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Focus on Supercomputers 
OPTIMIZA liON OF CRA Y FORTRAN PROGRAMS 

Part 1: General Principles 

The CFT FORTRAN compiler operating 
on ucc's CRAY-1 supercomputer is 
an optimizing and vectorizing 
compiler. FORTRAN programs 
executed on the CRAY are translated 
by CFT into sequences of machine 
language instructions to utilize the 
available system resources as 
efficiently as possible. The compiler 
composes code to drive the fast 
scalar and vector CPU hardware so 
that standard FORTRAN programs will 
often enjoy many of the CRAY's 
performance benefits, requiring you 
to make few, if any, modifications 
to your source code. 

Vector Processing 

Vector processing usually causes 
dramatic decreases in execution 
time. The compiler analyzes 
innermost DO-loops as candidates 
for translation into vector 
instructions that control the vector 
and floating-point functional units 
and vector registers. But certain 
programming constructs inhibit DO
loop vectorization, and by avoiding 
these you can improve your 
program's performance on the CRAY. 
The requirements that potentially 
vectorizable loops must meet, and 
the guidelines for modifying 
programs to assist the compiler in 
producing vector instructions from 
source code, are described in 
section 3, part 2 of the CFT 
Reference Manual, published by 
Cray Research, Inc. 

In addition to modifying your 
code to promote vectorization, you 
can apply certain optimization 
techniques to your FORTRAN 
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programs that will help the CFT 
compiler produce efficient 
relocatable object modules. Some of 
these modifications improve your 
program's performance regardless of 
the machine the program runs on; 
others are machine-dependent. In 
some CFT programs, the 
optimizations increase the likelihood 
that vectorization will occur. This 
article discusses some of the 
approaches that you can use to 
optimize your CRAY FORTRAN 
programs. 

When to Optimize 

Is optimization necessary? If your 
program now runs correctly, 
quickly, and within your project's 
budget, it doesn't need 
optimization. The money you save 
in modifying your program will 
probably not outweigh the costs of 
your additional programming time. 
And remember, when you make 
any modifications, you run the risk 
of introducing errors into a reliable 
program, initiating a costly cycle of 
testing and debugging. 

Some optimizing modifications 
could also obscure your program's 
clarity and readability, thereby 
making it more difficult to enhance 
and maintain later. And, if you 
make any CRAY-specific changes to 
your program to enhance 
performance, you impair the 
portability of your code. Finally, 
your program should be convenient 
to use, and you should probably 
avoid optimizations that interfere 
with its straightforward use. 

In what cases should you try to 

optimize your program? One typical 
candidate for optimization is a 
potentially useful program that costs 
too much to execute because it 
uses too many system resources. 
You know you will use this 
program many times, and you have 
time in your project's schedule and 
funds in your budget for the 
optimization. 

There are other good reasons for 
optimizing. Programs that demand 
excessive space and time to execute 
delay turnaround time and degrade 
the system's performance as a 
whole at the expense of other 
users. And some problems won't 
yield to a computer solution 
because the program simply takes 
too long to execute or doesn't fit in 
the system unless it's optimized in 
some fashion. 

Methods 

Assuming that a program meets 
these qualifications for optimization, 
what's the best approach? Clearly 
the most opportune time to 
incorporate the principles of 
optimization into a large program is 
in the design stage. Keeping 
efficiency in mind while adhering to 
the basic tenets of structured 
programming, such as top-down 
development and stepwise 
refinement, helps you produce a 
well-designed program that an 
optimizing compiler like CFT can 
easily manipulate into effective 
object code. Not only will users 
appreciate the program's enhanced 
readability and maintainability, but 
the compiler will be better able to 



analyze and translate input when 
the program contains clear, 
straightforward logic, simple control 
structures, and well-designed blocks 
and loops. But you should avoid 
the temptation to optimize a 
program prematurely, anticipating 
gains in efficiency rather than 
focusing on a clean design and 
implementation, useful 
documentation, and an easily 
maintained, modular program. As 
much as possible, the mode of 
calculation you build into your 
program should reflect the basic 
concepts of the particular 
application. 

With an existing program that has 
been modified several times, or was 
not well-designed in the first place, 
you're faced with a choice between 
cleaning up the code or redesigning 
the program on a larger scale. 
While the former is immediately 
less costly, the latter is I ikely to 
produce better results. 

