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This is the first of a three-part report documenting NMG, the Numerical Mathematics 
Guide. Part I is aimed at the user of the system. It contains an introduction, with an out- 
line of the complete report, and Chapter 1, User's Point of View. Part II is aimed at the 
programmer and contains Chapter 2, How It Works. Part DI is aimed at the maintainer of 
NMG and contains Chapter 3, Maintenance, and Chapter 4, Validation. Because its 
contents are so specialized, Part III will receive only limited distribution. Note that each 
chapter has its own page numbering and table of contents. 
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Introduction 

Preface 

The Numerical Matheniatics Guide, NMG, is an interactive utility to assist in the selection 
and fetching of mathematical software from the Fortran libraries maintained by Livermore 
Computing's Mathematical Software Service (MSS). NMG has extensive help facilities. 
Its use is designed to be self-explanatory. The available commands are (in alphabetical 
order): 

advice 

end 

fetch 

help 

mail 

m e n u  

news 

q u i t  

Offers advice on routine selection. 

Terminates NMG. 

Provides access to on-line documentation and/or source code (when available) 
for individual routines. 

Provides access to the NMG help facility. 

Provides a mechanism for sending a message to the maintainers of NMG. 

Provides access to a complete menu of all user-level routines in the LC- 
supported mathematical and statistical libraries. 

Provides news on recent changes to NMG. 

Throughout NMG, "q" or "quit " is a synonym for "end". 

This report provides complete documentation for NMG. 

Why NMG? 

When NMG was first developed, there was no other mechanism available to provide 
mathematical software to LC computer users. Source code was the primary means of 
sharing pre-tested numerical algorithms, and it was necessary to provide something like the 
Advisor to let users know what was available. This was subsequently augmented with 
MenuDriver, which provides a menu-driven subject index to all user-callable routines in 
supported libraries. As commercial libraries became more readily available and binary 
libraries were installed at LC, NMG was also used to provide on-line documentation for 
them, even though the source code is proprietary. Nothing like Advisor or MenuDriver 
was available from the vendors. 

I 

Current commercial libraries now generally come with their own on-line documentation 
facilities (usually at an extra change). The facilities from merent vendors are incompatible 
and have drastically different user interfaces, which makes it hard for users to decide which 
one to use and to find what they need from it. The vendors do not seem to be anxious to 
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make it easy for computer centers to add information on other libraries to their databases. 
Thus, we would need something like NMG to support our local libraries, even if we were 
to rely on the vendors for their own on-line documentation. 

NMG is unique in providing, in one relatively compact utility, both advice and a complete 
categorized list of routine descriptions, with ready access to either documentation or source 
code on-line. The fact that the fetch function provides complete source code for indivi- 
dual routines is also significant. 

History 

In the late 1970'~~ Computation Department's Numerical Mathematics Group (NMG) sup- 
ported a source-code distribution system for mathematical sohare  (Fortran subprograms) 
that ran on the CDC 7600's and later on the Cray machines that replaced them. In the early 
1980's we added LIP (Livermore Interactive Program), which provided an interactive 
question-and-answer on-line decision tree facility based on NITPACK, developed at 
ORNL [l]. Since this system was contained in a public We by the group's name, NMG 
became synonymous with the utility. As time passed and the group went through 
numerous changes of name, the acronym was retained, but given the new name Numerical 
Mathemtics Guide. 

LIJ? and the top-level controfier for the old NMG were written by Tokihiko Suyehiro; Bob 
Dickinson, Mary Burnham, and others were responsible for the various utilities that 
maintained the databases and distribution files. The NMG controller was written in Bconl; 
LIP was written in L R L W .  When the decision was made to convert the Cray's to 
UNICOS in the early 1990'~~ neither Bcon nor LRLTRAN were to be ported. Thus it 
became necessary to develop a new, portable utility to replace NMG. This was the genesis 
of the system being described in this document, and explains why the NMG Main Control 
Script is called newnmg. The current NMG is now capable of being installed on any 
UNIX platform; it is in use on Cray's, Sun SPARC's and IBM RS-6000's. 

Future Developments 

Although the development of NMG is currently frozen, we feel compelled to include a few 
remarks as potential guides in the event that this effort is resurrected. This section 
discusses a number of overall modifications that would enhance the usability of this utility. 
Additional notes about future developments are given in Chapters 2-4. 

Bcon stands for B-Division controller. This was a locally-Written language and system for Writing the 
complicated production control codes required by B-Division. 
LlU,TRAN was LLNL's locatly-written extended Fortran language. 
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Master Database. It has been long felt that some of NMGs shortcomings could be 
alleviated by the introduction of a master database of mathematical software. This could 
include routine and package abstracts, pointers to routine documents, example codes and 
related materials, lists of equivalent routine names, key words, and other information that 
would make searching for idormation easier and reduce redundancy. It would also allow 
implementation of a f ind command, which was lost when NMG was converted to 
UNICOS. It should be noted that this approach is used by the GAMS system at NIST. [2] 
For the sake of improved interactivity, it might be Wise to view the master database as a 
central archive and write tools to extract the information needed for the current NMG data- 
bases. 

A Graphical User Interface. It is felt by many that the line-oriented way that the 
current NMG operates feels a bit clumsy and old-fashioned. As an experiment, an X- 
windows based version called Xnmg was written by Daniel Pang in 1993-94. Like NMG, 
X n m g  assists users by offering two databases: the MenuDxiver and the Advisor databases. 
Using the X n m g  GUI, the user can step through the MenuDriver database tree and find a 
set of routines that could implement a particular solution. By the same token, the user can 
step through the Advisor database tree and find the routine best fitted to implement a par- 
ticular solution. Throughout the X-displays there are file icons that, when selected, will 
enable the user to fetch documentation about that routine. If the user so chooses, he/she 
can also fetch that routine (along with other routines the main routine depends on) and save 
a copy on hisher current working directory. This proyides the much-desired direct link 
between the routine selection phase and the fetching of related information. 

A prototype version of X n m g  was available on ocfkms, a cluster of IBM RS-6000's at 
UNL, for several years. Unfortunately, funding for this effort was dropped, so the sys- 
tem never got beyond the prototype stage. It is no longer operational, because it proved 
much harder to modify the C-coded X n m g  for changing database formats than its Fortran 
counterpart. 

A Web-Based NMG. Recent thinking has been leaning in the direction of monifv- 
ing NMG to become a set of instrumented WWW documents. We dready have the begin- 
nings of top-level information and table of contents documents for some of the libraries 
NMG supports. What would be needed to complete the picture would be some tools to 
automate the insertion of pointers to documents in the equivalent of Advisor and Menu- 
Driver databases and the development of forms to help users search for and retrieve 
information about this software. 

