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I. Introduction

We estimate the computational hardware resources
that will be required for accelerator physics
studies during the design of the Superconducting
Supercollider. It Is found that both Class IV and
Class VI facilities (1) will be necessary. We des-
cribe a user environment for these facilities that
Is desirable within the context of accelerator
studies. An acquisition scenario for these facili-
ties Is presented.

II. Calculations Required for Accelerator Design and
Studies

An analysis of computer requirements for the
S.S.C. accelerator project must Investigate the
scope of calculations that will be performed and the
demands that the computations will place on an
S.S.C. computing facility. We have identified sev-
eral categories of computations which place special
demands on any computing facility Intended to ser-
vice accelerator study groups. A listing of these
categories and a short characterization of each
follows.

A. Single Purpose Programs: short codes
Intended to perform specific calculations (such as
the evaluation of luminosity formulae for various
parameters. sets) which are neither time nor memory
Intensive. Typical running times for such programs
would be a few VAX-seconds or minutes; these pro-
grams would consist of a few hundred lines of code
and require only a few tens of kilobytes of memory.
The primary demand that such use places on a system
Is that the system be user friendly and support
tools for interactive program development and execu-
tion. It should be observed that although such use
of a system Is often the least c.p.u. Intensive, It
1s, for many (If not most) users the most labor
intensive; the highest percentage of the user's
connect time Is spent on such applications. The
criterion of user-friendliness Is therefore very
important.

B. General Purpose Programs for Accelerator
Design: large codes Intended to perform a variety of
calculations related to machine design. There are
at least three types of accelerator design codes (2):

1) Beam Optics Programs
2) Particle Tracking Programs
3) Programs for the Calculation of Magnetic

and Electromagnetic Fields, Impedances, etc.
Each type of program places particular demands

an a computer and operating system.

1) Beam Optics Programs (Examples: SYHCH,
TRANSPORT, TURTLE, HAGIC, parts of HAD. HARYLIE,
ALIGN, LATTICE,...) compute lattice functions,
tunes, closed orbit corrections, etc. for a given
machine design. Computation times are dependent on
the calculation being performed, but typically range
from a few seconds to a few minutes on a CDC-7600.

Example: To fit tunes and compute matched lattice
functions for a 6.5 Tesla lattice (such as that in
tne Reference Designs Study (3)) SYNCH requires
approximately 10 c.p.u. seconds on a C0C-76OO.
Assuming that the COC, In single precision, runs 30
times faster than a VAX 11/780 In double precision
(double precision Is required for sufficient
accuracy (4)), this calculation will require S c.p.u
minutes on a VAX. To perform a momentum scan on the
same lattice (compute matched off-energy lattice
functions), SYNCH requires 30 c.p.u. minutes on the
COC-7600. The corresponding VAX time (scaling by
the factor of 30) will be IS c.p.u. hours.

Certain lattice calculations may, as the above
example indicates, be performed on a VAX-like
machine, provided the machine 1s not heavily
loaded. Others, such as momentum scans, are better
suited to more powerful Class IV computing environ-
ments.

For a large machine (such as the S.S.C.) memory
requirements can also be rather extreme. A program
to simulate closed orbit errors due to magnet mis-
alignments must, for example, store six random num-
bers (three displacements, three angular misalign-
ments) for each of the 5000 magnetic elements In an
S.S.C. lattice. The required storage (assuming 64
bit words) Is then

(6 errors/magnet) x (5000 magnets)
x (64 bits/error) x (1 byte/8 bits)

= 240 kilobytes

for just the location of magnets! Typical optics
codes (such as SYNCH) often require over 500 kbytes
memory to be loaded. Finally, in the design phase
of the machine, numerous runs of such programs must
be made. Convenient facilities for dataset prepara-
tion should be available, and the machine should
have a high throughput, In the event that time con-
suming calculations (such as the momentum scan of
the above example) are required.

2) Particle Tracking Programs (Examples:
PATRICIA, RACETRACK, TEVLAT, MARYLIE, DIHAT, Parts
of NAD,...) are perhaps the most time intensive of
all design codes.