System libraries 

In any case, the most important 
improvement is usually the selection 
of the appropriate algorithms and 
data structures to handle the tasks 
demanded of the program. 
Reworking your source code can 
increase the performance to some 
extent, but if the underlying 
algorithm is inherently inefficient, 
your later modifications will not 
compensate for the poor algorithm. 
Ideally, an algorithm should operate 
on data defined within an 
appropriate data structure and 
quickly yield correct results over the 
entire range of expected input or 
indicate why it fails to do so. The 
algorithm should be efficient, using 
a minimum of system resources 
along the fastest possible path, and 
it should be robust, generating no 
invalid intermediate quantities for 
legitimate input and output values. 
When you compare algorithms as 
part of your optimization effort, one 
indication of their relative efficiency 
is the number of steps required to 
execute each one, keeping in mind 
the relation of this quantity to the 
magnitude and type of input data. 

Fortunately for the programmer 
without the time or resources for 
extensive algorithm analysis, many 
reliable, well-tested routines for a 
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variety of tasks are available in 
system libraries. A number of 
subprogram libraries are available 
on the CRAY at ucc. The Cray 
scientific library, $SCILIB, contains 
FORTRAN-callable routines that 
perform calculations such as matrix 
inversions and multiplications, 
determination of eigenvalues and 
eigenvectors, and performance of 
fast Fourier transforms. This library, 
and other libraries containing 
FORTRAN intrinsic functions and Cray 
system utilities, are described in the 
Library Reference Manual, a Cray 
Research, Inc. publication. Many of 
these routines execute in vector 
mode and will probably exceed the 
performance of FORTRAN 
subprograms that you write or that 
you find in other libraries not 
intended for specific use on the 
CRAY. 

Additional general-purpose 
libraries on the ucc CRAY include 
MINNLIB, IMSL, and the Harwell 
Subroutine Library. The use of these 
and other libraries is described in 
our online document on the CYBER 
CA, WRITEUP,CRAY = UCCLIBS. UCC has 
also published two booklets with 
additional information about this 
software: Facilities and Services, 
which lists the software packages 
available on all ucc systems, and 
the Guide to Subprogram Libraries, 
which briefly describes the 
subprograms found in each of these 
sources. All of these libraries 
contain well-tested and reliable 
subprograms that you may use with 
confidence. 

Programmers working within 
special fields probably know about 
algorithms for the problems specific 

to their disciplines. You should refer 
to the literature in your field and 
consult with colleagues who may 
already have encountered the same 
problem. 

Execution Time Profiles 

After you evaluate the algorithm of 
the program, work on making local 
improvements to the source code. 
Where should you concentrate your 
efforts? A typical program spends 
much of its total execution time 
performing the instructions generated 
by a small fraction of the entire 
sequence of source statements. DO
loops, other looping structures with 
many repetitions, and subprograms 
that are called many times often 
account for most of the CPU time 
consumed. You can identify these 
potentially inefficient portions of the 
program with an execution-time 
profiler. 

You use the CRAY's profiling tool 
by turning on the flow trace option 
with the parameter 'ON= F' on the 
CFT statement. When this option is 
on, the CRAY writes a summary of 
subroutine usage to the output file, 
$OUT. This information includes the 
number of times each subroutine is 
called, the time spent in each 
subroutine, the average time per 
subroutine call, and the fraction of 
the total program execution time 
consumed by each subroutine. 
Using this timing profile, you can 
decide if it's worth your effort to 
rewrite the program's least efficient 
portions. 

You can refine your optimization 
by inserting references to the utility 
procedure 'SECOND' into your source 
code to bracket the parts of the 
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program you want to evaluate. This 
utility, which you can reference 
either as a function or as a 
subroutine, returns the job's 
cumulative CPU time in seconds. By 
calculating the difference of the 
returned values, you find the time 
consumed between calls and you 
can then compare these with other 
parts of the program that you've 
monitored in the same way. Note 
that, unlike test datasets intended to 
exercise all portions of a program, 
the input used for these profiles 
should be typical of the data on 

Database Update 
SIR UPDATE AND SQL 

On January 3 we updated the SIR 
database management system on the 
CYBER CA to level 2.1 .2 and also 
installed SQL, an interactive query 
language that lets you retrieve 
information from a SIR database with 
commands that resemble English 
sentences. Both SIR and SQL now 
also contain HELP utilities. 