Contents 

In this section we give an outline of the contents of the remainder of this report, which 
describes the NMG system as it currently exists. The first-level indentation indicates the 
actual sections of each chapter. 
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Chapter 1. User's Point of View 

1.0. Overview 

1.1. An NMG Primer 

1.2. The n e w s  andmail  Commands 
1.3. The help Command 
1.4. The advice Command 

1.5. The menu Command 
1.6. The fetch Command 

Chapter 2. How It Works 

2.0. Overview 
2.1. The Main Control Script 

2.2.NMGLI.B 
2.3. The Help Processor 
2.4. The Advisor Program 
2.5. The MenuDriver Program 
2.6. The Fetch Script 

2.7. The CHANGE Program 
2.8. How to Install NMG on a New Platform 
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3.0. Overview 
3.1. Helpfile Maintenance 

3.2. Advisor Database Maintenance 
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3.4. Extracting Information from SLATEC-Format Source Codes 
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3.6. How to Install a New Library in NMG 
3.7. How to Add or Delete a Routine in a Library 
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Chapter 4. Validation 

4.0. Overview ' 

4.1. Why Validate? 
4.2. Running the NMG Validator 

4.3. How the Validator Works 

4.4. Adding a New Library to the Validator 
4.5. Back-up Procedures 
4.6. Notes on Future Development 

Typographical Conventions 

Throughout this report, system names will appear in ALL CAPS, file names and UNIX 
utilities will be in typewriter font, and Fortran programs will be in CAPS, as 
will Fortran code fragments. Items that may be replaced by user-selected names will be in 
italics. (Because its source code is a file, the source for NAME will be in name . f .) In 
order to approximate what a user wil l  see on the screen, examples will be given in reduced 

typewriter font. Characters typed by the user will be boldface. 
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Chapter 1. User's Point of View 

1.0. Overview 

The Numerical Mathematics Guide, NMG, is an interactive utility to assist in the selection 
and fetching of mathematical software from the Fortran libraries maintained by the LC 
Mathematical Software Service (MSS). This chapter describes the NMG system from the 
point of view of a user. It includes a brief overview of each NMG command and one or 
more sample terminal sessions for each. 

NMG has extensive help facilities. Its use is designed to be self-explanatory. The avail- 
able mmmands are (in alphabetical order): 

advice Offers advice on routine selection. (Executes the Advisor program.) 

end Terminates NMG. 

f e t c h Provides access to online documentation and/or source code (when available) 
for individual routines. 

he 1 p 

mai 1 

menu 

Provides access to the NMG Help Facility. 

Provides a mechanism for sending a message to the maintainers of NMG. 

Provides access to a complete menu of all user-level routines in the LCC- 
supported mathematical and statistical libraries. (Executes the MenuDriver 

Provides news on recent changes to NMG. 

P r O V )  

news 

q u i t  Throughout NMG, "q" or "quit" is a synonym for "end". 

The nmg command is the user interface to NMG. It is used as follows: 

Simply typing nrng produces the prompt: 

nmg [command] 

Commands available : 

Command? 
advice end fetch help mail menu news quit 

Commands may be typed in upper or lower case. Only the first one or two characters 
(enough to specify a command unambiguously) need be typed. Mer completion of any 
command except end or quit, NMG will loop back to the standard "Command?" 
prompt for a new command (Type "?" for a reminder of the available commands.) 

If given, command is the fist command to be executed by NMG. A first-time user should 
type "nmg help", to start in the NMG Help Facility. 
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The Advisor. MenuDriver and Help Processor have a common prompt convention: The 
prompt is a list of the acceptable commands. with the key letter (usually the first) capital- 
ized. Type the key letter (upper or lower case) to select a command. Throughout NMG. 
"q" is equivalent to ''e'' or "end" . 

1.0. Overview ..................................................................................... 1 

1.1. An NMGPrimer ............................................................................ 3 

Overview ofthe NMG Software Advisor (advice) ............................. 3 
Overview of the NMG Help Facility .................................................. 3 

Overview of the NMG MenuDriver (menu) ........................................ 4 
Overview of the NMG Fetch Facility (fetch) .................................... 4 

1.2. The news andmail  Commands ....................................................... 5 
1.2.1. Basic Information ............................................................... 5 
1.2.2. A Sample Terminal Session .................................................... 5 

1.3. The help Command ...................................................................... 7 

1.3.2. A Sample Terminal Session .................................................... 7 

1.4. The advice Command .................................................................. 11 
1.4.1. Basic Information ............................................................... 11 
1.4.2. A Sample Terminal Session .................................................... 12 

1.3.1. Basic Information ............................................................... 7 

1.5. The menu Command ...... .............................................................. 15 

1.5.2. A Sample Terminal Session .................................................... 18 
1.5.1. Basic Information ................................................................ 15 

1.6. The fetch Command .................................................................... 21 
1.6.1. Basic Information ............................................................... 21 
1.6.2. A Sample Terminal Session .................................................... 21 
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1.1. An NMG Primer 

NMG is an interactive utility to assist the LC user in selecting and fetching LC-supported mathe- 
matical software. This section contains a brief summary of the commands available to NMG 
users; refer to subsequent sections for more details and examples. 

Simply typing nmg produces the prompt: 
Commands ava i lab le :  

Command? 
advice end fetch help mail menu n e w s  quit 

e- Control loops here. Trpe " F for commaad list. 
A first-time user should type m g  help, to start in the NMG Help Facility. Commands may 
be typed in upper or lower case. Only the first one or two characters (enough to specify a 
command unambiguously) need be typed. Throughout NMG, qui t  is a synonym for end; in 
most cases a carriage return is equivalent to the response "return". 

NMG has extensive help facilities; its use is designed to be self-explanatory. m a i l ,  n e w s  and 
end need no further explanation; the others are described briefly below. 

Overview of the NMG Help Facility 

The NMG Help Facility is accessed by using the help command, either at the top level in NMG 
or during the processing of the advice or menu command. It starts by displaying an appro- 
priate help screen followed by the prompt 

Help menu / Return / End : 

h or H 

r or R 
e or E 

Type: 
to display a menu of available help screens. 
(Type the screen number to see the desired help message.) 
to return to the program that was being run when help was requested. 
to tednate that program and return to NMG control script. 

Caution: Please note that it is necessary to respond "return" to return to the context from 
which help was requested. 

Overview of the NMG Software Advisor (advice) 

The Advisor main menu contains a list of primary problem categories. The prompt will be 
apandlabe l  / Help / End : 

x n 
h or H to display a help screen (see above). 
e 

Type: 
or X n 

or E 

to expand the subcategories for category n. 

to terminate Advisor and return to NMG control script. 

Nodes in each Advisor screen are identified at the left by a label composed of alternating letters 
and numbers. A "terminal" node has no subcategories. A non-terminal node can be expanded to 
reveal further subcategories and is indicated by ttxtt in the display. Some nodes contain blocks of . 
additional information that can be displayed on command. These are indicated by "i" in the 
display. The prompt will be 

expand label / Info. label / Previous / Main / Help / End : 
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Type: 
I l a b e l  or X label 
i 1 abel  or I 1 &el 
P or P to back up to previous screen. 
m or M to go back to the main menu. 
h or H to display a help screen (see above). 
e or E 

to expand the category display at the indicated node. 
to display information about the indicated node. 

to terminate Advisor and return to NMG control script. 

Overview of the NMG MenuDriver (menu) 

MenuDriver operates much like Advisor. Expanding a main menu category produces the prompt 
expand label / Info. label / Show label / Previous /Main / H e l p  / End : 

M e n a v e r  has one additional command. Type: 
s l a b e l  or S label  to show routines available at the indicated node. 

