level" Parallelism for the SDC Shell 

* What distributed/Parallel tools ? 

* How to support parallel version ? 

* What next ? 



SDC Shell Simulation 

-- ---- --- , , 
'" , 

'" ~ 
(Initialization) 

, 
~ , 

~ , 
~ , 

~ , 
I , 

I , 
I \ 

I \ 
I generate event seed \ 

I \ 
I \ 
I Next \ 
I , 

Even simulate event I 
I , I 

\ I 
\ I 
\ I 
\ write event 

I 
\ I 

\ I 
\ I , I , 

~ , 
~ , 

~ , write histogram ~ , 
~ 

'" , 
'" , , , -.... _--- --

Process 

30S 



"Event-Level" Parallelism 

,-- ..... " .... 
/ " 

Geant seed process 1------,\ 
, generation event I 
\ seed I 

Geant event processes 

1 , 
\ 
\ 

" / .......l_ " 'C;;:= 
/ ........ .... , 

1 

I ! 
1 \ " / " .... ~ ..... ., - -~, 

.... 
--!-

: " 
: " 
: " 
. : "" .. ,: .', : " 

:' " 

. - ...: .. ': :..... .' 
~ : ,.' 

/ :: ..... , 
1 •... \ 

\ 

I • • • 
1 

. ' 

:". 
'. '. ' .. ' , ., "', " -.... , ." ". )t 

' . .../ '. 
" , '. ". , , , 

\ , 

I ..... . 
/... 

I 

I 
I 

I " 

I 

. , 
/ \ , , , (write event) I 

, I \ '--------'1 
\ / , , I 

.... 
..... --

----..;~ 

I . 
I . 

Geant server process Geant histogram process 

3DlP 

" , 
\ 
I 
I 

I 



The "FUN" Sequential Computing 

Application 

COMPILER 

Sequential Processinq Enqine 

The "<I>YN" Parallel Computing 

I 
I 

Application 

COMPILER 

1 
I 

-------' 
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Parallelism 
Level 

Distributed 
Computing 

Coarse-Grain 
Parallel 
Computing 

Fine-Grain 
Parallel 
Computing 

What tools? 

Architecture 

Workstation Network 

Shared Memory 

(Sequent, Convex,Cray, 
...... ) 

Distributed Memory 

( InteIIPSC/i860,Ncube, 
........ ) 

Vector Processorsl 
Massivelly Parallel 
Arch itecture 

( GM, Gray, ........ . 
) 

Tools 

TCPIIP Tools 
(CPS, P4, PVM, .. 
... ) 

ulti-tasking Tools 

Messagejlassing 
Tools 

Vectorizer Tools 

( GM Fortran, ... 
) 

Standard 

DCE/APC 

Fortran 9X 

Ratio Io-------+----------+---------t ....................... 
~miuting per Communications 



EVENT LEVEL PARALLELISM -> DISTRIBUTED COMPUTING 

What we have used: 

* CPS: 1.1 .. 2.x 

work fine for «15 processes) 
but too many whistles and bells after 

"nice" job manager 

* RPC: (Sun) 

Preprocessor (rpcgen) 

minimum functionality for Distributing Computing 

Emerging standard for distributed computing 



RPe Implementation 

Client 

.\.. Rea 

. , 
GEANT EVENT , I 

~<: ......... Wttte ·~~t bank 
" I'······ .... "" I " ....... . 

" 
" 

" . 

••• 

--

~,o 

Server 

--

• generate Random 
seed 

• write/read event-I 
in FZ file 

• combined hbook 
file 



Created 16-aug-1991 

*/ 

const MAXSEED - 2; 

struct seed { 
int status; 
int event nb; 
int seed[MAXSEED]; 

} ; 

program SEEDPROG { 
version SEEDVERS { 

B.traversat 

int RPCGEANT PID(int) = 1; 
seed RPCGEANT-SEED(int) - 2; 
int RPCKILL SEED(int) = 3; 

}= 1; 
= Ox20000010; 

First re2.ease 

const MAXSEM = 5; 
const MAXEVENT = 1000000; 

/* max number of semap! 
/* max size of a bank 

struct sem { 
int sema[MAXSEM]; 

} ; 

struct event { 
opaque bank<MAXEVENT>; 

} ; 

program SERVERPROG { 
version SERVERVERS { 

int RPCSERVER_POST(int) = 1; 
int RPCSERVER_WAIT(int) = 2; 
int RPCSERVER WRITE(event) = 3; 
int RPCKILL_FZSERVER(int) = 4; 

} = 1,· 
= Ox20000020; 
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#incl~de <rpc/rpc.n> 
#include <sys/time.h> 
#include "geant_seed.h" 

/* Default timeout can be changed using clnt_control() */ 
static struct timeval TIMEOUT = { 25, 0 }; 

int * 
rpcgeant pid 1 (argp, clnt) 

Tnt *argp; 
CLIENT *clnt; 

static int res; 

bzero((char *)&res, sizeof(res)); 
if (clnt call(clnt, RPCGEANT PID, xdr_int, argp, xdr_int, &res, TIMEOUT) 

ret urn (NULL); 

return (&res); 

seed * 
rpcgeant_seed_l(argp, clnt) 

int *argp; 

int * 

CLIENT *clnt; 

static seed res; 

bzero((char *)&res, sizeof(res)); 
if (clnt_call(clnt, RPCGEANT SEED, xdr_int, argp, xdr_seed, &res, TIMEOUT) 

return (NULL); 

return (&res); 

rpckill_seed_l(argp, clnt) 
int "argp; 
CLIENT *clnt: 

static int res; 

bzero((char *)&res, sizeof(res)): 
if (clnt call(clnt, RPCKILL SEED, xdr_int, argp, xdr_int, &res, TIMEOUT) 

return (NULL); 

ret urn (&res); 



case RPCKILL SEED: 

default: 

xdr_argument = xdr int; 
xdr result = xdr int; 
local = (char * (*) ()) rpckill_seed __ l; 
break; 

svcerr_noproc(transp) ; 
return; 

bzero((char *)&argument, sizeof(argument)); 
if (!svc_getargs(transp, xdr_argument, &arqument)) 

svcerr_decode(transp); 
return; 

result = (*local) (&argument, rqstp); 
if (result != NULL && !svc sendreply(transp, xdr_result, result)) 

svcerr_systemerr(transp); 
} 
if (!svc freeargs(transp, xdr argument, &argument)) { 

(void)fprintf(stderr,-lIunable to f:::-ee arguments\n"); 
exit (1) ; 
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Finclude <stdio.h> 
#include <rpc/rpc.h> 
#include "geant_seed.h" 

static void seedprog_l(); 

main () 
{ 

SVCXPRT *transp; 