New SIR 
Control statements FETCH,SIR and 
FUTURE,SIR are no longer valid under 
the update. Those who use the 
current and future versions of SIR 
will have to type PAST,SIR. Those 
who use FETCH,SIR will have to 
remove that command. 

With the upgrading of SIR, level 
2.1.2 became the current version, 
which you access with the control 
statement SIR, followed by lA 
(indicating interactive processing) 
and then the parameters containing 
your database name and password, 
like so: 

SIR, lA, DB= dbname, PW =password 

SIR level 1 .1 N is now the past 
version, called with this sequence: 

PAST, SIR 
SIR, IA,FN = dbname, PW =password 

We expect to keep SIR 1 . 1 N as the 
past version for some time, but we 
encourage SIR users to upgrade their 
databases to level 2.1.2 at their 
earliest convenience. 

Upgrading Your Old 
Databases 

You can interactively upgrade your 
SIR database from a SIR 1.1 N 
database to a SIR 2.1.2 database by 
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which the program will operate. 
When you've located those 

sections of the program that are 
responsible for consuming relatively 
large quantities of time, you can 
begin optimizing them. There are 
two kinds of source code 
modifications: those that are 
generally applicable to all programs, 
regardless of the computer they run 
on, and those that take advantage 
of a specific compiler and hardware 
architecture. On the CRAY, vector 
processing permits you to enhance 
your program's performance greatly. 

using the TRANSPORT utility in old 
SIR. First, you access old SIR in the 
same way we showed you before: 

PAST,SIR 
SIR, lA, FN = dbname, PW =password 

Once you are in old SIR, you use 
the TRANSPORT utility, like this: 

> X,TRANSPORT FILE 
FILENAME= BACKUP/ 
NEW DB= NEWONE 
>END 

The TRANSPORT utility creates a 
compressed sequential file, which, 
in this example, you have named 
BACKUP. (BACKUP contains the four 
working files SIR creates from your 

DEMOG 
ID NAME 

101 JOHN Q. PUBLIC 
102 JANE DOE 
1 03 MARY SMITH 

The CFT compiler automatically 
vectorizes many kernels of the 
source code, and those sections that 
operate in scalar mode still execute 
extremely fast. When you use 
compiler options and directives 
carefully to assist vectorization, and 
understand which parts of your 
program inhibit the vectorizing 
process, you can create an even 
more efficient program. These topics 
will be discussed further in next 
month's newsletter. 

(K. Richards) 

database and numbers 1 through 4.) 
You also assign the name NEWONE 
to your updated database with the 
NEWDB=NEWONE parameter. You 
then leave SIR with END. The file 
BACKUP remains local to your job. 

Now you are ready for the final 
steps in converting your SIR 
database. Type these control 
statements: 

RETURN,SIR 
SIR, IN= BACKUP, OUT= HOLDER 

First, you use the NOS command 
RETURN to clear old SIR. Then you 
call the current version of SIR, 
naming BACKUP as your input file. 
You also use the OUT parameter to 

BIRTHDAY 

10/01/32 
12/12/21 
01/05/49 

Exhibit 1. The contents of record 
type DEMOG in database RETEP. 

/SQL,DB = RETEP,PW=GREBO 
SQL>SELECT NAME BIRTHDAY FROM 
DEMOG 
NAME 

JOHN Q. PUBLIC 
JANE DOE 
MARY SMITH 

BIRTHDAY 

10/01/32 
12/12/21 
01/05/49 

Exhibit 2. Calling SQL and retrieving 
information with the SELECT 
statement. 
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create and name an output file you 
have named HOLDER. When SIR is 
converting the files in BACKUP to 
version 2.1.2, it will write error 
messages to HOLDER. 

New SIR will read your files from 
BACKUP and convert them into a 
2.1.2 database named NEWONE. You 
are now ready to continue your 
database work with SIR 2.1.2. You 
can access this database by using 
the DB= NEWONE parameter on the 
SIR control card. 

SQL 

SQL is a relational, non-procedural 
query system whose phrases 
resemble English. You can use SQL 
to search SIR databases that consist 
of one or more record types. SQL 
searches your database, formats the 
located information, and displays it 
at your terminal. You call SQL with 
the control statement SQL and follow 
it with parameters naming your 
database name and password. 