Use "show" to display the list of available routines at a show nqde, indicated by I t s  I' in the 
display. A brief list will be presented indicating the number of routines available in each library 
in this category.1 The prompt will have the form 

1 / 2 ... / A l l  / R e t u r n  / H e l p  / End : 
where the numbers are the indices displayed to the left of the library names. To view descrip- 
tions of routines from a specific library, type its index. Otherwise, type: 
a or A todisplayalllibrares. 
r or R to return to the category search level. 
h or H to display a help screen (see above). 
e or E to terminate MenuDriver and return to NMG control script. 

Within the routine description display section, the prompt will be \ 

More / R e t u r n  / Help / End : if there are more routines, or 
Another library / Return / H e l p  / End : 

if this is the end of the display for selected library, or 
R e t u r n  / H e l p  / End : ifthisistheendofthelist. 

m or M 

a or A 

Type: 
to display the next screenfd of routine descriptions. 
to return to the library selection display to select another library. 

(The remaining three options - r, h, e - are as above.) 

Overview of the NMG Fetch Facility (fetch) 

You will be prompted for the name of the desired routine and the library that contains it. (At 
present, you must know which library contains requested routine, so please make a note of the 
library displayed by Advisor or MenuDriver before exiting to do the fetch.) You will be 
given the option of fetching documentation or source code (when available). Documentation for 
subprogram NAME will be written to file name. doc; the source code (for a Fortran routine), to 
name. f. (See Section 1.6 for more details.) 

Use the help menu (from Advisor, MenuDriver, or the NMG control Script) to view library abbrevktions and 
the most current library availability information for the platform on which you are running NMG. 
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1.2. The news and mail Commands 

This section describes the NMG news and mail commands and provides a sample 
terminal session illustrating their use. 

1.2.1. Basic Information 

The news command allows the user find out what changes have recently been made to 
NMG or its databases. Type "news" at the "Command?" prompt. This will initiate a 
display of the nmgnews file by the UNM utility more. This file contains brief descrip- 
tions of changes, in reverse chronological order. The number of lines displayed wi l l  
depend on the user's environment. To see more news, hit the space bar; to terminate 
more, type "q". 

The mail command allows the user to send a message to the maintainers of the LC 
mathematical libraries. Such messages might include: 

A report of a potential problem with NMG. 
A report of a potential problem with one of the libraries. 

A request for assistance with software selection. 
A request for assistance on the usage of a particular mutine. 

To send such a message, simply type "mail" at the "Command?" prompt. Mer you have 
completed typing your message, simply type " c t r l - D 1 l l  to terminate mail. You must 
then terminate NMG by typing "e" or "q" to actually send the message. 

Note: A copy of your message will be sent to the LC Customer Support HotLine. 

1.2.2. A Sample Terminal Session 

The following is an annotated copy of an NMG terminal session. Some lines have been 
slightly edited to fit on the printed page. 
milstein% nmg 
Welcome t o  the  LLNL Numerical Mathematics Guide 

Commands available: 

Command? news 
advice end fe tch  help m a i l  menu news quit 

One can either type the full command or 
abbreviate it to 'h" or "N" to obtain news. 

Numerical Mathematics Guide News  

96-01-18 Upgraded the  fetch s c r i p t  t o  Version 4.14h, t o  be compatible 
There should be l i t t l e  change with the  version on the  Cray's. 

i n  behavior from t he  user ' s  point of view. 

96-01-12 Corrected bug i n  MenuDriver introduced a t  1 / 1 0  update. 

That means hold down the "control" key and type a "d". 
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96-01-10 Modified Advisor and MenuDriver to allow the user to type 
"expand" (any mixture of cases) rather than f'x" or "X". This 
has the side effect that "exit" will no longer terminate the 
code in contexts where "expand" is a valid command. ("e" and 
"9" still work as before. 1 

96-01-03 Replaced Advisor, MenuDriver, and the NMG Help Processor with 
revised versions. The user should see no differences in behavior. 

95-12-18 Added the new/revised MSSL B-spline routines to the appropriate 
Advisor and MenuDriver databases. 

95-12-11 Updated Advisor trees to 

--More-- (13%) 

Command? ? 

Commands available: 

Command? m 
advice end fetch help mail menu 

Response m is anibiguous. 
Commands available: 

Command? mail 
advice end fetch help mail menu 

no longer recommend IMSL routines. 

This is the prompt from more. I responded 
"q" to terminate the display of nmgnews. 

I typed "?I1 for a reminder of the available 
commands. 

news quit 
There are two commands that begin with "m", 
so one cannot simply use the first letter here. 

news quit 
Note that "ma1' would have been sufficient. 

Please enter a message for the Mathematical Software Service. 
Terminate your message with a line containing only control-D. 
This is a sample NMG mail message. 
*D 
Command? q 

Thank you for using the Numerical Mathematics Guide 

Here is the message that was received by the NMG maintainers as a result of the above 
mail command 

Terminating 

Mail message from utility NMG --------------- 
USER: mi1stein:fritsch DATE: Mon Mar 18 15:29:53 PST 1996 

This is a sample NMG mail message. 

------------- 
........................................................... 
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13. The help Command 

This section describes the NMG help command and provides a sample terminal session 
illustrating its use. 

1.3.1. Basic Information 

A common help facility is used by the NMG help command and to process requests for 
help in the Advisor or MenuDriver programs. After displaying each help screen, the NMG 
Help Processor presents the standard prompt 

Type "h" for a menu of available help screens, "rcl or caniage return to return to the 
program that initiated the help request, or "e" or "q" to terminate the program that initiated 
the help request. (This will return to the NMG main control script) 

Help menu / Return / End : 

The help menu will contain a numbered list of brief screen descriptions. Type the number 
of the desired screen, or "r", "e" or "q" as above. Alternatively, you may type the screen 
name (given in parentheses in the list), al l  lower case. 

Ifthe prompt is 
More / Return / End : 

there is more text for this help screen. Type "m" to view additional text, 'Y or carriage 
return to return to the Help processor, or "e" or "q" to terminate the program that initiated 
the help request. 

1.3.2. A Sample Terminal Session 

The following is an annotated copy of an NMG terminal session. The user's response has 
been formatted in boldface for emphasis. Some lines have been slightly edited to fit on 
the printed page. 

milstein% nmg 
Welcome to the LLNL Numerical Mathematics Guide 

Commands available: 
advice end fetch help mail menu news quit 

Command? help One can either type the full mmmand or 
abbreviate it to "h" or "H" to obtain help. 

NMG Help Facility 

The Numerical Mathematics Guide, nmg, provides access to the mathematical 
libraries available on the LC Cray's. The commands available are: 

advice - offers advice on routine selection. 
menu 
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fetch - provides access to online documentation and/or source code 
(when available) for individual routines. 

mail - provides a mechanism for sending a message to the maintainers 
of NMG. 

help 

news 

end - terminates NMG. ("q" or "quit" is a synonym.) 

- provides access to the NMG help facility. 

- provides news on recent changes to NMG. 

to see it. Type "mer This prompt means there is more to this help screen. 

m 
More / Return / End : 

The prompt indicates there is more to this help 
screen. Type "r" if you have seen enough. 

Commands may be typed in upper or lower case. Only the first one or two 
characters (enough to specify a command unambiguously) need be typed. 
After completion of any command except "end" o r  "quit", NMG will loop back 
to the standard "Command?" prompt for a new command. (Type "?tc for a 
reminder of the available commands.) 