(void)pmap_unset(SEEDPROG, SEEDVERS); 

transp = svcudp create(RPC ANYSOCK}; 
if (transp == NULL) { -

} 

(void) fprintf (stderr, "cannot creal:e udp service. \n"); 
exit(l}; 

if (!svc register (transp, SEEDPROG, SEEDVEHS, seedprog 1, IPPROTO UDP» { 
(void)fprintf(stderr, "unable to n~gister (SEEDPROG, SEEDVERS, udp 
exit (1) ; 

transp = svctcp create(RPC ANYSOCK, 0, 0); 
if (transp == NULL) { -

} 

(void) fprintf (stderr, "cannot creat:e tcp service. \n"); 
exit (I); 

if (! svc register (transp, SEEDPROG, SEEDVEHS, seedprog 1, IPPROTO TCP» { 
(void) fprintf (stderr, "unable to register (SEEDPROG, SEEDVERS, tcp 
exit(I); 

svc run () ; 
(voId) fprintf (stderr, "svc run returned\n"l; 
exit(l); 

static void 
seedprog_l(rqstp, transp} 

struct svc_req *rqstp; 
SVCXPRT *transp; 

union { 
int rpcgeant_pid_l_arg; 
int rpcgeant seed 1 arg; 
int rpckill_seed_l_arg; 

argument; 
char *result; 
bool t (*xdr argument) (), (*xdr_result) () ; 
char-*(*local} (); 

switch (rqstp->rq_proc) 
case NULLPROC: 

(void) svc_sendreply (transp, xdr_ vo:_d, (char *) NULL} ; 
return; 

case RPCGEANT PID: 
xdr_argument = xdr_int; 
xdr result = xdr int; 
local = (char * (*) (» rpcgeant pid 1; 
break; - --

case RPCGEANT SEED: 
xdr_argument = xdr_int; 
xdr result = xdr seed; 
local = (char * (*) (» rpcgeant seed 1; 
break; - -



What support ? 

1) "Dual" Support 

Application 

Parallel Tool 

UNIX 

2) "Transparent" Support 

r-------------------Application I 
I I 

Application 

Parallel 

UNIX 
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library 

-.-

YPATCHY 

F77/LD 

(SdCSim ) 

CERN + 

libkernlib.a 
libpacklib.a 

liblund.a 

sdcsim.cra 

(us. car) 

Library Area 

User Area 



libsdc.a 

ibpsdc.a 

" 

" 

" 
" 

" 

" 
" 

" 
" 

CERN + 
Generator 

I 

libkernlib.a 

libpacklib.a 

liblund.a 

Library Area 

Pgeant Library 

I 
I I 

libpgeant. a geant_seed.o 
geant_event,o 

.............................. " ....... . : _.0 .............. ' ... ' ....... . ...... : .................................................. : ..... . 

" 
" 

User; Area 

1-:-------------bwld [PARA] . 
- - 0..-

" 

" 

YPATCHY YPATCHY 

" 

F77/LD 

(SdCSim ) 
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+----------------------------------------------------------------+ 
SDC Shell Script utility 

+----------------------------------------------------------------+ 
I 
I Enter <quit> at any prompt to stop this command =ile. 
I 
+----------------------------------------------------------------+ 
The current directory is: /tmp_mnt/home/fsO/physics/bernard 
This directory will be used to execute the Shell program. You must 
have previously installed the Shell on that directory. 

Please enter the program name [sdcsim] : 
Do you which to build the program? (yes/no) [no] : 
Do you wish to run the program? (yes/no) [yes] : 
Do you wish to have a log listing (yes/no) [no] : 
Select job mode (inter/back/batch/para) [inter]: para 
Due to current CPS instabilities the process limit is fixed to [4]: 
The SHELL program will be executed with the arguments: 
Program name sdcsim 
The program is built (y/n) no 
Run program (y/n) yes 
Keep all listings (verbose mode) (y/n) no 
Job mode (inter/back/batch/para) para 
Number of Processors 4 

Are you sure you want to continue? (cont/quit) [cont] : 



What next? 

1 ) distributed -> parallel computing 

X events vs. 1 event ? 

2) General or particular "schema" for Event-Level Parallelism 

pshell vs pevent_level ? 
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Performance of a Distributed Geant Application 

Step1:tan L. Linn and Phillip J. Rulon 

Supercomputer Computations Research Institute 
Florida State University 

Tallahassee 
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Implementation 

random seeds 

run parameters run log simulated data 
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Definitions 

Average time per event can be described by: 

(t~): cpu-time per event 
(te): real-time per event 
(to): real-time for output 
( tq): real-time waiting to do output 

Average total time per event is: 

efficiency ( '7) is 

Speedup = 7JN 



Model 

The probability that a process has to wait is 

(N - 1)to 
p= . 

t 

Maximum useful nodes 

A verage waiting time is 

to P tq = - x--
2 1- P 

where t o /2 is the average waiting time for one other process. 

Combining these with the definition of t and T1 

Note that 

instructions / second bytes / event 
tofte = x -. --........;..----

. bytes / second mstructions / event 
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Observations 

Need for low level 1/0. 

Parametric message handling. 

SDC traclcing scales to Nmaz ~ 250 @ TJ = .9. 

Integrated solution to distribution. 

Error recovery. 







Installation of the CALOR System on 
the SSC Farm and Intel Machines 

Tony Gabriel 
Oak Ridge National Laboratory 

Tom Handler 
University of Tennessee 

Brent Moore 
University of Mississippi 
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SPECT89 
Hadron 

Analysis 

CALOR89 

HETC88 
Particle Production 

Hadron Transport Code 
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Electromagnetic 
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CAVEATS 

CODE Analysis does NOT incorporate 

• Non-uniformity of light collection 

• Electronic noise 

• Material noise - Uranium 

• Pedestal cuts 

~ ~ k ~ &U./L~~ Cev o.)-u~ 

Comparison with experimental results are also 
complicated by simulation of full geometry 

and materials that are present 
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CALOR89 on Various Computing 
Platforms 

CALOR89 is currently running on 
various platforms around the 

country_ 

IBM 3090 (Univ of Tenn) 
Silicon Graphics 4D/240GTX 

(Univ of Tenn) 
IBM 3084 (Argonne) 

CRA Y X-MP (Lawrence Livermore) 
Plus others 

Code has been benchmarked on all 
the machines on which it is running. 
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Transported code from IBM 3090 to 
Silicon Graphics 4D/240GTX. 

Change from MVS JCL to UNIX 

Code transported with relative ease. 

Standard changes: 
File assignments 
Random number routines 

Problems: 
Common block alignments 

Especially true for older 
codes 

Local variables 



Initially run in a linear mode, i.e. 

HETC 
~SPECT 

~EGS 

~MORSE 
. ~EGS 

All input files for all the programs 
edited BEFORE run begins as 

program flow is controlled by a script 
file. 



As the 4D/240GTX has 4 processors, 
a new script file was written to take 
advantage of this. CALOR89 now 
runs in a pseudo parallel mode: 

HETC 

~ SPECT. 

~EGS 

~ MORSE~ EGS 

Cuts processing time by 1/3. 