A simple example is shown in 
Exhibits 1 and 2: Exhibit 1 
illustrates the record type DEMOG, 
contained in the database RETEP. 

Exhibit 2 illustrates a simple SQL 
session. You call SQL, providing 
your database name (RETEP) and 
password (GREBO). SQL responds with 
its prompt, SQL. With the SQL 

statement SELECT, you name the data 
items to be retrieved. In this case, 
you name the items NAME and 
BIRTHDAY. The FROM clause names 
the record type (DEMOG) that 
contains the data. SQL retrieves the 
data and displays it as shown. 

Using other SQL statements, you 
could, for example, retrieve 
additional information and request 
SQL to display it in other formats. 
You can use SQL with any database 
you create under SIR 2.1.2. SQL will 
not work with databases created 
under SIR 1 .1 N until you upgrade 
them to new SIR. 

The HELP Statement 

Both SIR 2.1.2 and SQL contain on
line documentation utilities. When 
you are in SIR or SQL, simply type 
HELP. The system will respond with 
a screen of information about the 
HELP facility and a list of topics to 
choose from. 
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Documentation 

New SIR and SQL are documented in 
the SIR 2 .1.2 Update, the 5/RISQL 
2.0 Reference Manual, and the 
5/R!SQL 2.0 User Guide. 

We have a copy of the SIR 

Update and the SQL manual and 
guide available for reference in the 
ucc Reference Room, 140 
Experimental Engineering. You can 
also order your own copies of these 
documents at the Minnesota 
Bookcenter in Williamson Hall and 
the H. D. Smith Bookstore on the 
West Bank. 

You should also refer to the on
line document, WRITEUP,SIR212 on 
the CYBER CA. 

If you have any questions about 
the new version of SIR 2.1.2 or SQL, 
call our database consultant at 376-
1761 between 10 and 11 a.m. 
daily. 

(P. }. Oberg, 5. K. Brehe) 

CRAY News 
COS/CFT 1.13 UPGRADE 

POSTPONED 

Our testing of COS/CFT 1 .13 revealed 
problems that arose while executing 
jobs that require large amounts of 
field length. Therefore, the upgrade 
from COS 1 . 1 2/CFT 1 . 11 to COS/CFT 
1.13 has been postponed. We 
intend to have some of the 1.13 
products available on the current 
system in the near future. Please 
check the CRAY system's bulletin 
for announcements about these 
products and the future system 
upgrade. 

CRA Y users can access the 1 . 1 3 
version of CFT now by using the 
control statement FUTURE,CFT. 

Programming Languages 
M77 UPDATED 

On january 1 we updated the 
current version of M77 to 2.6 on 
all CYBER systems. This version fixes 
several errors present in the 
previous version. 

CYBER Notes 
RBF REPLACES EXPORT 

CYBER users should know that we 
are phasing out the EXPORT 
subsystem this month, replacing it 
with the CDC Remote Batch Facility 
(RBF) at both the Experimental 
Engineering 1/0 station and the 
West Bank Computer Center. Under 
RBF, users wi II no longer be able to 
submit BINARY card jobs at the 
Experimental and West Bank sites. 
You can, however, still submit your 
binary card jobs at our central 
facility at Lauderdale, where we 
will continue to maintain a card 
reader that accepts these jobs. 

This change will not affect very 
many users; most people do not 
use binary card decks anymore. 
You can still submit all other kinds 
of card jobs at the Experimental 
and West Bank facilities. 

The only other case that could be 
affected by our upgrade from 
EXPORT to RBF is in the rare case 
when a user routes an upper- and 
lowercase file to a printer at 
Experimental or the West Bank 
using the 'deferred route' option 
(i.e., you use the DEF parameter to 
the CYBER NOS command ROUTE). To 
perform a deferred route on an 
upper- and lowercase file under 
RBF, you should route the file to 
Lauderdale, using the UN= BC 
parameter. A fuller description of 
our new RBF facility is available in 
the CYBER on-line document 
WRITEUP,RBF. 