NMG has extensive help facilities. The use of this utility is designed to 
be self-explanatory. The Advisor, MenuDriver and Help processor have a 
common prompt convention: The prompt is a list of the acceptable commands, 
with the key letter (the first) capitalized. Type the key letter to select 
a command. Throughout NMG, "q" is equivalent to "e'' o r  "end'*. 

The first NMG command may be on the command line. 

will go directly to this help facility. 

The prompt below means that you should type "h" for a menu of additional 
help screens. 

h 

Thus, 
nmg help 

Help menu / Return / End : 
We can type "h" or "H" to obtain more help. 
The following menu contains the list of available 
help screens. Type "ntt to view the n-th screen. 

NMG Help Screens 

1 (nmgov) 
2 (helpov) 
3 (advov) 
4 (mdrov) 
5 (fetch) 
6 (mailov) 
7 (libabb) 
8 (libava) 

NMG Overview 
Help Overview 
Advisor Overview 
Menu Overview 
Fetch Overview 
Mail Overview 
Library Abbreviations 
Library Availability 

1 / 2 / 3 / 4 / 5 / 6 / 7 / 8 / 9 / Return / End: 
8 Let's look at the "Library availability" screen. 

Library Availability 

All of the libraries mentioned on NMG's Advisor and MenuDriver databases 
are available on the SCF Cray's. 
help screen on the UNICOS system for details.) 

(Refer to NMG's Library Availability 
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The ocfkms and d l s t e i n  versions of NMG'provide online documentation f o r  
a l l  user-callable MATHLIB, MSSL, PMATH, and SLATEC routines. 

Source code may be fetched f o r  MSSL, PMATH, SLATEC, and mssl3. 
+---------------------------------------------------------------------- + 
I T h i s  source code is f o r  use on LLNL systems only, and may not be I 
I moved o f f s i t e  without explicit permission. I 

Binary versions of PMATH and SLATEC a r e  avai lable  on the  OCF IBM c lus te r  
and a l l  Meiko systems. These libraries are ins t a l l ed  i n  /usr / local / l ib .  
Consult your system administrator f o r  ava i l ab i l i t y  of binary versions of 
these l i b r a r i e s  on your platform. 

Note: On the SCF Cray's, this screen contains 
more detailed information on each available 
library, including version numbers for each. 

Help menu / Return / End : 
h Let's get more help. 

NMG Help Screens 

1 (nmgov) 
2 (helpov) 
3 (advov) 
4 (mdrov) 
5 (fetch) 
6 (mailov) 
7 (libabb) 
8 (libava) 

NMG O v e r v i e w  
Help Overview 
Advisor Overview 
Menu Overview 
Fetch Overview 
M a i l  Overview 
Library Abbreviations 
Library Avai labi l i ty  

1 / 2 / 3 / 4 / 5 / 6 / 7 / 8 / 9 /Re tu rn  / E n d  : 
libabb If it is more natural for the user, the name of the 

help screen may be typed instead of the number. 
This response is equivalent to "7". 

Library Abbreviations 

The following l i b ra ry  abbreviations a r e  used i n  the  Advisor routine recom- 
mendations and the  MenuDriver abstract  displays: 

IMSL 

MSSL 

= Internat ional  Mathematical and S t a t i s t i c a l  Libraries, Inc.  
Three proprietary l i b ra r i e s :  Math = Mathematical Library; 
S t a t  = S t a t i s t i c a l  Library; Sfun = Special Function Library. 

A f u l l  manual is available via the  DOCVIEW system, o r  individual 
routine documents are available v i a  t h e  NMG "fetch" command. 

These routines are available i n  source form only and are 
supported by LC personnel. 

A proprietary library. 

MATHLIB = The  standard binary mathematical l i b ra ry  f o r  LC Cray's. 

= Mathematical Software Service Library. 

NAG = Numerical Algorithms Group, Inc., Fortran Library. 

PMATH = Portable version of MATHLIB. 
SLATEC = The SLATEC Common Mathematical Library. T h i s  is a col lect ion of 

routines developed a t  various government laboratories.  
may be used on any LLNL system without res t r ic t ion .  

mssl3 = MSSL c l a s s  3 routines. T h i s  i s  a col lect ion of Fortran programs 
made avai lable  on a "use a t  your own r i sk"  basis .  

Help menu / Return / End : 

f 
These 
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At this point, the user can type "h" to re-display the help menu and select another screen to 
view, or ''r" (or carriage return) to return to the NMG control script. 

Similar displays are obtained when help is requested from Advisor or MenuDriver. In 
these cases, "r" (or carriage return) will return to the program from which help was 
requested, whereas "e" or "q" will terminate that program and return to the NMG conttol 
Script. 
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1.4. The advice Command 

This section describes the NMG advice command and provides a sample terminal ses- 
sion illustrating its use. 

1.4.1. Basic Information 

The NMG advice command activates the NMG Software Advisor. Advisor displays 
decision trees to assist you in the selection of software for the solution of mathematical 
problems. Some branches can be expanded toreveal further subcategories. Advice will be 
given at the end of each branch. This will typically indicate the name of a subprogram and 
the library that contains it. Use the NMG fetch command to obtain on-line documenta- 
tion or to obtain some code (when available). 

Note that this program recommends only the best software for the most commonly encoun- 
tered classes of problems. This does not cover all the mathematical software that is avail- 
able in LC-supplied libraries. If you do cannot find a routine to solve your problem using 
Advisor, try the NMG MenuDriver (NMG menu command), which will display all user- 
callable routines, or use the NMG mail command to request advice. 

At each level in the Advisor, the prompt will contain a list of the available commands. 
Commands are typed after the prompt, using the indicated key letter. (Key letters are capi- 
talized in the prompt.) Some comhands require an argument, preceded by a space. 

Caution: If you request "help", please note that it is necessary to respond " re turn"  to 
the Help Processor prompt in order to return to the Advisor. Typing "end" will terminate 
Advisor and r e m  to the NMG main control script. 

The Advisor main menu contains a list of primary problem categories. Type "x nl' to ex- 
pand the subcategories for category n, along with advice on routines to use. 

The following commands are available at the main menu: 

Command Type Meaning 
expand x n  Expand category n to show its subcategories. 
Help h Display a help screen. 
End e Exit from Advisor. 
Q u i t  9 A synonym for "end". 

Note: Generally only the first letter of a command is read, but "expand" is an exception. 
"expand 4" is equivalent to "x 4" (the "x" may be in either case), but any other response 
that begins with "eo (either case) will be interpreted as "end" and cause the Advisor to 
terminate. 

Each Advisor subcategory screen contains a list of problem categories and subcategories 
(nodes). Nodes are identified at the left by a label composed of alternating letters and 
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numbers. A node is called "terminal" if it has no subcategories. A non-terminal node, 
labeled with "x" in the display, can be expanded to reveal further subcategories. Some 
nodes contain blocks of additional information that can be displayed on command. These 
are labeled with "it' in the display. 

The commands available at this level are: 
Command Type Meaning 
expand x l a b e l  Expand category display at the indicated node. 
Information i label Display idormation about the indicated node. 

Back up to previous screen. 
Go to the main menu. 

Previous P 
Main m 
H e l p  h Display a help screen. 
End e Exit from Advisor. 
Q u i t  9 A synonym for "end". 