Rapid turnaround for a given problem 

This still leaves one processor 
free for other things. 
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Work is under way to transport the 
CALOR89 code system to the 

Intel Hypercube at 
Oak Ridge National Laboratory 

Similar problems are being 
encountered in porting the code to 

this machine as was in porting from 
the IBM 3090 to the Silicon Graphics 
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Physics Analysis Tools 
for RiSe Workstations 

~----------- Forest Rouse 



UCD Physics 

I) Introduction 
II) Objects 
III) Tools 

Outline 

IV) Communications System 
V) Current Status 
VI) Conclusions 

9/16/91 

~---------------- Forest Rouse 
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Physics Analysis Tools 
Current Problems of HEP analysis code 

A) Redundant code 
Trackers, Histogram packages, fltti ng ,'outlnes, 
analysis envil onmants for example. 

8) Available computer resources 
University gr~ups have a hard time competing with 

laboratori(. s 
C) Documentation 

CERNLIB (PAW, GEANT etc) Is well documented ••. 
anything else? 

......... ----------------- Forest Rouse 
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UCD Physics 9/16/91 

Physics Analysis Tools 
What Is a Tool? 

A tool Ie an object that has specific inpuls of Information and 
produces specific output. The tool can be a member of a 
specific user written subclass of the tool class. A special class 
handles user written subroutines (or existing packages). Here, 
a tool 18 specified by an external address and the calling 
sequence (at first, only FORTRAN compatible). 

--------------------- Forest Rouse 



, ~~~ Qo tM S +kt..I n1'tr..fac(. -.-.it!'» 
t).f. 'oob l ("~.d. S .... .,.i\AU/ ~od,les I~? 

~TaMs/ ••• ) 

~ 0"1. Q."o~t, r • 

~ v ........ r« ~ ~ U ,,~ t.,..; ~ 0'\-" '" 1".( ., f..c ~ 
f4Uo~~ \A";.f.t' '" :j 
O~ ~..cii.~!t 

3SlP 

( Ooc.c. .~fo1\'''' "f$;~~, d;,stt'; .. , ... ) 

--o!) :t:t\ttreo.."t."" d;~kr~ .... 
_ .... r-y-t 

..... ::7 g ~a" S:J St til'S 0"'+ of.ft';·;~·~ 
• 

_:> O'~~~".t.' p1O(e~~"J 
... A Vt~~.' p",,~ro.w-. gIl dctv ...... 



UCD Physics 9/16/91 

Physics Analysis Tools 
The structure of the Tool: 

Many Methods that control the appearance of the tool. Most 
users will not care a~out these method. 

Methods that control the one time initialization, the per run 
Initialization, the execution of the tool, the per run exit and 
what hlppens when the tool Is deleted. 

MethoD that control.peclal display (histograms for instance 
would logically put up the histogram In this method) and 
status of tool. 

~----------------- Forest Rouse 
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Visual RealiZation 
of the Jool 

Untitled 

Inputs 

/. 
oa X G 

HIlT 

Figure 1: An example of the proposed Graphical User Interface. This exam
ple is fI-:': •. tht' r·;: ... ;.o i1fo:'vi.H)e on the :'lacintosh TMcomputer. 
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UCD Physics 9/16/91 

Physics Analysis Tools 
Since the tool itself is a drawable object, It can be manipulated by 

the graphics system. 

On workstations, tt-e class Ilbrat ., makes drawable objects 
appear under X windows. If one uses the same class library 
on another graphic~ system (SU"IVIEW, DECWlndows, etc), 
the code will work 1"e same as p 1rent class objects interact 
with the graphics s"/stem. 

The tool system Is seU documentlnp: The flow chart Is the 
program. Additionally, when a tool Is defined In the system, 
help will be requested. 

Tools that have similar function can be grouped together onto 
the same palette. Envision a statistical palette, a graphics 
palette, a histogram palette, etc. 

~----------------- Forest Rouse 17 
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Physics Analysis Tools 
Communication system binds tools together 

Basically, when a tool has all of it's Inputs, it fires. 

Lines between tools define dataflow. 

Details to be decided like: 
Pass by address only? 
In limited space, how to update invalid communication 
objects? 

-------------------- Forest Rouse 
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Physics Analysis Tools 
This naturally lends itself to Distributed Processing: 

Connections bettveen objects are virtual. TI.erefore, 
Information could cross uetwp.en processor'; without the user 
having to worry II bout it. 

Proviso: All information :hat an Individual tool needs is either 
static or Is provided as in put to the tool. Ie global information 
like common blocks pres~~nts a problem. This however, is 
application specific and th~ individual user can take care of 
this. 

Under UNIX there Is a host of Inter-task, and Inter-process 
communication tools such as streams. 

--------------------- Forest Rouse 
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Physics Analysis Tools 
Status: 

Limited prototyr.e already working on Macintosh. (All pictures 
of tools comes rom this prototype). 

Prototype can obviously draw tool~., it c~n move them around 
on the screen. The palette can be moved. The basic 
underlying task to execute tools ha 3 been wriHen (trivial). 

Major problem is that since Macintosh not a true multi-Iasklng 
machine, communications system was not implemented. 

'------------------- Forest Rouse 
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Physics Analysis Tools 
Only major coding will be the communication systeml 

Expectation is :hat a working Version 0.1 system should be 
running by end of year. Version 0.1 probably will not have 
all of the sur>port necessary for grouping arbitrary tools 

. together into user defined palettes. Also, limited languag e 
support. 

Comp'uter Science department interest in working on 
Distributed proceSSing problem. 

-------------------- Forest Rouse 
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Physics Analysis Tools 
Conclusion: 

A physics analysis environment based on Iconic tools Is 
being written for RiSe workstations. This environment will 
allow: 

1) Wiring of ~ nalysls .lrlm· ivas together to form a 
program. 

2) Ability to group primitives together to form a new tool. 

3) External coda In any language complied by machine 
although calling sequ')nce will initially Just be FORTRAN. 

4) Distributed Processing 

5) Self Documenting along with many automatic help 
facilities 

-------------------- Forest Rouse 









r\\. C\\tJ:cl{l~ 

H (; r ') t 'C.. (l Co r.t."d e r w j tL r 0 -it'( '1/\. ~ C 

(} 
, 

, f') '.' I , I • ! 

~ 

:!}..I-:·, : ~A !. 