Example: Oell (5) finds that, on a CRAY-IS.
PATRICIA can track 1 particle for 1 turn In the 6.5
Tesla Reference Designs lattice In 91 milliseconds,
(this is with no vectorization of the program -
pipeline processing features of the CRAY were not
exploited). To track a single particle for one
synchrotron period (approximately 1000 turns) there-
fore requires 91 seconds. A typical tracking ex-
periment might require tracking 5 particles for 100
synchrotron periods for 10 settings of some
parameter (such as the maximum energy deviation of a
synchrotron oscillation). Such an experiment ther-
efore requires
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(S particles) x (100 synchrotron oscillations)
x (91 seconds/synchrotron oscillation/particle)

x (10 parameter settings)
» 450,000 seconds - 126 hours.

That Is, this single experiment would require almost
1 week of c.p.u. tine on a dedicated CRAY-IS. The
requirement of high speed Is obvious. Moreover, If
a number of such experiments are to be performed (as
Is expected), the vector processing capabilities of
the CRAY must be exploited. Were this to be (tone, a
factor of 7 In the reduction of execution time might
be achieved, bringing the total required time to
about IB c.p.u. hours In the example above.

3) Programs for the Calculation of Magnetic and
Electromagnetic Fields, Impedances, etc. (Examples:
POISSQN. SUPERFISH, BCI. TBCI,..-) Two aspects
of such programs are of Interest. The first Is that
three dimensional field calculations will be neces-
sary. This will create unprecedented demands on any
computing facility both in terms of execution time
and memory. Futhermore, code development on such
programs will. require a user-friendly environment
supporting extensive software development tools.

Secondly. such codes (even existing two-
dimensional field finders) are also quite time In-
tensive. Siemann (6) observes that computation of
the Impedance of an object in the vacuum chamber may
require a mesh of 200,000 points and as much as 8
c.p.u. hours on an IBM 3081. During the design
phase of the S.S.C., perhaps 100 such calculations
must be performed each year (for development, e.g.,
of cavity designs), meaning that a total of

(8 hours/computation) x (100 computations/year)
« 800 hours/year

or over 1 c.p.u. - month per year of dedicated time
on an IBI: 3081 will be required for this type of
calculation alone. If we assume that a CRAY-IS Is
about 4 times faster than the IBN In scalar arithme-
tic, the availablity of a CRAY would Immediately
reduce the rather substantial 800 hour/year figure
to a more moderate 200 hours/year. In addition, use
of the pipelining feature of the CRAY could reduce
this number by an additional factor of 7. In this
case, only 29 c.p.u. hours/year would be needed.
The reduction In computing time from a c.p.u. month
to a c.p.u. day is very desirable, as It would re-
lease a mainframe computer for other uses.

The large number of mesh points needed for such
calculations also places additional demands on the
computing hardware. First, a large. Fast, real (as
opposed to virtual) memory 1s desirable. Each mesh
point requires seven words of storage (six field
components and a word that describes the mesh).
Therefore the 200,000 mesh point example of Siemann
requires 1.4 million words of storage. Secondly, a
large address space Is desirable to facilitate the
exensive Initialization of code that Is required.

C. Beam Dynamics Codes: fall Into at least two
classes.

1) Beam-Beam Interaction Simulations
2) Single-Beam Instability Simulations

It will ue necessary to Initiate a number of
beam-beam Interaction simulation studies during the
design phase of the S.S.C. Such calculations may
prove to be very time Intensive, especially If ef-
fects such as the abort gap 1n the train of bunches,
the long-range beam-beam Interaction, and coupling

of beam-beam forces to nonlinear forces from the
lattice magnets, are properly simulated. The Inclu-
sion of nonlinear lattice effects, for exaaple, Is
the basic problem of particle tracking calcula-
tions. Some beam-beam simulations therefore will
require a* much time as tracking calculations to
account for the nonlinearities In the accelerator
lattice, and will. In addition, require additional
time to simulate the effect of the beam-beam Inter-
action at the crossing point. If the simulation of
the beam-beam force Is done In some detail, It could
as much as double or triple the time required over
that demanded by a tracking calculation.

Single beam Instability calculations may also be
very time consuming. Siemann (7) makes estimates of
the time required to perform a typical computer
simulation of a single beam Instability. He finds
that 1 to 2 c.p.u. hours on an IBH 308) are required
to simulate 1 second of real S.S.C. time. If 5000
test particles are used and provided the lattice 1s
modeled using linear beam transport. If nonlinear
lattice effects are Included, the computation time
may Increase by a factor of 10 to 50. If we wish to
simulate the machine behavior for 10 synchrotron
oscillations (on the order of 10 seconds) with non-
linear beam transport, ue may optimistically expect
to use

(1 hour/experiment/sec)
x (10 synchrotron periods)

x (1 sec/synchrotron period)
x (10 timss speed reduction for nonlinear lattice)

= 100 c.p.u. hours/experiment .