\ 

1.4.2. A Sample Terminal Session 

The following is an annotated copy of an NMG terminal session. The user's response has 
been fomatted in boldface for emphasis. Some lines have been slightly edited to fit on 
the printed page. 

milstein% nmg advice 

Welcome to the LLNL Numerical Mathematics Guide 

NMG Advisor 

m 

1 
2 
3 
4 
5 
6 
7 
8 

Type "M" for main menu or "H" for help or "E" for end. 
Menu / Help / End : 

We could type "h" here to view a series of help 
screens about the use of Advisor. 

Advisor Main Menu 

Special Functions 
Linear Algebra 
Solutions of Nonlinear Equations 
Interpolation/Approximation (data fitting) 
Numerical Integration, FFTs 
Differential Equations 
Optimization (maximizing or minimizing a function) 
Statistical Analysis and Probability ' 

expand 
4 

label / Help / End : 
Suppose we are looking for a routine to smoothly 
interpolate a set of increasing data. We decide to 
look at category 4 for advice. 
This illustrates a common mistake. One must type 
"X 4" or "expand 4" to expand category 4. 

Response inappropriate 
expand label / Help / End : 

1'2 

_. 
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r 4  

x i  4 
X 

X 

1s 

x i  
x i  
X 

X 

In the resulting display, indentation is used to em- 
phasize subdivision levels. Note that the leading 
character(s) of the node labels are dropped to reduce 
the amount of typing required. Nodes marked "x" 
are nonterminal, so may be further expanded. 

Interpolation and Approximation 
a Interpolat ion 

a1 One independent var iable  
a l a  Polynomial 

U s e  POLINT (SLATEC) 

can be dangerous. 
a l b  Piecewise polynomial 

a2 Two independent variables 
a2a Gridded data 
a2b Scattered data 

a2c Parametric Interpolation 
U s e  MQ2D (MSSL3) 

a3 Three independent variables (gridded) 
U s e  B3INT and B3VAL (MSSL) 

X b Approximation 
X b l  One independent variable (plane curves) 
i bla  Noisy data, smoothing approprkate 

U s e  GlOACF (NAG) 
X b lb  No smoothing before f i t  
X b2 Two independent variables (surfaces i n  3-space) 

expand labe l  / Info. label / Main / Previous / Help / End : 
expand a1 Ours is a one-dimensional interpolation problem, so 

we request an expansion of subcategory al. 
Note that the node that was formally labeled "alb" is 
now labeled simply "b", and it has been expanded to 
show advice. 

x 1  
a 

x i  
. x  

X 

One independent var iable  
Po lynomia 1 

U s e  POLINT (SLATEC) 
Warning: Polynomials--especially those of high degree-- 

can be dangerous. 
b Piecewise polynomial 

b l  Cubic H e d t e  
b la  Monotone, no user  options 

blb Piecewise monotone 
U s e  PCHIM and PCHFE (SLATEC) 

U s e  PCHIC and PCHFE (SLATEC) 
b2 Cubic sp l ine  

b2a H e d t e  form 

b2b B-spline form 
U s e  PCHSP and PCHFE (SLATEC) 

U s e  BINT4 and BVALU (SLATEC) 
b3 Spline of a rb i t r a ry  order 

U s e  BINTK and BVALU (SLATEC) 
expand labe l  / Info. l a b e l  / Main / Previous / H e l p  / End : 
i b  Node b is marked as an "information node". Let's 

see what's there. 
Piecewise polynomial 
A piecewise polynomial function is  a polynomial between each 
p a i r  of "breakpoints". 
together with varying amounts of continuity a t  t he  breakpoints. 

These polynomial pieces may be joined 
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Information is provided below about: - Piecewise Cubic Hermite functions - Cubic splines - Splines of arbitrary order 
More / Return / End : 
m The prompt indicates that there is additional informa- 

tion. We could type "r" (or carriage return) to skip it 
and return to the category display. 

Piecewise Cubic Hermite (PCH) functions are piecewise cubic 
functions which are represented by function and derivative 
values at the breakpoints. PCH functions have continuous first 
derivatives but generally have discontinuous second derivatives. 
Package PCHIP provides for interpolation as well as evaluation 
and other manipulations with PCH functions. See PCHDOC (SLATEC) 
for more information on the contents of PCHIP. 

Cubic splines are piecewise cubic functions with continuous 
second derivatives. They may be represented in several forms, 
of which the PCH and B-spline forms are the mose useful. 

For splines of arbitrary orderr the B-spline form is the most 
stable form for 
BSPDOC (SLATEC) 
(NOTE: Cubic = 
Return / End : 

interpolation and subsequent computations. See 
for more information about the B-spline package. 
degree 3 = order 4.) 

This prompt indicates the end of the information. 
(I typed a carriage return. "e" would have texmina- 
ted Advisor.) 

x 1  
a 

xi 
X 

X 

One independent variable 
Polynomial 
Use POLINT (SLATEC) 
Warning: Polynomials--especially those of high degree-- 

can be dangerous. 
b Piecewise polynomial 
bl Cubic Hermite 
bla Monotone, no user options 

blb Piecewise monotone 
Use PCHIM and PCHFE (SLATEC) 

Use PCHIC and PCHFE (SLATEC) 
b2 Cubic spline 
b2a Hermite form 

b2b B-spline form 
Use PCHSP and PCHFE (SLATEC) 

Use BINT4 and BVALU (SLATEC) 
b3 Spline of arbitrary order 

Use BINTK and BVALU (SLATEC) 
expand label / Info. label / Main / Previous / Help / End : 

9 The standard prompt from the NMG control script. 
looks like either 
dong with pcHFE. We write down these names and 
the fact that these are in the SLATEC library for 
fuhlre reference and terminate Advisor. 

or PCHIC should be used, 

Command? The standard prompt from the NMG control script. 

This example wil l  be continued in the section on the menu command. 

14 

- . . . 
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1.5. The m e n u  Command 

This section describes the NMG menu command and provides a sample terminal session 
illustrating its use. 

1.5.1. Basic Information 

The NMG advice command activates the NMG MenuDriver. This program provides a 
"menu" of all user-callable routines in the collection of mathematical libraries available to 
LC users. MenuDriver operates at three levels: 

Level 1. Main Menu 
The Main Menu provides a very general subdivision of available software. This is 
based on the GAMS (Guide to Available Mathematicd Software) classification 
scheme [l] developed at NIST (National Institute of Standards and Technology). 

The second level is entered by asking to "expand" one of the main classification 
letters from the Main Menu. For most categories, the entire subclassification will 
show on the screen. Each category in which there are routines available will be 
speciallymarked 

The third level is entered by requesting that MenuDriver "show" the routines avail- 
able. A list of routines and brief abstracts will be displayed for each library 
containing routines in this GAMS classification. To obtain further infomation 
about specific routines, use NMGs fetch command to obtain on-line documen- 
tation. 

Level 2. Subcategories 

Level 3. Available Routines 

At each level in the MenuDriver, the prompt will contain a list of the available commands. 
Commands are typed after the prompt, using the indicated key letter. (Key letters are 
capitalized in the prompt.) Some comma& require an argument, preceded by a space. 
Levels 1 and 2 operate much as in advice, whereas level 3 is unique to menu.  