)( 1 J 1 /; "'a I.- Sf! S S to. tAd fA "( , 

NA~ Q.,lcs cUt\! to Atdp jJ - t(!~t its co .... pi/e~ 

;.lAC, a.1t\D,,<.-(ce~ world's t;~tt flAU f~o CO"");: 

qCA,~t.(,~t·, 1<;0 r~~/;~~,Is ,ta.IAJCtrti, <f.r{QCiA~ FO~-rRI"AI~-: 

/() ~~rtR""~'-f: N-A'-. SkiP~ Re/~~e i t() C,-<,tC",,"-EI5 

, +a~;/;Q:'-Llt>tloA t,J:tl. t\~ C()I"<ri/ev etd .fI.r- Itt': .. _
1 

# ~VCA.{"fAt;tJA ".f -tie c"""'filer 

~ a()S~ ",QA.t 01 Co",verSiotl\. e Mort ,. ( I~o '()Ct4.te 
lAtt.tJptel ;'" 1:k42... {lA.tCA.rtL 

~ 5t rts, t;t. 1t,. ~j 



t,(fl Aj C GIS ctw4. i ,.,tt!.lfIA ,,'-i..ill / tJ( ~~)u.a, fI . 

lv'.r, tte"", i /\.. ".,~;rl-;"hle ~) (£4AS. t:)A (llti r rIAl: ~o((tt4t;. 
(VM~ Ct1~;~ SooV\). 

~ Sillt\r/~ -6. kfEo : 

~ f~o -tt4P-"e 

0"" 1 t~O yt4t '" ('. f 
1 «.QIA:t 

<oI\I! c..I J OIA I'C fP ~(J , ..... 

.ltt. S'o&.(I'C~ foJ~ 

.; ~i'),= f.f.~~.z.~ - -tLe. C pI J'$l! S c«~ be... ~'~p{a'(t/ b.1 
¥eAi.c/s ""iU.ytlf.titl~ 41de. .:ae~ ero..Ci 0.-.. . 

5'~ -~11o ,!rJt.vtr ~lfl 
Pc",_ 

• rd~:t!cu..t;(J.A '7efllJ f\.oT 1.1.,t" -/W.U'I-t,td, b64.-t-" .... tA.i"ou..rt!t. 

ilfll be orAl':) .JD~~ "'-> l ... t ,1t:1WfI r rOt' -tl.U.lftCq~iCllt I c,.,{e.. 

~ f~cel(e",-t d;~j'""-tJ~t-i cs. . 



~.r~~. 1_ r+ Vf.r);D~ - .ft174.1 'c.1DrICS 

~ ~ 0 -ve 15 i",.. (I(~ " '" ~ 11 (J ()cJ Le.) C AS£. I 1l\]f,teF Ace.. ) 
~t1 ... ftJO 00 I e ~l ~ C"ICLe I (lr( ... ~ c,tUt ~/""C:(;Di) ~l;(, 

- 'r\ ow Wt:J.f /.L~ 

5j.ttClI( Gk~c.~~"~ - "l"CI-v ~e.r ks 

coJ ~ D)e~er-t.·oV\ - ."thy W~f k.s (.OAe. .. -' 
DC4tlt4""JiA~ as flUOr 't\. FMkfJfl) 

e:l.t!c~t;o.lt bz"t,·", ltrA.d t:M""j -.-t()CV u.1f.J.el'V~' 
rtlJrtc"j ~.t/~ k':~j\· \'(.'.'1 



370 

Ct:J~ vt. rs ;ott 

(k"t. a.,.tD~t;C"((j bj Co~v.e~-r) 

2) ~(\'('DIt~irt~A.t t.(~~ 01-) for e~a""'p/~ I VCt::JP'I: 

CAll u~"P--l ( z:., T, AI~) 

CAll vt:.oP"1 (fJ, ~, ~:l) 

0..(" c.", ",r " te. (IL 'j~"fl ,'e 

USe. ~4J~/C _ U£QP"I 

to C114t'. 

-) 
1:. (: AJ-i) ::: J l: )J i.) 
R-(: AJ1) -- 8(~ ~:z.) 

~) JVo /ltJller~1:L.. ;1\. 9..t-rA ~tAte~A fs J SD c.cr~ CHA~A(~.tRJ t. 

.:,l) 
, , ~:X~E.£NAi.. f1tD.tAf.. ~ ~EAL J c~-reulAl.. : ~ .p .... eI~e. 

L a~ ·ef'~p'''4~~ trpe 

(Tltlt rt'1"ileti b") rt.",ktl, ' ... f 1j ~/f)'s Liff! 0 {' c), 
,r' 



~t('t'l t~~t;~~ 

~., t t:l.e... C(J ~f,l4 ~ 6Q i'ts I i"" itS ~1 ~/'",j "'"j if- /Qr, €. 

aJl' OfA.,..ls t:J (' CDtI e. ,A. /4 rje. "'",,. ts. l e'r ~c.iA.ll 'J ~S it-
rl\A/ctl s ~lob ... ( elf' cks). 

I~e~~ NtJH 

1# 1.. e.~;\~~ "-'1uir~' {t.o t.r.~£IZNAL ")cq.te~~""c). 

• II LJarniAjS 0-1- Ldt!. "f t:JbsDIf!rc~A.t Eurf<;/J(l~().ri~Q~;c 

~ C.D -{tI4fi/~ t;lV-~ o~ RrtJllo '30R1 ; f~o - 0 

(11200 ',.,..es) f. t "-
e~e.c,..,titJtI\ t£,Cr procee.Lilj, 

t; e f\J'l L 11 
• S~~~ use crP ~(ltlr,l:L 
i ~ ~ tr,"viDc.( CkQA~ C2 \ i'-7w ft!' -to fOOl' cole. 

• Ct'JAtlt,ltS obs.le,'te. e~Nt~ c.JLJ.. ,"",ow.iJ.. .. :'tA.,'fC. e.~rt- t. 
c:.e A vert- ! 

M«J\~ il\,t4t,,('~ 1 o-F • /I,,/It2r~&l (r'-f frresreL) 
• h fl. 'It I c.o ~ ve rCe J. ) 

\.. 

.;. lets ,,1 lJAfl\"~S ~~oc.c.t tArlttA,'Set1 Sj~b./! 

v ~"fke. CHII~Acfffl/ I~-rt:.<;~ *1"iVA/e~ces 

" /(.tf c f e l,Se le,c ~A-t a. ri t/\ .'l-t:.:.. ~.::> 

-- .~ Ttt,fJfi\lke ... L rd~4- c{etttlt-"p Jt{~fe_:- : '.)" "'ic 

-1; )~ -: -. .( f·:.-,IIf:!,1 371 ( 



372 

We say they're wrong. -_ ... .,,: 

:--lAG is pleased to announce the releast' of the worlds first Fortran I}() Compiler - one of several new exclling products to 
he released in the NAG'W.re Service. 
Fortran is still one of the most widely used scientific and engineering programming languages and the f90 Complier will 
..:nsure It stays so. 
The N AGWare tl}(l CompIler IS a full implementation of the ISO Fonran YO Standard and is ready to meet the most demand
ing test of 311- you. 