IFPS VERSION 10 
At the request of Professor John 
Anderson of the School of 
Management, we installed Version 
10 of IFPS (Interactive Financial 
Planning System) on Wednesday, 
january 9. It is upward-compatible 
with Version 9, which it replaces. 
Contact Professor Anderson at 376-
737 4 if you have difficulty using 
Version 10. 
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PHONE NUMBERS 

Experimental Engineering 1/0 ................. 373-4596 
Graphics Software ........................... 638-0541 
HELP-line ................................... 376-5592 

7 a.m.-7 p.m., Monday-Friday 
HOURS-line (recorded message) ............... 373-4927 
Information, Experimental Engineering ......... 373-4360 
Information, Lauderdale ...................... 373-4912 
Instructional Labs ............................ 376-2703 
Instructional Services ......................... 373-77 45 
Lauderdale Computer Room .................. 373-4940 
Lauderdale Services .......................... 638-0523 

Access: 
CYBER(CA)-10, 30 cps ................... 376-5730 

-120 cps ...................... 376-5706 
MERITSS(ME)-1 0, 30 cps .................. 376-7730 

-120 cps ..................... 376-7120 
VAX!VMS(VA)-(autobaud) .................. 376-9770 

Budgets ..................................... 373-2521 
Computer-Aided Instruction ................... 376-2975 
Computer Hours (recorded message) ........... 373-4927 
Consulting 

HELP-line ................................. 376-5592 
Lauderdale Services Manager ................. 373-7538 
Lauderdale Users' Room ..................... 373-4921 
MECC Liaison ............................... 373-7745 
Newsletter Subscription ....................... 376-1491 

7 a.m.-7 p.m., Monday-Friday 
Statistics Packages ......................... 376-1 761 

1-2 p.m., Monday-Friday 
Data Bases ................................ 376-1761 

Permanent File Restoration ................... 376-5605 
Professional Services Division (PSDJ ........... 376-1764 
Project Assistance ............................ 376-1764 

10-11 a.m., Monday-Friday 
Microcomputers ........................... 376-4276 

9:30 a.m.-noon and 1 :30-4 p.m., Monday-Friday 
Reference Room ............................. 373-7744 
Remote Batch (RJE) Services .................. 376-2703 

Text Processing ............................ 376-2944 
1-4 p.m., Monday-Friday 

Contract Programming ........................ 376-1764 Short Courses ............................... 376-8806 
Data Base Applications ....................... 376-1764 Shuttle Bus Service .......................... 376-3068 
EDUNET Liaison ............................. 373-7745 System Status (recorded message) ............. 373-4927 

Tape Librarian: see Lauderdale Services 
Text Processing Services ...................... 376-2943 

Engineering Services ............... 376-1023, 376-8153 
Equipment Purchase/Information ............... 376-8153 

User Accounts .............................. 373-4548 

OPERATING HOURS 

CYBER (CA) Low rate CRAY (CR) MERITSS (ME) VAX (VA) 

M-F 7 a.m. - 4 a.m. 8 p.m. - 4 a.m. 7 a.m. -midnight 7:45a.m.- 3:30a.m. 8 a.m. - 6 a.m. 

Sat 4 a.m. - 5:15 p.m. 4 a.m. - 5:15 p.m. 7 a.m. - 5 p.m. 7:45a.m.- 3:30a.m. 24 hours 

Sun 4 p.m.- 1 a.m. 4 p.m.- 1 a.m. 4 p.m. - midnight 4 p.m. - 3:30 a.m. 24 hours 

PUBLIC LABS-TWIN CITIES CAMPUS 

I 
Location Batch Interactive Micro Location Batch Interactive Micro 

East Bank West Bank 
BlegH 25 * 

Arch 148 X X BlegH 90 X 

I CentH X BlegH 140 X 
ComH X MdbH X 
DiehiH 270, 207 X OMWL 2 X • EltH 121, 125 X SocSci 167 

t 
X 

EltH N640 X 
Exp Eng 130 * 

I 
FoiH 14, 14a X X* X St. Paul 
LindH 26 X X 
MechE 308 X BaH X 

t Physics 69 * ClaOff 125 X t X 
SanfH X 

• TerrH X 1 * Research cluster; access to CYBER CA and VAX/VMS 

I VincH 4 X X in interactive column indicates access to MERITSS 

J 
WaLib B9 X 

'I 

l 
1 
t 
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Mathematics and Statistics 
Packages 
SPSS VERSION 9.0 UPDATE 

MANUAL 
SPSS Version 9.0 is now the current 
version of SPSS on the CYBERs. The 
new SPSS Version 9.0 Update 
Manual is now available at the 
University Computer Stores, located 
in the Minnesota Bookcenter in 
Williamson Hall and the H. D. 
Smith Bookstore on the West Bank. 