Caution: If you request "help", please note that it is necessary to respond "return" to 
the Help Processor prompt in order to return to the MenuDriver. Typing "end" will termi- 
nate MenuDriver and return to the NMG main control script. 

Level 1 Commands. The MenuDriver main menu contains a list of primary GAMS 
Classification categories. Type "x n" to expand the subcategories for category n. The 
following commands are available at the main menu: 

Command Type Meaning 
expand x n  Expand category n to show its subcategories. 
Help h Display a help screen. 
End e Exit from Advisor. 
Q u i t  q A synonym for "end". 
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Note: Generally only the first letter of a command is read, but "expand" is an exception. 
"expand c" is equivalent to "x clt (the "x'l or t r ~ ' l  may be.in either case), but any other 
response that begins with "e" (either case) will be interpreted as "end*' and cause Menu- 
Driverto terminate. 

Level 2 Commands. Each second-level. MenuDriver screen contains a list of 
problem categories and subcategories. Each category is identified at the left by a label 
composed of alternating letters and numbers. A category is called "terminal" if it has no 
subcategories. Non-terminal categories are indicated by "xO in the category displays.' A 
non-terminal category can be expanded to reveal further subcategories. 

Categories indicated by "i" have "information blocks", giving additional information use- 
ful in determining the correct category for your problem. 

The following second-level MenuDriver commands are available to traverse the 
classification list in search of the category or categories relevant to your problem: 

Command Type Meaning 

expand Expand category display at the indicated node. 
Information i label Display information about the indicated node. 
Show Display the list of abstracts for the indicated category.' 
Previous P Back up to previous screen. 
Main m Go to the main menu. 
Help h Display a help screen. 
End e Exit from Advisor. 
Q u i t  q A synonym for "end". 

x 1 abel 

s label 

Level 3 Commands. A category indicated by "s" will contain a list of abstracts of 
all user-callable routines in any LC-supported mathematical library. The third level is en- 
t e d  by asking MenuDriver to "show" the list of routines. A brief display will be presen- 
ted showing the number of routines available in each library in this category. This display 
will have the heading 

Index Library Number of 
Programs 

Avai lable  
t h i s  system 

MenuDriver's databases include all libraries for which we have information, whether or not 
they are available on the machine on which the code is running. The "Available this sys- 
tem" column will contain "yes" or "no" to indicate availability. The prompt is 

1 / 2 ... / A l l  / Return / Help / End: 

where the numbers are the indices displayed to left of the library names. This means: to list 
a specific library, type its index; otherwise, type one of the following: 

Command Type Meaihg 
A l l  a Display all libraries. 
Return r Return to the category search level. 

This is the only Level 2 command that is different from Advisor. 
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H e l p  
End 
Q u i t  

h 
e 

q 

Display a help screen. 
Exit MenuDriver. 
A synonym for "end". 

If the response is a number or "a", MenuDriver will present the user with a screenful of 
routine descriptions. These descriptions have the following format: 

NAME1-X 

NAME2-X 
First line of description ... 
Second line of description ... 
... rest of description, if any. 

The list on the left contains one or more equivalent names for this routine. The x field con- 
tains one of the following characters: 

A 
S = SINGLEPRECISION. 
D = DOUBLEPRECISION. 
8 = REAL*8 (PMA'IXonly). 
c = COMPLEX. 
I = INTEGER. 
H =cHARAc"ER. 
L = LOGICAL, 
P = Packagename. 

= ALL (one routine for all types, or typeless). 

Note that only the name (not the "-X") should be typed when fetch requests the name of 
a routine to be fetched. 

The following MenuDriver commands are available for navigating the list of routines avai- 
lable in the selected category. The prompt will be: 

More/Return /Help /End:  if there are more routines, or 
Another l i b r a r y  / Return / Help / End : 

Retu rn /He lp /End :  

Command Type 
More 
Another 

Return 
H e l p  
End 
Q u i t  

m 
a 

r 
h 
e 

9 

if this is the end of the display for 
the selected library, or 
if all routine descriptions have 
been displayed. 

Meaning 
Display the next screnfuL 
Return to the library selection display to select another 

Return to the category search level. 
Display a help screen. 
Exit MenuDriver. 
A synonym for "end". 

library. 

References 

[l J Boisvert, R. F., S. E. Howe, and D. K. Kahaner, "GAMS: A Framework for the 
Management of Scientific Software", ACM Trans. Math. Somare 11,4 (December 
1985), pp. 313-355. ' I  
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1.5.2. A Sample Terminal Session 

The following is an annotated copy of an NMG terminal session. The user's response has 
been formatted in boldface for emphasis. Some lines have been slightly edited to fit on 
the printed page. Note that this is a continuation of the example from the section on the 
advice command. 

Command? menu Continuing OUT search, we decide to see what the 
MenuDriver has to offer. 

* 

NMG MenuDriver 

Type "M" for main menu or  "H" for help or  "E" for end. 

Menu 
Menu / Help / End : 

Note that any response that .begins with the letter "Mf 
(in either case) will display the main menu. 

MenuDriver Main Menu 

A 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
N 
R 
Z 

Arithmetic 
Elementary and Special Functions 
Linear Algebra 
Interpolat ion 
Solution of Nonlinear Equations 
Optimization 
Differentiation and Integration 
Differential and Integral Equations 
Integral Transforms 
Approximation 
Statistics and Probability 
Data Handling 
Service Routines 
Other 

expand label / Help / End : 
x e  We clearly want the "Interpolation" category. Note 

that the category letter can be in either case. 
Caution: If we had simply typed "e" here, it would 
have been interpreted as "end" and terminated 
MenuDriver. 

x s E  Interpolation 
X 1 Univariate data (curve fitting) 
S la Polynomial splines (piecewise polynomials) 
S lb Polynomials 
S IC Other functions (e. g. , rational trigonometric) 
S 2a Gridded 
S 2b Scattered 
s 3  Service routines (e.g., grid generation, evaluation of fitted 

X 2 Multivariate data (surf ace fitting) 

functions) 
(search also class N5) 

expand label / Info. label / Show label / Main / Previous / Help / End : 
s la We ask MenuDriver to show what's available in the 

"piecewise polynomials" category. 
Noee: As with most MenuDriver category displays, 
this fits a l l  on one screen. Had there been nonted- 
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4 

s l a  

nal nodes we wished to examine, we could use the 
"expand" command as in Advisor. 

Polynomial spl ines  (piecewise polynomials) 

Index Library 

1: IMSL 
2: MSSL 
3: NAG 
4: SLATEC 
5: mssl3 

Number  of 
Programs 

17 
5 
3 
7 
2 

Available 
t h i s  system 

1 / 2 / 3 / 4 / 5 / A l l  / Return / H e l p  / End : 

Since the routines recommended by Advisor are in 
SLATEC, we look there first. (Typing "a" would 
display all 17+5+3+7+2=34 descriptions.) 

. SLATEC routines i n  t h i s  category 

BINT4-S 
DBINT4-D 

BINTK-S 
DBINTK-D 

BSPDOC-A 

PCHDOC-A 

Compute the  B-representation of a cubic sp l ine  
which interpolates  given data. 

Compute the  B-representation of a sp l ine  w h i c h  in te rpola tes  
given data.  

Documentation f o r  BSPLINE, a package of subprograms f o r  
working w i t h  piecewise polynomial functions 
i n  B-representation. 