The future is in t~~ ~ 

For furrh~r informllrion llbour NA.G Wllre lind rh~ orh~r producrs lind S~MI'C~S i"'II,llIbJ~ from NA.G. pl~lIS~ t'onrllCf on~ nfrh~ 1'ollowln!C: 

:'j.\G L'd. Wilkinson House. Jordan Hill Road. OXFORD. OX2 SDR. UK. Tel: + H S6~ ~ 112H Fall: + H IK>~ 310139 TelCll: IIBH :'jAG L:K G 

:'jAG Inc. 1400 Opus Placc. Sune lOO. Downen Grove. IL 6O~1~-~702. USA. Tel: + I ~OIl9~1 2H7 Fax: + I 708 971 2706 

:'jAG GmbH. SchleiShcimenlr. ~. 0-11046 Garchinl be. Munchen. eeulschiand. Tel: +.'* 119 320739~ Fax: + -19 119 3207396 
eire. a on reot¥ card 
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L Goals and Requirements 

50 physicists distributed across 12 institutions 
contribute to the DO software library. 

New code must be made available to any member of DO. 
Changes have to propagate quickly. 

It is crucial that programmers developing code 
be working with the same versions of the already 
developed code. 

A central facility and systematic procedures 
have been set up to coordinate this effort 
and make the code available to the whole 
collaboration. 



II. Organization 

All code development for DO is done on DEC V AX 
computers. 

VAX's provide: 

1) good environment for orderly file manipulation 

2) good debugging facilities 

3) powerful systems for managing large amounts of 
code: 
a) eMS (Code Management System) 
b) lv.IMS (Module Management System) 

4) good communication links between V AX's 
via DECNET (sometimes) 

DECNET makes it feasible to update sources at one 
central location and then distribute them to all 
other VAX's within hours. 
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The DO software library consists of two major 
directories: 

DOCMS is the repository of CMS sources with a 
hiStory of all the cha.nges. There is only 
one copy of this directory which resides 
at the FNALDO VAX cluster. 
It contajns close to 20,000 modules. 

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

Each of the main directories are logically 
subdivided into subdirectories which groups 
modules according to their function. 

The files in DOLIBRARY are distributed 
from files in DOCMS using release procedures 
that rely on :M:MB. 

Logical symbols are defined to make user environment 
identical on any VAX. 



m 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 than one version of a subroutine is 
needed a prefix is added to the module name. 

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

We refer to each subdirectory in DOCMS as a library. 
Each library has a czar responsible for its state. 
At present there exist >40 libraries. 
Some are very small (a few tens of modules) 
some have thousands of modules. 
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Basically an authorized programmer has to 
follow following steps: 

1) Log in at FNALDO under an account in his name via 
DECNEr. 

2) Use CMS to reserve the file he wishes to modify 
out of [DOCMSXXX] 

3) Copy the file to his home VAX 

4) Modify and test his modifications 

5) Copy modified version to his area at FNALDO 

6) Use CMS to replace old version 

CMS automatically keeps a record of all cha.nges. 
Older versions of a modified file can be recreated 
if needed. 



For a simple utfltty or sell contained library 
subdirectories aN CYWID8CIJtsd via MMS procedures 
in the lollowfDg way. 

[DOCMS.XXX] 

/ 
generates 

I 
fortran sources in 

[DOLIBRARY:l'ESrxxxsoURCE] 

/ 

"" GDf'f 

~ [DOLIBRARY.xxx.soURCE] 

generate 

/ 
object library xxx.OLB 

[DOLIBRARY.TESTXXX] 

~Opy 

[DOLIBRARY XXX] 

A release only ships changed modules, not the full library. 
Every library XXX has a czar responsible for its state. 

37'1 



The complete cycle in from original code development to 
lull release is more 0QD1p11cated. if more than one person is 
working on code for a ~ram that involves modifying modules 
accross a number of libraries: 

A project local CMS library is created on a designated 
VAX cluster at FNAL 

Modules that need modifying are reserved 
from DOCMS and inserted into the local CMS library. 

Programmers update the local CMS library. 

Periodically beta releases are made from the local 
CMS library to the VAX development cluster. 

When ready the enUre beta release is shipped to DOCMS 
and the local CMS Hbrary is emptied. 

Before test releases are requested the czars perform 
gamma releases to their own node to test that the 
libraries were properly updated. 

beta 
1...-, gamma 

\.-.." test , - .. official 

! 
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TOOLS FOR CODE DEVELOPMENT 

DO editor, provides templates for headers, 
Zebra bank documentation,etc. Finds entry 
points in library, has language sensitive 
features. 

DOFLAVOR 
Checks that offline standards are satisfied, 
handles machine dependent features. 

DOENTRY 

DBANK 

ZBANK 

Find modules in library. 

Combines Zebra bank documentation with debugger. 

Generates templates for all subroutines that must 
be created for a ze:BRA bank. 

CMSINTERFACE 
Checks for code standards and module name 
uniqueness before insertion into CMS library. 

$1,1 
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IV. DOLIBRARY 

Any VAX in the DO collaboration can have copies 
of subdirect ories of the DOLIBRARY by request. 

Every subdirectory has a subscription list. 

VAX's on subscription list have their libraries 
automatically updated from FNALDO 

Procedures can be guaranteed only if directories 
are NOT modified locally. Only changes are 
shipped for new releases. 

Command procedure DOLOCALCOM (in all DO VAX's) 
assigns logical names to local disks and 
logical names to directories and procedures. 
Creates identical working environment for all users. 



Examples: 

defined as 

• UB'l'EST CERNLlB 

changes DO$CERNLIB so it points to 
local$diskiDOLIBRARY.1'EST.CERNLIB] 

sets DO$CERNLIB back to original value. 



Library upgrades use an 
l\WS (module management system) procedure 

For each library or program there is one and only one 
person responsible for coordinating upgrades. An upgrade 
will occur only at his request. 

The procedure: 

1) checks which modules have cha.nged. 

2) fetches them out of the CMS library 

3) copies them to the [DOLIBRARY.xxx.sOURCE] 
subdirectory automatically via DECNET in 
all the VAX's on a subscription list. 

4) Checks for any dependencies 

5) deletes old versions, compiles new versions 
and inserts them in the object libraries in 
[DOLIBRARY.xxx] 

6) Runs XXXRELEASE, set of instructions specific 
to library xxx. This may request some special 
activity such as generating an EXE or constructing 
some data file by running special programs, etc. 



v. PROGRAM BUILDER 

A tool for assembling programs 
and enforcing discipline. 

Programs consist of a frame, utilities 
and applications. Frame and applications 
may call utilities but not the reverse. 

An application is inserted in a frame via 
a set of interface subroutines (package). 

Applications communicate with other applications 
only through Zebra banks or a very limited set 
of subroutine calls 

Requirements for use: 

1) A framework program 

2) Library and/or user packages 

3) A Framework description 

4) Package descriptions 

5) a list of library packages 

6) a link file template (LNK) 

7) a setup command file for the framework 



FRAMEWORK PROGRAM: 

A program calling a set of hooks at well defined 
stages. The hooks are logical functions with no 
arguments. The framework may use a number of 
utilities to handle 110 and control program flow. 

PACKAGES: 

A set of subroutines and control data files 
performing a well defined task. The top level 
subroutines (interfaces) must be logical functions 
with no arguments. The control data files must use 
the SRCP (static run control parameters) facility. 