Pessimistically we may need as much as

(2 hour/experiment/sec) x (10 synchrotron periods)
x (1 sec/synchrotron period)

x (50 times speed reduction for nonlinear lattice)
- 1,000 c.p.u. hours/experiment .

These times (especially the latter) are extreme-
ly long. If we now assume that the calculation 1s
done on a CRAY-IS (which runs a factor of four times
faster than the IBM In scalar arithmetic) with a
vectorized code (which provides as much as an addi-
tional factor of seven 1n speed) the optimistic time
estimate falls to only (100 hrs/4)/7 = 3.6 hrs, and
the most pessimistic time estimate falls to 36
hours. Optimistically, the calculation Is there-
fore well within the range of possibility, and even
pessimistically the situation Is not hopeless, pro-
vided only a limited number of such computations
need be performed. In either case, the need for
high speed computing is clear; In the pessimistic
case, vector processing (pipelining) is necessary.

0. Other Possible Simulation Calculations:
there will be a class of simulations that will In-
clude operational modeling of the S.S.C. to deter-
mine the effects of r.f. noise, simulation of feed-
back systems and calculation of the effects of real
(i.e. measured) magnetic field errors on beam
behavior. It 1s not known, at present, the extent
to which such calculations will be compute-bound.
Experience with various other modeling and simula-
tion calculations, such as those discussed above,
implies that a need for Class VI computing power
will arise.

Each of the above classes of programs may re-
quire extensive database handling facilities. For
example, tracking calculations with measured multi-
pole data from actual magnets may require Input of
30 or more measured multipoles for each of the 5000



ring magnets. This l U t of 150,000 numbers must be
entered 1n the appropriate sequence to correctly
nodel the location of each magnet In the ring; such
a task Is greatly facilitated by database handling
facilities. Such facilities have already been
employed at CERN, where the design code MAO accesses
the engineering database used to define LEP.

H I . Conclusions

A. Implied Machine Requirements

Several of the aforementioned categories clearly
demand the availability of Class VI computing time.
Without Class VI time It will) not be possible to
perform the necessary tracking calculations, nor
will It be possible to perform the required be..in
dynamics computations. AUo, the availability of
Class VI computtng power will greatly facilitate the
electromagnetic field calculations (especially In
three dimensions) which least be performed.

However, some categories of calculation require
less that Class VI power. In particular, lattice
calculations, special purpose codess database
manipulations, etc., as well as job file editing and
some aspects of code development (e.g. source file
edlt'ng) are better suited to a user-friendly Class
IV system. Moreover, extensive Interactive use of
most Class VI machines leads to an appreciable de-
gradation In performance. It is therefore desirable
to provide Class IV computing facilities to those
users who do not require the special features (high
speed and/or vector processing) of a Class VI
machine.

B. User Environment

The rapid degradation of Class VI machine per-
formance with Increasing numbers of Interactive
users suggests strongly that such a machine should
be primarily used In a batch operation context (on
jobs requiring sevaral minutes to several hours
c.p.u, time). The number of Interactive users on
any Class VI machine dedicated to accelerator
studies should therefore -,_• limited to a sufficient-
ly small number such that the machine performance is
not Impaired. Experience at LANL and LLL suggests
that the number of Interactive users on a CRAY-IS -
like machine should be limited to the order of 20.
If more Interactive use Is anticipated, additional
Class VI computing power should he provided.

The "20 user* criterion Is not unreasonably
restrictive If low demand jobs (such as Oataset
preparation and source file editing) are restricted
to a Class IV machine provided for the less time
Intensive jobs. This Implies that suitable net-
working facilities (Including the capability of
batch job submission and return between Class VI
machines and Class IV machines) are available. The
Class VI machine is to be <.<--ed to run those codes
which demand high speed and pipelined processing;
the Class IV machine Is to be available for all
other tasks. Communication between the two machines
will be enhanced If the same operating system is
employed on both. (This has an added advantage -
If one machine Is down, the other could be used to
carry the entire computing load for a short period
of time.) A possible model for such an arrangement
Is provided by the 0C system in use at LBL. In this
system, a COC-6600 serves as an Interactive host for
a purely batch CDC-7600. The 7600 throughput is
maintained at a high level because the machine per-
formance Is not degraded by numerous interactive

demands. Communication between the two 1s, however,
transparent; both machines employ the same operating
system.