COS 1.13 FORTRAN USER 
LIBRARY RECOMPILATION 

With the CFT 1.13 compiler under 
cos 1 . 1 3, we have recompiled the 
twenty FORTRAN user libraries we 
maintain on our CRAY-1. One 
library, the Yale Sparse Matrix 
Package (YSMPLIB), failed to compile 
and will be installed later after a fix 
arrives from Cray Research, Inc. 
The I ibraries are: 

BESPACK Bessel and Airy functions 
BSPLINE B-spline functions 
EISPACK Eigenvalues and 

eigenvectors 
EPISODE Ordinary differential 

equations 
FUNPACK Special functions 
GRG2 Nonlinear programming 

6 

HARWELL Harwell mathematics 
and statistics 

IMSL IMSL mathematics and 

LIN PACK 
LSODE 

LSODI 

MINNLIB 

MIN PACK 

M01 LIB 
M03LIB 

M04LIB 

MOSLIB 
M06LIB 
M07LIB 
M08LIB 

statistics 
Linear equations 
Ordinary differential 

equations 
Ordinary differential 

equations in 
implicit form 

Minnesota mathematics 
and statistics 

Nonlinear equations and 
least squares 

Linear equations 
Integration and 

differentiation 
Interpolation and 

approximation 
Special functions 
Fast Fourier transforms 
Filters 
Statistics 

We are preparing a revision of our 
Guide to Subprogram Libraries that 
gives more details about the 
contents of these libraries. If you 
have questions about these libraries, 
call the Scientific Programs Librarian 
at (612) 376-1636. 

(Mike Frisch) 

Winter Quarter Short 
Courses 

CLASSES FOR CYBER USERS 

If you use UCC's CYBER CA, ME, or MD 
computers, you'll be interested in 
the short courses "Beginning NOS" 
and the new "Advanced NOS," both 
about the CYBER NOS operating 
system. 

"Beginning NOS" is an 
introductory class on the CYBER 
operating system. It will cover basic 
topics like NOS file concepts and 
file maintenance, SUBMITting jobs, 
and the rudiments of using magnetic 
tapes. 

The new "Advanced NOS" short 
course covers topics like 

* using procedure files 
* library maintenance 
* debugging 
* using utilities like MODIFY and 

UPDATE. 

CYBER users will also be interested 
in our advanced course "Magnetic 
Tapes in NOS," a class we have not 
offered recently. The magnetic tapes 
course presumes that you have prior 
experience with CYBERs or have 
taken the "Beginning NOS" class. 
The tapes class will cover most of 
the topics discussed in ucc's Guide 
to Magnetic Tape Usage, including 

* labeling and mounting tapes 
* writing files from disk to tape 

and back 
* exchanging tapes with other 

computer centers 
* using programming languages 

with tapes. 

In addition, the course discusses the 
useful ARCHIVE utility. 

Other Winter Quarter courses on 
topics related to the CYBERs include 
the introductory course on the CYBER 
text editor XEDIT and the advanced 
course on the popular SPSS statistical 
package. The SPSS course assumes 
some previous experience with the 
NOS operating system but no 
previous experience with SPSS. 
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INTRODUCTORY COURSES 
PRICES: U. Student $15, U. Staff $25, Non-University $35 
010 Introduction to Computer Terms (Jerry Larson) 

jan 14-18 (MWF) 3:15-5 p.m. 
020 A Taste of Computing (staff) 

jan 21-25 (M-F) 3:15-5 p.m. 
040 Introduction to VAX/VMS (Bryan Senn and jerry Stearns) 

Jan 22-Feb 5 (TTh) 2:15-4 p.m. 
050 Beginning NOS (CYBER operating system) (Jon jamsa) 

jan 28-Feb 8 (MWF) 3:15-5 p.m. 
090 Introduction to Micros: MS-DOS (Simin Hickman) 

Feb 11-15 (MWF) 3:15-5 p.m. 
130 XEDIT (Tom Kovarik and Jill McAllister) 

Feb 11-15 (MTThF) 2:15-4 p.m. 
150 Introduction to CRAY-1 & cos (Kurt Richards) 

Feb 26-Mar 7 (TTh) 3:15-5 p.m. 