To fit into a framework the package interfaces 
must match the framework hooks but it is not 
necessary to supply interfaces for every hook. 

Any number of packages can be combined in one 
frame. Packages are easily transportable from 
one framework to another. 

Packages communicate with other packages only via 
Zebra banks or utility subroutines that provide 
access to Zebra banks. 



HOOK 1 

Interfacel 
package 1 

FRAMEWORK 

HOOK2 

Interfacel 
package 2 

- - ~-"!!"""-"", 

~. \ 
fUTILITIES, 
__ < __ .-~ - :':0..< ~=_<~ 

\ UTILITIES 'j . \ , i - . 

Interface 3 
package 1 
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PRODUUrION RELEASE 

A production release is a release of a program 
to be used in large scale production, ie.: 

Montecarlo event generation 

Offline event reconstruction 

Level 2 filtering 

Production programs are build by the program 
builder and special production release procedures. 

All needed files are released to production directories. 
This include: 

EXE, object libraries, sources and data files (not event data) 

Production releases are still. being developed, 
in particular releases to UNIX platforms. 



EXPERIENCES WITH DO SOFI'W ARE DISTRIBUTION 

Overall library distribution works reasonably welL 

It requires 2 full time people: 
One to handle distribution requests and check 
status of libraries at all nodes, 
another to improve and maintain the procedures. 

Biggest problem is unreliability of the network, 
it is rare that any time all clusters in the 
collaboration are accessible. 

There are automatic recovery procedures, 
however test releases can only be made 
when all nodes have same official versions. 

If for a given release there are many dependencies 
between separate libraries the status of the library 
at a given node may be unstable until all releases 
are finished. 

Release procedures are more complex than anticipated, 
the complexity comes from attempts to minimize the 
periods of instability. 









WHO AM I? 

Mal BaIet VotavI ~ \,) r-H Po~ 0 E:.S 
Online Support Department 
Fenni National Accelerator Laboratory 

WHY AM I HERE? 

UPS 

Methodology for 

• packaging 
• maintenance 
• distribution 

software products in a multi-platform Unix environment 

WHO CARES? 

Lab wide interest - many departments have input at various levels: 

• Access Liaison 
·CDF 
• Distributed Computing 
• Online Support 
• Physics Analysis Tools 

Even more are using it! 

• E687, E791, E706, ESOO, DO, E773 and their colloborators 
• Offline Fann Machines 
• Division Office 

3e;/ 
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Facets of Unix Product Support Methodology: 

• Central Computing Facility => Easy access to many different 

software packages, by many inexperienced users. Allow 

for "new" , "test" etc, simple interface 

> Suitable for packaging of vendor 

software, such that software can be installed as per 

vendors instructions, (so they give support) , but 

on-site supporters and distributors can track 

distribution, use and updates . 

• Experiment Online Systems => Easy switching between 

versions, so new version can be installed and removed 

without impacting stability of data taking software. 

=> Node specific installation in a 

cluster environment, generally not handled by vendor 

installation procedures. 

=> methodology for defining and 

executing boot and installation time procedures, for 

device driver code etc. 

=> support for collection of packages 

into data acquisition and online systems, allow for 

dependencies between products, inVOking one product 

from another etc. I 



• Experiment Working Groups => Collections of software packages 

on a single computer used by defined, 

independent sets of people. 

=> Support for remote sites, central 

distribution, management and expertise 

=> No cost, needs to be affordable by all 

collaborating institutions 

.Product Maintainers => Access to lists of available, and installed 

software 

=> Common archival and retrieval procedures 

=> common methods for installation of updates 

• Software Developers => Definition of source area - independent 

of all versions of software. 

=> Build procedures - scripts to build 

platform specific distribution version from sources 

• User => Access to software in a standard way. "All" 

software "looks the same" to access - whatever 

the source. User learns where to lOOk, what to look for 

• Local System Manager => Procedures to help manage system, 

be informed of and have available new product 

releases, traCk installation of products 3'3 ., 



Product Structure 

<!.J;f4J-T>!I.---~ home directory (, .. ,. IfJs'/~"/(""I"'·~ 

man pages 

setup 
unsetup 
current 
uncurrent 
tailor 
S+.r+ 
at.p 

Info articles 



UPS Implementation 

I. DATABASE 

Simply ASCII text fIles 

• free 
• portable 
• easy to read 

II. MANIPULATION ROUTINES 

C programs 

• speed 
• easier to maintain 

/bin/csh 

• offIcial computing division shell 
• designed for multiple shell support 

Compiled under 

• IR.IX 
• SunOS 
·AIX 
• ULTRIX 



DATABASE FoRMAT 

database is a directory containing 
1 ASCII file per product 

$PRODUCTS 

instance fields include: 
. 

• version 
• flavor 
• home directory 
• declarer's login id 
• date declared 

optional fields: 

• list of authorized nodes 
• list of use requirements 
• list of build requirements 
• master source directory 
• tar ftIe name 

"pointers" to specific instances: 

• current 
• development 
• test 
• old 
• new 

S~7UP 

CaAJ _1>,1(. 

I 



AVAILABLE cOMMANDS 

USER: 

• list available products in various levels ; 3 

of detail ups \is\- -~ All< -0. -""2.. Io--r .____..�..1 

• make a product available for use ~l c..u. (v.ILtA.....V 
• remove a product from his environment 

\J V\ ~ AiL.-h" 'P. 

PRODUCT MAINTAINER: 

• add products/entries to the database \l't' cit~~ 
• remove products/entries from the 

database vY' ~rt\cJtl.. 
• modify existing entries u 'Ps me d.~'j 

PRODUCT INSTALLER: 

• tailor a product for his system 
• start products up 
• shut products down 
• make version "current" 



1-......... ' 1...-, 
' ...... Dot ••• I ;""--Aua.;-,---

Itaxa ......... , ... i------IAI a 'I. V. I •• , .1 ~ 

1111'1...... I • 

........... -........ . 
,_ ... : ... ,: ~"""I-I CIkIII ..... "- I .. _N ..... . 



UNIX PRODuCT CENSUS 
uPc 

• query remote databases with supplied 
information 

• generates summaries of requested 
information 

• mails summaries to interested parties 
• can run on a scheduled interval 

Helps Software Maintainers: 

• see types of products a remote system 
has 

• know if specific sites need upgrades 
• tally the number of sites that use a 

specific product 



Llco 

unix hoist 

t 
SunOS disk 

~ 

Online Support Cluster 

unix holst 

~ 
A1X disk 

~ 

ups 
database 

unix hoist 

IRIX disk 

Three entries for unix_hoist in the database, one for each o/s type. 
Ups "knows II o/s type, and will execute appropriate binaries 



FUTURE ENHANCEMENTS 

UNIX PRODUCT ARCHIVING 
UPA 

• provide a ups interface with an archiver 
product 

UNIX PRODUCT BUILD 
UPB 

• make transition from master source area 
to a released version 

• will build a released version for all 
necessa~platfornns 

• support building of a product that 
requires multiple platfonns 

'-/0/ 
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Central 
Database 

generic user 

central Facilities Node 

distributer 
(via upel) 

Distribution 
Database 

CDF 
Databases 

cdfuser 
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GKS service 
a Platfonns: 

o VWCMS, VMS, CRAY 
CJ UIS, VMS DecWlndows, Ultrlx, Apollo 

Summary: 
CJ GKS Is frozen .t pres."t rei .... lev.1 for general uug •• 

c Release 3.37 will not be re/Nslld for gene,.,,' uuge until It 

proves to be stable lind fully compatible with the .xlstlng 

drivers. 