Each Individual user should have available those
facilities required to make effective use of the
available computing power. Thus, the system should
support interactive high resolution (1024x512 pixel
minimum) high speed (19.2 kbaud) graphics, high
speed (9.6 kbaud) terminals with screen editing
facilities and high speed (several hundred lir^s /
minute) local printing facilities for each user
group. The communication between user and machine
should be transparent (no network lag time) and low
cost (minimal contribution to overhead). There
should be adequate disk storage space for each
user. (This may mean as much as 250 Mbytes or more
for users developing extremely large codes.) Final-
ly, the system (both Class IV and Class VI machines,
considered as a networked pair) should be user-
friendly, supporting up-to-date code development and
database handling facilities.

C. Siting and Acquisition Scenario

The Class IV and Class VI machines should both
be sited so as to insure maximum performance. One
means to achieve this end would be to site the Class
VI machine at an existing Class VI facility which
has a history of effective management of such
machines and a desire to service a broad user
community. This will avoid the (possibly long and
costly) "break-In" period which an Inexperienced
management often encounters upon first exposure to
the special demands of the Class VI hardware
environment. Possible siting locations for Class VI
hardware Include the HFECC at LLL, the LANL compu-
ting center, and the computing center at the
National Center for Atw>spher1c Research.

Upon siting at an existing Class VI facility,
the Class VI machine would be tightly networked to
the Class IV system. It Is assumed that the Class
IV machine will be sited at the S.S.C. design cen-
ter; the networking between the Class IV and Class
VI machines should, however, be of such a quality
that both machines can be considered as local (on
site) computing to the user community at the design
center. Members of the S.S.C. design team who are
not located at the design center should have ready,
high quality, high speed access to fcjth machines
through either direct connection from their home
Institutions or via one of several national net-
working facilities. The connections for such users
should appear (as for the local users at the design
center) transparent.

Computing power of Class IV and VI will be re-
quired at the time the S.S.C. design project be-
gins. To Insure that It is available, early aquisi-
tion is therefore desirable.

IV. Notes and References

(1) A "Class IV" computer Is a large main-frame
computer with fast cycle time (on the order of 200
nanoseconds or less), large memory and high batch
throughput. Examples: C0C-76OO, COC Cyber 850-670
series, IBM 3080 series. A "Class VI" computer Is a
so-called "supercomputer" with a very fast cycle
time (on the order of 30 nanoseconds or less), all
other features of Class IV machines, and parallel or
vector (pipeline) processing. Examples: CRAY'S,
CYHER-205.



(2) See. e.g. E. Keil, Proc. 1982 Sunnier School on
High Energy Particle Accel., A.I.P. Conf. Proc. No.
10S. N. Honth. ed. (1983).
(3) N. Tigner et.al., Report of the Reference
Designs Study Group on the Superconducting Super
Collider (1984).

(4) If 32 bit words are used, the mantissa of each
number occupies 24 bits. Each variable Is therefore
exact to one part In 2 2 4 » 2* x 106. Each
Matrix Multiply will produce roundoff errors 1i? the
last bit. If these errors accumulate (a typical
occurence. e.g. In a VAX), all precision Is lost
after 2 2 4 (I.e. 4 x 106) matrix multiplies. The
relative precision after N multiplies Is
N/4 x 106.

The SSC contains of the order of 10*
elements. The results of a matrix calculation of
betatron functions will be exact only to within 1
part In 104/4 x 10* (or about .25X) 1f the
calculation Is done In 32-bH single precision. For
a machine with a tune of 100, this leads to a tune
error of the order of .25. This error 1s completely
unacceptable. Double precision (64 bit word Is
therefore required.

(5) F. Dell, note on tracking In the SSC (private
communication).

(6) R. Siemann. In the Report of the 1983 Ann Arbor
Workshop on Accelerator Physics Issues, for a Super-
conducting Super Collider; UH HE 84-1, N. Tigner,
editor.

(7) Ibid.
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