ADVANCED COURSES 
PRICES: U. Student $25-35, U. Staff $30-50, Non-University $50-100 
670 CRAY FORTRAN Vectorizing (Tom Kovarik) 

jan 14-25 (MWF) 2:15-4 p.m. $30,$45,$70 
520 Lotus 1-2-3 (Section 1) (Joanne Bergman) 

Feb 12-14 (TTh) 2:15-4 p.m. $25,$35,$60 
525 Lotus 1-2-3 (Section 2) (Joanne Bergman) 

Mar 12-14 (TTh) 2:15-4 p.m. $25,$35,$60 
540 Magnetic Tapes in NOS (Peter Oberg) 

Feb 12-21 (TTh) 2:15-4 p.m. $30,$40,$65 
550 Advanced NOS (Kurt Richards and jon jamsa) 

Feb 18-Mar 1 (MWF) 3:15-5 p.m. $30,$45,$65 
640 Beginning Pascal (Mike Pennaz) 

Feb 18-Mar 1 (MWF) 2:15-4 p.m. $25,$40,$60 
570 TELL-A-GRAF Graphics (Bryan Senn) 

Feb 25-Mar 6 (MW) 2:15-4 p.m. $30,$45,$75 
515 Multiplan and Chart for the Macintosh (Simin Hickman) 

Feb 26-28 (TTh) 2:15-4 p.m. $25,$35,$60 
530 SPSS (Statistics Package) (Bruce Center) 

Mar 4-8 (MWThF) 2:15-4 p.m. $25,$35,$60 

REGISTRATION: You can register at. 
the ucc Reference Room, 140 
Experimental Engineering (hours: 
8:00a.m. to 4:30 p.m., Monday 
through Friday). A self-service 
terminal for registration is located in 
the Reference Room. We accept 
mail registrations for an additional 
$1 fee per class. (See 
WRITEUP,CLASSES =MAIL REG for the 
mail registration form.) The deadline 
for registration is Reference Room 
closing on the last working day 
before the class begins. You may 
pay course fees with cash, check, 

or signed University journal 
voucher, or you can charge them to 
your non-instructional ucc user 
account. 

REFUND POLICY: No refunds are 
made after the class begins. Refunds 
are made in the same form as the 
fee was paid, i.e., check, journal 
voucher, ucc account credit. 

If you have questions about short 
courses or about registration, call 
jerry Stearns, 376-8806, or see 
WRITEUP(CLASSES) on the MERITSS or 
CYBER systems. 

Editor's Note: The Index to Volume 18 (1984) of the UCC 
Newsletter will appear in the February issue. 
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MICROCOMPUTER COURSES 

And for those of you who think 
that small is beautiful, we provide 
several courses: the "Introduction to 
Micros" (about the MS-DOS operating 
system); two sections on LOTUS 1-2-
3, the popular integrated 
spreadsheet program; and another 
new offering this quarter, "Multiplan 
and Chart for the Macintosh." 

The new Macintosh course 
provides an overview of Microsoft's 
Multiplan spreadsheet package and 
Chart graphics package. With 
lectures and demonstrations, the 
instructor will introduce each 
package and provide examples 
showing how Multiplan and Chart 
work separately and together. 

OTHER COURSES 

The Winter Quarter schedule also 
includes an introduction to the 
VAX/VMS operating system and our 
sequence of courses about the CRAY, 
the "Introduction to the CRAY-1 and 
COS" and "CRA Y FORTRAN 
Vectorizi ng." 

For those of you who are just 
beginning to learn about computers, 
we offer the courses "Introduction 
to Computer Terms" and "A Taste 
of Computing." 

ucc's short courses are open to 
all faculty, staff, and students at the 
University of Minnesota, as well as 
to the general public. For more 
information about classes, call jerry 
Stearns at 376-8806. 

The Classifieds 
FOR SALE 

PENRIL MODEM 
Model 300/1200, Bell 21 2A
compatible. $400. Call Tim Engel, 
481-9723. 

LOMAS S-1 00 PC 
A heavy-duty, S-100 bus, IBM PC
compatible computer. 512 K RAM, 8 
MHz. 8086, 2 DSDD floppies, 3 
serial, 5 parallel, MS-DOS, CP/M-86, 
fast. $3000. Call Keith, 373-5230. 

TEKTRONIX GRAPHICS 
Selenar graphics board adds 
Tektronix 4010 emulation to a DEC 
VT100 terminal. New. $750. Call 
Keith, 373-5230. 
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