[] Install the X-drlver only for some specific IIppllclltlons. 

a Existing applications requiring X-drlvllr will be movtKIto HIGZ. 

c Appllcstlona based on GKS tJHCIIng ." X-drlver which cannot 

be moved to HIGZ will hIIve IIcce .. to GKS 3.37 MId Its X...,.rlrv ... 
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c Acquisition of a global licence for usage at CERN and for 
free distribution to the European collaborating Institutes 
(nonnallyexecutable, exceptionally source). 

c Platfonns: IBM VWCMS, VAX VMS, CRA Y, Apollo-HP, 
HP(HPjUX),SlIicon Graphics, IBM RISC 8000, SUN, 
DEC StlItlon(Ultrlx), VAX Statlon(VMS-UIS, VMS-DecWlndo 

c FORTRAN lind C bindings lind Implementations required. 
a Driver Interfaces required: X-Windows, DEC-Windows, 

GL, Starbllse, XGL, HP GL, CGM, WId PostScript 
a OSFjAfOTIF Integration and a PEX Interface a,. also required. 
c Vel)' few suppliers provide a portabl. v",,/on. 
o CompanIetJ contacted: 

GT$lGRAL (Geramny) 
G5G (FIWnce) 
Tempillte Graphics Softwllre (UK lind USA) 
Tektronix (USA) 
ITHACA Software (USA) 

o Deadline for replies: 15 July 1991 
a EVllluatlon lind benchmark tests: June-July 1991 



c: Acquisition of a global licence for ussge at CERN and for 
free distribution to the Europesn Affiliated Institutes 
(nonnally binary, exceptionally source). 

c: Platfonns: IBM VWCMS, VAX VMS, CRA Y, Apollo-HP, 
HP(HPjUX),SllIcon Graphics, IBM RISC 6000, SUN, 
DEC Statlon(Ultrlx), VAX Ststlon(VMS-UIS, VMS-Dec Windows 

o FORTRAN and C bindings and Implemenflltlons. 
o Driver InterfBces: X-Windows, DEC-Windows, 

GL, Starbase, XGL, HP OL, COM, IIIJd PostScript. 
c OSFjIIOTIF Integration .wi. PEX Intert.c.. 
c Very few suppliers provide a portable version. 

Eva/Ulltlon completed, supplier has been selected. 
o The,. will be spec/., conditions for: 

- Affiliated Institutes outside Europe 
- Non-HEP departments of Affiliated Institutes 

c Distribution via CERN library 

c Availability: 4th qUllrter 1991 

Lj// 
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PHIGS licence conditions 

'-//2. 

o European Collaborating Institutes 

Binary obtainable from CERN free of charge. 

Documentation payable to CERN. 

c Non-European Collaborating Institutes 

Binary obtainable from CERN against payment of 1,500.- Sfr. 

to the supplier. Documentation payable. 

Details of this agreement are now being negotiated. 

o Non-HEP Departments of European 
Collaborating Institutes 

Binary obtainable from the supplier against payment of 

a variable fee depending upon the Instlll/ation 

(7,000-135,000 French Francs I.e. 1,750-35,000 Sfr.) 

Documentation obtainable from the supplier. 

Maintenance obtainable from the suppllflt'. 
\ 
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HEPLib: Possibilities and Potential 
A FNAL "Management" Point of View 

Irwin Gaines 
Sept 20, 1991 
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Areas for HEPLIB Concern 
(what software it deals with) 

• Topics for Software: 
Application Code Libraries (Geant/Cernlib/mathlib ... ) 
Utility Code Libraries (Graphics, Data/Memory Managers,Int analysis ... ) 
Code Development Tools (Code Management, SW Engineering, ... ) 
Operating Systems & User Environments (HEPVM, HEPiX next week) 

• Origin of Software: 
Commercial SW? 
A few major SW centers? 
Major Experiments? 
Anyone in the HEP community? 

• Quality of Software: 
Fully tested and certified? 
Anything that is submitted (let the buyer beware; cf. anonymous ftp 

in the worldwide UNIX community) 

• "Customers" for Software 
National Labs 
Universities 
"Anyone" doing HEP 
Wider community 

• Regulatory bodies 
National vs International distribution 
Licensing 

• Centralized vs Distributed 

• User Group vs Organization 



Models for HEPLIB 
(how it deals with software) 

• User group meeting, lots of interesting talks (CHEP-like) 

• Communication center 
Generate, maintain and distribute lists of software and availability 

• Clearing house 
distribution center, "one-stop shopping", no real judgement 

• Software Center 
testing 
porting 
product evaluation 
unified distributions 

• Software Development Center 
one of several centers that write/develop/implement products 
coordinate approaches (insure all needs are being addresses without lots 

of duplication 
develop needs/requirements/specs 

• Collaborative efforts 
promote and support inter-lab efforts on HEP software projects 

• Standards manager 
represent HEP on standards bodies, committees 
develop and promote community standards 

• Centralized control 



Ma(r)ximalist Approaches 

• HEPLIB: The world center for HEP Software 

• Fonnal SW projects: From user provided specifications, all software projects 
are formally initiated, managed and reviewed. 

• Center is responsible for all HEP software development, distribution and 
management. 

• Quality assurance: from formality of specification and review process] 

• Integration: from centralized operation 

No, clearly, this is not the way our community works. But may be worthwhile to 
understand which of the strong points of this approach can be recovered in a less 
autocratic environment. 