Documentation f o r  PCHIP, a Fortran package f o r  piecewise 
cubic Hermite interpolat ion of data. 

PCHIC-S 
DPCHIC-D 

S e t  derivatives needed t o  determine a piecewise monotone 
piecewise cubic H e r m i t e  in terpolant  t o  given data.  
U s e r  control is avai lable  over boundary conditions and/or 
treatment of points  where monotonicity switches direct ion.  

More / Return / Help / End : 
m The prompt indicates that there are additional descrip- 

tions. (This is expected: we have seen only 5 of 7.) 
PCHIM-S 
DPCHIM-D 

PCHSP-S 
DPCHSP-D 

S e t  derivatives needed t o  determine a monotone piecewise 
cubic H e r m i t e  in terpolant  t o  given data.  
are provided which are compatible with monotonicity. 
interpolant w i l l  have an extremum a t  each point where mono- 
ton ic i ty  switches direction. (See PCHIC i f  user control  i s  
desired over boundary o r  switch conditions.) 

Boundary values 
The 

Se t  derivatives needed t o  determine the  H e r m i t e  represen- 
t a t i o n  of the  cubic spl ine interpolant  t o  given data, with 
specif ied boundary conditions. 

Another l i b ra ry  / Return / H e l p  / End : 
a The above idormation seem to narrow down the 

choice to PCHIM (with PCHFE), since our data does 
not have changes of direction and we don't care 
about boundary conditions. (Actually, we will use 
the double precision versions, since we will be 
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S la 

running on a 32-bit workstation.) Nevertheless, we 
decide to see what NAG has to offer. 

Polynomial splines (piecewise polynomials) 

Index Library 

1: IMSL 
2: MSSL 
3: NAG 
4: SLATEC 
5: mssl3 

Number of 
Programs 

17 
5 
3 
7 
2 

Available 
'this system 

1 / 2 / 3 / 4 / 5 / A l l  / Return / Help / End : 

3 

NAG 

EOlBAE-S 
EOlBAF-D 

EO 1BEE-S 
EOlBEF-D 

E02BAE-S 
E02BAF-D 

routines in this category 

Interpolating functions, cubic spline interpolant, one variable 

Interpolating functions, monotonicity-preserving, piecewise 
cubic Hermite, one variable 

Least-squares curve cubic spline fit (including interpolation) 

Another library / Return / Help / End : 
It looks line EO~BEE/EO~BEF would also do the job, 
but we elect to stay with routines with source code 
available. (I typed a carriage return. "e" would have 
terminated MenuDriver at this point.) 

x s E  Interpolation 
X 1 Univariate data (curve fitting) 
S la Polynomial splines (piecewise polynomials) 
S lb Polynomials 
S IC Other functions (e. g., rational trigonometric) 

S 2a Gridded 
S 2b Scattered 
s 3  Service routines (e.g., grid generation, evaluation of fitted 

X 2 Multivariate data (surface fitting) 

functions) 
(search also class N5) 

expand label / Info. label / Show label / Main / Previous / Help / End : 
end Having seen enough, we terminate Menaver .  

Command? The standard prompt from the NMG control script. 

This example will be continued in the section on the fetch command. 
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1.6. The fetch Command 

This section describes the NMG fetch command and provides a sample terminal session 
illustrating its use. 

1.6.1. Basic Information 

This capability allows the user to fetch source and/or on-line documentation for specific 
routines. At present, it requires that you h o w  which library contains the requested rou- 
the, so please make a note of the library displayed by Advisor or MenuDriver before 
exiting to do the fetch. The present fetch script is restricted to processing one library at 
a time. To obtain a routine from a different library, you will need to end the current 
fetch and issue another fetch command. 

You will be given the option of fetching documentation or source code (when available).l 
The documentation for subprogramNAME will be written to file name. doc. The complete 
source code for a Fortran routine will be collected and written to name. f. Source for C- 
coded modules will appear in separate . c and . h files. ("heir names will be displayed on 
the screen.) 

The fetch facility has relatively primitive help features. At the initial prompt one can type 
"?" for a brief summary of the usage. This same response to the library question will pro- . 
duce a list of the available libraries. 

1.6.2. A Sample Terminal Session 

The following is an annotated copy of an NMG terminal session. The user's response has 
been formatted in boldface for emphasis. Some lines have been slightly edited to fit on 
the printed page. Note that this is the conclusion of the example from the section on the 
menu command. 

Command? fetch Having decided that we need DPCHIM and DPCHFE 
(the double precision versions of pQHIM and pcHFE) 
we now fetch their documentation and source code. 

NMG Fetch F a c i l i t y  -- Version 4.14h ........................................ 
T h e  ? i f  you wish help o r  q t o  quit. 

Please e n t e r  t h e  name of a routine t o  fe tch:  dpchim 
Please enter  t h e  name of t he  l i b ra ry  containing dpchh:  ? 

. This illustrates one of the fetch help messages. 

Library list: MATHLIB MSSL mssl3 PMATH SLATEC 

Please e n t e r  t h e  name of t h e  l i b ra ry  containing p c h h :  SLATEC 

The "Library Availability" help screen gives informarion on which liiraries have source code available. 
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Note that the routine and libmy name can be in either 
case. As the following illustrates, they are converted 
to lower case internally. 

Both source and documentation are ava i l ab le  f o r  library slatec. 
P lease  type yes i f  you wish documentation: y ~ Y ~ S p O n S e b e ~ g W i t h  

"y" (either case) will be interpreted as "yes". Any 
other response, "no". 

D o  you wish t o  view dpchim document now? 
>>> S t a r t i n g  up more. --------------- SLATEC Version 4.1 U s e r  Document --------------- 

y 

SUBROUTINE DPCHIM (N, X, F, D, INCFD, IERR) 
***BEGIN PROLOGUE DPCHIM 
***PURPOSE Set  derivatives needed t o  determine a monotone piecewise 

cubic H e r m i t e  i n t e rpo lan t  t o  given data. 
are provided which are compatible with monotonicity. 
interpolant w i l l  have an extremum a t  each po in t  where mono- 
t o n i c i t y  switches d i r ec t ion .  
is desired over boundary o r  switch condi-tions.) 

Boundary values 
The 

(See DPCHIC i f  u s e r  con t ro l  

***LIBRARY SLATEC (PCHIP ) 
***CATEGORY E1A 
***TYPE DOUBLE PRECISION (PCHIM-S, DPCHIM-D) 
***KEYWORDS CUBIC HERMITE INTERPOLATION, MONOTONE INTERPOLATION, 

PCHIP, PIECEWISE CUBIC INTERPOLATION 
***AUTHOR F r i t s ch ,  F. N., (LLNL) 

Lawrence Livermore Nat ional  Laboratory 
P.O. BOX 808 (L-316) 
Livennore, CA 94550 
FTS 532-4275, (510) 422-4275 

***DESCRIPTION 

DPCHIM: Piecewise Cubic H e r m i t e  I n t e rpo la t ion  t o  
Monotone data.  

Se t s  derivatives needed t o  determine a monotone piecewise cubic 
H e r m i t e  interpolant t o  t h e  data given i n  X and F. 

Default  boundary conditions are provided which are compatible 
with monotonicity. (See DPCHIC i f  user con t ro l  of boundary con- 
d i t ions  i s  desired.) 