Minimalist Approaches 

• Meetings 

• Communication Center 

• Clearing House 

All of these take place to some extent already (CHEP and other computing 
oriented conferences, listserv, CERN and FNAL software distributions), and 
could benefit from some formalization. In particular procedures on how 
software is submitted to the "archives" and what are the criteria for acceptance 
and re-distribution would be useful, as would cataloging facilities that go beyond 
a single lab/continent. Distribution can be from a single source, but more 
usefully could be from a distributed series of sites each responsible for different 
products or ports of a single product (cf. anonymous ftp on uunet). A further 
step would be to agree on testing and certification procedures and to distinguish 
between "tested" and "use-at-your-own-risk" software (there is probably a need 
for both types! f). 
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Aggressive (but realistic?) Approach 

• An HEP "Software Development Center" 
An organization, not just a user group 
Distributed, not centralized (not a geographic "center" but a logical entity) 

• Goals and functions of the SW Center 
All of the cataloging and distribution functions described above; 
Coordination of efforts: flag duplications 

insure that requirements exist (and are understood 
by sw developers 

find "volunteers" for needed projects 
Promote collaborative efforts between institutions 

• Participation is voluntary, the proponents of the center act as consultants and 
coordinators 

• Could eventually become respnsible for computing "foreign policy" 
Negotiations with vendors 
Standards committees 

• Start with application SW and broaden spectrum as center catches on 



Potential Roadblocks 

• Funding 
What manpower is required 
Do separate institutions want to participate 
Will they commit real funds/people 

• Customer Acceptance 
What do users want 
What do users need 
What are users willing to accept 

• Politics 
International distribution of software? 
How do DOE labs distribute software? National Software Center? 
Licenses, site-licenses, collaboration wide licenses, ... 
Use of commercial or semi-commercial products 
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Intermediate PT detectors: 

Input rates at 1032 luminosity 

• 107 events/sec at the Level 1 trigger 

• 105 events/sec at the Level 2 farm 

The event size is estimated to be 0.5 Mbyte and the es-
timated processing time per event is 10 MIP-seconds 

The estimated computing power needed in the farms 
is 0(1 TeraOPS) 

1 



Detector@ 10 MHz 

10 ~bers 10 Mbyte/Sec/Fiber 

Hardware Triner 

101:ibers 102 MByte/Sec/Fiber 

iPSCFann 
(',~:r( _> 

j-= ~ . .., _ f,' , c-. "" {" 

"" 

.... . "...; ,. r - I ~. 

500 I/O Nodes 4 MbytelSecINode 

Off-line Storage 

Figure 13: Data flow from detector to off-line storage. 



Goals for processor farm R&D 

• Determine the technical feasibility of a TeraOPS 
farm with 1-10,000 nodes by 1997 

• Define requirements for interprocessor and pro-
cessor/detector communications to handle 10-100 
Gbyte/sec event rate to the farm 

• Determine the trigger algorithms necessary to achieve 
the rejection rates which are estimated to be nec-
essary 

• Investigate the best implementation of algorithms 
to achieve the optimal physics throughput 

memory lookups, cluster-finding, etc. 

massively parallel processing schemes, e.g. neu-
ra I networks 
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4'62. 

• Investigate the distribution of high-level processors 
within an overall trigger scheme 

• Event Building - merging ,....., 1000 parallel data 
streams into a 1 Mbyte event at rates of 10 -100 
kHz 

• Begin collaborations with industry on R&D for 
high-performance processor systems and parallel 
processor software for large-scale farms 

• Provide a scalable resource which can be used for 
sse physics and detector simulation in the near 
future and as part of a test-beam DAQ system 
later 
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Achievements in 1991 

• Major portions of the CERN Program Library in-
cluding GEANT, as well as ISAJET, PYTHIA, and 
JETSET have been ported to the Intel iPSC/860 
Hypercube. We have provided CERN with these 
modifications. 

• A parallel processor with 4 i860-nodes and 3 1/0-
nodes, configured as a hypercube, has been pur-
chased and used extensively. 

• Simulations of hypercube I/O properties have been 
com pleted using Verilog. 

• Preliminary study of random numbers. We note 
CERN RANF fails Knuth's criteria for the spectral 
test. 

• We are preparing to use the Caltech Consortium 
MESH machine (512 i860 nodes with 40 MBytes/sec 
between nodes). 
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SSCL Hypercube 

The SSCL has purchased a 64-node iPSC/860 Hyper-
cube for beam related studies. We have used this ma-
chine for the majority of the code ported by L. A. Roberts. 
We thank George Bourianoff and his group for use of 
the machine. 
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Porting Physics codes 

Standard difficulties with porting physics codes include 

• dependence on CERN libraries - much of the code 
in these libraries is non-portable. Portability is 
achieved by identifying a version of the code writ-
ten for a machine that is similar in operation to 
that of the target system 

• lack of complete standards in FORTRAN, ego I/O 
and HEX constants 

• CERN libraries for the DECstation still contain 
some MIPS assembly language routines 

• fundamental differences between SYSV and BSD 
flavors of Unix 

• different communication protocols for system ser-
vices 

• lack of sophisticated com pilers for new machines 

After solving these problems, the CERN libraries, ISAJET, 
JETSET, PYTHIA and BCD GEANT were successfully 
run on one node of the SSCL iPSC/860 platform and 
benchmarked 
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CPU GEXAMl BCD Gwrr' BCD ISAJET 
Sec/Event Sec/Event Sec/Event 

IBM 11.72 236.89 0.05863 
Intel 12.33 204.14 0.09836 
Sun 11.40 175.11 0.06938 
SGI 6.11 139.34 0.04663 
HP 4.01 81.18 -

Table 1: Results of several physics benchmarks. The times quoted are CPU seconds 

The configurations used for these benchmarks are 

• IBM - IBM RS/6000-320, 16MB, AIX 3.1.5, XL FORTRAN 2.1 

• Intel - iPSe/S60, 5MB, FORTRAN compiler PGFTN Sun4/4.0 R.el1.3a 

• Sun - Sun SPARCstation 2, 16MB, .SunOS 4.1.1, SunFORTRAN 1.4 

• SGI - Silicon Graphics 4D/35TG, 16MB, IRIX 3.3.2 

• HP - HP Apollo 9000/720, 64MB, HP-UX A.BS.OS 
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6.2.2 Results of Simulation 
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Figure 7: Message Length VB. Bandwidth 
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Figure 12: All possible 4 I/O node combinations. 
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Goals for. 1992 

• Continue a jOint project with Intel to incorporate a 
FAST I/O Board into the Intel MESH simulation 
package - Hypersim. 

• Demonstrate injection rate of the MESH using the 
FAST I/O Board. 

• Measure time to build events vs. injection-rate on 
the MESH. 

• Measure Level 3 trigger rejection times with con-
current algorithms running on the MESH. 

• Continue to develop a version of ISAJET and GEANT 
that executes simultaneously on multiple-nodes. 
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Subsystem Renewal Proposal to 
sse Laboratory 

for R&D of a Parallel COIIlputing 
Farm 

Penn-Princeton-SSCL-Intel 
Collaboration 1 

K. Anupindi, L. D. Gladney, P. T. Keener, 
N. S. Lockyer and M. A. Rezaei 

Department of Physics, David Rittenhouse Laboratories 

University of Pennsylvania, Philadelphia, PA 10104 

J. G. Heinrich and K. T. McDonald 
Joseph Henry Laboratories, Princeton University 

Princeton, NJ 08544 

L. A. Roberts . 
Superconducting Super Collider Laboratory 

Dallas, TX 75237 

Justin Rattner 
Intel Scientific Computers 

Beaverton, OR 97006 

lContact Persons: L. D. Gladney and N. S. Lockyer 
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