If t h e  data are only piecewise monotonic, t h e  in t e rpo lan t  w i l l  
have an extremum a t  each poin t  where monotonicity switches direc- 
t ion .  (See DPCHIC i f  user control is desired i n  such cases.) 

To facil i tate two-dimensional appl ica t ions ,  includes an increment 
between successive values of t h e  F- and D-arrays. 

The result ing piecewise cubic H e r m i t e  f unc t ion  may be evaluated 
by DPCHFE or DPCHFD. 

Calling sequence: 
--More-- (33%) 

22 

This is the prompt from more. I responded "q" to 
terminate the display, since I had seen enough. * 

Notes: (1) The SLATEC prologue includes the list 
of equivalent routine names on the ***TYPE line; 
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(2) the last sentence explains why PCHFE was inclu- 
ded in the Advisor recommendation. 

lf you do not wish to keep a copy of 
the documentation file, type ''no" here, or simply hit 
the carriage return. 

DO you wish t o  save dpchim document? y 

Written t o  dpchim.doc 
Please type yes i f  you wish source: y 

Collecting source f i l e  ( s )  f o r  dpchim (There was a pause here.) 
Written t o  dpch5m.f 

Would you l i k e  another routine from s la tec?  y 
Please en ter  t he  name of a rout ine t o  fetch: DPCHFE-D 

To illustrate a common mistake, I typed exactly what 
was displayed in the MenuDriver description. The 
following reminds me that I was supposed to just 
type the name, not the "-D". 

Changed name dpchfe-d t o  dpchfe 
Please type yes if you wish documentation: 
D o  you wish t o  v i e w  dpchfe document now? n Idecidedtogetfileody. 
D o  you wish t o  save dpchfe document? Yo!  

y 

As noted before, any response 
that begins with "y" or 'P" will save the document. 

Written t o  dpchfe.doc 

Collecting source file(s) f o r  dpchfe (Another pause here.) 

Would you l i k e  another routine from s la tec?  yep 
Please enter  t h e  name of a routine t o  fe tch:  dranf This illustrates the 

Please type yes i f  you wish source: Y e s  

Written t o  dpchfe.f 

error messages generated for a non-existent routine. 
(in this case, DRANF is in library PMAT3X) 

Sorry, there  is  no document f o r  dranf. 
Sorry, cannot f ind  source code f o r  dranf i n  s l a t ec .  

Check spe l l ing  and l i b ra ry  name. 
Would you l i k e  another routine from slatec? no 

Command? fetch At the standard prompt from the NMG control script, 
I issued another fetch command, to get DRANF. 

NMG Fetch F a c i l i t y  -- Version 4.14h 

T y p e  ? i f  you wish help o r  q t o  quit. 

Please en ter  t h e  name of a routine t o  fe tch:  dranf 
Please enter  t h e  name of t he  l i b r a r y  containing dranf: pmath 

The following illustrates the fact that a warning 
message is displayed when certain libraries are 
initialized. 

Notice: Documents are not avai lable  f o r  rout ines  with ------ REAL*8 names, except f o r  RANF8 and RLGF8. 
Example: request SZERO o r  DZERO, not ZER08. 
Also, t h e  Fortran routines d i s t r ibu ted  v i a  NMG 
do not contain REAL*8 en t r i e s ,  

Both source and documentation are available f o r  l i b r a r y  pmath. 
Please type yes i f  you wish documentation: I typed a carriage return to 

skip the documentation fetch, so it went directly to 
the sowce fetch without asking. ("bjs example is 
primarily to illustrate what one will see if a Fortran 
routine that calls a C-coded module is requested.) 
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Collecting source file(s) for dranf 
File pmath-rnf.c written. 
File pm2arams.h written. 
File pm-rnfset.h written. 
File pmath-cnv.c written. 
File pm-cnvset.h written. 
Written to dranf.f 

A total of 6 files have been fetched for dranf. 
Would you like another routine from pmath? nein As usual, anything 

that doesn't start "f or "Y" will do. 

Command? fetch At the standard prompt from the NMG control script, 
I issued yet another fetch command. This time I 
want to illustrate that there is a shortened version of 
the SLATEC error routine XERMSG in MSSL that is 
usefid if the source code is to be moved to a low- 
memory PC or workstation. (It is 236 lines long, 
compared to 1881 for the full SLATEC version.) 

NMG Fetch Facility -- Version 4.14h ........................................ 
Type ? if you wish help or q to quit. 

Please enter the name of a routine to fetch: xermsg 
Please enter the name of the library containing xermsg: 
Both source and documentation are available for library mssl. 
Please type yes if you wish documentation: 

mssl  

I typed a carriage return. 
Collecting source file ( s )  for xermsg 
Written to xermsg.f 

Would you like another routine from mssl? 

Command? exit 
Terminating 

Thank you for using the Numerical Mathematics Guide 

At this point we have terminated nmg and are back to the UNIX system. The following 
command is to verify that the files indicated in the above dialogue have indeed been written 
to the user's file space. 

milstein% 1s *.doc *.f *.c *.h 
dpchfe.doc dpchim.f pmgarams . h pmath-rnf . c 
dpchf e. f dranf. f pm-rnfset.h xermsg.f 
dpchim.doc pm-cnvset.h pmath-cnv.c 

The following illustrates a problem with fetching multiple routines from SLATEC. The 
source code for each routine begins With a *DECK line. Note that files dpchf e.  f and 

. dpchim. f both contain the error routine XERhBG and its subsidiaries (FDUMP, IlUACH, 
J4SAVE, ..., XGETUA). 

milstein% grep DECK dpch*.f 
dpchfe.f:*DECK DPCHFE 
dpchfe.f:*DECK DCHFEV 
dpchfe.f:*DECK FDUMP 
dpchfe.f:*DECK IlMACH 
dpchfe.f:*DECK J4SAVE 
dpchfe.f:*DECK XERCNT 
dpchfe.f:*DECK XERHLT 
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dpchfe.f:*DECK XERMSG 
dpchfe.f:*DECK XERPEW 
dpchfe.f:*DECK XERSVE 
dpchfe.f:*DECK XGETUA 
dpchim. f : *DECK DPCHIM 
dpchim. f : *DECK DPCHST 
dpchim.f:*DECK FDUMP 
dpchim. f : *DECK IlMACH 
dpchim.f:*DECK J4SAVE 
dpchim.f:*DECK XERCNT 
dpchim.f:*DECK XERHLT 
dpchim. f : *DECK XERMSG 
dpchim.f:*DECK XERPRN 
dpchim. f : *DECK XERSVE 
dpchim.f:*DECK XGETUA 

To avoid loader problems, it is advisable to delete the duplicate routines from one of the 
source files. To use the MSSL version of XERMSG, delete them from both and then com- 
pile with a line like 

f77 myc0de.f dpchim.f dpchfe.f xermsg.f 

Aside: In order to use DRAPE, one would first compile the C-coded modules via 
cc -c pm*.c 

Then the source mycode. f that calls DRANF would be compiledvia 

with the resdting executable appearing in a. out.2 

f77 myc0de.f dranf.f pm*.o 

The standard C and Fortran compilers may be different on different machines. For example, one should 
use cf 77 instead off 77 on the Cray; on an RS-6OOO with AM, cc becomes xlc, f 77 becomes xlf. 
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